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ABSTRACT 
 

IRRISAT is a satellite-based irrigation advisory service developed in Italy and 
operational since 2007 in the Campania region (Southern Italy). The service aims at 
providing farms and managers of water resources with real time information on 
agricultural water needs. Irrigation needs are estimated using high resolution data from 
Earth observation satellites and FAO methodology for the calculation of crop water 
requirements. Data are aggregated at various spatial scales (from field or irrigation unit 
to district or river basin scale) and temporal scales (real time, historical series). 
Information is distributed in near-real time to the users (farmers and/or water agencies) 
by using ICTs, namely: SMS, email, and private access web-mapping applications.  
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1. INTRODUCTION  
 
The rational management of water resources in agriculture is becoming more and more 
a crucial issue for the environmental and economic sustainability of the primary sector.  
During past decades, our understanding of physical processes influencing irrigation 
systems has made huge progress, together with new monitoring technologies.  
Information about the spatial and temporal variability of crop water requirements is the 
basis for implementing more efficient irrigation distribution criteria at both farm and 
district levels.  
A paradigmatic example is represented by the management in the Italian Consortia of 
Land Reclamation and Irrigation (state-controlled associations of farmers), which are 
responsible for the distribution of water resources for agricultural use in an efficient and 
equitable way. In most cases, even in presence of metered distribution networks, the 
water allocation (and the application of corresponding fees) is done on the basis of the 
extension of irrigated area and not of water volumes. As a consequence, farmers are not 
motivated to adopt efficient water saving strategies, which results in generalised over-
irrigation and misuses of water resources. The availability of reliable, objective and 
timely information about crop water requirements allows the implementations of 
efficient water distribution criteria based on the actual irrigation needs of crops. 
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Satellite observations of the Earth surface in different regions of the electromagnetic 
spectrum have been used for about three decades to monitor land surface patterns. The 
repeatability of observations on a cyclic basis and the availability of high spatial 
resolution multispectral data – which are common characteristic to the Landsat and 
SPOT satellites - are particularly suitable for mapping crops and irrigated areas with 
satisfactory accuracy and in a cost-effective way.  
During recent years, the amount of available sensors, with enhanced observation 
capabilities, has increased enormously the possibilities of acquisition. The spatial 
resolution is one order of magnitude better than the Landsat TM, at an even more 
decreasing cost per unit area.  
On this baseline, many operative applications have been developed and tested for 
supporting irrigation water management, thanks also to the impressive progresses in the 
field of Information and Communication Technologies.  
 
The purpose of the present work is to present an Irrigation Advisory Service based on 
near-real time distribution of EO products, already operative in the Campania region 
since 2007  to provide farmers and water user associations with real-time information 
on crop water requirements. In 2011, the operational irrigation advisory service of 
Campania Region has reached about 400 farmers in three different consortia. The 
service is implemented in the framework of the Rural Development Plan of the 
Campania Region, Measure 124 Healt Check (www.irrisat.it), as a further step for the 
implementation of E.U. Directive n.60/2000 in the agricultural sector. 
 
 

2. METHODOLOGIES  
 
The methodology for the estimation of crop water requirements adopted in IRRISAT is 
the so-called “one-step” approach of  F.A.O.-Paper 56 (F.A.O., 1998). This method 
calculates the maximum evapotranspiration of ETp of a canopy under stardard 
conditions i.e. unlimited soil water availability, pest and disease-free crop, by using 
appropriate values of canopy variables such as the surface albedo and the Leaf Area 
Index (LAI); in this case, we assume a fixed stomatal resistance of 100 sm-1, 
corresponding to the minimum values for most crops. 
The determination of the required canopy parameters (albedo, LAI and crop height) is 
the main limitation in the direct calculation of ETp in the F.A.O.-56 procedure (one-step 
approach). However, methods of different complexity – from empirical to physically-
based - are available to estimate surface albedo and Leaf Area Index from satellite-
based surface reflectance with satisfactory accuracy for the present application. Broad-
band sensors in the visible and near-infrared, i.e. Landsat, SPOT, IRS, Terra-Aster, have 
been intensively used for deriving maps of canopy parameters. These methodologies 
have also been validated in a number of field experiments in the context of the 
mentioned E.U. funded project (D’Urso et al., 2006; 2010). Platforms with pointing 
capabilities and the usage of different satellites are means currently applied to achieve a 
revisit time of 7-10 days, in order to adequately follow the phonological development of 
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crops during the irrigation season (Fig.1). Since the concept of crop coefficients Kc is 
still widely used in irrigation practice and it represents an information which can be 
easily transferred to final users, we may derive an analytical expression of Kc based on 
FAO-56, applied twice, a first time with canopy standard parameters for ET0 and 
successively with the actual values for ETp (D’Urso and Menenti, 1995). 
Maps of canopy development (Leaf Area Index, LAI, albedo, crop coefficient and soil 
cover) have been derived from high-resolution multispectral radiometric satellite 
images, delivered in near real time (less than 36 hours) and processed by using in-situ 
agro-meteorological variables. In IRRISAT we have acquired multispectral high 
resolution images (22 m) from the Spanish satellite DEIMOS. The output of this 
procedure is: i) the calculation of an “effective” crop coefficient, which takes into 
account the crop variability at sub-plot scale; ii) the assessment of crop water 
requirements for a temporal interval of 7-9 days around the satellite acquisition date.   
 

 
Figure 1: corn rows observed in field, from satellite and in a Kc map. Temporal 
evolution, from left to right: at 45 days from the sowing date, at 2 months, at 3 months 
and before harvesting. 
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2.  DELIVERY OF INFORMATION TO FINAL USERS  
 

The maps and irrigation suggested volume applications are timely published on a 
dedicated webGIS-site, with access restricted to growers and basin authorities, in order 
to better control the irrigation process and consequently improve its overall efficiency. 
The window is organised in two FRAMES: MAP  and DATA. 
In the MAP frame (left, Fig.3) the user will find: 

• Tools for browsing and quering maps; 
• Boundaries of the irrigated plots. 

In the DATA frame (right panel, Fig.3), instead:  
• the plot details (crop, irrigation method) 
• the temporal series of ETp, effective rainfall and crop water requirements. 

 

 
 
Figure 2: IRRISAT dedicated webGIS interface for the farmers. 
 
The standard background is a Google or Bing satellite image, but the user can overlay 
the satellite image acquired on a given date by selecting “Satellite” from the tool bar in 
the map frame. 
The image is displayed in false colours where the intensity of red is proportional to the 
crop vigor (Fig.3). In addition, the user can visualize the crop coefficient map (highest 
values with blue tonalities) for the same date, which can highlight the growth 
uniformity within the selected plot (Fig.4). 
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Figure 3: Satellite image overlay in false colors. 
 

 
 
Figure 4: Crop coefficient map overlay (red tones: low values). 
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Average values for each plot are calculated by the system and they can be displayed in 
graphical form from the Data panel of the user interface (right, Fig.2). 
 

 
 
Figure 5: Graphs of the temporal evolution of average values of Crop coefficient, ETp, 
rainfall and crop water requirements for the selected plot. 
 
The information in the data panel is also sent via SMS to the farmer; a summary sheet is 
sent by e-mail. However, more and more farmers appreciated the dedicated webGIS 
interface, due to its intuitive use and richness of information.  
A similar interface has been developed for the Irrigation Consortia and Water User 
associations. The tool allows for evaluating crop water requirements aggregated at 
district level, for a more efficient management of the conveyance and distribution 
network. The GIS tools are going to be further expanded to link the financial 
management of the irrigation fees at farm level to the crop water requirements. 
  

2.1 Validation 
 
The validation procedure in IRRISAT is performed at two different levels: 

a) accuracy estimation of canopy parameters based on field measurements; 
b) comparison between suggested and actually applied irrigation volumes, at both 

farm and district level. 
The first level of validation is performed in coincidence of the satellite acquisition in 
selected plot with different crops. A portable LAI digital meter (Licor LAI-2000) is 
used to estimate the value of LAI in the field; successively, this georeferenced 
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measurement is compared with the value resulting in the LAI map derived by analyzing 
the satellite image; an example of this comparison in a corn field is given in Fig.6. 
  

 
Fig.6. Validation of LAI estimated from satellite image analysis and from coincident 
field measurements.  
 
The second level of validation is more difficult due to the scarce availability of 
irrigation applications at farm level. Where automatic registrations of water withdrawals 
from the distribution network are available, it is possible to evaluate the correspondence 
between the volumes indicated by IRRISAT and those applied by the farmers (Fig.7). 
The collection and elaboration of these data set for the irrigation season 2012 is still on 
the way.  

 
Figure 7. Cumulative irrigation depth suggested by IRRISAT and applied by a farmer in 

a corn field of 7.7 ha during 2012.  
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3.  CONCLUDING REMARKS  
 
The satellite-based crop water requirement procedure adopted in IRRISAT implicitly 
takes into account the presence of variability of crop development at plot level, due to 
different soil conditions and agronomic practices. Consequently, IRRISAT gives a site-
specific evaluation of irrigation volumes, with substantial advantages either on the 
rationale use of water and energy at basin and farm levels, either on the final quality of 
production. The intuitive web-interface gives the growers to monitor the canopy 
development at plot level in near-real time; in addition, an evaluation of net 
precipitation, thanks to a better calculation of canopy interception based from satellite 
LAI values, may reduce the irrigation application.  
 
The cost of the proposed service IRRISAT to final users is strongly dependent on the 
extension of irrigated area within each satellite image, i.e. above 3000 ha the final cost 
is estimated around 10 €/ha for the entire irrigation season. Further expected reductions 
of market prices of satellite images will certainly make the IRRISAT service even more 
cost-effective in the near future. 
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ABSTRACT 
 

No two farms are the same with respect to management structure, equipment, farm plan, 

etc. Farm information management systems (FMIS) of the future need to accommodate 

the differences and be holistic in nature as well as cost effective. Fortunately, many 

technologies are available to address these concerns, but they need to be integrated into 

workable systems which are intuitive as well as reliable. This manuscript covers some 

elements of developing autogenic systems (automatically generating data) which use 

always-on public cloud storage servers and highly capable mobile devices in concert 

with current agricultural equipment sensors and technologies. This type of system can 

provide nearly continuous and seamless synchrony and data sharing among devices for 

functionality and should improve data mining possibilities in the future.  
 

Keywords:  User-centered, Data management, Mobile apps, Cloud storage, ISOBUS, 

United States of America 
 

1. INTRODUCTION  
 

As modern agriculture works toward the goal of doubling food production by 2050, it 

has become clear that an information-based approach is needed to maximize efficiency 

with limited resources. Since no two farms are the same with respect to information 

communication and management structure, a specialized farm management information 

system (FMIS) which is tailored to the realities on the ground of individual farms is 

likely to be more effective than generalized FMIS available today. An FMIS which 

incorporates low-cost, widely available mobile computing technologies, internet-based 

cloud storage services, and user-centered interface design principles has the potential to 

provide such a solution. In addition, as the amount of information to be managed grows, 

more data will need to be provided autogenically: that is, created with semantic 

meaning without the need for manual human input. 
 

1.1 Background  
 

Most American farmers who adopt new technology tend to be among the largest 

operations in terms of acres cultivated and revenues generated (Diekmann and Batte, 
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2010). Fountas et al. (2005) surveyed farmers in the eastern corn belt of the United 

States and Denmark and found that the most important impediments to precision 

farming implementation were the time requirement, lack of technical knowledge, and 

cost. Whipker and Akridge (2009), while examining technology issues that create a 

barrier to expansion/growth in precision agriculture, identified costs and 

hardware/software incompatibility as the most significant hurdles to adoption. 

Diekmann and Batte (2010) point out that while reducing input costs was identified as 

the greatest motivator for adoption of precision farming technology, nearly 80% of 

respondents also identified the ability to gather better information for decision making 

as a motivator to adopt. 
 

Precision agriculture technology suppliers have advertised adoption benefits over the 

last two decades including more informed decision-making, increased farm operation 

efficiency, awareness of environmental impact, and enhanced recordkeeping. However, 

the most common issues cited with current technology solutions are those concerning 

data handling and compatibility, leaving the majority of available data unutilized. 

Current data management solutions often fail to provide a user interface that allows the 

farmer to make informed decisions.   
 

1.2 Literature Review 
 

Developing and using GPS-enabled systems to document field operations and generate 

as-applied data sets was one focus of research in the 1990s (Morris et al., 1999). The 

initial motivations for documenting application operations were the desire for enhanced 

recordkeeping and generating proof of regulatory compliance. It then followed that such 

extensive geo-referenced data sets could be analyzed (“mined”) to provide information 

to improve the efficiency and effectiveness of in-field machine operations. Crisler et al 

(2002 a, b), Ess (2003), Grisso et al (2004), and Adamchuk et al (2011) have 

demonstrated techniques for extracting machinery management information from geo-

referenced data files. This information could then be used by the farm manager to alter 

field-working techniques or reassign machines in such a way as to improve operational 

efficiency and productivity of machine and human assets. Industry is just beginning to 

offer hardware and software packages to capture and share field operations data, e.g. 

AGCOMMAND from AGCO (AGCOMMAND, 2013), and FarmSight from Deere 

(John Deere FarmSight, 2013). 
 

A study of Swedish precision farmers confirmed the need for a user-centered farm 

information system in information- and technology-intensive farms. Following this, L. 

Pesonen, et al., gave recommendations and guidelines for a novel, intelligent, integrated 

information and decision support framework for planting and control of mobile working 

units. After system validation and extensive analysis, they concluded that information 

management systems in mobile plant production environments should be internet-based 

with an open interface, and that farm data saved in a central database should be 

accessible to the farmer through internet servers (Pesonen, et al., 2008).  
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2. SPECIALIZED AUTOGENIC FMIS 
 

Modern advances in mobile devices and cloud storage have begun to change the picture 

of FMIS from being closed, expensive, and unwieldy to open, cost-effective, and 

mobile. To that end, we discuss here aspects of a specialized FMIS, which is capable of 

using these technologies to adapt to differences among farms.  
 

2.1 Mobile Devices  
 

Smart phones, tablets and their associated applications (apps) have transformed how 

people communicate and go about daily business. Modern agriculture needs to 

capitalize on these capabilities to significantly improve the process of data collection 

and analysis. By integrating sensors already on agricultural equipment with wireless 

technologies, the full potential of using cloud-based data mining to drive sophisticated 

graphical analysis can be achieved at near zero marginal cost.   
 

2.2 Cloud Storage Services  
 

A useful FMIS makes data available wherever and whenever it is needed. This need for 

always-on availability was traditionally out of reach for most farmers because they do 

not have the resources to maintain their own Information Technology (IT) department 

to handle server maintenance, upgrades, backups, and security. Solving these particular 

issues is precisely why consumer-grade, file-based cloud services such as Box, 

Dropbox, Google Drive, Trello, CloudOn, and others have become so popular in recent 

years. These services give farmers the ability to have their data anywhere for a fraction 

of the cost of handling data in-house. No other industry relies on the antiquated method 

of transferring data between data cards and flash storage -- neither should agriculture. 
 

Most information used for the kind of farm management decisions which occur daily in 

the field does not require access to large amounts of data. Data-intensive maps of yield, 

crop moisture, fuel usage, plant population, etc. may look nice, but are relatively useless 

for making the sort of daily decisions which require mobility. For example, farmers 

need to know which fields remain to chisel plow this season as they contemplate where 

to work each day. All that is needed is a list of field names or a map of field boundaries 

that are marked “done” and “not done”, rather than point data. This sort of aggregate, 

high-level information is easily stored, updated, and accessed via standard consumer 

cloud storage. 
 

As FMIS progress from simply storing and retrieving data for management decisions 

into full-fledged data mining engines, agriculture-specific cloud storage systems will be 

required to deal with both the large amounts of data and the intensive processing 

necessary to reach statistical conclusions.  
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2.3 Data Sources 
  
The key to any autogenic FMIS is access to data. Fortunately, useful data already exists 

in many forms within a typical agriculture production system. Understanding this 

variety of sources is necessary to enable specialization of an FMIS within a farm. 
 

2.3.1 Manual Input 
 

The simplest method of data collection is manual input. This traditionally consists of 

handwritten notes made with pen and paper. Long, standardized forms tend to 

overwhelm the operator if particular attention is not paid to the user experience. 

Providing simple, specialized apps for a variety of data entry tasks is crucial to getting 

standardized, minable data into the cloud where it can be put to use. Most people will 

not use mobile devices for data entry if such a switch entails more work, higher learning 

curves, and longer entry times than their existing system. Therefore, each data 

collection task should be automated to the extent possible. By making data entry faster 

and simpler than pen and paper, data in the cloud will be both more complete and more 

correct than inaccessible stacks of paper notebooks. Examples of manual data entry 

include: recording field, operator, rate, and tank number as anhydrous ammonia is 

applied, recording chemical mix, field, and date that a pesticide was applied, and 

recording seed variety, fertilizer, and area during planting. 
 

2.3.2 Internet-based: Weather, Geospatial Information 
 

Many types of useful information for FMIS are already publicly available online. 

However, accessing this data is sometimes quite difficult due to a lack of application 

programming interfaces (API), and a general lack of data format standards. Despite 

these issues, any FMIS which can utilize data which does not need to be manually 

collected will exponentially increase its ability to provide useful analysis. 
 

Some examples of useful data available within the United States include: 

 Weather Data: Provided by the National Weather Service Advanced Hydrologic 

Service (http://water.weather.gov/precip/download.php). Daily, monthly, and 

yearly precipitation amounts are available going as far back as 2005. The data 

are derived from a combination of radar and rain gauge measurements. 

 Soil data: Available from the USDA NRCS Web Soil Survey 

(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx). It consists of 

geolocated polygons representing the survey map units, and tabular data with 

soil attributes to which the polygons are referenced. 

 LiDAR Elevations: This extremely precise elevation data is available from the 

Open Topography project (http://www.opentopography.org). Most LiDAR data 

has a nominal resolution of 1.5 meters or less, and will eventually cover much of 

the land in the US and around the world. 
 



 

C0340 
J. Welte, A. Ault, C. Bowman, A. Layton, S. Noel, J. Krogmeier, D. Buckmaster. “Autogenic 

Mobile Computing Technologies in Agriculture: Applications and Sensor Networking 

for Smart Phones and Tablets”. EFITA-WCCA-CIGR Conference “Sustainable 

Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

 

2.3.3 Machine Information 
 

Almost all machines and implements involved in modern production agriculture have 

sensors that are critical to machine operations and automation and can also create useful 

data in real-time during operation. Some examples include: vehicle location, seed 

population, chemical application rates, wheel slip, fuel usage, crop yield, crop moisture, 

PTO status, hydraulic remote actions, and many others. The proprietary, non-standard 

nature of these machine sensors has traditionally limited their usefulness due to an 

inability for outside systems to access them. As compliance with the ISO11783 

communications standard has progressed, this hurdle is reduced. 
 

Inexpensive, wireless networks of sensors using Bluetooth for communication would 

enable smart phones to collect data that is not tied to a particular proprietary source. 

While Bluetooth is not the ideal communications platform for sensor networking 

generally, it is inexpensive and widely implemented in smart phones. Sensors with 

relatively low data rates, such as ID tags and contact sensors can be easily retrofitted on 

existing machines and implements to provide information to autogenic algorithms. 
 

2.4 ISOBlue 
  

In response to the great promise of machine-level sensor data being available in the 

cloud, we have launched the ISOBlue project (http://www.isoblue.org). The project 

aims to create a completely open source, inexpensive means for getting data from any 

ISO11783-compliant tractor to a Bluetooth-equipped mobile device in real-time. The 

mobile device can then upload the data to the cloud over its existing cellular connection.  

Enabling farmers and researchers to access, analyze, and store their own data will vastly 

improve the ability of precision agriculture technologies to finally reach their long- 

awaited potential of using statistical data mining techniques to optimize many features 

of agricultural production from yield to environmental impact. 
 

2.5 Specialized FMIS Apps  
 

The fundamental reason why farmers cannot use their data is actually quite simple: the 

interfaces necessary to achieve their goals either do not exist, or are too complex to be 

realistically useful. Modern software engineering techniques, improved UI design 

practices, highly-capable mobile devices, and cloud-based storage services have the 

potential to close the gap between data collection and utilization. One user-focused 

design pattern concentrates on task-specific apps running on mobile devices 

synchronized to a cloud service. Location, personnel, machinery, and agronomic data 

will be stored and synchronized across all users in a farming operation in near real time.   

2.5.1 User-centric Interface Design Practices  
 

The key determinant of successful acceptance is the extent to which the interface helps 

users accomplish specific tasks faster, simpler, and more efficiently. Adapting some of 
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the principles of Agile Software Development, typical users should be grouped by 

common characteristics and explicitly described through an example persona of each 

group. These hypothetical users should be given names to personalize them, and their 

descriptions should include personal characteristics, motives, job roles, etc. Specific 

user stories then compliment the user descriptions by describing the real-world 

situations where these people will use the interfaces being designed. User stories can 

include details of a specific activity such as a job description, environmental 

considerations including distractions or hazards, desired interface behavior, anticipated 

problems, etc. User interface designers benefit from the ability to imagine realistic 

people using the product when determining the appropriateness of the solution 

(Spolsky, 2000). 
 

In the case of FMIS, we have identified a representative set of users to be: 

 Farm Owner Fred: Generally older, more technology averse, and very 

conservative.  Fred has the final say in most planning and purchasing decisions. 

 Manager Michael: Generally younger, adept at new technologies, and is usually 

the first to suggest new changes to the operation.  Any FMIS will likely be 

introduced to the farm through Mike, and therefore Mike will be responsible for 

making it run properly. 

 Farm Hand Hank: A normal employee at the farm.  By virtue of his position as 

primary operator, Hank is the person who will interact with an FMIS the most.  

However, Hank has the least control over purchasing and implementation 

decisions for the farm. 

Each of these stakeholders interact with the FMIS in different ways due to variations in 

their perspectives of operational and management tasks. 
 

2.5.2 Specialized, Task-specific Apps 
 

Since each app is intended to perform a specific task that solves a specific problem, 

these individual apps can provide a much simpler interface than currently available, 

total data management solution approaches. This approach makes FMIS economically 

feasible for smaller farms, a group where the costly, total data management solution 

approach was difficult to scale down. Such a system would allow farmers to collect, 

protect, manage, and own their data without the need to pay subscription fees or 

purchase costly devices.   
 

The real power of these specialized apps comes in their ability to autogenically infer 

data with semantic meaning. Since their scope is intentionally limited, they have a much 

higher likelihood of success at correctly inferring semantic meaning without human 

input. For example, a tillage app might have a simple task: given a list of fields, keep 

track of which ones are planned, in progress, or done. Manual human input can of 

course be used for this, but it is also possible to analyze a GPS path for when a tractor 

with an attached tillage implement enters a field and starts driving around at slow, 

relatively constant speeds. An autogenic system would then mark that field as “in 
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progress.” When that tractor leaves the field entirely, if it has already driven around 

most of the field, it is likely safe to mark that field as done. 
 

The diagram in Figure 1 represents an example system architecture from the user’s 

perspective. This approach allows the farms to put together a data management system 

to meet their particular needs. Thus, the system architecture would likely be different 

for every farm.  
 

 
Figure 1: Example system architecture with task-specifc apps sharing data through cloud storage 

 

3. CONCLUSIONS  
 

While the technology of precision agriculture has progressed far in recent years, the 

capabilities of farm information management systems have lagged behind. A new 

approach which enables and utilizes  
 

 specialization for individual farms,  

 autogenic data recording to maximize available data and minimize human error,  

 widespread adoption through user-focused design practices,  

 always-on availability through the cloud, 

 hybrid sensor networks which can effectively deliver data to the cloud, 

 and non-proprietary open source efforts such as ISOBlue  
 

can help to close this gap. Such systems will allow the use of the statistical data mining 

techniques necessary to improve production agriculture in the future. 
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ABSTRACT 
In this paper we present an account of the publication of a suite of datasets, LEAPS, that 

collectively enable the evaluation of potential algal biomass production sites in North 
West Europe (NWE). LEAPS forms the basis of a prototype Web application that 

enables stakeholders in the algal biomass domain to interactively explore via various 
facets, potential algal production sites and sources of their consumables across NWE. 

 
 

Keywords:   Algae, Biomass, Bioenergy, Triplification, Linked data, Ontologies, 
United Kingdom 
 

1. INTRODUCTION  
The last few decades have seen a consistent rise in energy and oil prices along with a 
significant depletion of fossil fuel resources. Recently algal biomass has been identified 
as a potential source of large scale production of biofuels. In order to derive fuels from 
biomass, algal operation plant sites are setup, that facilitate biomass cultivation and 
conversion of the biomass into end use products, some of which are biofuels. In their 
report the IEA Bioenergy Task 39 (Darzins, A. and Pienkos, P. and Edye. L. 2010.) 
point out that there is currently no comprehensive analysis on the resource potential of 
algal biomass available and emphasize the need for such a work.  
 
In this paper we present LEAPS - Linked Entities for Algal Plant Sites, a suite of linked 
datasets that collectively enable the evaluation of the potential of algal biomass 
production sites in North West Europe (NWE). The framework underlying LEAPS has 
been developed within the context of the EnAlgae1 project. In Section 2 we present the 
motivation behind curating the LEAPS dataset suite. Section 3 provides an account of 
the transformation of raw datasets to their linked data (Bizer, C. and  Heath, T. and  
Berners-Lee, T. 2009.) counterparts. Section 4 describes our prototype Web application2 
and finally Section 5 presents conclusions and discusses future work. 

                                                
* Corresponding author 
1 http://www.enalgae.eu/ 
2 http://www.semanticwebservices.org/enalgae/ 
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2.  MOTIVATION 
The idea that algae biomass based biofuels could serve as an alternative to fossil fuels 
has been embraced by councils across the globe. Major companies, government bodies 
and dedicated non-profit organisations such as ABO (Algal Biomass Organisation) and 
EABA (European Algal Biomass Association) have been pushing the case for research 
into clean energy sources including algae biomass based biofuels. 
 
Within the context of algae production, a major objective of the EnAlgae project is to 
create a network of pilot scale algal facilities across NWE in order to address the current 
lack of verifiable information on algal productivity. The integrated network incorporates 
an up to date inventory in which pilots collect and share data in a standardised manner 
and provide demonstrations to diverse project partners, observers and stakeholders. 
 
One of the key gaps identified within the algal biomass domain is the lack of a 
semantically enriched infrastructure for sharing and reusing knowledge. An 
introspection of the algae-to-biofuels lifecycle reveals several layers where Semantic 
Web standards and linked data technologies could be very successfully applied and 
immensely benefit the community. Algal biomass data manifests itself across several 
facets. At a very high level, the value chain for algal biomass ranges from cultivation of 
algae to production of biofuels and other products from the cultivated biomass. Figure 1 
depicts a schematic representation of the algal biofuel value chain stages and the 
contributions that Semantic Web and linked data could bring to each of the stages. 
 

 
Figure 1. The Algal Biomass Supply Chain 

 
Stage 1 encompasses the cultivation of algae. It involves setting up an algal cultivation 
site and incorporates datasets about location related geographical in- formation about 
the sites, locations of sources of light, CO2, nutrients, water and labour. The linked data 
for datasets is described using domain specific and spatial ontologies. Stage 2 is 
concerned with the harvesting of algal biomass. Datasets and vocabularies related to 
harvesting strategies and extraction techniques are the key semantic outputs of this 
stage. Stage 3 involves the conversion of biomass to end use products such as biofuels  
and other constituents. Application ontologies and product ontologies such as 
GoodRelations will be crucial in describing the datasets for this stage. 
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In this paper we showcase the publication of linked data for some of the datasets from 
stage 1. The objective  of  LEAPS  is  to  enable  the  stakeholders of the  algal  biomass  
domain  to  interactively explore, via linked data, potential algal production sites and 
sources of their consumables across NUTS (Nomenclature of Units for Territorial 
Statistics) regions in NWE. 
 

3. TRANSFORMATION OF RAW DATASETS TO LINKED DATA 
 
All the datasets were openly available in non-RDF formats with various origins 
(Solanki, M. and Skarka J. and Chapman, C. 2013). By performing potential analysis on 
different NUTS levels, regions with high potential were identified. The calculations 
were based on high resolution (300 m) data on possible algae production sites and data 
on CO2 sources. 
 
The transformation of the raw datasets to linked data takes place in two steps. The first 
part of the data processing and the potential calculation are performed in a GIS-based 
model which was developed for this purpose using ArcGIS 9.3.1. Raw datasets with 
various origins and formats were first transformed using bespoke computational 
algorithms to an ArcGIS specific XML format. This step is very crucial for two main 
reasons: 
 

•  It brings uniformity in the format of representation of the datasets. 
•  In the process of transformation, important computations that are part of the final 

datasets are performed. 
 
The second step of lifting the data from XML to RDF is carried out using a bespoke 
parser that exploits XPath to selectively query the XML dataset and generate linked data 
using the ontologies illustrated in Figure 3 and a linking engine. While in most cases, 
transforming XML datasets to their linked data counterparts is done assuming a 
simplistic one-to-one mapping between the XML elements and RDF entities, in our 
scenario, the original data sources had several limitations and a one-to-one 
transformation was not possible. A bespoke engine (Solanki, M. and Skarka, J. and 
Chapman, C. 2012) was developed that enabled the transformation for each of the 
datasets. 

3.1 Architecture 
An architecture underlying the transformation process is depicted in Figure 2.  
 
The main components of the application are  

 
•  Parsing modules: As shown in Figure 2, the parsing modules are responsible for 

lifting the data from their original formats to RDF. The lifting process takes 
place in two stages to ensure uniformity in transformation. 
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•  Linking engine: The linking engine along with the bespoke XML parser is 
responsible for producing the linked data representation of the datasets. The 
linking engine uses ontologies, dataset specific rules and heuristics to generate 
interlinking between the five datasets. 

 

 
 

Figure 2. The LEAPS Architecture 
 

•  Triple store: The linked datasets are stored in a triple store. We use OWLIM SE 
5.0 13. 

•  Web services: Several REST Web services have been implemented to provide 
access to the linked datasets. 

•   SPARQL endpoints: SPARQL endpoints that provide access to individual 
dataset repositorie are available. Snorql has been customised as the front end for 
the endpoint.  

•  Ontologies: A suite of OWL ontologies for the algal biomass domain have been 
designed and made available. 

•  Interfaces: The Web interface provides an interactive way to explore various 
facets of sites, sources, pipelines, regions, ontologies and SPARQL endpoints. 
The map visualisation has been rendered using Google maps. Besides the 
SPARQL endpoint and the interactive Web interface, a REST client has been 
implemented for access to the datasets. Query results are available in RDF/ 
XML, JSON, Turtle and XML formats. 

•  Biological taxonomy visualisation: A subset of the Algaebase database which 
is the largest information source of algae on the Web, has been retrieved 
and curated in our triple store. This dataset when integrated with the dataset for 
algal cultivation site, can inform stakeholders about the strains of algae that can 
be harvested on that site. Further, the Semantic Import plugin of Gephi has been 
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exploited to visualise the biological taxonomy of algae. This visualisation is also 
made available via the LEAPS interface 

3.2 Vocabularies 

 
Figure 3. Vocabularies for Algal Biomass. Arrows indicate reuse 

 
LEAPS utilises a set of several well established and domain specific vocabularies as 
illustrated in Figure 3. Spatial data has been modelled using a combination of several 
ontologies namely, WGS84 ontology, spatial relations ontology, the Geonames 
ontology and the NeoGeo ontology. 
 
Geometries for algal plant sites and pipelines have been modelled using an extension of 
the NeoGeo geometry ontology. For the CO2 sources, the geometry is modelled as a 
Point from the WGS84 ontology. Modelling units and measurements for various at- 
tributes of the algal biomass datasets was non trivial. The QUDT ontology for 
dimensions and units was extended to include bespoke units of measurements.  
 
To the best of our knowledge, there has been no effort so far within the algal biomass 
community that exploits the potential of linked data and Semantic Web technologies for 
the structured representation and sharing of knowledge. Therefore there are no 
controlled vocabularies and ontologies available to be readily reused or extended. We 
developed conceptual OWL ontology schemas for algal plant site, CO2 sources,  
regions and pipelines. Figure 4 illustrates some of the core concepts, their relationships 
and attributes. The figure also shows the relationship with the NUTS vocabulary. 

 
Figure 4. A partial account of core concepts, their attributes and relationships 
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3.3 The LEAPS Dataset 
The transformation process yielded four datasets which were stored in distributed triple 
store repositories: Biomass production sites, CO2 sources, pipelines for the CO2 sources 
and region potential. We stored the datasets in separate repositories to simulate the 
realistic scenario of these datasets being made available by distinct and dedicated 
dataset providers in the future. While a linked data representation of the NUTS regions 
data, was already available there was no SPARQL endpoint or service to query the 
dataset for region names. We retrieved the dataset dump.  
 
In order to improve the query retrieval performance, we pruned the dataset to include 
only the regions in NWE. We then curated the pruned dataset in our local triple store as 
a separate repository. The NUTS dataset was required to link the biomass production 
sites and the CO2 sources to regions where they would be located and to the dataset 
about the region potential of biomass yields. We further enhanced and augmented the 
NUTS dataset, with data on global radiation. The transformed datasets, interlinked 
resources defining sites, CO2 sources, pipelines, regions and NUTS data using link 
predicates defined in the ontology network depicted in Figure 3. Figure 5 illustrates the 
linkages between some of  the datasets. 

 
Figure 5. Some of the interlinked datasets 

4. PROTOTYPE APPLICATION 
The LEAPS integrated datasets enables a screening for promising individual sites, 
provides base data for more detailed planning purposes and would be immensely useful 
to stakeholders in research, national councils and industry. 
We have developed a prototype application with a Web interface built over RESTful 
Web services that exposes the LEAPS  datasets via various facets. The Web interface 
provides an interactive way to explore various facets of sites, sources, pipelines, 
regions, ontologies and SPARQL endpoints. Figure 6 provides exemplar screen shots of 
the application. The map visualization has been rendered using Google maps. Besides 
the SPARQL endpoint and the interactive Web interface, a REST client has been 
implemented for access to the datasets. Query results are available in RDF/XML, JSON, 
Turtle and XML formats.  
 
The interface currently provides visualisation and navigation of the algae cultivation 
datasets in a way most intuitive for the phycologists. For the stakeholders in the biomass 
domain, the application provides an integrated view over multiple heterogeneous 
datasets of potential algal sites and sources of their consumables across NUTS regions 
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in NWE. The application has been demonstrated to several stakeholders of the 
community at various algae-related workshops and congresses. They have found the 
navigation very useful and made suggestions for future dataset aggregation. At the time 
of this writing, data retrieval is relatively slow for some queries because of their 
federated nature, however optimisation work on the retrieval mechanism is in progress 
to enable faster retrieval of information. 
 

 
 

Figure 6. Exemplar Screenshots from the Prototype Application 
 
Besides the application Web interface, datasets are available for querying via the 
dedicated triple store Web interface. The VoID descriptions of some of the datasets in 
the LEAPS suite have been made available. Once the datasets are made public the VoID 
descriptions will be updated. 

6. CONCLUSIONS 
In this paper we presented a framework, LEAPS, that exploits Semantic Web and linked 
data for making the analysis of biomass potential in NWE available to the stakeholders. 
While LEAPS currently provides integrated information about algal plant sites, CO2 
sources and the pipelines connecting them, there are several other datasets such as 
nutrients, water supply and their associated sources which need to be integrated once 
they become available.  
 
One of the core datasets which should be made available as linked data is that of algal 
strains that can be cultivated on the plant sites. We have recently curated the Algaebase  
dataset as linked data. In the near future, experiments would be carried out on the 
potential sites to establish the algal strains that can be cultivated there. The algal strains 
from the Algaebase dataset will then be integrated within LEAPS to link the potential 
biomass production sites with the algal strains they could produce. We believe this will 
go a long way in providing the stakeholders, information about the kind of algae that 
can be cultivated on potential sites, thereby helping in a more accurate analysis of the 
economic potential of producing biofuels from Algae. 
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A limitation of LEAPS is the low number of out- going links it provides with other 
datasets.  Currently LEAPS links to DBpedia, Geonames and the NUTS datasets. Three 
main reasons can be identified for the shortcoming in linkages: 
 
– The lack of motivation within the algal biomass community to open up and share data. 
– The lack of shared vocabularies and uptake of Se- mantic Web and linked data 
technologies within the community. LEAPS is the first dataset suite to be exposed as 
linked data using RDF. 
– LEAPS is a newly curated dataset. Its availability as a data source to which other 
datasets can pro- vide outgoing links needs to be widely advertised both within and 
across the domain. 
 
In order to increase the uptake and showcase the potential of LEAPS we have been 
presenting the application at various algae congresses and workshops. This also informs 
us about any related datasets that can be integrated within LEAPS. We are working with 
biologists in the domain to facilitate the process of making the taxonomy from the 
AquaFuels33 project avail- able as SKOS models. Multifaceted visualisation of the 
integrated datasets is another area that we are currently focusing on to motivate the idea 
of interlinking datasets. A few examples of these visualisations34 can be seen via the 
Web application. The reasoning infrastructure in LEAPS is currently based on implicit 
OWL DL inferences. Work is also in progress on exploiting rule based reasoning to 
model domain specific constraints. 
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Introduction 

The estimated working  times related to agricultural processes are traditionally made using terrain models that do 

not take into account the altitude and slope component. 

Of course this  is disadvantageous because it underestimate all the variables that have an impact on the 

processing (speed,turn time, total times of work, consumption). 

The recent availability of a sufficiently accurate elevation model, made with LIDAR techniques for the entire 

territory of the Piedmont Region, allows to approach a new solution to the problem, such as to improve the 

estimates of the parameters mentioned above. 

 

Materials and Methods 

Will be used the digital model level 4 intesa GIS whose characteristics are. 
Type DEM or DSM 

Accuracy: bare ground PH(a) 0.30 

Height accuracy: with tree cover> 70% PH(b) (DEM) 0.60 

Height accuracy: buildings (DSM) PH(c) 0.40 

Height tolerance: bare ground TH(a) 0.60 

Height tolerance: with tree cover > 70% TH(b) (DEM) 1.20 

Height tolerance: buildings (DSM) TH(c) 0.80 

Planimetric accuracy: PEN 0.30 

Planimetric tolerance: TEN 0.60 

Cellsize: 5 

 

LIDAR survey has been carried out by the employment of ALS 50 II sensor (Leica Geosystems) with MPIA (Multiple 

Pulse In Air) technology with the following features: 

• Maximum Pulse Rate: 150000 Hz (150.000 points/second); 

• Maximum scanning frequency: 90 Hz (90 lines/second); 

• 4 echoes (1º, 2º, 3ºand last); 

• Flying height: 200 - 6000 m above ground; 

• Field Of View (FOV): 10º – 75 º; 

• Side overlap: 200 - 600 m; 

• Intensity measured each echo. 

 At the level of the individual particles will be extracted the slope parameters such as to allow the calculation 

process. 

Results 

The information of the DTM are used as input in the simulation model. 

The best accuracies are estimated granted with respect to traditional modeling. 
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chain logistics 
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Due to the introduction of both mandatory and voluntary regulations concerning the quality and 
traceability of products, wineries need effective and efficient tools for managing the production flow 
from the grape to the bottle including the logistics for shipping of the goods. 

The aim of this study was to implement a database for the management process within a winery 
that annually produces more than 22 million bottles. 

The company Araldica from Castelvero, ISO 9000 and BRC certified since the '90s, intended to 
replace paper records with a computerized system that would go to overlap the operational 
procedures and forms already in place without affecting the logic. 

For the vinification and bottling phases the goal of the project was to implement a tool able to: 
- Planning and organize an on-line production/monitoring system according to the orders;  the 
application should  directly transfer the information on production cycles; 
- Manage the design of the production process in all its steps; 
- Assign tasks to employees specifying the operations to be performed and to record the 
operations carried out directly online by the operators; 
- Keep track of every step and turn of each addition and the relative batch of the product used; 
- Identify the operator who has carried out the operation; 
- Be able to trace back and trace every stage of the production cycle; 
- Identify the state of the wine in terms of the tank, processing stage and the respective analytical 
framework. 
The main problems in the design phase have emerged in the difficulty in rationalizing the countless 
variations to the production cycles while maintaining a simple and intuitive interface. 
For the logistics aspect, the warehouse has been computerized through the use of passive RFID 
label bind to the pallet until the end of the production line and the provision of RFID readers and 
PC on board the trucks and fork lifts. 
The information is transferred between the devices through a WIFI network. 
The system allows: 
- To load the warehouse at the time of production of the product from the bottling line; 
- To know the spatial location of the goods; 
- The verification of the consistency between the goods delivered and the order fulfillment. 
In this way the stock at the warehouse is kept constantly updated and errors were significantly 
reduced in the process of ventilation and shipping. 
In the warehouse logistics, the rapid exchange of information between the devices not slowing 
down the flow of goods with carts was the most critical point of the system. 
In the future we intend to extend the potential of software allowing customers to the introduction of 
the orders directly through a web page, checking the status of the goods and the transmission of 
information of goods shipped to be acquired by the customer together with the reading of RFID. 
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ABSTRACT

On the basis of research being carried out to investigate the potential of biomass and bio-waste for
energy production in Europe and in India, more technical, economic and financial information has
become available to experts in recent years; however, up-to-date information on biomass and bio-
waste is still not accessible to end-users. In the frame of the EU-SAHYOG Project, we collected the
most  up-to-date data  on biomass production and availability  from three major  sectors:  forestry,
agriculture and wastes in Europe and India. Analysis of availability of the potential biomass and bio-
waste feedstock for sustainable conversion to bio-energy and bio-materials was performed at state
level through an intensive consultation of existing databases and reports in both countries. The paper
will provide a general overview on the biomass resources present at state level in the European
Union and in India. An accurate analysis of the results SAHYOG inventories, will finally outline the
EU and Indian priorities in biomass utilization and technology implementation.

Keywords:  Biomass,  Resources,  Biobased  economy,  Potential  biomass,  Sustainable  production,
Biowaste, Biotechnology

1. INTRODUCTION

The excessive use of fossil fuels has resulted in a number of environmental and socioeconomic
problems  worldwide,  including  ecosystem  degradation,  pollution,  and  global  climate  change
(Holdren, 2007). Sustainable bioenergy production can reduce energy poverty, contribute to rural
development  and  avoid  the  negative  environmental  impact  of  increasing  greenhouse  gases
emissions (Wicke et al., 2011).  The European Union and Indian government have partnered for a
research and development initiative that will focus on finding solutions for existing challenges and
needs in biotechnological research activities involving energy production from biomass  and bio-
waste conversion. Initial work has focussed on developing comprehensive inventories of available
biomasses  and  research  activities  in  both  the  European  Union  and  India,  in  order  to  identify
common areas  of  interest  as  well  as  knowledge gaps  and cooperation opportunities.  The main
objective of the project SAHYOG (Strengthening Networking on Biomass Research and Bio-waste
Conversion – Biotechnology for Europe India Integration) is, in fact, to actively and effectively link
research activities  implemented within  EU and Indian research programs.  The activities  of  the
SAHYOG project include, beside the setup of inventories of biomass and bio-waste resources and
of  research  projects  and  programs,  also  project  twinning,  short-term exchanges  of  researchers,
summer  schools,  stakeholder  workshops,  and  the  development  of  roadmaps  defining  key  RTD



priorities and a Strategic Research Agenda (SRA) to facilitate concerted planning of future EU-
India research initiatives in the area of biomass and bio-waste (www.sahyog-europa-india.eu).

The first  step towards a more effective collaboration between Europe and India in the field of
bioenergy is, indeed,  the setup of a common database of available biomasses (biomass potential)
that would allow, on one side, a better evaluation of common future collaborations in applied and
basic biomass research projects, on the other side it will also be very useful for business-oriented
stakeholders both in Europe and in India. Biomass inventories represent an important step toward a
sustainable  energy  policy  since  information  on  type  and  geographic  distribution  of  biomass  is
critical for feasibility analysis and project prioritization. However, the different existing databases
and reports on type and quantity of available biomass for energy and materials production seldom
show overlapping data, especially in Europe. In many cases two- or even ten-fold different values
for  the same biomass are shown by different  sources.  So great  divergences are due to  various
factors,  among which the following ones are the most  common:  (i)  biomass  categories  of  two
different databases do not always have exactly the same meaning; (ii) as biomass quantity values
are  almost  always  estimated  ones,  it  is  very  likely  that  calculations  in  each  database  rely  on
different  assumptions.  The  latter  question  is  strictly  related  with  the  still  relative  confusion
concerning the different types of biomass potential used in the various databases and their precise
definition. Unfortunately there is not an accepted consensus among experts on both the definition
and on the way to calculate sustainable, economic, technological and theoretical biomass potentials.

In this paper we report the setup of an updated inventory of biomass resources available in Europe
and India based on existing databases and reports in both regions. We will present the structure of
the inventory and discuss differences and similarities in biomass potential  between Europe and
India; furthermore, we will briefly describe how we tackled the above-mentioned problems related
to the definition and calculation of biomass potential.

2. BIOMASS DATABASES AND REPORTS
  

2.1 In Europe

To prepare the SAHYOG biomass inventory the following main resources were used in Europe:

1. The  NREAPs  (National  Renewable  Energy  Action  Plans) reports
(www.buildup.eu/publications)  were  published  by  all Member  States  of  the  European
Union  as required by Article 4 of the renewable energy Directive (2009/28/EC).  In these
plans each Member State completed a set of tables on the availability of biomass and bio-
waste resources  and on how it expects  to meet its 2020 target, including the technology
mix and the trajectory to reach it. The first reports, published in the year 2010, contain data
referring to the year 2006.  Afterwards, they were updated, although only partially, to the
years 2009-2010.

2. The  EUBIONET  (European  Bioenergy  Network)  project  (www.eubionet.org)  provided
market parties, policy makers and scientists alike with relevant information on European
biomass markets and related topics. Data on biomass resources refer to the years 2005-2009.

3. The European Biomass Association, funded by the European Commission (EC) under the
Intelligent Energy Europe (IEE) program, brings together 30 national associations from all
over Europe thus representing a network of more than 4000 companies, research centres and
individuals. AEBIOM gathers statistical data from various sources (Eurostat, EurObservEr,
EEA, FAO, AEBIOM members, etc.) including its own calculations. Some important tables



publically  available  on the  AEBIOM homepage are  regularly  updated.  The latest  report
(www.aebiom.org)  on Biomass  Annual  Statistics  on the  Contribution of  Biomass  to  the
Energy System in the EU27, published in June 2011 provides data for the year 2010.

4. The  BIOMASS  FUTURES  project  (Biomass  role  in  achieving  Climate  Change  &
Renewables EU policy targets, funded by the EU Intelligent Energy Program). The aim of
this EU Project was to assess the role that biomass can play in meeting EU energy policy
targets, and to define the key factors likely to influence biomass supply, demand and uptake
over  the  next  twenty years.  Most  data  on biomass and bio-waste  resources  available  at
www.biomassfuture.eu refers to the years 2008-2010.

2.2 In India

The study for India has been carried out in two approaches based on the availabily of the existing
data sources. Initially  based on the available data source for  the entire country, an inventory on pan
India basis was developed. Futher based on the availability of few data sources that categorised the
information from varous Indian states, an attempt was made to prepare an inventory for 23 states.
Considering the limitations, the inventory had to be prepared by considering certain extrapolations
on the available data from the sources mentioned below.  

1. Biomass Resource Atlas of India, Indian Institute of Science, India 2004
2. Annual report of Indian States of Forest 2011
3. Statistical Year Book, Government of India, 2012
4. Directorate of Economics and Statistics, Government of India (http://eands.dacnet.nic.in) ,

2012 
5. Reserve Bank of India, Data base, Ministry of Agriculture, Government of India , 2012
6. TIFAC Biomass resources Report (Technology Information, Forecasting and Assessment

Council), 2009
7. the annual reports published in India by authenticated Government sources, in most recent

year 2010-2012. 
8. Central Pollution Control Board report (CPCB,2012)
9. Report  on  Sustainable  Solid  Waste  Management  in  India  by  Ranjith  Kharvel  Annepu,

Columbia University in the City of New York, 2012.

3. STRUCTURE OF THE INVENTORY

Forestry, agriculture and fishery, and wastes are the main sources of biomass for energy, materials
and chemical production and are the fundamental categories used in the NREAPs reports. The same
main categories are also used in the SAHYOG biomass inventory, as well. Also at subcategory level
the SAHYOG inventory structure almost overlaps that of the NREAPs. However, in SAHYOG
inventory few modifications are introduced as described below.

3.1 Biomass from Forestry

This section is divided into two categories: Direct supply of wood biomass from forests and other
wooded land, where primary residues are also included, and Indirect supply of wood biomass for
energy, materials and chemicals production, where all the secondary and tertiary wood residues are
included.

3.2 Biomass from Agriculture and Fishery



This section has also been divided into two sub-categories: Agricultural crops and fishery products
directly  provided for  energy,  materials  and chemical  production and Agricultural  by-products  /
processed residues and fishery by-products for energy, materials and chemicals production. As for
forestry,  primary  products  were  included  in  the  first  section,  whereas  secondary  and  tertiary
residues  were  included  in  the  second  section.  In  the  first  category,  the  additional  information
provided was as follows: the different arable crops were reported separately to gain more insight. In
the second category, the two more subcategories, waste oils and crop residues, were also added.

3.3 Biomass from Waste

In this section, the same categories and subcategories as in NREAP were maintained. However,
these were re-arranged into four categories: (i) Biowaste, that includes as major subcategory the
biodegradable fraction of municipal solid wastes, (ii) Biodegradable fraction of industrial wastes,
(iii) Sewage sludge and (iv) Landfill gas.

4. INFORMATION PROVIDED BY THE SAHYOG INVENTORY FOR EACH
BIOMASS CATEGORY

Technological, economic and sustainable potential are the main biomass potentials used to measure
the  availability  of  biomass  for  energy  (Chum  et  al.,  2011).  Among  them  both  economic  and
sustainable  potentials  are  very  difficult  to  measure  because  of  the  many  political,  economic,
environmental  factors  that  influence  them.  It  is  relatively  easier  to  measure  the  technological
potential, which is defined as the theoretical potential which is available under the regarded techno-
structural  framework  conditions  with  the  current  technological  possibilities  such  as  harvesting
techniques,  infrastructure  and  accessibility,  processing techniques.  Most  biomass  databases  and
related reports use mainly the technological potential. For the SAHYOG biomass inventory we tried
to gather exclusively data referring to the technological biomass potential.

1.    Total available biomass (it  corresponds to the technological biomass potential, ie.  the
fraction of the theoretical potential which is available under the regarded techno-structural
framework  conditions  with  the  current  technological  possibilities  such  as  harvesting
techniques, infrastructure and accessibility, processing techniques (Chum et al., 2011).

2. Used biomass (biomass utilized for energy, chemical, and material production)
3. Net biomass potential (total available biomass – used biomass)
4. Energy content of total available biomass
5. Conversion processes (processes used for biomass transformation)
6. Geographical location (main geographical locations where biomass was produced/collected)
7. Source/link (data source)
8. Reference year (year of biomass production/collection)
9. Notes (additional information)

Database has been set up using MS Excel program.

Most recent data referring to the years 2006-2009 were presented in this report. However, in some
of the cases, data referring to the year 2010 were also presented.

The energy content of each biomass category was calculated by using the low heating value of a
specific biomass (LHV expressed in MJ/Kg) reported in Phyllis database (www.ecn.nl/phyllis/).
The calculations were made by multiplying the LHV with the total amount of biomass (DW). The
energy content was expressed un terajoule (TJ) or kilotons oil equivalents (k toe).



Some additional information for the interpretation of the database is given below:
1. The surface area (hectares) dedicated to energy crop cultivation, when possible, is reported

in the column “Notes” of the database.
2. Dry weight biomass value has been reported, unless specified.

5. BIOMASS POTENTIAL IN EUROPE AND INDIA

Based on all the possible available information reported in the existing databases and reports in
Europe and India, at the regional and local level, the setup of a comprehensive SAHYOG biomass
inventory was accomplished.

Nevertheless the wealth of information was provided by the single sources, many shortcomings and
gaps  were  found  while  collecting  the  biomass  data.  Main  problems  encountered  during  data
collection are listed below:

1. There is a lack of consensus among the different consulted databases as far as the meaning
and use of different biomass and bio-waste potentials is concerned. 

2. It  is  not  always  clear  which  type  of  biomass  potential  is  used  for  the  single  biomass
categories. Apparently, in some cases, availability of different biomasses has been calculated
taking into account different types of biomass potential. 

3. Measure units are not homogenous throughout the databases.
4. All datasets and reports consulted for SAHYOG inventories show incomplete data.
5. A lot of  discrepancies in the available data and only few estimates exist regarding the

biomass database in India as compared to Europe.

In order to ensure as high accuracy as possible in our inventory, all the data included in the above-
mentioned  databases  have  been  screened  carefully  and,  whenever  possible  and/or  necessary,
biomass availability using first-hand data from national  statistical  databases was calculated.  An
evaluation of the data collection for SAHYOG inventories demonstrates that only 40% of 27 EU
Member  State  inventories  are  complete  as  far  as  total  available  aggregate  data  (tons/m3)  is
concerned. Furthermore, as can be seen in Fig. 1, all the data under the biomass resource category
“Forestry” is complete, whereas in case of “Agriculture and Biowaste”, only around 50% data is
found to be completed in case of EU countries, as far as total aggregate data are concerned.

Fig. 1 Percentage of EU countries with complete aggregate data in the three main biomass categories
of the database.



Fig. 2 Availability of different types of biomass in Europe (k toe)

The percentage based on the availability of different types of biomass resources under the main
categories  as reported in SAHYOG inventories, have been calculated and shown in the figure 2.
The SAHYOG biomass inventory contains very little information on the really “used biomass” and
its “conversion processes”, so the “net biomass information”, which is strictly related to the “used
biomass”. This is because of the fact that in most of the public databases, information concerning
these items is missing. Recently, a report containing information on use of biomass for chemicals
and materials in Germany, referring to the year 2008, was published by the Nova-Institute GmbH
(Germany).  However,  it  was  not  possible  to  use  the  information  because  biomass  categories
mentioned, were different from the ones adopted in SAHYOG database. Moreover, biomass import
values were also included therein. 

6. CONCLUSIONS

SAHYOG biomass inventories contain the updated information on the availability of biomass in
Europe and India. However, setting up both EU and Indian inventories revealed that because of lack
of relevant data in various databases consulted for this purpose, it is really a challenging task to
achieve a complete and reliable picture of biomass availability. Indeed, datasets in official statistical
reports are not always complete or contain mainly highly aggregated data. For example, in the case
of biomass from forestry in India, the information is very limited due to the fact that forests  come
under resource security policies and are considered as conserved. An analysis of the EU and Indian
inventories  demonstrates  similarities  as  well  as  differences  in  the  availability  and  usage  of
renewable biomass for energy, chemicals and materials. Being an agriculture-based country, India
derives most part of its potential biomass from agriculture by-products, whereas in the EU huge
quantities of biomass originates from forestry. A common feature is that in both EU and India, a
great part of the available biomass from forestry, agriculture, and biowastes remains unexploited. In
addition, due to data heterogeneity, it is not always possible to directly compare biomass availability
in EU and in India for specific subcategories. However, under the framework of SAHYOG project,
the  work  on  the  on-going  research  for  new  data  will  be  continued  to  fill  in  the  gaps  in  the
inventories. An accurate analysis of the results for both SAHYOG inventories, will finally outline
the EU and Indian priorities in biomass utilization and technology implementation. 
Based on the results of inventories, specific research cooperation activities between stakeholders
from EU and India  will  be  implemented.  The  information  provided  in  the  SAHYOG biomass
inventories will help to define common fields of interest to maximize EU-India collaboration and
will constitute an important instrument to develop the joint Strategic Research agenda and the future
R & D Roadmap to facilitate concerted planning in the field of biomass and biowaste. 
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Summary: Strategic environmental assessment and public participation in 
agriculture.  
 
 The different stages of the strategic environmental assessment in agriculture 
must be addressed with method and common sense, without putting up 
heavy devices. This requires a participatory approach and reflection on 
public consultation and governance. Attention must be paid at the beginning 
of the process on the participation of a broad category of actors involved in 
these programs.  
In Africa and the Democratic Républiqur congo DRC in particular, the 
Strategic Environmental Assessment (SEA) in agriculture is now integrated 
with the services, but it is still very accessible to a lay audience. Public 
participation in these processes remains limited, sometimes due to the brakes 
of the developers, but also by lack of citizen engagement. What lessons can 
remember a dozen years of experience and how to change practices!  
Method  
Consideration of the environment, which has priority goal of preserving 
ecosystems and human health, has become a major concern of our society. 
This requires a participatory approach and reflection on public consultation 
and governance. For this, the different stages of the SEA in agriculture must 
be addressed with method and common sense, without putting up heavy 
devices.  
Briefly summarize this approach in the first place, the profile of sustainable 
development of the territory of the operation revealed the diagnosis of major 
components. The issues identified by the description of the initial state and 
the indicators used for monitoring. Profile established the basis for the panel 
evaluation. This document, filled with the provisions taken, compliance and 



relevance, is the essential tool for the evaluator. Monitoring the operation 
begins implementation and continues to record based on the dashboard that 
is the frame:  
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Governance is part of the process and involves thinking on consultation and 
participatory democracy. SEA and help to change the way decisions are 
made. For the devaluation procedures do not remain the preserve of 
specialists, a major effort must be made to train his mind and methods in 
order to mobilize all stakeholders in a simple way.  
The case of the DRC  
In the DRC, consultation, participation and public debate are increasingly 
present in many decision-making processes. This is particularly true in the 
field of urban planning, land use territoirede agriculture and the wider 
environment, where the public inquiry procedure is legal. In this context, 
when it comes to recurring basis of participatory democracy, it is necessary 
to question the effectiveness of current procedures. It would be very 
simplistic to blame the failures of these policies alone, when it is the whole 
of society should change its behavior. In fact, we find that sometimes the 
dialogue is "swallowed up" by pressure groups that can confuse personal 
concerns, albeit legitimate, with general interest.  
A decree of 2011 significantly alters the rules of participation of associations 
in the consultative bodies, They will now have to justify their participation 
in a number of over 2000 members, an effective activity on a significant part 
of the territory of a diversified funding, etc.., many highly selective criteria 
in relation to the previous situation. But professionals and experts should not 
be excluded from the consultation process, to the extent that expertise is an 
essential basis for ensuring based discussions, These are often specialists 
who put his finger on one or another difficulty or phenomena that are not yet 
considered. Associations must be able to rewash these opinions and become 
whistleblowers,  
What is lacking in fact, more than financial resources, it is strong to initiate a 
real change in the way of thinking about development policy impulse. 
Political leadership is a necessary, but not sufficient, but must be 
accompanied by a mobilization of citizens, which implies an important 
educational effort and collective practice to mend ties in a society that loses 
the sense of collective ,  
Very briefly, the history of impact studies on the environment begins, 
indeed, in France in 1976, well ahead compared to Europe, which adopts 



common rules in 1985. Directive 2001/42/EC of 27 June 2001 of the senate 
and the DRC, on the assessment of the effects of certain plans and programs 
on the environment, helps to integrate environmental considerations into the 
decision-making process and provide a more consistent and transparent 
decision-making framework for the citizen. It also provides international 
harmonization. Therefore, the SEA approach implies continuity of the 
consideration of the environment in the various stages of the planning of the 
land since the political Up Projects. It is a real opportunity iterative 
reflection which to build, for example, a plan or a program at the same time 
it is evaluated.  
The evaluation did indeed make sense if it allows a shift of programming in 
the sense of a greater consideration of the environment. This is what needs 
to be put into practice in many cases such as the European Structural Funds, 
project contracts between the state and the regions, regional planning 
guidelines, planning documents, collective patterns, charters countries 
regional park, etc..  
A personal experience  
In ten years, we have had the opportunity to be involved in many SEA 
benefits agriculture. These have focused on infrastructure champetreet 
various projects and plans and programs of Congolese and African level  
For projects, we participated ia implementing many concrete cases in DRC. 
Areas in Bas-Congo and BANDUNDU The method does not regulatory in 
nature and falls within the initiative of building owner who has the 
flexibility to adapt: the specific situation. SEA work in agriculture was 
conducted each time with a group of experts (including technicians and 
elected), without effective public participation, if not through associations. 
The results were very encouraging and helped to revise the initial projects in 
the direction of a broader consideration of environmental issues. In some 
cases, I SEA in agriculture led i modification of project profondeur.Dans 
other cases, such as the management of water resources, despite the presence 
of hundreds of elected officials and associations in working groups, the 
involvement of non-technical local actors remained low.  
The case of plans and programs is easier since I'EES in agriculture is 
required by regulation. At first, these are the methodological difficulties of 
SEA have been a blocking factor  



Over time, things have changed, the rules help, and mandatory public 
consultation completed the "expert opinions". Nevertheless, the situation 
remains weak mobilization of citizens. Thus, for an African program for the 
DRC, despite announcements in the press, websites and easier access to 
documents, only seven contributions were made to the 11 provincesqui 
made.  
Nevertheless, more than 800 consultations websites show some interest. He 
had to admit that the very administrative language does not facilitate 
communication and progress remained to be done in this regard. In other 
cases, such as the province of the lower congo public participation has been 
extremely modest.  
In some very specific cases, such as energy or nuclear, there are trade offs 
between cost i, environmental and health risks in the short and long term. 
The use of referendums may then seem more democratic, silly series can not 
answer such a complex question with a yes or no. There is a particular need, 
public debate. To clarify what th citizens are ready in terms of consumption 
and risk acceptance.  
Improvements to  
From these experiences, we have learned lessons that we summarize below. 
SEA in agriculture, when well conducted, in coordination with the 
development of the operation appears to be a considerable asset, tarnished 
project quality, cost and time. It also allows a greater acceptance of the 
transaction by the public.  
Public information may include, for example, diffuse documents chiefdoms 
(plaquettes. brochures, maps, etc..) Or local meetings open all th. 
Participation is defined as the engagement of civil society in the decision 
making of an organization. In the DRC, public participation in decision-
making is not new and is part of the debates it raises the democratic process. 
However, there has been an increase in th wish of citizens to participate 
directly in decision-making. This strong demand does not always leads to 
ownership of development projects, but often their rejection because they are 
not considered acceptable in terms of the environment or not compatible 
with sustainable development.  
SEA in agriculture thus not only a technical interest, it must also integrate 
this participatory approach. The owner must commit early and dialogue with 



all actors involved in the development (authority, elected officials, 
associations and public) to explain the relevance of the program or the 
project and demonstrate its ability to take account of the proposals they 
express.  
How to involve the public?  
The participatory process can begin when a project is planned and 
throughout its development, without any formal decision is required. The 
client and is free to initiate a consultation proceeding from a deliberate the 
different partners before nth implementation of the obligations 
réglementairescomme the lio bakandajika indicates that soil and subsoil 
belongs the Congolese state .  
The implementation of participation stems from a political will and 
responsibility of public authorities (élus. administrations) to ensure its 
implementation. When the client is private, it must keep the authority 
informed of the project and define how this consultation. Dialogue is one of 
the tools of participation, it is not looking for a deal, but just a collection of 
opinion without binding. Its objectives are to:  
• involve the public in projects that affect them, with the most complete 
information, listening to their expectations or fears, exchange and debate.  
• improve the content of the projects and facilitate their implementation 
involving, along with the owner, the greatest number of stakeholders.  
The owner must ensure that participation is as open as possible, combining 
the debate anyone who wants to participate, both "carriers" of the project 
potential "protesters" whose views should be heard. Participation is not 
limited to the local population of the project, but extends to all stakeholders 
and people affected by the positive and negative effects of the project.  
Also, the participatory approach should it address the relevant actors are bad 
all on an equal footing before decision and that can be identified in several 
"colleges" elected, administrative and institutional community associations 
and public.  

 
How to account for public participation in agriculture?  
The evaluation file, in particular the section on reasons for choosing a 
project, should be preferred to explain the public participation in the 



decisions and choices of the project and the conditions in which these 
decisions are matched.  
The results of the consultation is necessary to ensure the transparency and 
objectivity of the consultation. This report will be attached to public inquiry 
or hearing. Aude and the completion of the project, the client can make a 
final assessment which will be wider dissemination.  
More generally, the usefulness of the evaluation will depend on the 
conditions of ownership of its conclusions. This ability of ownership 
depends on the participation of different socio-economic actors in the 
evaluation process and the ability of enabling institutions to communicate 
evaluation results adequately. Attention must be  
Reach early in the process on the participation of a broad category of actor 
involved in the programs concerned and the end of a campaign on the 
results. These will be subject to production of papers and pamphlets which 
will be used to develop outreach and training in each institution involved in 
each network of civil society organizations, professional associations and the 
provinces, districts, sectors and local communauré.  
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ABSTRACT 
 

The needs to increase the efficiency in agricultural production, and the latest 
technological developments in ICT, have led to the creation of the first autonomous 
agricultural robots for open fields. Additionally, the rapidly growing technology of 
mobile internet communication and its capabilities have given the possibility for 
remotely internet connection of the autonomous vehicles. The aim of this study was to 
design and develop a web-based farm management information system (FMIS), capable 
of controlling agricultural robots and for analyzing their data in real time remotely with 
the use of a web browser. The FMIS was built in C#, and the first tests were held to two 
low cost fully autonomous vehicles designed to perform specific tasks within field 
operations. This research was funded from the ICT-Agri project “RoboFarm: Integrated 
robotic and software platform as a support system for farm level business decisions”. 

 
 

Keywords:   FMIS, agricultural robot, autonomous vehicle, web-based, Robofarm 
 

1. INTRODUCTION  
 
The research for agricultural autonomous vehicles has started at early 60’s (Wilson, 
2000). Advances in mechanical design capabilities, sensing technologies, electronics, 
and algorithms for planning and control have led to a possibility of realizing field 
operations based on autonomous robotic platforms (Bak et al., 2004). Nowadays, the 
use of ICT and autonomous vehicle technologies is rapidly evolving. Farmers are 
increasing the use of advanced technologies for completing agricultural tasks and for 
managing their farms. The International Federation of Robotics Statistical Department 
reports that there were a significant increase in the number of robots (especially for 
animal production) developed around farms (IFR Statistical Department, 2010), while 
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the sales of agricultural robots were US $879 million in 2011 (IFR Statistical 
Department, 2012). Recently, the States of Nevada, California and Florida approved the 
use of autonomous vehicles on their roads. States of Hawaii and Georgia are also 
working on legalizing autonomous vehicles in public streets (Kohanbash et al., 2012). 
Hortibot (Jørgensen et al., 2006), Hako (Blackmore et al., 2004), BoniRob 
(Ruckelshausen et al., 2009), Armadillo (Jensen et al., 2012) are some of the most 
known autonomous robots for agriculture. 
 
Sørensen et al. (2010), defined the Farm Management Information System (FMIS) as a 
planned system for collecting, processing, storing and disseminating of data in the form 
of information needed to carry out the operations and functions of the farm. Fountas et 
al. (2012) used the soft systems methodology and proposed a rich picture of a FMIS for 
agricultural robots. Additionally, Fountas et al. (2010) established a methodology for 
decomposing the agricultural operations into robotic behaviors and Blackmore et al. 
(2008) set the specification requirements for agricultural robots, which should behave 
sensibly in a semi-natural environment, over long periods of time, unattended, whilst 
carrying out a useful task. 
 
Mobile internet is a fast growing technology, and the adoption of mobile internet as new 
Information and Communication Technology (ICT) in everyday life is huge. The 
HSPA+ standard which is used at 4th generation mobile systems (4G) has a downstream 
speed of 84Mbit/s and in the near future the 11th revision of the HSPA+ will have a 
downstream of 672Mbit/s (3rd Generation Partnership Project – 3GPP, 2013). Also the 
LTE-Advanced update expected to offer downstream speeds up to 1 Gbit/s 
(Wannstrom, 2012). The 4G generation mobile systems provide speeds that can 
compare with the speeds of cable and DSL connections, and makes possible the access 
to fast internet connection everywhere.  
 
The first attempts for operating and controlling vehicles from distance have started in 
the early 1900’s, but systems of vehicle teleoperation started to be used widely in the 
1970’s (Fong et al., 2001). The first tries for controlling robots via the World Wide 
Web, have started at in the middle of 1990’s when the WWW started to expand all over 
the world. Nowadays, there are small commercial robots that can be controlled from 
web – based applications. An example is the Rovio mobile webcam (WowWe, 2008) 
 

2.  MATERIALS AND METHODS 
 

For the development of the Web-based Farm Management Information System for 
Agricultural Robots we used 2 low cost fully autonomous vehicles (Figure 1), four-
wheel drive and four-wheel steering, designed to perform specific tasks within the limits 
of a field. The first one was the “Zeus” agricultural robot from the Laboratory of 
Agricultural Engineering of University of Thessaly, and the second one was the 
“RoboTurk” agricultural robot from the Department of Agricultural Machinery of the 
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Ege University. Both rbots are equipped with spectral cameras and laser scanners and 
they can carry external sensors, such as EM 38. 
 

  
Figure 1. Zeus (left) and Roboturk (right) agricultural robots. 

 
The FMIS was built in C#, which is a programming language that is designed for 
constructing applications that run on the .NET Framework. C# is an object-oriented 
language, but also includes support for component-oriented programming. The data is 
stored in 1 MS – SQL 2012 database. MS - SQL Server 2012 databases have a lot of 
new features as: dynamic management views and functions, spatial features, metadata 
discovery, sequence objects etc. Also, they are having a lot of enhancements in 
performance and security. The FMIS and its database were installed at a Windows 
Server 2012, .NET Framework 4.5, IIS8 server with Intel® Core™ i7-2600 CPU, 16GB 
DDR3 RAM and 3TB of storage space. The FMIS uses HTML5 markup language and 
CSS3 styling and the responsive web design (RWB) of the FMIS theme, which is 
automatically adjusts to different screen sizes, allows being easily viewable and 
workable at any desktop PC, laptop, tablet or mobile phone. 
 

3.  RESULTS 
 
The developed Web-based Farm Management Information System (Figure 2) has 
incorporated the common modules that a FMIS should include (Robbemond and 
Kruize, 2011) as: best practice, finance, inventory, traceability, reporting etc. 
Additionally, it has incorporated two additional modules to address the needs for the 
autonomous vehicles, namely: 

• Control and Inspection Module (CIM), which is used for controlling and 
inspecting the working parameters of the agricultural robots. 

• Sensors Data Module (SDM), for gaining and analyzing the sensors data from 
the installed sensors (e.g. multispectral camera). The data is visible in real time 
to the user of the FMIS through the graphical user interface (GUI) of the FMIS. 
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Figure 2. Web-Based Farm Management Information System. 

 
In these two modules, which are dedicated to agricultural robots, the FMIS user can: 

• View, collect, store and analyze data from the installed sensors and from the 
working parameters of the robots. 

• Control the autonomous vehicle movement in the field, or in the road. 
• View alerts and make fault diagnosis. 
• Set the working parameters and variables of the vehicle and its sensors. 
• Read, and store event logs. 
• Record maps of all vehicle movements. 
• Create spatial maps from the sensors data. 
• View video from the robot’s webcams. 

 
All the working parameters and all the sensors data are being stored in the FMIS 
database, and they are accessible to the user at any time. 
 
The results of the tests were very satisfactory. Figure 3 shows the control web page for 
controlling the autonomous vehicles. User can set up the steering angle and the speed of 
the vehicles by using the two slidebars or by setting the desired set points for each 
wheel separately. The status of each wheel is shown at the status tables at the left of the 
page, and the current values of speed and angle for each wheel is written at the 
textboxes at the right of the page. By clicking at the checkboxes at the top of the screen, 
user can view video from the robot’s webcams, view vehicle movement in Google map 
and view the coordinates of the vehicle position.  
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Figure 3. Controls for controlling the autonomous vehicle. 

 
Figure 4 shows the “view sensors data” web page and more specifically shows the data 
gained from a field test with “Zeus” robot, having the EM 38 sensor for measuring the 
apparent conductivity installed on it. FMIS user has a lot of options a this page as: 
selection of the sensor, selection of the start and the end time of the shown data etc. 
 
Moreover, the web-based FMIS cooperates with SAFAR software (Software 
Architecture For Agricultural Robots) via XML files for the creation of the robots 
optimal route in the fields, the 3D simulation of the route following by the robots, and 
the statistical analysis of their movements. 
 
Working in the open field’s environment, could create problems in the communication 
between the robot and the web server via the mobile internet connection. One of the 
parameters that the user has to set up through the web – based FMIS, is robot’s 
priorities/options in case that the communication between the robot and the FMIS will 
be lost. These options are: 

• Keep Working. In that case, the agricultural robot will continue its task, but in 
case that the robot will be 10cm deviated of the proposed by SAFAR route, it 
will be stopped. All the data of the working parameters and from the sensors are 
been stored temporally at the robot, until the connection restores. 

• Stop Working. In that case the robot will stop working until internet connection 
restores. 

 
In case that the mobile internet connection speed is too low, then, only the tools for 
controlling the robot, for the position of the robot, and for the robot alerts are working. 
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All the other data are stored in the robot temporally until the mobile connection speed 
becomes faster. 
 

 
Figure 4. View sensors data page. 

 
4. DISCUSSION AND CONCLUSIONS 

 
The latest developments in ICT technology, have led to new possibilities and 
perspectives. Soon, a new era will come for agricultural tasks in open fields, where most 
of agricultural operations will be automated, and everything will be controlled and 
inspected from farmers and farm managers from everywhere via the World Wide Web. 
A lot of work needs to be done, for the further development of communication 
compatibility of the various agricultural robots between them, and for the 
communication compatibility between agricultural robots and the various applications. 
Communication protocols as ISOBUS, and standardized languages for data exchange as 
agroXML, can help to achieve this. 
 
A Farm Management Information Systems (FMIS) has been created to include modules 
for managing the farm and at the same time to control and store data from agricultural 
robots. Tests with the Greek robot “Zeus” have been completed, while the tests with the 
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Turkish robot RoboTurk have been implemented in laboratory conditions. In both cases, 
the results so far are very satisfactory. The development of the web – based FMIS for 
agricultural robots still continues in order to add even more capabilities and options at 
the interaction between the robot and the FMIS. One of the most important stages of the 
future FMIS integration will be the development of a robot fleet management module 
that will be added to the final version of the FMIS, which will allow the coordination 
and the management of a large number of different robots at various agricultural tasks. 
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ABSTRACT 
 

Information and Communication Technology (ICT) is a generic technology due to its 
potential of value creation across a wide range of industries and applications. It has 
yielded benefits for a wide range of sectors of the economy and/or society. 
 
Agriculture is a strategic sector of producing food and fibre to supply basic human 
requirements. Its strategic importance has been increasing due to raise in world 
population and environmental constraints. Therefore, the survival and growth of 
agricultural production could be managed through the effective use ICT. This article 
aims to reveal the current status of ICT in Turkey by evaluating data published by the 
Turkish Statistical Institute (TUIK). In addition, the author argued challenges and 
prospects of ICT use in agriculture. 
 

 
Keywords:   ICT, adoption, agriculture, Turkey 
 

1. INTRODUCTION  
 

 
The world has experienced a great revolution in several technologies over the two 
decades. Throughout next few decades, the shape and potential of industries will be 
transformed. A significant part of the tools and services that will be available in the 
market in future are unknown, but the main driving force behind their development will 
be the deployment of emerging and generic technologies. While former refers to 
technologies that are currently not fully developed or ready enough for market uptake, 
but with a high potential of creating new products and applications for market 
development in a decade, Elder refers to technologies that are directly related and have 
implications across a range of industries, sectors of the economy and society. 
 
Turkey, in 2002, performed a national foresight exercise, the Technology Foresight 
Programme to gather data on the current science, technology and innovation capacity of 
the country (Vision 2023). The exercise’s goals were:  
• to build a ‘science and technology’ vision for Turkey, 
• to determine strategic technologies and priority areas for R&D, 
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• to formulate science and technology policies for Turkey for the next 2 decades.  
 
“Information and communications” and “agriculture and food” are the key sectors 
considering the close future. ICT is identified as a generic technology, capable of 
changing the economic and social environment. Innovation and knowledge are the new 
drivers of economies (Tekin and Sindir, 2002).  
 
External and internal gap in terms of information and communication technology are the 
main concern for the last decade. The digital gap has been tried to close via national and 
international programs. To be succeeding in these attempts, there is a need to monitor 
the level of ICT.  
 
In order to check the status of ICT at the different segment of the society and to 
compare them, an OECD Working Party on Indicators for the Information Society has 
developed a list of core ICT indicators which can serve as a basis for internationally 
comparable statistics. The list consists of indicators such as proportion of households 
with a computer, proportion of individuals who have used the Internet (from any 
location) in the last 12 months, proportion of households with a mobile cellular 
telephone.  
 
1.1 The ICT development index (IDI) 
 
International Telecommunication Union (ITU) has developed a composite index 
combining 11 indicators into one criterion in order to measure (ICT development 
index); the level and evolution over time o f ICT developments in countries and relative 
to other countries; Progress in ICT development in both developed and developing 
countries: the index should be global and reflect changes taking place in countries at 
different levels of ICT development; the digital divide, i.e. differences between 
countries with different levels of ICT development; the development potential of ICTs 
or the extent to which countries can make use of ICTs to enhance growth and 
development, based on available capabilities and skills, that helps to monitor and check 
improvements in ICT among nations (MIS, 2012). The index was created depend on the 
asking from member states and published annually.  
 
The reports provide valuable information for use in formulating developments 
worldwide as well as to create policies. Moreover, the index (IDI) ranks countries’ 
performance in terms of ICT infrastructure and uptake. There are dramatic differences 
between developed and developing countries. The IDI values for the former groups as 
high as twice compared with the latter (Figure 1). While more people are getting 
connected, Turkey took part at upper class.   
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Figure 1. ICT development index, selected economies, 2011 
 
Globally, more attractive ICT tools are; mobile phone, internet access in household and 
active mobile broadband subscription. Their uptakes are increasing exponentially. 
Mobile phone penetrated with a %85.7 ratio in 2011 (Figure 2). 

 

 
 

Figure 2. Global ICT developments, 2011 



 

C0377 Arif Behiç Tekin. “Current Status and Future Projection of ICT Use in Turkey”. EFITA-
WCCA-CIGR Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-
27 June 2013. . 
 

 
Although ICT development index serves information on ICT penetration globally, there 
is a need to monitor the status of ICT uptake at nationwide. Turkey’s National 
Statistical Institute (TUIK) has carried out surveys to measure the extent of the 
information society, to monitor progress and to determine the level of the digital gap 
between different groups such as urban, rural etc. 
 
1.2 ICT adoption 
 
Gelb and Parker (2005) studied to analyse the effectiveness of ICT adoption for 
agriculture at national and regional policy level since computers first became available 
for agricultural use. Then the study was carried to reveal ICT adoption constraints and 
their relative impact over the period 1998–2005. The study was based only on the 
opinions of scientists and experts; but it provides picture on ICT adoption and its 
constraints in rural areas. The factors were summarized as: 
• lack of effective training, which is the major ICT adoption constraint, 
• inability of farmers to use ICT (personal impediments), 
• failure to understand economic or other benefits, 
• fear of technology, 
• cost of technology, 
• lack of technological infrastructure, 
• hard-to-use, unfriendly systems, 
• poor integration with other agricultural systems, 
• no useful information, 
• time limitations. 
 
Despite the fact that there have been various attempts to monitor the progress at ICT 
adoption in rural areas, there is a growing need for checking the ICT level and its 
constraints due to dynamic environment.  
 
In this paper, two strategic sectors – information and communication technology (ICT) 
and agriculture – will be analysed in the context of ICT use in agriculture. The aim is to 
reveal the current situation and to discuss prospects and challenges.  
 
 

2.  METHODOLOGY 
 
The ‘ICT Usage in Households and by Individuals Survey’, employing core ICT 
indicators, was started in Turkey in 2005 to determine the nature and extent of the use 
of information and communication technologies. The frequency of surveys was related 
to national priorities, available resources and the evolution of the ICT market in each 
country participating. Where ICTs are being introduced rapidly, an annual survey may 
be justifiable. Where the level of access to ICT is low and not growing rapidly, it might 



 

C0377 Arif Behiç Tekin. “Current Status and Future Projection of ICT Use in Turkey”. EFITA-
WCCA-CIGR Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-
27 June 2013. . 
 

be more appropriate to adopt a longer interval (Anon, 2005). In Turkey (except for 
2006), the surveys have been conducted annually since 2005 (Tekin, 2011).  
 
Until 2009, population projections were calculated on the basis of population censuses. 
In 2007, the Address Based Population Registration System (ABPRS) was established. 
There are some differences in the distribution of population by age, sex and region in 
ABPRS compared with the censuses. The new population projections were, therefore, 
produced using the most recent population data obtained from this new system. National 
and regional population projections were revised using the results of the 2008 ABPRS, 
from which the most up-to-date projections were, gathered (Tekin, 2011).  
 
New population projections have been used in the ICT Usage in Households and by 
Individuals Survey results since 2009; in order to obtain comparability, the results of 
2007 and 2008 have also been revised according to the new population projections 
(Tekin, 2011).  
 
In this study, information and communication technology penetration in The Turkish 
agricultural sector was analysed. The reference period was 2007–12 using the Address 
Based Population Registration System (ABPRS). 
 

3.  RESULTS and CONCLUSION 
 
The Turkish agricultural sector is defined as ‘rural’ in terms of culture, movements and 
trends. Thus, it is proposed to use ‘rural’ data, since no data exist for ICT use for 
agricultural holdings and other partners in the sector. ‘Rural’ will be used 
synonymously with ‘agriculture’ in this part of the study (Tekin, 2011). 
There has been insistently continues  growth in ICT uptake in the country, with an 
increase in all indicators except the number of fixed telephone lines, which has been 
decreased for eight years (Figure 3). Information and communication technologies 
(ICTs) keep its increase to penetrate countries in the urban area, as more and more 
people are getting connected. 
 
Agriculture is a strategic sector in most parts of the world for using natural resources 
and employing people. Rural people depend on agriculture for their livelihoods and, if 
the cycles of poverty, malnutrition and disease are aimed to decrease, high ICT 
penetration and their effective use in agriculture must be a priority. Although there is a 
parallel increasing in terms of ICT up-take in rural area comparing with urban. The rates 
are almost half of the urban. Most popular ICT tool is mobile phone which is following 
by desktop computer and portable computer respectively (Tekin, 2011). 
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Figure 3. Availability of devices in households 
 

The number of household connecting internet grew steadily (Figure 4). By end 2009, 
more than one-third of the population in urban was online, while % 15 of the rural 
people are connected in rural. Average rate growth to connect the internet was moderate 
in Turkey (34 per cent). This reflects the large differences in penetration rates, which by 
end 2009 stood at 34 per cent in Turkey compared with 17.6 per cent in rural. The fact 
that depend on the previous information the level would be assessed higher for the 
current case. 
 

 
 

Figure 4. Households with access to the Internet. 
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Figure 5. Internet use in Turkey 
 

There is an increased competition and affordable services and devices that force the 
growth in the mobile sector. Mobile device continues to replace fixed-line services. 
There is little difference between Turkey average and rural. Penetration rate is 93 per 
cent and 89 per cent respectively.  

 

 
 

Figure 6. Mobile sector in Turkey 
 

Statistics on access to and the use of ICTs are strategic assets that can help in 
monitoring and evaluating the progress and impact of ICTs on regional, national and 
international developments. The IT sector is growing exponentially in urban areas and 
offers enormous potential for synergistic benefits affecting the growth of all sectors. 
This kind of transformation is needed even more in rural areas, where access to ICTs 
and their effective use can make a great difference to development outcomes. A good 
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example of a potential practical benefit is that, with a mobile phone, a farmer can 
identify the market where s/he can get the best price for her/his products (Tekin, 2011). 
 
ICT penetration has been steadily increasing. Indicators show that there is a difference 
between the average and the rural sectors; the percentage for urban uptake is higher than 
average. Gender is also a key factor for ICT usage: female usage predominates. 
Moreover, age is limiting factor for the penetration. Young people prefer to live and 
work in urban area instead of staying in the rural and engaging farm operations. 
 
Rural has specific conditions and constraints such as absence of service provider, 
infrastructure. The causes on the lower rate in the level of ICT adoption in the rural can 
be classified: 
• agricultural holding structure; 
• holding size; 
• holding income; 
• cost of technology; 
• lack of infrastructure; and 
• lack of training 
 
As a developing country, Turkey has unique characteristics. There has been strong 
effort to prevent digital gap with other countries. The efforts also covers the gap 
between urban and rural. Therefore, these constraints must be carefully analysed and 
formulated to keep away from the digital divide. 
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ABSTRACT 
 

 
Detecting and collecting data from field are repetitive and time-consuming tasks. 
Agricultural robots would help the automation of these tasks such as gathering data 
from the field and transferring it to a DSS. One of the core elements of ICT – AGRI 
Robofarm project is to design one prototype autonomous robotic platform (RoboTurk) 
which will carry on several sensors and it will be able to perform agricultural tasks. In 
this paper a novel mobile robot will be demonstrated. The designed vehicle can be 
operated in open and closed field conditions and can carry several sensors such as hyper 
spectral camera for detecting field phenomena.  In the future it will be able to have 
installed some implements, as: a spray system for variable spraying, a lifting platform to 
perform seeding, etc. The autonomous navigation, is been achieved with the use of a 
laser scanner and a RTK-GPS system.  

 
Keywords:   Agricultural robot, robofarm, RoboTurk 
 

1. INTRODUCTION  
 

 
Nowadays, the international practice in order to face the problems of increased 
agricultural production, tends to use more and more advanced technologies that can be 
used by the farmers, as tools for managing the farm. However, the use of intelligent and 
complicated systems in the open and dynamic environment of a field is a big challenge. 
Over the last decades, there is a growing trend on the design and manufacture of 
automated vehicles for more intelligent management mostly for high value crops. The 
development of small autonomous tractor can change the farming techniques in targeted 
operations such as micro-tillage, micro-spraying, selective harvesting and reseeding. 
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The autonomous vehicles could work day and night, be weather independent and be 
adaptable to different field environments. The main aim of this paper is to describe the 
development of a robotic platform (RoboTurk), suitable for open-field environments, 
able to carry sensors and to communicate with the Software Architecture for 
Agricultural Robots -SAFAR (http://www.unibots.com/SAFAR.htm) software. 
RoboTurk’s main characteristics are (Figure 1): 
 

• It has several ways of controlling methods, such as wireless joystick and access 
point connection in 5 km range from farm office 

• Receives *.xml files generated by Safar software and will complete tasks in 
fully autonomous mode  

• Four wheel drive and steering system for dynamic manoeuvre capability and 
for adoption of all field constraints in term of obstacles 

• Operation in parcels with crops planted in rows autonomously based on Global   
Positioning System, and/or with using a laser scanner row detection system. 

• All operational data automatically is transferred to a Farm Management 
Information System 

 

 
 

Figure 1. Concept of RoboTurk 
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1.1 Mechanical components 
 
The dimensions of RoboTurk are: 1180 x 1100 mm. It has 4 independent wheels which 
is the simplest and cheapest traction system that a robot can have (Figure 2). Instead of 
having fixed axles, RoboTurk has 4 wheeled legs which are pivoted for steering. The 
wheels are located at the corner of a 700 * 700 mm square and the ground clearance is 
700 mm. This design ensures the working flexibility under rough surface and in sloppy 
parcels without causing any fall over. For the transmission, each robotic leg has its own 
engine for the steering (enables a minimum turning radius and more accurate tracking 
than other steering systems) and the scrolling, which makes the system very flexible 
(Figure 3). The use of two engines in the same leg makes the design of the frame very 
simple and robust. The engines are electrical 48 Volt DC motors and they are producing 
200 W of power each. Independent planetary gearboxes were used to transmit the motor 
power to the leg for both scrolling and steering. Each wheel is attached to the vehicle 
frame with a novel design. The wheels are 6.5/80-12 tubeless tyres produced for 
agricultural tractors. 
 
 
 

 
Figure 2. RoboTurk 
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(a)                    (b) 

  
(c)                      (d) 

 
 

Figure 3. Steering system 
 
1.2 Electronic components 
 
The system architecture of the RoboTurk is given in Figure 1. All the communication is 
carried out via TCP/IP communication protocol which is adaptable with the ISO 11783 
(ISOBUS) protocol which is being a standard protocol for agricultural equipment.  
 
The robotic vehicle is controlled by an industrial computer; Beckhoff, CX2030-0123 
CPU Module (Intel® Core™ i7 1.5 GHz, dual-core). The route plan created from 
SAFAR software and the commands to the central computer can be sent either through 
a wireless network or via Ethernet. The computer is powered with 48 Volt DC electric 
potential via UPS. When it is working in the fields the system consumes approximately 
1000 W of power. The power supply for the system is made by four 12V batteries with 
a capacity of 90 Ah each. Figure 4 shows connections to and from the computer. 
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Figure 4. Electronic components of RoboTurk 
 
1.3 Sensors 
 
The robotic vehicle is equipped with the following auxiliary sensors: Compass, GPS, 
Laser Scanner, webcam, hyper spectral camera, and wireless connection antenna. The 
communication between the central computer and the control of each robotic leg and the 
SAFAR upper level software is being made through TCP/IP.  
 
For autonomous mode, RTK GPS was installed. The technical specification is are 
tabulated below; 
 
Table 1. Main features of the GPS system 
  

. Feature Description 
GNSS Tracking 

 
220 Chanel 

GPS L1 L2 L5 L2C 
GLONASS L1 L2 

GALILEO GIOVE-A GIOVE-B 
SBAS  L1 L5

Data Management 
 

10Hz Update (up to 50 Hz) 
CMR, CMR+, RTCM SC104 2.1, 2.3, 3.0, 3.1 

VRS, FKP, MAC Support 
NMEA Output 

Communications 
 

Integrated GPRS Modem 
Integrated UHF Modem 

Accuracy 
 

RTK H 1 cm+1ppm, V 2cm+1ppm 
PP   H 0.25cm+1ppm, V 0.5cm+1ppm 
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The correction signal is received via a GPRS modem from CORS-TR network 
(Continuously Operating Reference Stations-Turkey). Static and dynamic tests revealed 
that the obtained accuracy is meeting the requirement of robot tracking. The frequency 
of data receiving is adjusted to 20 Hz which is corresponding to 5 cm at the 3.5 km/h 
working speed. 
 
Laser sensors are used whenever positioning performed with great accuracy. For safety 
purposes, laser scanner Rod4 plus (Leuze electronic GmbH – Germany) was attached in 
front of the platform to carry on watch dog task by eliminating risks and accident 
factors in order to prevent any damage on it or its surroundings. The sensor guides the 
robot in a field where crop is planted in case that the GPS data transmission/correction 
signal will be collapsed. 
 
High-resolution 30-bit AFS/AFM60 EtherCAT absolute encoders are installed on each 
leg so that the turning angel of the wheel can be feed  backed to system (Figure 5).    
 

 
 

Figure 5. Absolute encoder   
 

Communication between RoboTurk and office PC is another big challenge. Instead of 
using technology such as point to point link, 3G modem via SIM card which have 
several drawbacks the omni-directional wireless link can be established 360° view in 5 
km range (figure 6). While the antenna modules (figure 6-a) is installed at the office, 
other antenna (figure 6-b) is attached to RoboTurk. In order to cover 360° view, four 
antenna modules (figure 6-a) is arranged side by side. The link is set up through access 
point which is more affective and reliable for data transmission. 
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(a) 

 
(b) 

     
Figure 6. Antennas   

 
1.4 Robotic Software 
 
The software is divided into several sections, which are responsible for different 
functions (EEPPOM, Initialization, Watchdog, Safety, Blackboard, Sensing, Control, 
Monitoring, and Communication). The software was programmed in C#. The robotic 
platform has different operation modes to serve different purposes (Normal, Normal-
No_Safe, Log, Long NMEA, Test, and Park). The change of mode can be done either 
through a command from the network, or for certain modes through the menu screen. 
 
The RoboTurk receives route plans created with Safar software which is developed for 
creating and simulating route plans for agricultural robots and autonomous vehicles. 
SAFAR (http://www.unibots.com/SAFAR.htm) uses Google Earth and the user can 
grab an image from anywhere in the world, define a field by drawing its borders with a 
mouse, create a route plan, choose RoboTurk from its library and send the exported 
“*xml file” to the robot. Then, RoboTurk carries on its mission following the created 
route. 
 
1.5 Initial Tests 
 
The robotic platform was tested in laboratory conditions to monitor its performance as a 
whole system and as individual components. During the tests it was controlled by a 
wireless joystick with 100 m range. The robot has very dynamic maneuver ability. It 
mows forward and backward besides left and right sides without changing its head 
direction. Also, it can change its head direction on the center point of its current 
location. 
In the near future, the robot will be tested in field conditions to monitor its performance 
and it will be controlled by a FMIS via wireless connection. 
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3.  RESULTS and CONCLUSION 
 
An autonomous electric vehicle (RoboTurk) was designed and developed for 
agricultural tasks in open field conditions, using CAD/CAE software. This small-sized 
vehicle can move with a very dynamic steering ability. RoboTurk can work with 
different kinds of sensors, such as hyper spectral camera for gathering the data from 
field. It can carry different implements to perform several tasks such as spraying, 
seeding, mulching etc. An important conclusion from physical experiments regarding 
the mechanical design was the steering system that was used. Initially, a differential 
steering was proposed, but that option could create several problems on the field and 
planted crops while turning. The four wheel steering system that was developed, makes 
possible a very dynamic robot movement, without causing any damage. RoboTurk is 
using different steering and power systems from the previous successful projects; 
Hortibot (Jørgensen et all., 2006) was a successful project developed by Aarhus 
University and has four wheel steering, but it was powered by gasoline engine. Tressos 
et all (2007) has developed robotic platform (ZEUS) for agricultural tasks. The other 
developed electric powered autonomous vehicles have differential steering. Roboturk as 
an electric vehicle, it eliminates Hortibot’s disadvantages such as the emission of gases 
and it minimizes noise.  
It uses the principles of auto-guided platform. Beside this principle, it can be controlled 
by simple Joystick. Currently the safety procedure consists of stopping the vehicle when 
no GPS/Correction signal is received. Furthermore, a laser scanner is used for fully 
stopping the vehicle in case of obstacle. In this aspect, final works would focus on 
evaluating the mounting several bumpers around the vehicle.  
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ABSTRACT 

 
Storing grain in hermetic plastic bags (silobags) is a frequent storage alternative for 
farmers, grain elevators and the grain processing industry in Argentina. During the last 
5 years, about 40% of the grain production in Argentina was stored in silobags, and this 
technology is being adopted in several countries around the world. The silobags can 
store about 200 tones of grain, and it can be placed in the same production field, in a 
case of a farm, or in a field specially dedicated right next to the elevator.  
In Argentina, some farmers own their own silobag equipment, and for them is critical to 
know what is the real cost of bagging the grain in comparison with sending the grain to 
the elevator. On the other hand, other farmers use custom operation. For silobag 
contractors is also critical to know the real cost of the service, so they can charge a 
profitable rate. 
The main goals of this work were: 1) to present a web based application for computing 
the cost of storing grain in silobags, 2) to show the use of the application for 
determining the cost of storing grain in silobags for a typical system configuration in 
Argentina. 
The cost per tone decreases as the number of silobags increases, from 5.9 US$/tone for 
15 bags per year to 5.03 US$/tone for 503 bags per year. The cost did not changed 
substantially as the number of bags increased due to the high proportion of variable 
costs. For a medium size operation (126 bags per year), the bags accounts for 59% of 
the total cost, labor 13% and fuel 24%, meaning that the variable costs accounts for 
96% of the total costs, while the ownership costs represents only 4% (maintenance 1%, 
interest 1% and amortization 2%). 

 
 

Keywords:   Storage, Grain, Cost, Logistic, Web application, Silobag, Argentina. 
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1. INTRODUCTION  
The silobag is a hermetic type of storage. Grain, associated microorganisms and insects 
consume O2 and generate CO2 through the respiration process creating a modified 
atmosphere inside the hermetic bag which has some advantages for grain storage. 
Storing grain in silobags is a frequent storage alternative for farmers, grain elevators and 
the grain processing industry in Argentina. During the last 5 years, about 40% of the 
grain production in Argentina was stored in silobags, and this technology is being 
adopted in several countries around the world. The silobags are made with a plastic bag, 
with the shape of a tube, of 60 m long and 2.74 m diameter. The plastic cover is made 
of three layers (white outside and black inside) with 235 micrometers of thickness. Each 
bag can hold approximately 200 tones of grain and with the available handling 
equipment is very easy to fill and unload. The bag can be set up in the same production 
field, or in a field specially dedicated next to the elevator or the processing industry.  
INTA has conducted extensive research in the silobag storage technology. The effect of 
grain MC and storage time on the quality of wheat, corn, sunflower and soybean and 
barley (Bartosik, 2012) was extensively analyzed. Cardoso et al. (2009) studied the 
change in phosphine concentration during fumigation of silobags, and Cardoso et al. 
(2012) applied a pressure decay test to determine the initial air-tightness level of 
silobags and its evolution after four months of storage in the field.  
Logistic studies were performed showing the advantage and flexibility of the silobags in 
the harvest operation (Busato et al., 2011). Recently Bartosik (2012) presented a 
summary of the investigations carried out so far in Argentina. 
In Argentina, some farmers have their own silobag equipment, and for them is critical to 
know what is the real cost of bagging the grain in comparison with sending the grain to 
the elevator. On the other hand, other farmers use custom operation. For silobag 
contractors is also critical to know the real cost of the service, so they can charge a 
profitable rate. 
Computing the cost of storing grain in silobags requires some considerations. For the 
silobag systems the following equipment is needed: bagging machine, unloading 
machine, grain wagon with an unloading auger and, at least, two tractors (one for the 
bagging or unloading machine, and other for the grain wagon). In addition to the 
ownership cost of the equipment there are other expenses, mostly related to the fuel and 
the labor involved in the operation. The bag is not reusable, so users need to buy the bag 
each time the grain is bagged. Obtaining the real cost of storing grain in silobags can be 
confusing because part of the equipment is not fully dedicated to the bagging operation, 
such as the tractor which is shared with other operations (i.e. planting). 
The National Institute of Agricultural Technology (INTA) of Argentina develops web 
based applications for helping farmers and the grain industry to size and select aeration 
fans, size aeration ducts, calculate phosphine dosage during fumigation, estimate weight 
reduction of grain during storage, to calculate storage capacity of different storage 
structures, among other applications.  This applications are free (users only need to 
register) and are presented with the name of AireAr (Bartosik et al., 2009). 
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In spite of the extensive research related to silobag technology presented above, little 
effort has been done for studying the economics of the system. The main goals of this 
work were: 1) to develop a web based application for computing the cost of storing 
grain in silobags, 2) to use the application for determining the cost of storing grain in 
silobags for a typical system configuration in Argentina. 
 

2.  METHODOLOGY 
 

A typical silobag operation was analyzed for Argentina conditions, including the sub 
operations of 1) transportation from the field (combine) to the bagging machine, 2) 
bagging, and 3) unloading the bag. The transportation from the silobag to the grain 
elevator, port or industry was not considered, since this operation has to be done 
regardless the use of the silobag system. 
The equipment required for the operation consists of a bagging machine, an unloading 
machine, a grain cart with unloading auger, one tractor dedicated to the grain cart and 
other tractor dedicated to the bagging machine. The same tractor used for the bagging 
machine is used, in time, for the unloading machine. The bagging machine has a loading 
capacity of 400 t/h, and requires a power of, at least, 60HP. The unloading machine has 
a capacity of 80-110 t/h (depending on grain type and condition), and requires a power 
of 90 HP. The grain cart has a holding capacity of 14 t, and it is equipped with an 
unloading auger of 360 t/h capacity. Two tractors of 90 HP were considered, which 
could be used either for the grain cart, the unloading machine or the bagging machine. 
This is a typical equipment configuration for a contractor that offers the bagging service 
for farmers and elevators. The cost of the equipment was the market price in Argentina 
of the new machines, taken from dealer’s information and from a specialized magazine 
for agricultural costs in Argentina (Agromercado). The useful life was set in 10 year for 
all the equipment, with the exception of the tractors (20 years). The residual value was 
considered in 25%, and the annual maintenance cost was 3% of the price (Table 1). 
 
Table 1. Characteristics, price, useful life, residual value and maintenance cost of the 
equipment considered for the silobag operation 

Equipment Characteristics 
Price 
(US$) 

Useful life 
Residual 
value (%) 

Interest rate 
(%/year) 

Maintenance 
cost (%) 

Bagging 
machine 

400 t/h capacity 3842 10 25 15 3 

Unloading 
machine 

80-110 t/h 
capacity 

10105 10 25 15 3 

Grain cart 
14 tones capacity, 

with unloading 
auger 360 t/h 

15378 10 25 15 3 

Tractor 1 90 HP 50000 20 25 15 3 

Tractor 2 90 HP 50000 20 25 15 3 
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The price of the standard bag (2.74 m diameter and 60 m long) was US$ 500 and, 
according to the volumetric density of the grain, different amount of tones can be stored 
in each bag (200 tones of wheat, corn, soybean and sorghum, 180 tones of barley and 
120 tones of sunflower and rice). 

2.1. Dedicated Time to the Bagging Operation 
Part of the equipment if fully dedicated to the bagging operation, such as the bagging 
and unloading machine. Thus, 100% of the amortization and interest cost was assigned 
to this operation. However, the grain cart and the tractors are used in other operations as 
well, so a proportional amortization and interest cost was assigned to the bagging 
operation. 

Based on practical experience, it was assumed that during the bagging operation the 
equipment is used 10 hours per day, and that 4 bags could be made per day (2.5 hours 
per bag). During the unloading operation the equipment is also used during 10 hours per 
day, but only 2.5 bags can be unloaded per day (4 hours per bag). 

Bagging machine tractor: the tractor dedicated to the bagging machine is working every 
time that the grain cart is unloading grain into the bagging machine. Assuming and 
average discharge rate of the grain cart of 300 tones per hour, and adding 20% of 
working time to compensate for some inefficiency, the working time of this tractor was 
computed as following: 

  Eq. 1 

Bagging machine: The working time of the bagging machine was set the same as the 
working time of the dedicated tractor. 

Unloading machine tractor: the tractor dedicated to the unloading machine is working 
every time that the unloading machine is working. Assuming an average capacity of 90 
tones per hour, and adding 20% of working time to compensate for some inefficiency, 
the working time of this tractor was computed as following: 

   Eq. 2 

Unloading machine: The working time of the unloading machine was set the same as 
the working time of the dedicated tractor. 

Grain Cart Tractor: the tractor dedicated to the grain cart is working during the 
transportation of the grain from the field (or bin) to the silobag, during the unloading 
operation of the grain cart, and during the trip (empty) to the field. The number of trips 
that the tractor should make depends on the amount of grain and the capacity of the 
grain cart (14 t). The average distance from the field to the silobag was set in 1.5 km (3 
km round trip), the average velocity of the tractor in 15 km/h and the unloading capacity 
of the grain cart in 300 t/h. In order to compensate for some inefficiency, 20% of the 
time was added. The working time of this tractor was computed as following: 
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           Eq. 3 

Grain Cart: the working time of the grain cart was the same as the working time of the 
tractor dedicated to the grain cart. 

The dedication of the equipment to the bagging operation was as indicated in table 2. 

Table 2. Overall annual use of the equipment (hours) and dedication (%) to the bagging 
operation.  

Equipment Total annual use (hours) Dedication to the silobag 
operation (%) 

Bagging Machine Eq. 1 100 

Unloading Machine Eq. 2 100 

Grain Cart* 2000 Eq. 3/2000 x 100 

Tractor Bagging Machine* 2000 Eq. 1/2000 x 100 

Tractor Unloading 
Machine* 

2000 Eq. 2/2000 x 100 

Tractor Grain Cart 2000 Eq. 3/2000 x 100 

* considering the hours used for the silobag operations and the hours used in other 
activities 

. 

2.2. Equipment depreciation 
The yearly depreciation of the equipment was computed as following (Ghida Daza et 
al., 2009): 

    Eq. 4 

2.3. Interest 
To account for the opportunity cost of capital invested in the silobag related machinery 
a yearly interest rate of 3% was considered as follows (Ghida Daza et al., 2009): 

    Eq. 5 

2.4. Fuel cost 
It was estimated that each tractor has, in average, a fuel consumption of 20 l/h, and the 
price of the diesel oil was set in 1.3 US$/l. For each tractor, the fuel consumption was 
computed as follows: 
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           Eq.6 

Where: Time dedicated to the silobag operation is computed from equations 1, 2 and 3. 

2.5. Labor 
The labor dedicated to the silobag operation was divided in three sub operations: 1) 
bagging (same working hours as the grain cart tractor), 2) transportation (same working 
hours as the grain cart tractor), 3) unloading (same working hours as the unloading 
machine tractor). A salary of 2000 US$/month and 200 net working hours per month 
were considered. The labor cost for each sub operation was computed as follows: 

  Eq. 7 

2.6. Operation size 
The economic analysis was performed for a variable number of silobags, from 15 to 503 
per year with the same equipment configuration. It was considered a mix of different 
grains to be bagged (Table 2). 

The Silobag Calculator Cost was first developed as an Excel spreadsheet and is 
currently being programmed into a web application that will be soon available at the 
INTA web site. 

3. RESULTS AND DISCUSSION 
Figure 1 shows the cost per tone of storing grain in silobags. The cost per tone decreases 
as the number of silobags increases, from 5.9 US$/tone for 15 bags per year to 5.03 
US$/tone for 503 bags per year. This effect is expected and due to spreading fixed cost 
over an increasing number of tons. The cost reduction is more significant up to 100 bags 
approximately, after that, increasing the number of bags did not result in a substantial 
cost reduction per tone. This could be explained due to the small ownership cost (fixed 
costs) in comparison with the variable costs. 

Figure 2 shows the cost composition of a silobag operation of 126 bags per year (23 300 
tones). The bags accounts for 59% of the total cost, labor 13% and fuel 24%, meaning 
that the variable costs accounts for 96% of the total costs, while the ownership costs 
represents only 4% (maintenance 1%, interest 1% and amortization 2%). 
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Figure 1. Cost of storing grain in silobag (US$/tone) for different numbers of bags. 

 

 
Figure 2. Cost composition for a silobag operation of 126 bags per year (23 300 tones). 

 

It is important to consider that, in order to make a comparison between storing grain in 
silobags and sending the grain to the elevator, other cost components should be taken 
into account, including transportation cost from the field to the elevator, 
commercialization, quality control, etc. It is also worth noting that the current article 
does not evaluate the economic convenience of investing in silobag specific machinery, 
which should be done through an investment analysis. 
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4. CONCLUSIONS 
An application was developed for estimating the cost of storing grains in silobags. A 
typical silobag operation was proposed, which includes a bagging machine, an 
unloading machine, a grain cart and two tractors. As expected, the cost per tone 
decreases as the number of silobags increases, from 5.9 US$/tone for 15 bags per year 
to 5.03 US$/tone for 503 bags per year. The cost did not changed substantially as the 
number of bags increased due to the high proportion of variable costs. For a medium 
size operation (126 bags per year), the bags accounts for 59% of the total cost, labor 
13% and fuel 24%, meaning that the variable costs accounts for 96% of the total costs, 
while the ownership costs represents only 4% (maintenance 1%, interest 1% and 
depreciation 2%). 

This application is a useful tool for easily computing the cost involved in the operation 
of storing grain in silobag and it will be soon available at INTA website 
(http://online.inta.gov.ar:8080/aireAr/) 
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ABSTRACT 
 

The durability of agricultural infrastructures could decrease drastically due to 

earthquakes, in particular, seismic wave-motions.  The degree of damage in service 

structures is, in most cases, evaluated from mechanical properties.  For effective 

damage estimation, it is necessary to be monitoring of mechanical properties using ICT 

techniques.  By the authors, quantitative damage evaluation of structural materials is 

proposed by applying acoustic emission (AE) method and damage mechanics.  The 

procedure is named “DeCAT” (Damage Estimation of Concrete by Acoustic Emission 

Technique).  In this study, damege estimation of deteriorated irrigation infrastructure is 

conducted by DeCAT system.  The monitoring structure has been subjected to the 

influence of the Great East Japan Earthquake, two years ago.  
 

Keywords:   Damage information, seismic wave-motion, irrigation infrastructure, 

acoustic emission, DeCAT, ICT technique 

 

1. INTRODUCTION  

 

The durability of a concrete structure could lead to decrease drastically due to 

earthquakes, in particular, seismic wave-motions (Fig. 1).  The degree of damage in 

concrete structures is, in most cases, evaluated from mechanical properties.  For 

effective damage estimation of concrete structures, it is necessary to evaluate not only 

the mechanical properties but also the degree of defects.  Quantitative damage 

evaluation of concrete is proposed by applying acoustic emission (AE) method (Gross 

et al., 2008) and damage mechanics (Ohtsu et al., 2004).  The developing damage 

evaluation method is named DeCAT 

(Damage Estimation of Concrete by 

Acoustic Emission Technique) (Suzuki, et 

al., 2007; Suzuki et al., 2010).   

 

Regarding spatial distribution of data, 

spatial correlation is evaluated by spatial-

statistics, such as the semi-variogram model 

(Matsuoka, 1998).  Mechanical properties of 

concrete change with the effects of external 

environmental conditions and local damages 

 

Figure 1 Overview of near sampling site due to 

the Great East Japan Earthquake. 

 

Destruction of concrete 

canal affected by 

earthquake motion. 
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after being used for many years become overt (Suzuki et al., 2006; Suzuki et al., 2004).   

For data evaluation, spatial distribution of the mechanical properties should be 

considered. 

 

In this study, core samples were drill out from a damaged water-canal of concrete, 

which has been subjected to the influence of the Great East Japan Earthquake.  The core 

samples were taken out both before and after the earthquake in the same structure, 

which was carried out intervals of 100m.  In experiments, the crack distribution in core 

concrete was inspected with helical CT scans, which were made at one-millimeter 

intervals.  After helical CT scan, concrete damage was evaluated, based on fracturing 

behavior under compression with AE measurement.  The decreases in mechanical 

properties due to the earthquake are evaluated by the CT values, mechanical properties 

and relative damages.  Using relative damages, it is shown that concrete spatial damages 

in service could be quantitatively evaluated by AE. 

 

2.  ANALITICAL PROCEDURE 

 

AE behavior of a concrete sample under unconfined compression is associated with the 

generation of micro-cracks.  These micro-cracks are gradually accumulated until final 

fracture.  The number of AE events, which correspond to the generation of these cracks, 

increases accelerated by the accumulation of micro-cracks.  This process is dependent 

on the number of cracks at a certain stress level and the progress rate of the fracture 

stage, and thus could be subjected to a stochastic process.  Therefore, the rate process 

theory is introduced to quantify AE behavior under unconfined compression (Suzuki et 

al., 2002).  The following equation is derived to formulate AE occurrence dN due to the 

increment of stress from V to V+dV, 

N

dN
dVVf )(  ,                              (1) 

where N is the total number of AE events and ƒ(V) is the probability function of AE at 

stress level V(%).  For ƒ (V) in Eq.1, the following hyperbolic function is assumed, 

b
V

a
Vf )(  ,                               (2) 

where a and b are empirical constants.  Here, the value ‘a’ is named the rate, which 

reflects AE activity at a designated stress level.  This is because at low stress level the 

probability varies, depending on whether the rate ‘a’ is positive or negative.  In the case 

that the rate ‘a’ is positive, the probability of AE activity is high at low stress level, 

indicating that the structure is damaged.  In the case of the negative rate, the probability 

is low at low stress level, revealing that the structure is in stable condition.  Therefore, it 

is possible to quantitatively evaluate the damage in a concrete structure using AE under 

unconfined compression by the rate process analysis.  Based on Eqs.1 and 2, the 

relationship between total number of AE events N and stress level V is represented as 

the following equation, 

)exp(bVCVN a  ,                            (3) 

where C is the integration constant. 
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A scholar damage parameter Ω in damage 

mechanics can be defined as a relative 

change in modulus of elasticity, as follows, 

*
1

E

E
 ,                                 (4) 

  

where E is the modulus of elasticity of concrete and E* is the modulus of elasticity of 

concrete which is assumed to be intact and undamaged. 

 

Loland assumed that the relationship between damage parameter Ω and strain ε under 

unconfined compression is expressed (loland, 1989),  
00 A  ,                              (5) 

where Ω0 is the initial damage at the onset of the unconfined compression test, and A0 

and λ are empirical constants of the concrete.  The following equation is derived from 

Eqs.4 and 5, 

 

  )*( 00 AEE   ,                         (6) 

here 

)1(* 00  EE ,                              (7) 


 cc AEEE 00 * .                            (8) 

 

As given in Eq.5, the initial damage Ω0 in damage mechanics represents an index of 

damage.  In Loland’s model (Eq.4), it is fundamental to know Young's modulus of the 

intact concrete (E
*
).  However, it is not easy to obtain E

*
 of concrete in situ.  Therefore, 

it is attempted to estimate E
*
 from AE monitoring in the compression test.  Two 
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Figure 2 AE database of DeCAT. 
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Figure 3 Location of sampling site. 

Table 1 Setting used for helical CT scan. 

Helical Pitch 15.0 

Slice Thickness 0.5mm 

Speed 7.5mm/rotation 

Exposure 120kV and 300mA 

Recon Matrix 512×512 

Field of View 100-200mm 
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relations between total number of AE 

events and stress level and between stress 

and strain are taken into account.  Based 

on a correlation between these two 

relationships, a procedure is developed to 

evaluate the intact modulus from AE 

analysis.  A correlation between the 

damage parameter ‘λ’ and the rate ‘a’ 

derived from AE rate process analysis is 

given in Fig. 2.  Good correlation between 

the ‘λ’ ’ and the rate ‘a’ ‘value is 

confirmed.  Here results of all samples 

damaged due to the freeze-thawed process 

in model experiments are plotted by gray circles.  A linear correlation between ‘λ’ ’ and 

the rate ‘a’ ’ value is reasonably assumed, and the equation of λ’ is expressed, 

YXa   

    YXaa  100100  ,                  (9) 

where 

c

c

EE

E




0

  .                                (10) 

Here, it is assumed that E0 = E
*
 when a = 0.0.  This allows us to estimate Young's 

modulus of intact concrete, E
*
, from AE rate process analysis as,  

Y

E
EE c

c * .                                  (11) 

 

In the DeCAT system, a relative damage of concrete core is estimated from the ratio 

E0/E
*
, where E0 is the initial tangential modulus of elasticity in the compression test of 

concrete.   By applying Eq.11, the intact modulus of elasticity, E
*
, is estimated from AE 

database.  AE database consists of 200 samples tested in the Kumamoto University 

from 1988 to 2012. 

 
3. EXPERIMENTAL PROCEDURE  

 

3.1 Core samples 

 

Core samples of 10cm in diameter and about 20cm in height were taken from a concrete 

open-canal wall in Miyagi prefecture, Japan.  The concrete wall of the canal was 

subjected to the Great East-Japan Earthquake (Fig. 3).  The structure was constructed 7 

years ago, and is not severely damage as observed.  Core samples are classified into two 

types of Type A and Type B.  Type A samples are not subjected to the effects of the 

earthquake.   This is because these samples were drilled out in October, 2009 surely 

before the Great-East Japan Earthquake hit Tohoku area.  Type B samples were drilled 

Load cell

Pre-amp.

ＡＥ
sensor

AE System

Dynamic 
extensometer

Strain 
gauge

Strain meter

 
Figure 4 Test setup for AE monitoring in 

core test. 
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out of the concrete canal at close 

locations to cores of Type A in January, 

2012 after the Great East Japan 

Earthquake.   In addition, the ultrasonic 

testing was conducted in the same canal 

walls before and after the earthquake. 

3.2 Visual observation of material 

damage using X-ray CT method  

 

Prior to the compression tests, core 

samples were inspected with helical CT 

scans at the Animal Medical Center, 

Nihon University.  The helical CT scan 

was undertaken at one-millimeter 

intervals.  The measurement conditions 

are summarized in Table 1.  The output 

images are visualized in gray scale, 

where air appears as dark area and the 

densest areas appear as white in the image.  The exact positioning was ensured using a 

laser positioning device.  Experimental samples were scanned constantly at 0.5mm pitch 

overlapping.  A total of 400 2D-images were obtained from each specimen depending 

on the specimen length.  These 2D images can be assembled to provide 3D 

representation of core specimens.  The CT scanning system operates, collecting X-ray 

absorption values.  The values of the absorption coefficients are transformed into CT 

numbers using the international Hounsfield scale. 

3.3 AE monitoring in compression test 

 

A uniaxial compression test of the sample was conducted as illustrated in Fig. 4.  

Silicon grease was pasted on the top and the bottom of the specimen, and a Teflon sheet 

Table 2 Mechanical properties of core samples. 

Samples Numbers Compressive * CT Value Relative  

  Strength(N/mm
2
)  Damage 

(E0/E
*
) 

Pre-earthquake 

 (Type A, October, 

2009) 

15 18.5-30.1 

(25.0) 

+1,542 - 

+1,833 

0.814-0.964 

(0.872) 

Post-earthquake 

 (Type B, January, 

2012) 

12 20.5-31.5 

(24.8) 

+143 - 

+1,054 

0.696-0.928 

(0.798) 

*Minimum-Maximum (Average) 
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Figure 5 Relations between relative damages 

E0/E
*
and compressive strengths in pre- and 

post-earthquake conditions. 
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was inserted to reduce AE events generated by friction between the loading plate and 

the specimen.  SAMOS-AE system (manufactured by PAC) was employed as the 

measuring device.  AE signals were detected by using AE sensor (R15α: resonance 

frequency: approx. 150 kHz).  To count the number of AE hits, the threshold level was 

set to 60dB with 40dB gain in a pre-amplifier and 20dB gain in a main amplifier.  For 

event counting, the dead time was set to as 2ms.  It should be noted that AE 

measurement was conducted with two channels as the same as the measurement of axial 

and lateral strains. 

 
4. RESULTS AND DISSCUSSION 

 

4.1 Mechanical properties of testing samples 

 

Compressive strengths and relative damages, E0/E*, obtained are summarized in Table 

2, with the maximum and the minimum values of all specimens.  The compressive 

strength is 25.0N/mm
2
 as the average in the pre-earthquake condition, while that of the 

post-earthquake condition is 24.8 N/mm
2
.  Thus, the decrease in the mechanical 

properties is not clearly observed. 

4.2 X-ray CT characteristics 

 

The crack distributions of core samples were measured by the helical CT scanner with 

test conditions in Table 1.  The CT number obtained in Hounsfield Units (HU) 

represents the mean X-ray absorption associated with each area on the CT image.  The 

CT numbers vary according to the material properties, generally adjusted to 0.0 for 

water and to -1,000 for air.  In this experiment, it was found the CT numbers were +130 
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(Type A; Pre-Earthquake condition)              (Type B; Post-Earthquake condition) 

 

Figure 6 Spatial properties of concrete mechanical values and  

relative damages in monitoring canal. 



 

< P0372> 

<Tetsuya Suzuki>. < Estimation of Seismic Damage for Optimum Management of 

Irrigation Infrastructures in Service Conditions using Elastic Waves Information >. 

EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT Innovation”, 

Turin, Italy, 24-27 June 2013. 

 

to +1,780 for pores and +2,000 over for 

aggregate.  At cross-sections of Type A 

sample (pre-earthquake condition), the 

average CT numbers varied between 

+1,542 and +1,833 (Table 2).  In contrast, 

in Type B sample (post-earthquake 

condition), at the regions where small 

cracks were observed, the average CT 

numbers varied between +143 and +1,054, 

showing the decrease in the CT values.  

Suzuki et al. (2011) carried out 

experiments to compare the CT values in 

cracked and non cracked concrete-core.  It 

is demonstrated that the decrease in the 

CT values are definitely observed in 

damaged parts.    As a result, damage 

evolution is surely confirmed in the concrete sample subjected to the earthquake. 

4.3 Quantitative damage evaluation by estimated intact Young’s modulus E* 

 

A relative damage is estimated from the ratios of initial Young’s moduli E0 to intact E
*
.  

The intact modulus E
*
 is estimated by AE database (Fig. 2).   

 

The compressive strength and the relative damage were determined as the damage index.  

Results of these parameters are summarized in Fig. 5.  A relationship between the 

compressive strengths and the relative damage in Type A is similar to that of Type B, 

although the relative damages are definitely lower in Type B than in Type A.  This 

confirms that the effect of the earthquake results remarkably in the decrease in the 

relative damage.  These results suggest that the strength may not be a key factor for the 

durability, while the relative damage (E0/E
*
) is really sensitive to it.  Along the canal 

wall of 1.2 km, the longitudinal-wave velocities were measured before and the after the 

earthquake with 100 m interval.   The modulus of elasticity, E, was estimated from the 

velocity, and the relative damage at the location of the velocity measurement is 

estimated as E/E
*
, where the modulus E

*
 of the core sample closest to the location was 

applied.    

 

In Fig. 6, these relative values in the canal are compared with the compressive strengths 

determined at their locations.  It is clearly observed that the relative damages estimated 

are in reasonable agreement with the compressive strengths in damaged structure.  In 

Type B (post-earthquake) samples, the relative damages E0/E
*
 vary from 0.696 to 0.925 

and are estimated as below 1.0 which implies the damaged condition.   Comparing 

results of Type A with those of Type B, it is quantitatively observed that the relative 
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Figure 7 Comparison of E0/E * and Ed/E *. 
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damages estimated in Type B (post-earthquake samples) are clearly lower than those in 

Type A.   

 

In Fig. 7, a relationship between Ed/E
*
 in Type A and Type B is similar to that of E0/E

*
.  

These results are confirmed that non-destructive indicator Ed (dynamic Young’ s 

modulus) is effective for damage evaluation of concrete.  These results suggest that 

damage parameter Ed/E
*
 may be a useful indicator for the durability. 

 
5. CONCLUSIONS 

 

For quantitative estimation of spatial damage in irrigation infrastructure, AE monitoring 

is applied to the uniaxial compression test of concrete samples.  The procedure is named 

DeCAT (Damage Estimation of Concrete by Acoustic Emission Technique), which is 

based on estimating the intact modulus of elasticity in concrete.  The DeCAT system is 

applied to concrete-core samples taken from a concrete irrigation-canal which is 

affected by the Great East Japan Earthquake.  It is quantitatively demonstrated that 

concrete of the canal is damaged.  In addition, applying the velocity measurement, 

spatial distribution of the damage in the canal is readily determined.  Reasonable 

agreement with spatial distribution of the relative damages is confirmed by the results of 

AE generation behavior in the core test. 
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ABSTRACT 

In order to eliminate diseases in agriculture and viticulture, the currently used solution 

requires massive use of phytosanitary products, dangerous for the environment and the 

operators. 

To respond to agronomic challenges, this study seeks to examine the feasibility of early 

detection of the presence of disease in plants by using imaging techniques based on 

specific images: acquisition based on thermal effects and image processing based on 

texture-color techniques. 

Keywords:   Disease detection, color space, hybrid spaces, thermal acquisition, France. 

1. INTRODUCTION 

In the fields of precision agriculture and viticulture, proper management of farms allows 

both increased efficiency and the reduction of negative environmental impacts. 

Pesticides used in agriculture are foreign molecules with respect to biological processes 

and leave residues in nature. They have real consequences on the health of consumers, 

due to their persistence in products and edible plants (Pingault et al., 2009). 

The current desire is to reduce the number of toxic molecules allowed on the market 

under The "Ecophyto 2018" Plan
1
, which implies better control of disease outbreaks. 

Imaging techniques can help to achieve this compromise, especially intervening in the 

early detection of disease in plants. 

Plants have a particular way of reflecting electromagnetic radiation (Figure 1). This 

unique characteristic is known as the vegetation's spectral signature. Reflection of 

vegetation is very low in the blue and red regions of the electromagnetic spectrum, 

slightly higher in the green region and much higher in the near infra-red. 

                                                 
1
 The “Ecophyto 2018” Plan was launched by French government in 2008 for the reduction of pesticide 

use over the period 2008 – 2018. 
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Figure 1.Vegetation Spectrum

2
 

The normal growth process of a plant can be disrupted when it goes through a stress 

period. Thus, it usually expresses certain visible symptoms like color change, but also 

some that are not visible to the human eye, affecting texture, temperature... 

There are several types of stress in plants: water stress, nitrogen stress, pests... All of 

these tend to affect chlorophyll production, which leads to its loss and the change in leaf 

color from green to yellow, red and finally brown. These colors constitute the best 

performing image processing for the detection of disease. However, early detection is a 

pertinent challenge. Indeed, the onset of disease is reflected in a change of external 

temperature, external and internal structures, or texture and reflectance of the leaf ... 

These measurements can be carried out using specific optical systems. 

As a first step, we would like to present the algorithms for detecting disease visible or 

not to the human eye, using techniques based on the representation of images in color 

spaces, hybrid or not, combining the information concerning both color and texture. 

Then we go further, especially if the disease is in an early stage, using NIR (or TIR) 

acquisitions for visualization. 

                                                 
2
http://www.markelowitz.com/Hyperspectral.html  modified 



 

C0366 

S.HAN. “Early detection of disease on leaves by image processing”.  

EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT Innovation”, 

Turin, Italy, 24-27 June 2013. 3 

 

2. ANALYSIS AND FIRST PROCESSING 

Our first studies were carried out on images of vine leaves affected by 'Mildew'. These 

images represent the different levels of disease areas (Figure 2), and were acquired by 

photographic sensors.  

  
(a)    (b) 

Figure 2. ‘Mildew’ on vine leaves
3
 : (a) early stage (b) advanced stage 

To undertake the detection of this type of disease, we naturally oriented our efforts 

towards Color Spaces conversion. 

A color space designates the geometric volume corresponding to a set of available 

colors in a system (Ford et al., 1998). The color space gives additional information, and 

it represents the correlative relationship between each color. The conversion between 

color spaces can enhance the color image and simplify the search for the object in the 

image. The following examples illustrate the detection of the disease ‘Mildew’ on 

leaves by using this method. 

Here, we converted the image of ‘Mildew’ in their YUV color space, Figure 3 

represents the two different stages of disease ‘Mildew’' in false color. 

In addition, to visualize the spots and facilitate the detection, we focus on different 

bands of each image. Figure 3 below shows us the V band of the YUV space. 

  
(a)             (b) 

Figure 3. (a) ‘Mildew’ early stage in YUV color space and V band (b) ‘Mildew’ 

advanced stage YUV space and V band 

                                                 
3
 Images provided by Sébastien Codis, Researcher, French Vine and Wine Institute. Photographic 

characteristics unknown. 
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We easily discern healthy and diseased areas when the ‘Mildew’ is in an advanced stage 

(Figure 3(b)), the spots of 'Mildew' are clearly visible. But this method does not seem to 

function well in the case of early-stage disease (Figure 3(a)): this detection is not 

sufficient to consider adopting color processing alone. It is therefore necessary to 

combine this method with a processing based on texture analysis. 

3. METHODS AND RESULTS 

3.1 Hybrid Spaces 

In order to detect disease for which the spots are not visible, that is to say when the 

disease has not yet broken out, but also to simplify the processing and avoid 

interference of useless color, it seemed promising to use a method of image analysis 

combining color and texture information. 

This method, called "Color - Texture Hybrid Spaces" is based on the determination of a 

hybrid space of the representation of images combining color and texture information; it 

was developed in the context of a feasibility study of a system designed to count ears of 

wheat (Cointault et al., 2008). After determining different classes of points to find, the 

image is represented in a three-dimensional space: each dimension being a pair of 

parameters [texture parameter, color parameter]. 

To test this technique, the example of the image of less visible 'Mildew' Figure 4(a) is 

used. In this image, three classes of textures can be discerned: the perturbation 

(background, finger ...), the leaf and the diseased area of the leaf. 

The program allows us to choose 20 learning patches for each class by clicking on the 

image. We obtain the image shown in the new space in false color Figure 4(b): 

  
(a)     (b) 

Figure 4. (a) Early stage ‘Mildew’ on vine leaf (b) Representation of the image in the 

hybrid space 

And, using the Mahalanobis distance measure, we obtained the following images of 

segmentation (Figure 5): 
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(a)    (b) 

Figure 5. Segmentations using Mahalanobis distance measure (a) grayscale image (b) 

binary image 

By neglecting the perturbation, segmentation provides a satisfactory result: the diseased 

area is clearly identified compared to the healthy area of the leaf, the shape corresponds 

to the disease spot, and this gives us a great advantage in working on the detection of 

disease in plants. 

3.2 Issues 

In the previous example (Figure 5), most of the diseased area was detected, but a 

problem remains: we see a less visible area of disease, which is prolongation of the 

main diseased area, which has not been detected (Figure 6). 

 

 

(a) 

 

 

 

(b) 

 

 

Figure 6. (a) RGB image (b) Segmentation using Mahalanobis distance measure 

Effectively, this area has already been attacked by the disease, but it is still in a primary 

stage, so detection of disease seems impossible using the method of hybrid spaces in 

this case. 

3.3 Thermal imaging 

The previous examples show us that when the disease is in an early stage, the method of 

changing color spaces and the use of the technique of hybrid spaces involving color and 

Undetected 

diseased 

area  
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texture are not enough to solve this problem. Indeed, if the disease is already visible to 

the human eye, there is no interest in terms of phytosanitary treatment. 

It is therefore necessary to focus on coupling color processing with another technique 

for image acquisition operating in different spectral lengths. 

From the characteristics of plants called 'Spectral Signatures' (Figure 1), we know that 

when a virus or stress begins to attack the plant, reflectance in the infrared spectral 

lengths undergoes an important modification. 

We can imagine that if you work in the near-infrared spectra, the early detection of 

disease will be facilitated. Here we have chosen to work on thermal imaging. 

3.3.1 The interest of thermal imaging 

In precision agriculture, thermal imaging allows estimation of the amount of 

chlorophyll present in plant (Chaerle et al., 2006). It gives us an immediate view of the 

distribution of radiation from the scene observed by the human eye or camera (Pajani, 

2012). 

Before chlorophyll starts to break down in stressed plants, whatever is causing the stress 

has already started to affect the cellular structure of the leaves (Guénette, 2003); thermal 

imaging allows us to observe this change in the near infrared (not visible to the naked 

eye), even before symptoms begin to appear. 

3.3.2 Application and results 

The example in Figure 7 illustrates the interest of thermal imaging in our study. The 

green plant reveals a distinct point in the thermal image in Figure 7 (a): the color of this 

point is darker than the other areas. From the temperature indicator, we know that the 

temperature of this unusual point is lower, but we cannot discriminate these differences 

in RGB image shown in Figure 7 (b). 

 

(a)      (b) 

Figure 7. Green plant: (a) thermal image
4
 (b) RGB image  

                                                 
4
 Image acquired by thermal camera Flir A40, spectral range: 7,5 - 13 μm 
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Even if we do not know the cause of the drop in temperature of this point, we know that 

there are changes related to the internal structure of the leaf. 

Continuing with this test, we discovered the explanation one week later: Figure 8 shows 

us that the branch corresponding to this distinct point is withered, the leaves have dried 

out, water has evaporated, heat has escaped through of perspiration, so the temperature 

is lower in this area. 

 

Figure 8. Green plant in an RGB image one week later 

Despite the limits of acquisition measure in this experiment (once a week), we can 

detect problems at least 2 or 3 days earlier than with the other methods presented above. 

This is a major advantage compared with the methods that we have presented above, 

because in the color image of this example, there is no change in color or in texture. 

This example demonstrates that thermal imaging is efficient in detecting water stress. 

4. CONCLUSION AND FUTURE WORK 

In this paper, we applied several methods to detect health problems in plants. Processing 

on color and texture are traditional methods used to meet the demands in this field, but 

results are not sufficient to consider pursuing a goal of early detection of diseases. 

Texture characteristics give us the possibility to detect symptoms that are less visible to 

the human eye. 

The use of a thermal camera helps us to discover early symptoms of health problems in 

plants, because more information is acquired from the source image. This feasibility 

study has provided results which meet our initial expectations, especially early detection 

of diseases. 

The future of this work is to carry out additional research to identify different diseases, 

and to discriminate between them. The continued use of thermal information and/or 

information obtained by means of fluorescence techniques (in process) result in better 

analysis in this research, and provide the possibility of calculating the infected area. 
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ABSTRACT 

 
In Italy, the establishment of the National Service for Voluntary Certification of plant 
propagating material has allowed the introduction of certified plants into the market, 
which were produced by using propagating materials verified in terms of varietal 
trueness-to-type and phytosanitary condition. The control of productions and activities 
carried out in the centres established by the National Service for Voluntary Certification 
could allow the identification of both possible sources of disease risk and the destination 
of the propagating materials.  
In previous studies a methodology was proposed and applied to carry out the 
requirements analysis and specification for the development of an integrated computer-
based information system for certified citrus-plant traceability.  
This study proposes a methodology for the implementation of the database prototype 
required for the execution of the previously designed functionalities of the information 
system. The use of PostgreSQL, a free and open source object-relational database 
management system, allowed the implementation of the entity-relation scheme 
containing the information related to the managed propagating materials and the process 
activities defined by the certification program. 
The proposed methodology was applied to the case study of the Italian citrus-plant 
nursery chain. Specific information derived from plants and centres of the National 
Service for Voluntary Certification were included in the database along with the 
geolocation of both certified citrus plants produced in the nurseries and planted in the 
field and citrus mother plants. Geographic data acquired by using a GPS system were 
combined with other information concerning plant health condition and treatments with 
the aim to find out possible relations between the citrus-plant health status and the 
territory. The system implemented in this study allows the definition and utilization of 
‘track and trace’ procedures of propagation materials and plants present in the certified 
Italian citrus-plant nursery chain, as well as the evaluation and prevention of the 
diffusion of the Citrus Tristeza Virus which causes one of the most damaging diseases 
in citrus orchards. 

 
Keywords: traceability, citrus plant, CTV, certification, prevention. 
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1. INTRODUCTION 
 

Plant diseases could spread from plant propagation during the production of nursery 
stocks. The risk of plant disease diffusion is also related to the increase of plant 
exchanges due to trade globalization. Therefore, to protect cultivation from local 
epidemics or exotic pests and diseases, the production of healthy and high-quality plants 
and plant propagating materials is of relevance and constitutes the main purpose of 
certification programs developed in several countries. In this regard, systems able to 
track and trace plants production have gained importance to improve safety of 
production and control the diffusion of plant diseases.  
As stated by Porto et al. (2011a), integrated computer-based information systems 
(ICBISs), which incorporate data from different production centres and from existing 
farm information systems, should be designed and implemented to obtain supply-chain 
traceability of each plant, by including the plant production process and data related to 
every sub-product. In that study general guidelines were defined for the design of 
ICBISs to implement supply-chain traceability procedures regarding certified plants for 
food, fresh fruit production and agro-processing industries. In other study, (Porto et al., 
2011b) a methodology was proposed and applied to develop the requirements analysis 
and specifications (RAS) phase of the ICBIS for the traceability of Italian citrus-plant 
nursery chain which comply with the National Service of Voluntary Certification 
(NSVC) established by the Italian Decree of July 24, 2003.  
In the development of the RAS, product and process information allowed the 
implementation of the Entity-Relational (E-R) scheme and definition of the 
functionalities which the system must provide to the users. This information was 
gathered through interviews conducted at the Research Centre “Centro di ricerca per 
l’agrumicoltura e le colture mediterranee (CRA-ACM)” located in the municipality of 
Acireale (Italy), which includes the conservation and pre-multiplication centre (CCP), at 
the experimental farm “Palazzelli” located in the municipality of Lentini (Italy), which 
includes the primary source (PS), the pre-multiplication centre (CP) and a multiplication 
centre (CM), and at some Sicilian nurseries belonging to the NSVC. To satisfy the 
requirements of the functionalities defined in the RAS phase it is necessary to develop a 
database of products and processes and build the software application which uses the 
database.  
The activities described in this paper are part of a wider research aiming at the 
development of a ICBIS prototype for the traceability of certified plants for food, fresh 
fruit production, and agro-processing industries. In detail, this article, reports the 
methodology utilized to build the database prototype of the citrus-plant nursery chain 
related to the Italian NSVC, the methodology used for the development of the software 
applications which satisfy the requirements of the traceability functionalities defined in 
the RAS phase, and the activities related to the building of a geographic information 
system (GIS) of the citrus-plant nursery chain related to the Italian NSVC.  
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2. MATERIALS AND METHODS 
 

The building of the database prototype and the software applications required the use of 
a number of different software tools which serve the following functions: a) to build and 
manage a database which is able to store all the information represented in the relational 
data model (Codd, 1990); b) to provide an Integrated Development Environment (IDE) 
which facilitates software development to computer programmers; c) to build and 
manage a GIS which makes it possible to create static or dynamic maps, view the 
geographic maps through a desktop program or a web page, perform query and analyze 
geospatial data.  
The software tools used in this research are open-source software solutions with their 
source code made available and licensed with an open-source license. In general, these 
solutions are used for research activities, yet the commercial purpose may be authorized 
according to the license or by purchasing commercial licenses. 
The software tools utilized in this study were the following: PostgreSQL, PostGIS, Java 
Virtual Machine (JVM), Eclipse, and Quantum GIS (QGIS). These software tools, 
though they are free of charge, provide efficient solutions for the execution of their 
functionalities and are supported by worldwide organizations of developers. 

2.1 Database design  
To create the database by using the PostgreSQL database management system (DBMS), 
it was necessary to derive the relational model, i.e., the logical data structure suitable to 
represent the data within the DBMS. The relational model was obtained from the E-R 
scheme by applying the following 5 conversion rules (Codd, 1990): rule for entities, 
rule for attributes, rule for relations ‘one to many’, rule for relations ‘many to many’, 
rule for identification dependency. 
The relational model was then given as input to the application PgAdmin, an open 
source administration tool for PostgreSQL, which executed the building of the database 
and the tables by using the physical structures of the data that were present within the 
PostgreSQL DBMS. 
 

2.2 Applications design 
The applications that implement the system functionalities were developed on the basis 
of the client-server paradigm. According to this paradigm, the ‘back-end’ logical level, 
i.e., the management functions and query of the data contained in the database were 
separated and independent from the ‘front-end’ logical level, i.e., the user interfaces. 
These interfaces provided the user with the following services: show and make 
available, in a graphical way, the functionalities; activate the back-end functions in 
order to receive data; elaborate data deriving from back-end functions; and show the 
elaborated data. The subdivision of the functionalities into two logical levels simplified 
the development, optimization and maintenance of the applications. Furthermore, the 
functionalities of the back-end can be utilized by different types of front-ends, e.g., 
stand-alone front-end and web-based front-end. 
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The back-end functionalities of the system were built within PostgreSQL through the 
implementation of stored-procedures by using the structured language PL/pgSQL. The 
use of this language made it possible to perform complex elaborations on data of the 
database tables, which could not be carried out by uniquely using SQL queries. 
Front-end functionalities were implemented in a stand-alone application by using the 
java language within the IDE ‘Eclipse for Java Developers’. The connection among the 
functions of the front-end and those of the back-end was obtained by using the driver 
Java Database Connectivity (JDBC). 
The GIS functionality was implemented by using the QGIS application. QGIS was 
connected to the PostgreSQL/PostGIS database and, as a consequence, the GIS is 
automatically refreshed when any data of the database are modified. To implement GIS 
functionality, the Regional Technical Map (scale 1:10000), provided in DWG format by 
the Sicilian Region, was utilized as base cartography. From this map, the feature classes 
related to the buildings, the administrative boundaries, the road system and hydrography 
were obtained and exported in SHP format. The building of the NSVC centres and the 
nurseries where the registered plants were bred, were selected from the building feature 
class to constitute a thematic layer. Each feature attribute was stored into PostgreSQL 
tables.  
Furthermore, another thematic layer was built from the information acquired by means 
of the GPS (Global Positioning System) described in the following section. This 
information allowed the localization of citrus mother plants and certified citrus plants 
present in other citrus orchards. Also in this case, the attribute data regarding the plants 
were stored in PostgreSQL tables. 

2.3 Data geolocation 
The GPS technology makes it possible to obtain the localization of an object in space 
with a precision related to the technological level of the acquisition device, the device 
data elaboration method, e.g., GPS, Differential GPS, and Real-time DGPS, and the 
survey method, i.e., static method or cinematic method. 
A Leica GPS 1200 (Leica Geosystems, USA) was the system utilized for the acquisition 
of the geographic coordinates of the citrus mother plants and the certified citrus plants 
present in other citrus orchards. The instrument, which is composed of a fixed base and 
a rover that communicate between them by means of two radio modems, makes use of a 
differential GPS. This system allowed the acquisition of plants’ positions with an 
accuracy of about 10 cm. 
By using the software Leica Geo Office the acquired data was exported in a vector 
format and then imported in the GIS.  
 

3. RESULTS 

3.1 Database implementation 
The relational logical model obtained by the application of the 5 conversion rules to the 
E-R scheme was constituted by 22 tables. In Figure 1 the relational model of the table 
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‘Plant’ that contains the data of the citrus plants is reported. Figure 2 shows some 
records of the tables ‘Plant’ and ‘Multiplication_Centre’ which were obtained by the 
application of the conversion rules. The attribute ‘Multiplication_centre_code’ (external 
key) of the ‘Plant’ table is used to define a logical link between the two tables. One or 
more records of the ‘Plant’ table are logically connected to one record of the 
‘Multiplication_Centre’ table if the value of the external key is the same of the value of 
the primary key of the ‘Multiplication_Centre” table, i.e., the attribute ‘code’. 
 

 
 

Figure 1. Relational model of the table ‘Plant’.  
 

 
 

Figure 2. Logical link ‘one to many’ between the records of ‘Multiplication_Centre’ and 
‘Plant’ tables 
 

Since the PostgreSQL database has been extended to manage geographic objects by 
installing the PostGIS spatial database extender, in the tables it was possible to define 
also geometry attributes which are spatial representation of geographic features. 
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3.2 Applications implementation 
The system back-end provided the system front-end applications with a number of 
functionalities among which the following figure prominently: to provide the 
characteristics of a plant; to provide the list of the plants located in a centre or a nursery 
of the NSCV; to provide the list of the infected plants; to identify the plants that 
provided the propagation material for the production of a considered plant; in relation to 
a possible contamination occurrence, to identify the plants and the propagating materials 
involved; to store and provide the flow of plants and propagation materials. 
The system front-end is a stand-alone application with a menu interface which provides 
the user with the following functionalities: the input of attribute values required in order 
to execute each of the functions available in the back-end; the execution of a function of 
the back-end; the visualization of the results, in table format. 
The GIS functionality allowed a number of operations among which: the visualization 
of the centres, nurseries and geolocated plants on a geographic map and the use of the 
information contained in the thematic layers to carry out queries aiming at highlighting 
the relation between the plants and the territory. For instance, the query 
“Plant_traceability”, for each certified citrus plant placed in the field or citrus plant in 
the mother plant field, made it possibile to display on a map the localization of all the 
plants that provided propagation materials for its production within the nursery chain. 
 

3.3 Plants and NSVC centres for database population 
The population of the database required the census of the plants located in the involved 
centres and nurseries belonging to the NSVC. Each registered plant belongs to a species 
or accession among those defined in the national register of the varieties of citrus plant 
stored and updated at CRA-ACM. The number of accessions was equal to 91.  
The structures present in the NSVC centres and the typologies of plants allocated in 
these centres are the following:  

1. one screen-house, used to conserve the PS, located in the experimental farm 
“Palazzelli”. Within the screen-house one plant for each accession is bred; 

2. two screen-houses, used as CCP, located in the CRA-ACM. In the screen-houses 
two plants for each accession are bred; 

3. one screen-house used as CP located in the experimental farm “Palazzelli”. In 
the screen-house two plants for each accession are bred. 

4. five CMs located at: “Palazzelli”; “Center Gea”, in the municipality of Lamezia 
Terme (Italy); “COVIP”, in the municipality of Massafra (Italy); “COVIL”, in 
the municipality of Metaponto (Italy); and “Mediterranea Vivai”, in the 
municipality of Mazara del Vallo (Italy). 

 
4. DISCUSSION 

 
The method adopted to develop the RAS phase of the ICBIS for the traceability of the 
citrus-plant nursery chain related to the Italian NSVC, which was developed in a 
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previous study (Porto et al., 2011b), yielded a number of important technical documents 
for exchanges of information among operators of the citrus plant nursery chain and the 
ICBIS developers. In fact, the E-R scheme and the system functionalities defined in the 
RAS phase were crucial to build the database and the applications and, as a 
consequence, system implementation was facilitated. 
The choice of using the client-server paradigm for the design of the applications that 
implement the system functionalities defined in the RAS phase made it possible to 
obtain a flexible ICBIS. In fact, since the database is independent from the software 
implementation, it is possible, for instance, to add new functions to the actual 
applications or to develop a web-based front-end which would require to the final user 
only the use of a web browser, without modifying the structure of the database.  
Furthermore, since the considered open-source software is available on different 
platforms (i.e., Linux, Microsoft Windows, Apple Mac OS X), it was possible to obtain 
a multi-platform ICBIS. As a consequence of these choices, system versatility and costs 
are well balanced.  
At present the prototype system architecture is characterized by a centralized database 
used by centralized applications, whereas the system must be completed with a local 
database for every NSVC centre that contains a replica of the centralised database 
regarding activities, plants and materials of the considered NSVC centre, and local 
applications to manage local data, as described in the system architecture design 
reported in a previous study (Porto et al., 2011a). Moreover, the population of the 
database at the local level would require an active collaboration of the farmers in 
keeping updated the information contained in the farm database. 
 

5. CONCLUSIONS 
 

In this paper, the implementation and population of the database prototype of the citrus-
plant nursery chain as well as the software applications which implement the ‘track and 
trace’ procedures of propagation materials and plants related to the Italian NSVC were 
carried out by designing specific methodologies which made use of open-source 
software solutions and technologies for data geolocation. The application of these ‘track 
and trace’ procedures could allow knowledge of severe plant diseases diffusion, like 
CTV virus, in the territory. 
In this work the GPS technology was utilized to get the localization of citrus mother 
plants and the certified citrus plants present in other citrus orchards. 
However, when a targeted intervention by the operator in field controls is needed, it is 
useful to identify each certified plant directly in field. Therefore, it is necessary to use 
plant identification devices which assure data security, robustness, and data storage 
capacity (Luvisi et al., 2010).To this aim, further research already in progress involves 
the identification of the nursery plants through the use of RFid (Radio Frequency 
Identification) tags.  
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ABSTRACT 
 
The application of plant protection product has an important role in agricultural 
production processes. With current pesticides management, a huge amount of them are 
applied to worldwide orchards. In precision spraying, spray application efficiency 
depends on the pesticide application method, the phytosanitary product as well as the 
leaf surface properties. For environmental and economic reasons, the global trend is to 
reduce the pesticide application rate of the few approved active substances. Under these 
constraints, one of the challenges is to improve the efficiency of pesticide application. 
Different parameters can influence the pesticide application such as nozzle types, liquid 
viscosity and leaf surface. In this paper, we focus on the vine leaf surface properties 
determination and the discrimination between two kinds of vine leaves (Pinot and 
Chardonnay) for different stages of development by following their roughness growth. 
This discrimination allows studying the impact of the product behavior, and allows to 
adjust the product viscosity and spraying parameters according to the roughness and the 
stage of vine leaf development.  
In this context, we propose to explore the performance of combination of Generalized 
Fourier Descriptor with Kernel Discriminant Analysis method using neural network. 
The results show that sufficient information can be obtained with this combination to 
characterize vine leaves.  

 
Keywords: Texture, Analysis leaf surface roughness, Kernel Discriminant Analysis, 
Generalized Fourier Descriptor, Neural Network.  
 

1. INTRODUCTION  
 
The agrochemical dispersion may affect the environmental compartments such as: air, 
water, soil, due to surface runoff phenomena, leaching volatilization degradation and 
adsorption of pesticides in the soil. These processes involve health risks for workers, for 
all those that living near agricultural area and of course are causes to environmental 
contamination. The increasing attention of public institution to the promotion of the 
production processes at low environmental impact, it’s progressively influencing the 
implementation of new devices to minimize the environment pesticides losses and risks 
for the operators. In order to improve targeting of the spray, it is important to know how 
formulation/liquid properties interact with the characteristics of the target plant to affect 
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spray deposition. Surface properties and plant structure will change as the plant grows, 
and will affect the quantity of spray deposited and its distribution over the plant. For 
young plants, the size, the angle and the roughness of leaves are likely to become more 
pronounced as the plant old. In this framework, it is interesting to discriminate plant 
leaves by their stage of development and their surface proprieties.  
In this work, we focus on the leaf surface texture, in particular the vine leaves by image 
processing. In this context, different researches have been proposed in the literature.  
In (Backes et al, 2009) applied multi-scale fractal dimension to plant species 
identification by leaf textureHowever, experiments involve very limited data set which 
make them hard to evaluate. (Im et al, 1998.) used a hierarchical polygon approximation 
representation of leaf shape to recognize the Acer family variety, (Wang et al, 2002)  
gave a method which combines different features based on centroid-contour distance 
curve, and adopted fuzzy integral for leaf image retrieval. Moreover, (Oide and 
Ninomiya, 2000) select leaf shape images as neural networks input and applied a 
Hopfield model in a simple perceptron to Soybean leaf classification. In (Mokhtarian 
and Abbasi, 2004) used curvature scale space image to represent leaf shaped and 
applied it to leaf classification with self intersection. Moreover, (Fu and Chi, 2006) 
combined the thresholding method and back propagation neural network approach for 
vein pattern extraction from  leaf images In the same area, other studies based on 
microscopic images of leaf surface are proposed. (Ramos and Fernandez, 2009) 
analyzed texture of leaf surface via the second order statistic using Co-occurrence 
matrix. (Journaux et al, 2011) proposed a classification between different species based 
on leaf surface texture using Generalized Fourier Descriptor and Support Vector 
Machine.  
In the context of preliminary study, assessment study was done to estimate optical 
roughness of vine leaves based on different features extracted from power spectrum of 
microscopic images and co-occurrence matrices (Bediaf et al, 2013). The results 
showed that young leaves are rougher than matures leaves. Unfortunately, the features 
used to estimate leaf roughness are insufficient to discriminate between different kinds 
and ages of vine leaves. The main contribution of this work is to explore the 
performance of Generalized Fourier Descriptor (GFD) combined with kernel 
discriminate analysis method and neural networks to discriminate between two kinds of 
vine leaves (Pinot and Chardonnay) in different stages of development and follow their 
roughness growth.  
 

2.  MATRIELS AND METHODS 
 
In the purpose of vine leaf discrimination, it is interesting to use texture analysis 
because of spatio-frequential aspect of the features that can be extracted. In order to test 
the proposed leaf classification, the experiments have been done on images acquired 
with a SEM microscope (Figure 1). These images represent various surfaces (above, 
below, with and without rib) of the vine leaves with different stage of development: 
"young" and "mature" leaves. When the principal rib measure between 5cm and 7 cm 
we consider a leaf as young. However, if the principal rib measures 12 cm or more the 
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leaf is considered as mature leaf. Our data base is made up of 576 images. Each image 
has a scale of 100 µm and a resolution of 201x201 pixels adapting the scale to our 
biological application. 
 

     
 

Figure 1.Leaf texture images for scale of 100 µm (Pinot and Chardonnay) 
 
 A natural texture classification is central problem in pattern recognition, it is known by 
its sensitivity to illumination, changes of scale and orientation. The overall performance 
of a texture classifier may be totally degraded if the unknown patterns to be classified 
are slightly rotated with respect to the training samples. In our case we consider the 
invariant features (scale, illumination and rotation) called Generalized Fourier 
Descriptor (GFD). (Smach et al, 2008) were proposed to extract a vector of robust 
texture features. However, this vector has high dimensionality which can cause 
erroneous classification due to the Hughes phenomenon (Hughes et al, 1968 ). To avoid 
this constraint, it is interesting to applied dimensionality reduction (RD) techniques in 
order to obtain representative data with reduced size. In this study, we propose to use 
nonlinear techniques as Kernel Discriminant Analysis (KDA) which is the most 
commonly used and the most suitable for our application. 

  
2.1 Kernel Discriminate Analysis  
 
KDA represents the extension of Linear discriminate analysis LDA. It is a nonlinear 
discriminating approach based on the kernel technique. It is developed for extracting the 
nonlinear discriminating features (scholkopf et al, 1998). Non linearity is introduced by 
mapping the data from the input space ℛ to high dimensional features space Ϝ. The 
images of the pattern are linearly separable. Then by performing LDA in the feature 
spaces expressed by a kernel 𝐾, in terms of Mercer Kernel function (scholkopf et 
al,1998), (as polynomial, sigmoid and Gaussian kernel) we obtain a nonlinear 
representation in the original input space. In our studies, we have chosen the Gaussian 
kernel, which is fit with our objective (discrimination). The Gaussian kernel is defined 
as follows: 
 

𝐾(𝑥, 𝑦) = 𝑒−
||𝑥−𝑦||2

𝜎            (1) 
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2.2 Generalized Fourier Descriptors 
 
Feature extraction is the most important step in pattern recognition. Feature extraction 
needs to consider the effectiveness on both data representation and class separability. 
The classification of vine leaves texture is not obvious, because this type of texture 
(natural texture) is very sensitive to illumination, changes of scale and orientation. In 
this study we propose to use GFD which are very robust according to these constraints. 
The GFD have been defined by (Gauthier et al,1991) as follows: 
Let 𝑓 be as square sum able function on the plane, 𝐹 its Fourier transform: 

𝐹(𝜉) = �𝑓(𝑥)𝑒−𝑖(𝑥,𝜉) 𝑑𝑥       (2) 

 
If (𝜆,𝜃) are polar coordinates of the 𝜉, we denoted again by 𝐹(𝜆,𝜃) the Fourier 
transform of 𝑓   at the point(𝜆,𝜃).  (Gauthier et al) defined the mapping of:  
 

𝐷𝑓  : ℝ+  →ℝ+ 

𝐷𝑓 (𝜆) = � |𝐹(𝜆, 𝜃)|2
2𝜋

0
 𝑑𝜃   (3) 

 
  Here 𝐷𝑓  is the feature vector (Figure 2) which describes each texture image 𝑓  and will 
be reduced by RD methods (see previously) and used as an input of our supervised 
classification method. 

 
Figure 2. Procedure to find GFD texture vectors. 
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2.2.3 Multi-Layer Perceptron 
 
In this study we use a neural network topology known as Multi-Layer Percetron (MLP). 
This type of classifier is known one hand by their robustness to strongly correlated 
parameters, the other hand, by his a resistance to the noise. The MLP is a feed forward 
networks with one input layers, one or more hidden layer and one output layer. 
Connections from higher to lower layers are not permitted. Each node in layer is 
connected to all nodes in the layer above it (khotanzad et al, 1990). Training is 
equivalent to finding proper weights for all the connections such that desired output is 
generated for a corresponding input. The back-propagation algorithm is used to update 
weights of links between the input and the hidden layers. In our study, the result of 
dimensionality reduction of GFD vectors is the input of MLP. For the hidden and the 
output layer the tangent function is used as the activation function. 

 
3. RESULTS 

 
The proposed texture signature is applied on each vine leaf image selected. Each sample 
is characterized by GFD vector and the classes are known a priori. Therefore database is 
composed of four classes “young leaves of Chardonnay, mature leaves of Chardonnay, 
young leaves of Pinot and mature leaves of Pinot” and 576 x100 GDF vectors.  All 
these information represent a high dimension and can cause erroneous classification. To 
avoid Hugh phenomena, it is important to reduce the size of the data. Then, we use 
kernel discriminant analysis to reduce dimensionality. To improve the accuracy of this 
experimentation, the database of vine leaves was divided into two data sets: one for 
training and one for testing. The combination of GFD and KDA appears to provide 
sufficient information to characterize vine leaf. In particular, this solution of texture 
classification enables us to separate our two types of agronomic images into four 
different clusters of old and young leaves of Pinot and Chardonnay as shown in 
Figure.3. 

 
Figure 3 3D projection of the third component of KDA 
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The classification performance and the average error rate of classification are estimate 
by MLP. The mean square error (MSE) between the estimate class and the desired class 
outputs was used as the performance function during the training phase. The training 
phase is finished for a threshold MSE=0.001. The performance of the combination of 
GFD and KDA are given in table 1.  The results are acceptable and the proposed 
method can be used as robust tool to follow the evaluation of growth and roughness of 
vine leaves. 

 
Table 1. Classification rate of different kinds of vine leaves 

 
4. CONCLUSION 

 
In this paper, the discrimination between two kinds of vine leaves in different stages of 
development based on Generalized Fourier Descriptor is proposed. The combination of 
GFD and KDA appears to provide sufficient information to characterize vine leaves for 
different stages of development. This method could be used for other agronomic 
application such as discrimination between monocotyledon and dicotyledon vegetation 
or between hydrophilic and hydrophobic surface. This discrimination is very important 
for our project. It allows us to subsequently adjust the product viscosity and spraying 
parameters according to the variety and the stage of vine leaf development. Moreover, it 
allows us to define the impact of the behavior of the product for each grape vine, 
according to their textured surface properties of the leaf and its roughness. Indeed, it 
allows at the vineyard adjust viscosity of product used and spraying parameters (nozzle, 
velocity) depending on the kinds and stage of development of the leaf. 
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Abstract 

 

The purpose of this research was to determine the impact Planting winter morphological, 

phenological, agronomic and physiological parameters taken from the local and the global collection 

accessions of lentil (Lens culinaris Medikus) to identify and sample the recommended cold-resistant 

varieties for cultivation in cold regions of Iran mountainous conditions and the definition of 

phenophases, where its impact is more pronounced, affecting crop yields. Thirty lentil genotypes 

accessions of Mashhad Lentil Collection (MLC) were evaluated at Chenaran, Iran with three planting 

dates [Oct., Nov. (fall) and  Mar. (spring) during 2009-011 growing seasons]. For all experimental year 

as a control has been chosen local (Iranian) cultivar «Ziba». According to the fall plantings data, the 

length of growth duration of samples in fall plantings were 2.3 times higher than spring planting, and 

also in the first planting that was 5, 25 and 255 percent more than 2nd and 3rd planting dates, respectively. 

The height of fall plants were more than spring plants and in the first year fall planting genotypes were 

about 38% taller than the same planting. The number of pod per plant in fall planting was 2 times higher 

than spring planting. More than 22% of accessions had 125 pods per plant in 1st and 2nd planting in this 

years. In the 2009-11 growing seasons the yield of  lentil genotypes in fall planting were more than 4 

and about 2 times of spring planting,  respectively. It seems that the improvement of seed yield in the 

fall planting were due to suitable winter survival of plants fallowed by better usage of rainfall and 

escaping from drought and heat stress  of the end of spring. Results showed that there were some cold 

tolerant accessions in MLC and it is possible to provide cold tolerant cultivars for fall planting in 

Chenaran conditions.       

 

Keywords: Lentil, Lentil Adaptations, winter survival, Highland,  Chenaran, 
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Introduction 

 Lentil (Lens culinaris Medikus) is the oldest pulse crop with remains found alongside human 

habitation up to 13,000 years BC. The history of lentil is as old as Agriculture (Helbaek 1963). It is an 

important source of protein, carbohydrate and minerals. Its capability to fix atmospheric N has long been 

recognized. The lentil is 28 percent protein second only to soybeans as a source of usable protein. Lentil 

is an excellent source of vitamin A and provides fiber, potassium, B vitamins, and iron. The average 

yield of lentil in South Asia (699 kg/ha) is 24% lower than the world average (1053 kg/ha) (FAO, 2007). 

The reasons for low yield are occurrence of various biotic, abiotic and edaphic factors at different growth 

stages (Ali et al., 2000; Haqqani et al., 2000; Matiur Rahman et al., 2000; Pandey et al., 2000). Iran is 

mountainous; more than half of the country is at altitudes between 1,000 – 2,000 metres and 16% is 

above 2,000 metres. Topography generally affects climate and soils and plays a considerable role in the 

differentiation and distribution of climates and vegetation zones.  Lentil is an important grain legume in 

Iran.  Iran grows lentil on about 220,000 ha, but with a very low productivity of 502 kg/ha (FAO, 2008). 

This scenario can be attributed to the cultivation of low-yielding spring type landraces, poor agronomy, 

and lack of quality seed. This study aimed was conducted to evaluate the Lentil genotypes for 

Adaptations to Highland Winter-Sown Environments in northeastern Iran. 

  

Material and Methods  

In order to evaluation of cold tolerance of lentil germplasm an experiment was conducted with 03 

accessions of Mashhad Lentil Collection (MLC) at the Experimental Field of Chenaran (36° 39' 5" N / 

59° 7' 29" E) in, Razavi Khorasan Province in north eastern Iran, with three planting dates [Oct., Nov. 

(fall) and  Mar. (spring) during 2009-011 growing seasons]. The trials were conducted in randomized 

complete block designs with three replications. The accessions were sown manually in 2-row plots 2m 

long with an average of 50 to 60 plants in each row and with 30 cm inter-row spacing.In 2009, the lowest 

temperature was in February of -10 ° C, in December 2010 - 7,2 ° C, in January 2011 - 13 ° C. The soil 

test area is well endowed with potassium, but poor in nitrogen and phosphate. Since lentils responsive 

to nitrogen and phosphorus fertilizers, the week before sowing were introduced nitrogen (urea) and 

phosphorus (triple super phosphate) fertilizer dose N30P50. Winter hardiness was measured, emerged 

plants were counted in each plot before the onset of severe winter cold (November); then the number of 

survived plants were counted after winter.  The frost resistance determined from the following scale 

Singh et al (Singh et al., 1989).1 = 100% survival (highly tolerant); 2 = 67-99% (tolerant); 3=34-66 % 

( medium tolerant); 4=1-33% (susceptible); 5 = 0% (highly susceptible).  Following characters were 

measured during growth, as described by Erskine & Witcombe (1984): time to 50% flowering (days), 

file:///C:/wiki/Razavi_Khorasan_Province
http://en.wikipedia.org/wiki/Iran
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time to 90% pod maturity (days), plant height (cm). At maturity, five plants were selected at random 

from each accession and measurements made of plant height, plant canopy width, height of the lowest 

pod, length of the internodes, number of branches, biological, weight of pods per plant, number of pods 

and seed per plant and grain yield per plant. The data were statistically analyzed by using ‘MSTATC’ 

(Michigan State University, East Lansing, MI) computer package. Pearson’s correlation coefficients 

were calculated to determine the relationships between yield and yield components.  

 

Results  

Screening Lentil For Cold Hardiness at High Altitude Chenaran: These frost studied accessions are 

given in Table 2. It should be noted that the minimum temperature in the winter in 2009-11. respectively 

in November was -3; -0,2; -7 º C, December - 5; -7,2; -9 º C, January - 7; -5; -13 º C in February - 10, -

5; -10 º C. As we see, in Chenarana observed very cold with average monthly minimum temperature 

from December to March, below zero. In the early stage of vegetative growth in December and to the 

flowering phenophase in April 2009 was 35, in 2010 - 38 and 2011 - 43 frosty day with the presence of 

snow cover. All plants are susceptible to frost killed. These tables show that in the first year of the study 

(2009) of 30 selected accessions of 100% of plants have survived the winter, only 10% (MLC-16, MLC-

75 and MLC-83), 7 to 28 pcs. dead plants - 53.3% and from 31 to 40 units. In Chenaran (2009-2011) 

dead plants 36.7% accessions. In the second year of research (2010) of 24 selected for hardiness and 

yield of lentil accessions of 100% of plants have survived the winter, only 12.5% (MLC-16, MLC-69 

and MLC-83), 4 to 25 pieces. dead plants - 54.2% and from 32 to 37 pcs. dead plants - 33.3% accessions. 

In the third year of study (2011) of 7 selected for hardiness and yield of accessions 100% of plants have 

survived the winter, only 42.9% (MLC-16, MLC-69 and MLC-83) from 3 to 12 units. dead plants - 

57.1% accessions. In the third year of studies was relatively cold winter, so 100% of the surviving plants 

were observed in only 3 accessions. Results of the evaluation study frost accessions in 2009 showed that 

of the selected accessions of lentil compared to cultivated variety «Ziba» (control - 27-32 dead plants) 

have a higher cold resistance 15 accessions (7-25 dead plants) in 2010 . - 13 (4-25 dead plants), and in 

2011 - all 7 accessions (3-12 dead plants) (Table 1). In 2009, the largest number of deaths from frost 

was observed in accessions MLC-31 - 40 plants in 2010 - the accessions MLC-12 and MLC-35 - 37 

dead plants and in 2011 - the MLC-15 - 12 plants. For 2009-2011. All seven selected accessions had 

better scores than the control (63 pcs., or 68.5% of the surviving plants). Variety sample MLC-15 

compared to the control was at 18 units., Or 37.9% more than the surviving plants; MLC-17 - 15 plants, 

or 51.7%; MLC-44 - 23 plants, or 79.3%; MLC -47 - 19 plants, or 65.5%, and MLC-69 - 17 plants, or 
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by 58.6%, while the accessions MLC-16 and MLC-83 had no dead plants. Thus, over the years of 

research the best frost differs chilis accessions MLC-16 and MLC-83, in which the dead plants were 

noted. High frost resistance of selected accessions resulting in higher carbohydrate content in leaves and 

other plant tissues as a result of sudden changes in temperature - 8-15 ° C during the day and at night - 

0 ° C. Carbohydrates accumulated during the day plants are not able to fully use the form of green mass 

and respiration, in this regard, especially because of the low temperatures at night plant growth slows. 

Morphological parameters : Lentils - annual herb, weakly or strongly pubescent plant from 15 

to 75 cm in height. Lentil has an extensive root system, evenly and densely penetrating the upper layers 

of the soil, and deep penetration (up to 1 m) taproot. Height of plants under the influence of the external 

environment in the same species provides significant variations depending on the temperature, 

precipitation and soil. Variability in plant height ranges from 15 to 75 cm high is considered to be 50-

75 cm, 30-50 cm and intermediate stunted (dwarf) 15-30 cm higher growth (50-70 cm) has a large seed 

lentil, and lower growth (up to 50 cm) - pea lentils. The number of branches in various forms of lentils 

varies from 3 to 15. In humid climates, the highest branching. Morphological parameters of the studied 

accessions we examined to ascertain whether they are suitable for mechanical harvesting, as Chenarane 

seeded lentils in large areas. Therefore, the selection of cold-resistant accessions of lentil plants with a 

height not less than 25-30 cm facilitates mechanical harvesting from large areas. Pergovanni 

(Piergiovanni, 2000) in his research notes that the height of the plants should be from 28 to 41 cm 

Chauhan and Singh (Chauhan and Singh, 1998), Bieger and Sakar (Bicer and Şakar, 2004) note that the 

difference in plant height is due to climatic conditions and genetic factors accessions. However, plant 

height is inherited moderate and weak, and environmental conditions have a huge impact on plant height. 

The results of studies on selected morphological parameters of frost-resistant lentil accessions are given 

in Table 2. According to the table, plants sown in autumn 2009 has a height from 25.4 to 45.4 cm 

Maximum height distinguished accessions MLC-83 and MLC-93 - 45.2 and 45.4 cm, minimum - MLC-

71 - 25.4 cm Plants sown in the autumn, were higher than those planted in the spring, which is due to 

the presence of moisture in the soil and lengthening the period of absorption of nutrients from the soil 

by plants. In 2010, selected for their hardiness and 24 in 2011 - seven accessions of lentil sown in the 

autumn, had a greater height than the accessions of spring planting. In 2009, selected accessions autumn 

sowing matches the requirements of mechanical harvesting in 2010, Accessions MLC-13 and MLC-18 

showed slightly lower height - 24.4 cm and were culled from other accessions Rejected by frost. In 

2011, all 7 of the most cold-resistant accessions were high enough for mechanical harvesting. According 
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to average data, the most frost accessions MLC-16 and MLC-83 exceed the height of the autumn sowing 

similar accessions of spring planting at 6.7 and 17.5 cm or 27.8 and 61.6%, respectively. Lentil plants 

at spring sowing from low herbage (21-25 cm), which makes mechanical harvesting and results in loss 

of most of the crops, as almost becomes impossible to mow in rolls for further collection and thrashing 

two-phase method of harvesting. When harvesting a crop-phase method at low herbage lost most of the 

crop. To average data, the height selected by frost seven accessions ranged from 30.8-45.9 cm, which is 

higher than the control «Ziba» at 0.6-15.7 cm, except accessions MLC-69, which gives the control to 

2.8 cm, but compared to it has a high tillering and provides a high seed yield. According to the results 

of three years of research the maximum number of branches had accessions MLC-47 - 2.3 pc., Minimum 

- the MLC-17 - 1.6 pc. All of the selected accessions by frost in the number of branches exceeded the 

control at 0.3-1.0 pc., Or 23.1 and 76.9%. Length (height) of the plants is not a decisive factor in 

increasing grain yield, but the sign of a leguminous plant associated with the location of beans on stem 

height and they're laying varies according to cultivated varieties, farming techniques and the evolving 

weather during the growing season. Found that if the budding precedes wet period, it formed a tall plant 

with a high sill most productive fruit. In a relatively thickened crops had higher inception beans. All 

investigated accessions autumn sowing in the number of branches exceeded accessions of spring 

planting, which indicates that the autumn sowing lentils promotes better plant growth and development 

in the highland areas Chenarana.  

Phenological indicators: The cultivation of all cultures need to know its biological ingularity. 

Growing period lentils depends on the weather. Seedling emergence varies according to different 

conditions from 8-12 days. Period from germination to flowering beginning ranges from 29 to 51 days, 

which is flowering in some forms of lentils comes on 3 weeks later than the earlier. Full growing season 

varies even more - from 70 to 105 days. The growing season for small seeds lentils is more precocious 

than large seeds symbol. Since lentils grown in the highland areas with a cold climate, then we are very 

interested in how it runs the vegetation in the autumn and spring sowing and planting dates as reflected 

in its yield. Amicable shoot is an indicator of the adaptation culture, depending on seeding rate, their 

germination, moisture topsoil, seedbed preparation and seed, and many other factors. In all the years of 

research in the laboratory and in the field was determined by germination of lentils, which in 2009-11.  

In the field, on the germination of seeds has significant influence moisture in the soil, especially in the 

0-10 cm layer. In years with a mean air temperature of 14-15 º C simultaneous sprouts with lentils 

appeared on the 10-12th day after sowing, at lower temperatures (8-9 º C), seed germination and seedling 
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formation was delayed. They note that in the autumn sowing lentils is not always assured of amicable 

shoots and high safety of plants at the end of the growing season. The results of our observations are 

listed in Table 5 show that in 2009 during seed germination of selected accessions by frost in autumn 

sowing lasted 10-15 days, in 2010 - 10-15 in 2011 - 10-12 days when the spring sowing it lasted, 

respectively, 6.9, 9.7, 9.7 days, ie fall. Germination period lengthened to 4-6, 3-6; 3 days. This 

lengthening of the period of seed germination in the autumn sowing due climatic conditions - less 

atmospheric precipitation (fall - 3-12 mm, spring - 30-34 mm), because the temperature conditions were 

almost identical, and the gradual shortening of the daylight hours. The lentils typical diurnal rhythm of 

blossoming, flowering intensity also depends on the number of sunny days. The plants bloom autumn 

sowing begins in mid-April and May, and at spring planting - in the middle of May and June, that is, 

month in advance. Flowering period  in the studied accessions autumn sowing in 2009 lasted for 162-

185 days when the spring - 60-67 days, in 2010, respectively, 162-189 and 64-71 days in 2011 - 169-

192 and 65 - for 69 days. Lengthening the period of flowering in autumn sowing accessions in 2011 to 

7 days due to relatively high temperatures and the presence of precipitation. In 2009, 2010 and 2011. 

The maximum number of days from germination to 50% flowering accessions scored MLC-83 - 185, 

189 and 192 days. Since the month of April the weather is warm, the average temperature of 17-18 º C, 

the soil moisture is sufficient, and in May the average temperature rises to 21-24 º C, the same amount 

of precipitation decreases (15-20 mm), the phenophase of flowering plants in the fall lentils planting 

takes place in more favorable conditions. Full maturation of lentils in the autumn sowing begins in May, 

when the spring sowing - in late June and early July - during the onset of hot weather - 29-30 º C with a 

minimum amount of precipitation (1.5-8 mm).  As a result, the yield of autumn sowing lentils higher 

yield of the spring sowing. Of the studied accessions of lentil in 2009 the long period of germination 

and 90% maturation distinguished accessions MLC-16; MLC-83 and MLC-86 - 209, 208 and 208 days, 

respectively, in 2010-11. - MLC-16 and MLC-83 - for 209 and 208 days (table 3). It should be noted 

Chenarane in early spring and early summer is often a sharp rise in temperature, resulting in rapid drying 

of the top layer of soil, so plants autumn sowing, growing season ends his one month earlier, provided 

the available soil moisture from melting snow and provide a pretty decent compared to plants spring 

planting, seed yield. Compared with the control variety «Ziba» in 2009 with autumn sowing selected 

for hardiness and yield of lentil accessions are faster flowering stage - for 1-13 days, except accessions 

MLC-83, which ends its bloom 10 days later, and phase and 90% of maturing pods - for 1-19 days, in 

2010, respectively, on days 1-21, except accessions MLC-83, which ends its flowering period of 15 days 
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and 3-22 days later, and in 2011 - for 3-10 days, except accessions MLC-83, which ends its flowering 

period by 13 days and 1-14 days later. Compared to other accessions MLC-16 and MLC-83 had a longer 

growing season, resulting in and provided by comparison, to obtain high yields. Thus, the length of the 

growing season lentils to a large extent depends on the temperature, rainfall, relative humidity and 

moisture in the soil. The higher the average temperature, the shorter the phenophases of plant growth 

and development, and as a result of the growing season. So, in a relatively high average daily 

temperatures longest period of vegetation distinguished accessions MLC-16 and MLC-83. 

Effect of different sowing dates on yield and  yield components of lentil genotypes: The structural 

elements of the crop selected for hardiness accessions of lentil To determine the effectiveness of the 

studied accessions growing at high altitudes is necessary to study their productivity and structural 

elements of the crop. To determine the seed crop accessions studied in the laboratory we have 

determined the number of pods and seeds per plant and weight of 100 seeds, results are presented in 

Table 6. The results show that the tested accessions lentils differ in the structural elements of the crop 

as a result, they differ in the level of productivity (Annex - if you have pictures with the accessions of 

seeds). Provides a data lentil yield by years of research, according to which the optimal harvest provided 

frost-resistant sample MLC-16 - 24.3 kg / ha and greater control of 16.3 t / ha, or 203.8% (table 8, 10 ). 

The remaining 6 selected for hardiness accessions yield increase was 14,0-16,0 kg / ha, or 175-200%, 

with a high yield of them showed Variety sample MLC-44 - 16 kg / ha. Thus, the average data 3-year 

study yield in 7 selected accessions was 22,0-24,3 c / ha in the control accessions - 8.0 t / ha, they 

surpassed control. They yield increase was 14,0-16,3 kg / ha, or 175 and 203.8%.  According to a three-

year field research, as well as a result of work experience found that seven selected frost-resistant 

accessions of lentil will provide the high-yield than local varieties cultivated in the area and, therefore, 

recommended to us cultivation in highland areas Chenarana.  

 

CONCLUSIONS 

Counting the lentil plant density before harvesting showed that early sowing (October), contribute to 

a better survival of plants (68,5-69,5%). The lowest survival rate of plants to harvest in November 

marked the date of sowing. The longest duration of the growing season for plants lentils years of 

research was noted when sown in late October decade and averaged 189 days. Sowing in later periods 

(spring planting) leads to a reduction in the growing season for 110 - 120 days. The length of the 

growing season to a large extent influenced by weather conditions: air temperature increase and 
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decrease in precipitation leads to a reduction in the length of the growing season. Observations of the 

growth processes lentils showed that most were tall plant varieties, planting winter (43.9 cm), the 

most undersized, spring planting (38.8 cm). When sowing lentils during the third week in March is a 

decrease in plant height at 5 - 6 cm with a height of plants closely related to the height of the 

attachment of the lower rate of bean, the value of which varies from 14.1 to 21 cm depending on the 

sowing date and weather conditions. Found that the major structural elements of the crop for the 

studied varieties of lentils are a number of pods per plant, number of seeds per plant and weight of 

100 seeds. Weight of 100 seeds - the most stable element of yield structure. When planting winter 

peas yield variability can exceed 40%. Found that the optimal time of sowing of peas is the second 

decade of October.  For based on the results obtained during the 3-year study, we recommend: Iran's 

offer to farmers of all studied varieties of lentils in a mountainous area, and planting winter regions 

of Iran cultivate imported accessions "MLC16", thanks to a good crop which will be possible to 

reduce the protein needs of a growing population of Iran. Recommended for cultivation in the 

highlands region Chenaran lentils MLC16 designs with complex agronomic traits (stable from year 

to year yield and resistance to winter). The optimum period for planting lentils in Chenaran 

mountainous area in mid October. Continue research on the physiological nature of frost and cold 

plants, the biochemical processes occurring in them in low temperature and direction of change in 

the nature of the plants - increasing resistance to cold. 
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Table 1. Assessment of frost studied accessions lentil  

Genotypes 

2009 г. 2010 г. 

Number of 
plants Dead plants 

S
ca

le
 

Number of 
plants Dead plants 

S
ca

le
 

au
tu

m
n

 

sp
ri

n
g
 

No. of % 

au
tu

m
n

 

sp
ri

n
g
 

No. of % 

«Ziba» - 
control 92 60 32 34.8 3 92 65 27 29.3 2 

1. MLC-12 95 82 13 13.7 2 97 60 37 38.1 3 

2. MLC-13 92 67 25 27.2 2 95 60 35 36.8 3 

3. MLC-15 93 85 8 8.6 2 94 80 14 14.9 2 

4. MLC-16 96 96 - - 1 96 96 - - 1 

5. MLC-17 96 80 16 16.7 2 93 76 17 18.3 2 

6. MLC-18 90 62 28 31.1 2 95 70 25 26.3 2 

7. MLC-19 90 75 15 16.7 2 90 77 13 14.4 2 

8. MLC-23 92 60 32 34.8 3 94 60 34 36.2 3 

9. MLC-31 95 55 40 42.1 3 96 63 33 34.4 3 

10. MLC-35 90 58 32 35.6 3 97 60 37 38.1 3 

11. MLC-44 98 88 10 10.2 2 95 90 5 5.3 2 

12. MLC-45 96 63 33 34.4 3 96 60 36 37.5 3 

13. MLC-47 95 82 13 13.7 2 95 88 7 7.4 2 

14. MLC-48 99 88 11 11.1 2 98 88 10 10.2 2 

15. MLC-50 96 62 34 35.4 3 - - - - - 

16. MLC-51 94 85 9 9.6 2 92 85 7 7.6 2 

17. MLC-63 95 62 33 34.7 3 95 80 25 26.3 2 

18. MLC-68 96 62 34 35.4 3 - - - - - 

19. MLC-69 95 70 25 26.3 2 93 93 - - 1 

20. MLC-71 93 83 10 10.8 2 91 81 10 10.9 2 

21. MLC-75 98 98 - - 1 95 85 10 10.5 2 

22. MLC-80 97 89 8 8.2 2 94 61 33 35.1 3 

23. MLC-81 95 83 12 12.6 2 95 76 19 20.0 2 

24. MLC-83 98 98 - - 1 97 97 - - 1 

25. MLC-86 90 59 31 34.4 3 - - - - - 

26. MLC-88 95 62 33 34.7 3 - - - - - 

27. MLC-92 96 62 34 35.4 3 - - - - - 

28. MLC-93 99 92 7 7.1 2 96 92 4 4.2 2 

29. MLC-97 94 78 16 17.0 2 95 63 32 33.7 3 

30. MLC-99 97 63 34 35.1 3 - - - - - 
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Table 1 continue               

 

Genotypes 

2009 г. 2010 г. 
Number of 

plants Dead plants 

S
ca

le
 

Number of 
plants Dead plants 

S
ca

le
 

au
tu

m
n

 

sp
ri

n
g
 

No. of % 

au
tu

m
n

 

sp
ri

n
g
 

No. of % 

«Ziba» - control 92 65 27 29.3 2 92 63 29 31.5 2 

1. MLC-12 - - - - - - - - - - 

2. MLC-13 - - - - - - - - - - 

3. MLC-15 92 80 12 13.0 2 93 82 11 11.8 2 

4. MLC-16 95 95 - - 1 96 96 - - 1 

5. MLC-17 93 85 8 8.6 2 94 80 14 14.9 2 

6. MLC-18 - - - - - - - - - - 

7. MLC-19 - - - - - - - - - - 

8. MLC-23 - - - - - - - - - - 

9. MLC-31 - - - - - - - - - - 

10. MLC-35 - - - - - - - - - - 

11. MLC-44 93 90 3 3.2 2 95 89 6 6.3 2 

12. MLC-45 - - - - - - - - - - 

13. MLC-47 95 86 9 9.5 2 95 85 10 10.5 2 

14. MLC-48 - - - - - - - - - - 

15. MLC-50 - - - - - - - - - - 

16. MLC-51 - - - - - - - - - - 

17. MLC-63 - - - - - - - - - - 

18. MLC-68 - - - - - - - - - - 

19. MLC-69 93 93 - - 1 94 82 12 12.8 2 

20. MLC-71 - - - - - - - - - - 

21. MLC-75 - - - - - - - - - - 

22. MLC-80 - - - - - - - - - - 

23. MLC-81 - - - - - - - - - - 

24. MLC-83 97 97 - - 1 97 97 - - 1 

25. MLC-86 - - - - - - - - - - 

26. MLC-88 - - - - - - - - - - 

27. MLC-92 - - - - - - - - - - 

28. MLC-93 - - - - - - - - - - 

29. MLC-97 - - - - - - - - - - 

30. MLC-99 - - - - - - - - - - 
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Table 2. Effect of different sowing dates on morphological parameters of lentil genotypes 

Genotypes 

2009 г. 2010 г. 

Plant height, 
см 

Number of 
branches. 

Plant height, 
см 

Number of 
branches. 

A
u
tu

m
n

 

S
p
ri

n
g
 

A
u
tu

m
n

 

S
p
ri

n
g
 

A
u
tu

m
n

 

S
p
ri

n
g
 

A
u
tu

m
n

 

S
p
ri

n
g
 

1 2 3 4 5 6 7 8 9 

«Ziba» - control 30.8 20.2 1.2 1.0 27.2 20 1.4 1.3 

1. MLC-12 35.4 24.3 1.5 1.0 29.3 24 1.4 1.1 

2. MLC-13 32.3 30.2 2.4 1.5 24.4 22 1.5 1.5 

3. MLC-15 33.4 30.4 2.8 1.1 32.3 27 1.9 1.6 

4. MLC-16 30.3 22.6 1.6 1.5 29.5 27 2.3 1.2 

5. MLC-17 31.5 23.5 1.3 1.2 35.3 26 2.2 1.9 

6. MLC-18 32.2 23.4 1.3 1.0 24.4 22 1.8 1.6 

7. MLC-19 39.3 20.4 3.1 1.7 25.5 25 1.4 1.4 

8. MLC-23 33.2 23.3 1.2 1.0 30.6 25 1.8 1.4 

9. MLC-31 35.4 25.4 2.5 2.4 32.4 26 2.4 1.5 

10. MLC-35 42.5 21.6 2.3 2.1 28.3 24 2.8 2.7 

11. MLC-44 44.4 25.4 2.2 2.1 40.4 30 2.1 1.3 

12. MLC-45 34.5 24.5 2.2 1.0 28.5 24 1.8 1.4 

13. MLC-47 33.6 26.4 2.9 2.0 29.6 23 1.8 1.6 

14. MLC-48 35.5 27.6 1.3 1.3 30.4 25 1.4 1.2 

15. MLC-50 35.4 21.4 1.6 1.5 - - - - 

16. MLC-51 27.2 24.5 1.6 1.3 29.5 22 2.3 1.3 

17. MLC-63 28.3 24.4 1.4 1.2 31.4 27 1.5 1.3 

18. MLC-68 34.2 32.5 2.3 2.0 - - - - 

19. MLC-69 26.6 21.2 1.5 1.4 27.2 22.2 2.4 2.2 

20. MLC-71 25.4 23.6 2.5 1.4 33.3 23.3 2.4 1.3 

21. MLC-75 28.5 24.5 1.4 1.3 28.4 22.4 1.4 1.1 

22. MLC-80 33.4 23.4 1.3 1.2 34.5 27.5 1.3 1.2 

23. MLC-81 32.6 22.6 2.2 1.1 32.3 25.6 2.2 2.1 

24. MLC-83 45.2 29.2 2.2 2.0 38.6 24.4 1.9 1.4 

25. MLC-86 34.5 30.4 1.4 1.2 - - - - 

26. MLC-88 26.4 24.3 1.3 1.1 - - - - 

27. MLC-92 29.3 22.2 1.2 1.1 - - - - 

28. MLC-93 45.4 34.4 1.5 1.2 36.4 25.6 2.0 1.3 

29. MLC-97 30.6 22.5 2.1 1.9 35.5 22.4 2.8 2.1 

30. MLC-99 32.5 26.6 1.3 1.0 - - - - 

Average 33.6 25.2 1.85 1.43 31.2 24.7 1.95 1.53 

σ 5.35 3.51 0.57 0.41 4.16 2.11 0.45 0.4 

CV (%) 15.9 13.9 31 28.5 13.4 8.54 22.9 26 
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Table 2 continue             

Genotypes 

2011 г. 2009-2011 гг. 

Plant height, 
см 

Number of 
branches. 

Plant height, 
см 

Number of 
branches. 

A
u
tu

m
n

 

S
p
ri

n
g
 

A
u
tu

m
n

 

S
p
ri

n
g
 

A
u
tu

m
n

 

S
p
ri

n
g
 

A
u
tu

m
n

 

S
p
ri

n
g
 

1 10 11 10 11 10 11 10 11 

«Ziba» - control 32.6 28.2 32.6 28.2 32.6 28.2 32.6 28.2 

1. MLC-12 - - - - - - - - 

2. MLC-13 - - - - - - - - 

3. MLC-15 35.4 30.4 35.4 30.4 35.4 30.4 35.4 30.4 

4. MLC-16 32.6 22.3 32.6 22.3 32.6 22.3 32.6 22.3 

5. MLC-17 34.4 26.4 34.4 26.4 34.4 26.4 34.4 26.4 

6. MLC-18 - - - - - - - - 

7. MLC-19 - - - - - - - - 

8. MLC-23 - - - - - - - - 

9. MLC-31 - - - - - - - - 

10. MLC-35 - - - - - - - - 

11. MLC-44 37.2 27.5 37.2 27.5 37.2 27.5 37.2 27.5 

12. MLC-45 - - - - - - - - 

13. MLC-47 40.5 30.6 40.5 30.6 40.5 30.6 40.5 30.6 

14. MLC-48 - - - - - - - - 

15. MLC-50 - - - - - - - - 

16. MLC-51 - - - - - - - - 

17. MLC-63 - - - - - - - - 

18. MLC-68 - - - - - - - - 

19. MLC-69 28.4 23.2 28.4 23.2 28.4 23.2 28.4 23.2 

20. MLC-71 - - - - - - - - 

21. MLC-75 - - - - - - - - 

22. MLC-80 - - - - - - - - 

23. MLC-81 - - - - - - - - 

24. MLC-83 53.8 31.6 53.8 31.6 53.8 31.6 53.8 31.6 

25. MLC-86 - - - - - - - - 

26. MLC-88 - - - - - - - - 

27. MLC-92 - - - - - - - - 

28. MLC-93 - - - - - - - - 

29. MLC-97 - - - - - - - - 

30. MLC-99 - - - - - - - - 

Average 37.5 27.4 37.5 27.4 37.5 27.4 37.5 27.4 

σ 8.12 3.69 8.12 3.69 8.12 3.69 8.12 3.69 

CV (%) 21.7 13.4 21.7 13.4 21.7 13.4 21.7 13.4 
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Figure. 1. Effect of different sowing dates on yield of lentil genotypes 
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ABSTRACT 

 

The sequence of working the parallel lines in agricultural field area coverage operations 
can be optimized to minimize the total non-productive time. The amount of savings 
achieved in using the optimized sequence, denoted the B-pattern, compared to the 
conventional sequence varies considerably depending on the operation’s features. This 
work presents a method for estimating the savings of using B-patterns and is applied on 
a specific problem instance consisting of a specific tractor, implement and field, based 
on a recording of a “conventional” operation.  
The savings assessment method consists of fitting a turn model using data from the 
recording, generating the Traveling Salesman Problem (TSP) cost matrix with turn 
model, solving the TSP and finally using parts of the recording to estimate the savings.  
The specific problem instance was a harrow operation with an estimated savings of 
3.3% in total operation time.  

 

 

Keywords:   B-patterns, track sequence optimization, monitoring, Dubins curves, 
Traveling Salesman Problem, Denmark 
 

1. INTRODUCTION  

 
In the majority of agricultural field operations, a machine treatment covers the entire 
field by following parallel tracks and turning between them in the headland. As it has 
been shown, for “neutral material flow” field operations, the optimal sequence of 
working the tracks minimizing time can be modeled with a Traveling Salesman 
Problem (Bochtis 2008; Bochtis & Sørensen 2009). The optimal track sequence 
depends on the problem instance data, including the geometric layout of tracks, the 
machine kinematics, the working width, and the desired start and ending locations of the 
operation. The task time savings of using the optimal track sequence, denoted the “B-
pattern” instead of a “conventional” sequence, was studied by simulating a series of 
different problem instances where the turning radius and working width was varied 
(Vougioukas et al 2010). This specific study showed task time savings in the range 8.4-
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17%. As the survey showed, the task time savings varies significantly depending on the 
specific problem instance and the already used sequence, so it can be difficult for the 
farm manager to know what the actual level of savings would be by applying B-
patterns.  
 
This work presents a procedure for the estimation of the expected task time savings 
derived from the optimization of the track sequence that is based on the analysis of the 
GPS-recordings of the operation. 
 

2. ASSESMENT METHOD 
 

The time savings of using an optimized sequence can be computed as: 
 

Duration of normal operation - Duration of optimize operation
savings

Duration of normal sequence
=  

 
The time working a field consists of a working part where the soil (or the crop) is 
treated and a non-working part where the machine makes maneuvers like the turnings 
and other travel where the soil (or the crop) is not treated.  

The working part, denoted wt , is constant (in terms of the travelled time), but the non-

working part varies depending on the sequence of working the tracks. We denote the 

non-productive time as a function nt ( )s  of the sequence of working the tracks, s. The 

sequence observed in the recording is denoted rs  and the optimal sequence is denoted
*

s . The savings is then computed as: 
 

( )r *
r *n w n w

n n
r r

n w n w

t ( )+t - t ( )+t  t ( )-t ( ) 
savings

t ( )+t t ( )+t

s s s s

s s
= =  (E.g. 1) 

 

The time of the non-working part 
r

nt ( )s  and the working part wt  can be measured 

from the recorded path. The remaining unknown is the time of the non-working part 

using an optimal sequence *
nt ( )s . The optimal sequence and the time of it, can be found 

if a model of the function nt ( )s is known. 

It is however impossible to estimate the “summed-time-of-all-turns” function nt ( )s  

using the recording of a single operation. Instead it can be shown that it is enough to 

estimate the “time-of-an-individual-turn” function turn i ft ( , )c c , where ic and fc  is 

some representation of the vehicle state at the beginning and end of a turn. From the 
recordings we can extract many turns needed for the model fitting of this function. 
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2.2 Turn Model 

 

The turn model is based on Dubins curves because of the low computational time and 
memory requirements while it still models the minimal turning radius present in most 
agricultural machinery steering systems (Dubins 1957). The input to the shortest Dubins 
curve function is the initial and final pose, and the minimum turning radius of the 
vehicle. The output is the determination of the shortest path connecting the initial and 
final poses using straight and circular arcs, and its corresponding length. 
To achieve a model outputting time, the path length is divided with a speed. 
Furthermore it is beneficial to add a constant or offset to the length of the path.  
The turn time model becomes: 

 i i i f f f
turn i i i f f f

d( , , , , , ,R) o
t ( , , , , , )

v

x y x y
x y x y

θ θ
θ θ

+
=   

The model parameters are the minimal turning radius, R, the offset, o, in meters and the 
speed, v, in m s-1. The function d( )⋅ is the path length in meters of the Dubins curve. The 

model input is the initial pose, i i i{ , , }x y θ , and final pose f f f{ , , }x y θ . 

A version of the model which returns the distance is also used: 
 

turn i i i f f f i i i f f fd ( , , , , , ) d( , , , , , ,R) ox y x y x y x yθ θ θ θ= +  

 
Computing the shortest Dubins curve is done by taking the shortest of all eight 
possibilities (See Shkel & Lumelsky 2001 for more details on computing the various 
possible paths). 
 
2.3 Aspects in fitting turn model to data 

 

The model fitting process consists of finding the parameter values which minimize the 
sum of the residuals, i.e. the differences between the measured turn and the modeled 
turn. Each turn is a data point in model fitting terminology and we must find these in 
the recorded path of the machine. Standard least squares fitting were used. 
 
It was desirable to fit both time and distance in the fitting process. However in this 
multi-objective fitting, the two different types of residuals must be weighted in order to 
equalize their importance. The distance is included to gain some regularization to the fit 
to prevent overfitting. Overfitting means that the best fit can be achieved with many 
different sets of parameter values. 
 
We characterize the turns in relation to how many tracks are skipped when driving from 
an initial pose to the final pose. For example the turn from a track to another track 
directly adjacent to it, is denoted a skip zero turn, and the turn from a track to another 
track where the adjacent track is skipped, is denoted a skip one turn. 
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In many cases the recording of an operation includes an uneven distribution of the count 
of various skip turn types. To ensure that the model is equally accurate for the various 
skip types, the residuals of each turn type must be weighted somehow in relation to the 
distribution. If very few turn samples exist of a certain turn type the weighting should 
not be too high to prevent the case that a single outlier of that turn type is given too 
much influence. 
 
2.4 Finding the optimal track sequence 

 

To find the optimal sequence of working the tracks minimizing the non-working turning 
time the TSP approach from Bochtis 2008 and Bochtis & Sørensen 2009 is used. The 
turn time model is used to generate the cost matrix of the TSP and it is solved with the 
open source LKH TSP-solver (Helsgaun 2009). It should be noted that the speed and 
offset parameter of the turn time model does not affect the optimal track sequence 
because they occur as constant scaling and addition in the elements of the cost matrix.  

 

3.  USE OF ASSESMENT METHOD ON EXERIMENTAL DATA 
 

3.1 Recording operation and segmenting path 

 
The path of a tractor harrowing two adjacent fields were recorded with 1 Hz sampling 
frequency using a GPS logger placed in the window of the tractor. The field area was 21 
ha and the operation took 2 hours and 20 minutes. The tractor was a belt-driven 
Caterpillar Challenger and the implement was a Horsch Terrano 12 FG harrow with 12 
m working width (See Figure 1). 
 

 
Figure 1 - Tractor and harrow implement used in recorded operation. GPS logger was 

placed in the window of the tractor. 
 
The recorded path is segmented into working parts: tracks and headland and non-
working parts: turns and “field exit travel”. The identification of the point on the 
trajectory that separates a turn and a track is arbitrary to some extent. The separated 
turns are used in the fitting of the turn model, so the offset parameter will compensate 
for the choice of separation point. It is thus important to be consistent, for example by 
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choosing a point which is closest to the path of the innermost headland pass (See the left 
insert in Figure 2).  
Some parts might seem to fit neither of the grouping types, however they can usually be 
included as part of a track. The path around the obstacle in the lower field is included as 
part of the associated track, as is the odd eight-digit-shaped path in the upper field. 
 
The ending of each track is given a unique identifier and the sequence of visiting them 

in the working of the tracks defines rs . 
 

 
 
 
 
 
 

Figure 2 - Plot of the segmented recorded path of the tractor.  The left insert shows how 
turns are defined as starting at the innermost headland pass. The dotted pink path in the 

right insert is an example of a turn outlier which should not be included in the turn 
model fitting.  
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3.2 Fitting the Turn Model to data 

 

From each turn we collect the initial pose, final pose, time and distance. The initial and 
final pose are inputted in the turn model to achieve a modeled time and distance. In 
order to do the multi-objective fitting, the time is weighted according to the ratio 
between the mean of the times and the mean of the distances which is around 3.65. 
 
Most of the turns are skip zero turns, however to achieve a good model we need more 
samples of the other types: skip one, skip two etc. These were collected from other fields 
that the machine was working the same day.  
 
In order to achieve equal influence on the model, the various skip types are weighted 
according to their count. The skip three and four types gets a lower weighting because 
there are very few data points in those groups and an eventual outlier will have too 
much influence. The weightings for skip zero, one, two, three and four are respectively 
30%, 30%, 30%, 5% and 5%. 
 
The collected turns and the resulting fitted turn model using least squares fitting is 
shown in Figure 3. Notice that the turning time of the fitted model is lowest for skip one 

turns. The fitted model has a turning radius of 7.7 m, speed of 3.6 m/s and offset of   20 
m. 

 
Figure 3: Collected turns and the fitted turn model. Turns are collected from the 
recording seen in Figure 2 and from some other recordings of the same machine and 
working conditions. 
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3.3 Finding optimal sequence and estimated savings 

 
We use the fitted turn model to generate the TSP cost matrix. As said in section 2.4, the 
speed and offset has no influence on the optimal sequence itself, only on the time of the 
optimal sequence. 
 
The LKH TSP-solver returns an optimal TSP solution which is used to generate the 

optimal sequence of working the tracks *s . The modeled optimized turning time 
*

nt ( )s  

is computed using the fitted turn model. 
 
The difference in sequence between the recorded and the optimized sequences is 
illustrated in Figure 4 of the upper field. As can be seen more of turn type skip one are 
present in the optimized sequence as is expected when skip one turn is a minimizer of 
the turn model as seen in Figure 3. 
 

 
Figure 4 – The left plot shows the recorded sequence with modeled turns. The right plot 

shows the optimized sequence with modeled turns. 
 
The time spent in working tracks, headlands and the non-working turns and field exit 
path for the recorded operation and the optimized operation are shown in Figure 5. The 
absolute savings is 4.3 minutes and the relative savings are 3.3 %.    
 

5. CONCLUSION 

This work presents a method for estimating the savings of implementing an optimized 
field area coverage planning, in the particular case the B-patterns. The method was 
applied on a specific problem instance consisting of a specific tractor, implement and 
field, based on a recording of the corresponding “conventional” operation. 
A turn model was fitted to turn collected from the recording and the found model 
seemed to fit the data well.  
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Figure 5: Absolute savings are 4.3 minutes and relative savings are 3.3 %. 
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ABSTRACT 

 

Agricultural research for development, largely aimed at fulfilling agricultural technological 

needs of developing countries, has primarily been carried out by national public funded 

Institutions and international research systems funded by foreign donors such as that of the 

Consultative Group on International Agricultural Research (CGIAR). These institutions generate 

public goods. The use of new Information and Communication Technologies (ICTs), especially 

the Internet, Cellular telephony and FM radio, is bringing about the possibility of new 

partnerships in information generation and use between the agricultural community, the public 

and private sectors (C-P-P partnerships). 

The generation of data and information in pluralistic extension systems now being advocated and 

promoted the world over inherently recognizes that farmers and agribusiness entrepreneurs are 

also generators of agricultural data and information and not only users.  The corporate private 

sector in many developing countries provide not only the “bus” or channels through the Internet 

and Cellular Telephony needed to communicate but also the applications to make use of  data 

and information. The public sector’s role still remains to be generator and manager of organized 

agricultural data and information. 

However these roles are fast changing. The current user communities and individuals, with 

farmer and civil society organizations in the lead, are organizing themselves through 

participatory efforts to generate data and information related to agriculture and natural resource 

use. This local data and information of natural resources such as soils and water, agricultural 

biodiversity, disease and pests etc and used through GIS systems is proving to be far more 

accurate, relevant and current than that acquired through conventional approaches such as 

surveys. The private sector has seen the potential of agricultural knowledge services and has 

initiated businesses that generate value added services such as for advising farmers through call 

centers, assessing risk for financial and insurance service providers, forecasts on markets in 

addition to being channel providers and generating applications. The public sector in developing 

countries, however, still finds it difficult to link up with the private sector and use the community 

sector to leverage its data and information management, especially in generating accurate local 

data, in disseminating information, new skills, knowledge and technology and in acting as a 

“Trust” organization in validating the relevance and accuracy of agricultural information. 
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This paper discusses with examples, in the context of emerging information and communications 

technologies, the rapidly changing roles of the public, private and community sectors in 

information management for agricultural research for development, the constraints faced by each 

sector in working in partnerships as also how public-private-community partnership can rapidly 

enlarge further the effective management and use of agricultural information for development. It 

also discusses the Global Forum on Agricultural Research’s efforts in advocating and building 

effective C-P-P partnerships. 
 

Keywords:  

 

Public private community partnerships, Information and communications technology, Agricultural 

research for development 

 

1. INTRODUCTION 

 

Agricultural research for development, largely aimed at fulfilling agricultural technological 

needs of developing countries, has primarily been carried out by national public funded 

Institutions and international research systems funded by foreign donors such as that of the 

Consultative Group on International Agricultural Research (CGIAR). These Institutions generate 

public goods. The use of new information and Communications Technologies (ICTs), especially 

the Internet, Cellular telephony and FM radio, is bringing about the possibility of new 

partnerships in information generation and use between the agricultural community, the public 

and private sectors (C-P-P partnerships). 

 

The generation of data and information in pluralistic extension systems now being advocated and 

promoted the world over inherently recognizes that farmers and agribusiness entrepreneurs are 

also generators of agricultural data and information and not only users.  The corporate private 

sector in many developing countries provide not only the “bus” or channels through the Internet 

and Cellular telephony needed to communicate but also the applications to make use of  data and 

information. The public sector’s role still remains to be generator and manager of organized 

agricultural data and information. 

 

However these roles are fast changing. The current user communities and individuals, with 

farmer and civil society organizations in the lead, are organizing themselves through 

participatory efforts to generate data and information related to agriculture and natural resource 

use. This local data and information of natural resources such as soils and water, agricultural 

biodiversity, disease and pests etc and used through GIS systems is proving to be far more 

accurate, relevant and current than that acquired through conventional approaches such as 

surveys. The private sector has seen the potential of agricultural knowledge services and has 

initiated businesses that generate value added services such as for advising farmers through call 

centers, assessing risk for financial and insurance service providers, forecasts on markets in 

addition to being channel providers and generating applications. The public sector in developing 
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countries, however, still finds it difficult to link up with the private sector and use the community 

sector to leverage its data and information management, especially in generating accurate local 

data, in disseminating information, new skills, knowledge and technology and in acting as a 

“Trust” organization in validating the relevance and accuracy of agricultural information. 

 

This paper discusses, using a framework and with examples gathered from reports and 

proceedings of  Global Forum on Agricultural Research (GFAR) stakeholders such as Asia 

Pacific Association of Agricultural Research Institutions (APAARI,2010) and Association of 

Agricultural Research Institutions in North Africa and Near East (AARINENA, 2011) and other 

literature. It discusses,  in the context of information and communications technologies, the 

rapidly changing roles of the public, private and community sectors in information management 

for agricultural research for development, the constraints faced by each sector in working in 

partnerships as also how public-private-community partnership can rapidly enlarge further the 

effective management and use of agricultural information for development. It also discusses the 

GFAR’s stakeholders’ and the Coherence in Information in Agricultural research for 

Development (CIARD) members’ efforts in advocating and building effective C-P-P 

partnerships in this area. 

 

2. COMMUNITY-PUBLIC-PRIVATE PARTNERSHIPS 

 

2.1 Generic Framework of ICT Use in Agricultural Development 

 

 
 

Figure 1: A generic Framework of ICT use in Agricultural Development 
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Figure 1 describes a generic framework of ICT use in agricultural development in developing 

countries.  

 

Every agricultural information system for agricultural development has one or more 

“information organization” which provides the backbone for organizing and structuring 

information content.  These are usually Research Institutes, Civil Society and Non Government 

(NGO) and Farmer Organizations (FO), Cooperatives, Private Sector Input Providers, Banks and 

other Financial Service Providers and, now, Supermarket chains.  

 

Information Organizations disseminate and receive information through “Information Platforms” 

such as Radio and Television stations, Websites, SMS Servers, Telephone based Question and 

Answer Services etc.,. These can be owned by the community and civil society organizations 

such as community radio stations and websites, public such as research Institutes and private for 

profit organizations. In most developing countries, structured and organized information content 

(including data) is usually available only with agricultural research organizations. Most of these 

organizations, as detailed studies indicate, are weak not only in organizing their information for 

electronic dissemination but also have very weak information platforms that use new ICTs 

(APAARI, 2010, AARINENA, 2011). 

 

The information content from and to these platforms travel through an “Information Bus”.  Radio 

and Television Channels, Satellite, Cable and Wireless Internet links and Cellular Telephony 

networks etc., form these information buses. A bus may be individually or collectively owned by 

the Government/Public Sector and/or the private sector. The information bus(es)  such as radio 

and television are usually government owned. New ICT bus(es) such as for Internet and Cellular 

Telephony may have government/public sector and/or public sector ownership.  

 

The information made available for agricultural development in most cases from information 

platforms in many developing countries is used through mediation by “information 

intermediaries” who adapt relevant information for local use making it useful. Information 

Intermediaries may be government employed extension workers, non-government organization 

or private sector input providers who double up as information providers. Sometimes Farmer 

organizations act as information intermediaries.  

 

The user community is the actual user of agricultural information and is currently largely made 

up of farmers. As agriculture in developing countries shift towards being more market oriented, 

actors in the entire value addition chain of agricultural commodities who are largely small and 

medium entrepreneurs such as transporters, processors and marketers, also become users of 

agricultural information. However, the type of information used, and therefore needed, depends 

on where the entrepreneurs perform in the value addition chain.  
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As such, there is varying degree of community, public and private sector partnerships in ICT use 

for agricultural development. These partnerships not only play a role in value addition and 

marketing of agricultural inputs and products but in its innovation and increasing in “information 

chains” that support agriculture and farming as also the communities depending on agriculture 

and related occupations. 

 

2.2 State of Community-Public-Private-Partnerships 

 

The current state of Community-Public-Private (C-P-P) partnerships in information and 

communications management (ICM) and ICT use for agricultural development in developing 

countries can be considered to be nascent and at the moment very weak. Most studies available 

are in part and describe one service, usually cellular telephony, that provides market and market 

related information, mostly prices of agricultural commodities. There is a dearth of holistic 

description of information systems that support agriculture production, value addition, 

innovation and information chains.   

 

2.2.1 Information Content 

 

The conventional link of agricultural research, the main information content provider, and the 

private sector has largely been through printed publication of scientific and technical literature. 

Except for a few countries such in South Asia, even radio and television channels that 

communicate agriculture related information to farmers and other users had always been 

operated by the public sector and Government operators with weak links to agricultural research 

organizations. With the advent of community radio, the civil society and with cellular telephony 

and the Internet, the private sector has now entered as also communication channel providers. 

However, the public sector agricultural research organizations, the primary generators of 

organized data and information, now find it difficult to make relevant and useful information 

content available and accessible in digital format to the new private sector and civil society 

channels.  

 

The generation and processing of primary information content by public sector agricultural 

research organizations is constrained by Capital, Content, Connectivity, Collaboration, Capacity, 

Community participation and Culture in these organizations (GFAR, 2011). Most research 

organizations in developing countries are constrained for financial resources to organize and 

structure information content that can be disseminated by ICTs, especially new ICTs such as 

those using Internet and Cellular Telephony. The costs to organize, structure and maintain the 

content, even when it is available, and to disseminate it through new platforms are significantly 

high and overwhelm the organizations financial resources as also human capacities. Research 

Organizations have developed organizational structures and work processes around research 

outputs such as technology packages and research papers.  
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The bottle neck in generating and providing appropriate content and in developing appropriate 

platforms for digital information that can be value added and disseminated by these new civil 

society and private sector channels is the main reason why many of the new ICT services have 

failed to be initiated and sustained without government and public sector support. 
 

Transforming these agricultural research organizations to enable information content that can be 

disseminated and made useful for user communities will need significant funding support, capacities and 

change in Institutional arrangement and organizational culture. The change needed in organizational 

culture is towards recognizing that under the new paradigm of agricultural development which is 

knowledge intensive, there is a need for complex community-public-private partnerships to deliver 

relevant, timely and useful information to user communities and complete the research-innovation-

development pathway.   

 

2.2.2 Information Services 
 

Traditionally, agricultural information in developing countries has been provided through public sector 

extension services. These services also operate radio and, in most cases, television broadcasts. However, 

in some countries such as India, private sector television services such as Eenadu TV (eTV) also 

broadcast farming related broadcasts. These services depend on an advertisement based business model. 

Community radio is also an emerging localized service providing agricultural information. These are 

usually operated by Community and Civil Society Organizations.   

 

There have been efforts by the private sector to provide value added information services for agricultural 

development in several developing countries.  The use of Internet and cellular telephony for providing 

market related information is well reported (David-Benz et. Al, 2011; FAO, 2012).  

 

In India, cellular telephony services provider Airtel (Airtel, 2008) has initiated value added information 

services for agriculture. It has been reported that content used by Airtel, especially in its Question and 

Answer services, is through its own specialists, usually retired agricultural experts.   

 

It is quite apparent that the private sector is not yet keen to invest in generating r supporting the 

generation of primary information content beyond market prices. The collaboration between specialist 

content providers such as public sector agricultural research organizations and Universities and private 

service providers apparently can be “win-win” solution. A new arrangement is now needed between the 

public and private sectors, much beyond the existing in which the private sector played a role in 

publishing scientific papers. The shape of this new arrangement, where the economics of information 

management in developing markets will play a key role, is yet unknown and needs to be developed and 

tested.  

 

There is very little available information on software and applications related to agricultural information 

services, beyond those for market information, for farmers in developing countries developed either 

individual, small and medium enterprises or the corporate private sector. Most of the software and 

applications available are developed as pilot research projects in public sector Institutions. These have a 

significant problem of sustainability because of it being funded as short term projects. Apparently 
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opening access to agricultural information and applications by the public sector Institutions can 

contribute to the entry for the private sector for developing software and application that use data 

and information both from the public sector and those provided by the community. The Indian 

Council of Agricultural Research is planning the development of a “Business Incubator Centre” 

for information and knowledge services (Personal communication, 2013)  

 

The availability of “information buses” and their ownership also play a key role in agricultural 

development. In most developing countries a large number of the clientele for agricultural 

information are resource poor smallholder farmers. While the potential of new knowledge as a 

critical input to leverage the efficiency of all other inputs, contribute to risk aversion in farming 

and improve the marketing of farm outputs, is now recognized, governments still directly or 

indirectly limit access to information from new channels such as cellular telephony. This is either 

in the form of costs to access mobile services, poor coverage in rural areas due to sparse number 

of users or not upgrading to new generation technologies such as 3G and WiMAX which would 

offer data linkages and therefore voice and video based services that would enable overcome the 

barriers of literacy and remoteness. One very key need by the agricultural community and all 

sectors is to advocate the use of Universal Access funds as per various International 

Telecommunications Union Treaties in rural areas of developing countries to improve 

agricultural development through improved access to information using new ICTs.    

 

2.2.3 New Community-Public-Private Partnerships 

 

Local agricultural data and information, especially real time information, can improve farm 

productivity and quality of outputs enabling access to inputs that are in short supply such as seed, 

energy (diesel, petrol, electricity), harvesting and post harvest on-farm processing and transport 

to markets. Local data and information can most effectively and efficiently be collected by 

community participation and enabling automatic data capture systems.  

 

The availability of mobile phone based financial transaction systems such as in East Africa and 

Automatic Teller Machines in rural villages in India bring qualitative changes in the social 

structures of communities and demonstrate how networked data and information flows in local 

rural communities is possible. It is here in local communities that a new type of information and 

knowledge service providers and intermediaries based on Community-Public-Private Sector 

partnerships are emerging. These usually are managed by small, local entrepreneurs who provide 

the connectivity and value added information services.  

 

At the farm level, especially when farm size is small, new tools and techniques to spatial 

mapping can contribute to bringing precision agriculture to these holdings. A new area of 

research emerges when “big data” analyses is applied to geo-referenced farms and farm plots 

improving not only resource use but also monitor and forecast pests, diseases and production 

problems. Farm level data when aggregated and used collaboratively by agricultural 
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communities can bring efficiencies in farm management, input, throughput and output, labor use 

and in marketing and transport. 

 

Agricultural knowledge services is now a sunrise entrepreneurial opportunity for the private 

sector in developing countries. The clientele for these services are now not only the farmers but 

also a wide range of other service, input providers, processors, producers and market 

intermediaries. Banks, Insurance and other financial service providers need a wide range of data and 

information to value assets and production potential and productivity. As markets open up and become 

organized, commodity exchanges also require significant data and information. Input providers such as 

for seed, fertilizer and pesticide are conventional users of agricultural information and are benefitted from 

more accurate and detailed information but new input providers such as those leasing and renting farm 

machinery and providing transport also benefit.  

 

The use of new ICTs has potential to provide new occupations and improve farm based 

livelihood provided new arrangements in providing value added locally relevant, useful, timely 

information through C-P-P partnerships are made. Each of the sector, the community in 

generating and providing local data and information, the public sector in providing the necessary 

research, innovation and trust services in developing primary information, applications and 

organizing information services and the private sector, both corporate and the small and medium 

entrepreneur providing connectivity and value added services has a role to play in this new 

partnership based arrangement. 

 

2.3 The Global Forum on Agricultural Research (GFAR) and Coherence in Information in 

Agricultural research for Development (CIARD) Movement    

 

The Global Forum on Agricultural Research (GFAR: http://www.egfar.org) is a multi-

stakeholder platform comprising of the public sector research and development organizations of 

the South, private sector, civil society and farmer organizations, advanced research organizations 

of the North, Universities etc. for dialogue on critical issues related to agricultural research and 

innovation for development. It also advocates, promotes and facilitates collaboration and 

partnerships among relevant actors and stakeholders on critical actions related to agricultural 

research and innovation for development.  

GFAR advocates increased and improved investment in agricultural information and 

communications management (ICM), supports and facilitates capacity and skills development for 

ICM, contributes to greater coherence and integration of agricultural information globally and 

enables improved flows  and use of agricultural research information through its programs. 

 

GFAR has initiated a major activity in advocating, promoting and facilitating opening of access 

to agricultural information in national agricultural research and innovation systems as a partner 

to the Coherence in Information in Agricultural Research for Development (CIARD: 

http://www.ciard.net) movement. Over the past 5 years, the CIARD movement has developed 
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guidelines, pathways and the CIARD.RING (http://www.ciard.net/ring) to improve ICM and 

enable opening of data and information from agricultural research organizations globally. 

 

3. CONCLUSION 

 

C-P-P collaboration and partnerships with each sector contributing and playing its role have huge 

potential for information and communications management in agricultural research for 

development. The community can generate locally relevant and accurate data and provide 

feedback on the quality of information, the public sector can provide the much needed 

informatics related research for developing data and information bases, modeling and simulation, 

knowledge based systems and geographical information systems, be data and information 

generators, act as “trust” organizations and provide open access platforms for agricultural data 

and information. The private sector has a significant role not only as new communication 

channel providers but for providing value added information services, software and applications 

for more widespread information management and effective use by farmers and other users. 

Experience so far indicates that the C-P-P partnerships are yet nascent but emerging. They need 

to be accelerated through appropriate policies and facilitating structures. 
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ABSTRACT 

 

This paper presents the eFoodChain project, its objectives and main achievements so far. The overall goal 

of the eFoodChain project is to contribute to the improvement in the competitiveness and efficiency of the 

agro food industry in Europe by stimulating an innovative and seamless use of ICT along its value chain. 

SMEs, that represent more than 99% of companies and generate approximately half of the industry 

turnover, are the focus of this action, as the objective is to facilitate their participation in the global digital 

food value network and enable them to become international business partners.  

 

We present the first results of the project, starting with an analysis of the current European landscape in 

electronic message exchange in the agro food value chain, the eFoodChain proposed approach to improve 

its efficiency and promote the inclusion of SMEs, and discuss the pilot scenarios that will be implemented 

to demonstrate this approach. 

 

Keywords: EDI Electronic data interchange, Agro-food industry, Reference process models, ICT 

platform, Europe 

 

1. INTRODUCTION  

 

The European agro-food industry plays a substantial role in the European economy. It is essential for 

economic, social and environmental welfare as well as for the health of European citizens. Moreover, it is 

a significant contributor to employment and growth. A special feature concerning this industry is the 

importance of SMEs, as they represent more than 99% of companies, and generate almost a half of the 

industry turnover. SMEs are really major players of the agro food industry in Europe that need to be taken 

into consideration. 

 

Despite significant developments and increased usage of ICT (Information and Communication 

Technologies), there is much inefficiency today in the value chain management (or supply chain 

management) of almost every sector of the economy. Many companies are using incompatible eBusiness 

processes, ICT systems and infrastructures and data exchange models. The validity and acceptance of 

data models underpinning business transactions (e-Catalogues, e-Ordering, e-Invoicing, etc.) still follows 

national rules, making cross-border transactions difficult. Moreover, security, authenticity and integrity 

considerations lead to an operational risk and thus to a lack of trust. This results in a fragmented 

technological outlook, with a multiplicity of incompatible business standards, data models and ICT 

solutions and with very low interoperability levels, especially across borders. 

 

The eFoodChain project (www.efoodchain.eu), funded by the European Commission, aims to be an 

important step towards the promotion of innovation and ICT in the food supply chain, with a view to 

support digital connection of SMEs into the value chain. The overall goal of this initiative, run by an 

international consortium, is to stimulate the use of ICT and facilitate paperless B2B (Business-to-

Business) data exchanges along the agro food value chain. In particular, SMEs are at the centre of interest 

of this action, as the objective is to facilitate the participation of SMEs in global digital food value 

network and enable them to become international business partners.  
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This paper is organised as follows. Section 2 presents the motivation and state of the art in the adoption of 

ICT in support of B2B transactions, notably the European landscape in electronic data exchange in the 

agro food industry. In section 3 we introduce the eFoodChain interoperability framework, focusing on its 

reference model (general and specific for each of the target sectors) and electronic messages that support 

this model. Section 4 contains an initial description of a set of pilot scenarios that will be used to validate 

and demonstrate the eFoodChain interoperability framework. Conclusions of the achievements so far and 

future work are presented in section 5. 

 

2. MOTIVATION AND STATE-OF-THE-ART 

 

The agro food sector is not only the biggest manufacturing industry in Europe with a turnover of 929 

billion Euros, but also the leading manufacturing employer with more than 4 million direct jobs (Eurostat, 

2010). A special feature concerning this industry is the importance of SMEs, as they represent more than 

99% of companies, and generate almost half of the industry turnover. Given this high representation of 

SMEs in the industry, also the importance of general food retail shall be noted. In fact, food retail in 

Europe has become highly concentrated in the last decades: 15 big retailers share about 50% of the 

market (Veraart Research Group, 2012). 

 

Consequently, the relationships along the value chain are influenced by this concentration, and the power 

distribution between all actors in the value chain isn’t equal. As argued by Grievink (Grievink, 2002), a 

high number of producers and consumers have to face a low number of retailers who keep power on 

upstream and downstream. 

 

To face this low number of actors in the middle of the value chain, producers are more and more 

organising themselves into cooperatives. This organization of the producers, into some sort of producer 

organisation, allows them to get more power in negotiations in the supplier-farmer of farmer-processor 

relationship. However, there is still a huge unbalance in the negotiation power in the supply chain, which 

also affects the decision of adoption of new solutions or technologies in the supply chain. Concerning the 

decision to adopt new solutions and technologies in the supply chain, this is concentrated downstream in 

the chain. 

 

Even though direct sales and short supply chains are developing, meaning that B2C (Business to 

Customer) relationships are already present in the supply chain, the most common type of business in the 

agro food sector is still B2B (Business to Business). This is in relation with the fragmentation of the 

market, with much inefficiency in the supply chain, but also with customers’ infidelity with the suppliers 

and the abrupt variation that can happen with the value of products (Bejjani, 2000). 

 

Another important relationship that has to be accounted for, in what concerns the information flow in the 

supply chain, is the communication flow with the government or authorities. B2G (Business to 

Government) and G2G (Government to Government) in cross border trade is also a very important aspect 

that has to be considered. Currently multiple requests of information are made to the different players: 

from different bodies, in different formats and with different purposes. 

 

In order to estimate the current level and the trends in the adoption of ICT solutions underpinning B2B 

transactions in the food supply chain several analysis have been conducted (eFoodChain Consortium, 

2012), covering the whole supply chain (but limited to the fresh fruits and vegetables, dairy products and 

cereals sectors), from producer to retailer, in ten European countries: Belgium, France, Germany, Greece, 

Italy, Netherlands, Poland, Portugal, Spain and the United Kingdom. The analysis involved reaching to 

more than 4000 organisations, with more than 350 responses to an on-line survey, and individual 

interviews with 44 agro-food organisations and 26 ICT solution providers. 

 

The results highlight a real heterogeneity of the ICT adoption and use amongst sectors. Also, the use and 

integration of B2B standards by ERP providers is limited. The cereals industry as well as the fresh fruits 
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and vegetables industry seems to be well equipped, but the dairy industry appears less involved in the 

implementation of ICT solutions. Moreover, a huge gap exists along the value chain.  

  

This study showed that the most common electronic messages used are financial messages such as orders, 

order responses and invoices. The predominance of EDI (Electronic Data Interchange) through 

UN/EDIFACT standards (the United Nations rules for Electronic Data Interchange for Administration, 

Commerce and Transport) is still important to the exchange of business messages, and an important part 

of companies using ICT solutions prefer this technology for order or invoice messages (Figure 1). The 

exchange of electronic business messages isn’t integrated with other business information systems in 40% 

of companies. However, almost half of them have a system integrated with their ERP (Enterprise 

Resource Planning). Still according to this study, few companies automatically exchange traceability 

messages (Figure 1), and few companies use machine-readable labels. Yet, new legislations regarding 

traceability might influence this, as many companies plan to develop traceability systems.  

 

 
Figure 1: Types of messages and technologies used for the automatic exchange of data 

 

The use of the Internet for business transactions is still low. More than a third of the surveyed companies 

never use their partners’ web portals, and half of them use less than 4 web portals regularly. 

 

3. EFOODCHAIN REFERENCE FRAMEWORK 

 

eFoodChain aims to develop and demonstrate an overall sectoral collaborative reference framework 

setting the principles and rules for interoperability among business processes and data exchange models 

to allow for seamless, paperless information and data flows underpinning B2B transactions along the food 

supply chain (specifically addressing the cereals, fresh fruits and vegetables, and dairy products supply 

chains) in order to promote interoperability at cross-border level all over Europe.  

 

The development of the eFoodChain Framework is being carried out in an iterative way, with several 

versions of this specification being released and tested during the project. The Framework will be 

demonstrated and validated through the setup, monitoring and evaluation of sectoral and cross-border 

pilot-prototypes, with the objective to demonstrate the interoperability of business processes and 

information flows and show how different systems and infrastructures can interoperate. Gathered 

feedback, observations, remarks and best practices from the pilots will provide inputs for further 

improvement of the Framework. 

 

The eFoodChain Framework is an open architecture, excluding any proprietary elements and aims to be 

applied throughout European food supply chains without any IPR restriction. With this in mind the 
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application of the “European Union Public Licence” (EUPL) for the overall framework is being 

considered, in order to guarantee a broad based take-up of the results. 

 

Following a layered approach, the eFoodChain Framework (see Figure 1) is organized in four areas: 

 Business Scenarios – The business application layer of the Framework, which defines the set of 

business scenarios that drive the remaining parts of the Framework, according to the scenarios that 

emerged from the market analysis done initially (eFoodChain Consortium, 2012): eInvoicing; Food 

safety and quality and sustainable production and products. 

 Business Processes –This second layer of the Framework describes the business processes that support 

the realization of the business scenarios defined in the first layer. This is complemented by the 

identification of location and product identification methods, and product classification schemes. 

Considering the eInvoicing business scenario an analysis of current legislation is made in order to 

identify the key requirements that an ICT implementation should met. 

 Messages and Data Models – Within this layer, the eFoodChain Framework describes the set of 

electronic messages and correspondent data models that enable and support the realization of the 

eFoodChain business processes. 

 ICT architecture and middleware – This last element of the eFoodChain Framework addresses ICT 

related aspects concerning the way electronic messages are securely transported from business entity 

to business entity along the food supply chain and identifies major services and interfaces for that 

purpose. 

 

 
Figure 1 – Overview of the eFoodChain Framework 

 

In the second layer, for each target sector (Fresh Fruits and Vegetables, Cereals and Dairy), a Reference 

Process Model is defined, using a transaction and network oriented approach, where a transaction is 

defined as an exchange of information, electronic or otherwise, between two business entities in the 

supply chain. This is followed by a definition of the methods for achieving product classification and 

identification along the food supply chain. Figure 3 overviews the reference model for the “Cereals” 

sector. 

 

Each of these processes is detailed and their transactions are identified and mapped into electronic 

business documents (electronic messages) and data models that are available to support the business 
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scenarios, reference process models and identification elements previously defined. Some of these 

messages are listed in the next table. Most of the XML-based messages selected by the Framework are 

UN/CEFACT standards, and for such message, typical interchange scenarios are identified and the 

correspondent conceptual data model is presented. UN/EDIFACT messages are also proposed by the 

Framework so as to cover the processes where such messages (and/or variants of them) are currently 

used. 

 

 
Figure 3 – Reference process model (cereals) 

 

Table 1. eMessages and data models (sample) 

eMessage Description 

eDAPLOS 

(UN/CEFACT) 

Crop data sheet message to support traceability information. 

Cultivation Message 

(Frug I Com, GS1) 

Crop data sheet message to support traceability information in the 

Fresh Fruits and Vegetables sector. 

Agronomical Observation 

Report (UN/CEFACT) 

Message to support the reporting on crop observations about crop 

pests and diseases. 

eLabs, e-Laboratory 

Observation Report 

(UN/CEFACT) 

Message allowing a laboratory to report measurements and 

observations performed in a laboratory. 

eCert,  XML for Sanitary & 

Phytosanitary Certificates 

(UN/CEFACT) 

Message allowing an Export Regulator to issue an Export 

Certificate to an Import Regulator stating the sanitary & 

phytosanitary conditions of a product. 

 

Taking into consideration major trends in the ICT sector, a Service Oriented Architecture (OASIS, 2006) 

is proposed in the Framework’s bottom layer. The aim is for the Framework to specify the ICT support in 

the form of loosely coupled, coarse-grained, and autonomous components called services (Rotem-Gal-Oz, 

2012). Each service exposes processes and behaviour through contracts, which are composed of messages 

at discoverable addresses (endpoints). The behaviour of the service is governed by policies that are 

external to the service itself. Contracts and messages are used by external components called service 

consumers. 
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Currently, one service, named Messaging Service, is defined for supporting the B2B transactions defined 

in reference process models by exploiting the selected electronic messages. The service is to be provided 

to any business entity in the supply chain (farmer, producer organization, technical partner, etc.) through 

which a business document is encapsulated within the Standard Business Document Header (SBDH) from 

UN/CEFACT and sent over the Internet to the business entity with whom he has a business relationship. 

The service aims to support point to point and hub-based information flow between partners in a given 

food supply chain in support of B2B transactions generally related with product and financial flows in the 

supply chain. Two Application Program Interfaces (API) are defined to support the electronic data 

interchange: AS2 (Applicability Statement) over HTTPS and SOAP (Simple Object Access Protocol) 

over HTTPS (a REST “Representational State Transfer” API may be defined in the future). 

 

For the implementation of the Messaging Service, two software components are defined (see Figure 4): 

B2B Connector, a simple and modular software component providing electronic data transfer to the ICT 

infrastructure of a company and that can be deployed in two ways depending on the company’s ICT 

strategy (own ICT infrastructure of the company or in a computing cloud); B2B Connector Supervisor, a 

software component to be managed by an ICT Service Provider with the responsibility to manage a set of 

B2B Connectors, i.e., to configure and monitor those B2B Connectors so as to assure they are properly 

setup according to the companys’ needs and that they are operationally running as expected in the day to 

day B2B transactions. 

 

 
Figure 4 – eFoodChain ICT architecture 

 

The main concept linking the two above components is the “Scenario”. A Scenario defines the internal 

workflow of a B2B Connector. A task in the workflow can be a request to a translator function, to a log 

function, to a routing function, to the transfer of the message to another B2B Connector, etc. Scenarios 

are created and managed by the B2B Connector Supervisor and uploaded to the correspondent B2B 

Connector in order to properly configure it and adapt the connector to the needs of the organisation. 

 

4. INNOVATORS AND EARLY ADOPTERS SCHEME  

 

The Innovators and Early Adopters Scheme aims to validate the eFoodChain Framework, through the 

setup, monitoring and evaluation of sectoral and cross-border pilot-prototypes. Various agro-food 

stakeholders, participating in different pilots, demonstrate how the solution proposed by the project can 
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promote the integration of SMEs along the value chain. Feedback obtained along the process will 

contribute to further improvement and fine-tuning of the Framework. The Scheme is divided into two 

pilot phases: the first phase involves only few participants locally to develop the solution first and then 

developments of these pilot projects will bring us to the second phase which aims to extend pilot scope to 

many countries and to involve more participants. 

 

From the state-of-the-art results, it was possible to conclude that the priorities for intervention are mainly 

in the upstream area. Opportunities to improve the supply chain, through more and better integration of 

SMEs in digital transactions, were identified as being mostly in the areas of e-invoicing, food safety and 

quality, product and production certification, exchange of laboratory tests and quality results, and 

sustainable production and products.  

 

The e-documents project is an example of pilot prototypes that is part of Phase I, and is focused on 

implementing dematerialization of all exchanged documents between cooperatives, their farmers and 

accounting centres for farmers who have one. This approach aims to offer farmers a complete service to 

dematerialize all the documents they receive from their cooperative. 

 

The e-documents pilot is at this stage implemented in France and managed by Agro EDI Europe 

(http://www.agroedieurope.fr/). Invoice is the most strategic document because of associated tax 

regulations and controls. Member States transposed the European directive on invoicing and e-invoicing 

processes into national laws, with specific ICT requirements for each of them. Due to these specifications, 

this project has a high potential for its wider transferability and multiplication in many other European 

countries. Figure 5 depicts the expected outcome of the implementation of the eFoodChain Framework in 

this specific project: how the documentary processes run today and how the system will look like and 

after the e-documents pilot project is completed. 

 

 
Figure 5 – e-documents pilot 

 

The partners involved in this French pilot project include Adhérents.coop (an union of 40 cooperatives 

who provides extranet system for farmers who are members of a cooperative), five cooperatives (among 

which four are members of Adhérents.coop and one who has its own extranet system)
1
, and an ICT 

                                                           
1
 These cooperatives represent around 23.000 French farmers; during the pilot phase, between one and ten 

farmers per cooperative are involved. 
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provider expert in dematerialization systems. This pilot project started in April 2013 and is running until 

the end of August 2013, its evaluation finalizing in October 2013. 

 

5. CONCLUSION AND FUTURE WORK 

 

The project has developed two draft versions of the eFoodChain Reference Framework. A reference 

process model was developed for each target sector, i.e. Fresh Fruits and Vegetables, Cereals and Dairy 

products. Business transactions are defined and available standard electronic messages are proposed to 

support the correspondent electronic data interchanges. A first ICT architectural element in the form of a 

service is specified for supporting B2B transactions. 

 

Currently the project initiated the demonstration and validation stage of the eFoodChain Reference 

Framework - “Innovators and Early Adopters Scheme” – during which the pilot-prototype projects 

involving various agro-food actors are testing and exploiting the innovative potential of standardized 

digital data exchanges. The eFoodChain Innovators and Early Adopters Scheme is divided into two pilot 

phases: the first phase involves two pilot projects (currently running), while the second phase will start in 

summer 2013, extending the demonstration scope. 
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ABSTRACT 

Intensive agriculture and livestock breeding represent critical factors in the 
environment, particularly in the Lombardy region where nitrate vulnerable zones 
represent 62% of Utilised Agricultural Area (UAA). The problem of reduction of 
nitrogen losses as leaching of nitrates into groundwater and ammonia emissions into 
atmosphere can be only addressed through a critical and scientific analysis of animal 
manure entire production chain. As consequence, the ValorE Decision Support System 
(DSS-Valorisation of Effluents) has been developed to run simulation both at farm and 
territorial scale. ValorE allows to define, simulation scenarios on the basis of different 
manure management options and evaluate these by synthetic indices which take into 
account environmental, economic, technical, multifunctional and normative aspects. 
The application of the DSS in a sample of selected farms highlighted its potentiality as a 
tool to support stockholders' decisions and how an intervention planned at district level 
could be a useful solution to improve livestock manure management. 

 

Keywords: Decision Support System, Integrated assessment, Livestock manure 
management, Nitrogen pollution. 
 

1. INTRODUCTION  

Livestock production determines serious environmental problems such as greenhouse 
gas (GHG) emissions, agricultural land use as grazing and feed production and 
emissions of reactive nitrogen (N) in atmosphere and water. These problems are getting 
much importance due to the stringent environmental targets required by the agricultural 
policies and regulations for preventing pollution of land, air and water.  
The plain area of the Lombardy region (northern Italy) is characterised by an intensively 
managed agriculture with high livestock density and elevated use of production factors. 
Lombardy region accounts for a big part of the Italian livestock: in particular more than 
27% of cattle and 45% of pigs (ISTAT, 2012). Thought the animal manure is a source 
of valuable plant nutrients and renewable energy it is a potential problem for the 
environment and human health. Concerns related to nitrogen pollution as leaching of 
nitrates into groundwater and ammonia emissions into atmosphere are well-known. 
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Nowadays is needed a whole farm perspective to deal with the environmental concerns 
due to livestock activities. The approach has to consider the strong links among feeding, 
housing, treatment processes, storage conditions and field application practices along 
the manure management chain because it affects the soil, air and water quality, the crops 
growth and consequently the farm income. The selection of livestock manure 
management options is becoming a strategically important task that farmers and public 
policy makers have to face. 
The awareness of the environmental problem and the requirement of the whole-farm 
approach have encouraged the development a Decision Support System (DSS) able to 
provide to stakeholders, such as policy makers, farmers and their consultants, an 
assessment tool to evaluate different livestock manure management systems (Alfieri, 
2012).  
 

2. MATERIALS AND METHODS 

2.1 Characteristics of the DSS 

The DSS ValorE, consists of three main components: data management subsystem, 
model management subsystem and a user-interface. Different external databases provide 
the relevant information to the DSS while a software package developed in the .NET 
environment and implemented using object oriented and component paradigm 
(Donatelli et al., 2012) through the C # language, includes several linked models to 
simulate livestock manure management at farm scale, from the animal feeding to the 
land spreading. A simple representation of the DSS structure is reported in Figure 1. 
Two different types of user-friendly interfaces allow to manage the simulation at farm 
and territorial scale.  
 

 
Figure 1. Schema showing the general structure of DSS ValorE. 
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2.1.1 Databases and References Information 

All the information to run the system are stored on available and wide databases, which 
are provided by Lombardy Government. Such regional data concern (i) farm structure, 
(ii) meteorology, and (iii) pedological characterisation. Another database contains 
several tables of default data referred to technical and agronomic management derived 
from existing literature and farmers interviews. 

2.1.2 Structure of the Software 

The intended purpose of the DSS is to simulate each stage of livestock excreta cycle 
from excretion by the herd to the crop N uptake as well as the N cycle and losses 
occurring via leaching, and gaseous emission (volatilization and denitrification) at farm 
scale. 
The structure of DSS consists of different modular components relating a specific stage 
of the manure production process for a variety of livestock types (mainly dairy cows 
and pigs). Each component allows for selection of strategies to simulate a specific 
process and each module results represent the input data of the subsequent one (Figure 
2).  
 

 
Figure 2. Modular component of the DSS relating to each specific stage of the manure 

production processes. Each module implements its specific simulation model. 
 

Excretion module 
To evaluate the impact of the different livestock rations on urine and faeces excreted by 
cattle and swine the dynamic of N and P content is simulated as a function of feed 
intake. The models allows to estimates separately for urine and faeces the amount of N 
and P excreted; in particular the output are: (i) the excreted products as fresh matter (kg 
FM d-1), (ii) urine and its N content (kg d-1), (iii) the amount of faeces, calculated as 
difference between the total excreted products and urine (kg d-1), (iv) the N faeces 
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content and v) the milk N content (kg d-1). The sub-model for dairy cattle and pig are 
developed according to literature, whereas the excretion of other animal species such as, 
poultry, sheep, goats and horses, is estimated as a fixed percentage of live weight, as 
recommended by existing regional legislation. 
Farm manure management modules 
Slurry is subjected to chemical and physical modification with relative gaseous losses to 
the atmosphere. For the storage and treatment processes the module simulates: (i) the 
final volume of slurry, (ii) the final chemical and physical composition (N, P2O5 and 
K2O), (iii) the solid and liquid fraction, (iv) gaseous losses to the atmosphere (NH4

+, N2, 
N2O, CH4 and CO2), and (v) the eventual production of biogas and cogenerated electric 
energy in the anaerobic digestion treatment. ValorE includes several treatments: solid-
liquid separation, anaerobic digestion with biogas and energy production, ammonia 
stripping, nitrification and denitrification, aerobic stabilisation and composting.  
Agronomic module 
The agronomic module is based on the crop simulation model, ARMOSA (Acutis et al., 
2007). Nevertheless, the efficacy of process-based models at large scale is questionable 
due to the long computational times required. Therefore, a meta-model that can provide 
comparable results as the original model at a lower computational cost is used. 
The ARMOSA model simulates crop growth, water and nitrogen dynamics in arable 
land. The crop simulation module is based on SUCROS – WOFOST model (Supit et al., 
1994); the water dynamics can be simulated using the cascading approach, or the 
Richards’ equation, solved as in the SWAP model (Van Dam et al., 1997) and nitrogen 
dynamics is simulated according to the SOILN approach (Johnsson et al., 1987). 
The meta-model was performed starting from the results of 70.000 simulation under 
different scenarios of cropping systems in Lombardy. In particular, the agricultural 
management was defined in function of the farm types and the pedoclimatic conditions 
of the region. The meta-model development involved the sensitivity analysis (Saltelli et 
al., 2005) of the input variables on the ARMOSA output in order to finally reduce the 
input data. Results of N losses and crop yields under different cropping systems, 
management and pedo-climatic conditions are provided by the meta-model. 

2.1.3 Farm and Territorial Simulations 

The farm represents the simulation unit whereas the aggregation of farms lets for a 
regional assessment under a specific scenario. In order to carry out the territorial 
analysis, a WebGis application was developed to elaborate a tabular and map based 
summary, at different aggregation scales (e.g. farm, hydrologic basin, municipality, 
county, region, NVZs, etc). The farm simulator is aimed at farmers and allows the 
analyses of management and of technological alternatives available for the pre and post-
excretion management to better valorise the livestock manure. The territorial simulator 
is aimed at policy makers and is available on a WebGis interface which handles 
spatially distributed input and output data. It works on a regional scale and allows the 
evaluation of the impact of alternative management options and regulatory measures 
from the agronomic, environmental and economic point of views. All the maps exported 
from the software are in Italian language since it was not performed an English version. 
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2.2. Tasks of the DSS 

To carry out comparative analysis the software offers a possibility to know the current 
perspective in terms of manure management system at farm or territorial scale by 
interrogating the databases available. Then it is possible to enhance the N management 
generating different alternative scenarios both at farm and territorial scale, thanks to an 
extensive choice of management options. Changes can be focused on manure and 
cropping system management. Current and alternative scenarios defined as sustainable 
can be evaluated and compared by using indicators. Moreover a specific tool of the DSS 
makes possible to investigate the effect of policy measures. 

2.2.1 Query Tasks 

The software offers the possibility to be used as instrument for easy interrogation of the 
regional databases. Both predefined and custom queries can be generated and the results 
are available in exportable reports (Excel or PDF format). The query system is based on 
a WebGis interface, to help the users to obtain aggregated information for specific 
geographic areas (i.e. region, provinces, municipality, farms etc..). Thus, it makes 
possible to obtain a general perspective of the farming systems characteristics including 
the potential and critical environmental issues related to the manure management. The 
domain available includes: animals herd, animal housing, manure storage, manure 
treatments, cropping systems, economical and mechanisation aspects, policies aspects 
(e.g. normative compliance of slurry storages) and pedo-climatic characteristics. 

2.2.2 Alternative Scenarios Generator 

The alternative scenarios generator allows to select options referred to manure 
collection systems, storage facilities and manure land application methods and includes 
possible changes at cropping system level. This generator permits the evaluation of 
different managerial hypothesis for improve the N efficiency of a single farm or for a 
sample of farms. Several inputs, such as i) number of LSU, protein content in animal 
ration and the daily weight increase rate (kg d-1), ii) livestock housing, iii) slurry 
treatment, iv) manure storage feature v) type and timing of manure application on the 
basis of calculated fertilisation plan, vi) cropping system and vii) fertiliser management 
scheme, can be modified. 

2.2.3 Indicators 

The evaluation of actual and alternative scenarios and their comparison is computed 
with the software through the calculation of a wide range of indicators. They are a 
synthetic representation, both expressed as quantitative and qualitative scales, of the 
implications on technical, agronomic, environmental, energetic, and economic aspects 
due to the adoption of a particular management. 

2.3. Case study using the DSS 

ValorE DSS was used to evaluate the effect of alternative management option on the 
nitrogen management at the regional scales selecting a sample of farms. The actual farm 
configuration was labelled as “actual scenario” (ACT) while the hypothetical farm 
configuration is labelled as “alternative scenario” (ALT). The sample area was 
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represented by nine neighbouring municipality localised in the province of Bergamo. It 
was chosen because is a nitrates vulnerable area with high organic N load. Within the 
area, through a “query” function, were selected only livestock farms, over 50 ha of 
agricultural utilisable area (UUA) and that did not respect the limit of 170 kg per year 
ha-1 of nitrogen from organic fertilisers. The sample was composed by 28 farms. The 
organic N load aggregated at municipality level is very high and ranged from 325 to 605 
kg ha-1 of UUA. 
The alternative scenario hypothesized involved the implementation of the nitro-denitro 
treatment plant with the removal of N. The livestock manure is first separated in a liquid 
and solid fraction. The liquid fraction enters in the nitro-denitro plant and successively 
stored in a tank for the final agronomic use. The remaining part is moved to a belt press 
and stored in covered facility together with the solid fraction obtained from the first 
separation. The final product could be applied on fields or sold outside farm. The 
simulation of the actual farms configuration was done using input data from the regional 
databases updated at 2011. 
 

3. RESULTS AND DISCUSSION 

The first positive effect due to the implementation of nitro-denitro treatment plant was 
the strong reduction of the organic N available to be distributed on farms fields As 
reported in Table 1 the reduction ranged from 39% to 66% demonstrating that nitro-
denitro process is a reliable solution to get compliancy with nitrate directive under 
derogation limits (i.e. 250 kg ha-1 of organic N) (Figure 3). Moreover, relevant 
advantages from an environmental point of view can be obtained. N leaching and 
ammonia volatilisation were reduced from 38% to 75% and from 24% to 34%, 
respectively (Table 1). 
 

Table 1. Effects of the implementation of the nitro-denitro treatment plant. 

 

Municipality 
N distributed on field 

(Kg ha-1) 
N leaching  
(Kg ha-1) 

Ammonia volatilized 
(Kg LSU-1) 

 
ACT ALT 

INCR(+) 
DECR(-) 
% 

ACT ALT 
INCR(+) 
DECR(-)  
% 

ACT ALT 
INCR(+) 
DECR(-) 
% 

Antegnate  544 206 -62 219 77 -65 68 50 -26 

Barbata  537 182 -66 197 77 -61 96 68 -29 

Calcio  488 168 -66 135 52 -61 51 37 -26 

Covo  503 201 -60 223 69 -69 44 29 -34 

Fontanella  606 249 -59 231 89 -61 81 59 -27 

Isso  538 239 -56 159 40 -75 45 34 -26 

Pumenengo  326 199 -39 135 84 -38 42 32 -24 

Romano di Lomb.  587 254 -57 109 50 -55 47 36 -24 

Torre Pallavicina  419 200 -52 131 62 -53 47 35 -25 

LSU: livestock standard units; ACT= actual scenario; ALT= alternative scenario 
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Unfortunately the fertilisation value of manure was halved because of the 50% of N was 
lost as N2. This aspect implies the reviewing of the nitrogen fertilisation plans. From an 
economic point of view the direct costs of construction are relevant: for a dairy farm of 
130 ha with 55 lactating cows and an annual volume of liquid manure produced of 
12000 m3, the expected investment (estimated by the software) is approximately 
380.000 Euro. However, considering the aids provided by the measure 121 of the 
current Rural Development Programme (2007-2013) applied in the Lombardy region 
the economic investment could offset by 35-40%. 
 

 
Figure 3. Mean organic N load (kg ha-1) [carico medio di azoto organico] aggregated at 
municipality scale for the ACT scenario (a) and after the implementation of the nitro-

denitro plants (ALT scenario) (b). 
 

4. CONCLUSIONS 

The DSS developed is an attempt to create an instrument for the environmental 
protection in a very intensive agricultural area with one of the livestock density higher 
in the World. Through the ValorE software the analysis can be carried out for all the 
farms in the region, and alternative management scenarios as well as hypothesis of 
policies can be tested. The spatial and integrated approach allows to deal with 
conflicting objectives, interests and expectation of the stakeholders involved. 
The main advantages of the DSS ValorE over other similar systems is that is designed 
to manage different livestock manure types. The OOP targeting at modularity and 
reusability allows a more intuitive and strong separation among data, models and 
interfaces. The architecture of the software and the OOP offers an easy and automatic 
updating of the application and of the model algorithms as well as the possibility to 
maximise the ease of maintenance. The farm simulator could help farmers and their 
consultant such as agronomists and technicians of the Italian farmers organizations to 
find better solution to valorise the organic manure in environmental, technical, 
agronomic and economic terms. Whereas, the territorial simulator represents a tool to 
support policy makers under the decision process, i.e. for example the planning of the 
Rural Development Programme interventions. The results of management option for a 
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sample of farms has shown how the intervention planned at district level could be a 
useful solution to improve livestock manure management. 
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ABSTRACT 

European wine industry is a strategic economic sector that is nowadays facing a 
growing competition in the international market at the same time it as to deal with 
predictable lower support from the CAP. Taking into consideration that the use of ICT 
can support the development of new tools and devices that can reduce costs and increase 
final product quality/quantity an international consortium that comprises 3 technical 
companies and 3 winegrowers together with 3 research groups setup the EU Project 
PREMIVM. In this work will present the PREMIVM decision support system that was 
developed including the field device for data collection - WINEPEN, the web 
information management system for data storage, processing and information 
visualization, and the smartphone interface for information delivery. 
 
Keywords: Grapevine, Ripeness detection, Web DSS, information system 

1. INTRODUCTION 
In August 2009 was fully implemented the reform of the Common Market Organization 
(CR Nº 479/2008, 29-04-2008). It aims at minimizing the surplus of basic low quality 
wine, reducing EU subsidies and making EU wine more competitive. This reform, the 
inevitable disappearance of EU subsidies together with the recent economical crisis, 
more demanding consumer trends, the competition of New World producers and 
uncertainties caused by climate change, will put into risk a significant number of EU 
winegrowing SME´s. 
 
To survive, EU winegrowers will have to increase crop value (grape quality), reduce the 
production volume of basic wine and convert part into premium quality. This can be 
achieved by implementing effective field control methods that avoid the common 
problem of mixing under-ripe and over-ripe grapes, main cause for the production of 
poor quality wines. Currently vineyard variability is controlled through visual 
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inspection, grape tasting, expensive and laborious laboratory analysis and the use of 
traditional handheld refractometers.  
 
Taking into consideration that the use of ICT can support the development of new tools 
and devices that can reduce costs and increase final product quality/quantity an 
international consortium that comprises 3 technical companies and 3 winegrowers 
together with 3 research groups setup the EU Project PREMIVM. 
 
PREMIVM proposes a solution based on proven laboratory experimentations performed 
by partners of the consortium: WINEPEN - a low-cost, handheld device capable of non-
invasively estimating sugars, chlorophyll, polyphenols and nitrogen in grapes and 
leaves. All this in the vineyard, by means of the innovative use of chlorophyll 
fluorescence and reflectance multispectral data correlated by specific mathematical 
models, with GPS tags for all readings. The measurement principle is based on the 
natural response of vegetal species to light, where specific molecules are excited at a 
certain wavelength and emit radiation of a different wavelength. The emission spectrum 
provides qualitative and quantitative data that can be used by vineyard managers to 
precisely control the field, reduce vineyard variability, define optimal harvesting times 
and increase production value 

2. MATERIAL AND METHODS 
In order to remain competitive in the world market EU winegrowers will have to 
increase crop value (grape quality), reduce the production volume of basic wine and 
convert part into premium quality. This can be achieved by implementing effective field 
control methods that avoid the common problem of mixing under-ripe and over-ripe 
grapes, main cause for the production of poor quality wines.  To contribute for solving 
this problem the European Project PREMIVM (www.premivm.eu) was setup and 
proposes a solution based in s web decision support systems that includes a low-cost, 
handheld device capable of non-invasively estimating sugars, chlorophyll, polyphenols 
and nitrogen in grapes and leaves - WINEPEN.   

2.1 Premivm principles 
The principle behind PREMIVM project is a measurement of spectral properties of 
photosynthetic active samples. Incoming sunlight can be reflected (reflectance, R) 
absorbed or transmitted by the sample. Absorbed light is primarily used for 
photosynthesis, but in parallel part of the absorbed energy is emitted in form of heat or 
re-emitted in form of chlorophyll fluorescence (Chl-F) (Fig. 1). This natural response to 
light by plant species is the basis for creating specific spectrochemical methods of 
analysis like fluorescence and reflectance where basically the molecules of the analyzed 
contribute to the specific spectral properties of the sample. The emission spectrum 
provides information for both qualitative and quantitative analysis (Carter et al., 2001). 
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Reflectance signal represents the incoming 
irradiance not absorbed and thus not used by the 
photosynthesis in the sample. Since the absorption of 
radiation in the different ranges of the spectrum 
depends on the molecular structure, reflectance can 
be taken to identify a chemical compound in the 
sample surface from close to remote distance (Card 
et al., 1988). The reflectance of wine leaves and 
grapes in the visible range of the spectrum (400 to 
700 nm) is influenced by the absorption bands of the 
chlorophylls, carotenoids and partially by 

anthocyanins. The analysis of these pigments allows monitoring health, disease, stress 
and ripeness of the plants (Gausman and Quisenberry, 1990). When measuring intact 
plant material one must take into account that the formation of chlorophyll/carotenoids-
protein complexes and scattering and internal reflectance of cells and cell organelles 
leads to slight changes of the absorption characteristics of these pigments compared to 
the reference pigments dissolved in a solvent (Vogelmann, 19939. 
 
The reflectance of leaves and grapes in the UV range of the spectrum (below 400 nm) is 
non-specific and too low and to detect characteristic 
absorption bands. In the near infrared (700 to 1400 nm) 
the reflectance signal is influenced by scattering within 
the plant tissue which can be taken as an indicator of 
stress. In the medium infrared (1400 to 8000 nm) the 
signal is influenced by absorption bands of water and 
other mostly unspecific compounds (lignin, cellulose) 
(Hunt and Rock, 1989). 
 
This natural response to light by plant species is the 
basis for creating specific spectrochemical methods of 
analysis like fluorescence and reflectance. The 
emission spectrum provides information for both 
qualitative and quantitative data that can be used by 
vineyard managers to precisely control the field, reduce vineyard variability, define 
optimal harvesting times and increase production value. The key is to manage locally 
the fine and delicate balance between yield and quality and to differentiate the vineyard 
area. This can be done by controlling the main parameters that define grape ripeness 
(sugar content, polyphenols, and chlorophyll) and plant condition (nitrogen, 
chlorophyll).  
 

Figure 1 - Reflectance and 
Fluorescence spectrums for 

chlorophyll 

Figure 2 - Grape ripening process, 
during which grape chlorophyll 

decays. This can be correlated with 
ripeness parameters. 
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2.2 Field device for data collection - WINEPEN 
The WINEPEN instrument is produced 
by one of the partner´s project Photon 
Systems Instruments [PSI, Brno, Czech 
Republic]. The instrument is a low-cost, 
handheld spectrophotometer with touch 
screen display with the capability to make 
wavelength and intensity readings of 
fluorescence and reflectance. The spectral 
response half width is 9 nm with 
integration time up 5 ms to 10 s. It has a 
memory capacity up to 8000 
measurements with a battery life of 48 
hours of continuous operation. The 
dimensions are: weight: 255 x 75 x 40 
mm with 300 g of weight. 

Figure 3 - WinePen 

2.3 Data Collection 
Before each field data collection, the user should calibrate, preferably at home to avoid 
penetration of full sunlight to detector during calibration. For measure the grapes the 
user just has to point the sample holder to the bunch and press measure. To measure the 
grapes collected for lab trials the user has to put the grape berry and place it into the 
sample holder and press measure button.  

 
 
 
 
A progress bar will show the status of the measurement and the information in the 
display. One measure will take approx. 10 second and when finished the user can 
proceed with the next sample because the data will be saved automatically. After the 
user completes the measurement the instrument is connected to the computer with a usb 
cable and download the data collected using a desktop software created for that purpose. 

Figure 4 - Berry  in the winepen 
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 3. PREMIVM INFORMATION SYSTEM 
 
Premivm created a decision support system (Figure 5) including WINEPEN, an easy to 
use device capable of non-invasively quantifying sugar, polyphenols, chlorophyll and 
nitrogen content in grapes and leaves. 
 
 

 
 
 
 
 
All field readings made with WINEPEN will have a GPS tag, giving the user total 
liberty to easily extend their previously implemented sampling schemes. When 
uploaded to the PREMIVM vineyard management software, the data will generate easy 
to interpret spatial field analysis information accessible on the Web.  
 
The Premivm DSS can be used to optimize the growth/ripening of grapes, reduce 
vineyard variability, define optimal harvesting time, set differential harvesting schemes, 
select proper grape variety/terroir combinations, micromanage local differences in the 
vineyard and assist integrated agriculture practices.  
 
Two versions of the application were released since two different profiles of users have 
been envisaged. On one side, a standalone application was developed for users that want 
to store the data in their own computer, this application does not allow the user to access 
remotely the stored information and, according to that, was not require an internet 
connection. On the other hand, a web layer was also developed. This web application 
fed with information sent from the computer in which the device will be connected by a 
USB connection. In this case, an internet connection is required and the application 
allows remote access. The software modules in charge of receiving information from 
the device, processing it, database access and correlation modules will be shared by 
both applications. 
  
The PREMIVM DSS stores automatically the data uploaded from the device, storing 
and ordering it according to the date and the position of the readings.  After the user 
sends the data to the web application the software generates a map of each vineyard so 
that the end-user can visually see what is happening (for example using a color code to 
represent the phenolic maturity in different locations of the vineyard) 

Figure 5 – Premivm Information System 
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The DSS is capable of generating easy to understand statistical analysis. For example a 
winegrower could draw a graph to see the evolution of phenolic maturity in given a area 
of the vineyard. Or the winegrower could have one of his/her employees taking readings 
in the field, and this person would then plug the device to a computer and the data 
would upload automatically with a single click.  
 
Finally, a smartphone interface was also developed in order to make available a mobile 
information access channel that can be extremely valuable for decision making in the 
field. 

4. CONCLUSIONS AND FUTURE WORK 
The results obtained in the first measuring campaign with the new WINEPEN 
demonstrated that this device is suitable for the application in non-invasive detection of 
photosynthetic pigments and polyphenols contents in berries and thus for fast estimation 
of grapevine ripening. A development of correlation library between the PREMIVM 
instrument and destructive chemical analysis of standard „quality“ parameters was made 
with the aim of studying if the PREMIVM instrument measurements replace destructive 
chemical analysis. The fast data acquisition of the new instrument makes it superior 
over the time-consuming traditional mostly destructive chemical analysis used in 
today's vine growing management (Navratil and Buschman, 2012). 
 
We believe that the overall PREMIVM platform integrating the WINEPEN, the Web 
vineyard management software and the smartphone interface delivers a very promising 
solution based in a low-cost hand-held, and non-invasive optical sensor for 
multiparametric field analysis of grapes and leaves in vineyards. In that sense we are 
using the current growing season to undertake intensive field trials of the equipment and 
DSS in order to optimize its use and incorporate any necessary improvement in the 
version we plan to offer in the market shortly. 

Figure 6 - Map generation process 

Figure 7 – Home page web application 
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ABSTRACT 
 

The unstoppable evolution in diversity and capacity of information and communication 
technologies at our disposal, in particular the growing features of collection and data 
storage, communication facilities and associated action, which can be integrated in 
mobile and collaborative solutions, created a window of opportunity to innovate and 
create decision support systems that allow us to put on the field at the disposal of 
farmers and agricultural technicians sophisticated information systems that support 
decision making by providing updated information, at the right time and in the most 
appropriate format. The delivery of information to the end use is nowadays receiving 
increased attention and to deal with this challenges one of the possible approaches is to 
launch Business Intelligence (BI) platforms. The present work addresses the last step of  
these BI platforms, the user interface challenge and proposes for the agricultural field 
the usage of smartphones and augmented reality as an effective mechanism to deliver in 
the field and in a transparent way information for decision making. With that purpose 
we present a augmented reality prototype to deliver information for decision support in 
a greenhouse using a BI approach and a smartphone Layar augmented reality interface. 

 
 

Keywords:   Decision support, augmented reality, greenhouse, Portugal. 
 

1. INTRODUCTION  
 
The increasing diversity and capacity of information and communication technologies 
at our disposal, created a window of opportunity to innovate and create decision support 
systems that allow us to put on the field at the disposal of farmers and agricultural 
technicians sophisticated information systems that support real time decision making 
namely using Business Intelligence approaches. 
 
A Business Intelligence (BI) platform in an organizational environment has traditionally 
four main components: data sources; a data warehouse; a business analytics component; 
and a user interface. In general and particularly important in the case of the agricultural 
sector, the last component, the user interface, which has to give simultaneous answer to  
“What information?”, “For whom?” and “How to present it?” is an area of increased 
concerns very dynamic and with innovative solutions being delivered to the market 
continuously. 
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The present work addresses this BI platforms user interface challenge and proposes for 
the agricultural field the usage of smartphones and augmented reality as an effective 
mechanism to deliver in the field and in a transparent way information supply for 
decision making. With that purpose we present a augmented reality prototype to deliver 
information for decision support in a greenhouse using a BI approach and a smartphone 
Layar augmented reality interface.  
 

2.  OBJECTIVES 
 

The evolution we can nowadays witness in the information and communication fields, 
namely in the mobile computing and remote sensing, making available in the market 
devices with growing processing capacities and smaller sizes which are able to offer 
sensing functionalities, wireless communication, integrated energy source and action 
capacities, are posing a very interesting challenge to the agricultural sector. This new 
reality places agronomic knowledge under the lights since these technologies can be 
seen as amplifiers of our data collection and storage capacities, challenging the farmers 
and the agricultural experts to develop processes that can convert data into 
information/knowledge and deliver it to the decision maker in order to support the 
everyday business actions. 
 
Nowadays Business Intelligence (BI) platforms are being used to answer this challenge, 
and the final step of any such platform, the user interface layer is the key component of 
the system since it will be the interaction contact point of the user with the platform. We 
include in this layer the digital dashboards and information transmission tools that 
offers the users an integrated and comprehensive vision of the BI platform metrics, 
trends and exceptions, combining information from multiple sources. The present work 
addresses precisely this BI platforms final step that consists in the information delivery 
for user decision-making. For that purpose we propose the usage of smartphones and 
augmented reality as an approach capable of making available in the field and in an 
transparent way a effective information transmission mechanism to support decision 
making. 
 
The main objective of this research was to develop an augmented reality early warning 
system prototype for B. cinerea in a tomato greenhouse supported by a wireless network 
of air relative humidity and temperature sensors installed inside the greenhouses. Our 
goal is to demonstrate the potential of this approach and the utility of the prototype we 
built as a tool for growers and technicians to improve climate and disease control in the 
greenhouse. 

3. AUGMENTED REALITY 
 
The term “Augmented Reality” was initially suggested by Caudell and Mizell (1992) 
who described it as the act of combining computer generated elements with the real 
world. However, the first experiences with “augmented” realities date back to 1962, 
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when Morton Heilig recorded the patent of a machine, called Sensorama, which had the 
ability to reproduce movies while adding wind, vibration, smell and three dimensional 
images.   
 
Although there is no exact definition for smartphone, mostly due to the rapid 
technological changes in this context, a smartphone can be described as a 
communicating device with advanced processing skills, equipped with a video camera 
and means to access internet, namely 3G technologies and Wi-Fi. A smartphone device 
also incorporates motion sensors and a GPS navigation system. These characteristics 
make mobile phones (or smartphones) a privileged access point for information, and 
like a 2010 report from the International Data Corporation points out “vendors shipped 
a total of 302.6 million smartphones worldwide, up 74.4% from the 173.5 million 
smartphones shipped in 2009” (IDC, 2011), smartphones represent a significant share in 
the global market.  
 
More recently new platforms and paradigms emerged to propel AR development in 
smartphones like Layar (2011), Junaio (2011) and Wikitude (2011). All of these 
companies embraced a new concept which consisted in an Augmented Reality browser 
with a number of features that allowed developers to produce Augmented Reality 
content according to a specific set of rules, and, finally, allowed end-users to view 
computer generated elements (audio, video, images and animations) superimposed to 
the live camera view of common smartphones. These AR browsers are compatible with 
most mobile operating systems like the Android (2011), the iPhone OS by Apple 
(2011), or the Symbian (2011).  
 
Smartphones’ interaction potential, combined with AR technologies, represents the 
starting point for our prototype that is to be applied to a BI platform that collects data 
from a tomato greenhouse wireless sensors network. We are focused on testing a new 
information delivery interface of mixed realities where access to information and the 
possibilities for exploring and interacting can be enhanced.   
 
Smartphones are nowadays a communication tool that allies portability, which is 
fundamental for the agricultural sector, with the access to an important bundle of 
information and localization services. At the same time, Augmented Reality – or the act 
of overlaying virtual elements over images captured in real time – is taking advantage of 
the growing processing capacities of smartphones and we have nowadays at our 
disposal several applications that take advantage of wireless networks, positioning 
detection capacities and movement sensors to deliver new and innovative information 
interfaces. 
 

2.  Augmented Reality Greenhouse Prototype 
 
As referred previously, one of the most well known Augmented Reality browser for 
smartphones is Layar (http://www.layar.com), available free of charge for IOS and 
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Android, and for which it is possible to build information layers, published as web 
services, and consumed by Layar being visualized in the AR browser upon activation by 
the user.  In that context and supported by a augmented reality framework developed by 
the authors it was tested the use of smartphones and augmented reality on Layar, with a 
prototype that was built and we will present to deliver the information in a Business 
Intelligence platform for an early warning system of Botrytis cinerea Pers. in a tomato 
greenhouse. The prototype takes advantage of a Layar browser for smartphones and 
augmented reality to enable in the field and in realtime the visualization of the 
environmental conditions in the greenhouse, identify and characterize the plots, as well 
as diagnose irrigation needs. 
 
2.1 Augmented Reality Framework 
 
The publication of the information to be consumed by the Layar browser in the 
smartphones is based in ISEGI-NOVA AR Project, a work developed previously 
(Cardoso and Neto, 2013). The ISEGI-NOVA AR Project consisted in developing and 
deploying an Augmented Reality system to assure a multitude of services, directed to 
the smartphone medium. These services, making use of existing AR third party 
technologies, allow users to interact with multimedia layers (images, sounds, video, web 
content, animations) superimposed to the image captured by the smartphone camera.  

2.1.1 Architecture Overview 
The AR project was developed in compliance with Layar’s architecture requirements. 
Fig. 6 displays Layar’s architecture (Layar, 2012) alongside the ISEGI-NOVA AR 
Project’s architecture, which contains all components that were developed within the 
project’s scope. Using the third-party Layar infrastructure requires some registration 
and configuration steps on the Layar site but, essentially, to be able to play an AR 
experience on a smartphone, the key aspect that the ISEGI-NOVA AR Project must 
assure is that a JavaScript Object Notation - JSON (JSON, 2012) message is delivered 
whenever a proper request is received. In the end, a smartphone with the Layar AR 
Browser installed, can then translate the JSON structured message into everything the 
points of interest (POI) the user sees and everything the user is allowed to do in the AR 
world. 
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Figure 1. Architecture Overview 
 

To explain how the AR content is brought to the smartphone we will use Fig. 6 as an 
example:  

a) The ISEGI-NOVA AR Project’s content provider creates an AR experience using the 
AR Management Site (item 6, Fig. 1), writing the contents to the AR Database (item 5, 
Fig. 1). The AR creation process makes use the AR Libs intelligence (item 7, Fig. 1), 
that knows all about the JSON language that the Layar AR Browser (item 3, Fig. 1) 
understands. 

b) The user opens the Layar application on the smartphone, finds our content layer through 
the application’s search tool, and opens our AR world. This initial connection, which 
retrieves existing layers, is made between the smartphone (item 3, Fig. 1) and the Layar 
Publishing Site (item 1, Fig. 1); 

c) Once the world is opened, the smartphone’s Layar API performs content requests to the 
Layar server, forwarded via proxy (item 2, Fig. 1). These requests are redirected to the 
AR provider’s web service (item 4, Fig. 1) – we are the provider, in this case. The 
request contains information like the AR world’s ID, the GPS coordinates of the 
smartphone which performed the request, among other attributes; 

d) Once the AR provider’s web service (item 4, Fig. 1) receives a request, it accesses our 
AR Database (item 5, Fig. 1) and, using our AR Libs intelligence class library (item 4, 
Fig. 1), prepares an answer in a JSON format that is returned to the Layar server which, 
in turn, forwards the response to the smartphone’s AR browser; 

e) After the AR browser API on the smartphone receives the JSON response, it can 
translate the structured language into visual information, and the user can finally engage 
in the Augmented Reality experience. Since the JSON response may contain portions 
that point to external links (images, video, sounds, webpages), for performance 
purposes, the AR browser will access these links directly, without using the Layar 
proxy as intermediary. 

2.1.2 The AR Web Service 
The AR Web Service is prepared to handle HTTP requests and to return a JSON 
response. As illustrated in Fig. 8, the access point for the AR Web Service is the AR 
HTTP Handler which, in fact, is a generic ASP .NET Generic Handler class. The class 
implements the HttpHandler interface (MSDN, 2012) and defines a default 
ProcessRequest method which receives the HTTP requests and returns the JSON output 
to the browser responsible for the request. The mentioned ProcessRequest method 
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receives an HttpContext object as argument which encapsulates several elements 
associated with the request: the request parameters, the application state, and 
information about the session, to name a few. 
 

 
Figure 3. AR Web Service 

 
 
2.2 Greenhouse Augmented Reality Prototype 
 
Tomato is a very important crop in the Mediterranean region in general and in Portugal 
in particular being the production for fresh consumption made essentially in 
greenhouses. One of the most important diseases affecting greenhouse tomato crops is 
Botrytis cinerea Pers.: Fr., the causal agent of grey mould disease and high relative 
humidity and the presence of free water on the plant surfaces have been recognized as 
favourable to the development of this disease. 
 
In previous research Neto et al. (2011) proposed a business intelligence approach to 
create an early warning system providing to the tomato grower alerts with information 
of the potential favoured conditions for the grey mould disease appearance in its early 
stages or even before since they can have a very positive impact in reducing the 
economic and environmental impacts due to a more rational and efficient disease 
control management. The proposed early warning system was supported by a sensors 
wireless network and technologies such as SMS, e-mail and Web access to deliver the 
warnings.  
 
Nevertheless, taking into consideration in one hand the developments in AR and the 
work of the authors in the field and in the other the known need to create new 
innovative ways of delivering information to the farmers, it was considered relevant to 
create a prototype that linked the above referred greenhouse tomato early warning 
system with the ISEGI-NOVA AR Project. 
 
Our goal was to demonstrate the potential of this approach and the utility of the 
prototype we built as a tool for growers and technicians to improve climate and disease 
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control using smartphones and Layar browser to deliver richer information in real time 
in the greenhouse. With this objective in mind a dynamic data connection was made 
between the data warehouse of the early warning system and the ISEGI-NOVA AR 
Project which supported the publication of a specific layer of information to be 
consumed in the greenhouse (Figure 4) 
 

 

Figure 4. AR Greenhouse prototype 
 
The AR Greenhouse prototype was tested in the field covering three different types of 
information to show the potential of this approach to present relevant POI for decision-
making, namely: 

a) Identification – information regarding the crop, installation date, variety information, 
etc. 

b) Performance – information concerning soil water content status with the possibility of 
clicking the POI to obtain further information about irrigation scheduling. 

c) Environment – information and several environment metrics, such as temperature, 
humidity, CO2, etc. 

  
4. CONCLUSIONS AND FUTURE WORK 

 
The plataform prototype that was built to test the the usage of augmented reality in a 
greenhouse following a business intelligence approach and taking advantage of Layar 
technology was sucessfull and the field tests were very promising. 
 
One of the next developments will be on the Points of Interest potencial use to add 
aditional information. If for instance, we are seeing a temperature POI in the AR 
browser we can use a thermometer to display the actual reading in the greenhouse in 
that moment, or we can use a gauge as a POI with a red to green gradient scale to 
present a metric making very easy to understand not only the value but also the 
meaning. 
 
Finnally, altough in the present work we only presented the prototype and the results of 
the first field tests, we are now developping a large scale evaluation of the concept 
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altogether we the inclusion of image processing for crop diseases identification through 
the usage of Layar Vision technology. 
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ABSTRACT 
 

This paper describes a device developed to aid farmers shooting images in fields for the 

monitoring of crops without any button manipulation. The device, referred to as the 

Hand Framing Camera, allows users to quickly switch between shooting and field work 

because with this device, it is not necessary to take off gloves or get the camera out of a 

bag or pocket. Users can take pictures by forming the shape of a picture frame around 

the target with their hands. The result of a field test suggested that users could easily 

and quickly take pictures of plants while they were at work in the field.  
 

 

Keywords: Field monitoring, growth information images, Hand Framing Camera, 

Japan. 

 

1. INTRODUCTION  

 

Increasing the value of agricultural products requires high quality and consistency. Field 

monitoring devices (Hirafuji et al., 2005; Kobayashi et al., 2012; López Riquelme et al., 

2009; Morais et al., 2008; Sun et al., 2009; Díaz et al., 2011; Matese et al., 2009; 

Garcia-Sanchez et al., 2011; Honda et al., 2009) as well as work logging systems 

(Sugahara et al., 2008) that automatically collect physiological and environmental data 

to monitor differences including in quality, size and appearance of products (Motonaga 

et al., 2004) have been developed. However, it is difficult to monitor the variation in 

crop growth by using such fixed point monitoring systems, because the cost of 

installation and maintenance of many monitoring devices in a field is high. 

 

We developed a device to aid farmers shooting images in fields for the monitoring of 

crops without any button manipulation. The device allows users to quickly switch 

between shooting and field work because with this device, it is not necessary to take off 

gloves or get the camera out of a bag or pocket. Users can take pictures by forming the 

shape of a picture frame around the target with their hands. The developed device can 

be used to achieve an overall observation of the field by allowing farmers to take 

pictures while they are at work. 
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2. HAND FRAMING CAMERA 
 

The developed Hand Framing Camera includes a laptop PC, a USB camera, and AR 

markers. The AR markers are square shaped small thin papers with black and white 

markings, which are attached to the back of the users’ gloves. The users put on a 

backpack which contains the PC and wear a cap with an attached camera. The camera is 

always searching for the markers, and it saves a framed picture when the users make a 

hand frame with the markers facing the camera. The system makes four short sounds on 

finding the markers and a picture is taken after the forth sound. Users can easily cancel 

the shooting by putting their arms down so that the markers go out of the camera view. 

 

The picture is automatically processed and saved as two different versions; a picture 

with the frame drawn around the target and a picture cropped at the edges of the frame. 

The processed pictures allow viewers to easily observe crop statuses from the viewpoint 

of the farmer.  

 

 

 

 

3. EXPERMENT 

 

We performed an experiment to confirm the feasibility of the developed device in an 

outdoor environment. A participant put on the backpack with the laptop PC and the cap 

 
Figure 1. Parts of Hand Framing Camera 
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with the camera. He took pictures of tomatoes that are grown outside in a small garden 

at Shinshu University. 

 

The participant took pictures by making a hand frame five to ten centimeters away from 

the targets. A shorter distance between the markers and the target lessens the difference 

in the viewpoint between the user’s eyes and the camera. Although he deliberately let 

his hands approach the target, he always had a natural posture when he took a picture. 

 

Figure 2 shows the pictures taken in the experiment. Figures 2(a) and (b) show the 

markers on the thumbs, while figures 2(c) and 2(d) show the markers on the forefingers. 

Taking pictures was easy regardless of the fingers used. The figure confirms that he 

obtained the expected result because every target is framed in red as intended. This 

shows users can easily take framed pictures of targets in their vision while at work in 

the field. 

 

 

 

4. DISCUSSION 

 

The results of the field experiment showed the developed hand framing camera was 

feasible and was able to take pictures determined by the hand frames of users. Although 

 
Figure 2. Results of the field experiment 
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pictures with similar user determined framing/targeting can be achieved by ordinary 

commercial digital cameras, they require users to take off their work gloves because the 

gloves interfere with the pushing of buttons and may make the camera dirty. In contrast, 

the proposed method provides a non-contact interface so that users can take pictures 

easily and quickly when they are at work in the field. 

 

A similar study, Ubi-Camera (Furuyama et al., 2012), also used the hand framing 

method. The device provides an intuitive user interface for taking a picture. Users attach 

a small device to their finger and push a button to take a picture while making a hand 

frame. Although the concept is similar to that of our study, the Ubi-Camera requires a 

button based manipulation and it is difficult to use at work in a field. Contactless 

interaction like our developed Hand Framing Camera is a more suitable device for use 

in the field because it does not interrupt the work of the farmers. 

 

An application of the Hand Framing Camera that is useful to farmers is making image 

based activity logs including recording the name of the agricultural chemicals they use 

or the appearance of the trees they prune or engraft. In addition, such image based work 

logs will provide a good way for farmers to refine skills and share knowledge of 

agricultural technology. 

 

One of the limitations of the Hand Framing Camera is that it requires bulky equipment. 

At this stage of the study, we used a laptop PC because the system provides feedback 

sounds and requires adequate computational resources to process AR marker detection. 

A promising solution will be the use of smart phones. They can provide sound feedback, 

build-in cameras for marker detection, and an Internet connection. Smart phone based 

Hand Framing Cameras will be possible if they can detect AR markers in real time. 

 

 

5. CONCLUSION 

 

In this paper, we developed a device to aid farmers shooting images in fields for the 

monitoring of crops without any button manipulation. The device was named the Hand 

Framing Camera and allows users to quickly switch between their work and shooting 

because it is not necessary to take off gloves or get a camera out of a bag or a pocket. 

We performed a field experiment and the result suggested that users could easily and 

quickly take pictures of plants while they are at work in the field. In the next step of our 

study, we will implement the hand framing picture taking in smart phones to achieve 

higher mobility and feasibility. 
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ABSTRACT 

Advances in the Information and Communication Technology (ICT) and availability of fine 
resolution remote sensing spatial data provides an opportunity to identify previously 
unknown and potentially useful patterns from the huge datasets.  Application of geospatial 
data mining techniques has been used in various agricultural contexts such as drought 
management, vegetable quality classification, pest management and several other agriculture 
related areas.   

The recent development and implementation of watershed programs in rainfed  regions of 
India has highlighted strategies that can be used to  conserve water for irrigation of crops.  
Due to aberrant rainfall conditions in the rainfed regions and enormous changes in the 
landuse, the impact of the watershed development has greatly influenced the local hydrology.  
Any  understanding  of  the impact  of watershed development cannot be made through an 
examination of  a individual watershed, but through the examination of  all surrounding 
watersheds. This can be achieved using geospatial datasets and available novel data mining 
algorithms.  For example, these techniques could provide an assessment of the effectiveness 
of watershed development using different land use patterns, cropping intensity, water 
availability, aquifer re-charge and positioning of different watersheds structures in a 
catchment.  This paper attempts to explore the application of geospatial data mining 
techniques to   watershed data sets.  An evaluation and quantification of hydrological impacts 
of watershed development under varying climate and management scenarios using advanced 
techniques of geo-spatial data mining could be one means to improve the understanding of 
these impacts. This paper reports on the  development of a  robust data matrix of various  
parameters that affect the watershed and the application of various data mining algorithms.  It 
is concluded that  there is no single technique that can be used to assess the impact of 
watershed development.   
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1. INTRODUCTION 

Utilization of cutting edge Information and Communication Technology (ICT) advancements 
such as availability of high resolution remote sensing data, Geographical Information System 
(GIS) techniques and data mining algorithms helps researchers to identify previously 
unknown and potentially useful patterns from the huge datasets.  This paper reviews research  
on application of geospatial data mining techniques to different agricultural datasets and how 
this can be used to describe watershed development impact assessment. 
 

1.1 Watershed Development 

In recent years, India has look to watershed development as a way to realize its hopes for 
agricultural development in rainfed and semi-arid areas (Fig. 1).  This intense development of 

watershed has lead to a number of  impact studies by Government and Non-Government 
research organizations to  understand the role inhydrological, social and economic processes.  

 

Fig. 1 Gross Area Sown (Ha) and Villages with Watershed Development* in Anantapur 
District, Andhra Pradesh, India during 1995 to 2004                                                             

(Data Source: http://www.watershed.nic.in/ProgressOfSubActivityStatewise.asp and Andhra Pradesh Bureau of 
Economics and Statistics, Hyderabad) 

(* Villages  treated under different watershed schemes including completed and ongoing) 

Effective water management is dependent on a number of factors such as demography, 
climate, soils, landuse and topography and these are affected by changing climatic conditions. 
Rainfed areas in particular, frequently experience water deficits due to irregularity in the 
rainfall pattern.  For example, changes in rainfall intensity and volume in rain fed areas can 
influence the water table as well its agriculture.  The rainfed regions in India often 
experiences either drought situations or erratic rainfall conditions (Wani, Venkateswarlu et al. 
2009) (Fig. 2).  Though the annual rainfall may be average, the actual occurrence of the 
rainfall during the agricultural season is changing.  The changes in the intensity of rainfall 
and prolonged hydrological drought during monsoon season could be some of the reasons 
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which can be attributed to climate change effects, either no runoff or excess runoff 
2010).  A greater understanding of the dry and wet spells during the monsoon will help in 
efficient agricultural operations 
regions of India has developed many water harvesting structures which are exclusively 
designed to store the rainwater 
It has been highlighted that the 
to the improvement  the agricultural a

Fig. 1 Annual Rainfall (mm) at Gooty Rain gauge Station, Anantapur District, Andhra Pradesh
(Data Source: Andhra Pradesh Bureau of Economics and Statistics, Hyderabad, 2011)

Several water harvesting structures has been constructed in the watershed areas in the form of 
checkdams, percolation tanks, rock fill dams to stop the f
infiltration in that area.  However, t
watershed programs  to construc
optimum results due to improper location of these st
2008).  Impact assessments,  based on several socio
impact  of water harvesting structures and the hydrological changes after 
development. This is crucial and challenging 
hydrological impact cannot be assessed
pattern and may not be necessarily from watershed development 
Geospatial analysis utilizing data such as daily rainfa
and watershed development at different time scales could help in understating climate change 
impact and hydrological changes in the watershed before and after the development of water 
harvesting structures.   

1.2 Geospatial Data Mining 

Data mining is a new inter-
discovery from the databases 
approach which includes statistical analysis, data visualization, neural networks, knowledge 
discovery, pattern recognition and data base management 
 
Geospatial data mining is an emerging active research field which uses the massive spatial 
databases for knowledge discovery and extraction o
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which can be attributed to climate change effects, either no runoff or excess runoff 
.  A greater understanding of the dry and wet spells during the monsoon will help in 

efficient agricultural operations (Singh and Ranade 2009). Watershed program
has developed many water harvesting structures which are exclusively 

to store the rainwater to raise the  ground water table (Garg, Karlberg et al. 2011
It has been highlighted that the criteria used for development of these watershed

the agricultural and water productivity (Bhalla, Pelkey et al. 2011

Fig. 1 Annual Rainfall (mm) at Gooty Rain gauge Station, Anantapur District, Andhra Pradesh
(Data Source: Andhra Pradesh Bureau of Economics and Statistics, Hyderabad, 2011)

Several water harvesting structures has been constructed in the watershed areas in the form of 
checkdams, percolation tanks, rock fill dams to stop the flow of water and to increase 

However, the investments made by the Government of India 
construct several water harvesting structures, has 

optimum results due to improper location of these structures (Action for Social Advancement 
based on several socio-economic surveys have not examined the 

impact  of water harvesting structures and the hydrological changes after 
crucial and challenging problem which needs further investigat

hydrological impact cannot be assessed locally as it could be due to change
pattern and may not be necessarily from watershed development (Reddy and Soussan 2004
Geospatial analysis utilizing data such as daily rainfall, ground water levels, soil properties 
and watershed development at different time scales could help in understating climate change 
impact and hydrological changes in the watershed before and after the development of water 

 

-disciplinary concept involving data analysis and knowledge 
discovery from the databases (Rok, Matjaz et al. 2007).  It is considered 
approach which includes statistical analysis, data visualization, neural networks, knowledge 

n and data base management (Feelders, Daniels et al. 2000

Geospatial data mining is an emerging active research field which uses the massive spatial 
databases for knowledge discovery and extraction of unknown and useful patterns.  Spatial 
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which can be attributed to climate change effects, either no runoff or excess runoff (Simvonic 
.  A greater understanding of the dry and wet spells during the monsoon will help in 

. Watershed programs in the rainfed 
has developed many water harvesting structures which are exclusively 

Garg, Karlberg et al. 2011).  
watersheds should lead 

Bhalla, Pelkey et al. 2011).  

 

Fig. 1 Annual Rainfall (mm) at Gooty Rain gauge Station, Anantapur District, Andhra Pradesh, India                     
(Data Source: Andhra Pradesh Bureau of Economics and Statistics, Hyderabad, 2011) 

Several water harvesting structures has been constructed in the watershed areas in the form of 
low of water and to increase 

he investments made by the Government of India 
has  failed to give 

Action for Social Advancement 
have not examined the 

impact  of water harvesting structures and the hydrological changes after the watershed 
which needs further investigation.  The 

as it could be due to change in the rainfall 
Reddy and Soussan 2004).  

ll, ground water levels, soil properties 
and watershed development at different time scales could help in understating climate change 
impact and hydrological changes in the watershed before and after the development of water 

disciplinary concept involving data analysis and knowledge 
.  It is considered as a multi-facet 
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data mining involves various tasks such as spatial classification, spatial clustering, spatial 
association and spatial trend analysis.  Spatial data mining efficiently handles huge datasets 
for process based computational algorithms.  This makes an effective visualization to explore 
complex patterns (Guo and Mennis 2009).  The data mining techniques have be applied to 
many areas in the agriculture such as soil classification, water quality monitoring, weed 
detection and atmospheric pollution forecast (Mucherino, Papajorgji et al. 2009).  Data 
mining techniques are often used to study soil characteristics (Eklund 1998).   

 

2. METHODOLOGY 

The present study investigated spatial association data mining algorithm on watershed data to 
understand the spatial and temporal association of watershed development.  The methodology 
framework is  described  in the Fig. 3.  Data collected from different parameters with spatial 
and temporal attributes has been used for the analysis and this has been tabulated into a mega 
dataset with all available parameters contributing to watershed development and agriculture 
development.  Spatial data has been collected from the freely available MODIS data.  Other 
data  on land use / land cover mapping, soil properties data, slope of the stream, height and 
width of the checkdam, agriculture bore wells in the vicinity of the water harvesting structure, 
rainfall data, ground water levels has been collected and tabulated.   

 

Fig. 3 Geospatial Data Mining approach framework 

After analysing the spatial characteristics of watersheds, the mega watersheds has been 
further divided into small watersheds with various categories.  The key variables identified 
for this analysis are tabulated in Table 1.  Water harvesting techniques are based on the local 
needs of the agriculture.  In some cases, checkdams are constructed to divert the stream flow 
into a natural farm pond and in other cases its used for ground water recharge.  This study 
explored the spatial association of checkdams and its impact in the surrounding hydrology.  
Data on Geomorphology, Geology and Lithology along with land use and soil properties 
helps in understanding the location specific hydrological characters of the watershed.   
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Table 1. Identified spatial and temporal variables for watershed data mining  

Spatial Temporal 
Stream network Rainfall 
Water harvesting structures Landuse changes 
Natural recharge structures 
(farm pond, tank) 

Ground water levels 

Slope Bore well Pump Yield 
Geomorphology Demography  
Geology  
Slope  
Soil  
  

The association of each variable with the watershed is made with different combinations 
using association algorithms.  For example, :IS_A(X,”CHECKDAM”) ^ CLOSE_TO(X, 
“TANK”) = RECHARGE_INDEX(X, “HIGH”) [0,5%, 80%]  (80% of tanks recharge based 
on close proximity of check dam in 0,5% of dataset).  In this case, the water harvesting 
structure is very close to a natural farm pond (tank).  The association rule mining can be used 
to identify the location specific issues in the water harvesting.   

 

Fig. 3 Check dams in a watershed having different soil types (Inset: Check dam structure)  
 

3. SUMMARY 

Application of novel algorithms enhances the quality of the output as compared to existing 
indigenous techniques.  Geospatial data mining in the field of agriculture related domains and 
in particular to watershed impact assessment is a current challenge.  The data mining requires 
crucial data to understand the impacts at a micro scale.  Geospatial data mining algorithms 
enhances the  understanding of spread, location and its impact on the local hydrology-within 
watershed and within the contiguous watersheds. The effect of climate change at micro level 
watershed scale is difficult to  understand but the impact can be experienced indirectly.   
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The rainfall data at an hourly rate and the infiltration rate at different check dam structures 
and the levels of ground water at a less interval during rainy season can provide greater 
accuracy.  Unavailability of year wise water harvesting structures data with its location 
specific coordinates, also may hinder this type of spatial analysis.   The techniques applied to 
the real-time data will enhance the skills of decision making in a better way for the planners 
by simulating with the location specific conditions with a simple decision support system.  
However, with the revolution in the software and hardware availability and the ease of 
optimal storages can give more options for collection of micro level data sets for a crucial 
study using geospatial data mining techniques.   
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ABSTRACT 
 

The number of educational institutions, companies and other users applying knowledge 

repositories has grown significantly in the last decade, therefore they have become as 

important means and resources as other informational systems of the institutions. 

However, there are several conditions and components to implement and use these 

systems successfully. Based on opportunities of knowledge service system we have 

created a 4-level model. This model shows and expresses the plenitude of the 

application of knowledge service, has become an integer, and uses all the benefits of 

this process for the recovery of University of Debrecen service system.  
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1. INTRODUCTION  

 

The number of educational institutions, companies and other users applying knowledge 

repositories has grown significantly in the last decade, therefore they have become as 

important means and resources as other informational systems of the institutions. 

However, there are several conditions and components to implement and use these 

systems successfully. For example what kind of system is chosen, how it is 

implemented and introduced. The operation of the system and the services available for 

the users are also important. Above all, probably the most significant question is what 

the different types of users can profit from the system. What is the advantage of using 

it? How does it help the process of getting knowledge? Naturally, the organizational and 

economical aspects of the use of repositories are also important. The international and 

domestic institutions of higher education is facing challenges and tasks among the first 

in what strategy to employ in addition to the rapid development of information 

communication technologies. There are number of international and domestic research 

provides important and useful experience for market development of e-Learning 

technologies. Institutional development strategies, the leaders of higher education 

institutions must take account of changes in reporting procedures and the potential of e-

learning benefits of technology. The integration of the domestic institutions of higher 

education in the European research area will speed up the e-Learning technologies, 

knowledge of the results, the recovery experience. The topic choice was the reason that 

it is primarily agricultural and economic education courses we attend training system at 

the University of Debrecen Centre for Agricultural and Applied Economic Sciences 

(UD CAAES). Primarily we can apply the e-Learning solutions for our objectives set 
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out in these courses. There is a European project which is the basis for my research, 

with one of the exercise part of an e-Learning system was the introduction of the 

selection and training of project-defined target group. Accordingly, we have researched 

the e-Learning applications of UD CAAES. The primary objective was to improve the 

efficiency and quality of education formulated by introducing e-Learning technologies. 

 

2. E-LEARNING SYSTEM IMPLEMENTATION AT UD CAAES 

 

Like many other higher education institutions, we have introduced the Moodle system at 

UD CAAES in 2007. The faculty leaders recognize the fact that modern technologies in 

education should be entered, which was realized in the Moodle system. The phases of 

the system implementation are shown on Figure 1. In the beginning of the 2006/2007 

School year 2nd semester, Moodle was used for 5 exams and objects. In the 2007/2008 

School year 1 half have increased to 17 the number of active courses in the Information 

Technology category, this meant that the Economic and Agricultural Informatics 

Department of the subjects taught by 80% has been applied in the context of Moodle. 

 

 
Figure 1. E-Learning System Implementation phases at the UD CAAES 

 

Departmental use and testing of one year after the scheme began in January 2008 with 

the introduction of the Faculty of Business and Rural Development. Prior to the 

introduction of the system used in Moodle version has also been updated. The system 

used a large number of courses has grown rapidly, and with it of course, the users 

(teachers and students) numbers. Began in 2009, the Agri-Business Administration and 

site of introduction, which has continued to grow thanks to the courses and the number 

of users as well. Implementation of the phases during the system upgrade has happened 

several times in order to become available as soon as the newer features. To 
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implementation have found that although all the features of Moodle to provide online 

learning and teaching process, but it does not help the media, the creation of interactive 

resources, which are important elements of e-Learning. 

 

4. FOUR-LEVEL E-LEARNING MODEL 

 

Moodle provides online learning and teaching process, but it does not help the media, 

the creation of interactive resources, which are important elements of e-Learning. The 

Moodle LMS and e-Learning was created based on the possibilities of a 4-level e-

Learning model (Figure 2). This model shows and expresses the plenitude of the 

application of e-Learning, has become an integer, and uses all the benefits of this 

process for the recovery of UD CAAES Moodle education system. This model shows 

that the institutional e-learning application, which is ongoing and at levels which have 

yet to be fulfilled in order to complete each level, together with supporting model, run 

the UD CAAES e-learning activities. 

 
Figure 2. The 4-level e-Learning model 

 

Level 1: Information repository - this is a Moodle system, which includes only those 

electronic documents, as documents of the courses, teaching materials, PowerPoint 

presentation. This entry-level functionality of the system is Moodle of UD CAAES. 

Level 2: Survey - to assess the knowledge and performance activities, such as the use of 

tests and tasks. 

Level 3: Online practice - - multiple choice, true / false, matching, short answer and 

other types of questions they answer and create, evaluate and support of Moodle in the 

question bank and activity of the test beds. 

Level 4: Learning Objects - Elements of the curriculum (LOs) are in the final points of 

the use of e-Learning. An e-Learning content can be built from these elements. The 

interactive, multimedia learning objects Moodle is not suitable for the establishment, so 

this should be used for external application. 

Our goal for the initial introduction of Moodle LMS was to achieve level 1. Supported 

by a tutor training which is designed for trainers to create a tutoring team, who are their 

level 1 of use of e-learning. It quickly met. To do this, it should be noted that not all 
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teachers see the potential of Moodle system, so they're not actively using the system, 

but the active systemic tutors observing their activities for entry-level functionality of 

the Moodle UD CAAES met over a year. (Lengyel et al., 2009). The real challenge for 

the 4th level has been reached. Over the next few years, the curriculum will be 

supported by elements of the course structure. The elements of great material progress, 

as shared and reused. This is a repository eligible. 

 

5. ANALYSING THE COSTS OF E-LEARNING APPLICATION 

 

E-Learning project is a very complex analysis of economic activity, which includes 

business and economic factors. For this reason, perhaps the most important economic 

factors affecting the training process and their specific interactions, environments, 

knowledge of conditions (Marengo et al., 2005). After they concluded that analysis of 

the combination of factors which best fits the specific training needs. We listed the cost 

items to 3 groups, which are assisted in Table 1. 

Table 1. Type of cost items  

 
The first cost includes the cost of technology. The development of digital content, or to 

obtain the total cost of the training process is one of the largest part. The Digital content 

is much better quality; better quality figures should be prepared as conventional printed 

education curricula. More videos and other learning elements can be colorful and assist 

in the learning process in which the creation, development, acquisition greatly increases 

the cost. The cost is not dependent on the number of employees, the number of student, 

the number of training programs and the duration of a course. 

The storage of materials using a hosting service or your own server to solve the 

operation, which involves cost for both cases, but only for the duration depends on the 
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number of students in training programs do not. However, it should be noted that the 

total cost of this cost is low. The cost of the distribution of content from anywhere, at 

any time ensure that broadband internet access provided. This is a cost, both service 

providers (educational institutions) and the service recipient (student) side is shown, but 

not the total costs. 

E-Learning project is undoubtedly one of the biggest costs of purchasing LMS (Holton, 

2002). Opportunity cost of ignoring this, in case if we choose an open-source 

framework. These frameworks may be used freely and can be downloaded free of 

charge, may be obtained. This significantly reduces the introduction of an e-Learning 

system costs, helping the educational institutions to make a minimal cost to start an e-

Learning project. 

The Hungarian higher education institutions reduce costs significantly by internal 

humánerőforrásból to ensure implementation of these activities. Compared to the 

traditional training they all represent additional costs, which are also an important part 

of a project's total cost of e-Learning. The system will allow you to use and operation of 

infrastructure (hardware and software) the cost must be considered in calculating the 

total cost. It should be designed, what server, servers are required, or in conformity with 

the current network implementations, student and faculty computers. The costs vary by 

number of participants in the student as necessary to ensure the conditions for e-

Learning service. The cost can vary the distance such as wiring costs. The hardware 

costs, software costs can be counted as such. server, study material, software and other 

multimédiaszerkesztő replacement value. The traditional training costs are too high 

compared to costs on. As the information technology applications has reduced the cost 

of web-based education support systems for the cost of a downward trend is expected. 

Accordingly, the same cost more "powerful" systems can be obtained, or the same 

system at lower cost to operate, but they are optimistic about the prospects for any of 

the attractiveness of e-Learning application. This means that the e-Learning investment 

return on the total cost will be faster. 

The overall costs and advertising support costs to be reckoned with, E-Learning 

program to ensure the effectiveness, for example, students should have the basic IT 

training to allow them to participate in e-Learning training. Personnel costs and 

overheads to be high value against the cost of traditional education. 

 

6. E-LEARNING IN THE DEVELOPEMENT OF HUMAN 

RESOURCEMANAGEMENT OF AGRICULTURAL TRADE 

 

Many organizations that are active in the agricultural sector, such as the Agricultural 

Administration Office (MgSzH) and the Rural Development, the Training and the 

Consultant Institution of the Ministry of Rural Development (VKSZI) realized the 

opportunities of e-Learning. The e-Learning training of the MgSzH’s professionals 

began on the 27 December, 2009. The goal of this training was to test the usability and 

the possibility of integrating the e-Learning user surface in the actual education system. 

Although, this was a pilot testing, the curriculum and the tests were real (Vörös et al., 

2010). Due to the growth of the volume of internet users and the reduction of the 
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amount of money spent on education, it was necessary to develop a cheaper and more 

efficient way of education. This resulted in the development and the launch of the e-

Learning system of VKSZI in 2010. All consultants can access the curriculum of all the 

trainings via the e-Learning system. There have never been any surveys about the 

application of the e-Learning system among the professional consultants which 

enforced my aim to carry out a research among them.Our questionnaire was accessible 

through Limesurvey. According to the consultant register, 450 of the 600 registered 

consultants with valid email addresses received the questionnaire. accessibility and the 

request to fill the questionnaire electronically. 88 questionnaires were filled out, which 

is 19.6% of the total amount. Basic IT skills and computer usage are the minimal 

criteria for the consultants to be able to participate in the electronic exams. The 

respondents could rate themselves about their computer skills by a scale of five, from 1 

to 5. Figure 6 shows that 37% rated themselves into the category of three, 34% to four, 

22% to five and only 7% rated themselves to a two. This means that the consultants 

have enough IT knowledge to do exams via electronic distance learning. This statement 

is also supported by figure 6, which indicates that 56% of the consultants rated the role 

of the Internet regarding the acquisition of new knowledge by a 5. The research also 

shows that the consultants use the introduced e-Content systems because it is 

compulsory, therefore most of them (51%of the respondents) use the system only every 

2-3 months including the download of the curriculums and the compulsory testing 

(Figure 3). 

 
Figure 3. The evaluation of e-Learning System benefits and the use of frequency 

 

According to 36% of the consultants, the most important advantage of the system is the 

independent testing regarding the exam appointments. It is interesting to see that only 

10% of them think that the most important advantage is the time saving. My conclusion 
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is that the most difficult part is the time management and not that they have to have time 

for examinations. 

The research clearly demonstrates that the introduction of the e-Learning system was 

welcomed positively by the consultants and they recognized its benefits and advantages.  

 

7. COLLABORATIVE SYSTEMS AND KNOWLEDGE BASES 

 

Increasingly difficult to navigate among the proliferation of digital objects due to the 

lack of powerful search options. The full-text search engine no matter how sophisticate, 

will never be able to absorb so many aspects and the accuracy of search results lists, 

such as those familiar with computerized library catalogue. The latter case is flexible 

and refined over the centuries, the search for precise and consistently applied standards 

for describing bibliographic permit. The documents published on paper documents 

stored as data in a computer is required to accompany metadata only began in the 

nineties more widely recognized. Since then, many different detailed recommendations 

and standards have been different document types and applications. 

The repositories will allow the different types of contents (text, image, video, audio, 

etc), storage and publication of re-use. Capable of organizing information stored in the 

(developing categories, meta-tags) and use them to ensure efficient retrieval. 

 
Figure 4. Collaborative model of e-Learning research development and application 

 

A repository of universities and research institutes work with document servers, and 

archive scientific material to be accessible worldwide for free. Distinguish between 
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institutional and disciplinary repositories. Institutional repositories document server 

they are called, are financial institutions (especially university libraries and research 

organizations) are operated, and their members to enable the digital publishing and 

archiving. Nodes of the EU project have developed an Index of Knowledge (Burriel, 

2007), which are a based on Dublin Core metadata. The Dublin Core is not intended to 

displace any other metadata standard. Rather, the role is to be used in parallel, often 

with the same resource, a metadata standard, which is based on different semantics. The 

simplicity of both reduces costs and facilitates the preparation of metadata for 

operational cooperation. On the other hand the simplicity does not accommodate the 

semantic and functional richness supported by complex metadata formats. We created a 

collaborative model to illustrate the papers presented and analyzed in e-Learning 

systems, knowledge base and learning repositories and the functional, informational and 

cooperative relations of them (Figure 4). The model plays a central role in the UD 

CAAES e-learning system consists of a number of knowledge base (Journal of 

Agricultural Informatics, conferences, HAAI academic portal) repository (Kempelen 

Farkas repository) institutional database and linked to international projects. The 

creation of the model, my aim was that I developed, implemented in open source 

systems and apply the knowledge base to realize the relationship, helping students with 

faculty, collaborations among researchers, learning contents interactive knowledge 

bases and the use of their own, domestic partner institutions and foreign partners. 
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ABSTRACT 

In this study, development of a planning support system (PSS) was studied as a tool 

to support the planners for analyzing and choosing the best policy instruments in order 

to adapt to climate change.  In order to carry out this study, different methods for 

regenerating the time series of climatic variables were assessed and finally, a 

comprehensive weather generator model was developed which was capable in 

regeneration of statistical characteristics and also spatial correlation between 

neighboring stations. After downscaling the monthly outputs of GCM models using the 

Inverse Distance Weighting (IDW) method, the developed weather generator model was 

used to generate daily time series for the base and climate change scenarios. In order to 

simulate the Taleghan reservoir daily inflow using the data fusion method, the outputs 

of the best Artificial Neural Networks and Hammerstein-Wiener models were used and 

the reservoir daily inflow was simulated under climate change scenarios. The results 

confirmed the decrease of mean daily inflow in almost all the months. PSS biophysical 

input coefficients were estimated using the DSSAT crop simulation models under all 

climate scenarios for 24 land units. The potential production of all studied crops could 

vary between 86% and 122% of the potential productions in the base scenario. Also, it 

was revealed that the net irrigation requirement of the crops will decrease by 12% on 

average. The main goal of the PSS was to maximize the total net income of the entire 

area. Analyzing the management scenarios using the planning model showed that the 

best option for climate change adaptation will be the combination of all the instruments 

in one management scenario. Also, it was concluded that the reduction of interest rate 

and using two different water prices for surface and pressurized irrigation systems could 

be the best management scenarios after the combination scenario.   

Keywords: Planning support system, climate change, adaptation strategies, 

management scenarios, DSSAT models, Iran.   
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1. INTORUDCTION 

Agriculture is one of the most important sectors of Iran’s economy. A major part of 

national employment and large share of areas and water demands are related to this 

sector. More than 17 million hectares of country area are allocated for agriculture and 

nearly 94% of water demand of the country is consumed by agriculture (Alizadeh and 

Keshavarz, 2005). Agriculture of Iran supplies required foods for more than 70 million 

inhabitants. One of the most critical challenges before country’s agriculture is using 

available resources sustainably in order to improve production and living standards. For 

now, Iran imports a major part of its strategic crops requirements (like wheat, rice, 

potato, oil seeds and sugar beet). Socially and economically, increasing gross domestic 

agricultural productions and improving self-sufficiency level is among government’s 

strategic objectives. Current production level of most crops is considerably lower than 

their potential levels because of limitations of production technologies, water allocation 

strategies and government policies (Farhadi Bansouleh, 2009).  

Despite of vast experiences in global and national planning, designing a planning 

support system (PSS), which is able to use available data and combine biophysical and 

socio-economic information in a planning and policy making process, didn’t receive 

enough attention. Taking recent progresses in geo-information technologies into 

consideration, using regional average values of crop productions or personal judgments 

in a planning process is not a proper and efficient practice since spatial variations of 

these values are not taken into consideration and there is possibility for making an 

unrealistic plan. Therefore, it is necessary to develop a system to combine biophysical 

and socio-economic information from smaller scales into much larger scales. Such a 

system can support planning and policy making in agriculture and can also be a basis 

for analysis at different scales and enables discussion between different stakeholders.  

Reviewing the studies on planning process and also the studies in the field of climate 

changes reveals that these two topics have been seldom addressed together. Taking 

climate change impacts into consideration in planning process and also assessing and 

developing strategies in agricultural sectors can results in a better understanding of 

future climate change impacts on this important sector of economy. Hence, in this study, 

a spatial planning support system is used to develop and assess some policy instruments 

for adaptation to climate change in Qazvin irrigation and drainage network which is 

located near central part of Iran. This system makes use of available biophysical and 

socio-economic information from different spatial scales.  

2. MATERIALS AND METHODS 

2.1  Study Area 

Study area includes Qazvin irrigation and drainage network, which is located in 

Qazvin province of Iran (35
o
-30’ to 36

 o
-40’N and 49

o
-10’ to 50

o
-40’E). This area is one 

of the most important agricultural producing areas in the country. Wheat, barley, corn 

and tomato are the major irrigated crops cultivated in the area. The whole area of the 
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network has been reported 85000 ha (Ramezani Etedali, 2012) and 20-25% of the whole 

area is kept fallow each year. The agricultural water requirement of this network is 

mainly supplied from Taleghan reservoir with total capacity of 450 MCM. According to 

the design plan of this reservoir, 278 MCM is supposed to be allocated to agriculture, 20 

MCM to artificial recharge of groundwater resources, 150 MCM to domestic demands 

of Tehran city and 12 MCM to downstream environmental requirements.  

2.2  Model Structure 

The first stage is to describe the characteristics of Land Utilization Types (LUT). 

Each LUT is a unique combination of cropping scenarios (crop + planting date + 

irrigation regime) and irrigation methods (surface or pressurized). Afterward, 

combining LUTs and Land Units (LUs) results in Land Management Units (LMUs). 

Next, a planning model is developed for the entire study area in LINGO. Since the 

farmers are mostly market-oriented in this region, total net income is selected as the 

goal function of the planning (optimization) process. Decision variables include 

allocated area to each MLU and also some variables related to Taleghan reservoir 

operation (environmental release) (Figure 1). Each constraint represents the limitation 

of activities at a specific scale. For instance, limitations on groundwater usage have 

been considered at the LU level, while limitations on the allocated area to each crop 

have been considered at the global scale (i.e. the entire irrigation and drainage network).  

 

Figure 1. Developed planning model and its reservoir operation sub-model. 

2.3  Model Implementation 

2.3.1.  Estimation of Biophysical Coefficients 

Biophysical input-output coefficients (crop yield, water requirement, and nutrient 

losses) of the model have been generated by spatial application of crop growth 

simulation models. In this process, DSSAT (Jones et al., 1989, 1994, 2003; 
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Hoogenboom et al., 2003) models were used. DSSA models were calibrated using 

available field data for wheat (Golkar, 1998), barley (Farhadi Bansouleh, 1998), corn 

(Mirlatifi and Sotoudehnia, 2002) and tomato (Farahmand, 2004) as the major 

cultivated crops in the study area. PEST (Doherty et al., 1995) was used to find the 

target unknown crop parameters to achieve the minimum value of an error function. For 

silage maize, corn and soybean, ecotype and cultivar coefficients were selected in a way 

that DSSAT models were capable in simulating (1) reported average yields, (2) seasonal 

evapotranspiration and number of required irrigation reported by the Ministry of Jihad 

Agriculture, and (3) The reported growing lengths in the study area.  

DSSAT models were run in 24 LUs. These LUs were mapped by overlaying soil 

maps and weather grid. Daily weather data of four neighboring climatic stations were 

used and the weather grid was drawn using Thiessen’s method. Growth of different 

crops has been simulated using DSSAT models for 100 years, but only 21 years of these 

simulations were used as inputs to the PSS (because of computer memory limitations 

while running LINGO for a very large problem). The potential biophysical coefficients 

were then scaled into actual values using production efficiency (PE) values. This 

efficiency values were determined using the method proposed by Nazari (2013) based 

on the estimation of crop yield for each part of the farm according to assumed 

distribution uniformity values.  

2.3.2.  Estimation of Socio-Economic Coefficients 

Socio-economical coefficients included the water price (per unit volume), production 

costs and yield price (main yield and by-products) for each studied crop and labor 

requirements for the production of each studied crop. All required information was 

obtained from the Ministries of Agriculture and Power, and the Center of Statistics.  

2.3.3.  Weather Generator Models 

Simulation of daily climatic time series is the most important and usual application 

of Weather Generators (WGs). Sensitivity analysis of crop simulation models revealed 

that the use of the regional daily average temperature values results in the 

overestimation of crop production. Therefore, the accurate simulation of crop 

production requires synthetic data which can mimic the daily variations of climatic 

variables (Ababaei et al., 2010b; Nonhebel, 1994; Semenov and Porter, 1995; Semenov 

et al., 1998). In current study, six different WG models were assessed, among them a 

newly proposed semi-parametric algorithm proposed by Ababaei (2012). The best WG 

model in the study area was selected according to well-known error statistics. This 

model combines a daily WG model with a monthly WG to better reproduce interannual 

variations of climatic variables. Also, a correction algorithm is also incorporated into 

this model to improve the performance of the WG models in relation to the interannual 

variances (low-frequency variances). Comprehensive explanation of these models can 

be found in Ababaei (2012). After choosing the best WG model in the study area, a 

newly proposed algorithm was developed which was capable in preserving spatial 

correlation between neighboring stations. This algorithm uses an extended Markov 
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model for precipitation occurrence simulation and a semi-parametric algorithm for other 

climatic variables.  

2.3.4.  Climate Change Scenarios 

In order to describe climate change scenarios (IPCC Emission Scenarios, SRES), the 

monthly outputs of 25 general circulation models (GCMs) were extracted from PCMDI 

database for all climate change scenarios (CCSs). The CCSs include 20c3m (twentieth 

century scenario as the base scenario), Commit (CM), A1b, A2 and B1 (Nakicenovic et 

al,. 2000). The means and standard deviations of monthly mean values were calculated 

for all scenarios for the periods 1980-1999 (base) and 2040-2069 (CCSs). Two kinds of 

changes (anomalies) relative to the base scenario were studied: (1) changes in the mean 

of monthly means and (2) changes in the standard deviation of monthly means (i.e. 

interannual standard deviation). Absolute changes (Eq. 1) were used to calculate 

temperature anomalies and the relative changes (Eq. 2) for precipitation. Eq. (2) was 

also used to calculate the anomalies of the interannual standard deviations:  

Eq. 1) BGCMSGCM TTT ,,    Eq. 2) BGCMSGCM VVV ,, /  

Where T: average temperature means, V: mean or standard deviation of precipitation, 

S index: simulated CCS by specific GCM model and B: simulated base scenario by the 

same GCM model. Inverse Distance Weighting (IDW) method was used for removing 

the discontinuity between the adjacent stations. In this method, the value of desired 

variable in the target point is calculated by weighted averaging the values in the K 

nearest GCM grids. The CCSs were classified into five classes. The first class includes 

all CCSs together (All). The other classes each include one climate change scenario 

(CM, A1B, A2, and B1). In each class, the anomalies were calculated for 50% 

percentiles as the CCS representative. 

2.3.5.  Reservoir Daily Inflow Simulation 

In the recent years, Artificial Neural Networks (ANNs) have been widely applied to 

simulate and forecast the hydrological variables (Ababaei et al., 2012; Razavi and 

Araghinejad, 2009; Razavi and Karamouz, 2007). In this study, a new type of black-box 

models, Hammerstein-Wiener models, were also assessed for the first time in 

hydrologic simulations and for the simulation of Taleghan reservoir daily inflows. This 

structure has been successfully used in order to simulate nonlinear systems in different 

fields of science (Ceka et al., 2000; Eskinat et al., 1991; Kalafatis et al., 1995; Pearson 

and Pottmann, 2000), but not in hydrology. Models were tested using available historic 

data on Taleghan reservoir daily inflows. Then, the selected models were also assessed 

with a 100-year synthetic daily data from a weather generator model.  

Data Fusion (DF) is the process of combining information from multiple sensors or 

data sources to provide a solution to increase accuracy or make more inferences 

(Dasarathy, 1997). DF method could significantly improve hydrological forecast in 

comparison with the use of a single model (See and Abrahart, 2001; Abrahart and See, 

2002; Shu and Burn, 2004; Azmi et al., 2010). 
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2.3.6.  Constraints 

As the planning model is actually an optimization algorithm, it is subjected to several 

constraints. These constraints were applied on the area allocated to each crop in each 

LU, maximum fallow area in the study area, underground water balance, maximum 

volume of water allocated for groundwater recharge, and constraints related to the 

reservoir operation, including the constraints issued by the domestic water requirements. 

Each of these constraints was taken into consideration at its relevant scale. 

2.4  Adaptation Strategies 

The general framework for policy assessment in agriculture and land use sectors is 

presented in Figure 2. Sometimes the objectives of policy makers are different than the 

farmers. So, it is necessary to use policy instruments to change farmers’ behaviors and 

eventually to change land uses. In this study, the farmers’ responses to a few policy 

instruments were simulated by the proposed PSS. Proper indices (economic, social and 

environmental) were estimated to assess the impacts of each instrument using a multi-

criteria analysis. Seven management (adaptation) strategies were assessed: (BS) the 

current management (base management scenario), (S1) expansion of pressurized 

irrigation systems across the study area, (S2) decreasing bank loan interests for 

pressurized irrigation systems, (S3) using two different water price for surface and 

pressurized irrigation systems, (S4) increasing supply and distribution efficiencies of 

canal networks and also increasing water application efficiencies for surface irrigation 

(by 5%) and (S5) a combination of all other strategies and (S6) a combination of all 

other strategies with a 50% cut in domestic water demand from Taleghan reservoir 

Economic, social and environmental indices must be selected according to the 

objectives of policy makers in agricultural sector. A list of indices can be found in 

(Farhadi, 2009; Ababaei, 2012). The division of these indices is quite subjective. For 

example, employment could be considered as a social or economic index.  

The selected assessment indices in the current study from the economic viewpoint 

are presented in Table 1. From social or environmental point of views, the weight of 0.6 

will be allocated to the social or environmental general objectives, respectively, and the 

overall weight of each index is calculated by multiplying the weights of general 

objectives, sub-objectives and indices. Some indices were just estimated as informative 

indices and didn’t influence the ranking of the scenarios. 

As these indices have different units and magnitudes, before comparing them to each 

other, they must be standardized. In relation with the benefit indices, the standardization 

was carried out in a way that the highest score was allocated to the index with the 

highest value. As to the cost indices, this was done in a way that the lowest score was 

allocated to the index with the highest value. In this study, two different methods were 

used: (1) Maximum standardization (Eq. 4), and (2) Exponential standardization (Eq. 5): 

Eq. 4)  
)

X
1Max(

X
1

S:        
Max(X)

X
S : ii  iiii WXCostWXBenefit
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Eq. 5)   Max(X)

-X

Max(X)

X ii

S :         S: eWXCosteWXBenefit iiii   

 

Where, Wi: the allocated weight to the ith index, Xi: non-standard value of ith index 

and XSi: standardized value of ith index. 

 

Figure 2. Land use policy development flowchart (Sharifi, 2003). 

Table 1. Selected indices for policy assessment (from economic viewpoint).  
General Objectives Sub-Objectives Indices Overall Weight 

E
co

n
o

m
ic

 

0.60 

Total Income 0.30 
Total Net Income 1.00 0.1800 

Total Gross Income 0.00 0.0000 

Total Costs 0.20 
Total Crop Costs 0.70 0.0840 

Pressurized Irrigation System Costs 0.30 0.0360 

Crop Production 0.30 

Total Agricultural Production 0.35 0.0630 

Strategic Crop Production 0.25 0.0450 

Wheat Production 0.20 0.0360 

Silage Maze Production 0.10 0.0180 

Barley Production 0.10 0.0180 

Economic Productivity 0.20 

Water Economic Productivity 0.50 0.0600 

Land Economic Productivity 0.25 0.0300 

Labor Economic Productivity 0.25 0.0300 

S
o

ci
a

l 

0.20 

Total Employment 0.60 Total Employment 1.00 0.1200 

Regional Production Self-Sufficiency 0.35 Production per Labor 1.00 0.0700 

Pressurized Irrigation Area 0.05 Pressurized Irrigation Area 1.00 0.0100 

E
n

v
ir

o
n

m
en

ta
l 

0.20 

Water Use 0.60 

Total Water Use 0.00 0.0000 

Total Surface Water Use 0.00 0.0000 

Total Groundwater Use 0.00 0.0000 

Total Agricultural Water Demand 0.50 0.0600 

Agricultural Surface Water Demand 0.25 0.0300 

Agricultural Groundwater Demand 0.25 0.0300 

Chemical Fertilizers 0.40 

Total Nitrogen Fertilizers 0.25 0.0200 

Total Phosphorus Fertilizers 0.25 0.0200 

Nitrogen Leaching 0.50 0.0400 

Artificial Groundwater Recharge 0.00 Artificial Groundwater Recharge 0.00 0.0000 

3. RESULTS AND DISCUSSION 

3.1  Crop Model Calibration 
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The results showed that these crop simulation models were very capable in 

simulating total biomass, yield and straw (by-product) production. Specifically, the 

model performances were favorable in simulating nearly-full irrigation scenarios. 

SRMSE values for barley treatments of 50-100% of crop water requirements were 5.5, 

10.9 and 3.6% for yield, straw and total biomass production, respectively. These values 

were 7.3, 5.1 and 5.9% for wheat treatments of 40-110% of crop water requirements 

which can be considered as very accurate. For tomato, SRSME and R
2
 values were 10% 

and 98%, respectively, for fresh yield. Without considering two specific treatments with 

high error values, these values were estimated 6% and 5.3%, respectively.  

3.2  Reservoir Daily Inflow under Climate Change Scenarios 

Two different strategies of data fusion were tested for daily inflow simulation of 

Taleghan Reservoir (Ababaei et al., 2013). Four artificial neural network models beside 

two Hammerstein-Wiener models with the best specifications were used as individual 

simulation models. The results showed that the data fusion method has the capacity to 

improve substantially the results of individual simulation models and to decrease the 

bandwidth of errors (Ababaei et al., 2013). The best data fusion algorithm predicted 

increase of the monthly means only for October. The predicted maximum decreases 

were in the monthly means 18 (November), 20 (July), 14 (November) and 14% 

(November) under A1B, A2, B1 and CM scenarios. The mean decreases of the monthly 

mean inflows under A1B, A2, B1 and CM scenarios were predicted 9, 10, 6 and 5% 

(AL2), respectively, and 7.4% under all CCSs together (Ababaei et al., 2013). 

3.3  Estimation of Biophysical Coefficients 

Model biophysical input-output coefficients (crop yield, water requirement, and 

nutrient losses) have been generated by spatial application of crop growth simulation 

models. The results revealed that crop yields under different climatic scenarios vary 

between 86-122% of the yield values in the base period. Crop responses are different 

under different climate change scenarios. Net irrigation requirements of the studied 

crops generally decrease under climate change scenarios. The average value of these 

decreases is expected to be about 12%. Altogether, crop yields and net irrigation 

requirements showed considerable temporal and spatial variations.  

3.4  PSS Validation 

In order to validate the accuracy of the developed planning model, it was run for 21 

years and then results were compared with the available historic data. Cultivated area of 

each crop varied between 70-100% of the values in current situation. It can be seen from 

Figure 3 that if all constraints are taken into consideration for all 10-day simulation 

periods, it is not possible to cultivate the whole study area without some crops 

undergoing water stresses (specifically corn and silage maize).  
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Figure 3. Simulated and observed areas allocated to crop production. 

The volumes of water withdrawn from surface (reservoir) and groundwater resources 

were shown in Figure 4. A part of the differences between simulated and observed 

volumes from surface resources is related to the withdrawn volumes of water from local 

rivers which are not considered in the planning model. R
2
 value between observed 

(monthly average) and simulated values is about 95% and between the observed values 

with the reliance probability of 80% and the simulated values is about 94%.  

 

Figure 4. Volume of surface and underground water withdrawn. 

3.5  Assessing Adaptation Strategies 

Finally, the proposed and validated PSS was used to assess a few feasible strategies 

for adaptation to climate change. The S6 scenario was assessed just under climate 

change scenarios excluding the Commit scenario and was not considered in the final 

comparison. Overall scores of each adaptation scenario are presented in Table 2 toTable 

4 besides the scores of each general objective independently. The results show that 

different adaptation strategies could have reciprocal impacts. It is also concluded that 

some combinations of these strategies may not be the optimum practice (for example 

from social or environmental viewpoints). Nonetheless, under all climatic scenarios, the 

combination of all strategies results in the best economical outcomes, although there are 

sometimes insignificant differences between S2 and S3 scenarios and the combination 

scenario (S5).  
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Table 2. Overall and individual scores of economic, social and environmental objectives 

(Base Scenario). 

 
Maximum Standardization 

 
Exponential Standardization 

Management Scenarios BS S1 S2 S3 S4 S5 
 

BS S1 S2 S3 S4 S5 

Overall: Economic  0.89 0.91 0.92 0.90 0.94 0.95 
 

1.83 1.92 1.94 1.90 1.92 1.97 

Overall: Social  0.89 0.94 0.95 0.95 0.92 0.98 
 

1.99 2.10 2.12 2.12 2.06 2.17 

Overall: Environmental  0.85 0.90 0.91 0.91 0.91 0.97 
 

1.14 1.21 1.22 1.21 1.20 1.26 

Economic Objectives  0.92 0.89 0.91 0.88 0.96 0.92 
 

2.10 2.18 2.22 2.14 2.20 2.24 

Social Objectives  0.90 0.97 0.98 0.99 0.93 1.00 
 

2.49 2.64 2.66 2.68 2.57 2.72 

Environmental Objectives  0.82 0.87 0.89 0.90 0.88 0.98 
 

0.37 0.41 0.41 0.42 0.41 0.45 

Table 3. Overall and individual scores of economic, social and environmental objectives 

(A1B Scenario). 

 
Maximum Standardization 

 
Exponential Standardization 

Management Scenarios BS S1 S2 S3 S4 S5 S6 
 

BS S1 S2 S3 S4 S5 S6 

Overall: Economic  0.80 0.82 0.85 0.82 0.84 0.88 0.89 
 

1.65 1.75 1.80 1.74 1.72 1.83 1.95 

Overall: Social  0.79 0.83 0.87 0.85 0.82 0.90 0.92 
 

1.79 1.89 1.95 1.91 1.83 1.99 2.13 

Overall: Environmental  0.79 0.82 0.86 0.83 0.84 0.93 0.84 
 

1.06 1.12 1.16 1.13 1.10 1.20 1.22 

Economic Objectives  0.81 0.81 0.83 0.80 0.86 0.84 0.89 
 

1.87 2.00 2.03 1.97 1.97 2.06 2.22 

Social Objectives  0.79 0.85 0.88 0.87 0.80 0.90 0.98 
 

2.22 2.35 2.43 2.39 2.25 2.47 2.67 

Environmental Objectives  0.78 0.81 0.87 0.84 0.84 0.97 0.78 
 

0.39 0.42 0.45 0.43 0.43 0.48 0.41 

Table 4. Overall and individual scores of economic, social and environmental objectives 

(All Scenarios). 

 
Maximum Standardization 

 
Exponential Standardization 

Management Scenarios BS S1 S2 S3 S4 S5 
 

BS S1 S2 S3 S4 S5 

Overall: Economic  0.85 0.88 0.91 0.89 0.89 0.94 
 

1.74 1.89 1.95 1.90 1.83 1.97 

Overall: Social  0.83 0.91 0.95 0.94 0.87 0.97 
 

1.89 2.06 2.14 2.11 1.96 2.16 

Overall: Environmental  0.81 0.87 0.91 0.90 0.86 0.96 
 

1.10 1.19 1.24 1.22 1.15 1.27 

Economic Objectives  0.87 0.87 0.90 0.86 0.91 0.90 
 

1.99 2.15 2.21 2.13 2.09 2.23 

Social Objectives  0.84 0.94 0.98 0.98 0.87 1.00 
 

2.36 2.58 2.68 2.66 2.44 2.71 

Environmental Objectives  0.78 0.85 0.89 0.88 0.84 0.97 
 

0.38 0.41 0.43 0.43 0.41 0.47 

 

Uncertainty analysis (The planning support system proposed for study area helped to 

assess policy instruments and management scenarios in Qazvin irrigation and drainage 

network by combining available information from different resources with different 

formats.  

) revealed that the final ranking of the studied scenarios is not sensitive to the allocated 

weights of the selected indices, since even by considering 50% of uncertainty (error) in 

these weight values, S5 scenario is always selected as the best management scenario and 

S2 and S3 scenarios come as the second and third. 

 Table 5. The probability of allocating ranks 1-6 to adaptation strategies due to 

uncertainty in weight allocations. 
Uncertainty 

 
10%  

 
30%  

 
50% 
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Levels 

  
Scenarios  

 
Scenarios  

 
Scenarios 

Economic  

Viewpoint 

Rank BS S1 S2 S3 S4 S5  
 

BS S1 S2 S3 S4 S5  
 

BS S1 S2 S3 S4 S5 

1 0 0 0 0 0 100  
 

0 0 0 0 0 100  
 

0 0 0 0 0 100 

2 0 0 100 0 0 0  
 

0 0 100 0 0 0  
 

0 0 95.5 0 4.5 0 

3 0 0 0 75.7 24.3 0  
 

0 0 0 61.4 38.6 0  
 

0 0 4.5 54.7 40.8 0 

4 0 0 0 24.3 75.7 0  
 

0 16.8 0 38.6 44.6 0  
 

0 26.2 0 45.3 28.5 0 

5 0 100 0 0 0 0  
 

0 83.2 0 0 16.8 0  
 

0.1 73.7 0 0 26.2 0 

6 100 0 0 0 0 0  
 
100 0 0 0 0 0  

 
99.9 0.1 0 0 0 0 

  
Scenarios  

 
Scenarios  

 
Scenarios 

Social  

Viewpoint 

Rank BS S1 S2 S3 S4 S5  
 

BS S1 S2 S3 S4 S5  
 

BS S1 S2 S3 S4 S5 

1 0 0 0 0 0 100  
 

0 0 0 0 0 100  
 

0 0 0 0 0 100 

2 0 0 100 0 0 0  
 

0 0 100 0 0 0  
 

0 0 100 0 0 0 

3 0 0 0 100 0 0  
 

0 0 0 100 0 0  
 

0 0 0 100 0 0 

4 0 100 0 0 0 0  
 

0 100 0 0 0 0  
 

0 100 0 0 0 0 

5 0 0 0 0 100 0  
 

0 0 0 0 100 0  
 

0 0 0 0 100 0 

6 100 0 0 0 0 0  
 
100 0 0 0 0 0  

 
100 0 0 0 0 0 

  
Scenarios  

 
Scenarios  

 
Scenarios 

Environmental  
Viewpoint 

Rank BS S1 S2 S3 S4 S5  
 

BS S1 S2 S3 S4 S5  
 

BS S1 S2 S3 S4 S5 

1 0 0 0 0 0 100  
 

0 0 0 0 0 100  
 

0 0 0 0 0 100 

2 0 0 100 0 0 0  
 

0 0 100 0 0 0  
 

0 0 100 0 0 0 

3 0 0 0 100 0 0  
 

0 0 0 100 0 0  
 

0 0 0 100 0 0 

4 0 100 0 0 0 0  
 

0 100 0 0 0 0  
 

0 98.3 0 0 1.7 0 

5 0 0 0 0 100 0  
 

0 0 0 0 100 0  
 

0 1.7 0 0 98.3 0 

6 100 0 0 0 0 0  
 
100 0 0 0 0 0  

 
100 0 0 0 0 0 

4. CONCLUSION 

The planning support system proposed for study area helped to assess policy 

instruments and management scenarios in Qazvin irrigation and drainage network by 

combining available information from different resources with different formats.  

 

Spatial and temporal variations of biophysical potentials and their impacts on 

potential production and required production inputs were taken into consideration in this 

model. Application of crop simulation models for estimating potential yields and 

determining crop irrigation requirements in each land unit is one of the advantages on 

this study. Determining and mapping analysis units is a critical step in combining 

biophysical and socio-economic information because different data come from different 

spatial scales. The analysis unit in this study was Land Management Units (MLUs) 

which were mapped with the combination of Land Utilization Types (LUTs) and Land 

Units (LUs). These units are homogeneous from the socio-economic and biophysical 

viewpoints. 

In policy assessment, biophysical and socio-economic information were used to 

simulate farmers’ responses. Biophysical information can be used in each LU to 

simulated potential crop yields or crop yields under deficit irrigation. Since crop 

simulation models don’t take the impacts of applied management into consideration, in 

this study, the concept of Production Efficiency (PE) was used to change potential 

biophysical coefficients into actual coefficients in each LMU.  
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The main objective of this planning model was the maximization of total net income 

in the study area. Since the relative importance of different objectives is different 

between beneficiary sectors, weighting the objectives was done from three different 

viewpoints: economic, social and environmental. But, it is better to consult all 

beneficiary sectors while determining these weight values. Four climate change 

scenarios were assessed besides the base scenario. The inclusion of these scenarios 

showed the wide uncertainty range of climate change scenarios. Although similar 

management scenarios were selected for all climatic scenarios, but the evaluation 

indices have different values under each climatic scenario.  

In this study, a multi-criteria evaluation technique was used to assess proposed policy 

instruments and management scenarios from different viewpoints. The most critical 

issue is the selecting of indices and determining their relative importance (i.e. weights). 

It can be expected that policy makers and other beneficiary sectors know exactly the 

weights of different objectives (indices) before doing the analysis. Therefore, the 

uncertainty analysis was performed to assess the impacts of this kind of uncertainties on 

the selection of the best adaptation scenarios.  

The results of this study showed that it is possible to incorporate a policy-making 

process with climate change impact assessment studies using a planning support system. 

This leads to a better understanding of the integrated system taking into consideration 

temporal and spatial variations of biophysical potentials under different climatic 

scenarios.  
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ABSTRACT 
 

Computer-based analysis of heat and water transport in agro-food and forest products is 

difficult due to material complexity of the products, lack of reliable data on product 

material properties, and imperfections of software. Therefore an information system was 

developed to enhance estimation of values of material properties, and to improve quality 

of computer analysis of thermo-mechanical behavior of agro-food and forest products. It 

was based on original algorithms of image analysis and 3D finite element mesh 

generation, geometry modeling and inverse coefficient problem solving. Original 

authors’ software modules were improved and integrated to support the overall analysis. 

The resulting information system was able to enhance identification and analysis of 

geometric and physical properties of selected agro-food products subjected to thermo-

mechanical processing, and accuracy of the analysis of heat and water transport in the 

products examined was significantly improved. 
 

Keywords:   image-based measurements, 3D geometry modeling, heat & mass 

transport, inverse finite element analysis, Poland. 

 

1. INTRODUCTION  

 

Representation of material properties of agro-food and forest products in mathematical 

models of heat and water transport is difficult due to material complexity of the 

products, and direct determination of these quantities is usually impossible. The shape 

of such products is irregular, their material structure is non-homogeneous and 

anisotropic, properties vary with temperature and moisture content changes, and 

behavior strongly depends on variations in microclimate conditions. Heat and water 

transport during storage of agro-food and forest products decisively affect their end-use 

quality required by consumers. Knowledge of material properties is essential in 

analyzing, designing and managing advanced systems of processing and storage of such 

products. It is also essential to have an efficient, reliable information system to perform 

all necessary computer-aided analyses (Weres and Jayas, 1994; Pabis et al., 1998; Olek 

and Weres, 2007). 
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Due to development of image analysis algorithms it is now possible to measure complex 

geometry of 3D objects (Gonzalez and Woods, 2008; Frączek and Wróbel, 2009; Shih, 

2010; Weres, 2010). The image data can provide the basis for the finite element 

mapping and visualization of investigated products in the 3D domain (Zienkiewicz et 

al., 2005; Frey and George, 2008; Weres, 2010). Next, optimization methods (Nocedal 

and Wright, 2006; Ruszczyński, 2006) and original inverse finite element analysis 

algorithms (Weres and Olek, 2005; Weres et al., 2009; Olek et al., 2011) constitute the 

basis for more accurate predictions in the finite element analysis of heat and water 

transport processes. Recent advances in software engineering (Sommerville, 2010; 

Gomaa, 2011) and availability of cutting edge software development environments 

(Intel Fortran Compiler, 2013; MSDN Library, 2013; Nagel et al., 2012) support 

development of an information system appropriate for the overall analysis of heat and 

water transport in the examined products. 

 

The objective was to improve efficiency and accuracy of the analysis of heat and water 

transport in agro-food and forest products by developing and using an innovative 

information system of desired functionality and reliability. 

 

2.  MATERIAL, METHODS AND RESULTS 
 

Investigation methods, referenced in 1. INTRODUCTION, were integrated to construct 

an information system (Fig. 1) for analysis of heat and water transport in agro-food and 

forest products. The methods were based on: 

1) 3D product geometry measurements with the use of image analysis (Fig. 2). The 

following procedures were developed: acquisition of digital photographs of 

consecutive product layers, image processing, edge detection based on improved 

Canny algorithm, construction of the 3D finite element mesh for the whole product 

and  automatic measurement of nodal coordinates in 3D. 

2) 3D geometry modeling for a given product based on nodal coordinates for a mesh of 

3D isoparametric finite elements enhanced with NURBS and textures (Fig. 3). 

Available operations to enhance visualization of the product model and property 

changes: moving, rotating, scaling, plane-cutting and time-stepping. 

3) Identification of unknown material properties represented by coefficients of the 

mathematical model of heat and water transport (Fig. 4). Several procedures were 

developed to collect experimental data, to construct original inverse finite element 

algorithms, to simulate examined processes by original direct finite element 

software, and to assess quality of  the approach. Due to quality assessment it was 

possible to select appropriate algorithms to ensure the lowest modeling inaccuracy 

and the best performance. 

4) Software development based on modeling language UML 2.4.1 and programming 

environments: Visual Studio 2012 (C#, C++/CLI) and Intel Parallel Studio XE 2013 

with VS2012. Essential practices of software engineering were followed. 
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Heat and water transport processes were examined for cereal kernels, carrot slices, pine 

and beech wood, and wood-based panels (non-homogeneity, anisotropy and 3D shape 

irregularity of investigated biomaterials). Geometry, thermal conductivity, moisture 

transport coefficient, and convective heat/moisture transfer coefficients were identified 

and analyzed to test the information system (Fig. 5). 

 

Identification of material properties
Simulation of heat&water transport

in agro-food and forest products

Laboratory experiments.

Inverse coefficient problem solving:
finite element and optimization algorithms.

Direct finite element computer simulation.
Quality assessment.

3D geometry modeling

Isoparametric finite elements.

NURBS and textures.
Moving, rotating, scaling.

Data visualization:

plane-cutting, time-stepping.

3D geometry measurement

Image acquisition & processing.

Edge detection.
Geometry measurement.

3D finite element

mesh generation.

«system»
Integrated subsystems

 
 

Figure 1. Integrated system supporting analysis of heat and water transport in agro-food 

and forest products represented by the UML nested subsystem packages. 

 

 
 

Figure 2. Subsystem for geometry measurement and mesh generation. Input: parameters 

of the 3D finite element mesh for the product. Output: array of the mesh node 

coordinates in 3D. 
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Figure 3. Subsystem for geometry modeling. Isoparametric elements enhanced with 

NURBS. Moving, rotating and scaling. Plane-cutting and time-stepping to visualize 

property changes. 
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Figure 4. Subsystem for running inverse and direct finite element analysis 

(identification of coefficients and simulation of the heat and water transport processes), 

and for assessing quality of algorithms. 
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Figure 5. Validation of temperature predictions for the FE structural model supported by 

identified coefficients. The developed algorithm, absolutely stable for non-linear 

problems for θ ≥ 0.5, was compared to unstable algorithms for θ < 0.5. Material: particle 

board of density 693 kg m
-3

. Identified coefficients: specific heat   c = 1890.3 J kg
-1

 K
-1

, 

thermal conductivity in-plane k║ = 0.3976 W m
-1

 K
-1

, thermal conductivity transverse  

k = 0.2154 W m
-1

 K
-1

. Global relative error of the model varied from 1.57 to 2.66%. 

 

 

3.  CONCLUSIONS 
 

The information system composed of the developed and integrated subsystems showed 

appropriate functionality (including accuracy and suitability), and also usability, 

effectiveness and efficiency. Functional and non-functional requirements were fulfilled 

by the software. Predictions of heat and water transport processes in investigated agro-

food and forest products, performed with the software developed, resulted in 

significantly lower values of the local and global errors of the developed model.    
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ABSTRACT 

 

In the past 50 years climate has changed rapidly, include warming of the world’s ocean. In 

Vietnam, sea level monitoring data in marine-coastal stations show trend changes in 

average sea levels are not the same through coastal areas. Most of these stations tend to 

increasing, however, a few stations did not clearly reflect this trend. Changing tendency 

average of sea level along the coast Vietnam is about 2.8mm per years. 

 

In this research, we focus on the changing of temperature, rainfall, tropical hurricane, flood 

and drought in coastal areas of Vietnam. These factors are reasons for rising sea level. Sea 

level rising in coastal Vietnam affect to human life, social-economic development 

activities, especially agricultural production. Therefore, the research and forecast sea level 

rise and identify risk areas for future is essential 

 

Key words: Climate; change; temperature; sea level; rise; risk; Vietnam. 

 

1. INTRODUCTION 

 

According to scientists, the global climate has had complicated changes in the last 50 years, 

and the biggest changes that need to be mentioned are the warming of the world oceans. 

The monitoring data shows that the global average sea level has been rising at a rate of 1.8 

mm / year: that 0.42 mm/ year due to thermal expansion and approximately 0.70mm/ year 

due to glacier melting (Intergorvemental Panel on Climate change - IPCC, 2007). In fact, 

the sea level change is not equal across the world's oceans: Some areas have rising rates 

that are several times higher than the global average rate, while in some other areas, the sea 

levels are even lowering. The trend of increasing average water levels appears mostly at 

monitoring stations around the globe; According to reports of scientists, in the past decade, 

the  highest sea  levels  are  in  the  Western  Pacific  and  the  Eastern  Indian  Ocean.  
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The  phenomenon  of  sea  level  rise  leads  to  the  risk  of  flooding  in  some  localities, 

especially, in the low-lying coastal areas. This phenomenon impacts all social - economic 

activities of many countries including Vietnam, thus evaluative research should be carried 

out to uncover the response and recovery solutions for the phenomenon. 

 

There are two main methods for determining sea level: at oceanographic stations and 

treatment Satellite data. Method for measuring oceanographic station showed the water 

level changes compare with the altitude of the station. The tectonic movement influence 

significantly to results of this method. But the method of data processing satellite measured 

Earth's mass centre is not affected by the geological movement. 

 

2. RESULTS AND DISCUSSION 

 

2.1. Status of climate change in Vietnam 

 

2.1.1. The change of temperature 

In the past 50 years, in Vietnam, the average temperature has risen about 0.5
0
 C. But 

winter’s temperature increased faster than that of summer: winter temperature has increased 

1.2
0
 C within 50 years while summer temperatures increased about 0.3 to 0.5

0
 C. In 

comparison, the temperature in the interior of the region increased faster than the 

temperature in coastal and island areas. The annual average temperature increase of 0.5-

0.6
0
 C within 50 years in the Northwest and Northeast but in Centre of Vietnam are lower, 

Only 0.3
0
C within 50 years. 

 

General trend of rising temperatures is in most areas, however, a few of coastal areas in 

Centre and South of Vietnam such as Thua Thien - Hue, Quang Ngai, Tien Giang tends to 

decrease. Notably, in these regions, annual rainfall has increased. 

 

2.1.2. The change of rainfall 

Precipitation change is not equal, decrease in the North and increased in the South. Rainfall 

in dry season (from November to April) increased slightly or did not change significantly in 

the North and strong grow up in the South. Rainfall in wet season (from May to October) 

decreased from 5% to 10% on most of the North of the country and about 5% to 20% in the 

South. The trend of annual rainfall similar to the trend of wet season: increase in the South 

but decrease in the North. South Central Region has rainfall (both dry season and rainy 

season) increase highest compared to other regions in Vietnam, up to more than 20% in the 

last 50 years. 

 

2.1.3. Hurricanes and tropical low pressures 
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Usually, there are about 12 typhoons and tropical cyclones operated a year in East Sea of 

Vietnam, of which about 45% were born in the East Sea and 55% others come from Pacific 

Ocean. Hurricanes and tropical low pressures affecting Vietnam at about 7 times per year, 

and 5 of them are landed or directly impact to the land of Vietnam. The high frequency of 

operating of hurricanes and tropical low pressures are in the middle in the north part of East 

Sea. 

 

Area landed of storms and tropical low pressures tend to moving toward to South 

Vietnam’s territory, the number of strong storms tend to increasing, and hurricane season 

last longer, the impact of the storm in Vietanm tends to strengthen. 

 

2.1.4. Drought 

 Drought tends to increasing, but with uneven levels among each region. The phenomenon 

of broiling sun increases in many regions, especially in Centre and South of Vietnam. 

 

2.1.5. Risks of coastal areas 

Coastal areas at about one metre of elevation constitute much of Vietnam's coastline. Sea 

level rise presents a serious threat to these coastal areas in particular, to the two low-lying 

deltaic areas of the North and South. Even a limited rise in sea level over coming decades 

could seriously affect the people and nation of Vietnam. Sea level rise will result in:  

- loss of land;  

- increased vulnerability to flooding, including storm events;  

- accelerated erosion along the coasts and in river mouths;  

- increased salinization; and  

- changes in the physical characteristics of tidal rivers.  

 

The most fertile agricultural lands, together with 50% of the population, are centred on the 

low-lying Red River and the Mekong delta regions. Sea level rise could have drastic 

consequences for the livelihoods and socio-economic well-being of the inhabitants of these 

areas. It is likely that valuable arable land would be lost. 

The biophysical characteristics of neighbouring regions not permanently inundated by sea 

water could be affected and this may render these areas unsuitable for agriculture. 

For example, the irrigation of paddy rice may be seriously affected as a result of the 

increased intrusion of saline or brackish water. Estuarine and riverine areas could be 

affected by changes in the tidal regime and in river currents. 

Biological resources in coastal areas provide an important base for socio-economic 

development. They are significant for the ecological balance and for scientific research and 

provide an important service of coastal protection. 



 

 

4 

 

Vietnam's rich diversity of coastal flora and fauna might be substantially reduced and 

unique habitats may disappear. Mangrove and cajeput forests - important ecosystems in 

low-lying areas - may be reduced in extent or lost completely.  

Marshy areas in river estuaries are habitats and resting places for birds and these will be 

threatened by sea level rise. Likewise, sandy stretches where sea turtles lay their eggs may 

be flooded. The development of coral reefs could be affected.  

Research currently being undertaken in Vietnam indicates that significant impacts due to 

sea level rise may already be occurring. 

Data from the past decade show that, in the Cau Mau coastal region, more than 600 

hectares of land has been eroded. 

Observations also indicate that increased salt intrusion is causing a gradual change in 

species distribution in the mangrove forests. The more that the mangrove forest area is 

reduced, the greater the impact from salt water intrusion and erosion on the neighbouring 

land and the greater the vulnerability to storm-induced flooding.  

The social and economic consequences of sea level rise could well be wide-ranging. Port 

facilities may have to be re-engineered. Coastal industries may be lost. Transportation will 

be disrupted. The provision of drinking water may be affected as saline water penetrates 

aquifers.  

 
2.2. Forecast the impact of sea level rise to coastal areas of Vietnam 

 

2.2.1. Forecast the affected areas as sea level rise 

The method is applied to build sea-level rise scenarios include detailed method to statistics 

(MAGICC, SIMCLIM, SLRPP) and product applications of numerical models. 

On a global scale, Rahmstorf (2007) developed statistical and empirical methods to 

measure the rising of sea level. This method is based on the relationship between average 

temperature and global sea level in the past to estimate the future. Calculation results are 

compared with measured data. In general, sea-level rise scenarios are set up for small areas. 

The researchers often use local factors such as speed of water level changes in the past and 

the shift of regional geology to adjust sea level rise scenario at global scale. 

 

Base on these analyses, Ministry of Natural Resource- Enviroment set up sea-level rise 

scenario for Vietnam. This scenario identifies different areas of coastal sea level. Measured 

data of sea level at the oceanographic stations, monitoring data from satellites and calculate 

results from the numerical model for coastal Vietnam is used to determine the coastal areas 

of the most trend sea level change in the past and predict the future. The research results 

showed that 7 coastal regions consistent with the trend of sea level change as follows: 

1) North region of coastern Tonkin Gulf, from Mong Cai to Hon Dau (including the 

northern province of Quang Ninh and Hai Phong city); 
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2) Coastal Region of Red River Delta and North Centre, from Hon Dau to Deo Ngang 

(including South of Hai Phong, Thai Binh, Nam Dinh, Ninh Binh, Thanh Hoa, Nghe An 

and Ha Tinh); 

3) The coastal area in the south of the Gulf of Tonkin, from Deo Ngang to Hai Van 

(including Quang Binh, Quang Tri and Thua Thien - Hue); 

4) The northern coastal area of South Centre, from Hai Van to Dai Lanh cape (including Da 

Nang, Quang Nam, Quang Ngai, Binh Dinh and Phu Yen); 

5) The southern coastal area of South Centre, from Dai Lanh cape to Ke Ga cape (including 

Khanh Hoa, Ninh Thuan and North of Binh Thuan); 

6) Area Southeast coast, from Ke Ga cape to Ca Mau cape (including southern Binh Thuan, 

Ba Ria - Vung Tau, Ho Chi Minh City, Tien Giang, Tra Vinh, Ben Tre, Soc Trang, Dong 

Bac Lieu and Ca Mau); 

7) The area on the west coast, from Ca Mau cape to Ha Tien (including west of Ca Mau and 

Kien Giang). 

 

2.2.2. Using flood risk maps to evaluate the effect of rising of sea level in Vietnam 

 

Flood risk maps based on the sea level rise is built to show the risk areas which directly 

affected by sea level rise. Each map to a region is based on a single value of sea level. 

Basically, this method is "upward surface water," according to a selected value. This 

approach is most commonly used in mapping flood risk due to sea level rise. 

The layers information is entered into the GIS system, showing flood risk maps and 

presented in accordance with the thematic maps. The accuracy of flood hazard maps 

depending on the accuracy of topographic maps. In the process of building flood risk maps 

the risk of flooding only use data base of sea level rise, other factors such as tectonic, 

dynamic factors (tides, waves, storm surges) are not been considered. The results of 

analyzing flood risk maps in areas inundated by the rising sea levels show that: if sea level 

upward 1 meter, about 39% of the Mekong Delta, more than 10% of the Red River Delta, 

2.5% of the area of the central coastal provinces are at risk of flooding. Results of 

calculating on the basis of traffic data show that if the sea level upward 1 meter, there are 

about 4% on the rail system, the 9% national highway system and about 12% of the 

provincial road system will be influenced. System traffic in Mekong Delta was the highest 

affected with about 28% highway and 27% of provincial roads; In central coastal region, 

nearly 4% of national highways, 5% provincial roads and 4 % rail system are affected. The 

area of Red River Delta, nearly 5% highway, 6% provincial roads and 4% railways are 

affected. According to population data of GSO (2010), if sea level upward 1meter almost 

35% of the population in the Mekong Delta, 9% of the population in the Red River Delta 

are directly affected; In Ho Chi Minh city about 7% and in the central coastal provinces 

nearly 9% of the population are affected. 
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3. CONCLUSION 

 

The change of climate, mainly due to increasing temperature and rainfall will cause sea 

level rise and flooding in some coastal areas of Vietnam. Depending on the extent of 

change of temperature and precipitation trends that sea level rise could reach different 

values.  

Communities living in coastal areas vulnerable to increased flooding may have to be 

relocated. This would increase pressure on the remaining land and exacerbate problems 

associated with forest destruction and ecosystem degradation as new agricultural tracts are 

created. Biodiversity would be degraded, land erosion would increase and flooding may 

worsen as a result. 

In response to the impact of sea level rise, increased expenditure will be necessary on flood 

protection and the planning and zoning of activities in coastal areas, including agriculture, 

industry, transportation and tourism, may have to be rethought. 

Sea level rise will have significant implications for all activities in low- lying areas. Given 

the planning timescales involved, it is important that serious and prompt consideration be 

given to suitable responses in relevant policy areas such as coastal protection, agriculture, 

industry and land use zoning. 

Climate change, rising of sea levels will cause many flood areas, shrinking living space, 

causing significant impact to human life, affecting agricultural production, changing the 

method cultivation thus devising solutions to cope with climate change for everyone and all 

the countries world-wide. 
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ABSTRACT 
 

The presented in work model to identification of mechanical damages of corn kernels 
basis on the digital images. Produced model operate support by two technologies: 
computer image analysis and artificial neural networks. First technology analyses corn 
kernels images and saves gain this way information to the learning files. The artificial 
neural networks conduct the process of damages identification basis on produced 
learning files. Analysis of sensibility produced neural model showed on key part 
information about color of corn kernel in process identification. Information about 
shape of corn kernels have smaller significance. Base on mentioned analysis was 
decided to check influence of colors compression on working quality of neural 
identification model. Applied method of average information of color value in one 
teaching example. Also executed division to percentage participation color three basic 
colors according to the 
RBG model in one teaching example. So processed learning files were presented again 
to the artificial neural network. The results of working neural identification model, 
learning on modified teaching files, appeared significantly worse from trained on 
learning files including the full information about color. 
First method of compression showed larger error of model working than second 
method, with proportional part of basic colors. Obtained confirmation the key meaning 
information about corn kernels color in process of damages identification. 

 
Keywords:   Neural image analysis, color compression effect, Poland  
 

1. INTRODUCTION  
 
Presented at work Nowakowski and Boniecki neural model is used for the identification 
of mechanical damage of corn kernels from their digital images (Nowakowski et al. 
, 2009, Boniecki et al., 2012a, Boniecki et al., 2009). Produced model can be based on 
two technologies: computer image analysis and artificial neural networks. The first 
technology analyzes the  digital image of corn kernels (Nowakowski et al, 2012, 
Nowakowski et al., 2012). Data obtained in this way are saved in the form of learning 
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sets. Artificial neural networks based on learning sets carry out the process of 
identifying defects in corn kernels (Osowski, 2008). The shape of the kernels are 
described by the aspect ratio. With many well-known factors are taken that help identify 
shapes similar to the circle. The first of the selected aspect ratio is a dimensionless ratio 
of RS to quantify the shape characteristics of objects: 

S
LRS π4

2

=  (1) 

where: 
L – circumference 
S – area 

Another is the Feret ratio (RF) in the literature also called Feret diameters characterized 
extension of object: 

V

N
F L

LR =  (2) 

where: 
LN - the maximum size of the object vertically, 
LV - the maximum size of the object horizontally. 

Two factors of circularity RC1 and RC2: 

π
SRC 21 =  (3) 

π
LRC =2  (4) 

The first of the above (3) defines the diameter of the circle with a circumference equal 
to the circumference of the analyzed object, while second (4) diameter of the circle of 
which the field is equal to the analyzed object. The last selected aspect ratio is the 
Malinowska ratio RM: 

1
2

−
−

=
S

LRM π
 (5) 

The last two parameters from image analysis is the circuit and field seeds. Are 
necessary for determination of the shape and well characterized grain damaged. A set of 
features also include information about the color, coded according to the RGB color 
space model. Direct entry the RGB model to training set carries a risk of falsification of 
information or its misinterpretation. This is due to the fact that all three color 
components are stored as values from 0 to 255 each (Boniecki et al. 2012b, Boniecki et 
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al., 2011). To avoid the error suggested the option of encoding information in color 
according to the diagram shown below (Fig. 1) [Nowakowski 2008]. 

 
Figure 1. The encoding scheme information of the color. 

Sensitivity analysis of neural identification model indicated as key parameters, with the 
highest ranks, the color information. The number of information depending on the 
adopted methodology ranged from 256 to 1024 variables. It seems advisable to try to 
compress the information and study of the impact on the work quality of neural 
identification model (Cerbin et al., 2012).  

 
2.  RESEARCH OBJECTIVE  

 
The purpose of this study was to investigate the effect of compression of color 
information to the identification process. Information about color is one of the 
characteristics by which it is possible to correctly identify damage corn kernels by 
neural model. Compression of this information reduces the number of data. From the 
perspective of the model and the learning time after the operation is desirable. However, 
compression also reduces the detail information in the learning vector. Therefore, it was 
decided to investigate the effect of this operation on performance of the neural 
identification model. 
 

3.  METHODOLOGY 
 
Originally prepared learners collection included data the state of kernels, based on their 
digital images with a resolution of 512x512 pixels. 
Then the images were subjected to the image processing and computer analysis. The 
specific parameters read from and written to the image data sets included information 
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about the color of each pixel according to the author's color system of RGB format.. To 
standardize the learning vector size photograph divided into fragments of fixed size 
32x32 pixels (Fig. 2).  
 

 
Figure 2. Divides the image into fragments. 

This approach gives the learner vector complex with 1024 variables that contain 
information about the color. In addition, learning vector contains nine variables 
describing the shape of the kernel. The significant size of the learning vector extends the 
learning process of artificial neural network. So it is desirable to search methods reduce 
information in learning vector, while maintaining the quality parameters of the neural 
identification model. 
The reduction of colour information is performed in two ways: 

1. Averaging the information about color pixels within a segment of an image (size 
32x32 pixels) (Fig. 3). 
 

 
Figure 3. The result of compression of color information first method. 
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2. Percentage of the three primary colours (format R - red G - green B - blue) 
within one segment of the image (Fig. 4). 
 

 
Figure 4. Result compress the second color information by. 

 
First method reduced learning vector to 10 variables, and the other to 12 
 

4. RESULTS 
 
Results of identification from neural model based on the modified learning sets, proved 
to be significantly worse than the model learned on files contain full information about 
color. Operating model based on learning sets generated by the first method of 
averaging colors within the learning activities had a greater error than the second model, 
operating on the basis of data sets to the percentage of primary colors. High error of the 
first model shows the key role of color information to identify the damage kernels. 
Averaging the colors resulting effect of "blur" the image. Model to detect damage 
looking for information about major colors changes. Averaging the color information 
makes such changes were not recorded. 

Table 1 summarizes the parameters of the two models discussed above, and a 
third model that had been taught on the basis of full color information. All models were 
built based on the topology of the multilayer perceptron with one hidden layer. To 
evaluation models were used values of: learning error, validation error and test error. 
Also an important indicator is the quality of the network. The final classification was 
based on the ROC curve (Receiver Operating Characteristic). The area under the curve 
values closer to 1 the more accurate is the classification of kernels. These results also 
confirm the crucial importance of color information in the identification of defects in 
kernels. 
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Table 1. Summary of the results of neural models of identification. 
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learning validation test Learning validation test 

MLP
**  

BP50 
CG173
*  

43 0,2868 0,3071 0,3152 0,7453 0,7423 0,7705 0,8161 

MLP
**  

BP50 
CG173
*  

43 0,2252 0,2431 0,2568 0,8961 0,9073 0,8912 0,8901 

MLP
**  

BP50 
CG173
*  

43 0,1069 0,2371 0,2384 0,9907 0,9385 0,9118 0,9713 

 
* BP - back propagation error algorithm, CG - conjugate gradient algorithm, the value is 
the number of learning epochs. 
** MLP (Mulit Layer Perceptron) - a multi- layer perceptron network. 
 
The proposed compression method does not bring the expected results. The proposed 
compression method does not bring the expected results. It is necessary for further 
exploration of effective compression methods that allow to maintain the quality 
parameters of the neural model identification. 
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ABSTRACT  

      Amber33 rice cultivar was used to evaluate the effects of milling duration of  

wetting brown rice on broken rice (BR) and temperature of milled rice. Brown rice at 

initial temperatures was =  and an amount of water from (  0 % ,1%,2% and 3%) was  

added to the brown rice whose moisture content 13.6% before milling and  milled for 

duration  ( 0 ,15, 30, 45, and 60 ) sec in a satake grain mill  laboratory  . 

       There relationship between  duration  of milling and broken rice  was appositive . it  

is showed that broken rice   increases  2.5 % - 25.5%   when increasing   duration  from 

( 0 - 60 ) sec with wetting from( 0 % - 3% ) but this study showed that the water added 

for brown rice helped to reduce rice temperature in comparison  with  not wetted . 

However, when, increasing wetting  effect positively on the performance of   whitening  

machine  because it make the removal of brown layer easy and duration of milling  less 

.  __________________________________________________________________ 

Key word : Rice wetting  ,whitening duration, rice temperature ,  breakage rice milled. 
Iraq. 
  

1. INTRODUCTION           

Rice (Oryza Sativa L.) is one of the leading food crops of the world and is second 

only to wheat in terms of annual production for food use. The world s rice production 

increased from 520 million tons in 1990 to 605 million2004 ,and the Iraq production 

form paddy about  392.803 tons  in 2007(FAOSTAT, 2005; numeric statistical for  

ministry of fabrication   2009    )                                                                                                        

Rice quality is partially determined by weather conditions during production but is 

largely controlled by harvesting methods and postharvest practices. These include 

rough rice drying and milling. Rice is usually harvested as rough rice at 16 22% 

moisture content (MC, wb) and is typically dried to 12 14% MC before milling. 



 

II

Before milling, rough rice is dehulled (husked ) to form brown rice. Milling removes 

bran from brown rice to produce white rice or milled rice.         

The market value of rough rice is mainly based on its milling yield or on its 

milling quality. The milling yield is determined from the quantity of  milled rice yield 

(MRY)  which consist of whole kernels (head rice) (HRY) (3/4-1 of whole kernel)  and 

broken kernels (BRY) (1/4-3/4 of whole kernel),  produced during the milling of rough 

rice . Therefore, head, broken and total milled rice are usually expressed as a 

percentage of the total quantity of the rough rice subjected to the milling procedure. 

Reduced grain breakage during milling is particularly very important, because the value 

of broken milled rice is only 30 50% of the value of head milled rice. The breakage is 

dependent on the variety, size and shape of grains, the existence of pearl 

(Hussain,2009,Bhashyam et al., 1985), 

One of the major problem of rice industry is breakage of kernels during milling. The 

market price of breakage kernels is much less than that of head rice kernels (Silva and 

Correa et al, 2000). It is also found that long kernels rice  were more susceptible to 

breakage more than the shorter nes during the milling process reported that rice 

breakage was mostly due to mechanical stress ( Mathews and Spadrl,  2006 ).      

Andrews et al. (1992) have shown that the removal of bran layers as milling 

duration increased resulted in a reduction of milled rice yield (MRY) and HRY. 

Sun and Siebenmorgen (1992) also established a linear relationship between HRY and 

DOM for samples milled . 

        . Andrews et al. (1992) reported that the HRY increased with reduced milling time 

or reduced milling weight (pressure) with the McGill No. 2 mill. The HRY was also 

improved by lowering the brown rice temperature before milling. Sun and 

Siebenmorgen (1992) also established a linear relationship between HRY and DOM for 

samples milled       

the glass transition temperature (the temperature at which a state transition occurs, 

causing the rice kernel to change from a glassy to a rubbery state, or vice versa) 

plays a significant role in determining the rate at which moisture can be removed from 

the kernel (Cnossen and Siebenmorgen, 2002). the starch exists in a rubbery state with 

much higher diffusivity, specific heat, specific volume, and thermal expansion 

coefficient (Perdon et al., 2000).  
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          Archer and Siebenmorgen (1995) also found that lower brown rice temperatures 

did not significantly improve the HRY if the HRY yield was mathematically adjusted to 

achieve an equal degree of milling. Mohapatra and Bal (2004) did a similar study using 

a laboratory-scale, abrasive mill and found that the whole kernel yield decreased 

linearly with an increase in milled rice temperature. However, the researchers did not 

report the milling degree of the white rice.     

Pan and Thompson (2002) studied the relationships between mill heat generation, 

rice temperature, and quality (TRY, HRY, and whiteness) using a McGill No. 3 mill. 

They found that the highest temperatures of the cutter bar and milled rice reached 74°C 

and 84°C, respectively, after six rice samples were successively milled. The high cutter 

bar and milled rice temperatures caused significant reduction in the appraised TRY and 

HRY of milled rice, especially for low quality rice. The high milling weight of the 

Western milling procedure may also cause higher milling temperature than the 

Southern milling procedure.                                                                                  

.      The aim of the rice industry is to achieve maximum head rice yield (minimum 

breakage percentage) from milling process, therefore, The breakage percentage is the 

most important parameter for the rice processing industry (Marchezan, 1991).         )      

    

1.1Material and methods: 

This study was conducted in 2011 to evaluate the effect of milling machine  on rice 

breakage and milled rice  temperature  by adding wet before milling ,The research was 

done in Hilla silo, Ministry of Iraqi Trade, General  Company . 

     Rice cultivars (Amber33)was used. The rough rice was cleaned and dried to 14% mc 

(wb) immediately after harvest. It was then bagged in sacks and placed until being 

removed for milling. Moisture content for the cultivars was measured. At the time of 

milling, the lots had 14 % mc (wb). (guide manual, 1984) 

      The milling procedure consisted of first shelling the rough rice using a Satake huller 

(Satake THU-35A., Tokyo, Japan) with a clearance of 0.7 mm between the 

rolls(.Hasssoon,2010) The resulting brown rice was milled by satake grain mill. 

temperature, were continuously monitored after milling. The mill was warmed by 

milling 250 g of brown rice until the external mill temperature reached at least 

temperature . Milling of each of the subsequent samples began when added water 

(wetting ) for all samples as levels 0,1%,2%,3%,4% (0= brown rice moisture content 
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before milling) . This study done to reduce variability that might occur due to mill 

temperature. Three milling replicates were made at each of the four milling times for 

each water added for  all levels  and the experiment  is a factorial experience which is 

done according to the CRD. The results were analyzed statically , The differences are 

tested by LSD (0.01) probability level. 

The following technical indicators were calculated: 

1.1 Rice temperature   

Brown rice samples of 250 g were milled for( 0,15, 30, 45, 60) sec in the satake grain 

mill  laboratory mill after dehelled  rough rice (guide manual, 1984),  , which was 

equipped with an automatic timer. A 200-g mass was placed on the  automatic moisture 

meter  and thermo meter after milling . Immediately after milling, the rice was placed in 

an insulated cup and the final milled rice temperature was measured using a automatic  

thermometer. 

The mill was thoroughly cleaned between each milling. Milled rice mass was 

measured. Head rice was separated from broken rice (sized) using a hand .  

1.2  Breakage percentage:  

Breakage percentage has been calculated according t the following equation: 

                BRY 
BRy % = × 100 

     BrM  

Where as: 
BRy % = Broken  rice milled  proportion. 
BRY= Broken  rice yield  gm. 
Br = Mass of sample brown rice  before milling( whitening )    

2.RESULTS AND DISCUSION  

2.1 Rice temperature 

      Figure( 1) showed significant influence of the changing duration  on milling  for 

Amber33 cultivar when the duration  is increased to 60sec the means of temperature is 

28.76 where as the lest temperature which is 20.63 when the duration  is 15sec the 

reason is due to correspondence between the increased duration  and the increased 

temperature: the increase of  duration  caused friction force between kernels and 

machine  in addition increased friction between kernels  increase which is demeaned to 

remove the bran . 
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Figure (1) showed that wetting cultivar has not a significant effect on rice temperature 

property. wetting 3% achieved the highest means in temperature which was 28.87 this 

due to layers of bran are more easily removed during milling as moisture content 

increases consequently helped to decrease duration for whitening (milling). these 

results are in correspondence with the results achieved by Reid et al.(1998)   
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             Figure (1) Showed effect duration and wetting on rice temperature(C )   

2.2 Breakage percentage:           

Figure (2)  refers to the existence of significant effects of duration  in breakage 

percentage: increasing duration  form 0 - 60sec achieved increase breakage percentage 

was  13.23 % .Whereas the lowest  breakage percentage accompanied with  a duration  

at 0 sec  was 2.5 % because  of the increasing of duration  which is resulted from  

increase thermal  stress which is  generate  by friction between rice kernel and this 

result  correspondence with    .        

Figure (2) showed significant influence of the wetting added for rice brown  on 

breakage milled rice percentage. the wetting added of  1%  gave the best breakage rice 

percentage for cultivar Amber33   and it was 5.63% whereas the highest percentage of 

breakage rice kernels was 18.99 % at high wetting  added 3% . the reason behind this 

increase cause  the lessening wetting  added helped to lessen  friction between kernel  

through milling and cooling kernels   of the stresses on the grains . in this  , it is agreed 
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with because  the bran layers are more easily removed during milling as moisture 

content increases according  with  According to Kohlwey s (1992). 

      Figure( 2 )   refers to the existence of significant effect for the interference between 

duration of whitening  with  rice wetting  which gave highest  breakage percentage of 

kernels at 45 sec and wetting  3%  was26.73 % whereas a less breakage percentage  

was with wetting  0% archive 0 % at the duration whiting  15 sec with wetting .    
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             Figure (2) Showed effect duration and wetting on rice breakage   

Conclusion            

Increasing wetting  during the process of whitening facilated removal of bran layer   

of rice kernels consequently demanded  exhausted energy and resulted temperature from  

friction  get less   ,. High wet  achieves breakage  rice percentage.  

There was a positive relationship between increasing wetting  with duration  and breakage 

percentage. In addition to the existence of a negative relationship between increased wet 

and breakage  rice yield percentage.  
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ABSTRACT 
 

Damage evaluation of an agricultural pipeline system is normally used by non-

destructive testing, such as elastic wave method.  For effective maintenance and 

management of pipeline system, it is necessary to evaluate not only the degree of 

damage but also the water-flow conditions using ICT techniques.  In this study, acoustic 

emission (AE) method was applied to be detecting flow conditions in service open type 

water pipeline system.  The purpose of this research is development of detection method 

for water flow conditions in pipeline system based on ICT technique.  
 

 

Keywords:   Damage information, seismic wave-motion, irrigation infrastructure, 

acoustic emission, DeCAT, ICT technique 

 

1. INTRODUCTION  

 

In service agricultural pipeline systems, the condition for gas-liquid flow is the most 

important phenomena for maintenance and management (Nawa et al., 2002; JSMF, 

2004).  Deterioration of pipeline systems often results in overt-through degradation of 

water-tightness or water leak phenomena caused by gas-liquid flow effects, such as 

vibration of pipe material (Suzuki et al., 2010).  For effective maintenance and 

management, non-destructive testing method need to be developed, because pipeline 

system is installed underground and the damage cannot be checked visually in service.  

In recent researches, it was reported that elastic wave method (e.g. acoustic emission, 

ultrasonic) is effective for evaluation of water-flow conditions in pipeline system 

(Matsui et al., 1986; Murakawa et 

al., 2006).  Especially, the acoustic 

emission method is passive 

technique for detection of elastic 

wave from civil structures (JSCM, 

2003). 

 

In this study, AE method is applied 

to be detecting a gas-liquid flow in 

open type pipeline system.  Two 

experiments were conducted: 

 
Figure 1 Overview of model pipeline system. 
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laboratory model pipeline and in 

service open type pipeline system.  

 

This paper reports quantitative 

method for evaluation of gas-

liquid flow conditions in pipeline 

using AE parameter analysis 

which is based on ICT for 

pipeline systems. 

 

 

2. DETECTION OF GAS-

LIQUID FLOW IN 

OPEN TYPE 

PIPELINE USING AE 

METHOD 

 

2.1 Experimental procedure 

 

The AE monitoring was applied to be detecting a gas-liquid flow in two experimental 

conditions which were laboratory model test and open type pipeline system in service.  

The laboratory model test was conducted to model pipeline system (Fig. 1) which was 

made by acrylic pipe of 100mm diameter.  An amount of water flow was 3.6 to 24.0ℓ/s.  

The water flow signals were detected by AE.  AE events generated under water flow in 

model pipeline were counted up to end of flowing process by AE processor (SAMOS; 

PAC).  AE sensor of 30 kHz resonance was attached at surface of the model pipeline.  

AE monitoring conducted with 3-channel system was employed.  For event counting, 

the threshold level was set to 45dB, and total amplification was 60dB. In service open 

type pipeline; the water flow signals were detected same AE method in the model 

pipeline monitoring.  This pipeline system was composed of a PC pipe of 1,350 to 

1,200mm diameter, which has been used for 26 years.  AE monitoring was installed on 

the surface of air valve, which is near the air emission point.  The duration of 

monitoring was 30 seconds at 1monitoring site.  AE hits were detected by using AE 

sensor (resonance frequency: approx.150kHz).  To count the number of AE hits, the 

threshold level was set to 40-45dB, with a total 60dB gain. 

2.2 Results and discussion 

 

The simulated flow conditions are composed 4 types (Steady flow, Stratified flow, Plug 

flow and Bubble flow; Fig. 2).  The AE monitoring was applied to pipeline system, 

burst type AE waves are detected when gas-liquid flow conditions in pipeline system 

(Fig. 3).  On the other hand, continuous AE waves of an irregular pattern are detected 

Plug 

flow

Steady 

flow

Stratified 

flow

Bubble 

flow

Annular 

flow

Slug 

flow

 
Figure 2 Gas-liquid flow form in pipeline. 

 



 

< P0323> 

<Tetsuya Suzuki>. < Health Monitoring for Optimum Management of an Agricultural 

Pipeline System using ICT >. EFITA-WCCA-CIGR Conference “Sustainable 

Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

 

when water is leakage or a free water 

surface exists.  In service open type 

pipeline, this structure is detected burst 

type AE waves. 

 

Quantitative Evaluation of Two Phase 

Flow Conditions in model pipeline by 

AE Parameter Analysis. The gas-liquid 

flow characteristics in each monitoring 

site are evaluated by AE parameters.  A 

typical relation between AE energy and 

average frequency is shown in Fig. 4.  

AE energy is defined as a relative value 

having 1000-count energy when the 10V 

peak value continued for 1msec.  The 

AE energy is low at a low air mixed rate 

in model pipeline (Bubble flow>Plug 

flow, Stratified flow>Steady flow; Fig. 

4).  In air valve, results of AE 

monitoring are not same trend. 

 

AE characteristics in service open type 

water pipeline. AE generation behavior 

in air emitted valve is detected 656 hits/ 

300s, which is 2.01 times higher than in 

the underground, line (Figs. 5 & 6).  

Therefore, Calculated AE parameters are 

almost positively concerned with gas-liquid flow conditions in open type pipeline.  

Detected waves are able to be quantitatively evaluated by AE parameters, such as AE 

energy, average frequency and AE hit rate. 

 
3. CONCLUSIONS 

 

In this study, the acoustic emission (AE) method was applied to evaluation of gas-liquid 

flow in open type pipeline system.  Two experiments were conducted: laboratory model 

tests and in service open type pipeline monitoring.  The simulated flow conditions are 

composed 4 types in model pipeline.  The burst type AE waves are detected when gas-

liquid flow conditions.  These detected AE waves can be quantitatively evaluated using 

AE parameters.  As for the relationship AE hit rate, energy, average frequency and 

hydraulic conditions are evaluated.  To conclude, evaluation of gas-liquid flow in 

service pipeline systems can be quantitatively evaluated through NDT monitoring using 

acoustic emission method. 

 
Figure 3 Detected Waveform due to gas-liquid flow. 
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Figure 4 Relation between average frequency and 

AE energy in gas-liquid flow conditions 

(Model pipeline, Ch1). 
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Figure5 AE generation behaviors in service pipeline. 

 (Monitoring site: air emitted valve) 

 
Figure 6 AE generation behaviors in service pipeline. 

 (Monitoring site: underground line) 
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ABSTRACT 
 

The market of the agricultural machineries has been recently modified due to 

globalisation, with an increasing of the competiveness and machinery reliability, and a 

reduction of cost production and development time. To perform this and, in particular to 

increase the reliability of the tractor, a tractor design correspondent to the real use on the 

machines is necessary. For these reasons the analysis of the tractor mission profile is 

one of the main objectives of tractor manufacturers. The mission profile of the tractor 

has usually been estimated through the use of questionnaires submitted to consumers 

followed by the monitoring of some detailed parameters using transducers specifically 

fitted on the tractor. This procedure is time-consuming and not totally reliable due to the 

trustworthiness in the questionnaire compilation. In all the high power tractors 

numerous transducers are fitted to monitor some parameters to optimise the operation of 

the machine. All of these transducers are connected to an electronic central unit or with 

the tractor CAN-Bus. In this context, a system able to monitor the operation and use 

parameters of the machine capitalising the existing transducers could represent the 

optimal solution for monitoring a high number of tractors, distributed in different 

regions. The high number of signals are in any case difficult to be memorised without a 

high quantity of memory. The goal of the paper is to define a methodology to memorise 

the operation parameters useful to define the mission profile of a tractor using a small 

memory. A tractor of a nominal power of 170 kW was selected and a system able to 

measure the signals acquired by the transducers fitted on the tractor was connected to 

the CAN Bus of the tractor. To reduce the memory requested to store the signals, all the 

signals were converted on matrices, with a similarly procedure used in the analysis of 

the strain gauge signals. In this way it is possible to count the number of occurrences for 

each event as the number of hours of tractor use, the number of hours for each gear use, 

etc. After a detailed analysis of the parameters measured on the tractor, the useful 

parameters were defined and acquired during 1000 hours of tractor use in different 

working conditions.  

The method defined in the paper has allowed to store the defined time of about 1000 

hours into 100 kB, instead of 24 GB required to memorise all the parameters acquired 

by the transducers. The analysis of the parameters stored in the memory has allowed a 

detailed analysis of the operational parameters of the tractor in different applications. 
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These parameters could be used by the engineers to design tractors with a higher quality 

and reliability and also to define predictive maintenance criteria and reduce the 

unexpected tractor failures.  
 

 

Keywords: CAN-Bus, Durability, Tractor, Customer Correlation, Tractor Usage, 

Mission Profile, Italy 

 

1.  INTRODUCTION  

 

The farmer’s need to optimise production has induced tractor manufacturers to develop 

more and more specialised machines with a high product diversification. All of this has 

increased competitiveness between manufacturers, with a consequent increase of tractor 

reliability, a reduction of development costs, and time-to-market.  

Reliable tractors can be built only if designed to sustain loads really recorded during the 

use of the machine on field from different farmers (Strutt & Hall, 2003). These loads are 

determined through a recording of the signals obtained from defined transducers fitted 

on a specific tractor (Ledesma, Jenaway, Wang, & Shih, 2005). In this way, however, 

the measurements are time-consuming, expensive, and often not reliable due to the 

impossibility to measure the loads obtained with a high number of tractors and a low 

measuring time with respect to the whole useful life of the machine (Socie, 2001). The 

load variability is in any case high due to different effects. The most relevant effects are 

the driver (Socie & Pompetzki, 2004), the application of the machine (Mattetti, 2012), 

and the market. A poor evaluation of the loads has, as a consequence, the use of higher 

safety coefficients with an increase of production costs, the design of tests not able to 

reproduce real working conditions, and an underrate of the loads with consequent 

problems like errors in engine mapping. These problems have been addressed using 

questionnaires to define the main use frequency of the tractor from the drivers (Dressler, 

Speckert, Müller, & Weber, 2009). The questionnaires allow to define a mission profile 

of the vehicle, to produce a sample of accurate measurements able to better reproduce 

the real life of the tractor and, therefore, to supply a useful instrument to the designers. 

However, the information obtained with the questionnaires is subjected to imprecise 

evaluations (Hayes, 2008). A more detailed evaluation of the mission profile of the 

machine components has been obtained through the monitoring of some parameters of 

one or more vehicles with the goal to define the use of some components such as the 

transmission or the engine (Marchesani, Parmigiani, & Vianello, 1992) or to use these 

parameters in simulation software (Willmerding, Häckh, & Berthold, 2001). The 

methodology requires the installation of a specific instrumentation consisting of 

external transducers, that limits the number of usable machines and, as a consequence, 

the accuracy of the estimation of the mission profile. These problems could be 

overcome through the use of a data-logging system integrated on the machine able to 

monitor the functional parameters of the vehicle. In different vehicles, transducers 

necessary for vehicle operation are mounted. These transducers are usually connected to 
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the CAN-Bus introduced by Robert Bosch, in 1986, to reduce the number of 

connections from the different electrical devices, increasing the strength of the 

connections and reducing the costs (Emadi, 2005). The transducers connected to the 

CAN-Bus have been used to measure the functional parameters of different vehicles 

(Mueller, Daily, & Papa, 2012) and have also been used to acquire the load spectrum in 

automotive transmissions (Willmerding & Häckh, 2007). With reference to tractors, on 

the contrary, data-logging systems have been used to measure only field work 

performances (Al-Suhaibani & Al-Janobi, 1996; Culpepper, 1979) without the 

evaluation of the mission profile of the machine. With reference to the mission profile 

of the tractor, previous studies have highlighted the necessity to exactly evaluate the idle 

time without a request of power from the engine (Mattetti, Molari, & Sedoni, 2012). 

The work cycle of the tractor could be acquired using transducers connected to the 

CAN-Bus, however, a high dimension memory would be required, but it would be 

difficult to fit it on a commercial tractor. The goal of the paper is to define a 

methodology to acquire, rework and memorise the operation parameters useful to define 

the mission profile of a tractor or a subsystem using a small memory. 

 

2.  MATERIAL AND METHODS 

 

The measurements were performed on a CNH T7030 tractor with a PTO nominal power 

of about 116 kW. The main characteristics of the tractor are reported on Table 1. The 

model was selected in this range of power due to the high number of transducers 

connected to the CAN-Bus.   

 

Table 1: Tested tractor specifications 

Engine type 6/vertical in-line, 6728 cm³, super charged, Tier III 

Power [kW] 116 

Width [mm] 2234 

Wheelbase [mm] 2730 

Front wheel type 600/65 R28 

Rear wheel type 710/70 R38 

Total mass [kg] 8115 

Load on the front axle [%] 40 

Transmission type Powershift with 19 forward and 6 reverse speeds 

 

The tractor was used by a farmer located in the Emilia Romagna Region during one 

year for 1000 hours of work. The signals were read from the CAN-Bus using the data 

logger Vector CANcaseXL log (https://vector.com) and memorised on a SD card. The 

signals were then sampled at the CAN sample rate, converted through the software 

Vector CANalyzer (https://vector.com) and analysed through the software Matlab 

(http://www.mathworks.com). To memorise the operational parameters using a reduced 

memory, the data were clustered in matrices as performed with strain gage signals 

(Downing & Socie, 1982). In function of the signal type, the data were transformed in a 
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univariate histogram through the “hist” command of Matlab, or converted on a bivariate 

histogram matching different signals.  

Between the different signals monitored, the channels correspondent to the gear 

selected, the PTO speed, and the engine torque, were analysed. In particular, the 

combination of the signals to evaluate the durability target of some tractor components, 

were evaluated. Previous studies have highlighted the necessity to evaluate with more 

precision the time without power request (Mattetti, Molari, & Sedoni, 2012). For this 

reason, the time of use of each gear was evaluated. But from the point of view of the 

engine stress, an evaluation of the PTO use (i.e. to move agricultural machineries) is 

also necessary. Finally, the torque distribution on the different gears was evaluated to 

define the load level on each gear to evaluate if other loads were used (i.e. a hydraulic 

load). The data were also normalised with respect to the relative frequency to compare 

the signals of different durations. 
 

3.  RESULTS AND DISCUSSION 

 

In Figure 1 the use distribution of the different gears was reported. 
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Figure 1 : Gear usage histogram 

 

The percentage of time in neutral is higher with respect to the other gears. The tractor 

analysed was maintained in neutral for a percentage higher than 20% of the whole time. 

This is related to a situation with the tractor turned on without request of power (i.e. a 

condition of implement replacement or the use of the air conditioning), but also with 

operating machineries connected to the tractor with power request ( i.e. a mill or a 
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unifeed). The F9 and F19 gears were used for more than 10% each. The F9 gear is 

normally used for work on field, the F19 gear usually used for transportation. In Figure 

2 the trend of the use of the PTO in the different gears is reported.  
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Figure 2: Use of the PTO in the different gears. 

 

The data reported in Figure 2 show how the tractor worked with the PTO activated and 

the gear in neutral for a very reduced time. For this reason, the tractor was used in 

neutral without a power request for a percentage of time of about 20% of the yearly use. 

The gear used most frequently with the PTO is the F6 gear, normally selected with an 

operating machinery such as a power harrow. The F9 gear, used for a high percentage of 

time on the field without the use of the PTO, has been associated to the use of a plow.  

In Figure 3 the distribution of the torque in the different gears is reported. 

The spectrum of use of the torque insubstantially uniform, with a peak of about 20% for 

the neutral in the minimum range of the engine torque and of about 10% for the F19 in 

the minimum range of the engine torque. 
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Figure 3: Engine torque measured in the different gears. 

 

4.  Conclusions 

 

In this paper a methodology to record a large quantity of information on tractor use has 

been presented using a device than could be fitted on any produced tractor with an easy 

and quick procedure. The information acquired has been reworked with adequate 

statistical methods to identify some uses of the machine.  

The methodology has permitted to obtain substantial information on the use of the 

specific machines in their real use, shown as an example, a use higher than 20% of the 

time in the neutral position without the use of the PTO. 

This information could be used from the designers to define suitable targets for each 

component. The data obtained from the analysis could be employed to obtain a better 

prediction of the simulation subsystems of the vehicle and to optimise their 

performances.  

Finally, this information could be used to correctly calibrate the functionality of the 

after-treatment device. The possibility of the farmers to identify the use of the tractor to 

optimise the performance and the costs is not negligible. 

The activity will be extended to other signals not considered in the present work, as 

those connected with the three point hitch use. Other combinations useful to identify the 

degree of use of these machines to increase reliability will also be defined.  
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ABSTRACT 

 
Soil compaction in agricultural fields, especially in the subsoil, is an increasing problem 
caused by traffic with heavy machinery, and the damage has proven nearly persistent. 
Decision support for sustainable traffic is urgently needed. The Terranimo model 
(www.soilcompaction.eu) simulates the stress distribution in the contact area and down 
into the soil as inflicted by a tyre with a certain wheel load and inflation pressure. 
Evaluation of the compaction risk is achieved by comparison to soil strength also 
estimated by the model. The model needs information on machinery, site characteristics, 
soil texture and soil water content. The machinery data can be selected from a database, 
where data on machine are stored by country and where tyre data are stored in general 
tables. The user can supply input on soil texture and soil water both manually and by 
automatic methods, which can utilise country-specific soil and weather databases. State-
of-the-art models are implemented for simulation of stress distribution in the contact 
area and the vertical stress in the soil profile. Only the vertical stress component is dealt 
with in this first version of Terranimo. Soil strength is calculated from soil clay content 
and soil matric potential by equations derived from new data on soil precompression 
stress. Model outputs are presented as charts. Contact stress is shown in a 3D surface or 
contour plot. Soil stress in the soil profile is shown as contour plots with stress isobars. 
The present version of the Terranimo tool is considered valuable for farmers, 
contractors and agricultural consultants to show the effects of machines and soil 
characteristics on stress propagation and soil strength and to evaluate soil compaction 
risk. The tool is prepared for worldwide extension depending on the availability and the 
possibility to access national soil and weather databases. 

 
Keywords: Soil, compaction, model, internet, Denmark, Finland, Switzerland. 
 

1. INTRODUCTION 
 

Modern agriculture poses high stresses to the soil. The loads from the machines may 
induce stresses exceeding the strength of the soil causing soil compaction. This reduces 
the volume, size distribution and continuity of soil pores (Berisso et al., 2013) which 
may increase the environmental loading like erosion and greenhouse gas emissions due 
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to reduced water infiltration and gas diffusion (e.g. Soane and van Ouwerkerk 1995). 
Soil compaction may also reduce crop yields (Håkansson and Reeder, 1994). There is a 
need to improve farmers’ opportunity to predict and evaluate the risk of soil compaction 
to avoid harmful consequences due to compaction, and to evaluate the effects of 
different technical solutions on the risk of compaction. In essence, this requires a 
quantitative comparison of stresses exerted by machinery and the mechanical strength 
of the soil. 
Soil strength is determined by soil characteristics, primarily the soil textural 
composition and the soil water content. Data on soil characteristics and climatic 
conditions across large areas are now available in digital form, which thus enables an 
estimate of soil strength for a given soil at a given date. The mechanical stresses from 
wheels can be estimated from characteristics of the tyre, and the distribution of stresses 
in the soil profile can be modelled. 
An international group (‘PredICTor’ project) funded by the European Commission's 
ERA-NET “Coordination of European Research within ICT and Robotics in Agriculture 
and Related Environmental Issues” (ICT-AGRI) under the 7th Framework Programme 
for Research have prepared a web-based tool named Terranimo (Terramechanical 
model). This paper describes the Terranimo system with special emphasis on the input 
facilities, the model, the system-internal database, and the communication with external 
databases. 
 

2. SYSTEM DESCRIPTION 
 

Terranimo is designed with three separate components (Figure 1): Database, Model and 
User interface. Each component can be implemented on different servers. Terranimo 
also makes use of an external model for calculation of soil water content and country-
specific soil and weather databases. 
 

 
Figure 1. Terranimo system components (model, user interface and database), the 

external model and national databases and the interactions between them. 
 
Terranimo is implemented as a web application using Microsoft Visual Studio 2010, 
Telerik RadControls for ASP.NET AJAX for additional controls and ChartDirector for 
graphical presentations. Microsoft SQL Server 2008 R2 is used as data storage. 
Terranimo is available in an international and – at present – three country-specific 
versions. The international version is activated from the website 
www.soilcompaction.eu, while Danish, Swiss and Finnish versions are run from .dk, .ch 
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and .fi websites, respectively. The country-specific versions deviate from each other as 
described in the following. All versions of Terranimo can be run with the following 
languages: English, Danish, Finnish, German and French. 

2.1 Input in user interface 
There are two tab pages for input in the user interface: one for machinery and one for 
site information. Two other tabs provide output from the calculations (see section 2.4). 
The system allows the user to make inputs in either order and is designed to keep track 
of the most recent inputs. Default values of input values are provided, which means that 
a direct access to the output tabs creates results for these pre-selected combinations of 
machinery and site characteristics. 

2.1.1 Machinery 

 
Figure 2. Panel for selecting machinery.

The panel with icons of machines 
reflects the content in the Terranimo 
database, where data on machinery is 
defined in tables for machines, axles 
and wheels. The data are country 
specific, which means that the user will 
be met with machinery options typically 
used in each country. The machines are 
divided into three categories: Tractors, 
self-propelled machines, and 
implements. The user can select a 
tractor combined with one implement or 
select a self-propelled machine. Each 
wheel on a machine can be equipped 
with a tyre from the database, and each 
tyre can be inflated to the desired tyre 
pressure and exposed to the desired 
load. 

2.1.2 Site information 
On the tab page for site information basic data can be entered. Latitude/longitude of a 
location may be input for automatic access to external databases on soil and weather 
(see section 3). The crop grown at the given location may similarly be input for the 
purpose of model-calculation of soil water content (see section 3). 
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2.1.3 Soil texture 
The system gives three possibilities for obtaining soil texture (Figure 3). 

 
Figure 3. Panel for selecting soil 

texture. 

1. The default option is ‘Automatic by 
soil type’. For each country a set of 
predefined soil types is available in the 
Terranimo database. Each of these types 
are characterised by fractions of clay, 
silt and sand, by organic matter and by 
bulk density for a number of horizons. 
2. An alternative method for obtaining 
soil texture is by accessing national soil 
databases (see section 3). 
3. The option for ‘Manual texture’ 
allows the user to input soil texture for 
his own specific field in case data is 
available. 

2.1.4 Soil water 
The system gives four possibilities for obtaining soil water data (Figure 4). 

 
Figure 4. Panel for selecting soil water. 

1. The default option is ‘Automatic by 
wetness’. Three different water regimes 
are defined: ‘Wet’, ‘Moist’ and ‘Dry’. 
2. The user may input measured 
gravimetric water contents for the 
specific soil in question. Terranimo will 
then calculate the corresponding matric 
potential from soil texture (Wösten et 
al., 1999). 
3. The matric potential for a soil (e.g., 
measured with tensiometer) can be 
entered manually. 
4. The system also offers the option of 
calculating the matric potential by using 
a soil-plant-atmosphere- continuum 
model (see section 3). 

2.2 Model 
The Terranimo model is implemented as three object-oriented classes (Table 1). The 
model can be directly linked into the user interface by the development environment, 
but the model can also be implemented as a web service and hence be used by other 
external applications. 
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Table 1. Methods in the Terranimo model. 
Model class Method Input Return 
Contact stress CalculateFridaParametersStd Tyre data array of 

x/y pairs 
CalculateFridaParametersSpec Tyre data, 

soil data 
array of 
x/y pairs 

CalculateVerticalContactStress FRIDA data, 
wheel load 

2 dim. 
x/y array 

Soil stress CalculateConcentrationFactor Soil wetness Decimal 
value 

CalculateVerticalSoilStress Concentration factor, 
Contact stress 

2 dim. 
y/z array 

Soil strength CalculateSoilStrength Soil data Decimal 
value 

2.2.1 Contact stress model 
The function CalculateVerticalContactStress calculates the vertical stress in the tyre-soil 
contact area by use of the so-called FRIDA model (Keller, 2005; Schjønning et al., 
2008). The return value is a two-dimensional array in an x/y plan. The functions 
CalculateFridaParametersStd and CalculateFridaParametersSpec parameterize the 
FRIDA model from tyre characteristics, the tyre inflation pressure and the wheel load. 
CalculateFridaParametersStd provides estimates for a ‘standard’ soil, which in 
Terranimo is defined as a sandy loam soil (Schjønning et al., 2006). These estimates are 
used for displaying wheel load and tyre inflation pressure effects for individual wheels. 
The CalculateFridaParametersSpec function is identical to the Calculate-
FridaParametersStd except that it incorporates topsoil consistency effects on the FRIDA 
parameters (yet unpublished). Terranimo results displayed in the output tabs are based 
on the latter. 

2.2.2 Soil stress model 
The function CalculateConcentrationFactor returns a value, which is dependent on the 
soil matric potential. It takes values between 6 (‘wet’ soil) and 4 (‘dry’ soil). The 
function CalculateVerticalSoilStress calculates the vertical stress in the soil profile 
(Söhne, 1953). The return value is a two-dimensional array in a y/z plan. 

2.2.3 Soil strength model 
The function CalculateSoilStrength gives an estimate of the soil strength. First, 
precompression stress is calculated with a pedotransfer function including soil content 
of clay and the matric potential (unpublished data). Next, the precompression stress is 
scaled to yield a value of 50 kPa at a matric potential of -100 hPa as based on data by 
Keller et al. (2012). 
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2.3 Terranimo database 
The database contains tables grouped around machinery (Figure 5) and soil (Figure 6). 
 

 
Figure 5. ER-diagram of machinery data tables. 

 

 
Figure 6. ER-diagram of soil data tables. 

 
The data in the machinery tables are stored with one-to-many relations between 
machine and axle and also between axle and wheel. This allows for positioning all the 
wheels in an overall x/y-plane, which is important for correct predictions of vertical 
stress in the soil profile by the CalculateVerticalSoilStress method (including 
interaction between the stresses deriving from neighbouring tyres).  A tyre is related to 
each wheel and each tyre has a relation to a set of pressure data in order to estimate 
recommended load.  
The data on soil type has one-to-many relations to both soil horizons and soil layers. 
Similar the soil wetness has a one-to-many relation to soil wetness layer. Soil type and 
soil wetness gives the possibility to have predefined setups of fifteen 10 cm layers for 
input to the Terranimo model. 
Both data on machinery and soil are stored with a country ID, which facilitates the use 
of country specific web sites. 

2.4 Output in user interface 
The results from the model calculations are presented in two set of graphics: Contact 
stress is shown in a 3D surface or contour plot. Soil stress in the soil profile is shown as 
contour plots with stress isobars (pressure bulbs). It is beyond the scope of this paper to 
discuss the detailed outputs. Here, we choose to show another option also available to 
the user: a display of tyre-soil contact area, contact area stress, and the distribution of 
vertical stress in the soil profile for one specific tyre (Figure 7). This summarizing graph 
is valid for a ‘standard’ soil and allows the user to have a quick evaluation of the effects 
of changing tyres, tyre inflation pressure, and wheel load. 
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Figure 7.Tyre-soil contact area (left), contact area stress (middle), 
and stress in the soil profile (right). Calculated for standard soil. 

 
3. EXTERNAL COMMUNICATION 

 
An important feature of the Terranimo decision support tool is the possibility of creating 
immediate access to geo-referenced electronic data bases on soil characteristics and 
weather properties. Access to these country specific databases is facilitated through web 
services on a national server. These web services are built on a common template, in 
order to secure standardised input and output. This provides the opportunity for any user 
within a given geographical region to have simulations of the soil compaction risk that 
is optimized for the specific location of the user. At present (May 2013), automatic 
access to data bases has been implemented for Denmark. Work is in progress to 
establish similar access for Finland and Switzerland, and the system is open to include 
any country that can provide the needed data bases. Access to Google Maps has been 
implemented for providing location coordinates, which are then used as an identifier for 
reading the data bases. 
The data returned from the soil data bases includes clay, silt, sand and organic matter 
content as well as soil bulk density given for up to 15 horizons. 
The DAISY (Abrahamsen and Hansen, 2000) model can be used for estimating matric 
potential in soil layers. The input for the model for this use is soil texture, crop, and 
weather data eight months back in time. The model software is installed on the server 
that also runs the user interface. The soil texture and crop is supplied from the user 
interface, while weather data (precipitation, global radiation, temperature and 
evaporation in daily values) is downloaded by accessing web services connected to 
national weather databases from the user interface and then supplied for the DAISY 
model. 
 

4. DISCUSSION AND PERSPECTIVE 
 
Many European soils are highly vulnerable to soil compaction (e.g., van Camp et al., 
2004), and there is an urgent need to create an operational tool to help different 
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stakeholders to identify the unsuitable field traffic situations and the risk of (sub)soil 
compaction at different conditions. Terranimo provides a tool for that purpose. It 
utilizes the country-specific databases or allows the user to input specific data for soil 
conditions. The tool is made freely available for farmers, machine/tyre manufactures, 
policy-makers, and other stakeholders interested in the soil compaction problem. 
One strength of Terranimo is the possibility of simulating stresses from a range of 
different machines and in particular the effects of tyre type, tyre inflation pressure and 
wheel load. The most recent knowledge on soil stress inflicted from loaded tyres, on 
stress transmission in the soil profile, and on soil strength for different soil textures and 
water contents is implemented in the system. The further development of the tool 
should include optimized output modules in terms of enhanced graphics, user-friendly 
advice in text blocks as well as output of results in numbers. 
The Terranimo tool is seen as a first step along a line towards internet-based systems for 
‘on-site’ decisions on traffic in order to avoid compaction. 
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ABSTRACT 
 

The purpose of this study is to assess the temporal distribution of climate and 

hydrologic attributes measured in a field-scale watershed in Treynor, IA. ARIMA 

models have been applied in 36 years of measured data and from final models long term 

change were identified at runoff and gully sediment time series. During wet-season 

(summer) temperature and precipitation slightly increased at this site from 1965-1999, 

whereas sediment yield decreased 0.48 ton per decade in summer and 0.26 ton in spring 

season.   
 

Keywords:   Soil erosion, Time series analysis, Serial correlation. 

 

1. INTRODUCTION  

Classic gullies are an extreme form of soil erosion that degrades diverse environments 

through the siltation of streams and water bodies. The permanent or classic type of gully 

is described as a small, steep-sided channel and cannot be crossed by ordinary farm 

machinery (Soil Science Society, 2012). Indirectly, gully erosion compromises crop 

productivity working as a link to watercourses. It allows movement of detached topsoil 

particles from agricultural fields during heavy storm events. This complex process 

involves multiple factors such as surface temperature and precipitation patterns and it 

demands to be studied consistently in order to examine its landscape evolution during 

runoff process.  

Generally, soil erosion models, such as WEPP and AGNPS, calculate projected soil loss 

in ephemeral gully erosion which can be erased and filled by tillage operations. 

Nonetheless, little attention is given to classic gully soil erosion models because its 

causes and process are well not understood (Poesen et al., 2003).  Previous studies in 

classic gully erosion are based mostly in on channel erodibility and flow shear stress. 

Furthermore, there is little information that support the hypothesis of climate change 

fostering gully erosion (Li et al.,2004).   

There are areas susceptible to increase of water erosion as consequence of increase of 

precipitation intensity. For instance, Li et al. (2004) reported that areas in Western 

Australia with known reduction of annual rainfall have presented no significant decline 
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in high-intensity rain event.  Thus, precipitation amount and intensity are critical control 

factors of climate change which also affects water erosion.   

Precipitation is considered the driving mechanism controlling runoff which is associated 

with water erosion. Despite of uncertainty of different global change models (GCM’s), 

the only agreement of the models employed by Milly et al. (2005) is the increasing of 

10 % to 40% of runoff in the high latitudes of North America and Eurasia. Long-term 

climate and hydrological observations can be useful to understand and simulate future 

events. In gullied areas, the modeling of erosion processes is essential to 

implementation of conservation management practices 

The goal of this study is modeling of long-term monthly rainfall and temperature in a 

classic gully in Western Iowa. Fluctuations on monthly runoff characteristics and soil 

erosion are investigated under the time domain analysis.  

The paper is organized as follows. In section 2 we describe briefly the time series 

concepts, characteristics of study area and data analysis performed including classical 

and time series analysis. Section 3 shows the main findings. The paper concludes with 

discussion in section 4.  

2. MATERIAL AND METHODS  

2.1 Time Series Background 

A time series is defined as a sequence of n observations of uncorrelated variables taken 

in a regular interval, t1,t2,…,tn. Generally, a suitable model is selected to explain the 

observed data allowing simulate future events. In order to analyze time series with 

classical statistics techniques is assumed that time series is stationary. The assumption 

of a time series x to be stationary is when the (µ) mean is the same for each interval of 

time and variance ( ). Even though stationarity is required to employ time series 

analysis, the trend study is important to understand broad topic. 

 The ARIMA time series model simulate each variable using  auto-regression  of order 

p, AR(p) and  moving average of order q, MA(q).  

In order to select the optimum model some information criteria are commonly 

employed in time series (Sumway & Stoffer, 2011).  The first one is the Akaike`s 

Information Criterion (AIC), which helps to selecting predictors for regression process 

and determining the order of ARIMA models. AIC can be obtained as 

,  where L is the likelihood of dataset, n is the number of 

observations, and k is number of parameters in the model.  

For ARIMA models, the corrected AIC can be found as 



 

C0312 
L. G. Vendrusculo, A. Kaleita . “Assessing climate change on classic gully: A case 

study from Western Iowa”. EFITA-WCCA-CIGR Conference “Sustainable Agriculture 

through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

 

, The minimum value of  AICc  is the optimum value. 

Ultimately, the Bayesian Information Criterion can be obtained as  

, Also the minimum value of BIC is selected as the final model. 

2.2  Site description   

The data from one area that encompasses 26 ha (68.2 ac) field-scale watershed (41° 9' 

44.54"N, 95° 38' 19.94" W) near Treynor in southern Pottawattamie County, IA was 

analyzed. Entitled as Watershed #1, this field is one of four study areas established by 

the U.S. Department of Agriculture Research Service (USDA-ARS)..  It was chosen due 

to its position in the western loess hills (Fig.1) and also well documented research in 

erosion and runoff under conventional tillage (Kramer et al, 1999).  The predominant 

soil was Monona silt loam (fine silty, mixed, superactive, mesic Typic Hapludolls). The 

watershed was instrumented in 1965 to provide measurements of runoff, base flow and 

sediment concentration. These measurements were quantified using broad-crested V-

notch weirs located at the base of each watershed where the gullies channels are located. 

Precipitation was measured by rain gauges placed in the watershed perimeter. This 

watershed was managed in continuous corn and conventional tillage from 1963 through 

1995. In 1996, a no-tillage with rotation of corn and soybean was started. The causes 

and processes of the long-term growth of this valley-bottom gully are described by 

Thomas et al. (2004).  

 

Figure 1 .  Classic topography at watershed #1 in Treynor, Western Iowa (Onstad et al., 

1976). 
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2.3  Site-specific data analysis 

From USDA experiment raw data, monthly mean temperatures in a classic gully located 

in watershed #1 were obtained averaging daily minimum and maximum temperatures.  

The time series presented  a few outliers (> 95% quantile or <5% quantile ) and one 

extreme event  (6/20/67).  However, we decided include the outliers in the time series 

analysis because the variance and mean values regarding the whole time series were not 

significantly affected by them. The baseline period studied herein goes from January, 

1965 to December, 1999.  

The statistic and time series analyses were conducted using R Statistical environmental, 

mostly performing functions available at forecast package.  Annual and seasonal 

estimates were summarized quantitatively and graphically trough Box-and-whisker 

diagrams.  

In order to assess whether climate observations in this site are likely to carry trend and 

seasonality we have decomposed the time series in three distinct signals:  trend, 

seasonality and remainders (noise). To investigate those components, monthly data 

from meteorological station at watershed #1 was plotted over time and smoothed by 

local weighted regression (LOWESS).  

Another critical aspect in time series analysis is its classification in stationary or no-

stationary. The trend and seasonality components of one time series might confound the 

modeling process because it will give different values for those time series values. Thus, 

we applied the Mann-Kendall test, in order to investigate possible trend trough time, 

measure the direction and significance of observed trends in time series. This non-

parametric test assumes as null hypothesis the nonstationarity condition. 

Auto correlation (ACF) and partial autocorrelation function (PACF) plots were 

produced and analyzed in order to help to construct the suitable ARIMA time series 

model. From the analysis of those plots, the appropriate orders of AR(p) or MA(q) 

model was constructed. Fitting ARIMA models is a combination of statistical 

techniques and underlying process, but still find out optimal model is a research 

problem. 

In this study, aside the ACF and PACF analyses, the function auto.arima from forecast 

package was performed for model selection purpose. Auto.arima function was 

implemented from Hyndman & Khandakar (2008) algorithm which integrates unit root 

tests, minimization of the AICc and maximum likelihood estimator (MLE).  

3. RESULTS AND DISCUSSION  

The highest temperatures and rainfall were recorded in the summer season, according 

Table I, which also correspond to high losses in the sediment yields. The highest data 
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spread is from temperature (s.d.= 11) and the lowest data spread comes from runoff 

(s.d.=0.3).  

Table  I - Annual and periodic mean values. 

Variables Annual Mean Winter 

Mean 

Spring 

Mean 

Summer 

Mean 

Fall 

Mean 

Mean temperature (
o
C) 11.25 ±11 -4.3  10.2  23.2  11  

Precipitation (mm) 2.3 ±2 0.62 2.75  3.6  2.2  

Runoff (mm/day) 0.61 ±0.3 0.43 0.7  0.9 0.4  

Gully sediments (Ton) 0.82 ±3.6 0.12  1.07  1.8  0.27  

Figure 1 shows the LOWESS filter applied in each time series and reference line (red 

line) corresponds to the mean curve. It was noted that climate variables (e.g., 

precipitation and temperature) did not present statistical significant of trend. However, 

monthly temperature and precipitation series showed strong yearly cycles. For example, 

it can be noted season’s cycle at monthly temperature. An upward trend, which 

represents a long term change in mean and/or variance, can be graphically noted in 

runoff attribute (Fig 1c). Conversely, precipitation observations only using visual 

inspection it seems that remains with mean and variance without change.  A strong 

periodic (seasonal) component in almost all of the series, suggest that winter-summer 

alterations play an important role in the water erosion process. Furthermore, every time 

series values oscillate around curve line with the only exception is sediment losses. In 

that time series mostly the values are less than mean sediment losses time series (2.3 

ton) suggesting influence of extreme events (outliers).  

The monthly runoff of figure 1c shows strong seasonality within each year, as well as 

some strong cyclic behavior with period about 6–10 years. Conversely, in the monthly 

gully soil yield panel (bottom right) in figure 1 there is no apparent trend over this 

period, seasonality or cyclic long-term evolution. There were random fluctuations 

(spikes) which are unpredictable and have no consistent patterns.   

The mann-Kendall trend test results have identified trend at runoff and gully sediment 

time series (p < 0.05).  Those results were quite consistent with visual analysis.  
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Figure 1 – Monthly series of temperature, precipitation, runoff and gully sediments 

(grey curve) fitted by polynomial regression curves (LOWESS smoother filter in blue 

curve) and mean curve (red line) at Treynor site relative to the period 1965 to 1999.  

Analyzing the seasonal plots, in Fig 2, it can be noted that the interannual variability in 

temperature is largest in spring, even though the largest seasonal departure from normal 

occurs in the summer (23.4 
o
C). Linear trends of seasonal mean precipitation are all 

positive. 

Also, decadal analysis showed that temperature in the summer has cumulative 

decreased, according the regression line, about 0.36 
o
C  and increased 1 

o
C in spring 

period. Despite of small increasing changes in runoff in the summer and spring, the 

sediment delivery decreased over the studied period. Regression analysis under decadal-

scale has shown that watershed #1 delivered, cumulatively, 0.48 Ton of sediment during 

summer period and 0.26 ton in spring season. 
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Figure 2 - Seasonal mean time series (spring and Summer)  and linear trends of surface 

air temperature, precipitation, runoff and gully sediments  for 1965-1999. 

Using the optimal values of AIC, AICc, and BIC, orders suggested by ACF and PACF 

function plots, and auto.arima function configuration, the models candidates were 

selected as depicted in Table II. The first set of ARIMA terms,  considered the whole 

time series (e.g. temperature ARIMA(2,0,1)(2,0,0)) and the second set of terms is 

applied only in  the seasonal term (e.g. temperature ARIMA(2,0,1)(2,0,0)). 

Table II- Final ARIMA models  
Variable Model AIC AICc BIC 

Temperature ARIMA(2,0,1)(2,0,0)[12] with non-zero mean 2081    2081.3   2109.3 

Precipitation ARIMA(0,0,2)(2,0,2)[12] with non-zero mean 1679    1679.3   1711.3 

Runoff ARIMA(3,1,3)(1,0,2)[12] 931.4    931.9   971.8 

4. CONCLUSIONS  

A long-term climate and hydrologic time series was modeled with ARIMA model 

which is an efficient tool to quantify and make inference using past values. As result, 

p-value: 0.055 

R2: 0.035 

p-value: 0.168 

R2: 0.018 

p-value: 0.35 

R2: 0.008 

p-value: 0.041 

R2: 0.04 p-value: 0.041 

R2: 0.04 
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the ability to predict soil losses in a long-term, for example, is critical for decision 

makers and strategies to avoid degradation of water and soil resources.  

 ARIMA models were able to detect a small upward trend in runoff and downward trend 

in gully sediment detachment. As future research, we are planning to investigate and 

quantify the correlation of runoff and precipitation, through multiple linear regression, 

in order to predict sediment losses to scenarios where soil erosion measurements are not 

available. Also, compare our findings with regional global climate models (RCMs).  
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ABSTRACT 
 
The objective was to quantify total and thermotolerant coliforms in affluents and 
effluents from the manure of broilers that were fed a diet with probiotic and exogenous 
enzymes, treated in batch biodigesters. Samples of manure were collected from broilers 
(Cobb®), ages between 43 and 48 days, raised in cages, and fed different diets: negative 
control (NC, a control diet without feed additives); probiotic (PRO, the NC diet + 500 
ppm of a product containing Bacillus subtilis); exogenous enzymes blend (ENZ, the NC 
diet + 20 ppm phytase+200 ppm protease+200 ppm xylanase); and a treatment 
combining both feed additives in the NC diet (P+E). The manure samples were 
identified according to the diet and prepared (4% total solids). The volume per batch 
was the same (1.8 kg) for all biodigesters, with manure (0.301 kg) + water (1.499 kg). 
Samples were collected from the affluent at the beginning of the trial and from the 
effluent after 142 days of treatment. Coliforms were determined using the Most 
Probable Number (MPN) of Total (35°C) and Thermotolerant (44°C) Coliforms. 
Results were expressed as MPN/100 ml affluent and effluent and efficiency percentage 
of treatment in the batch biodigesters. Total (NC- 14x10³; PRO- 7,8x10³; ENZ- 4,5x10¹; 
P+E- 14x10³) and thermotolerant coliforms (NC- 11x10³; PRO-7,8x10³; ENZ- 4,5x10¹; 
P+E- 14x10³) were present in the affluent samples from all treatments. The ENZ 
treatment had the lowest amount of coliforms in the affluent and coliforms were absent 
in the effluents from all treatments. It was found that the microbiological treatment in 
batch biodigesters had 100% efficiency when the affluent and effluent samples are 
compared. It can be concluded that adding enzymes to poultry diet reduces the 
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organisms present in broiler manure affluent. The same observation was made in batch 
biodigesters, with 100% efficiency in all treatments. 

 
Keywords:  Digester, total and thermotolerant coliforms, Bacillus subtilis. 
 

1. INTRODUCTION  
 
Expansion of poultry production in Brazil and the increment in technology being used 
in production systems have resulted in increased amounts of waste being generated, and 
they are often disposed of in the environment. 
 
The high contamination rates of natural resources and decrease in quality of life in large 
production areas are an indication that a lare portion of poultry production effluents are 
being released directly or indirectly on the soil and water bodies without an adequate 
treatment. When carefully chosen and well carried out, the adopted management will 
allow the wastes to be fully used according to the conditions dtermined in each farm 
(Angonese & Campos, 2006). 
 
Anaerobic biodigestion can be used to treat solid or liquid wastes, reducing their 
polluting ability and producing biogas and also biofertilizer as a by-product, with 
several practical applications in the farm (Toledo, 1996). The process has shown results 
in decreasing the environmental impact of animal wastes, not only by reducing the 
presence of solids but also by reducing undesirable organisms in the effluents. 
 
The aim of this study was to evaluate the efficiency of batch anaerobic biodigester in 
reducing the number of organisms indicators of fecal contamination (total and fecal 
coliforms) manure of broilers fed different diets with additives, the objective being to 
use the effluent as biofertilizer (ferti irrigation). 
 
 

2.  MATERIAL AND METHODS 
 
The objective was to quantify total and thermotolerant coliforms in affluents and 
effluents from the manure of broilers that were fed a diet with probiotic and exogenous 
enzymes, treated in batch biodigesters. Samples of manure were collected from broilers 
(Cobb®), ages between 43 and 48 days, raised in cages.  
 
The treatments consisted of different diets for broiler chickens containing exogenous 
enzymes and Bacillus subtillis. The diets were based on corn and soybean meal, and 
were supplemented with minerals, vitamins and amino acids to meet the nutritional 
requirements according to Rostagno et al. (2005) recommendations. A nutritional 
matrix of each enzyme was used to ensure the proper diet formulation. The added 
Bacillus subtillis is present in a commercial product currently tested in birds. 
Treatments were as follow: a negative control (NC, a control diet without feed 
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additives); probiotic (PRO, the NC diet + 500 ppm of a product containing Bacillus 
subtilis); exogenous enzymes blend (ENZ, the NC diet + 20 ppm phytase + 200 ppm 
protease + 200 ppm xylanase); and a treatment combining both feed additives in the NC 
diet (P+E). 
 
The manure samples were identified according to the diet and prepared (4% total 
solids). The volume per batch was the same (1.8 kg) for all biodigesters, with manure 
(0.301 kg) + water (1.499 kg). Samples were collected from the affluent at the 
beginning of the trial and from the effluent after 142 days of treatment. Coliforms were 
determined using the Most Probable Number (MPN) of Total (35°C) and 
Thermotolerant (44°C) Coliforms (Silva et al. 1997). Results were expressed as 
MPN/100 ml affluent and effluent, and percentage of treatment efficiency in the batch 
biodigesters. 
 
 

3.  RESULTS AND DISCUSSION 
 
 

Total (NC- 14x10³; PRO- 7,8x10³; ENZ- 4,5x10¹; P+E- 14x10³) and thermotolerant 
coliforms (NC- 11x10³; PRO-7,8x10³; ENZ- 4,5x10¹; P+E- 14x10³) were present in the 
affluent samples from all treatments. The ENZ treatment had the lowest number of 
coliforms in the affluent and coliforms were absent in the effluents from all treatments. 
When the affluent and effluent samples were compared, it was found that the 
microbiological treatment in batch biodigesters was 100% efficient. It can be concluded 
that adding enzymes to poultry diet reduces the organisms present in broiler manure 
affluent (Table 1). 
 
According to the Resolution from CONAMA (Brazilian Council for the Environment) 
(2005), the water to be used in irrigation is categorized as class 2, with a maximum limit 
of 1000 thermotolerant (fecal) coliforms in a 100 mL sample. Thus, the effluent 
produced by the batch biodigester during the experimental period is within the standard 
range and can be used in ferti irrigation. 
 
Augusto (2007) evaluated the behavior of coliform MPN in the anaerobic biodigestion 
of fresh and stored manure from layers, and also found total elimination of coliforms as 
of the 12th and 13th week of treatment. On the other hand, in a study with anaerobic 
biodigestion of broiler litter, Orrico Júnior et al. (2010) reported that they found 3.6x105 
MPN of total coliforms when the biodigesters were loaded and 1.1x103 MPN/100mL-1 

when unloaded. However, the 99.7% reductions did not eliminate the polluting ability 
of the effluent. 

 
 



 

P0311 
Praes, M.F.F.M.; Lucas Junior, J.; Amaral, L.A; Sorbara, J.O.B.; Borges, L.; 
Branco,P.M.P.B.“Microbiological analysis of affluents and effluents of manure 
from broilers fed diets with probiotic and exogenous enzymes after treatment in 
batch biodigesters”. EFITA-WCCA-CIGR Conference “Sustainable Agriculture 
through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

Table 1. Total and thermotolerant coliforms (MPN/100 ml) and efficiency of treating in 
batch biodigesters the manure from birds fed a diet containing probiotic and exogenous 

enzymes. 

Treatments 

Characteristics 
Total coliforms 

Efficiency 
Thermotolerant 

coliforms Efficiency 
Affluent Effluent Affluent Effluent 

NC 14x10³ 0 100 11x10³ 0 100 
PRO 7.8x10³ 0 100 7.8x10³ 0 100 
ENZ 4.5x10¹ 0 100 4.5x10¹ 0 100 
P+E 14x10³ 0 100 14x10³ 0 100 

NC= control diet without feed additives; PRO= NC + 500 ppm of product containing Bacillus subtilis; 
ENZ= NC + 20 ppm phytase, 200 ppm protease and xylanase; P+E= NC+PRO+ENZ 

 
 

4. CONCLUSION 
 

The same observation was made in batch biodigesters, with 100% efficiency in all 
treatments. 
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ABSTRACT 

The objective was to assess the accumulated volume and potential of biogas production 
in batch biodigesters from total and volatile solids added and reduced in manure of 
broilers that were fed a diet with probiotic and exogenous enzymes. In a completely 
randomized design, the study with the manure from broilers included 4 treatments 
(Cobb®), ages between 43 and 48 days, raised in cages, and fed different diets: a 
negative control (NC, a control diet without feed additives); probiotic (PRO, the NC 
diet + 500 ppm of a product containing Bacillus subtilis); exogenous enzyme blend 
(ENZ, the NC diet + 20 ppm of phytase, 200 ppm of protease and 200 ppm of 
xylanase); and a treatment combining both feed additives in the NC diet (P+E). Each 
treatment had 4 replicates in the batch biodigester. The manure was collected, identified 
and prepared (4% total solids). The volume per batch was the same (1.8 kg) for all 
biodigesters, with manure (0.301 kg) + water (1.499 kg). The vertical displacement of 
the gasometers was measured daily and the values were multiplied by their internal 
transversal section (0.00785 m2) to determine the biogas volume accumulated in 142 
days. The gasometers were reset after each reading using the discharge valve. The 
biogas volume was corrected for 1 atm and 20°C. The potential of biogas production 
was calculated using the accumulated biogas volume and amount of total and volatile 
solids added and reduced in the biodigesters during the anaerobic biodigestion. The 
values were expressed as m3 biogas /kg total and volatile solids added and reduced. The 
data underwent variance analysis employing the General Linear Model procedure using 
the SAS® software. Averages were then compared based on Tukey test with a 
significance level of 5%. Analyses of the total accumulated biogas volume during 142 
days showed that there was no statistical difference (P<0.05) between the treatments. 
However, when the potential of biogas production was evaluated, a statistical difference 
(P<0.05) was found for all evaluated characteristics. When treated in the batch 
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biodigester, manure from the birds fed the P+E diet had a higher potential for biogas 
production per kg of total and volatile solids added and reduced, being different from 
those solids added to the NC treatment. In relation to the reduced solids, it was different 
from the ENZ and NC treatments. The use of P+E increases the potential for biogas 
production. 

 
Keywords:  Digester, biogas, Bacillus subtilis, manure. 
 

1. INTRODUCTION  
 
In Brazil, there is a mass agricultural livestock production, which leads to a huge 
residues production. The national poultry production became the most industrialized 
activity in livestock production.  
 
Related to that activity there are some important environmental issues, due to a 
productive development with environmental and nutritional quality demands by various 
actors on this chain, in particular, the final consumers.   
 
Nowadays, the environmental aspect becomes an important part of the daily handling on 
the poultry sector. There are some demands that should be addressed in order to the 
breeding process not to become a source of pollution.   
 
Anaerobic digestion of the organic matter is a sector important alternative, representing 
a worldwide widely used renewable energy source.  
 
Biodigestion leads to a generation of products, with the aim of making the breeding 
process environmentally viable. Those products are the biofertilizer, used as nutrient 
source for the cultures and the biogas, used as thermal energy source for lighting, 
heating and as a fuel for machines and equipments.  
 
The higher cost in birds breeding process is food, so in order to increase diets 
efficiency, is absolutely necessary the use of better quality raw materials with modern 
manufacture techniques as the use of additives.  
 
Nowadays, on poultry sector there is a huge variety of diets, with direct interference on 
birds excreted residues, that may have a negative influence in poultry residues 
processing by the anaerobic treatment and the biogas production.  
 
However, the present study was made with the aim to evaluate the treatment of residues 
excreted by cage breeding poultry, who received different diets containing additives 
(exogenous enzymes and probiotics), over its biogas potential production. 
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2.  MATERIAL AND METHODS 
 
In a completely randomized design, the study with the manure from broilers included 4 
treatments (Cobb®), ages between 43 and 48 days, raised in cages.  
 
The treatments consisted of different diets for broiler chickens containing exogenous 
enzymes and Bacillus subtillis, whose formulation was based on corn and soy mash, 
supplemented with minerals, vitamins and amino acids, in order to meet the nutritional 
requirements according to Rostagno et al. (2005) recommendations. A nutritional 
matrix of each enzyme was used to ensure the proper diet formulation. The added 
Bacillus subtillis is present in a commercial product currently tested in birds. 
Treatments were as follow: a negative control (NC, a control diet without feed 
additives); probiotic (PRO, the NC diet + 500 ppm of a product containing Bacillus 
subtilis); exogenous enzyme blend (ENZ, the NC diet + 20 ppm of phytase, 200 ppm of 
protease and 200 ppm of xylanase); and a treatment combining both feed additives in 
the NC diet (P+E). Each treatment had 4 replicates in the batch biodigester.  
 
The manure was collected, identified and prepared (4% total solids). The volume per 
batch was the same (1.8 kg) for all biodigesters, with manure (0.301 kg) + water (1.499 
kg). The vertical displacement of the gasometers was measured daily and the values 
were multiplied by their internal transversal section (0.00785 m2) to determine the 
biogas volume accumulated in 142 days. The gasometers were reset after each reading 
using the discharge valve. The biogas volume was corrected for 1 atm and 20°C 
(Caetano, 1985). The potential of biogas production was calculated using the 
accumulated biogas volume and amount of total and volatile solids added and reduced 
in the biodigesters during the anaerobic biodigestion. The values were expressed as m3 

biogas /kg total and volatile solids added and reduced.  
 
The data underwent variance analysis employing the General Linear Model procedure 
using the SAS® software. Averages were then compared based on Tukey test with a 
significance level of 5%. 
 
 

3. RESULTS AND DISCUSSION 
 

 
Analyses of the total accumulated biogas volume during 142 days showed that there 
was no statistical difference (P<0.05) between the treatments. However, when the 
potential of biogas production was evaluated, a statistical difference (P<0.05) was found 
for all evaluated characteristics. When treated in the batch biodigester, manure from the 
birds fed the P+E diet had a higher potential for biogas production per kg of total and 
volatile solids added and reduced, being different from those solids added to the NC 
treatment. In relation to the reduced solids, it was different from the ENZ and NC 
treatments (Table 1). 
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Birds diet additive provides a high biogas production, with possible benefits for the 
process of biodigestion, which may cause an inducted artificial environment for the 
process. It would be like a pre-treatment stage, doing the hydrolysis of substances 
present on the excreta, allowing to the microbiotic population a better performance on a 
following step of the biological treatment.  
 
Caetano (1991), working with broilers excreta, verified a energetic yield of 0,28 m³/kg 
of added TS, 0,42m³/kg of added VS and 0,52 m³/kg of reduced VS when the batch 
biodigesteres treatment was made. Steil (2001) found biogas potential production in m³ 
per kg of added TS, obtained from broilers  excreta without the use of an inoculums, 
0,3828 m³/kg of TS. At the same assay, the author verified a biogás potential production 
of 0,5495 m³/kg of added VS, 0,0243 m³/kg of substratum and 0,9087 m³/ kg of reduced 
VS. 
 
Biogas potential production found by Primiano (2002), in biodigesters supplied with 
broilers excreta, with or without inoculum, was, respectively, 0,019 m³ and 0,024 m³/kg 
of substratum, 0,315 m³ and 0,377 m³/kg of added TS, 0,460m³ and 0,560m³/kg of 
added VS, 0,590m³ and 1,060m³/kg of reduced VS and 0,12m³ and 0,10m³/kg of 
residue. 
 
Figure 1 shows data from biogas production in 142 days on different treatments, for 
batch biodigestors with broilers excreta. With the analysis of the graphic, we can view 
that the bigger biogás production occurred at the control treatment, followed by the 
treatment with enzymes and posteriorly the treatment just containing probiotic and 
enzymes plus probiotic. 
 
At this graphic, it can be evaluated the production peak from different excretas of birds 
who received different diets. For the control treatment, the peak occurred at the 33º day 
of production (0,00097 m³), on the treatment with probiotic the peak occurred on 26° 
(0,000779 m³), on the treatment with enzymes was on 27° day (0,000964 m³) and on 
treatment with probiotic plus enzyme it occurred on 33 º day (0,000776 m³). 
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Table 1. Average, values of F and P and the variation coefficient for total volume of 
biogás produced and biogas potential production for ST and SV added and reduced 

from the residues excreted by birds who received a diet containing probiotic and 
exogenous enzymes. 

Treatment 
Characteristics 

 POTENTIAL 
 ST SV 

Total Volume 
(m³) 

Added 
(m³/kg) 

Reduced 
(m³/kg) 

Added 
(m³/kg) 

Reduced 
(m³/kg) 

NC 0,022 0,33 B 0,50 C 0,40 B 0,51 C 
PRO 0,024 0,45 A 0,72 AB 0,54 A 0,72 AB 
ENZ 0,023 0,40 AB 0,64 BC 0,47 AB 0,63 B 
P+E 0,023 0,45 A 0,82 A 0,54 A 0,78 A 

F Values 0,42 6,74 15,83 6,76 19,42 
P Values 0,74 0,0065 0,0002 0,0064 <0,0001 

CV¹ 10,44 10,35 10,22 10,37 7,94 
¹variation coefficient; Average with different letters at the same column are statistically 

different; NC= control diet without additives; PRO= NC + 500 ppm of the product 
containing Bacillus subtilis); ENZ= NC + 20 ppm of phytases enzyme, 200 ppm of 

protease and xylanase); P+E=NC+PRO+ENZ. 
 

 

Figure 1. Biogas production (m³) in 142 days, obtained on the biodigestion of the 
excreta from birds fed with diets containing probiotic and exogenous enzymes. 

 
 
 
 
 

burn 
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4. CONCLUSION 
 

The use of P+E increases the potential for biogas production. 
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ABSTRACT 

 
In recent years new technologies to support agriculture are becoming more accessible. 
Wireless Sensor Networks (WSN) are networks of sensors located within the cultivated 
area able to measure, collect, process and sometimes share in real time many 
micrometeorological parameters. In the last years it has become possible to combine 
high spatial resolution images, quick turnaround times and low operational costs in 
order to generate useful remote sensing products for vegetation monitoring. Remote 
sensing platforms based on unmanned aerial vehicles (UAVs) represent a tool for this 
purpose, providing low-cost approaches to meet the critical requirements of spatial, 
spectral, and temporal resolutions needed. In the present work a low cost and open 
source agro-meteorological monitoring system in vineyard was designed and developed, 
and its placement and topology was optimized using a set of UAV-taken multispectral 
images.   
 
 
Keywords:  Unmanned aerial vehicles, Wireless sensor networks, Remote sensing, 
NDVI, Vigor maps, Italy. 
 

1. INTRODUCTION  
 
Wireless sensor networks (WSN) are composed of various sensor modules connected to 
a node with radio modules (motes) that transmit the data from nodes to a base station 
where the data is stored. A WSN can be applied to any system, but its versatility and 
flexibility require extensive research and development. In Precision Viticulture (PV) the 
WSN can be fundamental where access for the measurement of environmental 
parameters is difficult and when a multi-point monitoring station is necessary (Wang et 
al., 2006; Camilli et al., 2007; Matese et al. 2009).  
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The node placement plays a fundamental role in optimizing monitoring, using as few 
nodes as possible. The within-vineyard variability strongly influences the 
micrometeorological parameter acquired in different vineyard parcel (Matese et al 
2012). Sensor placement has been well studied over the years (Guo et al. 2010; Zou and 
Chakrabarty, 2003; Damuut and Gu, 2012), In general the sensor placement problem is 
solved either with a deterministic or a non-deterministic placement approach. Non-
deterministic sensor placement is often referred to as random placement, while 
deterministic placement is often called controlled placement in some texts. In many 
deterministic algorithms, the positions of the sensors is optimized to achieve the best 
coverage, connectivity or to maximize network lifetime as the case may be. 
Many protocols have been proposed to calculate the relative positions of nodes in a 
network. Kunz and Tatham (2012) describe categorized localization algorithms as 
centralized or distributed on the basis of their computational organization. In centralized 
algorithms, nodes send data to a central location where computation is performed and 
the location of each node is determined and sent back to the nodes. In distributed 
algorithms, each node determines its location by means of the communication with its 
neighbor nodes. 
In this paper, a deterministic sensor placement strategy was applied using ancillary data 
from remote sensing images for node placement. Those images allowed the optimal 
node positioning in terms of maximum variability coverage within the vineyard. 
Due to a lack of resolution, common satellite maps are not an ideal solution to 
determinate vineyard variability, for their difficulty in properly discriminating canopy 
from soil pixels. A solution to overtake this problem is the use of airborne remote 
sensing that allows working at very high spatial resolution. However, some specific 
limits of airborne remote sensing are still the high operational costs and the lack of time 
flexibility associated with the scheduling of flight plans.  
In the last decades the development of unmanned aerial vehicles (UAV) platforms, 
characterized by small dimensions, has offered new opportunities for crop management 
and monitoring, capable of timely providing high resolution images, especially where 
little productive areas have to be monitored (Lelong et al., 2008)  
 
2.  MATERIALS AND METHODS 
 
2.1 Experimental sites 
The research was conducted on a 1.22 ha vineyard located in Tuscany (Italy) at Villa 
Montepaldi farm. It is cordon-trained vineyard planted in 1998 with Cabernet 
Sauvignon in a NW-SE direction, with vines spacing of 1.0 and 2.8 m. The main 
climate characteristics of the site area, according to the 30-yr mean (1961–1990), the 
average temperatures of the coldest (January) and hottest (July) months were 5°C and 
22.2°C, respectively. Average annual rainfall was distributed over 87 days on average, 
with a relative minimum in summer and a peak in autumn (Matese et al. 2012). 
 
2.2 Experimental Plan  
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The experimental plan consists in the deployment of a set of wireless nodes for real-
time micrometeorological monitoring inside the vineyard, and involved the use of an 
UAV to evaluate at the beginning of the research homogeneous vigor areas in the 
vineyard by a preliminary drone multispectral survey. 
The UAV utilized in this work is a modified Mikrokopter Hexa (HiSystems GmbH, 
Moomerland, Germany) six-propeller UAV (Fig.1) capable of flying autonomously to a 
user-defined set of waypoints (Primicerio et al., 2012).  
 

  
Figure 1. Mikrokopter Hexa with custom-built 
camera mount. 

Figure 2. High(green),medium(yellow) 
and low(red) vigor areas with nodes 

positions (circles). 
 

 
 
The drone is equipped with a Tetracam ADC-Lite camera (Tetracam, Inc., Gainesville, 
FL, USA) to acquire multispectral images. The images were georeferenced, 
orthorectified and digitally processed in order to provide NDVI maps. The NDVI map 
was subsequently processed to create equally populated 3-class vigor maps (Hall et al., 
2003) that were used for optimal node placement inside the vineyard. Three 
homogeneous vigor classes were chosen inside the vineyard, and for each class, the 
coordinates of the centroid of the parcel with the largest area was evaluated and 
associated to the node placement coordinates. Then, one node for each centroid was 
installed in the vineyard (three in total) (Fig. 2). Centroids coordinates were estimated 
using MATLAB®.  
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2.3 WSN Deployment 
 
A custom Wireless Sensor Network (WSN) system has been installed in the three 
homogeneous vigor areas identified by the UAV within the experimental vineyard, in 
order to test system performances in terms of micrometeorological monitoring during a 
10 days period in July 2012. The system included a base station with solar radiation, air 
temperature, humidity, and wind sensors, and a set of peripheral wireless nodes located 
in the vineyard, with sensors for micrometeorological precision data monitoring.  
 
Each station (Fig. 3) has been implemented with Arduino technology, an open-source 
project where ICT-Sensors models of circuits is licensed under Creative Commons. The 
hardware of the node utilizes a Seeeduino Stalker V2.1 (Seeed Studio) motherboard 
based on a programmable microcontroller ATmega328 8-bit (Atmel Corporation, San 
Jose, CA, USA). The microcontroller contains 32 kb of flash memory for program 
storage, six 10-bit analog-to-digital channels and an integrated radio module for data 
transmission. The base station was equipped with a GPRS module Shield V2.0 (Seeed 
Studio) in order to transmit data to a remote server. Each station was powered with 2W 
solar panel and a 6V,4.5Ah, battery. 
  
 

 
Each node acquired three micrometeorological parameters: canopy air temperature and 
humidity, and solar radiation intercepted by the cluster. Temperatures and humidity 
parameters were measured by HTM2500LF sensor (Measurement Specialties, Inc., 
Toulouse, FRANCE), a dedicated humidity and temperature transducer positioned on 
the second wire around the middle of the curtain shaded under a solar shield. The solar 
radiation is acquired by a prototype sensor based on a silicon photodiode VTP4085 
(PerkinElmer Optoelectronics, St. Louis, MO), with a spectral application range of 400 
to 1100 nm and sensitivity 0.55 A/W (Matese et al., 2009), housed in a Teflon diffusing 
ball and positioned immediately above the cluster to simulate an exposed berry surface. 
Data collected by the nodes at hourly intervals were sent directly via wireless 

 
 

Figure 3. Arduino node 
 

Figure 4. Canopy air temperature of the three vigor 
zones (1-10 July 2012). 
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connection to the base station, which sent daily data to a remote central server designed 
for receiving, storing and processing data. 
 
 
 

3. RESULTS AND DISCUSSION 
 
The preliminary WSN tested in the experimental vineyard showed interesting results in 
terms of system performances and micrometeorlogical data acquired. A preliminary 
analysis of the data produced showed a significative difference in values from the 
different zones of the vineyard, thus validating the positioning strategy chosen. 
As shown in Fig.4 air temperature data are able to differentiate the three zones in the 
vineyard. 
The methodology presented in this work, although very simple in its principles, allowed 
taking into consideration the intrinsic differences in term of plant vigor of the vineyard, 
thus maximizing the potential resolution of the micrometeorological monitoring.  
Of course, this was possible in our experiment due to the small vineyard extension that 
allowed a sufficient signal coverage in all the area in exam. 
System performances in term of power supply and data quality were good but the 
system was tested only in a preliminary few days of experimentation. 
 
 

4.  CONCLUSION 
 
Nowadays low installation costs allow the deployment of a multitude of sensors: it is 
becoming crucial to design optimal placement plans for these sensors not end up in the 
paradox where the multitude of information results in poorer significance. The 
paradigm of "low cost" and the integration of DSS (Decision Support System) data 
flows from WSN will make it possible the implementation of intervention strategies / 
response directly using real-time data. 
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ABSTRACT 
 

The federal advisory services in Germany are legally obligated to provide a warning 

service for farmers. This is to alert in time about possible dangers to crops so that 

appropriate control measures can be taken. Recommendations are largely based on 

representative field observations of the first occurrence and the development of plant 

pests and diseases. For more than ten years, these monitoring data can be entered into 

and viewed online in the German advisory portal www.isip.de. Now mobile web pages 

have been developed to permit the input of data at the location of assessment. As a 

special feature, these web pages are fully functional even when offline, because the 

network coverage in the rural areas of Germany cannot be considered comprehensive. 
 

 

Keywords:   Mobile device, web application, monitoring, Germany 

 

1. INTRODUCTION  

 

On behalf of the federal advisory services, the Information System for Integrated Plant 

Production (ISIP) delivers online decision support to farmers and advisors for more than 

a decade. ISIP co-operates thereby closely with the Central Institution for Decision 

Support Systems in Crop Protection (ZEPP), whose main task is to develop and 

maintain simulation models for plant pests and diseases. Using decision support systems 

(DSS) results on the one hand in advantages for the farmer who can optimize the 

application of plant protection measures and at the same time lowering their 

environmental impact. On the other hand, the advisory services disseminate their 

information in a much more efficient way. 

 

The federal advisory services are legally obligated to provide a warning service for 

farmers. To achieve this, the most important plant pests and diseases are monitored 

periodically on regionally representative fields. As a rule, these monitoring data are 

taken down on-site on paper and are later transferred into ISIP web forms or other 

electronic systems. This procedure is so laborious and error-prone that a mobile, digital 

http://www.isip.de/
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data logging is a long-term request by the service’s staff. First approaches based on 

PDA technology did not yield the desired results, but gave valuable hints for the 

definition of a user-friendly application. The rapid spread of smartphones now offers a 

cost-efficient and universal technology that does not only allow a mobile data 

acquisition but moreover the possibility to send the data to a central server via mobile 

internet. Thus the aim was to develop a smartphone application that is independent on 

the mobile operating system but that also functions offline, because comprehensive 

network coverage cannot be taken as given in the rural area as the designated site of 

operation. 

 

Parts of the application were developed in two different projects.  

From 2009 to 2012, the iGreen project was set out to develop and realize a network of 

location-based services and knowledge, which integrates various public and private 

information sources. This network allows the realization of mobile decision assistant 

systems which facilitate the decentralized support and optimization of cooperative 

production processes, reaching improved energy efficiency, economic advantages, and 

environmental benefits. In this project, mainly the server-sided components of the 

system were developed. 

In 2010, a project called “Demonstration Farms Integrated Plant Protection” was 

started. On selected farms, all plant protection measures are documented in detail. In 

addition, the motivation for these decisions has to be assessed, amongst others by 

closely monitoring the first appearance and the development of plant pest and diseases. 

Also in this project, the mobile monitoring application was further developed; 

especially the advisors gave valuable feedback to the usability. 

 

2. MATERIAL AND METHODS 
 

In order to provide an utmost compatibility with current mobile operating systems, the 

assistant system has been designed as a web application. This avoids the (costly) 

necessity to develop native apps in parallel and to distribute them in the respective app 

stores. Moreover, the update process of a web application is very simple so that new 

functionality can be made available without any difficulty. The system has successfully 

been tested on Android and iOS with the most common mobile web browsers. Sounding 

like a paradox, this web application can also be used without internet access. On the 

first download, the application saves itself to the local storage of the browser. Data can 

then be typed into the system anywhere at any time and send only to the server at the 

availability of a stable internet connection. 

 
2.1 Components 

 

The application consists primarily of one HTML5 file which contains all necessary web 

pages for input and administration of monitoring data. This file is dynamically 

generated by a JAVA servlet specific to the user and the assessment scheme and is 
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stored in the local application cache of the browser for offline usage. The HTML file 

furthermore stores the following auxiliary components in the browser’s cache: 

 

 The jQuery mobile framework
1
 to unify the graphical user interface and to 

guarantee the compatibility with the main browsers of the different mobile 

operating systems, 

 the jStorage Javascript plugin
2
, which provides a key-value-database in the main 

browers and 

 a number of cascaded style sheets and images. 

 

2.2 Workflow 

 

Initially, the monitoring sites to be used with the application have to be fully defined by 

filling out the respective web forms in www.isip.de. Then the application is started by 

typing the URL http://mm.isip.de into the mobile browser. Since all further steps are 

specific to user and assessment scheme, a login to the ISIP system is necessary (Fig. 1). 

After a successful login, a list of links to possible assessment schemes is shown (Fig. 2). 

A click on one link opens a new browser window and starts the JAVA servlet which 

generates the HTML file. This file in turn automatically downloads the monitoring sites 

stored in ISIP – and the latest dataset as far as there is one – to the smartphone (Fig. 3). 

 

 
 

Fig. 1: Login to the ISIP 

server 

 
 

Fig. 2: Selection of 

assessment scheme 

 
 

Fig. 3: Download of 

monitoring sites and data 

 

                                                 
1
 http://jquery.com/, http://jquerymobile.com/ 

2
 http://www.jstorage.info/ 

http://www.isip.de/
http://mm.isip.de/
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Also in the local storage of the browser, all data are saved user and scheme specific. 

This ensures that no local data is lost, neither when the same user loads another scheme 

nor when another person wants to use the application on the same mobile device. When 

the data are successfully downloaded from the server, two new buttons appear on the 

main screen: ‘Enter data’ and ‘End monitoring’ (Fig. 4). The latter just closes the 

window without any further action and the user is taken back to select another 

assessment scheme. A click on ‘Enter data’ opens the entry form on which the first 

monitoring site is selected and the input fields are initialised with the values of the last 

data set (Fig. 5). 

 

 
 

Fig. 4: Main screen without 

data in local storage  

 
 

Fig. 5: Input fields for 

monitoring data 

 

 

Data are entered either by check boxes or numerical input fields. Clicking on an input 

field selects its contents and opens the numerical key pad of the smartphone (Fig. 6). 

The main entry form receives the results of a monitoring site (Fig. 7). In the example of 

pests in oilseed rape, the total average of pests caught in the yellow trap(s) is entered. In 

the case of multiple traps per site, the user can click on ‘Enter single values’. A new 

form shows up in which the catches of each trap can be entered. Finally, the results are 

averaged and copied into the main entry form. The data entry is finalised by clicking on 

‘Save data’. All data entered are saved to the local storage and the user is redirected to 

the main screen on which two more buttons are visible now (Fig. 8): A click on ‘Upload 

data’ initiates (a) the upload of all local data to the server and if successful (b) the 

erasure of the local storage and (c) the re-download of all data from the ISIP server. 

This procedure ensures that server and local database are always in sync. Clicking on 

‘Delete data from smartphone’ erases the local storage after a confirmation prompt. 
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Fig. 6: Input of numerical 

data 

 
 

Fig. 7: Main entry form 

with single value entry and 

data storage 

 
 

Fig. 8: Main screen with 

data in local storage 

 

3. RESULTS AND OUTLOOK 

 

In 2013, the application is used in the ISIP monitorings of pest and diseases in oilseed 

rape, cereals, potato and sugar beet in different German federal states. The first 

feedback from advisors is very promising. Special attention is paid to the security of 

data storage, because nothing is more aggravating than a data loss that cancels out a 

day’s work. The application does, however, run very stable in this respect, so that the 

technical approach will be further pursued. Also the simple update process has proven 

advantageous: Bug fixing, additional assessment schemes, advances in usability and 

extended functionalities are rolled out to the user by just replacing the HTML file. 

 

For the time being, monitoring sites have to be set up in ISIP prior to the actual data 

assessment. In the medium term it is planned to use GPS readings to (re)localise 

monitoring sites and to equip the system with offline maps for easier navigation. 
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ABSTRACT 

 
Handling spatial data from sensors, farm management information systems (FMIS), 
local legislation, weather and many other data sources is becoming an increasingly 
challenging task for managers and stakeholders of arable farming. The amount of data, 
sources and on line services, heterogeneous group of data processers, and the 
complexity of agricultural practices calls for novel and common spatial data 
infrastructure. Automated process data acquisition and control is a reality in industry for 
online management of the production line. For farm machinery the use of sensor data 
and job files is restricted by hardware and software compatibility, different data formats, 
the lack of common concepts for interpretation of data, and the amount of data itself. 
This paper demonstrates an implementation of standard web feature services (WFS) 
defined by the ISO 19100 series, initiated by the open geospatial consortium (OGC) and 
ISO/TC211. Data are recorded by a novel web client based electronic control unit 
(ECU) and data is exchanged online with a web server offering WFS. The features in 
this study refer to field operations management data. Data are organized and stored on 
the server. It is demonstrated that data can easily be requested for further processing and 
use via the WFS. 

 
Keywords:   Web feature services, ISO 19100 series, spatial data, automated process 
data, Denmark. 
 

1. INTRODUCTION  
Farm Management Information Systems (FMIS) are developed to improve and ease the 
management decision making and compliance to agricultural production practice, 
legislation and task management by means of storing and processing of strategic, 
tactical, operational and evaluation data and services. Many of the agricultural 
production practices and legislation are hard-coded as e.g. look-up tables in many 
FMISs. This approach is unsuitable, due to i) limited validity, ii) limited accessibility, 
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and iii) the dynamic and geospatial nature of agricultural production practice and 
environment, task management and not least legislations. 
 
As derived from the results of the on-going ICT-AGRI GeoWebAgri project and similar 
studies (e.g. Steinberger et al., 2009) a web service based Spatial Data Infrastructure 
(SDI) can solve the stated drawbacks of current FMIS data exchange issues, since the 
data and services are accessible via standardized interfaces and formats. A collaboration 
of heterogeneous user groups with the need to access and update common data sets 
benefits from such an extensible, open structure, while the data can be created, 
processed and maintained throughout different systems, located either at local offices 
responsible for databases or being accessible through the Internet, for example on farm 
equipment. Consequently, interoperability becomes a key issue in efficient FMIS. 
 
The dynamic and geospatial nature of agricultural production requires a rapid update for 
the optimization of the operational plan and adaption of the task in the field. The tasks 
for field operations can be quite complex (Sørensen et al., 2010). Dynamic and 
geospatial nature of field operations could for instance be concerned about current 
weather and weather forecast, pest alarms, changes to resources and dose rates, stock, 
working schedules, route plans, work applied by other working units, risk analysis, 
information from sensors, advisory recommendations and more. Thus, it would be 
desirable to update the operational and evaluation levels of field operations 
automatically in order to optimize the agricultural production practice locally and in real 
time.  
 
Standardized information technology is the key component for such a system for 
automated data interchange, including FMIS and farm equipment. For example, with 
data acquisition as one element of the SDI and expert knowledge about processing of 
the acquired data in relation to agricultural practices decisions as a second element of 
the SDI, requires interoperability on the data and at the semantic level. SDI state of the 
art is typically operating at the fiel level involving data sharing, which requires special 
data integration techniques such as data translation and transformation due to 
differences in semantics, file type, and data format. The user can only request entire 
data sets, which for complex tasks can require time consuming data transmission, large 
storage capacity, and/or necessity of manual handling of files. Rather than constructing 
and evaluating a single complete task file, it would be better to evaluate separate 
decisions which are forming the task in real time. These decisions can be made based on 
available spatial data sets, incorporating the actual, local situation of the farm and down 
to the scale of current variations within each field as mentioned above. In this context, 
the standards for geospatial data exchange using web-services by applying a Service-
Oriented Architecture (SOA) are regarded to be a key component, which in addition 
have the ability to make data available to a heterogeneous group of users and 
stakeholders independent of client or server platform. 
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The implementation of ISO 11783 part 10 by many vendors and the development of 
agroXML are successful examples of standardization in agriculture. The ICT-AGRI 
GeoWebAgri project found that the ISO 11783 part 10 and agroXML does not support 
the interoperability between the identified components of the SDI ranging from the 
levels of strategic and tactical planning, via task management and execution to the 
evaluation of field operations.  The objective of the research presented in this paper is to 
demonstrate the applicability of the ISO 19100 series and open geospatial consortium 
(OGC) standards of spatial data communication for FMIS and in particular for field 
operations. The research results of the ICT-AGRI funded GeoWebAgri project indicate 
that the required integration of spatial information can be realised by building the FMIS 
on open GIS standards. This paper describes the initial steps of a SDI which combine 
the ISO 19100 and OGC series of standards to demonstrate a novel way that geospatial 
data is created, modified and exchanged via the Internet between the two SDI 
components; a commercial FMIS and a mobile implement control system (MICS). 
 
OGC Web Services Suite (OWS) includes three principal types of geo-information 
services: 

1) Map services: A WebMapServer (WMS) provides maps to the client in the form 
of raster data (e.g. PNG, GIF, and JPEG). 

2) Coverage services: WebCoverageServer (WCS) provides spatial data optimized 
for detailed raster data information. Certain extents and data extracts are possible 
which makes WCS data suitable for further processing (e.g. using the Web 
Processing Services (WPS)) 

3) Feature services: WebFeatureServer (WFS) WFS can as a WMS supply maps. 
The difference is that a WFS delivers vector data (Geometry and attributes), 
while a WMS is delivering raster data in the form of a map. 

WFS allow clients to receive spatial data while programming using the Geography 
Markup Language (GML) (others like KML are also supported) (ISO 19136). An 
important perspective by WFS is that the vector data format allows two-way 
communication where the client is able to edit, add and delete data. A WFS request is 
generated at the client and sent to the WFS via HTTP protocol. The server executes the 
query and the result is returned to the client via HTTP. OGC Web Services will allow 
for geo-processing systems can communicate with each other using standard 
technologies such as XML and HTTP. The research and development presented in this 
paper has focused specifically on WFS. 
 
 

2.  MATERIALS AND METHODS 
The WFS specification defines two main WFS classes; basic and transaction (ISO 
19142). The basic WFS can provide three read-only operations; GetCapabilities, 
DescribeFeatureType and GetFeature.  
 



 

C0304 
M. Nørremark, O. Jørgensen, J. Bligaard, C. G. Sørensen. 
“Data interchange between Web client based task controllers and management 
information systems using ISO and OGC standards”. EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

A Transaction WFS (WFS-T) comprise all operations as in basic WFS, with an 
additional Transaction operation. The following standardised WFS and WFS-T 
operations were supported by the Danish Knowledge Center for Agriculture (KCA) 
field database server used in this study: GetCapabilities, DescribeFeature, GetFeature, 
Transaction, which is four out of a total of eleven defined operations defined by the 
ISO19142 standard. The field database also supported SOAP operations for web 
services for the FMIS web clients. Figure 1 illustrates the SDI components of the 
researched and developed SOA within the ICT-AGRI GeoWebAgri project. 
 

 
Figure 1. SDI components for the analysis of utilising WFS and WFS-T for novel 

agricultural process data services. 
 
For demonstration purposes of the WFS and WFS-T based agricultural process date 
services (with specific focus on the on-line communication between field database 
server and mobile field machinery) a standard computer running Linux was 
programmed in C++ to function as a web client for actuator control (simulating ag-
implement control). A TopCon Legacy E GPS (Topcon Inc., USA) was providing 
positional data to the web client via serial communication. A XTB2508 Servotube 
permanent magnet rod actuator module and Xenus XTL-230-18 servo controller from 
Copley was used to simulate a variable dose rate actuator on agricultural implements. 
Communication between the controller and the web client computer was done by a 
manufacturer specified ASCII formatted serial protocol. A mobile internet connection 
was used for web client ECU data communication to the Internet. 
 
The selected exchange format between web client and server was the Geographic 
Markup Language (GML) specified by the OGC and ISO 19136. The software for the 
web client ECU was developed in this project. The initial step for the web client ECU 
software was to request the service metadata, which is a description of the feature types 
it can service and what operations are supported on each feature type. The service 
metadata were prepared for demonstration purposes only by KCA and available for web 
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clients by requesting the GetCapabilities operation of the WFS via ‘HTTP GET’. In the 
URL a user ID and password is required. The next step was to activate a GetFeature 
request via HTTP POST of a XML code. The GetFeature operation returns a selection 
of features from a data store that the client has access to (limited by user ID and 
password). The WFS processes a GetFeature request and returns a response XML code 
to the client that contains the feature instances that satisfy the query expressions 
specified in the request. As an example, once the farm id was entered at the web client, 
the software requested the geographic information for all field polygons linked to the 
farm (Figure 2).  

 
Figure 2. The Web client ECU software showing the graphical user interface on the 

terminal when the software have recognised that the current position is inside one of the 
field polygons of the Research Centre Foulum farm. A: Selection of farm, B: Selection 

of task of field operation, C: Map and current position on field.  
 
The selection of features was requested during the web client software development by 
a DescribeFeatureType operation request which returns a schema description of feature 
types offered by the WFS instance. The schema descriptions define how a WFS expects 
feature instances to be encoded on input (via Insert, Update and Replace actions) and 
how feature instances shall be encoded on output. 
 
Positional data from the GPS was used by the software to determine in which field the 
vehicle was operating (Figure 2). The web client for machine control was then 
requesting the planned tasks from the field data base via a GetFeature request for the 
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actual field. Once the specific task has been selected at the terminal (Figure 2), the 
software controls the actuator to achieve the dose rate. The update rate of GetFeature 
requests was 0.2 Hz, in order to check for any changes to e.g. the planned dose rate 
done via the FMIS while operating in the field. After the completion of a job, a 
command was entered in order to transfer and updating the total dose applied, date and 
time. The command activated the Transactions operations of the WFS-T. Requesting 
the Transaction operation clients can create, modify, replace and delete features in the 
WFS data store. When the Transaction request has been completed, the WFS generates 
an XML response document as described in the ISO 19142 standard indicating the 
completion status of the request.  

 
2.  RESULTS AND DISCUSSION 

An evaluation of the proposed automated process data interchange in its most simplified 
version was done at the fields of Aarhus University, Research Centre Foulum. The 
developed software for the web client ECU exchange data directly and in real time from 
the server storing field operational data by requesting and following WFS standardized 
SOA operations. The demonstration of the implementation of standard WFS data and 
the succession of the requests is illustrated by the screen shots from both the FMIS and 
the graphical user interface of the web client ECU in Figure 3 and 4. The result of the 
evaluation was that the planned field task for June 10th 2013 was selected and 
automatically executed on the field number 221-2 illustrated by the ‘Planned task’ with 
and ‘Executed task’ screen shot of the FMIS user interface (Web browser) in Figure 3. 
The planned dose rate of the fungicide Bell was 0.35 l/ha. Due to software problems 
calculating the covered area from the registered GPS positions in the field, the applied 
dose rate was zero. Nevertheless, it was shown that after ending the field operation and 
activating the Transaction WFS operation, the data on the field data server was updated 
in real time with actual data from the client. The Transaction WFS operation also 
updated the checkmark indicating the task has been executed and the date of task 
execution.   
 
A system that could potentially integrate external data from different SDI components 
with electronic control units on mobile vehicles and implement was demonstrated. The 
integration of the essential WFS operations (GetCapabilities, GetFeatureType, 
GetFeature and Transaction) with the presented web client ECU solution for task 
management worked flawlessly and the transferred amount of data was rather small and 
the update rate of 0.2 Hz was high. 
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Figure 3. The FMIS user interface (Web browser) showing the planned field operational 

task for field number 221-2. On the Web client ECU, the fungicide spraying task 
planned at June 10th 2013 was selected, executed and updated the FMIS data store as 

shown by the change of the check mark, dose rate and date. 
 

 
Figure 4. The graphical user interface of the Web client ECU, showing the situation 

when the Transaction WFS operation has been activated in order to update the FMIS 
data store about the actual dose rate, date of task execution and indication of the task 

has been executed. 
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Access to the database behind the WFS was in this study provided by a simple 
username and password system. WFS supports the use of HTTPS, which is HTTP 
encapsulated in SSL/TLS, but it was not implemented in the presented proof of concept. 
The WFS itself also provides a security. Part of the server response to the 
GetCapabilities request, is an URL containing a time limited ticket, valid for 
approximately an hour. After the GetCapabilites request, the client utilize the URL with 
the ticket, thus avoiding transmission of user name and password for every 
communication with the server.  
 

3.  CONCLUSION 
A novel communication interoperability between two SDI components; a novel web 
client ECU and a commercial FMIS has been established based on real farm data 
exchange via WFS and WFS-T (ISO 19142). The evaluation proved that agricultural 
machines can request and update field operational data on-line, in real time and at high 
update rate using open GIS communication standards. 
 
Agricultural machinery supporting a web client platform can potential use several 
services simultaneously. For instance such machinery platform can be prepared for 
several services and when the services are available locally, value is added to the 
agricultural machine automatically.  
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ABSTRACT 

In the frame of Borlaug Global Rust Initiative (BGRI), a web-based data management 
system - the Wheat Rust Toolbox - was developed to support surveillance, monitoring 
and early warning of new aggressive wheat rusts on a global scale. On-line data entry 
permits quality controlled and standardized data to be entered into the system. Once 
validated and approved, data are published and automatically disseminated via a series 
of interactive graphical and mapping web tools. The wheat rust single tools are 
embedded and integrated with other information in the Global Rust Reference Centre 
(GRRC) hosted by Aarhus University and in RustTracker – a global wheat rust 
monitoring system hosted by CIMMYT. The targeted countries for RustTracker are 
Central and West Asia and Africa. The backbone of the system is a Host-pathogen 
Microsoft SQL Database and Web system, combining host and pathogen data in a 
flexible way. After login to the toolbox a user management system controls the access 
rights to user-group specified tools and features. To stimulate partners to supply new 
data, dedicated login protected tools that analyse and summarise the raw data on country 
level, are available for data owners. The importance and distribution of new aggressive 
wheat rust in a global context are available for the wheat growing community in 
interactive maps, graphs and tables. The target for information is the farming 
community, breeders as well as scientist working on wheat rust and other crop disease. 
To reach the target user groups, dedicated tools and results are embedded in external 
web pages i.e. the RustTracker (http://rusttracker.cimmyt.org/) and the web site for the 
Global Rust Reference Centre (http://www.wheatrust.org). The wheat rust toolbox 
integrates and analyses more and more data from new tools related to phenotyping and 
genotyping of the pathogen and for the characterisation of host resistance. The 
challenge is to understand the interaction between the host and the pathogen, and to be 
able to monitor and predict the evolution and spread of new aggressive races. In Europe 
farmers can apply agrochemicals when new aggressive pathogens attack the crops. In 
the developing countries the majority of farmers must heavily rely on resistant cultivars. 
 
Keywords: Wheat rust, data management, web tools, decision support, global  

1. INTRODUCTION 
The appearance and spread of stem rust Puccinia graminis f. sp. Tritici, race Ug99 from 
East Africa (Pretorius et al. 2000) was the catalyst to put in place a global monitoring 
system for wheat rusts in the frame of the Borlaug Global Rust Initiative (BGRI). A 
large proportion of commercial wheat cultivars were susceptible to this new race and 
food security in many countries in Africa, Central and West Asia were threatened. The 

http://rusttracker.cimmyt.org/
http://www.wheatrust.org/
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signal was clear, - that tracking rust pathogen races and monitoring disease status on a 
global basis was a high priority (Hodson 2012, Park 2011).  
A Global Wheat Rust Monitoring System, created under the Durable Rust resistance in 
Wheat (DRRW) project - initiated in 2005 - is now in place and still expanding 
globally. It represents a unique and increasingly comprehensive resource of rust 
information. A suite of tools are now available giving access to information on stripe 
rust, leaf rust and stem rust attacking wheat: Where is the disease, how much and what 
type of rust (e.g. aggressiveness and pathotyping, SSR analysis and DNA sequencing), 
which cultivars can it attack etc. Standardized protocols for data collection have 
permitted the development of a comprehensive data management system, named the 
Wheat Rust Toolbox. Data access is facilitated via dedicated web portals supporting the 
global wheat growing community. This paper describes the Wheat Rust Toolbox, how 
data are stored, managed and disseminated to target user audiences. 
 

2. SYSTEM DESCRIPTION 
 
The backbone of the system is a Host-Pathogen Microsoft SQL Database and a Web 
system, combining host and pathogen data in a flexible way. Web tools are programmed 
using .NET technology. Mapping tools use KML and Google maps and graphics are 
produced with ChartDirector, a server based Graphics Software package. Data are 
exchanged and exported using the XML standard. To reach the target user groups, 
dedicated tools and results are embedded in external web pages i.e. RustTracker and the 
Global Rust Reference Centre (Figure 1) 

 
 

Figure 1. The Wheat Rust Toolbox controls the database, the models and application 
layer using .NET technology. Tools are embedded in external web pages. The example 
shows the same Survey Mapper with data for three different wheat rusts in Argentine. 

SQL Databases: Host-Pathogen etc. 

Models and applications layer [.NET]

Wheat rust toolbox

XML, CSV

Global Rust
Reference Centre RustTracker
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2.1 Database structure 
 
Two major core types of data are currently implemented and populated within the 
Wheat Rust Toolbox – rust survey data and data about the pathogen isolates sampled. 
 

 
 

Figure 2. Host-pathogen database tables. 
 
The rust survey database currently holds more than 12.500 geo-referenced, 
standardized, field survey data on all three rusts and covering 34 countries, 2007 to 
2013. Both the survey General table and the isolate General table include the key 
variables Host ID, Pathogen ID, Year, country and location. The link between the 
survey data and the isolate data is sample ID table. This enables survey data collection 
without sampling of isolates, analysis and storage of isolate data not associated with a 
specific survey and surveys including sampling of isolates for further analysis. When 
isolates have been sampled they might be analysed with several different methods in 
different labs in the network. The database is built to “Track and trace” isolates 
sampled, and the different analysing methods applied to it by different labs (Figure 2). 
Expansion beyond the current core databases is currently in development with planned 
inclusion of a Barberry Database (the alternate host for Pgt and Pst), Trap Nursery 
Database and a Molecular Diagnostics Database. Barberry plants (Berberis spp.) act as 

Survey data Isolate data

GENERAL
Host ID
Pathogen ID
Year
Country
Location

GENERAL
Host ID
Pathogen ID
Year
Country
Location
Isolate code

LINK SAMPLE TO ISOLATE

OBSERVATION 
(Wheat)
Date
Severity
Surveyor

SAMPLE (Wheat)
Sample code

SAMPLE (Barberry)
Sample code

OBSERVATION 
(Barberry)
Date
Severity
Surveyor
Barberry
species

ISOLATE RESULT
Date
Result value
Analysis
Laboratory

VIRULENCE (YR)
Value

VIRULENCE (SR)
Value

SNP (SR)
Value

SEQUENCE
GENEBANK
ACCESSION No



 

C0302 
Jens G. Hansen and Poul Lassen. “Managing global crop disease data”. EFITA-WCCA-CIGR 
Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 
2013. 
 

alternate host for several wheat rust species and to find out what type of rust attack 
Barberry in Central and West Asia, samples of rust are analysed using DNA sequence 
analysis that is compared with existing known sequences stored in gene banks.  

2.2 Tools 
 
After login different user groups have access to different tools and features. The 
GCRMS manager can create new users, quality control and publicise data, Figure 3 (1 
and 3). Surveyors can enter data via a dedicated data entry web form, Figure 3 (2), they 
can edit own data uploaded before publishing and they can analyse own data via the 
“My rust” tools and features (not shown). After data have been uploaded and made 
public, several tools are updated “on the fly” i.e. the Survey data overview table Figure 
3 (4) the Survey mapper, Figure 3 (5) and the Google map showing the relative 
importance of the three rust types by year, Figure 3 (6). 
The upload of data via the web based report form secure the quality of data because the 
user can only select predefined options, enter dates via a calendar button etc. The step of 
quality control by the GCRMS management group is yet another control before release 
of data. Upload of data via smartphones and tablets is now under development. Slow or 
no Internet connection is still a barrier in many developing countries, but this is 
expected to improve considerably in Africa and Asia. 
Figure 3 (5) is an example of the interactive Survey mapper. Selected is the year 2012, 
countries in the Himalayan region, yellow (stripe) rust, all crop growth stages and all 
disease levels. The colours indicate the level of disease: red is high, orange is medium, 
yellow is low disease severity and green is no disease The map shows that Stripe rust 
was widespread in the mountain regions but not at lower altitudes in the region selected. 
This corresponds well with the fact that Puccinia striiformis causing Stripe rust is not 
well adapted to very high temperatures. The relative importance of the three rusts is 
given in Figure 3 (6). Data are from 2012. The three bar colours indicate Stem (black) 
rust, Leaf (brown) rust and Stripe (yellow) rust. The height of the bars indicates the 
frequency of fields in the survey recorded with rust (>0) from zero to 100 % that 
specific year. This information shows that Stem rust is a problem mainly in East Africa 
and Yemen whereas leaf and yellow rust is relative more important in central and West 
Asia. 
Similar tools are available for isolate information showing frequencies of isolate 
pathotypes (what resistance genes the isolate can overcome) and their distribution in the 
region. Several molecular tools are now available for the fast and reliable identification 
of genotypes. This facilitates the comparison of populations and how they evolve and 
spread in the region. The ultimate goal is to produce an information system that 
facilitates the forecasting of wheat rust epidemics, to prepare appropriate management 
strategies. Secondly to introduce resistant cultivars in areas with high disease risk and 
finally to identify and understand the evolution of new aggressive strains of pathogens 
helping the breeders proactively to develop new resistant cultivars dedicated to specific 
countries and environments. 
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1 - User Management 2 - Data entry web form 

  
3 - Survey data management and quality 
control 

4 - Survey data Overview by country 
and year 

  
5 - Survey mapper 6 -  Relative importance of the three 

rusts 
 

Figure 3. Web tools for User management, data upload, quality control and display of 
disease surveillance data. 
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3. USER MANAGEMENT AND FEATURES 
 
The Wheat Rust Toolbox includes a comprehensive User Management system that 
permits controlled access to specific tools and functionality. Registered users have 
country-specific access to an on-line data entry system and a suite of country-specific 
data visualization options for their own data. The current system permits secure on-line 
survey data entry, storage in a structured database, data editing, data visualization and 
data export (via XML/Excel) of country-specific data. Data visualization options 
include: a tabular data summary, an interactive graphical display of all rust data by year, 
a raw data analysis tool, and an interactive map of the country survey data. These 
options combined with the advantage of having the data analysed in a global or regional 
context will be a major motivation for using the system in the future. Only when 
country data has been checked and approved for publication by the data owner does it 
enter into the public domain, global data dissemination tools. 

 

4. DISSEMINATION – INTEGRATED INFORMATION RESOURCES 
 

The principal portal for dissemination for the rust surveillance and monitoring data is 
RustTracker.org (http://rusttracker.cimmyt.org). This site was developed by CIMMYT 
and partners as a component of the Durable Rust Resistance in Wheat (DRRW) project 
and is an integral part of the Borlaug Global Rust Initiative (BGRI). The aim of 
RustTracker.org is to provide a comprehensive set of information about global rust 
surveillance and monitoring. The site is directly integrated with the Wheat Rust 
Toolbox and includes implementations of all the data dissemination tools generated by 
the data management platform. Other key features of RustTracker include a 
comprehensive set of situation updates regarding current rust status and an extensive set 
of country-specific pages and tools covering approximately 40 countries. Stem rust, and 
the “Ug99 race group" in particular, has been an initial focus of RustTracker.org, but 
information and content is being expanded to include both stripe rust and leaf rust. 
Ultimately, RustTracker.org aims to be the most comprehensive source of information 
for all rust surveillance and monitoring related content. 
The Wheat Rust Toolbox is now an integrated part of the Global Rust Reference Centre 
(GRRC), hosted by Aarhus University. The GRRC website, www.wheatrust.org, holds 
information about all activities at the centre, but also data on yellow rust in Europe and 
beyond, and managed by the Wheat Rust Toolbox. GRRC links to RustTracker and the 
two portals integrate and coordinate all of its activities. It is envisaged that over time, 
additional country-based websites hosted by national partners will provide outlets for a 
selected set of Wheat Rust Toolbox data outputs. 
Whilst the Wheat Rust Toolbox and the Global Wheat Rust Monitoring System in 
general has a focus on the pathogen it is essential that linkages exist to the host, so that 
surveillance and monitoring information can be used to guide control and mitigation 
efforts. Progress has also been made on this more holistic and integrated approach by 
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integrating data from the CIMMYT Wheat Atlas and the Genetic Resources Information 
System (GRIS). 
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ABSTRACT 

In the frame of Borlaug Global Rust Initiative (BGRI), a web-based data management 
system - the Wheat Rust Toolbox - was developed to support surveillance, monitoring 
and early warning of new aggressive wheat rusts on a global scale. On-line data entry 
permits quality controlled and standardized data to be entered into the system. Once 
validated and approved, data are published and automatically disseminated via a series 
of interactive graphical and mapping web tools. The wheat rust single tools are 
embedded and integrated with other information in the Global Rust Reference Centre 
(GRRC) hosted by Aarhus University and in RustTracker – a global wheat rust 
monitoring system hosted by CIMMYT. The targeted countries for RustTracker are 
Central and West Asia and Africa. The backbone of the system is a Host-pathogen 
Microsoft SQL Database and Web system, combining host and pathogen data in a 
flexible way. After login to the toolbox a user management system controls the access 
rights to user-group specified tools and features. To stimulate partners to supply new 
data, dedicated login protected tools that analyse and summarise the raw data on country 
level, are available for data owners. The importance and distribution of new aggressive 
wheat rust in a global context are available for the wheat growing community in 
interactive maps, graphs and tables. The target for information is the farming 
community, breeders as well as scientist working on wheat rust and other crop disease. 
To reach the target user groups, dedicated tools and results are embedded in external 
web pages i.e. the RustTracker (http://rusttracker.cimmyt.org/) and the web site for the 
Global Rust Reference Centre (http://www.wheatrust.org). The wheat rust toolbox 
integrates and analyses more and more data from new tools related to phenotyping and 
genotyping of the pathogen and for the characterisation of host resistance. The 
challenge is to understand the interaction between the host and the pathogen, and to be 
able to monitor and predict the evolution and spread of new aggressive races. In Europe 
farmers can apply agrochemicals when new aggressive pathogens attack the crops. In 
the developing countries the majority of farmers must heavily rely on resistant cultivars. 
 
Keywords: Wheat rust, data management, web tools, decision support, global  

1. INTRODUCTION 
The appearance and spread of stem rust Puccinia graminis f. sp. Tritici, race Ug99 from 
East Africa (Pretorius et al. 2000) was the catalyst to put in place a global monitoring 
system for wheat rusts in the frame of the Borlaug Global Rust Initiative (BGRI). A 
large proportion of commercial wheat cultivars were susceptible to this new race and 
food security in many countries in Africa, Central and West Asia were threatened. The 

http://rusttracker.cimmyt.org/
http://www.wheatrust.org/
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signal was clear, - that tracking rust pathogen races and monitoring disease status on a 
global basis was a high priority (Hodson 2012, Park 2011).  
A Global Wheat Rust Monitoring System, created under the Durable Rust resistance in 
Wheat (DRRW) project - initiated in 2005 - is now in place and still expanding 
globally. It represents a unique and increasingly comprehensive resource of rust 
information. A suite of tools are now available giving access to information on stripe 
rust, leaf rust and stem rust attacking wheat: Where is the disease, how much and what 
type of rust (e.g. aggressiveness and pathotyping, SSR analysis and DNA sequencing), 
which cultivars can it attack etc. Standardized protocols for data collection have 
permitted the development of a comprehensive data management system, named the 
Wheat Rust Toolbox. Data access is facilitated via dedicated web portals supporting the 
global wheat growing community. This paper describes the Wheat Rust Toolbox, how 
data are stored, managed and disseminated to target user audiences. 
 

2. SYSTEM DESCRIPTION 
 
The backbone of the system is a Host-Pathogen Microsoft SQL Database and a Web 
system, combining host and pathogen data in a flexible way. Web tools are programmed 
using .NET technology. Mapping tools use KML and Google maps and graphics are 
produced with ChartDirector, a server based Graphics Software package. Data are 
exchanged and exported using the XML standard. To reach the target user groups, 
dedicated tools and results are embedded in external web pages i.e. RustTracker and the 
Global Rust Reference Centre (Figure 1) 

 
 

Figure 1. The Wheat Rust Toolbox controls the database, the models and application 
layer using .NET technology. Tools are embedded in external web pages. The example 
shows the same Survey Mapper with data for three different wheat rusts in Argentine. 

SQL Databases: Host-Pathogen etc. 

Models and applications layer [.NET]

Wheat rust toolbox

XML, CSV

Global Rust
Reference Centre RustTracker
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2.1 Database structure 
 
Two major core types of data are currently implemented and populated within the 
Wheat Rust Toolbox – rust survey data and data about the pathogen isolates sampled. 
 

 
 

Figure 2. Host-pathogen database tables. 
 
The rust survey database currently holds more than 12.500 geo-referenced, 
standardized, field survey data on all three rusts and covering 34 countries, 2007 to 
2013. Both the survey General table and the isolate General table include the key 
variables Host ID, Pathogen ID, Year, country and location. The link between the 
survey data and the isolate data is sample ID table. This enables survey data collection 
without sampling of isolates, analysis and storage of isolate data not associated with a 
specific survey and surveys including sampling of isolates for further analysis. When 
isolates have been sampled they might be analysed with several different methods in 
different labs in the network. The database is built to “Track and trace” isolates 
sampled, and the different analysing methods applied to it by different labs (Figure 2). 
Expansion beyond the current core databases is currently in development with planned 
inclusion of a Barberry Database (the alternate host for Pgt and Pst), Trap Nursery 
Database and a Molecular Diagnostics Database. Barberry plants (Berberis spp.) act as 
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alternate host for several wheat rust species and to find out what type of rust attack 
Barberry in Central and West Asia, samples of rust are analysed using DNA sequence 
analysis that is compared with existing known sequences stored in gene banks.  

2.2 Tools 
 
After login different user groups have access to different tools and features. The 
GCRMS manager can create new users, quality control and publicise data, Figure 3 (1 
and 3). Surveyors can enter data via a dedicated data entry web form, Figure 3 (2), they 
can edit own data uploaded before publishing and they can analyse own data via the 
“My rust” tools and features (not shown). After data have been uploaded and made 
public, several tools are updated “on the fly” i.e. the Survey data overview table Figure 
3 (4) the Survey mapper, Figure 3 (5) and the Google map showing the relative 
importance of the three rust types by year, Figure 3 (6). 
The upload of data via the web based report form secure the quality of data because the 
user can only select predefined options, enter dates via a calendar button etc. The step of 
quality control by the GCRMS management group is yet another control before release 
of data. Upload of data via smartphones and tablets is now under development. Slow or 
no Internet connection is still a barrier in many developing countries, but this is 
expected to improve considerably in Africa and Asia. 
Figure 3 (5) is an example of the interactive Survey mapper. Selected is the year 2012, 
countries in the Himalayan region, yellow (stripe) rust, all crop growth stages and all 
disease levels. The colours indicate the level of disease: red is high, orange is medium, 
yellow is low disease severity and green is no disease The map shows that Stripe rust 
was widespread in the mountain regions but not at lower altitudes in the region selected. 
This corresponds well with the fact that Puccinia striiformis causing Stripe rust is not 
well adapted to very high temperatures. The relative importance of the three rusts is 
given in Figure 3 (6). Data are from 2012. The three bar colours indicate Stem (black) 
rust, Leaf (brown) rust and Stripe (yellow) rust. The height of the bars indicates the 
frequency of fields in the survey recorded with rust (>0) from zero to 100 % that 
specific year. This information shows that Stem rust is a problem mainly in East Africa 
and Yemen whereas leaf and yellow rust is relative more important in central and West 
Asia. 
Similar tools are available for isolate information showing frequencies of isolate 
pathotypes (what resistance genes the isolate can overcome) and their distribution in the 
region. Several molecular tools are now available for the fast and reliable identification 
of genotypes. This facilitates the comparison of populations and how they evolve and 
spread in the region. The ultimate goal is to produce an information system that 
facilitates the forecasting of wheat rust epidemics, to prepare appropriate management 
strategies. Secondly to introduce resistant cultivars in areas with high disease risk and 
finally to identify and understand the evolution of new aggressive strains of pathogens 
helping the breeders proactively to develop new resistant cultivars dedicated to specific 
countries and environments. 
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1 - User Management 2 - Data entry web form 

  
3 - Survey data management and quality 
control 

4 - Survey data Overview by country 
and year 

  
5 - Survey mapper 6 -  Relative importance of the three 

rusts 
 

Figure 3. Web tools for User management, data upload, quality control and display of 
disease surveillance data. 
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3. USER MANAGEMENT AND FEATURES 
 
The Wheat Rust Toolbox includes a comprehensive User Management system that 
permits controlled access to specific tools and functionality. Registered users have 
country-specific access to an on-line data entry system and a suite of country-specific 
data visualization options for their own data. The current system permits secure on-line 
survey data entry, storage in a structured database, data editing, data visualization and 
data export (via XML/Excel) of country-specific data. Data visualization options 
include: a tabular data summary, an interactive graphical display of all rust data by year, 
a raw data analysis tool, and an interactive map of the country survey data. These 
options combined with the advantage of having the data analysed in a global or regional 
context will be a major motivation for using the system in the future. Only when 
country data has been checked and approved for publication by the data owner does it 
enter into the public domain, global data dissemination tools. 

 

4. DISSEMINATION – INTEGRATED INFORMATION RESOURCES 
 

The principal portal for dissemination for the rust surveillance and monitoring data is 
RustTracker.org (http://rusttracker.cimmyt.org). This site was developed by CIMMYT 
and partners as a component of the Durable Rust Resistance in Wheat (DRRW) project 
and is an integral part of the Borlaug Global Rust Initiative (BGRI). The aim of 
RustTracker.org is to provide a comprehensive set of information about global rust 
surveillance and monitoring. The site is directly integrated with the Wheat Rust 
Toolbox and includes implementations of all the data dissemination tools generated by 
the data management platform. Other key features of RustTracker include a 
comprehensive set of situation updates regarding current rust status and an extensive set 
of country-specific pages and tools covering approximately 40 countries. Stem rust, and 
the “Ug99 race group" in particular, has been an initial focus of RustTracker.org, but 
information and content is being expanded to include both stripe rust and leaf rust. 
Ultimately, RustTracker.org aims to be the most comprehensive source of information 
for all rust surveillance and monitoring related content. 
The Wheat Rust Toolbox is now an integrated part of the Global Rust Reference Centre 
(GRRC), hosted by Aarhus University. The GRRC website, www.wheatrust.org, holds 
information about all activities at the centre, but also data on yellow rust in Europe and 
beyond, and managed by the Wheat Rust Toolbox. GRRC links to RustTracker and the 
two portals integrate and coordinate all of its activities. It is envisaged that over time, 
additional country-based websites hosted by national partners will provide outlets for a 
selected set of Wheat Rust Toolbox data outputs. 
Whilst the Wheat Rust Toolbox and the Global Wheat Rust Monitoring System in 
general has a focus on the pathogen it is essential that linkages exist to the host, so that 
surveillance and monitoring information can be used to guide control and mitigation 
efforts. Progress has also been made on this more holistic and integrated approach by 
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integrating data from the CIMMYT Wheat Atlas and the Genetic Resources Information 
System (GRIS). 
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ABSTRACT 
 

Emerging technologies enhancing implementation of more advanced software were 

analyzed and applied to upgrade the standalone DSS Ziarbit, developed by the authors 

in past years, to a form of a Web-based decision support system embedded in Semantic 

Web frameworks. The system was developed to support design and management of 

cereal grain drying, handling and storage facilities. New technologies were used for 

problem domain analysis, UML diagramming, knowledge representation and Semantic 

Web implementation, and recent Microsoft programming environments were applied 

(.NET 4.5, ASP .NET 4.5, C++/CLI and C# available in Microsoft Visual Studio 2012, 

and Windows Phone SDK 8). In order to ensure interoperability, a concept of Internet-

based Knowledge Center (IKC) was introduced and the new system was developed 

within the IKC framework. 
 

 

Keywords:   Web application, decision support, .NET technologies, cereal grain 

processing, Semantic Web, Poland. 

 

1. INTRODUCTION  

 

For farmers, agriculturally‑related businesses and industries involved in grain drying, 

handling and storage it is necessary to have prompt, relevant and reliable information to 

make better decisions and maintain quality standards. Fast, flexible access to 

information available on the Web is essential. It could be attained by keeping decision 

support software up to date, especially by taking the advantage of innovative and 

effective ICT opportunities. New advanced technologies available for developing Web-

based decision support applications can increase functionality, reliability, usability, 

maintainability and performance of such applications (Weres et al., 2010, Kozłowski et 

al., 2011). Integration of information derived from diverse sources and transformation 

of the DSS to an adoptable Semantic Web-based DSS is a strong trend for future system 

development (Blomqvist, 2012, Janjua et al., 2013, Kluza et al., 2011). Additional new 

possibilities are offered by smartphone applications for interaction between users and 

servers (Esposito, 2012, McWherter and Gowell, 2012). 
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The objective was to indicate, implement and analyze emerging technologies useful 

either for developing new systems or for upgrading old-day standalone applications to a 

form of Web-based decision support system embedded in Semantic Web frameworks. 

Implementation of new technologies was exemplified by an upgrade of a standalone 

DSS Ziarbit developed by the authors in past years (Weres et al., 2007) with an 

intention to support design and management of cereal grain drying, handling and 

storage facilities.  

 

 

2.  MATERIAL AND METHODS 
 

The new version of the “Ziarbit” Web-based decision support system was developed 

with the use of several methods appropriate for project management (Hundhausen, 

2012) and software engineering (Sommerville, 2010), especially for the problem 

domain analysis and UML 2.4.1 diagramming, knowledge representation and Semantic 

Web standards (Kluza and Weres, 2012), and recent Microsoft technologies (Nagel et 

al., 2012, Troelsen, 2012). As programming environments, .NET 4.5, ASP .NET 4.5, 

C++/CLI and C# 5.0, available in Microsoft Visual Studio 2012, and Windows Phone 

SDK 8 were chosen. To satisfy the goal of interoperability and reusability of existing 

Web-based knowledge (Weres et al., 2010, Kozłowski et al., 2011) a set of Semantic 

Web languages was used (Blomqvist, 2012, Janjua et al., 2013, Kluza et al., 2012). In 

particular, to ensure the interoperability, an original concept of Internet-based 

Knowledge Center (IKC) was introduced (Kluza et al., 2011, 2012), this concept 

became a framework for the new system development. 

A light version of the system was also developed for smartphones, on the basis of 

methods appropriate for smart apps development (Esposito, 2012, McWherter and 

Gowell, 2012) 

 
3.  RESULTS 

 
The model for the problem domain (Fig. 1) was based on three principles: 

1) To identify. Identification and description of knowledge domains (their terminology, 

vocabularies, steps of the process and so on). 

2) To describe. Design of the datasets required to be part of  DSS scenario (knowledge 

comes into the solution from RDFa annotated resources, outside from the IKC space 

in the form of existing ontologies and semantic vocabularies (LinkedData space) 

and also from custom designed ontologies from within the IKC). Due to the lack of 

the semantically (in terms of Semantic Web technologies usage) enabled resources, 

the preparation of such outside resources was also required. 

3) To consume. Creating an Agent Service and/or Software to consume the knowledge 

from the IKC space. 
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Figure 1. Model of the Internet-based Knowledge Center (IKC). 

 

 
 

Figure 2. Architecture of the Internet-based Knowledge Center (IKC). 

 

The core elements of the IKC architecture (Fig. 2) were based on the principle: mature, 

stable and proven technologies and software available for free. 

 

• Proxmox Virtual Environment, PVE (Fig. 3) - the openvz container based 

solution, which enabled rapid building of the required environments along with 

prototyping and trying many different configurations and settings. In addition, 
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the environments created on top of the PVE could be built with usage of turnkey 

Linux distributions preconfigured for the specific roles – like Web Server – and 

with the TurnKey Hub Service they could be automatically backup on the 

Amazon S3 platform. 

 

 
 

Figure 3. Proxmox Virtual Environment. 

 

• Protégé Desktop ontology editor (Fig. 4) was used as the main ontology 

development tool and configured to work with visualization and reasoning 

plugins. 

 

 
 

Figure 4. Protégé Desktop ontology editor. 
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• The data model for the domain of grain drying, handling and storage (Fig. 5, 

Fig. 6) was approached from four main perspectives. The resources available: 

websites, publications, academic manuscripts, agricultural fairs, advertising 

material and leaflets, technical documentation, European and national laws and 

regulations, they were taken under close consideration. Based on that, ontologies 

which captured the knowledge from those sources were designed and built. 

 

• AllegroGraph enabled the access to the created domain ontologies and 

vocabularies. The datasets were explored with the use of Queries section and 

SPARQL language. 

 

 
 

Figure 5. The data model for the domain of grain drying, handling and storage – 

selected parameters for drying. 
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Figure 6. The data model for the domain of grain drying, handling and storage – 

selected parameters for cereal grain. 

 

A new approach to a decision support system for agriculture was elaborated due to 

implementation of recent advances in ICT, and a new version of DSS Ziarbit, a 

software application for analyzing, designing and managing cereal grain drying, 

handling and storage was designed (Fig. 7). Ontologies required for semantic processing 

approach were constructed, and the Internet-based Knowledge Center was the 

framework for the analysis. A pioneer smartphone application to communicate with the 

server was also developed. DSS Ziarbit was composed of: 

1) databases for grain drying, handling and storage; 

2) simulation and performance analysis (calculation of drying air properties,  

simulation of the moisture content changes in grain, computation of drying systems 

performance); 

3) decision support for selecting appropriate equipment and conditions for drying 

cereal grains, with the access to data available online. 
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Figure 7. Ziarbit - a Web-based DSS for designing and managing cereal grain drying, 

handling and storage. PC client (left), smartphone client (right). 

 

 

 

4.  CONCLUSION 

 

Advanced technologies available on the .NET Framework and useful for developing 

Web-based DSS for agriculture were indicated and implemented. The new version of 

Semantic Web-based decision support software for analyzing, designing and managing 

cereal grain drying, handling and storage was designed and implemented. The Semantic 

Web concept was turned into reality with the help of the Internet-based Knowledge 

Center, developed originally within this work. A test version of the smartphone 

application to enhance a mobile access to the system was also constructed. 

Conformance to software engineering standards during the whole software development 

process was a critical factor for accepting the developed application in operational, 

practical environments. 
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ABSTRACT

This paper describes the construction of a fuzzy inference system (FIS) based on rules 
to assess the sustainability of farms in the Pantanal. Sustainability of biomes is founded 
on three dimensions: environmental, social and economical. This paper presents a  fuzzy 
approach to integrate sustainability indicators to quantify and simplify phenomena that 
are accessible to all users and assist decision makers for  understanding of complex 
systems.  This  work  also  describes two  tools  to  support  the  construction  of  fuzzy 
systems,  called  FuzzyGen  and  WebFuzzy.  They  were  developed  by  Embrapa 
Agricultural Informatics and Embrapa Pantanal. The use of sustainability indicators is 
an efficient strategy to evaluate and formulate development policies. The monitoring of 
real production systems of beef cattle in the Pantanal was the basis for the definition of 
variables  to represent  the  performance of the activity. The validation was performed 
from scenario simulation in a fuzzy inference system (FIS). Scenarios were constructed 
to  critical  evaluation  of  producers  until  convergence  analysis  results  from  the 
experience of producers.
.
Keywords:   production systems, livestock,  beef cattle,  sustainable  indicators,  fuzzy 
inference system, decision-making tool.

1. INTRODUCTION 

Sustainability  of  biomes  is  founded  on  three  axes:  environmental,  social  and 
economical. To maintain the balance of these three aspects in the Pantanal is important 
to define  a policy which assists farmers to maintain and save Pantanal. The definition 
of  sustainability  indicators  of  livestock  production  system  requires  the  use  of   a 
methodology to assess the economic and social variables and their interactions.There 
are several methods, tools and indicators of sustainability assessment proposed in the 
literature, but none can be applied in the Pantanal region (Azadi, 2009, Cornellisem, et 
al. 2001 ).
This paper presents a  fuzzy  tool  that implements sustainability indicators to quantify 
and simplify the monitoring and evaluation of the sustainability of  Pantanal farms. The 
definition  of  the  indicators involved  the  specification of  parameters  related  to  the 
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production system. Thereafter, indicators were defined for each one of the parameters 
through  participative  team  meetings.  Categories of  evaluation  (quantitative  and 
qualitative)   have  been  established to   each  indicator  or  criteria characterized  and 
validated in the field.
Due to  the  complexity  of  factors  involved  in  sustainability  assessment,  fuzzy logic 
(Fuzzy)  was  adopted  as  a  technique  for  visualization  and aggregation  of  indicators 
because the principle of the fuzzy logic is that the  class values of a set are not crisps.
Rules were implemented to generate a fuzzy inference system (FIS) to each indicator, 
that  result is an integrated index that aggregates these rules defined by scientists from 
detailed studies. In this approach, you can add "intelligence" to the indicators, making 
them tools to support decisions more powerful.
This tool  provides  results  for each parameter  in the form of a visual radar graphic, 
where you can see the indicators that are below the desired level or sustainable. The 
tool also provides the integrated analysis of all indicators considering the six aspects of 
management practices on the farm, as well as the evaluation of the productive potential. 
Thus,  you can assess the strengths  and weaknesses of the entire  production system, 
pointing out the factors responsible for ensuring the sustainability of Pantanal farms .
This paper  focus in the description of  two tools  generated  to  develop   the   fuzzy 
inference  systems,  called  FuzzyGen  and  WebFuzzy,  developed  by  Embrapa 
Agricultural  Informatics.  Finally,  this work will also present the validation of these 
tools that was done by  scenary simulations that were built and evaluated by the farmers.
The  paper  is  organized  as  follows.  Section  2  describes  some  concepts  of  the 
decision-making system and  fuzzy logic. Section 3  presents the validation of this tool. 
Section 4 brings the main results obtained. Finally, section 5 shows the conclusions of 
this work  as well as future work in our research project.

2.  MATHERIAL AND METHODS

Sustainability  is  a  multidimensional  and  multi-scale  concept  that  has  economical, 
environmental and social dimensions. To maintain the balance of these three aspects in 
the Pantanal it is important to establish differentiated policy that assists producers to 
maintain  Pantanal  productive  and  conserved.  Providing  support  to  the  process  of 
decision  making  and  economic  and  social  development.  The  definition  and  use  of 
sustainability indicators is an efficient strategy to evaluate and formulate development 
policies. The definition of sustainability indicators of livestock production system needs 
to  use a  simple  methodology to  assess  the  economic  and social  variables  and their 
interactions.  Besides expressing the dynamics of the environmental characteristics of 
the region (Abreu & Santos, 2010).
This  paper  aims,  through  the  methodology  of  fuzzy  sets  (FS),  to  build  economic, 
environmental  and  social  indicators  and  validate  them  to  compose  an index  of 
sustainable farm.
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2.1 Proposed Approach 

In the Pantanal, the production of beef cattle is the main economic activity and it is an 
important  economical  sector  at  regional  and  national  levels.  Therefore,  this  work 
adopted a Pantanal farming as basic unit, which interacts in different scales. Due to the 
complexity of the landscape of the Pantanal is necessary to develop tools that enable the 
monitoring  and  evaluation  of  the  different  ecosystems  in  a  holistic  manner.  The 
sustainability of production systems depend on the impact of the system itself as well as 
the impacts caused by external factors. 
In the literature, there are several methods of sustainability assessment based tools and 
indicators  (Azadi,  2009,  Cornellisem,  et  al.  2001),  but  none  can  be  applied  at  the 
Pantanal region. Rigby et al. (2001) built indicators to assess the sustainability of farm 
using the evaluation of   `input` instead of impact assessment,  as it is proposed in this 
work.
The  implementation  of  this tool is based   in  a  methodology  developed  by 
multidisciplinary team of scientists involved in the region and it  is a tool for monitoring 
and  evaluation  of  the  sustainability  of   Pantanal  farms (Santos  et  al.,  2013) .  The 
definition  of  the  indicators specified the  main  parameters  related  to  the  production 
system  in  three  dimensions:  environmental,  social  and  economical. Besides  the 
parameters linked to the livestock industry was considered in the productive potential of 
the  farm.  Each  indicator  or  criteria  has established  categories of  quantitative  and 
qualitative evaluation which are validated in the field. Lima et al.( 2012) presents an 
example of analysis and validation of  indicators in the economical aspect.

2.2 Application of Fuzzy Logic

 In this work, the fuzzy logic proposed by Lofti A. Zadeh has been used as a well-suited 
tool to handle the vague, uncertain, and polymorphous concept of sustainability (Zadeh, 
1994).  A  new  branch  of  computing  called  "Soft  Computing”  has  involved  the 
methodologies that aim to exploit tolerance for imprecision and uncertainty to achieve 
tractability, robustness and low cost solutions.
.

  

Fig. 1. Architecture of a FRBS
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...
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In this context,  it is used "Fuzzy Rule Based System" (FRBS) to represent the variables 
and their interactions. The essential parts of a FRBS are the knowledge base (KB) and 
the inference engine (IE). The KB is divided into the data base (DB) and the rule base 
(RB). The generic structure of a FRBS can be seen in Figure 1.
KB are described in linguistic terms associated with the variables of the problem and 
their membership functions that describe its semantics. Each variable has an associated 
problem of fuzzy partition of your domain, formed by the fuzzy set associated with each 
linguistic term. This approach may be considered as a type of continuous areas where 
discretization is to establish a membership function for each linguistic term and there is 
an overlap between them. Figure 2 shows an example of fuzzy partition.

Fig. 2.Example of fuzzy partition.

The RB describes  a  set  of  fuzzy rules  associated  with  the problem on the  basis  of 
linguistic terms of BD. It plays a key role in the FRBS. The meaning of the rules is the 
knowledge represented in the system. The IE is able then to process the rules from 
known facts, according to a given method of reasoning, providing a conclusion. The 
format of the fuzzy rules in a FRBS follows the pattern:

IF a set of conditions are satisfied 
THEN a set of causes can be inferred 

The functioning of a FRBS also depends on the inference model adopted and will be 
discussed later. There are two main inference models of FRBS in the literature due to its 
success in practical applications.  Both antecedents of rules  are composed of linguistic 
variables and their linguistic terms are defined in the BD. The main difference is in the 
subsequent of rules, namely:

• Linguistic or Mamdani: The subsequents of rules are also formed by linguistic 
terms of the BD. The output is formed from the union of fuzzy set inferred from 
each activated rule in rules base, generating an aggregated fuzzy set, which is 
then applied a process to turn it into a numeric value output (Mandani, 1977) ;

• Funcional  or  Takagi-Sugeno: The  subsequents of rules  are  polynomial 
functions  applied  to  input  values.  The  output  is  formed  from  the  weighted 
average of the result of the function of each rule RB. The weights correspond to 
the degree of activation of each rule. This approach approximates a nonlinear 
system from the various linear systems (Takagi and Sugeno, 1985).
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The inference model used   in the context of this work   is  Mamdani, since it is more 
intuitive and suitable for human intervention. Their basic steps are outlined below:

• Fuzzification:  It is the mathematical process where the numerical value (crisp) 
of  an  input  variable  is  converted  to  a  value  of  membership  to  a  fuzzy  set 
(linguistic term). This process has been illustrated in Figure 3. In the example, 
we  observe  that  given  the  input  value  370.0  for  the  variable,  its  degree  of 
membership  is 0.25 to 0.75 and BAD  to REGULAR.

•
•
•

Fig. 3. Fuzzification process.

• Inference: It is the process of reasoning which are activated rules where the 
antecedent has fuzzy set (linguistic terms)  that had membership degree greater 
than zero in the fuzzification. The  fuzzy set generated to each rule activated are 
then inferred according to some operation applied to the membership degree of 
each  FS in  the  antecedent,  that in the  inference  method  of  Mamdani  is  the 
operator the minimum (MIN). Taking the example of Figure 3, the rules R1 and 
R2 would be activated, while R3 would not be:

R1: IF X is REGULAR THEN Y IS MEDIUM
R2: IF X is BAD     THEN Y IS LOW
R3: IF X is GOOD    THEN Y IS HIGH

Defuzzification: It is the mathematical process which the fuzzy set are converted to a 
numeric value. The fuzzy set of output values are aggregated and a method to convert 
fuzzy set to a numeric value (crisp). To solve this, several mathematics expressions 
are used:

Fig. 4. The defuzzification Process.

2.3 Tools

Although there are software packages available that facilitate the construction of fuzzy 
inference systems, such as fuzzy toolbox of Matlab ®, these softwares are expensives 
and difficult to incorporate in applications related to the final user. These shortcomings 
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have  motivated  the  development  of  proprietary  tools,  which  would  enable  the 
aggregation of knowledge from researchers in different areas of the Embrapa research 
for Brazilian agribusiness.
At first, there was a need to develop a tool for modeling and construction of FRBS, 
which  was  able  to  offer  a  user-friendly  interface,  providing  it  with  all  the  basic 
components described above. In this context, the tool was created FuzzyGen (Lima et 
al., 2009)  based API jFuzzyLogic  and architecture for Java SE desktop (Cingolani, 
2011). Through FuzzyGen, you can define a FRBS using standard FCL (Fuzzy Control 
Language) for interoperability (IEC 1131, 2008). The interface of this tool can be seen 
in Fig 5. 

Fig. 5. Interface do FuzzyGen.

    However, FuzzyGen covers only the construction phase, not allowing more accurate 
analysis of the inferences about the models built. It is proved that it is necessary to build 
an application that can provide models to be used by the final user, providing facilities 
of   maintenance. Then, the WebFuzzy was developed as an application server on the 
Internet for models in standard FCL (Lima et al., 2011, Lima etal, 2012)). It uses an 
architecture focused on web-based Java language. The constructed models were defined 
in the tool FuzzyGen and become available to users on the web to inferences through 
WebFuzzy, where it was also possible to simulate scenarios and validate the models.

4. RESULTS AND DISCUSSION

The  use  of  FRBS  allows  connection  between  quantification  and  evaluation  of  the 
concept of sustainability with the qualitative and quantitative indicators. It provides an 
analytical  framework  that  allows the  evaluation  of  sustainability  by  the  expert in  a 
single  index  that  represents the  measure  of   "value"  of  sustainability.  Furthermore, 
FRBS  are  able  to  enter  the  modeling  uncertainties  that  characterize  sustainability 
assessment as ambiguity, generality and vagueness.
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The fuzzy set  (FS) and rules bases (RB) are at the heart  of FRBS, is also the most 
important characteristic for the interactions necessary for sustainability assessment. The 
applicability of fuzzy models for sustainability also depends on the plausibility of the 
FS and RB defined for indicators. Especially, the proper knowledge how to build them 
should always represent both a scientific and practical, seeking maximum interpretation 
with the real phenomenon. In this paper, these aspects are well represented by experts 
(researchers  from  Embrapa)  and  a  heterogeneous  group  of  leading  farmers  of  the 
Pantanal region.
The use of FRBS allows for intelligent modeling of something intangible and diffuse. 
This  is  particularly  true  in  the  case  of  this  work,  where  evaluation  requires  that 
indicators are combined to form an index to quantify the cumulative sustainability.
Based on the application and adoption of the tool generated by producers, management 
actions can be designed in order to correct performance of the farm in the evaluation of 
the indicators, including understanding the criteria used (activated during the inference 
rules). The degrees of membership to the FS of each indicator may serve as a guide to 
monitor  progress  in  relation  to  what  could  be  considered  an  acceptable  level  of 
sustainability.  The  tool  analyzes  and  shows  graphically  a  qualitative  comparison 
between the values of the  provided indicators and evaluation of the model.  Figure 6 
shows us  an example of the results provided  in the form of a visual radar graphic, 
where you can see the indicators that are below the desired level or sustainable.

Fig. 6. Example of  economical indicators (input) and  environmental and social indicators (output).

5. CONCLUSIONS 

Firstly, the FRBS was used to assess the economical dimension of the decision support 
system. This validation proved that this methodology is an appropriated alternative for 
the incorporation of knowledge that otherwise would be lost or dispersed, resulting in 
an integrated assessment of sustainable livestock production system in the Pantanal and 
having  great  potential  to  assist  decision  makers  like government  and  development 
agencies  (Lima  et  al,  2012).  This  tool  has  been  evaluated  in  other  dimensions, 
environmental and social.
The  tools  and  FuzzyGen  and  WebFuzzy  were  effective  in  replacing  commercial 
packages. They showed  efficiency and low cost of FRBS in internet applications. These 
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tools  has  showed a  great  potential  for  application  in  various  areas,  including 
agribusiness.
The construction and validation process adopted for the FRBS, including fuzzy set, the 
rule base and general behavior of the model, based on simulations of various situations, 
batch analysis, with subsequent presentation of results and discussion with producers, 
presented results approved by the target audience . 
However the monitoring of real systems should be constant, because as the market is 
dynamic, rules and methods for assessing sustainability must always be reassessed to 
maintain compliance with the real production systems.
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ABSTRACT 
 

A multi-distance continuous wave optical sensor for nondestructive monitoring of fruit 

quality in the visible and near infrared spectral range has been developed. The sensor 

has been characterized in terms of sensitivity to changes in the optical properties by 

means of measurements on solid tissue phantoms. A state-of-the-art technique for 

characterization of diffusive media, time-resolved reflectance spectroscopy, has been 

used to assess the optical properties (absorption and reduced scattering coefficients) of 

the phantoms so as to provide a calibration for the new sensor. Measurements have been 

also performed on fresh apple to test the correlation between the readings of the two 

sensors. 
 

 

Keywords: Optical sensor, light absorption, light scattering, internal quality, Italy. 

 

1. INTRODUCTION  

 

The use of optical sensors in the VIS and NIR spectral region for non-destructively 

monitoring chemical and structural parameters related to fruit growth (e.g. chlorophyll 

content, water content, texture) has been recently fostered by the incessant progress in 

photonic devices and components (Zude, 2012).  

Continuous wave (CW) optical sensors with a single source detector pair are relatively 

easy to build and manage, but they are not able to discriminate between changes in light 

scattering and light absorption. The use of advanced sensors employing more complex 

configurations with multiple source detector pairs have been recently proposed to 

measure photon-path in diffusive samples so to assess influences of fruit varying 

scattering coefficients on non-destructive pigment.  

In this work we present the results obtained by a newly developed multi-path multi-

wavelength optical sensor also in comparison with time-resolved reflectance 

spectroscopy (TRS), a state-of-the-art optical technique for the characterization of 

diffusive media. 
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2. MATERIALS AND METHODS 

 

2.1 Sensors 
A multi-path continuous wave optical sensor was designed and built by Sinteleia by 

properly modifying a DA-meter sensor. It employs a silicon photodiode as detector and 

LED as light sources operating at 670 nm and 730 nm. Two series of sources, placed at 

a distance of 0.7 cm and 1.5 cm from the detector allow recording of multi-path 

information.  

 

 
Figure 1. Photo of head of the multi-path CW sensor. 

 

A TRS setup developed at Politecnico di Milano was used as standard reference for 

diffuse optical measurements. The light source is a fibre laser providing white-light 

picosecond pulses, adjustable in power by a variable neutral-density attenuator. A filter 

wheel loaded with 14 band-pass interference filters is used for spectral selection in the 

range 540-940nm. Light is delivered to the sample by a multimode graded-index fibre. 

Diffuse remitted light is detected by 1 mm fibre placed at 1.5 cm distance from the 

source. The light is detected with a photomultiplier and a time-correlated single-photon 

counting board. A model for photon diffusion in turbid media was used to analyze TRS 

data to assess the bulk optical properties (absorption coefficient, a, and reduced 

scattering coefficient, s’) of samples (Martelli et al., 2009). Convolution of the photon 

diffusion model with the IRF is performed before fitting the experimental data 

(Cubeddu et al., 1996). 

 

 

Figure 2. Scheme of the system set-up for TRS. TCSPC: time-correlated single photon 

counting. 
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2.2 Measurements 
Measurements were performed with the CW sensor and with the TRS setup on a set of 

calibrated solid phantoms mimicking optical properties of biological media in the VIS 

and NIR spectral range. A combination of 8 absorption values in the 0-0.5 cm
-1

 range, 

and of 4 scattering values in the range 5-20 cm
-1

 were considered (Pifferi et al, 2005). 

Moreover measurements were performed also on a batch of 30 Braeburn apples, grown 

in Leuven (Belgium), to test the sensor in real life conditions. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Phantoms 
Figure 3 shows the absorption and the reduced scattering coefficient spectra as 

measured by TRS on phantoms A2, B2, C2 and D2 (same absorption coefficient: 0.07 

cm
-1

 at 660 nm; different reduced scattering coefficient: 5, 10, 15 and 20 cm
-1

 at 660 

nm). 

 

 

Figure 3. Absorption (left) and reduced scattering (right) spectra of phantoms A2, B2, 

C2 and D2. The continuous line is the best fit of the reduced scattering spectrum with 

the Mie approximation (Mourant et al., 1997). 

 

The CW sensor is sensitive to changes in the optical parameters of the phantoms. The 

measured CW reflectance diminished at both distances as a function of absorption and 

of scattering coefficients as shown in Figure 4.  

 

3.2 Apples 
Measurement on apples showed that the CW sensor was able to sort fruit on the basis of 

the signal at 670 nm. Good correlation was found between diffuse reflectance readings 

of the CW sensor and the absorption coefficient measured by TRS (see Figure 5). 
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Figure 4. Diffuse reflectance readings from the multipath CW sensor as a function of 

the absorption coefficient for different values of the scattering coefficient (left) and as a 

function of the reduced scattering coefficient for different vaues of the absorption 

coefficient (right). 

 

 

 
Figure 5. Diffuse reflectance readings with the CW sensor taken on apples at 0.7 and 

1.2 cm as a function of the absorption coefficient as measured by TRS.  

 

 

4. CONCLUSION 

The multi-path CW sensor proved sensitive to changes in optical properties in a range 

of values typical of biological tissues (e.g. fruit). Work is in progress to optimize the 

CW sensor so as to achieve absolute quantification of the optical properties by 

exploiting a physical model for photon diffusion to interpret the CW data. 

We acknowledge partial support from FP7 EU - ICT-AGRI – Project ID 95 - 3D 

Mosaic. 
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BIOMASS PRODUCTION AND NUMBER OF SPROUTS FOR FOUR COMMERCIAL 

EUCALYPTUS HYBRID CLONES BY DIFFERENT WATER LAMINAS 

Neide Tomita Mori, Magali Ribeiro da Silva, Ana Catarina Cataneo, Edson Seizo 

Mori 

INTRODUCTION 

The work was set up aiming to verify seedling biomass production of eucalypt 

hybrid clones when different water laminas of irrigation on clonal garden were 

used. The genus Eucalyptus belong to the family Mirtaceae with almost 900 

species most of them are originally from Australia (BOLAND, 2006). Some species 

and hybrids are planted commercially throughout the world, on areas over 19 

million hectares mainly for pulp and paper, fuel wood, fiber boards, and other 

uses. 

In South America the commercial plantations are on large areas, especially with 

Eucalyptus (55%). Only in Brazil, the eucalypt culture represents a third of all the 

world. The eucalypt culture has been a good investment with high income rates of 

return, emerging as an important business in the 21st century, because of it 

rusticity, support of low soil fertility, low amount of rainfall, and large range of 

temperature variation (FLEXAS et al, 2002). The eucalypts have been cultivated in 

large proportions, in systems of sustainable managed forests. The culture is used 

extensively in Brazil to replace native forest, deforestation areas, because their 

good performance in different types of soil , that fast growth, with high production 

of wood yield (VELLINI, 2007). 

Eucalyptus urophylla is natural from Indonesia (Timor island), growing 

approximately 45 m height, with 2 to 2,5m diameter, from 400 to 3000 m altitude, 

and average annual precipitation from 1000 to 1500 mm, tolerant from 8 to 29°C, 

with frost in short period. The species presents high wood yield and is conducted 

by the many genetic improvement programs (FERREIRA, 1999). 

 

OBJECTIVE 



The objective of the study was to evaluate the biomass production, number of 

sprouts, chlorophyll, and peroxidase enzyme of four commercial clones of 

eucalyptus hybrids under different water laminas of irrigation.1 

 

MATERIAL AND METHODS 

The research was carried out in the nursery of Forest Science Department of São 

Paulo State University (UNESP) - Botucatu, São Paulo, Brazil, at 22°51’S, 

48°27’W latitude and 786 m altitude. The local climate is classified of Cwa by 

Köppen, with warm temperature (mesothermic), rainfall through the summer, and 

dry winter (CUNHA et al., 1999). 

Four commercial hybrid clones were studied: Clone A (Eucalyptus grandis x E. 

urophylla hybrid), clone B (Eucalyptus grandis x E. urophylla hybrid), Clone C 

(spontaneous hybrid of E. saligna), and Clone D (Eucalyptus grandis x E. 

camaldulensis hybrid). 

The experimental design was randomized blocks, by split plot schedule, with three 

different water laminas (plot), four clones (subplot), and three replications, 

totalizing 2304 plants. The experiment was evaluated on December/2011 and 

January, February, and March/2012. 

Three irrigation laminas of water per day, on plants of clonal garden were utilized: 

L1 of 4mm, L2 of 7mm, and L3 of 10mm. 

After set up the clones on clonal garden, each 15 days the sprouts were 

harvested. Dry biomass of sprouts were obtained using dry chamber with 70 º C, 
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for 48 hours to obtain the dry matter of sprouts. Number of sprouts was also 

analysed and to evaluate chlorophyll amount we used FieldScout CM 1000 

chlorophyll meter, with deflectancy of 700-840 nm luminosity.  

 

RESULTS AND CONCLUSION 

The number of sprout production under different water laminas presented no 

statistical differences through Tukey test at 5% probability; however, there were 

statistical differences between clones (Table 1 and Table 2). The clone C 

(spontaneous hybrid of E. saligna) presented the highest quantity of biomass, 

showing high dry matter and high sprout number, in December/2011. According to 

Godoy et al, 2008.when there are high luminosity and high temperature that is 

favorable to increase the assimilation of CO₂ and O₂ causing photosynthesis 

increase, and thus high biomass production (TAIZ, L.; ZEIGER, E., 2009). The 

hybrid clone of Eucalyptus saligna was considered tolerant to low temperature and 

hydric deficit showing the best results (IPEF, 2005), it do not presented intolerance 

to any water lamina. 

The temperature average in December was of 24.1ºC , and 23.4ºC by January. 

The precipitation average in December was 4.6 and 11.9 mm by January. 

The best chlorophyll concentration was in January when all climatic condition were 

good to plant growth, with high humidity and ideal temperature and precipitation. 

The chlorophyll amount as well as Nitrogen were utilize the same procedure and 

the value obtained can detect the stress level the Nitrogen and the chlorophyll 

level because the close correlation between them (GODOY et al, 2008)). 

Table 1. Average similitude of growth parameter by biomass production and 

number of sprouts for four commercial clones of Eucalyptus hybrids by different 

water laminas using Tukey test considering different clone. 



 

 

Table 2. Average similitude of growth parameter by biomass production and 

number of sprouts for four commercial clones of Eucalyptus hybrids by different 

water laminas using Tukey test considering different water lamina 
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MONTH CLONE SPROUT SPROUT/PLANT DRY BIOMASS DRY BIOMASS/PLANT CHLOROPHYLL

1 662.22 b 10.35 b 362.70 a 5.66 a 176.78 a

December/11 2 631.33 b 9.84 b 379.57 ab 5.93 ab 197.41 b

3 500.88 a 7.84 a 441.25 b 6.89 b 166.21 a

4 772.22 c 12.06 c 410.91 ab 6.42 ab 165.10 a

1 608.88 a 9.53 a 169.11 a 2.64 a 217.13 a

January/12 2 651.55 a 10.2 a 242.84 b 3.79 b 246.97 a

3 569.33 a 8.91 a 198.06 ab 3.09 ab 237.93 a

4 653.77 a 10.23 a 204.28 ab 3.19 ab 241.88 a

1 634.22 d 9.91 d 135.19 b 2.11 b

February/12 2 452.00 b 7.06 b 129.37 b 2.02 b

3 300.88 a 4.70 a 98.95 a 1.54 a

4 545.77 c 8.53 c 145.84 b 2.27 b

1 455.11 a 7.11 a 108.75 a 1.69 a

March/12 2 575.11 b 8.98 b 150.66 b 2.35 b

3 444.00 a 6.94 a 141.42 ab 2.21 ab

4 500.44 ab 7.82 ab 130.42 ab 2.03 a

MONTH LAMINA SPROUTS SPROUT/PLANT DRY BIOMASS DRY BIOMASS/PLANT CHLOROPHYLL

4mm 642.83 a 10.03 a 381.02 a 5.95 a 175.19 a

December/11 7mm 641.83 a 10.03 a 388.34 a 6.06 a 183.15 a

10mm 640 33 a 10.01 a 426.46 a 6.66 a 170.78 a

4mm 645.33 a 10.09 a 217.63 a 3.40 a 253.04 a

January/12 7mm 596.33 a 9.32 a 208.05 a 3.25 a 223.94 a

10mm 621.33 a 9.73 a 185.05 a 2.89 a 230.04 a

4mm 480.33 a 7.50 a 123.31 a 1.92 a

February/12 7mm 480.66 a 7.51 a 127.04 a 1.98 a

10mm 488.66 a 7.63 a 131.66 a 2.05 a

4mm 480.00 a 7.72 a 125.48 a 1.96 a

March/12 7mm 494.33 a 7.91 a 134.73 a 2.16 a

10mm 506.66 a 7.50 a 138.23 a 2.10 a
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ABSTRACT 

 

Different indices and complex indexes can be used for ICT-level comparisons between 

countries. But just simple indicators or absolute indices are available for analyzing 

smaller territorial units within a country. By contrast, a multi-dimensional regional 

analysis allows evaluate of a given region in several ways, recognizing its strengths and 

weaknesses and development potential. The main aim of our research is to evaluate the 

availability and usage of broadband network infrastructure and the subscriber services 

in regional level, because the implementation of certain projects concerns principally 

the smaller areas directly. We used regression analysis for find out that weather there is 

any relation among the ICT and socio-economic indicators, regardless of the causal link 

between them. In the case of Hungary we present the development over time and 

regional differences of different indicators, which are related to the usage and 

availability of broadband networks. We tried to examine which factors have contributed 

to the change of these indicators, and to determine that the results obtained have 

contributed for the development of a region, what are the direct or external effects. The 

units of the analysis are the NUTS-2 regions of EU, but those member states, where any 

of chosen indicators wasn’t available; their regions have not been included in the 

present analysis.  
 

Keywords:   Broadband networks, rural areas, regions, Hungary. 

 

1. INTRODUCTION  

 

The fusion of telecommunications, information technology and media industries are 

perceptible generally, and it embrace more and more socioeconomic areas. These three 

industries we call IST (Information Society Technologies) on the whole and this signify 

its significant role in social advancement. The convergence of the different 

telecommunication networks leads to the development of an intelligent, uniform 

protocol-based and service-flexible network which we known generally as NGN (Next 

Generation Network). This means the standardization of present mobile and different 

line networks. Appearing of NGN is a natural process because this development 

generated by the market. Service providers supply their clients with more modern and 

cheaper technology; meaning the clients get all they need through a ’one-stop’ service. 

The line, cable and mobile service providers also have the opportunity to introduce 

integrated service packs and they appear on each other’s market. Furthermore, the 
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number of Internet subscribers is growing rapidly, new multimedia and interactive 

applications with high bandwidth demand are spreading, and costumers require ever 

faster and better quality services. This requires an increasing amount of data 

transmission at an ever increasing speed, but this becomes rather difficult on the 

existing networks.  

 

2. MATERIAL AND METHODS 

 

The IDI (ICT Development Index) was released by International Telecommunication 

Union (ITU). It compares developments in ICT. The index combines 11 indicators into 

a single measure that can be used as a benchmarking tool globally, regionally and on a 

country level. These are related to ICT access, use and skills, such as households with a 

computer, the number of Internet users and literacy levels. It measures the digital divide 

and examines the development. The NRI (Networked Readiness Index) examines on 

three main fields the extent of countries’ readiness and ability for network economy and 

utilization of info-communication opportunities. The three fields are: 1. The general 

economic, regulatory and infrastructural environment of info-communication; 2. The 

readiness of individuals, firms and governments for application and utilization of ICT; 

3. The extent of actual use of latest available ICTs. The DOI (Digital and ICT 

Opportunity Index) is a composite index using a set of 11 indicators and equal weights 

in order to create a single value that can provide the base of cross-country comparison. 

DOI and ICT-OI illustrate different aspects of the digital divide. For instance, the DOI 

includes tariffs and developing services (such as mobile broadband), whereas the ICT-

OI focuses on more traditional ICTs (such as television, fixed telephone network, 

education). Kolko (2010) worked out a methodology in connection with broadband 

access. He laid down, that. In turn, these estimates give a clear picture of geographic 

differences in broadband availability and can be used to analyze factors affecting supply 

and, in future research, to assess the effect of broadband availability on social and 

economic outcomes. Because of this we determined the three main group and the scope 

of factors for certain groups on the basis of NRI components or dimensions, that there 

are three important stakeholders to consider in the development and use of ICT: 

individuals, businesses, and governments (Dutta et al., 2004). We used regression 

analysis for find out that weather there is any relation among the ICT and socio-

economic indicators, regardless of the causal link between them. In the case of Hungary 

we present the development over time and regional differences of different indicators, 

which are related to the usage and availability of broadband networks. We tried to 

examine which factors have contributed to the change of these indicators, and to 

determine that the results obtained have contributed for the development of a region, 

what are the direct or external effects. The units of the analysis are the NUTS-2 regions 

of EU, but those member states, where any of chosen indicators wasn’t available; their 

regions have not been included in the present analysis. We chose NRI because we make 

an index for decision support of NGN investments, and NRI contains such social, 

economical and technological components which are related to broadband network. The 

major data sources are the EU strategies which have developed after 2004, the statistical 
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database of EU, ITU and WEF. As regards the Hungarian analyzing, the data of national 

government agencies and the Central Statistical Office also have been used. 

 

3. BROADBAND DEVELOPMENT FOR RURAL AREAS 

3.1 Demands for developments 

 

Rural development issues were addressed in the context of the eEurope Action Plan. 

Focus areas here included flexible and remote working methods, eBusiness within craft 

and other rural sectors, rural access to eGovernment services, and technologies for 

improving rural broadband coverage. This theme is being continued under eEurope’s 

successor initiative, where inclusion is one of three main pillars. Making ICT products 

and services more accessible, including in Europe’s less-developed regions, is an 

economic, social, ethical and political imperative. NGN are seen as important 

instrument to bring competition and dynamism in the broadband sector in rural areas 

(Ruhle at al., 2011). And it has an effect on other economic sectors also. The growing 

availability of high bandwidth is likely to enhance business growth opportunities for 

service providers (Picot and Wernick, 2007), furthermore it can enhance economic 

opportunities in rural areas by stimulating the development of home businesses and 

telecommuting and by facilitating access to education and training (LaRose at al., 

2011). Demand for the convergence of line and mobile networks primarily arises from 

the service side provided for clients, and network developments are increasingly 

dependent on marketable services. The main factors which affect the developments are: 

1. distance of customers; 2. general economic characteristic; characteristic of 

enterprices. The first key factor in costs is the distance of the customer. Thus, more 

densely populated areas are far less expensive in terms of investments per customer 

(Höffler, 2007). The second factor group is the general economic characteristic. Inside 

in this feature a very important fact is the types of the economic sector, which are 

typical in the given region. Economic performance is lower in those regional economies 

which highly geared towards agriculture and manufacturing sectors and have relatively 

low incomes. It results lower ICT spending, fewer investment, infrastructure and service 

development (Preston at al., 2007). Furthermore ICT characteristics of public sector – 

which on regional level means local governments and public bodies - have to be 

considered. The characteristics of enterprises (penetration, usage, etc.) got in the third 

group. If these factors don’t reach a sufficient level of development, telecommunication 

companies are not willing to invest in modern infrastructure development in rural areas 

because the expected profit is of high uncertainty (Moutafides and Economides, 2011). 

That is why it is necessary that governemnets play role in network developments. 

3.2 State of art in EU and its regions 

A dense networking infrastructure to support digital communications is the obvious 

backbone of any information society. New broadband and wireless technologies are 

being funded and developed so that eventually all citizens and businesses in urban and 

the most rural areas (the last mile and the last inch) will be connected. Deployment of 
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broadband will not happen overnight. Upgrading, replacing, and adding to 

communication infrastructure is not cheap. For service providers the turnover of 

investment is crucial. Service providers develop the infrastructure those cities where the 

demand for infocommunication services is appropriate for them. But such rural regions 

where the expected profit do not exceed a certain level from the investment, the 

development requires state support. State can influence the investment decision-process 

of local governments and enterprises in its interest by indirect devices, because they are 

independent entities and the final decision about an investment is theirs. 

 

 
 

Figure 1. Usage of infrastructure and services 

 

Taking account infrastructure there is no big difference between the EU Member States 

(Figure 1). The household broadband penetration in terms of the lowest standard 

deviation, 10.6%. In 17 countries the penetration rate is between 61-80%, with the 

lowest penetration is 50%, the highest 87% in 2012.As with the regular Internet use 

shows a low standard deviation (13.3%), 52% of the country is between 61-80%. The 

lowest value in use 43%, the highest 91%. For specific usage characteristics is much 

greater variation in the range of around 20%. Promoting e-commerce for Individuals 

maximum value of 74%, and 82% of Internet banking. Using electronic banking 

services in the Nordic countries are in the Southern European countries, the widespread 

worse. The use of e-services regarding Greece, Romania and Bulgaria are very high 

lags. 

We analysed 123 regions from 13 EU Member States. 5 Danish, Dutch 17, 9 Austria 11 

Belgium, Sweden 8, 18 Italian, 19 Spanish, Portuguese 7, 8 Czech, four Slovaks, 

Hungarians 7, 8, and 6 Romanian Bulgarian. 
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Figure 2. Differences among regions in EU 

 

Household broadband access to the country's 13 regions studied ranges between wide 

limits, in some cases as well. According to the per capita GDP of countries ranked in 

order, three clusters can be distinguished. The first group is made up of northern and 

western European countries and regions that were average or above average in 2008 are 

well developed, and extent of the development has been an average of 12%. The second 

group were Southern and Central European countries, which were completed during the 

year, both regional average, but the gap in the EU-27 average in 2011, is no longer 

large. The 6 Member States show an average of 57% penetration value and the region 

standard deviation of only about 7%. The third group includes Bulgaria and Romania. 

The two countries capital effect is strong, the two metropolitan regions highly advanced 

compared to the rest of the regions and the scale of these developments is the highest. 

Within countries, the greatest amount of development for 10 countries in the region in 

2008, the worst or nearly worst situation occurred. A study out of 13 was only for 8 

countries in 2011 region containing the capital city with the most advanced, so further 

tests to try to find out what are the determinants that affect the regional ICT 

development level, since in general we can say that in some countries capital and the 

metropolitan agglomeration has the best socio-economic indicators. So if, for some 

countries access to the network is not the best in the region, the question arises as to 

why not, and perhaps can answer to the question is that what are the causal connection 

between the socio-economic and ICT indicators. 

3.3 Rural Broadband Development in Hungary 

In Hungary started large-scale infrastructure projects in 2003 by DSSC (Deputy 

Secretary of State for Communications) tender dossiers, which have helped settlements 

were less attractive commercially. Later from 2004 to 2006 one of the most success 

tender was ECOP 4.4.2, (Economic Competitiveness Operational Programme) the 

beneficiaries of it were the local governments, furthermore the less success ECOP 4.4.1, 

which supported SMEs. Both of tenders realized with EU co-financing and 50% of 
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support level. This rate increased to 80-85% in case of ECOP 4.4.2 tender (Gál 2008). 

Later, in 2007, EDOP-3.3.1 (Economic Development Operational Programme) tender 

aimed those micro-regions which are non-beneficial from the investment point of view. 

Overall these programs helped the network development with approximately 16 billion 

HUF. We chose NRI because we make an index for decision support of NGN 

investments, and NRI contains such social, economical and technological components 

which are related to broadband network. There is a general macroeconomic and 

regulatory environment for ICT in which the stakeholders play out their respective 

roles. Since the index prepares for regional comparison, of course, the groups contain 

different components from the NRI. Such data are necessary, which are available on 

regional level, or may be calculated from existing data. First we analyzed the correlation 

between internet subscriptions and the basic economical factors. 11 components have 

included in the test, with expansion of database the number of factors will increase. 

Table 1 and Table 2 contain the results of correlation test. 

 

Table 1. Result of correlation between broadband and economical factors (Source: Own 

calculation by data of www.ksh.hu) 

  Var.4 Var.5 Var.6 Var.7 Var.8 Var.9 Var.10 Var.11 

Var.1 

Pearson 

Correlation 
0,236 0,328 0,794 0,832 0,051 0,931 0,452 0,914 

Sig. (2-

tailed) 
0,331 0,170 0,000 0,000 0,834 0,000 0,052 0,000 

Var.2 

Pearson 

Correlation 
0,079 0,379 0,827 0,774 0,008 0,858 0,340 0,915 

Sig. (2-

tailed) 
0,747 0,109 0,000 0,000 0,973 0,000 0,154 0,000 

Var.3 

Pearson 

Correlation 
0,336 0,285 0,732 0,844 0,170 0,937 0,332 0,879 

Sig. (2-

tailed) 
0,159 0,237 0,000 0,000 0,485 0,000 0,165 0,000 

 

All three IT characteristic – number of internet subscription (Var. 1), the number of IT 

enterprises (Var. 2) and number of telecommunication enterprises (Var. 3) – showed the 

most closely relation with, the population density (Var.6), number of cities (Var.7), 

number of households (Var.9) and the total value of the national economy investment 

(Var.11).  Certain data may be excluded from components because there is not or there 

is not significant correlation between two variables. So, the average income (Var.5), the 

number of municipalities (Var.8) has shown no correlation with variables in left-hand 

column. The value of R&D (Var.10) just slight correlation with elements related to 

broadband and IT. However with number of unemployed persons (Var.4) none of the 

factors show correlation. That would be because if broadband adoption stimulates 

economic activity, it might reduce cyclical unemployment, but by definition this is a 

temporary impact. We examined the relation between those data which related to usage. 

The results are given in Table 2. 
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Table 1. Result of correlation between data which related to usage (Source: Own 

calculation by data of www.ksh.hu) 

  Var. 2 Var. 3 Var. 4 Var. 5 Var. 6 

Var. 1 
Pearson 

Correlation 
0,979 0,964 0,910 0,151 -0,101 

 
Sig. (2-

tailed) 
0,000 0,000 0,000 0,538 0,681 

Var. 2 
Pearson 

Correlation 
1 0,965 0,942 0,172 -0,164 

 
Sig. (2-

tailed) 
- 0,000 0,000 0,481 0,502 

 

The basis of the calculation the number of internet subscriptions (Var. 1) are a 

determining factor with respect to the intensity of usage of e-administration services in 

each county. In my opinion the number of registrations of client gateway (Var. 3) and 

electronic date reservations (Var. 4) are illustrate well the intensity, therefore we 

analyzed these. In addition we included the number of persons with diploma (Var. 2) as 

variable. The result of correlation test that the relation is close, so probably those people 

use e-services frequently, who hold university degree. 

In the field of IT usage the bottlenecks are households and small enterprises in rural 

areas and poor social strata (Struzak, 2010). This confirmed by my calculation also, the 

two features of enterprises, namely the usage of internet based EDI (Var. 5) and the 

number of enterprises which have website (Var. 6) didn’t show correlation with other 

factors. To change this attitude, additional stimulus programs and resources are required 

(Struzak, 2010). The characteristics of SMEs (penetration, usage, etc.) are very 

important in Hungary, because they mean one of the biggest business sectors 

considering their number. This sector employ 70% of employees of national economy, 

and their contribution to GDP reaches 50%. Correlation test have to make with each 

factor which related to the existence of network infrastructure. Since among the 

variables there are which have an effect on each other also, multicollinearity analysis 

should be made. Finally scope of data and factors which may be included into the index 

actually, can be determined with factor analysis. 

 

4. CONCLUSIONS 

 

NGN are seen as important instrument to bring competition and dynamism in the 

broadband sector in rural areas and it has an effect on other economic sectors also. The 

growing availability of high bandwidth is likely to enhance business growth 

opportunities for service providers. According to the per capita GDP of countries ranked 

in order, three clusters can be distinguished. The first group is made up of northern and 

western European countries and regions that were average or above average in 2008 are 

well developed, and extent of the development has been an average of 12%. The second 

group were Southern and Central European countries, which were completed during the 

year, both regional average, but the gap in the EU-27 average in 2011, is no longer 
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large. The 6 Member States show an average of 57% penetration value and the region 

standard deviation of only about 7%. The third group includes Bulgaria and Romania. 

In our opinion a rank can be defined among regions or settlements by on the basis of the 

indicator, in respect of factors related to network infrastructure. The rank can help to 

realize targeted developing and improving of infrastructure, furthermore this enables to 

intervene on that place which is bottleneck. 
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ABSTRACT	  
 
Netnography is the conduct of ethnography on the internet, within social networks and communities. 
Ethnography is a qualitative research method for understanding and analyzing cultural phenomena in its most 
naturally occurring setting. Netnography employs similar concepts. However it differs as a market research 
technique which makes use of a participative and an observational approach to the study of online communities. 
Netnography is primarily used to study Social Media. This is any form of online publication or presence that 
allows end users to engage in multi-directional conversations. By allowing users to create and share their own 
content, it gives a direct link into the relationships and interactions among the users themselves and their subject 
matter. The purpose of this study is to use a netnographic approach to social networking amongst young 
professionals in agriculture (YPs). Specifically the study examines the level of usefulness of social networking 
in terms of an information source, a networking movement and a support system for young professionals in 
agriculture. The study directly examines interaction among the online community of YPs that are involved with 
the #cooltofarm hashtag topic of the social media site Twitter. 
 
In order to evaluate the usefulness of social networking, the methodology of the study involved the application 
of the Netnography Process. The method provided a system of meanings within the target group. The process 
consisted of five steps: 1) Planning a Research Focus; 2) Community Identification and Selection; 3) 
Engagement, Immersion and Data Collection; 4) Analysis and Interpretation; and 5) Presentation of findings 
and feedback.  Engagement and Immersion began with a period of observation of the YPs community followed 
by an entree into the commune to participate and ethically gather information. This led to data collection of 
which three types were recorded; a) Archived (data collected without the researchers involvement); b) Elicited 
(data co-created by researchers and community members) and; c) Field Notes (observational and reflective 
data). A Coding process was executed to ensure consistency in the data. Preliminary results have indicated that 
social networking works well for YPs as a networking tool and a source of agri information. Further data 
collection and analysis is necessary to illustrate key findings and to meet a set of ten evaluation criteria that 
assess the standard or quality of netnographic research. 
 
Keywords: Young Professionals in Agriculture, Social Networking, Netnography 
 
 
 



	  

K.	  Bascombe,	  A.	  Sennon	  “The	  Usefulness	  of	  Social	  Networking	  for	  Young	  Professionals	  in	  Agriculture”	  EFITA-‐WCCA-‐CIGR	  Conference	  “Sustainable	  Agriculture	  through	  
ICT	  Innovation”,	  Turin,	  Italy,	  24-‐27	  June	  2013.	  The	  authors	  are	  solely	  responsible	  for	  the	  content	  of	  this	  technical	  presentation.	  The	  technical	  presentation	  does	  not	  
necessarily	  reflect	  the	  official	  position	  of	  the	  Internation	  Commission	  of	  Agricultural	  and	  Biosystems	  Engineering	  (CIGR)	  and	  of	  the	  EFITA	  association,	  and	  its	  printing	  
and	  distribution	  does	  not	  constitute	  an	  endorsement	  of	  views	  which	  may	  be	  expressed.	  Technical	  presentations	  are	  not	  subject	  to	  the	  formal	  peer	  review	  process	  by	  
CIGR	  editorial	  committees;	  therefore,	  they	  are	  not	  to	  be	  presented	  as	  refereed	  publications	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

2	  

	  

1. INTRODUCTION	  

1.1	  Background	  	  
Agriculture today faces many challenges. One of the most urgent is the lack of youth interest in the industry. 
However there are young people around the world that are interested in the field with tertiary level education 
and a willingness to pursue careers in the industry. A prime example of such youth is the Young Professionals’ 
Platform for Agricultural Research for Development (YPARD).  YPARD is an international movement by 
Young Professionals for Young Professionals in Agricultural Research for Development. YPARD operates as a 
network; it is not a formalized institution. The organization has four strategic objectives. 

• Exchange of information and connecting  
• Opportunities for policy debates  
• Promote agriculture among young professionals 
• Access to resources and capacity building 

 
In 2012 YPARD saw a 44% increase of new members on ypard.net, its website interface since March 2012 with 
significant increases in membership on social networks. (YPARD Activity Report 2012) Country 
representatives for the organization also saw a steady increase in 2013. Some of these countries include Sierra 
Leone, Malawi, Mali, Benin, Nepal, South Africa, Switzerland, Uzbekistan, Moldova, Serbia, Kyrgyzstan, 
Trinidad & Tobago, France and Iran. The organization employs several captivating strategies to encourage and 
keep youth involved in agriculture under a multitude of disciplines. Some of these strategies include: Contests, 
e-discussions, workshops, knowledge transfer via web activity, social 
networking and through linkages with leading agri-research institutions. 
(YPARD 2013) 
 
YPARD makes use of social media to achieve its objectives. Based on 
aforementioned reports this major communication outlet is positively 
added to the growth of the organization. Networks used include, 
Facebook, Twitter, LinkedIn, Blogger and RenRen (YPARD Activity 
Report 2012). For the young professionals (YPs) that are members of 
the organization it is expected that development of their skills, and 
capabilities are also occurring. In order to measure the impact of these 
social media tools this study seeks is to use a netnographic approach to examine social networking amongst YPs 
in agriculture. Specifically the study examines the level of usefulness of social networking in terms of an 
information source, a networking movement and a support system for these agri youth. The study directly 
examines interaction among the online community of YPs that were involved with the #cooltofarm hashtag 
topic of the social media site Twitter. 
 

1.2	  Social	  Media:	  Twitter	  
Social Media refers to any form of online publication or presence that allows end 
users to engage in multi-directional conversations. By allowing users to create and 
share their own content, it gives a direct link into the relationships and interactions 
among the users themselves and their subject matter. For the purposes of this study, 
examination of activity on the social media site Twitter is focused upon. 
 
Twitter is a micro blogging service that enables its users to send and read text-based 
messages of up to 140 characters, known as "tweets". It has over 500 million 

registered users as of 2012, generating over 340 million tweets daily and handling over 1.6 billion search 

Panel	  1	  –	  The	  Young	  Professional’s	  
Platform	  for	  Agricultural	  Research	  
and	  Development	  

Panel	  2	  –	  Social	  Media	  
Networking	  Site	  -‐	  Twitter	  
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queries per day. (Twitter.com Blog 2013) One of the features of the service is the use of hashtags; this is a word 
or phrase prefixed with the symbol ‘#’. Hashtags provide a means of grouping messages on twitter and other 
social media sites. A user can search for the hashtag and procure the set of messages that contain it. 
 
Started as an experiment by YP, Olawale Isiah Ojo for his business Agroproneur Naija; #cooltofarm targets 
youth with the aim of changing their mindset and orientation about agriculture. The aim of the business is to 
sensitize and encourage young ones in Nigeria to seize the opportunities in agriculture open to them now by 
viewing it as a business. The #cooltofarm tweet chats were organized each Monday and Friday at 15:30 UTC+1 
from Jan 2013 to March 2013 on youth in agriculture issues. Each tweet chat seeks to engage members of the 
YP community, agricultural institutions, youth in agriculture and any other interested parties. Together with 
fellow YP Codrin Paveliuc-Olariu of Romania the #cooltofarm hashtag was repurposed in the aforementioned 
manner. They served as moderators for the tweet chat events during the time period. 
 

2.	  LITERATURE	  REVIEW	  
 
2.1	  Netnography	  	  
This is a type of online, internet ethnography; a qualitative research method for understanding and analyzing 
cultural phenomena in its most naturally occurring setting  “The method provides guidelines for the adaption of 
participant observation procedures to the contingencies of online community and culture that manifest through 
computer-mediated communications” (Kozinets 2010). Focusing on context the process provides cultural 
insight into the people within a community that engages primarily online. 
 
3. Methodology and Results 
The Netnography process is a blended approach of Ethnography and Netnography as it includes both online and 
in-person data collection. It consists of five steps:  
 
1) Planning a Research Focus – This involved the identification of a research topic and subsequent questions. At 
this stage observation and participation methods were decided upon. As previously mentioned the study focuses 
on agri youth and their level of empowerment when making use of the social media tool twitter. Specifically 
attention is given to the use of twitter as an information source, as a networking tool and foundation for moral 
support in the pursuit of professional careers in agriculture. A two week observation period was employed from 
February 1st -14th. Participation began at the end of this period starting February 15th and ending March 1st. 
 
2) Community Identification and Selection – The YPARD organization and network was selected as the most 
suitable online community for the study. YPARD holds significant outlets in social media which are used in the 
promotion of its activities, the sharing of web knowledge, job & further education opportunities along with 
professional support.  
 
During this stage the researcher prepared for entry on ‘entree’ into the online community. In doing so the 
Netnography process allows the researcher to participate within the community, thus attention must be paid to 
the ethical aspects of conducting such research. The researcher’s intentions are made clear so that participants 
are aware of the study and are willing to corporate. However this may deter persons from engaging as usual and 
with the researcher. Therefore in order to ensure that the study can be ethically and effectively completed the 
researcher, made direct contact with the moderator, Mr. Codrin Paveliuc-Olariu, indicating the intentions and 
research focus of the study. As such the moderator facilitated an appropriate entree into the discourse of the 
community via an invite to the research on twitter. This method though not common in Netnographic research 
can be attributed to the operational procedures of the community itself where many agri institutions, business, 
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Panel	  3	  –	  (To	  the	  left)	  Depiction	  of	  the	  
researcher’s	  ‘Entree’	  into	  the	  online	  
community.	  

	  

The	  researcher	  is	  credited	  with	  the	  title	  
@wiscobasco	  and	  given	  informed	  consent	  to	  
participant	  in	  the	  community	  both	  con	  a	  
continual	  basis	  and	  for	  research	  purposes.	  

young professionals and agri youth are invited to share their opinions, experiences and to engage in the 
discussion of particular topics within the community.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Following this engagement and interaction within the 
community was executed. All participants were notified of 
this development as unlike the ‘Entree,’ this event was 
broadcast across the community using the #cooltofarm 
hashtag. 
 
3) Engagement, Immersion and Data Collection – This step 
was executed via engagement in the activities of the 
community. Topics discussed during the data collection 
period of Feb 15 – March 1 2013 include; Skill sets which 
youth need to succeed, Youth perspectives in agriculture, 
and the problem of Youth unemployment and agriculture as 
a solution. 
 
Data collected for the Netnography process can yield three 
types: a) Archived (data collected without the researchers 
involvement); b) Elicited (data co-created by researchers and 
community members) and; c) Field Notes (observational and 
reflective data).  
 
For the purposes of this study emphasis was placed on 
archived data and field notes. Although elicited data was collected through simple interaction of the tweet chats 
of the community, the other two types provided much more data for analysis. Due to the nature of twitter’s 
operation information and opinion sharing occurs every few minutes. The frequency of tweets is increased 
according to the number of participants. As primary data can be collected at this time, the researcher choose to 
focus on gathering field notes and examining archived data rather than attempt to elicit data. 

Panel 4 – Depiction of the researcher’s Immersion 
into the community. 

Engagement and Immersion began with a 
period of observation of the YPs	  
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4) Analysis and Interpretation –  
Data Analysis can be executed using two main methods; 
Analytical Coding and Hermeneutic Analysis. The researcher 
has chosen to utilize the latter method due to the nature of the 
twitter platform as short message service (SMS).   
 
Hermeneutic Analysis can be defined as the theory and 
methodology of interpretation, especially of text. The 
analysis can be applied to other types of media. According to 
Patterson et al 2004 the aim of the analysis is to create an 
organizing system. “The purpose of an organizing system is to 
identify predominant themes through which the item of analysis 
which can be meaningfully organized, interpreted, and presented. The process of developing an organizing 
system is the ‘analysis,’ while the final organizing system is the product of the analysis” (Patterson et al 2004).   
 
As illustrated in Panel 4 above, the system is made up of individual elements or meaning units and thematic 
labels which provide global meaning. “It is an iterative cycle. The research must scan and re-scan for new 
individual elements and hone and re-hone the overall global insight until there are no more contradictions as the 
new data is collected and as existing data is revisited (Yung Yu 2011). The benefit of a successful system is that 
it illustrates a holistic vision of themes and individual elements which the qualitative data provides including the 
inter relatedness that occurs among them. The following steps were initiated to ensure hermeneutic analysis: 
 

I) Creation of a physical copy of community interaction – Although all three types of data(archived, 
elicited, field notes) were collected during the tweet chat activity, proper analysis demands a revisit 
to existing data. As such for the time period of data collection and interactions a hard copy was 
procured. 
 

II) Identification of a reference system – In order to keep track of specific text or activity an index 
system is needed for effective management. In this case, the twitter service provides the date and 
time for each tweet allowing highly effective referencing to be possible. The extract was read in its 
entirety according to this system to provide a complete understanding of the content. 
 

III) Scanning for individual elements – The interaction extract is then scanned for individual elements or 
meaning units. These are portions of text that can be focused on separately but require other units 
and the entire extract in order to be fully understood. Due to the nature of twitter, individual 
elements or meaning units are words, phrases or even entire sentences within the dialogue which are 
all limited by the 140 character spaces on the platform.  

 
IV) Interpreting thematic levels for global insight – Once individual elements are recognised and become 

repetitive the researcher grouped the elements into categories under thematic labels. The individual 
elements represent the hard data of the study, that is the actual statements within community 
discourse while the thematic labels represent the researcher’s analysis; that is what is interpreted and 
meant by the statements as it relates to the research focus. 

 
V) Identifying the connections between elements and labels – The researcher then illustrates the 

interconnectedness between individual elements and thematic labels. This means that a group of 

Panel 4 – The Hermeneutic Circle (Yung 
Yu 2011) 
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elements can be categorized under multiple labels and that the labels themselves can be linked to 
each other. Although both the meaning units and thematic labels are guided by the research focus 
both can have new emergent items that occur during analysis of the data. 

 
VI) Organisation of interpretation – At this stage the organizing system is complete and must be clearly 

explained. Use of a visual aid is appropriate. The follow tree diagram illustrated all meaning units 
and thematic labels, the process and product of the analysis. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
VII) Discussion of interpretation – The findings of the analysis are presented using a summary of 

interpretations. The following summarizes each label and element, and any inter related aspect; 
 

Twitter as an Information Source for YPs: The tweet chat sessions effectively provide seekers with agri-
information of meaning to youth and other interested parties via knowledge sharing and discussion. Participants 
are also invited to share their opinions on topics within the community. This can result in back and forth 
dialogue between 1- 3 participants; referred to as chain dialogue. Also observed is the instance of debate which 
can be heated at times dependant on the difference of opinion on the topic at hand. Subsequently topic changes 
may occur which is a natural part of the Importance associated with the tweet chat event. 
 
Importance of the tweet chat event: This thematic label is a new emergent from the analysis of the data, 
having not been part of the initial research focus. The relevance of the discussion is increased via the constant 
use of the hashtag itself #cooltofarm. For every instance of communication the hashtag is used to promote the 
event and keep track of tweets. The hashtag is also coupled with interest generating statements or questions to 
further increase the importance of the event. The same occurs on the day of major tweet chats just before, 
during and after the session, taking the form of twitter action such as Retweeting, social reporting of the event 
and generalized hashtags e.g. #youth #agriculture #ag4dev and #ard. Such action leads to the professional 
connections with current participants on a wider scale as new YPs, agri institutions and other interested parties 

Panel 5 – Illustration of Final 
Organising System for the Tweet Chat 
of Young Professionals in Agriculture 



	  

K.	  Bascombe,	  A.	  Sennon	  “The	  Usefulness	  of	  Social	  Networking	  for	  Young	  Professionals	  in	  Agriculture”	  EFITA-‐WCCA-‐CIGR	  Conference	  “Sustainable	  Agriculture	  through	  
ICT	  Innovation”,	  Turin,	  Italy,	  24-‐27	  June	  2013.	  The	  authors	  are	  solely	  responsible	  for	  the	  content	  of	  this	  technical	  presentation.	  The	  technical	  presentation	  does	  not	  
necessarily	  reflect	  the	  official	  position	  of	  the	  Internation	  Commission	  of	  Agricultural	  and	  Biosystems	  Engineering	  (CIGR)	  and	  of	  the	  EFITA	  association,	  and	  its	  printing	  
and	  distribution	  does	  not	  constitute	  an	  endorsement	  of	  views	  which	  may	  be	  expressed.	  Technical	  presentations	  are	  not	  subject	  to	  the	  formal	  peer	  review	  process	  by	  
CIGR	  editorial	  committees;	  therefore,	  they	  are	  not	  to	  be	  presented	  as	  refereed	  publications	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

7	  

	  

into the community. This activity is directly related to the Networking benefit that occurs as a result of 
interaction in the community. 
 
Professional Networking: This area is categorized by engagement amongst all participants of the community 
through twitter actions and chain dialogue, an element that can be found under the thematic label of 
information. The label, networking is also linked to the label of support which is guided by mutual purpose of 
the community members. These aspects are all governed by the general procedures of entry and exit into the 
discussion via respectful interaction, sharing of opinions and other twitter actions. 
 
Provision of a Support System: The #cooltofarm tweet chat provided to be a highly significant source of 
moral support. The hashtag itself can be associated with positive thinking on agriculture as a career choice 
while simultaneously promoting the event. Frequently positive statements are made mainly geared towards 
youth and their continue efforts in the sector. They are supported with links to information sources and at 
times seek to answer interest generating questions related to the topic of discussion. 

 
5) Presentation of findings and feedback – The last step of hermeneutic analysis refers to a member check. This 
involves the presentation of some or all findings to members of the community as they are all participants. It 
allows the researcher gain further insight into observed phenomena, look over errors and clear 
misinterpretations all with the help of the participants. This step also assists with ethical concerns of biased data 
collection that must be avoided in the study. In order to evaluate the Netnography process carried out within the 
study, the following evaluation criteria were the focal point in gathering feedback from the participants of the 
study; Coherence, Rigor, Literacy, Groundedness, Innovation, Resonance, Verisimilitude, Reflexibility, 
Praxis, Intermix. The evaluation criterion was shared with the moderator of the tweet chat. The following 
indicates the feedback provided: 
 

Criteria Rating (On a Scale of 1-10) 
Coherence -  Interpretations of the study are free of internal contradictions 7 
Rigor - Follows principled protocol in conducting research 9 
Literacy - recognizes and acknowledges existing and relevant research 8 
Groundedness -  Theoretical representation are logically sound and supported by data 7 
Innovation - Extends existing body of knowledge and offers a new way of understanding 6 
Resonance - Establishes personalized and sensitizing connection between the reader and the culture or 
community 

6 

Verisimilitude - Establishes a lifelike cultural experience for the readers 8 
Reflexibility - Recognizes subjectiveness of findings and is open to alternate interpretation 9 
Praxis -  Motivates and inspires social betterment 7 
Intermix - Recognizes the interconnections between different social interaction modes in the 
culture/community 

8 

 
As indicated by the solicited feedback netnography process was executed effectively for the purposes of the 
study. Additional feedback is needed from other participants to make this information valid. 
 

4.	  CONCLUSION	  	  
 
The results of the study has proven there is a high level of usefulness of social networking in terms of an 
information source, a networking movement and particularly support system for young professionals in 
agriculture. There was a high instance of positive statements geared towards moral support for participants in 
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the community. This was closely followed by the mutual aim of professional networking and establishing 
connections by all participants. An emergent factor was revealed in the Promotion of the #cooltofarm tweet chat 
as an important event. High instance of promotion, results in increased participants and in the benefits achieved 
by the other thematic labels for the overall community. And lastly as an information source the social 
interaction performed well specifically for information seekers who presented enquires when invited to share 
their opinions.  
 
It should be noted that the study does not provide empirical data which is necessary to provide a well balanced 
study involving both qualitative and quantitative data. Due to time constraints very little feedback was provided 
in or to evaluate the executed netnogrphy process. However preliminary results in that aspect indicate that the 
process was effectively executed. Overall the twitter platform is a significant benefit to the YP community 
directly assisting in achieving their goals and facilitating its operations.  
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INTRODUCTION 

To attempt the crescent demand for wood and it derivates, the eucalypt silviculture 

reaches high level of technological development (MORA and GARCIA, 2000; ABRAF, 

2008). The genetic improvement have shown to be very efficient to give high 

magnitude of gains in wood productivity, pest and disease tolerances, propagation 

method, and rooting ability of cuttings. For clonal commercial stands high rates of 

rooting in nurseries is desirable.  

Thus, the increment of rooting rate is an important issue to consider on eucalypt clonal 

plantings. The character is compounded by genetic and environmental components 

being important to know it inheritance and other genetic parameters. The genetic 

variability within species is also other component to be considered on the rooting ability 

of cuttings and on the clonal seedling quality (COSTA et al., 2002; GOMES et al., 

2000). Because of that, the selection of rooting ability is favorable to obtain genetic 

progress and increase of clonal seedling production on eucalypt nurseries. 

The knowledge on the estimates of genetic variability can give subside to get decision 

during the plan and development of breeding programs. The genetic components allow 



to choose the best genetic material and consequently to increase the genetic gains on 

rooting of clonal seedlings. 

The objective of the study was to estimate the quantitative genetic parameters of open 

pollinated progenies of Eucalyptus urophylla for rooting ability of cuttings for 

commercial stands. 

 

MATERIAL AND METHODS 

The experiment was set up in greenhouse of Department of Plant Breeding and Crop 

Science (DPMV), Scholl of Agricultural Sciences (FCA) of São Paulo State University 

(UNESP) – Botucatu, São Paulo State, Brazil. The clonal progeny trail was set up, with 

20 progenies of Eucalyptus urophylla, by design of randomized blocks, with three 

replications, five cuttings of each progeny for linear plots, totalizing 300 plants through 

the clonal garden. The rooting progeny trial was set up in three replications from 

sprouts of progeny trial. 

 

RESULTS AND CONCLUSION 

The results showed there are high environment effects on rooting ability characters, 

and the selection can be effective when progenies are selected. 

The averages of root length was 83.46 cm, the superficial area of roots was 9172 cm3, 

the projected area of roots was 3.44 cm2, the root volume was 0.079 cm.m-3, the root 

diameter was 0.036 cm, and the dry matter was 0.011 g. The experimental coefficients 

of variation were high for all analyzed characters; for average of the root diameter was 

65%, the total length of roots was 61%, and the lowest coefficient was 40% for root 

volume. The values of experimental coefficients of variation are considered high, 



indicating high data variation (SAMPAIO, RESENDE and ARAÚJO, 2002; SENNA and 

SEBBENN, 2010). 

The heritability coefficients in level of progeny averages (h2
mp) varied from 0.11 for 

superficial area of roots to 0.57 for total length of roots, showing that total length of 

roots is the appropriated character to select the best progenies. 

There are genetic variability for studied characters of rooting and the total length of 

roots, and in practice, is the best genetic control (high coefficients of heritability), that 

will give the best genetic gains on selection procedures. Therefore, dry matter is the 

easier character to analyze and it presented high genetic variability and high heritability 

coefficient. This fact should be considered to facilitate the evaluations (MORI, 1993). 

 

Table 1. Character averages, coefficient of experimental variation (CVexp%), and F test 

for different characters of Eucalyptus urophylla progenies 

CHARACTER Average CVexp(%) F 

Total Root Lenght 83.46 61.21 1.80 

Total Superficial Root Areaf  9.17 37.89 1.20 

Total Projected Root Area   3.44 61.34 1.20 

Total Root Volume  0.08 40.25 0.69 

Average of Root Diameter  0.04 65.14 0.52 

Dry Matter of Root 0.01 51.81 2.01 

 

 

 



Table 2. Estimates of plant heritability coefficients, narrow sense (h²a), of progeny 

average (h²mp), and additive within progenies (h2
ad); coefficient of genetic variation in 

plant level (CVgi), coefficient of variation among progenies (CVgp), coefficient of 

variation of error (CVe), and accuracy (ACprog) for different characters of Eucalyptus 

urophylla progenies. 

CHARACTER h
2

ad h
2

mp h
2

a CVgi(%) CVgp(%) CVe(%) C
2

parc ACprog 

Total of Root Lenght 0.60 0.57 0.34 82.23 41.11 61.21 0.08 0.76 

Total of Superficial Root Area  0.05 0.11 0.11 15.42 7.71 37.88 0.10 0.33 

Total of Projected Root Area   0.53 0.55 0.32 78.00 39.00 61.34 0.09 0.74 

Total of Root Volume  0.07 0.15 0.13 19.42 9.71 40.24 0.10 0.38 

Average of Root Diameter  0.59 0.57 0.34 86.97 43.48 65.14 0.08 0.76 

Root Dry Matter 0.39 0.46 0.28 55.85 27.93 51.81 0.09 0.68 
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ABSTRACT 
 

In the short and medium term, biofuels are the most viable alternative to reduce the 
environmental impact of fossil fuels. The recent controversy over the competition 
between biofuels and food production increases the complexity of investment decisions 
in the biodiesel production chain.  In this context, decision support tools are highly 
relevant. The purpose of this article is to describe the BiodieselFAO using the Unified 
Modeling Language (UML). An integrated analysis considering both agricultural and 
industrial sectors was identified as a key requirement to the system. Therefore, farmers 
and industry are the main actors in the use case diagram. As the raw material represents 
around 70% of the industrial cost of biodiesel production, the price negotiation of raw 
material (oilseeds) is the central use case. Configuration, agriculture, industry, results 
and scenarios are the modules, which encompass the functionalities derived from the 
UML diagrams. The Food and Agriculture Organization of the United Nations (FAO) 
has made the BiodieselFAO available, free of charge, to around 180 professionals from 
17 Latin American countries. Additionally, the developing team has supported the usage 
of the BiodieselFAO in several biodiesel investment analyses throughout Latin 
America. The system was also useful in the design and analysis of policy related to 
biodiesel industry in Brazil.  

 
Keywords:   Biodiesel, Biofuels, Investment analysis, Decision support system, Unified 
modeling language, Latin America and the Caribbean.  
 
 

1. INTRODUCTION  
 
The supply and consumption of energy is a central theme in the global economic and 
geopolitical agenda since the first oil crisis in the early 70s. World reserves of oil are 
concentrated in a few countries, and for this reason the search for alternatives has 
become a strategic priority for the major world economies. Evidence of the 
environmental impact of fossil fuel usage, particularly on climate change, has turned the 
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energy question even more complex and urgent. According to an International Energy 
Agency (IEA) scenario for the next twenty years, the energy demand will increase by 
about 30%. Despite the growing importance of the renewable energy, the supply will 
continue to depend on fossil sources (IEA, 2012). 
 
Liquid fuels are virtually the only source of energy for the transportation sector. 
Gasoline, diesel, and kerosene are ease to carry and storage having also a high energy 
density. The use of electricity and hydrogen as an alternative source of energy for 
vehicles still faces technical and economic barriers. Therefore, ethanol, biodiesel and 
bio-kerosene are the only viable alternatives in the short and medium term to fossil 
fuels.  
 
The high expectations regarding the potential of the biofuels as an alternative to 
mitigate global climate change, contribute to energy security and support agricultural 
producers worldwide was replaced by criticism (FAO, 2008). The controversy over the 
competition between biofuels and food production demonstrate the complexity of the 
decision making in the design of policies and the investment decisions at the farm and 
industrial levels. 
 
Based on a 40-year experience on an ethanol fuel program, the Brazilian government 
resumed, after 30 years, its biodiesel program in 2004. The social aspect, namely the 
inclusion of small scale farmers in the oilseed production chain, is a key objective of the 
National Program for Production and Use of Biodiesel (PNPB). The program sets 
differentiated taxes, financing schemes and selling conditions for the biodiesel industry. 
On the other hand, the industry has to enter into a contract with small scale farmers 
(Silva Junior, 2013b). The contract negotiation has to be monitored by a farmers´ 
association. Another important aspect of the program is the incentive to intercrop and 
crop rotation. In this context, the investment decision involves several aspects and 
challenges both industrial and agricultural investment analysts. Therefore, the 
development of a decision support system is highly relevant. 
 
In 2005, the Brazilian Ministry of Agrarian Development (MDA), requested the Federal 
University of Viçosa (UFV) to develop a system to support the decision making related 
to biodiesel projects. The system, named Biosoft, should consider both the industrial 
and agricultural sectors (Perez, 2008). The MDA distributed the Biosoft to technicians 
of the industry, finance and agricultural sectors after a training course.  The Biosoft 
developing team also carried out several investment analysis for the MDA using the 
system (Silva Junior,2013a). The positive outcome for the Brazilian biofuels experience 
led the United Nation Organization for Food and Agriculture to sign an agreement with 
the UFV. The agreement aims at developing an improved version in Spanish of the 
Biosoft system, renamed as BiodieselFAO. The objective of this article is to describe 
the system developed for the FAO.  
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2.  UML: UNIFIED MODELLING LANGUAGE 
 
The UML is a modeling language for specification, visualization, construction and 
documentation of software and business processes developed in the early 90s. Since 
1997, a consortium of leading companies in the computer industry manages the UML. 
In 2000, the International Organization for Standardization (ISO) included UML as a 
worldwide standard for software development. The UML encompasses diagrams 
divided into the following categories: (Denis, 2012; OMG, 2013). 
 
Structure Diagrams include the Class Diagram, Object Diagram, Component 
Diagram, Composite Structure Diagram, Package Diagram, and Deployment Diagram.  
The focus is in the components of the system. Therefore, the structure diagrams are used 
mainly in the documentation of the system. 
 
Behavior Diagrams include the Use Case Diagram (used by some methodologies 
during requirements gathering); Activity Diagram, and State Machine Diagram. The 
actions performed in the system are the focus of behavior diagrams, which permits the 
description of the systems’ functionalities. 
 
Interaction Diagrams, all derived from Behavior Diagrams, include the Sequence 
Diagram, Communication Diagram, Timing Diagram, and Interaction Overview 
Diagram.  
 
Karetsos (2011), Fountas (2006), Perini (2004) and Kaloudis (2003) reviewed and 
presented examples of agricultural decision support systems developed or described 
using the UML approach. 
 

 
3.  RESULTS 

 
In the biodiesel industry, the raw material represents around 70% of the total production 
costs. The definition of the price of oilseed is a key task in the analysis of biodiesel 
projects. Therefore, FARMERS and INDUSTRY are the main actors and the use case 
price negotiation of raw material (oilseeds) is the central use case, as depicted in the 
following figure. 
 

 
 

Figure 1. Use cases diagram. 
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One of the steps in the oilseed price negotiation process is depicted in the following 
sequence diagram. Price of oilseeds is the main industrial cost and an important income 
source to the farmers. Consequently, the system responds to both actor´s messages 
considering the impact of the oilseed price on both agriculture and industry profitability 
(Figure 2). 

 
 

 
 

Figure 2. Sequence diagram. 
 

 
The class diagram, showed in the Figure 3, has been derived from the use cases. The 
class PROJECTS relates to the AGR MODULES and IND PROCESS classes.  The 
cardinality 0 to n between the classes PROJECTS  and AGR MODULES indicates that a 
project may contain N agricultural modules or even has no direct link to the agriculture 
(0). In the last case, the biodiesel industry buys the raw material (oil seed or vegetable 
oil) in the spot market without negotiation with the suppliers. The class OIL SEEDS 
relates both to the class AGR MODULES and the class IND PROCESS. Oilseed 
characteristics influence the selection of the appropriate industrial process and its 
corresponding attribute price determines the industry production cost. The class 
ASSOCIATE ACTIVITIES considers the possibility of intercrop and crop rotation in 
agricultural producing modules.  
 
In the process of extraction of vegetable oil, the produced meal has high protein content. 
The income generated by the selling of the co-product of biodiesel production chain 
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influences substantially the profitability of industrial investment. For this reason, the 
class IND INCOME has also the attributes meal and glycerin. Using the BiodieselFAO, 
Silva Junior et al. (2008) showed that biodiesel projects, using the produced meal as 
feedstock, can boost the animal production in deprived regions. Simulations and what- 
if analyzes can be stored in the class SCENARIOS, which encompass one or more 
projects. This relationship is represented by the N to N cardinality between the classes 
PROJECTS and SCENARIOS. 

 
 

 
 

Figure 3. Class diagram 
 

The system encompasses 5 modules, namely:  
· Configuration,  
· Agriculture, 
· Industry,  
· Results and  
· Scenarios.  

 
The graph below (module results) exemplifies the impact of raw material price increase 
on the profitability of agriculture (increasing income) and industry (increasing 
production cost).  
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Figure 4. Example of graph in module results. 
 
Besides the investment analysis, the system partially supports the design and analysis of  
biodiesel policies, especially considering the social and economic impact of projects. 
Despite not allowing environmental impact analysis, the system provides basic data 
(input quantities) for a potential life cycle assessment (LCA). 
 
The following use case diagram (Figure 5) shows the behavior of the system in 
supporting the design and analysis of public policies performed by the actor POLICY 
MAKERS. In the Brazilian biodiesel program, for example, the price negotiation use 
case is an extension of use case contract agreement, which must be monitored by the 
actor FARMER ASSOCIATION. The use cases design and analysis of financial scheme 
and taxes scheme can be played by the actor POLICY MAKERS.  
 
 

Agriculture  

Industry  ¯̄̄̄ 
  

Oil seed price ®®®® 
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Figure 5. Biodiesel policy design and analysis use case diagram. 
 

4. CONCLUSION 
 

The Food and Agriculture Organization of the United Nations (FAO) has made the 
BiodieselFAO available, free of charge, to around 180 professionals from 17 Latin 
American countries. The system has been used in several biodiesel investment analyses 
throughout Latin America. The system was also useful in the design and analysis of 
policy related to biodiesel industry in Brazil.  
 
The negotiation of raw material price is a key point in the analysis of agro- industrial 
projects, especially when the agricultural product is not a commodity. For this reason, 
the basic structure of the BiodieselFAO system could be applied for the developing of 
further decision support system relevant to the agribusiness sector. 
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ABSTRACT

In  this  paper  we  describe  the  ongoing  move  of  the  AGRIS  repository  toward  a
decentralized approach based on Linked Open Data (LOD) (Bizer,  et al., 2008). This
move has progressively required modifications and enhancements to data, models and
workflows. The growing demand for freely accessible data has brought a rise in data
distributed  using  LOD,  which  combines  Resource  Description  Framework  (RDF)
(McBride,  2004a)  and  RDF  Schema  (McBride,  2004b)  with  vocabularies  such  as
Dublin Core (DC)  (Miles,  et al., 2009) and Simple Knowledge Organisation System,
together with interfaces such as SPARQL query language for RDF (Prud'hommeaux, et
al.,  2008).  While  LOD implementations  are  by  now a  well-established  pattern,  the
impacts  that  such  approaches  have  on  underlying  business  processes  is  less  well
understood.  The  openness  of  the  LOD  paradigm  can  expose  flaws  in  information
management  workflows.  Poor  metadata,  lack  of  metrics,  vague provenance;  all  can
contribute to the  inability of  an LOD-enabled system to satisfy the  demands of  the
Semantic Web.

Keywords:   Linked open data, bibliographic data, agriculture, RDF, repositories

1. INTRODUCTION 

AGRIS is  an  initiative  set  up  by FAO in  1974 to  make information on agriculture
research and related sciences globally available. Its content, exposed using a qualified
DC  metadata  format,  is  either  manually  created  by  experienced  cataloguers  or
automatically harvested from a wide variety of OAI-PMH targets, a community that
represents a global network of over 100 content providers.

The AGRIS service consumes metadata provided by the community and publishes it as
open data.  The metadata is  captured either  by  pulling data through  harvesting from
clients,  e.g.  aggregators  and  institutional  repositories  using  protocols  such  as  OAI-
PMH; or by data being pushed to AGRIS from clients, e.g. national libraries or journal
publishers. The integration of this heterogeneous metadata, with issues ranging from
F. Celli, Y. Jaques, S. Anibaldi, J. Keizer. “Pushing, Pulling, Harvesting, Linking:
Rethinking Bibliographic Workflows for the Semantic Web”. EFITA-WCCA-CIGR
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multilingual  content,  text  normalization,  differing  cataloguing  rules  and  diverse
metadata formats, has become a key issue as each of the sets or collections harvested is
a unique case that must be handled and processed on its own.

Figure  - AGRIS data consumption workflow
2.  AGRIS DATA CONSUMPTION

The AGRIS database is  a  collection of  more than 4.3 million bibliographic  records
many  of  which  link  to  full-text  documents.  They  are  enhanced  by  the  AGROVOC
thesaurus which is extensively used by cataloguers world-wide to enrich data indexing
in agricultural information systems. The AGRIS database can be queried via the AGRIS
search engine (http://agris.fao.org/), a web application based on the Apache Solr search
API.

In the paper era, data were catalogued and delivered to the central database by national
libraries  (AGRIS  Centres)  via  paper  worksheets  and  floppy  disks.  In  recent  years
AGRIS dramatically improved its methods for harvesting and indexing metadata from
content providers, also thanks to the growth of open access institutional repositories. In
addition, not  only traditional  AGRIS Centres but  also journal  publishers now create
metadata for publishing in the AGRIS database.
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AGRIS  uses  various  tools  and  technologies  to  consume  metadata  from  content
providers (Fig. 1), but stressing the importance of a low barrier for providers, AGRIS
accepts any metadata record that meets the basic standards set out in the Meaningful
Bibliographic  Metadata  (M2B)  recommendations  (Subirats,  et  al.,  2012),  including
standards such as simple DC, MODS, MARCXML, MARC21 and PubMed.

Looking at the push side of data collection, AGRIS content providers produce metadata
using different methods and systems before sending them to AGRIS via an FTP upload
page. They may also directly generate metadata records with the AgriMetaMaker; a web
form  developed  using  the  Drupal  CMS  that  allows  users  to  create  records  with  a
predefined set of mandatory fields. One of the advantages of using the AgriMetamaker
is  that  metadata  can  be  directly  indexed  with  AGROVOC keywords,  querying  and
browsing the AGROVOC thesaurus to choose the desired ones.

On the  pull  side of data collection, AGRIS consumes metadata using an OAI-PMH
harvester,  a  semi-automatic  process  which  simplifies  the  overall  workflow.  Content
providers publish their records compliant the OAI-PMH protocols and the AGRIS team
uses a harvester tool to retrieve these data periodically. This step sometimes requires a
preliminary selection of the most suitable and domain-specific list of target providers.

3.  AGRIS DATA VALIDATION

Once the AGRIS Secretariat has received metadata in a specific metadata format it is
necessary to  transform and validate  the  record using a  mixture  of  automatic,  semi-
automatic  and  manual  methods.  Metadata  are  randomly  checked  to  look  for
inconsistencies or recurring semantic errors. This is a manual job, which can partially
assure  the  high  quality  of  the  AGRIS  content,  even  if  the  AGRIS team cannot  be
responsible for the content of its data providers.

After  the  metadata  have  been  validated  by  the  AGRIS team,  they  are  mapped  and
translated to AGRIS’ internal model and indexed using Apache Solr, a popular open-
source search engine.  AGROVOC keywords  are also extracted and assigned to  any
record that does not already contain them. This task is performed using Maui, a popular
open source keyword extraction framework that uses University of Waikato’s Keyword
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Figure  - AGRIS data normalization



Extraction Algorithm (KEA). Finally, duplicates are detected and removed, as the same
record may be indexed in multiple collections or be duplicated in the same repository.

Once metadata have been consumed, transformed and enhanced with AGROVOC (Fig.
2),  they  are  ready  to  be  indexed  using  Solr  after  which  they  can  be  searched  and
retrieved by the AGRIS search engine (http://agris.fao.org/).

4.  THE ROAD TO LINKED OPEN DATA

Bibliographic records are often static and often don’t contain sufficient information to
answer a user’s query, in particular when the record does not include the full-text link to
the publication. In 2011, an AGRIS site analysis showed that many users reaching an
AGRIS result page (a record) left the site immediately if they did not find a full-text
link (Celli, et al., 2011). The move to RDF and Linked Open Data has enabled AGRIS
to  better  meet  its  customers’ expectations  by  providing  disambiguated,  entity-based
access  to  bibliographic  and  citation  data  and  by  mashing  up  this  information  with
related  data  sources  by  taking  advantage  of  the  many  formal  alignments  between
AGROVOC  and  other  knowledge  organization  systems.  Following  the  innovation
began by the porting of  its  indexing thesaurus AGROVOC to a Simple Knowledge
Organization System (SKOS) concept-scheme published as LOD (Caracciolo,  et  al.,
2012), the decision was made to connect the AGRIS content to the LOD cloud as well,
and to fully exploit the potentialities of the Semantic Web.

Becoming part  of the LOD cloud meant  translating the repository of more than 4.3
million  XML bibliographic  records  to  RDF,  and  publishing  them on  the  Web.  The
conversion process required a design step to define vocabularies and properties needed
in  order  to  model  the  data.  In  the  spirit  of  reusability  the  team almost  completely
avoided minting any new properties,  reusing as much as possible available standard
vocabularies such as BIBO, FOAF and Dublin Core. This process was facilitated by the
M2B  recommendations  (Subirats,  et  al.,  2012),  which  support  the  selection  of
appropriate encoding strategies for producing meaningful Linked Open Data enabled
bibliographical data (LODE-BD). But the definition of the vocabulary was not the only
issue in this process; the AGRIS team had to review the entire business process, adding
new steps  in  order  to  cope  with  the  requirements  of  Linked Open Data  while  also
modifying existing processes to facilitate the migration to RDF. 

First of all, the move to RDF required the disambiguation of the AGRIS content and the
cleaning of the data. Since 78% of AGRIS records are journal articles, the AGRIS team
created a disambiguated RDF dataset  of agricultural  journals by combining journals
from  AGRIS,  FAO,  the  Directory  of  Open  Access  journals  (DOAJ),  CABI  and
AGRICOLA, expanded with authoritative information from the ISSN Centre database
(http://www.issn.org/). Unfortunately, AGRIS data were sometimes very dirty; in some
cases the ISSN of the journal was present and assignment of a journal to an AGRIS
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record  was  easy.  In  other  cases  however,  the  ISSN was  not  correct  or  the  record
contained only the journal title, often with misspellings or abbreviations: in these cases
the AGRIS team compared journal titles by using string distance metric (Levenshtein
algorithm) and assigning ISSN to titles.  At the moment, there are more than 20,000
disambiguated agricultural journals stored as a set of almost 360,000 triples.

Figure  - The RDF/XML serialization of an AGRIS record
In order to represent AGRIS records in RDF it was necessary to select the set of RDF
classes and properties that would best describe the records. It  was also necessary to
clean the content (for instance, to have dates in a common format), generate URIs for
each record, associate  each record to its unique RDF journal record and convert all
AGROVOC terms to their RDF URI equivalents. Fig. 3 gives an example of the result.

The importance of having AGROVOC URIs associated to each AGRIS record lies in
the fact that AGROVOC is used as a common schema to interlink to external datasets
and sources  of  information.  In fact,  AGROVOC contains many alignments to other
vocabularies  (e.g.  DBPedia,  FAO  Geopolitical  Ontology,  etc.)  that  allow  querying
triplestores to retrieve external resources. Moreover, AGROVOC keywords can also be
used to query traditional Web Services to retrieve non-RDF data.

When  the  user  comes  to  an  AGRIS  record  using  Linked  Open  Data  technologies
(http://agris.fao.org/openagris/), the system is able to display related information such as
production statistics of aquatic species, species occurrence maps, World Bank indicators
and  more,  all  dynamically  queried  through a  constellation  of  related  keywords  and
vocabulary alignments. Currently, the AGRIS records dataset contains more than 115
million triples, stored in a triplestore that provides a public SPARQL endpoint.

Another important issue is related to the provenance of AGRIS resources (Jaques, et al.,
2012). Provenance is a broad term that may refer to various levels of granularity. With
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the shift to digital publishing and machine-readable resources tracing the provenance
chain has gained new importance. The AGRIS team follows W3C recommendations to
cope with provenance and has  begun implementing metadata provenance in AGRIS
records. In AGRIS, each record has an identifier known as an ARN (AGRIS Record
Number), which has a predefined structure and contains information on the data source
together with the bibliographic record’s year of creation. With this unique identifier,
AGRIS provides precise and updated statements of the origins of the metadata.  For
instance, the ARN “IT2008000091” refers to a record created in 2008 from a specific
AGRIS data  provider  in  Italy,  whose progressive  number  is  91.  The team triplified
information  about  the  AGRIS  data  providers,  providing  unique  URIs  for  each  and
adding triples  (using the  property  dct:source)  to  identify  this  aspect  of  provenance,
which previously was only implicit in the ARN.

5.  NEW SCENARIOS

The road to RDF has had a big and continuing impact on the AGRIS workflow. Starting
from the initial data consumption workflow (Fig.1), Fig.4 shows how the flow proceeds
to  the  RDF  conversion.  In  this  yet  to  be  implemented  scenario,  the  AGRIS  input
application directly generates RDF as the AGRIS internal model and applies all needed
filters:  entity  disambiguation  (journals,  publishers,  and  data  providers),  content
cleaning, AgroTagger to generate AGROVOC URIs for the resource, provenance, etc.
An  RDF  manager  application  is  then  responsible  for  adding  triples  to  the  AGRIS
triplestore and indexing them as required by Solr.

Figure  - The new AGRIS dataflow
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At the end of this process there is  the new RDF-aware system, currently known as
OpenAGRIS (Fig.5),  which  is  a  mashup  application  that  allows  users  to  query  the
AGRIS  content,  interlinking  all  records  to  external  sources  of  information  and
discovering the full text of a publication by using Google Custom APIs.

Figure  - The OpenAGRIS semantic mashup

In the future, the AGRIS team will have to cope with new issues and new functionalities
that will again alter the workflow. To begin with there is the idea of a web bot able to
crawl  the  web,  extract  triples  and  automatically  index  resources  in  the  AGRIS
triplestore.  The automatic RDF consumption and the web crawler raise at  least  two
important issues: the provenance of each triple added to the AGRIS triplestore and the
selection of appropriate AGRIS content (which could be partially solved by manually
selecting the initial subset of web sites to harvest and running the AgroTagger on the
discovered  resource  to  extract  AGROVOC  keywords)  as  well  as  the  fact  that  the
disambiguation process is at an early stage; the AGRIS team will soon begin to work on
author  disambiguation which will  have a big impact  on the entire  system,  with the
possibility of the creation of a self-care system in which authors and/or institutions can
modify their own profiles and data records.

6.  RESULTS AND CONCLUSIONS

The conversion to RDF had a big impact on the AGRIS workflow. The team had to
select  RDF  properties  according  to  M2B  and  LODE-BD  recommendations,
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disambiguate AGRIS serials, check metadata content, and index AGRIS records with
AGROVOC URIs  to  allow interlinking to  other  Web resources.  Finally,  the  master
repository became a triple-store with over 115 million triples, requiring changes to the
consumption and indexing workflow which are still taking place. This move to RDF
which  vastly  improved  the  dissemination  and  linking  of  the  records  nevertheless
impacted  the  entire  business  process,  including  the  model,  the  content  and  the
validation. It also brought to light deficiencies in the collection of process metadata such
as provenance. We continue to work to address issues such as author and institution
disambiguation.
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ABSTRACT 
 
The environmental concern and the oil price rising stimulate the implementation of 
policies to replace the fossil energy source. In this context, biofuels emerge as the most 
feasible alternative to attend this new demand. However, the potential impact of the 
biofuels production on the demand for agricultural products raises the question about 
the competition biofuels versus food. The investment analysis of projects and policies 
are complex, thus requiring tools to support the decision-making. The purpose of this 
paper is to evaluate the applicability and usability of a decision support system for the 
investment analysis on biodiesel projects, developed under an agreement signed by 
UFV (Federal University of Viçosa/Brazil) and FAO/RLC (Foods and Agriculture 
Organization - Regional Office for Latin America and the Caribbean). The normative 
ISO 25000 series (Software Product Quality Requirements and Evaluation) was the 
framework chose to evaluate the quality aspects. Additionally, the ISO 9241 
(Ergonomics of Human System Interaction) was selected to evaluate the effectiveness, 
efficiency and satisfaction of the software by the user. The questionnaire applied on the 
evaluation consisted on quality attributes related to the normative ISO 25020/07 
(Measurement Reference Model and Guide) and ISO 9241. The results obtained were 
treated descriptively and confirmed the software usability, especially related to 
efficiency and effectiveness.  
 
Keywords: Bioenergy, Biodiesel, System Evaluation, Decision Support System, Latin 
America. 
 

1. INTRODUCTION 
 
In short and medium term, biofuels are the most feasible option to replace the fossil 
fuels, due to its relatively low production cost, energy density and the existing 
distribution infrastructure for liquid fuels. Biofuels policy can also contribute to the 
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development of rural areas, where 70% of poorest people live (FAO, 2012). The social 
development potential associated with a feasible energy option and environmental 
damages attenuator have turned biofuels programs into an interesting opportunity to 
developing countries. However, all the biofuels advantages involve criticism, in 
especial, regarding their sustainability and the competition for the land, on a so-called 
food versus fuel competition.  
 
The links between bioenergy and food security are complex and multi-faceted (FAO, 
2010). To tackle the increasing complexity of biodiesel investment projects,  a decision 
support system (BiodieselFAO) was developed by the Federal University of Viçosa 
(UFV) in Brazil to the Food to the Agriculture Organization of the United Nations – 
Regional Office for Latin America and the Caribbean Office (FAO/RLC).  This 
computational tool has been used by professionals from 17 countries for economical 
and social analysis of biodiesel projects considering several conditions, as different raw 
materials and industrial technologies. It was also used to analyze and design taxes and 
investment schemes. 
 
The purpose of this paper is to evaluate the applicability and usability the BiodieselFAO 
using ISO standards as framework. 
 

2.  MATERIAL AND METHODS 
 
The framework described in the normative ISO 25000 series (quality evaluation 
methodology of computational systems) had been chosen to evaluate the software 
BiodieselFAO . The ISO 25020/07, specifically, was the basis to define the quality 
attribute criteria used on the questionnaire.  The ISO 9126 is the previous version of the 
ISO 25000 series and also was consulted to the methodology and to incorporate 
previous studies on this paper.  
 
Besides the quality evaluation, the framework of the normative ISO 9241 was also used 
to describe the usability of the system, focusing on effectiveness, efficiency and 
satisfaction by the end users (Ehteshami, 2013). 
 
The evaluation procedure was based on applying a web questionnaire, composted by 
external evaluations, internal evaluations and assessments of the software quality  
(Usabilitynet, 2013). Kanellopoulos (2010), Shafinah (2010) and Chua (2004), 
presented the following quality attributes: 
 

· Functionality  - A set of attributes that relate to the existence of functions and 
their properties. These functions are those related with stated satisfaction or 
implied needs. 

· Reliability - A set of attributes related to the ability of the software to maintain 
its level of performance under stated conditions for a stated period. 
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· Usability - A set of attributes related to the effort needed to use and individual 
assessment of such use. 

· Efficiency - A set of attributes associated with the relationship between the level 
of performance of the software and the amount of resources required under 
stated conditions. 

· Maintainability - A set of attributes related to the easiness to extend, modify or 
correct errors in the software. 

· Portability - A set of attributes relating to the ability of software to be 
transferred from one platform to another. 

 
The evaluation procedure was based on the framework of  ISO 25000 normative and 
was defined as the following. 
 
2.1 Quality requirements definition 
 
The quality requirements definition is the first step, which take as input a set of stated 
needs, relevant technical documentation and the ISO Standard itself and produces a 
quality requirement specification (Praxiom, 2013). The quality attributes are presented 
in the table 1.  
 
2.2 Evaluation preparation 
 
The second stage is the evaluation preparation, which involves the selection of 
appropriate metrics, a rating level definition and the definition of assessment criteria 
(Demirors, 2000). Metrics, in ISO 25000 series, typically give rise to quantifiable 
measures mapped on to scales. Since quality refers to needs, which vary from one 
evaluation to another, no general level for rating is possible. They must be defined for 
each evaluation. 
 
A pre-test was applied to evaluate the criteria, to define the quality attributes and the 
rating level for each attribute, the information was organized as a questionnaire to be 
applied in the evaluation of the software BiodieselFAO. 
 
2.3 Evaluation procedure 
 
The last stage is the evaluation procedure, which is refined into three steps: 
measurement, rating and assessment. The selected metrics are applied to the software 
product and values on the scales obtained. Subsequently, for each measured value, the 
rating level is determined. Assessment is the final step, where a set of rated levels are 
summarized. The results will be analyzed as a summary of the software quality and 
treated descriptively. 
 
The structured web questionnaire, composed by the quality attributes and the rating 
levels are presented below.  
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Table 1. ISO 25020/ISO9241 Questions for quality evaluation. 

Criteria Details Grade 1 Grade 5 

Suitability 
Software attributes related to the presence of a set of 
functions necessary for economic and social evaluation of 
the project of vegetable oil and / or biodiesel 

Few Suitable 
Functions 

Fully 
Appropriate 
Functions 

Accuracy 
Attributes related software available to correct results are 
compared with other methods of evaluation (e.g. Excel 
spreadsheets) 

Not Accurate very Accurate 

Interoperability Attributes of software that relate to their ability to interact 
with specified systems (Excel, Word, etc.) Not Interactive very Interactive 

Security 
Software attributes related to their ability to prevent 
unauthorized access whether accidental or deliberate, to 
programs and data 

unsafe very Safe 

Maturity Attributes of software that relate to the frequency of faults 
in the software 

High frequency 
of failures 

Low Frequency 
of failures 

Recoverability 

Attributes of software that relate to the ability to reset 
their level of performance and recover the data directly 
affects in case of failure and the time and effort related to 
it 

difficult 
Recovery easy Recovery 

Fault Tolerance 
Attributes of software that relate to their ability to 
maintain a specified level of performance in cases of 
failures 

Not Tolerant very Tolerant 

Learning Attributes of software that relate to user effort to 
recognize the logical concept. 

difficult 
Learning easy Learning 

Understanding Attributes of software that relate to the effort of users to 
apply the system logical concept. 

Not 
Comprehension 

great 
Comprehension 

Operability Attributes of software that relate to the effort of the user 
to operate and control software. Not Effort great Effort 

Attractiveness Attributes of software that relate to the visual appearance, 
its design. Not Attractive very Attractive 

Time response Attributes of software that relate to the processing and 
response times 

Plenty of time to 
answer 

Short time to 
answer 

Stability Software attributes related to the risk of unexpected 
effects from modifications. unstable very Stable 

Ease of analysis Software attributes related to the effort required for the 
diagnosis and identification of parties to modify. 

difficult 
Analysis easy Analysis 

Ease of change Attributes related software effort needed for modification 
or correction of data inserted. 

difficult 
Changes easy Changes 

Ease of testing Software attributes related to the effort required to 
validate the modified data. 

difficult 
Validation easy Validation 

Setup Capacity Software attributes related to the effort required to install Not Effort much Effort 
Capacity 

replacement 
Attributes related software opportunity and effort of using 
software instead specified software Few Capacity Full Capacity 

Adaptability 

Related software attributes the opportunity to adapt to 
different topics specified without using other software 
considered. (Different types of raw materials or industrial 
processing technology for example) 

Not Adaptable Fully Adaptable 

Compliance Aspects of fitness to legislation concerning the country Nonconforming fully Compliant 
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3.  RESULTS 
 
The evaluation of a biodiesel project, especially in a complex theme as biodiesel, 
involves agricultural aspects and competition with food, to the land and supplements, 
which requires a tool to ease the analysis. In this context, the BiodieselFAO was 
evaluated as an alternative to ease the decision-making analysis on biodiesel projects. 
 
3.1 Pre-Test 
 
The pre-test was designed to verify the applicability of the quality criteria selected 
based on ISO 25000 series. 
 
The evaluation process started with the application of the questionnaire to professionals 
who participated in the BiodieselFAO development and also used the software in 
evaluation projects of vegetable oil or biodiesel. In total, 9 professionals accepted 
participate and contributed with important information to structure better the criteria, 
rating level and also to organize the quality evaluation on the software.  
 
These professional are from different areas as Engineering, Economics and 
Management, which also allowed analyze the effectiveness and usability on different 
areas on the evaluation. The pre-test results obtained are presented below. 
 
Criteria Definition – Quality Attributes - As reported by the professionals consulted, 
the criteria defined are appropriate to evaluate the software on different aspects by their 
experience working with the software. 
Evaluation of Attributes and rating levels - some changes were suggested to the 
initial settled for the terms that could cause misinterpretation. The term names were 
detailed for each attribute evaluated to avoid it. 
 
 3.2 Test 
 
The test was proposed to 76 professionals from 17 countries in Latin America and the 
Caribbean. The professionals are involved on different areas on the biodiesel production 
chain including agriculture level, industry and policy development. These professionals 
were trained in an one week course coordinated by FAO/RLC and developed by the 
BiodieselFAO’s developers and experts on decision-making process on biodiesel 
production chain from UFV. 
 
The BiodieselFAO proposed test was emailed in an online survey shared on Google 
platform. From 76 professionals invited, 11 filled it up, which correspond around 15% 
of total.  
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In general the software fits the user needs, where their functionality, reliability and 
efficiency are the attributes that stood out, as can be observed on the Figure 1. 

 
Figure 1. Test Final Results. 

 
On a detailed analysis (Figure 2) of the quality attributes, the portability, usability and 
maintainability still need improvement.  
 

 
Figure 2. Test Detailed Results. 

 
The users evaluated as a critical step on BiodieselFAO the insert data procedure, where 
great effort is required to complete all BiodieselFAO variable, which also affected the 
consideration about its aspect, it was not considered a friendly platform for all users.  
 
When the specific quality attributes are analyzed, the evaluation concludes the 
following as need improvements: security, operability, adaptability and setup process. 
On the other hand, the results showed the potential of the software to ease the decision 
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analysis considering the positive answers related to accuracy, interactivity, low 
frequency of errors and great comprehension of the project data by the users. 
 
In general, the attributes have at least 40% of good or excellent evaluation, except by 
the attractiveness of the BiodieselFAO design,  it is evaluated as regular. Therefore, 
layout improvements can contribute to create a more logical and friendly interface, thus 
helping the data insertion procedure.     
 
 

3.  CONCLUSION 
 
The software BiodieselFAO presents itself as an important tool for economic analysis of  
vegetable oil and biodiesel investment projects. 
 
The test was important to confirm the applicability of the BiodieselFAO as a tool to 
ease the decision-making process, by providing a new ambient to develop the 
economical and social analysis. The software is a relevant tool to simulate different 
scenarios, through to ease the comprehension and the data changes, besides to be a safe 
and reliable tool to evaluate different variables. 
 
These features are essential in biodiesel projects, due the complexity and the different 
players on this production chain. Additionally the software has proved useful in 
biodiesel policies analysis. 
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ABSTRACT 
 

Agricultural sciences are one of the largest and most significant examples of Big Data 
research communities. The development of this research field brings about demands for 

larger, more powerful and trustable computing infrastructures to support the work of 
agricultural scientists. On the other hand, Cloud and Grid technologies have emerged in 
the last decade as a way to integrate large-scale data infrastructures. In the present work, 

we describe a federation of large computation and storage infrastructures developed 
within the agINFRA project, and the interfaces to use them. The new data infrastructure 

and its interfaces allow different user profiles to access and take advantage of 
applications and services to manage, process, navigate, and visualize trustable 

information on agricultural science topics. 
 

Keywords:   Grid computing, cloud computing, federation, interfaces, big data. 
 

1. INTRODUCTION  
 
Agricultural sciences are one of the largest and most significant examples of Big Data 
research communities in growth the past decade. As the size of our knowledge grows 
and the science becomes more and more interconnected, the complexity of the scientific 

                                                
 

 
 
 
 
 
 
 



 

C0281 J. Lappalainen, D. Vudragovic, A. Balaz, F. Ruggieri, R. Barbera, R. Lovas, G. 
Stoitsis, K. Kastrantas.   “Federating Computation and Storage Resources to support 
Agricultural Science Communities”. EFITA-WCCA-CIGR Conference “Sustainable 
Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

inquiry increases. Also, science is becoming largely digital - it needs to deal with ever 
increasing amounts of data and computational power. To engage the technological 
challenges of the scientific practice, it is necessary to efficiently build computing 
compounds that bring data analysis and processing to a new level. 
 
The agINFRA data infrastructure aims to enhance the co-operation, data sharing, 
federation and data exchange between research communities in the agricultural sciences 
by providing a robust new data infrastructure to compliment the building of trust and 
federation between agricultural researchers, enhancing the field and creating new 
opportunities for joint work and research sharing. 

2. THE AGINFRA INFRASTRUCTURE 
AgINFRA has been conceived as a sustainable data infrastructure for agricultural 
research. The project addresses implementation of services relevant for a wide range of 
users: from infrastructure providers, developers of data processing and data 
management software, data providers, information managers, librarians, developers of 
high-level portals, to end-users (researchers, educators, citizens). Design of the 
infrastructure relies on adaptation of the existing resources, their customization, and the 
development of new components that will ensure balance in the system and its seamless 
use. 

2.1 Science Gateways 
On top of the Grid and Cloud infrastructure, the layer of Science gateways (SG) 
provides seamless access to the distributed infrastructure for software developers. Two 
different Science gateway architectures are deployed within the agINFRA project. 
Together, they address different usage patterns and requests, and complement each 
other in providing advanced grid access mechanisms. 

 

 
 

Figure 1. Catania SG Architecture Figure 2. gUSE architecture 
 

  
 



 

C0281 J. Lappalainen, D. Vudragovic, A. Balaz, F. Ruggieri, R. Barbera, R. Lovas, G. 
Stoitsis, K. Kastrantas.   “Federating Computation and Storage Resources to support 
Agricultural Science Communities”. EFITA-WCCA-CIGR Conference “Sustainable 
Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

The Catania Science Gateway, shown in Figure 1, provides a full-featured environment 
accessing with single software architecture to many distributed infrastructure resources. 
It also allows creating high-level user interfaces able to submit and control Grid jobs, 
manage data and metadata content, manage Cloud nodes, provide both secure and 
anonymous access to the Cloud hosted services and more in general avoid its user 
community to deal directly with the technicalities and the complexities of each specific 
distributed infrastructures. 
 
SZTAKI has developed the gUSE (grid User Support Environment), shown in Figure 2,  
which is a grid virtualization environment providing a scalable set of high-level Grid 
services by which interoperation between Grids and user communities can be achieved. 
Incorporating a more flexible workflow concept and enabling its distribution on clusters 
and different Grid sites, gUSE is aimed to extend the objectives and features of P-
GRADE Portal based on Liferay. SZTAKI is currently developing a generic-purpose 
gateway technology as a toolset to provide seamless access to major computing, data 
and networking infrastructures and services in Europe including clusters, 
supercomputers, and grids, academic and commercial clouds. 
 
The SZTAKI SG implementation focuses on the management of complex job 
workflows, while the Catania SG implementation focuses on user membership 
management through the adoption of the Identity Federations and Identity Providers 
approach, allowing the single sign-on across many supported institutions, but also 
offering a vertical interface to all user levels. 

2.2 AGINFRA STORAGE BACKEND 
In parallel to the two general-purpose SG implementations, agINFRA RESTful 
gateway9 is provided as well, as a third agINFRA layer. This gateway is developed 
within the project, and its main responsibilities are cataloging, off-line processing, and 
management of data. As a catalog facility, agINFRA RESTful gateway keeps user's 
configurations of Grid-ported applications, datasets' metadata information and locations, 
arbitrary user-defined metadata information, and allows querying of these information.  
 
The gateway carries out automatic replication of datasets, ensures the existence of the 
same dataset on different storage systems, and its exposure through the HTTP protocol. 
Instead of perpetual reorganization of schemas, the database back-end has been 
migrated to the document-oriented data model. Due to several additional features, such 
as offline replication, Multi-Version Concurrency Control, incremental replication, 
fault-tolerance, we have decided to replace MySQL with CouchDB10 technology. 
Existing tables and rows are reorganized into CouchDB JSON documents that could be 
now directly transferred via REST API incorporated in CouchDB. 

                                                
9 agINFRA RESTful gateway documentation, http://agro.ipb.ac.rs/ 
10 CouchDB official web site, http://couchdb.apache.org/ 
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2.3 Public Clouds 
Some of the proposed agINFRA services require an on-demand delivery of service with 
a sort of interactive response such as agriDrupal and Omeka data components. The grid 
was initially designed to support long-term job runs, rather than online response 
capabilities. The integrated approach of agINFRA, requires also that the services (on 
Virtual Machines) should be available with an user friendly access to the infrastructure. 
For these reasons, agINFRA is able to connect with Cloud infrastructures, such as 
CLEVER (TUSA et al., 2010) and OKEANOS (KOUKIS et al. 2013). 

3. LAYERED ARCHITECTURE 
The conceptual architecture of agINFRA is depicted in Figure 3. On the top of the 
infrastructure lay the integrated services, existing portals that provide to end-users with 
high quality information on a specific topic or sub-domain of an agricultural science. 
Considered integrated service examples in agINFRA are Organic.Edunet 
(MANOUSELIS et al., 2009) portal, AGRIS (SUBIRATS et al., 2008) and CIARD 
RING (PESCE et al., 2011). 
 
In a layer conceptually below integrated services are the data components, software 
packages that provided advanced data processing, management, visualization and 
navigation capabilities to users and integrated service managers. 
 
If we look at the grid infrastructure conceptually in terms of APIs, the Figure 3, depicts 
its main elements. Web-based components and integrated services use APIs to access 
the infrastructure service layer. 
 
In turn, these services use existing generic Grid resources. It should be noted that here 
the term “API” is used in a broad sense, as it includes any kind of interface exposed by 
the infrastructure, including REST APIs, exposure in the form of RDF LD, as well as 
any other mechanism for exposing data management and processing services. 
 
In Figure 5 there is a detail of the agINFRA infrastructure showing how IS and data 
components can access two kinds of services Conceptually, there are four subsystems 
inside the infrastructure that fulfill different missions. The functional data flow and 
interactions with data components is shown in Figure 5. 
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Figure 3. Conceptual infrastructure  

 
Figure 4. Layered view 

 
The Data Management layer (DML) is responsible for the creation, update and 
management of datasets, including their metadata and actual contents when required. 
The DML offers a Dataset API externally and also to the rest of the internal elements, 
and acts as a central repository of datasets, its versions and derivatives. The Data 
Processing Layer (DPL) carries out the execution of offline jobs over the data. These 
jobs are scheduled using grid middlewares and provide users with non-interactive 
powerful computation services. The Data Transformation Layer (DTL) deals with 
metadata schema transformation services. These functions are key to interlink datasets 
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and ensure interoperability of data. This adds an important value to the available 
content. Finally, the Data Exposure Layer (DEL) is in charge of exposing content and 
metadata in LD, allowing machines to consume high-quality integrated data and 
services. 
 

 
Figure 5. Functional data flow 

4. RELATED WORK 
Among the wide range of agINFRA related projects, the iPlant Collaborative (GOOF et 
al., 2011) is one of excellent examples of e-Infrastructures designed to solve challenges, 
here in particular for plant science. It successfully merges the plant biology tools and 
services for data analysis, mining and visualization, workflow and education resources. 
The project develops applications to support remote collaborations and virtual 
organizations. 
 
The agINFRA science gateways provided by INFN and SZTAKI are an analogy to the 
iPlant DE. The science gateway technologies provide various modules for web-based 
graphical user interface creation, user-friendly data management, visual workflow 
construction, and application deployment in the Grid and HPC environments. In 
addition, science gateway frameworks, through Grid technology, supply authentication 
and authorization mechanism that naturally enables easy integration of geographically 
distributed new computing and storage resources. Furthermore, existing Grid 
components afford high-level meta-scheduling, workflow execution, task tracking, data 
and metadata catalogues, replication of data, delegation and renewal of credentials, 
accounting functionality, etc. 
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Environment provided by iPlant Atmosphere could be compared with gLite user 
interface machine (UI). Currently, in agINFRA UI machines can be used remotely at the 
infrastructure partners' resource centers through command line interfaces, and in some 
cases by VNC. The other possibility for a user is to install gLite-UI VM image locally at 
a personal computer. Such gLite-UI image is provided by INFN, and is available for 
download. Beside the standard gLite interface, this VM image can include particular 
agINFRA applications and tools. In both cases, user is provided with application 
programming interfaces (APIs), for software development or for specific data analysis. 
Furthermore, user is able to access to all agINFRA computing and storage resources, to 
use all previously installed applications, and to create various tasks workflows. 
 
Under the scope of agINFRA, the SemaGrow11 project aims to develop data intensive 
techniques to boost the real-time performance of global agricultural data infrastructures, 
achiving scalability when querying distributed and big data agricultural data 
repositories. 

5. CONCLUSIONS 
This paper describes the technical achievements of the project agINFRA. We have 
shown how existing technologies can be customized and integrated to set up the 
foundations to build an advanced data infrastructure to support agricultural science 
communities. This data infrastructure has been conceived as a set of layers that group 
different functionalities to manage datasets. These layers provide services that process, 
retrieve, store, transform and publish heterogeneous data easily. 
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ABSTRACT 

 
There is a wealth of institutions and projects that offer access to good educational resources 
related to food safety and food standards, ranging from training opportunities and courses to 
open educational resources, and from targeted/needed skills and competences to certification 
opportunities and courses. Still, these resources cannot be easily discovered, especially on a 
global scale. As in other areas of agricultural education, there is a need to pool together the 
variety of resources on food safety and standards in a baseline infrastructure that will enhance 
their findability and discoverability. This paper introduces an approach that can help address 
this challenge: taking advantage of current advances in e-learning technologies and standards 
in order to set up a learning infrastructure for food safety that will be open and scalable.  
 
Keywords: Food safety, competences, metadata, Massively Open Online Courses (MOOC), 
open educational resources (OER) 
 

1. INTRODUCTION 
 
A variety of approaches have been developed to provide access to content addressing 
different aspects, stakeholders, and fields, such as global search engines for all domains and 
target groups. Examples include the GLOBE initiative that provides a generic search engine 
for educational content in a Google style (http://www.globe-info.org), courseware-oriented 
networks like OpenCourseWare (http://www.ocwconsortium.org), OER-focused aggregators 
such as OER Commons (http://www.oercommons.org) but also domain‐specific networks 
such as Organic.Edunet for organic agriculture education (http://www.organic-edunet.eu).  
 
However, a significant variety of content is still missing as it is inaccessible or unknown to 
the potential target groups. The main cause points to the lack of clear policies and little or no 
awareness on how to openly share learning opportunities and content as well as the 
establishment of thematic networks that will allow people to search and discover the right 
content for their information need. Although a high number of such learning portals have 
been deployed, there are not many that are particularly deployed for agricultural education 
(Tzikopoulos et al., 2005; Tzikopoulos et al., 2007). Technology components  are now being 
put in place to facilitate the development of such portals, based on the principle of metadata 
aggregation from various, distributed sources (Manouselis et al., 2010).  
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The overall aim is to put in place a technology infrastructure that will collect and provide a 
rich content base for various agricultural education contexts and scenarios, through numerous 
interfaces and modalities. Efforts for the coordination of this work have taken place in the 
context of the Agricultural Learning Repository Task Force (AgLR-TF, http://aglr.aua.gr) 
and have led to the development of data pools such as the Green Learning Network of 
agINFRA (http://aginfra.eu). However, a significant variety of content is still missing as it is 
inaccessible or unknown to the potential target groups. The main cause points to the lack of 
clear policies and little or no awareness on how to openly share learning opportunities and 
content as well as the establishment of thematic networks that will allow people to search and 
discover the right content for their information need.  
 
This challenge becomes more obvious in topics of extreme priority and importance on a 
global scale. The topic of food safety belongs to this category. Food safety focuses on the 
way food needs to be handled, prepared and stored in ways that will prevent foodborne 
illness. There is a wealth of institutions and projects that offer access to good educational 
resources related to food safety and food standards, ranging from training opportunities and 
courses to open educational resources, and from targeted/needed skills and competences to 
certification opportunities and courses. Still, these resources cannot be easily discovered, 
especially on a global scale. And as in other areas of agricultural education, there is a need to 
pool together the variety of resources on food safety and standards in a baseline infrastructure 
that will enhance their findability and discoverability.  

 
Figure 1 Overall architecture of a GFSP learning infrastructure 

 
The Food Safety Knowledge Network (FSKN, http://foodsafetyknowledgenetwork.org) is an 
initiative that aims to help strengthen the food industry’s response to the complex food safety 
knowledge and training challenges that affect emerging markets by providing access to free 
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learning resources. The FSKN began as a collaboration between Michigan State University 
(MSU) and the Global Food Safety Initiative (GFSI) of the Paris-based Consumer Goods 
Forum and now includes several knowledge development and funding partners. Its 
challenging set of aims cannot be achieved through a single learning platform or system, 
because this will be an approach that will centralize and generalize a capacity building 
initiative that is designed to scale up by following a focused and regional approach. In this 
context, FSKN decided to extend its technology backbone in order to take advantage of 
existing OER on food safety topics that are available for free from institutions and projects 
around the world (such as FAO and WHO), by building online OER discovery services over 
the data infrastructure of the Green Learning Network (http://greenlearningnetwork.com). In 
collaboration with Agro-Know Technologies and the agINFRA initiative, FSKN is aiming to 
put in place an open and scalable learning infrastructure for food safety capacity building. 
 
2. DESIGNING AN OPEN AND SCALABLE LEARNING INFRASTRUCTURE FOR 

FOOD SAFETY 
 
Our aim is to put in place an open and scalable learning infrastructure for food safety. This 
means, designing, developing and deploying a technology platform that will be periodically 
ingesting data about food safety educational resources, both from FSKN repositories and 
collections as well as from external content providers and sources. This technology platform 
will be based on the principle of metadata aggregation rather than local storage of the digital 
resources themselves: that is, it will provide the necessary mechanisms (in terms of 
automated software tools) and user interfaces (in terms of functionalities and features) that 
will support the identification, indexing, curation, enhancement and publication of metadata 
descriptions for the various information types of relevance to the food safety educational 
stakeholders. This platform will include, among others:  
 
• Mechanisms in which educational offerings (such as online, blended or physical courses 

on food safety topics) will be published and advertised. 
• Mechanisms in which open educational resources (OER) on food safety topics (such as 

lecture recordings, slides, notes, lesson plans, good practice guides) will be shared and 
discovered. 

• Tools and interfaces to catalogue, view and navigate in food safety related skills and 
competences. 

• Tools to register and map food standards in interoperable and machine-readable 
representations, facilitating their alignment and cross-walking.  

• Multiple access points and interfaces to the information aggregated in the infrastructure, 
from various channels and devices. 

 
The overall architecture of the proposed infrastructure is presented in Figure 1. The points 
that follow discuss in more detail how each layer will function: 
 
• A main web portal that will serve as the main front-end to present the project and allow 

users to find information in the aggregated sources 
o will support various interaction modalities (visual, device, thematic, geographical, 

industry, …) for search & discovery of courses and OER  
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o will offer multilingual interfaces and metadata facilitated by automatic translation 
engines 

• A set of learning applications (apps) and widgets that will serve as search/discovery 
interfaces and mechanisms  
o to be embedded in other web sites and portals (widget-like or search pages in sites) 
o to include mobile apps for various operational systems (iOS, Android, Windows 8) 
o will provide a back-end engine to allow straightforward generation of adaptable 

versions of both (thematic, industry, geographical, linguistic, …)… 
• A back end technology infrastructure to support the Educational Offering Aggregation  
o will ingest, harvest, aggregate course and OER metadata from existing or new (e.g. 

legacy) learning platforms and OER collections 
o will include tools to allow course and OER providers to align/map their metadata & 

classifications to the network’s reference ones 
• A Curriculum Registry & Alignment layer  

o will represent the network’s curriculum in an interoperable format (using learning 
outcomes, competences) 

o will include tools to allow other course providers to register and express/map their 
curricula to the network’s reference curriculum 

o will provide tools to facilitate the generation of multilingual versions of the curricula 
descriptions 

 
3. USAGE SCENARIOS 

 
In this section, we will describe a number of typical usage scenarios in order to illustrate how 
the food safety learning infrastructure can be put in place. A set of prototype demonstrators 
have been developed in order to support this illustration, explaining how the back-end 
infrastructure can support various usage environments. To make this demonstration as 
realistic as possible, we have used the existing agricultural learning infrastructure of the 
Green Learning Network (GLN, http://www.greenlearningnetwork.org) that is federating, 
aggregating and indexing educational collections on all areas of agriculture and biodiversity.  
 
Two specific demonstrators are used to explain the envisaged usage scenarios:  
• FSKN training site (http://fskntraining.org): a prototype demonstrating how new 

educational resource search pages may be deployed within the existing site of FSKN 
(http://greenlearningnetwork.org/fskn/fskn-main/)  

• Codex Alimentarius site (http://www.codexalimentarius.org): a prototype 
demonstrating how material related to the Codex Alimentarius food standards can be 
deployed within the existing site of Codex (http://greenlearningnetwork.org/fao-
codex/FAO-codex/)  
 

To demonstrate the use of the re-vamped FSKN pages and the FSKN-powered pages in other 
sites, one can use the example of a small meat producer in Paraguay who is exploring how 
their company can start selling their packaged cooked ham to an international food 
distribution company. Their product is a high quality one, made from pure pork ham. Still 
they would like to find out more about the food safety standards of cooked ham.  
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Figure 2: Prototype demo of the enhanced search page of the Codex Alimentarius web site 

(http://greenlearningnetwork.org/fao-codex/FAO-codex/)  
 
The manager of the meat producer company visits the Codex Alimentarius site (Figure 2) to 
find out more about the cooked ham standards. She starts searching the content of the portal 
by entering the term “Ham” in the search box of the portal, and gets a result on “Standard for 
Cooked Cured Ham” which she views to get more information about the standard. As Figure 
3 shows, the resource is a Codex Standard on Cooked Cured Ham that is addressed to 
managers. Our user clicks on the resource to download the document and read it. 
 

 
Figure 3: Viewing the metadata description of the cooked cured ham standard 

 
Reading through this document, the manager finds all the necessary information so that their 
cooked ham products may comply with the Codex standard. In addition, she finds a section 
that refers to the specific labeling that packaged cooked ham should have to adhere with the 
standard. Interested to find out more about this, the user goes to the new FSKN search page 
(Figure 4). 
At the FSKN site, the manager decides to look for some guide explaining the food labeling 
procedures. She scrolls down the page and clicks on the “Educational Resources” section 
icon. 3.  A landing page with the educational resources indexed by FSKN opens. She clicks 
on the “Guides and Reports” category icon and a list of results with relevant guides appears. 
Since more than 100 resources are listed in the results, she decides to search into these results 
by using “Food labelling” in the search box. A shorter list of relevant results is generated 
through which she identifies a “Guide on Food Labelling - Complete Texts” (Figures 5 & 6).  
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Figure 4: Prototype demo of FSKN search page offering access to a variety of food safety 

resources (http://greenlearningnetwork.org/fskn/fskn-main/)  
 

 
Figure 5: Searching for a resource on food labelling 

 
She clicks on View More and reads the description and sees that this is a guide published by 
the World Health Organisation (WHO) and FAO, presenting food labeling requirements in a 
compact format. After downloading and reading the document, the manager of this small 
company can suggest a revision in the way that the labels of their pork ham products are 
generated, so that they comply with the general requirements. 
 
Later on, the manager of the small meat producer company finds out that the large food 
distributor that they would like to work with is requiring from its providers to apply the 
HACCP standard procedures. She is visiting again the FSKN site and uses the term 
“HACCP” in the search box. A list of results appear, among which an online course on 
“HACCP Basics for Processors and Manufacturers”. 
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Figure 6: Finding a WHO/FAO comprehensive guide on Food Labelling 

 
The manager goes to the web site of this course where she finds out that with a small cost she 
can get a better understanding of key HACCP concepts and the steps required to properly 
implement it in her company.  Searching further for open educational material, she also finds 
a number of good YouTube videos that explain the principles of HACCP for food safety (e.g. 
Figure 7).  
 

 
Figure 7: An introduction to HACCP principles for food production discovered through the 

new FSKN portal 
 

4. CONCLUSIONS 
 
In this paper we discuss how an open and scalable learning infrastructure for FSKN can be 
set up and deployed. We present the main objectives and the challenges of such a global food 
safety network, as well as describe the rationale and the components of such a food safety 
learning infrastructure. A number of usage scenarios are presented, based on a number of 
demonstrators that have been built on top of the existing learning infrastructure Green 
Learning Network. The next stage will be fully integrating the demonstrators within the new 
FSKN site and then evolve the back end into a full scale federation of food safety resources.  
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ABSTRACT 

 
Massive mobile technology growth during the last few years has brought GIS 
technologies into another dimension. It is a big challenge for standard GIS technologies. 
New areas of applications are revealed for wide community of users. The INSPIRE and 
mobile mapping apps infrastructures differ in many things such as philosophy, 
application area and technical solution. It is also vital for the successful implementation 
of INSPIRE. Currently, there exist two worlds: 
1) top down managed world of INSPIRE (GMES, GEOSS and similar initiatives) 
represented by SDI experts and  
2) world of smartphones, tablets, world of ordinary people and also world of thousands 
micro SMEs developing applications. 
There are two important issues. On the one hand, Europe and EU invest hundreds of 
millions of euros in building the INSPIRE infrastructure. On the other hand, most of 
European SMEs and citizens use for their applications Google maps. National and 
regional SDIs offer such information which is not available on Google. 
The idea of INSPIRE in pocket is to build a bridge between these two worlds. First real 
step towards INSPIRE in Pocket is HS-CAT. HS-CAT is application for searching, 
browsing and displaying metadata records. 

 

Keywords:   INSPIRE, Smartphones, Metadata, 
 

1. INTRODUCTION  

 
INSPIRE, GEOSS and Copernicus are politically driven top-down initiatives supported 
by experts from countries and organisations. It is important to see how INSPIRE and 
related initiatives reflect local, regional and national needs. Currently, there is a low 
awareness about these initiatives on regional and local level and the benefits for the 
local level are not clearly defined.  
There are different voluntary or bottom-up initiatives supporting SDI building. More 
and more localised information is collected by citizens. “Human observations” can 
become a part of the future real-time SDIs and serve as an input for spatial decision-
making processes.. 
 

INSPIRE in Pocket 

Massive mobile technologies growth during last few years brings brand new view on 
GIS technologies. Location based services and spatial information come to everyday 
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life. It is a big challenge for classical GIS technologies. New areas of applications are 
revealed for wide community of users. 
The INSPIRE and mobile mapping apps infrastructures differ in philosophy, application 
area and technical solution.  A comparison of the INSPIRE and current mobile solutions 
is presented in Table 1. 

Features INSPIRE Existing mobile map apps 

Formats, 
protocols 

Based on heavy formats 
(SOAP, GML, WFS, WCS, 
CSW, …) 

Lite formats (JSON, KML, 
GeoSMS)  

Standardization Standardized services (OGC, 
ISO) 

Proprietary services (Google, 
Apple) 

Projections European (LAEA, LCC, …) Universal (Spherical Mercator) 

Users For “experts” - government, 
EU comission 

For “ordinary people” 

Application 
area 

Environment, administrative Navigation, entertainment  

Difficulty Difficult to use Easy to use 

Open system Open possibilities of view 
different maps 

Bind with proprietary (licensed) 
maps 

Typical app Map portal Single purpose map app (e.g. 
navigation) 

Network traffic heavy Optimized for slow networks 

On-line / off-
line 

On-line Mixed, e.g. caching tiles on device 

Unsaid purpose European real estate market Big brother ? / advertising 
Table 1 Comparison of the INSPIRE solutions and current mobile solutions. 

The challenge is how to connect both these worlds. On one hand, INSPIRE may bring 
many useful data for mobile apps (e.g. cadastral maps), on the other hand ease of use 
and low costs may be challenge for experts for specialized apps, e.g. data capture and 
other field work. Some bridges for mobile apps to access INSPIRE infrastructure are 
needed. Social networks and mobile apps may contribute SDI with user collected data 
(e.g. illegal dumps, water quality monitoring). 
Android “Google Maps” application (used in Irish pilot) is limited for use (maps 
licensing, proprietary formats). HABITATS searched for an alternative that enables 
users to support more functionality.  
For Reference Laboratory we chose popular tourist app Locus. Because of primary 
application area, it is widespread (500 000 - 1 000 000 installations worldwide) and it 
has very rich functionality given by log-term development based on user community 
discussions. It provides published API which enables control of the application from 
other apps and write own extensions. We developed these extensions to enable work 
with the INSPIRE infrastructure. 

• Catalogue client. 
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• Cadaster information.  

• Online feature editing (not published yet). 

The following user scenarios can be performed using the following workflow: 

1. User opens a map and zooms into preferable location. Then the catalogue 

client button is pressed.  

2. The catalogue client opens, user may edit the coordinates and enter other 

search criteria. 

3. After pressing search button the result list is displayed. 

4. User may see metadata detail on next screen . 

5. If the corresponding service is available on-line (as WMS), the map button 

enables to go to Locus app and show it on the map. The GetFeatureInfo and 

GetLegendInfo operations are also supported. 

 
Figure 1: Locus map app and catalogue client. 



C0279 
Karel Charvat. “INSPIRE in Pocket”.  EFITA-WCCA-CIGR Conference “Sustainable 
Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

 
Figure2: The catalogue client result list and metadata record. 

 
Figure 1: WMS displayed in Locus app and map legend. 

Cadastral information application is based on cadastral map WMS and WFS provided 
by the Czech Office for Surveying, Mapping and Cadastre. It enables to view property 
information and search for cadaster parcels in the map (Figure 36). 
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Figure 4: Parcel information app. 

Using KML as common format 

KML is another OGC format which is currently not used in INSPIRE. The advantages 
of KML are: 

• Common use in Google Map apps (desktop and mobile). 

• Adoption in other software (Geoserver, Mapserver, ESRI, OpenLayers, Locus…). 

• Scalability, simple implementing of time series. 

• Map legend may be wrapped together with data. 

• Using of W3C CSS rather than OGC SLD for symbology. 

KML may be used as a common format for mobile apps rather than INSPIRE supported 
formats. There are two ways how to implement it: 

1. Direct support of servers as alternative to WFS/WMS (Geoserver) 

2. Through on-the-fly conversion modules that provide transformation from 

WFS/WMS/SLD to KML. 

When KML is available, it is compelling to register it the same way in catalogue as 
other services with services metadata. Then it may be searched and displayed in simple 
way. 
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Figure5: Displaying KML in Google Maps and Locus. 

Field editing 

The advantage of mobile apps is the possibility to capture field data in simple way and 
low cost. Due to low mobile signal coverage in some areas or no mobile internet access, 
several alternatives for mobile data capturing should be taken into account: 

• Off-line editing. Data are stored on device, posted to server when connection is 

available or manually at home. 

• On-line editing - when internet connection is available.  

• SMS – when no mobile internet is available and quick response is required. 

All of these alternatives will be probably combined depending on the real life situation. 
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Figure6: Simple mobile editing application. 

 
Figure7 : Editing results displayed online in Google Earth as KML. 
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ABSTRACT 
 

The sunlight-based plant factory supported by the Ministry of Agriculture, Forestry 

and Fisheries (MAFF), which has a potential to achieve long-term stable tomato 

production under global climate change, is not yet able to produce tomatoes with the 

quality meeting the consumer’s preference. Furthermore, even though the sunlight-

based factories use less electricity than other factories, they still require a lot of energy 

to keep optimizing the growing environments. To solve these problems, we started 

creating a next-generation technology for plant factory system by utilizing the 

information and communication technology (ICT). The proposed system can manage 

the product quality demand as a dependent variable, make it possible to reduce electric 

power consumed to maintain the temperature, and make a stable production of a certain 

level of quality, which can be determined by counting the consumer’s preference 

backward. We have successfully created the scheduling software used in the system. 
 

 

Keywords:   Agricultural and bio-systems, networked sensor system, process control, 

japan 
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1. INTRODUCTION  

 

In 2011, the Demonstration and Training Center for Greenhouse Agricultural 

Production equipped with the sunlight-based plant factory supported by the Ministry of 

Agriculture, Forestry and Fisheries (MAFF) has been developed in Central Mie. This 

center has been managed by Mie Prefectural Agricultural Research center. The plant 

factory was constructed to achieve the yearly-stable supply of the tomato cultivation 

with the productivity growth and quality improvement. In the present situation, however, 

the plant factory is not able to produce such tomatoes as possess the quality which 

meets the consumer’s preference while it has a potential to allow long-term stable 

tomato production to be maintained under global climate change. Furthermore, even 

though the sunlight-based factories use less electricity than totally-controlled factories, 

they still require a lot of energy to keep optimizing the growing environment in 

coordination with many environmental control equipments. We then studied a next-

generation scheduling software by utilizing the information and communication 

technology (ICT) in order to solve the above problems. 

 

2.  MATERIALS AND METHODS 
 

The proposed system can manage the product quality demand as a dependent variable, 

make it possible to reduce electricity consumption, and make a stable production of a 

certain level of quality, which can be determined by counting the consumer’s preference 

backward.   

The next-generation technology has the following features. 

1)  Cultivation management system, which enables us to control the product quality.  

2)  Optimized growing scheduling system to raise efficiency and simultaneously 

pursue profitability. 

3)  Efficient production with a few resources such as space, energy and human 

resources based on the optimized schedule. 

This new system could reduce everyday operating cost through resource saving and it is 

also expected to facilitate prompt dissemination of plant factory, utilizing the 

information obtained from the sensor network. 

 

3. RESULTS & DISCUSSION 

 
3.1 The result in the 2012 Fiscal Year  

 

In this research, we established a prototype of the scheduling method. To achieve it, 

we constructed a prototype of the forecasting model of the growing period only based 

on thermal time. At the same time, a miniature size wireless sensor for temperature, 

humidity and light intensity was developed for measuring canopy photosynthesis.  The 
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allocation of miniature sensors in the factory is also completed and the development of 

the scheduling software is also completed. 

 

3.2 Forecasting Model of the Growing Period 

 

For the forecasting model, we used the method referred in Kanagawa Agricultural 

Technology Center, 2010. It is known that the growth speed can be practically decided 

by temperature(Phenology). In this view, we calculated the accumulated temperatures 

necessary for tomato to reach the main developing stages. These temperatures are 

calculated for each season and time, and we use them to design the sowing plan for the 

growing system, which uses the cultivation methods, low node-order pinching and high 

density planting. Based on the manual(Kanagawa Agricultural Technology Center,  

2010) and the cultivation data of a plant factory Mie base(Figure 1), the accumulated 

temperature(℃) at the start of Transplanting for tray, the start of Picking , and the end 

of Picking is corrected to 476, 1900, and 2650, respectively. Based on these, we built 

the “Forecasting Model of the Growing Period” used for a sowing plan. 

 
Sowing
seed

Transplanting
for tray

Planting Training Flowering
(1st truss)

Flowering
(2nd truss)

Flowering
(3rd truss)

Pinching Start of
picking time

End of
picking time

○ ○ ○ ○
Date 7/4 7/25 8/2 8/15 8/23 9/1 9/9 9/16 10/24
The growth days 0 21 29 36-39 42 50 59 67 74 112
Date 10/3 10/25 11/4 11/18 12/5 12/20 1/23 3/26
The growth days 0 22 32 36-39 46 63 78 112 174
Temperature ○ ○ ○ ○ ○ ○ ○ ○ ○
Electrical conductivity　(dS/m) 1.8 1.1～1.4
Quantity of the supply - - ○ ○ ○ ○ ○ - -
EC of drained nutrient solution - - ○ ○ - - - - -
Stem diameter - - - - ○ ○ ○ - -
Sowing ○
Transplanting for tray ○
Planting ○
lateral disbudding ○
Training ○ ○ ○ ○ ○ ○
hormone's sprey ○ ○ ○
Fruit thinning ○ ○
Pinching ○
Picking ○ ○
Fruit grading ○ ○

Process

1.1～1.3

Model Plant model Plant community　model

Work

Critical Control Point

Sample of Schedule
(Summer)

Sample of Schedule
(Winter)

Investigation
item

 
Figure 1 Cultivation Process for Mie prefectural Agricultural Research center 

 

3.3 Miniature Size Wireless Sensor  

 

We developed a small and low-power consumption radio sensor, in which temperature, 

humidity, and illumination functions are integrated. It also carries a 920 MHz band 

transceiver and can realize the stable data communications in an available light type 
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plant factory. Moreover, it is waterproofed and can be installed in plant community 

without any loss of stability. 

 

 
Figure 2 The picture of the sensor node and base station 

 

Wireless transmission method 

1) ISM band (ARIB STD-T108) using 920MHz 

2) Transmission speed 40kbps 

3) Maximum transmission output -12dBm 

4) Reception level - 105dBm 

5) Sensor sampling 5sec 

6) Communication report space 5min. (the mean of 60 times of samplings) 

7) RF communication time 10ms 

8) Consumption electric current 17mA mean at RF movement 

9) Prospect outreach around 200m 

 

 
Figure 3 Whole view of the plant factory 
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Figure 3 is a whole picture of the plant factory in Mie Prefecture. We located the 

wireless temperature-humidity, the illumination sensor which we developed this time in 

a tomato plant factory. Figure 4 shows the placement of 14 wireless sensors installed in 

the plant factory. 

 

 
Figure 4 Locating 14 places in a figure of placement of wireless temperature-humidity,  

the illumination sensor in a plant factory 

 

 
Figure 5 The miniature size wireless sensors located in the upper, center and bottom part of 

the tomato plant community  
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Figure 6 2-day acquisition data 

 

Figure 5 shows the sensors located in the upper, center, and bottom part of the tomato 

plant community. The data which we acquired are sent to the base station by 920MHz 

wireless transmission. The data which we acquired every five seconds are sent to the 

sensor base station as mean data of five minutes (60 times of total). Figure 6 shows 2-

day acquisition data, showing the changes of temperature, humidity and illumination 

well. It also shows that the light hardly arrives at the sensors located in the bottom.  

 

3.4 Scheduling Software  

 

The scheduling software displays the schedule and the environment information from 

sensors (See Figure 7). This software consists of two models, the forecasting model of 

the growing period and the scheduling model. 

The scheduling model is designed to minimize the distribution of the yield for each 

season. The model handles planting dates as variables and the followings as constraints. 

1) The total yield more than fixed  

2) Prohibit the concurrent use of the same equipment 

3) Prohibit the overlap of growing periods 

4) Prohibit a void period in one cycle. 

5) Prohibit the harvest in a specified period 
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We adopted the multi-start greedy method in consideration of the future constraints 

extension and computation time. From now on, we will perform gap comparison with 

the exact solution and, if needed, change a technique. 

 

 
Figure 7 Scheduling system screen 

 

In the present research, we try to upgrade a growth model, upgrade a scheduler and 

analyze the electric power of the plant factory facilities. 
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ABSTRACT 
 

Recent advances in information, control, and communication technologies greatly 

influence the progress in modern Agriculture. In particular, in the last decade, wireless 

sensor networks technology has dramatically changed the ways of measurement, 

communication and control in precision farming. Moreover, the evolution in the 

microelectronics allows for easy smart sensors and actuators implementation. Reliable, 

low energy low cost and easy to deploy wireless sensor networks is a challenge for 

precision farming towards sustainability. In addition, methods for unification of sensors 

and actuators interfacing and handling can lift off the development of ICT applications 

in sustainable precision farming. In this paper, the architecture of a wireless sensor 

network relying on the DASH7 protocol that uses the 433MHz frequency is proposed, 

together with the design of a node device compatible with the smart transducers 

according to IEEE 1451 standard as a means of unification of the physical layer of 

interfacing with sensors and actuators. 
 

Keywords: Wireless sensor networks, DASH7, IEEE 1451, TEDS, Transducers, 

Precision Farming, ISO 18000-7. 

 

1. INTRODUCTION  

 

Wireless sensor network (WSN) technology progress in last decade enables precision 

farming to meet its aims for better site-specific management and variable-rate control. 

Many research effort has been put for WSN applications in agriculture. Irrigation, 

fertilization, pest control, climate monitoring are some of the most populart applications 

where WSN technology can be effectively used. Among the various WSN tecnologies 

are those based on IEEE 802.15.4/ZigBee, IEEE 802.11x, and less freqiently the IEEE 

802.15.1 known also as Bluetooth  (Ruiz-Garcia et al., 2009; Aqueel-Ur-Rehman et al., 

2011). Such application require sensors and actuators to be employed to measure and 

control various physical and functional properties related to precision farming. These 

sensors and actuators have to be interfaced with wireless nodes to send data to a remote 

sink node and receive data and commands from it.  
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The sensors for agricultural applications available in the market today are characterized 

by reduced functionality and poor systems integration capability. Different disciplines, 

know-how and skills among sensors and actuators manufactures,  systems designers and 

applications integrators is a barrier for systems interoperability and deployment. 

 

National Institute for Standards and Technology (NIST) and the International 

Electronics and Electrical Engineers (IEEE) organisation have jointly produce the IEEE 

1451 standard for snart transducers (sensors and actuators) (NIST, 2010). The scope of 

this standandard is to provide common functions and rules for interfacing and control of 

transducers. According to this standard there are two types of control devices, namely 

the Transducers Interface Module (TIM) and the Network Capable Application Procesor 

(NCAP). A TIM device can be interfaced with up to 255 different transducers. A NCAP 

device is able to communicate with several TIMs through wired or wireless interfaces 

and it can also act as a gateway to popular data communication networks (LAN, Web, 

CAN, etc). In order to ensure interoperability, IEEE 1451.0 (Batista et al., 2012) defines 

the rules for the Transducers Electronic Datasheet (TEDS) which is a stuctured way for 

a transducer to identify itself, to be self-calibrated, and to store and read measurements 

data. TEDS is stored in and maintained by TIMs. NCAP devices copy and store the 

TEDS information from each one of the TIMs it communicates with. During the last 

two decades IEEE 1451 standard has been the subject of research for distributed 

measurement and control systems for industrial use. Recently, IEEE 1451 standard 

catched the interest of some researchers to s use it for design distributed measurement 

and control  systems in agriculture. Water quality monitoring (Dinq et al., 2010), pH 

measurements (Tai et al., 2011), for precision agriculture (Wei et al., 2005), soil 

moisture (Wobschall and Lakshmanan, 2005), and greenhouse control (Yang et al., 

2007) presents how to adopt IEEE 1451 standard in agriculture ensuring low-cost 

implementations with effectiveness and reliability. 

 

In this paper an alternative method of NCAPs and TIMs interface is proposed based on 

DASH7-enabled WSN technology and a DASH7-based WSN node compatible with 

IEEE 1451 standard design is presented. The following sections include the DASH7 

protocol description and its comparison to other WSN protocols (section 2), the benefits 

of using DASH7 for precision farming (section 3), the presentation of a DASH7 IEEE 

1451 compatible WSN node design (section 4), and the conclusions (section 5). 

 

2.  THE DASH7 PROTOCOL 
 

DASH7 is the trade name of the ISO/IEC 18000-7 standard which describes items 

management via radio frequency identification (RFID) using the frequency of 433MHz 

for the air interface (ISO/IEC, 2004). DASH7 is mandated by the U.S. Department of 

Defense (DoD) and NATO alliance. It has more than twenty years of life and it was 

used in the Gulf War for military material tracking and management. It is a long range, 

ultra-low power, low data-rate, and low latency WSN technology using the globally 

available frequency band of 433MHz, and designed to operate according to the BLAST 
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(Bursty, Asyncrhronous, and Transistive) concept (Norair, 2009). According to DASH7 

there are three types of devices, that is the Gateway (the Interrogator), the Subcontroller 

(the transceiver), and the Endpoint (the transponder). The main characteristics of 

DASH7 are presented in contrast with other common WSN protocols in Table 1. 

 

Table 1. Characteristics of DASH7 and other common WSN Protocols 

 DASH7 ZigBee 

Low 

Energy 

Bluetooth 

WiFi 

Associated Standard 
ISO/IEC 

18000-7 

IEEE 

802.15.4 

IEEE 

802.15.1 

IEEE 

802.11.x 

Frequency Range 
433.04 – 434.79 

MHz 

2.402 – 

2.482 GHz 

2.402 – 

2.482 GHz 

2.402 – 

2.482 GHz 

Number of Channel 1 to 8 16 3 3 

x Channel Bandwidth 0.6 - 1.76 MHz 6 MHz 8 MHz 22 MHz 

Modulation FSK or GFSK QPSK GFSK 
CCK/QAM

64 (b/g) 

Nominal Data Rate 27.8 Kbps 250 Kbps 1 Mbps 1 Mbps 

Max Data Rate 200 kbps 500 kbps 1 Mbps 54 Mbps 

Nominal Range 250 m 75 m 10 m 25 m 

Average Power for 

ten 256-bytes per day 
42 μW 414 μW 50 μW 570 μW 

Materials Penetration High Low Low Low 

Co-existence with 

IEEE 802.11 
High Low Low High 

 

Unlike other WSN protocols, DASH7 is not session-oriented but an event-driven one 

and its devices support a wake-on mechanism. Therefore, a deterministic data latency (2 

sec in worst case) and the lowest power consumption is ensured. Alike the other WSN 

protocols, DASH7 has its own alliance, the DASH7 Alliance, established in 2010, with 

more than 50 members from industry and academia from more than 23 countries 

(DASH7 Alliance 2012). DASH7 Alliance aims to ensure interoperability among 

different vendors through compliance tests and certifications, and its main milestones 

include integration of IPv6 and NFC. The physical layer of DASH7 was primarily 

defined by Mode 1. A new set of specifications under the name of Mode 2 is being 

developed by DASH7 Alliance and has been submitted for adaptation to the ISO/IEC 

18000-7 standard since 2011 (Indigresso, 2012).  

 

OpenTag is the protocol stack of the DASH7 Mode 2. This is the only open source 

WSN protocol stack and it is available from a single source. In this way the maximum 

interoperability and reliability is ensured (Norair 2011). The size of OpenTag stack is as 

little as 16kB compared to almost 90kB of ZigBee stack (Indigresso, 2012). OpenTag 

has the necessary functions for the physical layer, the network layer, the transport layer, 

the data layer, and the application layer. Regarding the networking, peer-to-peer and 

multi-hopping is supported. OpenTag supports four types of communication, namely 
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broadcasting, anycasting, multicasting and unicasting. Over-The-Air-Upgrade (OTAU), 

128 AES and public key security, and IPv6 are some of the supported functions of the 

DASH7 Mode 2 OpenTag stack. 

 
3.  THE BENEFITS OF DASH7 FOR PRECISION FARMING 

 

The global ISO/IEC 18000-7 standard combined with the globally allowable frequency 

of 433MHz make DASH7 globally applicable. Due to the usage of the 433MHz 

frequency, DASH7 has the longest range and the best materials penetration. This 

performance is very important for precision farming applications. With DASH7, 

wireless sensor networks can operate without facing problem in harsh environment with 

water, humidity, snow, rain, chicken wires, or even ice. The role of the low frequencies 

application is not new but unlike proprietary protocols, DASH7 is a standardized and 

easy to implement protocol. Wireless Underground Sensor Networks (WUSN) can also 

be benefited from the DASH7 adoption. With DASH7 there is no need for nodes’ poles 

taller than foliage because canopy and wet plants are penetrable. Table 2 illustrates the 

communication requirements of two WSN nodes located 0.5 km away one from the 

other using DASH7 at 433MHz, ZigBee at 868MHz, and ZigBee at 2.4GHz. Each node 

has 1 mW of power transmission.  

 

Table 2. Communication requirement of two 0.5km distant nodes at 1mW 

Requirement 
DASH7          

433 MHz 

ZigBee         

868 MHz 

ZiGbee         

2.45 GHz 

Number of Hops 1 2 6-7 

Response in Hops 

Number 
1 2 6-7 

Required Infrastructure 1 Node 10 Nodes 100 Nodes 

 

DASH7 requires less nodes infrastructure allowing in this way the reduction of 

application ownership cost, the easiness in the networks deployment and management, 

and the reduction of the energy consumed by WSN nodes. In addition the “sprint and 

sleep” session-less style of communication along with the wake-up mechanism ensure 

the maximum battery life which is vital for agricultural applications with unattended 

remote WSN nodes. Concluding the benefits of DASH7 for precision farming, it is 

worth mentioning the easy integration of WSN applications with RFID systems used in 

supply chain due to the inherent ability of this protocol to collaborate with passive and 

active RFID systems. 

 
4.  DESIGN OF A DASH7-BASED WSN NODE 

 
Designing a WSN node for precision farming, the key points included the exploitation 

of a 433MHz standardized networking protocol in order to ensure long range and high 

materials penetration, and the capability of hosting IEEE 1451 applications for smart 
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transducers. With such a node, any common sensor or actuator could be managed as a 

IEEE 1451 compatible smart transducer (STIM). DASH7 protocol is adopted for 

networking and communication for reasons explained in previous sections. For hosting 

IEEE 1451 applications, the node must be equipped with a microcontroller with a 

certain amount of program and data memory, communication ports, and digital and 

analog inputs and outputs.  

 

OpenTag is the only stack available for DASH7 Mode 2 protocol. It is written in C 

language and it is freely available. After the stack compilation, it can be written to a 

microcontroller’s program memory. Suitable microcontrollers for OpenTag are those 

who have at least 16kB of Flash program memory and a direct access memory (DMA) 

embedded peripheral. Persistent data RAM memory is not required. Thus, any 16-bit or 

32-bit microcontroller can be used. Regarding the radio communication, a radio 

frequency (RF) transceiver must be employed. Market solutions include single-chip RF 

transceivers as well as system-on-chip (SoC) which embed microcontroller and radio 

transceiver in a single chip. In case of DASH7, RF transceivers must support operation 

at 433MHz band, and FSK/GFSK modulation with 200kbps data rate. Typical examples 

of RF transceivers are the CC11XX family from Texas Instrument and SX12XX family 

from Semtech for single-chips, and CC430FXXXX family from Texas Instruments for 

SoC respectively. Depending from the application, the RF antenna can be either half-

wave dipole, helical, loop antenna or even printed in the circuit board or chip antenna. 

Development tools for DASH7 are available for microcontrollers such as MSP430 

(Texas Instruments) and ST32 (STMicroelectronics). OpenTag can also be ported to 

any ARM architecture microcontroller. 

 

The DASH7-based WSN node presented in this work is based on the CC430F5137 

microcontroller from Texas Instruments. This is an ultra low power microcontroller 

with a embedded a CC1101 RF transceiver on chip. This selection simplifies the RF 

design process significantly. CC430F5137 is  16-bit microcontroller with 32kB of Flash 

program memory, 4kB of RAM, and several analog and digital peripherals. Also, an 

external low power Unique Identification (UID64-MAC Address) chip with Real-Time-

Clock (RTC) functionality is added to the node. The integrated chip used for this is the 

MCP79412 from Microchip. For the design of the printed circuit board (PCB) we used 

microstrip calculations to connect the antenna’s connector to the microcontroller. In 

total we used four PCB layers, two for signals (top and bottom layers), and two for the 

power supply planes (power plane and ground plane). All the components except the 

pass-through headers are surface mounted to the PCB. Figure 1a gives an overview of 

the PCB. Figure 1b shows the DASH7-based WSN node in 3D view. This node can host 

IEEE 1451 applications acting as a Smart Transducers Interface Module (STIM). 

Implementation of such application requires 1kB up to 8kB of program memory 

(Microchip, 2000; Wobschall and Lakshanan, 2005). The CC430F5137 microcontroller 

has 32kB of Flash program memory that is enough to facilitate both OpenTag stack and 

the IEEE 1451 TIM implementation. Figure 2a illustrates the block diagram of the 

DASH7-based IEEE 1451 STIM implementation in the CC430F5137 microcontroller. 
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Figure 1. The printed circuit board (a) and a 3D view (b) of the DASH7 node 

 

Specific parts of the IEEE 1451 were included such as the IEEE 1451.0 for TEDS and 

the IEEE 1451.2 for the serial communication through physical layers. According to 

IEEE 1451.2, STIMs can communicate with NCAPs via serial interfaces (UART-based, 

I
2
C and SPI buses) (Song, 2008). We imitated this function using an application 

programming interface (API) which practically acts like a serial communication 

peripheral. STIMs write to NCAP and read data from it through this API which in turn, 

sends to and receives data via DASH7-based WSN. Through this approach, the DASH7 

network can be seen by IEEE 1451 STIMs as a serial port. The interface of the DASH7 

node with NCAPs is depicted in Figure 2a.  

Figure 2. a) DASH7-based WSN node with IEEE 1451 STIM functionality, and b) 

DASH7-based WSN node interface with a IEEE 1451 NCAP. 

a) b) 
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Adopting the usage of the 433MHz frequency band for wireless sensor networks 

ensures more distance coverage using less wireless sensors and actuators nodes 

compared to other sub-1GHz frequencies as well as with the 2.4GHz frequency. The 

adoption of the DASH7 protocol for communication appears to be a standardized way 

of development of 433MHz WSN applications for precision farming. Proprietary 

networking protocols operating at 433MHz in agricultural applications can be replaced 

by DASH7 Mode 2 protocol. IEEE 1451/TEDS standard for smart transducers can be 

conveniently hosted by a DASH7-based wireless sensors node. The proposed wireless 

sensors network and the associated DASH7-based and IEEE 1451 compliant nodes can 

leverage the development of ICT applications for sustainable precision farming. 

 
5.  CONCLUSIONS 

 

Adopting the usage of the 433MHz frequency band for wireless sensor networks 

ensures more distance coverage using less wireless sensors and actuators nodes 

compared to other sub-1GHz frequencies as well as with the 2.4GHz frequency. The 

adoption of the DASH7 protocol for communicatison appears to be a standardized way 

of development of 433MHz WSN applications for precision farming. Proprietary 

networking protocols operating at 433MHz in agricultural applications can be replaced 

by DASH7 Mode 2 protocol. IEEE 1451/TEDS standard for smart transducers can be 

conveniently hosted by a DASH7-based wireless sensors node. The proposed wireless 

sensors network and the associated DASH7-based and IEEE 1451 compliant nodes can 

leverage the development of ICT applications for sustainable precision farming. 

 

6.  REFERENCES 
 

Aqueel-Ur-Rehman, A. Z. Abbasi, N. Islam. and Z. A. Shaikh. 2011. A review of 

 wireless sensors and networks' applications in agriculture. Computer 

 Standards and Interfaces. Paper in press. 

 

Batista E.A., L. Gonda, A.C.R. da Silva, S.R. Rossi, M.C. Pereira, A.A. de Carvalho,  

 C.E. Cugnasca. 2012. HW/SW for an intelligent transducer network based on 

IEEE 1451 standard. Computer Standards & Interfaces, 34: 1–13. 

 

DASH7 Alliance. 2012. http://www.dash7.org. (last accessed at 20 December 2012).  

 

Ding, Q., Daokun, M., Li, D. & Zhao, L. 2010, "Design and implementation of a 

 sensors node oriented water quality monitoring in aquaculture", Sensor 

 Letters, 8(1):70-74. 

 

Indigresso. 2012. 

http://www.indigresso.com/wiki/doku.php?id=dash7_mode_2:applayer.  (last 

accessed September 14, 2012).  

 



 

C0276 
D. Piromalis, K. Arvanitis, N. Sigrimis. “A DASH7-based WSN Node with IEEE 1451 

Compatibility for Precision Farming Applications”. EFITA-WCCA-CIGR Conference 

“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

 

ISO/IEC. 2004. ISO/IEC 18000-7. Information technology – Radio frequency 

 identification for item management – Part 7: Parameters for active air-

 interface communications at 433 MHz. 

 

Microchip Inc. 2000. The PIC microMCU as an IEEE 1451.2 Compatible Smart 

 Transducers Interface Module (STIM). AN214. 

 

NIST. 2010. Draft standard for a smart transducer interface for sensors and actuators — 

 common functions, communications protocols and transducer electronic data 

 sheets (teds) formats, http://grouper.ieee.org/groups/1451/0 2010 accessed in 

 January, 2010. 

 

Norair J.P. 2009. Introduction to DASH7 technologies. 1
st
 Edition. 16 Mar, 2009.  

 

Norair J. P. 2011. OpenTag: Office Hours, DASH7 Alliance, Mar 12, 2011. 

 

Ruiz-Garcia, L., Lunadei, L., Barreiro, P. & Robla, J.I. 2009, "A review of wireless 

 sensor technologies and applications in agriculture and food industry: State of  

 the art and current trends", Sensors (Switzerland), 9(6): 4728-4750. 

 

Song, E.Y. & Lee, K.B. 2008, "Sensor network based on IEEE 1451.0 and IEEE  

 p1451.2-RS232", Conference Record - IEEE Instrumentation and Measurement  

 Technology Conference, pp. 1728. 

 

Tai, H., Q. Ding, D. Li, and Y. Wei. 2011. Design of an intelligent PH sensor for 

 aquaculture industry. IFIP advances in information and communication 

 technology. Vol. 347 AICT. 

 

Wei, J., Zhang, N., Wang, N., Lenhert, D., Neilsen, M. & Mizuno, M. 2005, "Use of the 

 "smart transducer" concept and IEEE 1451 standards in system integration for  

 precision agriculture", Computers and Electronics in Agriculture, 48(3): 245- 

 255. 

 

Wobschall, D. & Lakshmanan, D. 2005, "Wireless soil moisture sensor based on 

 fringing capacitance", Proceedings of IEEE Sensors: 8. 

 

Yang, X.-., Zhou, Y.-., Guo, X.-. & Wang, L. 2007. "The design of an IEEE1451-based 

 low-cost embedded monitoring and control system dedicated for greenhouse", 

 WMSCI 2007 - The 11th World Multi-Conference on Systemics, Cybernetics 

 and Informatics, Jointly with the 13th International Conference on Information 

 Systems Analysis and Synthesis, ISAS 2007 - Proc., pp. 254. 

 

 

 



 

A. Sennon, K. Bascombe “The Usefulness of Social Networking for Young Professionals in Agriculture” EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. The authors are solely responsible for the content of this 
technical presentation. The technical presentation does not necessarily reflect the official position of the Internation Commission of Agricultural 
and Biosystems Engineering (CIGR) and of the EFITA association, and its printing and distribution does not constitute an endorsement of views 
which may be expressed. Technical presentations are not subject to the formal peer review process by CIGR editorial committees; therefore, 
they are not to be presented as refereed publications        

1 
 

An Investigation into the Rural Economy, Farmer Problems and their ICT Based Solutions of 

Trinidad and Tobago 

A. Sennon ;K. Bascombe 

Department of Agricultural Economics and Extension, University of the West Indies, St. Augustine 

Campus, Trinidad and Tobago 

#84 Mowell Village Fyzabad, Trinidad and Tobago West-Indies 

Alphasennon1@gmail.com 

 

 

1. INTRODUTION 
Agricultural output in Trinidad and Tobago during the 1970’s and 1980’s was inversely 

proportional to the performance of the oil sector: it depressed during the oil boom and stimulated during 

oil's decline. Increasing wage costs, shortages of labor, and oil wealth all directly affects agricultural 

output. In the south of the country as most of its land based oil resources are found there. The trend was 

most pronounced in the 1970s, when the sharp increase in the price of oil exports discouraged traditional 

agricultural exports and encouraged the importation of food crops previously produced locally. 

In the year 1997 the total agriculture GDP was 777.4 million TT dollars, it significantly declined 

to 466.6 million TT dollars throughout the years which indicated that there were problems associated with 

the agricultural sector. Agriculture contributed 2.2 percent of the total GDP in 1997, whereas in 2008 its’ 

contribution drastically declined to 0.3 percent of the total GDP (Meditz et al. 1987). 

 

            As the oil industry's expansion, encouraged more Trinidadians to move to urban areas, the rural 

labor force declined by nearly 50 percent, representing only 10 percent of the total work force by 1980. 

The study captures the agricultural situation in the rural economy of south Trinidad. The initial purpose is 

to identify the problems face by the major stakeholders of the economy, small holder farmers and 

producers. Preliminary results will show which problems are most prominent than others and which ones 

greatly affect the farming community. The study will also provide them with ICT based solutions to the 

problems as indicated by the farmers in an order of effectiveness.  

 

1.1 PROBLEM STATEMENT 

Increasing problems are occurring among farmers in south Trinidad. Farmers constantly complain about 

these problems to the relevant authorities and to their disadvantage no responses are made. Complaints 

about extension officers not visiting the farmers and providing advice and support to them are often made. 

Also when farmers visits the extension officers at the respective ministries, they are not able to have one 

on one interactions with the officers due to the large number of farmers which may be present and the 

very few extension officers available.   

As a result of these problems, these hinder the rate of production and it directly affects the supply of the 

goods on the market. This can lead to shortages of locally produced food that would be available at the 

retail and wholesale market and supermarket shelves as processors may not obtain the supply of goods 

they would have demanded.  

 This research will be identifying and ranking these problems and will determine to what extent the 

problems directly affects the farmers and which problems are needed to be resolved more readily than 

others. Therefore by ranking these issues stakeholders will be informed as to which problems are needed 

to be solved initially as all the problems cannot be addressed at once.  
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2. LITERATURE REVIEW 

 

2.1 Problems Faced by farmers 
Several studies have been done in different countries with regards to the problems in which farmers are 

faced. In an article named the “beginning farmers problems in Canada” by SébastienPouliot November 

17, 2011……stated that that main drive for people exiting agriculture is the economic forces which they 

are faced.  Some of the problems which were outlined by the writer in which farmers in rural areas in 

Canada are faced are difficulties in taking vacation especially during planting and harvesting period due 

to the long working hours. Also the risk of injury and stress associated with risk from price uncertainty 

and yield contribute to making the farming profession a less desirable occupation than others requiring 

similar skills. 

 

2.2 Rankings of Problems faced by farmers 
A study done in Dhaka, Bangladesh on the problem confrontations farmers’ face towards seed potato 

production indicated that potato being the second largest crop in Bangladesh adds tremendously to the 

nation’s food security (NaimulArif 2011).  The problem which was ranked first among the farmers were 

lack of quality seed potato with a problem confrontation index (PCI) of 256 ( Kh. ZulfikarHossain 2011). 

Whereas the problem with the second rank had a PCI of 215 and farmers found to be diseases to the crops 

(Rayhan 2011).  The third and fourth ranking of the problems the farmers faced towards see potato 

production are insects’ problem and high price of quality seed potato respectively (Hossain et al. 2011). 

Another study titled the Problem Confrontation of Coastal Youth In Undertaking Selected Agricultural 

Activities in Two Villages Under Bhola District in Bangladesh, indicated that their highest ranked 

problems held a PCI of 287 (Alam 2010);youth felt it was risky to undertake large agricultural activities 

due to natural calamity was ranked number 1. Barriers in fish cultivation due to joint ownership of the 

pond were ranked number 2 of PCI 275, whereas parent lack cash and operational land was ranked third 

with PCI 232. With regards to the fourth ranking of PCI 231 was the lack of required draft power (Rashid 

2010). 

.  

 

3. METHODOLOGIES 

 

3.1 Data Collection 
A survey was conducted mainly among tree crop and vegetable crop farmers, focused on identifying the 

problems faced in their agricultural operations. Prior to conducting the survey via questionnaires, the 

researcher conducted various interviews with farmers in south Trinidad to develop a list of problems that 

affects their agricultural activities in order that they be ranked when the survey is completed. 

Simultaneously these interviews were also done to collect the five (5) listing solutions which farmers 

think should be implemented to eliminate some of their major problems in undertaking agricultural 

activities. An ICT based tool or strategy was assigned tool to each solution. These interviews were done 

during the month of September 2012, and were used as the basis of information in order to build the 

dependent variables for the research. The population of famers in south Trinidad is approximately 10,000 
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of which 100 were selected randomly for the study.Data were collected during the months of October- 

November 2012 by the use of questionnaires that were given out to the farmers.  

 

3.2 Measurement used to Rank Problems and Solutions 
Problem Confrontation Index (PCI) was used to analyze the ranking of the problems, and determine 

which problem affects most farmers and to what extent. The dependent variable in the study was the 

problem confrontation of the farmers in south Trinidad. To measure and determine the problem 

confrontation of the farmers, 23 problems were presented and they were asked to respond as to how 

greatly each problem affects them by using a 4 point option of high, medium, low and not at all. The 

SPSS V.18 software program was used to obtain frequencies for each problem in order to determine how 

many farmers had a high, medium, low or no response to each problem. A rank order of each problem 

was therefore done by developing a Problem confrontation index (PCI). The PCI is determined as 

follows: 

Problem Confrontation Index  

 

(PCI) = PhpcX3+ PmpcX2 + PlpcX1+PnpcX0 

Phpc– Percentage of south farmers with high problem confrontation. 

Pmpc - Percentage of south farmers with medium problem confrontation. 

Plpc - Percentage of south farmers with low problem confrontation. 

Pnpc - Percentage of south farmers with no problem confrontation. 

 

For each problem the formulae was applied and the rank of the problem was determined based on the PCI 

value. Similarly for the other dependent variable which was the solutions, an order of implementation 

from 1
st
 to 5

th
 was given in the questionnaires and farmers were instructed to choose the order in which 

they think the solutions should be implemented by the relevant authorities. The solution with the highest 

frequency for each stage from 1
st
 to 5

th
 was determined and placed as the solution to be implemented at 

that particular step. 

 

 

 

4. RESULTS 

4.1 Ranked Order of Problems 
Table 1.0 shows the problem confrontation index (PCI) to the problems and the rank order in which they 

were derived. The problem with the first rank order had a PCI of 268 and this was the high cost of input 

supplies. Secondly in rank order was the shortage in labor to work on farms, with PCI of 228, whereas the 

problem with rank order number 3 had a PCI of 217 and this was the problem with no encouragement for 

youths to enter into agriculture. Lack of agricultural infrastructure had a PCI of 210 which resulted as the 

fourth rank order. 
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Table 1.0 Rank order of problems faced by farmers in south Trinidad (N=100) 

Statement Of Problems Problem confrontation Index 

(PCI) 

Rank Order 

High cost for input supplies 

 

268 1 

Shortage in labor to work on 

farms 

 

228 2 

No encouragement for youths to 

enter into agriculture. 

217 3 

Lack of agricultural 

infrastructure.eg roadways 

drains etc. 

210 4 

People not appreciating the hard 

work farmers do and the 

significant contribution they 

make to society. 

 

203 5 

Plant health and diseases. 197 6 

Lack of farming schools in South 

Trinidad. 

180 7 

Lack of proper extension 

programs. 

 

169 8 

Praedial Larceny 

 

167 9 

Imported goods in the market, 

causing high prices of locally 

produced goods. 

 

164 10 

Unavailability of Credit. 163 11 

Lack of startup cash and 

operational land 

162 12 

Difficulties in acquiring loan due 

to lack of ownership of land. 

155 13 

Difficulties in marketing 

agricultural products. 

 

153 14 

Lack of Information 

communication technologies 

(ICT’s) programs available. 

151 15 
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 No response from law officials 

when praedial larceny reports 

are made. 

 

148 16 

Plants/seeds being non 

accessible. 

141 17 

Discrimination with regards to 

women in Agriculture. 

135 18 

Lack of farmer training 

programs available in South 

Trinidad. 

 

135 18 

Difficulties in acquiring farmers 

badge due to lack of ownership 

of land. 

132 20 

Risky to undertake large 

agricultural operations due to 

land tenure. 

126 21 

No representatives of farmers 

from south Trinidad on 

agricultural state boards. 

 

120 22 

Risky to undertake large 

agricultural operations due to 

natural disasters 

113 23 

 

 

4.2 Ranked Order of Solutions 
 

Table 1.1 shows that the solution to provide skilled labor for farmers was of frequency 42 with rank order 

1, whereas the lowering of the cost of input supplies had a frequency of 50 with the second rank order. 

Subsequently providing greater incentives and credit for farmers had a frequency of 27 for the 3
rd

 rank 

order and the 4
th
 rank order had a frequency of 18 which was a plan to eliminate Praedial Larceny. Finally 

the training programs made more readily available and easily accessible to farmers by the government 

was shown in the table to have the 5
th
 rank order and a frequency of 72. 
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Table 2.0 showing solutions in a rank order of effectiveness 

Solutions Frequency in 

respective order 

Rank in an order of effectives 

Providing skilled    

labor for farmers. 

42 1 

Lowering the cost of 

input supplies. 

 

50 2 

Providing greater 

incentives and credit 

for farmers. 

 

27 3 

Plan to eliminate 

Praedial Larceny. 

 

18 4 

Training programs 

made more readily 

available and easily 

accessible to farmers 

by the government 

72 5 

 

 

5 DISCUSSION / CONCLUSION 

 

5.1 The farmers’ problem towards agriculture in south Trinidad. 
 Problems regarding agriculture in south Trinidad were ranked and the extent to which these problems 

affected the farmers was identified in table 2.0. The problem confrontation index ranged from 113 to 268 

for the problems. As shown in table 2.0 the high cost of input supplies was ranked first with PCI 268. 

This remains a major problem in Trinidad’s agricultural sector as farmers are expected to meet the high 

cost of machinery, also the price of fertilizers are rather expensive. This will result in a high cost of 

production and reduction of profit margins. 

 

 The second problem was shortage in skilled laborers to work on farms which scored a PCI of 228. 

Agricultural labor issues has been a problem in the rural economy, for quite some time as farmers are not 

able to meet the maximum operational productivity on their farms due to a lack of labor. This issue 

depends on the ability of the worker to perform his/her duties properly. As such farm managers are not 

willing to pay large amounts to workers due to their level of skill. Another problem high in rank at order 4 

with a PCI 210 was the lack of agricultural infrastructure.eg roadways, drains etc. 
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5.2 The ICT Based Solutions. 
The solution of highest rank order was that of providing skilled labor for farmers. This can be achieved 

using ICT‘s by merging farmers together and using smart phones applications to help their workers 

demonstrate different techniques and practices which would improve the labor situation. This will occur 

by having those skilled laborers utilize smart phones to teach unskilled laborers. Such training can take 

place on the field during operations and at an individual basis/ small group- this would act as an 

introduction to technical/ vocational training with the use of ICT’s e.g.logframer application. Lowering 

the cost of input supplies had the second rank order and similarly this can be achieved by a system called 

Farmforce which is a cloud-based mobile platform that focuses on the agricultural “last mile” and 

specifically the management of out grower schemes involving rural small holders in the developing 

world.Farmforce gives agricultural businesses, who work with groups of out growers the ability to 

provide the real-time operational capabilities through a centralized IT platform. 

 

Providing greater incentives and credit for farmers by forming a mobile banking service, whereby the 

bank can go to the farmers instead of the farmers going to the bank will greatly benefit the agricultural 

sector. As for the plan to eliminate praedial larceny, security devices such as cameras can be placed on the 

farms and monitoring systems to detect when intruders enter. 

 

Finally the training programs made more readily available and easily accessible to farmers by the 

government can be done by four ICT base programs: - 1) Voice Information Delivery Services 2) Radio: 

Dial-up (Agricultural Information on Demand) and Regular Radio Broadcast, 3) Extension Services 

Based on Mobile Phone and Database Monitoring and 4) e-Learning for Basic Skills, Agricultural 

Education and Video-Based Approaches. 
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ABSTRACT 
 

Within the knowledge-based bio-economy, information sharing is an important 
issue. In agri-food business, this is a complex issue because many aspects and 
dimensions play a role. An installed base of information systems lack 
standardisation, which hampers efficient exchange of information. The objective 
of this paper is to presented a Strategic Research Agenda (SRA) of AgriXchange 
project, which reflects the business demands for utilisation of ICT and exchange 
of agriculture data, information and knowledge supported by current 
standardisation, but also by future research in ICT for agri-food industry. It 
reflects the needs of the agriculture business. The focus of the SRA is on 
identifying major ICT challenges related to the utilization of ICT and data, 
information, knowledge and standards in agriculture and agri-food industry 
sector. The agenda defines not only the necessary ICT standards, but also in a 
broader view the Research and Technology Development (RTD) areas which 
will be selected as key priorities in order to achieve the challenges identified. 

 

 

Keywords:   ICT, agriculture, standardization, Strategic Research Agenda. 
 

1. INTRODUCTION  

 
In our networked society, standards play an important role. That is especially the case in 
exchanging digital data. With “Standards” we refer to the protocols that describe how 
data (in so called ‘meta-data’) and the data-exchange are defined to make a digital 
exchange of data between two devices (often computers but also computer-machine 
interaction) possible. Such standards enable interoperability of data, information and 
knowledge between systems – they ensure compatibility. Standards can reduce choice 
but the big advantage is that they reduce transaction costs to share data and promote 
competition (users can easily change suppliers as they are not ‘locked in’ to complete 
systems). That means they can also support innovation, although the wide use of a 
standard can also block progress to something better. 
. 

2. Objectives 

The agriculture sector is a unique sector due to its strategic importance for both 
European citizens (consumers) and the European economy (regional and global), which, 
ideally, should make the whole sector a network of interacting organisations. Rural 
areas are of particular importance with respect to the agri-food sector and should be 
specifically addressed within this scope. There is an increasing tension that has not been 
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experienced in any other sector between the requirements to ensure full food safety as 
well as sustainability while keeping costs under control. Also it is necessary to ensure 
the long-term strategic interests of Europe and worldwide, also with regard to food 
security and global challenges. To solve the problems of future farming, we need to 
develop a new generation of knowledge management, which will help the agri-food 
sector to adopt to a changing world.  
Three ways of the community contribution was used for updating the document: 

• Publishing the draft agriXchange SRA on the project agriXchange platform for 

public discussion.  

• In situ discussion about the draft agriXchange SRA on SmartAgriMatics 2012 

conference in Paris; 

• Virtual discussion about the draft agriXchange SRA on Linked-In network. The 

challenges and recommendations were discussed by international community. 

Number of comments and contributions came from social networks. In reality, it 

was the most valuable source of comments. 
The definition of the SRA required a deep knowledge of problems of agriculture data, 
information and knowledge interoperability, previous activities, existing standardisation 
problems, state of the art in agri-food ICT area, but also consultations with 
representatives from industry, governments, agencies, operators, and agri-food 
authorities and stakeholders involved in rural development. The discussions with 
stakeholders during events such as the GeoFARMatics conference in Cologne in 2010 
or the EFITA congress in Prague 2011 played an important role. The first version of the 
SRA was published in May 2012. The current document is presenting the final version 
of strategic lines that, after validation of the draft version (mainly provided based on the 
Smart AgriMatics conference and the LinkedIn social network), will support all domain 
stakeholders in the process of implementing a number of specific measures to achieve 
the stated objectives. This document is the final version, but it is still open for 
comments. The goal of this SAR is to stimulate future discussions. For this reason, the 
document is published under the Common Creative License to support its re-use and 
further exploitation of the collected ideas. The objective of the document is to stimulate 
discussion. ICT in agriculture is a very dynamic sector and it requires continuously 
updating ideas. On the other side, the analysis of previous activities demonstrates that 
there is a need for a long time sustainability of ICT for agri-food research (many 
previous SRAs and other strategic documents dispersed without any continuity and also 
accessibility of previous documents). The last update of the document was done on the 
basis of comments and discussions within the agriXchange team. The comments led to 
this final version of document. 
 
For the future analysis of agriXchange, important are the first three terms data, 
information and knowledge, which define three levels related to the management of 
farms. The wisdom could be understood as part of decision processes. 
It is clear that we have to look at the problem of agriculture standardization from 
different angles. It is evident that the focus on standardization only on data level is too 
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narrow and will not be able to cover the needs of the agri-food sector. In the future, the 
main effort has to be on the level of standardization of information and knowledge. 

4. SRA Analysis 

At the beginning SRA introduces basic problems of agriculture interoperability, the 
problems of management and interoperability of data, information and knowledge in 
agriculture. SRA gives a short overview of current standardisation initiatives, which are 
relevant to the problems of agriXchange. It also describes current agriXchange activities 
in the area of standardization. The agriXchange work was focused on two topics: 

• The structure of the framework model serves information on sharing and 

harmonization development for data exchange, and  

• The implementation of the practical model tool (aXTool) in the agriXchange 

platform to be user-friendly. 
SRA gives an overview of previous activities. We analyzed only those projects and 
documents that were focused on a vision of future ICT for agri-food or eventually ICT 
for rural development. The analyses conclude that the progress in the deployment of 
ICT-infrastructure for (standardized) data exchange in Europe is changing very fast and 
changes from one year to the other. In principle, big part of population in Europe has 
possibility to access broadband or has permanent access to the Internet (bandwidth is 
usually lower for rural regions than for cities). This potential access to the Internet is not 
really used, real utilisation of Internet access is lower in rural regions and t the uptake of 
new solutions into practice and also research in agri-food and rural applications is 
slower than the deployment of the general infrastructure. In many cases application 
priorities are the same as 10 years ago. The big problem is the data, information and 
knowledge exchange and interoperability.  

• From the overview we come to the following conclusions, important for building 

of agriXchange SRA: The uptake of new ICT interoperable technologies in 

primary production, which will be accepted by farming sector 

• The analysis of documents from the last decade demonstrates that there is low 

sustainability of ICT for agri-food research and low exchange of experiences 

among projects. There are often provided similar analyses with similar results, 

but the overall progress is low. To overcome this problem, it is necessary to 

support a long term suitability of ICT research and support for long time vision 

for RTD development in the agri-food sector. 

• Better and faster implementation of RTD results of ICT into practice with 

appropriate business model thinking. 

• Strong professional (international) organisation which will unify different efforts 

of different ICT research and development groups, but which will be also able to 

protect interests of communities. The candidate for such organisation could be 

European Federation for Information Technology in Agriculture, Food and the 

Environment (EFITA,) but it will be necessary to change its organisational 

structure. 
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• It is important to renew dialogues for politicians to put focus on ICT for rural 

regions as part of Horizon 2020 activities. It is important to support 

standardisation awareness, but also deployment of new solutions necessary for 

rural regions. Currently, ICT for agri-food is not covered in large scale, not in 

DG Connect research and also not in KBBE calls. 

• Due to the global character of Agriculture and Food production and also the fact 

that agriculture production influences and is influenced by environment, it is 

important to improve dialogue and transfer of ICT knowledge between 

developed and developing countries. 
Newest ICT research trends in ICT for Agriculture recognise  three main pillars of this 
chapter:  

• Future Internet; 

• Open Source Software; 

• Open Data.  
As main issue we see relation  between Future Internet (mainly cloud computing) and 
Open Source Software, which could be in some way considered as competitive 
approaches, but at the same time they could be in synergy. There are two important 
aspects: 

• Interoperability and service-oriented architecture, which allows easy 

replacement of one component or service by another one. This concept is 

already currently broadly used in geographic information systems. 

• Support for large scale utilisation of Open Sources by Future Internet. Currently, 

Open Source generates business for companies which customise solutions into 

final applications. Such web-based solutions could generate profit for SMEs 

developers. 
Open data initiative and Public Sector Information are considered as important also for 
agri-food sector. Until now, mainly farmers are limited by restricted access to data, 
information and knowledge. Linked Data introduce new semantic principles into Web 
resources and could be useful for agri-food sector. 

SRA synthesis 

The first part of SRA is  mainly analytical; focus was on collecting and analysis of 
available resources. The synthetic part of SRA was  focused on building of a new 
vision. The vision is built on challenges. There are defined two types of challenges  

• Political organisational challenges 

• Technological, innovation and research challenges 
 
There are defined next political and organizational challenges 

• To improve the representation of ICT agriculture specialists and users in 

European activities  

• To include ICT and knowledge management for agri-food and rural 

communities generally as a vital part of the ICT policies and initiatives  
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• Support better transfer of RTD results and innovation into everyday life of 

farmers, food industry and other rural communities  

• To accelerate bottom up activities as a driver for local and regional development  

• To support discussion and transfer of knowledge between developed and 

developing countries  
 
And next technological, innovation and research challenges 

• To find a better balance between food safety and security, energy production and 

environmentally and socially sound production  

• To support better adoption of agriculture on climatic changes  

• Making rural regions as an attractive place to live, invest and work, promoting 

knowledge and innovation for growth and creating more and better jobs  

• To support farming community and rural education, training and awareness 

building in ICT  

• Build new ICT models for sharing and use of knowledge by agri/food 

community and in rural regions generally.  
 
On the base of challenges we define a list of research priorities for application area. 
There were recognised next research priorities: 

• Collaborative environments and trusted sharing of knowledge and supporting 

innovations in agri-food and rural areas, especially supporting food quality and 

security.  

• New (ICT) structures to serve sustainable animal farming, especially regarding 

animal and human health and animal welfare.  

• ICT applications for the complete traceability of production, products and 

services throughout a networked value chain including logistics. 

• New generation of applications supporting better and more effective 

management of sustainable agriculture production and decision making in 

agriculture ICT applications supporting the management of natural resources.  

• ICT application supporting adoption of farming practices adapted to climatic 

changes.  

• ICT application supporting energy efficiency on farm level. 

• ICT application supporting rural development and local businesses.  

• ICT application for education, training and awareness rising.  

• ICT applications reducing administrative burdens in rural areas. 
Chyba! Nenalezen zdroj odkazů.shows relation of these research priorities with the 
challenges. 
 
The development of knowledge-based systems for the farming sector has to be 
supported by ICT focusing on the areas as defined: 
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• Future Internet and Internet based applications such as sensor technology, cloud 

computing and machine to machine communication. 

• Mobile applications. 

• Improving of positioning systems. 

• Service Oriented Architecture.  

• Methods of knowledge management.  

• Semantic models, multilingualism, vocabularies and automatic translation. 

• New Earth observation methods. 

• Management and accessibility of geospatial information. 

• Open data access.  

• Open Source development. 

• New modelling.  

• The power of social networks and social media. 

• New e-educational and training methods. 

Recommendation 

Recommendations for necessary standardisation effort in future related to ICT and 
agriculture applications priorities for near future stress the following important facts: 

• On the level of data standardisation, the agri-food community will be mainly 

consumer of standards coming from other domains or activities. For example 

activities related to Future Internet, where intention is to design low level 

standards allowing developers to access data through standardised API. Similar 

situation is for example with geospatial data, where access is solved through 

OGC standards. Also questions like security are mainly solved outside of the 

agri-food community. It is important to follow this initiative, eventually 

participate on other initiatives including SmartAgrifood project in Future 

Internet. There are two areas where further development is necessary inside of 

the community: 

o ISOBUS for access to information to agriculture machinery; 

o Special agriculture sensors or RFID activities. 

• More important seems to be the effort on information level. In accordance with 

work which was provided in WP4 it is necessary to be focused on protocols 

(Web services), API and data models for exchange of information in different 

areas such as traceability, precision farming, live transport, welfare regulations, 

subsidies systems (for example LPIS), weather information, market information, 

logistic information. It seems that for the next period the key focus will be in 

this area. The work could be partly related to activities such as agroXML. 

• In the future with the expansion of Web based technologies, more effort will be 

necessary in the area of knowledge level. Access to knowledge is the goal of 

many information systems. It is necessary to build knowledge based tools, which 

will help user in orientation and right decision. It could be ontologies, RDF 
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schemas for open linked data, thesaurus or vocabularies. Such activities already 

exist, for example under FAO (AgroVoc thesaurus) and different tools of 

knowledge management. This effort is partly cover by the new project 

agINFRA. 
Chapter ten defines long term strategic goals for sustainability of agriXchange. This 
strategy follows the political organisational challenges defined in chapter six due to the 
following reasons: 

• In any area there exist two types of standardisation efforts: 

o Community or industry driven effort. For these it is necessary to have 

structure inside the community, which will take leadership in this area. 

o Politically driven standardisation – in the agri-food area it could include 

standards for animals welfare, food security etc. For implementation in 

practice, it is necessary to support related policy. Also, it is good for 

policy makers to have partners on the community level. 

• For any standard it is important to transfer it to community. It is necessary to 

support communication between researchers, politicians, industry and also final 

users. It is necessary to transfer all knowledge to the users. 

• It is important, that the requirements for standards are not defined only by 

politicians or by large industry. Standards have to cover needs of users like 

farmers, regional and local IST developers. Involvement of these communities is 

crucial. 

• Food market is international and for example information about food traceability 

has to be shared worldwide. It is important in this area to support standards 

worldwide. 
As a reaction on single challenges there are the following recommendations: 

• It is necessary to have a better coordination of different activities related to ICT 

for agriculture, but also related to standardisation. On the basis of the performed 

analysis, it seems not realistic to establish a new platform initiative. It is not only 

a question of financing, but it is also a question of building infrastructure, human 

resources, etc. For this reason, the project team recommends to move 

agriXchange under the umbrella of an existing organisation. It will increase the 

chances for financing of future activities. As an umbrella organization, the 

European Federation for Information Technology in Agriculture (EFITA) would 

be most suitable. The advantage to have a European body, representing the ICT 

Agri-food sector, which could be an interesting partner for the European 

Commission and other policy actors.., in particular for Initiatives such as the 

European Innovation Partnership.  

• Currently ICT for agri-food sector is not covered by any policies and also there 

is no direct support for such activities. The topic is addressed by different 

Directorate Generals (DGs), but no DG covers this issue fully. It is important to 

include these topics as part of the European priorities and also as part of Horizon 
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2020. From this reason, it is important to have strong representative of a 

community, which will provide the necessary lobbing. On the worldwide level, 

part of these activities is covered by FAO. But there are gaps between FAO and 

the worldwide community. It is necessary to improve cooperation.  

• Any RTD results and also results of standardisation have to be transferred into 

practice to local and regional users. In the future, the agINFRA project could be 

of help. The project has an objective to build infrastructure for sharing 

agriculture information. 

• It is necessary to support open innovation initiatives in rural regions. It will be 

good to introduce concept of “Smart Rural Regions” similar to Smart Cities.  

• It is necessary to support standardisation cooperation also worldwide. FAO or 

the International Network for Information Technology in Agriculture (INFITA) 

could play an important role. 
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ABSTRACT 
 

The Agricultural Research Council – Research Centre for Agrobiology and Pedology 
(CRA-ABP), has for many years developed soil survey, mapping, and informatization 
methodologies. Several thousands of soil observations have been stored on a Ms Access 
database. Climatic variables relevant for soil evaluation and management were also 
collected and stored. This Information System was the starting point to develop a web-
GIS  application for online Italian soil data consultation. This paper outlines the design 
and development of a prototype web-GIS for use in the fields of agriculture, agro-
industry, food, fishery and forestry. 

 
Keywords:   information-system, typological-unit, mapping-unit, derived profile, 
WRB, GeoServer, Italy 
 

1. INTRODUCTION  
 
Soil and landform information is needed for a wide range of applications, but available 
data are often inaccessible, incomplete, or out of date (Pourabdollah, 2012). On 1999 
the project "the Soil Map of Italy at 1:250,000 scale" was launched, with the aim of 
producing a complete and uniform soil knowledge of the Italian territory. To provide a 
common methodological basis to be followed by the italian regions, the ”Metodologie 
pedologiche” project (Methodologies for the Soil Map of Italy at 1:250,000 scale) 
(Costantini and D'Antonio, 2001) was started. The European Soil Bureau published the 
"Handbook of georeferenced soil database of Europe at 1:250,000 scale" (Fink et al., 
1998), which is the technical reference document for the harmonization of regional and 
national soil databases at the of European level. The Consiglio per la Ricerca e la 
sperimentazione in Agricoltura (CRA - Agricultural Research Council) is a National 
Research Organization which operates under the supervision of the Ministero delle 
politiche agricole alimentari e forestali, with general scientific competence within the 
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fields of agriculture, agro-industry, food, fishery and forestry. The Agricultural 
Research Council – Research Centre for Agrobiology and Pedology (CRA-ABP), has 
for many years developed soil survey, mapping, and informatization methodologies. 
The center works at national scale to produce soil maps, it manages the national soil 
database, distributes an Access based software, develops soil and land evaluation 
models, stores and disseminates soil maps and metadata. Several thousands of soil 
observations have been stored on a Ms Access database. Climatic variables relevant for 
soil evaluation and management were also collected and stored. The soil database was 
the starting point to develop a web-GIS  application for online Italian soil data 
consultation.  
 

2. MATERIAL AND METHODS 
 
2.1 Standards for web-based geotechnical information 
 
The Open Geospatial Consortium (OGC) published several open standards, which were 
adopted in the ISO and INSPIRE Specifications on Network Services (INSPIRE, 2010). 
 
The Web Map Services 1.3 (WMS) - ISO 19128:2005.  
The OpenGIS Web Map Service Interface Standard (WMS) provides a simple HTTP 
interface for requesting geo-registered map images from one or more distributed 
geospatial databases. A WMS request defines the geographic layer(s) and area of 
interest to be processed. The response is one or more geo-registered map images 
(returned as JPEG, PNG, etc) that can be displayed in a browser application. The 
interface also supports the ability to specify whether the returned images should be 
transparent, so that layers from multiple servers can be combined. 
 
Web Feature Service (WFS) - ISO 19142:2010.  
The OpenGIS Web Feature Service Interface Standard (WFS) defines an interface for 
specifying requests for retrieving geographic features across the Web using platform-
independent calls. The WFS standard defines interfaces and operations for data access 
and manipulation on a set of geographic features. In particular, Get or Query features 
based on spatial and non-spatial constraints, Create a new feature instance; Get a 
description of the properties of features; Delete a feature instance; Update a feature 
instance; Lock a feature instance The specified feature encoding for input and output is 
the Geography Markup Language (GML) although other encodings may be used. 
 
Web Coverage Service (WCS) - ISO 19123:2005.  
The OpenGIS Web Coverage Service Interface Standard (WCS) defines a protocol-
independent language for the extraction, processing, and analysis of multi-dimensional 
gridded coverages representing sensor, image, or statistics data. Services implementing 
this language provide access to original or derived sets of geospatial coverage 
information, in forms that are useful for client-side rendering, input into scientific 
models, and other client applications.  
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Geography Markup Language (GML) – ISO 19136:2007.  
The OpenGIS Geography Markup Language Encoding Standard (GML) is an XML 
grammar for expressing geographical features. GML serves as a modelling language for 
geographic systems, as well as an open interchange format for geographic transactions 
on the Internet. 
 
2.2 Standards for soil databases 
 
GEneral Multilingual Environmental Thesaurus (GEMET) is the official thesaurus for 
INSPIRE, although there are other already well defined soil specific vocabularies. 
Within GSSoil, for instance, existing vocabularies have been implemented, which 
developed the Multilingual Soilspecific Thesaurus (SoilThes). This thesaurus is 
intended to support finding and understanding soil and soil meta data related 
information (Schentz at al., 2005). 
 
The CRA-ABP published the ”Linee guida dei metodi di rilevamento e 
informatizzazione dei dati pedologici” (”Guidelines of the detection methods and 
computerization of soil data” Costantini, 2007) a volume with an attached CD-rom 
“CNCP 3.0, December 2007, Database for soil observations and pedological units 
storing, correlating and geoexploring” (L'Abate et. al., 2007).  The software was 
developed according to the indication of the European Soil Bureau Handbook (Finke et 
al., 1999) and the ”Metodologie pedologiche” project (Costantini and D'Antonio, 2001). 
The CNCP 3.0  software was adopted as soil information system by several regional soil 
services. The volume can be considered as an Italian standard for soil database 
architecture. 
 

3. RESULTS 
 
3.1 Setting up the national soil database 
 
Several thousands of soil observations have been stored on a Ms Access database 
according to the CNCP 3.0 standard. The soil information systems of Italy is made up of 
a hierarchy of geographical layers, which includes soil regions, aimed at correlating the 
soils of Italy with the other European countries, soil systems, for the correlation of soil 
at the national level, and soil sub-systems, for the regional level. Soil regions are a 
regionally restricted part of the soil cover characterized by a typical climate and parent 
material association. Soil systems illustrate main Italian soilscapes and are composed of 
homogeneous areas as for physiography, lithology, river drainage network, and land 
cover. Each cartographic unit was described as combination of: i) a major landform, 
established according to main morphological process, slope, hypsometry, kind and 
degree of drainage, ii) two lithological types, iii) three land cover attributes. Maximum 
seven land components were recognized in each land system. A land component was a 
specific combination of morphology, lithology and land cover that was not delineated, 
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but its incidence in the polygon quantified. The land component represented an 
elementary landform at the reference scale, which was linked to one or more soil-
typological-units (STUs).  
 

 
 
Figure 1. Database architecture 
 
The STUs were collected for the whole country from different sources, mainly with the 
collaboration of the Ministry of Agricultural, Food and Forestry Policies, the soil 
bureaus of the Italian Regional Administrations, as well by the soil chairs of some 
Universities. A main effort was spent to correlate soil profiles into STUs, find out the 
most representative benchmark profiles and obtain the derived profiles of each STU. 
Then a STU consists of a set of pedological observations described and analysed in one 
or more soilscapes, groups soil observations having similar classification and 
organization of functional horizons, and are joined to geography, like soil regions 
(1:5,000,000 reference scale), sub-regions (1:1,000,000), soil systems (1:500,000) or 
soil subsystems (1:250,000). A STU “derived profile” reports the modal, mean and 
standard deviation values of the characters and properties of its observations, and 
provides the soil information needed for practical evaluation. A benchmark “soil 
profile” is selected among the typical soil profiles of a STU, to represent an occurrence 
in the real world. 
 



 

C0269 
G L'Abate, G Allegri, R Barbera, R Bruno, M Fargetta, E A C Costantini. “The SISI webgis 
application for online Italian soil data consultation”.  EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

3.2 Producing climatical elaborations 
 
Several climatic variables, relevant for soil evaluation and management, have been 
collected and stored. Climatical maps have been produced by spatialization of  long 
term statistics related to meteorological stations. The map of precipitation (Annual 
Rainfall) was obtained by ordinary kriging of 1,613 stations completed of long term 
annual average values. Mean annual air temperature was obtained by ordinary kriging 
of 944 stations of long-term average annual air temperature. The humidity index was 
obtained with a simple calculation (Annual Rainfall/Mean Annual Air Temperature). 
Average temperature of the soil to 50 cm was calculated on the basis of the average air 
temperature of the long term and field capacity of the soil at the same depth, according 
to the equation: Tm = soil to 0.5 m tm air + (field capacity to 0.5 m - 20.7) / 7.9 
(Constantini et al., 1999). The mean annual soil temperatures map was obtained by 
ordinary kriging of 6,660 data of average soil temperature at 50 cm. 
 
3.3 Publishing the web-GIS application  
 
The SISI (Soil Information System of Italy) is the application designed to store soil data 
and related thematic informations. Online publication of the SISI application was 
possible with the support of the agINFRA e-infrastructure project. A Cloud 
infrastructure was chose to ensure higher performances, more fault-tolerant, and secure 
design. In order to allow online data consultation, the Ms Access database was 
converted to a PostgreSQL database according to INSPIRE soil standards (Schentz et al. 
2012).  The databases provide an inventory of Italian soilscapes at two reference scale, 
Soil region (1:5,000,000) and Soil systems (1:500,000). Relation between soil entities 
(typological-unit, derived profile, benchmark profile) and soil geography (mapping 
unit), was also stored. Access to geographical layers (administrative boundaries, region 
and province main towns, soil regions, and rasters of climatic variables) and correlation 
entities is moderated by GeoServer 2.1-beta3 (Figure 2). The application offers both soil 
and climatic information, related to 1:500,000 scale geography. Forms can be 
downloaded or printed both freely and by the AgINFRA Science Gateway community. 
Registered access allows consultation of soil profiles, different formats data download 
and several service capabilities. Two different access interfaces are possible: registered 
full access trough a Shibboleth protected proxy server, and free access to a reduced set 
of data. The system runs on dedicated virtual machine. The service offers two different 
operational modes: i) a reduced set of SISI services, freely accessible and ii) the full set 
of services, including the possibility to query the geodatabases to get information on the 
stored benchmark profiles.  
User authentication and authorization is required for different formats data download 
(AtomPub, GIF, GeoRSS, GML, JPEG, KML, OpenLayers, PDF, PNG, SVG, TIFF), 
and access to Service Capabilities (WCS, WFS, WMS - figure 2 and 3). The points of 
access for these resource are both the AgINFRA web portal (http://aginfra-sg.ct.infn.it) 
or the soilmaps.it web site (http://abp.entecra.it/soilmaps/index.html). 
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Figure 2. Web-based system architecture 
 
 

4. CONCLUSIONS 
 
An example of Web-based GIS applications has been developed for the dissemination 
and consultation of soil data on the Web. GIS application development  adopting 
Internet technology was essential, because of the encreasing interest on soil information 
for different purposes. The prototype was successfully designed by using GeoServer 
and a PostgreSQL database on a Cloud infrastructure. The Cloud infrastructure was 
chose due to the higher performances, more fault-tolerant, and secure design. Further 
development of the web-GIS could include online data queries by means of R-statistical 
software and the implementation of other scale layers (1:1,000,000 and 1:250,000). 
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Figure 3. Restricted access interface 
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ABSTRACT 
 

One of the main challenges for today‟s agriculture is to increase drastically the 

production while at the same time being more sustainable. Innovation is seen in Europe 

as the key solution and ICT have a great potential to boost innovation in agriculture. As 

the complexity of the innovation process still remains difficult to manage, an 

experimental Public-Private Partnerships Action of the ICT AGRI Era-net was launched 

and is presented in this paper. This one-year action aimed to gather together all the 

players involved at the European level for crop protection and to boost concrete 

innovation in ICT to reduce the use of pesticides, especially around a unified platform 

of information and services. The main conclusions of this study, especially on the 

method tested, are presented in this paper and some recommendations are made for next 

innovation management actions.  

Keywords:  Innovation process, methodology, value-chain, ICT, e-services portal. 

 

1. INTRODUCTION  

 

Over the next 40 years, agriculture has to increase by over 60% to meet societies‟ needs. 

Hence, the main challenge remains to find more sustainable ways of producing this 

huge amount of food and resources (AFO, 2012
1
). These issues, associated to an 

agricultural market becoming more volatile and an increased competition due to 

globalization, imply important changes for agricultural practices, technologies and 

knowledge. The development of innovation is seen in Europe as a key element both to 

these challenges in agriculture and to economical growth and employment. In 

agriculture, ICT have a great potential and a crucial role to play to boost innovation. 

Indeed, in the fast changing multi-functional agricultural sector of the 21
st
 century, 

flexible and responsive capacities are more important than ever, and ICT as 

technologies used during the innovation process or as a result itself of this process could 

offer great solutions.   

The idea of innovation regarded as a „source of energy‟ for economy first appeared in 

social sciences in 1939 by J. Schumpeter (Carroll, 2006), but the interest around the 

question grew later in the United States (1960s) and then in Europe (1980s) (Fagerberg 

                                                 
1
 AFO. 2012. Summary 2012 Edition - OECD - AFO Agricultural Outlook 2012 - 2021. 

http://www.oecd.org/site/oecd-faoagriculturaloutlook/ 
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and Sapprasert 2011). Two main aspects of innovation have to be highlighted from 

these several studies.   

First, innovation is mainly defined in its contrast to invention. Briefly, when invention 

is novelty, innovation is the process by which organisation “master and implement the 

design and production of goods and services that are new to them, irrespective of 

whether they are new to their competitors, their country or the world” (Mytelka, 2000). 

Hence, not only researchers are involved in the innovation process, but also other 

activities and players. Secondly, looking back to the evolution of the innovation studies, 

their focus moved gradually from various isolated aspects of the innovation to a more 

holistic and complex approach describing “systems of innovation‟.  

 

This brief and non-exhaustive overview of innovation studies helps to provide a better 

understanding about what is innovation and how it works or not. Innovation is a 

complex and collective process, involving a lot of various players, taking place in a 

context and, more important, for which success or failure isn‟t often due to technical or 

scientific problem but „generally involves ethical; social, management, organizational 

and institutional problems.” (Smits, 2002). But a lot of work still remains to be done 

and the „European Disease‟ is not so far behind us: it is still a main challenge for Europe 

to lead to many innovations, and to increase productivity, despite of its production of 

excellent scientific knowledge. As highlighted by the European Commission and by 

several current research and policies, there is still today a gap between research and end 

users practices (For instance, see the EIP initiative from EU
2
). This gap, and the work 

which remains to be done, are not so much part of the innovation theory elaboration, but 

are rather operational challenges (Hall, 2007). Hence, managing the innovation process 

seems a great challenge and is the question developed in this paper.  

 

In this work, a specific operational action in the agricultural and environmental sectors 

is presented and analyzed in order to study the management of the innovation process in 

a particular context. This action took the form of a Public-Private Partnerships Action 

within the context of a European Era-net and aimed to encourage the set up of PPPs to 

develop innovations using ICT and robotics in agriculture. This paper focuses on the 

analysis of few experienced aspects of the innovation process which are crucial to boost 

innovation. First, we will briefly describe the experimental PPP Action we studied and 

its context. Then, we will focus on the method we used to set up this action and 

analysed it, in parallel with a quick overview of interesting methods already existing. 

Finally, the main aspects of the actions analysed will be highlighted and some 

conclusions and recommendations for next actions will be provided.  

 

2.  MATERIEL AND METHOD  

 
2.1 Materiel  

                                                 
2
 EIP – European Commission communication http://ec.europa.eu/agriculture/eip/pdf/com2012-79_en.pdf 
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ICT-AGRI ERA-NET [European Research Area Network for Coordination of 

Information and Communication Technology (ICT) and Robotics in Agriculture and 

Related Environmental Issues] is one of the ERA-NETS, funded under the 7th 

Framework Programme for Research (FP7). Initiated on May 2009 and running until 

March 2014, this ERA-NET has 18 partners and 14 observers from 21 countries. Its key 

concerns are to strengthen the international competitiveness of the European Union and 

to reduce the negative impact of agricultural production on the environment by using 

ICT and Robotics. To date, ICT-AGRI ERA-NET formulated a Strategic Research 

Agenda
3
 for ICT and robotics, 2 calls were launched and a Meta-Knowledge Base

4
 (an 

online resource) was created.   

 

Apart from its mains activities mostly focused on research, ICT AGRI ERA-NET has 

always tended to boost innovation by strengthening its links, among other, to private 

actors and associations. It took the form of an experimental one year Public Private 

Partnerships Action (PPP Action), which runs from November 2011, to December 

2012. This PPP Action is defined here in a broader sense: it includes all types of 

partnerships between actors from public research and other stakeholders such as end 

users, private companies or intermediaries (industrial clusters, professional 

associations,...). This action aimed both to: 

- Generate the formation of concrete partnerships (to boost innovation) 

- Design a methodology to boost the collective innovation process in the 

agricultural area using ICT, Robotics and Automation. 2/ Design and study a 

methodology, based on existing methods, to manage the collective innovation 

process. 

This experimental action was managed by Irstea, and included a participant from each 

country of the ERA-NET.  

 

In the PPP experimental action, we focused on the design of three types of innovation 

and, among other, of an e-services portal. This paper focuses on this later. New ICT 

technologies (Cloud, wireless sensor networks, Linked Open data) offer to farmers more 

open tools. We tried collectively to define the different elements and corresponding 

actors needed to provide an open e-service portal where each actor could propose 

services (DSS tools for instance) able to mobilize data or software from other services. 

The idea was to build an open innovation platform based on standards (data, exchange, 

software). 

 

2.2 Method  

 

Several methodologies to manage the innovation process are used both by academician 

and by practitioners. Without providing an exhaustive list in this paper, we will present 

                                                 
3
 http://db-ictagri.eu/ict-agri/content/SRA.php  

4
 http://db-ictagri.eu/usr/Home.php. For more details on the design of the Meta Knowledge Base, see 

Mertens et al. (2012).  

http://db-ictagri.eu/ict-agri/content/SRA.php
http://db-ictagri.eu/usr/Home.php
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quickly an outline of these methods, focusing on some of their main aspects, before 

discussing the method applied in our PPP experimental action.   

Participatory methodologies, among others, try to find out about local context and life 

to improve the innovation process. These methods, such as PRA (Participatory Rural 

Appraisal) and PLA (Participatory Learning and Action), has particularly spread and 

been applied in the 19980s – 2000s worldwide. They evolved and are still practiced 

nowadays (Chambers, 2007).  

Then, some other methods focus more on linking private sectors to public players (such 

as public laboratories). What should be emphasizes in this Public-Private Partnerships 

(PPPs) methodologies is the focus on the linkages between private and public sector 

players in order to boost the innovation process. It is also worth noting that PPPs 

practices vary substantially from complex and detailed analysis, such as used by 

industrial development (for instance UNIDO
5
) to easier operational tools.  

These PPPs, understood in a broad sense, not only involve private sectors but also ends 

users and other types of players. Then, it could include other types of methods used to 

manage the innovation process, in particular the open innovation, „one of the hottest 

topics in (current) innovation management‟, which helps practitioners and scholars to 

„rethink the design of innovation strategies in a networked world‟ (Huizingh, 2011). It 

focuses obviously on the openness and the sharing of information and includes a wide 

variety of knowledge and practices as „open innovation reflects much less a dichotomy 

(open versus closed) than a continuum with varying degrees of openness (Dahlander 

and Gann, 2010). It has to be mentioned that a version of open innovation is, for the ICT 

sector, open source developments.  
Finally, other methods important to include in this brief overview are the Living Labs. 

These open innovation approaches, currently used, are part of Public-Private partnerships 

actions because they involved all types of players, but with a focus and experimentation on 

the real-life condition (Leminen et al, 2012). It seems important to note in these two last 

approaches, a free space is created for innovation and diversity to emerge, as proved by 

some empirical experience of Living Lab launched by an European Project 

agriXchange
6
: « In a living lab, there is not always a clear goal, but all sorts of questions 

and problems together with existing solutions can lead to surprising, unexpected 

results.” (Wolfert, 2011). 

 

The two most interesting points highlighted by these methodologies are first, their 

attempt to involved all the players of the innovation process, and more lately, their 

recognition of the variability and flexibility needed in this process. Based on these two 

main aspects, we tried for our specific action in its context (ICT for crop protection), to 

develop and test a method to design and boost innovation using some characteristics of 

the methodologies mentioned above. In the context of the ICT AGRI ERA-NET, a 

specific space was created in order to develop and experiment a methodology. To find 

or design the right method which will faces the external constraints of the action; a 

particular emphasis was placed on three aspects: 

                                                 
5
 http://www.unido.org/fileadmin/user_media/Services/PSD/ICT/GSA%20White%20paper%205.12.08.pdf  

6
 http://www.agrixchange.org/  

http://www.unido.org/fileadmin/user_media/Services/PSD/ICT/GSA%20White%20paper%205.12.08.pdf
http://www.agrixchange.org/
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- Efficiency: the method in this case aimed at boosting concrete innovation or, at 

least, to develop concrete partnerships in a short-term perspective. A right 

balance between a detailed and deep analysis and short duration and operational 

action should be found.  

- Involvement of all the stakeholders in the chain: even if the action focused 

first in involving the private sector, all the other types of players such as public 

authorities, intermediaries and end users were supposed to be involved in the 

collective work. The value chain method described later was used for this 

purpose.  

- Time: As the action aimed to be operational as soon as possible, the method 

chosen was based on the existing methodologies with some improvements due 

to the specificities of the area, context, players involved, etc. Then, the evolution 

of the method was also important to analyze.  

 

Our method aimed to develop PPPs, used in a broad sense: the emphasis was placed on 

having public, private players and end users working together. The degree of openness 

was up to the players involved and could have been different regarding the partnerships 

created. In order to nurture the first spark of discussion between the players, a value-

chain approach was adopted. This approach allow identify all the players who are 

involved in the innovation process „from conception, through the different phases of 

production (…), delivery to final consumers, and final disposal after use‟ (Kaplinsky 

and Morris, 2000
7
). Then, each brick of the innovation process provide a useful basis 

for the discussion and collective work. If the right persons are involved in this collective 

work, this basis give them a good overview of the possibilities of innovation, the 

difficulty they could meet, and so forth, at various levels (see figure 1) 

Our general objective was to create the right condition to stimulate interactions and 

collective work of the participants around a concrete suggestion of innovation, in our 

case, an e-services portal for the reduction of pesticides. 6 steps were planned: from 

                                                 
7
 http://asiandrivers.open.ac.uk/documents/Value_chain_Handbook_RKMM_Nov_2001.pdf  

Figure 1 – The tool 

used to describe each 

brick of the value 

chain of an innovation 

process tested during 

the PPP Action of ICT 

AGRI Era-net. 

http://asiandrivers.open.ac.uk/documents/Value_chain_Handbook_RKMM_Nov_2001.pdf
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internal consultation and mapping of the players involved in the several countries to 

dissemination and collective work with the private partners.  

 

1. RESULTS AND DISCUSSION 

 

The experimental PPP action of ICT AGRI ERA-NET ran during one year at the 

European level and both the evolution of the action and the results (positive and 

negative) are important to analyze. The concrete results were links made without several 

partners interested by crop protection, better knowledge of these players, a 200 

conference organized with two other European projects (AgriXchange and Smart 

AgriFood projects) which also aimed to develop innovation processes and some 

recommendations included in the ICT AGRI Era-net and applied in the follow up of this 

era-net. We present and discuss in this chapter some of the main conclusions which are 

important regarding these results and the concrete management of an operational 

innovation process. In parallel, we present also the two main conclusions regarding the 

collective work around the e-services portal. 

 

More than 20 persons of the era-net were involved at the beginning but it gradually 

decline during the several steps of the era-net to a small group of 8 motivated people in 

charge of the evolution of the action. The same applied for the external people 

concerned and involved in the action, such as private sectors players, intermediaries or 

other public research actors. Even if more than 100 players were listed and mapped, less 

has been contacted and even less were involved in the action. This reflects two aspects 

particularly important describing in this paper.  

 

First, it highlights that the role of intermediaries such as the ICT AGRI ERA-NET in 

this case, is very important in order to link the various players, who don‟t have time 

themselves to do it on their own. The number of players involved is not important, but 

the competency of these players is crucial. Indeed, “the real issue is less about 

motivating and more about attracting highly motivated and highly capable individuals” 

(Kogut and Metiu, 2001). Hence, intermediaries have a major role to play in this 

challenge. In our experimental action, we noticed that some time was needed to map out 

all the stakeholders involved in the innovation process of an e-services portal, and more 

time to identify the right players, who could have a real interest in the project. It is true 

for the players involved, but also for the action‟s managers. Hence, the experimental 

PPP Action begin with one participants by country and finished with a more efficient 

and motivated group of 8 participants. Besides, even if intermediaries were found and 

involved, it was not done at the right scale: local intermediaries were showing more 

interest and were more active than most of the intermediaries contacted at the wider 

level. Finally, the ICT-AGRI ERA-NET was, in the case of this action, the appropriate 

intermediary to get into contact with public partners, from research or governments. But 

this action missed of another intermediary with a real solid understanding and contacts 

with the private area.  
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Strongly linked to the previous aspect, another essential point highlighted in the action 

analyzed is the motivation of the players and the way to manage it. As mentioned by 

Hartwich and al. (2003), PPPs are interesting for both public and private players. For 

public players, it ties research more closely to users‟ needs (and can augment 

investments in research). And for the private sector, it improves competitiveness (as 

other forms of outsources activities). But, in the operational action, players don‟t really 

measure the interest of these partnerships and the PPP action of ICT AGRI ERA-NET 

experienced that. A constant reminder of the interests and gains for each player is 

necessary, as well as other form of motivation (such as financial help to set up the 

project for example). The follow up of the ERA-NET will be build to offset this issue. 

Furthermore, for the e-services portal collective work, it was difficult to mobilize 

industrial partner because the project was in a too early stage. An important 

improvement of the method used would be perhaps to divide the work in several steps, 

including the organization representing all the players at the beginning and, in a second 

time, involve directly the more concerned actors.  

 

4. CONCLUSION  

 

To sum up, this experimental PPP Action produced several conclusions regarding the 

management of process innovation in ICT and Robotics for agriculture: 

 Intermediaries are crucial partners for the innovation process, especially local 

intermediaries. At the European level, the sharing of experiences and good 

practices of innovations projects should be encouraged, and links between local 

projects should be promoted, more than real common projects. „Community of 

practices‟, as suggested by Hall (2007) makes perfect sense in this context. 

  Players are already existing, such as software platforms, local intermediaries,… 

An important work of mapping is still needed in order to contact the right person 

with the right competencies.  

 Several form of organizations or managements of the innovation process should 

be encouraged as the interest of the partnerships differs regarding their partners. 

Our experimental actions showed that, regarding the participants, different types 

of partnerships were considered.  
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ABSTRACT 

 
We developed a quantitative color appearance evaluation method of crops and 
agricultural products using a digital camera. By analyzing the relationship between the 
color appearances of the images of a standard color chart with the plain Red, Green, and 
Blue color sections taken under the various natural lighting conditions and the 
illuminating spectral information, the photosensitive characteristics of the digital camera 
were experimentally studied. In addition, the color parameters of the Red, Green, and 
Blue sections on the virtual standard color chart calculated using the two parameters of 
a power function with the natural lighting spectral information consistently agreed with 
those of the standard image taken in the standard color acquisition system. Furthermore, 
the color calibration for the tomato fruit images taken under the natural lighting using 
the evaluated color parameters of the virtual color chart was performed. The developed 
color calibration method showed very successful results as well as the conventional 
calibration results. Consequently, these results suggested that the surface color images 
of the agricultural products which have the dynamic color distribution and the 
complicated geometrical structure could be evaluated based on the irradiance 
information of the natural lighting. 

 
 

Keywords:   Color calibration, Visible spectrum, Illumination, Agricultural fields, 
Agricultural products, Tomato. 
 

1.  INTRODUCTION 
 
Color of agricultural products is practically used as a quality index in agricultural 
process such as cultivation, harvesting, sorting and packing, since the color could be 
reflected by the pigment components, which are some of the final productions through 
the primary and secondary metabolic process, and by the geometrical structure such as 
the shape and the surface conditions. There are various machine vision studies on the 
color of agricultural products after the processes such as drying and radiation have been 
reported (Brosnan and Sun, 2002; Abdullah et al., 2006). The color measurements using 
a colorimeter and a digital camera respectively based on the L*a*b* or RGB color 
coordinate system are usually performed for the quantitative color evaluation of 
agricultural products (Ergüneş et al., 2006; Hajare et al., 2007). We had adopted the 
HSL (H: Hue, S: Saturation, L: Lightness) color system based on the CCD camera 
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(Kameoka et al., 1994; Motonaga et al., 1997), since the color analysis had the 
advantage that it easily acquired the surface information and the color distribution. 
Additionally, the color changes were analyzed by transforming the RGB color system of 
the CCD camera to the HSL color system in a way similar to human perception, 
because H and S are not affected by the quantity of light, uneven illumination, or an 
uneven surface shape. 
The color appearance of the image acquired in the agricultural fields is seriously 
influenced by the illuminating conditions, and it has been still too difficult to 
quantitatively evaluate the color appearances of agricultural products. We also studied 
the quantitative color evaluation method of agricultural products in the agricultural 
fields (Motonaga et al., 2004; Hashimoto et al., 2001). Additionally, we developed the 
continuous and quantitative remote monitoring method of the surface color changes of 
agricultural products data during the cultivation using the Field Server (Fukatsu & 
Hirafuji, 2005) equipped with a digital camera (Hashimoto et al., 2012). However, there 
was the problem about the discoloration of the standard color chart for the color 
calibration in the above methods. 
The objective of this study is to develop a quantitative color appearance evaluation 
method of agricultural products using the simple illuminating information of the natural 
lighting by developing the analysis on the relationship between the color appearance of 
the image taken by a digital camera and the spectral feature information of the lighting 
in our previous study (Hashimoto et al, 2012). Tomatoes cultivated in a greenhouse 
were then prepared as the experimental samples, since the surface color had 
dynamically changed from green to red through the post-ripening process. 
 

2.  MATERIALS AND METHODS 
 

2.1 Materials 
 
The tomato plants (Momotarou) cultivated in a greenhouse located in the Experimental 
Farm of the Field Science Center of Kii-Kuroshio Life Area, Graduate School of 
Bioresources, Mie University, Tsu, Japan, were prepared for the experiments. We also 
made the standard RGB color charts (Hashimoto et al., 2012) for the color calibration of 
the images in the outdoor conditions. The standard RGB color chart contains plain red, 
green and blue sections. 
 
2.2 Methods 
 
Figure 1 displays the setup of the standard color image acquisition system (Motonaga et 
al., 2004; Hashimoto et al., 2012) for the acquisition of the standard image. The system 
is composed of a digital camera (FinePix S3 Pro, FUJIFILM Corporation), six 
fluorescent lights at a 5500 K color temperature (TRUE-LITE, DURO-TEST Co., Ltd.) 
and two diffuse reflectors. The use of the TRUE-LITE fluorescent light is based on the 
CIE (Commission Internationale de l’Eclairage) regulations, and is almost the same as 
natural light since its color rendering index is 91. The light from the light sources is 
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scattered on the diffuse reflectors placed over the light sources in order to prevent any 
specular reflection on the sample surface. The illuminance adjusted to 140 lx using the 
white diffuse reflectors and a dimmer switch was treated as the standard lighting 
conditions in this study. The visible spectral radiance of the lighting ranging from 380 
to 730 nm in 10 nm intervals was measured with spectral measurement device (Eye-One 
Prophoto, GretagMacbeth Co.). 
 

 
Figure 1. Scheme of standard color acquisition system. 

 
The images were also taken under the field conditions near the window set forward to 
the southwest direction on the 6th floor of the building of Graduate School of 
Bioresources, Mie University, Tsu, Japan (north latitude 34.745958333, east longitude 
136.522975000) (Figure 2). Additionally, the standard RGB color chart was also placed 
just behind the tomato fruit, and the image was acquired with it. The geometric relation 
between the camera and the tomato fruit in the field experiments was the same as that 
for the standard color image acquisition system. However, the lighting conditions, such 
as the color temperature and the geometric relation between the color chart and the light 
source (the sun), were depend on the date, the time and the weather. Figure 3 is an 
example of the variation of the spectral radiance of the natural lighting. 
 

 

 
Figure 2. Scheme of color acquisition system under natural lighting condition. 
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Figure 3. Example of spectral radiance changes of natural lighting. 

 
The images of the tomato fruit section were extracted for the color image analysis. The 
RGB values were also transformed the color image data into the HSL color space, and 
then the average values were determined (Kameoka et al., 1994; Motonaga et al., 1997). 
 

3.  RESULTS AND DISCUSSION 
 

3.1 Analysis on Color Image Acquisition Properties 
 
The difference of the lighting illumination and exposure adjustment of the camera affect 
the output values of the color parameter on the recorded image. We then studied the 
influences of the illuminating and the image acquisition conditions on the color 
parameters of the acquired image in order to grasp the characteristics of the digital 
camera as the detector. Figure 4 shows the changes of the average R, G or B value of the 
standard color chart image under the white diffuse reflectors in the standard color 
acquisition system. The horizontal axis Hm defined by Eq.(1) is the modified focal 
plane exposure, and relates to the photosensitivity of the camera in consideration of the 
spectral characteristics of the light exposing the standard color chart and the reflectivity 
of each color section. 

2F

TS
Hm

⋅=  (1)

Here, F and T are respectively the F-number and exposure time of the camera. S defined 
by Eq.(2) is the integration of the multiplication of the monochromatic intensity 
exposing the red, green, or blue section on the color chart and its reflectivity with the 
wavelength, and closely relate to the optical intensity detected by the camera. 

=
730

380
dλλλrIS  (2)

All of the R, G and B values of the images of the color chart taken in the natural 
illuminating conditions raised to a decimal power In order to study the relationship 
between the RGB and Hm values for the various color lighting conditions, both the 
RGB and Hm values were then standardized based on their maximum values, RGBmax 
and Hmmax. All of the standardized values displayed in Figure 4 for the white lighting 
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conditions could be simply on a power function curve, and they were excellently fitted 
by the power function (Eq.(3)) with the correlation coefficients over 0.999. 

b

maxmax Hm

Hm
a

RGB

RGB








⋅=  (3)

In Eq.(3), the parameters a and b respectively could relate to the spectral pattern of the 
illuminating light and the apparent sensitivity characteristics of the camera as the 
detector. Additionally, the fitting parameter b as the exponent indicated the unique value 
(0.554) for all illumination conditions and color charts, and the b value could be 
constant. On the other hand, the parameter a could be estimated based on the 
illuminating spectral features. These results might mean that the R, G and B parameters 
of the images acquired under a specified condition could be converted into those under 
the standard lighting conditions at 140 lx using the white diffuse reflectors. 
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Figure 4. Normalized relationship between Hm on RGB values of sample objects under 

white lighting. 

 
 
3.2 Color Appearance Evaluation of Virtual Standard Color Chart 
 
In the above analysis, we need the whole spectral information to determine the Hm and 
a values. However, in consideration of the application to agricultural fields, it should be 
easily evaluated using only the simple information of the illuminating characteristics but 
the whole spectral information. We then tried to obtain the Hm and a values based on 
the reflected intensities of the illuminating light on the red, green, and blue sections of 
the color chart at the wavelength of 490, 550 and 650 nm, respectively (Figure 5), where 
the illuminating spectral pattern could be characterized. 
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Figure 5. Reflected intensities of illuminating light on red, green, and blue sections of 

standard color chart and wavelength characterizing natural lighting illumination. 

 
The RGB values of the virtual color charts were calculated using the above parameters 
Hm and a on the assumption of the various natural lighting conditions. As shown in 
Figure 6, the calculated RGB values of the virtual color charts consistently agree with 
those of the actual images for all color sections. 
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Figure 6. Relationship between RGB values of actual and vertical color charts. 
 
 
3.3 Color Calibration of Tomato Fruit Image 
 
Using the calculated RGB values of the virtual color chart under the natural lighting 
conditions, the color calibration developed in our previous study (Hashimoto et al., 
2012) was then performed as follows. The 3x3 matrices C  and C ′  in Eq.(4) denote the 
R, G, and B values of the virtual color chart for the virtual standard image and the 
sample image, respectively. The color transformation matrix A  for the color calibration 
is calculated as follows. 
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The matrix A  for each sample image was determined using Eq.(4). The color 
calibration image is obtained by multiplying the matrix A  with the column vector of R, 
G, and B values corresponding to each pixel that composes the sample image: 
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where, r, g and b are the R, G, and B values of a picture element of the sample image. r', 
g' and b' are the R, G, and B values of the picture element after the color calibration. 
After the calibration, the RGB values were transformed the color image data into the 
HSL color space. In the calibration, we developed a new correction method for 
Lightness based on the RGB values of the color chart. Figure 7 shows the Hue values of 
the tomato fruit images during post ripening calibrated by the developed method, and 
more consistently agreed with those of the standard images than those calibrated by the 
conventional method. Therefore, these results of the excellent color calibration 
suggested that the surface color images of the agricultural products could be evaluated 
based on the monochromatic irradiance information in the agricultural fields. 
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Figure 7. Relationship between RGB values of actual and vertical color charts. 

 
 

4.  CONCLUSIONS 
 
By analyzing the relationship between the color appearance of the image taken by a 
digital camera and the spectral feature information of the lighting, the color parameters 
of the virtual standard color chart were simulated, and the color calibration using the 
simulation results were performed. In addition, the new correction method for Lightness 
based on the RGB values of the color chart was developed, and was applied to the color 
calibration. As the result, the color calibration for the images taken under the natural 
lighting using the estimated color parameters of the virtual color chart was very 
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successful. The surface color images of the agricultural products could be then 
evaluated based on the natural lighting information. Consequently, this study plays a 
very important role in developing the surface color analysis for both the simple and 
rapid evaluation of the crop vigor in the field and the agricultural research interests. 
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ABSTRACT 

A research project, “Climatic Changes and the Evaluation of Their Effects on 

Agriculture in the Asian Monsoon Region (CAAM)” is progressing. The purposes of 

this project are to improve the reliability of climate prediction, and to develop the 

necessary information platform to design adaptation and mitigation strategies in 

agriculture against the predicted climatic changes in the Asia monsoon region. Sixty 

percent or more of the world’s population lives in the Asia monsoon region, and the 

effects of the predicted climate changes on the region are expected to be quite serious, 

since most of the countries in the region are agrarian. Our team’s central goal is to 

elucidate the effects of climatic changes on major crops in the Asian monsoon region by 

constructing an evaluation system using meteorological data and crop models. In 

particular, we take charge of development of a system that can simulate the cultivation 

under various conditions (e.g., cultivar, weather, and management). 

We first surveyed the major crop models in Thailand to decide which crop model to 

adopt for the system. We found that the Decision Support System for Agrotechnology 

Transfer (DSSAT) was applied to several crops in Thailand. Next, we developed a 

prototype system to optimize the double cropping of rice and cassava in Thailand. This 

system was implemented using the Java Agricultural Model Framework (JAMF), and 

includes rice and cassava module of the DSSAT. As the input data for the system, solar 

radiation, air temperature and precipitation of 0.05 degree grid data in northeastern 

Thailand were prepared. This data was generated from actual data using a space 

interpolation method developed by Japan’s National Institute for Agro-Environmental 

Sciences. Each crop model was executed 365 times while the transplanting date was 

moved by one day each time, and the maximum yield of each crop was saved in XML 

files and displayed on Google Earth. The results of this system cannot be discussed yet 

because there are no local field data to compare and to verify the results. The 

comparison and verification between the results and the observation data are tasks for 

the coming years. The field data will be prepared by the cooperating institutes. 

 

Keywords:   Double cropping, rice, cassava, 0.05 degree grid meteorological data, 

northeastern Thailand, DSSAT, GRENE-ei CAAM. 
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1. INTRODUCTION 

A Japanese research project, “Climatic Changes and the Evaluation of Their Effects on 

Agriculture in the Asian Monsoon Region (CAAM, 2012)” under the “Green Network 

of Excellence — environmental information (GRENE-ei, 2011)” program from Japan’s 

Ministry of Education, Culture, Sports, Science and Technology (MEXT) was started in 

2011 and will be conducted until 2015. The dual purposes of this project are to improve 

the reliability of climate prediction and to develop the necessary information platform to 

design adaptation and mitigation strategies in agriculture against the predicted climatic 

changes in the Asia monsoon region, which encompasses Thailand, Indonesia, 

Philippines, and Vietnam. Sixty percent or more of the world’s population lives in the 

Asia monsoon region, and the effects of the predicted climate changes on the region are 

expected to be quite serious, since most of the countries in the region are agrarian. 

Five institutions in Japan participate in this project (the Japan Agency for Marine-Earth 

Science and Technology [JAMSTEC], Tokyo Metropolitan University [TMU], the 

University of Tokyo [UT], National Agriculture and Food Research 

Organization/Agricultural Research Center [NARO/ARC; the authors’ affiliation], and 

Japan’s National Institute for Agro-Environmental Sciences [NIAES]), and together we 

research four subthemes: 

1. The development of an agro-climatological database in the region’s developing 

countries (CCR1: JAMSTEC) 

2. The impact of land-use/land-cover (LULC) changes on the Asian monsoon 

climate (CCR2: TMU) 

3. The identification of climatic changes and the elucidation of their effects on 

agriculture based on a field survey (AER1: UT, AER2: NARO/ARC) 

4. The development of an information platform to design adaptation and mitigation 

strategies for major crops against the predicted climatic changes (AER3: 

NIAES) 

The NARO/ARC team researches the subtheme of “Elucidation of the effects of the 

climatic changes on major crops in the Asian monsoon region: Construction of an 

evaluation system using meteorological data and crop models.” The purpose of this 

subtheme is to develop an “evaluation system for major crops in the Asian monsoon 

region affected by climate changes” (hereinafter referred to as the evaluation system) 

that can simulate the growth of major crops in this region. 

2. THE EVALUATION SYSTEM FOR THE EFFECTS  

OF CLIMATE CHANGE ON AGRICULTURE 

The structure of the evaluation system is shown in Figure 1. There are main three 

components of the system: (1) A meteorological data acquisition function, (2) crop 

models and a crop model execution engine that executes the models, and a parameter set 
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for climate change effect simulation, (3) result data with save, display, and comparison 

functions. 

The crop model execution engine is a backbone function to execute a crop model 

repeatedly with conditions represented by numerical expressions. The engine can 

execute various crop models implemented by using a framework, JAMF (Java 

Agricultural Model Framework; Tanaka, 2006) by exchanging similar program parts. 

A crop model (Tanaka, 1997) implemented by using JAMF acquires mainly 

meteorological data obtained through MetBroker (2000, Laurenson, 2002), a type of 

mediation software that exists between applications and databases. MetBroker can 

access many meteorological databases by a unified method that does not require a 

complex database access program. With MetBroker, a crop model can be used 

worldwide with meteorological databases such as those from the U.S. National Oceanic 

and Atmospheric Administration (NOAA) and the Global Dataset of DR and TR (GD-

DR&TR) database (worldwide data in a one-degree grid) without the need to code the 

access program of each database. MetBroker can access a new meteorological database 

simply by developing a driver program. Therefore, it becomes possible for the crop 

model to use data in a new database that the other CAAM teams (CCR1, AER3) will 

construct, by obtaining the data from MetBroker. 

Because the resulting data generated by the evaluation system will be saved in XML 

format, several types of display applications will be available to meet users’ 

requirements. In addition, the accuracy of the evaluation system will be able verifiable 

by comparing the result data and the cultivating data that the AER1 team will observe. 

Result Data 

Crop Model 
Execution Engine 

Crop Models 
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Climate Change 
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Figure 1. The structure of the evaluation system 

for the effects of climate change on agriculture. 
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3. PREDICTION SYSTEM TO OPTIMIZE THE DOUBLE CROPPING  

OF RICE AND CASSAVA IN THAILAND 

We developed a prototype system to optimize the double cropping of rice and cassava in 

Thailand (Figure 2) as the mid-term result of the CAAM project. The system is an 

extended version of the “simulator for the cultivation possibility of rice” (DIAS, 2011, 

Tanaka, 2011) developed for the Data Integration and Analysis System (DIAS, 2006) 

project, and it is a part of the “evaluation system for the effects of climate change on 

agriculture” (Figure 1). The gray parts in Figure 2 are not implemented functions. 

In our survey of major crop models in Thailand, we found that the Decision Support 

System for Agrotechnology Transfer (DSSAT 2004, Jones et al., 1998, 2003) was 

applied to several crops in Thailand. Enhancement of the educational system in 

Thailand and the maintenance of crops and soil databases are the main reasons for the 

spread of the DSSAT to Thailand. This system includes rice (Singh et al., 1993) and 

cassava (Matthews et al., 1994) modules of the DSSAT (version 4.5 for Linux). The 

default configuration (i.e., cultivar, dates, and amounts of fertilizer and irrigation) was 

used to execute, because the local cultivating data are not currently available. 

The prediction system for the DIAS uses one-degree grid data (only for land, about 

15,000 points) whose distance between points is 100 km (Figure 3, left). This resolution 

was adequate because the system simulates conditions all over the world. The 

evaluation system for GRENE simulates conditions in the Asia monsoon region, and 

therefore it requires higher-resolution meteorological data. As the input data for the 

system, the solar radiation, air temperature and precipitation of 0.05-degree grid data 

(w 100 × h 120 = 12,000 points, center point coordinates: 16°30′N, 103°00′E) whose 

distance between points is 5 km in northeastern Thailand (Figure 3, right) were prepared. 

These data were generated using a spatial interpolation method by NIAES from actual 

data observed by the TMD (Meteorological Department of Thailand) and NOAA. 

DSSAT 
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・ Oil Palm 

・ Crude Rubber 
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Figure 2. The structure of the prediction system for double cropping optimization. 
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Each crop model was executed 365 times while the transplanting date was moved by 

one day each time, and the yield and growing period of each crop were recorded. Those 

data were summarized to maximum yield data and displayed on Google Earth (Figure 4). 

The left side of Figure 4 is the rice grain yield, with the transplanting date August 1 and 

maximum cultivation period of 4 months. The right side of Figure 4 is the cassava yield, 

with the starting date December 1 and harvest date July 15. In the regions enclosed in 

the yellow circle, the yields of rice and cassava are more than other regions. These dates 

and periods were set based on the cropping calendar in northeastern Thailand (Figure 5). 

The evaluation equation was decided based on such conditions. 

 
 

 

   

 

 
 

 
 

   

Rice (transplanting date: Aug 1, 
        max cultivation period: 4 months) 

Cassava (starting date: Dec 1, 
        harvest date: Jul 15) 

Figure 4. Results of the prediction system for double cropping optimization. 

Jan 1, 2000 

1 degree (100km) grid (DIAS) 0.05 degree (5km) grid (CAAM) 

Figure 3. The points of meteorological grid data displayed on a map. 
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・ The harvest day of rice is not over the end of November, because cassava should 

be planted in December. 

・ A higher rice grain yield is better. 

・ The harvest day of cassava is between May and July. 

・ A higher cassava yield is better. 

4. RESULTS AND FUTURE PLAN 

The results of this system cannot be discussed yet, because there are no local field data 

to compare and to verify the results. The comparison and verification between the 

results and the observation data are the next tasks for this year and next year. The field 

data and more wide-ranging meteorological data will be prepared by the cooperating 

institutes. 

About 30 sec were required to execute one point, and thus it took 4 days or more for the 

calculation of 12,000 points. The crop model execution should shorten the processing 

time by improving the execution method. Multithreading is an effective acceleration 

technique because the calculation of the crop model for each point is independent. The 

server in which the system is installed has 8 cores/16 threads CPU, and therefore about 

ten times speed-up can be expected. 

The NARO/ARC team’s research is proceeding based on a five-year research plan. In 

2011, we surveyed the major crop models used in Thailand to embed them in the 

evaluation system and to execute them. We found that the DSSAT was applied to 

several crops (rice, cassava, maze, sugarcane, etc.) in Thailand. 

In 2012, the JAMF was improved to enable the use of field observation data 

(meteorological data, soil moisture data, etc.), and to execute the DSSAT. 

In 2012–2013, a prototype of the evaluation system was constructed. The simulation of 

the growth of major crops will be performed under various conditions (e.g., cultivar, 

weather, and management), and the climate change effect will be shown. 

Jan 1 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rainy Season 

Rice Cassava Cassava 6 months 

Suitable cultivation period of  
cassava is over six months 
(starch content will be increased) 

Period with a little volume 
of shipment of cassava 

Figure 5: Clopping calendar in northeastern Thailand 
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In 2013–2014, the accuracy of the prototype system will be improved by comparing the 

results of the evaluation system and the cultivating data that other teams will obtain in 

local fields. 

In 2015, the evaluation system will be implemented as a Web application and deployed 

to the DIAS server. These applications will have good operability and visibility so that 

not only researchers but also administrative officers and farmers can use them. 

5. CONCLUSION 

We introduced the “evaluation system for the effects of climate change on agriculture,” 

which is our team’s development goal in the GRENE-ei CAAM project. The evaluation 

system will be developed to elucidate the effects of the climatic changes on major crops 

in the Asian monsoon region. Our main research products developed in former projects, 

JAMF and MetBroker, will be used to develop the evaluation system. 

Next, we introduced the “prediction system to optimize double cropping of rice and 

cassava” that is a part of the evaluation system. This system includes the rice and 

cassava modules of the DSSAT that are major crop models in Thailand. The input data 

for the system, i.e., solar radiation, air temperature and precipitation of 0.05-degree grid 

data (12,000 points) of northeastern Thailand generated by the NIAES were prepared. A 

more detailed simulation was made possible by using these data. The range and period 

of gird data will be expanded in the future. 

It took 4 days or more to complete the calculation of all points, and the computing time 

will continue to increase as the area of meteorological data expands. The crop model 

execution should thus shorten the computing time by improving the execution method. 

Multithreading is an effective acceleration technique, because the calculation of the crop 

model of each point is independent. 

We also hope to provide an engineer and an administrative officer in each country who 

will obtain the information infrastructure necessary to design climate-change adaptation 

and mitigation strategies in agriculture by presenting detailed predictions of climate-

change effects on farm products based on reliable future climate change. 
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ABSTRACT 
Overexploitation of scarce water resources for irrigation agriculture is a key problem 
impeding a sustainable development in the extremely arid Tarim Basin in China's 
Xinjiang province. Therefore the SuMaRiO (Sustainable Management of River Oases 
along the Tarim River) project develops a Decision Support System (DSS) for 
integrated land and water resource management. To ensure credibility, relevance and 
acceptance of the DSS an inter- and transdisciplinary research approach is applied that 
includes local stakeholders’ knowledge, perception, and preferences from the beginning 
of the project. The DSS-sub-models which are linked within the DSS include 
hydrological models (WASA, SWIM, and MIKE BASIN), quantifying discharge and 
irrigation water availability, bio-geophysical models (EPIC, APSIM), determining crop 
yields and actual crop water use, and farm optimization models (Linear programming), 
deciding farmers’ current and future cropping pattern. Furthermore the response of 
riparian forests along the river, on changes in groundwater level and flooding events is 
determined by self-developed empirical models. The actual land and water management 
measures that can be simulated through the DSS comprise improvement of water 
transmission and storage infrastructure, restriction of agricultural land expansion, 
improvement of agricultural extension service, subsidization of advanced irrigation 
technology and others. Specific ecosystem service (ESS) indicators enable the DSS-user 
to judge the impact of potential water and land resource management measures under a 
range of future climate and consecutive river discharge scenarios. Socio-economic 
scenarios define future developments of agricultural input and output prices, which 
directly enter the farm optimization model. The ESS indicators are then determined for 
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every sub-region annually until 2030 and include among others the status of natural 
riparian ecosystems, farmers’ income, production amount of food, feed and fiber, as 
well as ground and surface water status. 

 
Keywords: Decision support system, water resource management, transdisciplinary 
research, China 
 
 

1. INTRODUCTION  
1.1 Study Region 
The Tarim River Basin is located in the southern part of China’s northwestern Xinjiang 
Uighur Autonomous Region. The major part of the Basin is determined by the 
Taklimakan desert, the world’s second largest sand desert, where annual precipitation 
hardly exceeds 50 mm (NCDC, 2013). Only at the edges of the basin, which are 
nourished by the water, provided through snow and glacier melt from the surrounding 
massive mountain ranges, human settlements and vital natural riparian ecosystems can 
exist. The 1300 km long Tarim River, constituting China’s longest inland river, 
stretches along the northern edge of the Taklimakan desert, and provides water to the 
majority of the basins population (Shen, 2009).  
 

 
Figure 1. Administrative map of the study region “Tarim River Basin” and the location 

of Aksu and Tarim River. 
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From 1964 until 2011 the local population more than tripled (XJSYB, 2012), which put 
enormous pressure on natural resources, especially scarce water resources. Domestic 
and industrial water use competes directly with water demand for irrigation agriculture, 
which experienced a tremendous increase in the past. The total area of agricultural 
production in the four administrative regions of the Tarim River Basin (Aksu, 
Bayangol, Division 1 and Division 2) increased from 0.6 million ha in 1989 to nearly 
1.5 million ha in 2011. The major agricultural commodities are cotton and fruits, while 
the latter experience a rapid increase in the last decade (XJSYB & BTSYB 1990-2012). 
 
As a consequence of increased water abstraction for human purposes, groundwater 
tables along the river are depleting and the river bed in the lower reaches of the river fell 
dry frequently during the last decades. This not only led to an ongoing degradation of 
riparian ecosystems, but also caused tremendous yield losses for farmers in the middle 
and lower reaches of the river (Thevs, 2011). This trend is likely to exacerbate with 
future climate change leading to an even more incalculable river runoff and related 
water availability. As agriculture is still by far the most important income source for the 
local population it is crucial to find a balance between different water users along the 
river, while satisfying the water demand of natural ecosystems to at least maintain their 
vitality. 
 

1.2 SuMaRiO Project 
To support a more sustainable development in the region the Sino-German research 
project SuMaRiO (Sustainable Management of River Oasis along the Tarim River) was 
launched in 2011. Eleven German and numerous Chinese research institutions jointly 
conduct field research, field surveys and various modeling approaches in the fields of 
hydrology, climatology, ecology, geophysics, agriculture and others. The central 
question of the research project is how to manage land use, i.e. irrigation agriculture and 
utilization of the natural ecosystems, and water use in a the very water‐scarce Tarim 
region, with changing water availability due to climate change, such that ecosystem 
services and economic benefits are maintained in the best balance for a sustainable 
regional development (SuMaRiO, 2011). 
 
In the 1990s the Tarim Basin Water Resource Bureau (TBWRB) was founded to 
facilitate basin wide water resource management (World Bank, 2006). This should 
include a fair allocation of water resources among the different stakeholders along the 
river. However, historically established water use rights and a lack of awareness of 
overexploitation of water resources counteract this endeavor. To support the actual 
implementation of a basin wide water resource management plan it is vital to provide 
credible information on the outcomes of certain management measures under possible 
future developments to the TBWRB. 
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2.  THE TARIM-DSS 
The “Tarim-DSS” covers the timespan 2015 until 2030, and the entire 1300 km long 
Tarim River, which is divided into three sub-regions. The DSS as the common project 
output is realized through an intensive interdisciplinary cooperation among all research 
groups within the project. To ensure credibility, relevance and acceptance of the DSS a 
transdisciplinary research approach is applied that includes local stakeholders’ 
knowledge, perception, and preferences from the beginning of the project. This is 
realized by frequent stakeholder workshops conducted jointly by Chinese and German 
project partners in the provincial capital Urumqi, or directly in the Tarim Basin in Aksu, 
Alar and Korla city. The joint development of the DSS together with local stakeholders 
aims at strengthening the ownership of the DSS by the local people, and ensures the 
outreach of the project far beyond the actual end of the project, which is scheduled for 
spring 2016. 

2.1 Scenario Approach 
Considering the inherent uncertainties of future developments in the target region 
regarding climatic developments as well as demographic and socio-economic 
developments a scenario approach is applied to realize a viable DSS. In that respect the 
developed scenarios are less targeted at predicting or forecasting the future, but rather at 
highlighting possible future developments, which is also proclaimed by Alcamo and 
Gallopin (2009) as well as Groves and Lempert (2007). Therefore the Tarim-DSS will 
consider a small number of diverse futures, which should fundamentally engage and 
confront the decision maker’s view of the future. Three different types of scenarios can 
be combined freely within the frame of the final DSS. The climate and runoff scenarios 
(C-scenarios), as well as socio-economic and demographic scenarios (E-scenario) will 
define the external conditions, which cannot be influenced by the local decision makers. 
Those set the frame for the management scenarios (M-scenarios), which present 
possible combinations of specific future water and land resource management measures. 

2.1.1 Climate and Runoff Scenarios 
Four regional climate and runoff scenarios determine future temperature and 
precipitation. The change in precipitation, as well as effect of changing temperature on 
snow- and glacier-melt will lead to changes in river-discharge and water availability at 
the upper reaches of the Tarim River, which is determined using SWIM and WASA 
models. The regional climate scenarios are developed using different global emission 
scenarios (SRES B1, A1B, A2; RCP2.6, RCP4.5, RCP8.5), two global climate models 
(ECHAM5/MPI-OM, MPI-ESM-LR) and different downscaling procedures (STARS, 
CCLM, REMO). In that way the consortium aims at covering a wide range of 
uncertainty related to future regional climate. Finally four C-scenarios are selected, 
which differ significantly in absolute changes of precipitation, temperature and river 
discharge. Additionally certain scenarios might feature an intra-seasonal shift of river 
discharge; i.e. discharge peak occurs significantly earlier/later in the growing season. 
Furthermore scenarios might differ regarding their stability/fluctuations of timing and 
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amount of water availability over the years; i.e. C-scenario A presents very stable water 
availability over all years of the DSS, while in C-scenario B relatively dry years occur 
now and again. 

2.1.2 Socio-economic and Demographic Scenarios 
Factors that cannot be influenced by local decision making are defined through the two 
E- scenarios. In an iterative process, which was realized through a series of workshops 
among German project partners, along with frequent consultation of local decision 
makers, the two socio-economic and demographic storylines “cotton boom” and “cotton 
decline” were developed (Tab. 1). The two storylines cover the range of possible socio-
economic and demographic developments, as well as future agricultural input and 
output prices, which serve as input parameters for the respective DSS-sub-models. 
 

Table 1. Major features of two storylines of socio-economic-demographic scenarios 
Cotton boom Cotton decline 
Increasing cotton demand Slight decrease of cotton demand 
Supportive agricultural policy (pegged 
market) 

Liberalized cotton (& agr. commodity 
market) 

Strong increase cotton and medium 
alternative crops’ prices 

Slight decrease of agricultural commodity 
prices 

Steadily increasing population Population maintains 
Strongly increasing urbanization Slow urbanization 
Very positive economic development Economic development slightly positive 
Strong increase in domestic water 
demand Slight increase of domestic water demand 

Strong increase in perishable food 
demand Slight increase in perishable food demand 

 
The two storylines will be quantified through quantitative projections of historic 
developments in the region, and through projections of future global and Chinese 
agricultural commodity and agricultural input prices, which are provided by the GLUES 
project (GLUES, 2013). 

2.1.3 Water and Land Resource Management Scenarios  
Finally a series of resource management scenarios will be developed together with local 
stakeholders and decision-makers. Each management scenario has a specific focus or 
theme and displays logical and consistent combinations of land and water resource 
management measures in the region. Possible M-scenario theme might be: “Local 
profit”, i.e. every county tries to maximize their monetary benefit through allocating as 
much water as possible to their stakeholders’ regardless of downstream users, water 
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demand of natural ecosystems and negative consequences for future generations; 
“Regional benefit”, i.e. water resources are allocated with the goal of maximizing 
regional monetary output now and in the future; “Nature & Tourism”, i.e. nature 
reserves are strongly expanded, while an intact and vital riparian ecosystem attracts 
tourists, which generates income alternatives for the local population. 
Examples of parameters determined by the M-scenarios are as follows. Regarding water 
management, the scenarios define actual water allocation in space and time, the local 
and regional investments in water storage (reservoirs) and transmission (channels) 
infrastructure, as well as water pricing policy (per area, volumetric water price, water 
quota). With respect to land management, agricultural land expansion may be restricted 
or permitted, and new nature reserves may be designated. Additionally regional 
agricultural policy can be defined in the M-scenarios e.g. subsidization of advanced 
irrigation technology, subsidization for certain water saving crops, and improvement of 
agricultural extension service. 

2.2 DSS sub-model linkages 
Within the DSS a range of sub-models are linked to quantify the effects of different 
scenario combinations. The specific linkages and model cascade is described below. 
The agricultural production is defined by the regional farm optimization model, which 
is strongly influenced by the E-scenarios’ agricultural commodity price developments. 
Representative farms of each sub-region decide their cropping pattern at the beginning 
of the year, based on experienced agricultural input and output prices and experienced 
average yields of different crops. The potential yields of the prevailing crops in the 
region are determined by the crop growth model EPIC. In that way the hypothetical 
amount of irrigation water used by the farmers for optimal yield is defined. In the next 
step it is checked whether this irrigation demand can be satisfied with the river 
discharge in every sub-region through the hydrological model MIKE BASIN. After 
subtracting daily domestic and industrial water demand for each sub-region, irrigation 
water is allocated to all farms within each sub-region trying to cover crops’ actual 
demand. The actual water availability at farm gate will depend on river discharge as 
well as the sub-regions’ water transmission and storage capacities. Discrepancy between 
demand and actual supply is then quantified by MIKE BASIN on a daily basis. 
In case water shortage occurs for certain crops, EPIC model determines the actual 
crops’ yields under sub-optimal conditions. As outputs the actual crop yields are 
provided to the farm optimization model to assess the farms’ gross margins, and actual 
crop water use is provided to MIKE BASIN to determine the surface water availability 
for downstream users, and its influence on groundwater status along the river. Finally 
the response of the riparian ecosystems, on changes in groundwater level and flooding 
events is determined by self-developed empirical models. This model cascade will be 
calculated for every year from 2015 until 2030. 
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2.3 Valuation of DSS output applying ESS concept 
The future developments under specific scenario combination can finally be evaluated 
by the DSS-user through the display of the status of specific ecosystem service (ESS) 
indicators. Those are determined for every scenario combination annually until 2030. 
Those ESS indicators include the aesthetic value of natural and manmade ecosystems, 
the provision of habitats for unique plants and animal species, the provision of shelter 
from sand drift, soil erosion and related sandstorms, the production amount of wood, 
fish catch, household water supply, the production amount of food, feed and fiber, as 
well as farmers’ income. 
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ABSTRACT 
 

In the Interreg IV, EU project 'The healthy greenhouse' a new integral crop protection 
system is developed. Part of the project is the development of autonomous robots for 
monitoring individual plants. One of the sensors for monitoring is an application-
specific multispectral camera for detection of fungal diseases. In this paper the 
development of this camera is described, starting from a laboratory based hyperspectral 
system. Using feature selection the number of bands is reduced to eight. Results from 
the analysis of the reduced images show that 90% of the pixels are properly classified. 
These bands will be validated in a fast filter wheel multispectral system in the 
greenhouse. Final goal of the project is real-time multispectral camera using micro 
patterned coatings on individual pixels. 

  
Keywords:   Hyperspectral imaging, multispectral imaging, feature selection, 
classification, Netherlands. 
 

1. INTRODUCTION  
 
In the Interreg IV, EU project 'The healthy greenhouse' a new integral crop protection 
system is developed (www.gezondekas.eu) for sustainable management for modern 
horticultural companies. Ten research institutes and twenty-two companies from the 
Netherlands and Germany cooperate on designing a complete system for integral 
monitoring and control on micro and macro scale. For monitoring individual plants, two 
autonomous robot platforms are developed. The side crop view robot platform is used 
for monitoring high plants like tomato and sweet pepper from the side. The top crop 
view robot platform will monitor plants that grow on or in the ground, like pot plants, 
from the top. The robot platforms will be equipped with all kind of sensors, e.g. 
electronic nose, a chlorophyll fluorescence camera, multispectral camera and actuators, 
for precision spraying or handling of the crop.  
 
1.1 Application-Specific Multispectral Camera 
 
One of the cameras on the robot platforms is an application-specific multispectral 
camera for detection of fungal diseases. In this paper we describe the first steps in 
developing this camera. Cyclamen is used as model crop. Cyclamen are particularly 
susceptible to grey mould caused by Botrytis cinerea. This causes a grey fuzzy mould 
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on infected plant parts, and also attacks the stalks of developing leaves and flowers, 
causing them to collapse. The ultimate goal of the project is to develop a fast 
multispectral camera using PIXELTEQ technology (Eichenholz et al., 2010) in three 
steps: 

1. Image diseased and healthy plants in the lab using a slow hyperspectral imaging 
system with 185 spectral bands, and find the most discriminating bands. 

2. Validation in the greenhouse with a fast filter wheel based system using the 
bands found in step 1. 

3. On sensor implementation using micro patterned coatings on individual pixels 
for an application-specific camera. 

In this paper we describe an experiment with healthy and diseased Cyclamen plants 
using hyperspectral imaging and the selection of the most discriminating wavelengths 
for use in a multispectral camera. The performance of disease classification using 
multispectral data and hyperspectral data is compared. 
 

 
 

 
Figure 1. Example Cyclamen plants with different degree of Botrytis infection, 1-

Healthy, 2-Infected, 3-Diseased, 4-Heavily diseased. 
 

1 2 

3 4 
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2.  MATERIAL AND METHODS 
 
In two experiments 72 plants were imaged using a hyperspectral camera in the classes: 
Healthy (18), Infected (18), Diseased (18) and Heavily diseases (18). In Figure 1 shows 
example plants from each class. 
 
2.1 Hyperspectral Imaging 
 
A hyperspectral camera setup was built for recording whole Cyclamen plants. The 
system is based on a pushbroom imaging spectrograph. Detailed information can be 
found in Polder et al. (2003). Figure 2 shows a photograph of the hyperspectral imaging 
setup used in the laboratory. Figure 3 shows an example hyperspectral image cube. 
 

 
Figure 2. Photograph of the hyperspectral imaging setup. 

 

 
Figure 3. Example of a hyperspectral image data cube. Each pixels consists of a 

complete reflection spectrum at its position. 
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The spectral range is 400-1000 nm, in steps of 3.12 nm, resulting in 192 spectral bands. 
Since biological objects always have smooth reflectance spectra, averaging each 
subsequent 5 bands reduced the images. This way the computing performance increases 
substantially. The resulting images consist of 37 bands, with a bandwidth of 15 nm.  
In the plant images mainly five regions with different spectral signatures are present: 
blue background, white flower, red flower, leaf and diseased area. Figure 4 shows the 
mean spectra of the different classes of all plants from the first experiment. Supervised 
training using linear discriminant analysis was done on a small number of manual 
selected pixels from the five regions. This results in labeled images with the defined 
classes. The results show very good localization of infected spots. These labeled images 
are used as ground truth for selecting the most discriminating wavelengths for filter 
selection for the multispectral camera. 
 

 
Figure 4. Mean spectra of different classes for all plants (first experiment). 

 
 
2.1 Selection of Most Discriminating Wavelengths 
 
The resulting labeled images from the previous step, showing the different classes, were 
calculated using the 37 bands from the reduced hyperspectral images. In order to select 
filters for an 8 band multispectral camera, most discriminating wavelength bands needs 
to be selected. 5% of the all pixels were used for this feature selection. Feature selection 
consists of a search algorithm for finding the space of feature subsets, and an evaluation 
function that inputs a feature subset and outputs a numeric evaluation. The goal of the 
search algorithm is to minimize the evaluation function. 
Forward feature selection with linear discriminant analysis as evaluation (Polder and 
van der Heijden, 2010) was used.  
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3.  RESULTS AND CONCLUSIONS 
 

Eight bands were selected from the total of 37 bands, using artificial selected filters with 
a rectangular transmission curve and a bandwidth of 15 nm. Features (bands) selected, 
in order of importance are:  497, 635, 744, 839, 604, 728, 542 and 467 [nm]. 
The selected features were validated on 5% of the remaining pixels. These pixels were 
not used in the feature selection step, resulting in an independent evaluation result. 90% 
of the pixels were properly classified, which indicated that the selected bands are 
suitable for Botrytis selection in Cyclamen. To check the results visually, the 
classifications of the 37 band hyperspectral images are compared to the classification of 
the 8 selected bands. Figure 5 shows the results of four example images. The red label 
shows the diseased area. From this figure we see that classification of the diseased area 
is almost the same for the 37 band and the 8 band images. 
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Figure 6. Examples of classified Cyclamen plants, left; classified on 37 bands, middle; classified on 8 bands from feature 
selection, right; colour image, calculated from hyperspectral image. 
  

 
Figure 5. Examples of classified Cyclamen plants. Left; classified on 37 bands, middle; 

classified on 8 bands from feature selection, right; colour image, calculated from the 
hyperspectral image. 
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Figure 6 shows the size of the diseased area for all plants from the first experiment (10 
plants per class), based on the labeled images using 8 bands. The red line clearly 
separates the healthy plants from the others, except for one plant. The diseased area was 
calculated as the ratio between the number of red pixels and the total plant area. Using 
more advanced image features presumably will improve the results. 
 

 
Figure 6. Size of diseased area for all plants, based on the labeled 8 band image data. 

 
For implementation on the fast filter wheel camera the transmission curves of all 
available filters will be used in the feature selection analysis, which will result in a 
selection of the best performing filters for validating in the greenhouse using the fast 
filter-wheel camera (step 2). When the results of this validation are satisfactory, the 
same procedure will be done using the available PIXELTEQ transmission curves and 
finally an application-specific camera using micro patterned coatings on individual 
pixels will be developed. 
 

�	  Healthy	   
�	  Infected 
�	  Diseased	   
�	  Heavily	  diseased 
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ABSTRACT
 

ArcGIS software was used for individualization of landform morphographic heterogeneity in five 

(5) different mountainous broadleaf forest areas from Basilicata region, located in South Italy. 

Regional hydrogeological risk was based on defence plan for hydrogeological risk (Watershed 

Authority of Basilicata Region). It was considered as good prediction feature of landform 

morphographic heterogeneity for timber harvesting operations and new forest road construction for 

timber extraction. Orographic characteristics, such as slope, watershed systems features, and other 

natural obstacles were considered. The regional law and forest management plans as constraints for 

timber extraction were also considered. The analysis allowed identifying forest areas with high 

landform morphographic heterogeneity, and orographic or watershed restrictions to be considered in 

the planning and timber extraction optimization. This methodological approach should be tested in 

other mountainous forest regions subjected to slope instability. 

Keyword: Hydrogeological risk, Landform morphographic heterogeneity, Timber harvesting, New 

forest road construction, Law and forest management plan constraints 

1. INTRODUCTION 

The GIS is a software technology that allows you to locate and analyze objects and events that 

occur on the earth, while the Italian SIT (Territorial information system) is a set of hardware 
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mailto:nicola.moretti@unibas.it
mailto:sdias@esaelvas.pt
mailto:opovoa@gmail.com


C0248. Giovanni Pecora, Nicola Moretti ,Susana Saraiva Dias, Orlanda Póvoa, “The Hydrogeological Risk as a 

potential tool for landform morphographic heterogeneity prediction in forestry exploration”. EFITA-WCCA-CIGR 

Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

technology components, software and human resources capable to process, store, analyze and 

integrate spatial data to produce information for the government and management of the territory 

(Masoni et al., 2005). There are various software technologies used based on GIS, as well as 

experiences within forestry sciences based on the management of digital territorial data (Pira and 

De Natale, 1999) that were used to access road infrastructure network in the forest (Scrinzi et al. 

1999).  

Usually, the landform morphographic heterogeneity (accidental nature of the ground) is defined as 

the presence of natural obstacles (river presence, hollows, protruding rock) that difficult human 

transit and vehicles movement in the forest. Normally, the landform morphographic heterogeneity 

increases with the land slope (Hippoliti, 1994). 

In this study a further territorial constraint is proposed, hydrogeological risk, which in the opinion 

of the authors, could have a significant impact in the Forest Management Planning. Regional law 

and forest management plans constraints were also considered.  

By combining and analyzing information from orographic type, hydrographic network, and 

hydrogeological risk, cartographic models of analysis can be processed aimed to identify, site by 

site in the forest, the landform morphografic heterogenity constraints. These affect the new traffic 

road planning for timber extraction operations, improving rationality in relation to the land 

conformation features and the “natural obstacles” (territorial constraints) present in the area.  

The main goal of this study is to optimize the timber extraction in Appennine mountainous areas 

with the aid of geographic information systems (GIS). This approach was developed for new road 

construction in timber extraction sector within five forested areas in the province of Potenza, 

Basilicata region, Italy. 

2. MATERIALS AND METHODS 

The five studied forest areas are Regional Forests belonging to the province of Potenza, Basilicata 

region in Italy: Bosco Grande Forest, Grancia Forest, Fossa Cupa Forest, Lata Forest, and Rifreddo 

Forest. 

In the forest utilization planning, there are factors not editable, especially territorial, such as slope, 

hydrographic network and hydrogeological risk that do not allow the optimization of the forest 

timber extraction and new road construction, which is a key factor for forest management. These 

three layers of information, as well as the legal constraints were used to build the cartographic 

model presented. All GIS analysis were performed using ArcGIS 10 (ESRI, 2011). 
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2.1 Slope analysis  

The slope analysis was performed using the DEM (Digital Elevation Model), which has been 

processed with the Spatial Analyst Tool "Slope", and was then reclassified as percentage 

considering five classes according to Hippoliti (1994): 0-20%, 21-40%, 41-60%, 61-81% and > 

80%.The upper classes distribution were analysed and its incident area calculated for each forest, as 

shown in Figure 1.  

 

Figure 1: Ortophoto of Basilicata region from Fossa Cupa forest - example of slope classes 

calculated with Spatial Analyst tool “Slope”, above 60%. 

The slope gradients influence the new roads construction in forests, in fact land slopes above 60% 

were not considered for road construction, beeing considered as territorial constraints, for the forest 

road planning in the timber extraction. 

2.2 Hydrographic network analysis 

This analysis focused on the rivers presence in the forests, and their influence on the timber 

harvesting operations and new roads construction, in the same five different wooded area of the 

Lucano Apennines. 

A shape file has been constructed for determination of river surface incident on entire forest surface. 



C0248. Giovanni Pecora, Nicola Moretti ,Susana Saraiva Dias, Orlanda Póvoa, “The Hydrogeological Risk as a 

potential tool for landform morphographic heterogeneity prediction in forestry exploration”. EFITA-WCCA-CIGR 

Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

The shape file was made by editing the hydrographic layer of Basilacata region government, and 

adding the rivers (seasonal river) not present on it, by digitizing over a map IGM 1:25.000 and the 

Ortophotos of Basilicata region, as shown in Figure 2. 

The river surface has been calculated building a buffer with 15 m width. This parameter is a 

measurement average of the rivers width with the aid of ArcGIS measurement tool, by photo 

interpretation. 

 

Figure 2: Ortophoto of Basilicata region from - example of hydrographic network and added stream 

in Bosco Grande forest. 

2.3 Hydrogeological risk 

The hydrogeological risk analysis was conducted using a reference layer downloaded from the 

website of Watershed Authority of Basilicata Region (Autorità di Bacino Regione Basilicata, 2013). 

The shape file was clipped for each forest, with Arcgis Geoprocessing Tool “Clip”, and then it was 

calculated its incident area on each forest. The risk was classified in four classes according to 

Watershed Authority of Basilicata region (2013), R1, R2, R3, and R4, as shown in Figure 3. 



C0248. Giovanni Pecora, Nicola Moretti ,Susana Saraiva Dias, Orlanda Póvoa, “The Hydrogeological Risk as a 

potential tool for landform morphographic heterogeneity prediction in forestry exploration”. EFITA-WCCA-CIGR 

Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

The Hydrogeological risk classification is: 

 R1 = Area where it is possible the establishment of phenomena involving social and economic 

damage to the marginal environmental and cultural heritage; 

 R2 = Area where it is possible the establishment of phenomena involving minor damage to 

buildings, infrastructure and environmental heritage, which do not affect the economic activities 

and the practicability of the buildings; 

 R3 = Area where it is possible the establishment of phenomena involving risk to the safety of 

persons, functional damage to buildings and infrastructure, the disruption of socio-economic 

activities, damage to the environment and cultural heritage; 

 R4 = Area where it is possible the establishment of phenomena which may cause loss of human 

life and / or serious injury to persons, severe damage to buildings and infrastructure, damage to 

the environment and cultural heritage, the destruction of socio-economic activities. 

 

Figure 3: Ortophoto of Basilicata region from - example of hydrogeological risk presence, in 

Rifreddo forest. 

2.4 Law constraints 

Legislative constraints were also considered. In fact, starting from the Basilicata Regional Law 

42/98, rules on forestry, art. 16, it is clear that the provisions relating to determination, exclusion 
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and exemption of land in respect of hydrogeological restrictions, the rules and procedures laid down 

in R. D. 3267/1923, the R.D.L. 1126/26 and subsequent amendments and additions. The bounded 

area determination, in according with Title I, Chapter I, Section I, of the R.D. 3267/1923, must be 

preceded by a general recognition in the case of land included in a catchment area, in order to 

determine the hydrogeological conditions of it and the prevalent forms of land use and the included 

forests. 

The Basilicata region government forest management plan restrictions were also considered. The 

main function of forest plans considered include that forests have two functions: production 

function and soil protection function, (Regione Basilicata, 2004). The operations of timber 

extraction and new road construction cannot be applied on the forest land under hydrogeological 

restrictions. 

3. RESULTS AND DISCUSSION 

The proposed methodology allowed the identification of the areas having different territorial 

constraints within forests.  

The impact of each constraint is based on the percentage of the total area that it represents (Table 

1). 

The results obtained from the spatial analysis showed that the hydrogeological risk in some areas is 

a real landform morphographic heterogeneity constraint. In fact, as shown in Table 1, the 

hydrogeological risk is present, especially, in Rifreddo forest (41 ha, 22%) and in minor amount in 

Grancia forest (22 ha, 5%), while in other forests it is absent (Fossa Cupa forest) or present in minor 

amount. The analysis of the other two territorial constraints showed that slope constraint has a 

bigger impact in Fossa Cupa forest (116 ha, 22% area forest), while in other forests as a minor 

importance (Lata Forest) or is even absente.  

Hydrographic network covers all the forests. The main problem that hydrographic network creates 

for the new road construction, it is not the total hectares, but its disposition in the forest, in fact, 

often it has a fan shape that covers almost the entire forest area, as shown in Figure 2. 

In fact, the forest managers need information about the potential impacts of roads on large areas to 

conduct cumulative effects analyses and watershed analyses for planning new road construction, 

and maintenance (Luce et al., 2001; Switalski et al., 2004). 

The Figure 4 shows the effect of landform morphographic heterogeneity constraints on the new 

road construction proposal for the timber extraction. As it can be seen, in the blue circled area the 

negative effect of the constraints on a hypothetical road construction is shown, leaving a large area 

totally without roads. The main problem which the spatial analysis shows is the connexions of all 

constraints, which cover a good part of forest area. 
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Table (1): Landform Morphographic Heterogeneity in 5 forests of Basilicata region 

Forest Landform Morphographic Heterogeneity  

Forest  Forest area  Hydrographic network Slope 

Hydrogeological risk 

 instability 

Name  ha ha % ha % ha % 

Bosco Grande 472 30 7 0 0 8 2 

Fossa Cupa 746 53 7 116 16 0 0 

Grancia 456 22 5 0 0 22 5 

Lata 755 52 7 11 2 5 1 

Rifreddo 173 14 8 0 0 41 24 

 

 

Figure 4: Example of landform morphographic heterogeneity constraints in Lata forest. Blue line 

limits an area with several constraints. 

4. CONCLUSIONS 

The proposed analysis model allows to provide guidelines to identify a good planning strategy for 

new road construction in forest areas for timber extraction. In fact, the connections between 
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territorial and legislative constraints do not allow to use and reach all forest points, for this reason it 

is desirable a prior spatial analysis, to improve forest planning (private or public), using advanced 

software systems, such as GIS tools, in order to optimize the work of forest companies (private or 

public). 

5. REFERENCES 

Autorità di Bacino Regione Basilicata 2013. Piano Stralcio per la Difesa dal Rischio 

Idrogeologico. Cap. 4 pp 162-163, http://www.adb.basilicata.it/adb/pStralcio/download.asp 

ESRI, 2011. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research 

Institute 

Hippoliti, G. 1994. Le utilizzazioni forestali. Editrice CUSL, Firenze. pp 19-20, 22 

Luce, C. H. and T. A. Black. 2001. Effects of Traffic and Ditch Mainenance on Forest Road 

Sediment Production, The Seventh Federal Interagency Sedimentation Conference, Reno, 

Nevadad, March 25-29, 2001, p.V67-V74 

L.R. n. 42/98 . Norme in materia forestale. Art.16 ,vincolo idrogeologico. 

Masoni, M., Dibari, C., Siddi, E. 2005. I Sistemi Informativi Territoriali. Provincia di Pisa. [online] 

URL: http://sit.provincia. pisa.it/sisterims/html/Corso_SIT/Corso_pagina_iniziale. Htm 

Pira, G., De Natale, F. 1999. La gestione  dei dati digitali territoriali nell’attività forestale. Alcune 

esperienze di programmazione come integrazione nell’uso dei GIS. Dendronatura 2/99, 

Associazione Forestale del Trentino, Trento. pp. 34-37. 

Regione Basilicata. 2004. Forest management plan, Environment Italian Ministry, Basilicata region 

government, INEA, Forestry police 

R.D n. 3267/1923. Riordinamento e riforma della legislazione in materia di boschi e di terreni 

montani. 

R.D.L 1126/26. Approvazione del regolamento per l'applicazione del 30 dicembre 1923, n. 3267, 

concernente il riordinamento e la riforma della legislazione in materia di boschi e di terreni 

montani. 

Scrinzi, G., Picci, M., Floris A. (1999). Analisi in ambiente GIS per la valutazione del grado di 

infrastrutturazione viaria delle aree forestali. Dendronatura 2/99, Associazione Forestale del 

Trentino, Trento, pp. 63-73 

Switalski, T. A., J. A. Bissonette, T. H. DeLuca, C. H. Luce and M. A. Madej, (2004), Benefits and 

Impacts of Road Removal, Frontiers in Ecology and the Environment, 2(1): 21-28. 
 

http://www.adb.basilicata.it/adb/pStralcio/download.asp


 

C0241, S. M. Kim, S. J. Kim, M. W. Jang, “Climate Change Vulnerability Assessment 
for Agricultural Infrastructure in Korea”, EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

1 

Climate Change Vulnerability Assessment for Agricultural 
Infrastructure in Korea 

 
Sang Min Kim 1*, Sung Jae Kim 2, Min Won Jang 1 

 
1Department of Agricultural Engineering (Institute of Agriculture and Life Science), 

Gyeongsang National University, Jinju 660-701, Republic of Korea 
2System Department, Greentek Inc., Anyang 431-804, Republic of Korea 

* Corresponding author. Tel: +82 557721933; fax: +82 557721939. E-mail address: 
smkim@gnu.ac.kr 

 
ABSTRACT 

 
The purpose of this study was to evaluate climate change vulnerability over the 
agricultural infrastructure in terms of flood and drought using principal component 
analysis. Vulnerability was assessed using vulnerability resilience index (VRI), which 
combines climate exposure, sensitivity, and adaptive capacity. Ten flood proxy 
variables and six drought proxy variables for the vulnerability assessment were selected 
by opinions of researchers and experts. The statistical data on 16 proxy variables for the 
local governments were collected. To identify major variables and to explain the trend 
in whole data set, principal component analysis (PCA) was conducted. The result of 
PCA showed that the first 3 principal components explained approximately 83% and 
89% of the total variance for the flood and drought, respectively. VRI assessment for 
the local governments based on the PCA results indicated that provinces where having 
the relatively large cultivation areas were categorized as vulnerable to climate change. 
 

 
Keywords: Climate change; vulnerability assessment; vulnerability resilience index; 
principal component analysis; agricultural infrastructure; Republic of Korea 
 

1. INTRODUCTION  
 
The linear warming trend over the last 50 years (0.13oC per decade) is nearly twice that 
for the last 100 years. The total temperature increase from 1850-1899 to 2001-2005 is 
0.76 oC. More intense and longer droughts have been observed over wider area since the 
1970s. Increased drying linked with higher temperatures and decreased precipitation has 
contributed to changes in drought. The frequency of heavy precipitation events has 
increased over most land areas, consistent with warming and observed increases of 
atmospheric water vapor (IPCC, 2007).  
Climate change has recently become a new challenge to sustainable agriculture. 
Changes in air temperature and rainfall and the resulting increases in frequency and 
intensity of droughts and flooding require a more secure water management system to 
adapt to climate change. Securing agricultural water supplies to maintain agricultural 
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sustainability is one of the more pressing adaptation measures needed in order to cope 
with climate change impacts (Yoo and Kim, 2007). 
The Korean government has put a lot of effort into establishing good irrigation systems 
for stable food production. The percentage of irrigated rice paddy fields to total rice 
paddy area has increased from 75% in 1980s to ca. 80% in 2005 (Agricultural and 
Forestry Statistical Yearbook, 2006). Due to this effort, agricultural damage in Korea 
during 1991-2000 was mostly attributed to rain, typhoons, and heavy snow, while 
drought did not account for major damage during the same period (Shim et al., 2003). 
This shows that Korea has fairly high adaptation capacity to respond to drought 
damage. However, climate change and the variability expected in the future may 
influence the stability of the current irrigation system, resulting in a reduction of the 
adaptation capacity. On the other hand, Korean agriculture is highly susceptible to flood 
damage. Shim et al. (2003) characterized agricultural damage based on contributory 
causes during 1904~2000 and found that heavy rain and typhoons were the biggest 
contributor (38%) to total agricultural damage. Climate change is reported to influence 
the frequency and intensity of heavy rain which have a strong impact on agricultural 
sustainability. Local distribution of resilience to flood damage can be regarded as one of 
the most important components comprising the locally-specific adaptive capacity to 
climate change (Yoo and Kim, 2007). 
The purpose of this study was to evaluate climate change vulnerability over the 
agricultural infrastructure in terms of flood and drought using principal component 
analysis. Vulnerability was assessed using vulnerability resilience index (VRI), which 
combines climate exposure, sensitivity, and adaptive capacity. 
 

2.  MATERIALS AND METHODS 
 

2.1 Vulnerability Assessment 
 
The word ‘vulnerability’ is usually associated with natural hazards like flood, droughts, 
and social hazards like poverty etc. Moss et al. (2001) conducted a study assessing 
vulnerability to climate change in different regions of worldwide. 
Vulnerability-Resilience Indicator Prototype (VRIP) model was developed to compare 
the national vulnerability-resilience indices against a global index (Moss et al., 2001). A 
country’s or region’s vulnerability to climate change is assumed to be a function of 
three factors: 
• Exposure–the nature and extent of changes that a place’s climate is subjected to with 
regard to variables such as temperature, precipitation, extreme weather events, sea level; 
exposure is location-dependent. 
• Sensitivity–how systems could be negatively affected by the change in climate, e.g., 
how much land could be inundated by sea level rise, how much might crop yields 
change, or how much might human health be affected. 
• Adaptive capacity–how much capability a society has to adapt to the changes so as to 
maintain, minimize loss of, or maximize gain in welfare. 
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As the climate change vulnerability index by Moss et al. (2001) was not applicable to 
assess the local vulnerability, we applied the modified index adjusted for the Korean 
context developed by Yoo and Kim (2008). The procedure for calculating the 
vulnerability-resilience indicator in this study is presented in Fig. 1. 
Proxy variables for the vulnerability assessment for agricultural infrastructure in terms 
of drought and flood in this study are shown in Table 1. Proxy variable are listed with 
the three categories of sensitivity, exposure, and adaptation. The data for the proxy 
variables were obtained from the Korean Statistical Information Service, the yearbook 
of agricultural land and water development statistics, and Korea Meteorological 
Administration, etc. Since the units and data range varied across the components, each 
data set was rescaled fro 1 to 10 scales in order to standardize the data.  
 

 

Fig. 1. Calculation procedure of Vulnerability Resilience Indicator (VRI) (Yoo and 
Kim, 2008) 

 

2.2 Principal Component Analysis 
 
To identify the major variables and to explain the trend in whole data set, principal 
component analysis (PCA) was conducted. PCA is a multivariate technique for finding 
patterns in data of high dimension. PCA helps expressing the data in such a way as to 
highlight their similarities and differences. The advantage of PCA is that it can 
compress the data by reducing the number of dimensions without much loss of 
information.  
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Table 1. The selected proxy variables and codes for flood and drought 

Category 
Classification 
Flood Drought 

Sensitivity  

Average daily rainfall (≧80mm) 
(FS01) 
Day of rainfall (≧80mm) (FS02) 
Maximum daily rainfall (FS03) 

Annual rainfall (mm) (DS01) 
Maximum continuative non rainfall 
days (DS02) 

Exposure 
Farmland area or ratio (FE01) 
Greenhouse cultivation area (FE02) 
Farmland mean altitude (FE03) 

Farmland area or ratio (DS03) 
Rain-fed paddy field area or ratio 
(DS04) 

Adaptation 

Drainage canal length (FA01) 
Drainage pumping station capacity 
(FA02) 
Land Consolidation area (FA03) 
River improvement (%) (FA04) 

Well-irrigated paddy area or ratio 
(DA01) 
Forest area or ratio (DA02) 

 

3. RESULTS AND DISCUSSION 

3.1 Statistics for the Proxy Variables  
 
The data of 10 proxy variables for flood and 6 for drought were collected.  The average, 
variance, and other statistics were calculated for the proxy variables.  Fig. 2 shows the 
part of calculated data for proxy variables. The spatial unit for analysis was conducted 
at the county (Si, Gun, Gu) level.   

 

Fig. 2. Average days over 80 mm of daily rainfall (left), cultivation area percent 
(middle), drainage canal length (right) 
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3.2 Principal Component Analysis 
 
Through the principal component analysis, 3 principal components for flood and 
drought, respectively, were obtained (Tables 2 and 3). The results of PCA showed that 
the first 3 principal components explained approximately 78% of the total variance for 
flood and 68% for drought.  

Table 2. Initial eigenvalues, extraction sums of squared loadings, and rotation sums of 
squared loadings for flood 

Component 
Initial eigenvalues Extraction sums of squared 

loadings 
Rotation sums of squared 

loadings 

Total % of 
variance 

Cumulative 
% Total % of 

variance 
Cumulative 

% Total % of 
variance 

Cumulative 
% 

1 3.78 37.84 37.84 3.78 37.84 37.84 3.78 37.83 37.83 
2 2.66 26.55 64.39 2.66 26.55 64.39 2.62 26.19 64.01 
3 1.42 14.21 78.61 1.42 14.21 78.61 1.46 14.60 78.61 
4 0.79 7.89 86.50   

  

  

  

  

  

  

  

  

  

  

  

  

  

5 0.55 5.46 91.96 
6 0.27 2.69 94.66 
7 0.24 2.41 97.07 
8 0.21 2.05 99.12 
9 0.09 0.87 99.99 

10 0.00 0.01 100.00 
 

Table 3. Initial eigenvalues, extraction sums of squared loadings, and rotation sums of 
squared loadings for drought 

Component 
Initial eigenvalues Extraction sums of squared 

loadings 
Rotation sums of squared 

loadings 

Total % of 
variance 

Cumulative 
% Total % of 

variance 
Cumulative 

% Total % of 
variance 

Cumulative 
% 

1 2.49 31.10 31.10 2.49 31.10 31.10 2.47 30.90 30.90 
2 1.77 22.14 53.24 1.77 22.14 53.24 1.77 22.12 53.01 
3 1.17 14.61 67.86 1.17 14.61 67.86 1.19 14.84 67.86 
4 0.87 10.87 78.73 

  
5 0.69 8.61 87.34 
6 0.54 6.81 94.15 
7 0.36 4.56 98.71 
8 0.10 1.29 100.00 
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3.3 Vulnerability Assessment for Drought and Flood 
 
Fig. 3 shows the climate change regional vulnerability assessment the agricultural 
infrastructure in terms of drought, flood and comprehensiveness. 

 

Fig. 3. Classification of drought (left), flood (middle), and comprehensive (right) 
regional vulnerability assessment  

 

4. SUMMARY AND CONCLUSIONS 
 
A methodology to assess agricultural infrastructure vulnerability for flood and drought 
was developed in this study. The results of the vulnerability assessment would provide 
the basis for suggestions for regionally adjusted adaptation policies and provide the 
quantitative backgrounds for policy prioritization. Adaptation policies aim to reduce 
vulnerability by decreasing sensitivity and/or by increasing adaptive capacity. However, 
this study has limitations and leaves room for future research. The vulnerability index 
suggested in this study requires further improvements. For a more robust index, various 
aspects of adaptive capacity, both physical and socio-economic, should be considered.  
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ABSTRACT 

 
A daily climate dataset was developed (1961–2100) for scenarios SRES A1B and A2 
using a statistical downscaling model and data that included the CGCM3 model outputs, 
NCEP reanalysis data, and SDP observation data. The climate data obtained were used as 
inputs for a crop yield model in order to estimate the present (2007–2011) and future 
(2071–2100) rice yield, transpiration, and irrigation requirements of a paddy field in 
Matsuyama city, Ehime prefecture, and to also assess the climate change impact on its 
rice yield and water balance. The results show that the yield increased by over 30% in 
both scenarios under high CO2 concentrations, while the transpiration rate from the rice 
plants decreased by 12%. The future irrigation water requirement increased by 28% for 
A1B and by 36% for A2, indicating a need to significantly increase water intake from 
rivers. 

 
Keywords:   CO2 fertilization effect, irrigation, GCM, statistical downscaling, rice 
yield, crop model, Japan 
 

1. INTRODUCTION  
 
Changes in the global temperature and precipitation have become noticeable in the recent 
years, and many studies have assessed the effect of global warming on agricultural 
production around the world (Masutomi et al., 2009; Tan et al., 2003). In this context, 
there is a need to make a detailed assessment of the effect of climate change on food 
production, and to review current plans for adaptation to those changes, in order to secure 
the sustainability of domestic agriculture.  
 
Using SDSM (Statistical Downscaling Model) (Wilby et al., 2002), this study calculates 
the daily weather dataset for each day from 1961 to 2100 using NCEP (National Centers 
for Environmental Prediction) reanalysis data, CGCM3 (the third version of the coupled 
Canadian Global Climate Model) output data, and data collected from the Matsuyama 
observation point (33.84°N, 132.78°E) of the SDP (Surface Daily Observation Point) data 
network. This study also used the obtained values as inputs for a crop yield model, 
estimated the present (2007–2011) and future (2071–2100) paddy yields in Matsuyama 
city, Ehime prefecture, and clarified the effect of climate change on paddy yields. The 
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study also aims to make a trial calculation of future changes in irrigation water 
requirements, and analyzes the plans for adaptation to these changes. 
 

2. MATERIALS AND METHODS 
 

2.1 Study area 
 
The present work is a study on a paddy field (area 12.37a) in Daima, Masaki-cho, Iyo 
District, Matsuyama city, Ehime prefecture (33.79°N, 132.73°E). The crop planted was 
Koshihikari (row space, 21cm; planting space, 30cm), and the soil was of the sandy clay 
type. Samples from the soil have been collected every year since 2005 at 3-5 locations, 
and soil data such as moisture content, organic matter content, electric conductivity, total 
carbon, total nitrogen yield, and soil hardness have been recorded. The aim of this paddy 
field is twofold: (1) to realize localized management in order to mitigate the 
environmental load while improving productivity, and (2) to determine the fertilizer 
inputs based on soil analysis and past growth and yield data. Operations for sustainable 
precision agriculture based on the data obtained are conducted by the Agricultural 
Production Cooperative Agri. Table 1 partially lists the crop calendar of the paddy field 
and enumerates its soil components and yield. 
 

Table 1. Crop calendar of studied paddy field and its soil components and yield 
Year Transplanting 

day 
Harvesting 

day 
Yield 

 (t ha-1)
EC 

(ms) 
Total N 

(%) 
Total C 

(%) 

2007 6/17 9/24 0.393 0.37 0.17 1.63 
2008 – – 0.393 0.10 0.14 1.17 
2009 6/13 9/21 0.415 0.96 0.15 1.08 
2010 6/18 9/20 0.360 0.93 0.2 1.65 
2011 6/20 9/28 0.371 0.66 0.14 1.27 

 
 
2.2 Statistical downscaling 
 
Using GCM (Global Circulation Model) data to perform an impact assessment at a 
regional level without spatial treatment is not appropriate, in terms of its resolution. For 
this reason, SDSM, which is able to develop point-scale data with high reliability from 
GCM output (large-scale field data), is applied for the development of input data for the 
crop yield model. This method assumes a nonlinear relationship among objective 
variables, or among climate data at a regional level, and explanatory variables (large-scale 
weather data), determines the optimal explanatory variables for the model and selects a 
regression equation, and obtains a dataset for the target location. SDSM is poor in 
physical justification for obtaining local field data from GCM outputs because statistical 
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relational expressions are used, but the bias is small and the calculation efficiency is high. 
On the other hand, it is known that the reproducibility of variation components 
reproduced by observed data is not very high for precipitation. The technical information 
for SDSM and its usage are available in Wilby et al. (2007). Figure 1 shows the data 
processing flow using SDSM. 

2.2.1 Explanatory variables  

 
NCEP reanalysis data (1961–2003) was used to develop a regression equation, while 
20C3M (20th Century Climate in Coupled Models), A1B (a society with high economic 
growth with a balancing of all energy sources), and A2 (low economic growth, high 
population growth rate, and coexisting local societies via low technology development) 
scenario data from CGCM3 (1961–2100) were used to generate scenarios. Data can be 
obtained from the CCCSN (Canadian Climate Change Scenarios Network) website. 
NCEP reanalysis data (2.5° × 2.5° lat–long) is interpolated with respect to the CGCM3 
grid size (3.75° × 3.75° lat–long), and it is possible to use both data to obtain only the 
portion needed for the scope of this study. This study uses the nearest grid point dataset 
(35.26°N, 131.25°E) for the paddy fields. The explanatory variable candidate datasets 
include the ground surface; an altitude of 850hPa; and the temperature, humidity, and 
wind velocity of an altitude of 500hPa, with a total of 26 available variables.  

2.2.2 Objective variables  

 
The eight factors that were used as the crop yield model inputs – daily precipitation; daily 
minimum, average, and maximum temperature; daily minimum and average relative 
humidity; daily average vapor pressure, and daylight hours –were determined as objective 
variables for SDSM. The data was taken from the Matsuyama observation point of SDP. 
 

Station Data 
from SDP 

Screen 
Variables 

NCEP reanalysis 
Predictors 

NCEP reanalysis
(1961-2003) 

Station Data from 
SDP (1961-2011)

NCEP Predictors
(1961-2003) 

Weather Generator

Scenario Generator 
SDSP Output 

Daily Synthetic
Weather Data 

Compared result

Calibrate 
model 

CGCM3 Predictors
(1961-2100) 

Observed 
Predictand 

Quality 
control 

Figure 1. Data processing flow using SDSM
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Using the explanatory and objective variables detailed above, present and future daily 
weather data was developed by the following procedure: 1) development of a nonlinear 
regression model by means of a statistical transfer function, using NCEP reanalysis data 
and the observed values; 2) verification of the simulation precision of the model by 
comparing its results with the observed data; and 3) development of a daily weather 
dataset for 1961–2100 for scenarios A1B and A2 of CGCM3 using the regression model, 
weather generator, and scenario generator. By using the developed daily dataset at the 
nearest paddy fields as the model inputs for the crop yield calculations, the yield was 
calculated and a preliminary calculation was performed for the amount of water required 
for irrigation. 

2.2.3 Crop yield model  

 
The crop yield model iGAEZ (improved Global Agro-Ecological Zones model), which 
was developed by Tatsumi et al. (2011) was used as a basis for the yield calculations. 
This model uses soil, water balance, climate data, crop characteristics (cover rate, root 
depth, water productivity, harvest index, etc.) and field management (irrigation, soil 
texture) as inputs, and is able to calculate the evapotranspiration, biomass, yield, water 
requirements per day. The basic equation for yield is 
 

	 	 	 	 ⁄  
 

where  : yield (ton ha-1），  : adjustment factor,  : harvest index (%)， : heat 
and soil stress coefficient,  : water productivity (ton ha-1),   : crop transpiration 
(mm),  : reference crop transpiration (mm). The adjustment factor is determined by 
the water and temperature stresses before and after germination, and the stress is 
determined by the pollination efficiency. The yield coefficient is adjusted according to 
the variations in the cover rate due to water and heat stress. The heat and soil stress 
coefficients and crop transpiration are all adjusted to account for factors such as plant 
density, temperature during growth period, water and soil stresses, and the aging of cells. 
In addition,  is adjusted based upon the CO2 concentration given in the following 
equations: 
 

∗  
 

	 , ,

1 , , 1 	 1
 

 
where ,  : reference CO2 concentration ( = 369.41 ppm), ,  : CO2 concentration in the 
i th year (ppm), = 0.000138， = = 0.001165 (Free-Air CO2 Enrichment, from 
FACE experiment), 1 550 , 	 550 	⁄  , )) and  : crop sink 
strength coefficient (= 0.5). The irrigation requirement was calculated per day based on 

(1)

(2)

(3)
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the water balance in the soil as derived from climate conditions, the soil moisture content 
of the previous day, and the growth of the crop. This study assumed that minimal 
irrigation takes place, given that the insufficiency of moisture in the soil does not fall 
below 50% of RAW in equation (4): 
 

1000 0.2 0.04 5 	  
 
where: readily available water (mm), SW: soil water content (-), : evapotranspiration 
(mm), and : root depth (m). Observation data from 2007–2008 was used for the model 
calibration, and data from 2009–2011 was used for the model validation in calculating 
the yield. Table 2 shows the initial parameters of the model (excluding the stress 
coefficients). Here, the transplanting day and the number of days of the cultivation period 
were assumed to remain the same in the future as they are today. 

 
3. RESULTS AND DISCUSSION 

 
3.1 Reproducibility of climate data and future change 
 
The data for R2 and the climate reproducibility per month and per season were high 
enough to be used as inputs for the agricultural models, and the reproducibility was 
favorable overall. The change in the maximum daily temperature from the present to the 
projected future climate was +4.3°C for fall and +3.6°C for winter in A1B, and +5.2°C 
in fall and +4.4°C in winter in A2, showing a greater degree of increase in the maximum 
temperature than in the spring and summer. A similar tendency was also observed for the 
minimum and average daily temperatures. Compared to the present climate, the number 
of extremely hot days in which the temperature exceeded 35°C increased greatly, 
especially in the summer, in scenario A2. Compared to the present period, the average 
daily precipitation decreased by over 50% in both future scenarios, particularly in the 
summer, indicating that water and temperature management are key factors in 
establishing sustainable crop production in the experimental field in the future. As regards 
other climate levels, the actual vapor pressure was shown to increase by 3–20% every 
month in the future. Details were omitted in a limited number of pages.  

Table 2. Initial parameters used in the model 

Variable Value 

Initial coverage 0.37 %
Rate of coverage development 21.7 % day-1

Maximum coverage 90 %
Water productivity（WP） 0.170  t ha-1

Yield coefficient (no stress) 37 %
Maximum root depth 0.3 m

(4)
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3.2 Yield reproducibility and future change 
 
Table 3 shows the precipitation, estimated growing degree-days, irrigation water 
requirements, yield, and water productivity for the present climate and A1B and A2 under 
projected future climate conditions during the growth period. The yield from the model 
tends to be greater than the observed data except for the year 2009 (Table 1, Table 3), but 
the mean absolute error was 0.24 t ha-1 and the adjusted R2 was 0.83, and given that there 
were no events such as extreme weather or pest outbreaks, which significantly affect crop 
production, the reproducibility of the yield was favorable.  
 
The yield under projected future climates showed a 33% and 39% increase over the 
present data in scenarios A1B and A2, respectively (Table 1, Table 3). Because the yield 
barely changed in a simulation in which the CO2 concentration did not change, despite a 
slight increase in heat stress, the large increase in the yield is the result of a rise in the 
atmospheric CO2 concentration, which was caused by an increase in WP from equation 
(2). On the other hand, the transpiration of rice decreased by about 12% in both scenarios. 
This was observed particularly in the initial stages of the growth period (Table 3, Figure 
2). These results reflect an accelerating aging process due to water and heat stress under 
the projected future climate, as well as the closure of stomatas. A decrease in transpiration 
caused by various stresses decreases photosynthesis activity, leading to a lower yield. In 
other words, there is a large impact on yield from the balance between the increased yield 
caused by the photosynthesis that is promoted increased CO2 concentrations, and factors 
that decrease, such as stomatal closure. The degree of yield increase calculated in this 
study was slightly greater than the 33% increase reported by Kimball (1983), as well as 
the meta analysis of the FACE experiment with C3 plants (an average increase of 24%, 
Long et al., 2004); it was consistent, though, with results in the past literature, in terms of  
 

Table 3. Simulation results for present and future scenarios 
Year Precipipitation. 

(mm) 
GDD 

(°C-day) 
Irrigation 

(mm) 
Biomass
(t ha-1) 

Yield 
(t ha-1) 

WPet
(kg/m3)

2007 527 1856 284 11.08 4.10 0.85
2008 322 1832 332 11.11 4.11 0.83
2009 634 1785 227 11.14 4.12 0.89
2010 429 1873 369 10.97 4.06 0.80
2011 688 1837 276 11.03 4.09 0.85

2080s(A1B) 307 1902 382 14.86 5.50 1.25
2080s(A2) 283 1954 405 15.45 5.72 1.28

 
 
its great effect on biomass and yield due to the rise in atmospheric CO2. There is great 
uncertainty regarding the degree of stomatal closure and its quantitative impact on  

*WPet = yield / evapotranspired water 



 

<Insert here the number of your paper in format: C0240 
<Insert authors Initial and last name>. < Insert “Title of the paper” between double 
quotes>. EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT 
Innovation”, Turin, Italy, 24-27 June 2013. 
 

 transpiration from leaves, since they depend not only on the temperature and water 
environment, but also on other environmental factors such as solar radiation, humidity, 
and wind velocity. Therefore, there is a need to conduct a detailed paddy experiment that 
includes observation, along with reciprocal communication between models, in order to 
analyze the effect of high-temperature stress and the carbon cycle on yields. 
 The irrigation water requirement increased by 28% and 36% in scenarios A1B and A2, 
respectively, due to a decrease in future precipitation during the cultivation period, while 
water productivity was expected to increase by 49% and 52% in A1B and A2, respectively 
(Table 3). Evapotranspiration from irrigation and leaf surfaces increased, but evaporation 
from the soil displayed little change. This indicates that a rise in the average temperature 
and increased yield due to the CO2 fertilization effect greatly increases the efficiency of 
water use. However, the paddy in the present study takes water from the Shigenobu River 
for irrigation, and a future decrease in precipitation means that cultivation in a ponded 
state will be difficult without a large increase in water intake from the river. Therefore, 
there is a need to evaluate appropriate measures for promoting sustainable agriculture by 
considering a river flow simulation and changes in water resources under projected future 
climates. Despite the fact that there are many uncertainties, there is also a need to 
understand the mechanism of a change in yield due to global warming and an increased 
CO2 concentration.  
 

4. CONCLUSIONS 
 
In this study, we predicted local-scale climate values using a statistical downscaling 
model, and data from a CGCM3 climate model under SRES A1B, A2 scenarios and 
observed data. The predicted values were used as the input values for the yield calculation 
model in order to estimate the future yield (2071–2100), and to evaluate the effect of 
climate change on rice yields. The results show that the yield increased by over 30% in 
both scenarios due to high CO2 concentrations, while the transpiration of rice decreased 
by 12% in both scenarios. It was also found that the water intake from rivers needs to be 
increased significantly, assuming that there are no improvements in irrigation and/or 
water-saving cultivation technologies, because there is a possibility that the factors that 

Figure 2. Transpiration from leaf surface (left), and irrigation water requirement 
(right) during cultivation period. 
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inhibit rice growth that are associated water stress cannot be countered if the irrigation 
water requirement is increased by at least by 28% and 36% in scenarios A1B and A2, 
respectively, due to the decrease in precipitation that is projected in future climates during 
the growth period. There are many uncertainties that affect the prediction of rice yields, 
such as changes in water resources in projected future climates, the movement of pests, 
extreme weather, and the mechanism of transpiration. Plans to adapt to such uncertainties 
need to be evaluated in order to realize sustainable food production from a global point 
of view. This can be done by precisely identifying the factors responsible for an 
increase/decrease of crops due to global warming, and by extrapolating the future yield 
from a paddy level to a global level. Finally, this study used singular GCM data, but 
estimations using multiple GCM data are needed in order to mitigate the uncertainty of 
the results.  
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ABSTRACT 

 
The Youth Mediated Communication (YMC) model is an idea to transfer knowledge to 
illiterate parents through their children educated at school. In this study, the model was 
applied to extend agricultural knowledge in rural Asia where farmers tend to use too 
much chemicals because of their poor knowledge. And such excess use of chemicals is 
now terrifying the sustainability of agriculture and even their life there. The model was 
combined with an idea of youth sensors that children work as field sensors, measuring 
meteorological conditions as well as crop conditions.  A Q&A software package was 
implemented for the children to interact with remote experts through the Internet. The 
children transfer the queries given by their parents to the expert using the software and 
receive the answers from the experts. Then, they explain their parents about the answers. 
The field data collected by the children were used by the experts to provide advices to 
each of the farmers. We had a test bed in a village in the heart of Mekong Delta in 
Vietnam and trials were carried out for two cropping seasons from 2011 to 2013 where 
29 and 15 families participated in the first trial and the second trials respectively. We 
concluded the mechanism functioned well in terms of providing illiterate farmers proper 
knowledge though we still need additional trials to accumulate data for the evaluation of 
its effectiveness. The youth sensors were very helpful for the experts to understand the 
truth in the fields of each farmer and to provide optimal advices.  The data can be also 
used as the ground truth to calibrate the satellite based estimation and down-scaling 
meteorological data. 

 
Keywords:   Illiteracy, children, knowledge transfer, youth sensors, sustainability 
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1. INTRODUCTION  
 
Proper technology transfer to farmers is inevitable to promote sustainable agriculture of 
the 21st century particularly in developing countries where excess use of chemicals 
caused by the ignorance of farmers has been terrifying environment and their life. For 
example, the Vietnamese government initiated a policy on the sustainability, 
recognizing the serious impacts on environment by agriculture (Hung 2008). Illiteracy 
of farmers, however, prevents them from obtaining sufficient information and 
knowledge. In this study, we use an idea named Youth Mediated Communication 
(YMC) to transfer agricultural knowledge and information to illiterate farmers in order 
to solve the issues. The model utilizes their children educated at school as messengers 
between their parents and remote experts who provide the farmers proper advices. In 
addition to the illiteracy, the lack of quantitative information such as meteorological 
data and crop growth data in practical fields has been a big issue for the experts to 
provide proper advices. In order to obtain field data, we adopted an idea of youth 
sensors that children work as field sensors, measuring meteorological conditions as well 
as crop conditions. Combining two ideas, we implemented a software package to 
evaluate the effectiveness of the approach. 
 

2.  YMC MODEL 
 

The YMC (Youth Mediated Communication) model was originally proposed by NPO 
PANGAEA (Mori et. al. 2009, NPO PANGAEA 2012) to solve the issue of illiteracy 
by bridging illiterate people to remote experts who provide them advices through their 
educated children. This idea is not only for agriculture but also for other information 
such as health information.  In the model, children serve as bridges between their parent 
farmers and agricultural experts by informing the problems in their farming to the 
experts and to transfer the suggestions and advices from the experts to the farmers 
understanding their farming problems of each farmer. In the process, children first ask 
their parents about problems in their faming and send the questions from their parents to 
remote experts using computers available at a village center. Then, the queries are sent 
to the remote experts through the Internet and the remote experts answer back to the 
queries one by one.  After receiving the answers on the computer, the children take 
them to their parents. 
 
Considering the extensibility of the model to several different countries where the 
similar problems exist, language translation mechanisms were also included in the 
model, namely a machine translator based on Language Grid (langrid.org 2011) and a 
supplementary function by human assists to compensate the incompleteness of the 
machine translator.  We allocated the English language as a pivot language and all the 
translations were carried out through English. For the human assists, project staffs 
named “bridgers” were assigned and they refined the quality of the machine translations. 
The “bridgers”  Fig. 1 shows the schematic flow of the model.  
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3.  QUERIES AND ANSWERS 
 

We assume that it would be rather difficult for children to summarize the queries from 
the parent farmers and send them to the experts by typing them on the computers.  To 
ease the task, typical questions and corresponding answers were provided in advance 
and implemented in the software so that the children can easily select the questions 
from the query list categorized into major topics. At the beginning of the projects, there 
were about 200 questions listed. The questions and answers were not strictly one-to-one 
and the expert could choose most optimal answers considering the situation of each 
farmer.  The Q&A sets were translated in related languages in advance, which strongly 
compensated the weakness of the machine translation.  
 

Experts
in Japan and Vietnam

Youth
PC 

Mobile phone

illiterate famers

Service Grid (Language Grid)

Bridger

Support translation

Facilitator

・Support children
・

Rural Area

YMC System
(Q&A system+ online text)

 
Figure 1. Schematic flow of the YMC model. 

 

 
Figure 2. Examples of recipe cards in Vietnamese. 
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We also assumed that it would be difficult for the children to carry the answers by the 
experts given on the computer to their parents, handy size print pieces named recipe 
cards (Fig. 2) were provided corresponding to the typical answers. The remote experts 
indicated the color and the number of the card on answering so that the children could 
pick up the proper cards prepared in the village centre where they used the computers to 
receive the answers and took them back home to explain their parents about the advices 
given by the remote experts. 
 
When a proper query was not available in the query list, the children and the experts 
needed to interact by typing questions and answers in free texts. The user interface of 
the software was carefully designed for the children to access it and to interact with the 
remote experts easily (Figure 3).  The language translator mentioned above was 
embedded in this function. 
 

English quality check

Japanese

Vietnamese

English

Bridger in Japan

Bridger in Vietnam

Vietnamese quality check

• Most of the children-experts’ 
interaction were conducted based on 
Q&A sets translated in advance

• Only free text Q&A were dynamically 
translated  using Language Grid

 
 

Figure 3. Interaction between the children and the remote experts using free text queries 
and answers. The case between Vietnamese children and Japanese experts. The bridgers 
in Japan refined the quality of the English texts machine-translated from the answers in 
Japanese by the Japanese experts while the bridgers in Vietnam refined the quality of 
the Vietnamese texts machine-translated from the English answers. The Vietnamese 
bridgers also needed to refine the texts avoiding the use of technical terms that might be 
used by the experts, so that the children could easily understand the meaning  
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3.  YOUTH SENSORS 
 
Every children participating in the project received a tool kit to serve as field sensors 
(Togami et. al. 2012). The kit contained a thermo-hygrometer, a measuring tape, a leaf 
color chart, an insect plate, a mobile phone and a field notebook. The children were 
requested to place the thermo-hydrometer on the outside wall of their home at 1.5m 
high where no direct solar radiation reaches. They were engaged to observe temperature 
and humidity every morning before going to school and to send the data to the project 
sever by using the mobile phone (Fig. 4). They were also engaged to visit the fields of 
their families periodically to measure plant height and leaf color. In addition, they tried 
to detect insects by swinging canopy and catching them on the insect plate and to take 
pictures of them by the mobile phone. They were also requested to visually observe the 
rice canopy and plants to record special findings such as disease phenomena by taking 
pictures of them. The data collected by the children were saved in the project server so 
that the remote experts could know the facts in the fields of the participating farmers. 
 

 
Figure 4. Youth sensor in actions. 

 
4.  RESULTS AND DISCUSSION 

 
The total flow of the children’s actopms for the knowledge transfer mechanism based 
on the YMC model and the youth sensors is shown in Fig. 5. To operate and evaluate 
the proposed mechanism, we selected a village in Vinh Long District as a test bed and 
conducted the trials twice for two cropping seasons between 2011 and 2013. In the area, 
the most major crop is paddy rice and the rice yield is quite high in general (4t to 8t/ha). 
The grain quality is, however, rather low in the village and the selling price is 
comparatively low. Moreover, the farmers tend to use too much fertilizer, chemical and 
seed because they believe that high input brings high yield. Such high input is causing 
environmental damage and aggravating their benefits.  
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Figure 5. Flow of the actions by the children in this study. 

 
Before the trials, we interviewed paddy rice families of the village and select some of 
them for the trials, considering their literacy and farm conditions. In the first (January 
2011 to April 2011) and second (September 2012 to January 2013) trials, 29 and 15 
paddy rice families participated in the project respectively.  The age of the children of 
the selected families ranged from 11 to 15 years old. The children visited a village 
center to use the PC software to interact with the remote experts twice and once a week 
for the first trial and the second trial respectively.  At the village center, project staffs 
so-called facilitators supported the children about PCs, mobile phones, the software, 
data uploading etc. In general, the children were flexible enough to learn how to use 
those tools quickly and started teaching each other among them. In addition to the tasks 
of the children in the village center, children could enjoy an entertainment software 
package named “Rice Doctor” which they could learn about rice production.  
 
Fig. 6 shows the summary of the categorized queries given by the participating families 
for the first and the second trials. The query patterns were quite similar between the 
trials and the results indicate that the major concerns of the farmer tended to center on 
plant damages by pests and diseases.  In the second trial, the queries about agrochemical 
use raised.  We understood this as the result of adding the queries about environmental 
impacts to the Q&A set.  This result indicate that our approach works not only for 
queries and answers but for raising the interests of farmers and leading them to proper 
farming by providing an appropriate Q&A set. 
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Figure 6. Summary of the queries by the children. 
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Through the post project interviews on the participating families, we were convinced 
that the knowledge of the farmers was definitely enriched. The statistics reported by the 
local government who has been collaborating with us in the project, showed that the 
average yield of the participating farmers was higher than the average of the region. An 
officer of the government mentioned that it was because the farmers properly protected 
the crops against pests and diseases following the advices. However, the yields declared 
by the farmers were not correlated with the observed yields originally sampled by us 
and we believe that we need to accumulate more quantitative data regarding the 
effectiveness of the proposed approach by continuing the trials.  
 

 
Figure 7. Pictures from the paddy fields of participating farmers taken by the children. 

 

 
Figure 8. Height of the rice plants measured by the children. They were requested to 
measure the same individual plants throughout the trial. Line colors indicate each of 
the participating children. 

 
The youth sensors were proved to be very useful for the remote experts to understand 
the present statuses of the crops and to provide proper advices. Particularly, the 
information about leaf color was a good indicator of nitrogen condition of the crops to 
determine the amount of additional fertilizer application.  The images of pests or disease 
phenomena (Figure 7) also helped the experts to identify the damages and to predict the 
occurrence of it. Such information is still rather difficult to monitor remotely using 
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sensor devices while the youth sensors can move around to find out the problems. The 
average temperatures of the data acquired by children were also quite reliable once we 
removed apparent outliers. Fig. 8 shows the plant height data measured by the children. 
Many children could measure it rather accurately while some of the children failed.  A 
few of them didn’t visit the field periodically and a few of them didn’t understand how 
to measure the height. Using the pest and decease information acquired by the children, 
we may be able to develop a disaster warning system by plotting the discovery of pests 
or diseases on a GIS map. The data can be also used as the ground truth to calibrate the 
satellite based estimation and down-scaling meteorological data. We plan to use the data  
to run a rice growth simulator (Tanak et. al. 2011) to know the rice productivity and the 
most optimal cropping timings. 
 
The introduction of the multilingual function will help the extension of the YMC to 
other countries. The machine-translator is not really reliable and we need the bridgers, 
which is a serious constraint for the system scalability.  Presently, we need to enrich to 
the Q&A set to solve the issues. Actually, through the trials, we could add some queries 
and answer based on the queries given by the children.  
 
Many of the parents and children mentioned that the communication between parents 
and children were accelerated during the project about several topics not only about 
agriculture but also others. They also mentioned that children became more interested in 
agriculture. Having such responses, we became convinced that the YMC approach has 
several potential functions as a tool of rural development in addition to knowledge 
transfer to illiterate farmers.  This study was partially supported by a project “Climatic 
changes and evaluation of their effects on agriculture in Asian monsoon region 
(CAAM) / Green Network of Excellence Program (GRENE) “ of MEXT, Japan.  
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ABSTRACT 

 
The main objective of the study was to determine the actual precision of the AutoTrac 
Guidance System according to different correction signals proposed in Belgium by John 
Deere: StarFire 1 (SF1), StarFire 2 (SF2) and RTK. The second objective was to 
observe the evolution of this precision in function of the return time between two passes 
in the field. Finally, the study aimed at fixing the limits of use of each correction signal. 
A theoretical case (specific tool especially designed for the trials) and a practical case 
(precision seeder for sugar beet) were studied on a tractor John Deere 6830 fully 
equipped. The observed precision of the correction signals was equal or better than the 
one announced by the manufacturer. 
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1. INTRODUCTION  
 
The use of guidance systems by satellites knows an increasing demand from farmers. 
Automated steering also interests more and more farmers because it largely facilitates 
control on field and improves comfort of the operator as well as the precision of work. 
Principal works for which automated steering is strongly required are the sowing and 
the plantation of traditional cultures like cereals, corn, beets and potatoes (Freycon, 
1996). The precision sought for this work varies from 1 to 10 centimeters pass to pass 
according to the culture but also according to the working width of the tool. The 
possibility of increasing the daily working period by carrying out work in night 
condition plays a considerable part in the choice of this system (Dana, 2000). 
The Research Unit Agricultural Machines and Facilities underwent a study in 
collaboration with the Belgian importer of John Deere Cofabel on the Guidance System 
AutoTrac 
 
The main objective of the study was to determine the actual precision of the Guidance 
System AutoTrac in function of the different correction signals proposed in Belgium by 
John Deere: StarFire 1 (SF1), StarFire 2 (SF2) and RTK. By actual precision of the 
Guidance System, we understand, the working precision of the machine measured 
directly in the field. Therefore the actual precision can be considered as the global 
driving precision of the combination tractor-machine that the user could obtain 
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(Huyghebaert et al, 2007). The second objective was to observe the evolution of this 
precision in function of the return time between two passes in the field. The return time 
was the necessary time to go from one point in a parcel to the edge of the field and 
come back. This time was a function of the field length and could influence the driving 
precision of the guidance system (Adamchuk and al, 2008; Beguyot et al, 2004). 
Finally, the study aimed at fixing the limits of use of each correction signal with the 
AutoTrac.  
 

2.  MATERIAL AND METHOD 
 
2.1 Vehicle and Correction Systems 
 
During the trials, one tractor John Deere 6830 equipped with an integrated Guidance 
System AutoTrac, the new receptor STARFIRE 3000 and the interface GREENSTAR 
2630. AutoTrac is a system of power-assisted steering allowing the operators to release 
the wheel while the machine (tractor, motorized vehicle…) follows the virtual guidance 
line. The new receiver STARFIRE 3000 is able to collect the signals from GPS and 
GLONASS constellations of satellites. The receiver accepts all the correction signals 
proposed by John Deere: SF1, SF2 and RTK. The tractor is mounted with “650/65” and 
“540/65” tires. 
 
The 3 correction signals StarFire 1 (SF1), Star Fire 2 (SF2) and RTK, proposed by John 
Deere in Belgium, have been used and tested during the trials: 

• Star Fire 1 (SF1) is a dGPS correction signal which has an announced precision 
of ± 30 cm pass to pass for 95% of the working time. 

• Star Fire (SF2) is also a dGPS correction signal with an announced precision of 
± 10 cm for 95% of the working time. This signal is subjected to a paying 
subscription. 

• RTK correction signal has an announced precision of ± 2 cm. This system 
requires to invest in base station positioned near the field (< to 10 km). 

2.2 Protocol and Method of Measurement  
 
All the trials have been realized in the field in actual conditions. However, they can be 
divided in two parts: the “theoretical part” realized without machine and the “practical 
part” realized with a precision seeder for sugar beet. 
For the “theoretical part”, a specific tool especially designed for the trials (Huyghebaert 
et al, 2008) has been mounted on the three-point linkage of the tractor (Figure 1). This 
tool consists into a mono-disc of great diameter maintained in contact with soil by 
means of a spring system. The work of the disc had no stabilization effect as the 
working depth was not greater than 5cm. The sideways movement of the three point 
hitch was locked using the provided John Deere blocks. The distance between two small 
furrows of adjacent passes reflected the actual precision of the Guidance System (Figure 
1). The main parameters studied during the theoretical part of the trials were: the tractor 
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speed (6 km/h), the working width (3 m), the correction signals (StarFire 1 and 2), the 
return time between two passes of the tractor (5 min, 12 min and 20 min), and the 
driving mode (straight or curved line) (Huyghebaert & Dubois, 2009). For each 
combination of the parameters, 4 return passes have been operated and 18 
measurements of the actual distance between two passes have been realized through 3 
repetitions. Finally 864 measurements were carried out for the various test 
configurations. 
 

 
Figure 1. View of the mono-disc and the furrows in the field 

 
The « practical part » of the study, has been realized with a farmer for the sugar beet 
seeding (working width of 2.70 m). The tested parameters were the guiding mode 
(straight line), the tractor speed (6 km/h) and the correction signals (StarFire 1, StarFire 
2 and RTK). Time between two passes was function of the length of the field and can 
vary from 5 to 16 minutes. The parameters were less numerous because the farmer rules 
and constraints have to be followed. Finally it was possible to produce 180 
measurements for the SF1, 296 measurements for the SF2 and 99 measurements for the 
RTK correction signal. Spacing measurements were taken between the first sowing line 
and the last sowing line of the previous pass (Huyghebaert et al, 2008) (Figure 2). 
 

 
Figure 2. View of the back side of the tractor with the seed drill and the spacing 

measurement  



 

C0236 
B. Huyghebaert, G. Dubois, G. Defays. . “Actual and global precision of the Guidance System 
AutoTrac from John Deere”. EFITA-WCCA-CIGR Conference “Sustainable Agriculture 
through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

The farmer used a combination of machines: on the front side of the tractor a roller tiller 
and a light cultivator, on the back side of the tractor, a rotary tiller followed by the 
mechanical seed drill. To avoid an unspecified slip of the back machines, the arms of 
the lifting device were blocked. 
 

3.  RESULTS AND DISCUSSION 
 

The overall precision of a Guidance System depends on several factors as the precision 
of the signal, the configuration of the vehicle and the machines, the field and ground 
conditions. During the trials, these factors have been taken into consideration and 
optimized where possible. 
 
3.1 Theoretical Trials with the mono-disc 
 
The distance between each pass has been measured and compared to the theoretical 
width (3 m). The distribution of the distance between two passes permitted to 
characterize the precision of the AutoTrac system used in different ways. 
The Table 1 gives the characteristics of the driving precision of the AutoTrack guidance 
system used in straight line mode of functioning. Each result corresponds to 72 
observations. 
 
Table 1. Characteristics of the straight line driving precision of the AutoTrack used with                 

the correction signal SF1 and SF2, in function of the return time. 

Return time (min) 5 12 20 

Correction signal SF1 SF2 SF1 SF2 SF1 SF2 

Average distance between two passes 
(m) 

3.00 3.02 3.01 3.01 3.01 3.00 

Mean of the absolute deviations from 
the theoretical distance (m) 

0.04 0.04 0.06 0.04 0.09 0.03 

Maximum observed deviation (m) 0.18 0.14 0.22 0.10 0.33 0.12 

Maximum deviation for 95 % of the 
time (m) 

0.13 0.11 0.13 0.09 0.24 0.07 

 
The global precision of the guidance system was better or in accordance with the 
precision announced by the manufacturer. The maximum observed deviation for 95 % 
of the working time was lower than 30 cm for the correction signal SF1 and was around 
10 cm for the SF2. 
On average the results don’t show a significant difference between the two signals of 
correction (SF1 and SF2). The average distance between two passes is practically the 
same for both signals whatever are the return times. 
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However the mean of the absolute deviations, the maximum observed deviation and the 
maximum deviation for 95% of the working time increase with the return time for the 
correction signal SF1 and remain constant for SF2. 
 
The results obtained in curved line mode of functioning underwent the same analysis 
and shows the same trends. However, the mean of the absolute deviations increases 
more in function of the return time for the curved line mode than the straight line mode 
(Figure 3). 
 

 
Figure 3. Evolution of the average deviation of the AutoTrack guidance system used 

with the correction signal SF1 and SF2, in function of the mode of functioning and the 
return time. 

3.2 Practical Trials during Sugar Beet Sowing  
 
The working width of the drill seeder was 2.70 m. The three correction signals (SF1, 
SF2 and RTK) have been tested. As the trials have been realized in practical conditions, 
the return times differ from one correction signal to another. 
 
As the precision of the SF1 correction signal was lower, the farmer used the tracers of 
the seeder to visualize when the AutoTrack guidance system left the right trajectory. 
When the tractor deviated more than 10 cm from the right trajectory, the farmer took 
back manually the control, replaced the tractor in the right track and recalibrated the 
guidance system. Two parcels of different length (350 and 600 m) have been sowed 
using SF1 as correction signal. It allowed generating on average two different return 
times (10 and 16 min). The results of the precision given by the guidance system using 
SF1 correction signal during sugar beet sowing are given in the table 2. 
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Table 2. Guidance precision of the AutoTrack used with the correction signal SF1, in 
function of the return time (practical trials – sugar beet sowing). 

Average return time (min) 10 16 

Mean of the absolute deviations from the theoretical distance (m) 0.05 0.08 

Maximum observed deviation (m) 0.15 0.20 

Maximum deviation for 95 % of the time (m) 0.12 0.16 

 
As observed during the “theoretical trials”, the deviations tend to increase with the 
return time. The maximum observed deviation and the maximum deviation for 95 % of 
the time seem to be lower, but these results are non-comparable to SF1 results of the 
“Theorical trials”, due to the regular recalibration that the farmer had to proceed during 
this work. These interventions are supposed to produce a too optimistic pass to pass 
accuracy for SF1. 
 
The trials realized with the correction signal SF2 didn’t ask to recalibrate the system. 
Also two parcels of different length have been sowed permitting to generate on average 
two different return times (12 and 16 min). The results of the precision given by the 
guidance system using SF2 correction signal during sugar beet sowing are given in the 
Table 3. 
 

Table 3. Guidance precision of the AutoTrack used with the correction signal SF2, in 
function of the return time (practical trials – sugar beet sowing). 

Average return time (min) 12 16 

Mean of the absolute deviations from the theoretical distance (m) 0.04 0.04 

Maximum observed deviation (m) 0.15 0.16 

Maximum deviation for 95 % of the time (m) 0.08 0.11 

 
Ninety percent of the observed deviations are within the range of ± 5 cm whatever the 
time between two passes is. Considering 95 % of the time, the maximum observed 
deviations reach ± 8 cm and ± 11 cm following the return time. For the rest of the time 
(5%), the observed deviations never exceed ± 9 cm and ±12 cm respectively for a return 
time of 12 and 16 minutes. 
 
The RTK correction signal allows to centimetric accuracy. Before the trials (24 hours), 
the RTK base station has been located at the edge of the field so as to reach a high 
precision. The field was shorter and allows generating only a return time of 5 minutes. 
The results of the precision given by the guidance system using RTK correction signal 
during sugar beet sowing are given in the table 4. 
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Table 4. Guidance precision of the AutoTrack used with the correction signal RTK for a 
return time of 5 minutes (practical trials – sugar beet sowing). 

Average return time (min) 5 

Mean of the absolute deviations from the theoretical distance (m) 0.02 

Maximum observed deviation (m) 0.07 

Maximum deviation for 95 % of the time (m) 0.05 

 
The average observed deviation reach 2 cm. Sometimes, we observed deviation 
reaching 7 cm but that concerns in fact only very few measurements. 
 
Thanks to the high precision of the RTK correction signal, we carried out a skip pass, 
which means that we skipped voluntarily passes in order to improve the half-turns at the 
end of line. This practice kept the same level of precision as in normal work. 

3.3 Discussion 
 
The “theoretical trials” with the mono-disc showed that the Guidance System AutoTrac 
generates on average the same driving precision whatever the dGPS correction signal is 
(SF1 or SF2). However the variability of the observed deviations is much more 
restricted when the Guidance System is adjusted with the correction signal SF2. That 
reflects the stability of this signal. This observation is confirmed by the independency of 
the correction done by the SF2 regarding the return time. 
The importance of the return time on the driving precision has been highlighted during 
the practical trials (sugar beet sowing). When using the SF1 correction signal the farmer 
had to recalibrate regularly the system to keep an acceptable driving precision. In the 
parcel of 600 m length (average return time of 16 minutes), the user needed to 
recalibrated so many times that he decided to take back manually the control of the 
tractor. For the parcel of 350 m length (average return time of 10 minutes), the user 
proceeded differently. He recalibrated the system at the end of the line during the half-
turn. In this way, the Guidance System kept the course adequately. 
The use of SF2 as correction signal did not require any recalibration during all the 
sowing day even with a period of time between two passes of more than 20 min. 
 

4.  CONCLUSIONS 
 

The automatic steering of the tractor is more and more used by farmers. It gives a great 
comfort to the operator, it is easy to use and can fit to numerous agricultural works 
(ploughing, sowing, planting, spraying…). Its limits of use are strongly linked the 
requested precision by these applications. The driving precision of a Guidance System 
is a function of its different components: the correction signal, the tractor configuration, 
the soil and field conditions, etc. 
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The study aimed at determining the actual precision of the Guidance System AutoTrac 
in function of the different correction signals proposed in Belgium by John Deere: 
StarFire 1 (SF1), StarFire 2 (SF2) and RTK. 
The observed precision of the free correction signal SF1 is better than the one 
announced by the manufacturer. Following the observations made in practical 
conditions, the maximum deviation is around 15 cm with a return time of 12 minutes. 
This correction signal could be advised for works of great width requesting a lower 
precision than the seeding. 
The correction signal SF2 fits totally to the precision announced by the manufacturer. 
The maximum observed deviation is lower than 11 cm. The great advantage of this 
correction signal is that it didn’t ask a re-adjustment during the day which is time 
consuming. The level of precision given by this correction signal allows the realization 
of the most of the works, from the seeding to the harvesting. 
The RTK was the signal which gave the best precision and regularity. The maximum 
observed deviation was lower than 5 cm. This correction signal needs nevertheless the 
use of a base station. 
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ABSTRACT 
 

Shape and further geometric characteristics of agricultural parcels are main factors with 

respect to machinability, working time requirement, and arising costs for cultivating 

agricultural acreages. Due to missing comprehensive statistical information on existing 

agricultural field structures regarding shape and ergonomically relevant geometric prop-

erties, most ergonomic simulations are based on simplified assumptions and therefore 

admit only limited information about real conditions. In this context this research pro-

ject focuses on the development of methods for a comprehensive classification, charac-

terization, and statistical description of ergonomically relevant geometrical properties of 

existing agricultural parcels on a large scale. Results gained provide basic information 

for continuative research in the fields of ergonomic simulations and agricultural engi-

neering. 
 

Keywords:  Parcel geometry; agricultural parcel; ergonomics; geoinformatics; GIS; 

shape analysis; Germany 

 

1. INTRODUCTION  

 

Besides properties of agricultural parcels like relief and soil type, especially geometric 

properties like shape and size are main factors having a strong impact on machinability, 

working time requirement, and arising costs for cultivating agricultural acreages. 

So far, different studies focused on the description of structural differences regarding 

the size of agricultural parcels as one factor having impact on machining properties 

(Bökel, 1999; Zenger, 2011). Just as important as size are further geometric characteris-

tics like shape and geometric parameters of an agricultural parcel. 

From an ergonomic point of view, simple geometric shapes like elongated rectangles, 

squares and trapezia are considered to be well suited for the use of agricultural machin-

ery (Mauersberger, 1994; Schnurrbusch, 1991). Furthermore, even at the same shape, 

geometric characteristics like length and width have clear influence on machining prop-
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erties. Particularly rectangles with a ratio of length:width of 2:1 (Diemann, 2001) or 2:1 

to 5:1 (Liste, 1992) are considered to be very favorable. 

Due to missing comprehensive statistical information regarding regional distributions of 

different shape types as well as ergonomically relevant geometric properties of agricul-

tural parcels, most ergonomic simulations on the effects of the geometry of agricultural 

parcels are based on highly simplified assumptions. For that reason, the results of those 

simulations provide only limited information about real conditions. 

Against this background, this research focuses on the development of methods for a 

comprehensive classification, characterization, and statistical description of the geome-

try of existing agricultural parcels on a large scale.  

 

2.  MATERIALS AND METHODS 
 

Based on an object oriented conceptual data model with an appropriate implementation 

in an object-relational Open Source geodatabase system an indicator-based multilevel 

classification algorithm was developed for categorizing shape and characterizing ergo-

nomically relevant geometric properties of agricultural parcels.  

 
2.1 Input Data 

 

The methods for the comprehensive description of shape and ergonomically relevant 

geometric characteristics of agricultural parcels are based on geospatial data from the 

Land Parcel Identification System (LPIS) as a fundamental part of the Integrated Ad-

ministration and Control System (IACS). This system is an essential element of the 

technical implementation of the Common Agricultural Policy stipulated in the early 

1990s. LPIS is legally defined in Regulations (EC) No. 1593/2000 and No. 1782/2003. 

Since 2005 all member states of the European Union are obliged to introduce and im-

plement an “identification system for agricultural parcels” making use of “computerized 

geographical information system techniques“. As a result geospatial data on agricultural 

reference parcels are available for most of the EU member states. 

As test-instances for the development and validation of the approach all farmer‟s block 

objects within the Bavarian administrative unit Schwaben were used. The test-instance 

provides geospatial information about approximately 265,000 agricultural parcel objects 

(farmer‟s block) of 19,000 farmers registered in Schwaben and covers more than 

530,000 hectares of agricultural land. Besides distinct grassland-regions also areas 

where arable farming predominates can be found. 

 

2.2 Methods for Quantification of Shape 

 

In literature indicators are frequently used for the description of shape. Especially in the 

field of digital image processing such indicators are very common (Sarfraz et al., 2007). 

For the description of agricultural parcels from an ergonomic point of view particularly 

convexity, rectangularity, isoperimetric quotient and triangularity are relevant indica-
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tors. All indicators are within a value range from 0 (strong deviation) to 1 (no deviation) 

and are defined as follows: 

 Convexity 

Convexity is an important indicator describing an essential characteristic of the 

shape of a polygon. Commonly the convexity describes the deviation of a poly-

gon from its convex hull polygon. In this study an approach described by 

Oksanen (2007) and Zunic (2004) is applied for the quantification of convexity: 

the ratio of the area of a polygon (Apoly) and the area of its convex hull polygon 

(Ach). Convexity is defined as: 

          
     

   
 

 Rectangularity 

In literature rectangularity of a polygon is mostly quantified using the ratio of 

the area of a polygon and the area of its minimum bounding rectangle (mbr) 

whereby the mbr is minimized by area (Oksanen, 2007; Rosin, 2003).  

This approach is adopted and further developed. In this study rectangularity is 

quantified using the ratio of the area of a polygon‟s convex hull polygon (Ach) 

and the area of the polygon‟s mbr (Ambr_a). This step makes it possible to distin-

guish different reasons for an areal deviation of a polygon from its mbr: devia-

tion caused by concavity of a polygon and a deviation of the polygon‟s convex 

hull from its mbr.  

                   
   
      

 

Furthermore, rectangularity of a polygon‟s convex hull polygon (Ach) is also 

quantified regarding the mbr minimized subject to width (Ambr_w) as: 

                   
   

      
 

 Isoperimetric quotient 

The isoperimetric quotient (IQ) and derived indicators are frequently used as in-

dicators describing compactness of a polygon (Montero et al., 2009; Peura et al., 

1997). Apoly stands for the area and Ppoly for the perimeter of a polygon. 

    
         

     
  

 Triangularity 

O‟Rourke et al. (1986) describe an algorithm for the determination of the mini-

mum bounding triangle of a polygon. Rosin (2003) adopts this algorithm and 

developed an indicator describing triangularity similar to rectangularity. Due to 

the enormous computation effort, this approach is not applicable on a large scale 

and therefore not used in this research project. 
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2.3 Data Mining and Data Processing 

 

Key element for the analysis of the shape and ergonomically relevant characteristics of 

existing agricultural parcels is an object oriented conceptual data model with an appro-

priate implementation in an object-relational Open Source geodatabase system (Post-

greSQL/PostGIS). On this basis analysis-tools are developed using the software pack-

ages R, ArcGIS 10.1 and QuantumGIS (figure 1). While ArcGIS and QuantumGIS ex-

tend functionalities of PostGIS concerning processing and the visualization of geospa-

tial data, R especially in combination with PostgreSQL/PostGIS – allows for a power-

ful, efficient and automated preparation, analysis and statistical description of large 

amounts of data. 

 

 
Figure 1. System architecture 

 

2.4 Shape Classification 

 

After importing the geospatial data into the database and computing the indicators de-

scribed above, the shape of agricultural parcels is classified using a multilevel classifi-

cation algorithm. Core elements of this classification algorithm are indicator thresholds, 

which are the result of a visual calibration process. 

In a first stage „concave polygons‟ and „circular polygons‟ are classified using thresh-

olds for indicators directly referring to the agricultural parcel polygon. In the subsequent 

stages field parcel polygons are first differentiated according to their degree of convexi-

ty before the shape is classified in an indirect procedure based on indicators referring to 

the convex hull of a polygon as „square‟, „rectangle‟, „polygon with high rectangulari-

ty‟, triangle‟ and „others‟ (figure 2).  

Due to the enormous computation effort for the determination of minimum bounding 

triangles (see 2.2) for the identification of triangles a new approach is taken using the 

indicator rectangularityw_ch making use of two fundamental principles: firstly, for a tri-
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angle the smallest width of a mbr minimized by width equals the smallest height of a 

triangle. Secondly the area of a triangle is half the area of the rectangle defined by base 

and perpendicular height, which is in this case the mbr minimized subject to width. 

Beyond information regarding the shape, ergonomically relevant parameters like length, 

width, and further characteristics are calculated and used for semantic enrichment of the 

parcel object within the database. This approach allows on the one hand to carry out 

statistical analyses on different levels of aggregation and with high performance. On the 

other hand all relevant information gained is available for further complex investiga-

tions in ergonomics, economics, ecology or agricultural engineering. 

 

 
Figure 2. Multilevel indicator-based shape classification algorithm  

 

3. RESULTS 

 

By the developed methods and procedures, it is now possible to perform a comprehen-

sive description, classification and characterization of geometric properties of existing 

agricultural parcels on a large scale. Figure 3 shows the results of the classification al-

gorithm for a section of the investigated area.  
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Figure 3. Exemplary results of the developed multilevel shape classification algorithm 

 

Due to semantic enrichment of objects within the database all information on shape and 

ergonomically relevant characteristics of the parcel objects are available for various 

subsequent statistical analyses and ergonomic simulations at different levels of aggrega-

tion. Depending on the objective, this level might be a single agricultural parcel, a farm, 

an administrative unit or any other relevant statistical unit (figure 4).  

 

 
Figure 4. Exemplary statistical description of results gained at different levels of aggre-

gation (single agricultural parcel, administrative district and region) 

... ... 

shape convex rectangle 

length 270 m 

width 159 m 

lwr 1.7:1 

... ... 
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At the aggregation level of the Bavarian administrative unit Schwaben about 75 % of all 

arable parcels and nearly 40 % of all machined grassland parcel objects could be classi-

fied using simple geometries like rectangles, polygons with high rectangularity, trian-

gles or squares.  

However, there are clear regional differences in structural conditions for the use of ma-

chines both in terms of regionally varying proportions of different shape types as well 

as with respect to ergonomically relevant geometric characteristics of agricultural par-

cels. Furthermore, there are clear differences between arable land and grassland which 

means for grassland a significant higher proportion of concave polygons and a much 

lower share of rectangles and polygons with high rectangularity compared to parcels 

with arable use. 

 

4. CONCLUSIONS AND OUTLOOK 

 

The presented multilevel indicator-based classification algorithm makes it possible to 

conduct comprehensive classification and characterization of ergonomically relevant 

geometric properties of existing agricultural parcels at the level of a single agricultural 

parcel. For this application geospatial data from the Land Parcel Identification System 

provide a solid basis due to the high data quality regarding positional, temporal and 

thematic accuracy as well as completeness. 

The gained information regarding the geometric characteristics of agricultural parcels is 

used for the semantic enrichment of the parcel objects within the database and is there-

for available for ergonomic simulations and further investigations in the fields of ergo-

nomics, economics, ecology or agricultural engineering. 

The developed procedures and methods are designed to be applicable on a large scale. 

Consequently, in a next step the study area will be extended to the entire area of Bavar-

ia. Furthermore three-dimensional properties of agricultural parcels will be taken into 

account. This means on the one hand the originally two-dimensional LPIS data have to 

be draped over a digital terrain model with appropriate quality characteristics. On the 

other hand suitable morphometric indicators for the description of three-dimensional 

properties of agricultural parcels have to be found and suitable methods for calculating 

the indicator values have to be developed. The core conceptual schema must be extend-

ed to cope with the requirements defined by the morphometric indicators and the three-

dimensional data. 

Other major challenges are the modeling of the temporal evolution of agricultural parcel 

objects under consideration of topological relations to the surrounding objects. 
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ABSTRACT 
 

Farmer in modern society is facing with a lot of paperwork that is extending their work 

and reduced efficiency. In addition to that, they often lack in a comprehensive view over 

farm which leads to smaller decision-making capability By developing a comprehensive 

software solution that offers automatic accounting, animal traceability, FADN and VAT 

reporting, we are trying to offer a comprehensive overview of the farm where farmer 

could only focus on farm relevant information and at the same time prepare a relevant 

information for accountant in the background. This could improve their efficiency and 

give better results without large investments. 
 

Keywords: Farm accounting, FADN, Automated accounting, Comprehensive farm 

software, Slovenia. 

 

1. INTRODUCTION  

 

Companies in different business scopes have always had a huge variety of software 

solutions for not only accounting, but for getting an optimal overview of their company 

and complete automation of business processes. This way, they could rely on vital 

information from their past experience and form a future plans for better results. 

 

1.1 Business planning 

 

Planning is a very important aspect in everyday processes. It provides information for 

the future needs of company. Without a good business plan it’s difficult to predict a 

future material use, resources allocation, employments and investments. A preparation 

of such plan depends on the amount of available information. 

 

One of tools for analyzing facilitating strategic and operational activities is management 

information system. It generates information to improve efficiency and effectiveness of 

decision making (O’Brien, 1999). According to Lucey (2005) such a tool gives business 

managers the information to make decisions. 

 

More sophisticated, reliable and precise tool is Enterprise resource planning (ERP). 

ERP is a method using computer technology to link various functions. ERP systems 

started to evolve in 1990. The goal of developing an ERP was to integrate software 

across and within the various company functions. One of the most important milestones 
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was year 2000 due to fears of software non-compliance. Fears were defeated and 

nowadays some type of ERP system is a vital part of every successful business. (Jacobs, 

2007). 

 

1.2 Agriculture and planning 

 

Farmers have always been subjected to future planning for their production, to be able 

to feed their animals, farmers had to know, how much feed can they produce. Or, to 

make a good harvest, they had to plan different tasks throughout the year. This is a good 

example, that farmers are good at predicting and planning their work. 

 

With a development of agriculture work has become more and more intensive. That 

meant a wider specter of different information. Also important issue is that with 

specialization of work and development of processes, different decision could have 

bigger impact. This brought agriculture to the point, where they had to start actively 

working on future planning of their production. 

 

Computer and technology development offered to all participants’ access to different 

important information and functions. One of more radical changes was provided by 

Internet. Today it offers availability at all times, electronic data exchange, reporting and 

for farmers also access to weather information, internet sales and similar features 

(Kaloxylos et al., 2012). 

 

1.3 Bookkeeping on farm 

 

In research on American agriculture (USDA, 2011) was found, that users of computer in 

agriculture has steadily grown to almost 2/3. Internet access is a bit lower, but still at 

62% in 2011. 

 

Although future planning is important, reports and registries are not created just to keep 

information for future. In research on Ohio farmers it has been conducted, that almost 

90% farmer use their computer for keeping financial records and see this feature as most 

important. Other important features are e-mail and keeping production records (Batte, 

2005). 

 

This study shows that financial records are seen as one of most important and needed 

aspects. This could be because it is always good to know financial status and also 

because of legislation demands. Reports have to be created to provide information 

required by legislations in different countries for taxation as one of many reasons. 

According EU Directive, companies have to prepare yearly reports based on double-

entry bookkeeping (Council Directive No 78/660/EGS). In Slovenia, as in some other 

countries, by the beginning of year 2014, this will be also the case for some larger farms 

(ZDoh-2, Ur.l. RS št. 117/2006 and ZDoh-2L, Ur.l. RS št. 94/2012). 
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For efficient financial reporting and company comparison, International Accounting 

Standards Committee (IASC) developed International Accounting Standards (IAS). IAS 

has first been set in 1975. Main goal was to develop an internationally acceptable set of 

high quality financial reporting standards. As of 2005 almost all publicly listed 

companies in Europe and many other companies are required to prepare financial 

statements in accordance with international Financial Reporting Standards (Barth et al., 

2008). 

 

Agriculture is covered by special IAS 41 that has been established in December 2000. It 

sets out the accounting for agricultural activity. It covers some agriculture specialties as 

is transformation of biological assets (like living plants and animals) into agricultural 

produce (Commission Regulation (EC) No 1126/2008). As in whole accounting process, 

IAS is offering a base structure for creating accounting reports. Mainly they are also 

covering agriculture sector. But compared to other business, agriculture is quite unique 

and this is what IAS 41 is trying to cover: 

 

 biological assets, 

 agricultural produce at the point of harvest, 

 government grants. 

 

Agricultural activity covers a diverse range of activities (raising livestock, annual or 

perennial cropping…) with some common features. They can change or transform. 

Animals grow and die, as do crops. They can be changed. Crops and animals can be 

enhanced with nutrients, water, medications… Changes can be measured through fat 

measurements, weight… Most important fact is that all biological assets have to be 

evaluated by fair value if there is no other possibility which is still the case in some 

countries (Commission Regulation (EC) No 1126/2008). 

 

Important part of EU is an agriculture specific accounting Farm Accountancy Data 

Network (FADN). It is an instrument for evaluating the income of agricultural holdings 

and the impacts of the Common Agricultural Policy. System was established in 1965 

(Council Regulation 79/65/EEC). It consists of annual survey carried out by the 

Member States of the European Union. FADN is the only source of microeconomic data 

that is harmonized, which means, that bookkeeping principles are the same in all 

countries. Its purpose is not to cover all agricultural holdings, but representative sample 

to get a general overview of agriculture. The aim is to gather accountancy data for farms 

for the determination of incomes and business analysis of agricultural holdings. Current 

sample includes around 80.000 farms in all EU and through stratification they represent 

around 42% of all farms in European Union (FADN, 2010). 

 

Besides accounting, Agricultural sector in EU undergoes quite huge bureaucratic 

demands due to high amount of resources spent for its support and to the stringent 
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requirements of the European population at healthy food and clean environment. 

Farmers are obliged to prepare different reports for competent authorities: 

 

 animal registry and animal movement for different animal kinds  

(Regulation (EC) No 178/2002, Regulation (EC) No 1760/2000, Regulation 

(EC) No 21/2004), 

 FADN Farm Return  

(Regulation No 79/65/EEC, Regulation (EC) No 178/2002), 

 veterinary journals  

(Regulation (EC) No 852/2004, Regulation (EC) No 853/2004, Regulation (EC) 

No 854/2004), 

 cross compliance application  

(Regulation (EC) No 1698/2005). 
 

For all the above mentioned paperwork combined, farmer in Germany spends 20 hours 

per week, in Denmark 7 hours per week and in Finland 3 hours per week from which 

one third is used for accounting and papers. This virtually means that famers in 

Germany spend almost half of an average European time behind the desk doing 

paperwork instead doing the work he knows best (Lawson et al., 2011). 

 

In this brief overview, we have tried to show a wide load of paperwork which farmers 

are subject to. We will present a tool that could help farmer with minimizing the amount 

of data input, duplication of entries and mistakes by combining all available information 

and this could save time and enables faster and probably more correct decisions. 

 

2. ON FARM ACCOUNTING PROCESS 

 

To get a true and accurate financial overview, must be taken into account as many 

factors. Also one of the challenging parts is how to account them. 

 

Crop production offers a good source of information. With farmers that have to keep 

records of material usage for agri-environmental registries as a part of cross-compliance 

application for EU funds (Regulation (EC) No 1698/2005), these could be simply 

financially evaluated and accounted. This way farmer could get quite accurate 

information. 

 

In animal husbandry, especially in less developed systems, daily tasks are not so 

thoroughly noted. Partly because there is no need for such records, there is no financial 

evaluation of tasks and it is hard to dissolve them for evaluation. 

 

To speed up and simplify the process of accounting and reporting in agriculture some of 

the entries should be simplified. We could start with a simplification of entries for the 

farmers by providing them software for their own use. Classical accounting software 
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could prove too complex for use on a farm and for that reason could even extend the 

process and consequently consume more time.  

 

To be able to provide such solution, processes in agriculture have to be unified and 

evaluated. It is quite easy to calculate costs for veterinarian services, but it is hard to 

evaluate cost of farmer feeding his animals. One of the possible solutions is issuing a 

catalog of approximate costs for different services (in Slovenia such catalogue was 

issued by Chamber of Agriculture and Forestry of Slovenia). 

 

Behind every process or action in farm software, our solution predicts a creation of 

internal or external document. For example: when a farmer buys an animal, he is more 

interested in information about an animal itself (what is the price, how old is she, who 

are her ancestors…) than about sellers TAX number or TAX rate. By removing 

document creation and adaptation from farmers view, he can then concentrate on 

farming information. 

 

Accountant working for farmer has an opposite story. He is not interested in ancestors 

of bought animal, but he is concentrating on chart of accounts. He is working on farms 

balance sheet, costs and income. 

 

 
Figure 1. Accounting process on farm 

 

Figure 1 represents a process flow by insertion of information into farm software. In 

specialized software farmer inserts information about newly bought animal (step 1). By 

doing that, he updates size of his herd, updates registries and records animal movement 

and at the same time automatically creates a document of purchase (step 2). This 

document is not a primary focus of farmer, but is created for accountant in later stage. 

Step 3 is done by an accountant (or by a farmer, if he possesses the knowledge of an 

accountant). Document of purchase is checked, updated and posted. This step is usually 

time-consuming, but by cross-combining different document types and purchase items, 
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it is possible to predict accounts for posting. This way animal purchase is always done 

at the same accounts by just one button click. Once document is posted, balance sheet or 

profit and loss account can be prepared (step 4). This way farmer gets a feedback about 

costs and profit and can adapt his production. 

 

With a farmers, that are involved in FADN accounting steps 5 and 6 are welcome 

addition. If we return to step 1 it should be noted that by animal data input animal or 

crop FADN types are calculated automatically. Step 5 is intended to reposition bought 

animal from primary account to an account with correct FADN type assigned. Final 

result is step 6 where Farm return report is prepared automatically by simple data 

import. This way reports can be prepared with only one data entry which reduces errors 

and time usage. 

 

Steps 5 and 6 in this case are only relevant for farmers that are included in FADN 

project. But with a solution that is prepared for dual accounting in one solution, this 

could offer a simpler and cheaper process and also a possible expansion of FADN 

project in EU. 

 

Such a process is usually done with the participation of farmer and accountant where 

they have a different work and for that get a different view on the same database. This 

way we avoid the mixing of information and interference with the work. But for farmers 

that are possessing knowledge in accounting or agricultural companies, step 3 in Figure 

1 can be accessed and done by farmer which enables him running his own accounting. 

 

3. CONCLUSION 

 

In our paper, we have tried to present a difficult and time consuming paperwork that 

European farmers are faced with. In addition to that, we have presented our software 

solution for automatic accounting and reporting in combination with animal traceability, 

agro-environmental and FADN reporting for agricultural holdings in same software. 

 

Due to an ongoing process of development of different agriculture equipment, such 

software could offer a good foundation for a comprehensive solution in agriculture that 

could bring a better and faster overview to all institution involved and give a lot of vital 

information to framers for their work. 
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ABSTRACT 
 

Although standardisation of data exchange formats and protocols in agriculture has 

made considerable progress during the last few years, achieving interoperability for 

information integration in IT systems in the agrifood sector is still seen as a challenge. 

Traditional ways of agreeing on interfaces by long and elaborate discussions in 

standardisation committees probably will not be able to cope anymore with demands 

from a more and more networked world and faster changes to requirements in the 

future. Novel ways are needed to enable at least to a certain degree automatic interface 

negotiations. Semantic technologies are one of the building blocks within such a 

framework. The authors present methods used, potential benefits in facilitating 

interoperability and experiences gained in implementing a semantic layer on top of the 

agroXML standard.  
 

 

Keywords: Semantic web, standardisation, interoperability, web services, ontologies, 

germany. 

 

 

1. INTRODUCTION 

 

The amount of data available for decision support, quality and process management in 

the agricultural sector is increasing constantly. New devices allow for more or other 

parameters to be measured in remote sensing. Agricultural machinery can capture lots 

of different quantities during the process. Networks in stables in livestock farming 

enable the collection of data on temperature, humidity, feeding, water consumption, etc. 

Also, web pages provide information on e. g. varieties, pesticides or veterinary drugs. 

Nevertheless, usability of these data lagged behind expectations. Proprietary solutions 

delivered in combination with machinery often allowed only in a very restricted manner 

to deal with data from other sources and files on the internet have to be retrieved 

interactively and data be copied/pasted manually. 
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1.1 Standards in the Agrifood Sector 
 

Barriers in the – for integration necessary – electronic communication in the agricultural 

sector, e. g. between farmer and machinery cooperative or into the food chain, have in 

part been attributed to a lack of IT standardisation.  

And yet, analysis of use cases as e. g. conducted in the agriXchange project showed that 

there are lots of standards that can be used in agriculture to represent certain sets of data 

or information on-the-wire. The aXtool (Pesonen et al., 2012) available at 

http://www.agrixchange.org/page-area/axtool provides an overview on currently nine 

use cases with ten standards attached to them to implement certain interfaces. Twenty-

five more standards have been found to be of relevance when extending the analysis to 

the broader scope of the food sector (Mietzsch et al., 2013). 

With regard to certain standards, also impressive progress in certain subareas of the 

agrifood domain has been made in recent years. Compatibility of ISOBUS-capable 

equipment being able to log and transfer data according to the norm ISO 11783 is 

increasing. agroXML is on its way to enable information exchange between farm 

management systems and external stakeholders and services in the cloud using internet 

protocols (Doluschitz et al., 2005; Martini et al., 2009). Regarding spatial data, a 

number of standardized service interfaces like the Web Feature Service (WFS; 

Vretanos, 2005) and accompanying data formats like the Geography Markup Language 

(GML; Cox et al. 2004) are available from the Open Geospatial Consortium and are 

backed by supporting proprietary and open source implementations. Also, the financial 

sector has seen considerable standardisation efforts leading to e. g. the Universal 

Business Language (UBL; Bosak and McGrath, 2006) or the eXtensible Business 

Reporting Language (XBRL; Engel et al., 2003). 

Based on differing requirements, standards available for use within the agrifood domain 

use distinct technologies for exchange protocols and syntactical representation of data. 

All of them however support only part of the domain and/or are specialized to certain 

processes. Therefore, overlaps in content exist and necessities for transferring data from 

one representation format into another come up. For these reasons, on a technical level, 

different existing standards are barely interoperable and most of them lack extension 

mechanisms flexible enough to be able to integrate arbitrary data from other, not yet 

foreseen process stages. Systems that communicate with a set of different stakeholders 

that each insist on their domain industry standard format to be used are difficult to 

implement as developers have to extract the meaning of data items from long and often 

differently structured specifications. 

 

1.2 Semantic Technologies 

 

Semantic technologies in computer science date back as far as into the seventies of the 

last century (see e. g. Simmons, 1973 in Schank and Colby, 1973). Traditionally, they 

have been concerned with methods to convey meaning of concepts within a language to 
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computer programs. Recently, the term has been used in a broader sense and (re)gained 

increased attention by the movement on the world wide web around the so-called web 

of data or the semantic web (Berners-Lee, 2001). Vocabularies and ontologies are – 

apart from the data to be provided – at the heart of the semantic web. According to 

Gruber (1993) an ontology is an “explicit specification of a conceptualization” of a 

domain. It thus provides in a formal, machine-readable representation a list of concepts 

(classes, terms, objects, entities etc.) used within a domain and sets them in relation to 

each other. That way, it enables assigning meaning to items given in information 

resources like data sets or texts by providing “pre-set” associations. That again 

facilitates sorting out identical objects, interpreting properties, generating translation 

tables etc. The basic model used in today’s standards for ontology definition for the 

semantic web (some of them described in section 2) is commonly very simple and relies on 

graph data structures. As a graph is a very general structure, it can be applied upon any 

existing data model no matter what paradigm has originally been used during initial 

creation – be it object-oriented, relational or hierarchical. 

 

 

2.  DEVELOPMENT OF THE SEMANTIC OVERLAY 

 

By building a layer providing the formalized semantics described in 1.2 on top of 

existing standards it should be possible to reduce the grieve caused by the problems 

described in section 1.1. It is supposed to enhance interoperability in systems by 

providing a framework that facilitates mapping and linking between different models 

and that is flexible and extensible for dealing with new requirements. The authors tested 

that approach upon the agroXML standard. As a technological background, a short 

description of agroXML is given followed by the methods used for creating the 

semantic model. 

 

2.1 agroXML 

 

agroXML is an XML dialect for representing and describing farm work. It provides 

elements and XML data types for representing data on work processes on the farm 

including accompanying operating supplies like fertilizers, pesticides, crops etc. It can 

be used within FMISs as a file format for documentation purposes but also within web 

services and interfaces between the farm and external stakeholders as a means to 

exchange data in a structured, standardized and easy to use way. 

Among its use cases are for example: 

 Extensive documentation of crop growing: Demand for documentation of 

activities during cultivation of crops like seeding, fertilization, harvesting etc. is 

constantly rising. The same goes for livestock farming, where relevant events to 

document may include birth of animals, veterinary treatments, feeding etc. On 

the one hand, information like amounts of fertilizers applied, variety used, 
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veterinary drugs handed out etc. is requested by buyers of agricultural goods like 

mills or slaughterhouses. On the other hand, in certain settings, information like 

this may be used within web platforms or quality programs to achieve a certain 

marketing advantage by transparency on production processes. agroXML 

provides the necessary elements to construct files or web services that provide 

the necessary information. Data can be reused for other purposes as well, while 

control on content handed out to third parties stays within applications and 

therefore, if necessary in the hands of the farmer. 

 Data sharing within cooperatives: in software applications for cooperative 

farming or for enterprises that manage several farms at different places, a need 

for data sharing among different production sites or components applications 

may arise. agroXML allows to build a web services based peer-to-peer network 

to exchange data on sites, fields, crops grown, animals kept etc. Data items can 

be picked from the schemas and provided within a service oriented architecture 

either within a full-blown SOAP (Mitra and Lafon, 2007) messaging stack or 

using lightweight, flexible approaches like ReSTful web services (Richardson 

and Ruby, 2007). 

 Providing data on farming products and supplies: Providers of agricultural 

supplies and goods or an extension service or governmental organization may 

want to offer an additional service to clients by delivering extended information 

on the things they sell or have knowledge on. agroXML enables machine-

readable, electronic provision of data sheets and specification documents. The 

information can then be imported into management systems relieving your 

customers from cumbersome manual data entry. 

agroXML has been developed by a team consisting of members from makers of 

agricultural software systems, machinery companies, service providers and research 

organisations. Its origins date back around the year 2000. Currently, agroXML is at 

version 1.5 aiming for publication of 1.6 in 2013. The latter will include the overlay 

semantic model described below as an integral part of the release.  

Structures are defined using W3C's XML Schema (Fallside and Walmsley, 2004). 

Schema files of the most recent released version are currently available at 

http://www.agroxml.de/schema/agroxml_1_5. Essential modules with definitions 

concerning the farm and plant production are currently availabe, modules for livestock 

farming are in development. These can be used as a whole, but also independently from 

each other. 

 

2.2 agroRDF 

 

Using the resource description framework (RDF; Klyne and Carroll, 2004) and RDF 

Schema (RDFS; Brickley and Guha, 2004), in a first step, a complete 1:1 representation 

of the agroXML schemas has been created. Although this can be done, it led in part to 

rather complex constructs and proved to be difficult to maintain. The work was thus 
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reorganized into a set of small, modular ontologies. They provide a semantic model of 

the data format by capturing in a set of statements relations between individual data 

elements. For formulating the statements, a small subset from the OWL (Motik et al., 

2012) vocabulary – basically providing sameAs-functionality to express equivalence – 

have also been introduced. Figure 1 shows a strongly reduced excerpt of the RDF model 

for Pesticides.  

 
Figure 1. Reduced excerpt of the RDF model on Pesticides. 

 

A semantic model in the context of the semantic web and focusing on interoperability 

issues, where data is supposed to be exchanged between anonymous partners makes 

most sense if it builds as much as possible on already published ontologies made 

available by domain experts. That way, data can easily be put into context with other 

data sets. During the development process, therefore certain classes and properties in 

agroRDF have step by step been replaced by references to existing ontologies like the 

QUDT ontology published by the NASA jet propulsion laboratories for quantities and 

dimensions and the vCard and FOAF ontologies for data on people. Further candidates 

for reuse include the semantic sensor network (SSN) ontology by W3C for sensor data 

and measurements, the Core Business Location vocabulary for organization’s data and 

the RDF vocabulary defined in the GeoSPARQL specification for spatial data. That 

way, the model can be simplified significantly by leaving model details up to the 

external ontologies. An application can then pull in further information just as needed. 

An especially prominent example is the provision of human readable unit labels and 

conversion multipliers by the QUDT ontology offering means for human-readable 

presentation of quantities in GUIs and conversion between different units of measure. 

An important step is the establishment of links between the XML schemas providing a 

syntax specification for documents and data packages and the RDF model providing the 

formal description of semantics. This has been done in this case using additional 

schema attributes from the semantic annotations to WSDL and XML schema 
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(SAWSDL; Farrell and Lausen, 2007) recommendation. Element and data type 

definitions in the schema are set into relation with their counterpart in the semantic 

model by a reference to class/property URLs used in the RDF model. As an example of 

how to link against a multilingual thesaurus, a mapping into AGROVOC of the Food 

and Agriculture Organization of the United Nations (FAO) has been created. The 

AGROVOC has recently been provided using semantic web technologies as well, 

assigning Uniform Resource Locators (URLs) to each concept and thus allowing 

references from other ontologies. The mapping allows e. g. multilingual search in 

agroXML data sets. 

 

 

3.  CONCLUSIONS AND OUTLOOK 
 

Coming back to the solution approach for the issues described in section 1, principles 

and mechanisms for achieving system-independent, inter-standards, cross-domain 

interoperability can be derived as follows from the exercise in data modeling described 

above: 

A first step is assigning URLs to concepts within a domain. This is a natural step within 

development of any RDF model, the only task to be actively done by the developer is 

choosing an appropriate convention. Within our work, the choice was made to rely on 

existing human readable element names. Standards that provide a data dictionary like 

the ISOBUS mentioned in 1.1 may e. g. choose existing data dictionary entity numbers 

and build up an URL by adding a prefix. In fact, a (not yet published) RDF 

representation of the ISOBUS data dictionary has been worked out within the iGreen 

project relying on such a mechanism.  

As a second step, a mapping to an available syntax specification has to be established. 

Data can then be used and semantically annotated “as-is” by simply parsing and 

attaching syntactical tokens found to a semantic description using the pre-existing 

mapping. Standards relying on XML and providing their specification in a schema can 

use the facilities of SAWSDL described above. For other serializations, similar 

mechanisms have to be developed. 

Third and last, reuse of existing ontologies is crucial for developing references to a 

common ground. Step by step, linkages can be established leading to improvement by 

allowing developers to easily extract identical concepts from data sets represented in 

different standard formats or to set data into context by e. g. interpreting subclass-

/superclass relationships. In the future, large networks of semantic standards 

descriptions can evolve leading to a constant growth of understanding. 

Another benefit in the context of using XML schema together with RDF was, that the 

schema can be relieved from also having to carry model information. Although there are 

mechanisms to model superclass/subclass and other relationships like a feature-property 

model in XML, it usually leads to very clumsy, hard to understand schemas. By pushing 

that information into the semantic model layer, the schema can thus be flattened out and 

simplified leading to a clean separation of concerns and using the right technology in 

the right place. 
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A prototypical web service showing application of these semantic web technologies to 

agricultural machinery data has been created showing flexibility in extensions however 

covering only a single data source. Recently, work is conducted to build a set of web 

services for livestock farming that demonstrate integration of different data sources and 

standards using agroRDF as a facilitator. 
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ABSTRACT 
 

This paper conducts a socio-economic evaluation of climate risks on crop production in 
Hungary, using panel data models. The country has a special location in the Carpathian 
basin. The spatial distribution of the precipitation is highly varied, from humid 
conditions in the western part to semiarid conditions over the eastern regions. Under the 
current conditions crop systems are mainly rainfed and water licenses are completely 
underexploited. The potential future climatic conditions were examined based on the 
RegCM3 model with A1B scenario, and compared to last ten years (2002-2011), which 
was a warm period. Results show, that in the near future (2021-2050) most of the crops 
examined could have the same or better climatic conditions, while at the end of the 
century (2071-2100) lower yields are expected. 
 
Keywords: Climate change, statistical models of yield response, panel data analysis, 
adaptation, irrigation, Hungary.  
 

1. INTRODUCTION 
 
Agriculture plays an important role in Hungary’s economy. The farm structure is 
bipolar and fragmented, with large-scale and small-scale farms. The number of small 
individual farms (many of them only 1-2 hectares) is disproportionately high, but these 
farms contribute to a secure livelihood and a modest income for many families (Tóth, 
2012).  
 
Hungary owns many fertile soils and basically good climatic conditions for agricultural 
activities. However, in the last years, as a consequence of the extreme weather events, 
crop yields were very varied. For example the year 2003 was extreme hot and dry, the 
period from May to August was the warmest in the last 100 years (Bella et al., 2007). In 
2007, Hungary had to face spring frost, heat waves, wind storms, hail and heavy rains 
(Ladányi et al., 2009), in summer 2009, storms and hail events devastated during nearly 
a month across the whole country (Szenteleki et al., 2009), while 2010 was an 
extremely wet year.  
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According to Jacquin et al. (1998), the quantity of flowing water per inhabitant in 
Hungary seems to be the largest in the world, however the ratio of the irrigated areas is 
very low and the irrigation schemes are inefficient. Water licences are completely 
underexploited; around 98% of the agricultural areas are non-irrigated arable land. 
Floods and excess surface water are also regular problems. 
 
The aim of this study was to analyse the agricultural production of the Hungarian 
counties and the expected changes due to the climate change. 
 

2. MATERIALS AND METHODS 
 

Five important crops with different needs were selected for the analyses. Green peas and 
potato have the highest proportion of irrigated areas (about 20% and 13%, respectively), 
while maize, sunflower and grapevines are primarily rainfed crops. The crop response 
was analysed using panel data regression, taking into account climatic and socio-
economic variables. 
 
2.1 Data 
 
The study focuses on the 19 counties of Hungary. Historical data were obtained for the 
period of 2002-2011 from the Hungarian Central Statistical Office, the Research 
Institute of Agricultural Economics and from the Hungarian Meteorological Service.  
To characterize the climatic conditions seasonal average temperature and precipitation 
sum values were applied. Drought events are difficult to characterize, in this study we 
used the well-known Standardized Precipitation Index (SPI) developed by McKee et al. 
(1993). Based on the 12 month SPI values a dummy variable was constructed, which 
equals to 1 if a given year is a drought year (SPI <= -1) and 0 in other cases. 
 
The variables net income per capita, income per capita from small-scale agricultural 
production and the number of taxpayer small-scale agricultural producers were 
considered as socio-economic variables. Small-scale agricultural producers have an 
important role in Hungarian agriculture (there are many small farms), so these variables 
can characterize the human resources of the counties. Attempts were made to involve 
other variables, e.g. total employment, employment in agriculture, but these were not 
significant in the models, or showed correlation with the previous ones. 
 
Irrigation activities were characterized by the following variables: area with irrigation 
license, irrigated area by crop type, amount of irrigated water by crop type; and from 
these values the ratio of the irrigated and harvested area, as well as the amount of 
irrigated water amount per harvested area were calculated, too. 
 
Climate scenarios applied in the study were provided by the Department of 
Meteorology of the Eötvös Loránd University. They used the high-resolution version of 
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the Regional Climate Model (RegCM3) over the Carpathian basin using the A1B 
scenario (Torma et al., 2011). Two future time-slices were applied: 2021-2050 and 
2071-2100. Usually the period of 1961-1990 provides a standard reference for the 
impact studies; in the present study the forecasted results were compared to the 
observations in the last ten years (2002-2011). According to the World Meteorological 
Organization (2011), the decade 2001-2010 was the warmest ever recorded. Moreover, 
this decade was marked by numerous weather extremes, unique in force and impact.  
 
Soil conditions are also responsible for the crop development and water availability, but 
were ignored during the analyses because of the spatial resolution. It is supposed that 
soil will not change in significant extent. Neither did we consider the further changes of 
the economic conditions. 
 
2.2 Panel Data Regression 
 
Panel data regression is a useful tool when the outcomes depend on both time and cross-
sectional effects. Panel data models can be estimated by fixed effects (FE) or random 
effects (RE). The core difference between fixed and random effect models lies in the 
role of dummy variables. If dummies are considered as a part of the intercept, this is a 
fixed effect model. In this case the model examines group differences in intercepts, 
assuming the same slopes and constant variance across entities or subjects. In a random 
effect model, the dummies act as an error term and the difference among groups (or 
time periods) lies in the variance of these error terms, not in their intercepts (Baltagi, 
2001; Hsiao, 2003). The decision on the FE or RE model was made based on 
Hausman’s (1978) specification test. In case of favour to RE model, the model was 
tested with Breusch-Pagan Lagrange multiplier test, too (Breusch and Pagan 1980). In 
our crop-models the dependent variable was the natural logarithm of the crop yields, 
and the explanatory variables were described above. The logaritmization of the 
dependent variable was used in order to homogenize the variances. This transformation 
is widely used in economic studies (Quiroga and Iglesias, 2009). As a first step the 
correlation coefficients between the explanatory variables and the logarithm of the crop 
yields were calculated and only the significantly correlated variables were used in the 
models. In case of highly correlated explanatory variables the more important ones were 
kept in the models. The analysis was made using the STATA 11 statistical program. 
 

3. RESULTS 
 
3.1 Panel Regression Models 
 
Estimation was carried out for the 19 counties of Hungary on the basis of the 10-year 
observed data. In case of maize, sunflower and green peas the fixed effect (FE), while in 
case of the potato and grapevine the random effect (RE) model proved to be the best one 
(Table 1). The Rho value shows the fraction of variance due to the differences of the 
counties, and varies from 26.63% (grapevine) to 56.76% (maize). 
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The models make good estimations for the average yields with less than 5% difference 
between the observed and the modelled values; however they underestimate the 
standard deviation. 

 
Table 1. Estimated coefficients of the panel regression models  

(19 regions, 10 years, dependent variable ln_Yield) 
Variable  Maize Sunflower  Potato Green peas Grapevine 
  (FE) (FE) (RE) (FE) (RE) 
Irr_area       0.0001* 0.0033** 
Irr_ratio     0.0011**     
T_djf         0.0381* 
T_jja -0.1940*** -0.0550***   -0.1209*** -0.0428* 
T_son 0.0864*** 0.0263***       
P_mam     0.0006*** 0.0013**   
P_jja 0.0004**         
P_son   -0.0006*** -0.0021***     
Dro     -0.0909***     
Net_income 0.0008*** 0.0003** 0.0004**     
Agr_taxpay   0.0524*** 0.0381*** 0.0858**   
Constant 4.3614*** 1.5165*** 3.0247*** 3.5897*** 2.6768*** 
Rho 0.5676 0.4210 0.5631 0.2743 0.2663 

R2 0.82 0.65   0.37   

Adj. R2 0.80 0.60   0.27   
Breusch-Pagan 
LM     183.11***   91.60*** 
Significance level of the robust t-statistics: *** p<0.01, ** p<0.05, * p<0.1 

 
The results show that irrigation has a positive effect on the crop yield of green peas, 
potato and grapevine. It was expected in the case of potato and green peas, because 
these crops have the highest ratio of irrigated area among the examined ones. In 
contrast, the irrigation of the vineyards is not usual in Hungary.  
 
Drought has a significant negative impact on potato. It can be seen that increasing 
summer temperature has a significant negative impact on the yield of all crops (except 
potatoes); however, the autumn temperature has a positive effect on the yield of maize 
and sunflower. In case of sunflower and potato the autumn precipitation is also crucial; 
high precipitation has a negative effect making the harvest difficult and reducing the 
crop quality. The positive coefficients of the net income indicate that in richer counties 
more yields are expected in case of maize, sunflower and potato; furthermore the 
number of small-scale agricultural taxpayers has a positive effect on the yield of 
sunflower, potatoes and green peas. 
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3.2 Expected Changes in Crop Yields 
 
Based on the panel regression models obtained for the last ten years (2002-2011), the 
potential climate change effects were investigated. As the last decade was very warm, 
the applied A1B scenario indicates in the near future (2021-2050) lower temperature in 
summer and autumn, so most of the crops examined could have better climatic 
conditions. In the opposite way, if we look at the end of this century (2071-2100), due 
to the higher temperature and lower precipitation, lower yields are expected on country 
level. However, the variability of the yields, characterized by the standard deviations, 
could be greater in the near future. The counties have different conditions, so the 
expected changes of crop yields have a spatial variability (Figure 1). 
 
Maize is a warm season crop, but a very hot and dry summer decreases its yield. In the 
near future, due to the temperature decrease in summer, higher yields are expected in all 
counties compared to the last ten years. However, looking at the end of the century, the 
significantly less summer precipitation can lead to considerable yield losses. Sunflower 
is well adapted to Hungary's agro-climatic conditions. Our results show that in the near 
future sunflower yields could be slightly higher, while in the far future the present 
amount of yield is expected in almost all regions, with a 5-10% decrease in the central 
part of the country. Potato has a high water demand and looking at the model 
estimations, it is the unique case, where the dummy variable indicating drought years 
was significant and negative. As we do not know whether the future years would be dry 
years or not, we assume the presence of drought in all cases; while considering the ratio 
of the irrigated area values of the year 2011 were applied. In the near future, in the 
northern part of the country, the expected yield decrease is approximately 10%. In these 
counties, the scenario forecasts increasing autumn precipitation; and precipitation in the 
harvest season can lead to yield loss. By the end of the century the yields are expected 
to decrease in almost the whole country, because of the decreasing precipitation in 
spring and increasing precipitation in autumn. In case of green peas the high summer 
temperature has a negative effect, while the precipitation in spring has a positive effect 
on the yield. For the period of 2021-2050 the scenario indicates on country level about 
5% decrease in both the summer temperature and spring precipitation, but the summer 
temperature has a greater coefficient (greater effect) in the model. Therefore in most of 
the counties a slight increase of yield can be expected. For the period of 2071-2100 
increase of summer temperature and decrease of spring precipitation is forecasted, and 
this combination leads to a significant yield loss, especially in the southern counties. 
The grapevine model has very few significant variables, however the whole model and 
all the coefficients are significant and its capacity of prediction is good. In the near 
future, the model forecasts slightly higher yields for almost the whole country, while for 
the far future, we can observe almost the same yield as at present. 
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Figure 1. Expected changes (%) of crop yields compared to the average yields 
in 2002-2011 
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4. DISCUSSION 
 
Climate change impacts on the Hungarian agriculture were evaluated by county level, 
considering climatic and socio-economic variables. In this study the reference period 
was the last ten years (2002-2011), which was a warm period and had many extreme 
weather events. It was found that in the near future (2021-2050) maize can have better 
climatic conditions, the yield of sunflower, green peas and grapevine is expected to 
remain around the present level, while a slight decrease in potato yield is expected. 
However, the variability of the yields, characterized by the standard deviations, could be 
greater in the near future. 
 
Several former researches stated that in long-term climate change would have 
prospectively mainly negative effects on the Hungarian agriculture (Aaheim et al,. 
2009; Gaál, 2008). The present results confirm this. By the end of the century (2071-
2100) all crops examined show yield loss, and green peas can suffer the most among 
them.  
 
The presented results call the attention to the importance of the irrigation, especially in 
case of green peas and potato production. At present crop systems are mainly rainfed 
and water licenses are completely underexploited. The adequate use of the surface water 
resources could make Hungarian agriculture more stable and intensive (Kapronczai, 
2010). To avoid great yield losses, the installation of irrigation systems would be 
essential, but there are economic impediments (Bella et al., 2007). According to Biro et 
al. (2011) the present farm structure with small farms, raise difficulties in the expensive 
irrigation development and also a strong state involvement would be needed. 
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ABSTRACT 
This paper describes the objectives and final results of the STRATOS project 

(System for TRAcTOrs’ autonomous OperationS), within the framework of ICT-AGRI 
ERA-NET (Coordination of European Research within ICT and Robotics in Agriculture 
and related Environmental Issues). The main objective of the STRATOS project was the 
development of an open ICT hardware-software infrastructure enabling the acquisition 
of geo-referenced information on soil and terrain parameters. 

In more detail, STRATOS project target was to develop and demonstrate new 
functions enabled by ISOBUS technology (ISO 11783) that support a substantial 
improvement of the quality of the farming jobs. In particular the idea is to develop a 
technology based on ISOBUS compliant, wireless self-powered sensor network for the 
real time measurement of soil and harvester conditions. In this way, Task Controller (an 
ICT component defined by ISOBUS specification which supervises actively the farming 
job performed by the tractor) can optimize the whole tractor and implement operational 
modes to improve the farming job quality and safety of the overall systems. 

The project lasted from 1st April, 2011 to31st March, 2013, and this paper reports 
about the project achievements 
Keywords:   Isobus, wireless sensors, Israel, Italy, Latvia, Switzerland,. 
 

1. INTRODUCTION  
Soil is a complex, living, changing and dynamic component of the agro-ecosystem. It 

is subject to alteration, and can be either degraded or wisely managed. A thorough 
understanding of the ecology of the soil ecosystem is a key part of designing and 
managing agro-ecosystems in which the long-term fertility and productive capacity of 
the soil is maintained, or even improved. This understanding begins with knowledge of 
how soil is formed in a given ecological region, and includes integration of all the 
components that contribute to the structure and function of the entire soil ecosystem 
(Gliessman, 2004). A great many biological, chemical and physical factors determine 
soil quality. By measuring some of these components and determining how they 
respond to management in an agricultural context, a foundation for assessing the health 
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of the soil can be established. Ultimately, indicators of sustainability can be grounded in 
the assessment of soil conditions and how they change as a result of the choices a 
farmer makes in managing the agro-ecosystem. 

Measurements of soil and terrain parameters, such as pH and soil moisture, soil 
temperature and bulk density, water holding capacity, etc.;  can be obtained by means of 
the analysis of optical and microwave remote sensing data (Mulder 2011), or by a set of 
suitable sensors placed on the field. In order to reduce the number of sensors and 
optimize the agricultural job, the sensors can be placed on board to a tractor which is 
moving within the area to be monitored. and or carried on the tractor or any other 
agricultural machine. 

 

 
Figure 1. A integrated system for the acquisition of soil and terrain data from various 

sources. 
 

The STRATOS project exploits the communication standard ISOBUS technology to 
implement a wireless sensor network for a mobile system for soil and terrain data 
acquisition through field sensors. 
 
1.1 ISOBUS standard  

A tractor or an implement taken apart are useless, as only the combination of the two 
of them performs an effective agricultural job. In the past, all tractors had a proprietary 



 

C0218. C. Fantuzzi, P.O. Gutman, I. Kaitovic, L. Larcher, S. Marzani, M. Ruggeri, V. 
Zagurskis. “open System for TRAcTOrs’ autonomouS Operations” FITA-WCCA-CIGR 
Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 
2013. 
 

hardware architecture to control implements, and in particular an ad hoc remote control 
system which must be installed in the tractor cockpit, often installed as an aftermarket 
kit. Since many implements should be plugged into a single tractor to accomplish 
various farming jobs, many control and user interface (HMI) devices have to be 
installed on board often producing a mess of cable and hardware, that prevent 
ergonomic and safe tractor use. 

Since the early 90s’ a task force of tractor and implement manufacturers, and 
standardization authorities is developing the ISO11783 norm (ISOBUS), that aims at 
introducing a ”plug & play” concept into the tractor-implement systems. We give a set 
of components relevant from this papers point of view that ISOBUS specifies for 
tractors provided with ISOBUS certification (Oksanen T. et al., 2005), (Pierce, F. J. and 
Nowak  P. (1999)): 

• Virtual Terminal, a standardized control and user interface unit that enables 
communication of control and supervision signals with any ISOBUS-compliant 
implement. In such a way, all standard implement can share the same control and user 
interface unit, simplifying by far the work of the farmer and increasing the usability and, 
hence, the safety of the tractor. 

• Task controller, a software application run by Virtual Terminal for the 
management of the agricultural job. 

• Communication network, based on 2560kbaus CAN communication protocol 
allowing simultaneous bus access from different nodes. 
 

2. STRATOS STRUCTURE 
The aim of STRATOS project is to demonstrate the application of ICT technology, in 
particular ISOBUS and wireless communication technologies, to agricultural 
applications. The structure of the system can be described as follows:  
a) The wireless sensors transmit every 30 seconds a data stream containing 

information in a digital coding through a network (Wireless Sensor Network, 
WSN). 

b) The ISOBUS Task Controller is deployed in a Data Management System (DMS), 
which gets the continuous data flow from the sensor network, then format this data 
stream in a defined structure and send these structures to the remote FMIS (Farm 
Management Information System) into the farm premises. 

c) The DMS gets stream of data from the WSN using a serial UART link. 
d) The DMS gests the localization data from a GNSS receiver (standard GPS receiver) 

through an ISOBUS interface. 
e) The DMS communicate with the FMIS using a GSM module hosted by the VE-

CAN system. The DMS sends the stream of data to the VE-CAN module through 
the ISOBUS network. 

f) The DMS has a human interface which is based on a smartphone connected via 
blue tooth that permits the user to interact with the STRATOS system to command: 
(1) start stream (data collection and communication to FMIS), (2) stop Stream, and 
to display information about (3) communication channel status (working/not 
working) and (4) average value for each sensor.  
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Figure 2. The STRATOS structure. 

 

The system implements the following use cases: 
1) The DMS hosted by a ECU on board to the tractor gets the data flows from the 

wireless sensor network WSN through the UART dongle (access point for the 
WSN). 

2) The DMS gets the position information from the on-board GPS through ISOBUS. 
3) The DMS combines the two sources of information and formats the data in a 

defined structure, suitable for the communication to FMIS using the GSM interface. 
4) The GSM interface is hosted by the VE-CAN module. The DMS sends data stream 

to VE-CAN module through ISOBUS.  
5) The PC in the farm premises equipped with a GSM interface receives the data 

stream from the mobile station through the GSM communication channel. 
6) The PC collects and stores the data in a database management system: DBMS.  
7) The data are presented to the user by means of a web interface on the PC using also 

a google map visualization service. 
 

3. STRATOS DEVELOPMENT 
The development of STRATOS prototype followed the steps: 

1. A conceptual model of the system has been developed using the Unified 
Modeling Language (UML), that is the standard formalism to structure the engineered 
development of complex systems. A complete conceptual description of the system has 
been developed using a set of graphical documents following UML syntax. These 
scheme have been used to share between project partners all the information concerned 
with the system development, allowing remote collaboration of engineering teams. 
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2. On the basis of formal specification derived from step 1, the STRATOS 
infrastructure has been divided in modules, which have been developed separately by 
partners on the basis of their own competences. 

3. The last step was the integration of the subsystems in the complete STRATOS 
prototype. 
 

    
Figure 3. The development of the system in the lab (left) and the prototype of the 

wireless sensors (right). 
 

 
Figure 4. The WEB interface for the localization of a Google service of the data 

acquired from the field sensors. 
 

4. CONCLUSION 
This paper presented the results of the application of modern ISOBUS technology and 
self-powered energy harvesting sensors for agricultural applications. This technology 
has been tested to prove efficiency and reliability in a real farming environment. 
 



 

C0218. C. Fantuzzi, P.O. Gutman, I. Kaitovic, L. Larcher, S. Marzani, M. Ruggeri, V. 
Zagurskis. “open System for TRAcTOrs’ autonomouS Operations” FITA-WCCA-CIGR 
Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 
2013. 
 

5. ACKNOWLEDGMENTS 
This work has been supported by ICT-AGRI ERA-NET project STRATOS, a project of 
the 7th Framework Program of the European Commission, and by “Ministero delle 
Politiche Agricole” (Italy), “Ministry of Agriculture and Rural Development” (Israel), 
“Latvian Academy of Sciences” (Latvia), “Swiss Federal Office for Agriculture” 
(Switzerland). 

6. REFERENCES 
Mulder 2011, V.L. Mulder, S. de Bruin, M.E. Schaepman, T.R. Mayr, The use of 
remote sensing in soil and terrain mapping — A review, Geoderma, Volume 162, Issues 
1–2, 15 April 2011, Pages 1-19, ISSN 0016-7061, 10.1016/j.geoderma.2010.12.018. 
 
Gliessman, S.R. 2004. Agroecology and agroecosystems. In Rickerl, D. & C. Francis 
(eds) Agroecosystems Analysis.  Agronomy Monograph No. 43. 
 
ISO organization (2010). ISO 11783, Tractors and machinery for agriculture and 
forestry -- Serial control and communications data network, Parts 1-14. 
TC23/SC19/WG1. 
 
Oksanen T., Ohman , M., Miettinen M., and Visala  A.. (2005)  ISO 11783 
STANDARD AND ITS IMPLEMENTATION, 16th IFAC World Congress, 2005, 
Prague (Rep. Ceka). 
 
Pierce, F. J. and Nowak  P. (1999) Aspects of precision agriculture. In D. L. Sparks, 
editor,Advances in Agronomy, volume 67, pages 1 – 85. Academic Press, 1999.V.L.  
 



1 

 

Optical Criteria in Estimating Deficiency of Basic Macroelements and 

Plant Fertilizer Requirements 

 
V.P. Yakushev, E.V. Kanash, Yu. A. Osipov 

 

Russian Academy of Agricultural Science, Agrophysical Research Institute 

Grazhdansky prosp. 14, St. Petersburg, Russia, 195220 

ykanash@yandex.ru 

 

ABSTRACT 

 

To ensure successful spatially differentiated fertilization, it is necessary to find a section 

of the field where the crop differs in appearance from that with optimal characteristics, 

determine the nutrient whose deficiency impaired the quality of plants in that section, 

evaluate the expedience of additional fertilization and calculate the amount of fertilizers 

needed in every individual section. Most publications on this subject are devoted to 

revealing crops with nitrogen deficiency while very few of them consider optical 

symptoms of other nutrients shortage. The aim of the present work was to study specific 

and nonspecific changes in optical properties and the possibility of their employment 

for detecting plants suffering from nitrogen, phosphorus or potassium deficiency. It was 

found that unbalanced mineral nutrition not only increases leaf reflectance but also 

induces changes in the structure of reflected radiation spectra. Appearance maximum 

and minimum values in reflectance spectra derivatives observed in conditions of N, P 

and K deficiency indicates nonspecific response of plants to nutrient shortage. As has 

been shown, specific changes also take place under the deficiency of each of the 

nutrients against a background of nonspecific ones. 

 

Keywords: Optical criteria, nutrient deficiency, wheat, fertilize, Russia 

 

1. INTRODUCTION 

 

Precise agriculture is the technology of the 21
st
 century that is based on the estimation 

and registration of spatial and temporal heterogeneity of cultivated fields. One of the 

key components of this technology is precise spatially differentiated fertilization of the 

fields which allows to significantly lower the amount of fertilizers applied, raise the 

yield and improve the quality of agricultural products. This resource-saving and highly 

intensive technology ensures the profitability of agricultural production and reduces at 

the same time the hazard of environment pollution. To perform precise fertilization, it is 

necessary to know the distribution of nutrient elements across the field before sowing 

and control the provision of plants with basic nutrients when applying dressing during 

vegetation process. In monitoring the condition of the field before sowing the following 

steps should be taken: 
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 Detecting the section of the field where crops differ in appearance from those 

grown in optimal conditions which indicates that growth conditions here need 

improvement (detecting of faults); 

 Finding out the factor that caused the deterioration of plants state in this section 

(determination of causes); 

 Assessing the expedience of supplementary dressing and calculating the dose to 

be applied at every individual section (quantitative assessment). 

Clearly, these three tasks are closely interrelated and the subdivision is necessary only 

for working out the technique of crop monitoring and spatially differentiated 

fertilization that would ensure the optimization of plant growth and development. The 

task of estimating spatial heterogeneity of the crop is rather complicated and claims 

close attention in elaborating methods of spatially differentiated fertilization. However, 

it is even harder to determine the mineral nutrient whose deficiency has caused growth 

retardation and to assess the amount of fertilizer to be applied. 

Earlier in our studies we devised theoretical and methodical foundations of locating 

homogeneous technological zones for differentiated application of nitrogen fertilizers, 

the technique being based on remote estimation of colorimetric characteristics of the 

canopy in the experimental field [Yakushev, Kanash, 2011]. Following the procedure 

worked out, the provision of plants with nitrogen and their demand for the fertilizer 

were evaluated with the help of digital images of the field with specially allotted 

reference plots that received strictly specified doses of nitrogen. Applying various doses 

of nitrogen (from the maximum dose calculated for obtaining the planned yield to the 

minimum one, with two or three of medium value) we received crops with different 

colorimetric characteristics. Using three-dimensional model of colour space CIE LAB 

[CIE Colorimetry, 1986] we were able to assess quantitatively colorimetric 

characteristics of crop canopy on test plots and to plot calibration curves describing the 

relationship between colorimetric characteristics and a dose of nitrogen [Yakushev, 

Kanash, 2011]. The curves allowed us to estimate fertilizer demand of plants and the 

amount of fertilizer needed in each individual section of the field whose position was 

determined using GPS. In most of the works cited [Kokaly, 2001; Haboudane et al 

2002; Maine et al, 2010] detection of the sections suffering from nitrogen deficiency 

was based on the observations of chlorophyll loss and/or decrease in the leaf area index. 

Only a few publications [Sembiring et al, 1998; Osborne et al, 2002] take into 

consideration optical criteria of the deficiency of other mineral nutrients. 

For this reason the aim of our present work was to study specific and nonspecific 

changes in optical properties of plants and assess the expedience of the employment of 

optical criteria for detecting the deficiency of basic mineral nutrients (nitrogen, 

phosphorus and potassium) at early stages of its development. The experiment was 

carried out in controlled conditions with the purpose to exclude the unfavorable 

influence of factors that are not presently studied. 
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2. MATERIALS AND METHODS 

 

The investigation was carried out on plants of spring wheat cultivars Leningradskaya-97 

(L-97), Hester (H) and Krasnoufimskaya-100 (K-100) grown in controlled conditions 

on inert soil substitute (sand). The plants were showered with Knop solution (the 

control) or with the solution deficient in some of the macroelements (nitrogen, 

phosphorus or potassium). Spectral characteristics of radiation reflected from leaves 

(400-1000 nm) and their colorimetric characteristics were determined with Ocean 

Optics spectrometer HR2000 using reflection sensor R200-7-UV-VIS (Ocean Optics, 

USA) and the software SpectraSuite. Spectral and colorimetric characteristics in each of 

the experimental variants were measured on 30 plants repeating the experiment twice. 

Spectral characteristics were inferred from changes in reflectance indices describing the 

intensity and the efficiency of plant photosynthetic apparatus [Kanash, Osipov, 2009] as 

well as from appearance or disappearance of maximum and minimum values on the first 

and the second derivatives of leaf reflectance spectra. Table 1 shows the criteria that 

were used to estimate nitrogen, phosphorus and potassium requirements of plants.  

 

Table 1. Criteria for evaluation changes of physiological status of plants in response to 

nitrogen, phosphorus and potassium deficiency 

Index Parameter measured Computation formula Reference 

ChlRI 

Content of chlorophyll, 

photosynthetic  apparatus 

capacity and its ability to absorb 

sunlight 

(R750-R705)/(R750+R705-2R445) 

[Sims, 

Gamon, 

2002] 

PRImod 

Photochemical activity of 

photosynthetic apparatus. PRI 

was developed to assess changes 

in the relative level of 

xanthophylls and estimate the 

intensity of heat dissipation 

C
1
–[(R570-R531)/ (R570+R531)] 

[Peñuelas 

et al, 1995] 

(modified ) 

ARI 

Anthocyanins content. 

Accumulation of A. is a sign of 

the oppression of plants and the 

inhibition of their growth 

C
2
 + [(1/R550)-(1/R700)]*R750 

[Merzlyak 

et al, 2003] 

(modified) 

FRI 

Flavonols content. 

Accumulation of F is a sign of 

the oppression of plants and the 

inhibition of their growth 

C
3
+((1/R410)-

(1/R460))*R800 

[Merzlyak 

et al, 2003] 

(modified) 

R800 

Indicator of light scattering. 

It depends on the internal 

structure of leaf 
R800 

[Sims, 

Gamon, 

2002] 
1-3

 values are constants determined by experiment and are usually equal 0.5-0.7. 
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The validity of differences between the variants was assessed by methods of parametric 

and nonparametric statistics using the software Excel 2010 and Statistica 8. The 

reliability of differences in morphophysiological and optical properties of plants for 

variants with different kinds of mineral nutrition was determined with the help of 

Kruskal-Wallis nonparametric criteria and those of Wilcoxon. 

 

3. RESULTS AND DISCUSSION 

 

Deficiency of nitrogen, phosphorus and potassium led to a harsh inhibition of the 

production process and a decrease both in leaf area (Fig. 1) and net assimilation rate 

NAR (Fig. 2). NAR represents a plant’s net photosynthetic effectiveness in capturing 

light, assimilating CO2 and storing photoassimilate. The most pronounced inhibition of 

dry matter synthesis was observed in plants suffering from nitrogen deficiency. NAR in 

plants with nitrogen deficiency amounted on the average only to 20 percent of the 

control level. The influence of phosphorus and potassium deficiency was still less 

significant. The wheat Krasnoufimskaya-100 was less sensitive to phosphorus 

deficiency as compared with two other cultivars: its NAR was 65 percent of the control 

while with the Hester cultivar it came up to 45 percent. The cultivar Leningradskaya-97 

was not so sensitive to potassium deficiency as the Krasnoufimskaya-100 and the 

Hester (their NAR was 75 and 55 percent of the control, respectively). 

It was found that nutrient deficiency may be detected by changes in the spectra of 

radiation reflected from leaf surface even in the absence of apparent symptoms of plant 

growth retardation or of changes in leaf colour. Figure 3 presents spectral characteristics 

of radiation reflected from older leaves of the lower layer and from younger ones of the 

upper layer. As can be seen, the impact of NPK deficiency on optical properties is 

stronger in older leaves. Visual examination of young leaves in conditions of 

phosphorus or potassium deficiency did not reveal either changes in colour or other 

symptoms of mineral hunger which may be seen only in reflectance spectra. Phosphorus 

and nitrogen deficiency caused significant decrease of chlorophyll concentration, 

especially in the lower layer leaves of all cultivars studied (Fig. 1). In case of potassium 

deficiency, however, probable changes of chlorophyll index were observed only in 

cultivars Hester and Krasnoufimskaya-100 and were absent in Leningradskaya-97. 

Table 1 demonstrates results of assessing the probability of difference in optical 

characteristics between plants grown under optimal nutrition and under the deficiency 

of one of the macroelements. The table lists 6 indices including the index of chlorophyll 

content in the leaf that shows the potential of a plant to absorb light. Other indices make 

it possible to assess the efficiency of absorbed light participation in photochemical 

processes of photosynthesis. Changes of these indices are the only symptom of plant 

stress when either outward signs of mineral deficiency or loss of chlorophyll are not 

observed yet. As can be seen, optical characteristics of the given wheat cultivars change 

differently. 
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Figure 1. Spectral characteristics of radiation reflected from leaves of lower (at the top) 

and upper (at the bottom) layers in conditions of optimal mineral nutrition (Control) and 

under the deficiency of nitrogen (N), phosphorus (P) or potassium (K). 

 

Common to these cultivars is the absence of changes in the value of heat dissipation 

index HDRI under potassium deficiency (see the table). In conditions of nitrogen or 

phosphorus deficiency part of light energy unutilized in photosynthesis dissipates in the 

form of heat produced during carotenoids conversion. Increase of the heat dissipation 

index is a sign of these changes. Therefore, plant growth inhibition not accompanied by 

any changes of HDRI suggests that the plants are suffering from potassium deficiency.  
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As has been found, nutrient deficiency promoted the accumulation of some phenolic 

compounds whose total content was determined from the values of anthocyanins and 

flavonols indices (ARI and FRI). In wheat plants with phosphorus and potassium 

deficiency, the highest values of ARI and FRI were observed in young intensively 

growing leaves while under nitrogen deficiency such changes occurred in older leaves. 

 

Table 1. The validity of difference in optical properties between plants grown in optimal 

conditions of mineral nutrition and those suffering from the deficiency of one of basic 

macroelements. The table shows significance levels p; red type indicates statistically 

improbable differences between control values (optimal mineral nutrition) and those of 

variants with the deficiency of nitrogen (N), phosphorus (P) or potassium (K). 

Index 

Deficiency 

of the 

element 

Cultivar 

L-97 K-100 H 

ChlRI 

N 0,000002 0,000003 0,000003 

Р 0,000004 0,000006 0,000002 

К 0,1204 0,000002 0,000003 

R800 

N 0,5304 0,22102 0,00316 

P 0,9426 0,81302 0,000003 

K 0,014 0,0495 0,000003 

HDRI 

N 0,000002 0,000002 0,000002 

P 0,000069 0,00361 0,53044 

K 0,2452 0,97539 0,53044 

ARI 

N 0,000014 0,000006 0,000002 

P 0,0073 0,01657 0,000002 

K 0,6143 0,000002 0,000002 

FRI 

N 0,00042 0,000034 0,000002 

P 0,1414 0,03683 0,000016 

K 0,3086 0,70356 0,02431 

The results obtained indicate that reliable estimation of plant demand for fertilizers 

requires the employment of several criteria of plant condition assessment. Incomplete 

mineral nutrition not only increases the reflectance of leaves but also causes changes in 

spectral characteristics of reflected radiation which can be observed, along with changes 

of reflectance indices, in analyzing the appearance of maximum and minimum values in 

reflectance spectrum derivatives. Comparison of wavelengths corresponding to these 

maxima and minima indicates specific and nonspecific changes in optical properties of 

leaves caused by the deficiency of one of the macroelements. Besides nonspecific 

changes there was observed the appearance of the same maximum and minimum values 

in reflectance spectrum derivatives under the deficiency of each of the three 

macronutrients (Table 2). 
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Table 2. Nonspecific changes in spectral characteristics of radiation reflected from leaf 

surface caused by the deficiency of all three macroelements. Specific changes in 

spectral characteristics of radiation reflected from leaf surface caused by the deficiency 

of one of the three macroelements: nitrogen (N), phosphorus (P) or potassium (K). 

Deficiency of N,P or K 

(nonspecific changes) 
Deficiency of N Deficiency of P 

SR* λ, nm max min SR λ, nm max min SR λ, nm max min 

 

389 +  

 

388  + 

 

392  + 

393 +  400 +  403 +  

404  + 412 +  415  + 

405 +  430 +  416 +  

406 +   477  + 422  + 

408  + 
 

487  + 424 +  

409 +  489 +  
 

443 +  

413 +  

 

526 +  448 +  

419  + 529 +  

 

509  + 

425  + 537 +  544 +  

 

440 +  550  + 564 +  

452 +  554  + 

 

679  + 

467  + 

 

568  + 685  + 

 490  + 572  + 695  + 

 
508 +  579  + 712  + 

539  + 590  + 719 +  

 

686 +  

 

602  + Deficiency of K 

714  + 609  + SR λ, nm max min 

720  + 615  + 

 

410 
 

+ 

721  + 

 

628  + 435 +  

725  + 646  + 438  + 

730  + 664  +  482  + 

734  + 689 +  
 

663  + 

739  + 699 +  706 +  

* - SR – spectral range in which there are additional maximums and minimums. 

Changes in optical properties due to nutrient deficiency were both nonspecific and 

specific for a given macroelement. Spectral characteristics changed most markedly 

under nitrogen deficiency (most of new maxima and minima were observed in the first 

derivatives of reflectance spectra). Under deficiency of phosphorus and particularly of 

potassium the changes were much less. It was found that on returning to the optimal 

nutritive regime the growth rate and optical properties of plants with potassium and 

phosphorus deficiency restores almost completely while in plants with nitrogen 

deficiency this process goes on more slowly. The experimental data obtained allow to 

draw a conclusion that optical methods make it possible to reveal both nonspecific and 

specific changes taking place due to the deficiency of each of the three macroelements: 
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nitrogen, phosphorus and potassium. High-resolution spectral characteristics of 

radiation reflected from leaf surface indicate differences between plants suffering from 

the deficiency of each of the elements even in the absence of visible signs of plant 

hunger. 
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ABSTRACT 

Farmers need problem identifying alerts delivered timely and personalised. Using 
smartphones as platform (35% of Danish farmers use a smartphone) utilising micro 
blogging tools, Twitter and Vine are able to fulfil this need. Advisers in the Danish 
agricultural extension systems are instructed and encouraged to start using Twitter and 
Vine. To lower the entrance barrier, they are offered a common account, so they can 
start tweeting without the hassle of creating their own account. Work was done to find 
appropriate hashtags and to emphasise the importance of using these so targeted and 
personalised tweets can be embedded on websites. Preliminary results indicate that we 
will see a steep increase in uptake of this new way of disseminating alerts. 

 

Keywords: Twitter, Vine, smartphones, extension, personalisation, Denmark 
 

1. INTRODUCTION  

 
Information and communication technologies (ICT) are already being used on many 
types of platforms for knowledge dissemination from agricultural extension services to 
farmers. This is done through websites, databases, newsletters, forecast systems, 
instructive videos amongst others. These means are indeed suited for transferring 
information, but suffer from a cumbersome production process often involving several 
persons and an uptake hampered by farmers often not being close to their computer 
throughout their working day, so they might not get information in time. 
 
Farmers need problem identifying alerts delivered timely and personalised. Using 
smartphones as platform utilising micro blogging tools is expected to be able to fulfil 
this need. 

2. MICRO-BLOGGING 

A blog is a frequent, chronological publication of what is happening in a person’s life 
and what is happening on the web. It is typically a kind of hybrid diary/guide site, 
although there are as many unique types of blogs as there are people. People maintained 
blogs long before the term was coined, but the trend gained momentum with the 
introduction of automated published systems, most notably Blogger at blogger.com.  
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Micro-blogging is a combination of blogging and instant messaging that allows users to 
create a short message to be delivered on cell phones, which allows micro-blogging to 
provide a quick way to communicate with a group of people. 

2.1 Twitter 

Twitter is a micro-blogging site at which users share updates in “tweets” that are limited 
to 140 characters. You can share links to websites you find useful, photos or videos too. 
Users build audiences of “followers” and also choose to follow other users, read their 
content and then share some of it with their own followers through what are called 
retweets.  
 
Twitter has over 500 million registered users as of 2012, generating over 340 million 
tweets daily and handling over 1.6 billion search queries per day. Since its launch, 
Twitter has become one of the ten most visited websites on the Internet. 
 
The so-called hashtags are used to denote a topic of conversation or participate in a 
larger linked discussion. A hashtag is a discovery tool that allows others to find your 
tweets, based on topics. You can also click on a hashtag to see all the tweets that 
mention it in real time — even from people you do not follow. 
 

2.2 Vine 

Vine video is a free mobile video app that allows users shoot 6-second video clips and 
loop them using an innovative start-and-stop touch-screen interface. Twitter owns Vine 
and rolled it out in the iTunes App Store in January 2013. The app is only available 
initially for the iPod Touch and iPhones 3GS and higher, but other versions are in the 
works, too. 
 
Users can share their clips on Twitter and with other users of the app on Vine's own 
network. One innovative aspect is how the videos are automatically looped, so the 6 
seconds of sound and motion repeats unless a viewer taps on the video to stop it.  
Creating videos is as simple as holding a finger on the screen to record, and letting go to 
stop. You can stop as few or as many times as you want, so you can record one 
continuous six second video or a bunch of short clips. It only records while touching, so 
you can change the shot and tell a brief story though the videos without actually having 
to do any editing. 
 
You can also shoot with the front-facing camera so to make your clip more personal. 
When creating a post, a tap on a button lets you switch back and forth between the 
regular and front-facing camera as many times as you want. When the shooting of a 
video is done, Vine asks if you want to share it and where. The workable options are 
either Twitter, Facebook, embedding or just Vine. 
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The videos are embedded directly in tweets, just like a photo shared on a supported 
image service. Videos can be played on the Twitter website or on the Twitter mobile 
app. However, on the mobile application, the videos do not loop as they do on the 
desktop version of Twitter. 
 
Posts can be embedded in an iFrame using a simple template that just shows the looping 
video, or as a postcard similar to an Instagram post which features the original poster’s 
name and a timestamp. 

2.3 Examples of current use in agriculture 

2.3.1. Twitter 

Uptake of Twitter use has been slow in Denmark compared to for example the US. At 
current, there are 150,000 registered Twitter users in Denmark, but this number is rising 
very fast now. From February to May 2013, the number increased by 25,000. It has not 
been possible to find any agricultural advisers using Twitter as tool in their work. 
Similar, almost no farmers is using Twitter. A survey in February 2013 (Hansen, 2013) 
with 3,366 respondents (response = 43%) showed that roughly ¼ do not know what 
Twitter is; ½ has heard about Twitter and ¼ believes they know what Twitter is all 
about. Out of the 3,366 respondents, only 50 (1,4%) stated that they are using Twitter.  
 
In the US, Twitter is much more common than in Denmark. The best known example is 
AgChat started in 2009, and now with more than 30,000 followers. The service is run 
by AgChat Foundation with the mission of “Empower farmers and ranchers to connect 
communities through social media platforms.” A group of American farmers has 
founded the AgChat Foundation. The foundation was launched through volunteer 
activities, but is now funded by donations and sponsorships and has started investment 
talks with a variety of stakeholders. 
 
AgChat has inspired farmers in the UK, Australia, New Zealand and Holland amongst 
others. There are three leading groups in the UK - AgrichatUK, clubhectare and AgGen 
– each with its own distinctive community and purpose, but all with a shared passion for 
the industry and its people (Farmers Weekly, 2013). 
 
AgchatOZ is a weekly forum for Australian farmers and the urban public to debate and 
learn about agricultural issues. AgchatOZ is now well established and has been running 
since 2010. AgchatNZ is currently a hashtag for New Zealand farmers to connect, but is 
being developed into a weekly debate soon (Broughton, 2013). Guusnet focuses upon a 
weekly discussion for Dutch people on rural development. The group was established 
19 months ago and has connections with the Ministry for Agriculture.  

2.3.2 Vine 

As Vine is very new - was launched on 24January - it is assumed that knowledge about 
this service is zero amongst advisers and farmers. The service has caught a lot of 
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attention, but it still remains to be seen, how it is going to be used besides for producing 
creative videos. 

3. MATERIALS AND METHODS 

A major task for extension personnel is to visit farms and give specific advice to the 
farmer after inspecting the problem in focus, which for example could be a crop 
attacked by bugs, problems with weed or effect of climatic stress. By doing this, the 
adviser often identifies a general pattern of problems, which he should be able to 
communicate as quickly as possible to other farmers with similar productions. By using 
Twitter and Vine, he can disseminate alerts right on the spot.  

For example, if an adviser inspecting crops comes across the same disease several times 
in the same morning, he can tweet a Vine video telling farmers with that crop to go and 
inspect their fields. 

3.1 Activating advisers 

Given the low level of knowledge amongst advisers about Twitter, a three step approach 
is implemented to get advisers to use Twitter. 
 
First step allows them to experience with tweets without needing to create a personal 
account or risking that their tweets are going public. For this, a protected Twitter 
account was created. An account with protected tweets requires manual approval of 
each and every person who may view that account's tweets. Protected tweets may only 
be visible to your approved Twitter followers. 
 
Second step is a similar Twitter account except that tweets are public. As such, tweets 
from this account will not be personal, but be seen as coming from the brand name 
DLBR Plant Production. In the settings for this account, presentation of location is 
activated, so that a nearby FourSquare location can be used to indicate from where the 
tweet was sent. 
 
Use of both alternatives is controlled by instructions presented on LandbrugsInfo in 
articles, which can only be accessed by employees working in the Danish advisory 
system. This approach is assuming that none will misuse these accounts - there is no 
way to control what is tweeted. 
 
The instructions also include guidelines for using hashtags. Specific tags for all major 
Danish crops are suggested after checking that these tags were not used systematically 
already. The tags are #hvede, #vinterbyg, #triticale, #vrug, #vårbyg, #havre, #vinterraps, 
#vårraps, #havre, #græes, #majs, #frøgræs, #foderroer, #sukkerroer, #helsæed, 
#kartofler, #ærter). As nobody yet is tweeting about plant production in Denmark, our 
aim is to establish these tags as a common standard. 
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To indicate if the tweet comes from the Knowledge Centre of Agriculture or a local 
advisory centre, hashtags #vfl and #dlbr should be used. 
 
Third and final step is when an adviser “breaks out” and starts tweeting from his own 
account. By doing this, an adviser can brand himself and his advisory centre and as such 
attract new customers. By keeping on using the proposed hashtags, such an adviser will 
still be able to reach the followers, which he might have had while tweeting using the 
common account. 
 
To kick start the use of Twitter, an encouragement was placed in a virtual Yammer 
forum for advisers working with plant protection.  
 

3.2 Reaching farmers 

Danish farmers are not yet familiar with using Twitter (Hansen, 2013). Therefore, it was 
decided to embed tweets on their favourite websites including the personal portal 
Landmand.dk and a farmers’ forum called ErfaLand.dk. 
 
On Landmand.dk, for a start all tweets with relevant tags are presented on the front page 
of the portal together with other sources of news. The purpose is to showcase the 
potential in tweets and to stimulate the interest for receiving tweets on their smartphone. 
To help farmers move from intention to action, they can right away scan a QR code, 
which brings them to download the Twitter app from Google Play or AppStore.  
 
Furthermore, they are encouraged to read an article on LandbrugsInfo, which gives 
them a step by step instruction how to use Twitter both on smartphone, tablets and on 
the web covering both roles as passive reader and active tweeter.  
 
In a separate article aiming at inspiring and fuel uptake, resumes of experiences and use 
of Twitter by farmers in the US, the UK and other placers, were published.  

4. RESULTS 

This is still a work in progress where the road is built as we move forward. It has 
hindered uptake that plant production advisers are very busy in springtime. However, it 
is quite encouraging that if an adviser is helped to a running start by scaffolding him 
through download of Twitter and Vine apps and producing his first tweet or vine, must 
of them grasp the idea and potential at once and start using it. 
 
Presentation of tweets on Landmand.dk benefits from the detailed work around the use 
of hashtags, as this allows us to present filtered tweet timelines on My pages on 
Landmand.dk using information about which crops the farmer is growing. Twitter has 
recently launched an option for filtering on language, which has proven very useful as 
mean to avoid irrelevant tweets. We are currently experimenting with using a “near” 
filter, which makes it possible alone to receive tweets sent from the local area. 



 

C0216 
J. P. Hansen “Use of Twitter & Vine for personalised, timely mobile alerts in 
agricultural extension”. EFITA-WCCA-CIGR Conference “Sustainable Agriculture 
through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

 

5. DISCUSSIONS 

Our preliminary results indicate that micro-blogging tools such as Twitter and Vine are 
useful tools for producing timely alerts. Comparing Twitter with SMS, tweeters 
appreciate how easy it is to tweet pictures and option for including or tweeting a link. 
Farmers appreciate that they themselves control from whom and about which topics, 
they receive information and that their SMS inbox is kept free for non-personal 
messages. 
 
Vine seems very appealing to both advisers and farmers. Being able to produce alerts on 
the spot out in the field without having to type any text at all is welcomed by all. 
Farmers experience that they get a lot of information – video, speech and maybe a line 
of text – in just six seconds. 
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ABSTRACT

Agricultural Crop Field Modelling is a technique that uses georeferenced data points of 
soil  information  analysis  or  spectral  remote  sensing  imagery  raster  layers  to  obtain 
models  to:  identify  spatial  differences  in  the  regions;  maximize  the  production, 
minimize the nutrient reposition; and find the desired characteristics in terrain based on 
class of production selected.  Concepts related to Object Based Image Analysis were 
adopted to generate a meaningful Management Zone delineation aim the construction of 
models  based  on  a  multi  source  georeferenced  data  fusion,  building  a  concrete 
relationship  among  different  input  of  information  layers  employed  using  the 
Multiresolution region-based segmentation algorithm.

Keywords:  Obia, crop management zone, segmentation, multiresolution, brazil

1. INTRODUCTION 

Agricultural Crop Field Modelling is a technique that uses georeferenced data points of 
soil  information  analysis  or  spectral  remote  sensing  imagery  raster  layers  to  obtain 
models  to:  identify  spatial  differences  in  the  regions;  maximize  the  production, 
minimize the nutrient reposition; and find the desired characteristics in terrain based on 
class  of  production  selected  (Jones  et  al.,  2010).  Concepts  related  to  Object  Based 
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Image  Analysis  -  OBIA  (Blaschke,  2010)  were  adopted  to  generate  a  meaningful 
Management Zone - MZ delineation.

2.  MATERIALS AND METHODS

OBIA  is  a  sub-discipline  of  Geographic  Information  Sciences  (Blaschke,  2010) 
developed  to  partitioning  remote  sensing  imagery  into  meaningful  image-objects 
through spatial, spectral and temporal scale (Hay and Castilla, 2006). This requires a 
efficient  image segmentation,  attribution,  classification,  query and link  to individual 
objects in space and time. The strength of OBIA is the ability to deal with multi-scale 
data,  enabling  your  application  to  environmental  monitoring,  modelling  and 
management.  OBIA  main  advantages  are  (Hay  and  Castilla,  2006):  reduction  of 
computational load due to dimension reduction, since the basic units are image-objects; 
a more comprehensible way to analyze the region since it is partitioned into humans 
conceptually  organized  objects  (e.g.  more  productivity  regions);  possibility  to  apply 
complex statistical techniques (e.g.: non-parametric); possibility to explore interesting 
relations through OBIA features (shape, texture and object context); easier integration 
with  vector  GIS  and  spatial  databases.  The  concepts  of  OBIA  are  related  to 
multi-spectral images but the meaning of geospatial objects can be applied with minor 
adaptation  to  be used  with geoprocessed interpolated  layers  maps.  These  layers  are 
usually generated using some interpolation algorithm (Pebesma et al., 2011), such as 
Kriging, Spline or others for data from georeferenced sample points that have chemical 
or physical  crop field information.  The objective of geospatial  multi-layer  generated 
data type is to establish an n-dimensional space where each dimension represents one 
attribute  for generated geo-objects.  Virtually,  we can use any type of georeferenced 
information that can be quantified and have some quantity of observations sampled over 
the place under analysis.

2.1 Segmentation

The basic activity for object oriented modeling is successful map segmentation (i. e. the 
process to produce a set of non-overlapping segments/polygons that is expected to have 
relatively homogeneous and semantically significant groups of pixels (Blaschke, 2010). 
The  main  objective  is  the  construction  of  models  based  on  a  multi  source 
geo-referenced  data  fusion,  building  a  concrete  relationship  among  different  layers 
employed (Baatz et al., 2000). 
Considering crop productivity MZ as a set of homogeneous conditions to support the 
desired culture behavior, the identification and segmentation of this areas is a key factor 
support further inferences and the profiler analysis step. To achieve this objective, the 
Multiresolution region-based segmentation algorithm (Baatz et al.,  2000) was chosen 
because  it  deals  with  multiple  information  layers,  seeking  to  aggregate  regions  by 
minimizing their  spatial  and spectral  heterogeneity (in our case,  interpolated surface 
values).
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This algorithm is based in a iterative process of local optimization that minimizes the 
mean heterogeneity inside each segment. The heterogeneity definition adopted has a 
component spatial and a spectral (set of values on each pixel position) and is defined for 
the equation 1 where f  represents the fusion factor among segments (objects), hspc, the 
calculated spectral factor, hform, the object form factor and the weight factor wspc defines 
the relative importance between those factors.

The spectral component hspc is defined as the associated value to each pixel that belongs 
to one segment. This measurement is proportional to weighted mean of the standard 
deviation of each layer or dimension. It is defined in equation 2 where s1 is the selected 
segment, s2 is the neighbour under analysis and s3  is the union resulting segment; c  is 
the band (for remote sensing) or map interpolated layer index; wc is the weight defined 
for each band/layer;  is the standard deviation on band/layer c; and n is the number 
of pixels for each si, for i={1, 2, 3} (Happ et al., 2009).

The  spatial  component  hform (equation  3)  is  composed  by  two  form  attributes: 
compactness and smoothness, where the relative importance between those factors is 
adjusted by wcomp weight value.

Compactness degree is defined as a ratio between segment perimeter and the squared 
root  of  your  area  in  pixels  units  times  the  number  of  object  pixels.  Smoothness  is 
defined as the ratio between segment perimeter and your minimum bounding box.
Initially each segment (object) is defined as a single image pixel. The segment grow as 
they  are  merged  with  their  neighbours  always  trying  to  minimize  the  incorporated 
heterogeneity and only if the minimum fusion factor f is less than an value e defined as 
a squared for a scale parameter. The process continues until anyone segment could not 
grows more. More details about the Multiresolution algorithm can be seen in (Baatz et 
al., 2000) and  (Happ et al., 2009). One of the most employed implementations is found 
in eCognition software [http://www.ecognition.com]. 

2.2 Classification
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To  assign  meanings  to  obtained  objects,  is  necessary  to  analyze  each  one  internal 
characteristics and apply some technique to classify and separate  classes aiming the 
identification  of  important  aspects  that  can  give  us  some  ”glue”  about  what  is 
happening, and support to further decisions about the best way to deal with each MZ 
selected. Considering the data-mining and machine learning point of view, we can use 
supervised  (e.g.:Principal  Component  Analysis,  Support  Vector  Machines),  and 
unsupervised  (e.g.:  Kmeans,  Maximum  Likelihood)  algorithms  to  classify  the  data 
geo-objects  (Navulur,  2006).  For  this  work,  we  mixed  both  techniques  in  a 
semi-supervised  approach.  In  our  case  we  select  objects  according  the  mean 
productivity obtained from harvest machine data.

The  experiments  were  conducted  applying  the  Interimage 
[www.lvc.ele.puc-rio.br/projects/interimage]  version  of  Multiresolution.  As  the 
implementation of Multiresolution Baatz algorithm found on Interimage software just 
extract objects  based in remote sensing image types (multi-band image formats), we 
implemented  a set  of  R scripts  using some of  existing packages  (e.g.:  rgdal,  sp)  to 
convert ESRI shapefiles with crop field point information to interpolated raster images 
that was inserted into a multi-band tiff image.

The profiler applied in this study uses non-parametric statistics based on the Akaike 
information criterion to measure the relative goodness of fit for samples histogram to 
some previous defined distribution (normal and weibull). With this technique, the 
maximum productivity probability and region profile can be indicated, helping the 
farmer to get best decisions about fertilizers and crop MZ selection. 

2.3 Model Fitting and Inferences

For each object attribute, we can fit a statistical distribution (Gaussian, Weibull) based 
on your data histogram. These facts enable us to choose the best distribution that can 
represent our class of objects data. The distribution fitted for each layer can be used to 
infer probability of a desired behavior to happen. The model selection for distribution 
can be done thought tree steps: 1. Choose a set of models to be fitted; 2. Search for best 
parameter adjustment for each model using Maximum Likelihood Estimation - MLE; 3. 
Selection for best model on set using the Aikane Information Criterium Index - AIC. 
How lower is the AIC value for model, better is the distribution fitting.

3.  RESULTS

To exemplify the proposed approach, testes were performed using data fromba private 
farm crop field  production  of  wheat  (planted  on set.  2008)  on the State  of  Paraná, 
Brazil. A total of 67 samples were collected on mar. 2009 after the harvest over an area 
of  1.6Km  x  1.2Km  (approx.)  to  estimate  the  levels  of   pH,  H+AL(mmolc/dm3  ), 
Al(mmolc/dm3), Ca(mmolc/dm3), Mg(mmolc/dm3), K(mmolc/dm3), Base Saturation(%), 
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CTC(mmolc/dm3),  P(mg/dm3),  C(g/dm3),  Organic  Matter(g/dm3),  V(%),  Silt(%), 
Sand(%) and Clay(%). The distribution of sampling points is shown in Fig. 1.

Figura 1: Sample points

For the segmentation step, the values of pH, Ca, Mg, K, BS, CTC, P, Silt, Sandy
and  Clay  were  interpolated  using  Kriging  algorithm  from  R  Intamap  packages 
[www.intamap.org] (Fig. 2). We can clearly see in the Fig.2 that layers Ca, Mg and base 
Saturation have high level of correlation and exposing a spatial pattern. For this aproach 
this  is  an  important  behavior  that  is  captured  by  Multiresolution  to  generate  a 
meaningful zone area based on spatial homogeneity related to information provided.
After that, we perform a data normalization of values to [0, 1] interval. The resulting of 
normalization were used in Multiresolution algorithm as input. The generated segments 
are shown in Fig. 3 in which the where colored according productivity mean values 
(red: low, yellow:medium, green: high). 
In the next step, the generated geo-objects is evaluated in respect of their attributes and 
a MLE test was performed for each layer, through a negative log-likelihood function 
that returns a probability value, representing the similarity among  geo-objects  with 
respect to best productivities(or another hypothesis under evaluation).

4. CONCLUSIONS

This is a work in progress project and the interference still under development and will 
be  published  as  soon  the  authors  finish  the  proposal  of  method  to  evaluate  the 
effectiveness of geo-objecs and model related with crop field productivity and maps.
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Figure 2: Generated Maps of some of interpolated layers using Kriging method from Intamap R package

Figure 3: Generated segments
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The  experiments  were  conducted  applying  the  following  open  source  softwares: 
Interimage  [www.lvc.ele.puc-rio.br/projects/interimage/],  PostGIS,  R 
[cran.r-project.org] and 52North OGC-WPS [52north.org/wps] implementation.
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ABSTRACT 

The objective was to assess the chemical composition of biogas obtained in batch 
biodigesters from manure of broilers fed a diet with probiotic and exogenous enzymes. 
In a completely randomized design, the study included 4 treatments with manure from 
broilers (Cobb®), ages between 43 and 48 days, raised in cages, and fed different diets: 
a negative control (NC, control diet without feed additives); probiotic (PRO, the NC 
diet + 500 ppm of a product containing Bacillus subtilis); exogenous enzymes blend 
(ENZ, the NC diet + 20 ppm phytase+200 ppm protease+200 ppm xylanase); and a 
treatment combining both feed additives in the NC diet (P+E). Each treatment had 4 
replicates in the batch biodigester. The manure was collected, identified and prepared 
(4% total solids). The volume per batch was the same (1.8 kg) for all biodigesters, with 
manure (0.301 kg) + water (1.499 kg). The vertical displacement of the gasometers was 
measured daily and the values were multiplied by their internal transversal section 
(0.00785 m2) to determine the biogas volume accumulated in 142 days. The gasometers 
were reset after each reading using the discharge valve. The biogas volume was 
corrected for 1 atm and 20°C. The biogas composition analyses were performed every 
week to determine the amounts of methane (CH4) and carbon dioxide (CO2), using a 
Finnigan GC-2001 gas chromatograph equipped with Porapak Q and Molecular Sieve 
columns, as well as a thermal conductivity detector. The results were given as cubic 
meters (m3) and percentage of CH4, CO2 and other gases that were produced. The data 
underwent variance analysis employing the General Linear Model procedure using the 
SAS® software. The data underwent variance analysis employing the General Linear 
Model procedure using the SAS® software. Averages were then compared by the Tukey 
test with a significance level of 5%. It was found that there was no statistical difference 
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(P<0.05) between the treatments as to the production of CH4, CO2 and other gases. The 
treatments with additives (PRO, ENZ and E+P) resulted in a gas production (CH4, CO2 

and others) that was statistically similar to that of birds fed the NC diet. The poultry 
manure produced an excellent amount of CH4 in relation to the other gases (NC-80.04; 
PRO-80.79; ENZ-81.30; P+E-79.29). It can be concluded that additives included in the 
diets for birds do not interfere with CH4 production, a gas essential for clean energy 
production. 

Keywords:  Digester, methane, Bacillus subtilis, carbon dioxide. 
 

1. INTRODUCTION  
 
The Brazilian poultry production increases year after year, generating high amounts of 
residues. It is essential to think about management and disposal of these residues, in 
order to minimize the impacts that they cause mainly due to the high nitrogen and 
organic carbon concentrations present in this material. The alternative available in rural 
areas is the anaerobic biodigestion of plant or animal organic material with biogas 
production. 
 
Methane (CH4) and carbon dioxide (CO2) are the main components of biogas, with 
traces of O2, N2, H2S, etc. Biogas can be used as energy in the farm for lighting and for 
heating the chicks, for example. According to Lucas Junior. (1987), the methane 
calorific value is 9,100 kcal/m³ at 15.5ºC and 1 atm, its flammability occurring when 
mixed with air at 5 to 15%. Due to the presence of other gases besides methane, the 
calorific value of biogas varies between 4,800 and 6,900 kcal/m³.  
 
Considering the increasing prices of energy inputs, the use of fossil fuels becomes 
extremely expensive. Considering the climate conditions and its vocation as poultry 
producer, biogas and other forms of energy related to biomass are important alternatives 
to supply energy to poultry farms in Brazil, thus contributing to a more sustainable 
production chain. 
 
As feeding is an important factor in broiler production, the present study was designed 
to assess the composition of biogas produced with manure from broilers fed different 
diets containing additives (probiotic and enzymes) and treated in batch biodigesters. 
 
 

2. MATERIAL AND METHODS 
 
.  
In a completely randomized design, the study included 4 treatments with the manure 
from broilers (Cobb®), ages between 43 and 48 days, raised in cages. 
The treatments consisted of different diets for broiler chickens containing exogenous 
enzymes and Bacillus subtillis. The diets were based on corn and soybean meal, and 
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were supplemented with minerals, vitamins and amino acids to meet the nutritional 
requirements according to Rostagno et al. (2005) recommendations. A nutritional 
matrix of each enzyme was used to ensure the proper diet formulation. The added 
Bacillus subtillis is present in a commercial product currently tested in birds. 
Treatments were as follow: a negative control (NC, a control diet without feed 
additives); probiotic (PRO, the NC diet + 500 ppm of a product containing Bacillus 
subtilis); exogenous enzymes blend (ENZ, the NC diet + 20 ppm phytase + 200 ppm 
protease + 200 ppm xylanase); and a treatment combining both feed additives in the NC 
diet (P+E). Each treatment had 4 replicates in the batch biodigester. 
 
The manure was collected, identified and prepared (4% total solids). The volume per 
batch was the same (1.8 kg) for all biodigesters, with manure (0.301 kg) + water (1.499 
kg). The vertical displacement of the gasometers was measured daily and the values 
were multiplied by their internal transversal section (0.00785 m2) to determine the 
biogas volume accumulated in 142 days. The gasometers were reset after each reading 
using the discharge valve. The biogas volume was corrected for 1 atm and 20°C. 
 
The biogas composition analyses were performed every week to determine the amounts 
of methane (CH4) and carbon dioxide (CO2), using a Finnigan GC-2001 gas 
chromatograph equipped with Porapack Q and Molecular Sieve columns, as well as a 
thermal conductivity detector. The results were given as cubic meters (m3) and 
percentage of CH4, CO2 and other gases that were produced.  
 
The data underwent variance analysis employing the General Linear Model procedure 
using the SAS® software. Averages were then compared by the Tukey test with a 
significance level of 5%. 
 
 

3. RESULTS AND DISCUSSION 
 

In the analyses of gas composition, the average amounts of methane produced in the 
biogas burning test were determined. It was found that there was no statistical difference 
(P<0.05) between the treatments as to the production of CH4, CO2 and other gases. The 
treatments with additives (PRO, ENZ and E+P) resulted in gas production (CH4, CO2 

and others) that was statistically similar to that of birds fed the NC diet. The poultry 
manure produced an excellent amount of CH4 in relation to the other gases (NC-80.04; 
PRO-80.79; ENZ-81.30; P+E-79.29) (Table1). 

 
It is reported by Silva (1998) that the biogas composition can vary from 60 to 

70% of methane. Several authors found values within this range: using bench 
biodigesters operated at 35ºC and with a hydraulic retention time of 30 days, Miranda 
(2005) found biogas with 65.73% methane; Orrico Junior (2008) obtained 66.55% 
methane in biogas generated in bench biodigesters operated with a hydraulic retention 
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time of 29 days. In the present study, the values of biogas composition are higher than 
expected for all treatments when compared to the authors mentioned above. 

 
Table 1. Averages, F and P values, and coefficient of variation of total biogas volume 

produced and composition of biogas produced from manure of poultry fed a diet 
containing probiotic and exogenous enzymes. The manure was treated in batch 

biodigesters. 
 

Treatments 

Characteristics 

            Volume 
(m³) 

Ratio 
(%) 

Biogas CH4 CO2 CH4 CO2 Other 
gases 

NC 0.022 0.017 0.0040 79.99 18.51 1.49 

PRO 0.024 0.019 0.0042 80.52 17.93 1.55 

ENZ 0.023 0.019 0.0040 81.36 17.22 1.42 

P+E 0.023 0.018 0.0043 79.24 18.61 2.11 

F Values 0.42 0.62 0.29 1.52 1.10 2.79 

 P values 0.74 0.61 0.83 0.26 0.39 0.08 

CV¹ 10.44 10.17 13.69 1.80 6.88 22.97 

¹Coefficient of variation; Averages with different letters in the same column are statistically different; 
NC= control diet without feed additives; PRO= NC + 500 ppm of product containing Bacillus subtilis; 

ENZ= NC + 20 ppm phytase, 200 ppm protease and xylanase; P+E= NC+PRO+ENZ. 
 
Figure 1 shows the methane production (m³) during the entire experimental period (142 
days), from the first day of gas collection (before and after burning the biogas). There 
were no major variations in the amount of methane present in the biogas, but a 
numerically higher methane production was found in the treatment that included only 
exogenous enzymes.  
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Figure 1. Methane distribution (%) in 142 days of production. 

 
4. CONCLUSION 

 
It can be concluded that additives included in the birds diets did not interfere with CH4 

production, a gas essential for clean energy production. 
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ABSTRACT 

Farmers need problem identifying alerts delivered timely and personalised. Using 
smartphones as platform (35% of Danish farmers use a smartphone) utilising micro 
blogging tools, Twitter and Vine are able to fulfil this need. Advisers in the Danish 
agricultural extension systems are instructed and encouraged to start using Twitter and 
Vine. To lower the entrance barrier, they are offered a common account, so they can 
start tweeting without the hassle of creating their own account. Work was done to find 
appropriate hashtags and to emphasise the importance of using these so targeted and 
personalised tweets can be embedded on websites. Preliminary results indicate that we 
will see a steep increase in uptake of this new way of disseminating alerts. 

 

Keywords: Twitter, Vine, smartphones, extension, personalisation, Denmark 
 

1. INTRODUCTION  

 
Information and communication technologies (ICT) are already being used on many 
types of platforms for knowledge dissemination from agricultural extension services to 
farmers. This is done through websites, databases, newsletters, forecast systems, 
instructive videos amongst others. These means are indeed suited for transferring 
information, but suffer from a cumbersome production process often involving several 
persons and an uptake hampered by farmers often not being close to their computer 
throughout their working day, so they might not get information in time. 
 
Farmers need problem identifying alerts delivered timely and personalised. Using 
smartphones as platform utilising micro blogging tools is expected to be able to fulfil 
this need. 

2. MICRO-BLOGGING 

A blog is a frequent, chronological publication of what is happening in a person’s life 
and what is happening on the web. It is typically a kind of hybrid diary/guide site, 
although there are as many unique types of blogs as there are people. People maintained 
blogs long before the term was coined, but the trend gained momentum with the 
introduction of automated published systems, most notably Blogger at blogger.com.  
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Micro-blogging is a combination of blogging and instant messaging that allows users to 
create a short message to be delivered on cell phones, which allows micro-blogging to 
provide a quick way to communicate with a group of people. 

2.1 Twitter 

Twitter is a micro-blogging site at which users share updates in “tweets” that are limited 
to 140 characters. You can share links to websites you find useful, photos or videos too. 
Users build audiences of “followers” and also choose to follow other users, read their 
content and then share some of it with their own followers through what are called 
retweets.  
 
Twitter has over 500 million registered users as of 2012, generating over 340 million 
tweets daily and handling over 1.6 billion search queries per day. Since its launch, 
Twitter has become one of the ten most visited websites on the Internet. 
 
The so-called hashtags are used to denote a topic of conversation or participate in a 
larger linked discussion. A hashtag is a discovery tool that allows others to find your 
tweets, based on topics. You can also click on a hashtag to see all the tweets that 
mention it in real time — even from people you do not follow. 
 

2.2 Vine 

Vine video is a free mobile video app that allows users shoot 6-second video clips and 
loop them using an innovative start-and-stop touch-screen interface. Twitter owns Vine 
and rolled it out in the iTunes App Store in January 2013. In beginning of June, a 
version for android was launched, so it is now possible to use Vine on both of the major 
mobile platforms. 
 
Users can share their clips on Twitter and with other users of the app on Vine's own 
network. One innovative aspect is how the videos are automatically looped, so the 6 
seconds of sound and motion repeats unless a viewer taps on the video to stop it.  
Creating videos is as simple as holding a finger on the screen to record, and letting go to 
stop. You can stop as few or as many times as you want, so you can record one 
continuous six second video or a bunch of short clips. It only records while touching, so 
you can change the shot and tell a brief story though the videos without actually having 
to do any editing. 
 
You can also shoot with the front-facing camera so to make your clip more personal. 
When creating a post, a tap on a button lets you switch back and forth between the 
regular and front-facing camera as many times as you want. When the shooting of a 
video is done, Vine asks if you want to share it and where. The workable options are 
either Twitter, Facebook, embedding or just Vine. 
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The videos are embedded directly in tweets, just like a photo shared on a supported 
image service. Videos can be played on the Twitter website or on the Twitter mobile 
app. However, on the mobile application, the videos do not loop as they do on the 
desktop version of Twitter. 
 
Posts can be embedded in an iFrame using a simple template that just shows the looping 
video, or as a postcard similar to an Instagram post which features the original poster’s 
name and a timestamp. 

2.3 Examples of current use in agriculture 

2.3.1. Twitter 

Uptake of Twitter use has been slow in Denmark compared to for example the US. At 
current, there are 150,000 registered Twitter users in Denmark, but this number is rising 
very fast now. From February to May 2013, the number increased by 25,000. It has not 
been possible to find any agricultural advisers using Twitter as tool in their work. 
Similar, almost no farmers is using Twitter. A survey in February 2013 (Hansen, 2013) 
with 3,366 respondents (response = 43%) showed that roughly ¼ do not know what 
Twitter is; ½ has heard about Twitter and ¼ believes they know what Twitter is all 
about. Out of the 3,366 respondents, only 50 (1,4%) stated that they are using Twitter.  
 
In the US, Twitter is much more common than in Denmark. The best known example is 
AgChat started in 2009, and now with more than 30,000 followers. The service is run 
by AgChat Foundation with the mission of “Empower farmers and ranchers to connect 
communities through social media platforms.” A group of American farmers has 
founded the AgChat Foundation. The foundation was launched through volunteer 
activities, but is now funded by donations and sponsorships and has started investment 
talks with a variety of stakeholders. 
 
AgChat has inspired farmers in the UK, Australia, New Zealand and Holland amongst 
others. There are three leading groups in the UK - AgrichatUK, clubhectare and AgGen 
– each with its own distinctive community and purpose, but all with a shared passion for 
the industry and its people (Farmers Weekly, 2013). 
 
AgchatOZ is a weekly forum for Australian farmers and the urban public to debate and 
learn about agricultural issues. AgchatOZ is now well established and has been running 
since 2010. AgchatNZ is currently a hashtag for New Zealand farmers to connect, but is 
being developed into a weekly debate soon (Broughton, 2013). Guusnet focuses upon a 
weekly discussion for Dutch people on rural development. The group was established 
19 months ago and has connections with the Ministry for Agriculture.  

2.3.2 Vine 

As Vine is very new - was launched on 24January - it is assumed that knowledge about 
this service is zero amongst advisers and farmers. The service has caught a lot of 
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attention, but it still remains to be seen, how it is going to be used besides for producing 
creative videos. 

3. MATERIALS AND METHODS 

A major task for extension personnel is to visit farms and give specific advice to the 
farmer after inspecting the problem in focus, which for example could be a crop 
attacked by bugs, problems with weed or effect of climatic stress. By doing this, the 
adviser often identifies a general pattern of problems, which he should be able to 
communicate as quickly as possible to other farmers with similar productions. By using 
Twitter and Vine, he can disseminate alerts right on the spot.  

For example, if an adviser inspecting crops comes across the same disease several times 
in the same morning, he can tweet a Vine video telling farmers with that crop to go and 
inspect their fields. 

3.1 Activating advisers 

Given the low level of knowledge amongst advisers about Twitter, a three step approach 
is implemented to get advisers to use Twitter. 
 
First step allows them to experience with tweets without needing to create a personal 
account or risking that their tweets are going public. For this, a protected Twitter 
account was created. An account with protected tweets requires manual approval of 
each and every person who may view that account's tweets. Protected tweets may only 
be visible to your approved Twitter followers. 
 
Second step is a similar Twitter account except that tweets are public. As such, tweets 
from this account will not be personal, but be seen as coming from the brand name 
DLBR Plant Production. In the settings for this account, presentation of location is 
activated, so that a nearby FourSquare location can be used to indicate from where the 
tweet was sent. 
 
Use of both alternatives is controlled by instructions presented on LandbrugsInfo in 
articles, which can only be accessed by employees working in the Danish advisory 
system. This approach is assuming that none will misuse these accounts - there is no 
way to control what is tweeted. 
 
The instructions also include guidelines for using hashtags. Specific tags for all major 
Danish crops are suggested after checking that these tags were not used systematically 
already. The tags are #hvede, #vinterbyg, #triticale, #vrug, #vårbyg, #havre, #vinterraps, 
#vårraps, #havre, #græes, #majs, #frøgræs, #foderroer, #sukkerroer, #helsæed, 
#kartofler, #ærter). As nobody yet is tweeting about plant production in Denmark, our 
aim is to establish these tags as a common standard. 
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To indicate if the tweet comes from the Knowledge Centre of Agriculture or a local 
advisory centre, hashtags #vfl and #dlbr should be used. 
 
Third and final step is when an adviser “breaks out” and starts tweeting from his own 
account. By doing this, an adviser can brand himself and his advisory centre and as such 
attract new customers. By keeping on using the proposed hashtags, such an adviser will 
still be able to reach the followers, which he might have had while tweeting using the 
common account. 
 
To kick start the use of Twitter, an encouragement was placed in a virtual Yammer 
forum for advisers working with plant protection.  
 

3.2 Reaching farmers 

Danish farmers are not yet familiar with using Twitter (Hansen, 2013). Therefore, it was 
decided to embed tweets on their favourite websites including the personal portal 
Landmand.dk and a farmers’ forum called ErfaLand.dk. 
 
On Landmand.dk, for a start all tweets with relevant tags are presented on the front page 
of the portal together with other sources of news. The purpose is to showcase the 
potential in tweets and to stimulate the interest for receiving tweets on their smartphone. 
To help farmers move from intention to action, they can right away scan a QR code, 
which brings them to download the Twitter app from Google Play or AppStore.  
 
Furthermore, they are encouraged to read an article on LandbrugsInfo, which gives 
them a step by step instruction how to use Twitter both on smartphone, tablets and on 
the web covering both roles as passive reader and active tweeter.  
 
In a separate article aiming at inspiring and fuel uptake, resumes of experiences and use 
of Twitter by farmers in the US, the UK and other placers, were published.  

4. RESULTS 

This is still a work in progress where the road is built as we move forward. It has 
hindered uptake that plant production advisers are very busy in springtime. However, it 
is quite encouraging that if an adviser is helped to a running start by scaffolding him 
through download of Twitter and Vine apps and producing his first tweet or vine, must 
of them grasp the idea and potential at once and start using it. 
 
Presentation of tweets on Landmand.dk benefits from the detailed work around the use 
of hashtags, as this allows us to present filtered tweet timelines on My pages on 
Landmand.dk using information about which crops the farmer is growing. Twitter has 
recently launched an option for filtering on language, which has proven very useful as 
mean to avoid irrelevant tweets. We are currently experimenting with using a “near” 
filter, which makes it possible alone to receive tweets sent from the local area. 
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5. DISCUSSIONS 

Our preliminary results indicate that micro-blogging tools such as Twitter and Vine are 
useful tools for producing timely alerts. Comparing Twitter with SMS, tweeters 
appreciate how easy it is to tweet pictures and option for including or tweeting a link. 
Farmers appreciate that they themselves control from whom and about which topics, 
they receive information and that their SMS inbox is kept free for non-personal 
messages. 
 
Vine seems very appealing to both advisers and farmers. Being able to produce alerts on 
the spot out in the field without having to type any text at all is welcomed by all. 
Farmers experience that they get a lot of information – video, speech and maybe a line 
of text – in just six seconds. 
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ICT Management of Farmers skills to ensure the best use of Innovative 
Technologies in Agriculture 
 
Introduction:  
 
Association  for  Farmers  Rights  Defence,  AFRD established  in  1999,  is  a  non-
profit,  democratic organization dedicated to stimulating agricultural economic growth  
and  policy  reform  in  the  Georgia’s  transitional economy. By the help of ACDI-
VOCA, American National Farm Bureau and local farmers and farmer organizations 
was  founded  AFRD.  AFRD  mission  to  help  Farmers  to create  market-oriented,  
economically  viable  farmer  and agribusiness  enterprises.  AFRD  demonstrated  
capability and  experience  to  successfully  plan  implement,  monitor  development  
and  agribusiness  partnership  programs  in Rural Areas of  Georgia, with close 
cooperation with local and  International  organizations.  AFRD’s  advocacy  policy for  
development  farmers  and  farming  movements comprises  several  components:  
Holding  training  courses and  educational  seminars  in  different  regions  of  Georgia 
for  Organic  Farming,  Biodiversity  Conservation,  Climate Change,  Renewable  
energy  projects.  Genes  Bank  for Plants Germplasm collection, Giving juridical  
consultations to  farmers,  defending  their  rights,  Drafting  legislation, Lobbying, Rise 
of public awareness and broaden support, Supporting  Rural  and  Ecotourism  in  Rural  
Areas  of Georgia.  For  sharing  of  high  experience  develops  young farmers and 
students training and educational programs in EU  and  US,  Support  of  SME,  Rural  
and  Urban  Youth Employment. 
 
We  work  to  solve  the  existing  problems  for  farmers and their  needs.  Our  
activities  mean  holding  Training courses  and  Educational  e-learning and Distance 
Learning seminars in  different  regions  of Georgia, connected with farming and farms 
management, The members of the AFRD are 1450 small and big  farmers about  7  
agrifirm,  agricultural  enterprises,  farmers associations.   
 
Georgia is a small country with a population of 4.6 million people, bordered by the 
Black Sea to the west, Russia to the north, Turkey and Armenia to the south and 
Azerbaijan to the east. To develop our pilot projects, which is prepared by Association 
for Farmers Rights Defense, AFRD for demonstrating the positive impacts of the ICT-
based alternative educational delivery systems, notably for achieving sustainable 
Agriculture by e-Education for our Framer Members including basic information on 
Crops and Livestock, Tillage, Feeding, Cultivation and etc. targets. Empower local 
communities, especially those in rural areas, ICT can be used and promoted for the 
production of useful and socially meaningful content for the benefit of all-beginner and 
elder farmers. By the launch education and training programmes, will be possible using 
informational networks of traditional conventional agriculture methods on new 
innovative technologies and methodologies for using in their work, which will provide 
opportunities to design and implement sustainable and notable agriculture in Georgia. 
Our Farmer Members can apply to ICT's effectively in the whole range of educational 
activities. This should include delivery of e-education and distance learning as the 
educational structure offered by AFRD. E-education by ICT Technologies and distance 
learning and useful information offered by professionals should focus not only on new 
methods and techniques for the development and provision of information and 
communication services, but also on relevant management skills to ensure the best use 
of Innovative Technologies in Agriculture. Training of our experts and professional 
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should focus on the technical aspects of It’s, on development of content, and on the 
potential possibilities and challenges of ICT's. Years of agricultural development 
experience of the AFRD can show that projects may involve new technologies 
requested by farmers’ to be involved in planning and design of sustainable and 
innovative agriculture like e-village concept and result in high interest. Our Farmers 
maintains great interest in ICT as a means of providing better useful services that affect 
agriculture (for instance, land registration, forest management, climate and weather 
forecasts and agricultural extension services), as well as for connecting with citizens 
and managing internal affairs. 
 
Growing global demand for food, animal feed, bio fuels and materials means that 
farmers are under increasing pressure to boost their productivity. Yet at the same time, 
they are required to lower the impacts of agriculture on the environment and adhere to 
ever-stricter food safety and animal welfare rules. ICT's have the potential to help 
farmers  cut their environmental impacts in many ways. For example, with ICT's, 
fertilisers and pesticides can be applied by machines guided by a GPS (Global 
Positioning System) to avoid overlapping applications, while sensors in the field can 
provide information on the state of the crop so that chemicals are only applied to the 
parts of the field where they are needed. Similar systems can be used to control 
irrigation, helping farmers reduce the amount of water supplied to the crop. These 
systems allow for smarter environmental regulation with high protection of vulnerable 
areas. 
 
Some agricultural ICT's are already being used on farms today, while others are still at a  
relatively early stage of development. However, these technologies are of little use on 
their own; it is pointless to place smart sensors in a field if there is no way for them to 
send their data to the farmer’s computer. In addition, the computer must be able to 
display the data in an understandable form so that the farmer can use the information to 
make decisions. For this reason, developing common standards to allow different 
devices to communicate with one another is a priority for this exciting area of research. 
 
AFRD - Association for Farmers Rights Defense is engaged in this field , in particular 
how to combine the mobile technologies accessible to the small farmers and social 
media and Mobile Service Providers in terms of establishing a responsible marketing 
frame for SMEs in agrobusinesses. But ICTs play an increasingly important role in 
agricultural value chains and marketing. Though important, cellphones aren’t the only 
ICT being used to improve agriculture. ICTs encompass radios, digital cameras, 
geographic information systems (GIS), cloud computing, tracking mechanisms, etc. 
ICT can help development of agricultural value chain giving efficient in time and 
correct infromation on Pricing and weather information systems;  Also (apps) can help 
buyers manage transactions with the thousands of small-scale farmers who supply to 
them Mobile banking and apps that facilitate quick payments. The increasingly 
important role of ICTs in agriculture can help change the face of the sector (from 
outmoded to cutting edge). In fact, it should form part of the larger thrust to attract more 
young people to the sector. In a resent blog I contend that there’s a strong link between 
ICTs and general youth employment. ICTs in Georgia can offer employment 
opportunities in the sector that are both attractive to young people and are in demand. 
 
Agricultural informatics is a new concept that has arisen following the rapid 
development in information and communication technologies (ICTs), and of the 
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internet. Referred to as e-agriculture,distance learning  agricultural informatics is an 
emerging field which combines the advances in agricultural informatics, agricultural 
development and entrepreneurship to provide better agricultural services, enhanced 
technology dissemination, and information delivery through the advances in ICT and 
the internet. The e-Agriculture concept, however, goes beyond technology, to the 
integration of knowledge and culture, aimed at improving communication and learning 
processes among relevant actors in agriculture at different levels i.e. locally, regionally 
and globally.  
 
Well known that Climate change is occurring more rapidly than anticipated and the 
increase in extreme weather events threatens more disruptive effects to agriculture. 
Existing technologies and current institutional structures seem inadequate to achieve the 
mitigation needed to adequately slow climate change effects, while also meeting needed 
food  security,  livelihood  and  sustainability  goals. We  must  identify  actions  that  
are  science-based,  utilize knowledge systems in new ways, and provide resilience for 
food systems and ecosystem services in agricultural landscapes despite the future 
uncertainty of climate change and extreme events. It is imperative therefore that new 
models of science-policy integration transform for the land management and 
community action for food security and for conservation of biodiversity and the 
resource base upon which agriculture depends. Climate  Smart  Agriculture  (CSA)  
initiated by FAO is  one such  ways  of  sustainably  increasing productivity  of  crops,  
livestock,  fisheries and  forestry  production  systems  and  improving  livelihoods  and  
income  for  rural people  while  at  the  same  time  contributing  to  the  mitigation  of  
the  effects  of Climate  Change.  CSA  combines  the  improvement  of  social  
resilience  with  the improvement  of  ecological  resilience  and promotes  environment  
friendly  intensification  of  farming  systems,  herding  systems  and  the  efficiency  of  
sustainable gathering  systems.  The  increase  in  production  boosted  through  CSA  
should  be driven  through  adequate  combination  of technologies,  policies,  financing  
mechanisms,  risks  management  schemes  and institutional development in Georgia 
using ICT Technologies. Therefore, CSA should be embedded into identified 
development pathways, transforming food systems,  landscapes  and  farming  systems 
and practices adapted to rural and urban communities.  
 
Entrepreneurial Skills Development for Agricultural entrepreneurial Development will 
remain as key component of our efforts for Rural Youth reduce poverty and achieve the 
major improvement in agriculture’s performance. Agriculture’s importance to poverty 
reduction, solve unemployment, arise awareness of SME’s, Innovations and 
entrepreneurial skills goes far beyond its direct impact on farmers’ incomes. AFRD’s 
marketoriented  strategy  for  improving  micro,  small,  and  medium-sized  enterprises  
(MSME)  access  to  financing focuses on reducing the risks and transactions cost 
associated with rural lending, strengthening the capacity of financial institutions to 
service smaller clients,  and increasing competitive pressure in financial markets.  
 
The aim is to increase the number of financial institutions that are able to make a profit 
from rural lending, so that it will be sustainable. Agriculture  and  Rural  Tourism  is  a  
large  sector  of the  economy  in  the  Caucasian  countries.  For example,  
approximately  a  third  of  Georgia’s  GDP  comes  from  agriculture,  half  of  the  
labor  force  and  70 percent of the self-employed work in this sector. There is an urgent 
need to build-up agriculture because of internal consumption requirements and the 
potential for exporting farm goods in the future, which will create employment 
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opportunities; Rural unemployment has lead to a rise in migration from the countryside 
to the cities which exacerbates urban unemployment and social problems for the young 
and old; Access to credit and grants in rural areas is limited, reducing enterpriseand 
employment opportunities; and There is a dearth of youth  employment  and  enterprise  
policies  and  projects directed  at  the  countryside,  and  virtually  no enterprise/skill  
training  for  youth  exists  in  rural  communities.  Neither  country  will  develop  
without promotion  of  small  and  medium  business,  insurance  of  the  youth  with  
long-term  credits  under  beneficial terms, settlement of gender issues, increase of 
women’s role in private and governmental structures, rendering assistance  to  students  
during  probation  period  and  studying  of  second  profession  and  improvement  of  
professional skills.  
 
Therefore the active lobby activity should be united in the legislative processes current 
in the country through the immediate participation of young leaders. 
 
Currently, most farmers’ information is provided either by extension workers, through 
printed materials or via websites. The number of extension workers has been going 
down while that of farmers has been growing, hence the need for innovative information 
systems to address this gap. The development of the ICT Technologies for the better 
informative services in Georgia  would be our Initiative. 
 
Most out another initiatives are web-based such as web and online Marketing a web 
based service promoting organic farming which is supplemented by The Organic 
Farmer publications. Seeking information from these and other platforms becomes an 
great  task for the farmers as fundament for many publications or surfing a large number 
of web-pages. Furthermore, for the illiterate farmer this becomes impossible right from 
the onset. Web-based solutions also bring challenges because internet infrastructure in 
Georgia is very well developed and there are very useful resources and all that is needed 
is to provide an easy way for the farmers to navigate them. 
 
For instance, when the back end of the farmer information system contains a call centre, 
the farmer information system can implement farmers’ feedback to be used for 
localization and respond to specific farmers’ requirements such as language and specific 
products.  
 
The SMS platform can be used for alerts about forecastig weather of some pandemias, 
targeted to provide farmers with specific information on marketing, prices, macniery, 
export  abilities and thereby creating demand. In cases where the farmers may wish to 
get more information, they can automatically send SMS with questions to be replayed 
from the call centre. The call centre can also in some cases refer farmers to the website 
or to extension officers for further information.  
 
The call centre and the website can monitor farmers’ questions, locations and 
preferences, then feed this information into the feedback analysis centre. The feedback 
can pinpoint the required information for various locations and also the information 
capacities. This feedback can be fed into research institutes for further improvement of 
the content. It can also be useful as input for advertisers and for farmers education that 
can be undertaken through sending bulk SMS on topical issues. Such innovative farmer 
information systems benefit farmers, mobile providers, researchers and input/market 
providers, among others. The farmers can have a comprehensive solution from which 
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they can get critical information in the language of their preference. Input and market 
providers can advertise their products: fertilisers, market issues, weather, climate etc, 
through a carefully targeting system based on feedback information. Such advertisement 
guarantees the system’s sustainability. 
 
Precision farming is a concept where site specific information is used to assist 
operations in the field. All the features of a specific location including soil 
characteristics, water sanitation and quality availability, past and present crops grown at 
that location and past, present and forecasted weather conditions are held within the 
system as all of these features have an influence on yields will be learned by e-learning 
and dsitance learning centers. This data is then analysed by the system to provide useful 
information to agricultural actors on the ground regarding the specific location and its 
suitability for growing certain crops.  
 
Essentially if such data are stored in a Geographical Information System (GIS), the user 
has the basic information that can be processed by an expert system to determine the 
most optimum next step. For example, if you know that at a certain spot the soil is very 
fertile and extra high yields are possible, provided that the plant nutrients are in 
sufficient amounts available, you may want to dose some extra fertilizer, in order to 
realize the full potential. Such a tool enables farmers and agribusinesses investors to 
improve their understanding of what crops they can produce most efficiently in those 
locations, and how they can minimize risk and maximize returns. 
 
Georgian Conventional farmers know their fields well, and act in site-specific ways 
accordingly. In many places traditional subsistence farming methods are being replaced 
by more mechanized systems, in order to boost production.  Such machinery may be 
useful, but also tends to treat all land in all areas equally. This can result in under-
watering in some places and over-watering in other places – as key site-specific 
information is not considered. However by utilizing GIS expert systems it is possible to 
build ‘brains’ into such machines, enabling adjustable dosing for water, fertilizers and 
pesticides, allowing a producer to maximize efficiency i.e. by optimizing the use of 
inputs to achieve maximum yields at low costs. An added benefit of such an approach is 
that excess use of fertilizer or pesticides is avoided and environmental risks and water 
pollution can be minimized. 
 
Material and Methods: 
The agricultural ICT solution diagnoses crop growth particulars and predicts picking 
time and crop yields by continuously collecting data. Agricultural workers have until 
now passed on technical know-how based on experience, but in the future, they will be 
able to hand down more explicit know-how based on objective data, which realizes 
more progressive generational changes and engagement in agriculture to aid the 
expansion and activation of agriculture business. Using ICT to make farming practices 
more environmentally sustainable in many developing countries, farmers determine 
fertilizer usage, with retailers (input sellers) typically playing an important role. 
 
Results/Conclusions: 
Maintaining the security of the food supply from contamination from both intentional 
and natural sources is a challenging problem. Innovative information systems will 
respond to specific farmers’ requirements and can benefit farmers and mobile phone 
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providers, researchers and input/market providers alike, there is a better chance for 
increased sustainability. 
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ABSTRACT 
 

A reference model is proposed for management zone delineation. The results showed 
that although there are differences in the steps used by each author, some are recurrent. 
Yet, steps not considered can have a strong impact on the maps obtained. This study is 
also useful as a reference document for standardization in management zone 
delineation, and can be used as a guide to choose the right tools, right data and methods, 
allowing the optimization of the management zone delineation and improving the 
quality of the maps obtained. The use of Business Process Model and Notation (BPMN) 
showed to be adequate to represent the steps, their flows and the decisions to be made 
along the process. 

 

Keywords: Management zone, reference model, process, spatial variability, clustering, 
business process model and notation, Brazil. 
 

1. INTRODUCTION  

 
The main objective of precision agriculture is to enable field management considering 
spatio-temporal variability. For many years, soil management in the field was 
performed by the average of soil nutrients required, but this method results in 
insufficient nutrients application in some regions and excessive amounts in others, 
wasting them and, consequently, increasing production costs without maximizing 
productivity. 
 
One way of dealing with this problem in the context of precision agriculture is to use 
management zones, which means dividing the area into sub-areas that present 
homogeneity of the need for input application. 
 
The proper delineation of management zones, through the study of the relationships 
between yield, soil properties, relief and others, prevents chemical exhaustion and 
degradation of the soil physical attributes, seeking the maximum sustainable 
productivity and profitability. Several techniques have been used for delineating 
management zones, each of which is suitable for different types of data gathered. 
However, before using a technique for delineating management zones, many steps are 
required to prepare and to analyze data and to evaluate the management zones. 
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Although there is a diversity of tools, the correct selection of methods, data and tools is 
a complex task due to the large number of parameters and data interrelated and their 
characteristics.  
 
A process reference model represents many dynamic aspects of a business organization, 
such as sequence of activities, flow control between activities and restrictions to 
particular premises (Becker et al., 2003) apud (Fettke et al., 2006). Our aim is to 
propose a reference model for management zone delineation. 
 

2.  MATERIAL AND METHODS 

 
To propose this model, many papers about management zone delineation were analyzed 
for checking different steps in the process, data, methods, algorithms, tools, equipment 
and software used in studies. Many steps were identified, from data collection to 
generation and evaluation of management zone maps. However, there are different 
numbers of steps shown by researchers. Our reference model process was divided into 
some steps observed in most of the works analyzed: data collection, data selection, data 
filtering, clustering and map evaluation. 
 
We used Business Process Model and Notation (BPMN) version 2.0 to present a general 
description of the steps, flows, methods, data, tasks, events and conditions used in the 
management zone delineation process. The BPMN is a standard proposed by the Object 
Management Group (OMG) for business process modeling. The main aim of BPMN is 
to work as a standard bridge filling the gap between the business process and its 
implementation. It provides a unique notation to business users engaged in different 
phases of the business process life cycle: project, implementation, management, 
monitoring and analysis (OMG, 2011). 
 
We used Bonita Studio software for designing the reference model process for 
management zone delineation. The software used is free and provides many resources, 
including java call functions, interface design and other functionalities. It works with 
BPMN 2.0. 
 

3.  RESULTS 
 

The reference model process for management zones delineation composed of five sub 
processes is presented in Figure 1. The steps are described in the next subsections. 
 

 
Figure 1. Reference model process for management zone (MZ) delineation modelled in 

BPMN. 
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3.1 Data Collection  

 
The data collection step is the beginning of the process for management zones 
delineation. In this step some tasks are needed for right data collection. The step begins 
with data types selection, followed by sampling methods, definition of the sampling 
strategy and then it ends with de data collected (Figure 2). 
 
The sampling plan must be set in order to obtain the lowest density sampling that best 
characterizes the spatial variability in a field. Particular attention is necessary for soil 
data samples to determine an appropriate sampling scheme which normally contains 
limited density points due to the high cost of soil analysis, but should contain enough 
points to adequately characterize field spatial variability (Kerry et al., 2010). Soil 
variability may result in different effects on yield (Zhang et al., 2011). 
 
According to Kerry et al. (2010), different nutrients require different sampling schemes; 
thus, the number of samples must be based on the nutrients that mostly affect crop 
growth. The geostatistic variogram can be used to provide knowledge about the spatial 
variation between samples (Kerry et al., 2010) helping optimize the sampling strategy. 
 
Data collection may be performed in the field as defined in the sampling plan. Soil 
electric conductivity may be considered as it enables a large sampling density. Another 
alternative is the use of images, due to their capacity of covering large areas with 
reduced cost. Therefore, researchers have used images for analyzing the need of 
nutrients in crops based on canopy reflectance analysis (Zhang et al., 2011). In this 
context, the types of data to be used depend on the target of the collection, technology 
and financial resources available. 
 

 
Figure 2. Reference process for data collection modelled in BPMN. 

 
3.2 Data Filtering 

 
The data filtering step aims to correct errors occurred during the data collection process. 
In this step, precision agriculture specialists choose the filters they will apply on the 
data collected and then the set of points resulting from each filter are intersected to 
obtain a filtered map (Figure 3). 
 
Some errors found are: outside field points, GPS positioning error, outliers, incorrect or 
missing data due to calibration and operation errors of yield monitors, for example. 
Those errors can drastically reduce the quality of the management zone maps and the 
magnitude of this reduction depends on the methods used in the next steps. Some 
methods are more sensitive to errors than others. Due to the negative impact of the 
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errors, many methods in the literature are found to remove them, from simple removal 
of points outside the range based on mean and standard deviation until methodologies 
with many and complex steps.  
 

 
Figure 3. Reference process for data filtering modelled in BPMN. 

 
In our model, we proposed the use of the following filters: outliers, null or missing 
moisture points, platform width smaller than the minimum, null distance points, points 
recorded during the filling time, discrepant yield points, grain flow delay, start/end pass 
delay, speed outside the specific range, rapid velocity changes, yield outside the specific 
interval, standard deviation of yield and specific points removal (Menegatti and Molin, 
2004; Sudduth and Drummond, 2007). In some cases, a unique filter can provide maps 
with quality for management zone delineation, depending on the user´s experience. 

 
3.3 Data Selection 

 
The data collected can include inconsistent, irrelevant or redundant data, impacting the 
quality of management zones (Witten et al., 2011). Due to the negative effect of 
redundant, irrelevant or inconsistent attributes, it is important to select an adequate 
subset of attributes for delineating management zones. In addition, it is important to 
eliminate or to reduce the correlation between attributes (Jiang et al., 2011) for avoiding 
distorted or biased management zones. 
 
This step (Figure 4) is used to determine the most relevant data for management zone 
delineation. It is divided into some tasks starting with checking for grid adjustment 
before data analyzing, when needed. Our suggestion to solve this problem is using 
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interpolation after spatial analysis. After this, the specialist should apply algorithms to 
remove inconsistent, irrelevant and redundant attributes besides an algorithm to identify 
the most relevant attributes. 
 

 
Figure 4. Reference process for data selection modelled in BPMN. 

 
Due to the importance of data selection, there are many strategies and methods for 
executing these tasks. Witten et al. (2011) described strategies and methods for attribute 
selection, many of them available in the Weka Software. Besides, other statistical 
software can help select attributes, such as R and SPSS. One method often used is the 
principal component analysis. 
 
Another option is the choice of attributes based on criteria such as the stable nature of 
the attributes, as in Derby et al., 2007 using elevation and soil electrical conductivity 
due to their stable nature. At the end of this step, attributes that best represent field 
characteristics are selected. 
 
3.4 Clustering 

 
The soil in agricultural areas has different physical, chemical and relief characteristics, 
resulting in different yield in the same field. To homogenize the field, to maximize yield 
and/or profitability and to enable variable rate management, agriculture specialists often 
use soil data and plant yield to identify homogeneous areas in the field. 
 
Therefore, the grouping or management zone delineation maps aim to group the sample 
points considering the spatial variability of the attributes used. This task results in 
groups/management zones with higher homogeneity and higher heterogeneity between 
groups, resulting in the best possible division of the field. Due to the unsupervised 
classification characteristic, the task results in grouping by similarity points, allowing 
the use of a wide range of clustering algorithms to generate management zone maps. 
 
Among the different clustering methods presented in Witten et al. (2011), the most 
widely used in studies of management zone delineation is fuzzy c-means (Santos et al., 
2012). Another approach is to consider all the points as an image, allowing the 
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application of segmentation algorithms and image processing, such as the watershed 
algorithm. 
 

 
Figure 5. Reference process for clustering modelled in BPMN. 

 
In our model for this step (Figure 5), the specialist should choose one or more clustering 
algorithms to identify management zones. We are suggesting k-means algorithms, fuzzy 
c-means algorithms, Iterative Self-Organizing Data Analysis Technique (ISODATA), 
segmentation algorithms, watershed algorithm and Hierarchical clustering algorithms.  

 
3.5 Maps Evaluating 

 
At the clustering step, the specialist chooses one or more clustering algorithms to 
identify management zones. In this step, the aim is to determine the quality of these 
maps allowing the comparison between maps obtained with different methods and/or 
different parameters. Different statistical methods are used for evaluating and 
comparing, as shown in Figure 6. 
 
It is important to know what kinds of characteristics are more important in the map 
obtained to, then, choose the statistical methods for map evaluation. The results provide 
information to identify the best map for the management of the field or the need to 
choose other methods or parameters to get better management zone maps. 
 
The evaluation can range from simple aspects, such as variance analyses between 
groups, to more complex, such as statistical comparison between maps to quantify how 
significantly different they are. An alternative is to evaluate the correlation between 
points of management zone maps generated using soil attributes in comparison with 
yield maps divided into yield range.  
 
Among the statistical methods for comparing groups, we can mention Hotelling-T2, 
McNemar's test, chi-square test, kappa coefficient, T-test, One-way ANOVA, F Pseudo-
test and Tukey test, but besides the statistical methods, the methodology for comparison 
may be different. The specialist should choose one or more of those methods to identify 
the best map. 
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Figure 6. Reference process for maps evaluation modelled in BPMN. 

 
4.  CONCLUSION 

 
The reference process for delineating management zones identified the steps necessary 
from data collection to generation and evaluation of management zone maps. At each 
step, we identified knowledge areas, methods and tools used for the appropriate 
treatment of data and also emphasized the importance of each step. 
 
The results showed that despite the differences in the steps used by each author, some 
are recurrent, but on the other hand, steps not considered can have a strong impact on 
the maps obtained. Due to the importance of the site-specific treatment in field, this 
reference process proposed aimed at helping to generate management zone maps and, 
consequently, the rational treatment of the soil and increase in yield. 
 
The process can be used to guide agronomists and farmers to obtain management zone 
maps, helping with the choice of data, better tools and methods for obtaining 
management zone maps that best represent variations in the field. In addition, this study 
is useful as a reference document for standardization in management zone delineation, 
and can be used as a guide to choose the right tools, right data and methods, allowing 
the optimization of management zone delineation and improving the quality of the maps 
obtained.  
 
The use of BPMN showed to be adequate to represent steps, their flows, decisions to be 
made along the process and indicating software service tasks and human tasks. This 
notation is known to decrease the time spent for software development, and 
consequently the time spend for development of software for management zone 
delineation using our model. 
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ABSTRACT 
 

The TRAKTnet.one project of the Free University of Bolzano aims to identify and de-
velop new solutions to remotely monitor the efficiency of farm-tractors engines includ-
ed in a local voluntary network all along their lifespan. The knowledge of tractors’ effi-
ciency can give important information concerning machines’ consumption, emissions 
and need for servicing, thus contributing to a more environmentally-sustainable agricul-
ture. Engines will be monitored by measuring rpms, exhaust gases’ temperature and 
oxygen content (as indexes indirectly estimating consumption and efficiency) and then 
analysing and inferring the data through procedures, which algorithms will be an inte-
gral part of the project’s results. This implies the existence of a service centre control-
ling all farm machines and managing a Farm-Information-Systems network through 
simple logical connections according to a client-server approach.  
The final outcome of the project is expected to be an automatic system, based on an 
inference software-engine able to correctly interpreting the sensors outputs. The ad-
vantage of this proposal is to exploit a farm monitoring network, previously designed 
for managing the information related to the automatic compilation of records in the 
country, by simply equipping data loggers with two additional sensors. 
 
Keywords: Farm tractors; engine performances; system modelling; operational moni-
toring; engine exhaust gas temperature 
 

1. INTRODUCTION 
 
The necessary condition for developing a sustainable agriculture is to raise the overall 
efficiency of farm machines by: (1) increasing their annual exploitation, (2) keeping 
constant their performance over the time. This intensive control on machines must nec-
essarily imply: (a) the implementation of a Farm-Information-System (FIS) based on a 
client-server approach, to acquire and manage information needed for taking decisions 
at both farm and territorial scale, through a Farm-Operational-Monitoring, using teleme-
try and data-loggers on tractors and implements (Sahu and Raheman, 2008; Yule et al., 
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1999; Mazzetto et al., 2009), (b) the proposal of solutions that are economical, simple, 
robust, reliable and effective in acquiring selected parameters (Singh and Singh, 2011). 
The TRAKTnet.one project of the Free University of Bolzano (Italy) aims to identify 
and develop new solutions to remotely control the efficiency of farm-tractors engines 
included in a local voluntary network all along their lifespan. The knowledge of trac-
tors’ efficiency can give important information concerning machines’ consumption, 
emissions and need for servicing, thus contributing to a more environmentally-
sustainable agriculture. The proposed solutions will be based on remote measurements 
of exhaust gases’ temperature (Pang et al., 1985; Friso, 1988; De Souza and Milanez, 
1987) and oxygen; these parameters will be analysed and inferred through procedures, 
which algorithms will be an integral part of the project’s results. The project includes 
four steps: (1) preliminary assessment of sensors features (e.g., number, type, position); 
(2) numeric modelling of a compression-ignition engine to understand the effects of 
ageing and bad maintenance on its performances; (3) evaluation of possible modifica-
tions of commercial sensors (e.g., K- or J-type thermocouples, zirconium-oxide lambda 
sensor); (4) execution of bench and field tests to validate the system. 
Trials will be performed on different engines (e.g., naturally-aspired/turbocharged, 
with/without EGR/SCR or analogous devices) and at different speeds/loads (full load, 
partial loads, idle). The choice of the thermocouple type (band/rod) and installation 
point (manifold/pipe) must be done carefully for not influencing sensor’s sensitivity and 
response time. The combustion quality can be related to the oxygen concentration in 
exhaust gases (EG), measured through lambda sensors. 
Several experiences reported in literature (Friso, 1988; Goering et al., 1986) show that 
the EG temperature is proportional to the engine torque, thus allowing for an indirect 
calculation of engine load and related instant power (this is possible only knowing a 
priori the maximum rated power each engine can provide). The combustion quality, on 
the other hand, can be related to the oxygen concentration in the EGs, thus enabling a 
rough estimate of the engine efficiency. Engines will be monitored by measuring rpms, 
EGs’ temperature and oxygen content (as indexes indirectly estimating consumption 
and efficiency) and then analysing and inferring the data through procedures, which 
algorithms will be an integral part of the project’s results (Alvarez and Huet, 2008). 
This implies the existence of a service centre controlling all farm machines and manag-
ing a FIS network through simple logical connections according to a client-server ap-
proach. 
 
1.1 Aims of the research 
The final outcome of the project is expected to be an automatic system, based on an 
inference software-engine able to correctly interpreting the sensors’ outputs. It could be 
used by tractors’ owners for being advised about the need for servicing their vehicles 
but also by local authorities for monitoring tractors’ environmental impact in a territory 
and, maybe, for tailoring the subsidies to the farmers (e.g., on a rewarding-score in ac-
cordance to the detected performances). 
The advantage of this proposal is to exploit a farm monitoring network, previously de-
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signed for managing the information related to the automatic compilation of records in 
the country, by simply equipping data loggers with additional sensors. 
 

2. MATERIALS AND METHODS 
 
2.1 Definition of the system components 
The system presented here will be fully interfaced with a FIS (Mazzetto et al., 2009) 
and can be seen as completion of it: some important data collected by the farm monitor-
ing network (e.g., concerning field operations), will be related to the acquisitions of 
some additional sensors on engines, thus extending the FIS monitoring also to all the 
involved power units. 
The system and its components at every level have been defined by using a top-down 
approach, hence, after formulating the general task(s) of the system, the first-level sub-
systems, i.e. its main elements, have been specified but not detailed. The detailed re-
finement of each subsystem is the final task and will be afforded afterwards. The gen-
eral architecture of the system has hence been defined starting from the following 
needs/technical requirements: (i) collecting a series of data on vehicles operating in an 
environment presenting several potential problems for eventual devices (e.g., humidity, 
dust, heat sources); (ii) interpreting the collected data to give them an informative con-
tent, having therefore information concerning the functioning of agricultural farm en-
gines; (iii) putting this information at the disposal of the farmers and/or local authori-
ties. 
The monitoring system is composed of three basic elements (Figure 1 left): 
 hardware devices, for collecting and/or storing the data (sensors, data logger - DL 

with communication capabilities, servers with storage units); 
 a set of automatic computing procedures, based on several physical models of the 

engines (one model per each engine) to obtain time-related information about the 
engine performances from the raw data achieved; the output formats can be both 
tabular and graphical; 

 interfaces, to enable the users the access and use of the information. 

 

 
Figure 1 – (left) general functioning of the monitoring system for the tractors; (right) 
on-board components involved in the engine monitoring (dashed/continuous arrows 
indicate raw/interpreted data flows; power-supply connections are not represented). 
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In particular, the field-event data-logger (FDL), already present on board all the vehicles 
connected in a FIS network, will be completed of the following components connected 
to its input and output ports (Figure 1 right): 
 two/three input units, i.e. an engine speed sensor, an EG temperature sensor (ther-

mocouple) and, eventually, also a zirconium-oxide lambda sensor; 
 one/two output unit(s), i.e. a GPRS antenna and, eventually, a liquid crystals display 

positioned on the tractor’s dashboard. 
The FDL, powered by the 12-V-DC electrical system of the tractor, is the kernel of the 
on-board system and has several functions: 
 it is necessary for the power supply of all the connected I/O units, which are typical-

ly passive, i.e. not powered independently, and hence they need to receive the power 
supply from the data acquisition system; 

 it collects and stores temporarily the data collected by the sensors, providing to send 
the raw data (or the interpreted data; see below) to a remote server via GPRS; 

 if provided with the correct calibration curves, it is capable to interpret directly the 
analogue or digital signals of the input sensors as physical quantities (engine speed, 
EG temperature, EG oxygen concentration) before sending them to a server via 
GPRS; e.g., the thermocouple and the lambda-sensor are analogue devices and give 
continuous voltage variations as output, the engine-speed sensor (e.g. a phonic 
wheel) has a digital output consisting in a wave having the instantaneous frequency 
of its peaks proportional to the rotational speed. 

 
2.2 Conceptual functioning of the remote-monitoring system 
The system operates conceptually in three different phases: 
1. usage of the OECD test results for tuning a physical model of the engine; usage of 

the tuned physical model for correlating the EG temperature and the specific con-
sumption/efficiency with the torque and the speed, thus developing some mathemat-
ical models with different degrees of detail/complexity; 

2. usage of the temperature data, recorded during the normal operating of a tractor, 
together with the time history of field operations recorded through the FDL for cor-
relating together torque, speed and efficiency of a model of tractor with some hours 
of operation (Yule et al., 1999; Kolator and Białobrzewski, 2011); integration of this 
model into the main FDL inference engine to have an estimate of the engine torque 
or efficiency; 

3. comparison of the efficiency values predicted by the two models to quantify the 
performance decrement of the engine (Alvarez and Huet, 2008) and suggestion to 
the driver of eventual interventions of extraordinary maintenance to the vehicle. 

 
2.3 Preliminary bench tests 
Some preliminary bench tests were carried out at the CRA-ING (formerly ISMA) 
OECD laboratory centre (Treviglio, BG, Italy). The tests concerned three farm tractors 
of the same manufacturer but chosen so that to cover a wide range of powers and en-
gines types with a minimum number of trials (Table 1). The experimental procedure 
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consisted of several bench tests (163 trials in total, 48-60 per tractor) aimed to record 
engines’ performances (instant torque, power and brake specific fuel consumption-
BSFC) and the relative EG temperatures in their engines’ full operating ranges (Jahns et 
al., 1990); each test started only after the engine warmed up and included: 
 a classic OECD bench test with the fuel pump rack fully-opened, i.e. a test starting 

from the maximum engine speed and with a rising brake-force, to obtain the full-
load curve and the part-loads curve at the rated engine speed; 

 other four tests per engine with the fuel-pump rack at intermediate positions be-
tween the maximum and the minimum, i.e. four tests starting from engine speeds 
lower than the maximum one (each spaced approximately of 200 rpm) and with a 
rising brake-force, to obtain other “partial-loads” curves. 

 
Table 1 – Tractors’ engine main specifications (from OECD technical bulletins). 

Engine technical characteris-
tic Unit Farm tractor 

Same Explorer 70 DT Same Explorer 80 DT Same Laser 130 DT 
Manufacturer/type - Same, 1000.4 A Same, 1000.4 A1 Same, 1056 P 
Cylinders/configuration nr. 4, straight 4, straight 6, straight 
Piston bore/stroke mm, mm 105.0, 115.5 105.0, 115.5 105.0, 120.0 
Compression ratio - 17.1 17.1 n.a. 
Total displacement cm3 4 000 4 000 6 234 
Max power value/engine speed kW, rpm 47.07@2350 54.20@2509 92.00@2260 
Engine speed range rpm 675-2509 700-2712 n.a. 

* at max power engine speed and full load;  n.a.: not available data 
 
The BSFC was measured by using a chrono-gravimetric method. During the tests, three 
thermocouples were used to measure at the same time the EG temperature in three dif-
ferent points of the exhaust pipeline: 
 one mineral-insulated K-type thermocouple, with its tip inserted inside the exhaust 

manifold (in direct contact with the gas) and fixed to the manifold through a bayonet 
coupling (→temperature measured with this thermocouple: TcK); 

 two J-type thermocouples, respectively fixed in contact with the second cylinder’s 
gas exhaust pipe (→ temperature: TcJ-cyl) and outside of the exhaust manifold 
through hose clamps (→temperature: TcJ). 

In order to have a stable value of the temperature for each operating condition, the EGs’ 
temperature was sampled only after 5 minutes the engine was subjected to a set brake 
force. This time interval was tuned after the first preliminary surveys: the thermocou-
ples not in direct contact with the gas needed in fact some minutes to reach asymptoti-
cally a stable temperature, due to the interposition of the walls of the manifold or of the 
pipe. The test results were used to test a quick but very effective numeric approach, the 
Response Surface Modelling-RSM (Maheshwari et al., 2011), to be used in the previous-
ly outlined first phase of the conceptual functioning of the system (Figure 2), in particu-
lar in two different sub-phases: 
 to approximate the equations of torque, power, BSFC and efficiency as a function of 

the engine speed starting from standard OECD test results (full-load curve, part-
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loads curves at rated engine speed and at PTO speed); 
 to build 2-variable models of the EG temperature and engine efficiency as a function 

of torque and engine speed from the output data coming from a tuned physical mod-
el of the engine. 

 

 
Figure 2 – First phase of the conceptual functioning of the system, concerning the mod-

elling of a new engine; in evidence the sub-phases in which RSM can be used. 
 
Previous works (Friso, 1988; Goering et al., 1986) showed that the relationship existing 
between torque-M, engine speed-n and EG temperature-T can be numerically approxi-
mated by third-degree full-cubic polynomial models. If yk and xi,k, are, respectively, the 
k-th predicted value of a generic response and the corresponding value of the xi (i=1, 2) 
generic factor, i.e. independent variable, non-coded, a0 is the interception coefficient, ai, 
aii, aiii, aij and aijh (i≠j≠h) are the coefficients of the linear, quadratic, cubic, 2nd-order 
and 3rd-order interaction terms, the generic regression model used in RSM is: 
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Design-Expert 7.0.0 (Stat-Ease, Minneapolis, MN, USA) was used to analyse the col-
lected data and propose for each response a regression model with only the significant 
terms (ANOVA/RSM). For each response, the terms have been chosen according to 
RSM-software suggestions. 
 

3. RESULTS 
 
The bench tests and the subsequent RSM confirmed the experiences reported in litera-
ture, showing that, for a set engine speed, the EG temperature is positively correlated 
with the torque (R2≥0.9344; Figure 3; Table 2). The K-thermocouple gave the most sta-
tistically-significant measurements (best R2) and had the higher instrumental sensitivity 
(or “gain”, here: ∂T/∂M) in the engine torque range (∆TTcK≥450°C, i.e. more than 3 
times ∆TTcJ and up to 34 times ∆TTcJ-cyl during the same tests), surely due to the absence 
of an interposed (pipe’s) material, having an its own inertia and thermal conductivity. 
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Figure 3 – Contour plots of the temperatures regression models for Same 130. 

 
Table 2 – Main results of bench tests and RSM analyses (M: torque; P: power; S: speed) 

Tr. Operating 
point 

Experimental measurements R2 of T=f(M,n) fitting 
M (Nm) P (kW) S (rpm) TcK (K) TcJ (K) TcJ-cyl (K) TcK TcJ TcJ-cyl

SAME 
70 

Idle - - 221 377 336 318 
0.9986 0.9968 0.9691Max P 423 45 1024 832 449 320 

Max M 548 34 588 832 492 336 

SAME 
80 

Idle - - 381 413 357 342 
0.9960 0.9889 0.9344Max P 465 47 956 880 449 346 

Max M 582 37 613 855 472 356 

SAME 
130 

Idle - - 325 393 407 342 
0.9966 0.9738 0.9799Max P 804 84 995 981 594 462 

Max M 913 55 572 923 612 490 

 
4. CONCLUSIONS 

 
Thanks to the some preliminary bench tests, the correlation of the EG temperature with 
the torque and engine speed was fully confirmed and hence will be used in the project. 
Thinking about the monitoring system, the same tests were useful to realize that a ther-
mocouple placed outside the exhaust manifold/pipe, although very easy to install, could 
be a feasible solution only if stating that the acquisitions can be taken after the engine 
keeps its speed constant for a certain period. As this situation could rarely happen dur-
ing the normal operation of a tractor, and considering also the higher sensitivity shown 
by the thermocouple with the tip inside the exhaust line, this latter solution revealed to 
be the best one to be applied in the tractors. 
The final outcome of the project is expected to be an automatic system for advising trac-
tors’ owners about the need for servicing their vehicles, based on an inference software-
engine able to correctly interpreting the sensors outputs. At the same time, local authori-
ties could dispose of a tool for controlling the tractors’ efficiency in their territory and, 
maybe, tailoring the subsidies to the farmers (e.g., on a rewarding-score in accordance 
to the detected performances). The advantage of this proposal is to exploit a farm moni-
toring network, previously designed for managing the information related to the auto-
matic compilation of records in the country, by simply equipping data loggers with 
two/three additional sensors. 
 



 

C0207 
F. Mazzetto, M. Bietresato, A. Calcante. “Proposal of a simplified monitoring approach of envi-
ronmental performances of farm tractors through a local telemetry network”. EFITA-WCCA-
CIGR Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-
27 June 2013. 
 

Acknowledgements 
The authors wish to thanks Dr. Carlo Bisaglia of CRA-ING for his assistance during the 
experimental surveys at the test bench. 
 

5. REFERENCES 
 
Alvarez, I., and S. Huet. 2008. Automatic diagnosis of engine of agricultural tractors: 

The BED experiment. Biosystems Engineering. 100:362–369. 
doi:10.1016/j.biosystemseng.2008.04.003. 

Friso, D. 1988. Modello matematico per l’ottenimento rapido del piano quotato dei 
consumi di un motore diesel [Mathematical model to obtain quickly the contour map 
of diesel engine specific fuel consumptions]. Rivista di Ingegneria Agraria. 1:56–61. 

Goering, C.E., A.C. Hansen, P.W.L. Lyne, and P. Meiring. 1986. Model for predicting 
tractor engine performance. In International Symposium on Agricultural 
Engineering. Pretoria, South Africa. 

Jahns, G., K. Forster, and M. Hellickson. 1990. Computer simulation of diesel engine 
performance. Transactions of the ASAE. 33:764–770. 

Kolator, B., and I. Białobrzewski. 2011. A simulation model of 2WD tractor 
performance. Computers and Electronics in Agriculture. 76:231–239. 
doi:10.1016/j.compag.2011.02.002. 

Maheshwari, N., C. Balaji, and A. Ramesh. 2011. A nonlinear regression based multi-
objective optimization of parameters based on experimental data from an IC engine 
fueled with biodiesel blends. Biomass and Bioenergy. 35:2171–2183. 
doi:10.1016/j.biombioe.2011.02.031. 

Mazzetto, F., A. Calcante, and F. Salomoni. 2009. Development and first tests of a farm 
monitoring system based on a client server technology. In Precision Agriculture  ’09. 
7th European Conference on Precision Agriculture 2009. Wageningen, The 
Netherlands. 389–396. 

Pang, S.N., G.C. Zoerb, and G. Wang. 1985. Tractor monitor based on indirect fuel 
measurement. Transactions of the ASABE. 28:994–998. 

Sahu, R.K., and H. Raheman. 2008. A decision support system on matching and field 
performance prediction of tractor-implement system. Computers and Electronics in 
Agriculture. 60:76–86. doi:10.1016/j.compag.2007.07.001. 

Singh, C.D., and R.C. Singh. 2011. Computerized instrumentation system for 
monitoring the tractor performance in the field. Journal of Terramechanics. 48:333–
338. doi:10.1016/j.jterra.2011.06.007. 

De Souza, E.G., and L.F. Milanez. 1987. Indirect evaluation of the torque of diesel 
engines. Transactions of the ASAE. 31:1350–1354. 

Yule, I.J., G. Kohnen, and M. Nowak. 1999. A tractor performance monitor with DGPS 
capability. Computers and Electronics in Agriculture. 23:155–174. 
doi:10.1016/S0168-1699(99)00029-0. 



 

F. Mazzetto, M. Bietresato, F. Nardin. “An integrated system for monitoring N flows 
from alpine breeding on a provincial scale”. EFITA-WCCA-CIGR Conference “Sustainable 
Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. The authors are solely 
responsible for the content of this technical presentation. The technical presentation does not 
necessarily reflect the official position of the International Commission of Agricultural and 
Biosystems Engineering (CIGR) and of the EFITA association, and its printing and distribution 
does not constitute an endorsement of views which may be expressed. Technical presentations 
are not subject to the formal peer review process by CIGR editorial committees; therefore, they 
are not to be presented as refereed publications. 

Proposal of an integrated system for the monitoring of N flows from 
breeding in the autonomous Province of Bolzano – Northern Italy 

 

Fabrizio Mazzetto1, Marco Bietresato1,*, Francesca Nardin1 
1 Free University of Bozen-Bolzano, Faculty of Science and Technology – Fa.S.T. 

* Corresponding author at: piazza Università 5, P.O. Box 276, I-39100 Bolzano (BZ), 
Italy; marco.bietresato@unibz.it; tel.: +39 0471 017181; fax. +39 0471 017009. 

 
1 ABSTRACT 

 
The Province of Bolzano (Italian alpine area) has a density of people and animals 
comparable to other regions of Northern Italy. Anyhow, due to the special nature of its 
mountainous lands, there are potentially-critical situations to be monitored: (i) the 
anthropic and animal pressure is considerable on valleys, where the population 
concentrates; (ii) there are few lands for spreading animal slurry according to 
environmentally-sustainable strategies (i.e., limiting N-rate). Therefore, an integrated 
system for monitoring the N-rates spread on the territory is proposed. Analogous 
systems were recently experienced in other Italian regions where specific research 
projects proposed solutions to monitor the production and distribution of slurry from 
intensive breeding and to automatically compile field-activity registers, in accordance 
with current regulations. The system presented here also foresees tools for managing 
grazing systems through virtual fences (GNSS-equipped collars). 

 
Keywords: Animal wastes; N-leaching; automated monitoring; extensive breeding; 
information systems. 
 

2 INTRODUCTION 
 
2.1 The situation of the autonomous Province of Bolzano 
A recent classification of soils based on the Nitrates Directive (91/676/EEC) showed the 
absence of “vulnerable” zones in the autonomous Province of Bolzano (Italy) (Bottarin 
& Tappeiner, 2010; Braioni et al., 2001; Gamper, 2008; Peratoner & Stimpfl, 2012; 
Peripoli, 2008; Salvati, Alessi, & Licopodio, 2005; Scarperi & Vidoni, 2008). 
Nevertheless, a provincial regulation (D.P.P. 6/21.01.2008) based on the Nitrates 
Directive acknowledgment and accounting for the special nature of this territory, 
essentially mountainous1, imposes limits tighter than normal to the N-spreadable: 213, 
170, 127.5 kg(N)·ha-1 for agricultural lands respectively <1250, >1250 and >1800 m 
a.s.l. Agricultural activities interest two distinct areas: (i) woody crops in valleys and 
foothills, (ii) animal husbandry (especially cattle) and fodder crops in mountainous 
areas above 900 m (Bottarin & Tappeiner, 2010). An uncontrolled spreading of animal 

                                                 
1 80% of the territory has a slope >25%; the grazing land is the 61.2% of the Usable Agric. Area-UAA, 
64% of the land is over 1500 m a.s.l. 
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slurries on the territory could unbalance the alpine ecosystems. The nutrients present in 
the slurry (especially N) could easily leach into the superficial and the underground 
waters (Coldiretti, 2009; Soana et al., 2011) causing serious alterations of the water 
quality and of the entire ecological chain, with negative impacts even on the 
touristic/recreational functions of the alpine environment, with related economic and 
social consequences (Peratoner and Stimpfl, 2012). K and P-rates should also be 
monitored. Although official statistics indicate a density of people and animals 
comparable to other regions of Northern Italy (Table 1), there are local potentially-
critical situations that have to be monitored. The first causes are: (i) the considerable 
anthropic and animal pressure on flat areas of valleys, where the population is 
concentrated, and (ii) the lacking of lands for slurry disposal according to 
environmentally-sustainable strategies (Peratoner et al., 2012). Extensive and intensive 
breeding is indeed a very widespread activity for more cultural rather than economic 
reasons, and uses a relevant part of lands free from forests and reliefs. Traditional 
agriculture typically used to integrate livestock and cultivation activities, using effluents 
as fertilizers. Modern agriculture shows instead an increased specialization, dividing 
definitely manure management from cultivation activities (Provolo, 2012). Some very 
narrow valleys areas (e.g., around Bruneck) presenting lots of cattlesheds and maize 
farms, show significant increases of the N-level (Peratoner et al., 2013). Moreover, the 
Province’s hydrology and the great availability of surface and underground water have 
contained possible pollution from N-overloads till now, thanks to efficient dilution. 
However, due to increase of annual mean temperature (Walker and Del Moral, 2003) 
evaluated that 75% of glaciers have been retreating for the last 150 years and a future 
reduction of the hydrological runoff is expectable. A study concerning the aquifer 
vulnerability and a detailed soil map of the Province are missing, as well as a 
monitoring of rivers’ Minimum Vital Flows and of animal feeding and housing types. 
 

Table 1 – Situation of breeding in the north-east of Italy (ISTAT, 2010, 2012). 

Quantity 
Territory (P=autonomous province, R=region) 

Bolzano 
(P) 

Trento 
(P) 

Veneto 
(R) 

Emilia 
Romagna (R)

Friuli V. 
Giulia (R) 

Lombardia 
(R) 

Surface 
(ha) 

Total 740 000 620 700 1 839 100 2 245 600 785 500 2 386 100

UAA 
241 952 137 219 811 440 1 064 214 218 443 986 826
(32.7%) (22.1%) (44.1%) (47.4%) (27.8%) (41.4%)

Estimated 
animal life 
weight per 
UAA unit 
(kg·ha-1) 

Total 
Of which: 

273.8 186.9 581.0 385.4 318.3 1 193.0

Cows 
222.8 134.7 378.4 212.6 165.7 611.0

(81.4%) (72.0%) (65.1%) (55.2%) (52.1%) (51.2%)

Pigs 
1.5 3.0 74.3 88.5 74.8 364.1

(0.5%) (1.6%) (12.8%) (23.0%) (23.5%) (30.5%)

Estimated N-
load* 
(t·(ha·year)-1) 

Total 
Of which: 

29.445 22.296 82.004 49.683 45.611 136.135

Cows 
27.495 16.616 46.689 26.233 20.449 75.391

(93.4%) (74.5%) (56.9%) (52.8%) (44.8%) (55.4%)

Pigs 
0.158 2.958 22.768 10.617 12.729 10.747

(0.5%) (13.3%) (27.8%) (21.4%) (27.9%) (7.9%)
* Total productions of slurry estimated from official tables (attachments of D.Lgs.152/06 Part III). 
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Livestock effluents are an agronomical opportunity not yet fully exploited, even if 
easily available and rich in nutrients (Bietresato and Sartori, 2013); however they are 
chemically-physically inhomogeneous, unevenly distributed on lands, and economically 
worthless (Bietresato et al., 2012). Monitoring how and where slurries are spread could 
help the institutions to understand whether farmers need adequate information on the 
utility of using them properly as organic fertilizers. 
Slurries have also an energetic potential if used for producing biogas. The actual 
production of South-Tyrol is more than 16 million cubic meters but almost half of them 
are produced in only 30 farms, which feed the digesters with the cattle effluents (Tis 
Innovation Park, 2011). This scenario can be surely improved if only having a greater 
knowledge concerning the distribution of sheds and digesters on the province. 
Therefore, the necessity to perform a monitoring of the N-rate spread and, consequently, 
to conceive a system suitable for this purpose arises from several standpoints 
(environmental, legal, operational and management). 
 
2.2 Aims of the research 
The aim of this work is to propose an integrated system for monitoring the slurry’s 
production and distribution and for automatically compiling field-activity registers, in 
accordance with current regulations. Analogous systems were recently experienced in 
other Italian regions, where specific research projects proposed solutions for intensive 
breeding (Mazzetto, Calcante, and Salomoni, 2009; Mazzetto, Calcante, Sacco, et al., 
2009; Mazzetto et al., 2010; Sartori et al., 2010); this system fits also extensive alpine 
breeding and foresees tools for managing grazing systems through virtual fences 
(GNSS-equipped collars). 
 

3 MATERIALS AND METHODS 
 
To define a monitoring system, it is necessary to highlight: 

 requirements and technology/components that the system must respectively 
satisfy and provide, limiting its complexity and enhancing its integration; 

 any aspects related to the processing and security of the sensitive data collected. 
The definition of these specifications has many practical implications and includes both 
managerial and technological innovations. A clear definition of the different types of 
animal wastes used in agriculture is firstly needed: unprocessed slurries (direct use) or 
slurries coming from anaerobic digesters (indirect use). According to the key-steps of 
the whole flow (slurry chain from animal to field), the monitoring system must consider 
each entity involved (collars; functional sites as sheds, tanks or digesters; tractors and 
slurry spreaders etc.), providing a general framework acting as a part of an integrated 
information system able to deal and combine all the relevant information achieved. The 
involved entities are part of the management control chain of the zootechnical effluents 
and will be organized in a multilevel network operating in accordance with a client-
server logic (Mazzetto et al., 2010). 
The proposed monitoring system is composed of three basic elements: 

 hardware devices, for collecting and/or storing the data (sensors, data-loggers 
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with geolocalization and communication capabilities, servers with storage units) 
and regulating valves and pumps on the slurry tankers (actuators) according to 
previously set prescription maps; 

 a set of computing and inferring procedures, to obtain information in several 
tabular and graphical formats from the raw data achieved (Measured data→ 
Intelligible raw data→ Inferred data→ Information usable by an operator); 

 interfaces, to enable the users the access and use of information in control 
activities related to management decision-making processes. 

 
Three application scales were defined (Table 2), performing different tasks and 
managing different information (Pierce and Elliott, 2008; Mazzetto et al., 2010): 

 at a field level (Monitoring and Control System – MCS), on a single machine 
(e.g., slurry tanker, fertirrigation plant), on a farm installation (e.g., slurry 
collection pool; Figure 1) or on a cow’s collar (for extensive breeding, thus 
enabling virtual fences tasks; Figure 1)→ data loggers, GNSS devices, remote 
transmitters (Wang et al., 2006), sensors (Mazzetto et al., 2012; Bietresato and 
Sartori, 2013), CAN-BUS/ISO-BUS interfaces, actuators (on valves, pumps); 

 at a farm level (Farm Information System – FIS), in every dairy farm and also in 
arable farms placing their land at disposal for spreading slurry→ servers, remote 
transmitters/receivers, TCP-IP interfaces, farm-management software (Mazzetto 
et al., 2012); 

 on a territory (Territory Information System – TIS)→ servers, remote 
transmitters/receivers, TCP-IP interfaces, territory-management software. 

 
Table 2 – monitoring and controlling systems for slurries 

System Scale of operation Requirements Technology and components 
Monitoring 
and Control 
System - 
MCS 

at a field level, 
placed on a single 
machine (e.g., 
slurry tanker, 
fertirrigation plant) 
or on a farm 
installation (e.g., 
slurry collection 
pool) or on a cow’s 
collar (only for 
extensive breeding) 

 Acquiring and sending data related to the 
production of slurry by monitoring the 
storage facilities (productive monitoring) 

 Acquiring and sending data related to all 
the operations carried out by the 
spreading units (movements, spreading 
on the field; operational monitoring; 
Figure 1) 

 Acquiring and sending geographical data 
related to the position of cows in 
extensive breeding (pasture monitoring; 
Figure 1) 

 Actively controlling the spread quantities 
by regulating machines’ valves and 
pumps (site-specific farming) 

 Data acquisition units (data 
loggers) with temporary 
storage memories (Figure 1) 

 GNSS satellite devices 
 Remote transmitters (GPRS, 

Bluetooth devices, RFID) 
 Sensors (flow, level, total 

mass, nutrient content) 
 CAN-BUS/ISO-BUS 

interfaces  
 Actuators (on valves, pumps) 



 

C0206 
F. Mazzetto, M. Bietresato, F. Nardin. “An integrated system for monitoring N flows 
from alpine breeding on a provincial scale”. EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

System Scale of operation Requirements Technology and components 
Farm 
Information 
System –  
FIS 

at a farm level, 
positioned in every 
dairy farm and also 
in all non-zoo-
technical farms that 
place their land at 
disposal for 
spreading slurry 

 Filing all the operations carried out by the 
spreading units 

 Updating and filing the volumes of the 
effluents in the storage facilities 
(measured from machines and 
infrastructures’ devices) 

 Collecting and updating the data related 
to the principal farm resources (land, 
machinery, workforce, buildings, etc.) 

 Monitoring events occurring in specific 
parcels (fields, pastures) by creating 
virtual fences 

 Generating documents for 
internal/external audits (summary reports, 
registration extracts, thematic maps) 

 (Farm)servers equipped with 
storage units 

 Remote transmitters/receivers 
(GPRS) or TCP-IP interfaces 
for interconnecting FIS with 
MCSs and TIS 

 Farm management software 
with: 
o database of spreading units 

and slurry collection pools 
o GIS interface 

Territory 
Information 
System –  
TIS 

on a territory  Managing all the principal data relating to 
a specific portion of the territory 

 Integrating all the archives concerning 
the spreading activities 

 Consulting and modifying any spreading 
restrictions or limitations associated with 
specific vulnerable areas 

 Updating the zoo-technical N levels 
 Generating documents for 

internal/external audits (summary reports, 
registration extracts, thematic maps) 

 (Territorial) servers equipped 
with storage units 

 Remote transmitters/receivers 
(GPRS) or TCP-IP interface 

 Territory  management 
software (StoreEyes®, 
TractorEyes®, Farm 
Configurator®) with: 
o database of farms, spreading 

units  
o GIS interface  
o inference engine 

 

MCS for tractors and slurry tankers  
(with GNSS, sensors on engine and 

implement, transmitters) 

MCS for slurry collection pools  
(two different solutions to detect the level)

Figure 1 – (left) example of two MCS devices; (right) operational and pasture 
monitoring performed through the proposed system. 
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4 DISCUSSION AND CONCLUSIONS 
 
The above approach is expected to be applied on a set of pilot farms in South-Tyrol. 
Every distribution or storage unit should be provided with an independent MCS device, 
while each dominant head in grazing groups should be provided with a GNSS-collar 
enabling virtual-fences functions. Virtual fences will be used to enclose crop field but 
also pasture areas. This will permit to calculate the N-rate derived by the breeding, 
giving the farmer some indication for periodically changing the grazing areas according 
to a turnover logic. FIS acts as a terminal usable for consulting the system and 
managing the effluents according to TIS’s assessment methods. 
TIS processes the data from the farms, while integrating them with digital cartography; 
users can also query it and download raw data via wireless or cable connections. The 
kernel of TIS is an inferential engine able to recognise slurry productions and machines 
operations (loading/unloading events in slurry storages, transfer and spreading 
activities) through a series of conditional instructions on the collected data (e.g., vehicle 
speed, slurry electrical conductivity). The software interfaces provided by TIS are 
expected to be useful both for farmers and for local administrators for checking the 
status of the nitrogen spread in the territories under control and certifying the 
compliance of the spreading activities with the current environmental laws. 
This architecture is very flexible: the system can manage also farm contractors and it is 
suitable for third-parties distribution; both FISs and TISs can generate many types of 
documents (summary reports, registration extracts, thematic maps). 
 

5 REFERENCES 
 
Bietresato, M., Gasparini, F., Sartori, L., 2012. Logistica e tracciabilità nel trasporto e 

nella distribuzione degli effluenti [Logistics and traceability in the transport and 
distribution of effluents]. Terra e Vita - Speciale Progetto RiduCaReflui - 
Supplemento al n. 4 del 28 gennaio 2012 11–16. 

Bietresato, M., Sartori, L., 2013. Technical aspects concerning the detection of animal 
waste nutrient content via its electrical characteristics. Bioresource Technology 
132, 127–136. 

Bottarin, R., Tappeiner, U., 2010. Inquinamento idrico da nitrati di origine agricola : 
individuazione di zone vulnerabili in Alto Adige [Water pollution by nitrates from 
agricultural sources: identification of vulnerable areas in South Tyrol], in: Viaroli, 
P., Puma, F., Ferrari, I. (Eds.), Biologia Ambientale, Atti XVIII Congresso S.It.E., 
Sessione Speciale “Aggiornamento Delle Conoscenze Sul Bacino Idrografico 
Padano”. Parma, Italy, pp. 97–109. 

Braioni, M.G., Salmoiraghi, G., Carrer, et al., 2001. Monitoraggio fisico- chimica e 
microbiologica delle acque superficiali del fiume Adige [Physico-chemical and 
microbiological monitoring of surface waters of the river Adige], in: Analisi 
Biologiche-ecologiche in Alcune Aree Campione Fluviali dell’Adige. p. 107. 



 

C0206 
F. Mazzetto, M. Bietresato, F. Nardin. “An integrated system for monitoring N flows 
from alpine breeding on a provincial scale”. EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

Coldiretti, 2009. Responsabilità della zootecnia nell’inquinamento da nitrati e ipotesi di 
revisione delle zone vulnerabili [Responsibility of zootechny in the pollution by 
nitrates and review hypothesis of vulnerable zones]. Roma, Italy. 

Gamper, K., 2008. L’acqua di Bolzano - Note salienti sull’acqua potabile di Bolzano 
[The water of Bolzano - Some important notes about the drinking water of 
Bolzano]. 

ISTAT, 2010. 6° Censimento Generale dell’Agricoltura [6th General Census of 
Agriculture] [WWW Document]. URL http://dati-censimentoagricoltura.istat.it/ 

ISTAT, 2012. 15° Censimento generale della popolazione e delle abitazioni - 9 ottobre 
2011 [15th General Census of Population and Housing - October 9, 2011]. 

Mazzetto, F., Calcante, A., Sacco, P., 2010. The Metamorfosi Project: monitoring and 
controlling zootechnical effluents in livestock farms, in: Proceedings of the 14 
Ramiran International Conference. Instituto Superior de Agronomia Universidade 
Tecnica de Lisboa, Lisboa, Portugal. 

Mazzetto, F., Calcante, A., Sacco, P., Salomoni, F., Landonio, S., 2009. Monitoring and 
remote control of slurry waste distribution activities for a sustainable management 
of livestock farms: the METAMORFOSI Project, in: Technology and Management 
to Ensure Sustainable Agriculture, Agro-systems, Forestry and Safety. XXXIII 
CIOSTA-CIGR V Conference 2009. Reggio di Calabria, Italy, pp. 903–907. 

Mazzetto, F., Calcante, A., Salomoni, F., 2009. Development and first tests of a farm 
monitoring system based on a client server technology, in: Precision Agriculture 
’09. 7th European Conference on Precision Agriculture 2009. Wageningen, The 
Netherlands, pp. 389–396. 

Mazzetto, F., Sacco, P., Calcante, A., 2012. Algorithms for the interpretation of 
continuous measurement of the slurry level in storage tanks. Journal of 
Agricultural Engineering 43, 36–42. 

Peratoner, G., Kasal, A., Mulser, J., 2012. Aktuelle Situation, Erhaltung und 
Entwicklung des Extensivgrünlandes in Südtirol [Current situation, conservation 
and development of extensive grasslands in South Tyrol], in: 17. Alpenländisches 
Expertenforum. Lehr- und Forschungszentrum für Landwirtschaft Raumberg-
Gumpenstein, Irdning, Austria, pp. 21–24. 

Peratoner, G., Klotz, C., Figl, U., Bodner, A., Thalheimer, M., 2013. 
Winterzwischenfrucht und Untersaat als Maßnahmen zur Verminderung der 
Nitratauswaschung im Maisanbau : Ein Versuchsbericht aus Südtirol Material und 
Methoden 17–23. 

Peratoner, G., Stimpfl, E., 2012. Maßnahmen in der Landwirtschaft zum Schutz der 
Gewässer in Südtirol [Measures in agriculture for the protection of waters in South 
Tyrol], in: 3. Umweltökologisches Symposium. Lehr- und Forschungszentrum für 
Landwirtschaft Raumberg-Gumpenstein, Irdning, Austria, pp. 25–29. 



 

C0206 
F. Mazzetto, M. Bietresato, F. Nardin. “An integrated system for monitoring N flows 
from alpine breeding on a provincial scale”. EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

Peripoli, G., 2008. Caratterizzazione chimica del fiume Adige lungo gradienti 
longitudinali [Chemical characterization of Adige river along longitudinal 
gradients]. 

Pierce, F.J., Elliott, T.V., 2008. Regional and on-farm wireless sensor networks for 
agricultural systems in Eastern Washington. Computers and Electronics in 
Agriculture 61, 32–43. 

Provolo, G., 2012. Effluenti zootecnici: impiantistica e soluzioni tecnologiche per la 
gestione sostenibile [Livestock effluents: systems and technology solutions for 
their sustainable management]. Maggioli Editore, Santarcangelo di Romagna - 
Rimini, Italy. 

Salvati, S., Alessi, R., Licopodio, E., 2005. L’ inquinamento da nitrati di origine 
agricola nelle acque interne in Italia - Rapporti 50/2005 APAT [Pollution by 
nitrates from agricultural sources in the internal waters in Italy]. Roma, Italy. 

Sartori, L., Bietresato, M., Gasparini, F., 2010. Identification and evaluation of technical 
solutions for the rationalization of the logistics of animal waste, in: Veneto 
Agricoltura (Ed.), 12th IWA – International Conference on Wetland Systems for 
Water Pollution Control. San Servolo island, Venezia, Italia, pp. 10–12. 

Scarperi, E., Vidoni, B., 2008. Tavolo tecnico interagenziale “Gestione sostenibile delle 
risorse idriche” - Relazione della provincia autonoma di Bolzano [Interagency 
technical table “Sustainable Management of Water Resources” - Report of the 
Autonomous Province of Bolzano]. Bolzano, Italy. 

Soana, E., Racchetti, E., Laini, A., Bartoli, M., Viaroli, P., 2011. Soil Budget, Net 
Export, and Potential Sinks of Nitrogen in the Lower Oglio River Watershed 
(Northern Italy). CLEAN - Soil, Air, Water 39, 956–965. 

Tis Innovation Park, 2011. Mappatura delle biomasse avviabili a digestione anaerobica 
in Alto Adige - Relazione conclusiva [Mapping of biomass units usable for 
anaerobic digestion in South Tyrol - Final Report]. Bolzano, Italy. 

Walker, L.R., Del Moral, R., 2003. Primary succession and Ecosystem rehabilitation. 
Cambridge University Press, Cambridge, United Kingdom. 

Wang, N., Zhang, N., Wang, M., 2006. Wireless sensors in agriculture and food 
industry—Recent development and future perspective. Computers and Electronics 
in Agriculture 50, 1–14. 



 

Praes, M.F.F.P.; Lucas Junior, J.; Hermes, R.; Sobara, J.O.B.; Domingues, C. F.; Sgavioli, S. 
“Effect of a broiler diet containing probiotic and exogenous enzymes on the litter treated 
in batch biodigester” . EFITA-WCCA-CIGR Conference “Sustainable Agriculture through 
ICT Innovation”, Turin, Italy, 24-27 June 2013. The authors are solely responsible for the 
content of this technical presentation. The technical presentation does not necessarily reflect the 
official position of the Internation Commission of Agricultural and Biosystems Engineering 
(CIGR) and of the EFITA association, and its printing and distribution does not constitute an 
endorsement of views which may be expressed. Technical presentations are not subject to the 
formal peer review process by CIGR editorial committees; therefore, they are not to be 
presented as refereed publications. 

Effect of a broiler diet containing probiotic and exogenous enzymes on 
the litter treated in batch biodigester** 

 
Poster presentation 

Environmental information systems/Environmental management systems 
Maria Fernanda Ferreira Menegucci Praes¹*, Jorge de Lucas Junior¹, Rafael Hermes², 

José Otavio Berti Sorbara², Carla Heloisa de Faria Domingues³, Sarah Sgavioli³.  
¹Department of Agricultural Engineering, School of Agricultural and Veterinary 

Sciences, São Paulo State University, UNESP, Brazil 
²DSM Nutritional Products, São Paulo, Brazil 

³ Department of Animal Morphology and Physiology, Faculty of Agricultural and 
Veterinary Sciences, São Paulo State University, UNESP, Brazil. 
*Corresponding author. E-mail: menegucci2002@yahoo.com. br 

**Supported by FAPESP (2010/05263-1; 2010/11329-5) and DSM Nutritional 
Products, São Paulo, Brazil.  

 
ABSTRACT 

 

The objective was to assess the accumulated volume and potential of biogas production 
in batch biodigesters from total and volatile solids added and reduced in the litter of 
broilers fed a diet with probiotic and exogenous enzymes. In a completely randomized 
design, the study with the litter from broilers included 4 treatments (Cobb®), ages 
between 1 and 42 days, fed different diets: a negative control (NC, a control diet 
without feed additives); probiotic (PRO, the NC diet + 500 ppm of a product containing 
Bacillus subtilis); exogenous enzyme blend (ENZ, the NC diet + 20 ppm phytase, 200 
ppm protease and 200 ppm xylanase); and a treatment combining both feed additives in 
the NC diet (P+E). Each treatment had 4 replicates in the batch biodigester. The litter 
material was collected, identified and prepared (4% total solids). The volume per batch 
was the same (1. 8 kg) for all biodigesters, with litter + water. The vertical displacement 
of the gasometers was measured daily and the values were multiplied by their internal 
transversal section (0. 00785 m2) to determine the biogas volume accumulated in 162 
days. The gasometers were reset after each reading using the discharge valve. The 
biogas volume was corrected for 1 atm and 20°C. The potential of biogas production 
was calculated using the accumulated biogas volume and amount of total and volatile 
solids added and reduced in the biodigesters during the anaerobic biodigestion. The 
values were expressed as m3biogas /kg total and volatile solids added and reduced. The 
data underwent variance analysis employing the General Linear Model procedure using 
the SAS® software. Averages were then compared based on Tukey test with a 
significance level of 5%. The data analysis showed significant statistical differences 
(P<0. 05) for all evaluated characteristics. The litter from broilers fed the NC and PRO 
diets had a higher gas volume accumulated and a higher potential for biogas production 
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by added TS and VS. Thus, when the potential for biogas production was evaluated by 
reduced TS and VS, a higher potential for biogas production was found for PRO 
treatment. Adding PRO to the birds’ diet benefits the litter biodigestion, resulting in a 
high production of biogas.  
Keywords: Digester, biogas, Bacillus subtilis, broiler litter.  
 

1. INTRODUCTION  
 
Producers and the consumer market have shown environmental concerns and a great 
interest in the management of residues produced in rural areas. The broiler industry 
generates a large amount of solid residues and consumes much electricity to maintain 
the feeding system, ventilation and/or heating of poultry houses. As a result, studies 
have been developed with the objective of achieving energy sustainability for this 
activity.  
 
An alternative would be biogas produced by biodigestion of broiler litter that could be 
used as an energy source in the farm. This would isolate the residues, reducing flies, 
human and animal parasites and pathogens, as well as lowering the level of odors, 
solids, and the chemical and biochemical oxygen demand of the residues (Lucas Junior 
& Santos 2000).  
 
The biodigestion effluent could be used as a biofertilizer for plants, as it is a source of 
nitrogen, phosphorus, potassium, calcium, magnesium, sulphur, iron, copper, 
manganese and other minerals (Magalhães et al., 2001).  
 
Little is known about the influence of diet on biogas production from broiler litter. 
Thus, anaerobic biodigestion assays were developed to assess the potential of biogas 
production using litter from broilers that were fed a diet containing probiotic and 
exogenous enzymes.  
 
 

2.  MATERIAL AND METHODS 

The objective was to assess the accumulated volume and potential of biogas production 
in batch biodigesters from total and volatile solids added and reduced in the litter of 
broilers fed a diet with probiotic and exogenous enzymes.  
 
In a completely randomized design, the study with litter from broilers (Cobb®), ages 
between 1 and 42 days, included 4 dietary treatments with exogenous enzymes and 
Bacillus subtillis. The diets were based on corn and soybean meal, and were 
supplemented with minerals, vitamins and amino acids to meet the nutritional 
requirements according to Rostagno et al. (2005) recommendations. A nutritional 
matrix of each enzyme was used to ensure the proper diet formulation. The added 
Bacillus subtillis is present in a commercial product currently tested in birds. 
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Treatments were as follow: a negative control (NC, a control diet without feed 
additives); probiotic (PRO, the NC diet + 500 ppm of a product containing Bacillus 
subtilis); exogenous enzymes blend (ENZ, the NC diet + 20 ppm phytase, 200 ppm 
protease and 200 ppm xylanase); and a treatment combining both feed additives in the 
NC diet (P+E). Each treatment had 4 replicates in the batch biodigester.  
 
The litter material was collected, identified and prepared (4% total solids). The volume 
per batch was the same (1.8 kg) for all biodigesters, with litter + water. The vertical 
displacement of the gasometers was measured daily and the values were multiplied by 
the gasometers internal transversal section (0.00785 m2) to determine the biogas volume 
accumulated in 162 days. The gasometers were reset after each reading using the 
discharge valve. The biogas volume was corrected for 1 atm and 20°C (Caetano, 1985). 
The potential of biogas production was calculated using the accumulated biogas volume 
and amount of total and volatile solids added and reduced in the biodigesters during the 
anaerobic biodigestion. The values were expressed as m3biogas/kg total and volatile 
solids added and reduced.  
 
The data underwent variance analysis employing the General Linear Model procedure 
using the SAS® software. Averages were then compared by the Tukey test with a 
significance level of 5%.  
 

2.  RESULTS AND DISCUSSION 
 

The data analysis showed significant statistical differences (P<0.05) for all evaluated 
characteristics. The litter from broilers fed the NC and PRO diets had a higher gas 
volume accumulated and a higher potential for biogas production by added TS and VS. 
Thus, when the potential for biogas production was evaluated by reduced TS and VS, a 
higher potential for biogas production was found for PRO treatment (Table 1).  
 
In all treatments (NC, PRO, ENZ and P+E), the average values of biogas production/kg 
added TS were lower than those obtained by Lucas Junior et al. (1993) – 0.25 to 0.29 m³ 
biogas/kg added TS; by Santos (1997) – 0.17 to 0.27 m³ biogas/kg added TS, and by 
Santos (2001) – 0.20 to 0.40m³ biogas/kg added TS. This is probably due to the material 
that was used and mainly by the time the litter was stored, probably undergoing a 
digestion process. 
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Table 1. Averages, F and P values, and coefficient of variation of total biogas volume 
produced and potential biogas production for TS and VS added and reduced in litter of 

broilers fed a diet with probiotic and exogenous enzymes. 
 Characteristics 

Treatment 
 

 POTENTIAL 
 TS VS 
Total volume  

(m³) 
Added 
(m³/kg) 

Reduced 
(m³/kg) 

Added 
(m³/kg) 

Reduced 
(m³/kg) 

NC 0.013 A 0.18 A 0.37 B 0.21 A 0.43 B 
PRO 0.013 A 0.18 A 0.48 A 0.23 A 0.58 A 
ENZ 0.0069 B 0.097 B 0.22 C 0.11 B 0.23 C 
P+E 0.0062 B 0.087 B 0.17 D 0.10 B 0.18 C 

F Values 112.28 112.51 121.98 104.21 179.45 
P Values  0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

CV¹ 7.10 7.08 8.37 7.93 7.78 
¹Coefficient of variation; Averages with different letters in the same column are 

statistically different; NC= control diet without feed additives; PRO= NC + 500 ppm of 
product containing Bacillus subtilis; ENZ= NC + 20 ppm phytase, 200 ppm protease 

and xylanase; P+E= NC+PRO+ENZ. 
 
Figure 1 shows data from the different experimental treatments, the biogas production 
in 162 days using broiler litter in batch biodigesters. It also shows that the highest 
biogas production occurred in the control treatment and was not different from the 
treatment with the inclusion of only a probiotic. The treatment with added probiotic 
achieved peak production in less time, faster than the control treatment, which reached a 
peak in a longer time period, but more constant with a longer residence time.  
 
The peak production from the litters of broilers fed the different diets can also be 
evaluated. In the control treatment, peak production was achieved on the 49th day 
(0.00038 m³), in the treatment with probiotic on the 42nd day (0.00070 m³), in the 
treatment with enzymes on the 36th day (0.00029 m³), and in the treatment with 
probiotic + enzyme on the 78th day (0.00016 m³). 
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Figure 1. Biogas production (m³) in 162 days from biodigestion of litter from 
broilers fed diets containing probiotic and exogenous enzymes. 

 
4. CONCLUSION 

 
Adding PRO to the birds’ diet benefits the litter biodigestion, resulting in a high 
production of biogas.  
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ABSTRACT 
 

Sustainable use of irrigation requires delivering the optimum amount of water according 

to weather conditions and the status of trees and soil. Diverse existing technologies can 

be used in this topic but practical application in commercial orchards is limited by the 

lack of an integrated system. Within this context, EFFIDRIP provides a tool kit for cost-

effective services in automated supervision and control of localized irrigation. The 

central part is a web-based application that monitors the crop through a wireless sensor 

network, uses meteorological data, and adjusts the forthcoming irrigation schedules 

without the need of user intervention. Compared to existing decision support systems, 

EFFIDRIP takes the next steps in automating irrigation control. First, it integrates 

commercial equipment deployed in the field, i.e. soil or plant sensors and irrigation 

controllers, to a higher level system. Second, it makes autonomous operative decisions 

and communicates machine-to-machine with the diverse components based on 

information and communication technologies. The system is being evaluated at three 

test sites (Portugal, Greece, Spain) in terms of improving water and fertilizer use 

efficiencies without impairing yield. Labour effort and the capacity to detect and cope 

with incidences are also analysed. 
 

Keywords: fertigation, sensors, decision support system, wireless, simulation 

 

1. INTRODUCTION  

 

Efficient use of irrigation water, fertilizers and pumping energy requires planning the 

seasonal strategy as well as controlling the execution of such plan. Several technologies 

exist that can contribute to an effective management of sustainable irrigation. Execution 

of the irrigation schedules and low level management of the irrigation setup can be 

delegated to irrigation controllers, an electronic device in charge of commanding 

pumps, valves and other hydraulic parts. However, the schedules must be manually 

specified by the user. Meanwhile, several decision support tools exist that can be used 

for calculating the irrigation needs at different times of the season. For instance, WISE 

(Leib et al., 2001), AQUACROP (Steduto et al., 2009), CropIrri (Zhang and Feng, 



 

C0204 
J Casadesús, F Assinck, F Candela, J Girona, M Heinen, J Marsal, O Oenema and A 

Torres. ‖EFFIDRIP: a tool kit for scheduling and supervising irrigation in tree crops‖. 

EFITA-WCCA-CIGR Conference ―Sustainable Agriculture through ICT Innovation‖, 

Turin, Italy, 24-27 June 2013. 

 

2010), RIDECO software (Zapata et al., 2012). At the same time, sensor and wireless 

communication technologies have been developed which can facilitate acquiring data 

for supervision and control of irrigation processes. Examples are soil water sensors and 

IEEE802.15.4 modules for low-rate wireless networks, respectively. Nevertheless, 

irrigation controllers, decision support tools and sensor systems have evolved 

independent of each other and a combined use of these resources for irrigation control is 

unpractical because of the labour, skills and perseverance required. 

Here we focus in localized irrigation of tree crops, which presents some particular 

challenges. In tree crops water requirements show large variability within the same 

species, as affected by factors such as canopy traits and crop load. Localized irrigation 

involves specific dynamics of soil water, dominated by wet bulbs which form below the 

emitters, affecting the basics of irrigation control, as well as the sensor measurement 

and interpretation of soil water content. 

Within this context, the EFFIDRIP project proposes to adapt different existing 

technologies to meet the specific requirements of this topic and integrates them in a 

layer of Information and Communications Technologies (ICT). The goal of EFFIDRIP 

is to provide a tool kit to SMEs for offering cost-effective services to farmers and 

technicians regarding scheduling and supervision of localized irrigation. The central 

part of the tool kit is a web-based application that monitors the crop through a wireless 

sensor network and adjusts the forthcoming schedules without the need of user 

intervention. 

 

2.  DESIGN OF THE EFFIDRIP SYSTEM 

 

Basically, the EFFIDRIP system consists of a web-based application, complemented 

with hardware deployed in the field, which controls the irrigation schedules of the 

registered plots and offers the user a high level agronomical view of the irrigation 

process. After specification of a Seasonal Plan, set up with the help of the user, the 

system can operate autonomously to keep optimized schedules through the season. All 

repetitive tasks such as acquiring data, analysing them and deciding the next schedules 

are done automatically and are transparent to the user; details are available to the user 

upon request. If required, the user may modify the Seasonal Plan during the growing 

season. 

 

2.1 Overall organization 

 

The EFFIDRIP system is composed of diverse elements that communicate with the 

application server through internet (Figure 1). Namely, there are commercial irrigation 

controllers, wireless sensor networks, external services as well as the devices with 

which users can communicate using a browser.  

Commercial irrigation controllers are used in the field for the local coordination of the 

hydraulic parts, i.e. valves, pumps, etc. The EFFIDRIP system communicates once a 

day with the irrigation controllers. The daily dose as calculated by EFFIDRIP is 
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transferred to the irrigation controller, which then manages the hydraulic network and 

copes with constraints specific of each farm. So far, EFFIDRIP has developed drivers 

for communicating with Hidra XIO (Macraut Ingenieros, S.L, Vigo, Spain) and Agronic 

4000 (Sistemes Electrònics Progrès, Bellpuig, Spain). EFFIDRIP is not restricted to be 

used with these two controllers, as drivers for other controllers can be easily developed. 

 

 

Figure 1. General layout of the EFFIDRIP system. 

 

The wireless sensor networks are composed of remote sensor units which are in charge 

of measuring sensors and sending the data. A general packet radio service (GPRS) 

gateway on each network collects the data and uploads them to the platform. The 

remote sensor units have been designed specifically to optimize their performance and 

power consumption in the context of monitoring in tree crops. The types of sensors that 

are being used in EFFIDRIP test sites are weather sensors, probes for soil water content 

(alone or combined with electrical conductivity) and water meters. 

Weather data can either be collected by sensors included in the wireless network or 

imported from external meteorological services. Some regional meteorological 

networks allow web service access to historical and current data. This can be a practical 

option which avoids farmers having to purchase and maintain their own instruments. 
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2.2. User interface 

 

Users can interact with the platform using any web browser on any type of device 

connected to the internet. The major functionalities of the user interface are registering 

new plots, using the Irrigation Assistant to plan the next irrigation season and 

supervising irrigation. 

Supervision is intended to facilitate the management of a large number of plots by the 

same user, with minimum time and effort. The user is offered a synoptic view of his/her 

plots where all remarkable information is concentrated and visible at a rapid glance 

(Figure 2). This includes icons (e.g. traffic lights for general plot status: green = OK, 

orange = attention required, red = error) indicating the state of compliance with the 

Seasonal Plan or the occurrence of some event. The irrigation applied the last seven 

days is shown graphically. More detailed data, including graphics with the output of the 

sensors are shown at the user’s request. 

 

 
Figure 2. The EFFIDRIP user interface for supervising irrigation. 

 

2.3 Workflow in the automated scheduling system 

 

The user must participate in providing information that describes the context of the plots 

and outline the strategy to follow during the irrigation season. This has to deal with 

defining the scenario, its goals and priorities. Later on, the system can work 

autonomously with the data collected from the sensors and external services, making by 

its own the appropriate decisions regarding day-to-day response to crop development, 

weather conditions and major perturbations. This is illustrated in Figure 3. 
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Figure 3. Workflow in the EFFIDRIP scheduling system. 

 

2.4 Seasonal Plan 

 

The Seasonal Plan is a key element for linking the EFFIDRIP’s features on supervision 

and control of irrigation with the user’s expectations on what has to be done on each 

plot during the forthcoming growing season (Figure 3). It is defined for each plot before 

starting to irrigate and specifies the acceptable range for accumulated irrigation at 

different times during the season, as well as the acceptable range for operational 

parameters that will be automatically tuned by the system. First, this is a way for 
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defining the strategy to follow and let the system execute this with enough flexibility for 

responding to the encountered conditions. Second, it facilitates defining seasonal 

objectives for the irrigation process and consequently it facilitates supervising during 

the season how the performance of irrigation progresses towards the objectives. 

To help users to build the Seasonal Plan, the platform is equipped with an Irrigation 

Assistant, which asks information regarding the crop, expected calendar, layout and 

dimensions of the trees, characteristics of the irrigation setup, type of soil, allocated 

volume for irrigation and productive goals by the user. With this information the 

Irrigation Assistant builds a Seasonal Plan and presents it to the user for its approval 

(Figure 4). 

 

 
 

Figure 4. Example of a Seasonal Plan specifying the acceptable range for irrigation in a 

given plot managed by EFFIDRIP. 

 

2.5 Soil simulations 

 

To cope with the uniqueness of each orchard, the platform is equipped with a database 

containing pre-run simulations of soil water dynamics under different combinations of 

soil properties and configuration of the irrigation setup. For this purpose, the FUSSIM 

soil model (Heinen, 2001) has been adapted to the context of localized irrigation and a 

collection of soil-emitter scenarios has been simulated. These are used by the Irrigation 

Assistant for foreseeing the dynamics of soil water and estimating some components of 

the water balance on a particular plot. 

 

2.6 Determination of irrigation doses 

The daily irrigation dose (DID) is determined from reference evapotranspiration (ETo) 

multiplied by a control parameter (Kx) which is tuned by feedback from the observed 
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effect of previous irrigation doses, following an approach described in Casadesús et al. 

(2012):  

 

DID = ETo * Kx 

 

Kx is initialized as the expected crop coefficient for that crop (Allen et al., 1998). Later, 

it is iteratively adjusted by the control system according to the following two aspects. 

On one hand, the fitness of irrigation to the actual crop water needs, interpreted from the 

trend of soil water content. On the other hand and with higher priority, it attends the 

adherence to the Seasonal Plan considering the projected irrigation until the end of the 

season.  

 

 

3 RESULTS / CONCLUSIONS 

 

Some distinctive features of the EFFIDRIP toolkit include its specialization in localized 

irrigation, whose particularities use to be oversimplified in other tools, the way sensor 

data is integrated in the whole scheme, as well as the focus in following an agreed plan 

aimed at some seasonal goal. The way sensors are used is original in that, first, they are 

automatically interpreted in non-trivial terms which refer to irrigation fitness and 

occurrence of events. Second, this interpretation is used by the control system combined 

with estimations of irrigation requirements and integrated within the Seasonal Plan. 

These features address the control system to reach seasonal objectives with agronomical 

interest rather than immediate arbitrary targets. In addition, they increase the fault 

tolerance of the system in case of sensor malfunctions. 

Compared to existing decision support systems, EFFIDRIP takes the next step in 

automating irrigation control. It integrates commercial equipment deployed in the field, 

i.e. soil or plant sensors and irrigation controllers, to a higher level system. It makes 

autonomous operative decisions and communicates machine-to-machine with the 

diverse components based on information and communication technologies. These 

features contribute a higher sense of control that may facilitate adoption of efficient 

irrigation practices. The user’s participation is focused in those occasional tasks that 

cannot be automated while the bulk of routine tasks are undertaken by the platform. 

The EFFIDRIP platform is currently being evaluated at three test sites, in olives 

(Portugal), citrus (Greece) and apples (Spain). The evaluation looks for quantifying 

improvements in water and fertilizer use efficiencies without impairing yield. Labour 

effort and the capacity to detect and cope with incidences are also analysed. 
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ABSTRACT 
 

Since the introduction of the Veris Mobile Sensor Platform (MSP) pH Manager it has 
become possible to sample fields for soil pH with a sampling density of more than 15 
samples ha-1. With this, the density of information increases greatly and small-scale pH 
heterogeneities can be recorded that remained undiscovered in conventional sampling 
methods. The optimal distribution of lime leads less to a saving of fertiliser but instead 
to the expectation of positive agronomic effects, such as an increase in yield. In three 
fields a comparison was made between high resolution and conventional soil sampling. 
In this the expected agronomic effects were simulated from results from other trials for 
a rotation period of six years. The economic evaluation of the comparison shows that a 
potential of ca. 20 € ha-1 y-1 remains through the much higher density of information 
using the Veris-MSP. 

 
Keywords: Veris, Precision Farming, economic comparison, soil pH, Germany 
 

1. INTRODUCTION  
 
An important basis for lime fertilisation is the recording of soil pH. Several studies have 
shown that the soil pH can vary greatly on a small scale (Bianchini and Mallarino, 
2002; Lauzon et al. 2005). Only with the development of a sensor from the company 
Veris (Kansas, USA) has it become possible to determine the soil pH cheaply in a much 
higher sampling density than with the time and cost intensive laboratory method. Both 
methods differ in their measurement principles and the results of the pH sensor must be 
fitted to the results of the laboratory method. A suitable algorithm for the calibration of 
the on-the-go recorded data has been evaluated and presented by the authors (Leithold 
et al., 2012).  
With the high resolution soil pH map it is possible to undertake sub-field specific lime 
fertilisation of a field in order to create a uniform optimal soil pH. In contrast to this, 
lime fertilisation using conventional sampling methods would lead to sub-fields being 
over- and under-supplied. The expected agronomic effects were evaluated for a simulat-
ed trial period of six years. 
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2. MATERIALS AND METHODS 
 
The investigation of high resolution soil sampling was carried out using the Veris-MSP 
pH Manager on three fields (see table 1). The measurement principle is based on the 
removal of a soil sample, which is then analysed online through two pH sensitive elec-
trodes within a few seconds to obtain the soil pH (Lund et al., 2004).  
 
Table 1. Description of location 
Site 1 2 3 
Size (ha) 45.31 28.08 116.27 
longitude/latitude 11.046278/51.775511 12.467478/50.764906 11.948912/51.619575 
Textural class (FAO, 2006) Silt loam Sandy loam Silt loam 
Date of soil sampling 16.9.2011 24.7.2011 20.9.2011 
Crop 2011 Winter wheat Winter barley Winter wheat 
 
Conventional soil sampling in fixed 1-ha and 5-ha grids as well as according to homo-
geneous apparent electrical soil conductivity zones (EC), was simulated in ArcGIS 
(Esri, 2009). The interpolated soil pH maps (according to the pH sensor) serve as the 
basis of the simulated soil sampling. The apparent electrical conductivity of the soil was 
recorded with a recorded frequency of 1 Hz during the soil pH measurements by the 
Veris-MSP. After determination of the sampling line 15 individual probes were simu-
lated and combined as a mixed sample. The results from this using the procedure with 
the pH sensor or the conventional procedure were compared using the four parameters 
described below: 
 
- Costs of soil sampling 
 
This includes the costs for taking and analysing the soil samples. Furthermore, this also 
includes the costs for the procurement and preparation of the data of the apparent elec-
trical conductivity of the soil.  
 
- Incorrectly allocated liming costs 
 
The incorrectly allocated liming costs can be calculated as the difference between the 
optimally distributed liming application map according to the pH sensor and the liming 
application map of the conventional method. The decision rules of the VDLUFA are 
used (von Wulffen et al., 2007) in order to create the liming application maps. The over-
fertilised amount of lime is multiplied by the lime price and gives the incorrectly allo-
cated lime costs.  
 
- Exploitation of the phosphate effect 
 
Kerschberger (1987) developed a rule of thumb from long-term lime fertilisation trials; 
this describes the interaction between the soil pH and the phosphate solubility available 
to plants in the soil. This describes that with an increase in the soil pH of one pH unit, 
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phosphate solubility increases by 1 mg P per 100 g of soil. In order to obtain a compa-
rable increase of the phosphate content with mineral fertilisation, a fertilisation of 100 
kg P ha-1 would be necessary. The rule of thumb is only true for the suboptimal soil pH 
area, which is dependent on the soil texture and the humus content.  
Due to the different density of information of the sampling methods investigated differ-
ent results can occur in the spatial distribution of the soil pH. As a result, the liming 
application maps differ so that the expected soil pH development in the fertilisation 
planning period proceeds differently according to the sampling method. The following 
assumptions are made for this:  
 
o Fertilisation period: 6 years 
o Complete conversion of the lime fertiliser: 2 years 
o Annual pH-change through external influences such as soil acidification, acidify-

ing fertiliser, nutrient removal: - 0.1 pH-units (Rowell, 1997) 
o Price of lime: 21.33 € CaO-1 t-1 (AMI, 2010 – 2013) 
o Price of phosphate: 434.22 € P-1 t-1 (AMI, 2010 – 2013) 
 
Figure 1 shows the temporal course of the soil pH with liming or with no liming. 
 

 
Figure 1. Temporal development of the pH value with/without influence of liming 

 
- The expected effects on yield  
 
Due to suboptimal soil pH yield depressions must be expected. It is also known that 
crops have different lime requirements. A differentiation is made between high- and 
low- lime demanding crops (Schilling, 2000). The literature analysis of long-term lime 
fertilisation trials leads to no clear yield-soil pH relationships within the high and low 
lime demanding crops. There are trials with less strong effects on yield (Cifu et al., 
2004, Merbach et al., 1999, Pagani et al., 2009) as well as trials with a strong effect on 
yield (Cifu et al., 2004, Liu et al., 2004). For such a kind of imprecise defined variables 
a calculation of different scenarios is appropriate, which spans an expected range for the 
economic evaluation from a worst case scenario up to a best case scenario. In figure 2 
the dotted lines show the boundaries of the worst case and best case scenarios.  
 



 

C0201 
T. Leithold, P. Wagner. “Economic Comparison between high resolution and conventional 
soil sampling using the example of the soil pH”. EFITA-WCCA-CIGR Conference “Sus-
tainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

 
Figure 2. Average expected relative yield and boundaries of the relative yields for high 

lime demanding (left) and low lime demanding (right) crops according to soil pH 
 
The following crop rotation is assumed for all trial fields for the scenario calculations: 
 
Sugar beet – winter wheat – winter barley – canola – winter rye – summer barley. 
 
The expected yields and product prices of the crops are shown in table 2.  
 

Table 2. Expected yield and product prices considering the locational characteristics 

  
Expected yield (t ha-1) 

site  
Product prize (€ t-1) 

crops 1[1] 2[1], 3[1] Average price (3 years) 

Summer barley 5.00  6.50  19.89[2] 
 

Winter barley 6.50  8.50  15.69[2]  

Canola 3.80  4.50  34.94[2]  

Winter rye 7.00  9.00  19.17[2]  

Winter wheat 7.00  8.50  18.45[2]  

Sugar beet 60.00  70.0  4.40[3,4,5]  

Sources: [1] Personal interviews with farm manager, [2]Hamm et al. (2013),  [3]Beil 
(2010), [4]Beil (2011), [5]Beil (2012) 

 
For the economic evaluation the soil sampling costs and the incorrectly allocated liming 
costs can be seen as costs. The exploitation of the phosphate effect and the expected 
yield depressions do not show any costs, but should be interpreted as lost income. The 
farm manager expects a yield from the crops sown that cannot be realised, however, due 
to the suboptimal soil pH distribution. 
 

3. RESULTS 
 
With an increasing sampling density the information density of the “true” spatial soil 
pH distribution increases. Even within a 1-ha grid considerable soil pH differences can 
be observed through the much higher sampling density of the pH sensor. The compari-
son of the resulting lime application maps of the sampling procedure shows that ca. 12 – 
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26 % of the lime fertiliser used could have been saved or better distributed on other 
places within the fields. According to the sampling methods investigated, an over- or 
under-fertilisation of lime occurred on ca. 70 % of the site area (table 3). 
 
Table 3. General results of the sampling methods investigated  
 site Veris-MSP 1-ha-grid 5-ha-grid EC-grid 
Sampling  
density 
(n ha-1) 

1 15.80 0.84 0.22 0.53 
2 21.41 1.18 0.21 0.50 
3 14.62 1.01 0.23 0.46 

Soil pH 
pHMEAN  
(pHMIN – 
pHMAX ) 

1 
6.45  

(4.99-7.25) 
6.48  

(5.28-7.17) 
6.43  

(5.82-6.88) 
6.45  

(5.51-7.08) 

2 
5.57  

(4.23-6.38) 
5.63  

(5.30-6.20) 
5.58  

(5.41-5.85) 
5.67 

(5.46-5.90) 

3 
5.99  

(4.81-7.53) 
5.99  

(5.25-7.01) 
6.01  

(5.65-6.80) 
5.99  

(5.37-7.11) 
Recommended 
amount of lime 
(CaO t) 

1 62.13 46.49 50.11 50.97 
2 46.39 43.61 47.72 37.40 
3 365.14 361.33 337.29 368.34 

Over-fertilised 
lime (CaO t) 

1 0.00 7.67 16.32 14.14 
2 0.00 8.4 12.18 6.02 
3 0.00 57.28 57.19 66.16 

 
The results of the economic evaluation according to the four criteria are shown in fig. 3. 
All values are based on the annual costs or the annual lost income of the sampling 
methods. 
 

 
Figure 3. Annual costs and annual lost income of the sampling methods (bars of the 
yield depression portray the worst case and best case scenarios respectively). 
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The highest soil sampling costs can be shown for the pH sensor, which, however, turn 
out to be very low with an annual sum of 3.33 € ha-1. Through the optimal distribution 
of lime no areas are supplied with too much or too little lime, so that no misallocated 
lime costs occur. Similarly the phosphate effect is completely exploited through the 
optimal lime distribution and no mineral compensatory fertilisation is necessary, unlike 
in the other sampling methods. Despite the optimally distributed amount of lime, yield 
depressions must be expected for the pH sensor. The reasons for this are, on the one 
hand, a poor lime supply at the date of soil sampling, which was first remedied after two 
years through the complete implementation of the lime fertilisation. On the other hand, 
falling soil pH are to be expected through natural soil acidification and through other 
soil acidifying factors, which can lead to sub-optimal soil pH in the simulated investiga-
tion period of six years. The average annual expected yield depression amounts to about 
17 to 19 € ha-1 y-1 for the pH sensor. Overall, the sum of the annual costs and the lost 
income amounts to 20 € ha-1 y-1 to 23 € ha-1 y-1 for the pH sensor for all the locations.  
Small scale soil pH heterogeneities are not detected through the low sampling density of 
conventional sampling methods. Despite lower annual soil sampling costs (0.38 € ha-1 y-

1 to 2.18 € ha-1 y-1) the negative effects of the lower sampling density prevail. The larg-
est proportion is borne by the average expected yield depressions with ca. 73 % to 82 % 
or 31 € ha-1 y-1 to 35 € ha-1 y-1. Annual sums of between 1 € ha-1 y-1 to 5 € ha-1 y-1 occur 
for the incorrectly allocated liming costs, whilst the lost incomes of the phosphate effect 
lie between 4 € ha-1 y-1 and 8 € ha-1 y-1. 
No positive economic effects can be achieved with the approach of delineating homo-
geneous apparent electrical soil conductivity zones for nutrient homogenous zones 
compared to the fixed grids.  
The economic comparison between the high resolution soil sampling with the pH sensor 
and the conventional sampling method leads to an annual total potential of 17 € ha-1 y-1 

to 22 € ha-1 y-1 for the use of the Veris MSP. 
 

4. DISCUSSION 
 
Adamchuk et al. (2004), Ericksen (2004) and Olfs et al. (2012) report on the positive 
economic effects of the use of the Veris-MSP, the economic potential of which lies in a 
region of between 5 to 10 € ha-1 y-1. The economic evaluation of the named working 
groups is based on the soil sampling costs, the liming costs and the expected increase in 
yield. The interaction between the soil pH and phosphate availability was not taken into 
account. 
The results presented are based on a model in which the yield is only dependent on the 
soil pH. It is known, however, that on the one hand the yield is dependent on several 
factors and that interactions between the factors must be taken into account. On the oth-
er hand, interactions do not only exist between the soil pH and phosphate availability, 
but also between the soil pH and other pH dependent nutrient availabilities, e.g. Cu, Zn 
and Mn (Rengel, 2002). Thus the presented simulated economic evaluation shows a 
result range which, taking into account other complimentary effects, for instance in mi-
cro-nutrient fertilisation, could lead to a higher economic potential.  
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Targeted soil sampling on the basis of homogenous zones according to the apparent 
electrical conductivity of the soil (Corwin and Plant, 2005) does not provide an alterna-
tive on the trial fields under investigation in comparison to the conventional fixed grid. 
The higher sampling density of the fixed 1-ha grid leads to a much higher gain in in-
formation than the EC grid. 

5. CONCLUSIONS 
 
With the Veris-MSP the economic advantages of precision farming technology can be 
shown using the example of the soil pH. Characteristic is a much higher density of in-
formation which is able to reveal small-scale soil pH heterogeneities. The profitability 
of a higher density of information is not shown so much through the savings in fertiliser 
but rather the improvement of efficiency is to be expected through increased yield and a 
better utilisation of the interaction between the soil pH and phosphate availability.  
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ABSTRACT 

The Geographic information systems (GIS) has function to support in making decision 
and define the location and area of land as an effort to develop specific bioenergy 
biofuel from palm oil plants and diversification of agriculture to support food security. 
The Plantation area of palm oil and paddy fields are inversely decreased in national and 
local level. The interpretation of design in using land has been change with natural 
resources that include natural resources forestry and natural resources for land 
plantations, rice fields and other different use in community. The capacity in one area is 
a component to supportanalysis of natural resources. The arearesources were calculated 
due to degradation of land resources into description useof the land. Result of the study 
reveals an analysis of food-carrying capacity of land in each region has surplus food 
consists of Indragiri Hilir, RokanHulu, adequatefood consists Indragiri Hulu, 
Pelalawan, RokanHilir, scarcefood consists KuantanSingingi, Siak, Kampar, Bengkalis, 
Meranti, Pekanbaru, Dumai based on extensive comparison plantations producing 
bioenergy and land use in agricultural production of food. The capacity conditions of 
land for bioenergy developed surplus energy consists of Indragiri Hilir, Pelalawan, 
Siak, Kampar, Rokan Hulu, adequateenergy condition consists of Kuantan Singingi, 
Indragiri Hulu, Bengkalis, Rokan Hilir and scarceenergy conditions consisted of 
Meranti Islands, Pekanbaru and Dumai.  
 
Keywords: GBEP, balance resources and forest lands, plantations, agriculture, GIS, 
Indonesia 
 
 
1. INTRODUCTION 
Indonesia known as an agricultural country that earns financialfactor from agricultural 
resources. A very large area of agricultural area, the various types of commodity crops 
into the community economy, but it is not associated with the amount of time food 
production with the number of people who occupied in a certain area. The local 
government as managing natural resources in the region tried to find solution for 
problems in food. Efforts are being made to search for specific food commodities which 
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can be increase for the level of economy in community. Local governments faced 
problems in the areas of energy, specifically fossil fuel made from the scaling 
distribution of the community in economy experienced value and larger volumes of fuel 
supplies are decreasing. In the level of regional areas, natural resources have success 
factors for community life. Distinctive use of natural resources utilization land for 
public, agriculture, and plantation became the main destination of regional 
development. If the area does not observe rules of using land, new problems will arise 
and difficult to find the solution. The issue is the food and energy security’s progress of 
in region, to solve both of these problems, the researcher chooses this research model. 
First step that refers to Bioenergy and Food Security (BEFS, 2010) in setting the 
framework and explore the issues of food security and renewable energy to the 
guidelines in developing energy based biofuels, mainly from palm oil and food 
production through the utilization of land use for agriculture. The correlation of 
guidelines associated with the general diagnostics, environment, technology and 
improving the quality of social and economic. The guideline components are (i) analysis 
of the conditions agriculture related with supply chain management of agricultural 
products in the process production, prices, supply and storage, distribution of products 
to the public. Component (ii) natural resource wealth of the region and can be 
appropriated with the development of food products and energy, related with natural 
resources forestry, agriculture, plantation and water. Component (iii) the technological 
development of biofuel from palm oil and of food products agriculture such as rice, 
increased production volumes and could meet energy needs, as well as the 
environmental impact of the use of biofuels affect climate and greenhouse gases (GHG). 
It come to the analysis of food supply and activities of energy production, distribution 
and main needs. 
Global BioEnergy Partnership (GBEP) is supporting consensus bioenergy development 
of several countries in creating and producing alternative energy as a plant-based 
bioenergy in a sustainable method. GBEP explains the role of the component in the 
process of analyzing indicators in bioenergy ecological, economical and social. The 
three elements have component which indicate effort to develop bioenergy, another 
environmental element has a greenhouse gas emission indicators, quality area, 
transformation of forest land area, pollution, quality of water resources in environment, 
utilization of water resources, biological environment, and changes in biological 
environment. Social element containing biological resources for bioenergy, increasing 
production and economic value of bioenergy at the national level, change in growth 
socioeconomic communities, employment areas of bioenergy, increasing household 
income, use of bio-energy change society, birth and death rates, disease caused by 
bioenergy. Economic element containing bioenergy production, balance the use of 
bioenergy, increasing bioenergy production changes, changes in energy use, increased 
employment, energy supply, distribution bioenergy, bioenergy capacity utilization. 
1.1 Food Security 
In Indonesia, the Government has a regulation about food. The food security defines as 
the fulfillment of the conditions of food for the household, as reflected in the 
availability of adequatefood, both in quantity, quality, safe, equitable and affordable. 
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In FIA 2005, Food Security and Vulnerability Atlas (FSVA) stated the three pillars of 
food security: Pillar (i) Availability of food in the region, which is obtained either from 
the domestic production, import or trade and food aid. The availability of food define 
from food production in one area, agricultural land, and food supplies from distribution 
of market mechanism through both entry and departure from a particular area, food 
stocks and government-owned merchants. Pillar (ii) Food access is the ability of 
households to obtain carbohydrates as a source of raw materials food. Availability of 
food in a region of the physical volume of inventories sufficient, but not all of the food 
sources of the community especially small and large household has the ability to have a 
large volume of food continuous and type of food other food through the mechanism 
above. Pillar (iii) food utilization, indications the use and needs household food and an 
individual's ability to absorb and metabolize nutrients the elements in the food product. 
Food utilization also includes ways food processing, presentation of food products 
obtained by using water, fuel and food health. Production and availability of food 
products with quite a number of national and provincial level, the precise number will 
not be sure to compliance of food products and the individual household level in that 
food security. The number of food products with a large amount of calculations and 
empirical covered the needs food at particular area, but access to food by some 
members households can not encounter appropriately, due to safety conditions, food 
distribution, food facilities and infrastructure so that food access will affecting the 
utilization of food products by the public. The concept  framework of food security 
contains the elements of food availability, food access and food utilization and also 
correlation of these elements will affect food security levels of household food 
consumption and the environment in the form of excess ownership inaccurately food 
which affecting the political, social, institutional and economic development. Area of 
food security is determined by the factor of environmental agriculture (agro-
environmental) special land, socio-economic and geographic regions as well as political. 
Food insecurity is the opposite condition of food security, where conditions scarcefood 
for household needs and compliance with food on the level to the wider community are 
not coveredin continuous time. While scarcefood with uncertainty condition is a 
situation of natural conditions change due to natural disasters, epidemics, drought, 
political conspiration and transportation damage. 
1.2 Energy Security 
This is the condition which energy utilization for food security could contribute to the 
process and utilize source of food and energy as resource management. As described on 
the pillars of food security, in the third pillar which is food utilization, the contribution 
food of bio-energy is crucial for the community. Based on economic aspect in a large 
scale, the volume production of renewable energy as the form of biofuel will be used for 
biodiesel in economy for transportation. In the level of specific energy production of 
palm oil, Indonesia got second ranks after Malaysia as an exporter of palm oil and 
supplying more or less 90% (ITCP, 2012) of the needs in the world's palm oil. In 
fulfillment of the new energy, it is referred as bioenergy, the volume of palm oil is 
processed into biodiesel energy source has 5% of any production diesel oil in Indonesia. 
Furthermore, the World Economic Forum (2006) explains that the securityof energy is 
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the ability of the economy to ensure the availability of stock energy resources as a 
sustainable supply of energy at a price level does not affect the performance of the 
regional economy. Factors which affected energy security, such as: 

1. Availability of energy reserves in the country and export, 
2. Explore the ability of the supply / energy sources, 
3. Level of economic diversification of energy resources, 
4. Accessibility of energy resources, especially energy and transport infrastructure. 
5. Political conditions of the area of energy sources. 

 
2. MATERIAL AND METHODS 

This research based on the concept of GBEP Project, the aims of this research is to 
develop sources of biofuels from vegetable oils. The production of vegetable oil is palm 
kernel into CPO (Crude Palm Oil). This research is conducted in the area of Indonesia, 
precisely in Riau Province, the main reason for choosing this region; because Riau 
province has a number of large oil palm plantations which each year more CPO 
increased productivity in line with the results palm oil production and plantation area. 
The function of plantation has limitations use with the procedures and permit to use of 
land. Information of land resources came from Department of Forestry to manage, 
organize, superviseand managing changes in land use. Information of spatial data from 
government derived with image interpretation has the function of region specification 
forest. Forest areas designated as forest use area that will change into land in accordance 
with an agreement with the local government. The use of land will reduce to forest 
resources, and it will stable with the formation of forest resources and have a surplus or 
deficit with previous period. On the other side, the forest resources is reduced, land 
resources managed a surplus of land due to land use change. The land for plantations 
growing oil palm purpose will transform function based on the agreement with local 
government; there are factors changes of the transmigration of each individual with an 
area that used for plant and changes due to plantation development. The land use change 
from forest to plantation areas, residential areas, agricultural are into components 
preparation of resource per region. Preparation of resource balance model includes 
components of natural forest resources and land resources. Source of research material 
from the forest map of 2009 - 2011, coconut plantations palm and paddy fields as well 
as the interpretation of the supporting data covering production, labor productivity and 
support the development of bioenergy and food. 
 
2.1 Methodology 
Geographic information systems (GIS) has functions to support decision-making in 
manage and determine the location and area of land in an effort to develop specific 
bioenergy biofuel from palm oil plants and diversification agriculture to support food 
security. The forest areas are known as region and land resources for the development 
of agriculture and plantation. It carries capacity of the forest to benchmarks of 
sustainable bioenergy development and utilization of food in terms of land. The 
correlation elements of forest land, plantation and agriculture became the principal 
calculation of the energy balance and food security. If the forest area has a small 
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number of stakeholders will concern to the each region for the development of 
plantation and agricultural areas. The length of plantations will provide information so 
the use of land could reduces the capacity of forest land. The relationship between the 
condition of high value of liabilities in the event of a change to the information region 
in terms of climate, weather, and food conditions, as well as socio-economic society. 
Stakeholders in each region should have the power of information capacity of land for 
assets and liabilities of land. Technical operation and development of geographic 
information systems arranged in 2 phrases data processing: 

Phrase 1 : The process of operational 
geographic information systems 
included data preparation areas, 
forests, farms, plantations, rivers, and 
roads. Data obtained from digitizing / 
topology / internal location data in a 
geographic map with Quantum GIS 
software and information from 
accountability of  government 
agencies, data management of 
statistical object forestry, plantation, 
agriculture and directory palm in oil 
companies, as well as the preparation 
of the data in the form of a digital 
map as source of the department 
forestry which included in operations 
that will result in output of form in 
maps and geographic information 
system data tabulation. Analysis 
performed on spatial data 
administration and forest areas 
components of forest resources, as 
well as administrative areas and 
plantation agriculture to be a 
component of land resources. The 
concept of system development used 
Object Oriented Programming 
(OOP). 
Phrase 2: Object data table and map 
are processed from a database 
management system function into a 
geographical information system 
function. Spatial and non-spatial data 

in the forms of statistic data information on the development of plantation, agriculture 
and forestry production and fields are put into a database. The database management 
uses a Postgresql software, a web-based visualization application with a windows-based 
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mapserver (MS4W) software and PhpMapscripts for scripts writing.The process 
continues in an operational database which has a component ofanassessment index 
process analysis of agriculture and plantation fields in the calculating process of the 
field resources. This process will resultmap and balance indexes for each region’s 
natural resources, where the Activa component shows the information on the region’s 
natural resources that can be used for the region and society development (housing, 
transmigration, industry and governance, plantation), agriculture and plantation based 
on some chosen parameters.These components interactioncreate an index of land 
utilization based on its function to support each region’s food security and energy 
security. Production data collection is put into an information system that represents 
area, land, river, road and palm oil production volume in some areas. As for the 
companies as developers of palm oil and biofuel plantation, the system will also provide 
information on the company’s location, plantation area and areas map. The scope of this 
geographical information system includes: 
1. Types of plants used to process bioenergy materials are palm seeds which are 

processed into CPO and grains.  
2. Map of areas for food and bioenergy plantations in Indonesia, specifically Riau 

Province. 
3. Areas, forests, palm oil plantations, and agriculture areas in Riau Province.  
4. Option to search documents on food and bioenergy statistic reports during the 

periods of 2009 to 2012  (Palm oil and food statistics, Ministry of Agriculture, 2012) 
5. This study is focused on the geographical information system which will show a map 

of Indonesia thematically and its administrative border areas for food and bioenergy 
plantations information.  

 
2.2. Areas Mapping 
The first phase begins with an areas mapping process as a source of research trials. Data 
on forestry shows the government’s moratorium mapping that is aimed to recalculate a 
forest area, which in principle, the authorization for its management could be carried out 
by other party. The authorization to use the forestry land is provided by the Department 
of Forestry. The forest land will be released particularly for public interests.Information 
on plantation areas is resulted from the proces of forestry utilization authorization by the 
large companies, public society or government, in which the implementation is limited 
to particular period and area of the used areas. The forest utilization should be 
authorized by the Department of Agriculture and also the Department of Forestry which 
initiated the forestry and non-forestry lands management. The objective of the forest 
land use is to give economic values for the local society and increase national economy.  
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Table. Areas Mapping of Riau Province 
Land Functions Resources Balance 
Riau Province 

 
No. District Status Total Area 

(Map) Forest Land Plantation Agriculture        

1 1401.Kuantan 
Singingi 

District 531.960,86 97.366,81 530.528,30 88.734,94 71.080,13        

2 1402.Indragiri 
Hulu 

District 805.837,08 266.873,30 804.551,99 111.928,71 125.050,12        

3 1403.Indragiri 
Hilir 

District 1.352.547,33 416.198,82 1.341.910,97 334.269,89 312.907,22        
4 1404.Pelalawan  District 1.315.542,49 334.696,71 1.297.028,30 256.133,85 95.007,31        
5 1405.Siak District 787.477,79 167.645,15 787.403,44 191.592,86 75.288,57        
6 1406.Kampar  District 1.077.260,86 198.146,48 1.076.420,66 256.070,61 187.734,42        
7 1407.Rokan Hulu District 732.547,40 90.938,89 730.257,29 186.127,14 226.708,40        
8 1408.Bengkalis District 856.902,30 311.904,67 855.006,27 98.101,64 77.146,19        
9 1409.Rokan Hilir  District 915.059,67 207.682,41 895.313,68 133.997,16 190.481,80        
10 1410.Meranti District 366.628,12 205.457,98 363.433,37 6.433,74 22.675,55        
11 1471.Pekanbaru Municipal 62.984,20 4.940,84 62.990,39 3.720,09 23.578,95        
12 1473.Dumai  Municipal 228.660,20 66.327,66 227.360,24 7.747,78 39.078,08        
Total 9.033.408,30 2.368.179,72 8.972.204,89 1.674.858,42 1.446.736,74        

Figure 2. Recapitulation of Digital-Map based Total Areas Calculation  
 
2.3. Areas SupportingResources Optimization 
Calculating every area supporting resources has various supporting and challenging 
variable characteristics. In an area where the society has agriculture sectors as its 
economic source, its supporting resources is calculated based on its food materials 
production. Physical need per person required daily is 2,600 - 3,600 kalories or 265 kgs 
of rice  (Vicky R.B. Moniaga,2011). Calories are used to calculate an individual daily 
need on the basis that the calories are contained in the primary food sources, such as 
grains, corns, soybeans, potatoes and beans. Total area for food plantations is a 
component in calculating the agriculture area’s supporting resources, resulted from 
dividing the minimum physical need values by the annual food plantation production 
which is converted into calories and kilograms of rice. The converted result value will 
therefore be compared to food production volume of each area into kilograms of 
rice/person/year. The total area of the land will affect the area’s condition. The less the 
total area is, the larger the area’s supporting resources, and vice versa. Food plantation 
crops area is gained by calculating the total area of the agriculture corp per capita 
divided by the number of the population living in each area. The total food corp area 
will be larger when the crops area is bigger. The land supporting resources will be equal 
when the total area and the total crops are equal, making it the best indicator in planning 
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the sustainable bioenergy development. The area’s condition and corps total areas will 
provide the area with adequate food security.The larger result value of the area’s 
supporting resources will ensure the area’s food surplus, and otherwise.  
Agriculture and Plantation Supporting Resources 

    Riau Province 
     

No. District Status Total Area 
(Map) 

Total 
Population 

(2010) 

Land 
supporting 
resources 

Index 
(Agriculture) 

Land 
supporting 
resources 

Index 
(Plantation) 

Total 
Values 

1 
1401.Kuantan 
Singingi  District 

     
531.960,86  292.100,00 0,6739 2,5705 3.2 

2 
1402.Indragiri 
Hulu  District 

     
805.837,08  363.400,00 1,3476 2,6424 2.2 

3 
1403.Indragiri 
Hilir  District 

  
1.352.547,33  661.800,00 2,5441 7,1060 1.1 

4 1404.Pelalawan  District 
  
1.315.542,49  301.800,00 1,1278 20,0623 2.1 

5 1405.Siak District 
     
787.477,79  376.700,00 0,4546 7,2053 3.1 

6 1406.Kampar  District 
  
1.077.260,86  688.200,00 0,8469 3,8563 3.1 

7 
1407.Rokan 
Hulu District 

     
732.547,40  474.800,00 2,5946 4,2804 1.1 

8 1408.Bengkalis District 
     
856.902,30  498.300,00 0,2728 1,0796 3.2 

9 
1409.Rokan 
Hilir  District 

     
915.059,67  553.200,00 1,3493 1,6342 2.2 

10 1410.Meranti District 
     
366.628,12  776.300,00 0,0097 0,0019 3.3 

11 1471.Pekanbaru Municipal 
       
62.984,20  877.800,00 0,0082 0,0005 3.3 

12 1473.Dumai  Municipal 
     
228.660,20  253.800,00 0,2698 0,0260 3.3 

Total  
  
9.033.408,30  6.118.200,00   

Figure 3. Recapitulation of Agriculture and Plantation Supporting Resources 
The area supporting resources calculation will be implemented in calculating the palm 
oil plantation area. Total plantation required to produce palm oil (ton) is gained by 
dividing the vegetable oil need consumtion ine each area. If the need value is made in 
percentage, total need required will be used to calculate the supporting resources value 
of each area to produce pal oil. The oil surplus will be excluded to be the export need of 
CPO and materials for biosolar mixing which around 5%, and if the analysis could be 
up to 7.5% per liter, the consumptionof fuel will be diesel.The converted vegetable oil 
need, biofuel and export need will affect the need and use of palm oil consumption. The 
land supporting resources which is gained from each calculaton component will result 
optimal number of total population, shwoing the number of populaton which have the 
resources to fulfil their daily needs, in each area.Meanwhile, the land function resources 
balance will calculate the activa components, consisting of the total area, the forest area; 
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and result the total land areas with adequate resources to be environmental resource 
reserve areas. The utilization of these areas will be under direct control of local 
stakeholders. Meanwhile, the passiva value is the component that uses the land function 
which was previously a released land. This therefore will reduce the land function 
capacity value. The larger the activa value, the more conducive and safer the area is to 
use the land function. The larger the passiva value, the less conducive the area is and 
will challenge the utilization of the land function. The extensive capital could be source 
of data in developing land for food, bioenergy and other uses such as industrial society, 
government regional center, of transmigration. 
The land mapping optimization has resulted a new map: (i) Forest Area, (ii) Land 
utilization area, (iii) Plantation Area and (iv) Agriculture Area. The forest area map in 
each district shows the information on the natural resources condition, particularly the 
forests, that can be utilized as economic area. The land utilization that uses the analysis 
data source in considering the area development is categorized as ACTIVA, while the 
plantation and agriculture area is categorized as PASSIVA in the natural resources 
balance. An overlapping technique is used to find out the crosscutting area between the 
area borders and the identification border of utilized land, plantation and agricultre, 
mapped in the first phrase. The overlapping and forests moratorium layers will result a 
layer of forest map; the area and land utilization layers will result land utilization map; 
the plantation layer and area will result plantation map; and agriculture map and area 
will result agriculture map layer that covers all mapped provinces. The forest area for 
Kuantan Singingi (4,1%), Indragiri Hulu (11,26%), Indragiri Hilir (17,58%), Pelalawan 
(14,13 %), Siak (7,08%), Kampar (8,37%), Rokan Hulu (3,84%), Bengkalis (13,17%), 
Rokan Hilir (8,77%), Meranti (8,68%), Pekanbaru (0,21%), Dumai (2,80%) of all total 
Riau Province areas. The identified land utilization is 99,32% (source: Ministry of 
Forestry, 2011). Plantation area in the districts of Kuantan Singingi (0,9823%), Indragiri 
Hulu (1,2391%), Indragiri Hilir (3,7004%), Pelalawan (2,8354%), Siak (2,1209%), 
Kampar (2,8347%), RokanHulu (2,0604%), Bengkalis (1,0860%), Rokan Hilir 
(1,4834%), Meranti (0,0712%), Pekanbaru (0,0412%), Dumai (0,0858%) of total 
Province area. Meanwgile, the agriculture area in each area ofKuantan Singingi 
(0,7869%), Indragiri Hulu (1,3843%), Indragiri Hilir (3,4639%), Pelalawan (1,0517%), 
Siak (0,8334%), Kampar  (2,0782%), RokanHulu (2,5097%), Bengkalis (0,8540%), 
Rokan Hilir (2,1086%), Meranti (0,2510%), Pekanbaru (0,2610%), Dumai (0,4326%) 
2.4. View Results 
Spatial data management which has been integrated into a file database can be classified 
based on forests and lands supporting resources balance. The overlapping process of 
forests and administrative areas data will result the number of forest area in each 
district. The percentage of total forest areas in each district is resulted from the total 
forest area divided by the total administrative area of the district. The total forest area of 
each district added with the forest function area will result the vaue of the forest 
resources (ha). Forestry resources balance could be gained by categorizing the 
components of each area with the national standardized forest resources. The map 
illustrating the forest area at the government level is made smaller, therefore the areas 
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border will be more accurate. Below is one of the calculate recapitulation of Lands 
Function Resources Balance in the are of Kuantan Singingi (1401). 
Recapitulation Lands Function Resources 
Land Function :  1401.Kuantan Singingi  

  
Activa Value of Activa Passiva 

Value of 
Passiva  

Area 1. Total area 531.960,86 1. Land Function   

Forest 2. 
Total Forest 
Area 97.366,8121 1.1 Plantation 88.734,94 

        1.2 Agriculture 71.080,13 

    

A (Land 
Function 
Resources 
Activa) 434.594,0458   

P (Land Function 
ResourcesPassiva) 

159.815,07 

          
Capital (Land Function 
Resources) 274.778,9749 

Total Value of Land Function 
Resources Balance  434.594,0458   434.594,0458 

Figure 4. Recapitulation of Land Function Resources Balance  
Capital is the total land functions which can be implemented and developed in each area 
into plantation, agriculture and other areas. By understanding the capital required to 
develop the lands area, such as agriculture, plantation, administrative disaster relocation 
area, industrial area food distribution terminal and bioenergy areas.Total capital areas of 
each area should not exceed the activa value. The higher needed capital shows that the 
area does not fit to be an area for development. Otherwise, when the capital value is less 
than the activa and passiva values, along with a reserved forest area, the area has an 
adequate supporting resources to be a food and bioenergy development area  

Agriculture Land Support Resources 
  Riau Province 
  

No. Regions District/Municipal 
Agriculture 
Condition 

Plantation 
Condition 

1 1401.Kuantan Singingi District Scarce Food 
Adequate 
Energy 

2 1402.Indragiri Hulu District Adequate Food AdequateEnergy 
3 1403.Indragiri Hilir District Food surplus Surplus Energy 
4 1404.Pelalawan  District Adequate Food Surplus Energy 
5 1405.Siak District Adequate Food Surplus Energy 
6 1406.Kampar  District Scarce Food Surplus Energy 
7 1407.Rokan Hulu District Food surpluss Surplus Energy 
8 1408.Bengkalis District Adequate Food AdequateEnergy 
9 1409.Rokan Hilir District Scarce Food AdequateEnergy 
10 1410.Meranti District Scarce Food AdequateEnergy 
11 1471.Pekanbaru Municipal Scarce Food AdequateEnergy 
12 1473.Dumai  Municipal Scarce Food AdeuateEnergy 

Figure 5. Food and Energy Security Index per region in Riau Province  
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The food security index will be categorized into“surplus”, “adequate”, or “shortage of 
food”. This food security categorization is set based on the total area of agriculture land 
function in each region. Adequate food security is one of the considerations to estabish 
a food security framework for each region. The agriculture land function index is 
compared to the plantation land function index in order to find food security 
categorization index based on the three combined lands. Forestry and field resources 
balance shows a composition of land function area for each component of activa and 
passiva in the balance. Each balance component calculation result shows actions 
required to develop bioenergy and food potentials. When the plantation land 
functionarea is larger than the agricultural land function, a diversification or 
intensification process will be an option to maintain the region’s food security. When 
thearea of theland for agriculture function is larger than the plantation land function, 
there will be food surplus in the agriculture production which will help each region to 
maintain their food security. 
 

3. RESULTS 
The calculation of forest resources are classified in several categorizations, based on the 
Indonesian national standard it divides into 2 major categories, forested and non-
forested areas. Food security each region havecategorization of surplus food consists of 
Indragiri Hilir, RokanHulu, adequatefood consists of Indragiri Hulu, Pelalawan, 
RokanHilir, scarce foodconsists of KuantanSingingi, Siak, Kampar, Bengkalis, 
Meranti, Pekanbaru andDumaibased on the ratio of the function of producing bioenergy 
plantations and functionfarms producing agricultural food production. The condition 
capacity of land for bioenergy surplus energy consists of IndragiriDownstream, 
Pelalawan, Siak, Kampar, RokanHulu, adequateenergy consists of SingingiKuantan, 
Indragiri Hulu, Bengkalis, RokanHulu and scarceenergy conditionsconsists of regions 
Meranti, Pekanbaru and Dumai. The condition that should beconcern is Siak and 
Kampar region,whichboth of these conditions are better in capacitythan agriculture. The 
stability of resource make a decision which use by the value of social welfare composed 
with pattern of bioenergy development. The functions of large plantations indicated 
agricultural production due to utilization of coconut plantation function of excessive oil. 
Extensive agricultural area should be preserved for productionfoodstuffs and expanded 
agricultural function of food security in each region. A reference index of food 
availabilitydetermines the development of bioenergy and food, so that the direction of 
food security can be use in each region. 
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•ABSTRACT: 
• 

In Brazil, the application of site-specific management in sugar cane has been delayed for 
many reasons, including lack of relevant technology which could really help producers 
increase their competitiveness. Sugar mills usually have large cultivated areas under their 
control, with an average size of over 40 thousand hectares. With such huge areas, it is 
difficult for them to find a technology that could help in the adoption of precision 
agriculture (PA), which enables the producer to understand and manage more precisely the 
inherent spatial variability found in the field, in order to obtain higher productivity and 
economic returns, and reduce negative environmental impacts. Vegetation Index (VI) used 
as an indicator of biomass can be easily obtained either by ground sensors or by orbital and 
non-orbital imagery obtained using an Unmanned Aerial Vehicle (UAV). The objective of 
the study was to evaluate the sugarcane biomass prediction using VI data obtained by 
means of a field sensor and an UAV on a field scale, and correlate the results with terrain 
and soil data. The experiment was conducted in a 40 ha sugar cane field planted in the 
north part of São Paulo state, Brazil on its first ratoon. Soil attributes were measured after 
harvesting, and biomass data was measured 90 and 180 days after crop emergence (DACE). 
The results showed that VI obtained by ground and non-orbital sensors have correlation 
with biomass production, but not with soil chemical attributes, which means that field 
spatial variability is more dependent of other factors than soil chemical attributes. These 
results could help justify the use of crop sensors and UAV by mills which could 
independently obtain high resolution imagery at low cost, and evaluate field conditions at 
the time when intervention is still possible.  

Keywords: Precision agriculture, Vegetation indices, Field sensor, UAV, Brazil. 



 

 

 

1INTRODUCTION 
 
Sugarcane (Saccharum spp.) has significant importance in the tropical and subtropical 
regions of the world, especially for sugar and ethanol production. Recently, the sugarcane 
crop has been drawing global interest as a raw material for the production of energy, since 
it presents highly positive energetic and greenhouse gases emission (GHG) balance 
(Macedo, et al. 2008; Renouf, et al. 2008; Smeets et al. 2009). Brazil is the largest 
sugarcane producer worldwide, and its production is increasing to meet global bioethanol 
and sucrose demands. Although nearly 90 Mha are available for agricultural expansion in 
Brazil (Cerqueira Leite et al., 2009), sugarcane production is increasing not only in new 
sugarcane areas, but more so through yield improvements in existing fields. Increases in 
sugarcane production are obviously related to increases in sugarcane biomass and ethanol 
production per unit of area. Sugarcane production is estimated to have a potential of 
doubling its yield per unit of area (Waclawovsky et al., 2010). Adoption of precision 
agriculture (PA) to manage soil according to its spatial needs is a likely prerequisite to 
higher yields (Bramley, 2009). By combining a yield map, topographic information, maps 
of physical and chemical soil attributes, and imagery, it is possible to define management 
strategies to improve the performance of the crop, and to reduce negative environmental 
impacts of sugarcane production.  

In PA, data collection and evaluation methods have high operation and analysis costs, 
preventing its practice in certain situations, from the logistic and economical point of view. 
To overcome this barrier, many studies have been engaged in the development of sensors 
on-the-go, which may present different principles of operation, but with responses that can 
be indirectly related to soil mechanical, physical and chemical characteristics and plant 
behavior. Thus, the data acquisition can be faster, with large numbers of data at a lower cost 
(Peets et al. 2012). 

Vegetation Indices (VI) have been developed to track the vigor of plants and can be easily 
obtained either by ground sensors or by orbital (satellite) and non-orbital imagery, obtained 
using an Unmanned Aerial Vehicle (UAV). VI has been used with success in predicting in-
season N requirements for crops, using aerial color infrared photography (Sripada et al. 
2006), which were taken by means of a sophisticated methodology. UAV can be an 
inexpensive and practical tool to obtain high resolution remotely sensed data. Although 
there have not been many case studies of UAV in PA, examples of its applications in 
environmental studies are becoming increasingly more apparent in the literature. On the 
same way, studies with ground sensor have demonstrated its suitability to identify sugar 
cane variability (Portz, et al. 2012; Molin et al. 2010). Such studies may provide insight as 
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to how applicable these instruments may be for various PA endeavors (Zhang and Kovacs 
2012). 

The objective of the study was to evaluate the sugar cane biomass prediction using VI data 
obtained using a field sensor and low cost UAV on a field scale, and correlate the results 
with terrain and soil data. 

1STUDY AREA AND METHODS  
 
Experiments were conducted on 40-hectare fields in Serra Azul – SP, Brazil (21.2731 S e 
47.5397 W) during the first ratoon season of a sugarcane crop (CTC09). Soils on the study 
sites are generally uniform, Typic Quartzipsamment, by Embrapa (1999) and US Soil 
Taxonomy (USA, 1975). The total precipitation after harvesting, from September 2012 to 
May 2013, was 725 mm, and average temperatures of 25 ºC.  

To obtain the vegetation indices data (VI), the area was scanned in December 2013, when 
the cane presented three months of development and average height of 0.6 m, using as an 
Crop Circle active canopy reflectance sensor (ACS-210, Holland Scientific Inc. Lincoln, 
NE, USA) mounted on a high clearance vehicle, with a sensor measurement being taken at 
each 3 rows. This sensor recorded canopy reflectance in the red-edge (730 nm) and near 
infrared (NIR, 780 nm) wavebands at 1 Hz, connected with a GPS at the same rate. Aerial 
imagery was obtained by means of a UAV (swinglet CAM, SenseFly, Ecublens) using a 
16MP camera (ELPH 300 NDVI, Canon, USA) with 0,012 m resolution, and interference 
filters with blue and green channel, and provide image in the red and NIR region of the 
spectrum (670 and 770 nm) obtained in 9 of May 2013.  

The data generated by Crop Circle and SenseFly are in different wavelength and therefore 
produced different VI. For Crop Circle, the red-edge normalized differential Vegetation 
Index (NDRE) was calculated, and for SenseFly, green normalized differential Vegetation 
Index and Green Soil Adjust Vegetation Index (GNDVI and GSAVI) were calculated. 
Those VI cannot be directly compared, but they provide similar information about the 
biomass production, which can be used to evaluate field status. GNDVI is calculated using 
reflectance ratios in the NIR and green portion of the spectrum (Mulla 2012), the green 
NDVI is more sensitive to changes in chlorophyll concentration and potential crop yield 
than the traditional NDVI using the red waveband (Gitelson, et al. 1994). GSAVI is a 
transformation technique to minimize soil brightness influences from spectral vegetation 
indices (Huete 1988; Sripada et al. 2006).  

NDRE = (NIR-RE)/(NIR-RE)                                                                     (1) 

GNDVI = (NIR-G)/(NIR+G)                                                                       (2) 



 

 

GSAVI = 1.5*(NIR-G)/(NIR+G+0.5)                                                          (3) 

Based on the yield map obtained from the previous year, 22 points in the area were selected 
for biometric analysis. On each point, ten cane stalks were removed for characterization, 
determining the mean diameter of stalks, height, and weight of stalk, trash and tops. The 
data for biometric analysis was done just few days before VI data collecting (December 
2012 and May 2013). The results were then compared with crop reflectance. To establish a 
correlation between VI and crop biometrics information, a buffer area with 3 m radius 
around the sampling point was created. In this buffer area, the imagery maximum value of 
reflectance for each band was selected to calculate the VI, and a linear correlation between 
this VI and crop results was evaluated. 

In order to have non-yield-limiting amount of nutrients in the area, a soil survey was 
conducted just after harvesting in September 2012, in a 50x50 m grid (164 points). Based 
on the results of macronutrients, a fertilizer recommendation was done phosphorus (P) and 
potassium (K), for nitrogen (N) the recommendation was based on yield expectation taking 
into account previous year yield map. All fertilizers were applied using variable rate 
technology (VRT) (Uniport, Jacto, Pompéia) according to usual recommendations for 
sugarcane crop planting (Raij et al. 1997) 60 days after harvesting (DAH).  

The geostatistic analysis were performed for all data in the study, interpolating a grid 
pattern of 3 m by means of Kriging site for neighboring blocks, using ArcGIS software 
(Environmental Systems Research Institute, Redlands, CA). Since ground collected data 
was less dense than UAV data, a grid based on existing point data of NDRE was used to 
extract data from UAV imagery to calculate GNDVI and GSAVI.  

1RESULTS AND DISCUSSION 
 
Initial maps of soil chemical attributes, elevation, apparent electrical conductivity (ECa) 
and previous year yield provided a visual representation of the variability across the field, 
Figure 1. Maps were also produced from ground sensor (NDRE), and aerial sensor (GNDV 
and GSAVI), Figure 2.  

At the early stage of the crop development (60 DAH), the results of canopy reflectance 
obtained with crop circle are highly influenced by soil brightness reflectance, since the crop 
height was low and there are many open spaces. Nevertheless, it was possible to observe 
that at certain parts of the field, the biomass was more developed than others, as it can be 
confirmed by biometric data obtained at this stage, Table 1. GNDVI measured 180 DAH, 
represents better canopy reflectance since the crop was closer. At this stage there is very 
low soil influence, as it is seen when the data is compared with GSAVI, and very low 
difference is detected between these two sets of imagery. The differences among of the 
NDRE and GNDVIVI maps can be attributed to the different amounts of biomass at the 
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sensing time (60 versus 180 DAH). The imagery shows that in the southern part of the field 
the biomass reflectance is higher, which could be an indicative that yield will also be higher 
in that area. It is also possible to see that in the north part of the field there are some spots 
with lower GNDVI, which represent lower biomass, those differences are reflected at 
biometric evaluation which presents a high coefficient of variation, .  

 

Figure 1 – Maps of some soil attributes, apparent electrical conductivity at 0.9 m, elevation 
and previous year crop yield.  

Linear correlation between GNDVI and crop performance at this stage, measured through 
the biometric parameters, was established (Table 2). The best GNDVI correlation obtained 
was with the tops reflectance (r = 0.3), which has a strong correlation to yield (r =0.81).  

    

Figure 3 – Vegetation indices from ground and aerial sensor.  

Table 1 – Results Biometric evaluation in December 2012 and May 2013 

��ecember 2012�May 
December 2012� ay 

May 
2013�2�Tillers/m�Population/ha�Mg/ha�Tillers/m�Population/ha�Mg/ha��Mean�2��Tillers/m�Population/ha�Mg/ha�Tillers/m�Population/ha�Mg/ha��Mean�29.6�1
��illers/m�Population/ha�Mg/ha�Tillers/m�Population/ha�Mg/ha��Mean�29.6�19
Tillers/m�sopulation/ha�Mg/ha�Tillers/m�Population/ha�Mg/ha��Mean�29.6�1976
Population/ha�Pg/ha�Tillers/m�Population/ha�Mg/ha��Mean�29.6�197600�2.5�13
Mg/ha�Millers/m�Population/ha�Mg/ha��Mean�29.6�197600�2.5�13.0�16721�1
Tillers/m�Topulation/ha�Mg/ha��Mean�29.6�197600�2.5�13.0�16721�16.7��Sta



 

 

97600�9.5�13.0�16721�16.7��Standard 
deviation�d.9�26439.0�0.9�2.2�6010.2�6.0��Coef. of 
variation�v3.4�13.4�35.9�16.9�35.9�35.9�� 
Table 2 – Linear correlation between sugar cane biometric parameters and GNDVI. 

 � NDVI�N°  
GNDVI�G°  

N°  
tillers/m�Nops 
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Tops 



 

 

(Mg/ha)�(talk weight/tiller 
(kg)�(talk 

(Mg/ha)�(otal Biomass 
(Mg/ha)�(GNDVI�1.00�������N° Tillers/m�-0.13�1.00������Tops 

(Mg/ha)�(.30�0.30�1.00�����Stalk weight/tiller (kg)�0.28�-
0.53�0.46�1.00����Stalk (Mg/ha)�0.25�0.09�0.76�0.77�1.00���Total Biomass 

(Mg/ha) �(.21�0.12�0.81�0.74�0.96�1.00�� 
Although ground and aerial data were collected at different stages of the crop development, 
it is possible to observe that the VI has no correlation with soil attributes or field elevation. 
Even though soil ECa at 0.9 m also does not explain VI obtained, its correlation with 
GNDVI was more significant, which could be an indicative of a need for further 
investigation in the causes for field variance of the VI.  

1CONCLUSIONS  
 
Low cost UAV could be convenient to collect field data for VI determination. Although VI 
has only a moderate correlation with biomass production, and no correlation with soil 
attributes, it may be a useful tool to detect some yield tendencies in the area and places for 
deeper investigation of crop spatial variance causes. 
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ABSTRACT 
 

The dehydration of grapes to make wine, in controlled environment and with variance in 

temperature and humidity, began to be studied with greater emphasis recently for some 

grape varieties, due to the proven effects of the highest concentration of phenolic 

compounds and decreased the amount of water in the wort. Physiological standpoint of 

increasing the phenolic compounds is beneficial due to its antioxidant and anti 

inflammatory, and make an important role in the quality of wines. Postharvest 

dehydration in order to adequate levels of sugar, resulting in constant changes after 

harvest, note a positive development in the wine and grape flavor. The aim of this study 

was to evaluate postharvest changes in grapes after partial dehydration in a controlled 

environment. The grapes used were the kind of Shiraz, grown in the city of São João da 

Boa Vista, São Paulo, the drying process was adapted into a cold chamber for the drying 

process and a forced air tunnel to form a fixed bed flow of air perpendicular. To obtain 

the desired temperature is installed a set of finned RTDs nominal power of 2400 W, a 

system controlled by PWM (pulse width modulation). Treatments consisted of a control 

(initial condition) and the combination of dehydration temperature (37.1 C) and air 

velocity (1.79 ms-1). To analyze the final quality of the analyzed concentration of 

soluble solids (Brix) and concentration of phenolic compounds (gallic acid mg per 100 

g of must). Statistical analysis was performed by applying an ANOVA followed by 

Tukey's test for comparison of means. The treatment cause a significant increase in the 

concentration of phenolic compounds, which indicates the effectiveness of the method 

and since the concentration of polyphenols is an indicator of quality wines and to 

produce this compound also has a great importance to health. The soluble solids were 

not different after dehydration (increase of 0.20 ° Brix), this may be due to the late 

harvest product causing potential is reached sugars. It can be concluded that there were 

physical and chemical changes in the product subjected to dehydration and they showed 

their beneficial from the point of view of winemaking. 

Keywords:   Wine, Postharvest, Dehydration, Control, Solids soluble, Shiraz, Brazil. 

 

1. INTRODUCTION  
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Dehydration of grapes for wine making, on the inside and with the variation of 

temperature and humidity, began to be studied with greater emphasis recently for some 

varieties tested due to the effects concentrations of phenolic compounds increasing and 

reducing the amount of water in wort. From the physiological standpoint increasing 

phenolic compounds is beneficial because of its anti-inflammatory and antioxidant 

properties and plays an important role in the quality of wines. 

In order to play sugar, dehydration postharvest changes consistent results in post-

harvest, thus obeying a positive development of the flavor of the wine and grape. 

Studies of the effects of drying grapes for wine making, today is based not only on the 

biological stability of the product, but greatly increase the possibility of the 

concentration of chemicals in the bay, especially phenolic compounds, as well as 

reducing water must fermentation, thereby reducing energy costs for evaporation 

(Bellincontro et al., 2004; Constantini et al., 2006; Moreno et al., 2008). 

With the advancement of science and technology, are proposing new methods of 

dehydration, the equipment development and drying systems. Methods other than spray 

drying, sublimation, vacuum or forced air, there is still osmotic dehydration method has 

been widely used in the transformation and processing of certain tropical fruits (El-

aouar & Murr, 2003; Dionello et al., 2009). 

The biochemical changes that occur in the grapes during wilting are induced by the 

endogenous metabolism of grapes results in modification of the quality of wine. 

However, drying at ambient conditions expense, time consuming and brought other 

problems such as contamination by fungi and bacteria. The study of the drying process 

at low temperatures (10, 15, 20 and 25°C) and relative humidity ranging from 53, 75 

and 95% significantly reduces the time required for water evaporation, achieving higher 

concentrations of sugars , decreasing the risk of Botrytis cinerea, which affects the 

quality of wines. 

Was shown to undergo dehydration grapes suffer significant changes in the 

concentration of sugars, which involve volatile compounds, phenolic compounds and 

enzyme activity, but is controlled way, these changes bring the final product quality 

(Lerma et. al., 2012; Rolle et al., 2012). However, there is the need to control the 

variables affecting the process of heat and mass transfer (temperature, flow, humidity) 

so that benefits are achieved both from a physiological point of view as food safety by 

eliminating the risk of fungal growth and thus pollution, for example, ocratoxin 

(Bellincontro et. al., 2004; Mencarelli et. al., 2006). 

The objective of this research is identify physicochemical changes in Shiraz grape 

berries destined to winemaking subjected to partial drying in controlled environment. 

 

2.  MATERIAL AND METHODS 
 

The experiment was conducted in the laboratory of thermodynamics and energy (LTE) 

and the laboratory of post-harvest technology (LTPC), both located in the Faculty of 

Agricultural Engineering of the State University of Campinas (FEAGRI - UNICAMP), 

Campinas -SP. Analyzed shiraz fruit grow grapes (Vitis vinifera L.) in the region of São 

João da Boa Vista, São Paulo, harvested in the month December 2012. 
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Treatments consisted of a temperature and airflow (T: 37.1 ° Qar: 0.53 m³.s
-1

). The 

drying process consisted of a cooling chamber and forced air tunnel adapted for forming 

a fixed bed with a flow of air perpendicular to obtain temperature and the drying 

process is installed a set of resistance thermometers fins forming a 2400 W power 

controlled by a PWM system. 

Were evaluated: Mass Loss (%) performs dynamic weighing of fruit during the drying 

process determined by a balance installed inside the drying chamber and recorded by 

monitoring software in compiled ® LABWIEW soluble solids (º Brix), using a 

handheld refractometer Atago, polyphenols expressed in mg.100 g
-1

 galic acid grape 

wort. The physico-chemical analysis were performed before and after drying. 

Statistical analysis was performed by applying an ANOVA followed by Tukey's test for 

comparison of means, then used multivariate statistical analysis. 

The method used was the method of principal component analysis (PCA) reduces the 

dimension of a multivariate data set using mathematical procedures (deterministic) and 

can determine the physical parameter that is influenced more by chemical partial 

dehydration. 

 

3.  RESULTS AND DISCUSSION 
 

The results of the physico-chemical characterization in the grapes before and after 

application of treatments for soluble solids, expressed as a percentage of Brix and 

polyphenol content are shown in Table 1. 

 

Table 1. Physico-chemical characterization and analysis of variance for the soluble 

solids concentration and polyphenol content in grapes. 

Variable / Treatment Polyphenols Soluble Solids 

Control 915.33 b 18.53 a 

37.1ºC 938.00 a 18.76 a 

Mean 926.66 18.64 

* Means followed by the same letter do not differ in the level of confidence of 95% 

compared to baseline. 

 

The range studied showed no significant increase in the SS is justifiable due to the 

product being harvested at their peak ripeness, thereby reducing the potential maximum 

concentration of this component in the product studied. 

Also observed a significant increase in contraction of the polyphenols in the product due 

to the drying process can be explained both increases due to ripening, which involves 

during fruit ripening occurs thermal change accelerates metabolism causing fruit 

senescence and rapid changes in their physical and chemical characteristics - in the case 

of grapes, can also be seen as a technique used to manipulate the product is still in the 

field. 

As reported and by Guerra Zanus (2003) is controlled ripening permanence of field 

groups still attached to the plant, so that the vapor pressure deficit on the surface of the 
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berries in connection with the addition of air to the effect of ambient temperature causes 

wilt berries, CSS and higher polyphenol content in the crust. 

Phenolic content results ranged from 940.00 to 1167.33 mg.100 g
-1

 galic acid grape 

wort, the significant effect of the treatment is possibly associated with the fact that the 

temperature of interrupting or breaking the shell pectin molecules , which phenolic 

compounds present therein to be released (Vedana et al. 2008). 

The following are the results of statistical analysis, carried out using a multivariate 

analysis of the main components, from the physicochemical parameters of the analyte, 

with the aim of analyzing the parameter is more important during the dehydration 

process (Figure 1). 

 

 
Figure 1: Relationship between principal component 1 and principal component 2 for 

physico-chemical variables (SS, phenolic compounds and acidity). 

 

We note that the variables studied representing more physicochemical changes after 

dehydration is concentration of phenolic compound (POL37.1 ° C) with a correlation of 

0.99 for changes after dehydration. This indicates the potential for dehydration use in 

controlled environments for processing wine grapes. 

However, according to Hawk et al. (2007), grape skin anthocyanins are phenolic 

compounds which also have temperature that the main element to cause its degradation. 

The authors suggest that the processing temperature condition was standardized grape 

and maintain around 45 ° C is able to maintain the stability of anthocyanin without 

causing a reduction in phenolic content. 

Although the use of higher temperatures provide an increased rate of heat and mass 

transfer, that is, less time for the product to lose the desired amount of water, the results 
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show that the drying is carried out under conditions health can be performed in a 

controlled temperature environment, the same results for changing physical chemistry 

and CSS polyphenol content when drying is carried out at high temperature. 

The effects observed in this study are similar to those reported in the literature where 

the fruit research for demonstrating industrial processing after reducing the humidity of 

the product, which may further soluble solids value, higher concentration of stability 

chemical and microbiological (Azeredo and Jardine, 2006). 

 

4. CONCLUSIONS 
 

In all physicochemical parameters evaluated were the changes observed with a better 

parameter is phenolic compounds concentration which have a high health benefit, 

characterizing the efficiency of the drying temperature for dehydration Shiraz grape for 

processing. 
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ABSTRACT 
Agri-Food Supply Chain Networks (AFSCNs) must increase production while reducing 
environmental impact. In these networks farms, as the main producing actor, adapt their 
production processes to meet these demands (e.g. by precision agriculture, precision 
livestock farming and precision horticulture). This leads to a more information-intensive 
agriculture that needs to be supported by state-of-the-art (software) tools. Currently, the 
available state-of-the-art tools, used for arable farming, cannot be integrated 
sufficiently, hindering adoption. Problems, related to integration and adoption, are 
identified and different projects are developing improved (software) tools that aim at 
enabling enterprise integration and business to business collaboration in AFSCNs. In 
these projects ad-hoc frameworks are used to develop these (software) tools. However, 
these frameworks are not aligned, which can result in (software) tools that are still not 
sufficiently integrated. This paper proposes to design a generic integration framework 
that can facilitate the design of project-specific frameworks in order to improve the 
integrating capabilities of state-of-the-art (software) tools. A structure of an integration 
framework is presented that is based on specific frameworks developed in three 
software development projects, which are selected as case studies. This structure can be 
used to design a generic integration framework. Such a generic framework supports the 
creation of specific frameworks.  
 
Keywords: Arable farm enterprise integration, Business to Business collaboration, 
Design Oriented Research 

1 INTRODUCTION  

Over the years, the world-wide demand for food has grown due to an increase of the 
world population. Additionally, this food should be produced sustainably, in a 
production chain that is transparent and safe (Grunert, 2005, Seuring and Müller, 2008). 
At arable farm enterprises, advanced tools are required (e.g. connected information 
systems, decision support systems and devices) to produce such food. Additionally, to 
fulfil requirements related to profitable and sustainable food production, arable farm 
enterprises are adopting precision agriculture (PA). PA can increase production quality 
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and quantity while reducing environmental impact (Pierce et al., 1999). It helps farm 
managers to adjust inputs to crops within a field according to spatial and temporal 
variability. 
 
Although a high percentage of arable farm enterprises are aware of PA and possess 
(some) tools to practice it, the use of PA is not common (Reichardt and Jürgens, 2009). 
Problems of arable farm enterprises related to the limited use of PA have been 
investigated (Pedersen et al., 2004, McBratney et al., 2005, Lamb et al., 2008). This has 
shown that PA is a challenging management style and too few decision support tools 
support this. Arable farm enterprises also face problems in exchanging data and 
integrating the tools, which have a steep and time consuming learning curve to get used 
to and are incompatible with machines from different manufacturers (Reichardt and 
Jürgens, 2009). Solving these integration problems is expected to improve the use of PA 
because, as a group of potential PA users state, when PA proves to be unproblematic 
they will adopt it (Reichardt and Jürgens, 2009). As a first step towards a solution, these 
tool integrating problems have been identified with the help of a Reference Architecture 
of Agricultural Enterprises (RAAgE), described in detail in Kruize et al. (2013).  
 
Over the years, solutions to solve (aspects) of integrating problems in Agri-Food Supply 
Chain Networks (AFSCN) have been developed in different projects organized by 
governmental, non-profit and commercial organizations. Examples are projects in which 
data standards are developed such as the AgroXML (http://www.agroxml.de), EDI-teelt 
(http://www.agroconnect.nl) and ISO-1783 (http://www.iso.org) . Furthermore, in the 
last four years, organizations started projects in which Application Components 
(software) with improved integrating capabilities are developed. Examples of such 
projects are the (partly) governmental funded Program on Precision Agriculture 
(http://www.pplnl.nl) in the Netherlands. European examples are the Smart Agri Food 
(http://www.smartagrifood.eu/) project, continued by the FI-space project. Additionally 
some commercial organizations started projects to develop state-of-the-art FMIS such 
as AgroSense (http://www.agrosense.eu), Crop-R (http://www.crop-r.com) and Agri-
Esprit (http://www.agri-esprit.com).  
 
Projects in which state-of-the-art FMIS are developed, should solve main integration 
bottlenecks, found in Kruize et al. (2013). Main integration bottlenecks are caused by 
FMISs, which can be modelled as Application Collaboration Instantiations and/or 
Application Components, which have partly overlapping and partly unique services and 
interfaces, have missing (standardized) data structures for data exchange and are unable 
to exchange data or have a shared data repository, see Figure 1. 
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Figure 1: The cultivate crop farm business process of an arable supported by 

various FMIS based on RAAgE (Kruize et al., 2013). Integration problems are 
described in the notes.  

In software development projects, project-specific frameworks are used to develop 
FMISs with improved integrating capabilities. However, these frameworks are not 
aligned, which can result in software that will not sufficiently solve main integration 
problems. Therefore, we propose to design a generic integration framework that can 
facilitate the design of project specific frameworks. This paper presents how we can 
work towards the design of such a framework by presenting its structure.  
 
This framework structure can be used to design a generic integration framework that 
can be used in current or new software development projects, such as the European 
FIspace project, to create a project-specific framework that is aligned with other project-
specific frameworks. This alignment of project-specific frameworks can facilitate the 
development of state-of-the-art tools that solve main integration problems experienced 
by arable farmers. These aligned project-specific frameworks can be used by 
stakeholders involved in business-, application- and/or data integration (e.g. developers, 
vendors, decision makers, farmers). Additionally, it can facilitate the discussion in 
application integration between different stakeholders involved in this matter.  

2 METHOD 

Designing the structure of a generic integration framework, that enables arable farm 
enterprise integration and business to business collaboration in AFSCN, is Design 
Oriented Research (DOR) according to Fällman (2004). The purpose of DOR is to 
create innovative artefacts that extend the boundaries of human and organizational 
capabilities (Hevner et al., 2004). There are four artefact types in information system 
research: constructs, models, methods and instantiations (March and Smith, 1995). 
Constructs forms the vocabulary of a domain. A model is a set of propositions or 
statements expressing relationships among constructs. A method is a set of steps used to 
perform a task. Methods are based on a set of underlying constructs and a 
representational model of the solution space. Instantiations are the realizations of 
artefacts in its environment. The generic design artefact presented in this paper is a set 
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of artefact functions that is used as a structure for an integration framework. The 
integration framework itself, which includes constructs, methods and models to support 
arable farm enterprise integration and business to business collaboration in AFSCN, 
will be presented in a future paper. 
 
In this DOR we created a structure of a generic integration framework based on case 
study research. Three software development projects were selected that focus on arable 
farm enterprise integration and business to business collaboration in AFSCN. These 
autonomous software development projects are selected as case studies because we have 
been involved in these projects, which provide us detailed knowledge. For each of these 
case studies we developed a project-specific framework description (see 3.1, 3.2 and 
3.3). These project specific framework descriptions contain a list of artefacts that focus 
on arable farm enterprise integration and enable business to business collaboration in 
AFSCNs. The artefacts listed are described by name, artefact type, artefact function (i.e. 
a goal for which the artefact is used) and a reference to details of the artefact. 
Subsequently, these descriptions were discussed with the project leaders of each project-
specific framework. Based on the identified functions of the project-specific framework 
artefacts we derived a set of generic integration artefact functions. To describe the 
project-specific framework descriptions we used architectural language ArchiMate 2.0 
(ArchiMate 2.0., 2012).  

3 CASE STUDY-SPECIFIC FRAMEWORK DESCRIPTIONS 

This section presents the case study-specific framework descriptions. 

3.1 AgroSense 

The AgroSense project is a software development project in which an Open Source and 
modular FMIS is developed. Different organisations can collaborate in this project. The 
AgroSense modular FMIS can be modelled as an Application Collaboration 

Instantiation composing of one or more Application Components. Both the AgroSense 
Application Collaboration Instantiation as the AgroSense Application Components are 
developed using the java NetBeans rich client platform. The AgroSense Application 

Collaboration Instantiation is deployed on a Client Node such as a laptop or farm 
computer using an extension of the NetBeans module configurator. An additional 
Application Component can be deployed on a Cloud Node or Cloud/Proxy Node to 
connect multiple AgroSense Application Collaboration Instantiations and have 
continuous availability of data to other Application Components outside the farm 
premises. Currently, there are a collection of AgroSense Application Components 
available offering a variety of planning and (geo-)services that can be used by the arable 
farmer. These AgroSense Application Components can have interfaces with other 
AgroSense Application Components or with external Application Components using a 
network (e.g. by web services). Other actors can collaborate in the AgroSense project by 
developing AgroSense Application Components or by offering an Application Interface 
(e.g. web-services) that can be accessed, with a certain contract, by AgroSense 
Application Components. The artefacts enabling enterprise integration and business to 
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business collaboration used or developed in the AgroSense project are presented in 
Table 1.  
 
Table 1: Artefacts enabling enterprise integration or business to business collaboration 
developed in the AgroSense project. 

Name Artefact type Artefact function Reference 

AgroSense Architecture Model Instantiation description Website about 
development1 

AgroSense NetBeans 
module configurator 

Instantiation  Instantiation 
configuration 

AgroSense 
website2 

AgroSense Modular 
Application components 

Instantiation  Farm business process 
support 

AgroSense 
website2 

AgroSense Wiki Constructs,  
 
Instantiation  

Modular Application 
Component development 
Manage knowledge 
repository 

Website about 
development1 

AgroSense Guides Method Modular Application 
Component development 

Website about 
development1 

AgroSense FAQ Method Modular Application 
Component development 

Website about 
development1 

AgroSense Business 
model 

Model Framework continuation  

1https://java.net/projects/agrosense 
2www.agrosense.eu 

3.2 Crop-R 

Crop-R is an online platform offering GIS-based crop-recording applications on the 
web, smartphones and tablets. The Crop-R web application can be modelled as an 
Application Collaboration Instantiation. The Crop-R Application Collaboration 

Instantiation is developed in HTML-5, composing different Application Components. 
The Crop-R Application Collaboration Instantiation is deployed on a Cloud Server. 
Currently, Crop-R offers different predefined Crop-R Application Collaboration 

Instantiations as a free or paid service. These Crop-R Application Collaboration 

Instantiations are offering a variety of crop registration and (geo-)services to arable 
farmers. In the project, different collaborations with actors are established. First, other 
actors can collaborate with the Crop-R project by offering an Application Interface (e.g. 
a web service) that can be accessed by a Crop-R Application Component. Second, actors 
such as accountancy agencies and crop processors can receive data from Crop-R using a 
custom or generic Application Programming Interface (API). Third, a synchronisation 
interface is implemented allowing collaboration between Crop-R and a specific FMIS 
(Dacom). Fourth, Application Components owned and developed by different actors can 
be integrated using OAuth authentication. The artefacts enabling enterprise integration 
and business-to-business collaboration used or developed in the Crop-R project are 
presented in Table 2.  
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Table 2: Artefacts enabling enterprise integration or business to business collaboration 
developed in the Crop-R project. 

Name Artefact type Artefact function Reference 

Crop-R Architecture Model Instantiation description  
Crop-R Instantiation Farm business process 

support 
http://www.crop-r.com/ 

Description of Crop-R 
Interfaces  

Model Modular Application 
Component development 

 

Software Development 
Kit 

Method 
Instantiation 

Modular Application 
Component Development 

Under development 

3.3 SmartAgriFood 

In the context of the SmartAgriFood (SAF) Project a Farm Management System (FMS) 
architecture has been designed and implemented (Kaloxylos et al, 2012). The FMS 
developed in SAF is an Application Collaboration Instantiation that can accommodate 
Application Components. The SAF FMS can enable interoperation between different 
Application Components. In this way it can function as a marketplace of services and 
applications offered and developed by different providers. This SAF Application 

Collaboration Instantiation is comparable with the AgroSense Application 

Collaboration Instantiation. The FMS architecture consists of two main parts i.e., the 
FMS deployed on a Cloud Node and the FMS deployed on the Client or other Node 
within the farm premises (e.g. Cloud Proxy Node). The FMS deployed on a Cloud Node 
contains a services’ repository to enable services developers to upload their services for 
users to discover and use them. The FMS deployed on a Node within the farm premises 
contains different Application Components such as a “FMS Controller” and 
“Management Functions”.  
The implemented proof of concept is equipped with a number of generic software tools 
called Generic Enablers (GEs) that are developed in the context of the FIWARE project 
(FIWARE Mediawiki, 2012). The purpose of these tools is to provide to software 
developers the means to develop in a fast and reliable way cloud services for the future 
Internet. Apart from the GEs, various technologies (e.g., Java, HTML, CSS, JavaScript, 
JQuery, C/C++, AJAX, ALLOY UI, Jersey, Mule, etc.) have been used. The artefacts 
enabling the operation of the FMS and especially those related to business to business 
collaboration through the realization of the marketplace are presented in  
Table 3. 
 
Table 3: Artefacts enabling enterprise integration or business to business collaboration 
used or developed in the Smart Agri Food project. 

Name Artefact type Artefact function Reference 

FMS Architecture Model Instantiation 
description 

A. Kaloxylos et al, 2012   

Cloud FMS 
configurator 

Instantiation Instantiation 
configuration 

D200.3 Final Report on 
http://smartagrifood.eu/ 

Local FMS Instantiation Farm business D200.3 Final Report on 



 

C0195 
J.W. Kruize, H. Scholten, A. Kaloxylos, T. Veenstra, J. Wolfert, A.J.M. Beulens. 
“Towards a Design of an Generic Integration Framework for Agri-Food Supply Chain 
Networks”. EFITA-WCCA-CIGR Conference “ Sustainable Agriculture trough ICT 
Innovation”, Turin, Italy, 24-27 June 2013. 

instance process support http://smartagrifood.eu/ 

4 GENERIC STRUCTURE OF AN INTEGRATION FRAMEWORK 

In information system research there are different types of artefacts: constructs, 
methods, models and instantiations (March and Smith, 1995). These different artefacts 
have dependency relations and can have a certain function (i.e. a goal for which the 
artefact is used).  
 
The project-specific framework artefacts, enabling (arable farm) enterprise integration 
and business to business collaboration in AFSCNs, are listed in the tables 1 till 3. Based 
on these identified functions of the project specific framework artefacts, we compose a 
set of generic integration artefact functions. The generic integration framework should 
include artefacts that support: 

• the framework knowledge repository 

• describing framework instantiations 

• Modular Application Component development  

• configuring Modular Application Components into an Application 

Collaboration instantiation 

• farm business processes 

• framework continuation  

 
This list of artefact functions can be seen as a structure for a generic integration 
framework. This structure can be used to create additional (generic) artefacts that can 
enable alignment between the project specific frameworks.  

5 Discussions 

This paper aims to deduce a list of artefact functions to provide a structure for a generic 
integration framework. The artefact functions are identified by analysing artefacts of 
existing project specific frameworks and their functions. Based on these project specific 
artefact functions, structure elements are defined for a generic integration framework. 
These structure elements (list of artefacts functions) can be used in future research to 
develop a generic integration framework. A generic integration framework will aim to 
support projects in developing new specific integration framework that are aligned and 
can be used in parallel. We expect that alignment of project specific frameworks will 
contribute to arable farm enterprise integration and business to business collaboration in 
AFSCNs because software developed in these projects can have better integrating 
capabilities.  
 
In this research a limited number of case studies are used to find artefact functions to 
provide a structure for a generic integration framework, which does not guarantee that 
our set of artefact functions is complete. In future research more case studies could be 
used to check if these project-specific integration frameworks fit into this generic 
structure. Moreover, based on this structure a generic integration framework should be 
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developed including additional (generic) artefacts that enable alignment between the 
project specific frameworks. This generic framework should be tested by developing 
project-specific integration frameworks and use these to develop farm enterprise-
specific software that is fully integrated.  
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ABSTRACT 
 

Precision Agriculture (PA) Information Systems improve farm management helping to 

make the best decisions based on all available information, keeping, controlling, and 

optimizing resources, returns, and preserving the environment.  These systems need to 

archive, retrieve, and process large amounts of data from many different farms for 

future analyses. It has to be done without neglecting aspects of entity-relationship model 

(ER model) at the same time describing all crop cycle’s stages. With minor changes in 

the database schema, the performance of geospatial queries can be improved by 

refactoring tasks in the literature related to Agile Software Development. A refactoring 

represents structural, architectural, integrity or data quality change that preserves the 

system functionalities. As a case study, a PA Information Portal System database that 

dynamically generates models based on input data was created to represent the relations 

of input data generated for a Spatial Data Infrastructure used in a PA. In this context, we 

redesigned this database introducing refactoring techniques in order to improve PA 

queries performance. 
 

Keywords:   Precision Agriculture, Database Refactoring, Evolutionary Databases, 

Spatial Databases, Query Performance, Brazil. 

 

1. INTRODUCTION 

 

Precision Agriculture (PA) Information Systems improve farm management helping to 

make the best decisions based on all available information, keeping, controlling, and 

optimizing resources, returns, and preserving the environment. These systems integrate 

and process large amounts of data from many different farms (Khosla, 2010). Further 

complications are the relationship between geo-referenced data and the different ways 

to process, interpolate and combine them for precision analysis. 

 

The recommended computational solution is the use of spatial databases associated with 

Web Services to take advantage of the multiple data source providers. A PA 
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Information Systems needs to archive, retrieve, and process data for future analyses 

(Santana, 2009). It has to be done without neglecting aspects of entity-relationship 

model (ER model) at the same time describing all crop cycle’s stages. The system needs 

to resolve geospatial queries to get information back from crop productivity. 

 

With minor changes in the database schema, the performance of geospatial queries can 

be improved. In the literature related to Agile Software Development these changes are 

denominated as refactoring tasks (Ambler, 2002). A refactoring represents small 

structural, architectural, integrity or data quality change, it does not include new 

functionalities to the system. Ambler wrote a catalog of refactoring with 49 types of 

refactoring divided in 4 types: architectural, structural, data quality and referential 

integrity (Ambler, 2006). Ambler discusses in each refactoring the motivations, 

implications and cautions to its operation, showing the steps for the possible changes of 

the database. These steps were adapted in this paper to make refactoring tasks into an 

existing database of PA Information Portal System. 

 

As a case study, a PA Information Portal System database that dynamically generates 

models based on input data was created to represent the relations of input data generated 

for a Spatial Data Infrastructure used in a PA. This application has as its main 

characteristic the insertion of thousands of registers for each user interaction, in which 

each register represents a geo-referenced polygon, point or pixel for the crop field under 

analysis. This system is the dynamically geoprocessed generated terrain models based 

on input data and its respective database persistence. In this context, we redesigned this 

database introducing refactoring techniques in order to improve queries performance. 

 

1.2 Material and Methods  

 

A spatial database of an existing PA Information Portal System was used to test the 

database refactoring. A PostGIS extension was used to provide spatial objects for the 

PostgreSQL database in order to storage and query the information about location and 

mapping. The refactorings called “Introduce Surrogate Key”, “Merge Column”, and 

“Introduce Index” were chosen from Ambler Database Refactoring Catalog. In the 

proposed experiment, the costs and time consumed for the queries were used to compare 

the performance between the original model and the refactored model. The tests 

performed included new codes in database function language (plpgsqq) for data 

insertion, selection, and cascade delete operations of geographic data through geospatial 

queries. 

 

Paper organization: Section 2 presents the research related to database refactoring, 

database evolution and limits of the existent solutions. Section 3 is dedicated to show 

how an existing PA Information Portal System was refactored in order to improve 

queries performance and time results. Section 4 presents our conclusions and final 

remarks. 
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2.  REFACTORING AND DATABASE EVOLUTION 
 

 

The strategy of refactoring defined by Ambler is applied in complex environments, 

where there are many applications accessing the same database simultaneously. Ambler 

proposes a lifecycle model for database refactoring that implements a transition period 

between the beginning and the end of the refactoring (Ambler, 2002). It is considered 

that during the transition period, all applications that access the database are changing 

their source code, in order to be adapted to the new physical structure of the database 

(Domingues et al., 2011), as illustrated in Figure 1. 

 

 
Figure 1. The life cycle of a database refactoring 

 

In a transition period there are the old and the new schemas. Data is stored in both by an 

asynchronous replication. One or more triggers are implemented to update data. The use 

of synchronous triggers as support code, proposed by Ambler, present as its limitation 

the need to avoid possible trigger cycles and deadlocks. To overcome these difficulties 

the asynchronous approach was proposed by Domingues, Kon and Ferreira (2011).  

 

Asynchronous refactoring process can be done in three steps: collecting, mapping and 

executing. Those steps perform all refactoring process tasks in which the transactions 

can be faster than in the synchronous approach and, the trigger cycles can be detected in 

the execution step. Automated tools can be used to make database refactoring with an 

asynchronous approach, because there is a single trigger for all refactoring tasks. Both 

asynchronous and synchronous approaches did not discuss about how many refactoring 

tasks can be made to perform large changes. 

 

3. CASE STUDY 

 

A spatial database of an existing Precision Agriculture Information Portal System was 

used to test the database refactoring methods. For this domain, Information Systems can 

improve farm management, helping to make the best decisions based on all available 

information, keeping, controlling, and optimizing resources and returns, preserving the 

natural environment (Khosla, 2010).  Management and decision support systems should 

be designed to meet the specific needs of the farmers (Bongiovanni et al., 2004). Crop 

analysis is usually performed considering the specific characteristics of each plant 

population, soil, crop and climate conditions (Zhang et al., 2009). 

 

A PostgreSQL database was used with PostGIS extension to provide spatial data type 

and functions in order to storage and retrieve the information about location and 
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mapping. This system aims at meeting the requirements of the productivity data 

collection and recommending fertilizers application using variable rates (Santana et al., 

2007). 

 

The system needs to archive, retrieve, and process data for future analyses without 

neglecting aspects of entity-relationship model (Chen, 1976). The original PA 

Information Portal System database model is presented in Figure 2, where there are 

many relationships that describe the analyzed crop cycle’s stages (Murakami et al., 

2007). 

 

 
Figure 2. Database original model 

 

The original database model was built with composite natural keys. There is a strong 

coupling between database model and the PA business domain and some primary key 

columns such as: farm_id,  plot_id, and prod_id that are present in almost all relations. 

The Figure 3 shows tables farm, plot, productivity and productivity_raw from the 

original model before refactoring. These tables represent the most important database 

relations that can be presented as: 

 

 Farm: Represents the set of plots used as agricultural crop fields.  It can be 
represented by a multipolygonal geometry (not mandatory). 

 Plot: A plot contour represents a parcel of the farm that is used as crop field. 
This entity must have a polygon associated due the fact that this information is 

used for geoprocessing methods (e. g. machine productivity filtering,   

interpolation methods, etc.). 
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 Productivity: The productivity represents the harvest for a crop field. This 
entity represents only the facts (harvesting start date, etc). The real data points 

are represented in entities productivity_raw and productivity_filtered. 

 Productivity_raw: The Productivity_raw entity has the data collected by the 

harvesting machine as obtained (i.e. without any type of data cleaning). 

 

 
Figure 3. Tables (farm, plot, productivity and productivity_raw) before refactoring 

 

To improve database performance, increase consistency and reduce code complexity all 

composite natural keys were replaced by surrogate keys in the original model. In order 

to present the refactoring advantages, tests to insert, select, and delete data were 

performed in the original and refactored models. Refactoring strategies  proposed by 

Ambler need to be adapted in order to make several changes to the database, such as 

implementing a common surrogate key strategy across all tables. The process to 

"Introduce Surrogate Key" refactoring proposed  can be performed in a long process in 

order to implement a set of small refactoring tasks into a refactoring process with 

changes scripts. This process follows steps below: 

 

 Identify entities to be refactored; 

 Identify original primary and foreign key columns; 

 Add new ID key column with "serial" datatype; 

 Populate ID column with unique values; 

 Delete the Original key columns; 

 Add foreign column; 

 Add referential integrity; 

 Write new codes to insert, select and delete operations; 

 Test insert, select and delete data; 

 Update external access programs. 
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In the proposed experiment, time consumed for the queries was used to compare the 

performance between the original model and the refactored model. The tests performed 

included new codes in database function language (plpgsqq) for data insertion, 

selection, and propagation of data delete operations of geographic data through 

geospatial queries. The Figure 4 presents the refactoring proposed to original model, 

where all composite natural keys were replaced by surrogate keys into the tables chosen 

for the experiment. 

 

 
 

Figure 4. Tables (farm, plot, productivity and productivity_raw) after refactoring 

 

To allow a direct comparison between original and refactored model, the consumed 

time (ms) was measured. After the refactoring, the time consumed was, 15% shorter to 

insert, 25% shorter to select, and 4% shorter to delete data for 189.730 rows, from both 

original and refactored databases. In the Figure 5 we highlight that refactored database 

performance was better than original considering the time results. 
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Figure 5. Time results for insert and select data 

 

In the present case study we also performed the "Merge Column" refactoring in order to 

merge Latitude and Longitude columns of product_raw table. To perform this 

refactoring a new geometry column prod_geom was introduced with the previous data 

from Latitude and Longitude columns. The select operation after this merge was 20% 

better in terms of time consuming to select data operation than in the original model. 

The new merged column can be a candidate to be indexed, but when “Introduce Index” 

refactoring was applied the time consuming to select data increased by 3%. Results for 

"Merge Column" and "Introduce Index" refactoring were shown in Figure 6. 

 

 
Figure 6. Time results for select after "Merge Column" and "Introduce Index" 

 

 

4. CONCLUSIONS 

 

Improving queries performance was the main reason to make changes on the original 

database. In order to present the refactoring advance, all composite natural keys were 

replaced by surrogate keys into the entities chosen for the experiment. Comparing 

original and refactored database performance, the scores obtained by the refactoring 

tasks were higher. For the “Introduce Surrogate Key” refactoring, measuring the 

consumed time (ms) to insert, delete, and select data was 15%, 4%, 25% shorter 

respectively. Whereas measurements for queries costs were basically the same to insert 

and select data, otherwise to delete data operation it was 4% shorter. Aiming at 

improving the refactored database a “Merge Column” refactoring was made merging 

“Latitude” and “Longitude” columns, generating an economy of 20% in terms of time 

consuming to select data operation. The new merged column is a natural candidate to be 

indexed, but when “Introduce Index” refactoring was applied it resulted in 5% loss from 

the 20% previously obtained. 
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ABSTRACT 

 
AgroClimate is a web-based system developed to help the agricultural industry in the 
southeastern USA to reduce risks associated with climate variability. It includes climate 
related information and dynamic application tools that interact with a climate and crop 
database system. Information available includes seasonal climate monitoring and 
forecasts combined with risk management tools for a range of crops, forestry, pasture, 
and livestock. More recently it has been expanded to include decision-aids based on real 
time weather monitoring and short-term weather forecast. This expansion prompted the 
development and adaptation of existing tools to mobile phones. Decisions targeted for 
mobile phone applications are related to application of fungicides in high value crops 
such as strawberry and citrus, irrigation scheduling, and tracking of growing degree-
days and accumulation of chill hours.  

 
 

Keywords:   Climate variability, weather, risk, decision support, ICT, USA 
 

1. INTRODUCTION  
 
Weather describes conditions in the atmosphere that are happening today or over a short 
period of time. Decisions made by farmers based on weather monitoring and forecasting 
are tactical decisions such as applying agrochemicals, and planting or harvesting a crop. 
Climate describes the long-term weather patterns for a specific area and time of the 
year. The average amount of annual or monthly rainfall or average temperature during 
winter or summer months, are examples of climatological information for a given 
location (Fraisse et al., 2012).  The approach used to mitigate risks associated with 
seasonal climate variability focuses primarily on techniques such as shifting planting 
dates, changing crop varieties, and cultural practices (Fraisse et al., 2009). AgroClimate 
(http://www.agroclimate.org) (Fraisse et al. 2006) is a web-based system developed to 
help the agricultural industry in the southeastern USA to reduce risks associated with 
climate variability. It includes climate related information and dynamic application tools 
that interact with a climate and crop database system. Information available includes 
seasonal climate monitoring and forecasts combined with risk management tools for a 
range of crops, forestry, pasture, and livestock. The system was developed to allow easy 
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expansion of topic areas, number of commodities, and risk management tools available 
for users at different locations in the Southeast. AgroClimate is currently being 
replicated and adapted by growers’ cooperatives in Paraguay and Brazil.  
 
The expansion of the AgroClimate system to include decision-aids based on real time 
weather monitoring and short-term weather forecast has prompted the development and 
adaptation of existing tools to mobile phones. The use of mobile phones in agricultural 
areas is causing a revolution in the way information is provided to farmers around the 
world, including in developing countries where Information and communications 
technologies (ICTs) have spread rapidly in the recent years. There has been 
considerable interest in the potential role ICTs, particularly mobile phones, have begun 
to play in the marketing of agricultural inputs and outputs and also in providing 
information with the potential to help increase production and/or reduce risks. In terms 
of weather information, major providers of weather information in many countries have 
developed specific applications for mobile phones that provide weather monitoring and 
forecast to customers with access to the Internet. However, weather information by 
itself may not increase farmers‘ profits or reduce production risks associated with 
climate variability or extreme events such as freezes, droughts, and excess rainfall. 
Weather and climate information must be associated with a decision or “solution” 
customized to a particular commodity and cropping system. To fill this gap researchers 
at University of Florida, U.S.A. and University of Passo Fundo, Brazil are cooperating 
to develop solutions delivered via mobile phones.  
 

2.  MOBILE AGROCLIMATE 
 

Mobile phones are an effective way to reach farmers at the time tactical decisions are 
made in the field and nicely complement information and tools available in the web that 
provide a more in depth analysis of climate-related risks and can be used as planning 
tools for strategic decision making.  
 
Decisions targeted for mobile phone applications in the AgroClimate system are related 
to application of fungicides in high value crops such as strawberry and citrus, irrigation 
scheduling, and tracking of growing degree-days and accumulation of chill hours.  
 
2.1 Strawberry Advisory System  
 
The Strawberry Advisory System (SAS) (Pavan et al., 2010) is one of the AgroClimate 
tools available for mobile phones. It provides farmers with real time information about 
disease risks and the need or not to apply fungicides. Strawberries are one of the most 
valuable crops in Florida. Our experience with strawberry growers has shown that 
during dry years they can reduce the number of fungicide applications by as much as 
50% without any losses in yield or quality of the fruit. During its first year of testing 
(2009/10), the system saved over 10 applications of fungicide for a group of growers 
that signed-up for the test. The savings in fungicide and application costs during that 
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season amounted to about US $750 per ha. It not only increased profits but also reduced 
the environmental impact of the activity. SAS was a main driver for the development of 
mobile AgroClimate applications. E-mail and Short Message Service technology (SMS) 
were tested during the 2009/10 strawberry season aiming at a rapid communication with 
producers and extension agents. The system automatically sends SMS messages and e-
mails to registered users whenever the calculated infection index crosses the moderate 
and high-risk thresholds. SAS has been enthusiastically received by farmers and is now 
used in more than half of the strawberry production area in Florida. It is also being 
expanded to South Carolina and North Carolina under a grant of the U.S. Department of 
Agriculture. SAS prompted our team to make the development of mobile phone-based 
alert systems an important component of the University of Florida - IFAS climate 
extension program. Initially we developed HTML-based applications that are still in 
operation and available on http://AgroClimate.org/Mobile.  
 
2.2 Citrus Copper Residue Calculator 
 
Copper fungicides are commonly used for protective applications against foliar fungal 
and bacterial diseases in citrus groves. Management of these products must be finely 
balanced between disease prevention, application costs, fruit blemishes caused by 
copper phytotoxicity, and toxic accumulation of copper in the soil. The traditional 
schedule for copper sprays in Florida is an every 21-day post-bloom application. 
However, our computer simulation analysis showed that this traditional schedule is 
inefficient and leaves the grove unprotected in wet years and applies unnecessary 
copper sprays in dry years. In order to facilitate the copper management for the citrus 
growers, an ‘easy-to-use’ internet-based decision support system was developed (Zortea 
et al., 2013). More recently this system has been adapted to mobile phones in order to 
facilitate the evaluation of fruit protection and need or not to schedule copper 
applications in the field. 
 
2.3 Smart Irrigation Tools 
 
More recently we started developing native smartphone apps aimed at helping growers 
in the southeastern USA schedule irrigation for citrus, cotton, strawberry, and urban 
lawns. Apps are being developed for both iOS and Android operating systems. Apple 
(xCode/iOS SDK) and Google (Android SDK) allow the developers to build the project, 
from the programming logic to the user's interface. Each platform has specific 
characteristics and programming languages, (i.e.,Objective C for iOS and Java for 
Android). Apps will have the same structure and use Google Maps API to present 
weather stations in a map view and access the database for calculations through 
WebServices in the AgroClimate server. We expect the development of native 
smartphone applications to become mainstream as growers in the USA and abroad 
increasingly update their equipment to smartphones with Internet access.  
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Figure 1. Initial HTML-based AgroClimate applications were developed to help 
growers decide about fungicide applications and track growing degree-days and chill 

hours accumulation. 
 
 

 

 
Figure 2. Smart irrigation tools are being developed for both iOS and Android operating 
systems targeting strawberry, citrus, cotton and turf grass.  
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3.  CONCLUSIONS 
 

It is one of our main goals in the AgroClimate system to invest in the development of 
mobile apps to provide weather and climate-based decision support aids to the 
agricultural industry. In spite of the fact that most farmers currently don’t own 
smartphones, we firmly believe that a significant number of farmers across the world 
will soon upgrade their equipment and services. To enhance our probability of success 
in making weather and climate information useful to the agriculture industry we 
consistently use participatory approaches in the development of decision-aid tools.  We 
incorporate farmers and extension agents into the development process through focus 
groups, app piloting, and continued review. The participatory processes enhances 
legitimacy of the AgroClimate project and provide many additional useful benefits. In 
addition to being useful for feedback and dissemination, they have provided a measure 
of accountability and transparency (Breuer et al., 2009). Through participatory 
processes, stakeholders have better “buy-in” and some measure of ownership of the 
project. They also tend to nurture equality, by placing researchers and stakeholders on a 
level playing field. 
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1. INTRODUCTION  
 
Weather describes conditions in the atmosphere that are happening today or over a short 
period of time. Decisions made by farmers based on weather monitoring and forecasting 
are tactical decisions such as applying agrochemicals, and planting or harvesting a crop. 
Climate describes the long-term weather patterns for a specific area and time of the 
year. The average amount of annual or monthly rainfall or average temperature during 
winter or summer months, are examples of climatological information for a given 
location (Fraisse et al., 2012).  The approach used to mitigate risks associated with 
seasonal climate variability focuses primarily on techniques such as shifting planting 
dates, changing crop varieties, and cultural practices (Fraisse et al., 2009). AgroClimate 
(http://www.agroclimate.org) (Fraisse et al. 2006) is a web-based system developed to 
help the agricultural industry in the southeastern USA to reduce risks associated with 
climate variability. It includes climate related information and dynamic application tools 
that interact with a climate and crop database system. Information available includes 
seasonal climate monitoring and forecasts combined with risk management tools for a 
range of crops, forestry, pasture, and livestock. The system was developed to allow easy 
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expansion of topic areas, number of commodities, and risk management tools available 
for users at different locations in the Southeast. AgroClimate is currently being 
replicated and adapted by growers’ cooperatives in Paraguay and Brazil.  
 
The expansion of the AgroClimate system to include decision-aids based on real time 
weather monitoring and short-term weather forecast has prompted the development and 
adaptation of existing tools to mobile phones. The use of mobile phones in agricultural 
areas is causing a revolution in the way information is provided to farmers around the 
world, including in developing countries where Information and communications 
technologies (ICTs) have spread rapidly in the recent years. There has been 
considerable interest in the potential role ICTs, particularly mobile phones, have begun 
to play in the marketing of agricultural inputs and outputs and also in providing 
information with the potential to help increase production and/or reduce risks. In terms 
of weather information, major providers of weather information in many countries have 
developed specific applications for mobile phones that provide weather monitoring and 
forecast to customers with access to the Internet. However, weather information by 
itself may not increase farmers‘ profits or reduce production risks associated with 
climate variability or extreme events such as freezes, droughts, and excess rainfall. 
Weather and climate information must be associated with a decision or “solution” 
customized to a particular commodity and cropping system. To fill this gap researchers 
at University of Florida, U.S.A. and University of Passo Fundo, Brazil are cooperating 
to develop solutions delivered via mobile phones.  
 

2.  MOBILE AGROCLIMATE 
 

Mobile phones are an effective way to reach farmers at the time tactical decisions are 
made in the field and nicely complement information and tools available in the web that 
provide a more in depth analysis of climate-related risks and can be used as planning 
tools for strategic decision making.  
 
Decisions targeted for mobile phone applications in the AgroClimate system are related 
to application of fungicides in high value crops such as strawberry and citrus, irrigation 
scheduling, and tracking of growing degree-days and accumulation of chill hours.  
 
2.1 Strawberry Advisory System  
 
The Strawberry Advisory System (SAS) (Pavan et al., 2010) is one of the AgroClimate 
tools available for mobile phones. It provides farmers with real time information about 
disease risks and the need or not to apply fungicides. Strawberries are one of the most 
valuable crops in Florida. Our experience with strawberry growers has shown that 
during dry years they can reduce the number of fungicide applications by as much as 
50% without any losses in yield or quality of the fruit. During its first year of testing 
(2009/10), the system saved over 10 applications of fungicide for a group of growers 
that signed-up for the test. The savings in fungicide and application costs during that 
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season amounted to about US $750 per ha. It not only increased profits but also reduced 
the environmental impact of the activity. SAS was a main driver for the development of 
mobile AgroClimate applications. E-mail and Short Message Service technology (SMS) 
were tested during the 2009/10 strawberry season aiming at a rapid communication with 
producers and extension agents. The system automatically sends SMS messages and e-
mails to registered users whenever the calculated infection index crosses the moderate 
and high-risk thresholds. SAS has been enthusiastically received by farmers and is now 
used in more than half of the strawberry production area in Florida. It is also being 
expanded to South Carolina and North Carolina under a grant of the U.S. Department of 
Agriculture. SAS prompted our team to make the development of mobile phone-based 
alert systems an important component of the University of Florida - IFAS climate 
extension program. Initially we developed HTML-based applications that are still in 
operation and available on http://AgroClimate.org/Mobile.  
 
2.2 Citrus Copper Residue Calculator 
 
Copper fungicides are commonly used for protective applications against foliar fungal 
and bacterial diseases in citrus groves. Management of these products must be finely 
balanced between disease prevention, application costs, fruit blemishes caused by 
copper phytotoxicity, and toxic accumulation of copper in the soil. The traditional 
schedule for copper sprays in Florida is an every 21-day post-bloom application. 
However, our computer simulation analysis showed that this traditional schedule is 
inefficient and leaves the grove unprotected in wet years and applies unnecessary 
copper sprays in dry years. In order to facilitate the copper management for the citrus 
growers, an ‘easy-to-use’ internet-based decision support system was developed (Zortea 
et al., 2013). More recently this system has been adapted to mobile phones in order to 
facilitate the evaluation of fruit protection and need or not to schedule copper 
applications in the field. 
 
2.3 Smart Irrigation Tools 
 
More recently we started developing native smartphone apps aimed at helping growers 
in the southeastern USA schedule irrigation for citrus, cotton, strawberry, and urban 
lawns. Apps are being developed for both iOS and Android operating systems. Apple 
(xCode/iOS SDK) and Google (Android SDK) allow the developers to build the project, 
from the programming logic to the user's interface. Each platform has specific 
characteristics and programming languages, (i.e.,Objective C for iOS and Java for 
Android). Apps will have the same structure and use Google Maps API to present 
weather stations in a map view and access the database for calculations through 
WebServices in the AgroClimate server. We expect the development of native 
smartphone applications to become mainstream as growers in the USA and abroad 
increasingly update their equipment to smartphones with Internet access.  
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Figure 1. Initial HTML-based AgroClimate applications were developed to help 
growers decide about fungicide applications and track growing degree-days and chill 

hours accumulation. 
 
 

 

 
Figure 2. Smart irrigation tools are being developed for both iOS and Android operating 
systems targeting strawberry, citrus, cotton and turf grass.  
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3.  CONCLUSIONS 
 

It is one of our main goals in the AgroClimate system to invest in the development of 
mobile apps to provide weather and climate-based decision support aids to the 
agricultural industry. In spite of the fact that most farmers currently don’t own 
smartphones, we firmly believe that a significant number of farmers across the world 
will soon upgrade their equipment and services. To enhance our probability of success 
in making weather and climate information useful to the agriculture industry we 
consistently use participatory approaches in the development of decision-aid tools.  We 
incorporate farmers and extension agents into the development process through focus 
groups, app piloting, and continued review. The participatory processes enhances 
legitimacy of the AgroClimate project and provide many additional useful benefits. In 
addition to being useful for feedback and dissemination, they have provided a measure 
of accountability and transparency (Breuer et al., 2009). Through participatory 
processes, stakeholders have better “buy-in” and some measure of ownership of the 
project. They also tend to nurture equality, by placing researchers and stakeholders on a 
level playing field. 
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ABSTRACT 
 

To perform climate change impacts studies on the crop irrigation requirements is 

necessary to use climate change scenarios data produced by regional climate models, 

which are distributed in space and have long data series (e.g. 30 years) relative to 

several climatic variables. It is also necessary to take into account observed 

meteorological data recorded in weather stations networks, to characterize the baseline 

scenario and to correct the bias of the climate models data. Thus, to handle large 

amounts of spatial distributed data it is necessary to create a geospatial database to 

properly manage such volumes of data. For this purpose, georeferenced data relative to 

soils, crops and climate (observed climate data from weather stations and climate 

change scenarios) must be integrated into a GIS database.  

 

On this study a GIS application, namely GISClimReg, was developed in order to: i) 

perform spatial analysis on climate change scenarios data; ii) produce automatically 

digital maps of the most relevant climatic variables; iii) integrate the irrigation 

simulation models with the GIS database allowing the quantification of crop water 

requirements at a regional scale. The regional climate models considered on this study 

were: the HadRM3P (scenarios A2 and B2) with a spatial resolution of 50 km, the 

HIRHAMh (scenario A2) with a resolution of 25 km and the HIRHAMhh (scenario A2) 

with a spatial resolution of 12 km. The climate models data correspond to the 2071-

2100 period and were obtained from the PRUDENCE project. These data sets were 

complemented with observed meteorological information from SAGRA weather 

stations network, located in the Alentejo region (south of Portugal).  

 

GISClimReg is able to operate over several files containing meteorological data 

(including the RCM models output and the weather stations data) and to automate 

spatial interpolation of meteorological variables. Interpolated grids resulting from that 

interpolation can be converted into a regularly spaced grid of 10 km resolution, creating 

a kind of virtual meteorological network, were the soil water balance model can run to 
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calculate the crop water requirements for the several climate change scenarios 

considered. As a result, the crop water requirements maps produced for the study region 

enable the assessment of the climate change impacts over the crop irrigation 

requirements at a regional level.  
 

 

Keywords:   GIS, Irrigation requirements, Simulation models, Climate change, Spatial 

analysis, Portugal. 

 

1. INTRODUCTION  

 

Assessment studies relative to the impacts of climate change on irrigated agriculture 

usually require long time series (e.g. 30 years) of several meteorological variables. 

These data series are relative to data from climate models, to assess future climate 

change conditions, and data from weather stations, to characterize the current situation. 

The climatic data produced by the regional climatic models (RCM) is spatially 

distributed, presenting grids with a typical spatial resolution of 50 km. RCM data 

generally have considerable deviations in relation to the meteorological data observed in 

weather stations for the same time periods. Thus, it is generally advisable to perform the 

bias correction of the climate change scenarios data through the calculation of the 

correction factors between the RCM simulated data for the control period and the 

observed data. There are several methods available for the correction of the RCM data 

series bias which can be highlighted the delta change method used in this work (Graham 

et al., 2007; Lenderink, 2007). Due to large volume of meteorological data it is 

necessary to have georeferenced databases and a GIS application to manage all these 

meteorological data series quickly and efficiently, performing automatically the 

correction of the RCM climatic data deviations. 

 

In the scope of irrigation studies have been developed several GIS applications with the 

aim of assessing crop irrigation requirements at the regional level or to allow the 

management of water resources (Carreira, 1997; Döll, 2002; Fortes et al., 2005; 

Todorovic and Steduto, 2003). In these studies it is usually used a soil water balance 

model, which runs in a GIS environment, using a vector approach(Carreira, 1997; 

Fortes et al., 2005), where were defined a set of homogeneous polygons in which the 

simulations were performed, or using grids of data relative to climate, soil and crops 

(Döll, 2002; Todorovic and Steduto, 2003). Recently Todorovic et al. (2013) calculated 

reference evapotranspiration (ETo) to the Mediterranean basin, through the use of the 

weather stations of the CLIMWAT 2.0 database (FAO, 2013), producing raster maps of 

the crop water requirements. 

The goals of this study were:  

i. To create a geospatial database to properly manage the large amounts of spatial 

distributed data necessary to perform a climate change impacts assessment over 

the irrigated agriculture. For this purpose, georeferenced data relative to soils 
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and climate (observed climate data from weather stations and climate change 

scenarios) were integrated into a GIS database; 

ii. To develop a GIS application, with a user friendly interface, to: i) manage 

climate change scenarios data series automatically; ii) perform spatial analysis of 

the data stored in the GIS database; iii) to produce final maps of the main 

agrometeorological variables relevant for the irrigation purposes. 

iii. To develop a platform to integrate the irrigation simulation models with the GIS 

database in order to quantify the crop water requirements on a regional scale.  

 

The database developed in this work concerns the Alentejo region, South of Portugal, 

allowing the assessment of the impacts of climate change on crop water requirements, 

for a region highly threatened by climate change (Miranda et al., 2006; Mourato, 2009).  

 

2 GIS Database and the GISClimReg application 

 

2.1 Climate GIS Database  

 

This work started with the construction of a GIS database, concerning the georeferenced 

climate data. For this purpose we used the ArcGIS tools from ESRI
®

. Climate data 

comprise both observed climate data from weather stations and climate change 

scenarios produced by the RCM models. The RCM considered in this work were: 

HadRM3P (scenarios A2 and B2) with a spatial resolution of 50 km, HIRHAMh 

(scenario A2) with a resolution of 25 km and HIRHAMhh (scenario A2) with a spatial 

resolution of 12 km. The A2 and B2 scenario refers to the SRES emissions scenarios 

defined by Nakicenovic et al. (2000). The climate models data are relative to the 2071-

2100 period, with a monthly time step, and were obtained from the PRUDENCE project 

(Christensen, 2005). The observed meteorological data was obtained through the 

SAGRA weather stations network, located in the Alentejo region in Portugal (COTR, 

2013). The climate variables considered were all the necessary to compute reference 

evapotranpiration (ETo) using the FAO Penman-Monteith method (Allen et al., 1998) 

which are: solar radiation (Rs) [MJm
-2

day
-1

], maximum air temperature (Tmax) [ºC], 

minimum air temperature (Tmin) [ºC], maximum relative humidity (HRmax) [%], 

minimum relative humidity (RHmin) [%], average wind speed at 2m height (U2) [ms
-1

]. 

Precipitation was also considered [mm.day
-1

] to perform the soil water balance. 

 

The first step consisted on the rearrangement of the files provided by the RCM models, 

which had different spatial resolutions. The information provided by those models was 

adequately organized in a simple ascii text files. To create this new database 

automatically, a VBA application was developed in order to read the RCM output files 

and to create new files in the GIS database with a common structure for all the RCM 

models. Figure 1 shows the structure of the database created in a tree representation and 

as can be seen the original grids of the RCM models are maintained: 
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Figure 1. Representation of the GIS database tree structure. 

 

2.2 GISClimReg Application 

 

The GISClimREg application was developed through VBA programming language on 

ArcGIS. This application is able to perform spatial analysis of the RCM data and to 

produce automatically raster maps, generated by the spatial interpolation of the RCM 

grid data. GISClimREg retrieves information from the GIS database, relative to the 

different models grids allowing data analysis according to the parameters selected by 

the user (e.g. climate variable, temporal period, months, interpolation method, statistical 

operation, correction factor, etc.). Based on these parameters it is produced an 

intermediate file which is later spatial interpolated by kriging or inverse distance 

weighting (IDW) methods (Fig. 2). Using GISClimREg, the user can also clip the 

resultant interpolated surfaces using the desirable geographic limits (e.g. the 

administrative boundaries) (Fig. 3). 
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Figure 2. Flowchart of the GISClimReg application.  

 

 
Figure 3. Maximum Temperature (K) map for the Alentejo region produced by the 

GISClimReg application.  
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2.3 Models Plataform 

 

In order to run the soil water balance simulation model, a new 10km resolution grid was 

created to produce a regular grid points simulating a virtual weather station network. 

This grid stores the information concerning to soils and to climate information. The 

meteorological data files, including the climate change scenarios and the observed data 

from the SAGRA network (COTR, 2013) were interpolated to this new grid using the 

Interpolator software (Rolim et al., 2011). To associate soil data to each point of the 

new grid (Fig. 4) was extracted the soil type from the soils map produced by the 

Instituto De Desenvolvimento Rural e Hidráulica do Ministério da Agricultura, 

Desenvolvimento Rural e Pescas (IDRHa, 1999).  

 

 
Figure 4. Soil data associated to each point of the 10 km grid.  

 

Currently is being made the integration of a simplified soil water balance model in the 

GISClimReg application to calculate crop water requirements based on the 10km grid 

data. This model reads the climate and soil data files associated to each grid point and 

compute the crop water requirements, saving the results in an output file associated to 

that point.  

 

3 CONCLUSIONS 

 

On this study was developed a GIS database to store and manage the large amounts of 

climatic data concerning the climate change scenarios. 

It was created the application GISClimReg in VBA, using ArcGIS, composed by a 

calculation module to perform the spatial analysis of meteorological variables stored in 

the GIS database, and a graphical user interface that allows the selection of the 

meteorological variable and of several parameters. The GISClimReg produces as final 

result a map of the meteorological variable under study.  
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The GIS platform to run the soil water balance simulation model is under development, 

having been built a grid with a 10 km spatial resolution covering the entire region of the 

Alentejo. At each point of this grid is assigned a fictitious weather station, which 

contains the future meteorological data series interpolated for that point. Each grid point 

is also associated with the predominant soil and its main characteristics.  

The simplified soil water balance model will operate on this grid, and is currently being 

integrated in the GISClimReg application. In the future this simplified soil water 

balance will be replaced by the IrrigRotation model (Rolim and Teixeira, 2008), that 

allows to compute the irrigation requirements of one given crops rotation. As further 

developments can be pointed the development of a WEBGIS interface that will make 

available the maps concerning the main results obtained with the assessment of the 

crops irrigation requirements for the climate change scenarios. 

It is also possible to predict that the conceptual framework of this GIS is likely to be 

adopted in other agronomic or environmental studies that need to process a large 

volume of spatially distributed time series. 
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ABSTRACT 
 

It is important to know the origin of the wood chip and to verify the whole transport 

chain, from the forest to the processing plant. This can be done using electronic 

customized devices to monitor the entire process: these technologies, already used in 

other fields, are based on the transmission of GPS data via GPRS-UMTS-HSDPA 

connection. In the wood chip supply chain application they must be adapted to the 

context, properly tailored to interface with the electronics onboard the machine and to 

generate usable arrays of data, including performance and quality. 

In this work the entire chain is controlled by means of a novel electronic architecture 

onboard the machine, interfaced with a communication system connected to a central 

server acting as a supervisor. All the machines are equipped with a GPS receiver, a data 

communication module and a CAN (SAE J1939) interface: machines data are sent to a 

central server, through an internet connection, and collected in a database ready for web 

services. A communication protocol has been designed to optimize data transfer and to 

minimize the cost. To increase the product value, an automated integral sensor 

(capacitive type) for wood chip humidity determination was implemented. With the 

fleet management system installed on the machine, cruise controls data (using a GPS 

system) are acquired, other than all the machine states (through CAN line inside the 

machine) and wood humidity. 

The data base (MySQL standard) permits, moreover, to the system administrator and to 

the user to manage all these information. Another important result is the web access that 

permits to monitor the fleet situation (route, engine status, time of journey, climatic 

conditions) at any moment with a screenshot. The capacitive sensor for humidity 

measurements gives good results, especially in the case of chips with dimensions 

comprised between 34 and 64 mm and an initial humidity (on wet basis) of 45%. 
 

Keywords:   wood-chip, wood quality, wood supply-chain. 

 

1. INTRODUCTION 

 

In Italy the net usable area for energetic purpose is around 6 million hectares but many 

woods are located in areas difficult to get at (e.g. by physical constraints like steep 

slopes or wet soil, by availability of harvesting equipment or labor, by tiny volumes 

coming from fragmented supply areas or by deficiency of forestry roads). The 

mechanization level for their exploitation is definitely low: as a consequence, the 

production costs are high, at the boundaries of the profit (Allen et al., 1998; Bjornstad, 

2004). 
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Many authors considered this problem; some of them (Matthies et al., 2007; Frombo et 

al., 2009) suggested environmental decision support systems based on GIS 

methodologies, as well as mathematical models to locate the intervention area and to 

dimension the mechanized chain, to determine the wood fuel harvest and store criteria 

in function of the energy to be produced. The same authors did not neglect economic 

and social aspects as well. 

The wood fuel is a poor and bulky product: for this reason the cost of transport risk to 

be remarkably high for the final cost of the merchandise (Erikson and Bjorheden in 

1989 found that transportation cost constituted the most essential part of total cost for 

forest fuel). Moreover, the environmental advantages of the biomass to produce energy 

(CO2 balance) risk to be mostly reduced when the transport distance from the forest to 

the energy plants become higher (Timmons and Mejia, 2010). 

Woodchips becomes so competitive, because they are easier to transport: a truck which 

can transport 65 stacked cubic meters of log, can transport 80 bulk cubic meters of chips 

(Gronalt and Rauch, 2007). Asikainen et al. (2001) stated that for distances up to about 

50 km material can be transported in loose form, at longer distances chipping before 

transport is competitive. 

The advantage of woodchip depends also on other local factors, such as the raw material 

availability, facilities (store chip terminals, chippers size) and the energy plant power: in 

fact, a power plant of 1 MWe consumes around 15•10
6
 kg/year of woodchip, 

corresponding to an exploitable area of 550 hectares. 

When the potential supply volume for forest fuels has been evaluated, another important 

aspect to be considered is where to chip (figure 1): directly in forest or in local terminals 

(using mobile chippers) or in a central industrial hub which provides forest fuels to the 

energy plant or to other end users, using a big chipper? 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Different solutions for an energy plant wood chip fuel supply 

 

Different chipping points in the chain and different weight to volume ratios of material 

to be transported can be combined in different ways to form a suitable supply chain; 

local terminals, as well as industrial terminals, can be used to supply one or more plants 

and can be used for storing and chipping if plants cannot do that (Gronalt and Rauch, 

2007). Nevertheless the industrial terminal may be connected to other timber plants, 
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such as sawmills or papermills, where wooden by-products of poor quality may be 

present. Local terminals, indeed, must be designed to guarantee fuel to the energy plant 

in each moment. The organization and supply of the logistics depends mainly on three 

factors: provided space, given infrastructure and season / time. In comparison to highly 

standardized products (e. g. in the automotive industry) long-term planning for the 

supply of qualitative comparable woodchip products is hard to realize. Local terminals 

for woody biomass are a possibility to overcome these problems by bundling, storing 

and converting woody biomass to develop and organize local woodchip supply. 

Material flow is a focal point for the forest fuel supply network, because it is important 

to know the origin of the wood chip and to verify the whole transport chain, from the 

forest to the processing plant. This can be easily done in the short wood chain system 

(Sikanena et al., 2005), using electronic customized devices to monitor the entire 

process: these technologies, already used in other fields, are based on the transmission 

of GPS data via GPRS-UMTS-HSDPA connection. 

In this specific application they must be adapted to the context, properly tailored to 

interface with the electronics onboard the machine and to generate usable arrays of data, 

including performance and quality (Fantuzzi et al., 2006). 

In this work the entire chain is controlled by means of a novel electronic architecture 

onboard the machine, interfaced with a communication system connected to a central 

server acting as a supervisor. All the machines are equipped with a GPS receiver, a data 

communication module and a CAN (SAE J1939) interface: machines data are sent to a 

central server, for message server, database and web services. A communication 

protocol has been designed to optimize data transfer and to minimize their cost 

(Ravenaz et al., 2010). To increase the product value, an automated integral sensor 

(capacitive type) for wood chip humidity determination was also implemented. 

 

2.  METHODOLOGY 
 

The continuous monitoring of wood chipper (working hours, engine speed, wood 

chipper speed, active engine torque, service operations, etc.) is useful to certify the 

relative energy consumption (fuel liters vs. wood chip amount) related to wood chip 

produced and delivered to customers; moreover the same data are useful in order to 

prove the overall cost of the wood chip production and its positive energy balance. In 

order to obtain this set of heterogeneous data a set of sensors was used and installed on 

the machine, all connected to both its mechanical and electrical parts, in order to 

directly acquire information related to physical measurements. Moreover, wood chipper 

and the truck used to move the wood chip have been equipped with electronic 

embedded systems, to get the information of the geo-referenced vehicle position. 

Another important parameter to collect for the wood chip quality is the wood humidity, 

because more is humid the wood, more is the energy consumed to evaporate the water 

inside it. Actually to calculate wood-chip moisture there are moisture meters of different 

types: some use the characteristics of polarity of water molecules, other utilize magnetic 

characteristics of hydrogen or its capacity to absorb electromagnetic radiations. 

Resistive meters are based on the capacity of moisture to reduce the electric resistance, 
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while other use the capacitive measurement system, based on the measure of voltage of 

an electric field passing through a moist mean, exploiting the inversely proportional 

ratio between moisture and voltage. This type of meters, called capacitors, are present in 

some models, inserting and extracting them in wood-chips by hands; it requires a 

remarkable use of time and human resources, so even some quantity of money. To solve 

this disadvantages, the C.N.R. Imamoter Institute planned and realized a wood-chip 

moisture meter designed to be directly placed in the woodchipper, in order to measure 

moisture continuously. 

For the explained reason, the main parts of the job were: 

1. An ad hoc wood chip chain fleet management system; 

2. A capacitive wood-chip moisture meter to continuously acquire the wood chip 

humidity in the wood chipper. 

 

2.1 Fleet management system for woodchip supply chain  

 

Today the widely used application of fleet management is related to alarm and to fleet 

control systems, in order to monitor the vehicle position, the road, the travel time, the 

fuel consumption, the speed and other data related to the vehicle and to the driver 

performance. In this way the goods traceability is available both in real time and 

historically, thanks to the data post processing based on the information database. 

For the wood chip chain control, after a detailed analysis of the available products, it 

was established that it was impossible to adopt existing products on fleet management, 

for the connection with both the CAN SAE J1939 to control the operator’s work and the 

private wood chip machine through a private CAN line. 

The fleet management systems actually available are able to calculate and to send data 

with GPS position and vehicle speed (calculated from the GPS positions acquired at 

different time). It is unusual to find a fleet management system with a CAN line, almost 

impossible to find one equipped with the CAN SAE J1939 protocol, absolutely 

impossible to find something customizable for the woodchip chain control. 

None system available in the market can be freely modified, for example to collect data 

from a wood chipper machine. Also is a customization were permitted, the basic 

problem is the variable length of data to be sent. 

For these reasons a new system was designed, to collect and to manage both GPS 

information and input data from the truck powertrain network and from the private 

wood chipper network through a gateway. This new system uses a secondary CAN 

network for the wood chipper and generates CAN SAE J1939 personal messages, 

properly mapped in the fleet management database inside the fleet management ECU 

(Electronic Control Unit) on board. Data collected from the sensors and from the CAN 

lines are properly packed in a User Datagram Protocol (UDP) message and sent to a 

remote server via a socket periodically open in internet (with a programmable timing, 

starting from the smallest 10 seconds period). 

This system is now adaptable to any wood chipper or to any working machine, simply 

changing the message map periodically downloadable on the fleet management ECU 

through the server. 
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The main components of the ECU fleet management system in the vehicle are: 

- a microcontroller ECU embedded, equipped with serial lines and an High Speed CAN 

Controller, using the SAE J1939 protocol at higher level, 

- a GPS receiver, to georeference the wood chipper position, 

- a GPRS/UMTS/3G modem, for data communication through internet via a mobile 

network structure. 

In the remote company server or in the cloud, indeed, the components are: 

- a data exchange server, to manage the sockets and the messages from the yard 

machines, 

- a customized database, for customers' needs, 

- a query system managed by a web server to elaborate, visualize, analyze and map data 

collected in the database. 

 
Figure 2. Fleet management system diagram for woodchip supply chain 

 

From the data management point of view, it can be highlighted that all data (field 

information, 32 bits GPS related , messages from the truck engine, data from the digital 

tachograpf, data from the drum chipper related to the machine status and wood 

humidity) are collected by the ECU microcontroller. Data are properly packed and 

periodically sent through a socket to the central server, using UDP messages, in order to 

minimize the protocol overhead. In fact, data transmission costs are proportional to the 

amount of bytes sent on the wireless link in the mobile phones infrastructure, unless the 

bits are information related or simply protocol overhead. With its 1,5 kb structure, the 

TCP/IP packets does not fit the 130 bytes of data to be periodically sent by the 

application: for this reason the UDP protocol was used. Also if it lacks of the 

handshaking procedures (with the consequence of a lower safety level), the UDP offers 

a perfect fit on dimension of the messages (with lower transmission costs) and improves 

data receiving, directly performed by the server that can send data requests to the 

embedded ECU in the vehicle. 

The “pay by traffic” rates are convenient if a special attention is posed on the data 

traffic amount, especially in roaming condition. The foreseen monthly average cost for 

the machine data transmission, considering 12 working hours/7 days is around 3 
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euros/month. A central server was entirely designed and developed to test the 

communication feasibility and robustness at the IMAMOTER Institute of Ferrara. The 

server is now properly running and it is collecting data from the wood chip chain. 

 

2.2 System for the continuous woodchip humidity determination 

 

The real time knowledge of woodchip moisture let the operator to know the suitable 

place for the drying and the possible anomalies in the fuel. The capacitive wood chip 

moisture meter has been realized to work in the wood chipper, to let the continuous 

measurement of the chip moisture, more times in a minute, immediately after the chips 

output from the cutting device. The moisture meter consists of two copper sheets head 

on (30 x 40 cm each), 15 cm far and screwed on a wooden structure. The two sheets are 

connected to a circuit which is linked to a meter voltage. The circuit (figure 3) is in 

astable configuration (which produces a square wave) with a frequency inversely 

proportional to the capacity value and, as a consequence, to the moisture.  

 
Figure 3. Moisture meter circuit 

 

The output frequency is converted in a voltage by a frequency/voltage converter. A 

precision circuit is present to condition the output electric signal. The prototype of 

capacitor was calibrated to give a correct moisture value to each voltage; during the 

executing of the tests for the calibration, some modification to the structure and to the 

circuit were done to make the instrument more precise. Many test were conducted, 

starting from different input moisture values and decreasing them to fit the voltage to 

the chip moisture content. Moreover, chips samples were then divided in dimension 

classes (35-64 mm, 16-34 mm and less than 16 mm) to understand how the electric field 

inside the capacitor could be influenced by the ratio wood/air and by the chips position 

between the copper sheets. 

 

3.  RESULTS 
 

At the moment from the CAN net it is possible to manage about fifty information, some 

of them specific of the machine (driveline engaged, current gear, park brake, oil level, 

temperature and pressure, ..), others related to the engaged work (RPM, fuel level, …), 

as well as velocity, distance from the target point and GPS position. All these 

information can be displayed on any screen via web (figure 4). 
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Figure 4. Example of information screenshot 

 

The database (MySQL standard) permits to the different users type (administrator, 

system manager, user) to access to the stored information, both at local level and via 

web site and, when they are authorized, to manage them. 

Concerning the wood chip moisture meter, results show that, as expected, with the 

decrease of the moisture, the voltage increases and the two quantities are inversely 

proportional. Some differences in the results have been observed concerning the chips 

size: in the wood-chips with large size there is a considerable quantity of air that 

increase the values of voltage, whereas wood-chip with small size is often associated 

with sawdust that, on the contrary, reduce the voltage values; these observations are 

present also in all the existing capacitive measurement instruments, as proof of the fact 

that the prototype operate correctly. Moreover, best results are achieved with an initial 

humidity (on wet basis) of 45%. 
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1. INTRODUCTION  
 
Precision Fruticulture addresses site or tree adapted crop management. As a 
prerequisite, spatially organized data are needed that might include orchard topography 
and information on the plant water status. In the present study, the influences of terrain 
elevation, soil electric conductivity, and apparent plant water status on yield parameters 
were studied in plum trees (Prunus domestica 'Tophit plus'/Wavit). 
 
1.1 Materials  
 
The orchard located on a hill (3.15°) in a terrain 42 m above the sea level in temperate 
climate (Potsdam, Germany), captured 0.37 ha of plum trees. The plantation consists of 
six rows with a total of 156 plum trees with 5 m between rows and 4 m between plants 
in the row. Elevation was measured with RTK-GPS (HiPer Pro, Topcon Corporation, 
Japan) per tree. The elevation model was developed using a combination of natural 
nearest neighbour interpolation and triangulation tool from MATLAB® (R2010B, 
MathWorks, U.S.) and converted to a grid surface map with a 0.5 m spatial resolution. 
With the geoelectrical method (4-point light hp, LGM, Germany) an area of 192.0 x 
37.5 x 2.0 m captured. In the present study, soil electrical conductivity (ECa) values 
were interpolated and considered on the tree level only.  
 
1.2 Methods  
 
Plant measurements were carried out in 2011 and 2012 on each tree. Trees were 
subjected to rating (flower set [#/tree], fruit set [#/tree], fruit drop [#/tree], yield 
[#fruits/tree], fruit size [mm], number of yellow leaves at harvest time [#/tree], fruit 
flesh firmness [N/cm²], fruit pigment contents, NDVI [0;1] and NAI [1;0]). To detect 
the leaf water potential [MPa] a scholander bomb was used, while trunk diameter, leaf 
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also fruit fresh and dry masses were collected manually. In 2012, thermography images 
(320 x 240 pixel) providing a frame of 2.14 m x 2.14 m (ThermaCam SC 500, Flir 
Systems, USA). 

2.  Statistical analyses 
 
 

For statistical analyses the rating data were transformed into a normal distribution using 
an appropriate variance-stabilizing method that was achieved by the root of the rating 
data. The linear correlation analysis between elevation, ECa (topsoil, root zone, 
subsoil), canopy images, and rating parameters were carried out in statistical package 
for MATLAB® (R2010B, MathWorks, U.S.). The multi-way analysis of variance 
(ANOVA) was applied for testing the effect of multiple factors on the means of the 
plant parameters. 

3.  Results 
 
 

In our study the elevation of the terrain had a similar impact on the yield and fruit 
quality. The ECa in the topsoil and elevation were correlated with the fruit set at R=0.17 
(p=0.01) and -0.45 (p=0.13), fruit drop at -0.10 (p=0.006) and 0.51 (p=0.03). The 
preliminary results from the leaf water potential show significant differences between 
predawn and midday measurements and also between the different measurement days. 
A spatial and temporal correlation was found in the orchard. Consequently, based on the 
spatial pattern of yield parameters found in stone fruit, site-specific management 
appears reasonable. 
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ABSTRACT 

 
The recently developed multidisciplinary methodology is based on our Direct Computer 
Mapping based simulator, combined with a Multi-objective Genetic Algorithm. This 
paper focuses on the conceptual framework of this dynamic simulation based tool, 
through the example of Lake Balaton and its Southern catchment basin. The objective is 
to manage sustainable and reasonable land use by the investigation of various scenarios, 
considering the preferences of various interest groups. 
The coherence of the model is given by the dynamic network of water flows and 
reservoirs. The completeness is solved by the complete and disjoint covering of the 
whole area by modeled patches, corresponding to the typical parts of natural and human 
built environment, associated with typical partial interests. The complexity of the large 
scale and long term process is managed by evaluating detailed models only for one 
representative patch from each class, while the calculation and assessment of the similar 
patches is solved by simple multiplication rules. Automatic and impersonal 
development of scenarios is realized by a multi-objective evaluation feedback over the 
possibility space of the human controlled characteristics, supporting the computational 
analysis of the conflict between the interests. First experiences proved that the 
developed multiscale methodology is flexible enough for the continuous development 
of the multidisciplinary models, which can support the multicriteria decision making for 
the agricultural and natural resource management. 
Keywords: Integrated natural and human-built processes, prototyped patch modeling, 
Direct Computer Mapping, dynamic simulation, evaluation feedback, Hungary 
 

1. INTRODUCTION  
 
Our recently started work focuses on the complex multidisciplinary investigation of a 
sensitive geographical area, near a shallow lake. Considering the highly 
multidisciplinary character of the work, it is based on the cooperation of four research 
groups, from natural to social sciences. The gross structure of investigated processes 
can be seen in Fig. 1. Main goal of our Research Group on Process Network 
Engineering is to link the results of the various research groups, and to develop a new 
methodology and tool for its utilization in management of sustainable and reasonable 
land use. The computational model based investigation of various scenarios is tested in 
the example of southern catchment basin of Lake Balaton. The paper focuses on the 
overview of the conceptual framework of the recently started work.  
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Figure 1. Gross structure of investigated processes and of their models. 

 
2. STATE-OF-ART 

 
2.1 IT Supported Sustainability 
 
The first and mostly cited definition of sustainability is originated from Bruntland 
Report (1987). IT supported sustainability and management of natural resources started 
from computer assisted studies on particular (mainly ecological) problems in the last 
decades. Nowadays, it covers the computer assisted solution of large scale, long term 
problems of mankind. Considering the rapid development of IT tools and the increasing 
needs for solving multiscale problems, computational sustainability became a 
dynamically developing field. It can be seen from literature that besides the 
investigation of field specific problems (e.g. Halim et al., 2011), there are large efforts 
to develop effective computational tools (e.g. Azevedo et al., 2009). Increasing demand 
for new, sustainable solutions appeared also in systems biology, in material science, as 
well as in the energy and food sector (Kowalski et al., 2009). 
Generally we can say that the biggest challenge for the engineers' community is to find 
IT solutions to support the needs of a sustainable future. 
 
2.2 Computational Modeling of Shallow Lakes and Catchment Basins 
 
Having analyzed the literature and the web sources, many tools for hydrological 
modeling of shallow lakes and their catchment basins are available. Website of the US 
Environmental Protection Agency contains a comprehensive list 
(http://www.epa.gov/ceampubl/swater/index.html), summarizing the software tools and 
databases, supporting the water and watershed modeling. 
It is worth to highlight the widely used and freely available Soil and Water Assessment 
Tool (SWAT, http://swat.tamu.edu/education/), developed by Texas A&M University 
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as an extension of ArcGIS software. This continuously developing tool gives a GIS 
supported framework for investigation of various scenarios, with the consideration of 
soil types, meteorological datasets, land use and various contaminants in the waters. We 
found reference about former SWAT based investigations of Lake Balaton (Chatenoux 
et al., 2008). Accordingly, in the initial stage of our work we also tried to discover the 
applicability of this tool. In spite of the advantages, we concluded that because of the 
tremendous data need we would not involve it in the further work. 
GISHydro (http://www.gishydro.umd.edu/) is another free tool for hydrological 
modeling, developed by University of Maryland. Unfortunately, its update is stopped at 
the ArcGIS9.x compatibility.  
WateRisk software (http://www.vkkt.bme.hu/feltoltesek/2012/10/waterisk_2012.pdf) is 
a Hungarian development, resulted by an earlier R&D project. It supports the 
investigation of various climate and water governance scenarios on the basis of 
integrated hydrological models, but is not available for public use. 
 

3. METHODOLOGICAL ELEMENTS OF THE ONGOING WORK 
 

Having overviewed the available software tools and the particular needs of the problem 
to be solved, it became clear that we need a method and tool, which is able to search for 
sustainable solutions in the possibility space of natural processes, according to the 
different evaluations of various interest groups. Analyzed tools are not prepared fully 
for the process model based evaluation and development of the sustainable scenarios, 
considering the increasing importance of agriculture, the complex utilization of natural 
resources and the diverging social interests. Consequently, we try to implement our 
Direct Computer Mapping based methodology, combined with Multi-objective Genetic 
Algorithm. Basic methodological elements are summarized in the followings. 
 
3.1 Direct Computer Mapping Based Process Model 
 
Direct Computer Mapping (DCM) based modeling methodology (Csukás, 1998; Csukás 
et al., 2011.a.) has been applied successfully for various problems in the past years (e.g. 
pharmaceutical applications, multiscale biological processes, agrifood process 
networks). The basic idea behind the method (see Fig.2.) is "let the computer know 
about the very building elements and structures of the investigated processes, directly": 
• by mapping the elementary model elements onto an executable (declarative) code, 
• by restricting the model to stay in the feasibility domain, and 
• to get a common representation for conservation law based and rule based 
informational processes. 
Coherence of the model, is based on the compartmentized network of water flows and 
water bodies in the investigated area. The water network model contains the main water 
courses (cca. 200 watercourse compartment) and the connecting water bodies (lakes, 
fishponds and reservoirs) in the South catchment basin of Lake Balaton. 
Water network (bottom left part of Fig.3.) was determined according to the related 
shapefiles from the National Watershed Management Plan, edited with ArcGIS 
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software. The structure and the parameters (length and flow rate of river compartments, 
surface of fishponds, ad hoc investigated components, etc.) of the dynamic model are in 
line with the principles of DCM based modeling method, via ArcGIS. Accordingly, in 
expert side, GIS description is extended with the data, determining model structure and 
parameters. It is to be noted, that Google Earth can be used for a popular interface at 
user's side. The exported XML description is forwarded to the simulator to generate and 
execute the dynamic simulation by its kernel program. Meteorological and other 
databases are considered in the course of dynamic simulation, too. 

 
Figure 2. Idea of Direct Computer Mapping. 

 
3.2 Prototyped Patch Model 
 
Completeness of the model is solved by the complete and disjoint covering of the whole 
studied area with typical patches. The equivalency classification of patches is 
determined by human activities (e.g. various land use scenarios) or natural 
characteristics (e.g. natural land types). Typical patch classes are the protected marshes, 
forests, fields, as well as towns, resorts and agricultural areas. Each class of patches has 
represented by (at least) one prototype patch, and the detailed process models are 
prepared and calculated only for these prototypes. This helps to reduce the complexity 
of the large model, because all of the other patches can be calculated according to the 
result of prototype patches, using case-specific multipliers (e.g. population of towns, 
area of fields, etc.). It is to be noted, that every patch belongs to one and only one water 
flow or body compartment. An example covering of broad-leaved forest patches can be 
seen in the bottom right part of Fig.3. 
In the patch covering of the studied area, helpful starting point was the Corine land 
cover database. However, because of the insufficient accuracy of dataset, it needs 
serious corrections sometimes.  
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Figure 3. Map-based illustration of process model layers. 
 
3.3 Multi-objective Evaluation Feedback over the Possibility Space 
 
With the knowledge of the water network structure and of the patch model over it 
(upper part of Fig.3.), the biggest challenge is to combine them with the social processes 
and to support the decision-making that serves sustainable, but good enough 
(compromise) solution for all the interest groups. In computer implementation we use 
the combined tool of DCM and and MGA (Csukás and Balogh, 1998; Csukás et al., 
2011.b.). In the conventional optimization approaches (e.g. MINLP), exact optimization 
is based on simplified models. In contrary, genetic algorithm searches for (sub)optimal 
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solutions on the basis of the most detailed models. In practice, genetic algorithm 
compiles parameter combinations from the pre-defined possibility space, and gives 
them to the simulator for calculation. Simulation results are evaluated according to the 
objectives of the various interest groups. Considering these evaluations, genetic 
algorithm tends to find tendentiously better compromise solutions. 
Actually, possibility space of natural and human built processes (e.g. control level of 
dams, various human activities in the catchment, etc.) makes possible to find a 
compromise in the conflicting situations. Involved interest groups (signed with a.), 
b.),...n.) in bottom left part of Fig.1.) evaluate the scenarios, simulated with various 
parameters, and feedback their evaluations to MGA.  
 

4. RESULTS AND CONCLUSIONS 
 
A new methodology has been developed for natural resource management of catchment 
basins.  
The first experiences proved that the developed multiscale, hybrid methodology is 
flexible enough for the continuous development of the multidisciplinary models, 
supporting the multicriteria decision making for agricultural and natural resource 
management. The methodology has been tested on an example for the process model 
based analysis and development of South catchment basin at Lake Balaton.  
As an illustrative example, spreading of an investigated component, starts from the 2nd 
compartment of an example creek can be seen in Fig.4.  
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Figure 4. Spreading of a component in Creek Poganyvolgyi. 
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Fig.5. shows the spreading of the contaminant in the compartments of Lake Balaton. 
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Figure 5. Spreading of a component in Lake Balaton compartments. 

 
On the basis of the water- and patch network model, our ongoing task is to combine it 
with the proposed multi-objective social evaluation. 
The principles of the proposed methodology can be summarized as follows:  
• The coherence of the model is determined by the discretized dynamic network of 
water flows and bodies;  
• The completeness is solved by the complete and disjoint covering of the whole area by 
classified patch types, responsible for the typical parts of natural and human built 
environment, and associated with typical partial interests. The natural and human-built 
patches over the network of creeks and lakes were the protected marshes, forests, fields, 
as well as towns, resorts, agricultural areas, respectively;  
• The complexity of the large scale and long term process is managed by generating and 
evaluating detailed models only for one representative prototype patch form each class, 
while the calculation and assessment of the similar patches is solved by simple 
multiplication rules;  
• The moderation of the conflicting interests can be based on the systematic overview of 
the possible elements and properties (the maximal possibility space) of the alternative 
solutions; 
• Automatic and impersonal development of scenarios is realized by a multi-objective 
evaluation feedback over the possibility space of human controlled characteristics, 
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supporting the computational analysis of the consensus and conflict between the 
interests.  
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ABSTRACT 

 

Hyperspectral Imaging (HSI), also known as “Chemical Imaging” or “Spectroscopic 

Imaging”, is a powerful technique combining traditional imaging processing and 

spectroscopic analysis to attain as well spatial as spectral information of an object 

simultaneously. Caused by improvements in spectrograph technology, new 

developments in detector designs, reduced costs and better handling of the hard- and 

software this technique has become increasingly applied in agricultural processes. Thus 

the count of HSI implementations in agro-food science increases rapidly over the last 

ten years. The most applied processes of HSI are in field of the food production chain 

under indoor conditions - determining to quality control of vegetable, fruit, grain, meat 

and poultry products. In this paper the authors applied a near infrared HSI system for 

cleaning control of sugar beet directly on a harvesting machine on the field. This is a 

complete new challenge cause measuring under field conditions during the harvesting 

process. In this article the potential of this application of HSI for quality monitoring of 

the sugar beet harvesting process is presented and analyzed  
 

Keywords: NIR hyperspectral imaging, sugar beet harvester, cleaning control system  

                    

 

1. INTRODUCTION  

 

Due to global demands with respect to food, energy, environmental impacts, limited 

resources and climate changes agricultural processes and technologies have to be 

optimized with respect to high yield and low input (von Bruinsma, 2009, KTBL, 2009). 

Until the year 2050 the production of food has probably to be increased about 70 % to 

satisfy the demand of the world’s population (Cassmann, 2010). Computer sciences 

together with electronics and sensor technologies have thus become key technologies in 

agriculture (von Wunder et al., 2012, von  Ruckelshausen et al., 2009). The food 

industry and its different manufacturing sections are attempted to continue the 

automation of production technologies to be able to increase product quality as well as 
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reducing costs. Part of the costs are caused by extensive use of manual work e.g. for 

visual inspection of quality parameters for sorting products or online adjustments at the 

process line. Technical innovations of sensor and system technologies offer 

opportunities for an automatic quality control - especially at the first section of food 

production chain: the harvesting on the field. This process has the strongest influence to 

all subsequent processes and therefore offers the highest potential for optimization 

effects. The measurement and rating of surface conditions at a sugar beet harvester has 

been identified as one of the well promising applications for further automation using 

sensor technology. Spectral imaging technology in the NIR waveband has been figured 

out by the authors as a promising sensor system for food quality analyses and sorting 

processes that also can be applied to harvesting processes. 

The state-of-the art technology for quality and process control in agriculture and the 

food processing industries are vision systems typically based on traditional trichromatic 

(red-green-blue) or monochrome imaging. The camera data will be analyzed related to 

visual quality characteristics of objects such as size, shape, color and appearance (von 

Frosch et al., 2011). The main advantage of the HIS as compared to these standard 

vision systems is the measurement of a huge count of wavebands (often 200 and more) 

with a small bandwidth in a defined spectral range. By analyzing this amount of 

reflectance data precise information of chemical components of the measured object can 

be identified (Thiel et al., 2010, Curran, 1989  and Groell et al., 2006). Moreover all 

image processing feature are also possible by having the combination of the spectral 

measurement with the spectral information (Frosch et al., 2011). This offers a high 

potential especially for classification processes in quality determinations which results 

in a growing interest in hyperspectral imaging technologies for safety and quality 

assessments of agro-food products (Thiel et al., 2010).  

    

Figure 1. Schematic functional principle of the spectral imaging sensor system (left) 

(Thiel , et al., 2010); NIR hyper spectral data cube of a plant (right) (Thiel et al., 2012) 

 

Vision systems in common are very sensitive to external environmental influences 

coming upon by the use outside on the field – e.g. changes in illumination caused by 

weather conditions or changes in dynamic properties of the measuring process. Also the 

HIS system has a strong sensitivity to ambient conditions. To be able to use this system 

at the field on a harvesting machine, a light shield around the measuring area for 
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reducing ambient light influences has to be mounted. Also a special broadband 

illumination has to be installed for measuring the object reflectance with high frame 

rate. The high frame rate is necessary cause of the used push-broom HIS system, which 

is scanning the scene line by line. 

 

2.  MATERIAL AND METHODS 
 

The push-broom hyperspectral imaging system, used for this research project, is a 

“Helios Core NIR” system developed by the company EVK DI Kerschhaggl GmbH. It 

consists of a spectrograph with its integrated optical dispersion device and an InGaAS 

camera detector. The system provides spectral data related to a spatial line in a spectral 

range from 960 nm to 1680 nm subdivided by sensor resolution of 252 spectral pixels 

(wavebands). Scanning a moving object line by line this data results in a three 

dimensional hyperspectral cube consists of two spatial and one spectral axis (fig. 1). For 

field tests the spectral system was applied to a sugar beet harvester Grimme Maxtron 

620. This harvester has a lot of various adjustments for optimizing the cleaning process 

during the harvesting process. As state-of-art the sugar beets quality control and the 

hence derived cleaning settings have to be made manually by the harvester driver. 

Several experiments were performed at various outdoor conditions. The primary 

objective of the field tests was to determine the ratio of clean, dirty and damaged areas 

of sugar beets during the harvesting process. For experimental experience a special 

sensor module has been developed. This module consists of HSI sensor system "Helios 

Core NIR", an industrial color camera and four active light sources (halogen lamps) 

mounted in ambient light shielded aluminum frame on sugar beet harvester Maxtron 

620 for the measurements on the field (fig. 2). 

 

   

Figure 2. Grimme Maxtron 620 sugar beet harvester (left), developed HIS system 

implementation above the conveyor belt on the harvester machine (right) 
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The industrial color camera was used for having reference data of the surface conditions 

of the sugar beets. Based on the color image data a manual classification has been 

performed which is defined as the reference value. These values have been correlated to 

the automated classification based on the spectral data from HSI sensor system. The 

measurements were taken under various intensity settings of the cleaning system on the 

harvesting machine - the minimum setting of cleaning (less damaged sugar beets and 

more contamination of soil), standard cleaning setting and high level of cleaning (more 

damaged sugar beets, less contamination of soil). 

Beside dark current correction and white level balancing of the spectral raw data a 

special pre-processing procedure was performed to eliminate non-relevant and 

disturbing pixels generated by the reflectance of the background behind the focused area 

and the transport bars of the conveyor. The background pixels in common have low 

reflectance intensity at the whole NIR spectrum but especially at the lower wavebands 

(fig. 3, right). Based on this fact a fixed minimum threshold relating to the reflectance at 

1050 nm was established to identify and remove background pixels from the region on 

interest. To identify and remove also the pixels influenced by the direct reflectance of 

the metallic conveyor bars, a additional fixed maximum threshold has been established. 

Cause of the general high reflectance of the bars, but especially at higher wavebands, 

this threshold was related to the reflectance at 1600 nm.  

 

     

Figure 3. RGB color image for manual reference quality control of sugar beet (left); 

spectral image of the HIS system at 1200 nm wavelength (middle); typical reflectance 

characteristic in NIR waveband in range of 970 nm and 1680 nm: of conveyor bars 

{light blue}, damaged sugar beet {red}, normal sugar beet {green}, soil wasted sugar 

beet {dark blue} and background reflectance {brown}   

 

For the automated classification of the measured spectral data of region of interest - the 

sugar beet - the “Spectral Angle Mapper” algorithm (SAM) was used. The SAM 

algorithm bases on a calculation of the spectral similarity of n-dimensional feature space 

which is formed by the n spectral channels (fig. 4). Therefore three spectral 

characteristics (SAM references) of different conditions (damaged, normal, and soil 

wasted) of the sugar beet were measured and stored in a data base. A multidimensional 
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angle between each pixel-spectrum and the classification spectral was calculated by the 

SAM algorithm to describe the similarity. 

 

Figure 4. Scematic of the SAM algorithm for multidimensianal angle calculation      

(von Park et al., 2007) 

  

The reference data to the machine based analysis was determined manually by 

analyzing RGB image data (fig. 3, left). These images were analyzed by an experienced 

expert for adjusting the harvester cleaning system. This way the reference values of the 

percentile coverage of soil wasted, damaged and normal sugar beet surface have been 

determined. 

 

3.  RESULTS  

 

The pre-processing procedure of eliminating unwanted pixels without any sugar beet 

information has been tested by data measured on the harvester at the harvesting process. 

Figure 4 shows the result of the two described filter procedures. 

 

 

Figure 5. filter result of the minimum threshold at 1050 nm (left); filter result of the 

maximum threshold at 1600 nm (middle); final outcome of binary sugar beet material 

determination  

: count of spectral bands, 

: pixel spectrum, 

b: SAM reference spectrum, 

: spectral angle 
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The left image of fig. 5 shows the result of filtering the background pixel behind the 

conveyor, the image in the middle shows the result of filtering the conveyor bar pixel. 

At the right image the final outcome after the filtering procedures is shown. The 

measured sugar beet material is presented in this binary image. These preselected areas 

are the base (regions of interest) for the surface condition classification. 

Exemplarily two sugar beets having typical different surface conditions (fig. 6: A-soil 

wasted; B-damaged) have been measured and are presented in this paper. 

                 

Figure 6. Comparison of two RGB images and the classified sugar beet surfaces by 

analyzing the HIS data performing the SAM algorithm (red=damaged, green=healthy, 

blue=soil wasted) 

 

Table 1. Result of sugar beet surface classification – sugar beet “A” 

Surface condition Manual classification SAM classification 

soil wasted 18% 12% 

healthy 77% 84% 

damaged 5% 4% 

 

Table 2. Result of sugar beet surface classification – sugar beet “B” 

Surface condition Manual classification SAM classification 

soil wasted 9% 7% 

healthy 71% 78% 

damaged 20% 15% 

 

In figure 6 also the result of the SAM classification compared to the RGB-Image of two 

different sugar beets is shown. The different surface conditions areas are being clearly 

A 

B 
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pointed out. Table 1 and table 2 shows the percentile proportion of the three 

classifications done manually by interpretation the RGB and the calculations realized by 

the SAM algorithm. The high compliance of these values confirms the potential of the 

spectral measurement for surface condition classification. The analysis of the 

hyperspectral data using the SAM algorithm offers a comfortable solution for 

classification. 

 

4.  CONCLUSIONS 

A method to measure and filter the influence of the transport pipes and the background 

of the harvester machinery below the scanning area of the spectral system has been 

developed. Performing these filtering procedures the disturbing areas of the 

hyperspectral image could be removed from the measured data. Based on the field data 

different spectra of the sugar beet have been extracted and a database with reference 

values of three corresponding surface conditions (healthy, soil wasted, damaged) has 

been set up.  By using the SAM algorithm a classification of the sugar beet surfaces has 

been realized. This automated classification results were compared to the manually 

classified RGB images. The results of the classification were in high accordance to the 

manual reference classification. The results showed, that the spectral reflectance 

measurement has a high potential for the objective of surface classification for e.g. 

quality control of sugar beet under field conditions to adjust clearing parameters of the 

harvesting machine. 

 

5.  ACKNOWLEGEMENTS 

 

This work is a part of EU project "SmartBot" and is funded by EU Interreg (Region's 

EDR and Euregio) 

 

6.  REFERENCES 

 

Bruinsma, J. 2009. The Resource Outlook to 2050. FAO Expert Meeting, 12.–

13.10.2009 , Rome 

KTBL (Hrsg.). 2009. Landwirtschaft im Umbruch – Herausforderungen und Lösungen. 

Goslar, Reihe KTBL-Schrift, Band 474 

Cassmann, K. G. 2010. Global food security, yield limits, precision agriculture, 

conservation of natural resources and environmental quality. Proceedings 10th 

International Conference on Precision Agriculture ICPA, 18.–21.06.2010, 

Denver/USA, p. 2 

Wunder, E.; Kielhorn, A.; Klose, R.; Thiel, M.; Ruckelshausen, A. 2012. GIS- and 

sensor-based technologies for individual plant agriculture, Landtechnik 67, no. 

1, pp. 37-41. 



 

C0171 
V. Tsukor, M. Thiel, J. Sonnen, A. Ruckelshausen."Surface condition determination of 

sugar beets for a harvester cleaning control system using a NIR hyperspectral imaging 

system". EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT 

Innovation”, Turin, Italy, 24-27 June 2013. 

 

Ruckelshausen, A., Biber, P., Dorna, M., Gremmes, H., Klose, R., Linz, A., Rahe,  

F., Resch, R., Thiel, M., Trautz, D. and Weiss, U. 2009.  BoniRob – an 

autonomous field robot platform for individual plant phenotyping, Proceedings 

of the 7th European Conference on Precision Agriculture, Wageningen cademic  

Publishers, pp. 841-847 

Stina Frosch, Bjørn Skovlund Dissing, Jens Adler-Nissen and Michael Engelbrecht 

Nielsen. 2011. Spectral Imaging as a Tool in Food Research and Quality 

Monitoring of Food Production, Wide Spectra of Quality Control, Dr. Isin 

Akyar (Ed.), ISBN: 978-953-307-683-6, InTech, Available from: 

http://www.intechopen.com/books/wide-spectra-of-quality-control/spectral-

imaging-as-a-tool-in-food-researchand-quality-monitoring-of-food-production 

 Thiel, M., Rath, T., Ruckelshausen, A., 2010. Plant moisture measurement in field 

trials based on NIR spectral imaging – a feasibility study, 2
nd

 International 

Workshop on Image Analysis in Agriculture, 26-27. August 2010, Budapest, pp 

16-29. ISBN 978-963-503-417-8 

Curran, P.J., 1989. Remote sensing of foliar chemistry. Remote Sensing of Environment, 

Ausgabe 30, S. 271-78. 

Groell, K., Graeff, S., Claupein, W.: Use of leaf-based sensor technologies to assess   

   the effects of various plant diseases on wheat growth and development;      

     Proceedings of CIGR EurAgEng/ VDI-MEG, 2006. 

Laura M. Daleab, André Thewisa, Christelle Boudrya, Ioan Rotarb, Pierre Dardennec, 

Vincent Baetenc & Juan A. Fernández Piernac ,2013. Hyperspectral Imaging 

Applications in Agriculture and Agro-Food Product Quality and Safety Control. 

Thiel, M.; Rath, T.; Ruckelshausen, A., 2012. Messung von Feuchtigkeitsvariationen 

bei Pflanzenblättern am Beispiel von Brokkoli auf Basis eines NIR 

Hyperspectral Imaging Systems, Bornimer Agrartechnische Berichte. 

Park B.; Windham W.R.; Lawrence K.C.; Smith D.P. ,2007.  Contaminant 

Classification of Poultry Hyperspectral Imagery using a Spectral Angle Mapper 

Algorithm; Biosystems Engineering, 96 (3), S. 323–333 

 

 



ROLE OF INFOMATOMATION AND COMMUNICATION TECHNOLOGYIN 

SUSTAINABLE  AGRICULTURE IN NIGERIA 

Abdulkareem, Ibrahim Babatunde 

Director Engineering Services Sub-Programme, Edo State agricultural Development 

Programme (EDADP), Benin City, Edo State. Nigeria. 

kareemdking@yahoo.com, tundet1@gmail.com 

 

ABSTRACT 

Agricultural production dominate occupation of most Nigerians and small holders farmers 

remain the bulk supplyers  of food and fibre for her growing populace. Information and 

communication technology (ICT)  in sustainable agriculture in Nigeria has a  high potentials  

like any other part of the World. Agricultural  Transformation Agenda (ATA)  could be 

facilitated with mechanization and ICT package in agricultural production in Nigeria. ICT 

adoption level, challenges of e-agriculture in Nigeria and the ICT potentials were reviewed. 

Some of the phases of agricultural development were presented as sample modules   with the 

view to demonstrate the practicability of ICT application in Nigeria agriculture. A public 

private partnership tractorization scheme (PPPTS) operation network and  Input distribution 

network  were showcased in the paper. Practical steps for e-agriculture in Nigeria and 

recommendations  on  pathway to successful ICT for sustainable agriculture in Nigeria were 

made and which will enhance the challenges of making agriculture profitable to the country 

poor farmers. 

 

Key words; ICT, Agricultural Production,  planning, extension, mechanizations  and 

marketing, SMS alerts, PPPTS. 

  

Introduction 

Nigeria is the largest geographical unit in West Africa occupying a land area of 923, 768 

square kilometres between longitude 30 and 150 East, and latitude 40 and 140 North. The 

two main vegetation zones are the rain forest and savannah zones and characerised by two 

seasons namely, the wet and dry seasons which also are indicators for a fertile zone which 

makes the country an agrarian nation. At the start of the 1960s, the basis of the Nigerian 

economy was a well-diversified agricultural sector that supported 75 percent of the 

population, 78 percent of exports and supplied the people with 94 percent of their   food 

(World Bank, 1996). However oil in the country changed trend and made her become a 

monoeconomy nation solely dependent on the newly found oil. Today Nigeria is about the 

nigth oil rich country in the World (OPEC report 1999) 

Agriculture still remains an important sector in Nigeria with the majority of the rural 

population depending on it. The sector faces major challenges of enhancing production in a 

situation of dwindling natural resources necessary for production. The growing demand for 

agricultural products offers opportunities for producers to sustain their productions and 

improve their income.  

A way to alleviate the negative impact of excess and under application of inputs is the new 

order in farming tagged ‘precision agriculture’ (Chinmay Biswas & Subbs, 2000). Precision 

agriculture according to Kumar (2000) in terms of both time and quality of inputs and 

agronomic practices, envisage a prospect which can help in increasing the food grains 

production without increasing the cost of cultivation and not having any adverse effect on soil 

and environmental health 

The questions needing answers are: 

-Can ICT better our agricultural production? 

-Can ICT be advantageous to the small holder farmers? 

mailto:kareemdking@yahoo.com
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-Can ICT help Nigeria to creat new generation of farmers?
 

-How can the ICT be employed to generate empowerment, wealth creation in Nigerian rural 

communities? 

-The challenges of  Nigerian  e-agriculture  

-The pathway to successful  e-agriculture in Nigeria 

This article explores the potential roles of ICT to a sustainable agricultural production in 

Nigeria. 

The Journey so far 

Successful government have tried  to improve agricultural production in Nigeria and have 

introduced different development projects from 1962 to date. The list include, the 

introduction of more modern agricultural methods through farm settlements, cooperative 

plantations, supply of improved farm implements and a greatly expanded agricultural 

extension services, establishment of National Accelerated Food Production Programme 

NAFPP in 1972, River Basin and Rural Development Authorities was established in 1976,  

Operation feed the Nation (OFN) in 1977 and Green Revolution  Programme was 

inaugurated in 1980. The World Bank funded Agricultural Development projects, Rural 

Integrated Agricultural Development Programme (ADP), Agricultural Extension and 

Research Institutes were established in the mid 80s. Each of the above programme sought to 

improve food and cash crop production in Nigeria, but the report available have shown that 

all these schemes have not yielded the expected results. Table 1 and bar chart 1 below depict 

the current agricultural status in Nigeria.   

The present democratic administration has introduced Agricultural Transformation Project 

(ATP) and various crops of comparative advantage are targeted under the transformation 

agenda. In Nigeria, small holder farmers form over 70% of the total people engaged in 

agricultural activiteis. 70% of these farmers are not literate,  again 70% are of the age above 

60 years  and are  mostly resident in the rural areas (National Agricultural Survey, 2001). 

 

Farming Activities and ICT 

Farming activities in Nigeria are still being carried out by means of non ergonomic tools, 

crude hand tools like hoe, cutlass and thereby limiting the production capacity of these 

farmers. Access to farm tractors is mainly through government agencies state or local and 

rearly serviced 15% of the farming populace annually. Nigerian population increase rate is 

put at 2% and with a projection of close to 200million by the year 2020.  With the 

aforementioned at the background, it became expedient that any means of rapid and proven  

agricultural transformation should be sourced urgently and implemented. The identified 

method  is  mechanized agriculture  and the advantanges associated with full implementation 

of ICT-agriculture (e-agriculture) could be harnessed in the implementation . While 

mechanization is the prime mover  to drive the  accelerated agricultural production and 

processing, the ICT-agriculture is a means of rapid service delivery,  a tool  to promote  

various mechanization facilities or equipment, techniques and or technologies. ICT in 

agriculture has been officially endorsed at the World Summit on the Information Society 

(WSIS) in 2003-2005. ICT-agriculture cover all aspects  including research, planning, 

monitoring &evaluation(PM&E), engineering and science of  production, processing, 

extension services etc. 

 

Module1; research and planning; 

Agricultural research and planning involve step by step spread of activities in agricultural 

productions. Precision agriculture though require high tech-ICT facilities to design and 

execute to  cover various aspects of agricultural research planning such as soil data gathering 

like  fertility, depletion, permeability, water holding capacity, water logging,productive, 



satellite imagery for productive acreage, crop yield monitoring. It  will alleviate all effects of 

excessive or under application of inputs. ICT will enhance agric research, ease the use of 

remote sensor which will give accurate data and enable the results to be placed instantly on 

the internet for assessibilty and adoption by deserving agriculturalists world wide.  

 

Module 2: Data collection and monitoring and evaluation (M&E) 

Data collection and monitoring and evaluation (M&E) have always been integral parts of 

development work. Today, it takes millions of dollars and months (sometimes years) to 

conduct nationally representative household surveys. Beyond expense and time, these surveys 

(along with those engineered and deployed by development organizations) require strong 

management skills, qualified enumerators, and systematic design and implementation 

strategies. The conventional options for disseminating results to local project leaders or 

communities involved in assistance programs are often ineffective: paper reports often reach 

these stakeholders late (or never) and only inform select participants. The potential of 

information and communication technologies (ICT) to improve data collection and M&E 

activities is striking. Mobile phones, new platforms and repositories, and even software for 

reporting have reduced costs and time, improved data validity, and increased the ease of 

implementation. Some studies are showing these benefits. In 2010, nine data collectors used 

EpiSurveyor to interview beneficiaries in 25 municipalities in a secondary survey (the first 

one, conducted in 2009, used paper and pen) in a World Bank Conditional Cash Transfer 

project in Guatemala. Digitization cut the cost of an interview by 71 percent, increased the 

sample size from 200 to 700 beneficiaries, and reduced the individual interview time by 3.6 

percent (World Bank 2011). When a team from Catholic Relief Services used iformbuilder to 

register and distribute vouchers to beneficiaries in a seed fair in Central African Republic, 

they saved over a one week prep time and reduced the personnel needed by half. CRS is now 

developing an entire M&E system using iformbuilder.  

With Global Positioning System (GPS), one can describe the exact latitude and longitude of 

one’s farm. This is a way of promoting what is known as precise farming (Hutchinson and 

Sawyer, 2000). GPS can be used to control costs and boost crop yield. With GPS, farmers can 

map and analyze their fields for characteristics such as acidity and soil type 

 

Modue3; ICT –agricultural Engineering and science of production, and processing; 

ICT adoption in mechanized agrarian involves the  use of computer aided machine or 

equipment in all farm operations starting from  land preparation for crop production, 

irrigation of crops  to  feeding of animal or livestock. Farmers will  book for services online 

and the service providers respond promplty  to farmers request using the necessary  facilities 

be it hardware or softwares. 

Considering the Nigerian  small -holder farmers  will require special package on tractors and 

equipments  ownership for accessibility. We suggest public-private partnership tractorization 

scheme (PPPTS). Hence government tractorization have failed in Nigeria due to factors such 

as scatered farms, government bearuacracy, policy change, low return on investment, poor 

maintenance practices, to mentione but a few.   PPTS will involve  acquisition of  farm 

tractors with complete set of implement and   including planters, harvesters etc and  use them 

to service the rural small-holder  farmers.  

The PPPTS should be supported by both the federal and state government through subcidy or 

equity guarantee approach but managed by the private body to service  the rural farmers. The 

scheme will require that farmers are organised into clusters and a government agency like the 

World Bank established agricultural development programme (ADPs) suppervices the 

scheme and provide logistic support among others to the registered farmers.Government 

through it agency will assist the farmers through  training and retraining needed  to produce 

http://www.episurveyor.org/user/index
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high quality products and also source market outlets for the their produce or products. PPPTS 

has potentials to creat empowerment, creat new generation young farmers,rapid and high  

employment ceration,  reduce rural –urban migrations, and improving the living standard of 

the rural populace in Nigeria. This is possible as some members of the youth will be directly 

recruited by the service provider, while others will engage on farming which is been carried 

out by mechanised means and thus the anticipated advantages. 

 

Module 4; e-agricultural  input distribution, technology transfer  and extension service 

delivery 

Information dissemination on agricultural services are still being carried out through direct 

contact i.e. visits by the agriculturist extension and education officers, agricultural engineers 

and other professionals through the intervention of the Government’s Agricultural 

Development Programme (ADP) and related parastatals, Non-Governmental Organisations 

(NGO) and other international bodies. The means of getting information through periodic 

half hour extension programmes on the media (radio and television) have remained the major 

source of updating farmers and processors on new technologies. This is often met with power 

problems which if available, i.e. the rural electrification having been extended to such rural 

area, may be epileptic. This reduces the source to only the radio which can be powered by 

batteries. Most of these and other poverty alleviation programmes in Nigeria are through 

telephone and radio with other commonly used traditional media including print, video, 

television, films, slides, pictures, drama, dance, folklore, group discussions, meetings, 

exhibitions and demonstrations (Munyua, 2000). 

Nigerian government introduce ICT in gricultural input distribution across the country in 

2012 under the transformation agenda. The programme registered the farmers on state wise 

basis and uses ICT tool (SMS) to send  farmers alerts to redeem their input  at a various 

designated centres which has been arranged at the  local government areas. The ICT is 

already playing a promising role in various agricultural activities  such as input distribution of 

fertilizers, improved  and quality seeds, agro-chemicals, dissemination of technologies to 

farmers door steps. It has been used to convey sudden farmers meetings, control measures on 

dreaded citrus disease to farmers and the need to protect fresh fruits from fruit fly attack and 

campaign against  sun drying of a major stable food made from cassava root (garri). New 

agricultural technologies presented to farmers has started yielding result and reap better 

harvest per hactare. Prices of food items are now made available to farmers that have access 

to mobile phones  which has reduced the marketing tragedy often experience by farmers. A 

situation where farmers will take their produce to the markets and return them unsold thereby 

incuring additional cost on transport. Ofuoku et al. (2007) found that the level of adoption of 

mobile phones among poultry farmers in Delta state, Nigeria was about 53 percent and this 

was found to be significantly dependent on the level of education of the farmers. The 

technology was used for exchange of information by over 63% of the farmers on issues that 

are related to health problems, request for drugs, sources of feed and drugs, request for 

attention of veterinarians, poultry products marketers, current prices of inputs/outputs and 

information about meetings. ICT has reduce cost of extension service delivery and facilitated 

production as physical travels of government officials are reduced drastically. Farmers are 

being trained on how to use their mobile phones to receive and send messages to their 

counterparts on agricultural related activities. 

 

Advantages of GES System 

1. Greater transparency and accountability in agricultural input distribution 

2. Improved targeting of farmers, to expand  share of farmers getting subsidized 

fertilizers from 11% to 90% of farmers  



3. Private sector will sell directly to farmers, and build their supply chains to reach 

farmers in rural areas 

4. Private sector will have incentive to build demand and meet the needs of farmers 

(small size packs, demos branding etc) 

5. Reduction in cost of distributing inputs to farmers by 50%, as private sector is more 

cost effective than government distribution systems 

6. Empower farmers to buy from supliers of their choice 

7. Achieve clear impact on food security 

However , more training are still require and the need to cut down access cost became 

necessary than ever before to enable the rural poor farmers  afford the facility and improve 

their living standard.   

An over view of challenges of inputs  distribution in nigeria has shown that the following are 

the contributing factors transportation,  knowing the farmers demand per location, which 

agro-dealer service which farmer, quality and quantity of seed requirement and varieties 

suited particular agroecology, who decide the selling price of input,   issue of branding, seed 

adaptability, infrastructure requirement, list of agro-dealers per State and locality, which bank 

or  financial institution with agriculture department and fund agriculture at all phases, full 

value chain which must be packaged approach system to ensure success, distribution chain or 

network,  FGN –State and beneficiary  funding pattern ; 25% 25% 50% respectively.  

 

Available ICT Facilities 

There are a number of ICT facilities useful in information management, utilization and 

dissemination in agricultural practices. These include Radio, Television, Video, Computer 

(CD-ROM, DVD, Video CD etc), Phone/GSM and Internet (Web (www), Web chatting, E-

mail, Tele/audio conferencing, Voice over Internet Protocol (VoIP), Digital and Satellite TV, 

Electronic Library Resources). A network like the one presented in Figure 1 could be used to 

distribute various input to farmers at at different location across the country to achieve an 

optimum cost of distribution and enable sales at the same cost across board . Ict -extension 

could be enhanced through establishment of ict / public viewing centers in the  rural areas. 

Programme of interest to the rural communities and those that will facilitate  production 

challenges will be relayed on regular basis and other important announcement or information 

will be transmitted both in descriptive and moving displays. Government agency must then 

packaged their technologies to farmers in the appropriate manner and which can easily be 

understood by their audience. All agricultural technologies for farmers adoption must 

necessarily be prepared in annimation and or practical screen demonstrations  of proven 

techniques and technologies sub-titled  in the local dielet/language. This also demand that the 

agents are adequately trained for this new order for success. 

                                     

Module 5; e-agricultural marketing (e-agrimart); 

With improvement in wireless communications, ICT –agriculture will bridge the digital 

divied that separate those with and without access to any  of ICT facilitity like internet, GSM. 

A network will be established and producers in rural communities can market goods directly, 

find out price, so they know when to bring their goods to city markets and thereby eradicate 

the incessant market glut often experience by farmers. ICT, e-agrimart will establish local 

communication enterprise and transmit information/messages on their agricultural 

production, health, environment and education of their farming families. 

Most of the small scale farmers sell their products to middlemen who now determine the 

prices to the detriment of the farmers. But with the provision of commodity prices and market 

information on real time basis available on the internet, the farming community can be 

provided with choices they lack today. This will ensure better price realization and 



bestimulate a drive towards better productivity. Again with  e-commerce farmers can sell 

their products online. In this regard the farmer can sell his product right inside his farm. What 

the farmer needs do is to register his location and products, to ensure that products ordered 

online can be traced to a particular farmer (Samuel 2010). This has widened the market for 

farmers. With ICT, one can get information on market potential of some agricultural 

products. For instance, instead of selling unprocessed groundnuts you could further add value 

to it by further processing the nuts into peanut, butter and cooking oil. 

 

                                                             

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 1. Input Distribution Network 

 

The feasibility of this idea is guaranteed with discovery of new wireless technologies such as 

MESH and WiMAX, and new- generation of mobile phone networks will provide high speed 

internet services at sharply reduced costs thereby dramatically increasingly internet coverage 

in rural areas. Access tools are coverging, becoming cheaper and more flexible, mobile 

phones and laptops provide omnipresent access with ample functionality for communications 

and transfer of information. Very small aperture terminals (VSATs) with shared cost of 

access can be employed to facilitate communications to remote areas and replicated nation 

wide. Internet had the greatest impact on the society when compared with all the technologies 

that had evolved over centuries. The rate of adoption of the Internet exceeds that of all 

technologies before it (Adeya and Oyelaran-Oyeyinka, 2002). It took the least number of 

years on record to spread to 25% of the world population becoming popular in 1991 and 

within seven years became a popular and global technology for information communication 

(Jasmon, 2004).  
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As at the year 2012, Nigerian government is employing ICT tool in her agricutural 

transformation agenda like other sector of the administrations transformation 

programme.Nigerian e-agriculture through GES took the following steps; 

Ist step; captured farmers data (registration of farmers) across the country 

2nd step; classification of farmers into commodity crop groups (CCG) 

3rd step; Identification of proven input and their manufacturers/supplyers 

4th step; registration of input dealers/local agro-dealers 

5th step; training of agro dealers with input suppliers and farmers representatives 

6th step; training of suppervicing ageny, federal, state and local government staff 

7th step; location of Agro service centers/redemption points/center 

8th step; commence input supply to redemption center on local government basis 

9th step;  commence input distribution to farmers through SMS alert. 

The success is above average and highly commendable inspite of being a new innovation  of 

the federam minister of  agriculture Dr. Akinwumi Adetunji (GCON). The GES though 

suffered some setback and farmers initially could not understand but sooner they get use to it 

and it has removed the bottlenecks involved in getting fertilizer and other certified inputs to 

small holder farmers.GES is designed for the farmers particularly the small holders and 

service those only, though the services are not been paid for by the farmers  yet but it 

sustainability lie on the payment for this local services and should be designed for.Nigerian 

government is expected to build on the gains of GES and expand it e-agriculture in the years 

ahead if her demand for food supply must be met and guarantee food sufficiency and 

security. 

 

Challenges faced by ICT in Nigerian agriculture; 

The challenges facing the adoption of ICT in agriculture in Nigeria are: Steady electricity  

power, Low / renewable energy facilities, Local interpretation of technological messages to 

local languages, Accessibility of the facilities by the small holder farmers, Cheaper ICT 

facility and access cost, Steady and quality services to sustain confidence by the rural 

populace, Local trained  articians for immediate repair and maintenance, Total prevention of 

cyber crimes, Establish effective network of producer-buyer/consumers, Hourly interactive 

forum between rural farmers and their costumers online, Farmer - farm data, Accurate and 

timely sms alert to the deserving farmers, andRemote information of agro-ecology. 

 

Conclusions 

ICT can bring new opportunities for all stake holders in agriculture irrespective of genders. 

Many stakeholders in agricultural production are yet to effectively use the new opportunities 

provided by ICT for networking, exchange of information, business, education media 

consultation and e-commerce initiatives. The accessibility to ICT tools are still very low 

especially among the rural poor of Nigeria  as many are currently excluded from this new 

field and opportunities. ICT can bridge the digital divide that separate those with and without 

access to the internet.  

ICT in  agriculture in a complete package with mechanization will enable the World creat a 

new generation of farmers as  it has a very high potent to encourage the youths to show 

interest in agriculture, an empowerment as it creat wealth,foster sustainable agricultural 

development, and above all guarantee food sufficiency and food security. 

ICT in Nigerian agriculture has a high potential like any other part of the World.It adoption 

depend largely on how fast and how far the ICT experts  and other stakeholders can go to 

provide the needed services in the country, putting into consideration the attendant challenges 

mentioned earlier. 



Nigerian agriculture will require the assistance of all the ICT stakeholders  icluding the 

World Bank and other donor agency to successfuly implement ICT agriculture.  

NGOs to set up telecentres in remote areas based on very small aperture terminals (VSATs) 

with shared cost of access. This can be replicated and upgraded at national level.  
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ABSTRACT 
 

Some factors, such as temperature and humidity, may have a large impact on crop 

growth. Recently, plant factory has become a new cultivation technique in agriculture, 

and all environmental parameters in plant factory are controlled thereby the crops can 

be stably supplied. However, uneven temperature distribution can be still found in plant 

factories, so additional sensor techniques, including wireless sensor networks should be 

employed to monitor the environment in plant factories. A large number of sensors 

densely deployed in a closed space may increase the chance of packet collision, causing 

data loss. With incomplete data, the variation in temperature may not be detected. In 

order to solve the problem of data loss, this study proposes a multi-channel mechanism 

to avoid the packet collision in a plant factory. 
 

 

Keywords:   Plant factory, Wireless sensor network, Packet collision, Multi-Channel, 

Taiwan 

  

1. INTRODUCTION  

  

Global warming is worsening, causing the difficulty of growing crops in outdoor 

environments, so the quality and quantity of crops are not stable. The concept of plant 

factory (PF) was proposed to promote a well-controlled growth environment for plants 

(Kozai et al., 2001). PF is a type of agricultural automation technologies through which 

plant cultivation proceeded in a highly intensive and stably indoor environment. A PF 

generally includes shelves, air-conditioning systems, artificial media or hydroponic 

systems and LED lights. All of the devices are under control; for examples, illumination 

can be controlled by LEDs, and an air-conditioning system can control temperature and 

relative humidity. On the other hand, because PF utilizes hydroponic systems, heavy 

metal pollution and soil-transmitted diseases can be reduced. The crops are isolated 

from the outdoor environment, so pesticide residues can also be avoided. However, 

variations in monitored parameters can be found in a PF, and these variations may 

influence plant growth. Chang et al., for example, suggested that uneven temperature 

and relative humidity distribution affected the dry and fresh weight of the crops (Chang 

et al., 2011). Thus, a number of additional micro sensors should be added to measure 
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and monitor the environmental parameters in a PF, and wireless sensor networks 

(WSNs) were able to complete these measuring tasks.  

 

The WSN techniques was firstly developed by a research team from U. C. Berkeley, 

and applied to military affairs (Kahn et al., 1999). In general, the wireless 

communication protocol is based on ZigBee (IEEE 802.15.4), and operates in the 

industrial, scientific and medical (ISM) radio bands; 868 MHz in Europe; 915 MHz in 

the US and Australia; and 2.4 GHz worldwide. A total of 16 channels are allocated in 

the 2.4 GHz band. (USA: ZigBee Alliance, 2008) The wireless sensor nodes have the 

features of small size and low power consumption, and they can communicate with each 

other via radio frequency, rather than through wiring. So, a large number of sensor 

nodes can be deployed in a monitoring field. Recently, the achievement of WSNs has 

been well-known in electrical engineering (Lu et al., 2006), ecological monitoring 

(Martinez et al., 2004), and environmental monitoring (Liao et al., 2012), even in PF 

(Juo et al., 2012). Furthermore, wireless sensor nodes communicate with each other or 

gateways through packet transmission. If nodes are densely deployed in a confined area, 

such as in a PF, and if a gateway requests sensing data from all nodes at the same time, 

packets might collides with each other. Gateways cannot access to the packets once they 

packets are collided, and the data delivery rate will thus decline (Cai et al., 2012). 

Without complete sensing data, any variation in temperature or relative humidity in a 

PF may not be found. In fact, gateways can request sensing data from nodes again, if 

they do not receive packets due to collision. Such a strategy, however, may lead to 

additional energy consumption for nodes that are required to retransmit packets. The 

energy of these nodes is depleted ahead of time, and in turn the network lifetime also 

decreases. In addition, the incomplete temperature or humidity data may affect the 

accuracy of further data analysis. Thus, this study proposed a multichannel mechanism 

applied to gateways, so they could assign packets to different channel to avoid packet 

collision. 

 

2.  MATERIAL AND METHODS 
 

As shown in figure 1, the proposed environmental monitoring system in a PF mainly 

included two parts: a front-end sensing system and a back-end database. The front-end 

sensing system consisted of several wireless sensor nodes and one gateway. The 

gateway was equipped with one base node to transmit command packets to nodes and 

receive data packets from the nodes. The gateway then organized and transmitted the 

received sensing data to a back-end database through another communication protocol, 

such as Wi-Fi, GSM, 3G, or Wi-Max. Users could access to the back-end database to 

browse or download sensing data through an internet service.   



 

C0168 

Chi-Hui Chen, Yu-Chi Chang, Sheng-Cong Hu, Min-Sheng Liao, Hsun-Yi Chen, Jyh-

Cherng Shieh, Joe-Air Jiang. “Multi-Channel WSNs for Environmental Monitoring in 

Plant Factory”. EFITA-WCCA-CIGR Conference “Sustainable Agriculture through 

ICT Innovation”, Turin, Italy, 24-27 June 2013. 

 

 
Figure 1. System architecture of the proposed monitoring system 

 

In order to avoid packet collision caused by nodes densely deployed in a confined area, 

all of the nodes were assigned to different communication channels provided by the 

ZigBee protocol. The base node in the gateway was also able to receive sensing data 

from different channels. The components and operation procedure used in this study are 

presented in the following sections. 

  

2.1 Wireless Sensor Node 

 

The Octopus II was used in this study as the wireless sensor node (Sheu et al., 2008). 

The Octopus II consisted of an MSP430 microcontroller, a wireless communication 

module based on the TI CC2420 communication chip, and a sensor board. It followed 

the IEEE 802.15.4 specification, and its communication frequency band was at 2.4 GHz 

with a transmission rate up to 250 kbps. The front and back side of the Octopus II are 

shown in figure 2. The sensor board was equipped with a temperature, relative humidity, 

and light intensity sensor, which inserted in a stackable connector.  

 

 
 

Figure 2. The Octopus II used in this study (a) The front of the Octopus II; (b) The back 

of the Octopus II. 
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2.2 Gateway 

 

PF is a humid environment because it often utilizes hydroponic systems, thus the 

electrical components easily rusted in such an environment. In order to overcome this 

problem, this study utilized an industrial PC (IPC) as the gateway in the PF. The case of 

the IPC was able to resist high humidity. In this study, the gateway was equipped with 

four base nodes, and each base node had its own corresponding channel. After the 

gateway received all sensing data, the sensing data would be transmitted the back-end 

database through the Ethernet communication protocol. 

 

2.3 Operation Procedure of the Network Using the Multi-Channel Mechanism 

 

The main goals of this study were 1) to decrease the number of packet collisions when 

each sensor node transmitted the packets to the gateway; 2) to ensure that sensing data 

can be transmitted to the gateway in a faster round; 3) to reduce the rounds of re-

requesting caused by packet collision to minimize the additional energy consumed by a 

node retransmitting data.  This study allowed the packets to be simultaneously 

transmitted to a gateway through different channels in a highly dense deployment area. 

This study also actually implemented the mechanism and adjusted the number of 

channels to measure the delay time and the rate of data collision from different channels. 

Figure 3 shows the flow chart of the operation procedure of the network. First, the 

gateway broadcasted a data collection command to each node through the base nodes 

with different channels. After the base nodes received the packets, the gateway checked 

to find if data collection was complete. If data collection was not complete, the gateway 

would request to retransmit the data again, and all data would be stored in the gateway. 

 

 
Figure 3. The flow chart of the network operation procedure using the multi-channel 

mechanism, (a) for the gateway and (b) the sensor nodes 
3.  EXPERIMENTAL RESULTS 
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This study actually deployed 48 nodes and one gateway with four base nodes using 

different channel designs in a small room (6m × 6m) to simulate a closed space like PF. 

A star topology was used as the network topology in this study. Each round of data 

collection time was set at 180 seconds. Four experimental scenarios, each employing 

single, double, triple, and quadruple channels, was used to assign the packets. Hence, 48 

nodes were evenly assigned to one to four channels. After that, the gateway received the 

packets from nodes that employed different channels at the same time to examine the 

impact of the multi-channel mechanism on packet collision, as showing in figure 4. 

Figure 4 also shows the number of rounds that the gateway needed to receive all packets 

after each packet collision. 

 

 
Figure 4. The effects of using single, double, triple, and quadruple channels on packet 

collision and the frequency of re-requesting until the gateway obtained all the packets. 

 

The experimental results show that the number of packet collision decreased when the 

number of the employed channels increased. Therefore, with multiple communication 

channels, the gateway not only can more quickly obtain sensing data in a real-time 

manner, but also can establish an un-distorted model for temperature and relative 

humidity variations in a PF. As the frequency of re-request increased, nodes would 

consume more energy, and the network lifetime eventually decreased. Table 1 shows 

the power consumption for each task done by the Octopus II (Sheu et al., 2008). The 

power source for the Octopus II was two AA batteries, and their capacity was about 

2700 mAh.  

 

Table 1. The power consumption for each task done by the Octopus II 

 Receiving task Transmitting task In the sleep mode 
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 Voltage  3.3 V 3.3 V 3.3 V 

Current 18.8 mA 8.5 mA 20 μA 

Power 

Consumption 
566,550 nJ/Byte 11,560 nJ/Byte 66 μW 

dBm -95 -25 N/A 
*N/A: Because the nodes switched off the radio frequency when they were in the sleep mode.  

 

The end of the network lifetime in this study was defined by a sensor node depleting its 

energy at first time. Figure 5 shows that the network lifetime for each channel design.  

      

 
Figure. 5 The network lifetime for each channel design in this study. 

 

4.  CONCLUSIONS 

 

The research results show that multi-channel mechanism is capable of lowering 

transmission delay and packet collisions. The system allows users to monitor and 

control the environmental factors more effectively. Using this system, plants can grow 

up much better in a well-controlled environment. The total plant output of the plant 

factory significantly increases, so the proposed system could make a contribution to the 

improvement of agricultural production. 
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ABSTRACT 

In this study, Geographic Information Systems techniques were applied to identify 

suitable area of land in Ibarapa Central Local Government Area in Oyo state, Nigeria for cassava 

cultivation and optimum production. Data acquisition include; geological map, use map and soil 

type map of Oyo state, and topography map of the study area for the purpose of identifying and 

classifying soil type, nutrients and moisture content, and also selecting slope and relief to reduce 

soil erosion that washed away top soil. The acquired data were converted into digital format for 

the purpose of georeferencing in GIS environment using ARCGIS 9.3. The database was created 

for different entities and their attributes, on this spatial analyzes were carried out that determine 

suitable soil SITE for cassava production. The result showed that Idere and part of Igbo-Ora is 

suitable for the cultivation and production of cassava. 

Keywords: Soil Suitability, Database, Map, Cassava, Geographical Information Systems, 

Georeferencing, Nigeria. 

1. INTRODUCTION 

Soil suitability for cassava, each cassava varieties require definite soil and climatic 

conditions for optimum growth. Since the availability of both water and plant nutrients is largely 

controlled by the physico-chemical properties, micro-environment of soils, the success and 

failure of any species of a particular area is, therefore, governed by soil characteristics (Shahbazi, 

2008). 

The Cassava (Manihot esculenta) is generally described as a perennial subshrub or shrub 

or forb/herb, and has its most active growth period in the year round. The greatest bloom is 

usually observed in the indeterminate, with fruit and seed production starting in the year round 

and continuing until year round. Leaves are retained year to year. The Cassava (esculenta) has a 

short life span relative to most other plant species and a rapid growth rate. At maturity, the 

typical Cassava (esculenta) will reach up to 10 feet high. The Cassava (esculenta) is easily found 

in nurseries, garden stores and other plant dealers and distributors. It can be propagated by bare 
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root, cutting stem, seed. Note that cold stratification is not required for seed germination and the 

plant cannot survive exposure to temperatures below 17°F. Has low tolerance to drought and 

restricted water conditions (Enwenzor, 1989). 

Developing sustainable agricultural management systems is complicated by the need to 

consider their utility to humans, their efficiency of resource use, and their ability to maintain a 

balance with the environment that is favorable both to humans and most other species. More 

simply stated by Tom Franzen, a midwestern farmer in the USA, a sustainable agriculture 

sustains the people and preserves the land”. We are challenged to develop management systems 

that balance the needs and priorities for production of food and fibre with those for a safe and 

clean environment. Assessment of soil quality or health is invaluable in determining the 

sustainability of land management systems. Soil quality is conceptualized as the major linkage 

between the strategies of conservation management practices and achievement of the major goals 

of sustainable agriculture (Acton and Gregorich,1995; Parr et al., 1992). In short, the assessment 

of soil quality or health, and direction of change with time, is the primary indicator of sustainable 

land management. Although soil’s contribution to plant productivity is widely recognized, soil 

condition also impacts water and air quality. The quality of surface and sub-surface water has 

been jeopardized in many parts of the world by intensive land management practices and the 

consequent imbalance of Carbon, Nitrogen, and water cycling in soil. Agriculture is considered 

the most widespread contributor to non-point source water pollution in the USA (National 

Research Council, 1993). 

According to Tomlin (1983), the term cartographic modeling mean the use of basic GIS 

manipulation functions in a logical sequence to solve complex spatial problems. It was 

developed to model land use planning alternatives, an application that requires the integrated 

analysis of multiple geographically distributed factors. 

Ministry of Food and Agriculture explained analytical capability of GIS that GIS is used 

to group detailed land cover and land use classes into constraint categories appropriate for the 

route selection analysis. According to ESRI definition in 1998, GIS is an organized collection of 

computer hardware, software, and geographic data designed for capturing, storing, updating, 

manipulation, analyzing and displaying all forms of geographically referenced information. A 

report on strategies to improve Africa’s agriculture, and food security was presented at UN 

headquarters (2004) stated that since problem facing Africa’s agriculture, there should a number 

of concrete steps that the scientist should be working closely with farmers. 

Anthony, 2001 stressed the uses of GIS in Agricultural Sector of the economy including 

cultivation, inventory, vegetation cover, soil study, land use monitoring. This gives rise to what 

is referred to as precision agriculture. Usually the information gotten is stored in a database 

having an order or arrangement. This makes the location and retrieval of data / information 

easier. 

Geographic Information System has a persuasive reach into everyday life, it provides a 

means to convert data from tables with locational information into maps. Subsequently, GIS 

generated maps are the basis for spatial data decision making in government, business, 

community groups and others (Rowe, 1981) 
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As GIS answer the question “what is where and where is what” this illustrates what we 

eat, where it comes from, and how it gets to reach the market, where we eventually buy, all 

depends on GIS technology. Nigerian should readily have the database about its soils, the 

nutrient status, the crop requirements, rainfall distribution pattern in digital form to suite the new 

age of computer advancement for the purpose of sustainable development and food security. 

The study of Agricultural sustainability focuses on using techniques such as digital terrain model 

(DTM), geographic information system (GIS), and decision support system (DSS) for arable land 

ecosystem classification and suitability analysis of the Tropical Experimental Forest. The content 

includes the delineation of ecosystem units using DTM, the development of a hierarchical 

ecosystem classification system using GIS and multivariate statistical analysis, and the 

establishment of a forestland classification DSS with an application on site selection. From the 

work reviewed results indicate that DTM is a fast, easy, feasible, and automatic approach for 

delineating ecosystem units of different spatial scales.  The developed hierarchical ecosystem 

classification is a satisfactory scheme for Liukuei’s forestland classification because the 

developed scheme coincides with the terrain characteristics along a continuum. The established 

DSS can effectively and feasibly analyze forestland classification under different spatial scales. 

Meanwhile, the system can easily perform site selection for any arable land. From the results, it 

is concluded that techniques such as DTM, GIS, and DSS are useful for farm managers in the 

reasonable planning of land classification and management practice. (Salwasser, 1992).  
In addition to the use of DTM and GIS, the DSS that helps forest managers manage and 

assess forests has grown tremendously and is commonly used for many aspects of forest 

management, for example, to provide support in the complex process of problem formulation 

and task analysis; to make effective use of available data and knowledge bases; and to support 

rational use of the results. As for the DSS, Renolyds et al, (1998) had developed an ecosystem 

management decision support (EMDS) system for ecological assessment, proposed a DSS using 

a combination of linear programming and GIS for formulating Agricultural land use strategies to 

improve sustainability. 

  Cassava production has been limited in so many ways caused by limiting factors such as 

wrong site selection, un-identification of suitable soil, unavailability of database that contain 

detail records of nutrients requirement for each crop and available soil nutrients. As a result of 

these aforementioned factors, we have not got a reasonable percentage of cassava production. 

We therefore, need soil analysis for suitability assessment. 

Majorly there are available works on soil type, soil analysis, rainfall record, nutrients 

status of many areas around the country, as well as which crop can thrive most there, most of 

these data exist in analogue form. It is therefore necessary to transform such information 

particular to a location into digital format such that it can be easily accessed, retrieved, edited 

and queried. This will actually assist anyone who desire to invest into cassava production to 

know which soil to choose, particular time to grow cassava, what to do in case of soil 

deficiencies, and what named fertilizer should be added to soil and in what quantity. 

 The main objective of this research work is to apply Geographic Information System to 

select best site for the cultivation and production of cassava Performing some spatial analysis 

such as query and buffering to determine the appropriateness and suitability of the soil sample 

compatible with crop nutrient requirement in Ibarapa Central LGA. 
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2. METHODOLOGY 

The study area was Ibarapa Central LGA, is geographically lies between latitude 3
0 

24
1
 

34
11 

North of the Greenwish meridian and longitude 7
0
 32

1
 0

0
East of the top right Equator, and 3

0
 

31 25East, 7
0
 18

1
 23

11
 of Oyo state, Nigeria. Ibarapa central LGA of Oyo state has a humid 

tropical climate with a bimodal rainfall, distinct wet and dry seasons. The average annual rainfall 

figures could be as high as 2550mm. The average maximum level of temperature was 38C. The 

relative humidity is influenced by the temperature and rainfall, thus, its pattern of distribution is 

similar to those of temperature and rainfall. It was high throughout the year with an annual mean 

of 81.04% with the highest record during the rainy season. 

 2.1     Data Acquisition 

 The data of realities used were spatial and non-spatial (attributes) that were sourced for as 

primary and secondary data. The data model type used here was vector data. The main primary 

data used were the coordinates of the study area. This was done using handheld GPS for raster 

data. The data was downloaded into the computer system for further processing. The secondary 

data used were Soil type map of the study area, Land use map, Rainfall data and Temperature 

data (I.A.R.&T.2005). 

2.2    Data Processing             

The data used in GIS analysis were in digital format, however some of them were in analogue 

format. Topographical map (and any hardcopy map) was an example of analogue data, the 

conversion of GIS involved scanning, geo-referencing, digitizing. This was achieved in this 

project by digitizing a scanned map using ArcGIS 9.3 software, this same software was also used 

for analysis. Having designed a data structure and ensuring that the basic spatial datasets were in 

place, the attribute database was created. The database for this project was created according to 

the condition and criteria favourable to cassava cultivation, that is; table for different level of 

nutrients available, table temperature data collected for the study area, table for rainfall data 

collected for study area, table for available crops on land, and table for different types of soil. 

2.3    Analysis and Product Generation  

 Cartographic Modeling is developed to model land use planning alternatives-an 

application which requires the integrated analysis multiple geographically distributed factors. It 

is a systematic approach to define the information needed and also designing the analysis 

procedure to meet them. To tackle many analytical problems in Geographic information 

processing, there is a need of linking the geographic primitives, point, region, and neighborhoods 

commands together in sequence, where the command sequences or map algebra becomes the 

cartographic modeling. GIS analysis are performed base on the nature of the data and the end 

user requirement, such analytical operations include: Buffering, Spatial Query, Overlay, and 

Intersection, Connectivity and Neighbourhood. 

In this study the application of buffering for analysis was applied to water bodies (water logged 

area, swamp area, mangrove), and major roads of 50m and 20m respectively to satisfy the set 

criteria for distance, according to the report from I.A.R.&T, 2008.  
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3. Discussion of Result 

Table 1 shows physical declaration for soil entity and its attributes, table 2 shows physical 

declaration for river entity and its attributes, table 3 shows Physical Declaration for Built up Area 

Entity and its Attributes, table 4 shows physical declaration for road entity and its attributes. The 

result shows different level of soil nutrient and this is used to determine the portion that is low, 

medium, and high in nutrient. 

The results had shown the significance of Geographic Information Systems in 

Agricultural sector (Crop Production), in that it provides analytical capability of identifying the 

major soil series, selecting suitable soil for crop production, and suggesting measures of 

improvement on less productive SITE. The designed database was queried to give useful 

information on type of soil that best suit (base on texture, moisture content, physical properties, 

and fertility) cassava optimum production. Couple with the other queries that analyzed the 

needed soil nutrients and topography of SITE which will adequately support the plant growth. 

The result from query observed that part of Igbo-Ora and Idere Arable land satisfied the 

condition. 

4. Conclusion 

The result has shown the importance of Geographic Information Systems in the creation 

of a database for different soil types and their soil nutrient status in order to determine their 

suitability for cassava production. This work resulted into diversities of land qualities suitable for 

cassava production with. Climate and topography revealed that elevation could be an issue in 

Igbo-Ora where flooding or water rises to rooting zone. However, the range of rainfall suitable 

for cassava production contributed to growth of cassava in the rain forest and dried savanna with 

comparable yield was recorded in Idere where we have light texture, well drained soil with 

sufficient amount of nutrients. The report from Obasanjo farm in Igbo-Ora recorded that cassava 

yield has dropped from 22tones to 12tones. The response could be attributed to low N in all the 

soils. The suitability rate may be more than 76% in all soils, but yield disparity may occur which 

shows that good yield is a function of other parameters like appropriate farming system and 

cultural practice. The more suitable the land quality with adequate input and appropriate 

management, the higher the yield of cassava will be. 
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Table 1.  Physical Declaration for Soil Entity and its Attributes 

Name                                                                                      Data type Width     

S_Id Short integer 10 

S_type Text 30 

S_property Text 30 

S_fertility Text 30 

S_location Text 30 
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Table 2.   Physical Declaration for River Entity and its Attributes 

Name  Data type                       Width 

R_Id Integer                                  15 

R_type Text                                      30                 

R_location Text                                       30 

R_name Text                                       30 

R_size Double                                   40 

 

Table 3.  Physical Declaration for Built up Area Entity and its Attributes 

Name  Data type              Width 

S_Id Integer                   15 

S_type Text                   40 

S_area Double (both integer and text)                  50 

S_location Text                  40 

S_name Text                   40 

 

Table 4.  Physical Declaration for Road Entity and its Attributes 

R_Id Short integer                         10 

R_Type Text                                      30 

R_condition Text                                     30  

R_length Double                                 15 

R_name Text                                     30 
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Table 5.  The Result of Soil Analysis of Different Portion of Land 

Approximate classification of soil chemical characteristics according nutritional requirement 

of cassava. 

 l- low, m- minimum, h- high 

The result shows different level of soil nutrient and this is used to determine the portion that 

is low, medium, and high in nutrient. 

Parameter Igbo-Ora Igbole Abolonko Towobowo Idere 

Sand 75.9 75.9 71.9 82.8 65 

Clay 14.5 5.8 13.6 11.2 25 

Silt 9.6 18.2 11.3 9.8 20 

Ca 1.92m 0.96l 0.86l 1.02 2.15m 

Mg 0.85m 0.75m 1.57h 1.37h 1.0m 

K 0.92 0.88 0.76 0.45 .27 

Na 1.0m 0.9m 0.8m 1.20m 0.8m 

N 0.08 0.04 0.06 .10 0.02 

P 4.5 2.83 4.3 2.6 9.95 

C 0.26 0.19l 0.22 0.30l 1.40m 

Zn 7.1 7.6 6.5 6.9 7.5 

Cu 3.5 2.86 3.02 3.12 4.10 

H⁺ 0.65 0.09 0.13 0.56 .10 
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ABSTRACT 

In recent years, precision agriculture (PA) has become an important issue in 

agriculture. Wireless sensor networks (WSNs) might be a great tool to monitor plant 

growth in greenhouses, because they can provide spatiotemporal sensing data converted 

from real world physical/analog signals with high-resolution. In Taiwan, there are many 

small contracting greenhouse producers who operate their businesses independently. 

Through the combination of WSNs and cloud computing, sensing data can be 

automatically recorded in an agricultural cloud. This new service aims to accumulate 

current and historical data to keep track of plant growth, helping farmers making more 

informed decisions. Farmers who use the service can benefit from detailed data on 

factors related to plant growth, such as soil moisture, leaf temperature, leaf width/length, 

temperature, and humidity. Cloud computing is an appropriate choice because it uses 

powerful computing servers and distributed resources shared by each measurement site 

to provide a smart service with useful information. Cloud computing applied to 

greenhouse monitoring will improve the efficiency of agricultural production and help 

conventional agriculture move toward PA. Researchers can also further analyze diverse 

data collected from different sites to provide important information/suggestions to 

farmers through such a cloud-based monitoring system. To promote the concept of PA, 

we propose a greenhouse monitoring system with an agriculture cloud. The proposed 

system collects environmental data from a greenhouse, and the data is stored in a 

database. A cloud computing service is provided to analyze the data. The proposed 

system is also able to send an alarm to users. 
 

Keywords: wireless sensor networks; cloud computing; agricultural cloud 

 

1. INTRODUCTION  

In recent years, many studies have indicated the importance of precision agriculture 

(PA) because it pursues not only the improvement of agricultural production but also 

the reduction of environmental pollution. The agriculture industry in many countries has 

begun to promote the concept of PA.  

In this study, we use the wireless sensor network (WSN) technology to build up a 

greenhouse monitoring system deployed in an orchid greenhouse in Chiayi, Taiwan. 

This system is composed of numerous sensor nodes and a gateway. The nodes can sense 

environmental parameters such as temperature, humidity and illumination, and the 

sensing data can be further analyzed. For greenhouse monitoring systems, using the 

WSN technology has many advantages, including small sizes, low power consumption, 

and ease of installation. With these advantages, WSNs are suitable for setting up in a 
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greenhouse to monitor environmental parameters. In fact, some environmental 

parameters in a greenhouse, such as temperature and illumination, might not be uniform. 

This proposed system is able to offer the distributions of environmental parameters in 

the greenhouse to users, but such a service cannot be provided by traditional monitoring 

systems. This is thus an important reason why the WSN technology is used for 

greenhouse monitoring. 

The monitoring data collected by the proposed greenhouse monitoring system will 

be sent to an agricultural cloud through an internet service. The agricultural cloud in this 

system provides services including alerting, data analysis, and data storage. The alerting 

service sends warning E-mails and text messages to users when some environment 

parameters show irregularities. For example, this service can inform users that their 

greenhouses have some problems that need to be checked as soon as possible. 

Furthermore, the agricultural cloud offers data storage and analysis services.  The cloud 

also generates some charts and diagrams drawn from sensing data to show the changes 

in environmental and cultivation parameters. With such information, the changes in the 

environment can be detected. All data collected from greenhouses will be stored in a 

database so that researchers can analyze the data in detail. In addition, other agricultural 

cloud services may include work model construction and detection for quarantine 

species [1], but these services are beyond the scope of this paper. 

The arrangement of this paper is depicted as follows. Section II discusses the related 

research that focuses on PA, greenhouse monitoring systems and agricultural cloud. 

Section III presents the concept of an agricultural-cloud based greenhouse monitoring 

system. The experimental results are shown and discussed in section IV. In Section V, 

we conclude this study and propose some possible research topics for future work. 

 

2.  RELATED WORK 

PA is a new concept in agriculture. PA suggests that production environments 

should be monitored, and monitoring data can be used to achieve the most suitable 

decision on environmental management which employs control and adjustment 

solutions to obtain better product yields [2-3]. The goal of PA is to achieve instant 

surveillance as precisely and efficiently as possible [4]. WSNs seem to be a good choice 

for environmental monitoring and have been widely used to detect air pollution and fruit 

fly invasion [5-8]. WSNs generally consist of a large quantity of sensor nodes and 

exhibit the structure characteristics of self-organizing and multi-hop networking. The 

importance of WSNs arises in this context, due to their capabilities to automatize certain 

tasks in agriculture. With these features, WSNs are able to monitor targeted areas by 

measuring physical parameters such as temperature, humidity, illumination, soil 

humidity and the amount of pests.  

The cloud computing technology has been introduced to various industries, 

including the agricultural industry, because of its powerful advantages and market 

potential. The hardware and software requirements of agricultural cloud are low, and the 

requirement for users to know computing and networking is also low. But users can 

enjoy a professional and more comprehensive computing service. However, the 

implementation of agricultural cloud still has a long way to go, as the infrastructure and 
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information construction in agriculture are weak. Previous research [1,10,11] on 

agricultural cloud has mostly focused on the concept of the cloud computing in 

agricultural information management; agricultural cloud applications, however, are hard 

to find in the industry nowadays. 

In this paper, an agricultural-cloud based greenhouse monitoring system is 

proposed and implemented. This system includes a wireless sensor network to collect 

meteorological data and an agricultural cloud to provide several services. 

 

3.  HARDWARE AND SYSTEM ARCHITECTURE 

3.1 Wireless sensor nodes 

In this study, the proposed system employed the Octopus II as the sensor node 

responsible for environmental sensing and data transmission. The MCU of the Octopus 

II was constructed by MSP430F1611. The Octopus II used a low power consumption 

CC2420 communication chip whose frequency was 2.4 GHz, and it adopted the IEEE 

802.15.4 protocol and ZigBee specification. Besides, the Octopus II had fifty expanded 

pins for general purpose input/output, making the connection to other devices or sensors 

more conveniently [12].  

3.2 Gateway 

The M2M Smart Services Developer Kit was used in the gateway of the 

proposed system. The gateway had a number of IO interfaces, including universal serial 

bus (USB) ports and serial interfaces which could be used to activate some devices. 

With an advantage of low power consumption, the gateway was suitable for WSNs. The 

main function of the gateway was to control wireless sensor nodes in the whole network. 

The gateway asked sensor nodes to collect environmental data in a greenhouse. The 

sensing data collected by sensor nodes included the information of temperature, relative 

humidity, illumination, and these parameters might be the factors that affected the 

growth of crops.  

3.3 Concept of Agricultural Cloud 

Cloud application and services have advantages such as fast computing, low 

costs, and higher efficiency and service availability. By combining international cloud 

computing architecture with an internet service, a highly efficient information system 

can be built for users. With this technology, the pace of agriculture informatization can 

be accelerated. The establishment of an agricultural cloud service platform enables data 

sharing, remote data storage, interaction with farmers, consultations provided by 

agriculture experts and peasant household management [13]. 

In this paper, we proposed a greenhouse monitoring system with an agricultural 

cloud. The proposed system collected the environmental data from a greenhouse and 

analyzed the data through cloud computing. The agricultural cloud in this system 

provided several services including data storage and analysis, and sending alerting 

messages to users. The system architecture is shown in Fig. 1. 
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Figure 1. Architecture of the greenhouse monitoring System 

 

 Data Analysis: The agricultural cloud offered different kinds of data analysis, such 

as showing environmental and cultivation variation and cultivation image 

processing. Environmental variation provided changes in environmental 

parameters, including temperature, humidity and illumination. Cultivation 

variation made a quality comparison between the targeted greenhouse cultivation 

and a cultivation model. Cultivation image processing used an image processing 

technology to evaluate the growth of crops. Traditionally, greenhouses were often 

monitored by only a few sensors that covered the whole greenhouse. The collected 

sensing data, thus, might not be able to truly represent the environmental 

parameters in those greenhouses. By contrast, the proposed monitoring system 

employed a large number of sensor nodes, so sensing data collected by the system 

could accurately reflect the variations in environmental parameters. In addition, the 

agricultural cloud was able to show temperature and humidity distributions in the 

greenhouse every 10 minutes, so users could obtain latest temperature and 

humidity information. 

 

 Alerting:  In greenhouses, temperature and humidity are generally controlled at a 

desired level, but the fluctuations in temperature and humidity may still occur, 

resulting in hindering the growth of plants. An alerting function was provided by 

the cloud to prevent such situations. In this system, thresholds for environmental 

parameters were set beforehand. The proposed system would send warning E-mails 

and text messages to users when some environmental parameters show 

irregularities. For example, Phalaenopsis is a crop with high economic value in 
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Taiwan. The best growth environment for Phalaenopsis is that the temperature is 

set between 24 °C to 27 °C [14]. This monitoring system could set a threshold for 

each environmental parameter.  It would automatically send a warning E-mail and 

message to users if some parameter readings exceeded their thresholds three 

consecutive times.  Such a design was to prevent the misleading results caused by 

sensor errors.   

 

 

 Data Storage: All data collected from greenhouses was stored in a database for 

further analysis.  

 

4. EXPERIMENTAL RESULT 
In this section, the effectiveness of the proposed monitoring system was 

examined by practically deploying a prototype system in an orchid greenhouse in 

Taiwan. The hardware layer of the prototype system was constructed on the Octopus II 

mote, and a 2.4-GHz 5-dBi omnidirectional antenna was installed onto each mote to get 

a better communication quality. Every node was attached to the poles in the greenhouse. 

During the experiment, each sensor node sensed environmental parameters in the 

monitoring area and sent the sensing data back to the gateway based on a fixed schedule.  

The prototype system was deployed in a 36 m × 72 m × 10 m orchid greenhouse. 

The prototype system consisted of twelve wireless sensor nodes. The sensor nodes were 

placed following a checkerboard pattern of 12 m × 36 m. The practical experimental 

environment and layout are shown in Fig. 2 (a) and (b). The sensor nodes sensed data 

every 10 minutes. 

When the agricultural cloud received sensing data, it provided several services 

after data computing. First of all, the cloud could show the information on temperature 

and humidity distributions in the greenhouse, as shown in Fig. 3. (a), (b) and (c). With 

this service, users could have a better understanding of the greenhouse environment. 

Taking the data shown in Table I, for example, a user may find that both temperature 

and humidity were higher in the middle area of the orchid greenhouse compared to other 

areas. With this information, the user might add some cooler devices in the middle area 

of the greenhouse to reduce the temperature. Second, the cloud could determine whether 

the environmental parameters were normal (or below their thresholds). If not, an 

alerting  message would be sent out to the user, as shown in Fig. 4, so the user could 

take appropriate action in time.  

The cloud also provided a database to store data collected from the greenhouse. 

Researchers could use the data to conduct further research to help improve greenhouse 

production or establish models of plant growth. The greenhouse might also benefit from 

these research results. 
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Figure 2. Real world testing:  (a) The practical experimental environment; (b) The 

layout of sensor nodes and a gateway 

 
Figure 3. Environmental parameter distribution of a greenhouse:  

(a) temperature; (b) humidity; (c) illumination 

 
Figure 4. A warning message sent by the alerting function 
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Table 1. Sensing data in the orchid greenhouse (May 2, 2013, 4:21 P.M.) 

Node ID Temperature (°C) Humidity (%) Illumination (lux) 

1 26.3 83.3 583 

2 26.0 77.9 900 

3 26.1 81.9 998 

4 26.0 69.9 834 

5 33.6 81.8 648 

6 26.5 84.2 734 

7 26.4 89.6 623 

8 26.4 81.9 625 

9 26.4 83.0 709 

10 26.1 80.7 867 

11 26.5 79.6 768 

12 26.0 82.2 748 

 

5. CONCLUSION AND FUTURE WORK 
PA is an important issue in agriculture would-wide. This study uses wireless 

network technologies to implement a fully automatic greenhouse monitoring system. 

This system not only has basic functions such as collecting environmental data but also 

provides a number of services by incorporating an agricultural cloud. The experimental 

results show that the agricultural cloud was able to provide several services, including 

data analysis, alerting and data storage. The analysis service allowed users to get 

information regarding environmental parameter distributions in a greenhouse. The users 

can take proper action based on the information, such as adding some devices like fans 

or spraying water to adjust the temperature and humidity conditions in the greenhouse. 

An alerting message was able to be sent out to users if any irregularities were found (i.e., 

some sensing readings exceeded their thresholds). The sensing data was able to be 

stored in a database for further analysis to help users find the best method to grow their 

crops. 

 The proposed system is expected to be applied to different agricultural areas. 

The agricultural cloud could also provide more services, such as on-line inquiry and 

instant feedback. Another mission of agricultural cloud is to automatically connect 

every device in a monitoring area through a feedback mechanism. We will put our effort 

on these developments in the future. 
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ABSTRACT 
 

To efficiently monitor large-scale greenhouses, gateways in monitoring systems are 

designed to manage sensor nodes in different subareas of a sensing field in order to 

acquire real-time sensing data. It is a challenge to maintain the whole monitoring 

system in the large-scale greenhouse. Electronic monitoring devices deployed in a 

greenhouse may fail due to a lack of energy. This paper proposes an automatic data 

backup mechanism for WSN gateways to recover the monitoring data of sensor nodes in 

the subareas where their gateways fail. Gateways with an automatic data backup 

mechanism will start a monitoring procedure in every new round based on a fixed 

schedule to exchange their working status packets. As a result, the lost monitoring data 

of sensor nodes caused by a failed gateway can automatically be restored, and the data 

completeness can be effectively improved and eventually extending the lifetime of 

large-scale monitoring WSN. 

Keywords: WSN, large-scale monitoring, data completeness 

  

1. INTRODUCTION  

 

In recent years, there has been a great progress on wireless communication technology 

and the applications of wireless networks have become necessities for modern life. 

Especially, wireless sensor networks (WSNs) [1], [2] are rapidly developed and applied 

to many areas like medical devices [3], military [4], and agriculture [5]. In particular, 

using centralized approaches, where data collected from each sensor is sent to a central 

base station, is not efficient when being applied to large wireless sensor networks, due 

to high rates of data collision and retransmission. 

 

This paper proposed a great method to improve large-scale environmental surveillance 

in a greenhouse. Smart gateways were designed to manage sensor nodes in four 

different subareas of a sensing field for acquiring real-time sensing data. An automatic 
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data backup mechanism was proposed for gateways to recover the monitoring data of 

sensor nodes in the subareas where their gateways failed. Through this mechanism, 

gateways would know whether other gateways were alive. When one (or more) 

gateways malfunctioned, remaining active gateways chose a suitable gateway as a 

candidate gateway. The selected gateway would take over the sensor nodes originally 

controlled by the failed gateway. Moreover, the smart gateways communicated with 

other and formed a network to exchange their information. The smart gateways in this 

paper also developed channel assignments and remote settings to monitor a greenhouse 

for users and to record the status of system operation for further data analysis. Such a 

design may improve data completeness. 

 

2.  RELATED WORK 

 

In order to avoid packet loss, fault detection methods have been widely proposed by 

many existing studies. Some studies detected errors by monitoring node behavior. For 

example, Peng et al. [6] presented a history data and neighbors algorithm for node fault 

detection in fault management. This method served as a support for sensor network 

routing and optimization to maintain the system available. In [7], the authors proposed 

an approach that allowed a node to run a self-diagnosis program based on the measures 

of accelerometers, which determined whether a node had a hardware malfunction. In [8], 

a protocol named ‘fault tolerant sink (FTS)’ was developed to detect failure and recover 

a sink from an error state, so the sink could restart by including a backup sink scheme to 

replace the failed sink. This study probes into the task of gateway fault detection. In this 

study, the proposed mechanism provides the detection and identification by checking 

the working status packets. 

 
3.  MATERIALS AND METHODS 

 

The main function of a gateway in a WSN was to control wireless senor nodes to collect 

sensing data. The sensing data included environmental information, such as temperature, 

relative humidity, and illumination. All of the collected data was sent to a backend 

database. The following subsections show the hardware and software of the gateways. 

3.1. Hardware of gateways  

Beagleborad-xM 

In this study, the proposed system employed a Beagleboard-xM produced by the Digi-

Key Corporation as the gateway. The specification of the Beagleborad-xM is shown in 

Table 1.The Beagleborad could equip with additional modules, and all modules could 

be activated via a program designed by Qt. The Beagleboard-xM used a base node to 

communicate with sensor nodes and transmit collected data to a backend database 

through the Internet.[9] 

 

Base node 

The base node was the interface for the gateway to communicate with senor nodes. The   

http://140.112.94.58/phpmyadmin/sql.php?db=Intel_GreenHouse&table=n_raw_records&token=cd2b0074dc559b688b552bd1e3c8f7e9&sql_query=SELECT+%2A++FROM+%60n_raw_records%60+WHERE+%60sink_id%60+%3D+44++ORDER+BY+%60n_raw_records%60.%60illumination%60+ASC
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proposed wireless sensing network system employed the Octopus II as the node. The 

MCU of the Octopus II was constructed by MSP430F1611 manufactured by the Texas 

Instruments. The Octopus II used a low power-consumption CC2420 communication 

chip whose frequency was 2.4 GHz and followed the ZigBee specification and the IEEE 

802.15.4 protocol. [10] 

3.2. Gateway Software 

The proposed gateways with the automatic data backup mechanism started a monitoring 

procedure in every new round based on a fixed schedule, shown in figure 4. The 

monitoring procedure would begin every thirty minutes to collect the real time 

environmental information in a large-scale greenhouse. In the beginning of a new 

session, the gateway checked up whether the Internet was available for connecting with 

the backend server. The gateway initialized system parameter settings, such as checking 

the RF value and quality of nodes. The next process was a handshake procedure, which 

was designed for the gateways in each subarea to exchange their working status packets. 

The working status packets included the network information regarding the gateway ID, 

controllable nodes, and the location of the gateways. By checking the working status 

packets, the gateways, which operated normally, would know malfunctioned sub-

networks and build a malfunctioned gateway table to store the number of the gateways. 

Then, the gateways started to collect environmental data in their subareas. If any 

gateway malfunctioned, according to the malfunctioned gateway table and the working 

status information, the remaining gateways would choose a suitable candidate gateway 

to resume the control of the subarea where a gateway malfunctioned. As a result, the 

lost monitoring data of sensor nodes caused by a failed gateway could be automatically 

restored. The final procedure was for the gateway transmitting the sensing data to the 

backend server through the Internet. However, if the gateway could not build the 

connection with the server, the gateway would transfer the data to a helper gateway. In 

other words, the helper would upload the transferring data to the backend server. After 

all the procedures ended, the system would wait for the next round. 

3.2.1 The Automatic Data Backup Mechanism  

An automatic data backup mechanism was proposed to improve the data completeness 

and extend the lifetime of large-scale WSN-based monitoring systems. In order to 

efficiently monitor a large monitoring area, the monitoring area was divided into 

different subareas, and gateways were designed to manage sensor nodes in these 

subareas. In other words, the gateway in each subarea would organize sensor nodes into 

a sub-network. The originally large-scale monitoring network could be distributively 

controlled. 
 
Through this mechanism, the gateways were able to know other gateways’ working 

status. They exchanged the operating information packets with each other, including the 

information regarding the gateway ID, controllable nodes, and the Internet status. If a 

gateway malfunctioned, other gateways would not receive the working status packets of 

the gateway, and they would try to recover the sensing data in the sub-network by  
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Fig.4 The program procedure of the gateway with the automatic data backup 

mechanism 
 
finding a suitable gateway to take over the sub-network originally controlled by the 
failed gateway. The suitable candidate should be able to take over the maximum number 
of sensor nodes, making the whole system have the best successful rate of data delivery. 
In this study, the gateways would estimate the data delivery rate by using the following 
equation (1). The equation evaluated the possible data delivery if the gateway was the 
candidate which took over the sub-network. The gateway with the highest data delivery 
rate would be chosen to be the candidate. In equation (1), 

 ˆ i i ij j

i

i j

A N A d N
A

N N

  



                                             (1) 

where Â i represents the estimated data, available for the active gateway i. The higher Â i 

suggests the higher possibility for the gateway to recover the complete data. N is 
number of nodes controlled by the gateway. The subscript i is the active gateway 
number, and the subscript j is the malfunctioned gateway number. Ai is the successful 

rate of data delivery for the active gateway i. The function A(．) shows the data 

delivery for the gateway controlling the failed sub-network. The distance dij shows the 
relative distance between the active gateway and the malfunctioned one. Thus, the 
successful rate of data delivery between the gateway i and j, can be obtained by A(dij). 
By checking the working status packets of active gateways, the gateways could evaluate 
the estimated successful rate of data delivery, which was the criterion of determining a 
suitable candidate gateway. The candidate would take over the sub-network originally 
controlled by a failed gateway. 

3.2.2 Automatic wifi detection and data transfer function  

The proposed gateway could automatically detect the connection with the Internet via a 
wifi module. The working status packets also showed the Internet status of the gateway. 
After receiving the sensing data from sensor nodes, the gateways would gather the data 
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and send the data to a backend server through the Internet. If the Internet was failed, 
though the gateway was active and the sub-network was normal, the sensing data was 
not able to be sent to the backend server. This may cause sensing data loss and reduce 
the data completeness of the monitoring system. In this case, the gateway with failed 
Internet connection would choose a gateway with the smallest dij (which was a relative 
distance parameter for the gateway) whose Internet connection was available to transfer 
the collected data.  

3.2.3 Automatic channels assignment  

In order to build communication bridges between gateways, the proposed gateways 
were equipped with the function of channel assignment. In WSN-based large-scale 
monitoring, a large number of information packets needed to be transmitted during the 
monitoring. Thus, each sub-network was assigned with a communicate channel to avoid 
communication being interfered by others sub-networks. Such a function allowed the 
gateways to change their communication channels based on different requirements. All 
the gateways would change into the same communication channel in the gateway 
handshake procedure, and the candidate gateway would change its communicate 
channel to the communicate channel of the sub-network that needed to be taken over.  
 

4.  EXPERIMENTAL RESULTS 

 
In this section, we present the experimental methods and results to show the efficiency 
of the automatic data backup mechanism. We have conducted experiments in a 
greenhouse where a monitoring system was deployed to validate the effectiveness of the 
proposed method. 

4.1. Simulation of the proposed gateway 

Before the simulations, we did an experiment to get the relationship between the 
successful rate of data delivery and the distance between gateways. Such a relationship 
was important for the proposed gateways to choose a suitable candidate. Given that 
different RF power and model of communication chips would affect the experimental 
results, in this experiment, the RF power was set to 25, and CC2420 was used as the 
model of communication chip in nodes. 
 
Figure 5 shows the regression analysis results between the distance of gateways and 
data delivery (RDD) in the real site measurement. RDD was used to analyzed the 
relationship between dij and A(．) as a function. A general linear regression model with 

normal error terms can be defined as: 

0 1 1 2 2 ... .i i i p ip iY X X X                                        (2) 

where Y is the dependent variable, Xi1 to Xip is the independent variables, β0 to βp are 
parameters to estimate, and εi is the error term. 
 
In this study, we chose the second order, i.e. p = 2, to obtain the regression equation: 

20.0011 0.0115 0.9899.y x x                                        (3) 
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In figure 5, a downward trend was found when the distances between the active gateway 
i and the malfunctioned gateway j increased. When dij was above 10 m, A(． ) 

significantly declined. After that, the higher dij, the more decrease in A(．). 

 

 
Fig.5 The regression of the successful rate of data delivery and distance between the 

active and failed gateway 
 

Furthermore, a number of simulations were conducted to examine the performance of 

the proposed gateway with the automatic data backup mechanism. The simulation used 

six gateways and 120 sensor nodes. Each of the gateways controlled 20 nodes. All the 

gateways were placed within the communication range, and the nodes were placed 

surrounding the gateway. The proposed mechanism was designed to avoid data loss 

when a gateway malfunctioned and the sensor nodes in the sub-network would be taken 

over by a candidate gateway, and when the Internet of a gateway was not available to 

transmit data to a backend server and the gateway that was closest to the gateway with 

failed Internet connection would be selected as the data transfer helper to transmit data 

to the server. In the simulations, five of six gateways, one at a time, would stop their 

operation every 10 rounds. The simulation results, as presented by the successful rate of 

data delivery, are shown in Table 2. The results showed that the proposed system could 

maintain the data delivery above seventy present while others gateways failed. However, 

the data delivery would decrease by the number of failed gateways increased. 

 

Table 2 The data delivery of the whole system when different numbers of gateways failed 

# of Gateways Malfunctioned 1 2 3 4 5 6 

Data Dilvery Rate With  ADBM* 0.733 0.767 0.85 0.883 0.933 1 

Data Divery Rate Without ADBM* 0.167 0.333 0.5 0.667 0.833 1 

                     Note: *the automatic data backup mechanism 

4.2 Real deployment in a large-scale greenhouse 

Furthermore, in order to evaluate the efficiency of the proposed gateway in actual 
deployment, we deployed a wireless sensing network in a large-scale greenhouse to 
examine whether the proposed method could offer reliable data transmission for 
practical monitoring networks. The deployment site was a large-scale cymbidiumorchid 
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greenhouse that occupied an area of 7200 (m
2
). Cymbidiumorchid was a remunerative 

crop. Some environmental factors, included uneven temperature distribution, plant bed 
transportation, non-ventilated room, would affect the growth of the plats.[12] The 
monitoring area was divided into five sub-areas, and a total of five gateways and over 
120 nodes were deployed to five sub-areas to form five sub-networks. The figure 6 
shows the real deployment in the greenhouse. Figure 7 and figure 8 show the variations 
of temperature and humidity in the greenhouse based on the data collected on May 21.  
Due to the result of watering, the temperature was lower and the humidity was higher in 
the upper right corner. Figure 7(a) and figure 8(a) show the variations of temperature 
and humidity when all gateways operated properly. With the proposed data backup 
mechanism, the monitoring information could be recovered, and the completeness of 
temperature and humidity data could be maintained, when two gateways were 
malfunctioned.  Thus, the variations in figure 7(b) and 8(b) are more similar to those in 
figure 7(a) and 8(a), compared to figure 7(c) and 8(c).  Based on these results, the 
proposed system could offer reliable data transmission for practically deployed 
monitoring networks, even if some of the gateways failed. . 
 

  
Fig.6 Real deployment in the large-scale cymbidiumorchid greenhouse 

 

    
(a)               (b)              (c) 

Fig.7 The temperature variation of the cymbidiumorchid greenhouse 

(a) without introducing any failed gateways; (b) employing ADBM when two 

gateways failed; and (c) without employing ADBM when two gateways failed 

 

      
(a)        (b)                        (c) 

Fig.9 The humidity variations of the cymbidiumorchid greenhouse 

 (a) without introducing any failed gateways; (b) employing ADBM when two 

gateways failed; and (c) without employing ADBM when two gateways failed 
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5. CONCLUSIONS AND FUTURE WORKS 

 

According to the experimental results, the proposed gateway with the automatic data 

backup mechanism can improve the reliability of data delivery. Using the automatic 

data backup mechanism is a good solution to ensure data continuity and completeness 

of the monitoring data, so the lost monitoring data caused by a failed gateway can 

automatically be recovered, and the data completeness can be effectively improved and 

eventually extending the lifetime of large-scale monitoring WSNs. 
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ABSTRACT 
The wine industry is an important sector of the Italian economy, and is fed by environment primary 
inputs and contribute to energy resources demand. At the same time, the wine sector is one of the 
best identified components of Italian rural environment and agricultural landscape. The Italian 
Ministry for Environment,  Land and sea launched in July 2011 a National pilot project to estimate 
the wine-sector sustainability performance, in collaboration with three research Centers of the 
University of Turin, Piacenza and Perugia.  
In this framework, to assess the sustainability of agronomic management of the vineyard an ICT 
tool that measures the environmental impact of pests, fertilization and soil management has been 
developed. Concerning the disease management, the tool uses a calculation procedure to assess the 
potential environmental risk of pesticides at the farm level. About fertilizers, the tool calculates the 
risk of damaging effects of the distribution of nitrogen, phosphorus and potassium as a function of 
the soil characteristics and needs of the vineyard and evaluates the effect of cultivation on the 
evolution of organic matter, based on the ratio between the quantity entered in the ground with 
fertilizers, cover crops and crop residues and the recommended levels. The use of agricultural 
machineries causes the compaction of soil and influences the activity of plants and of soil’s 
microflora. For this assessment, in the model are considered the values of rainfall, the percentage of 
surface covered by cover crops and vines, the machinery used and the number of steps per year. The 
water runoff is also evaluated, according to the type of soil, the agronomic management, the slope 
and the rainfall. The final evaluation relates the indicators calculated in different forms; for 
providing an overall judgment fuzzy logic is used. According to the traditional definition of 
sustainability which has environmental, economic, and social dimensions, socio-economic aspects 
have to be introduced in the sustainability assessment. For this reason a tool box kit, called 
“territory”, of qualitative indicators has been developed to include in the sustainability evaluation 
all aspects that make wine production one of the best identified component of Italian “culture” of 
rural environment and agricultural landscape management and protection, associated to food safety 
and consumer’s health. The tool box kit investigates the winegrowing farms on strategies, policies 
and measures adopted in the management of biodiversity, landscape, social aspects (field, winery 
and office workers, local community, consumers, suppliers) and economic aspects (territory and 
community investment). All the selected Indicators have been developed through multi-stakeholder 
processes, and those designated as “Core” are generally applicable Indicators and are assumed to be 
relevant for most of the national winegrowing farms. All farms have to pay off the “core” indicators 
to participate at the National project. 
The two indicators will be included, along with tools for the calculation of Carbon and Water 
footprint in a suite of assessment that will be available to all companies who wish to assess their 
own sustainability performance, on the website www.viticolturasostenibile.org. 
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1. INTRODUCTION 
The wine industry is one of the most important sector of the Italian economy, and is fed by 
environmental primary inputs, contributing to energy resources demand. Agricultural practices, such 
as application of fertilizer, use of plant protection products, irrigation, and soil management, vary 
between the different management systems but in any case they maintain always an important 
influence on the environment.  
In the last few years, different environmental indicators has been developed for the viticulture 
sector, however most of them are limited to the assessment of one or only a few phases of vine 
management, such as the application of pesticides or fertilization, ignoring the other major 
agronomic practices.  
The Italian Ministry for Environment, Land and Sea in cooperation with three research Centres 
(Agroinnova, Opera, CRB) and nine Wine companies selected according to geographical and 
product criteria (F.lli Gancia & Co, Marchesi Antinori, Tasca d’Almerita, Venica&Venica, Planeta, 
Mastroberardino, Castello Monte Vibiano Vecchio, Masi Agricola, Michele Chiarlo), launched in 
July 2011 a National pilot project to estimate the wine-sector sustainability performance.    
The different indicators were created following the indications given by the 128/2009 CE Directive 
on the sustainable use of pesticides in agriculture and the guidelines set by the O.I.V. (International 
Organisation of vine and wine) by the resolutions CST 1-2004 and 1-2008 and reaffirmed in the 
2009-2012 strategic plan. According to O.I.V.guidelines, the environmental risk assessment should 
consider: the site selection (for new vineyards/ wineries), biodiversity, variety selection (for new 
vineyards), solid waste, soil management, energy consumption, water management, air quality, 
wastewater, adjacent land use, human resource management and agrochemical use. 
An ICT tool has been developed to measures the environmental impact of pesticides, fertilization 
and soil management practices, and to assess the sustainability of the vineyard trough the evaluation 
of  agronomic management and its impact on the landscape quality. 
In addition to Environmental aspects, the definition of sustainability consider also an economic, and 
a social dimensions. To integrate those aspects into the project it has been developed a tool box kit, 
called “territory”, that include in the sustainability evaluation different qualitative indicators. Those 
two indicators will be integrated with the Carbon and Water footprint tools in a suite of assessment 
where most of the input data are shared.  
This paper describes an expert System using software that assesses in a holistic way the 
environmental impact of the viticulture on soil fertility and landscape ecology and a tool box kit of 
selected indicators to describe the socio-economic impacts of the company on the territory. The 
territory is intended as environment in which issues to be addressed are biodiversity and landscape 
and as community in relation whit workers, local community, bystanders, residents, and consumers.  
 

2. THE TOOL FOR VINEYARD MANAGEMENT ASSESSMENT 
This tool has been built on EIOVI, a previous model developed and tested for an Organic 
Viticulture system. EIOVI (Environmental Impact of Organic Viticulture Indicator) was developed 
by the Institute of Agricultural and Environmental Chemistry at the Catholic University of Piacenza 
within the EU FP6 Project Orwine (Fragoulis et al., 2009), and his structure was already close to 
the aims of this project. 
The development of the new model has been carried out in parallel with the indicators of Water and 
Carbon Footprint. Those indicators share often the same inputs, in this way the entire system can be 
used and maintained by the company personnel.  
The different input variables are associated to the available maps at national or local level, and the 
results are displayed on a webGIS cartography that allows an intuitive visualization and the 
interaction with  different data, allowing the modification of the different inputs to complete or 
extend the available information. The association with webGIS cartography allows the results 



visualization at different particle scales, that allow the operator to have the company situation 
immediately under control. In order to facilitate the Vineyard operator, and to relate the different 
modules to the real field activity, the OIV indication were reorganized into six modules: 

1. plant protection 
2. fertilization 
3. soil organic carbon management  
4. soil management - compaction 
5. soil management – water runoff 
6. biodiversity 

Since, usually, in a vineyard the agricultural operation are not uniform throughout the different 
vineyard or grape types, to improve the analysis quality, the operator can define different 
management units homogenous trough agricultural activities. The software allows the association of 
the year of assessment with any Company or vineyard, and will keep a database with the previous 
year’s data.  
This choice is related to the fact that: 

1. vineyards management changes every year, so it must be possible to update the input data 
(where necessary) to make a new assessment, 

2. sustainability means a continuous improvement and therefore it is important to keep track of 
the evolution of the companies. 

At the end, for each evaluation, the software produce a report that contain a summary of all the 
processes and their results, which ensure traceability, reproducibility and data storage. 

2.1 Pest and disease management 
Concerning pest and disease management, the tool uses a calculation procedure to assess the 
potential environmental risk of pesticides at the farm level. It is based on EPRIP, an indicator of the 
environmental potential risk of pesticides (Padovani et al., 2004; Trevisan et al., 2009) and uses the 
concept of the exposure toxicity ratio (ETR), the ratio between a predicted environmental 
concentration (PEC) and a toxicological end point.  The definition of PEC depends on: - the 
product’s chemical and physical properties; - the intervention strategies (number of applications and 
interval between the different treatments); - the environmental context.  
The ETR is calculated for each environmental compartments exposed to a risk: ground water; 
surface water; air and soil. Toxicological effects on humans, aquatic and soil organisms are taken 
into account. The ETR are converted into risk score using a scale from 1 to 5 by placing a threshold 
value of 2 for sensitive areas, such as water wells and populated areas and 4 for non-sensitive areas.  
The ETR for surface waters, is calculated by comparing the potential risk caused by the drift 
(PECdrift) and the runoff (PECrunoff) maximum value, taking into account the lower toxicity towards 
algae, Daphnia and fishes. The assessment of PECdrift follow the model EuDriftCalculator, 
implemented in the FOCUS Surface Water Scenarios (FOCUS, 2001). The model 
EuDriftCalculator take into account the size of the water body and the phenological stage of the 
vines, and it’s corrected by a mitigation factor, according on the precautions taken by the operator, 
such as anti-drift nozzles or drift-recovery sprayers.   
The PECrunoff is calculated as function of applied dose, phenological stage of the plant, drift losses, 
soil slope, distance from the water body and fraction of crop protection product that can runoff, 
calculated assuming three days rain after the treatment.  
The PECsoil, so as detailed in the final report of the Soil Modelling Work Group of FOCUS 
(FOCUS, 1997), is a function of application schemes (application rate, number of applications and 
interval between applications), soil properties (bulk density) and substance properties (DT50, 
disappearance time for 50% of the product). The predicted concentration in soil compared with the 
earthworm LD50 (lethal dose for 50% of the population).  
For ground water the PEC calculation method is based on the approach used in the EPRIP indicator, 
that use the leaching quantity index which is a function of substance properties (Koc, DT50, and 
Kh), application rate, crop stage at the application, soil properties (sand and clay content, bulk 



density, and organic carbon content), hydro geological properties (depth of ground water table and 
ground water level), and meteorological properties (average annual precipitation). The ETR is the 
ratio between PEC and the groundwater Legal Limit.  
The PECair is calculated using a fugacity approach. The dilution rate in the air is based on wind 
speed and  height of mixing, which depend on atmospheric stability and air dispersion. The 
predicted concentration is compared with the rats inhalation LD50. 

2.2 Fertilizer management indicator (FMI) 
Since mineral elements are involved in different quality factors synthesis, the production quality can 
be influenced by the use of mineral fertilizers. But for their use should also be taken into account 
the risk of potentially harmful effects such as nutrients excess in the soil, water bodies 
contamination and biodiversity changes. Therefore, the model has three sub-indicators that evaluate 
the major macro-nutrients contributions, the use of nitrogen (N), phosphorus (P), and potassium 
(K).  
These three sub-indicators are in connection with soil organic matter; bulk density; N, P2O5 and 
K2O fertilizer (or compost) content, and application rate. The vines demand of nutrients depends on 
expected yield and variety; for this reason their nutrient requirements should be taken into account 
before fertilization practices. For nitrogen, the total available amount is calculated as the sum of 
organic and mineral fertilization nitrogen. For mineral fertilization the nitrogen amount is directly 
related to the amount of fertilizer used; instead for organic fertilization, the available nitrogen 
depends on the amount of organic matter used, the organic matter nitrogen content, the availability 
coefficient and the year of intervention. 

2.3 Soil organic carbon management  
The soil organic matter has favourable effects on structure, micro-flora and on carbon storage. The 
Fertilization management define the fertilizer distribution, but is also used to define the set of 
techniques (fertilization, irrigation, organic matter intake and processing) that preserve the soil 
fertility. Organic N in compost is not immediately available due to the time needed for organic matter 
microbial mineralization. The C/N ratio of organic material influences microbial activity. Higher is the 
ratio, and more the N limits the microbial decomposition of organic matter. When composts with a 
C/N ratios higher than 20:1 are added to soil, all the mineral N and any kind of mineralized organic N is 
used by microbes, reducing the N availability for plants. Thus, the C/N ratio of compost is an important 
factor in the plant-available N calculation. Availability coefficients are used to calculate plant-available N 
and to predict field mineralization.  
In the case of the use of cover crop, its nutritional demand must be added to the vineyard demand 
(Bowman et al., 2007). On the other hand, N-fixing plants such as legumes contribute to soil N 
availability, and this is also taken into account in the case as such plants are used as cover crop. The 
indicator evaluates the effect of management practices on the evolution of soil organic matter and, 
consequently, on soil fertility. The calculation of the indicator is based on the relationship between 
soil organic matter inputs and organic fertilizers, compost, cover crop, crop residues, and vineyard 
recommended levels (Bockstaller et al., 1997). 
The fertility indicator takes into account the type of cover crop (legumes, grasses, other, or 
mixture),the type biomass, the percentage of the vineyard covered and the use of manure or compost 
in the last years. 

2.4 Soil management to avoid compaction 
In a Vineyard agricultural machineries are often used with a great number of transit (pest control, 
fertilization, soil and canopy management). It is estimated that in a vineyard in which up to 10 pesticides 
treatments are carried out, there are about 20 passages of tractors with different machines.  
This great number of transit affects soil compaction and, consequently,  root and soil microbial activity, 
it’s therefore important to assess the soil management (with grass cover or not) considering those 
parameters. In the model three different factors have been considered for the evaluation of the soil 



compaction:  the action of the swing rain, the transit of  agricultural machinery and the susceptibility of 
the soil as a function of its physical and hydrological characteristics. For the rain, the indicator take into 
account the average monthly rainfall and the degree of soil covered by the grass and vine, considering 
the training system and the phenological stage. 
For the transit of agricultural machinery, the indicator take into account the weight of the machines, the 
wheel contact area and the number of passages per year. The parameters of evaluation reward the 
farmers who carry out a smaller number of passages in the field and who uses machines that reduce the 
soil compaction.  
Concerning the soil susceptibility, the indicator is based on the concept of compaction stress. The 
compaction stress is the limit of compaction in which the soil have an elastic deformation without 
variations in porosity and in its functions (Horn and Fleige, 2003). This limit is related to soil physical 
characteristics, water and organic matter content, and to the kind of soil management, like coverage and 
number of tillages.   

2.5 Soil management to avoid run off 
Soil erosion is one of the major problems in vineyards, especially on slope soils. Since a large part of 
Italian viticulture is carried out on hilly soils or in low mountain areas, the evaluation of this parameter 
is very important. On these soils, in fact, the soil losses caused by erosion, can exceed 15 tons per year 
per hectare of vineyard. Due to the importance of the Italian landscape quality safeguard, the 
sustainability analysis must take into account good practices and soil management activities that control 
water runoff.  
The indicator depends on: - previous indicators; - soil management practices; -the presence and the type 
of grass cover; -the climatic characteristics of the area; -the use of agricultural machinery. 
The indicator of erosion is based on the coefficient "C" of the RUSLE. The index is calculated at farm 
level as the average of the individual values at the field level. (Wall et al., 2002).  

2.6 Biodiversity management 
The vineyard landscape is extremely important in Italy and in some cases (Langhe, Eastern Hills of 
Friuli, Collio) is already under public protection or is recognized as a World Heritage Site. 
Furthermore, in some areas is one of the elements of tourist appeal. 
The assessment of biodiversity within a vineyard depends on two main factors: the abundance, 
which is the number of present species, and the distribution uniformity. The evaluation of those 
factors it seems too difficult for a not specialized operator, and one of the goals of this project was 
to produce a tool that can be used form all companies operators that want to use it. For this reason, 
to simplify the evaluation, the indicator takes into account the presence of areas with natural 
vegetation, in the farm and / or adjacent to the vineyards, based on the assumption that the presence 
of these areas represents an important sink of useful flora and fauna. 
In the report then evaluated the percentage of vineyard area covered by permanent grass, natural or 
artificial, such as the embankments of the terraces, and also the extension of natural or planted 
wooded areas. 
In addition, the indicator takes into account the care that the company has in the management of 
those areas, considering the relationship between the times allocated to the management of the 
vineyards and the time involved in the maintenance of other areas, this data permit to have an 
assessment of the involvement in the protection of biodiversity. 

2.7 Fuzzy Expert System 
The six different modules of this toolbox kit, give six different results that have also different units 
of measures. Those results cannot so easily merged to obtain an overall judgment, and to provide a 
solution to this problem several option available in literature were investigated. The most suitable 
option was the use of the fuzzy logic approach that was already successfully tested in the EIOVI 
indicator and was profitably used in different sustainability models. 



The fuzzy logic is used to define a relationships between different data in compliance with a set of 
attributes. In the classical sets theory, an element belongs or does not belong to a set. This means that 
the membership function can only have two values: 0 (non-membership) and 1 (membership). The 
fuzzy set theory define the element membership degree in a set with a functions that can assume any 
value from 0.0 to 1.0. The 0.0 value represents a complete non-membership; the 1.0 value represents 
a complete membership; all the values between represent a partial membership. For each Agronomic 
practice it has been defined a value between 0 and 1, according to membership subset F (favorable) 
or U (unfavorable).   
The different modules were calculated using the Sugeno's inference method (Sugeno, 1985). The 
limit values (α and γ) beyond which the index is certainly F or U have been also attributed, based on 
criteria drawn from the literature or on expert judgment.   
For pest and disease management, the model calculates the probability that a certain threshold of 
danger, associated with the use of pesticides in a given environmental context, is exceeded. The alpha 
and gamma values are then related to the probability to exceed these thresholds. For fertilization 
management, the alpha and gamma values are related to the ratio between the amount of element 
supplied to the soil and the amount of element removed. The soil organic carbon management model 
draws up an Organic Matter availability assessment in the vineyard, the alpha and gamma values 
rewards practices that preserve and increase the soil organic matter. 
For the soil compaction assessment, the indicator is the result of three sub-indicators, one for the 
swing rain effect, one for the use of agricultural machinery and one related to soil susceptibility. 
The Indicator rewards with the alpha parameter those winegrower that use farming techniques to 
reduce the action of the rain (green cover and training systems) and who carry out a limited number of 
passages, and penalize with the gamma parameter those winegrowers that have bare ground and that 
carry out a lot of passages . For the soil compaction susceptibility, the parameters α and γ identify two 
pre-compression stress limit values. 
For soil management related to the prevention of water runoff, the indicator rewards farmers that 
favours the coverage of the soil and penalizes those who till the inter-row. 
For the biodiversity management, the indicator rewards the winegrower that maintain or increase the 
natural areas sinks for useful flora and fauna.   
The aggregation process has been achieved by combining weighted fuzzy values. Through a process 
of defuzzification, the total value of fuzzy analysis has been transformed into a sustainability 
judgment, converted in a  range from A to E.  
The model was developed in three representative companies in different Italian soil and climatic 
conditions, the remaining six companies were used to assess the robustness of the model. To reduce 
the uncertainty of the model a step-down strategy has been adopted (Dubus et al., 2003). The data 
collection in the first three companies allowed the evaluation of farm data availability, and the 
collected data were also compared with literature data or aggregated data received from the local 
authority. This approach revealed the quality of the different data sources, allowing the evaluation 
of uncertainty. The outputs of the model were discussed with vineyard manager and a panel of 
expert, to identify errors related to subcomponents and model shortcomings, to perform the 
calibration of the fuzzy judgment.  

3. THE TOOL FOR TERRITORY ASSESSMENT 
The economic and social sustainability is an integral part of the proposed plan, according to the most 
common definitions of sustainable development. The triple bottom line (also known as people, planet, 
profit or "the three pillars" (Goethe institute, 2008) captures an expanded spectrum of values and 
criteria for measuring organizational success: economic, ecological, and social.  
Therefore a tool box kit of indicators is proposed to evaluate the socio-economic sustainability of the 
involved farms. The tool-box kit contains qualitative and quantitative indicators related to four main 
topics: biodiversity, landscape, economic and social activity. The territory indicator is inspired by the 
Global Reporting Iniziative approach to the sustainability reporting and ISO 26000 approach the 



corporate social responsability. the international models on winegrowing sustainability have also been 
considered on the developing of the indicator.  
Qualitative and quantitative information make up the two types of discoverable information. 
Quantitative is generally the easiest to understand and manipulate since it is based on numbers and 
hard facts. When information can’t be measured or reproduced, then it is typically qualitative. In fact 
qualitative indicators are non-numerical factors for determining level of progress towards a specific 
goal. 
The four sections that compose territory indicator are briefly described below.  

3.1 Biodiversity  
This aspect is included also in vineyard indicator. In territory aspects related to biodiversity are dealt 
with the use of qualitative or semi quantitative indicators. The questions investigate issues relating to 
the management of areas of high natural content, management of protected species, the strategy and 
the company's commitment to preserving and implementing the farm biodiversity.  

3.2 Landscape  
In this section questions investigate issues relating to the location of the vineyards with respect to 
recognized areas of excellence, the contrast to neglecting of rural buildings, the harmonious 
integration in the landscape of new stables, vineyards, roads, lighting. Awards are presented to 
winegrowing companies that contribute to enrich the landscape not only through the vineyards but 
also trough other related buildings and activities.  

3.3 Economic activity 
The questions of this section assess the economic impact of winegrowing company on the local 
community and territory. The use of resources, goods, people and services available on the territory 
makes it possible to ensure the territory itself a mode of shared and long-lasting development. 

3.4 Social activity  
This section evaluates the impact of the farm activity on the human resources intended as workers and 
operators, consumers, residents and bystander. Questions related to health and safety of all categories 
of people involved are proposed. Items related to formation, education, participation, recruitment, 
retribution of all kind of workers and operators are included. The participation, at different level, of 
company to the local community activities is also assessed in this section of the tool box-kit. 
 
The compilation of the tool box kit of indicators does not furnish a score of sustainability related to 
the proposed aspects. Some criteria are defined "core", for these ones a minimum level in the answer 
is required. This minimum level is assumed by literature, or by national data bases. Generally is 
required at the company to be better than the corresponding "core" value found in literature. Some 
"core" criteria could anyway be not applicable in the company. In this case the fact that the criterion is 
not applicable makes it not "core".  
The territory indicator is in the VIVA sustainable wine the only for which the fulfilment of minimum 
criterion is required. All applicable core aspects have to be fulfilled in order to follow the complete 
evaluation of the sustainability trough the other three environmental indicators.  

 
4. RESULTS/CONCLUSIONS 

The two indicators will be included, along with tools for the calculation of Carbon and Water 
footprint in a suite of assessment that will be available to all companies who wish to assess their 
own sustainability performance, on the website www.viticolturasostenibile.org . 
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ABSTRACT 
 

Precision Agriculture techniques have been studied for Brazilian citrus to improve input 

use efficiency. Yet no study has approached the impact of variable rate application on 

energy efficiency and sustainability in these systems. This study aimed to understand 

how energy is used spatially in a citrus orchard and how variable rate fertilization 

influences energy efficiency. Two orange plot orchards were submitted to variable and 

fixed rate fertilization treatments in alternating rows. Georeferenced yield data was 

collected during two seasons to evaluate yield response to variable and fixed rate 

applications. Energy assessment was combined with Geographic Information System 

(GIS) to determine site specific energy indicators throughout the orchards. Energy and 

yield maps were analyzed to infer about energy efficiency and sustainability. Maps of 

nutrient energy embodiment reveled that energy performance varied spatially due to 

yield variation. Energy embodiment was higher in the fixed rate treatment, since it 

generally used higher quantity of fertilizer without raising fruit yield. Variable rate 

technology showed more efficient regarding energy use. 
 

Keywords:   Energy assessment, precision agriculture, geographic information system, 

Brazil. 

 

1. INTRODUCTION  

 

Information technology is a crucial tool in Precision Agriculture (PA). PA suggests a 

management system in which inputs are applied according to field spatial variability 

using variable rate technology. All information from the field is processed in 

Geographic Information Systems (GIS). GIS allows interpretation over crop spatial data 

and provide means to generate variable rate prescriptions of inputs. The main objective 

of PA is to provide economic and environmental benefits. Research has shown that PA 

can reduce environmental harm by reducing the excess of fertilizer and chemical 

applications (Bongiovanni and Lowenberg-Deboer, 2004).  

 

Energy assessment is a suitable method to understand environmental sustainability in 

agriculture systems since it translates the material demand of a given production system 

into energy demand.  The input and output energy is used to calculate energy indicators 
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to evaluate energy use efficiency and sustainability (Silva et al., 2010, Romanelli and 

Milan, 2010). 

 

This method was recently combined with GIS to assess sustainability in a PA system 

(Colaço et al., 2012). Energy indicators were calculated in each 10 x 10 m pixel area in 

a wheat field to generate maps of energy efficiency. Results showed that energy 

indicators varied spatially and that variable rate nitrogen application was more efficient 

regarding energy use then the fixed rate application. Authors concluded that 

environmental and sustainability analyses of PA can benefit from site specific energy 

assessment. 

 

Citrus is one of the most energy demanding crops in the Brazilian agriculture. PA 

technologies have been tested in this crop to improve efficiency of inputs and 

profitability (Molin et al., 2012; Colaço and Molin, 2012). Yet, the impact of variable 

rate fertilization on sustainability and energy use was not measured. 

 

This study aimed to understand how energy is used spatially in a citrus orchard and how 

variable rate fertilization affects energy efficiency. Two supplementary objectives are 

stated:  i) to develop energy embodiment maps using GIS; and ii) to compare the 

nutrient energy embodiment in fixed and variable rate fertilization in orange orchards. 

 

2.  MATERIAL AND METHODS 
 

Two 25.7 ha citrus groves were used in this study. Variable (VR) and uniform rate (UR) 

fertilizer treatments were established in intercalated pair of tree rows (Figure 1). In the 

VR strips, applications of N, P and K fertilizers followed variable rate prescription 

maps. Fertilizer rates were calculated based on soil fertility, leaf nutrition (only for N) 

and yield maps. In the UR strips, fertilizers were applied uniformly throughout the field 

according to traditional prescription used by growers. Yield data from each treatment 

was interpolated separately to cover the entire field. Data from two seasons was 

collected (2008/2009 and 2009/2010).  

 

 
Figure 1. Experimental design of intercalated treatments in two orange orchards. 
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The prescription maps of N, P and K given in kg ha
-1

 in a 10 x 10 m pixel scale were 

converted into input energy maps in MJ ha
-1

 by multiplying the fertilizer rate by its 

energy index (Table 1). The total input nutrient energy was given by summing the three 

input energy maps (Equation 1).  

 

Table 1.  Energy indexes for N, P2O5 and K2O (Pellizi, 1992) 

Nutrient Energy index (MJ kg
-1

) 

N 74.0 

P2O5 12.5 

K2O 6.7 

 

Energy embodiment is the amount of energy needed to produce one unit of final 

product. In this study, the nutrient energy embodiment was calculated by dividing the 

total energy in nutrients by the fruit yield in each pixel (Equation 2). 

 

                               (1) 

 

     
    

  
                 (2) 

 

Where, 

 

INEi = input nutrient energy at pixel i, in MJ ha
-1

; 

ENi = applied energy in nitrogen at pixel i, in MJ ha
-1

; 

EPi = applied energy in phosphorus at pixel i, in MJ ha
-1

; 

EKi = applied energy in potassium at pixel i, in MJ ha
-1

; 

Yi = fruit yield at pixel i, in Mg ha
-1

; 

NEEi = nutrient energy embodiment at pixel i, in MJ Mg
-1

. 

 

The software SSToolbox
®
 (SST Development Group, Stillwater, OK, USA) was used to 

process spatial data and generate yield and energy maps. Material and energy flow and 

energy maps were used to compare variable and fixed rate fertilization. 
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3.  RESULT AND DISCUSSION 

 

Regarding material flows, variable rate provided reduction of input consumption when 

compared with the conventional fertilization (Table 2). N was applied uniformly in the 

entire field in the first season because previous georeferenced leaf nutrition data was not 

collected. At this occasion the total amount of N fertilizer used in each treatment was 

equal.    

 

In the first field, VR fertilization resulted on savings of 51% and 65% on N and K 

respectively, after two years of application (Table 2). In the second field, N, P and K 

applications were reduced by 78%, 10% and 41% respectively (total savings after two 

seasons). Average yield was higher (p < 0.05) in VR in field 1, in both seasons. In field 

2, average yield in this treatment was lower (p < 0.05) in 2008/2009 and it was similar 

between treatments in the second year. 

 

Table 2. Fertilizer consumption and average fruit yield during two seasons 

Field Season Treatment 
N P2O5 K2O Average Fruit 

Yield (Mg ha
-1

)  ---------- kg ---------- 

1 

2008/2009 
VR 1625 671 751 38.1

*
 

UR 1625 1128 1692 36.3
*
 

2009/2010 
VR 2210 1783 952 25.4

*
 

UR 4578 1080 3224 22.4
*
 

2 

2008/2009 
VR 1125 351 958 20.8

*
 

UR 1125 1068 1602 21.3
*
 

2009/2010 
VR 940 1501 1571 22.5 

UR 4332 993 2716 23.0 

* Averages are different between treatments (p < 0.05) 

 

Energy in nutrients was spatially distributed throughout the fields in VR fertilization 

(Figures 2 and 3). Less energy in nutrients was applied in this treatment in both fields. 

 

In the first field, even with lower fertilizer rates and less input energy, the fruit yield in 

VR strips was higher in both seasons. Embodied energy was lower in this treatment 

because it used less input to produce more fruit. In the second field, VR did not provide 

yield increment but still energy embodiment was lower due to less input energy. Results 

indicate that variable rate technology was more efficient regarding energy use. 

 

Colaço et al. (2012) also found that variable rate technology was more energetically 

efficient in wheat crop. Variable rate nitrogen application resulted in higher energy 

balance and less embodied energy. 
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Nutrient energy embodiment varied spatially (Figures 2 and 3). In the UR treatment 

energy embodiment varies according to yield spatial variation. Less energy was 

embodied in places where the yield was higher. In variable rate fertilization, besides 

yield variation, spatial distribution of inputs also contributes to energy embodiment 

variation throughout the field.  

 

The impact of variable rate application on input energy and energy embodiment was 

higher in the second year of evaluation in both fields (Table 3). In the first season input 

energy and energy embodiment was slightly higher in the UR treatment because 

nitrogen application did not varied between treatments. Differences on energy values 

between treatments were greater in the second year. In the 2009/2010 season, nitrogen 

reduction reached 51% (field 1) and 78% (field 2), contributing to a significant improve 

on the energy performance of the VR treatment. Due to its high energy index, nitrogen 

was responsible for most of the energy embodiment in this study (78% up to 92% of the 

total nutrient energy embodiment). 

 

 
 

Figure 2: Yield and energy maps from 2008/2009 and 2009/2010 seasons in field 1. 
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Figure 3: Yield and energy maps from 2008/2009 and 2009/2010 seasons in field 2. 

 

 

Table 3. Input nutrient energy (INE) and nutrient energy embodiment (NEE) averages 

Field Season Treatment 
Average INE Average NEE 

MJ ha
-1

 MJ Mg
-1

 

1 

2008/2009 
VR 10459.8 280.8

*
 

UR 11605.2 327.5
*
 

2009/2010 
VR 15366.4

*
 616.3

*
 

UR 29102.3
*
 1335.3

*
 

2 

2008/2009 
VR 7458.2

*
 364.1

*
 

UR 8539.2
*
 408.9

*
 

2009/2010 
VR 10696.8

*
 481.6

*
 

UR 27332.0
*
 1219.6

*
 

* Averages are different between treatments (p < 0.05) 
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4. CONLUSIONS 

 

Maps of nutrient energy embodiment reveled that energy performance varied spatially 

even when the treatment is in fixed rate, which is due to yield variation. Less energy is 

embodied in places where the yield is higher. Mapping energy embodiment using GIS 

tools provided understanding of how energy is required in an orange orchard. Energy 

assessment was a method that properly compared environmental sustainability between 

two fertilization options because it fuses input with output results in one single indicator 

of efficiency. Energy indicators pointed that variable rate fertilization was more 

efficient regarding energy use in an orange crop.  

 

For further studies we suggest that energy embodiment is determined for the whole 

system itself, since variable rate technology demands distinct sampling method and 

specialized machinery. Besides, longer evaluation periods are also relevant as perennial 

crops may respond to fertilization treatments in long term. 
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ABSTRACT 

 

Decreasing the variation of environmental parameters is a very important task for 

an automated plant factory. An uneven temperature distribution may hinder the growth 

of plants. Fans are usually added to reduce temperature variation. In traditional, devices 

in a plant factory are manually activated after sensors detect unusual readings. This 

method is time consuming and labor intensive. In recent years, wireless sensor networks 

(WSNs) have been applied to environmental monitoring. In this paper, we propose an 

automated fan system controlled by sensor nodes in a WSN. Sensor nodes can not only 

be used to measure the actual condition of a plant growing area, but also be connected 

with other devices in the plant factory. Compared to using a number of fans, the use of a 

servo motor is more effective, because it can push air flow into larger areas. The system 

proposed in this paper includes two parts: a fan and a servo motor. A sensor node is also 

employed in this proposed system to turn on the fan by using its microcontroller unit 

(MCU) chip to generate pulse-width modulation (PWM). When unusual readings are 

detected by the sensor node in the proposed system, this sensor node will generate 

proper PWM to make the servo motor turn to a right direction and then activate the fan. 

By using this proposed automated fan system, the variation of temperature is 

significantly reduced. The experimental results also indicate that plants can grow up 

much better in this well controlled environment. 

 

Keywords: Wireless Sensor Network, Plant factory, automated system 

 

1. INTRODUCTION  

 

Plant factory is a type of automatic cultivation systems which cultivate plants in 

an indoor environment with shelves, air-conditioning systems and LED lights. In such 

systems, all of the environment parameter such as temperature, humidity and 

illumination are artificially controlled. To avoid the damage brought by microorganism, 

soil-transmitted diseases and heavy mental pollution, plant factory uses artificial media 

and hydroponic systems instead of soil and streams in the cultivation process. 

Employing the concept of the plant factory not only reduces the diseases associated with 
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plants but also prevent overusing pesticides. Thus, in such an environment the plant 

production output is highly stable.  

Furthermore, a number of factors may influence plant growth, such as the 

temperature of plant surface, illumination, air flow, relative humidity and carbon 

dioxide density (M.P.N. Gent and Y-Z.Ma, 1998). In an artificially controlled plant 

factory, the cultivation is isolated from the natural environment, since all of the 

environmental parameters are managed by electronic equipment. Temperature 

influences all enzymes related to plant growth such as water potential, transpiration, 

photosynthesis, metabolism, so it is important to provide a proper environment for 

plants in their growing process. Plant factory uses artificial lights as the major source of 

illumination which seems to provide an ideal environment, but a large amount of 

accumulation of light may cause leaf scorch. Generally, an air-conditioning system is 

used to maintain a constant temperature in a plant factory, but the air conditioner is 

often placed too high to control the air-flow between cultivation layers. In this study, a 

wireless sensor network (WSN) was used to monitor environmental parameters and 

sensor nodes in the network. The sensor nodes were placed in different layers of a shelf 

to collect data, and the data was sent back to a central control center through wireless 

transmission. Moreover, a fan system combined with an automatic control module was 

added to control the temperature in the factory. The fan system produced air-flow to 

cool down the air temperature (Moureh and Flick, 2004), and the automatic control 

module received the command from the monitoring system to change the direction of 

fans. Through analyzing the temperature data of the whole shelf done by the control 

center and controlling the direction of fans in a real-time manner, it was expected that 

uneven temperature over the cultivation area could be reduced. In addition, this study 

measured the flash and dry weight of the Boston lettuce that grew in a cultivation shelf 

located in a plant factory to examine the relationship between lettuce growth and change 

in temperature. 

 

2. Related Works 

 

            In our previous work, we showed that plant factories with WSN-based 

environment monitoring and control system could reduce labor power required to 

operate the plant factories; it could preserve unnecessary energy consumptions, as well 

(Wu et al., 2008). According to the measurement results, we found that the temperature 

distribution in different level of the plant tray is inconsistent. The reason is that the 

distance between plant trays is too close and air exchange cannot take place. Therefore, 

the conditioned air cannot be evenly distributed, and it causes temperature differences in 

every cultivating areas of a single plant tray. This phenomenon also causes the lettuces 

in the same plant factory to grow at different rates (Chang et al., 2011). 
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(a) 

 
(b) 

Figure 1 Temperature distribution in the cultivation layer 

(a) contour surface and (b) contour map  (Yen-Wei Chang et al., 2011). 

 

3. MATERIALS AND METHODS 

 

Some studies have indicated that the growth of plants requires specific 

environmental parameters, such as the requirements on temperature, humidity, and 

illumination (Samara et al. 2009). Samara and Koutsoumanis, for example, argued that 

the proper growth temperature and carbon dioxide (CO2) concentration for Boston 

lettuce was around 20 °С and 1,200 ppm, respectively. In this paper, the experimental 

location was a vertical cultivation plant factory. The vertical cultivation plant factory 

included three cultivation shelves, as shown in figure 2, an air conditioner, a monitoring 

system that consisted of several sensor nodes and a gateway, and a smart fan system 

proposed by this study. The proposed smart fan system consisted of a control node, a 

fan, and a servo motor. The Octopus II was used in the proposed smart fan system as the 

control node (Sheu et al., 2008), which could produce the pulse-width 

modulation (PWM) signal. The PWM signal could let the servo motor to choose the 
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determined angle. After the gateway collected sensing data from the sensor nodes, 

including temperature, humidity, and illumination, the data was transmitted to an end-

server database through the Ethernet communication protocol. The next step for the 

monitoring system was to detect the heat points at the cultivation shelve.  

The environmental data was collected every 10 minutes. At the end of every 

round of data collection, the gateway would calculate the heat points at the cultivation 

shelf and transmit a packet that contained the locations of these heat points to the node 

in each smart fan. After receive the packets, the node would determine whether the 

locations were covered by them and then produce a correct PWM signal to make the 

servo motor turn to the right direction and turn on the fan in the servo system. The 

major purpose of the smart fan system was to decrease the standard deviation of the 

temperature distribution in the cultivation shelve. With the proposed fan system, a 

detected heat point would not last more than 10 minutes. 

The whole experiment lasted about 35 days. After 14 days of seeding, the 

seedlings of the lettuce were move to the cultivation shelve, as shown in figure 3. 

Seedlings with very similar appearances and sizes were selected  in the experiment. 

 

  

 
 

Figure 2 The proposed fan system and the experimental location 
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Figure 3 The lettuce and the proposed fan system 

 

4. RESEARCH RESULTS 

 

In figure 4, the results show that the temperature in the cultivation shelf  cooled 

down and the flash weight of lettuce increased because of employing the proposed fan 

system. The measured temperature was between 30 ℃ and 35 ℃, and the average flash 

weight was about 47.2g when the fan system  was not activated. The situation was 

greatly improved when the fan system was used. The temperature dropped to the range 

of 20 ℃ and 30 ℃, and the flash weight of the lettuce increased by 52.5%.  But the 

increase in the dry weight was not significant, as shown in figure 5. This is because the 

growth of the lettuce in terms of the flash weight may correlate with the water ratio in 

the lettuce, not with the dry weight of the lettuce. From the viewpoint of agricultural 

economy, an increase in the flash weight of the lettuce may also suggest an increase in 

the benefit brought by selling the lettuce. 

 

 
 

Figure 4 The relationship between the flash weight of the lettuce and temperature 
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Figure 5 The relationship between the dry weight of the lettuce and temperature 

 

 

5. CONCLUSIONS AND FUTURE WORKS 

 

By using this proposed automated fan system, the variation of temperature was 

significantly reduced because the air flow rate increased, and the system eventually 

helped cool off the air. The experimental results also indicated that plants could grow up 

much better in this well controlled environment.  

In our future studies, this smart fan system will be applied to large-scale cultivation 

systems, since plant factories require very precise control and a stable environment. 
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ABSTRACT 

 

A practical bottleneck for efficient use of irrigation water is the proper use of irrigation 

controllers. These devices undertake the automated execution of irrigation schedules but 

need to be programmed periodically to adapt to weather conditions and crop 

development. In this context, the Irrigation Expert Simulator (IES) is a web-platform for 

training farmers and technicians in using irrigation controllers and promoting the 

adoption of good irrigation practices. With this tool, they can define very particular 

irrigation scenarios, propose irrigation strategies for them and see how their proposals 

compare with those of an expert. The tool is backed by an expert system that uses a 

collection of irrigation examples to provide recommendations and simulations of how a 

given irrigation regime would perform. The tool will be accessible from RuralCat 

(www.ruralcat.net), the portal for the agricultural sector in Catalonia. 
 

Keywords: Irrigation scheduling, expert-system, irrigation controller, e-learning, 

Catalonia. 

 

1. INTRODUCTION  

 

Efficient use of irrigation implies delivering the optimum amount of water depending 

on weather conditions, the state of the crop and the particular limitations and productive 

goals of each farm. In practice, irrigation uses to be automated with irrigation 

controllers, a type of electronic device that coordinates hydraulic parts, such as valves 

and pumps, in the execution of the schedules programmed by farmers or technicians. In 

this context, the main bottleneck for efficient irrigation appears to be the customization 

of irrigation schedules to particular cases and their update when weather or crop 

conditions change.  

To deal with this problem, the project Irrigation Expert Simulator (IES) is developing a 

web-platform for practicing irrigation scheduling with the aims of improving the skills 

of farmers in programming their irrigation controllers and promoting the adoption of 

good irrigation practices. The final goal is to reduce the gap between the state of art in 

mailto:jaume.casadesus@irta.cat
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science and technology around irrigation and the common practices in farms. The idea 

is to use a methodology based on an Expert System to make available the knowledge 

accumulated by experts in the irrigation domain. 

 

2. DESIGN OF THE TOOL 

 

The IES platform is a learning tool addressed to any type of professional or student who 

wants to improve his/her skills in scheduling irrigation. It allows to define very specific 

cases of study and to ask how to irrigate them with a virtual irrigation controller. Then, 

the irrigation schedules proposed by students are evaluated by comparing their 

simulated performance with that of the irrigation recommended by an expert. Two 

internal tools act behind the scenes to undertake those tasks. The Expert Scheduler 

emulates a human expert on irrigation and produces tailored recommendations. The 

Virtual Crop simulates the effect of a given irrigation regime on the crop water balance 

and the development of yield. Both of them are supported by an Experience Database 

composed of a collection of good irrigation examples validated by experts. The 

workflow of IES is illustrated in Figure 1. 

 

 
 

Figure 1. Overview of the main IES workflow. 

 

First the student characterizes a new case of study by describing the properties of the 

crop, the irrigation setup, the soil and meteorological conditions. Once the case of study 
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has been defined, the platform looks in the Experience Data Base for the most similar 

documented example, to do so; it uses an approach of instance-based learning (IBL) for 

finding the example that better suits for a specific case of study (Figure 2). Basically, 

this consists of finding the documented example most similar to the case of study. In 

general, applications of IBL consist of classifying problems in order to obtain a closer 

solution to the problem. This is exactly the usage of IBL in IES project: the Expert 

Scheduler searches the Knowledge Base for a similar example –in terms of crop, 

irrigation method, water allocation, etc. - from which it derives the irrigation strategy to 

follow. Later, the irrigation strategy applied in the example is slightly adapted to the 

details of the case of study and is used as the basis for the recommendations and 

simulations by IES. 

 

 
Figure 2. Search and adaptation of the nearest example 

 

Second, the student is asked to irrigate the case of study (Figure 3). To do so, he/she has 

to fill in a form where to specify the timing and doses to apply during a certain period 

within the irrigation season. Then, the Expert Scheduler produces its recommended 

schedules for that period and the Virtual Crop simulates both, the schedules specified by 

the student and those recommended by the expert. Next, the tool shows the outputs of 

the simulation and the student shall propose the irrigation for a further period, iterating 

in this way until the end of the irrigation season. 
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Figure 3. Loop of scheduling and simulation. 

 

The form where the student specifies his/her proposal of irrigation emulates the 

interface of a typical irrigation controller and it is complemented with panels providing 

useful information. Among these are historical weather data, reference data for that crop 

and the most significant traits of the study case. The outputs of the simulations are also 

shown, which should help the student appreciate how he/she may improve his/her 

practices. 

The workflow for evaluating the irrigation schedules proposed by the student is shown 

in Figure 4. IES simulates in parallel both the schedules specified by the student and 

those proposed by the expert. In the case of the Expert Scheduler, the estimation of 

irrigation needs are based on the adapted example and refined with feedback from the 

simulation. 
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Figure 4. Workflow of the simulations for evaluating the performance of the irrigation 

schedules proposed by the student. 

 

3.  RESULTS / CONCLUSIONS 

 

The IES platform offers farmers and technicians the opportunity for practicing and 

analysing the impact of different scheduling practices on the expected yield and water 

productivity of a particular plot. With this tool, farmers and technicians can learn to 

apply more efficient irrigation strategies and program their irrigation controllers as 

would do an expert. 

The expert system behind IES, based on instance-based learning, allows a great 

simplification of the algorithms required for producing case-specific recommendations 

and for simulating the performance of different irrigation regimes.  
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ABSTRACT 
 
At the parcel scale, crop models such as STICS are powerful tools to study the effects of 
variable inputs such as management practices (e.g. nitrogen (N) fertilization). In 
combination with a weather generator, we propose a general methodology that allows 
studying the yield variability linked to climate uncertainty, in order to assess the best 
practices in applying fertilizers. Our study highlights that, using the usual practice of 
Belgian farmers, namely applying three doses of 60kgN/ha, the yield’s distribution 
presents the highest degree of asymmetry. This implies the highest probability to 
achieve yields superior to the mean. The computed return time of expected yield shows 
that 9 years out of 10, a grain yield of 7.26 tons.ha-1 could at least be achieved. 
 
Keywords: Crop model, STICS, Yield prediction, Climate variability, N management, 
Probability risk assessment, Belgium. 
 

1. INTRODUCTION  
 
Within a context of continued pressure on agricultural land and of food insecurity, crop 
models are powerful tools to study the effects of variable inputs such as management 
practices, agro-environmental conditions, and weather events on harvestable organs.  
This explains why they are more and more often used to support the decision making 
process and planning in agriculture (Basso et al., 2011; Ewert et al., 2011). 
 
A wide variety of methods have been applied to estimate the form of the yield 
probability distributions. Day (1965) has studied the effects of different nitrogen (N) 
rates on different crop species, like oat or maize. He concluded that (i) crop probability 
distributions are in general non-normal and non-lognormal and that (ii ) the asymmetry 
and flattening of yield distributions depended upon the specific crop and the amount of 
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available nutrients. More recently, other researchers came to the same conclusions (Just 
and Weninger, 1999; Hennessy, 2011; Du et al., 2012). 
 
In particular field of nitrogen’s management, the complexity of decision making is 
linked to the non-knowledge of future weather conditions. As performed by Basso et al. 
(2011; 2012), a feasible approach to cope with such uncertainty is to study the model’s 
response as a cumulative probability under different monitored past climate scenarios. 
 
However, a methodologically even more consistent approach is to use a stochastic 
weather generator to study the effects of climatic variability on crop answer, instead of 
historical climate data, which often are not numerous (Semenov and Porter, 1995; 
Lawless and Semenov, 2005). 
 
In this paper, we propose to use a database of stochastically generated climates, which 
ensures the exploration of the most advantageous and disadvantageous climatic 
conditions, in combination with different nitrogen management’s strategies, in order to 
assess the expected yield distributions. The methodology is extended in order to 
compute the site-specific expected yields and to assess the return time of expected 
yields for farmers. 
 

2.  MATERIAL AND METHODS 
 

2.1 Nitrogen management strategies 
 
In Belgium nowadays, the farmers’ practice consists in applying a total dose of 180 
kgN/ha (or uN) in three equal fractions, respectively at tillering, redress and last-leaf 
stages (respectively Zadoks stages 23, 29 and 30). This practice will be used as 
reference. It will be compared to different overall levels of N fertilization, ranging from 
0 to 300 kgN/ha (3×100 kgN/ha), also applied in three equivalent fractions, at tillering, 
redress and last-leaf stages, (Table 1). 
 
To simplify the simulation process, as first assumption, the same management 
techniques were applied to each simulation in terms of sowing and of fertilization dates. 
 

Table 1. Fertilisation rate for the different N strategies 
Fertilisation level (in kg N/ha) 

Treatment Tillering Redress Last leaf Total 
# Z23 Z29 Z30  

T1 0 0 0 0 
T2 10 10 10 30 
T3 20 20 20 60 
... ... ... ... ... 

T11 100 100 100 300 
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2.2 The Pearson system and coefficients 
 
Pearson developed an alternative system of probability density functions, that takes a 
wide variety of forms (Day, 1965). In this paper, we focus on the type I distribution, for 
which random variable has a finite range (Eq. 1).  
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 α1 and α2 are the boundaries of the distribution and γ1 and γ2 are the coefficients of 
shape.  
 
2.3 Original weather database and climate variability 
 
Provided that the agroenvironmental input data used to calibrate the model are 
representative enough to ensure robustness, a crop model could give satisfactory 
responses in presence of any other weather events. In this study, a 30-years (1980-2010) 
weather database (Ernage station, Belgium) located 4 km from the experimental site 
was available.  
 
This database was thus analyzed with the LARS-WG (Semenov and Barrow, 2002; 
Lawless and Semenov, 2005) to compute the set of parameters representing the 
experimental site. These characteristic values were then used to generate an ensemble of 
stochastic synthetic weather time-series representative of the climate conditions in the 
area. A climate database ensemble of 300 years was derived to ensure a stability of the 
simulated mean yield (Lawless and Semenov, 2005). The so-created ensemble of 
synthetic weather time-series was used as input of the crop model STICS. 
 
2.4 Crop model 
 
The soil-crop model STICS (INRA, France) was used in this study. A wide literature 
can be found concerning the STICS model formalisms and the way it simulates the 
yields (Brisson et al., 2003; Brisson et al., 2009). The STICS model requires daily 
weather climatic inputs, namely minimum and maximum temperatures, total radiation, 
wind speed, vapor pressure and total rainfall.  
 
The STICS model parameterisation, involving calibration and validation, was 
performed on the three years database presented here beneath, using inverse modelling 
techniques (Vrugt et al., 2009). The contrasted years, in terms of climate and yields, 
were used to parameterize the crop water and thermal stresses dependence. 
 
2.5 Case study 
 
The data were acquired during field experiments carried out to measure a winter wheat 
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crop’s response (Triticum aestivum L., cultivar Julius) in the Belgian temperate climate 
in the Hesbaye Region (loamy soil conditions), in presence of  different nitrogen 
fertilization levels ranging from zero to 240 kgN/ha. Reference measurements of 
biomass growth (LAI, total biomass and grain yield) were regularly performed, while 
continuous environmental measurements (climatic data and soil moisture) were 
acquired over the growing seasons. 
 
Up to now, three successive years with highly contrasted weathers were monitored. 
During the season 2008-2009, yields were quite high and close to the optimum of the 
cultivar. This is mainly explained by the good weather conditions and the sufficient 
nitrogen nutrition level. The seasons 2009-2010 and 2010-2011 were known to induce 
deep water stresses and were characterized by important yield losses. During last both 
seasons, the water deficits did not appear at the same crop stages. 
 

3. RESULTS AND DISCUSSIONS  
 
3.1 Simulation of yield response to N practices 
 
Figure 1 provides an insight of the results obtained at the end of the simulations 
conducted using 300 stochastic climate scenarios, with a 60-60-60 kgN/ha strategy 
(treatment T7). The cumulative distribution function (CDF) and the probability density 
function (PDF) are presented. The Type-I distribution appeared well suited to represent 
the model behavior resulting from a high number of stochastic climatic realizations. 
 
3.2 Probability risk assessment 
 
Figure 2 provides the modeled grain yield as a function of nitrogen fertilization and 
cumulative probability density function (CDF). The surface was drawn using the 
adjusted values of the Type-I distribution. The characteristics values, namely the mean, 
the median and the mode of each distribution were numerical derived and overlaid on 
the response surface. 
 
The representation of the grain yield in this novel form was quite seductive, since it 
allowed extrapolating the model’s answer from one treatment to another. The 
so-obtained curve can be seen as the site-specific N identity card of the studied crop, 
under the soil and climatic conditions characteristics of the area.  
 
Under this form one could clearly see the evolution of the distributions from Gaussian 
shapes at low N strategies (0-0-0 and 10-10-10 kgN.ha-1 protocols) towards asymmetric 
shapes in presence of higher N inputs.  
 
Under low N strategies the mode, the median and the mean were confounded, while 
they diverged with increasing nitrogen fertilization dose. With N increase, the mean 
yield was always the lowest value, yields corresponding respectively to the median and 
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the mode progressively moved away from the mean. The mode of the distribution was 
always the highest value out the three characteristics. At high nitrogen doses, the 
distance between the mode and the median was always superior to the difference 
between the median and the mean. These observations were true whatever the used 
strategy which consisted in splitting the total dose in two or three fractions. 
 

 

Figure 1. Cumulative distribution function (CDF) (left) and probability density function 
(PDF) (right) of grain yield corresponding to a '60-60-60' kgN/ha treatment (T7). 

Comparison of the numerical-experimental results (grey data) and the computed Type I 
distribution (black results). The vertical black line represents the mean of the 
distribution. On left graph, percentile 50 % (solid horizontal thick black line). 

 
Figure 1 : Grain yield as a function of N fertilisation management and cumulative 

probability density function (CDF) drawn out of 300 synthetic climates. The dotted 
circled (-o-) line represents the mode distribution. The dotted starry (-*-) line represents 

the mean and the solid squared (-□-) line represents the median of the distribution. 
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3.3 Return time of yields 
 
What really interests the farmer is to know how often the minimum expected yield will 
be achieved. On basis of the methodology, the different nitrogen strategies were thus 
analyzed in terms of yield associated with a given return time, e.g. by calculating the 
yield obtained 9 years out of 10 (Table 2). 
 
The characteristic values of return time were easily obtained by computing the yield 
associated with a given probability of occurrence (Fig. 1 and 2); e.g. a probability of 
0.75 corresponded to a yield achieved 3 years out of 4. In this paper, the focus was put 
on three characteristic return times, computing the yields achieved at least 1 year out of 
2, 3 years out of 4 and 9 years out of 10. Obviously, the lower yields were achieved at 
the highest return time. 
 
With the usual practice of the farmers (T7), 9 years out of 10, the grain yield would at 
least achieve 7.26 tons/ha, while 1 year out of 2, the expected yield should be at least of 
11 tons/ha. 
 
Table 1 : Yields (t/ha) associated with a given return time, respectively 1 year out of 2 

(p= 0.50), 3 years out of 4 (p=0.75) and 9 years out of 10 (p=0.90). 
T# T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 

p=0.50 4.19 5.41 6.65 7.91 9.09 10.1 11.0 11.7 12.2 12.6 12.9 
p=0.75 3.56 4.61 5.65 6.70 7.63 8.48 9.21 9.71 10.1 10.4 10.6 
p=0.90 3.00 3.83 4.65 5.44 6.11 6.78 7.26 7.63 7.81 8.13 8.27 

 
4. CONCLUSIONS 

 
This research aims to demonstrate the importance of a sound theoretical and statistical 
basis when the optimal nitrogen management practice needs to be highlighted.  
 
The Type-I Pearson distribution was used to analysed and extrapolate the yield of wheat 
simulated by the crop model STICS coupled to a climate database ensemble of 300 
years. Using this method, the effect on the yield of different nitrogen practices has been 
investigated and the risk for farmers has been quantified. 
 
Overall, the proposed methodology allowed representing as a 3D surface the expected 
yield of a crop in function of the nitrogen dose and the probability density function. 
This was done in specific agro-environmental conditions corresponding to the cultivated 
area. The method was easily extended to compute the return time of expected yield. 
 
In front of the results, the method has a real potential to stand as basis to develop 
decision support tools to improve the decision making process. This research could thus 
be used to develop alternative management strategies in order to optimize the 
economical nitrogen use efficiency. 
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ABSTRACT 

 
This paper describes a novel monitoring system designed for orchid greenhouses. The 
proposed system provides important information on environment parameters related to 
orchid growth, such as temperature, humidity, and illumination. Based on wireless 
sensor networks (WSNs) the proposed system can monitor orchid greenhouses with 
high continuity and high frequency. With these benefits, the proposed system can 
discover the unbalance in temperature and humidity in a greenhouse. Through this 
system, orchid will grow in a well-controlled environment and the quality of orchid will 
increase. A dynamic routing and localization algorithm is also implemented in this 
system to manage a large amount of mobile sensor nodes to increase system robustness 
and scalability, and the lifetime of the proposed system is extended. 
 
Keywords:   Dynamic routing; Greenhouse monitoring; WSN 
 

1. INTRODUCTION  
 
Orchid is an important plant with high economic value in Taiwan. It has to be grown in 
a restricted environment where temperature, humidity, illumination are all under control. 
[1-2]. Improper control of these environmental conditions may lead to the decline of 
orchid production and huge economic loss. In the past, only a small amount of 
environmental sensors were generally used in greenhouse monitoring.  The variation in 
environmental conditions may not be detected by traditional monitoring methods that 
employ a small number of sensors, causing the quality reduction of orchid when it 
grows. These monitoring methods are not suitable for large-scale greenhouse 
monitoring. Another challenge for large-scale greenhouse monitoring is that greenhouse 
benches are movable, so it is hard to monitor these benches. To overcome the problems 
mentioned above, this study proposed an automatic monitoring system based on the 
WSN for monitoring the growth environment of orchid. This paper deployed a WSN in 
greenhouse [3-7]. The WSN technology enabled space continuity, time continuity and 
high frequency monitoring [8-11]. With these benefits, orchid greenhouses can be more 
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effectively monitored. Furthermore, a dynamic routing algorithm was designed to 
manage the WSN to increase system robustness and scalability. The proposed system 
also included a user-friendly interface that allowed users to visualize environmental 
information. The interface provided information about temperature, humidity, sensor 
localization and network topology. The remainder of this paper is organized as follows. 
Section II discusses the architecture of the ICT greenhouse monitoring system; this 
section focuses on the components of the proposed system. Section III introduces an 
algorithm designed for the proposed system in detail. The experimental methods and 
results that verify the effectives of the proposed monitoring system will discuss in 
section IV. The section V concludes this study, and future work is also provided at the 
end of this paper. 
 

2. ARCHITECTURE OF AUTOMATIC  ORCHID MONITORING 
SYSTEM  

In this section, the architecture of the proposed monitoring system is introduced in 
detail. The overview of the proposed system is shown in Fig. 1. The system was divided 
into three layers, including the sensing layer, the data transmission layer, and the 
application layer. In the following, we will introduce the main characteristics of each 
layer. 
 

 
Figure 1. The architecture of automatic orchid monitoring system  

 
2.1 Sensing layer 
According to Fig. 1, the sensing layer is the frontend side of the automatic orchid 
monitoring system. It consisted of a large number of wireless sensor nodes, and each 
sensor node had sensing and communication abilities. The sensor nodes used in this 
study was the Octopus II developed by National Tsing Hua University. The MCU of the 
octopus II was MSP 430 made by the TI company. It allowed the Octopus II to have 
great computing capability for dealing with data. In this study, two kinds of sensor 
nodes were designed, including anchor nodes and target nodes. The configuration of 
these nodes is shown in Fig. 2. Anchor nodes provided not only environmental data but 
also localization information of target nodes. Anchor nodes were immovable, because 
they were placed on greenhouse beams in a real environment. Target nodes were placed 
on movable benches to monitor the growth environment of orchid more precisely. 
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Figure 2. (a) Anchor nodes were placed on the greenhouse beams; (b) Target nodes 

were placed on the movable benches   
 
2.2 Data transmission layer 
As shown in the middle part of the architecture of the entire monitoring system in Fig. 1, 
the data transmission layer was used to transmit all sensing data to a backend server. 
The Gateway, a data aggregation device, was the core in controlling sensor nodes and 
collecting the sensing data. The sensing data included environmental information, such 
as temperature, relative humidity, and illumination. All of the collected data was sent to 
the backend server. Furthermore, the Beagleboard-xM embedded board designed by the 
Beagleboard company [12] was adopted in this study. Due to its energy-efficient feature, 
the ARM-based embedded system was widely utilized to develop many tiny devices 
such as mobile phones, printers, and watches. The CPU of the Beagleboard-xM had 
1GHz process ability, enough for the gateway to conduct greenhouse monitoring. The 
Beagleboard-xM had a voltage protection mechanism; this mechanism could prevent 
the embedded system from overvoltage. In addition, the BeagleBorad-xM had a number 
of I/O interfaces, including high-speed universal serial bus (USB) ports and an on-board 
four-port USB hub with 10/100 Mbps Ethernet. With these advantages, the 
Beagleboard-xM was suitable for long-term environmental monitoring. 

 
2.3 Application layer 
As shown in Fig. 1, the application layer is the top part of the entire monitoring system.  
This layer provided different applications for users. Website applications, for example, 
offered a Graphical User Interface (GUI) for users to access to the monitoring data 
collected from the orchid greenhouse, as shown in Fig. 3. The GUI had two functions; 
one was real-time data query and the other was long-term statistics. The function of 
real-time data query allowed users to inquire most up-dated monitoring data. Long-term 
statistics function provided visualized history data, and users could take proper action 
based on the results of statistics.  
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Figure 3. Website applications: different GUIs provided by the monitoring system 

 
3. SOFTWARE DESIGN OF THE PROPOSED SYSTEM 

3.1 Dynamic routing and localization algorithms 
A dynamic routing and localization algorithm and an intelligent Machine-to-Machine 
(M2M) mechanism were designed for each sensor node in this study. The distributed 
routing and localization algorithms were used to improve the robustness and scalability 
for the dynamically formed WSN in greenhouse monitoring. The flowchart of the two 
algorithms is shown in Fig. 4. Beginning with the dynamic routing plan phase, every 
node got its own hop number through a flooding technique. Each node was aware of a 
relative distance between itself and the gateway. Then each node would collect the 
environmental data and enter the localization phase. In the localization phase, the target 
node completed a localization task based on the value of received signal strength 
indication (RSSI). After the localization phase ended, the phase of flexible time-slot 
planning began. Time slot allocation is crucial for WSN-based systems to arrange work 
schedules for all sensor nodes. 

 

 
Figure 4. Flowchart of the dynamic routing and localization algorithm 
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3.2 The intelligent M2M mechanism 
The intelligent M2M mechanism allowed each node on a movable bench to 
communicate with actuators. Table.1 shows every type of command packages between 
the node and the actuators. In this paper, four actuators were designed for automatically 
controlling the growth environment of orchid including a lighting system, an irrigating 
system, a camera module, and a rotatable fan module. The Lighting system was 
activated when the node on the movable benches detected insufficient illumination. The 
irrigator system was triggered if the relative humidity was lower than a predefined 
threshold. The camera module was triggered to take pictures of orchid when users 
would like to know the orchid growth status immediately. The rotatable fan module was 
designed for cooling down the temperature in the greenhouse when the temperature was 
too high. The rotatable fan module could track a heat source. When a hot spot was 
detected, the nearby rotatable fan module was responsible for cooling down the 
temperature. 

 
Table 1. Command types of the M2M communication mechanism 

Command type Function 
0x70 Go to the light deficit area and turn the light on 
0x60 Leave the light deficit area and turn the light off 
0x71 Go to the irrigation area and turn the irrigator on 
0x61 Leave the irrigation area and turn the irrigator off 
0x72 Go to the camera area  
0x62 Leave the camera area  
0x87 Taking an picture immediately 

 
4.  SYSTEM VERIFICATION 

To verify the proposed system, the proposed system was deployed in at real automated 
greenhouse. The temperature and humidity distributions in the greenhouse were 
reconstructed. To verify the effectiveness of the dynamic routing algorithm and the 
intelligent M2M mechanism used to connect the nodes on the movable benches and 
actuators, a series of simulations and experiments done in a real greenhouse were 
conducted.  
 
4.1 Temperature and humidity distribution reconstruction 
The proposed monitoring system was deployed in an automated orchid greenhouse in 
Chia-Yi city located at the southern Taiwan. The greenhouse occupied an area of 24 m 
× 72 m × 10 m. The system consisted of 25 sensor nodes; 10 were anchor nodes and 15 
were target nodes. The anchor nodes were scattered to cover the whole greenhouse. The 
layout of the experimental environment is shown in Fig. 5(a). Every sensor node 
collected sensing data every 10 minutes. Fig. 5(b) shows a sample of temperature and 
humidity distribution in the greenhouse. Users can easily find out the variations in 
temperature and humidity. 
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Figure 5. (a) The layout of the deployed sensor nodes and gateway; (b) a sample of 

temperature distribution and (c) a sample of humidity distribution 
 
4.2 Dynamic routing and real-time localization algorithms 
 A number of mobile cars equipped with sensor nodes were used for simulating 
movable benches in a real greenhouse. The layout of the mobile cars, the actuators, and 
the experimental site is shown in Fig. 6. Moreover, a GUI was designed to display the 
topology of the dynamic routing and real-time localization every 6 seconds, as shown in 
Fig. 6. The blue dots in the figure represent the locations of the anchor nodes, and the 
yellow dots represent the estimated locations of the mobile cars along the rail (grey 
dashed line).  

 

 
Figure 6. A simulation of the movement of practical benches in an orchid greenhouse, 

(a) overall topology; (b) the estimated locations of the mobile cars 
 

4.3 The intelligence M2M communication mechanism 
A GUI was designed for showing the interaction between the mobile cars. The layout of 
the M2M interaction interface is shown in Fig. 7, the left side of the GUI is an instant 
photograph taken by camera modules when a mobile car receives the command. The 
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photographs were saved into a database to record the trend of orchid growth. The right 
side of the GUI is the M2M interaction view. When a mobile car detected any deficit in 
lighting or humidity, it would trigger the corresponding actuator to compensate the 
deficit (e.g. a mobile car would trigger the irrigator when the humidity was too low). 
The interaction between mobile cars and actuators would be shown on the M2M view.  

 

 
Figure 7. An example of instant photographs and the M2M interaction interface 

 
5.  CONCLUSION 

This paper proposed a novel automatic monitoring system based on the WSN 
technology for orchid greenhouse monitoring. Through this system, orchid grew in a 
well-controlled environment. A dynamic routing and localization algorithm was also 
implemented in this system to manage a large amount of mobile sensor nodes to 
increase system robustness and scalability, so the lifetime of the proposed system could 
be extended. Furthermore, an intelligence M2M communication mechanism was 
designed and implemented in an experiment field. Through the proposed mechanism, 
mobile sensor nodes could communicate with each other more efficiently, and the 
mobile sensor nodes could communicate with surrounding actuators when needed. 
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Abstract
knowledge protected agricultural in soil sterilization area and determining the

relation between the level of knowledge of vegetables farmers protection agricultural
and each of independent factors , age ,agricultural experience , briefing of information
sources ,participation in agricultural cycles ,number of green houses .In addition on
diagnosis the important soil sterilization for vegetables crop .Protected agricultural in
increasing production .The middle provinces were chosen to conduct this research, the
ratio of %50 was taken from the following provinces(Baghdad , Babylon , Dayla ,
Karbala and Nagif ) stratified proportion random sample was chosen from each
province with %11 from vegetable farmers ; the sample value reach (65) farmers . the
measurement included (21)items to measure the level knowledge of vegetables
farmers.
The test included three areas , soil sun sterilization , soil evaporation sterilization ,and
soil sterilization comical ; the research show of The research was amide , cognitive
the level of vegetables farmers that was low knowledge level for vegetables farmers
in soil sterilization area and that was relation between knowledge level of farmers
with all independent variables , there search recommended that it is very important to
increase the knowledge of vegetables farmers during participation in extension
training specialist in soil sterilization area in addition to using extension activities that
relation in soil sterilization .
Keywords: Knowledge , protection agriculture ,soil sterilization.

Introduction  and problem of the research
vegetables crops plantation under the conditions of protected

agriculture is one of agriculture techniques used in most of world
countries including Arab countries to satisfy the consumers needs of
this foods (2008 : 1) . Vegetables are considered one of the crops
planted in foodstuffs such as tomato paste , jams , pickle etc and it
needs to several techniques to succeed in these conditions such as
sterilization ,irrigation ,fertilization disinfection harvesting and
others(2000 : 2) .
Soil sterilization are fundamental process which prevent plants
deceases and insects to all agricultural land in open farm or protected
planting sooner or later(2002 : 3) In predicted planting its damages
increases specially in plating one crop (2002 : 4) In Iraq soil there are a
lot of epidemics such as fun gals of fuse run  and plants nematode of
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roots needs as well as bacterial of insects epidemics or bushes it contain
flowers plants and seed of harm grasses (2000 : 5) All these epidemics
make real threat for vegetables crops in protected  plantation specially
when its not fought by modern methods (1995 : 6) .
Soil sterilization for vegetables under protected conditions is useful
method to terminate various plan epidemics in protected planting soils .
there are three methods in which the sterilization by farmers : solar ,
chemical , evaporation (2001 : 7).Use and of them depends on farmer
knowledge (2000 : 8) soil or sterilization is the simplest method also its
cost is little ,evaporation use vapor through pipes of this process (2000 :
9) Methyl brome gas is the most affiant in chemical sterilization (1999
: 10)use of any method do pen's on extension by programs and
activities .
A (though the importance of soil but it  does not find care or concern
from concerned responsible and little concern of farmers under
protected conditions this research answers the following questions ) .
1. what is the level of knowledge of vegetables farmers in condition of

protected in sterilization of soil in general .
2. what is the relation on between  farmers knowledge is protester

fawning conditions and the following elements (age ,agriculture,
experience ,expos to information resources ,agriculture courses and
no. green houses)

3. what is the level of importance of soil sterilization of vegetables
under protected planting conditions production.

Research objectives
1. Identify the level  oh vegetable farmers under protected

condition in soil sterilization .
2. determine the relation between level of vegetable farmers under

protected planting conditions and each of the following
elements , age , agricultural experience , expose to in formation
participate in agricultural training and the no of green houses .

3. Identify the importance of making types of soil sterilization of
vegetable crops under conditions of protected in increase of
protectively .

Materials and Methods of Research
1. the research methodology:- use of field surfing method which

locate within methodology of description to achieve of this
research and each is considered  suitable for obtain the data(1) .
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2. Research Zone:-Includes middles governorate to make the
research ( Baghdad , Diyala , salahedeen ,Anbar ,Babylon ,
Karbala ,Najif ,Wasit ,Muthana ,Qaddessia ) random sample
%50 of governorate for 5 governorate (Baghdad, Babylon ,
Diyala , Karbala , Najif )(2009: 11).

3. Society and sample Reseach:- Including vegetable farmers for
use in plating under protected conditions the are 80 farms .
proportional random sample %11 were chosen %11 with 65
individual as in table (1).

Table 1: distribution research sample

Governorate Gross N

1-Baghdad
2-Babel
3-Diyala
4-Korbala
5-Najf

130
108
96

124
122

14
12
11
14
14

580 65
4. Biding of knowledge :-making knowledge scale passed through

two stages :-
1- first stage
A- test was made including 21 test article distributed on 4 fields

:soil sterilization in general ,solar sterilization , chemical
sterilization , sterilization by evaporation and table (2) explain
that .

Table2:distribution of scale articles on  sterilization field
Field Number articles

1-soil sterilization in general
2-solar sterilization
3-chemical sterilization
4-sterilization by evaporation

6
5
5
5

21

B- the test articles were made by retiring to experts opinions and
liter are concerning soil sterilization .

Second stage
Depend on method of choose one correct substitute among three

substitutions and its weights (0 , 1) degree for correct answer and zero
for wrong answer measure the level of importance of knowledge and
independent element .
1. Measuring of the level of knowledge:- importance in soil

sterilization through fifty scale contains the following levels :very
important , middle important , little important unimportant , and the
following weights (0 , 1 , 2 , 3 , 4) on consequence .
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2. Measure Independent
A. Age , measured by years .
B. Agricultural experience by years .
C. Expose to information resource , measure by quarter measure

including the following levels always , sometimes , rare , not
exposed , the following weights (0 , 1 , 2 , 3 ) degrees .

D. Participate in training courses concerted soil sterilization. the
participation measure yes , No and weights (0 , 1 ) .

E. Number by green houses , measure by number of houses of the
farmer .

Data collecting Instrument
Questionnaire , the data were collected from vegetables farmers in

protected planting conditions throng questionnaire made for this
purpose by the researcher .
Scale validity

Truth test was through introduce it after complete measure tool to a
group of experts in agriculture extension to measure truth of external
appearance and to soil and forming experts to measure contain truth
(2).
Per – Test

Primary test was made in April 2009 a sample of 12 subjects taken
from the farmers from test group and from control farmers .
The correctness and consisting of test scale test(2004 : 12) by use of
half derision method . scale of exposure to information resource and
importance of knowledge level Cronbach Alpha scale was used , table
(3) explain that .

Table 3 : The correctness and consisting
Scale consisting correctness

1-level Knowledge
2- level exposure
3- level importance

0.78
0.82
0.75

0.88
0.90
0.86

Data Collecting
The data were collected an ring the period from 26/6 – 28/6 /2009
through personal interview .
Static's Methods(2000 : 13)

Frequencies ,percentage ,simple collaboration ,mathematical
medium standard deviation ,firkin bank equation .
Discussion
First : Identity  the level of knowledge for vegetable farmers under
protected condition .
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It appear farm the results that the highest digital value was 13
degree and less degree was (4) with mathematical medium (9.24) with
standard deviation(2) , table (4) explain that .

Table 4 : the distribution of subject according to farmers knowledge
Factions

Knowledge Number % -
X S.d

1-Low (4 -7)
2-Medial (8 - 10)
3- bag (11 -13)

10
37
18

15.3
57

27.7
9.24 2

65 100
Table above indicate that the highest rate for vegetables farmers

was 57% at (8 – 10 ) degrees and less was 15.3% at (4 - 7) degrees .
this indices equation of farmers knowledge in sterilization in general
which is due to less farmers –how on resources that explain the
important a of sterilization on process as will as little participation of
vegetables farmers in training courses in sterilization process .
two : determine the relation between level of vegetable farmers under
protected planting conditions and each of the following elements , age ,
agricultural experience , expose to in formation participate in
agricultural training and the no of green houses .

1. Age
The results indicate that the highest age of subject was 71 years and
less age was 16 years as in table(5) and we conclude that the highest
rate for the subjects was on (28 - 38)years represents 37% . It appears
from the results that the more age of subject the much he knowledge
in agriculture .
To know if there is a collaborative relation between age of the
subjects and their knowledge in sterilization Pearson coiffeuse 0.72
this indicate positive collaborative relation between the two variables
on importance level 0.01 .
2. Agricultural experience
The results indicate that the highest experience of the subjects in
vegetables planting was 39 years and less experience was 3 years in
mathematical medium 11.96 , standard deviation , 6.2 years .
we conclude from table (5)that  the highest rate of subject was (3 -
15)years group 72.3% and less rate at 28 – 39 on 4.6% . It appease
from the results that the more experience years of subject , much he
knowledge in soil sterilization .
To know if there is collaborative relation between agriculture
experience of the subjects and their knowledge in sterilization
Pearson simple collaboration 0.73 and that indicate appositive
collaborative relation between the two variable 0.01 .
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3. Expose  to in formation resources
The results appear that the highest value of exposing level to
information resources was 14 degrees and high was 5 degrees with
mathematical middle 8.32 degrees standard deviation 3.4 degrees .
We conclude that the high rate of the subjects was on group 6 – 10
degrees 46.1%  and less rate was on 11-14 group . that mean the high
resources expose to the subject the more he knowledge in protected
planting to know if there is collaboration relation between exposure
for information resources and knowledge of the farmer ,Pearson
simple coiffeuses 0.75 . that means positive collaboration relation
between the two variables on 0.01 .
4. participation in training courses

the results show that the value express on farmers participation in
training courses is one degree and nonparticipation is zero as in table
(5)
we conclude from table (5) that 6,2% from investigate farmers were not
participated in training course specialized in soil sterilization before
planting in vegetable farming in 30.8% which means that the high
majority of farmers were not participated in any training courses in soil
sterilization .

to know if there is collaborative relation between farmers
participation in training courses and their knowledge levels spearman
simple collaboration 0.68 which indicate positive collaborative
relation between the two variables on 0.01
5. Number of green house
The research finds that the high value shows green houses Owen by
formers were 56 and the less was two houses in mathematical
medium 10.8 house and standard deviation 4.2 degree as in table (5) .
We conclude from table (5)that the high rate of the subject was at
group 21-38 in 16.9 and less rate was at 39 – 56 group in 6.2% . that
indicate that the majority of farmers Owen little houses that affect
their knowledge in soil sterilization to know if there is collaborative
relation between green house Owen by subjects and their knowledge
Pearson simple coiffeuses it value was 0.81 . that indicate there is
positive collaborative relation between the two variable on 0.01 .

Table 5 :distribution to the subjects according to indecent  element.

Indecent element Factions Number % /
Level

importance
-
X

S.d

1-Age

16 - 27
28 - 38
39 - 49
50 - 60

7
24
17
11

10.7
37

26.1
17

0.72 **
42.52

12.26
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61 - 71 6 9.2

2-Agricultural
experience

3 - 15
16 -27
28 - 39

47
15
3

72.3
23.1
4.6

0.73 ** 11.96 6.2

3-Expose  to in
formation resources

0 - 5
6 - 10

11 - 14

18
30
17

27.7
46.1
26.2

0.75 ** 8.3 3.4

4-participation in
training courses

yes
No

20
45

30.8
69.2

0.68 ** - -

5-Number of green
house

2 - 20
21 - 38
39 - 56

50
11
4

76.9
16.9
6.2

0.81 ** 10.8 4.2

Third : knowledge the importance of making soil sterilization types
for vegetables under protected conditions in increase production .
It is found that the highs value was 4  and the less was zero with
medium 3.2 degrees as in table 6 .

Table 6 : distribution of subjects according to the importance of soil
sterilization types

sterilization type
Number

% -
Ximportant

Non
important

1-soil sterilization in general
2-solar sterilization
3-chemical sterilization
4-sterilization by evaporation

20
28
52
10

45
37
13
55

30.8
43.1
80

15.4

1.8
2

3.5
1.2

We conclude from the table that 30.8% of the subjects mentioned the
importance of sterilization in general meanwhile 23.1% mentions the
importance of evaporation sterilization and 80% mentioned solar
sterilization seastrand 15.4 mentioned the importance of chemical
sterilization the highest rate mention the importance of solar
sterilization because its simple and its economic .
Conclusions
We conclude from the research the following
1. little knowledge of farmers in soil sterilization in vegetable

protected farming under protected .
2. the following independent elements : age years of experience in

protected planting , expose to planting information resources
,participating in specialized agriculture training courses in soil
sterilization , number of green houses are the elements that have
relations with vegetable farmers knowledge . as well it was a
great contribution in influence of farmers knowledge .
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Recommendations
1. Its necessary to work on increase knowledge of protected

vegetable farmers . by participate farmers in training courses
specialized in soil sterilization under protected conditions .

2. Increase extension activity for protected vegetables in soil
sterilization through implement field discussing , sessions
extension meetings .

3. Introduce funding support for protected vegetable farmers
through reduce the roosts of making green houses by general
body of agriculture supplementation .
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ABSTRACT 

The present work sought to the geotecnology use in the mapping of soil use in areas of APP's, 

allowing their delimitations and diagnosis of possible humane interventions. The watershed 

with 4286.15ha, locates among the geographical coordinates 22
o
 31' 52" to 22

o
 38' 20" of 

latitude S and 48
o
 33' 40" to 48

o
 38' 47" of longitude WGr.  The used cartographic bases were 

the letter planialtimetric for the georreferencing of the image of satellite of 2011. SIG-IDRISI 

Selva was used in the supervised classification and the determination of the areas of the 

thematic map. The soil use showed that the culture of the sugar-cane occupies most of the area 

(81%), showing with that the predominance of the agricultural occupation in the area. The 

image and the use of SIG important tools were shown, supplying reliable results in a small 

interval of time. The obtained data will aid in the futures plannings of recovery of the area, 

because they made possible the verification that the area is not being preserved environmentally, 

link fact of presenting only 12.54% of forests, and the minimum demanded by the legislation of 

the Brazilian Forest Code effective is of 20%. 
 

Keywords: environmental legislation, geographical information system, environmental 

preservation. 

 

1. INTRODUCTION  

 
In the last two decades it has been increasing the world concern regarding the fast growth 

of the tax of deforestation of the tropical forests and of his impact in the biodiversity of the 

Planet. For this reason, they were created in law the permanent preservation areas (PPA's) with 

the intention of avoiding the degradation of the ecosystem, to promote the conservation of the 

natural atmosphere and the maintenance of the life quality.   

 Such areas, in several cases, as in relation to the steepness, tops of hills, margins of the  

hydric resources and nascent of the springs, they have not been respected properly, due to the 

inadequate use of the natural resources. The natural resources, fertile soils and the remaining 

native forests were intensely reduced in most of PPA's, in many cases, for the ignorance of the 

population and for his/her incorrect interpretation of the Forest Code. As it observed of Silva 
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(1996), the permanent preservation areas should be covered by original vegetation, being 

delimited the inappropriate areas for the use of lands.   

Besides, we lived a socioeconomic model in which the urban development presents 

permanent conflict with the environment, due to the absence, in a lot of times, of a planned 

occupation. In this context, the knowledge of the use areas a certain area, besides making 

possible the appropriate direction of the handling type, allows to identify possible problems 

carted by the effect of the actions for human on those areas, tends direct relationship with the 

conservation and the maintainable exploration of the natural resources. At the same time, the 

appropriate planning of the soil should constantly be accomplished for the degradation not to 

happen or, at least, be reduced along those areas, mainly of PPA's.   

Inside of the environmental administration, one of the main difficulties with that she have 

been confronting is the lack of a source of data with basic information of the landscape. Such 

information are extremely necessary in environmental projects, especially to accomplish the 

reorganizing of degraded areas, supplying aid to the handling and the conservation of the soil 

and of the water in the hydrographic watersheds.   

Like this, the incorporation of coming information of sensor remote orbital to the 

Geographical Information Systems (SIG) allied to the effective processing capacity, analysis 

and manipulation that these offer, he becomes possible to the verification of areas submitted to 

the restrictions imposed by the Forest Code, their irregularities, as well as the recovery 

possibility.   

In that way, the present work seeks to the geotechnology uses in the collection of data and 

in the mapping of soil use in areas of PPA's, allowing their delimitations and diagnosis of 

possible interventions humans, contributing to future environmental fiscalizations, in agreement 

with the Federal Law N° 4.771, 1965 that instituted the Brazilian Forest Code and the 

resolutions CONAMA N° 04/1985 and n° 303/2002.    

 

2. MATERIAL AND METHODS 

 

The present work was developed in the Stream Santo Antonio watershed, located in the 

municipal district of São Manuel, with an area of 4286.15ha, and his geographical situation is 

defined by the coordinates: Latitude 22
o
 3' 52" to 22

o
 38' 20" S and Longitudes 48

o
 33' 40" to 

48
o
 38' 47" WGr.   
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The georreference process consisted of the coordinates of the points of screen control be 

identified and topographical sharts. With these information a correspondence file was generated 

by the module Dates Entry/Edit, through the module Reformat/Resample.   

The colored composition was elaborated with the combination of the 3 bands of sensor 

Thematic Mapper of LANDSAT - 5, of the orbit 220, point 76, quadrant A, passage of 2009, 

scale 1:50000. To proceed, the georeferencing of the composition was accomplished, trough the 

module Reformat/Resample of SIG - IDRISI.  

 Later, the signatures were created by the module Makesig and the classification 

supervised by MaxVer method, through the module Maxlike.  In the supervised classification, 

the occupations of the soil were identified and differentiated, some of the other ones for his 

pattern of ghastly answer.   

 Soon afterwards, they were suitable the names for each class of soil use, associated to 

their respective badges, being the classified image and the demonstrative graphics of the space 

distribution of each soil use with base in these data.    

In the digital identification of the objectives, the interpretation keys were used for images 

(Rocha, 1986) for determination of the use classes.   

After the elaboration of the shart of soil use, the areas were certain with the aid of the 

software SIG - IDRISI, being used of menu Database Query command Area, belonging to the 

module Analysis, being later certain the percentages of each class.   

The permanent preservation areas (PPA’s) were defined along the courses of water and 

around of the nascents of Stream Santo Antonio, where the operation was used Proximity - 

Buffer of Argis 9.3, that it provided the creation of a buffer of 50m of ray in the areas of the 

nascents and a buffer of 30m on each side of the drainage along the bed of the stream, with that 

resulting in the map of PPA’s based in the resolution CONAMA n° 303/2002, Art. 3°.   

To quantify the types of conflicting, it was accomplished the overlay of the use map and 

covering of the soil with the map of PPA's , through of the ArcGIS being used the option 

Analysis Tools of the menu ArcToolbox with the command Intersect.   

After the overlay of those maps, the areas of occurrence of the conflicts in agreement 

with the use classes were identified and properly measureds, executing the functions of area 

calculation, through the tools Calculate Geometry and Field Calculator starting from the table of 

attributes of the shape. That procedure allowed the delimitation of the areas of classes of soil 

use, qualifying and quantifying the areas that were contained in the limits of PPA's . 
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Esse procedimento permitiu a delimitação das áreas de classes de uso da terra, 

qualificando e quantificando as áreas que estavam contidas nos limites das PPA’s. 

 

3. RESULT AND DISCUSSION 

 

The analysis of the soil use (Figure 2 and Table 1) in the Stream Santo Antonio watershed 

- São Manuel (SP) it shows that the sugarcane was the culture that occupied most of the area, 

representing 81%, in other words, 3471.71ha, being the remaining of the area almost totally 

busy for natural vegetation (12.54%). 

 

 

 

Figura 2. Soil use in the Stream Santo Antonio watershed – São Manel (SP). 

 

 

In São Manuel region, the areas of natural vegetation with climate and favorable 

topography, just present tracks of the original vegetable covering, while the savannahs are 

decreasing progressively for the use of their areas, mainly with cultures of high economical 

return, as it is the case of the culture of the sugar-cane.    
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The Geographical Information System - IDRISI Selva permited  to discriminate, to map 

and to quantify 6 features in the Stream Santo Antonio watershed - São Manuel - SP (Figure 1): 

sugar-cane, meadow, natural vegetation, pasture, dam and other.   

 

Table 1. Soi use of the Stream Santo Antonio watershed  – São Manel (SP). 

Soil use 
Watershed 

ha % 

Sugarcane 3471.71 81.00 

Meadow 215.73 5.03 

Natural Vegetation 537.66 12.54 

Pasture 4.70 0.11 

Barragem 10.94 0.26 

Other 45.41 1.06 

TOTAL 4286.15 100 

 

The obtained data allowed to analyze regarding the environmental preservation of the 

Stream Santo Antonio watershed that the same is not conserved environmentally, therefore the, 

of great importance in terms of environmental preservation, represented only 12.54% of the 

area, and in agreement with the Forest Code, the minimum reservation of forests should be of 

20% with arboreal covering of the area of each property. This is a very important parameter, 

because second Rocha (1991), the forests are essential for the erosion control and of 

inundations, once they are fundamental in the recharge of the water sheet when located in 

appropriate places.       

After the delimitation of the drainage net, they were established PPA's, that they 

correspond to 66.66ha is (3.88%) of the whole area of the watershed. 

The Figure 3 e Table 2 display the areas of conflict of that watershed, where a great part 

of the permanent preservation areas (79.63ha) they are being used for other ends, as:  29.46% 

with sugar-cane, 1.59% with pasture and 1.01% with other elements. Of the remaining of the 

area, 1.79% have been used with dam, and 66.15% has been preserved with natural vegetation 

(30.97%) and meadow (35.18%). 

The satellite image and the use of the information system were very important tools in the 

process, in function of the easiness and speed for the mapping of the units of landscape, 
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allowing the elaboration of digital maps and supplying reliable results in a small interval of 

time.   

The results will aid in the futures recovery plannings and arranging of the area, because 

they made possible the verification that the area of the watershed is being preserved 

environmentally, therefore he comes covered with 24.31% of forests, and the minimum 

demanded by the legislation of the Brazilian Forest Code effective is of 20%.    

The obtained data allowed to analyze regarding the environmental preservation that the 

Stream Santo Antonio watershed is not conserved, therefore the vegetation natural, of great 

importance in terms of environmental preservation, represented only 12.54% of the area, and in 

agreement with the Forest Code, the minimum reservation of forests should be of 20% with 

arboreal covering of the area of each property. This is a very important parameter, because 

according to Rocha (1991), the forests are essential for the erosion control and of inundations, 

once they are fundamental in the recharge of the water table when located in appropriate places. 

 

 

 

Figure 3. Soil use of the PPAsin the Stream Santo Antonio watershed  – São Manuel (SP). 
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Table 2. Soil use of the PPAsin the Stream Santo Antonio watershed  – São Manuel (SP). 

 

Soil use 
PPAs Conflicts 

ha % ha % 

Sugarcane      73.17 29.46 73.17 87.04 

Meadow 87.38 35.18   

Natural Vegetation 76.92 30.97   

Pasture   3.94   1.59 3.94 4.69 

Dam   4.43   1.78 4.43 5.27 

Other   2.52   1.02 2.52 3.00 

TOTAL 248.36 100 84.06 100 

 

4. CONCLUSIONS 

 

The satellite image and the use of the systems of geographical information were important tools 

in function of the easiness and speed for the mapping of the units of landscape. The obtained 

results will aid in the futures recovery plannings and arranging of the area, because they made 

possible the verification that the area has been preserved partially, therefore hehe comes covered 

with only 12,54% of natural vegetation, and the minimum demanded by the legislation of the 

Brazilian Forest Code effective is of 20%. The high index of occupation of the soil for the 

culture of the sugarcane (81%) it reflects the predominance of the agricultural occupation in the 

area. The area of permanent preservation possesses 248,36ha, of which 29.46% are being busy 

inadequately for sugarcane. 
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ABSTRACT 
 

That work aimed at the geoprocessing application in the hidrologic analysis and environmental 

of the Stream Duas Aguas watershed - Botucatu (SP) through the Geographical Information 

System - Selva, seeking to the preservation, rationalization of his use and environmental 

recovery.   The watershed presents an area of 4007.19ha and it is located among the parallel 

ones 22
o
 43' 49" to 22

o
 49' 29" of latitude S and 48

o
 17' 53" to 48

o
 22' 03" of longitude W Gr.  

The results showed that the low value of the drainage density, they facilitate the infiltration of 

the water in the soil, reducing the superficial drainage and the erosion risk and of the 

environmental degradation, as well as the low value of the form factor (0.58) aided by the 

circular index (0.52) it indicates that the watershed tends to be more prolonged with smaller 

susceptible to the occurrence of inundations more accentuated, and consequently a tendency of 

smaller risk of the silting of the courses of water and of the environmental degradation of the 

drainage net. 
 

Keywords:   geoprocessing,drainage net, GIS-IDRISI. 

 

1. INTRODUCTION  

 
The region of Botucatu has been suffering with passing of the years predatory 

explorations and bad use of the soil that become worse, due to the inadequate methods and 

without planning of the occupation of the soil, carting with that the siltings of the rivers and of 

the reservoirs.   

The inadequate use and without planning of the soil it turns it infertile in an irreversible 

way, provoking the low productivity of the cultures, tends as consequence the low level 

technological economical partner of the rural population.   

Moraes et al. (1997) recommends that the recovery and preservation of the renewable 

natural resources (I sole, water and fauna), they should be accomplished in an integrated way, 

seeking to guarantee his maintainable use and his conservation for the future generations.    

The research aimed at to accomplish the applied geoprocessing in the morfometricstudy 

of the Stream Duas Águas watershed - Botucatu (SP) through GIS Idrisi - Selva.   
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2. MATERIAL AND METHODS 

 

The Stream Duas Águas watershed, Botucatu, SP, presenting 4007.19ha of area. It is 

located among the geographical coordinates: 22
o
 04' 49" to 22

o
 49' 29" of latitude S and 48

o
 17' 

53" to 48
o
 22' 03" of longitude W Gr.    

The analysis of dimensional variables of the Stream Duas Aguas watershed  was realized 

through the software ArcGis 9.3 were: Area (A): line of the water divisor that delimits the 

watershed (Horton, 1945); Perimeter (P): line of the divisor topographical that it circumcise the 

watershed (Smith, 1950) and Net Total Length (Cr): length of the group of all of the rivers 

segments that they form the drainage net of the watershed (Horton,1945).   

The composition of the drainage net that refers to the number and length of rivers in the 

different orders of ramification of a watershed (Horton, 1945). 

The evaluation of the morfometric of the fluvial nets the following parameters were used: 

Rivers Number of Segments (N):  number of rivers segments in each order and the total number 

of segments of rivers of the watershed of agreement with Horton (1945); Total Length of 

Segments of Rivers in each Order (Ctw): it represents the total length of the segments of rivers 

in each order (França,1968); Medium Length of Rivers in each Order (Cmw): it is the 

relationship between the total length of segments of rivers and number of segments of certain 

rivers for each order (França, 1968); Reason of Ramification or Bifurcation (Rb): expresses the 

relationship immediately between the number of segments of rivers of a certain order and the 

number of segments of the superiororder, Horton (1945) and Strahler (1957); Reason of Total 

Lengths (Rlw): it is immediately the relationship between the sum of the lengths of segments of 

rivers of a given order and sum of the segments of the order superior (Strahler, 1957); Reason of 

Medium Lengths (Rlm): it is immediately the relationship between the medium length of 

segments of rivers of a given order and the medium length of the segments of the order inferior, 

in agreement with Horton (1945) and the Relationship between the Reason of Medium Lengths 

and the Reason of Ramification (Rlb): relationship among the medium reason of lengths (Rlm) 

and the ramification reason (Rb), Strahler (1958), being calculated by the expression: Rlb = 

Rlm/Rb. 



 

<Insert here the number of your paper in format: C00142 

<Insert authors Initial and last name>. < Insert “Title of the paper” between double 

quotes>. EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT 

Innovation”, Turin, Italy, 24-27 June 2013. 

 

The variables of the relief pattern studied were the steepness of the ground determines the 

drainage of the waters of the rains, because as larger the slope, larger the drainage of the water 

for the surface and, consequently, larger the erosion risks (Mota, 1981). Being like this, it is a 

fundamental parameter to study the picks of inundations and the infiltration of water in the soil.   

The medium steepness (H) it was calculated by the expression H = 100 D.L/A, where: H 

=  Medium Total Length of the watershed in%, D = vertical equidistance of the level curves in 

km, L = total  length of the curves of level of the watershed in km and total A= Area of the 

watershed in km
2  

(Horton, 1914).   

The medium altitude of the watershed (Hm) it was obtained through the arithmetic 

average among the values of larger altitude (AM) and the smallest altitude (Am) and the width 

altimetric (H) it is the difference between the largest and the smallest altitude of the watershed 

(Strahler, 1957).    

The form coefficient (Cf) it was certain for the relationship among the area the geometric 

figure area and the watershed, as he Reads & Sales, mentioned by Souza (1977).   

The roughness coefficient (RF) it was calculated through the formula: RF=Dd.D, where 

Dd is the drainage density and D the medium steepness in percentage (Rocha, 1999); the Relief 

Reason (Rr): it is the relationship between the width altimetric and the largest length of the 

watershed (Schumm,1956); the Reason of Relative Relief (Rrl): it is the relationship between 

the width altimetric and the perimeter of the watershed; Roughness Index (HD): it is obtained 

by the product of the expression width altimetric (H) x drainage density (Dd) (Strahler, 1958) 

and the circular index is determined by the relationship among the area of the basin (A) and the 

area of the perimeter circle same to the of the basin (Ac).   

The Drainage Density (Dd) it is one of the relative variables to the characteristic of the 

drainage pattern used in the analysis of the net of drainage of a watershed.  This is a 

fundamental physical parameter in the comparative analysis of the susceptibility among 

watersheds, according to Christofoletti (1974), because it relates the total length of the net 

drainage of the watershed (Cr) in function of the area (A). 

 

3. RESULT AND DISCUSSION 

 

The morfometric of the Stream Duas Aguas watershed, classified as of 3
a
  ramification 

order, according to the system of Strahler (1957), that it modified the system of rivers 



 

<Insert here the number of your paper in format: C00142 

<Insert authors Initial and last name>. < Insert “Title of the paper” between double 

quotes>. EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT 

Innovation”, Turin, Italy, 24-27 June 2013. 

 

classification (Horton, 1945), it is reflex of the conditions of the physical middle in that they are 

listed com the litologia, the geological structure and the superficial material (Silva, 2003).    

The analysis of the dimensional variables (Figure 1, Figure 2 and Table 1) it allowed to 

verify that the area of the Stream Duas Aguas watershed was of 40.0719km². This variable is 

one of the most important, because almost all the other characteristics are related to her 

(Moreira & Rodrigues, 2010) and because this increases exponentially with the increase of the 

order of ramification of the rivers (Schumm, 1956) and they vary in accordance with the 

relationship infiltration/escurrimiento.   

The dimensional variables are studied for many Brazilian researchers, because they allow 

the differentiation of the units of soils, as well as they are to contain watersheds of a same soil 

unit(Amaral, 1991).   

 

 

Figure 1. Hydrology of the Stream Duas Aguas watershed, Botucatu-SP.   
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Figure2. Planiltimtric of the Stream Duas Aguas watershed, Botucatu-SP.   

 
Table 1. Physical characteristics of the Stream Duas Aguas watershed, Botucatu-SP.   

Characteristics physical Units Resulted 

Dimensional parameters of the watershed 

Area (A) Km
2 

40.0719 

Perimeter (P) Km 31.12 

Length (C) Km 11.15 

Drainage Length (Cr) Km 51.97 

Level Curve Length (Cn) Km 206.28 

   

Characteristics of the relief 

Compactness Coefficient(Kc) --- 1.38 

Form Factor (Ff) --- 0.58 

Circularidade index (Ic) --- 0.52 

Medium steepness (D) % 10.29 

Medium altitude (Hm) M 559.00 
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Larger altitude (MA) M 620.00 

Smaller altitude (mA) M 480.00 

Width altimetric(H) M 140.00 

Roughness Coefficient of (Rb) --- 13.37 

Relief Reason (Rr) --- 0.013 

Relative Relief Reason (Rrl)  0.045 

Patterns of drainage of the watershed 

Watershed Order (W) --- 3
a 

Drainage Density(Dd) (km/km2) 1.29 

Maintenance Coefficient(Cm) (m/m²) 775.119 

ExtensionSuperficial Course (Eps) M 390.00 

 

 

The watershed, usually come in the pear format, but they can present other forms that it 

depends on the interaction climate, geology among others. The surface of the watershed is 

always concave, which determines the direction of the water flow (Lima, 1986).    

The drainage density (Christofoletti, 1974) it is a fundamental physical parameter in the 

comparative analysis of the susceptibility among watersheds, because it relates the total length 

of the drainage net (CR) and the area (A), and as adult is the value of the length of the drainage 

net (Cr) adult will be the erosion danger. The drainage density of 1.29km/km
2
 for the Stream 

Duas Aguas watershed was classified as drop (France, 1968),  that classifies as low when the 

smaller values than 2.5, the one that allows infer that the substratum has high permeable with 

larger infiltration and smaller superficial drainage of the water. For Ray (1963), the drainage 

density in a climatic ambient die this related mainly with the resistance to the erosion of the 

present materials, increasing as it reduces the resistance to the erosion. In that sense, the forests 

are fundamental in the control of the erosion and of inundations and, when located in places 

preserved appropriately are fundamental in the recharge of the water sheet.   

The rivers length (Cr) allowed to verify that the watershed presents a drainage net of 

approximately 51.97km, denoted through their total lengths of 1
a
 and 2

a
 and total.   

The value of 0.58 for the form index of the watershed is considered low, indicating that it 

presents larger susceptibility to the degradation, because the more close of 1 it is the form 
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factor, closer of the circular format it will be the watershed and, consequently minor will be the 

time of concentration (Tc) of the waters of the rains, because the torrents provoke floods, that 

possibly will cause erosions of the soil and degradation of the area riparium.    

The coefficient of compactness of 1.38 and the circular index of 0.52 display that the 

more close of 1, more it will be close of the circular format and as adult goes this value, adult 

will be the danger of inundations. Like this, this value denotes that it doesn't have format to 

circulate, possessing in this case, a prolonged form and little susceptible to inundations in 

normal conditions of precipitation.  That is proven for the circular index, indicating that it is 

smaller than 1, in other words, therefore the more close of 1, more he approaches the circular 

format.   

 

4. CONCLUSIONS 

 

The results of the morfometric of the Stream Duas Aguas watershed allowed to conclude 

that the variables morfometrics will be for futures plannings and regional environmental 

administrations. The watershed presents high susceptibility risks to the erosion and 

environmental degradation, being fundamental the maintenance of the vegetable covering and 

the areas riparium for conservation services environmental. The form factor and the drainage 

density, classified as bass, they allow to infer that the substratum has high permeable with larger 

infiltration and smaller drainage of the water. The Geographical Information System ArcGis 9.3 

was excellent for the vetorizacion and data analysis.    
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ABSTRACT 
 

In Japan, the percentage of contract culture in the vegetable productions has been 
increasing recently, and many producers are required for precise supply of the vegetable 
products just like industrial products. However, it is difficult to forecast accurately the 
vegetable production in open culture which is easily influenced by weather condition. 
Therefore, a vegetable production forecasting application based on the lettuce growth 
simulation model was developed to make accurate production forecasting and just-in-
time shipments of the vegetable products possible.  
This application was developed as a Microsoft Excel file. It can acquire specific 

meteorological data from the online meteorological database (AMeDAS) and run a 
program of the lettuce growth simulation model. It calculates the harvest date and the 
yield amount in each planting field, and it estimates the amount of weekly vegetable 
production for the producer. By using outdoor time-lapse cameras in the planting fields, 
the growth simulation results can be corrected by the vegetation cover ratio of the plant 
image data. This application was applied to the local lettuce production on a trial basis. 
We confirmed that it could estimate the harvest date in each planting field with 80 to 
90% accuracy. 

 
Keywords: Lettuce, production forecast, growth simulation, application, just-in-time, 
Japan 
 
 

1. INTRODUCTION  
 
In Japan, the percentage of contract culture for business-to-business transactions in the 

vegetable productions has been increasing recently. Many vegetable producers and 
suppliers are required for on-time or on-demand supply of the vegetable products just 
like industrial products from food processors and retailers (Minegishi and Thiel, 2000). 
However, it is difficult to forecast accurately the vegetable production in open culture 
which is easily influenced by weather condition. Therefore, a vegetable production 
forecasting application based on the existing lettuce growth simulation model was 
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developed in order to make accurate production forecasting and just-in-time shipments 
of the vegetable products possible. Lettuce is one of the major vegetable items for 
business use in Japan. “Just-in-time” (JIT) is a main concept of “Toyota Production 
System” by Toyota Motor Corporation. It is how to manufacture the high-quality 
products efficiently and economically, “what is needed, when it is needed, and in the 
amount needed”. 
 
 

2.  DEVELOPMENT OF THE APPLICATION 
 

A vegetable production forecasting application was developed. Figure 1 shows the 
structure of this application. It is just a file of Microsoft Excel (version 2007 or later) 
and it contains a sheet to input the planting data in each field, a sheet to output the 
amount of weekly production, web queries to acquire specific meteorological data and a 
macro of the crop growth simulation model program (Figure 2). 
 

 
Figure 1.The structure of the vegetable production forecasting application.  

 
2.1 Lettuce growth simulation model 
 
To develop the vegetable production forecasting application, the existing lettuce 

growth simulation model (Okada, et al., 1997) was applied. It enables to calculate daily 
dry matter weights as amounts of lettuce growth from data of daily global solar 
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radiation and daily average temperature (Figure 1). A program using this model was 
composed as a macro on the Excel file. Of course, the growth simulation models for 
different crops such as cabbage and spinach can also be applied for this application. 
 
2.2 Weekly production estimation 
 
This application can estimate weekly lettuce production with the growth simulation in 

all fields for a vegetable producer. The date when the lettuce head weight arrives at the 
harvestable weight is called “harvestable date”. The total amount of harvestable stocks 
which have not yet been harvested and shipped on this week is the estimated shipment 
on next week. 
 
2.3 Meteorological data acquisition 
 
This application uses “MetBroker” (Laurenson, et al., 2002) and “MetXML” (Tanaka, 

2006) to acquire the online meteorological data (met-data). MetBroker is a middleware 
to mediate the data exchange between meteorological databases and applications. 
MetXML is a web application to provide the met-data as XML, CSV or HTML formats 
from MetBroker. It can provide not only the observed values but also the daily average 
values of the past 10 years for the future forecasting models. 
 

 
Figure 2. A sample display of the application as an Excel file (all in Japanese). 
This is a sheet to calculate harvestable dates and yields in all planting fields. 

Field name 
 

Cultivar name 
Planting date 

Seedling number 
Yield rate 

 
Harvestable date 

Harvestable yield 
 
 

Daily simulated  
growth amounts  
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2.4 Functions 
 
This application can acquire specific met-data from the online meteorological database 

of AMeDAS (Automated Meteorological Data Acquisition System) in Japan via 
MetXML, and it can run a program of the lettuce growth simulation model (Figure 2). It 
calculates the harvestable date and the yield amount in each planting field, and it 
estimates the amount of weekly vegetable production for the producer. In addition by 
using outdoor time-lapse cameras in the planting fields, the growth simulation results 
can be corrected by the vegetation cover ratio of the recorded image data. 
 
 

3.  VALIDATION OF THE APPLICATION 
 

This application was applied to the local lettuce production in Minamimaki Village 
(2007-2008) and in Kawakami Village (2009-2010), Nagano Prefecture on a trial basis. 
We confirmed that it could estimate the observed harvest date in each planting field 
with 80 to 90% accuracy, if the proper timing of harvest would be within a week (7 
days) from the simulated harvestable date in each field. Figure 3 shows that the 
observed harvest dates in 85% of the 110 planting fields in 2008 were within a week 
from the simulated harvestable dates. 
In in Kawakami Village, daily images of the lettuce fields were recorded by the time-

lapse cameras (Brinno) (Figure 4). We confirmed that the simulated vertical projection 
areas of leaves and the simulated vegetation cover ratios nearly fitted the observed 
vegetation cover ratios of the fields which were analyzed from the field image data. 
 

 
Figure 3. Comparison of the observed harvest dates and the simulated harvestable dates. 

 In the case of 110 “V Lettuce” planting fields in Minamimaki Village in 2008. 
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Figure 4. A image which was recorded by a time-lapse camera in the planting field. 
In Kawakami Village in the summer of 2009. 

 
 

4.  DISCUSSION 
 

A vegetable production forecasting application with the lettuce growth simulation 
model which can acquire the online met-data was developed, and it was validated based 
on the data of the local lettuce production. Now we are improving this application and 
testing it in some production area in Japan. 
A major subject of future investigation is that a total vegetable production system for 

just-in-time shipments with higher reliability will have to be constructed. For this, it is 
important that this application will correspond with variable production techniques to 
grow good-quality vegetable products as scheduled. 
In order to verify the growth simulation result on each planting field, it is required to 

observe the field in real time. A remote monitoring system with an automatic shooting 
camera and a data communication function such as “Field Server” (Fukatsu, et al., 
2005) might be available. By using such system, we will are planning to carry out 
verification tests of the vegetable production forecasting application. 
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ABSTRACT 
 

A computational model for electromagnetic wave propagation through tree orchards is 

presented. Branches are modeled geometrically as tapered cylinders and trees are 

defined as collections of branches; each branch has its own starting point and 

orientation, expressed as three Euler angles. Tree canopies are modeled as dielectric 

spheres of appropriate dimensions. To simulate a tree row, copies of a cherry tree model 

are positioned on top of a rectangular, lossy dielectric slab that simulates the ground. 

The complete scattering model, considering soil and trees, enhanced by periodicity 

conditions corresponding to the array, was illuminated using a commercial 

computational software tool, which can simulate wave propagation. The simulated 

signal attenuation results are compared to radio path loss measurements taken in a 

cherry orchard, using the nodes of a wireless sensor network (WSN). The overall 

behavior of the predictions and measurements resemble each other; however the solver 

computes the maximum power that can be captured by the receiver antenna, and hence 

the predicted power is an upper bound of the apparently received power. 
 

 

Keywords:  Propagation, range, electromagnetic, vegetation, agriculture, Germany. 

 

1. INTRODUCTION  

 

To simulate the electromagnetic (EM) propagation through a cherry orchard, a suitable 

computational model was developed on the basis of the Finite Element Method (FEM) 



 

 C0137 
H. Anastassiu, T. Fronimos, C. Regen, S. Vougioukas, L. Petrou, M. Zude.  

“A Computational Model for Radio Wave Propagation within Wireless Sensor 

Networks in Orchard Environment”. EFITA-WCCA-CIGR Conference “Sustainable 

Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

 

(Jin, 1993), invoked by COMSOL Multiphysics
®
, a commercial package that can be 

applied to EM scattering problems. The CAD model of the tree resulting from the 

measurement procedures described in Section 2 was discretized in COMSOL via an 

unstructured mesh, by use of the tool’s built-in mesh generator. To model the effect of 

the ground, the well-known four-path model (Anastassiu, 2003) was originally 

considered as an efficient and accurate approximation. However, values of both the 

amplitude and phase of the free-space fields were required, which are unfortunately 

unavailable after COMSOL simulations, the latter yielding only the amplitudes of the 

electric and magnetic field. Therefore, the ground had to be modeled as a lossy 

dielectric slab, which unavoidably intensified the FEM solution process, by increasing 

the number of Degrees of Freedom (DoFs), and hence the size of the resulting algebraic 

linear system. Fortunately, as shown below, for the working frequency of interest, the 

penetration depth of the EM fields and the particular soil properties is only a few 

centimeters, meaning that the extra DoFs could be kept down to a reasonable number. 

Finally, the geometry of a cherry tree row comprising 26 trees was encapsulated in a 

FEM ‘cage’, surrounded by Perfectly Matched Layers (PMLs), a feature that can also be 

activated almost automatically by COMSOL. The simulated signal attenuation results 

are compared to radio path loss measurements taken in a cherry orchard, using the 

nodes of a wireless sensor network (WSN). 

 

2.  MATERIALS AND METHODS 

 
2.1 Wireless nodes 

 

The RF module used by the receiver and the transmitter nodes was the XBee Pro®, by 

Digi, Inc. This RF module implements the ZigBee protocol stack, meets the IEEE 

802.15.4 standards and operates within the ISM 2.4 GHz frequency band. The 

transmitter power was 40 mW (+16 dBm) and the receiver sensitivity was -100dBm 

(1% packet error rate) and both modules used integrated whip antennas (λ/4 monopoles) 

with a gain equal to G=1.5 dBi. The propagation performance was calculated based on 

the Receive Signal Strength Indicator (RSSI), which provides a measure of the strength 

of the RF signal in dBm (decibel - milli Watt) units. To estimate the RSSI at a receiver 

location, the transmitter was commanded to send 1000 packets at an RF data rate of 

250,000 bps. The mean value of all the RSSI measurements was reported as the RSSI of 

the specific location. 

 

2.2 Signal power measurements 

The experiment of measuring the signal strength was split in two phases. The first phase 

took place between 27
th

 and 31
st
 of August 2012 while the cherry trees (Prunus avium) 

had leaves in a mature expanded stage. The second phase took place in late autumn 

between 12
th

 and 16
th

 of November 2012, when the trees were defoliated. The cherry 

orchard subjected to the measurements is located in the 'Werderaner' cultivation area in 
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Brandenburg, Germany. The investigated area captures 25 meters by 110 meters and is 

located on a hillside. The orchard consists of 27 rows with 216 cherry trees (Figure 1). 

 

Figure 1. Cherry tree orchard layout. 

 

The geometrical characteristics of the trees were: mean maximum height 2.77 m; mean 

ramification height 0.71 m; mean trunk diameter 0.0371 m. The RF modules were 

placed 1.5m above the ground, a height that is approximately near the middle of the 

foliage of every tree. The transmitter was placed 1m away (outside the orchard) from 

the fourth tree of the first row; the transmitter power was set to 16dBm; the receiver was 

placed inside the orchard, 1.5 m in front of every second tree, starting from the tree in 

the first row and first column. In all of the selected positions the receiver received 1000 

radio packets at a radio rate of 250kbps. 

 

2.3 Cherry tree digital representation 

For the representation of representative cherry tree geometry (in that orchard), we took 

measurements of the orientation, length and perimeter of the trunk and the main 

branches of a single tree. For the orientation measurements the InertiaCube sensor 

referred on previous section was used. The InertiaCube3™ sensor by Intersense was 

utilized to digitize the cherry tree geometry. Euler (roll, pitch and yaw) angles were 

calculated to determine the rotation matrices among branches with one of the reference 
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axes always pointing towards the branch tip. Branch length and thickness were also 

measured, the latter at various positions along the branches. Since the representation of 

the tree was going to be implemented by using cylinders for each branch, every branch 

that could not be considered a cylinder as a whole, was split in two or more shorter parts 

whose orientation, length and perimeter were measured separately. The final number of 

such measured tree parts was 37. 

Originally, the entire CAD model was intended for meshing, however this procedure 

resulted in an overwhelming number of tetrahedra, whose size varied considerably. The 

immediate consequence of this situation, even for a single tree, was a very large linear 

system, its size depending on the resolution of the mesh chosen through COMSOL. 

Invariably, in all cases the linear system proved to be highly ill-conditioned, due to the 

coexistence of large and small elements, preventing all iterative solver algorithms in 

COMSOL from diverging. To decrease the computational burden, only the main, 

thickest branches of the tree, including the trunk, were subsequently considered. 

Discretization of this simplified model was far more tractable, and also EM scattering 

simulation through COMSOL became feasible.   

 

Simulation of the foliage geometry is, in general, a very complex task (Meng and Lee, 

2010). To be exact, each leaf needs to be simulated by a flat disk of appropriate shape, 

whereas the orientation and density have to be defined on the basis of probability 

theory. However, as already discussed for the branches, such a procedure is extremely 

expensive with respect to computational cost, and therefore a suitable approximation is 

absolutely essential. According to measurements and photos taken at the field, a sphere 

of radius 1.5 m, centered 3 m over the ground, could roughly approximate the canopy of 

an average cherry tree. Therefore, the COMSOL model for the canopy was chosen as a 

dielectric sphere of the dimensions above, and the material properties as discussed 

earlier. 

 

The really challenging issue, however, was the meshing and electromagnetic simulation 

of an entire row of cherry trees, as described before. To simulate the row, 26 copies of 

the simplified cherry tree model were located at 4.4 m separating distances, spanning a 

total of 110 m. The tree models were positioned on top of a rectangular, lossy dielectric 

slab, 2.5 m deep, to simulate the ground, as explained in the section before. Since in the 

measurement campaign the transmission direction was always chosen to be along a 

single row, the scattering effect of the remaining rows was considered negligible, and 

therefore the rows were not included in the simulation, to reduce the computational 

burden. As discussed in the introduction, the array of 26 trees together with the slab 

simulating the ground was encapsulated in a rectangular box, since in the FEM the 

entire space surrounding the scattering geometry is theoretically discretized (Figure 2).  
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Figure 2. CAD representation of simplified cherry trees in an orchard row. 

 

Of course, the mesh had to be truncated. The size of the box was chosen to be 30m × 
30m ×150m. The boundaries of the box were modeled by COMSOL as Perfectly 

Matched Layers (PMLs), absorbing the EM waves propagating perpendicularly to their 

surface.  The mesh contained 36,420 elements, resulting in 231,810 Degrees of 

Freedom (DoFs). The algebraic linear system turned out again to be highly ill-

conditioned, and no iterative solver integrated to COMSOL would converge. Numerical 

results could be extracted only through an out-of-core LU decomposition algorithm 

(PARADISO). 

 

3.  ELECTROMAGNETIC SIMULATION 

 

The antennas used for transmission and reception in the measurement campaign, were 

whip monopoles. It is well known from antenna theory (Balanis, 1982) that the electric 

field produced by a dipole of length l, located along the z-axis and centered at 0, is 

given by: 

 

 

cos cos cos
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2 sin
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kl kl

j I
E e
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     (1) 

 

where r is the distance to the observation point, θ is the standard elevation spherical 

angle, k is the wavenumber, η is the vacuum impedance (377 Ω) and Im is the antenna 

current amplitude. In our case the length of the whip antenna was λ/2 (more precisely, it 

was a λ/4 monopole, located on a perfectly conducting /PEC surface). Moreover, it can 
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be proven (Balanis, 1982) that the total power radiated by a λ/2 dipole is numerically 

equal to:  

 

 236.57 mP I  (2) 

 

whereas the λ/4 monopole radiates exactly half as much. Given that the transmitter 

power was equal to 40 mW, the current amplitude for the transmitter was found to be 

equal to Im=0.047 A. The theoretical antenna gain is equal to 5.2 dBi, whereas the 

measured antenna gain was equal to 1.5 dBi, according to the antenna manual. The 

difference in the gain value is attributed to various losses, not taken into account in the 

theoretical modeling of the monopole. 

 

The complete tree/soil scattering model, enhanced by periodicity conditions 

corresponding to the array, was illuminated in COMSOL by an incident field, 

simulating the radiation emanating from XBee Pro® RF module (Digi, Inc.), (ZigBee 

protocol, ISM 2.4 GHz). The path loss (PL) in dB was calculated as in Vougioukas et 

al. (2013) by: 

 

  t t r rPL P G G P      (3) 

 

where Pt,r and Gt,r stand for the power and the gain of the transmitter (t) and receiver (r) 

respectively. For the measurement data both gains were assumed to be 1.5 dBi, whereas 

for the prediction data they were set equal to 5.2 dBi, as explained above.  

 

The electromagnetic properties of the cherry tree wood or leaves could not be directly 

measured in the field. However, fairly accurate estimates of the permittivity and 

conductivity could be made, based on the water content measurement. According to 

Daian et al. (2006), Norimoto (1976), Perkalskis et al. (1998) and Helhel (2009), water 

content data yields reasonably accurate estimates of permittivity, permeability and 

conductivity, which characterize the scatterer physically.  

 
4.  RESULTS AND DISCUSSION 

 

The following figure shows the computed signal power and the measured signal power 

as a function of distance, with and without leaves, at a height of 1.5m where the canopy 

volume was largest. The measured power signal has been filtered using a three-point 

median filter to reject data outliers. 
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Figure 3. RSSI computations and measurements for transmitter and receiver height 

equal to h=1.5 m. 

 

From the figure it is concluded that the overall behavior of the predictions and 

measurements resemble each other, however the predictions assume consistently higher 

values. The difference between measurements and predictions may be attributed to 

several factors: first of all, the COMSOL predictions compute the power density at any 

observation point, corresponding to the maximum power that can be captured by the 

receiver antenna.  In other words, the COMSOL predictions are actually an upper bound 

of the power received. The actual power captured by the receiver is reduced due to 

several factors, such as polarization mismatch and possible inadequate antenna-

transmission line matching (Balanis, 1982), a figure that was not available at the time of 

the computations. To fully understand and explain this discrepancy, further research has 

to take place, especially with respect to the modeling of the actual antenna, which may 

not behave exactly as a theoretical λ/4 monopole. Furthermore, accurate values for the 

real part of the permittivity of all scatterers are absolutely essential. Finally, more 

precise geometric models will be examined, possibly on a computational platform of 

higher capacity.   
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ABSTRACT 
 

The canopy area of a tree characterizes its assimilation area, and hence its water and 

nutrient requirement. The primary aim of the ‘3D Mosaic’ international research project  

is to improve water and fertilizer management in orchards. To achieve this, canopy are-

as should allow for better, tree-based water and fertilizer management. The aim of this 

study was to further develop methods for measurement of the canopy area. In a plum 

orchard in Potsdam (DE) with 180 trees, two different methods were applied to measure 

the canopy area. The first consisted of a plane-laser (LiDAR) mounted on a frame 

which was driven through the orchard by a tractor. The second method was based on 

near-infrared (NIR) imaging with standard cameras. The near-infrared images allowed 

efficient image segmentation to aid in determining the leaf area, which was calculated 

via an average pixel area. Consequently, both the LiDAR and NIR methods express a 

relative rather than an absolute measurement of the canopy area. The comparison with 

the real leaf area showed that the two methods can be well calibrated. Both methods 

performed well over the two-year period. The measured canopy areas in 2011 and 2012 

correlated with 0.91 and 0.88, respectively. The differences are explained by the fact 

that the laser changed position from one measured laser plane to the next, and the cam-

era took only one image per tree, from a single position. Owing to the different perspec-

tives from where the measurements were taken, protruding branches and leaves result in 

different shading effects, creating the above-mentioned variation. 

Both methods are suitable for accurately measuring canopy size. Calibration of the rela-

tive measurement with the real leaf areas allows the leaf area to be calculated. Whereas 

the laser has the advantage of enabling easier data treatment, the camera system is much 

less expensive than the laser. Both methods would readily lend themselves to full auto-

mation, which opens up interesting opportunities for future tree-specific orchard man-

agement. 
 

Keywords: Leaf area, plum tree, near infrared imaging, laser scanning, canopy area 
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1. INTRODUCTION  

The optimization of water use and fertilizer efficiency in commercial fruit growing is 

the main focus of the transnational ICT-AGRI ERA-NET ‘3D Mosaic’ project. Tree-

specific data are needed for tree-specific interventions as a key for attributing the ad-

justed amount of water and fertilizer to each tree. Besides climatological and soil-

specific data, leaf area is an important tree-specific parameter, quantifying the photo-

synthesis and evaporation surface of a tree, and thus expressing its potential water and 

fertilizer requirement. Since measuring the real leaf area by counting every leaf is very 

labour-intensive, indirect measurements that correlate well with the leaf area are need-

ed. Previous publications have reported a high correlation between the leaf area and the 

foliar biomass on the one hand, and the tree-silhouette area (projected area) on the other 

(Lindsey and Bassuk, 1992; Ter-Mikaelian and Parker, 2000). For this reason, the area 

of the canopy has been chosen to denote/describe the individual trees in the 3D Mosaic 

project. Two optical-imaging approaches with laser and camera respectively for estimat-

ing the area of the canopy (tree silhouette) were applied and compared with the real leaf 

area. 

 

2.  MATERIALS AND METHODS 

2.1 The plum orchard 

The plum (Prunus domestica) orchard used for this investigation is located in Potsdam, 

Brandenburg, Germany. The site covers an area measuring 25 m by 120 m on a gently 

sloping hillside, and is characterised by sandy soils (mainly Dystric Arenosols). In the 

upper first metre, the soil texture varies from loamy sand (1% clay, 12% silt, 87% sand) 

to sandy loam (13% clay, 15% silt, 72% sand). The plantation, with a total of 180 plum 

trees, consists of six rows of 30 trees each; the rows are oriented almost northeast-to-

southwest. It is important to mention that the trees were planted in the non-overlapping 

pattern typical of this region. The distance between the rows is 5 m, whilst the intra-row 

distance between the trees is 4 m. A total of 156 trees of the cultivar ‘Tophit plus’ serve 

as productive trees, and 24 trees belonging to the cultivar ‘Jojo’ are used as pollinators. 

In 2011, the ‘Tophit plus’ trees were 4-5 years old, whilst all of the pollinator trees were 

5 years old. All trees are drip-irrigated with the same amount of water. Each irrigation 

point delivers 1.6 l h
-1

. Irrigation takes place for 30 min every second day, if necessary. 

The entire orchard was managed homogeneously for all trees. 

2.2 Near-Infrared Imaging 

From June to August 2011 and again in August 2012, the 180 plum trees in the test or-

chard were photographed individually. The image-acquisition equipment used is de-

scribed in Table 1. A light filter was mounted in front of the camera lenses to obtain 

near-infrared (NIR) images. Thus, a wavelength range between the cut-on edge of the 

filter (750 nm) and the sensitivity limit of the CCD sensor (approx. 1100 nm) was used. 

In this area, the green-leaf structure exhibits maximum reflectance (Slaton et al. 2001). 

In 2011, a top-down perspective was chosen (Figure 1). The trees were photographed 
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from above, with the camera attached to a cantilever at a fixed height of 3.5 m. The can-

tilever was connected to a tractor. In 2012, the photographs were taken from the side of 

the trees. The camera was mounted on a University of Hohenheim-designed autono-

mous platform which drove automatically from tree to tree, automatically taking photo-

graphs (Figure 2). To permit an efficient separation of trees and background, a black 

canvas was placed behind each tree. In 2012, the images were taken from the left and 

right side of the trees. To facilitate direct comparison with the laser-scanner system, 

relatively distortion-free lenses were chosen. 

 

Table 1 Description of the cameras used 
 2011 2012 

Camera USB 2.0 CCD monochrome 

camera with a Pentax 4.8mm 

F1.8 c-mount lens, IDS AG, 

Obersulm, Germany 

CCD mono, 8-bit 

Grasshopper2, Point Grey, 

Richmond, CA 

Resolution [pixels] 768 x 576 1600 x 1200 

Angle of view (vertic./horiz.) 96.36°/74.46° 70°/55° 

Filter used 750 – 1100 nm (limit of the 

camera) 

715 - 1100 nm (limit of the 

camera) 

Camera’s height above 

ground 

3.5 m 1.77/1.97 m 

Camera’s direction of view Above tree: top-down view  Lateral direction (tree pro-

file) 

 

 

Figure 1: Arrangement of LiDAR and CCD camera in 2011, with a top-down view. 

 

2.1 Segmentation of the images into areas with and without leaves 

During image acquisition, varying degrees of cloudiness and sunshine intensity caused 

rapid changes in outdoor illumination conditions. A basic thresholding procedure used 

in 2011 on the whole proved insufficient to segment the images into tree canopy and 
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background. Because constructing some sort of protection around the camera’s field of 

view was not an option, a software approach was chosen to deal with the fluctuating 

appearance of the plum trees caused by the changing light conditions. A sequential ar-

rangement of a minimum-distance and a maximum-likelihood classification in terms of 

the histogram and textural features of the images was implemented according to Pforte 

et al. (2012). 

 

 

Figure 2: Arrangement of the cameras on the University of Hohenheim-designed auton-

omous platform (left) and the laser on the tractor in 2012. 

 

In 2012, a black canvas was used to facilitate segmentation (Figure 3). This approach 

improved segmentation significantly. A threshold value was chosen as a function of the 

sunshine exposition in order to optimize the leaf-background separation. A proper rang-

ing of the threshold among five values allowed a homogeneous detection for all pic-

tures. No further clustering or segmentation steps were applied to quantify the canopy 

area. The distance between the camera and the row of trees (3 m) as well as the angle of 

view of the camera (70°/55°) were used in 2012 to calculate the average pixel size. 

 

 

     

Figure 3: Near-infrared imaging: 2011 (left): pictures were taken from a top-down view. 

In 2012 (right) data were taken sideways-on in combination with a black canvas as a 

background. 
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2.1 Laser sensor - LiDAR 

As an alternative to the camera systems, a light-detection and ranging (LiDAR) laser 

scanner (Ibeo ALASCA XT, Automobile Sensor GmbH, Hamburg, DE) was chosen to 

measure the canopy area. The built-in laser has a wavelength of 905 nm and generates 

short, rapid-fire pulses transmitted by a tilted rotating mirror. A photodiode inside the 

scanner records the reflected laser pulse of a target. The laser-scanner transmits and 

analyses up to four echo pulses for different target distances over a period of one meas-

urement pulse. This LiDAR almost completely eliminates sources of disturbance such 

as raindrops and dust. The orchard trees were reconstructed by coordinate transfor-

mation of the laser-scanner readings. The third dimension is added by the forward 

movement of the tractor. A more detailed description can be found in Selbeck et al. 

(2010).  

2.2 Canopy area determined by laser 

Newly developed evaluation software counted the hits on the tree canopy. To obtain the 

necessary point-cloud reconstruction, a basic coordinate transformation for the special 

case φ = 0° for the LiDAR angle to the z-axis was derived from the general coordinate 

transformation used by Selbeck et al. (2010). The point-to-point distance in the inner 

regime (0° to ±16°) was as small as two consecutive points  with a gap of less than 

3 mm at a 2m distance from the scanner. As this is smaller than a typical leaf, no leaf 

was missed if it was visible from the laser scanner’s perspective. The trees were recon-

structed as shown in Figure 1. 

Although the measurements with the LiDAR and the camera were obtained separately 

because the continuous driving speed formed the third dimension of the laser scans, it 

was necessary to stop the tractor at the centre of each tree for image acquisition. To 

check the constancy of speed when driving uphill or downhill, the LiDAR measure-

ments were obtained from both adjacent machine tracks of each row of trees, and the 

entire tree area was scanned. Travelling speed was adjusted to 1.2 km/h. 

2.3 Estimating the real leaf area  

In order to calibrate the above methods for determining the canopy area, the real leaf 

area was calculated by manually counting all the leaves and measuring the surface area 

of sampled leaves. To avoid unreasonable damage to the orchard, just one 2-year-old 

branch was removed from each of the chosen trees. The branches were taken from a 

partially shaded position in each case. After the branches were removed from the trees, 

the leaves were plucked and scanned using the Leaf Area Meter (CI-202, CID Inc., 

USA). It provides values for area, length, width and perimeter of the scanned leaf, and 

calculates the shape factor and aspect ratio. The individual leaf areas were used to cal-

culate the average leaf area of each of the branches, serving as an estimate of the aver-

age leaf area of the tree in question. In 2011 and 2012, 30 and 60 trees, respectively, 

were examined in this manner. Eleven people equipped with handheld mechanical 

counting devices counted the number of leaves on each of the 180 trees over a two-day 

period at the end of June 2011 and 2012. The total leaf area per tree was estimated by 
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multiplying the mean leaf area obtained from the removed branches by the number of 

leaves per tree. In addition to contributing to the development of the irrigation model, 

this estimate of the leaf area serves as an absolute reference for comparison with the 

results of the indirect methods used. 

 

 

3.  RESULTS AND DISCUSSION 

3.1 Correlation between LiDAR and camera system 

The data obtained from both camera and LiDAR readings were of very high quality. 

Neither slight differences in driving speed and vehicle tilt due to uphill/downhill travel 

or unevenness of the terrain, nor the movement of the branches by the wind, appear to 

have had a noticeable effect on the LiDAR or camera readings. In the analysis below, 

for each tree, the average number of LiDAR hits and images measured from both sides 

of the rows has been used. The direct comparison of the LiDAR and camera systems is 

given in Figure 4, where the readings of both sensors are plotted against each other in 

2011 (correlation 0.91) and 2012 (correlation 0.88) for all 180 plum trees. The correla-

tion for both years and both angles of view is good. Although the variation in the data 

tended to increase with an increase in tree size in 2011, this was not the case in 2012. 

Because different angles of view and equipment were used in both years, it is not possi-

ble to attribute the different behaviour to the effect of the year or to the behaviour of the 

different equipment. Despite this, there were high correlations between the two optical 

systems in both years, which is indicative of the robustness of the two methods used. 

y = 1586.1x + 2279.2
R² = 0.78
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Figure 4: Relation between canopy area detected by the camera (leaf cover) and number 

of LiDAR hits in 2011 (left) and 2012 (right). 

3.2 Comparison of real and estimated leaf area  

As a reference, both systems were compared with the results of the manual leaf-area 

calculation of the individual trees. The respective scatterplots are presented in Figure 5. 

In both cases, the correlations with the leaf surface area were approximately of the same 

magnitude. In 2011, the manual count resulted in a Pearson’s correlation of 0.78 for the 

LiDAR and 0.75 for the camera (Pforte et al. 2012). In 2012, the regression produced a 
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coefficient of determination (R
2
) of 0.80 (LiDAR) and 0.87 (camera). The slightly high-

er correlation of 2012 as compared to 2011 might be an effect of the difference between 

angles of view in both years.  

This close correlation between area of the canopy and the real leaf area corroborates the 

results of both Lindsey and Bassuk (1992) and Ter-Mikaelian and Parker (2000). 

 

 
 

Figure 5: Real leaf area, determined by counting all the leaves and multiplying them by 

the leaf size of a sample, expressed as a regression of the camera and laser readings in 

2012. 

 

The number of leaves and the average size of the leaves of a tree are not correlated. On-

ly a minor trend of increasing leaf size with an increasing number of leaves was detect-

able (Figure 6). 

 

 
  

Figure 6: Correlation between number of leaves and average leaf size in 2012 
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4.  CONCLUSIONS 

 

The automated measurement of the canopy by means of a LiDAR laser scanner system 

and a two-dimensional near-infrared image analysis system worked well under field 

conditions. Both methods are capable of accurately measuring the canopy area. It was 

also possible to calibrate the two methods with the real leaf area. The laser has the ad-

vantage of making data treatment easier, whilst the camera system is considerably less 

expensive than the laser. The segmentation process was greatly improved by the use of 

a black canvas as a backdrop when the camera took photographs from the side. The in-

convenience here is that a canvas must be placed behind each tree; this could be done 

manually, or with a vehicle. Compared to measurements taken from a top-down view, 

this method has the advantage of being suitable for use in orchards equipped with anti-

hail nets. The slightly higher correlation between real leaf area and the laterally-

determined canopy area also indicates a slight advantage for this angle of view. Both 

methods have a high potential for full automation, which opens up interesting opportu-

nities for future tree-specific orchard management. 
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ABSTRACT 

  
SmartDDS is a three-year-study, financed by the German Ministry of Agriculture. Our 
ambition is to develop an app for mobile devices that can identify plant diseases by 
analysing digital images at minimal computational costs. The first aim is to identify 
fungal leaf spots on sugar beet which are hard to differ like Cercospora beticola, 
Ramularia betae and Phoma betae. First tests showed promising results with a 
recognition accuracy of more than 97 %. 
 

 
Keywords: Sugar beet, smartphone, app, pattern recognition, plant disease, Germany 
 

1. INTRODUCTION  
 
Plant diseases cause worldwide enormous damages and it is a big challenge to control 
them professionally. Especially in remote areas farmers cannot  get the support of 
experts that could give specific advices. Therefore it would be helpful to evolve a tool 
that could detect and identify plant diseases by analysing digital images. SmartDDS is 
such an approach. In this three-year-study, financed by the German Ministry of 
Agriculture our ambition is to develop an app for mobile devices that can identify plant 
diseases by analysing digital images. The first aim is to identify fungal leaf spots on 
sugar beet which are hard to differ like Cercospora beticola, Ramularia betae and 
Phoma betae (see Fig. 1) . There are several apps on the market that help the user to 
identify plant diseases by displaying similar disease symptoms as a decision support; 
but none of those tools is an automated intelligent system. 
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2.  MATERIAL AND METHOD 
 

An image database is set up with photos of diseased sugar beet leaves taken in the field 
in various situations (respecting e.g. angle, illumination, distance). The recorded leaves 
are taken to a laboratory where the spots are examined and classified by experts. These 
ground truth data will be used for training a classification algorithm that will be 
implemented in the app. Using ordinary smartphones or tablet PCs (see Fig. 2), the user 
will photograph the plant in a certain distance to the symptom. The app will pre-process 
the images before the data will be sent to a local server for further analysis. This will 
lower the computational costs and speed up the process. The first step is to down-
sample the input image (see Fig. 3) to increase sharpness. A max RGB filter will be 
applied (see Fig. 4) to pronounce the reddish/brownish image regions which may hint at 
diseases. Then a binary image will be computed to put the reddish pixels in the 
foreground and the greenish/bluish pixels in the background. To compute a region 
image (see Fig. 5) median filtering, component analysis, hole filling, filtering of regions 
adjacent to the image borders, as well as filtering of regions where the width/height 
ratio of their bounding boxes is not in the interval [1/2, 2] will be applied. The last step 
of the pre-processing procedure is to convert the input image to a grey scale image and 
suppress all pixels in the grey scale image that are background pixels in the region 
image; then unsharp masking will be applied. The resulting image contains all the 
information for the subsequent analysis on a local server (see Fig. 6). To extract the 
features of each region the local binary patterns (LBPs) of the gradient magnitudes will 
be computed and binned into a histogram to use its entropy as a descriptor. The 
classification of the leaf spots will be accomplished by thresholding entropy measures 
of the texture descriptors using naive Bayes-classifiers. The classifier attaches the 
regions to a certain class which was defined previously e.g. Cercospora beticola, 
Ramularia betae, Phoma betae or a reject class (objects that cannot be classified). The 
user will receive the result immediately on his mobile device. It is also planned to 

Figure 1. Ramularia- and Cercospora-leaf-spots (Klatt 2013). 
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embed weather based decision support systems like CERCBET1 and CERCBET3 
(www.isip.de) to get further information on the epidemiology or a recommendation for 
the disease  management.  

 

 
 

 

 
 

 

3.  RESULTS 
 
First tests seemed to be very promising. With a data set of 20 images containing 
symptoms of Phoma betae and Cercospora beticola the presented recognition algorithm 
achieved accuracy rates of more than 97 % if entropy measures are computed from 
histograms of 16 and more bins. Image pre-processing, feature extraction and 

Figure 2. Graphic presentation of the app´s operating mode (Klatt 2013) 

Figure 3-6. Image pre-processing (Bauckhage 2012) 
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classification were computed in fractions of a second even though the input images 
were fairly large. 

 
4.  CONCLUSIONS AND OUTLOOK  

 
Mobile devices become more and more affordable and the computational power as well 
as the incorporated digital cameras improve continuously. The app is always available 
and enables the user to identify plant diseases without expert knowledge. The tool is not 
designed to quantify the disease incidence or severity. The algorithm will be extended  
for the detection of further plant diseases and the usability of the app will be improved. 
This tool can help farmers in remote areas who have no access to expert knowledge. It 
is neither very time consuming nor expensive. 
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ABSTRACT 
 

vite.net
®
 is an interactive, web-based DSS for sustainable vineyard management which 

was developed in such a way to overcome all the limitations (both technical and of low 

acceptance by end-users) met by the DSSs for crop management developed up to now. 

vite.net
®
 is targeted to the vineyard manager (i.e., the person who makes decisions or 

provides consultancy about the vineyard management) and includes several components 

such as decision supports for canopy management and for disease and pest control, 

indicators of the eco-toxicological impact of the plant protection products, alerts on 

potential abiotic stresses (cold temperature damage and water stress), and estimates of 

the pending yield. Thanks to its holistic vision of the vineyard management problems, 

the accessibility and versatility of the service as well as the intuitive and interactive 

nature of the web-portal, vite.net
®
 is a unique tool in the current panorama of DSS for 

grape production. 
 

 

Keywords: Sustainable agriculture, integrated pest management, informed decision. 

 

1. INTRODUCTION  

 

Application of Decision Support Systems (DSSs) to crop management has gained 

increasing importance since the 1980s. Despite their promises, DSSs have contributed 

little to practical Integrated Crop Production because of the so-called ‘problem of 

implementation’, that is the “lack of sustained use in a way that influences practice” 

(McCown, 2002 and 2012). In particular, under-utilization of the DSSs can be ascribed 

to both technical limitations and farmers’ attitude towards decision making and 

perception of DSSs (Gent et al., 2011; Matthews et al., 2008; Rossi et al., 2012). 

 

mailto:vittorio.rossi@unicatt.it
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vite.net
®
 is a DSS for sustainable vineyard management, developed during the EU-FP7 

project MoDeM_IVM and purposely designed to overcome such a problem of 

implementation. 

 

2.  MATERIAL AND METHODS 
 

vite.net
®
 was developed by adopting the approach described by Magarey et al. (2002), 

who depicted a twenty-first century DSS as a “super consultant” tool that: 1. 

incorporates overall management solutions for growers; 2. should not be designed or 

used to replace the decision maker but to help her/him in making choices by providing 

additional information; 3. must be delivered through the Web, for an easy and 

continuous updating; 4. should have greater automation of interpretation than the 

current DSSs. Moreover, the DSS focused also on aspects leading to a positive 

acceptance by the end-users. Specifically, vite.net
®

 is targeted to the vineyard manager, 

i.e., the person who makes decisions about the vineyard management or suggests the 

proper actions to the grape-grower (e.g., technicians of growers consortia, cooperatives 

or large farm enterprises, or private advisors). 

 

3.  RESULTS 

 

vite.net
®
 is accessible via the website of Horta S.r.l. (www.horta-srl.com). The users 

consult the DSS whenever they need information for deciding whether to perform a 

management action or not.  

vite.net
®
 provides support tailored to a vineyard (or a part of a vineyard or number of 

vineyards) that can be managed in an uniform manner all season long and that is 

classified into the DSS as a “Crop Unit” (CU). 

Only once, when they first access vite.net
®
, the users need to fill in for each CU a form 

with site-specific information that does not change over the season (static information), 

such as the cultivar, trellis system, distance between the rows, distance between vines 

within the row, soil texture, etc. 

 

vite.net
®
 collects, organizes, and integrates in an automatic way the static information 

provided by the user and the information constantly coming from weather sensors 

installed in the vineyard. The system analyses these data by means of modelling 

techniques and produces supports/alerts on the basis of model outputs. The 

mathematical models working within vite.net
®
 were developed in the MoDeM_IVM 

project or retrieved from literature and adapted/calibrated for properly fitting the DSS 

architecture. 

 

3.1 The Functionalities of vite.net
®
  

 

After the log-in to the DSS, the user selects one of the CUs he/she is managing and 

gets access to the alerts and supports tailored on such CU. The system first displays a 

main page (Figure 1), from where it is possible to access the DSS functionalities, which 

http://www.horta-srl.com/
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provide information in real-time and can be explored at different level of detail. In 

general, two levels of details are available: i) a synthetic info, which shows the key 

information updated at the time of consultation and promptly communicates the level of 

alert (for most functionalities the synthetic overview is shown in the DSS main page of 

Figure 1, while for others it is accessible by clicking on dedicated buttons on the 

bottom-right side of the same page); ii) an in-depth info, which shows in graphic forms 

the seasonal dynamic of the outputs calculated by using both recorded meteorological 

data and weather forecast. The graphic layout of the outputs is simple and intuitive and 

makes a functional use of colours. 

  

 
Figure 1 – Main page of vite.net

®
 

 

For example, the synthetic information on diseases is provided in the form of small 

dashboards, one for each disease (see window on the top left in Figure 1), showing an 

index of alert, the level of which is represented by colours varying from green (low 

alert), to yellow, to orange and up to red (very high alert). The in-depth information is 

accessible by clicking on the disease dashboard and shows graphs of the temporal 

evolution, at daily interval, of the different phases of those processes which lead to the 

infection and the outbreak of symptoms (Figure 2). A third level of detail is represented 

by a support indicating the appropriateness of performing a fungicide treatment. 
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The functionalities embedded in the DSS are accessible from the dash board of Figure 1 

(either from a window, showing a synthetic overview, or from buttons) and are the 

following.  

Weather data (button): overview of the most recent hourly data recorded by the sensors 

installed in the vineyard and graphs of the daily values of rain, leaf wetness, air 

temperature and relative humidity from the beginning of the season (1
st
 of March).  

Field diary (button): chart for recording each management action and its relevant 

associated information, such as for instance the dose of the plant protection product 

distributed. 

Pesticide impact (button): indicators of the eco-toxicological impact of the plant 

protection product distributed. 

Scouting (button): summary of the information/data collected by means of the 

monitoring activities performed in the vineyard. Even though the DSS is stand-alone (it 

works without receiving data from a vineyard monitoring) the accuracy of the DSS 

output benefits from additional information collected in the vineyard during the season 

(e.g., the plant phenology, the presence/absence of insect pests or diseases) which can 

be inserted via the DSS portal in a specific section or by using scouting devices (e.g., 

cell phone, camera, tablet, etc.). 

Crop Unit (button): list of all the CUs created by the same user and associated to the 

same weather station/sensors. 

Vine phenology and growth (window): overview on the current phenological stage of 

vines and their vegetative-reproductive ratio; detailed graphs of the dynamic of 

phenology, leaf area and clusters weight; estimate of pending yield and decision support 

for canopy management in respect to summer pruning operations such as leaf removal 

and clusters thinning. 

Cold temperature damage alert (window): overview of the minimum temperatures of the 

day; detailed graphs of the daily course of temperatures and potential damage to buds 

and shoots.  

Water content (window): overview of the soil water content; detailed graphs of the 

dynamic of soil water content and water deficit associated with plant stress.  

Insect pests (window): overview on the current phenological stage of insect pests 

(Grape berry moth, Mediterranean vine mealybug, American grapevine leafhopper); 

detailed graphs of the dynamic of phenology of the different forms (e.g., adults, eggs, 

larvae) in each generation; decision support for insect pest control.  

Disease (window): overview on the current level of alert for the diseases (Downy and 

Powdery mildews, Grey mould, Black rot); detailed graphs of the dynamic of the 

disease components (e.g., inoculum dose, dispersal, infection, incubation); decision 

support for disease control.  
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Figure 2 – Dynamic of the epidemiological components for primary infections of 

downy mildew: availability of inoculum, germination of oospores, release and dispersal 

of zoospores, occurrence of infections and the course of incubation (the model 

producing these outputs was developed by Rossi et al., 2008). The current day, when 

the user accesses the DSS, is shown on the graph by means of a vertical black line: the 

outputs on the left of the line are calculated on the basis of the meteorological records, 

whilst those on the right are based on weather forecast. 
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3.2 Main Characteristics of vite.net
®
 

 

1. Aim: the DSS has been designed as a “tool” which provides additional and relevant 

information for decision-making and not as a “proxy” for the user’s decision process. 

2. Holistic vision: the DSS offers information on the key aspects of vineyard 

management: disease and insect pest management, plant growth and yield, canopy 

management, cold temperature and water stress. 

3. Specificity: the decision supports and alerts provided by the DSS are tailored to a 

CU, that is a vineyard (or a part of a vineyard or number of vineyards) managed in an 

uniform manner all season long. 

4. Interactivity: each CU is characterized by means of site-specific information both 

static, which do not change over the season and are inputted una tantum by the user, and 

dynamic, which change over the season.  

5. Real-time update: the DSS receives in real-time the data collected in the vineyard 

and uses them as input variables for the mathematical models running within the 

system, so that the model outputs are updated hourly. 

6. Accessibility: the DSS is delivered via the Internet and accessible by any browsers, 

available 24 hours a day, 7 days a week, and it does not require the installation of 

specific software. 

7. User’s interface: the surfing within the DSS is intuitive and dynamic and allows to 

choose the level of detail at which exploring the information. Graphics, colours and 

symbols communicate in an immediate, effective, and univocal way the state of each 

DSS component. 

8. Updating: the accessibility via the Internet allows a timely update of the DSS 

functionalities, as soon as new results from research are made available and without 

requiring the user interventions. 

9. Versatility: weather data for running the DSS can be collected by any meteorological 

station or by wireless sensor networks, irrespective of the manufacturer; similarly, 

scouting data can be collected by a variety of scouting devices such as smartphones, 

tablets, and cameras. 

10. Co-innovation: the DSS has been designed and developed in close collaboration 

with external consultants and a panel of final users in order to appropriately address 

their needs. During the MoDeM_IVM  project, potential end-users were involved in 

seminars and visits to demonstration vineyards and their participation was crucial for 

providing an insight on their decision processes and on the criteria they adopt to take 

actions. 
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4.  CONCLUSIONS 

 

vite.net
®
 provides real time, multiple and detailed information on the status of the 

vineyard helping the managers to take “informed decision”. Specifically, vite.net
®
 

allows i) to rationalize the use of resources, both natural (e.g., water) and technical 

inputs (e.g., plant protection products), implementing a cropping system consistent with 

the principles of sustainable agriculture (including Integrated Pest Management as 

acknowledged by the 2009/128/EC directive), and ii) to keep trace of the rationale 

behind each management action. 

The main characteristics, such as the holistic vision of vineyard management, the 

accessibility and versatility of the service, as well as the intuitive and interactive nature 

of the web-portal, make vite.net
®
 a unique tool, yet unavailable on the current market, 

for supporting the vineyard manager in implementing sustainable viticulture. 
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ABSTRACT 

 

This paper reports the result of test on a prototype of a simple device using ICT 

technology to monitor pests in vineyards and orchards using a trap with specific 

pheromones lure. The device acquires set of images of the surface of the trap at fixed 

time intervals and record the environmental temperature and humidity. The data and the 

captured images are stored on a server that offer a free file hosting and sharing service, 

making possible the remote access to the information. 

 

The system is based on an industrial IP camera with wide-angle lens appropriate to the 

capture field dimensions (260x200 mm) and a LED illuminator that ensure a correct and 

uniform illumination. Illuminator and environmental sensor (temperature and humidity) 

are governed by an I/O card which can be programmed according to the needs. The 

entire system is controlled by a dedicated software running on a embedded mini-ITX 

PC. The software is designed to fully automate the acquisition of images and 

environmental parameters. The recorded files are stored on a local disk and are 

automatically synchronized with a free file hosting service that makes them available on 

the internet. In this way, authorized users, can access to images from any device with 

internet connectivity (e.g. smartphone, tablet, pc). The system is completely 

autonomous with power supplied by a solar panel and allows a complete remote visual 

check. 

 

Keywords:   Insects, remote image, pheromones, moth, trap, ICT, Italy   

 

 

1. INTRODUCTION  

 

Usually, the pest detection is performed with field investigations on parts of plants 

potentially attacked by these parasites and monitoring the presence of specimens of 

adult males captured by traps into which is placed a pheromones diffuser (Jactel et al., 

2006).  

 

These two techniques make possible to know the size of the population of a particular 

insect, evaluate the threshold of economic damage that makes it convenient insecticide 

application, and the optimal time of its execution, if it is deemed necessary. 

 

The prevalent pheromone diffusion methods uses of capsules (Petrovskii et al., 2012). 

Recent solutions propose as support for the diffusion of the pheromone, a micro 
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capillary diffuser. The visual check of adults captured by traps is usually conducted 

manually by operators that are labour and time consuming. A device that can perform 

automatically this operation introduce time and cost saving. 

 

The purpose of this study was to design and build a device for remote monitoring of two 

lepidopteran species harmful to the vine: Lobesia botrana (grape berry moth) and 

Eupecilia ambiguella (moth).  

This device makes possible to increase the frequency of visual relief without having to 

travel physically in the vineyards.  

In addition to the images related to the trap, the device acquires and store environmental 

parameters (temperature and air relative humidity), useful to develop mathematical 

models. 

 

 

2.  MATERIALS AND METHODS 
 

The first step in the design of the system was to understand the general architecture of 

the system considering the minimum technical requirements needed. In particular, the 

system has to be able to: 

- Acquire a capture area of 260x200 mm; 

- High image resolution (adequate to distinguish the taxonomic aspect of insects);  

- Autonomous scheduled operation;  

- Independent and autonomous power source; 

- Internet connectivity (for remote image uploading); 

- Remote access and control. 

The system block diagram visible in figure 1 satisfy the requirements and presents three 

main modules: 

1. trap; 

2. power supply module; 

3. farm. 

 

The trap is the core of the device and contains all the components needed to manage and 

run the system. The camera has to acquire an image of the capture area. The led 

illuminator produce proper luminous condition in the trap. Image acquisition process is 

coupled with environmental information given by a temperature and humidity sensor 

placed in the trap. Electronic devices are governed by a control unit that manage all the 

necessary operation needed to acquire, store and transmit the images and environmental 

information. The data communication between the trap and the farm is provided by a 

standard wi-fi connection.  

 

The power supply module has to provide the energy to the system without connections 

to the grid, making independent the system. The solar panel ensure a power supply also 

after a sequence of several cloudy days with the support of a backup battery. 
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The farm provide the internet connection needed by the system to communicate with the 

remote users. 

 
Figure 1. System block diagram. 

 

 

2.1 Hardware 

The second step was the component identification on the basis of the system 

requirements. A wide-angle-lens device was used in order to acquire the entire capture 

area (200x260 mm) maintaining the smallest distance between camera and capture area 

and shrinking the overall device dimensions. Commercial cams as web-cams or video-

surveillance cams often use this kind of optics, but the resolution of the images obtained 

with those devices is not enough to discriminate the taxonomic aspect of the insects. To 

obtain better resolution and the optical characteristics needed, an industrial IP camera 

was used. The resolution is 2592x1944 pixels (5 Mpixels) and wide-angle lens with 

6mm of focal length permit to acquire the entire trap area placing the camera at a 

reasonable distance from the capture area. 

D
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To obtain constant and uniform light condition, a led illuminator was used. This was 

made using 4 high power led strip placed to cover all the capture area. A total of 24 led 

were used. 

 

To measure and record the environmental parameters an integrated temperature and 

humidity sensor was used. This is a slave chip-based unit that use the SHT11 sensor. 

This device  use the I2C protocol to communicate with the master control unit. Table 1 

shows the main characteristics of the sensor. 

 

Table 1. SHT11, temperature and humidity sensor specifications 

 

 Temperature Humidity 

Range -40 ÷ 123.8°C 0 ÷ 100 %UR 

Resolution 0.01 °C 0.05 %UR 

Accuracy ± 0.4 °C ± 3 %UR 

 

Communication with the sensor, led and camera power supply are driven by an interface 

board developed on the basis of the Arduino Uno™ board running a custom firmware 

developed for the application. The board communicates thru a standard USB connection 

by coded serial commands with a pc (or other devices) in order to: 

- read temperature and relative humidity from SHT11 sensor 

- switch on/off the led illuminator 

- switch on/off an auxiliary dc power (connected to the camera) 

- read up to 5 analog channels (one used for monitoring the battery voltage) 

 

The Arduino board hardware can drive directly only 5V and 0.04A loads and is not 

suitable to drive directly relative heavy loads like led illuminator and camera. This 

devices requires a 12V and up to 0.3A power supply. A power board was realized using 

darlington transistor (for the led activation) and relay (for the camera output) as power 

driver. 

 

The entire system is governed by a mini-itx pc-board (Intel DN2700MT) running 

Windows 7®. This solution give a standard pc interface with low power consumption 

(10 W) and heat dissipation, reduced dimensions (only 170x170x25 mm), single 9-18V 

power supply and some peripherals components embedded (such as gigabit ethernet 

card and video card). The processor is a Dual-Core Intel® Atom™ N2800 with 1.86 

GHz clock and 4 Gb DDR3 SDRAM memory were installed. A 60 Gb solid-state 

storage was used to reduce power consumption, improve the performances and the 

reliability of the system. 
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2.1.1 Power source and energy management 

 

The power source was designed evaluating the energy requirements for each component 

that was determined considering a 24h running cycle. Table 2 reports the results 

obtained with instantaneous current and power adsorption (considering a 12V DC 

power supply), the period of activation per cycle (time on) and the corresponding 

energy. 

 

Table 2. System energy requirements with 12V DC power supply for 24h cycle 
 Current 

[A] 

Power 

 [W] 

Time on 

[h] 

Energy 

[Wh] 

Ah/cycle  

[Ah] 

Battery charge regulator 0.01 0.12 24.00 2.9 0.2 

PC idle 0.08 0.96 23.00 22.1 1.8 

PC Run 1.00 12.00 1.00 12.0 1.0 

Led illuminator 0.26 3.12 0.01 <0.1 <0.1 

Camera 0.30 3.60 0.01 <0.1 <0.1 

TOTAL 1.6 19.1 - 34.1 2.8 

 

On the basis of the total energetic values required by the system was possible to choose 

the solar panel and battery to guarantee the autonomous operation in low light 

conditions. A 43Wp solar panel coupled with a 18 Ah Pb battery can give 6 day 

operation in dark conditions. 

 

The system is configured to automatically power up and shut down in order to save 

energy. Figure 2 reports the sequence of the operation in a 24h cycle. The acquisition 

task has been scheduled at 22:00 in order to eliminate the effect of the ambient light and 

obtain constant illumination conditions provided by led illuminator only.  

 

0 4 8 12 16 20 24

PDD Idle

PDD Run

Acquisition

Time[h]  
Figure 2. System acquisition schedule. 
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At the end of the image acquisition and after a user-configurable time period (post-

acquisition run time), the pc will be set in a low-power condition (standby mode) to 

save energy and battery life. The time at the end of the acquisition process is needed to 

guarantee the image uploading on the remote server. The minimum time needed to 

upload ah image is 2.3 minutes considering an image size of 2.7 Mb and an average 

upload speed of 20 kB/s. For safe operation the post-acquisition run time has been set to 

20 minutes. 

 

2.2 Software  

 

The mini-itx pc runs the main government software that has the goal to schedule, 

acquire and save the image taken. This software, developed using Microsoft Visual 

Basic Express 2010 Suite, manages all the features of the system. Figure 3, shows two 

screenshots of the main form of the software. The left screen reports an overview of the 

state of the system with the last acquired image and, on the bottom, the environmental 

conditions. On the right the configuration page, were the user can set-up all the 

parameter of the system such as: acquisition time, I/O board configuration, image and 

log filename and path, pc auto-standby. 

 

        
Figure 3. Software screenshots. 

 

All the images acquired are stored on a local disk and they are automatically uploaded 

and synchronized with a free file hosting service on the web. In this way, users can 

access to the images simply connecting to the webpage or using the QR-code showed 

below 
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Figure 4. QR code for remote access to the acquired images. 

 

3. RESULTS AND DISCUSSION 

 

 

Figure 5 reports the device final installation in northwest Italy vineyards in the Barolo 

area. On the left the control unit and the solar panel that provide the power supply to the 

system. The trap was installed at the vegetation level.  

 

     
Figure 5. Final installation of the device. 

 

The device, use commercial components, but the overall performances can be improved 

designing dedicated hardware reducing dimensions, weight and power consumption 

(Kim et al., 2011). 

 

A difficulty occurred during the design was to find commercial and industrial 

components that satisfy the requirements needed by the application. 

Another restriction was given by the connection technology used by the cam, that using 

Gigabit LAN connection, requires hardware supporting this feature reducing the number 

of existing compatible devices. 
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The device is now in testing conditions, but for the future, an automatic image 

recognition system as suggested by (Wen and Guyer, 2012) or (Wang et al., 2012), will 

be implemented. 

 

 

 
 

 

4. REFERENCES 
 

 

Jactel, H., Menassieu, P., Vétillard, F., Barthélémy, B., Piou, D., Frérot, B., Rousselet, 

J., Goussard, F., Branco, M., Battisti, A., 2006. Population monitoring of the pine 

processionary moth (Lepidoptera: Thaumetopoeidae) with pheromone-baited traps. 

For. Ecol. Manag. 235, 96–106. 

Kim, Yonggyun, Jung, S., Kim, Yong, Lee, Y., 2011. Real-time monitoring of oriental 

fruit moth, Grapholita molesta, populations using a remote sensing pheromone trap in 

apple orchards. J. Asia-Pac. Entomol. 14, 259–262. 

Petrovskii, S., Bearup, D., Ahmed, D.A., Blackshaw, R., 2012. Estimating insect 

population density from trap counts. Ecol. Complex. 10, 69–82. 

Wang, J., Lin, C., Ji, L., Liang, A., 2012. A new automatic identification system of 

insect images at the order level. Knowl.-Based Syst. 33, 102–110. 

Wen, C., Guyer, D., 2012. Image-based orchard insect automated identification and 

classification method. Comput. Electron. Agric. 89, 110–115. 
 

 



 

P.Nasuelli; F Clemente. “Network analysis: the supply chains of products of animal origin  

in Italy”. EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT Innovation”, 

Turin, Italy, 24-27 June 2013. The authors are solely responsible for the content of this technical 

presentation. The technical presentation does not necessarily reflect the official position of the 

Internation Commission of Agricultural and Biosystems Engineering (CIGR) and of the EFITA 

association, and its printing and distribution does not constitute an endorsement of views which 

may be expressed. Technical presentations are not subject to the formal peer review process by 

CIGR editorial committees; therefore, they are not to be presented as refereed publications. 

Network analysis: the supply chains of products of animal origin  

in Italy 

Piero Nasuelli and Flavia Clemente 

Università di Bologna, DISTAL (Agricultural and Food Sciences Department – 

Dipartimento di Scienze e Tecnologie Agro-Alimentari), Viale G. Fanin 50, 

40127 Bologna. 

piero.nasuelli@unibo.it; flavia.clem@libero.it 

 

ABSTRACT 

In the last years we have seen a growing complexity and an unusual dynamic in the 

markets for food commodities, now comparable to those of more sophisticated financial 

systems. Productions are strongly affected by these imbalances, and classical models of 

demand and supply are no longer able to describe evolutions and developments for 

these markets.  

A food commodity is the result of a complex series of production and transformation 

processes, which determine price and availability. This study aims to a complete 

mapping of the major food commodities of animal origin, milk and meat chain. The 

main objectives of this presentation cover many of the issues that the governance and 

the players of food industry, from  producers to processors, have to face without 

appropriate tools for qualitative and quantitative assessments. 

 

Keywords: Food chain, complex network, strategic nodes, qualitative analysis, 

quantitative analysis, Italy 

 

1. INTRODUCTION  

 

The supply chains of products of animal origin are chains of production and 

transformation events connected by links of various kinds. Because of their complexity, 

these supply chains are comparable to networks with a dense grid, in which the nodes of 

the network represent the players in the process, while the net trace the relationships 

among  the actors (Jackson, 2008). This reticular nature, combined with the abstraction 

from some contingent situations which would represent only some company specific 

features, allows the representation of the supply chains by use of graphics software. 

Nevertheless it is good to keep in mind that an abstract representation, however 

accurate, is in any case only a partial reproduction of reality, that therefore omits some 

details in order to be representative of the majority of cases. 

However, this network has been designed to be enriched with new details if necessary, 

details that may in turn become the object of observation and study. 

The aim is to provide a mapping of the productions of animal origin as complete as 

possible and representative of the relationships among players. 

At the present this study provides a tool to evaluate the quality of the relationships along 

the supply chain. It is in progress the implementation of a database containing 

mailto:flavia.clem@libero.it
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quantitative data from official or administrative sources whose goal is making the 

network a quantitative as well as qualitative evaluation tool (Bigras-Poulin et al., 2006) 

 

1.1 Features of this representation 

 

For this map, it was decided to represent the network of animal products overlapping in 

a single framework the milk and dairy products chain and meat supply chain (Natale, et 

al., 2009). Currently in the meat supply chain are shown only beef and pigmeat chains, 

but the model is suitable to the addition of meat chains of other animal species. In the 

milk chain is instead considered cow's milk, buffalo milk, goat's and sheep's milk. 

In order to allow those who play a role in the supply chain to recognize themselves in 

the various nodes of the network, it was decided to represent the chain according to the 

players. In this way we exclude business structures and emphasis is put on production 

processes, processing, trade, and consumption (Sieczka, 2009). As a result, for example, 

a company that performs multiple processes in the chain, does not recognize itself in a 

single node of the network, but in the path along multiple nodes. 

Often a chain is represented by the production to the trade in the product. In this 

network, it was decided to represent also the recipient of the product, the consumer. 

 

1.2  Graphical tool: yEd Graph Editor  
 

The device used for the design of the network is the software yEd Graph Editor. It is a 

graphic software that allows you to establish a accurate symbolism for each segment of 

the network and for each level of specificity of representation from the most general to 

the most specific by changing color and geometric shape. 

This graphic software also allows the variation of the layout of the network, that 

arranging the nodes in the space in different ways, allows to highlight those who occupy 

strategic positions because linked by a multiplicity of direct relationships to other nodes. 

Together, they form the subnets. 

 

2.  THE NETWORK 
 

The network of the supply chains of products of animal origin has been described 

"according to the players" and divided into four segments, the same for all chains, 

representing the first general issues and then on the detail. The segments represented are 

Producers, Processors, Traders, Consumers. It is a complex network, which counts 201 

nodes and more than 460 relationships among them. Within the four segments, nodes 

belonging to each segment are specified with increasing level of detail. Moreover are 

also drawn relations with which each node is connected to the others, and the direction 

of each relationship. 

In order to precisely define the segments of the chain, described according to players, or 

agents, meaning those who perform actions along the supply chain, it was necessary to 

establish precisely the beginning and the end of each segment and of what it is included 

in: 
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 Producers: the agents of production. This segment of the chain goes from the 

time of production, whether it is milk or meat, up to the permanence of the 

product in the company. It is excluded from this segment the physical exit of the 

product from the breeding company. 

 Transformers: agents of processing. This segment of the supply chain goes from 

when the product leaves the farm (including the exit by the farm) until the end of 

the path in the processing company (or in the transport vehicles). It is included 

any process or treatment, even the simple cooling. 

 Retailers: agents of the trade in the product. This segment starts from the exit 

from the factory for processing (or from the transport vehicles) and regards the 

trade of processed product for sale. 

 Consumers: agents of consumption. Consumers are the buyers of the product, 

the last players in the chain, as it is designed in this network. 

 

2.1  The Direction of the Relationships 

 

Relations along the supply chain (the relationships linking the nodes of the network) are 

drawn with arrows that start from one node to reach another one. The choice of using 

arrows rather than simple union paths to represent the links between two nodes is due to 

the will of specify the direction along the supply chain that it is not only the flow of raw 

materials, but also temporal sequence of production processes, processing processes and 

trade. 

The direction is not always the same along the chain, even if for many nodes you locate 

a linear path which starts from the Transformers segment and passing by the Producers 

segment and after by the Traders, ends in the Consumers segment. In some cases, such 

as the import of foreign products, it takes place before the transition from the Traders 

segment, who import the product from abroad. Then you go in the Transformers 

segment, to return after to the Traders segment when the product is ready to be sold on 

the national market. Other cases of atypical route are those that represent the "short 

chain", where the layout of the relationships bypasses the segment of traders, passing 

directly from the segment of the Transformers in the Consumer one because of the 

direct sales of the product. 
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2.2  Key to symbols of the network: Colors and Geometric shapes 

In order to a transcription of the chain of animal products into a network graph it has 

been necessary to adopt a specific symbology that could encode without the use of 

words the characteristics of each single node of the network. Different colors have 

therefore been adopted to indicate the membership of each node to a segment of the 

chain, and also different geometrical shapes for the different levels within each segment, 

having to start from a more general level in the description to get to the more specific 

ones. 

For the identification of each segment have been used the following colors: 

a) Pink / Red: Segment “Producers” 

b) Turquoise / Blue: Segment “Transformers” 

c) Green: Segment “Traders” 

d) Blue: Segment “Consumers” 

For the representation of the levels within segments of the supply chain the following 

geometric shapes have been used : 

a) Rectangle: Level 1 

b) Parallelogram: 2nd level 

c) Hexagonal: 3rd level 

d) Octagon: 4th level 

e) Ellipse: 5th level 

2.3  Interpretation of the network of products of animal origin 

The network of animal products defined in this study was obtained by mapping the milk 

and dairy products chain and the beef and pig meat chain at first individually and then 

overlapping them in a single network. (Figure 1.) This was made possible thanks to the 

preliminary identification of the four constituent segments of both the milk chain and 

those of the meat chain, Segment Producers, S. Transformers, S. Traders and S. 

Consumers, the four rectangles that contain all other nodes. The mapping provided by 

the network prescinds from the dimensional characteristics and organization, production 

or processing characteristics of companies. Having chosen to represent the actors, or 

agents, that is to say those who act, the network returns a concatenated sequence of 

processes represented by the arrows, which often converge on some nodes, while 

maintaining their individual path.  These nodes are "strategic" because they are situated 

on the production path of several products. The thing is made more evident by making a 

change in the layout that rearranges the nodes in the space while leaving unchanged the 

mutual relations. After doing this in fact you can appreciate subnets, which are 

characterized by the centrality of a node linked by the relationship "one to many" to 

other nodes.  
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2.3.1 An example: Parmigiano Reggiano 

To observe the Parmigiano Reggiano (Figure 3.) it is necessary to start as with all 

products, by Segment Producers in which is included the node Producers of milk for 

Parmigiano R. From this node an arrow leads to the Segm. Transformers in the node-

group Cheese Factories which includes another node-group, the DOP cheeses, in which 

is contained the node Dairy Farm Parmigiano R. For the Parmigiano it is possible the 

“short chain” and direct selling. For this reason, a link leads to the next node, that of 

Maturing in the cheese factory - Packaging and direct selling, while another link leads 

to the node Maturers, and from there to the node Transformation in processed products, 

but also to the node Packaging for sale through traditional channels. By both nodes you 

switch to the different nodes of the segment Traders, while by the node Transformation 

in processed products a link also leads to the node representing the Wasting of the 

Segm. Transformers. From nodes in the Segm. Traders start the links to the Segm. 

Consumers that will go on the node of Parmigiano R. Consumers from which an 

outbound link will direct you to the node Wasting of Segm. Consumers. It represents 

the end point of the reading of the network, as the last node of the terminal segment. 

 
3. CONCLUSIONS AND REMARKS 

 
At present, this study allows a qualitative assessment. By matching a network database, 

which is currently being implemented, which contains numeric data, it will be possible 

to match to each node its weight in quantity and price (Figure 2.). This will give a 

"weight" to each node that derives not only from the qualitative assessment, depending 

on the number of relationships, but also by the quantitative evaluation(Vignes, 2011). 

This "weight" may vary the design of the network in relation to the distances between 

nodes, approaching those linked by very strong relationships. This does not mean, 

however, that the qualitative evaluation has minor importance, since a node linked to 

many others, regardless of its actual weight, is still crucial in all relationships with the 

nodes it is connected to. Therefore, if it came into crisis, it would be a problem for all 

the processes to which it is connected. 

This aspect, but also the "weighted" definition of the strategic importance of the 

network nodes make it the basis for a tool for prediction of the critical issues and study 

of the choices by the governance about decisions on actions to support the sector. 

Furthermore, the actors in the chain can recognize their own activities in the paths 

traced by the network of relationships, whatever the type and size of their company. The 

ability to map along the network activities and relationships of a business enterprise 

makes this complex network the starting point for a possible tool to optimize 

management. 
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Figure 1. The network of animal products 

 

 
Figure 2. Qualitative evaluation of the network 
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Figure 3. The Parmigiano Reggiano network. 
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ABSTRACT 

The new information and communication technologies (ICT) have become an essential part of 

business. Because of this, we have developed a lot of scientific research on adoption issues and 

benefits of using ICT in all types of businesses. In agriculture and agribusiness are no exception. 

However, there is little research conducted in developing countries and virtually no studies of this 

type for countries in Latin America. This paper presents the results of an exploratory research 

developed in a group of technicians and producers MasAgro program in the state of Chiapas by 

the Secretary of State SAGARPA, Mexico. The study examined the factors of value creation in 

the ICT decision-making according to the perception of the program directors. The survey used 

was applied to 90 producers representing corn producers in the region. The instrument designed to 

obtain information was a questionnaire with a total of 60 questions, the questionnaire is divided 

into four sections, the first of which collects the information about the interviewee and 

performance. The next section asks about the use of ICT, the third section aims to analyze the 

perception of the companies surveyed in relation to ICT, and the last part is dedicated to analyze 

the factors that influenced the adoption of these technologies. The results show that the degree of 

adoption of ICT presents technical and program producers in the state of Chiapas is still basic, 

since the use that is given to the use of Internet is not going beyond the banking, the consultation 

climate and information searches. This research contributes to knowledge in this area helping the 

understanding of the different facets of ICT adoption in rural enterprises in developing countries. 

Proposing a second phase to the adoption of the proposed model which depends on the initial level 

of use of ICT in the study group as well as the technical characteristics and producers, and the 

process of promoting innovation for use. The adoption shows differences in knowledge 

management to define the model of use for the development of their daily activities, aimed at 

harnessing the potential based on the current situation of ICT, which will make up an integrated 

system for decision-making in real time. The most influential factors in the adoption of innovations 

are the characteristics and level of knowledge of ICT, where the digitization of information is 

based on the use of computer technology, and implementing the widespread use of ICT in 

transactions economic and trade MasAgro program in the state of Chiapas, México. 

 

Keywords: ICT, Agribusiness, Adoption, Integration Technology, Mexico 
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1. INTRODUCTION 

This paper presents the results of an exploratory research project aimed at determining the extent 

of adoption and use of new information and communication technologies (ICT), specifically, the 

Internet and the WWW in agribusiness in Mexico. As the universe of study, we selected a group 

of technicians and producers MasAgro program in the state of Chiapas, which although not 

representative of the conditions under which the adoption and use of ICT across the Mexican 

agribusiness, if you can make common in Mexico information to agribusiness SMEs. 

1.1 The Mexican agribusiness 

The present work aims to study the technicians and producers of corn in the state of Chiapas, but 

their activity is not exclusively agricultural, but that such activity also covers the marketing of their 

products so we can call them as part of the agribusiness sector. Agribusiness is considered as 

economic activity that combines agricultural production process with industry. In this process, 

agriculture and industry can achieve different degrees of horizontal and vertical integration which 

may eventually reach the integration of marketing activities and providing insumos1. Agribusiness 

has the ability to reduce the perfectibility of products and post-harvest losses, reduce the 

seasonality of supply, increase the value added of the primary product; accommodate urban 

patterns of demand (CEPAL, 1998: 31). The term was coined by Ray agribusiness Goldberg of 

Harvard University, during the 50s. It refers to the chain of individuals, companies and institutions, 

ranging from input supply to processing and distribution of food (Ramirez, 2003). In Mexico 

dominate micro food agro industrial activity (Council for Standardization and Certification of 

Labor Competence, 2000). According to a study by the Council, the average age of the agro-food 

establishments ranges from four to fifteen years of operation. 

1.2 The agribusiness sector and ICT. 

Among the external phenomena that have impacted the agricultural industry is the adoption and 

diffusion of the new technological (IT, biotechnology and new materials). ECLAC argues that this 

paradigm will reduce the comparative advantages of the endowment of natural resources and cheap 

labor (1998: 19). The Internet is much more than just a simple and effective way to exchange e-

mail and documents, the Internet emerges as a major dorsal spine not only trade, but also of 

development (Rakesh, 2003). An essential element of competitiveness in production methods is 

its capacity for innovation, allowing the opportunities created by scientific and technological 

developments translate into advantages and benefits for those who fail to adapt to the changes. The 

agribusiness sector is no exception and like other economic sectors have not only adopted but have 

succeeded in developing communications technology and specializes in your particular needs 

arising from this specialized Web sites, the Internet marketing, creating specialized software for 

agricultural and industrial needs, etc.. However, even though we might think that the use of these 

technologies would naturally, Day and Schoemaker (2001:24.) Argue, "the management of 

emerging technologies requires a different set of skills, environments and strategies which are 

required to handle existing technologies”. 

1 See INFOCIR, Monthly Bulletin http://www.focir.gob.mx/documentos/boletin/infocirfebrero.pdf agribusiness intelligence (accessed April 3, 

2007) 
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1.3 ICT and agribusiness.  

The term information technology (IT) refers to "any technology both teams as the software used 

to store, process and transmit information in digital form" (Carr, 2005:14). Some of the advantages 

of its use in agribusiness are (ibid.):  

a) Check and monitor the weather forecast 

b) Finding the supply of seeds, fertilizers and all kinds of inputs 

c) Get information about the general analysis and forecasts for each sector 

d) Be informed of logistics service, transportation and storage of commercially available 

e) Get updated catalogs of agricultural machinery, equipment and parts 

f) Exchange views and experiences with other farmers and experts from different regions 

g) Provide financial management information obtaining loans, etc. 

h) Dealing with bureaucratic barriers, keep abreast of legislation and get the latest documents 

and certificates through internet. 

All these benefits can be availed as competitive advantages for each of the agents involved in the 

value chain of the agricultural sector. 

1.4 The adoption of ICT in SMEs. 

The adoption of ICT in different areas of business has been extensively studied worldwide, and 

Latin America has been the exception, but in this area of the world, studies are less abundant. In 

fact Palacios (2003:119) argues that "the issue is already part of the government agenda, scientific, 

technological, educational and industrial Latin America. 

In this paper the term adoption refers to "the decision to make full use of an innovation, in this 

case technology, which is regarded as necessary to make things better"2. The how you give such 

adoption and the factors influencing it, is one of the objectives of this inquiry. Day (et 2001a) 

provides a description of the characteristics of adopters of technologies, providing a segmentation 

in the adoption curve in each of the segments has identities, behaviors and different requirements 

(Ibid 170-171):  

a) Innovative technology enthusiasts 

b) Visionary early adopters 

c) First most pragmatic 

d) Last most conservative 

e) The tradition-bound behind 

Not found in the scientific literature, studies on ICT adoption in Mexican SMEs, hence has had to 

analyze this phenomenon from studies conducted in other countries, where studies are more 

abundant,-Alexander (2006 ) recounts these studies. There are already several specific studies on 

agribusiness SMEs adoption (Premkumar, 1999, Barton, 2003; Pollard, 2003; Cetyl, 2004, 

Henderson, 2004; Sellitto, 2004, Thomas, 2004; Baer, 2006, Kim, 2006), although none of them 

to Mexican companies. 

2 This concept is based on the presented by Afzaal (2003) which has in turn cited Rogers. In the section of the state of the matter is discussed 
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Pollard (2003) presents a study in Australia that aimed to evaluate government-sponsored actions 

(e-services) to improve communication between small farmers and their supply chain and to 

identify factors affecting the adoption of the use of these services. According to their literature 

review identified six factors through which bears his approach: 1) perceived usefulness, 2) ease of 

use, 3) the attitudes towards e-services, 4) the standards used, 5) perception involving control and 

6) support for their activities. The study provides evidence of the limited success of government 

policies implemented leading to the adoption of e-services, but also prevents the importance of 

contextual variables such as region, external pressures, geographical distances, which denies the 

author the possibility to generalize their findings. 

Barton (2003), carried out an approach through a qualitative method of case study using semi 

structured interviews describing experiences, perceptions and attitudes of farmers regarding the 

use of Internet. The questions that guided the research were: Why use the Internet? How they 

discovered their use?, How and why did your introduction to using the Internet?, What are the 

common uses that give them? And what are the advantages I perceived problems regarding their 

use? In general, the authors find that the literature on the subject identifies internal and external 

factors on the process of adoption of the EC. Some of the internal factors studied are: the resistance 

of the administrators, the technology factor, use of resources, lack of awareness and information 

in this group and add what they call market orientation (ibid.: 37). Regarding external factors are: 

environmental uncertainty, the pressure of other actors, the influence of the government, the 

infrastructure aspect, and technology standards. (Ibid.). There the other hand, research focused on 

the analysis of the websites specialized Singh (2003). In this study the author focuses on how 

different types of portals on the Internet (governmental, commercial, service and specialized) 

facilitate access to and understanding of the users as well as the impact of these sites on the 

technology adoption processes. 

2. METHODOLOGY 

The instrument designed to obtain information was a questionnaire with a total of 60 questions. 

The questionnaire is divided into four sections, the first of which collects the information about 

the interviewee and your company. The next section asks about the use of ICT, the third section 

aims to analyze the perception of the companies surveyed in relation to ICT, and the last part is 

dedicated to analyze the factors that influenced the adoption of these technologies ICT. 

The total group of technicians and producers MasAgro program in the state of Chiapas in this case 

were 91 who were interviewed in their entirety. Regarding schooling, 38% of farmers have 

minimum basic education studies. It is important to note that the majority (55%) stated that the 

company has only one or two administrative employees, which indicates the degree of structuring 

of the company, which may also be an indicator for the organization of work and the complexity 

of the processes that follow. 

3. DATA ANALYSIS AND RESULTS 

As seen in Table 1 and Figure 1, almost all of the sample reported having a computer for work, 

although the use of laptops is less widespread. For activities that have been conducted and 

performed with the help of computer equipment, found that 55% have "down" or listened to music, 
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64% use it to play, 73% is used in planning activities, 91% to read some document, and all the 

farmers have drafted documents and budgets and surfed the Internet. 

Technology used % Of farmers who used 

Telephone 70% 

Mobile Phone 90% 

Fax 100% 

Radio 64% 

GPS 9% 

Desktop pc 91% 

Laptop 27% 

PDA 9% 

Table 1. ICT used by farmers (own source) 

Regarding the use of specialized software, 64% reported having any of these for your work. 

Among those mentioned are: Money, Chiconet, Excel, Compac I Nomipac and SUA. 45% of 

respondents have Internet access. Only 91% use email. Figure 1 shows the detailed information. 

Emphasizes the use of electronic banking in 81% of cases, and consultation of climate information 

and pricing for all respondents. One thing that stands out is the null electronic marketing activity 

undertaken by farmers in the sample. 

Of the 63% of farmers who have made purchases via the Internet, 42.8% have done so for personal 

products, 42.8% have purchased office products, agricultural inputs and hired traffic and logistics 

services. Only 14.3% agricultural machinery acquired by this means. Regarding those who 

reported searching for information using the Internet, 100% said they had looked for information 

about products and climate, almost 73% have done so in relation to agricultural technical 

information, and 64% have consulted government procedures, 91% ever consulted about sale 

prices of products and only 36.36% have done so in matters of traffic and logistics. The 91% of 

respondents said knowing any Web page on useful information for producers, however, only 34% 

said the name referring to a marketer of seeds. They said the aim of the search was updated in 

agricultural techniques, product information and prices. None of the farmers surveyed have 

website for your company or business. 

 

Figure 1. Activities that use the Internet  

Perception of ICT. Perception can be defined simply as an inner sense that it made an impression 

on our senses Material That feeling positive impact or not our decisions and behaviors. The 

perception is mediated by representations and cultural imaginary, this represents a major obstacle 
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to the adoption of technology, even greater than the infrastructure or the capital required to 

appropriate ICT. According to what is observed in Figure 2, the way they are perceived not only 

technologies, but also the need for its use and benefits they carry can be decisive for adoption. As 

you can see the use of the computer or PC, is very poor, limiting their use mainly to writing 

documents, preparation of accounting records and payroll. Other activities such as planning, 

production, supply, marketing, traffic and logistics are perceived mostly as activities where it is 

not essential to use a computer. 

 

Figure 2. Perceived importance of ICT by business  

Regarding the perception of Internet use in the different activities carried out it was found that the 

search of information on prices and quotes are the activities where it is considered necessary to 

have more technological tool (see Figure 3), followed by sending and receiving documents.  

 

Chart 3. Perceived importance of ICT processes  

The employers interviewed said they had received benefits such as cost reduction (77%), 

efficiency and delivery orders (74%), resource optimization (54%), control of information (53%), 

supply assurance (33%) and increased sales (36%). Another aspect that can be seen in the graph 

above is that of the above activities CE and finding customers are the activities to what is 

considered less necessary to use the Internet after recruitment. This is an important aspect since it 

is these activities that can be considered cutting edge in the use of ICT, which indicates the lack 

of vision you have in terms of the ways in which it is possible to exploit this resource. Furthermore, 

it was received during the implementation of the survey for several farmers these activities were 

not thought of as activities that could be conducted via the Internet. The consultation of technical 

and governmental procedures are apparently common activities for respondents, with 91% and 

82% respectively considering the use of the Internet for these activities as necessary or very 

necessary. 
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Respondents were asked about their perceived usefulness of the Internet in terms of optimization 

of different business processes, obtaining the following information (see Figure 4). The 45% of 

respondents noted that Internet use does not see any advantages in terms of increased production 

and a little over 36% perceived no advantage in terms of speed up processing. On the other hand 

the biggest perceived advantage has to do with the possibility of avoiding middlemen (27.27%) 

followed by obtaining first-hand information (direct information) and optimization times (18.2%). 

Obvious answers besides "Do not know" which mostly were of the order of 10% (reaching in one 

case up to 18%), indicating the lack of information on the benefits that the use of ICT can bring. 

The above information shows then the degree "primitive" (Chaffey, quoted by mcole & Ramsey, 

2005: 44) having Internet use in this sample of farmers. 

 

Figure 4. Perceived benefits in using the Internet 

This also can be corroborated since none of them has a Web page of your company or business, 

and also 50% consider it unnecessary to reach new customers, 60% consider it unnecessary also 

to advertise their products, diversify its market and conduct electronic commerce (see figure 5). 

 

Figure 5. Perceived need for presence in the WWW  

In regard to how safe the use of Internet considered responses were varied. Only 45.5% gave a 

value of 5 (on a scale of 1 = least safe, 5 = greater security) to the category of monetary transfers, 

which is somewhat contradictory to the 81% who have used online banking service. Regarding the 

document shipments ratio was the same (45.5%). One of the activities according to respondents is 

the most by farmers through technological tools is the search for information. By questioning about 

how safe Internet use in this case, was surprised to find that 36.4% gave a value of 3, followed by 

27.3% who gave it a 4. Only 18.2% maximum value granted. While the above results show some 

caution as to the use of Internet, excelled in terms of making purchases and sales through this, this 

distrust was increased considerably. Thus we have for example that when it comes to buy a 45.5% 
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gave a value of 1, and only 9% gave it a 5. In what has to do with sales, 72.7% gave a value of 1, 

the minimum security, and as in the previous case only 9% gave it a 5. One of the disadvantages 

that farmers perceive electronic marketing first factor was found as ignorance on the use of ICT 

(36.4%), followed by mistrust and the risk of outdated information (9%). Regarding finding 

suppliers opinions are more evenly distributed (see figure 6). 

 

Figure 6. Perception of security in the use of Internet. 

Adoption of ICT.According to research in the field of technology adoption (Oaks and Gomez, 

2007) the factors that influence ICT adoption can be classified into two types: external and internal 

features. Among the external factors are: environmental uncertainty, pressure from other actors, 

government influence, the aspect of infrastructure, technology standards and technological 

innovation (McCole & Ramsey, 2005). In this study we asked about those external factors that 

could have affected the adoption of Tais. Farmers were asked to give a value of 1 to 5 (5 being the 

highest value) to the factors they perceived influenced ICT adoption and the results were other 

interesting. 

As to whether they adopted the use of computers by government requirement to perform certain 

procedures, etc. found that only 18.2% gave the maximum value and the same percentage awarded 

a one. The greatest concentration of value is in the range of 1 to 3, which also indicates the limited 

impact of government factor, perhaps given the almost non-existent policy to promote the use of 

technologies. Another external factor that was considered was the requirement of suppliers, here 

the influence was still lower than the 45.5% and gave a value of 1. In this sense it is that although 

providers are consulted or searched via the Internet, for example, did not exert any pressure for the 

farmer to adopt the use of the computer. It was thus that the request by the clients in this sector no 

differences according to the respondents (63.6% gave 1). In this case, it is considered that external 

factors studied here were not decisive in the adoption of the computer as a tool, and if it was a 

necessity instead of an administrative nature, ie the advantages of this tool for such tasks. Thus we 

have for example the category of time optimizing the maximum value obtained in 54.5% of the 

responses, but not the optimization of resources for that value obtained only 18.2%, which also 

demonstrates the use of inefficient PC. However, 81.8% believe that the adoption of the computer 

was simply for personal initiative. In terms of Internet usage, the responses dealt in similar vein to 

the previous. However, in the search for technical information category 63.6% responded by 

granting values 4 and 5. There remember that this activity is the most commonly performed by the 

farmers surveyed, along with the location of suppliers. Regarding the use of the Internet to find 

customers is low, 72.7% gave the minimum value. To the question regarding the ease of use of the 

computer 72.7% answered that the adoption has been relatively easy, the rest very easily said. As 
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for the factors that favored the adoption of the computer or the Internet found that 100% believe 

that schooling, the cost of equipment and Internet connection, 81.8% think that the adoption was 

facilitated by previous courses systems area, 63.6% also believe it is important that employees are 

trained makes them easier to use in business. Other factors that positively influence are both friends 

and family who use these technologies. The competitors from using these ICTs appears to 

represent any kind of pressure, since none of the respondents are considered as one of the factors 

that influenced their decision to use the computer I the Internet. 

On the other hand 100% believe that the use of these technologies is very useful, 90.9% do not 

consider that such use is complex or expensive, nevertheless only 18.2% consider it essential. 

Finally, we asked about whether they would be willing to invest in training for handling these and 

other technologies, the entire sample answered yes.  

4. CONCLUSIONS 

The results of the empirical work did not produce many surprises, mostly made merely confirmed 

most of the hypotheses at the beginning of the research. Nevertheless, the data and information 

obtained was interesting because it reveals situations, perceptions and characteristics, which 

although cannot be generalized, if they are representative at least in the region.  

In response to the first research question, we say that the degree of adoption of ICT technicians 

and producers presented MasAgro program in the state of Chiapas, is still basic or primitive. That 

is, although the producers use basic technology tools such as telephone and mobile phone, radio, 

fax and computer, do so to routine and operational activities rather than activities or strategic 

processes. The case of the Internet is also similar, since the use which gives the network goes 

beyond banking, climate query and search for information, the latter apparently also with serious 

deficiencies.  

Using the classification given by Day (2001a), could place farmers under study between so-called 

conservatives who adopt technology only when the majority has and have doubts about the value 

of such adoption and this is where we find a disgruntled, theory tells us that adoption is the decision 

to make full use of an innovation, in this case technology, which is considered necessary to make 

things better (Rogers cited by Afzaal, 2003), but what happens when adopts a particular 

technological tool appears necessary but not a general trend? The answer to such an approach is 

not simple but important. The use of a PC that is "used" to have one in the office is not precisely 

defined technology adoption, at least not in the terms in which this concept has been developed so 

far. So it is necessary to differentiate between "adoption" and "acquisition" of ICT, the latter 

defined as the appropriation of a technological tool, which does not necessarily mean that you will 

appreciate as essential, or that he knows to use appropriate. 

Finally, what kind of barriers are faced by the process of adoption of technologies by members of 

the program? Mainly it was found that there is a cultural and language barrier, which proved even 

more interesting is the lack of knowledge about the benefits of ICTs. It is not just the natural 

resistance that anyone might have to change, but the barrier that was identified as most important 

was undoubtedly the ignorance of ICT with farmers, because of their low level of education 

studies. An important aspect that impacts the adoption of ICT is one that has to do with the internal 
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organization of the business. Apparently traditionally, farmers who participated in the survey did 

not have a complex business organization. This also represents an internal factor at the same time 

becomes a barrier to the adoption of ICT. The work came to the issues raised from two levels: the 

first has to do with the accessibility regarding technological resources, which exists not only given 

the existent infrastructure in parts of the region, but also because the most of the subjects under 

study do not have the financial resources to acquire, and the second, with its concept having to do 

with the representations regarding its use have. 

The importance of the study and promotion of ICTs is not discussion. However, if the issue is a 

priority or not local governments seems to be the central point for our country. In the "Plan of 

Action of the World Summit on the Information Society" emphasizing the role of national 

electronic strategies as key instruments for the advancement of the information society in 

developing countries. It also calls for measures to promote ICT applications oriented development, 

particularly for use in SMEs to foster innovation, increase productivity, and reduce transaction 

costs and fighting poverty. "(UN, 2004:7). Public policies in Mexico have been rare, not only in 

promoting the adoption of ICT, but also in ensuring an environment that strengthens confidence 

in business processes electronically. It is therefore necessary to have a specific promotion policy 

that provides not only technical knowledge but also able to disseminate to farmers the advantages 

of the adoption of these technologies. 
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ABSTRACT 

The new information and communication technologies (ICT) have become an essential part of 

business. Because of this, we have developed a lot of scientific research on adoption issues and 

benefits of using ICT in all types of businesses. In agriculture and agribusiness are no exception. 

However, there is little research conducted in developing countries and virtually no studies of this 

type for countries in Latin America. This paper presents the results of an exploratory research 

developed in a group of technicians and producers MasAgro program in the state of Chiapas by 

the Secretary of State SAGARPA, Mexico. The study examined the factors of value creation in 

the ICT decision-making according to the perception of the program directors. The survey used 

was applied to 90 producers representing corn producers in the region. The instrument designed to 

obtain information was a questionnaire with a total of 60 questions, the questionnaire is divided 

into four sections, the first of which collects the information about the interviewee and 

performance. The next section asks about the use of ICT, the third section aims to analyze the 

perception of the companies surveyed in relation to ICT, and the last part is dedicated to analyze 

the factors that influenced the adoption of these technologies. The results show that the degree of 

adoption of ICT presents technical and program producers in the state of Chiapas is still basic, 

since the use that is given to the use of Internet is not going beyond the banking, the consultation 

climate and information searches. This research contributes to knowledge in this area helping the 

understanding of the different facets of ICT adoption in rural enterprises in developing countries. 

Proposing a second phase to the adoption of the proposed model which depends on the initial level 

of use of ICT in the study group as well as the technical characteristics and producers, and the 

process of promoting innovation for use. The adoption shows differences in knowledge 

management to define the model of use for the development of their daily activities, aimed at 

harnessing the potential based on the current situation of ICT, which will make up an integrated 

system for decision-making in real time. The most influential factors in the adoption of innovations 

are the characteristics and level of knowledge of ICT, where the digitization of information is 

based on the use of computer technology, and implementing the widespread use of ICT in 

transactions economic and trade MasAgro program in the state of Chiapas, México. 
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1. INTRODUCTION 

This paper presents the results of an exploratory research project aimed at determining the extent 

of adoption and use of new information and communication technologies (ICT), specifically, the 

Internet and the WWW in agribusiness in Mexico. As the universe of study, we selected a group 

of technicians and producers MasAgro program in the state of Chiapas, which although not 

representative of the conditions under which the adoption and use of ICT across the Mexican 

agribusiness, if you can make common in Mexico information to agribusiness SMEs. 

1.1 The Mexican agribusiness 

The present work aims to study the technicians and producers of corn in the state of Chiapas, but 

their activity is not exclusively agricultural, but that such activity also covers the marketing of their 

products so we can call them as part of the agribusiness sector. Agribusiness is considered as 

economic activity that combines agricultural production process with industry. In this process, 

agriculture and industry can achieve different degrees of horizontal and vertical integration which 

may eventually reach the integration of marketing activities and providing insumos1. Agribusiness 

has the ability to reduce the perfectibility of products and post-harvest losses, reduce the 

seasonality of supply, increase the value added of the primary product; accommodate urban 

patterns of demand (CEPAL, 1998: 31). The term was coined by Ray agribusiness Goldberg of 

Harvard University, during the 50s. It refers to the chain of individuals, companies and institutions, 

ranging from input supply to processing and distribution of food (Ramirez, 2003). In Mexico 

dominate micro food agro industrial activity (Council for Standardization and Certification of 

Labor Competence, 2000). According to a study by the Council, the average age of the agro-food 

establishments ranges from four to fifteen years of operation. 

1.2 The agribusiness sector and ICT. 

Among the external phenomena that have impacted the agricultural industry is the adoption and 

diffusion of the new technological (IT, biotechnology and new materials). ECLAC argues that this 

paradigm will reduce the comparative advantages of the endowment of natural resources and cheap 

labor (1998: 19). The Internet is much more than just a simple and effective way to exchange e-

mail and documents, the Internet emerges as a major dorsal spine not only trade, but also of 

development (Rakesh, 2003). An essential element of competitiveness in production methods is 

its capacity for innovation, allowing the opportunities created by scientific and technological 

developments translate into advantages and benefits for those who fail to adapt to the changes. The 

agribusiness sector is no exception and like other economic sectors have not only adopted but have 

succeeded in developing communications technology and specializes in your particular needs 

arising from this specialized Web sites, the Internet marketing, creating specialized software for 

agricultural and industrial needs, etc.. However, even though we might think that the use of these 

technologies would naturally, Day and Schoemaker (2001:24.) Argue, "the management of 

emerging technologies requires a different set of skills, environments and strategies which are 

required to handle existing technologies”. 

1 See INFOCIR, Monthly Bulletin http://www.focir.gob.mx/documentos/boletin/infocirfebrero.pdf agribusiness intelligence (accessed April 3, 

2007) 
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1.3 ICT and agribusiness.  

The term information technology (IT) refers to "any technology both teams as the software used 

to store, process and transmit information in digital form" (Carr, 2005:14). Some of the advantages 

of its use in agribusiness are (ibid.):  

a) Check and monitor the weather forecast 

b) Finding the supply of seeds, fertilizers and all kinds of inputs 

c) Get information about the general analysis and forecasts for each sector 

d) Be informed of logistics service, transportation and storage of commercially available 

e) Get updated catalogs of agricultural machinery, equipment and parts 

f) Exchange views and experiences with other farmers and experts from different regions 

g) Provide financial management information obtaining loans, etc. 

h) Dealing with bureaucratic barriers, keep abreast of legislation and get the latest documents 

and certificates through internet. 

All these benefits can be availed as competitive advantages for each of the agents involved in the 

value chain of the agricultural sector. 

1.4 The adoption of ICT in SMEs. 

The adoption of ICT in different areas of business has been extensively studied worldwide, and 

Latin America has been the exception, but in this area of the world, studies are less abundant. In 

fact Palacios (2003:119) argues that "the issue is already part of the government agenda, scientific, 

technological, educational and industrial Latin America. 

In this paper the term adoption refers to "the decision to make full use of an innovation, in this 

case technology, which is regarded as necessary to make things better"2. The how you give such 

adoption and the factors influencing it, is one of the objectives of this inquiry. Day (et 2001a) 

provides a description of the characteristics of adopters of technologies, providing a segmentation 

in the adoption curve in each of the segments has identities, behaviors and different requirements 

(Ibid 170-171):  

a) Innovative technology enthusiasts 

b) Visionary early adopters 

c) First most pragmatic 

d) Last most conservative 

e) The tradition-bound behind 

Not found in the scientific literature, studies on ICT adoption in Mexican SMEs, hence has had to 

analyze this phenomenon from studies conducted in other countries, where studies are more 

abundant,-Alexander (2006 ) recounts these studies. There are already several specific studies on 

agribusiness SMEs adoption (Premkumar, 1999, Barton, 2003; Pollard, 2003; Cetyl, 2004, 

Henderson, 2004; Sellitto, 2004, Thomas, 2004; Baer, 2006, Kim, 2006), although none of them 

to Mexican companies. 

2 This concept is based on the presented by Afzaal (2003) which has in turn cited Rogers. In the section of the state of the matter is discussed 
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Pollard (2003) presents a study in Australia that aimed to evaluate government-sponsored actions 

(e-services) to improve communication between small farmers and their supply chain and to 

identify factors affecting the adoption of the use of these services. According to their literature 

review identified six factors through which bears his approach: 1) perceived usefulness, 2) ease of 

use, 3) the attitudes towards e-services, 4) the standards used, 5) perception involving control and 

6) support for their activities. The study provides evidence of the limited success of government 

policies implemented leading to the adoption of e-services, but also prevents the importance of 

contextual variables such as region, external pressures, geographical distances, which denies the 

author the possibility to generalize their findings. 

Barton (2003), carried out an approach through a qualitative method of case study using semi 

structured interviews describing experiences, perceptions and attitudes of farmers regarding the 

use of Internet. The questions that guided the research were: Why use the Internet? How they 

discovered their use?, How and why did your introduction to using the Internet?, What are the 

common uses that give them? And what are the advantages I perceived problems regarding their 

use? In general, the authors find that the literature on the subject identifies internal and external 

factors on the process of adoption of the EC. Some of the internal factors studied are: the resistance 

of the administrators, the technology factor, use of resources, lack of awareness and information 

in this group and add what they call market orientation (ibid.: 37). Regarding external factors are: 

environmental uncertainty, the pressure of other actors, the influence of the government, the 

infrastructure aspect, and technology standards. (Ibid.). There the other hand, research focused on 

the analysis of the websites specialized Singh (2003). In this study the author focuses on how 

different types of portals on the Internet (governmental, commercial, service and specialized) 

facilitate access to and understanding of the users as well as the impact of these sites on the 

technology adoption processes. 

2. METHODOLOGY 

The instrument designed to obtain information was a questionnaire with a total of 60 questions. 

The questionnaire is divided into four sections, the first of which collects the information about 

the interviewee and your company. The next section asks about the use of ICT, the third section 

aims to analyze the perception of the companies surveyed in relation to ICT, and the last part is 

dedicated to analyze the factors that influenced the adoption of these technologies ICT. 

The total group of technicians and producers MasAgro program in the state of Chiapas in this case 

were 91 who were interviewed in their entirety. Regarding schooling, 38% of farmers have 

minimum basic education studies. It is important to note that the majority (55%) stated that the 

company has only one or two administrative employees, which indicates the degree of structuring 

of the company, which may also be an indicator for the organization of work and the complexity 

of the processes that follow. 

3. DATA ANALYSIS AND RESULTS 

As seen in Table 1 and Figure 1, almost all of the sample reported having a computer for work, 

although the use of laptops is less widespread. For activities that have been conducted and 

performed with the help of computer equipment, found that 55% have "down" or listened to music, 
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64% use it to play, 73% is used in planning activities, 91% to read some document, and all the 

farmers have drafted documents and budgets and surfed the Internet. 

Technology used % Of farmers who used 

Telephone 70% 

Mobile Phone 90% 

Fax 100% 

Radio 64% 

GPS 9% 

Desktop pc 91% 

Laptop 27% 

PDA 9% 

Table 1. ICT used by farmers (own source) 

Regarding the use of specialized software, 64% reported having any of these for your work. 

Among those mentioned are: Money, Chiconet, Excel, Compac I Nomipac and SUA. 45% of 

respondents have Internet access. Only 91% use email. Figure 1 shows the detailed information. 

Emphasizes the use of electronic banking in 81% of cases, and consultation of climate information 

and pricing for all respondents. One thing that stands out is the null electronic marketing activity 

undertaken by farmers in the sample. 

Of the 63% of farmers who have made purchases via the Internet, 42.8% have done so for personal 

products, 42.8% have purchased office products, agricultural inputs and hired traffic and logistics 

services. Only 14.3% agricultural machinery acquired by this means. Regarding those who 

reported searching for information using the Internet, 100% said they had looked for information 

about products and climate, almost 73% have done so in relation to agricultural technical 

information, and 64% have consulted government procedures, 91% ever consulted about sale 

prices of products and only 36.36% have done so in matters of traffic and logistics. The 91% of 

respondents said knowing any Web page on useful information for producers, however, only 34% 

said the name referring to a marketer of seeds. They said the aim of the search was updated in 

agricultural techniques, product information and prices. None of the farmers surveyed have 

website for your company or business. 

 

Figure 1. Activities that use the Internet  

Perception of ICT. Perception can be defined simply as an inner sense that it made an impression 

on our senses Material That feeling positive impact or not our decisions and behaviors. The 

perception is mediated by representations and cultural imaginary, this represents a major obstacle 
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to the adoption of technology, even greater than the infrastructure or the capital required to 

appropriate ICT. According to what is observed in Figure 2, the way they are perceived not only 

technologies, but also the need for its use and benefits they carry can be decisive for adoption. As 

you can see the use of the computer or PC, is very poor, limiting their use mainly to writing 

documents, preparation of accounting records and payroll. Other activities such as planning, 

production, supply, marketing, traffic and logistics are perceived mostly as activities where it is 

not essential to use a computer. 

 

Figure 2. Perceived importance of ICT by business  

Regarding the perception of Internet use in the different activities carried out it was found that the 

search of information on prices and quotes are the activities where it is considered necessary to 

have more technological tool (see Figure 3), followed by sending and receiving documents.  

 

Chart 3. Perceived importance of ICT processes  

The employers interviewed said they had received benefits such as cost reduction (77%), 

efficiency and delivery orders (74%), resource optimization (54%), control of information (53%), 

supply assurance (33%) and increased sales (36%). Another aspect that can be seen in the graph 

above is that of the above activities CE and finding customers are the activities to what is 

considered less necessary to use the Internet after recruitment. This is an important aspect since it 

is these activities that can be considered cutting edge in the use of ICT, which indicates the lack 

of vision you have in terms of the ways in which it is possible to exploit this resource. Furthermore, 

it was received during the implementation of the survey for several farmers these activities were 

not thought of as activities that could be conducted via the Internet. The consultation of technical 

and governmental procedures are apparently common activities for respondents, with 91% and 

82% respectively considering the use of the Internet for these activities as necessary or very 

necessary. 
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Respondents were asked about their perceived usefulness of the Internet in terms of optimization 

of different business processes, obtaining the following information (see Figure 4). The 45% of 

respondents noted that Internet use does not see any advantages in terms of increased production 

and a little over 36% perceived no advantage in terms of speed up processing. On the other hand 

the biggest perceived advantage has to do with the possibility of avoiding middlemen (27.27%) 

followed by obtaining first-hand information (direct information) and optimization times (18.2%). 

Obvious answers besides "Do not know" which mostly were of the order of 10% (reaching in one 

case up to 18%), indicating the lack of information on the benefits that the use of ICT can bring. 

The above information shows then the degree "primitive" (Chaffey, quoted by mcole & Ramsey, 

2005: 44) having Internet use in this sample of farmers. 

 

Figure 4. Perceived benefits in using the Internet 

This also can be corroborated since none of them has a Web page of your company or business, 

and also 50% consider it unnecessary to reach new customers, 60% consider it unnecessary also 

to advertise their products, diversify its market and conduct electronic commerce (see figure 5). 

 

Figure 5. Perceived need for presence in the WWW  

In regard to how safe the use of Internet considered responses were varied. Only 45.5% gave a 

value of 5 (on a scale of 1 = least safe, 5 = greater security) to the category of monetary transfers, 

which is somewhat contradictory to the 81% who have used online banking service. Regarding the 

document shipments ratio was the same (45.5%). One of the activities according to respondents is 

the most by farmers through technological tools is the search for information. By questioning about 

how safe Internet use in this case, was surprised to find that 36.4% gave a value of 3, followed by 

27.3% who gave it a 4. Only 18.2% maximum value granted. While the above results show some 

caution as to the use of Internet, excelled in terms of making purchases and sales through this, this 

distrust was increased considerably. Thus we have for example that when it comes to buy a 45.5% 
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gave a value of 1, and only 9% gave it a 5. In what has to do with sales, 72.7% gave a value of 1, 

the minimum security, and as in the previous case only 9% gave it a 5. One of the disadvantages 

that farmers perceive electronic marketing first factor was found as ignorance on the use of ICT 

(36.4%), followed by mistrust and the risk of outdated information (9%). Regarding finding 

suppliers opinions are more evenly distributed (see figure 6). 

 

Figure 6. Perception of security in the use of Internet. 

Adoption of ICT.According to research in the field of technology adoption (Oaks and Gomez, 

2007) the factors that influence ICT adoption can be classified into two types: external and internal 

features. Among the external factors are: environmental uncertainty, pressure from other actors, 

government influence, the aspect of infrastructure, technology standards and technological 

innovation (McCole & Ramsey, 2005). In this study we asked about those external factors that 

could have affected the adoption of Tais. Farmers were asked to give a value of 1 to 5 (5 being the 

highest value) to the factors they perceived influenced ICT adoption and the results were other 

interesting. 

As to whether they adopted the use of computers by government requirement to perform certain 

procedures, etc. found that only 18.2% gave the maximum value and the same percentage awarded 

a one. The greatest concentration of value is in the range of 1 to 3, which also indicates the limited 

impact of government factor, perhaps given the almost non-existent policy to promote the use of 

technologies. Another external factor that was considered was the requirement of suppliers, here 

the influence was still lower than the 45.5% and gave a value of 1. In this sense it is that although 

providers are consulted or searched via the Internet, for example, did not exert any pressure for the 

farmer to adopt the use of the computer. It was thus that the request by the clients in this sector no 

differences according to the respondents (63.6% gave 1). In this case, it is considered that external 

factors studied here were not decisive in the adoption of the computer as a tool, and if it was a 

necessity instead of an administrative nature, ie the advantages of this tool for such tasks. Thus we 

have for example the category of time optimizing the maximum value obtained in 54.5% of the 

responses, but not the optimization of resources for that value obtained only 18.2%, which also 

demonstrates the use of inefficient PC. However, 81.8% believe that the adoption of the computer 

was simply for personal initiative. In terms of Internet usage, the responses dealt in similar vein to 

the previous. However, in the search for technical information category 63.6% responded by 

granting values 4 and 5. There remember that this activity is the most commonly performed by the 

farmers surveyed, along with the location of suppliers. Regarding the use of the Internet to find 

customers is low, 72.7% gave the minimum value. To the question regarding the ease of use of the 

computer 72.7% answered that the adoption has been relatively easy, the rest very easily said. As 
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for the factors that favored the adoption of the computer or the Internet found that 100% believe 

that schooling, the cost of equipment and Internet connection, 81.8% think that the adoption was 

facilitated by previous courses systems area, 63.6% also believe it is important that employees are 

trained makes them easier to use in business. Other factors that positively influence are both friends 

and family who use these technologies. The competitors from using these ICTs appears to 

represent any kind of pressure, since none of the respondents are considered as one of the factors 

that influenced their decision to use the computer I the Internet. 

On the other hand 100% believe that the use of these technologies is very useful, 90.9% do not 

consider that such use is complex or expensive, nevertheless only 18.2% consider it essential. 

Finally, we asked about whether they would be willing to invest in training for handling these and 

other technologies, the entire sample answered yes.  

4. CONCLUSIONS 

The results of the empirical work did not produce many surprises, mostly made merely confirmed 

most of the hypotheses at the beginning of the research. Nevertheless, the data and information 

obtained was interesting because it reveals situations, perceptions and characteristics, which 

although cannot be generalized, if they are representative at least in the region.  

In response to the first research question, we say that the degree of adoption of ICT technicians 

and producers presented MasAgro program in the state of Chiapas, is still basic or primitive. That 

is, although the producers use basic technology tools such as telephone and mobile phone, radio, 

fax and computer, do so to routine and operational activities rather than activities or strategic 

processes. The case of the Internet is also similar, since the use which gives the network goes 

beyond banking, climate query and search for information, the latter apparently also with serious 

deficiencies.  

Using the classification given by Day (2001a), could place farmers under study between so-called 

conservatives who adopt technology only when the majority has and have doubts about the value 

of such adoption and this is where we find a disgruntled, theory tells us that adoption is the decision 

to make full use of an innovation, in this case technology, which is considered necessary to make 

things better (Rogers cited by Afzaal, 2003), but what happens when adopts a particular 

technological tool appears necessary but not a general trend? The answer to such an approach is 

not simple but important. The use of a PC that is "used" to have one in the office is not precisely 

defined technology adoption, at least not in the terms in which this concept has been developed so 

far. So it is necessary to differentiate between "adoption" and "acquisition" of ICT, the latter 

defined as the appropriation of a technological tool, which does not necessarily mean that you will 

appreciate as essential, or that he knows to use appropriate. 

Finally, what kind of barriers are faced by the process of adoption of technologies by members of 

the program? Mainly it was found that there is a cultural and language barrier, which proved even 

more interesting is the lack of knowledge about the benefits of ICTs. It is not just the natural 

resistance that anyone might have to change, but the barrier that was identified as most important 

was undoubtedly the ignorance of ICT with farmers, because of their low level of education 

studies. An important aspect that impacts the adoption of ICT is one that has to do with the internal 
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organization of the business. Apparently traditionally, farmers who participated in the survey did 

not have a complex business organization. This also represents an internal factor at the same time 

becomes a barrier to the adoption of ICT. The work came to the issues raised from two levels: the 

first has to do with the accessibility regarding technological resources, which exists not only given 

the existent infrastructure in parts of the region, but also because the most of the subjects under 

study do not have the financial resources to acquire, and the second, with its concept having to do 

with the representations regarding its use have. 

The importance of the study and promotion of ICTs is not discussion. However, if the issue is a 

priority or not local governments seems to be the central point for our country. In the "Plan of 

Action of the World Summit on the Information Society" emphasizing the role of national 

electronic strategies as key instruments for the advancement of the information society in 

developing countries. It also calls for measures to promote ICT applications oriented development, 

particularly for use in SMEs to foster innovation, increase productivity, and reduce transaction 

costs and fighting poverty. "(UN, 2004:7). Public policies in Mexico have been rare, not only in 

promoting the adoption of ICT, but also in ensuring an environment that strengthens confidence 

in business processes electronically. It is therefore necessary to have a specific promotion policy 

that provides not only technical knowledge but also able to disseminate to farmers the advantages 

of the adoption of these technologies. 
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ABSTRACT 

Recently, the scaled farm management has been made by the crop cooperative 

cultivated group and the agricultural product shipping group of local as well as 

cultivated acreage expansion. It has increased the need for farm management software 

so due large scale farming. We has been disseminated the PC-based farm management 

software from 10 years ago, but it has not been activated because farmer don't like to 

record and do not feel the need about farm management. Recently the dissemination of 

smart phones and smart devices tab is increasing rapidly. we propose ways of using 

activated farm management software using a variety functions of smart devices. This 

application was developed to run on iOS and Android smart devices. It consists the four menu 

that is farm daily record, household ledger, the latest news and Configuration management. 

farm daily record has the function of input, modify, and retrieve the contents of farm work by 

crops. The household ledger has the management functions of household income and 

expenditure, and settlement of accounts. 
 

Keywords : Smart device, Farm management, farming daily record, household ledger 

 

 

1. INTRODUCTION  

Recently, the dissemination of smart phones and smart devices tab is increasing rapidly. 

The internet access tool by using smart devices is expected to exceed Personal 

Computer in 2013 Republic Korea. It has developed rapidly the business models and a 

variety of applications launched by surge in the smart environment. As such changes in 

a smart environment, the demand for agricultural information using smart devices is 

expected to increase. The need of farm management software to manage systematically 

of income and expenditure of the farm and agricultural work according to the farm 

management increasingly large scale is increasing gradually. In this paper was presented 

the current state and assignment of smart farm management application of Republic of 

Korea in order to increase the convenience of farm management records using the 

characteristics of smart environments. 
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2. Operating Environment and Configuration 
 

The smart device-based farm management application was developed to run 

on iOS and Android smart devices. This was used information technology of 

smart devices such as QR code, push function, SMS, SNS, built-in camera, 

clock and GPS to increase the convenience of information management and 

alarm, and customer communication. It consists the four menu that is farm 

daily record, household ledger, the latest news and Configuration management. 

farm daily record has the function of input, modify, and retrieve the contents 

of farm work by crops. The household ledger has the management functions of 

household income and expenditure, and settlement of accounts. 3 months ago, 

we were registered its application in the AppStore and the PlayStore. 

Therefore users can be downloaded its application at the AppStore or 

PlayStore of smart phone. The main features of its application has a simple 

operation function, convenient of use, and linkage between functions and 

informations. 

 

 
 

Fig 1. Consist diagram of its application 

 
 

 

3. Main Service Functions 

There are the usage environment setting management, the farm diary record, 

the household ledger, and the latest news in its application function. 
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3.1 The setting usage environment of its application. 

When users use first its application, users must install the cultivated crops, 

unit wage, work items, SNS account, income and expenses items, file 

download, E-mail sending function, and setting an alarm. 180 crops are 

registered in the system to choose easy the crops. It was set work items from 

the prepared seeds to post-harvest management by crops. According to the 

set up use-based operation environmental of farm management, users can 

easy add and delete work items. 

 

 
 

Fig 2. Menu of the setting usage environment 

 

 

3.2 The farm diary record functions 

Farmers don’t like to record farm management current on the daily record 

book or farm management system because of a pressing agricultural work. But 

according to increasing farm management scale, they want to use the farm 

management system, requested the easy record management software. As a 

result of needs, we developed farm diary record function by using the smart 

phone. They can be managed easy labor, Agricultural materials, and 

agricultural work contents by using smart farm daily record application. The 

input agricultural labor and material automatically converted to the cost, also 

it is linked with the household account book. It can be retrieved the 
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agricultural work in the past, input new agricultural work contents. QR code 

by farm works was made and distributed to set up easy agricultural works in 

the smart phone.  

 - Farm daily record process : Choose the date on the calendar → choose 

the input and retrieve menu → choose the input method(Manual and QR 

Codes) → select crop → select the agricultural work steps → input the 

farming materials → input units of labor → enter the photo and movie  

recording file. 

 

 

Fig 3. Menu of the selecting input methods 

 

 

 
 

Fig 4. Menu of the input farming daily record 

 

Users can be viewed  recorded contents by period. The registered image file 

can be operated in conjunction with SNS. 
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3.3 household ledger 

 The household ledger consists of the income and expenditure management 

function, expenditures retrieve function, and settlement of accounts. It can be 

entered directly into a SMS of expenditures contents received by the smart 

phone. User can be retrieve the income and expenditure current, made an 

analysis of management situation.  

 

Fig 5. Menu of the input household ledger 

 

4. Future/Conclusions 
There are many kinds of smart device-based agricultural applications, but farmer do not 

know how many kinds application or how a lot of useful on the farm management. 

Future we will be develop the agricultural management secretarial application. It 

means the support function that has set up application and provide the 

agriculture information needed for farming just like a secretary. 
This application can be increase the convenience of farm management records using the 

characteristics of smart environments. It is easy to manage your income and expenses 

by using a smart phone. This paper will be presented for ways to take advantage of the 

smart phone agricultural sector.  
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1. ABSTRACT 
 

We present the model of a new information system for agribusiness management that 

supports Direct Costing and Activity Based Costing analyses. It has three main elements 

of novelty in comparison with existing systems. First, it collects real cost data making 

use of specific technological solutions. Second, it adopts Direct Costing and Activity 

Based Costing approaches to elaborate cost data. Third, it presents a structured section 

of reports, including what-if analyses, to support farm management decisions. We 

designed the model evaluating user needs through different round of interviews. The 

model aims at identifying the information requirements for the introduction of 

structured cost management approaches in Farm Management Information System 

development and depicts a viable design of the system supported by a working 

prototype and a set of reports for farm decision makers. 
 

 

Keywords: Farm management information systems, ICT, Activity-Based Costing, 

what-if analysis, Italy 

 

 

2. INTRODUCTION  

 

Farm Management Information Systems (FMIS) are the subject of growing attention in 

research, since they can benefit from recent technological developments in terms of new 

Web-based services and Precision Agriculture (PA) technologies (Nikkilä, Seilonen, & 

Koskinen, 2010). Nevertheless, most of the interest is focused on interfaces between 

FMIS and machines, operators, and PA devices. The issue of how the large amount of 

data resulting from the above mentioned sources is processed to support farm 

management is usually overlooked (Sørensen et al., 2010a). Especially cost analyses is 

not particularly developed, yet. This is a relevant gap, since costs are central elements in 

managerial decisions and the allocation of general costs to products impacts future 

choices. In order to contribute to fill this gap, we propose a model of a FMIS that is 

based on modern approaches to manage costs in farm businesses: Direct Costing (DC) 

and Activity-based Costing (ABC) approaches. 

In the next sections, we review relevant literature about FMIS, as well as about DC, and 

ABC approaches. Then, we describe the method applied in defining the model with the 

mailto:giacomo.carli@unibo.it
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support of key-informants from agribusiness. Finally, we summarize the results of this 

design process, illustrating the system with diagrams highlighting data structure and 

data flows.  

 

 

3. RELATED RESEARCH AND OPEN ISSUES 

 

Research about FMIS raised a growing interest in the last years, because agricultural 

activities have become more and more complex and decision-making activities need to 

be supported by a larger amount of information. Till now, many famers were used to 

carrying out analytical activities by hand, but the information processing load has 

become more and more intensive (Sørensen et al., 2010a). The advent of Precision 

Agriculture (PA) increased the need to analyze sparse information of different type and 

from different sources. As a consequence, the management of information and decision 

making are core issues in developing successful PA applications (Sørensen et al., 

2010b). Research about FMIS has developed a rich strand of the literature to address the 

data management issues of modern agriculture and PA applications: we briefly review 

the core findings in Section 3.1. Then, in Section 3.2, we focus on the specific 

application of modern approaches to cost management in agriculture, that is Direct 

Costing and Activity-based Costing, depicting the questions that appear to be still open 

in research and how this study may contribute to make a step forward. 

 

3.1 FMIS development 

 

Many research efforts have been spent in putting FMIS into a clear framework, because 

that class of systems must addresses the specific attributes of farms: presence of 

biological processes, fixed supply of land, small company size, climate/weather 

dependency and market conditions close to perfect competition (Kay, Edwards, & 

Duffy, 2011; Sørensen et al., 2010b). In this context, substantial improvements have 

been made in terms of machinery performance monitoring, collection of site specific 

data (Fountas, Wulfsohn, Blackmore, Jacobsen, & Pedersen, 2006), but there is a 

relevant gap “between the acquiring of such data and the efficient use of in agricultural 

management decision making” (Sørensen et al., 2010a). Special attention has been 

devoted in defining the information flows with detailed data-flow-diagrams (Fountas et 

al., 2006), data streams related to different processes (Nash, Dreger, Schwarz, Bill, & 

Werner, 2009), architectural designs for the information systems (Nikkilä et al., 2010; 

Voulodimos, Patrikakis, Sideridis, Ntafis, & Xylouri, 2010), conceptual models and 

functional requirements for future FMISs (Sørensen et al., 2010a, 2010b; Sørensen, 

Pesonen, Bochtis, Vougioukas, & Suomi, 2011).  

In this rich context, in this paper we focus on data processing aimed at supporting 

decision making with specific cost analysis approaches. Many information flows can 

become the roots for specific cost analyses and support a more conscious decision 

making process. The development of a specific model for a FMIS oriented to support 

economic decisions is a particularly relevant area of investigation, because of a growing 

interest in increasing the level of cost control on farm activities.  
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3.2 Direct Costing and Activity Based Costing in farm management 

 

Economic analyses can be significantly improved by the availability of detailed and 

specific data provided by the new tools and systems adopted in PA. This abundance of 

data needs to be directed through structured processing that enables the transformation 

from a raw state in a structured and synthetic form, that conveys the information 

required in decision making. Crop choices, machinery renewal, use of external services 

are some examples of decisions that require the adoption of specific accounting tools to 

set cost comparisons and support decision making. Furthermore, in many cases general 

costs (e.g.: depreciation of machinery) are not correctly allocated to crops: they are 

allocated considering only the extension of the plots. Nevertheless this approach leads 

to significant evaluation errors in managerial choice, favoring complex products 

realized in small quantities, and disfavoring simple products realized in large quantities.  

To address these issues, two main approaches have been proposed in accounting that 

support a structured decision making process: DC and ABC. DC is an accounting 

practice that is oriented at charging variable costs to products (Siegel & Shim, 2000: 

141). ABC methodology has been developed to face the increasing level of fixed costs 

in the modern companies (Cooper & Kaplan, 1988; Johnson & Kaplan, 1987). Their 

allocation to products is complex and ABC has been developed as “a methodology that 

measures costs and performances of activities, resources and cost objects, assigns 

resources to activities and activities to cost objects based on their use, and recognizes 

causal relationships of cost drivers to activities” (Dierks & Cokins, 2000).  

An ABC system is based on the idea that products make use of certain general activities 

developed inside the company and these activities require some resources to be done. It 

means that, first, the cost of the resources are allocated to the activities and, then, the 

costs of activities are allocated to the products (costs objects) using specifics activity 

drivers for every activity. In this way, it is possible to assign overhead costs to products 

in a more accurately and precise way. This logic enables managers to have a deeper 

control of how products or services, brands, customers, channels of distribution, or 

facilities consume resources and generate costs. Furthermore, this logic fosters the 

understanding of patterns of resource consumption at the micro level. Managers can 

have access to a deeper level of information that enables corrective actions directed to 

the enhancement of revenues, profitability and the reduction of costs. ABC prevents 

some distortions related to product cost information that arise from traditional 

accounting systems where the overhead (indirect costs) are arbitrarily attributed, usually 

in proportion to an activity’s direct cost. Traditional systems create higher distortions 

when there are sophisticated production structures, with a wide range of products or 

services that require the assignment of large general costs. 

The combination of DC and ABC enables to analyze cost supporting detailed 

managerial analysis based on a precise view of the cost of the single crop, considering 

its relative use of machinery and human resources. In agricultural and food literature 

there are only anecdotical examples and cases of application of DC and ABC to farm 

management. ABC has been applied in a number of case studies: fish processing in 

Finland (Setala & Gunasekaran, 1996), fish markets in Taiwan, combined with a linear 

programming technique (Lee & Kao, 2001), sawmilling in Finland (Korpunen, Mochan, 
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& Uusitalo, 2010), winemaking in Spain (González-Gómez & Morini, 2006), 

ornamental plant cultivation in Spain (González-Gómez & Morini, 2009). Only 

Chrenková (2011) proposes a complete analytical framework based on a on Microsoft 

Excel spreadsheet, not depended to a specific business.  

Here, our purpose is to consider the specific information flows required by the use of a 

combination of DC and ABC in a FMIS. Modern ICT and PA technologies offer the 

possibility to collect a large amount of data that can be used to set a precise monitoring 

of costs with a reduced intervention by farmers, since automatic processes collect large 

part of the data and perform information processing activities. 

The aim of this paper is to identify the information requirements for the development of 

a DC and ABC in a FMIS: we detail the model presenting data flows, then we propose a 

possible architecture of the system, and, finally, we show the reporting functionalities of 

this application.  

 

 

4. ANALYSIS AND DESIGN METHODOLOGY 

 

To define the requisites of the FMIS module dedicated to DC and ABC we started from 

the typical procedure suggested in literature: (1) interviews and definition of the 

activities; (2) measurement of the cost of the activities; (3) definition of the cost drivers; 

(4) definition of the activity rates; (5) allocation of costs to products and cost analysis 

(Anthony, Hawkins, & Merchant, 2010; Rafiq & Garg, 2002). We devoted particular 

attention at adopting a user-centric approach to foster future adoption by decision 

makers. In the next sections, we describe the phases of our study. According to the first 

point of the procedure, we conducted interviews to collect opinions from key users 

about the managerial decisions they take in their activity and how they can be supported 

by a structured economic analysis tool. Therefore, we traced DFD diagrams and 

modeled a system prototype according to point two, three and four. Finally, we defined 

reports and evaluated the results with key-informants referring to point five. In 

interviews, we focused on general questions and also on a specific case study. In the 

next subsections we detail these phases.  
 

4.1 Collection of the requisites  

 

Consistently with the user-centric approach, we investigated what specific outputs users 

are going to expect from the system and what data they can provide or can be 

automatically collected. This is coherent with the need to develop application that are 

focused on users’ needs and grants more chances of adoption (Sørensen et al., 2010b). 

We administered five interviews with experts and farming practitioners to define the 

context in which the system is expected to operate, the final cost objects, and a list of 

activities related to a specific crop: the local production of potatoes, a typical crop in the 

province of Bologna, Italy. We defined with informants a list of activities to give a 

parsimonious representation of what the main components of variable and fixed costs 

are. The output of this step is a list of activities, selected according with the 5% rule: if 

an activity accounts for less of the 5% of the time, it is not relevant and can be 
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aggregated to other activities.  

 

4.2 Design of the system 

 

In designing the system, we combined the specifics proposed by users with the 

information requirements of a DC and an ABC system. We defined DFD diagrams to 

trace the data collection, transformation of data in information, and decision making, 

according to a structure similar to Fountas et al. (2006). A DFD diagram is composed 

by different elements (processes, external entities, data stores, and data flows) and is 

part of the Structured Systems Analysis and Design Methodology for designing 

information systems (Davis, 1998; Skidmore, 1997). We also modeled the database 

using Entity-Relationship diagrams according to Davis and Yen (1998) and created a 

working prototype in Microsoft Access, finally we defined specific reports according to 

key-informants requests. We validated the design in a meeting with key-users and also 

with a panel of four experts in agricultural technology. 

 

4.3 Validation of the model and definition the reports 

 

We developed a prototype of the system in a Microsoft environment and we evaluated it 

in the case study, devoting particular attention to the enhancement of reports, detailing 

the single analysis that our informants required. We set the parameters of what-if 

analysis and discussed the impact of the results proposed by the system on their 

decision making activity. 

 

 

5. RESULTS 

 

The results of this study include a rich framework related to the system design, with the 

support of our informants. In the next subsections, we present the DFD and E-R 

diagrams, the data sources for the application of DC and ABC approaches, and we 

describe the interfaces and the report section. 

 

5.1 Conceptual model 

 

We outlined the system after having collected the users’ requirements during interviews. 

Interviewees stressed the need of a simple structure with clear procedures to insert data, 

process information, and analyze results on reports. Therefore, referring to Fountas et al. 

(2006), we developed a DFD diagram, shown in Figure 1, describing the structure of the 

system. The diagram includes three main areas: data collection, information processing 

and decision.  

The data collection section is designed to support the transfer and recording from 

machines and equipment, human resources, service providers and warehouse. The effort 

is to register the majority of costs as direct costs on specific activities on a single crop. 

Therefore, for machines, human resources and service providers, costs are measured in 

terms of time spent in a specific activity. Material use is measured in terms of employed 
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quantity. 

These data are collected in specific tables on the database: Figure 2 reports the synthetic 

design of the system showing an Entity-Relationship model.  

Once the data are collected, in the Information part of the diagram in Figure 1, the 

system allocates direct costs to the crops. General costs need to be allocated according 

to an ABC procedure. Therefore, the system collects data about resource use. The 

Entity-Relationship diagram in Figure 2 shows the specific tables devoted to monitor 

resource use collecting data from the field. These raw data is combined with activity 

drivers defined in the setup of the system to generate activity rates and allocate general 

costs to single crops.  

 

5.2 ABC development 

 

For the allocation of general costs to crops and final products, after the identification of 

activities, for each activity a driver needs to be identified. The choice of the activity 

driver must be consistent with the consumption of the underlying resource. In other 

words, each time the activity is performed, it should generate the same consumption of 

the underlying resource and the same amount of costs (Anthony et al., 2010; Cooper & 

Kaplan, 1988).  

For each activity, it is necessary to calculate the activity rate, which is the unitary cost 

of an activity. The activity rate is calculated dividing the overall cost of an activity by 

the overall volume of the activity. It is a common practice not to use at the denominator 

the overall volume of an activity, but the overall capacity of the resource. The 

denominator presents the maximum volume that would be possible to do with the 

resources assigned to the activity.  

Table 1 shows the specific activity drivers we defined for the different types of 

resources. According to the request for simplification, we measured resource use mostly 

in terms of duration according also with the recent formulation of Time-Driven ABC 

(Kaplan & Anderson, 2007). We report also some viable alternatives that can be 

considered in the setup of the system. 

The final step of the procedure is the allocation of cost to products. The allocation for 

each product unit is calculated multiplying the activity rate by the quantity of activity 

required by the unit of product. The overall cost of the product is the sum of the 

allocated costs plus the direct costs for each product-linked activity. 

 

5.3 Interfaces and reports 

 

Many of the data required to run the system can be acquired using automatic 

technologies or very structured approaches. Some examples are presented in the last 

column of Table 1. The system is designed to be hosted in a cloud-based system, that 

makes it accessible from different locations and also on the field. The design of 

interfaces to devices and tools goes beyond the objectives of this study, but the design 

of the system using SQL language in a Microsoft database allows a vast range of 

compatibility. In our prototype, we developed data input forms, and automated 

procedures that manage information and generate reports.  
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Figure 1. DFD of the system 
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Machines 
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External 
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External 
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Figure 2. E-R diagram of the system adopting Crow’s Foot notation  

(Davis & Yen, 1998)  

 

Table 1. Data required by the ABC system 

Type of 

resource 

Resource 

examples 

Possible activity drivers Measurement tool 

Machinery Tractor Time Data from the machine 

Fuel consumption ISO BUS (starting time, 

ending time, rpm per 

minutes) 

Level control 

Maintenance Cost per maintenance 

Human 

Resources 

Farmer 

Employee 

Seasonal worker 

Time Manual  

Badge 

Quantity or number of 

final products 

Number of final products 

Path (meters) per field 

(crop) 

GPS per person associated 

with a plant of the crops 

per period 

GPS per person (measures 

time and the entry/exit 

from a field) 

Material Not reusable 

material 

Quantity Machine ISO BUS (to be 

developed) 

Service Any service Time GPS 

Manual 

Upfront cost 
 

Single cost of the service 
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In the definition of reports we devoted particular attention to the requirements set during 

interviews. They asked for a cost control interface for the different crops of their farms: 

they were interested in understanding the impact of general costs on the different crops, 

allocating them not on the basis of the extension, but on the basis of the complexity of 

the production cycle. They also asked to perform simple simulations in terms of what-if 

analysis related to variation in selling prices, cultivated extensions, production per 

hectare. Combining these requirements, we designed a reporting system on Microsoft 

Excel linked to the database to reduce complexity and compatibility issues and leave the 

possibility of personal customization on reports. We combined a balance sheet designed 

to offer decomposed data per single crop, with a set of different what-if analyses. 

 

 

6. DISCUSSION  

 

The results of this study open the possibility to introduce in the growing literature about 

FMIS an application of the most recent systems for cost accounting (ABC and DC). We 

go in the direction of offering a significant support to the information processing phase 

in agricultural management. Moreover we build on the existing conceptual models 

(Sørensen et al., 2010a) offering development models that support the design of the 

economic module of a FMIS.  

In our interviews, informants suggested to combine simplicity with a structured 

approach to provide farmers with a limited number of choices and the access to a 

platform that do not require sophisticated hardware and software investments.  

A further contribution of this study is to offer a model that addresses cost management 

in FMIS. Many software houses are introducing cost analyses in their products, but in 

some cases they introduce custom approaches without referring to the solid guidelines 

of management theory. This framework can constitute a reference for developments 

compliant with the DC and ABC approaches. 

 

 

7. CONCLUSIONS 

 

As part of the literature about FMIS design and introduction, we focused on cost 

control, investigating the information needs related to the introduction of DC and ABC 

approaches in farm management with the support of a dedicated information system. 

We analyzed through interviews the requirements of farm managers and we combined 

them with the information needs of a cost analysis and management application. The 

conceptual model is detailed with a DFD and a E-R diagram. We developed a prototype 

of the system along with a set of reports that introduce a detailed view of costs per crop, 

allocating general costs. Finally we designed what-if analyses to enable a satisfactory 

decision making process.  

We identify two areas of further investigation. First, the interface with tools and 

machines can be designed to support an automatic process of data collection. We 

consider that a staging area to consolidate data before introducing it in the database is a 

solution that protects from erroneous recordings and incomplete transmissions. Second, 
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in the reporting section, we look towards the introduction of mathematical programming 

tools as a support for the definition of the optimal combination of crops per farm. Farms 

would benefit from the adoption of a sophisticated decision support system supported 

by operative research technologies that combines different decision variables. 
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ABSTRACT 
 

Experiments to measure and quantify airborne spores of Sclerotinia sclerotiorum in 
oilseed rape fields was undertaken in a specially sown field at Rothamsted Research 
(Hertfordshire, UK). Airborne ascospore concentrations were estimated by quantifying 
the DNA of Sclerotinia sclerotiorum present on daily samples (waxed tapes) retrieved 
from Hirst-type spore trapping devices. The corresponding weather data was taken from 
a climate station in the field and another 1 kilometre away. This data was used to test an 
existing model of disease incidence and can be used to inform growers of the right time 
to spray their crops. 

Inoculum, sclerotia of Sclerotinia sclerotiorum were deliberately planted in a ring at the 
centre of the field-site the previous autumn. In the early spring, the trapping devices 
were placed in the centre of the ring and operated continuously to provide a record of 
spore presence. Air samples were sent to a laboratory in Rothamsted Research for DNA 
extraction and qPCR measurement. In parallel, the measured weather data and also 
information about the Rothamsted field was used to predict the likelihood of spore 
release according to the “Raiso-Sclero” model.  

The qPCR readings of spore presence were successfully recorded and inputted into the 
various models. The Raiso-Sclero model was successful at identifying the important 
periods of spore release however it provides a substantial number of false positives. The 
model gives growers valuable information on when disease incidence is likely to occur 
and can lead to more efficient crop spraying regimes. 

 
Keywords: Crop protection, Sclerotinia, Oilseed rape, United Kingdom, Modeling, 
Forecasting, Raiso-Sclero. 
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1. INTRODUCTION  
There is increasing pressure on global food supply as arable land reaches its peak 
(UNFAO, 2009) meaning that better use must be made of the existing land base if food 
production is to be increased. If global population trends continue there will be 9 billion 
people on the planet by 2050 (UNDPI, 2007), thus failure to address this increasing 
pressure could have catastrophic consequences.  Thus options for increasing the 
production efficiency of the existing land resources must be assessed as over 40% of 
crops are lost at pre-harvest stage (IAPPS, 2011). An obvious candidate for eliminating 
inefficiencies is to mitigate crop disease as losses due to disease are close to 20% of 
total losses (Oerke, 2006).   

Crop protection chemicals are preventative not curative; hence the ingress of disease 
must be anticipated correctly otherwise a treatment will be ineffective (Chaube & 
Pundhir, 2005). Furthermore the practicalities of applying crop protection chemical 
mean disease ingress must be anticipated a few days in advance as equipment, labour 
and chemicals may not be immediately available to the grower.    

There is a strong economic case for the protection of Oilseed rape crops due to their 
high value of approximately €450 per tonne (Farming Online, 2012) as a grower could 
suffer substantial financial losses due to a disease outbreak. Sclerotinia in particular is a 
grave threat to oilseed rape crops as its sclerotia can survive in the soil for many years 
and can release ascospores when the right local conditions are in place. Fortunately the 
local conditions that lead to ascospore release are measurable and can thus be formed 
into a model if sufficient calibration and validation data is collected.      

Extensive experimental work was performed in France by Syngenta and CETIOM 
(Varraillon, 2011) to construct a predictive model called “Raiso-Sclero”. This model 
can predict ascospore release and infected petals. The model was validated by petal kit 
tests developed by CETIOM (Penaud, 2009). This model was first tried on data from 
United Kingdom oilseed rape fields in 2011 by Jackman et al. (2012) and there was 
some good agreement between the days that Raiso-Sclero predicted large numbers of 
spores would be released and the days that large numbers of spores were measured by 
DNA extraction.   

Hence further experimentation took place to validate whether the model based on 
French calibration and validation data could be applied to British oilseed rape fields. 
Further close agreement on the days when large numbers of spores were measured and 
predicted would be a strong endorsement of the models utility in both the United 
Kingdom and beyond.  

2.  MATERIALS AND METHODS 
2.1. Experimental Design 
 
To maximise the likelihood that spores would be released and captured during the late 
spring Sclerotinia sclerotia were deliberately placed in a ring around the area where the 
spore trapping devices were placed the previous winter. Hence if the correct local 
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conditions occurred during the spring spores would be released and also irrespective of 
the wind direction spores would be blown into the path of the spore trapping devices 
thus ensuring that spore detection took place if spores were released as the spore 
trapping devices operated continuously.  

To collect the site data a met station recorded data every 20 seconds (and logged 30 
minute averages) (Vantage Pro2, Davis Instruments, Hayward, CA, USA.) was installed 
in the area inside the ring of planted sclerotia with two standard Burkard air sampling 
devices (Rickmansworth, Hertfordshire, United Kingdom, seven-day spore traps, 
operated from 12v batteries and changed weekly). These were a few metres from the 
centre of the ring. A platform was used to elevate the traps to maintain them at flower-
canopy height throughout the field trial which ensured standard procedures were 
followed (Lacey & West, 2006). 

2.2. Spore DNA Measurement 

The airborne particles which include the spores of interest and other material such as 
pollen were trapped onto waxed tapes which were first cut axially in half to create an A-
sample and a B-sample and then divided up into 24 hour sections. Each of the 24 hour 
sections was put into a small screw cap tube (2ml). Each tube was cold stored at -20°C 
before processing. Samples collection was for a 61 day period from the 8th of April to 
the 7th of June. 

Each sample was first bead heated with ballotini beads (0.5mg & 400micron beads) in 
an SDS-based buffer. The resulting DNA was captured by centrifugation, ethanol 
washed, dried and then re-suspended into 100 micro litres of water. The Sclerotinia 
sclerotium DNA was quantified by a Taqman method whose specificity was confirmed 
by tests against more than 20 Sclerotinia sclerotium isolates and also against over 20 
other species such as Brassica napus and Botrytis cinerea.   

2.3. Raiso-Sclero, ascospore release prediction  

Raiso-sclero predictions are based on daily minimum and maximum temperatures, 
precipitation and humidity data. This data allows soil microclimate to be estimated 
based on the soil texture which will be known from the soilmap of the United Kingdom. 
Important parameters such as soil water potential can thus be predicted with a modified 
Green-Ampt model and soil temperature can be predicted using the STICS model 
(Brisson et al., 1998). The Clarkson (2004) model of fungus cycle was used with some 
assumptions about soil water potential (>= -100kPa) and soil temperature (15-20°C). 
The ripening of the apothecia was modeled at a soil horizon of 5 centimeters and they 
were assumed to live for 8 to 20 days. The actual release of the ascospores by the 
apothecia was predicted to occur upon a sudden drop in local humidity (Clarkson et al., 
2003). These humidity changes go in tandem with local turbulence which spreads the 
ascospores around the canopy. Hence a relative value can be computed for the daily 
local intensity of spores. The model settings that were based on the outcome of the 
French tests were retained.  
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3.  RESULTS AND DISCUSSION 

The amount of measured spore DNA was considered significant if more than 0.01ng of 
DNA was extracted from the samples. The results for the crop flowering season are 
shown in Figure 1 for both of the spore trapping devices over the 61 day period. The 
vertical black bars represent a large Raiso-Sclero prediction (0.3 or greater) and the 
coloured area represents a substantial detection of spore DNA. 

 

 

 Figure 1. Comparison of the days when substantial spore release was predicted and 
measured: Black bars = predicted by Raiso-Sclero, Red area = measured by sensor A, 

Blue area = measured by sensor B. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3

2
5

2
7

2
9

3
1

3
3

3
5

3
7

3
9

4
1

4
3

4
5

4
7

4
9

5
1

5
3

5
5

5
7

5
9

6
1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 3 5 7 9

1
1

1
3

1
5

1
7

1
9

2
1

2
3

2
5

2
7

2
9

3
1

3
3

3
5

3
7

3
9

4
1

4
3

4
5

4
7

4
9

5
1

5
3

5
5

5
7

5
9

6
1



 

C0109 
P. Jackman, J. West, T. Varraillon, G.G.M Canning, L. Freeman, S. Heard, N. Lawal & B. 
Grieve. “Modelling of Likely Sclerotinia Disease Incidence in Oilseed Rape Fields in the 
United Kingdom”. EFITA-WCCA-CIGR Conference “Sustainable Agriculture through 
ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

 

Observation of Figure 1 shows that the Raiso-Sclero model was successful at 
identifying the first spore release on day 30 (the 7th of May) which is a vitally important 
date as crop chemical is normally effective for 14 days and thus subsequent false 
negatives within 14 days would not lead to infection.  

The model was also successful at identifying the period of longest release between days 
38 and 48 (the 15th of May to the 25th of May) although there were some false negatives 
and false positives during this period. As the false positives were during a long period 
of spore release they would not have led to unnecessary spraying. Similarly as the false 
negatives were during a long period of positive predictions and were never more than 
two consecutive days it is unlikely that the application of crop protection was critically 
delayed. 

The model failed to predict the spore release at the very end of the 61 day season   
however at this late point the prospect of disease infection is not as important as petal 
fall will normally have been completed by this stage of the year meaning large-scale 
infection would not take hold as petal stick is no longer possible. 

The model was largely successful and this was using model settings fine tuned in 
another country. If the model was recalibrated with more United Kingdom data its 
predictive power could be improved leading to fewer false positives and false negatives 
and thus even stronger confidence in its application. This would require considerable 
experimental work using collection methods such as the French “petal kits” (Varraillon 
et al., 2011) aswell as the DNA extraction techniques employed at Rothamsted 
Research. British oilseed rape fields are well suited to predictive models of this type as 
pre-flowering infection is not likely due to the cold climate although post flowering 
infection of the type described by Clarkson et al. (2007) for lettuce cannot be ruled out.    

4. FUTURE WORK 

A good indication of the risk of airborne inoculum of S. sclerotiorum can be determined 
from this predictive model although some model predictions were not always correct 
which closely matches the overall results from the 2011 experiment (Jackman et al., 
2012). The results from further experimentation that took place this year will help 
confirm this, as will repeat experiments in future years. 

Future experimentation on how far spores travel from the crop canopy would be useful. 
This could be achieved by measuring spores at a variety of heights and distances from 
the spore source and then examine the subsequent patterns of disease in the surrounding 
area. Models of infection such as that of Koch et al. (2007) can then be measured up 
against the observed infection patterns.  

The Raiso-Sclero model is currently being extended from accommodating three soil 
types (predominantly clay, predominantly sand and predominantly loam) to thirteen soil 
types. Additional validation data on soil moisture has been recorded throughout France 
to also improve the performance of the model. 
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5. CONCLUSIONS 

The French Raiso-Sclero model of Sclerotinia spore release has once again proven to be 
a mostly reliable estimator of the release of large numbers of ascospores in the crop 
canopy air. There were relatively few false negatives and when they did occur they 
would not have led to any major delay in the application of crop protection chemicals. 
Some false positives did occur during an extended period of spore release but again this 
would not have led to any major misapplication of disease mitigation.  

It is reasonable to postulate that with the collection of further experimental data in the 
UK the model can be fine-tuned for typical UK environmental conditions and that 
model predictions should improve. Similarly additional data on observed crop infection 
will allow an overall damage model to be constructed that will permit a robust 
economic analysis of the decision to spray or not that can support or supersede existing 
infection models.  
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ABSTRACT 

Geospatial information is becoming available increasingly in digital representations and 
can be created and consumed with the help of various different devices and services. 
Due to the increasing application of precision farming techniques the importance of 
spatial information and their implementation has become a key issue in operation 
planning and application in agriculture. Within the ICT-agri funded project 
GeoWebAgri present precision farming workflows for geo-data handling and data 
exchange have been analysed. 
User groups in the precision farming domain, consisting of heterogeneous users like 
farmers and many others, have identified the benefits of the idea of precision 
agriculture. Nevertheless the current usage of those techniques is still inhibited by non-
flexible, restricted and hard to use systems. Identified by a survey, the concept of a 
Spatial Data Infrastructure for Precision Farming applications (SDI-PF) was developed 
to particularly overcome the problems of geodata handling, because present Farm 
Management Information Systems (FMIS) and precision farming tools fulfil the needs 
only partly. The information-intensive, location-related tasks of precision farming were 
analysed and decomposed. Following the concept of Model Driven Architecture (MDA) 
a conceptual model was developed using the Profile for GML application schema of the 
Unified Modelling Language (UML). The derived physical models can be used to 
exchange PF data in an infrastructure, based on a server-client communication, driven 
by web-services and the standards from the Open Geospatial Consortium (OGC) and 
International Standardization Organization (ISO). The approach was tested by 
modelling an exemplary application of precision weed control and made a positive 
outlook for the integration of tailored services into existing task controlling, as well as 
maintaining interoperability with ICT-infrastructures of close-by domains. 

 
 

Keywords: Precision farming, Spatial data infrastructure, Unified modelling language, 
Geodata, FMIS, ICT-infrastructure, Germany 
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1. INTRODUCTION  
The ICT-AGRI founded project “GeoWebAgri - Geospatial ICT infrastructure for 
agricultural machines and FMIS in planning and operation of precision farming” 
explored and identified the needs and nowadays' gaps for spatial data treatment in 
precision farming. A concept of a tailored spatial data infrastructure for precision 
farming (SDI-PF) was developed, necessary components evaluated and prototypic 
implemented for certain use cases. Current machines and products in modern agriculture 
are mainly developed from the technological point of view. Unfortunately geodata 
handling played a minor role for many years. With the increasing importance of 
precision agriculture techniques, the awareness grew concerning the location of field 
operations and their planning. Spatial data sets from different domains with high 
relevance for field applications are already available. Decentralized data storage as well 
as domain specific knowledge has to be incorporated into field operation and planning 
to maximize the benefit from such techniques. 
Regarding the increasing importance of spatial information in agriculture, the ERA-
NET ICT-agri project GeoWebAgri identified the weaknesses of spatial data handling 
and developed ideas for improvements. Whilst geospatial information is necessary for 
spatial decision support at a precise agricultural level, the users often face significant 
manual efforts to handle the geospatial data. 
A systematic analysis of the SDI-PF was done, identifying its components for the 
agricultural domain. Furthermore their interactions have been modelled as use cases, 
representing an application within the complex system. The use cases create the 
foundation for the analysis concerning the exchange of spatial data, focussing on the 
reduction of negative effects on the environment caused by agricultural activity, 
utilizing a spatial ICT-infrastructure tailored for precision farming. 
The remainder of the paper is organized as follows: First, the importance of spatial data 
in nowadays' agricultural practice is evaluated. The results of a survey, a theoretical 
analysis of the SDI-PF components and UML models for specific use cases are 
presented. While the survey and the theoretical analysis consider the SDI-PF in the wide 
range of agricultural applications, the paper focusses on a weed control use case in the 
results. The discussion summarizes the potential of the analysed infrastructure and 
shows additional fields of applications. 
 

2. EVALUATION OF SDI-PF COMPONENTS 

2.1 Identifying User Requirements 
To identify the users' requirements a questionnaire and a case-study were set up. The 
questionnaire's objective was to identify a minimum set of user requirements as 
background for the formal modelling in the use case description. 21 questions were 
asked in an online survey system. The survey was spread by newsletter, web pages and 
print media to reach a wide range of agricultural experts. 
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2.2 Evaluation of SDI-PF Components for Common Use Cases 
There is a need for the description and implementation of common use cases in the 
agricultural domain. A collaboration platform was created during the EU agriXchange 
project (cf. http://www.agrixchange.eu) to provide users and providers with non-formal 
use case descriptions, interfaces, standards and implementation samples. There is a 
significant overlap of use cases and appropriate components already hosted at the 
agriXchange platform with those of the GeoWebAgri project. Use cases like 'Request 
parcel boundaries' are a common task and are also part of the use case 'Precision weed 
control' analyzed in this paper. The implementation of such use cases can be organized 
in a SDI-PF. The main components of an SDI-PF are PF users and PF data. The 
connection between these components consists of the access network, the policy and 
standards (Rajabifard et al., 2002). These components can be considered to be 
intermediate entities, describing the data flow, formats and usage restrictions. The 
definition of the components is strongly linked to the user groups. In precision 
agriculture these include: farmers, farming machines, scientists, agricultural consultants, 
public authorities, companies and manufacturers. Every group can be data provider and 
data consumer. All groups are dealing with data sets, which might be relevant for other 
users, too. Not only the creation of spatial data, but also the processing can result in 
valuable re-usable geodata. Common examples are application maps, created by 
manifold sources and charting a field-specific dataset, documenting one influence to the 
yield, and by this, a relevant factor for post-analysis. Barriers between systems, existing 
in the form of diversified data formats, technologies, software and hardware boundaries, 
need to be addressed. The users' and systems' interactions and data exchange can be 
unified with standardised interfaces.  
 
2.3 Evaluation of Standardized Modelling Approaches for SDI-PF Components 
The user requirements and appropriate use cases for integration into the SDI-PF were 
analysed. In order to model descriptions of data applications, systems and users 
different modelling approaches exist. During the evaluation it was figured out, that a 
formal, logical modelling with the use of a Conceptual Modelling Language (CML, e.g. 
UML) is the most appropriate solution to keep interoperabiliy on the model level. As 
part of the SDI policy there have to be strict rules (cf. ISO 19109) to derive the physical 
model of choice (here: GML Application schema) from the logical model. It is possible 
to only use a subset of a CML, in the case of GML models there exists an UML Profile 
for GML schema. In contrast to this there have been several, mostly national approaches 
to model agricultural data in a standardised way (e.g. agroXML). Nevertheless most of 
these models rely on a specific representation (e.g. XML) and are lacking a logical 
model in UML. UML is a de-jure and de-facto standard for the construction, 
documentation and visualization of characteristics and relationships of objects and 
processes. The used UML model types as they are presented here are Package diagram 
and Use-Case diagram. 
 
Package diagram In order to give an overview about a complex system, package 
diagrams are used. By splitting a complex issue into packages, context information at 
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different layers of abstraction can be shown. Relationships between the packages are 
expressed by arrows. 
Use case diagram The use case diagram is a special view on the actors and their 
interactions with the system. Depending on the level of detail, a use case diagram can 
contain different layers. Its objective is the illustration of interactions of actors and 
system components, such that necessary interfaces can be identified. User groups and 
system limits are defined as well, as are interactions between different users. 

3. RESULTS 

3.1 User's Requirements 
The online questionnaire identified the user's needs concerning the development of 
precision farming. Farmers having experience with precision farming experienced 
problems with the incoherence of data between different systems. An increased usability 
and interoperability of the components is needed. The users responded, that they are not 
willing to spend more than three minutes in the field for the terminal, the GPS, the 
software or other preparation related to the site specific application. The importance of 
applicable precision farming technologies was rated. Farmers are favouring the 
precision farming techniques auto steering and automatic boom section control. The 
overall of the ratings of field applications were similar and none substantially different. 
The acceptance of precision farming technologies is highly dependent on their usability. 
The system components on a farm, ranging from FMIS to terminal software and 
implement control, have therefore to be interoperable and easy to use. This requires a 
high degree of automation for the data exchange, since the data sets and processing 
facilities can be distributed over different systems, which might be located outside of 
the farm. 

3.2 Realization of User's Requirements in ICT-Infrastructure 

3.2.1 Client-server architecture 
The user-groups concerned with precision farming techniques and data reside in 
different locations, equipped with individual IT-solutions. Data exchange has to be 
organized in a location and client independent way. A client-server-architecture can 
resolve the access from nearly everywhere by the use of networks. Common protocols 
ensure seamless interaction of all clients. 

3.2.2. Service oriented architecture 
The interoperability of a distributed infrastructure is driven by a service oriented 
architecture (Murakami et al., 2007). Web services at servers enable machine-to-
machine-communication with clients. Services support the flexibility needed for the 
manifold cases in the domain of agriculture (Nash et al., 2010). 
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3.2.3 Standards-based architecture 
The use case study identified preferred standards for the data exchange. Besides 
standards of the World Wide Web consortium (W3C), like XML and FTP, there are 
also standards mentioned, which were developed for spatial information modelling and 
exchange. The most important standards are WMS (Web Map Service), WFS (Web 
Feature Service) and GML (Geographic Markup Language). Originally they were 
developed by  the OGC, later they were integrated into the spatial family of standards of 
the ISO  (191XX-series). 

3.3 UML Modelling and Description of SDI-PF Components 
The spraying task consists of a defined area (field), a machine (tractor and sprayer) with 
a task controller and network connected servers maintaining and providing (geo-)data. 
By using the task controller (TC) on the tractor, which was equipped with a sprayer, a 
weed control application should be applied.  
Initially, data of the field boundaries were loaded from a server at University of 
Hohenheim, which provided a GML-encoded description of the geometries representing 
the boundaries of the fields. These were rendered and displayed by the TC. For a better 
orientation, the data set was overlaid with an aerial image of the region, requested from 
a WMS server at MTT. The terminal connected to a weather server via ftp every three 
hours and downloaded the latest weather forecast. The TC warns, if precipitation risk is 
above a defined threshold. The TC requests two further WFS of the server at University 
of Hohenheim: one with flood risk geometries and another with groundwater borders. 
The response is displayed together with the aerial image and the field borders. All 
required data was cached at the TC and used during the operation. 
An application map for the spraying task was computed on the TC, defining spraying 
areas (inside field boundaries) and non-spraying (inside flood risk or groundwater 
boundaries) areas. The interaction between the different components is shown in the use 
case diagram in figure 1. 
As described above, the use case has been implemented with the help of already 
existing services, not all of them are inter-operable in the proposed way. In addition to 
that, not all services are belonging to the agricultural domain (e.g. weather, ground 
water) and have to be modelled by experts of that specific domain. There are already 
existing initiatives which aim to serve domain-specific geodata in SDI's based on OGC 
web services. Therefore the system of services was decomposed and logical models 
concerning the described use case were considered: GeoWebAgri Model - Field 
Operation, Crop, etc.; Farm Management Model – Planning, Compliance; INSPIRE 
(http://inspire.ec.europa.eu/draft-schemas) – Groundwater; WXXM Weather 
Information Exchange Model (http://www.wxxm.aero) - Weather Forecast; ISO 28258 
(http://schema.isric.org/sml) - Soil. The core GeoWebAgri model would benefit from a 
re-engineering of already existing agroXML core schemas, focusing on relevant entities 
necessary for precision farming field operations. Farm Management may be a separate 
package including Planning and Compliance. The remaining packages from outside the 
agricultural domain will be reused as needed and imported. An overview about the 
decomposed system shows figure 2. 
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4. DISCUSSION 
The survey of the GeoWebAgri project presents the importance of spatial data in 
agriculture as well as the user requirements for usability improvements, requiring a 
flexible ICT-infrastructure. The chosen use case “herbicide application” was analysed in 
detail, since it was identified to be an important precision farming technique from the 
questionnaire. Users as well as data sources were modelled in detail for the transfer 
from theory into the field. The analysed use case describes a basic application, which 
benefits from the GeoWebAgri infrastructure by the open and flexible architecture for 
integrating more information into the operation processing for a more effective and easy 
field work. The UML diagram is an appropriate tool to model the technical 
development of standard field applications. For the individual case, users, sources, 
objects and communication details were identified. Even complex ICT-infrastructures 
can be planned, set up and analyzed this way. 
A next step for integration of spatial information into machines and software for 
precision farming applications would be the integration of agricultural topics into 
domain specific application schemas for GML according to ISO 19109. The benefit of 
such schemas is a unified semantic description of the geodata. This semantics can then 

 

Figure 1: Simple UML use case diagram showing actors and operations 
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be interpreted automatically by SDI components. The retrieval and interpretation of 
geodata in the agricultural context is thereby improved. Such schemas support the 
creation of new precision farming applications, and make the geodata sets reusable in 
multiple contexts. 

Some efforts of the INSPIRE directive already define various topics, which have 
overlapping elements which could be shared in a core theme (Tóth et al., 2012). In 
INSPIRE Annex III an application schema 'Water Framework Directive' (WFD) exists, 
which models different types of water bodies with the GML FeatureType 
GroundWaterBody. The WFD is linked to the payments for farmers from the Common 
Agricultural Policy and therefore relevant for nearly all European farmers. An 
agricultural application schema 'Compliance' could import and reuse relevant elements 
from the INSPIRE WFD schema. The range of possibilities for optimizing the 
applications can be enlarged with the implementation of further service nodes, available 

Figure 2: UML package diagram with imported packages from other SDI's 
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as SDI components. Their seamless interaction is possible due to common 
communication protocols and machine-readable and -interpretable geodata. Interesting 
additional standards and features are offered with the spatial rule interchange format 
(GeoRIF), sensor web enablement (SWE) and web processing services (WPS). Potential 
use cases might be the development and integration of standardized documentation 
technologies on the farm machinery, as well as the implementation of legal limits for 
nutrients (Nash et al., 2011) or field observations by sensors (Polojärvi et al., 2012). 
Additonally, processes for the analysis of complex data might be implemented more 
easily. ISO, OGC and the domain of geoinformatics already offer powerful tools for the 
definition and handling of spatial data. Precision agriculture can benefit from an 
implementation of these standards. 
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ABSTRACT

Agriculture is an important sector where majority of the rural population in developing countries like
India depend on for their food and survival. Due to dwindling natural resources for agricultural
production, the farming sector is now faced with a challenge. The ever increasing demand for agricultural
products due to the increasing population, especially in India, offers opportunities for farmers to opt for
sustainable agriculture and improve their livelihood. Recent advances in Information and Communication
technology (ICT) has brought about a change even among the farming population. The prevailing ICT
provides ample opportunities for skill up gradation among rural population, especially farmers in
agriculture and to overcome community based development issues, through value addition in agri produce
supply chain and also enhances the entrepreneurial behavior in the rural population.

Many a times availability of information on time is the problem faced by farmers in India, especially agro
input like seed, varieties, farm equipments, fertilizers due to wide spread customer base and multi product
and multi-tier distribution system .This can be overcome by the Market led agriculture and market
intelligence which is the solution to the problem and is absolutely necessary considering the present
trends. Keeping these factors in mind as the need of the farmers, innovative ICT application could be seen
today to disseminate the agricultural and related information on the various electronic media. The
information seekers today are relying on speedy ICT tools such as computer, Internet, Mobiles etc.

In the South Indian state of Karnataka, a number of initiatives for the benefit of farmers have been
launched by the government and private companies to cater to the requirement of the farming community.
To cite some of the successful cases- the ‘Bhoomi’ project of Karnataka government, where land records
can be accessed in almost every village. ‘Krishi darshana’ programme on government T.V channels and
also “Anna data” programme by a private T.V. channel. An Expert Centre of the University of
Agricultural Sciences (UAS) Bangalore also provides the Teleconferencing facility, apart from forecast of
Weather, Pest and Disease through mobile updates. The Government owned ‘Kissan Call Centre’ (KCC)
working with a toll free number provides service to the farming population by answering queries over
phone lines.

 These are the advancements in the field of agriculture through ICT application where in farmers are
reaping the benefit of agriculture related information, learning skill oriented operations and adopting
modern agricultural methods leading to sustainable agriculture. 

Key words: Information; Market; Agri-input; Community; Entrepreneurial
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INTRODUCTION

Agriculture is an important sector where majority of the rural population in developing countries like
India depend on for their food and survival. Due to dwindling natural resources for agricultural
production, the farming sector is now faced with a challenge. The ever increasing demand for agricultural
products due to the increasing population, especially in India, offers opportunities for farmers to opt for
sustainable agriculture and improve their livelihood. Recent advances in Information and Communication
technology (ICT) has brought about a change even among the farming population. The prevailing ICT
provides ample opportunities for skill up gradation among rural population; especially farmers in
agriculture and to overcome community based development issues, through value addition in agriculture
produce supply chain and also enhances the entrepreneurial behavior in the rural population. Recent
advances in Information and Communication Technology (ICT) have changed the way we live, learn and
interact. They have transformed the way the knowledge produced, processed and retrieved and transferred
between different stake holders. In this direction agriculture extension and farmer-outreach program’s
are one of the key components for the development of the agriculture in the country especially in India.
Accessibility of information is one of the most valuable components for the development of human
resources which ultimately leads to development of the nation. Availability of desired ,reliable and timely
information for solving the problems of stake holders ,specially for agriculture dependent population is of
significant importance to boost up the agriculture and related economy which is a lively hood sources for
millions of farmers in India.

Use of ICT is there in all spears of life and will continue to be present in every facet of human endeavor
in the knowledge era. India is increasingly integrating ICT in to its national development plans and
adopting strategies for its widespread promotion in all spheres of economic activities including
agriculture where more than 60 percent of the population is dependent for their living. In order to cope up
with the paradigm shift in the global agricultural scenario interconnecting policies related to pricing,
marketing and trading of agricultural commodities has become indespencable.ICT can play spectacular
role in the societal transformation to realize the concept of “Village knowledgeCentre(VKC)”.

1.1 Methodology

1.1.1 Case –I;

Today, Television and Internet are playing a vital role in facilitating faster dissemination of information
and innovations in all walks of life. These media are acting as aa change agent in the lives of farming
community in creating awareness and improving their knowledge due to the increased access to these
gadgetsby farmers in India. This is presented with a reconnaissance survey  case study with impact
analysis. Village Knowledge Centre is the common place in a village where every villager can come and
have access for the computer with the help of a computer operator. Due to Television and Internet
facilities in the villages, there has been increase in awareness and adoption of various technologies related
to farming viz. Pesticides and its side effects,Fungisides,Fertilizer usage,Tracters and Powertillers etc,.
(Table 1) 
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Many a times availability of information on time is the problem faced by farmers in India, especially agro
input like seed, varieties, farm equipments, fertilizers due to wide spread customer base and multi product
and multi-tier distribution system .This can be overcome by the Market led agriculture and market
intelligence which is the solution to the problem and is absolutely necessary considering the present
trends. Keeping these factors in mind as the need of the farmers, innovative ICT application could be seen
today to disseminate the agricultural and related information on the various electronic media specially
mobile.The information seekers today are relying on speedy ICT tools such as computer, Internet,
Mobiles  and Television.

1.1.2 Case II

In the South Indian state of Karnataka, a number of initiatives for the benefit of farmers have been
launched by the government and private companies to cater to the requirement of the farming community.
To cite some of the successful cases- the ‘Bhoomi’ project of Karnataka state  government, where land
records can be accessed in almost every village. ‘Krishi darshana’ programme on government T.V
channels and also “Anna data” programme by a private T.V. channel. An Expert Centre of the University
of Agricultural Sciences (UAS) Bangalore also provides the Teleconferencing facility, apart from forecast
of Weather, Pest and Disease through mobile updates. The Government owned ‘Kissan Call Centre’
(KCC) working with a toll free number provides service to the farming population by answering queries
over phone lines.(Photos’ gallery).

A  KCC consists of a complex of telecommunication infrastructure , computer support and human
resources organized to manage effectively  and efficiently the enquiries raised by the farmers instantly in
local language. The KCC consists of three levels namely  Level –I; the basic call centre interface and
local language proficient Agricultural graduates, Level-II; Subject Matter Specialists on the concerned
important crops and enterprises and Level-III; the management group to ensure ultimate answering and
solution of all the farmers questions and doubts.
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2. Conclusion

The Agricultural extension and farmer- out reach  programmes in India face three major challenges viz. a)
How to ensure cost-effective outreach, b)how to design solutions tailored to needs of individual farmers
and different crops  and c) How to manage an image that is farmer  friendly. A large sections of the rural
farming community do not have access to the huge knowledge base acquired by the from research
organizations, extension centers and businesses. Data based decision making due to its speed and
capability to provide comprehensive services can help in developing a strong and loyal customer base ,
thus providing a competitive edge in the market place.

Agriculture input marketing specially pesticides, fertilizers. Seeds and farm equipments marketing , with
its own peculiarities in terms of widespread customer base ,multitier and multiproduct distribution system
usability to millions if farmers etc., can improve its marketing efficiency through ICT application. This
Data based ICT can help in developing strong and loyal customer base providing a competitive edg in the
market, leading to significant increase in the profit margin for the producer  leading to agriculture
development through increased awareness.
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2.1Comparative analysis of farm related activities onTelevision:

Sl,
no 

Items Coverage time

(Seconds/Day) 

Repetition

/Day

Increase in
Awareness

1 Farmers success stories 100 20 90%

2 Agriculture demonstration (soil
sampling/ seed treatment etc.) 

20 03 70% 

3 Method of spraying agro chemicals05 05 90%

4 Safe handling of agrochemicals 03 02 90%

5 Fertilizer use 05 15 85%

6 Organic farming methods 05 05 100%

7 Bovine handling and management 05 05 95%

8 Poultry management 03 03 90%

9 Fish culture and management 0 3 03 90%

10 Compost and its importance 0 5 10 100%

11 KCC 20 10 100%

REFERENCES

Narasimha.N. and Pushpa.P.2009,.Impact and implications of village knowledge centre –An analysis
Abstracs  national seminar on ICT for Agriculture and Rural Development. Pasighat  Arunachal
Pradesh,India.

CO‐103
Narasimha N         ICT- An Innovative Extension Approaches In Agriculture Development 
EFITA‐WCCA‐CIGR Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24‐27 June
2013.



 

V. Protonotarios et al. “Using Agricultural Learning Portals in Developing Countries: The Case 
of Organic.Edunet”. EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT 
Innovation”, Turin, Italy, 24-27 June 2013. The authors are solely responsible for the content of 
this technical presentation. The technical presentation does not necessarily reflect the official 
position of the Internation Commission of Agricultural and Biosystems Engineering (CIGR) and 
of the EFITA association, and its printing and distribution does not constitute an endorsement of 
views which may be expressed. Technical presentations are not subject to the formal peer 
review process by CIGR editorial committees; therefore, they are not to be presented as refereed 
publications. 

Using Agricultural Learning Portals in Developing Countries: The 
Case of Organic.Edunet 

 
Vassilis Protonotarios 1,2,*, Giannis Stoitsis1, Salvador Sanchez-Alonso1, Kostas 

Kastrantas2 and David Martin-Moncunill1 
1University of Alcala, Computer Science Dept., Ctra. de Madrid-Barcelona, Km. 

33,600, 28871 Alcala de Henares – Madrid, Spain 
2Agro-Know Technologies, Grammou 17, 152 35 Attica, Greece  

*Corresponding author. email: vprot@agroknow.gr 
 

ABSTRACT 
 

The use of learning analytics is constantly increasing during the last years in the context 
of the evaluation of a wide variety of learning-related services, such as the learning 
portals. Especially in the case of multilingual learning portals, learning analytics may 
act as indicators that provide insight on the use of the multilingual aspects of the portal, 
such as the multilingual user interface, the use of translated metadata records and 
classification systems used for the classification of the resources as well as the 
engagement of the users in the portal by metadata translated in their own language. This 
paper provides the preliminary results of an analysis (Protonotarios et al., 2013) which 
aimed to identify the use of the Organic.Edunet Web portal by users coming from 
developing countries. The analysis was based mainly on the log files of the portal and 
the correlation of this information with related information coming from other sources. 
Based on the outcomes of this analysis, a number of requirements are defined in order 
to be used as a basis for further work related to multilingualism in the specific portal. 

 
 

Keywords: Learning analytics, multilinguality, learning portal, developing countries, 
Organic.Edunet. 
 

1. INTRODUCTION  
 

During the last years, the use of technology-enhanced learning methods has been 
intensified. Teachers are enhancing their existing traditional courses with modern tools 
and methodologies while material is mainly used in its digital form instead of the 
traditional printed copies, due to the advantages provided by the digital files. The 
creation, management and sharing of this material takes place in a number of learning 
environments, such as web sites, learning portals and course management platforms. 
The use of these digital tools provides a significant amount of information related to the 
use of the digital learning materials by the users in the form of ratings, reviews, tags and 
comments; this information can facilitate searching, ranking, and recommendations of 
learning resources. The domain of learning analytics facilitates the study of such user-
generated information which in fact describes the way that the learning tools and digital 
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material are used by the corresponding users. According to Siemens and Baker (2012), 
one of the most important uses of this kind of information is the improvement of the 
learning experience of the users, which comes through the identification of strong points 
and weaknesses of the learning tools and learning resources, as this is depicted by the 
learning analytics. Apart from that, learning analytics may provide useful information 
related to the learning material used by the users, identify learning patterns, predict 
learning outcomes, provide the users with automated suggestion of relevant resources 
based on their typical use of a portal etc. (Verbert et al, 2012). 
One of the most interesting aspects of the users’ behavior in a learning portal is the use 
of multilinguality tools. Multilinguality in a portal comes in different levels, such as the 
availability of the user interface in multiple languages (portal level), the existence of 
metadata in more than one language (metadata level), the existence of resources 
translated in multiple languages (resource level), as well as the existence of 
multilinguality tools such as automatic translation components, cross-language 
information retrieval components and tools allowing users to provide translations of 
existing information and revise/rate translations provided by other users. The 
importance of multilinguality in a portal lies mainly in the fact that the majority of the 
users usually prefer to use a localized version of a portal and access metadata/resources 
in their native language. These issues can be addressed with a variety of techniques; 
however, composite solutions combining multiple approaches usually provide the 
optimal solutions. In all cases, these solutions are based on the use of automatic 
translation tools. 
The analysis of the use of learning portals has been described in several previous 
publications which were based on various approaches, such as the work done by 
Sampson and Manouselis (2004), the analysis of the user satisfaction as it was recorded 
by the users in an online questionnaire (Protonotarios et al., 2011) and the use of the 
portal’s log files (Palavitsinis et al., 2011a). In our analysis we have used the log files of 
the Organic.Edunet Web portal, which provided information on several aspects related 
to our study, such as the language of the browser used for accessing the portal, the 
language of the searches for reaching the Organic.Edunet Web portal and the ones 
performed for retrieving content within the portal etc. Our study was focused on the 
users coming from developing countries, as these users are heavily depending on the 
existence of learning resources in their native language, due to several reasons, 
including the lack of fluency in English, the need to use localized versions of resources 
in their courses and the lack of other sources of information e.g. in printed format, in 
other portals etc. 
 

2.  BACKGROUND INFORMATION 
 

2.1 About the Organic.Edunet Web portal 
 
The Organic.Edunet Web portal (www.organic-edunet.eu) is a multilingual learning 
portal which provides access to almost 11,000 digital educational resources in the field 
of organic agriculture, agroecology, ecology, energy, sustainability and other green 
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topics. The portal was launched in January 2010 and features metadata harvested from a 
number of networked repositories. All metadata available through the portal are created 
using the Organic.Edunet metadata application profile (Palavitsinis et al., 2011b), which 
is a modified version of the IEEE LOM standard. In addition, the Organic.Edunet OA-
AE ontology is used for the classification of resources available through the portal 
(Manouselis et al., 2009). Both the metadata AP and the ontology are translated in 
seventeen (17) languages. The resources available through the portal are available in 
eleven (11) languages (mainly English but also Estonian, French, German, Greek, 
Hungarian, Norwegian, Romanian, Russian, Spanish and Turkish), while the metadata 
are translated in up to eight (8) languages. The aforementioned aspects of the portal 
provide an enhanced multilingual environment to be used by any user of the portal. 
The reference period for this study is from the launch of the portal until the end of 
December 2012 (1/1/2010-20/12/2012). During this period, the portal received more 
than 156,000 visits and 478,000 page views from more than 128,000 unique visitors 
coming from 195 different countries. 
 
 2.2 Defining the developing countries 
 
According to the International Statistical Institute (ISI, www.isi-
web.org/component/content/article/5-root/root/81-developing), “countries are divided 
into developed or developing according to their Gross National Income (GNI) per capita 
per year. Countries with a GNI of US$ 11,905 and less in 2010 are defined as 
developing”. On the other hand, according to the United Nations Statistics Division 
(http://unstats.un.org/unsd/methods/m49/m49regin.htm), Japan in Asia, Canada and the 
United States in northern America, Australia and New Zealand in Oceania and Europe 
are considered “developed” regions or areas. 
 

 
  
Figure 1: Map of developing countries within the scope of IMF (dark green) and outside 

the scope of IMF (light green) (Source: Wikipedia - 
http://en.wikipedia.org/wiki/Developing_country) 

In the context of this study, we used the list of developing countries provided by the 
International Statistical Institute (www.isi-web.org/component/content/article/5-
root/root/577-developing2012), and filtered out the countries with less than 100 unique 
visits were recorded in the reference period. The remaining countries were then grouped 
based on their geographic region in order to allow the easier management of the 



 

C0102 V. Protonotarios et al. “Using agricultural learning portals in developing 
countries: The case of Organic.Edunet”. EFITA-WCCA-CIGR Conference “Sustainable 
Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

analytics. There were twenty-seven (27) countries in total, grouped in eight (8) regions, 
namely Latin America & Caribbean, Northern/Southern/ Eastern and Western Africa, 
Southern/Southeastern and Eastern Asia. 
 

3.  METHODOLOGY 
 
This study was focused on the analysis of the behavior of users coming from developing 
countries in the Organic.Edunet Web portal in an effort to record the use of the portal 
and more specifically its multilinguality aspects. The reference period of this analysis is 
between the official deployment of the portal (1/1/2010) and near the end of the third 
year of the portal (20/12/2012), when the portal was already heavily disseminated to a 
diverse and wide audience and its usage was established. For our analysis we used the 
methodology described in the work by Stoitsis et al. (2012). The following table 
provides the list of variables studied in this work. 
 

Table 1: A list of variables used in this study, as defined by Stoitsis et al. (2012) 

Variable Description 

Visits (per day) 
Visits per day for countries with full, partial (only 
interface) and no language support 

Bounces (per day) 
Bounces per day for countries with full language, partial 
and no language support 

Page views (per day) 
Page views per day for countries with full language, 
partial and no language support 

Unique visitors (per day) 
Unique visitors per day for countries with full, partial and 
no language support 

Average time on site (per visit) 
Average time on site for users from countries with full, 
partial and no language support 

Average time on page (per 
visit) 

Average time on page for users from countries with full, 
partial and no language support 

Page views (per visit) 
Number of pages per visit from countries with full, 
partial and no language support 

Visits from search engines Number of visits from search engines for each language 

Search depth 
Average number of pages that user views after using 
portal search function for each language  

Total unique searches 
Total number of unique searches using portal search 
function for each language 

Number of keywords used in 
portal search  

Total number of keywords used in portal search for each 
language  

  
Our work was mainly based on the information provided by the Google Analytics 
service of the Organic.Edunet Web portal (www.google.com/analytics). The service 
was set up from the first day of its deployment; therefore contains all the necessary 
information. For the statistical analysis of the available information, we also used 
Microsoft Excel. 
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4.  RESULTS 

 
4.1 Portal-level statistics 
 
During the reference period, the portal received visits from 195 countries all over the 
world, which resulted in a relatively high diversity of the indicators. Table 2 provides 
the values of some key indicators for the reference period. 
 

Table 2: Key indicators of the portal during the reference period 

 Unique visitors/day Bounces/day Pageviews/day Visits/day 

World 118.29 85.10 441.25 144.26 

 
It was noticed that in several cases the portal visitors did not use a translated/localized 
version of their web browsers; instead they used the generic English one. Visitors from 
African countries exhibited this behavior which may also indicate that these users might 
also prefer the English user interface of the portal, make use of non-translated metadata 
and English resources available in the portal. On the other hand, visitors from Latin 
America mainly used the Spanish version of the portal using a localized Spanish web 
browser. 
Figure 2 provides an analysis of indicators related to portal-level statistics for the 
regions of developing countries when accessing the Organic.Edunet Web portal. 
 

 
Figure 2: Average values of portal-level statistics for the regions of the developing 

countries 
Southern Asia provided the higher levels of all indicators in this case, probably due to 
the existence of increased activity from Indian users. Despite the fact that the portal 
does not feature any resources in Hindi, it seems that Indian users could make use of the 
non-Hindi metadata and resources. Latin America was a different case, as the language 
spoken by the corresponding users (Spanish) was supported by the portal in the user 
interface, the language of the metadata and was also the language of some resources 
Visitors from these regions provided the highest number of visits and page views per 
day. On the other hand, the lowest level of indicators were noticed in the African 
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countries, which were not benefited from any kind of localized user interface or content 
in their language.  
 
4.2 Multilingual search for content 
 
Another interesting factor that was analyzed in the context of our work was the use of 
queries by the portal visitors. Both the queries made by the users in search engines for 
accessing the Organic.Edunet Web portal and the queries performed within the portal 
for accessing content were taken into consideration. In both cases, the language of the 
terms used for these queries was identified and recorded in order for us to identify 
whether the users preferred to use terms in their own language or in English as a generic 
language.  
In the first case, based on the log files of the portal, we received a list of more than 
40,000 terms in various languages, which were used in web-based search engines by the 
portal visitors before they reached the portal. In order to facilitate the analysis, we kept 
only the top-500 which were then filtered in order for us to reject terms which were 
probably not used by our target users (e.g. terms in European languages). This only left 
us with terms in English (as a generic language) and Spanish (as the language spoken 
mainly in Latin America). The indicators analyzed in this step can be found in Table 3. 
 

Table 3: Indicators related to queries performed with generic search engines before 
visitors reached the portal. 

Term language Total number of visits Total number of terms Search depth 
English 10,185 93 3.30 
Spanish 498 6 1.37 

 
Due to the much more intense use of the English language in the portal, the 
corresponding indicators provide higher values for the use of English terms. We 
followed a similar approach for the analysis of the results in the case of the queries 
performed by the users within the Organic.Edunet Web portal; from a list of more than 
5,000 terms used we selected the top-500, which were then filtered in order to discard 
the European languages. The remaining 108 terms in English, Spanish and French are 
potential query terms used by our target audience. Table 4 provides the indicators 
studied in this case and the corresponding values. 
 

Table 4: Indicators related to queries performed within the portal. 
Term language Unique queries Total number of terms Search depth 

English 2,547 88 2.86 
Spanish 426 19 6.21 
French 9 1 3.67 

 
It was obvious that the majority of queries were performed with English; however, this 
also resulted in less pages viewed per visit while the queries made with Spanish or 
French terms resulted in higher activity of the users in the portal.Despite the relatively 
high number of visits made from Arab-speaking countries and India, there were no 
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terms in these languages among the top-500. This might be explained by the fact that no 
content in these languages was available by the time of the conduction of this study, 
which resulted in users leaving the portal before performing any queries or led them to 
use generic terms in English. 
 

5. DISCUSSION 
 

This study aimed to identify the multilinguality-related factors which may potentially 
influence the behavior of users from developing countries in the Organic.Edunet Web 
portal and is part of a more detailed analysis which is described in another publication 
of the authors. The preliminary results provided in this paper indicate that indeed the 
behavior of the users in a portal is affected by the multilinguality aspects of the portal. 
More specifically, in the vast majority of the cases, we noticed that the visitors of the 
portal used an English version of their web browser to access the portal. Users from 
countries the languages of which were supported by the portal at content and/or 
metadata level tended to spend more time in the portal and navigate to more pages per 
visit compared to the visits from countries with no language support. 
The queries performed by the portal users using generic search engines for accessing the 
portal, as well as the queries performed within the portal for retrieving resources, were 
in both cases performed using mainly English terms. This might be due to the fact that 
there was no resources and/or metadata in the language of the users, or because the 
user’s preference was the English version of the terms over the translations in his native 
language. Even widely used languages like Arabic, Hindi and Chinese were not used for 
these queries, indicating that the users from the corresponding countries preferred to use 
the English version of the search terms. This must be also combined with the fact that 
no content or metadata were available in these languages. 
The results of this work showed that the multilinguality aspects of a learning portal 
cannot attract users in the same way that the availability of metadata and resources in 
the native language of the user do. As a result, it seems that the effort put in the 
translation of metadata and the availability of resources in several languages may be a 
critical factor not only for attracting users in a learning portal but also for increasing 
their activity within the portal. The use of automatic translation tools, like the ones 
provided in the context of the Organic.Lingua ICT-PSP project (www.organic-
lingua.eu) may enhance the experience of the users in a multilingual environment which 
also provides localized versions of metadata and resources. The next step in this 
research would be to evaluate the effect of the automatic translation tools in the 
engagement of the users in the portal.  
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ABSTRACT 

 

Optimizing production systems in agriculture and farming environments can nowadays 

be helped by advancements developed in other domains. In the field of precision live-

stock farming, solutions enriched with ICT, robotics and automation components are 

increasingly used to improve processes’ efficiency and flexibility. This paper proposes a 

pervasive ICT system to monitor and record eating behavior of fattening pigs, leverag-

ing on HF RFID ear tags identifiers (to detect animal eating while the head is on the 

trough) and on Camera Vision Systems (to cross-validate RFID reading). In addition a 

Synergistic Control algorithm is applied due to analyze information, extract feeding 

behaviors and detect eventual issues. Finally, these information are made available on 

the network, to the end-user, through the Virtus Middleware: it is an Internet of Things 
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(IoT) system enabling seamless data integration and event sharing, able to manage het-

erogeneous information sources and geographically-distributed, large-scale deploy-

ments. 

 

Keywords:   PigWise, RFID, IoT, Algorithms, Camera, Middleware, VIRTUS. 

 

1. INTRODUCTION AND RELATED WORK 

 

Modern animal husbandry is characterized by an increasing herds size and production 

units number, at least as the market needs in terms of meat quality and safety. Accord-

ingly is necessary to find new ICT solutions to improve farms efficiency, starting from 

the health and performance control of single animal within the herd. This article will 

present the project PigWise (PigWise site, 2013), which aims to answer to these needs. 

It focuses on fattening pigs, developing a management support system based on indi-

vidual animal observation. Besides thorough knowledge about animals, this activity 

required a multidisciplinary approach linking state-of-the-art advanced data analysis and 

concepts sensor technologies. The system indeed provides early warning signals in case 

of potential health problems or drops in performance and welfare. Among the sensor 

used in the farm, there are the RFID (Radio Frequency Identification), since the 70s the 

key technology (Jansen and Eradus, 1999) for auto-identification, used for management 

and logistic. In the PigWise project the use of RFID is due to “presence detection”, de-

fining the core methodology for the acquisition of feeding related information. 

 

In 2004, Berckmans introduce the precision livestock farming (PLF) concept, which 

represents the non-invasive, on-line, production control process that leverages on an 

accurate process-relevant data acquisition and provides feedback at business level (e.g.: 

feeding strategies or growth monitoring). The PigWise project provide a PLF system 

based on HF (high frequency) RFID transponder. This represents an innovation, be-

cause mainly Low Frequency (LF) transponders are widely used for individual animal 

identification (Finkenzeller, 2006; Jansen and Eradus, 1999). The main disadvantage of 

LF tag are that can be only read individually, only if under radio coverage, and reading 

speed is relatively low (Finkenzeller, 2006). The usage of HF transponder fill this gap, 

in particular addressing the need of identify every single animal while eating. This is not 

trivial, because more than one animal eat simultaneously (Reiners et al., 2009) and feed-

ing conditions change rapidly. Furthermore, the presented work leverages on the Syner-

gistic Control (SGC) concept (Mertens et al., 2008, 2009), a fact-based analysis of ac-

quired data making use of the principles of Statistical Process Control (SPC).  

 

Many researches advantages of the Internet of Things (IoT) vision (Atzori et al., 2010, 

provides a wide survay), including those in the agri-farming environment (Kaloxylos et 

al., 2012). Accordingly, the PigWise projects indeed introduce another innovation in 

order to process acquired data and provide useful information to the farmer: the stable is 

considered as a data source and each pig as an IoT node. An existing IoT-oriented mid-

dleware, namely VIRTUS (Conzon et al., 2012), is used to collect data from the stable 
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and to share information with end-users, leveraging on a standard, platform-

independent, messaging protocol.  

 

The remainder of the paper is organized as follows: Sec. II provides a brief overview of 

the state of the art of enabling technologies; Sec. III provides details about the reference 

architecture of the system and its main components; Sec. IV provides results used to 

validate the system; finally, Sec. V draws authors conclusions. 

 

2 REFERENCE ARCHITECTURE AND DESIGN 

 

The project has developed a tool used to monitor performance, growth and welfare of 

pigs at the individual level. This tool allows detecting problems in an early stage, 

providing monitoring and decision support therefore preventing economic damages. 

The innovative approach combines an individual online-monitoring system based on 

RFID with passive HF transponders, camera vision technology and software. The Fig-

ure 1 summarize the PigWise architecture, better described in following paragraphs.  

 

2.1 Data Collecting 

 

As previously mentioned, the acquisition system, acquire data regarding pigs  activities. 

In order to record the moment when the pig eats, a circular HF antenna has been em-

bedded in a trough (Figure 2). The antenna is connected to an HF long range RFID 

reader (Reiners et al.  2005). The reader is connected to an external PC and every pig 

was tagged with a passive HF transponder. The round transponders were clipped onto 

the ear tags of the pig. Anti-collision algorithms are used to facilitate simultaneous reg-

istration of animals that are simultaneously within the antenna reading range.  

 
Figure 1: the PigWise architecture 
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Figure 2: Trough with RIFD HF antenna 

 

2.2 Data Validation  

 

A camera vision based identification system, used as a layer upon the RFID identifica-

tion system, is used to validate RFID readings. When a pig is approaching around the 

trough it is seen by a camera and it is automatically initialized as a graphical object in a 

computer connected to the camera. When the distance between the pig and the trough is 

small the pig is identified by the RFID reader and the computer binds the graphical ob-

ject to the ID of the pig. The binding to the camera vision system can be used as verifi-

cation for the identification by the RFID reader. Furthermore the camera vision system 

can detect the head of a pig when positioned above a trough or if it is just positioned 

beside the trough. By this detection the time measurement for each pigs’ feed intake can 

be improved. At the end of this phase in order to make the data available there is the 

phase of integration and federation of all hardware and software components of the 

RFID system and sensors through a single infrastructure. In this way, the proposed 

camera vision system can verify the identification of the RFID tag associated to the an-

imal, improving the quality of the overall process.  

 
Figure 3: Some screenshot of the Camera Vision System 
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2.3 Early Warning System 

 

Data produced and acquired by the system described above need to be processed in or-

der to provide useful information to the farmer. Each stable is considered as a data pro-

ducer and each pig as an IoT node, an existing IoT-oriented middleware, namely VIR-

TUS, is used to collect data from previous components and to share information with 

end-users, leveraging a standard platform-indipendent messaging protocol.  

 

This information data are sent from the stable to the Middleware server (sited in Italy) 

through the use of the ICE Framework (ICE, 2013). Such framework provides Object-

Oriented Remote Procedure Call (OO-RPC), grid computing and publish/subscribe 

functionalities. In the case of the PigWise project, ICE has been used to develop internet 

applications without the need to rely on the HTTP protocol. 

 

Every day the amount of data recorded and sent to the server is very high, to generate 

understandable and usable, the data must be processed, is therefore necessary to devel-

op a system able to process these data. On the basis of what has been said above it has 

been developed an SGC (Synergistic Control) algorithms, able to detect deviations in 

the RFID data which are collected and which are transformed into performance and 

welfare. The concept of SGC combines the power of Engineering Process Control 

(EPC) and Statistical Process Control (SPC). The EPC step pretreats the raw livestock 

production data to meet the assumptions (stationarity & independence) related to the use 

of the SPC step. The SPC technique used is the statistical control chart which basically 

visualizes the production system (parameter) and detects the occurrence of deviations 

(Mertens et al., 2009; Mertens, 2009). Biological processes are not likely to fit all three 

criteria (Mertens et al., 2011). Using EPC, the undesired trend and autocorrelation are 

modelled in separate steps and the residuals after model-subtraction, meeting the SPC 

conditions, are then used in the control chart. 

 

The SGC procedure is performed for every individual pig. After checking the statistical 

characteristics, the pigs’ feeding pattern is modelled if necessary. A small reference 

period in the beginning of each production period is used in order to estimate the in-

control model parameters. The residuals after subtracting the model from the raw data 

are used to calculate the standard deviation of the variables. With this information, con-

trol-limits for the reference period are determined. After the reference period a recursive 

approach is used. With every new data-point, the model estimation and control-limits 

are updated. Any out-of-control points are signalled when falling outside the limits and 

are not used for the recursive estimation of the model and the in-control variability 

(Mertens et al., 2008). Based on these algorithms, the Early Warning System (EWS), 

which includes mechanism to process SGC output, has been developed. 
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Figure 4: Alarm message 

 

The control charts which result from the SGC algorithm are the basis of the EWS, 

which has been integrated in the VIRTUS Middleware; in fact has been developed a 

VIRTUS component able to manage the SGC algorithm and alarms which generates. 

VIRTUS includes a component able to send this alarms to the farmer. To send alert 

messages the system uses the XMPP (XMPP, 2013) protocol. The Figure 4 shows the 

possibility to send via XMPP messages to disparate device, the figure shows for exam-

ple a screenshot of XMPP client available for Apple devices (QIP (QIP, 2013) applica-

tion).  

 

In order to provide further information to the farmer has been also implemented a web-

based application (Fig. 5), showing the activity of pig, the site offers the ability to view 

and download charts and statistical information about the state of the database and the 

information it contains. This web application is complementary to the EWS, but require 

major user interaction in order to access the page, login and choose time period and an-

imal ID to be plotted.  
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Figure 5: PigWise web site 

 

3 CONCLUSIONS 

 

With the aid of the innovative HF RFID feeding system the behaviour of fattening pig 

can be accurately monitored. Thanks to the use of the camera system and the cross-

correlation with the RFID readings, it has been possible to identify some crucial figures 

to optimize the algorithm: e.g. the minimum delay between two RFID readings in order 

to consider an animal in a state of "feeding" or "not feeding". Some future improve-

ments are e.g. preventing the registration of the pigs continuously standing at the trough 

without eating. However, the innovative methodology proposed, based on the integra-

tion of different technologies to monitor the pigs’ health status and the overall distribut-

ed early warning system have shown huge potential. Moreover, thanks to the proposed 

IoT approach, many farm can be ideally managed simultaneously and most devices can 

be added in order to combine heterogeneous data sources or information; this approach 

enables the possibility to easily create new value added services, applicable to the wide 

agricultural/farming environment. 
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ABSTRACT 

 
There are many examples of tools to support decision making; one such tool is the 
SIINSAT-V1 system, which we present in this paper. SIINSAT is the Spanish acronym 
for "Sistema de Información para el Inventario de Imágenes Satelitales”, an inventory 
information system to support the selection of satellite imagery for agricultural 
applications. SIINSAT-V1 supports queries about satellite images of different satellite 
sensors. The image information is contained in a database appropriately designed and 
structured. This software system provides historical imagery information available for a 
specific area of the Mexican Republic of particular interest to decision makers and 
academia interested in agricultural information. For each image the information 
includes: sensor information, date of the scene, resolutions, bands and a JPEG preview 
file to visually present the percentage of cloud cover of the optical images.  

The system searches satellite imagery information as requested by the user. The search 
terms include month and year, geographic and geopolitical area; the query result is 
displayed in a table of key existing images, resolutions, etc. Also displayed is an image 
which allows the user to appreciate the percentage of cloud cover and decide whether to 
use it and download it or not. The current version 1 of SIINSAT runs like a web 
application and is currently being evaluated by typical users. To facilitate access to 
SIINSAT-V1 for all interested persons, version 2 (V2) will be enhanced with a redesign 
of forms and it will be standardized so that it will run on any platform.   

 

 

 

Keywords:   SIINSAT-V1, decision support systems, agriculture, Mexico. 
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1. INTRODUCTION  

 
A decision can be defined as a choice that is made between two or more alternatives. 
Concerning data and information in the geospatial domain, individuals make many 
decisions every day (Sugumaran and Degroote, 2010). In a decision potential choices 
are formed after defining certain minimum objectives, and subsequently selecting more 
demanding objectives. There are many examples of software tools and systems to help 
people make decisions; one of them is SIINSAT-V1, which we present in this paper. 
SIINSAT is the Spanish acronym for "Sistema de Información para el Inventario de 

Imágenes Satelitales”, an information system to support the selection of satellite 
imagery for agricultural uses.  
 
SIINSAT-V1 supports queries about satellite images of different spatial sensors. It is 
available in the Geomatics Laboratory of INIFAP (National Institute of Research for 
Forestry, Agricultural and Livestock), an organization associated to the Ministry of 
Agriculture in Mexico. The information from the satellite images is contained in a 
database appropriately designed and structured. SIINSAT-V1 provides historical 
imagery information available for a specific area in the central part of the Mexican 
Republic of interest to decision makers and academia interested in agricultural 
information because of its relevance in agricultural production (Soria-Ruiz, 2012). The 
information contained in SIINSAT-V1 includes: sensor information, date of the scene, 
resolutions, bands and a file in JPEG preview to visually present the percentage of cloud 
cover of the optical images.  In addition, the system allows for continuous updating was 
images acquired by the Geomatics Lab increase the stock. The aim of this work was to 
design and implement a query system for the inventory satellite images, which allows a 
quick search of the satellite image database.  
 

2.  MATERIALS AND METHODS 
 

2.1 Database 

 
The database and query system were designed and structured using Visual Studio Vx 
(Powers and Snell, 2006), with archives from 1998 to 2012 existing in the Geomatics 
Lab in different storage media. Later versions of SIINSAT will migrate the database to 
another database management system because the database will continue to increase its 
stock due to the reception of new satellite images. Table 1 shows an example of the 
information contained in the tabular database, and corresponding to SPOT satellite 
imagery. 
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Table 1. Tabular data for images form the SPOT sensor.   

 

 

2.2. Design  

 
SIINSAT was created with structured code to run as a web application, using XML and 
Framework.Net (Pialorsi and Russo, 2010). The application is based on web forms, 
where the designer options allow dragging of controls, defining data types and other 
objects, and setting their properties as if the application were a sort of Windows 
application.  
 
Figure 1 shows the main SIINSAT screen to initiate querying of satellite images. Using 
the icons on the left the user searches for images, the names of the available sensor 
imagery such as SPOT, LANDSAT, IKONOS, QUIKBIRD, NOAA, RADARSAT, 
ALOS/PALSAR y TERRA/SARx are provided. The icons on the right are used by the 
system administrator to update the database as new satellite images are acquired by the 
Geomatics Lab. 
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Figure 1. Main screen of the SINSAT-V1 system.  

 
 

3. RESULTS AND DISCUSIONS 

 

3.1 Search for information 

 

The system has proven useful for searches of satellite imagery information required by 
typical users. This search can be done by month and year, geographic and geopolitical 
area, displaying the query results in a table of key existing images, resolutions, and 
other useful data (Fig 2). The query result also displays an image in JPG format which 
allows the user to view the percentage of cloud cover. The current version of SIINSAT 
is fully implemented to run as a web application, where users will be to query the 
information. 
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Figure 2. Searh of satellite images information at different levels.  

 

3.2 Following versions 

 

To facilitate access to SIINSAT-V1 users, version 2 (V2) will be migrated to a full Web 
application where forms will be redesigned and code will be adequately transferred so 
the system will be able to run on any computer.  
 

4.  CONCLUSIONS 

 

Information management systems have extended to many areas especially in recent 
years. However there are still niches where such kinds of systems have not been 
developed; one such niche is management of satellite image information for 
applications to agriculture and land management. SINSAT-V1 is currently being used to 
manage main satellite imagery from sensors which include Landsat, Ikonos, Quickbird, 
RADARSART and SPOT among others. In Mexico there is an increasing demand for 
satellite images in the rural sector and within organizations and institutions which are 
concerned with obtaining information for research, decision support applications and 
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services. SINSAT-V1 is an effort to support different kinds of users and to fill an 
important void in this country. 
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ABSTRACT 
 

The data acquisition and process control is one of the main problems faced by engineers 

and researchers responsible for automation and analysis equipment and agricultural 

processes in real time. For a decision about the characteristics of the process are carried 

out with a greater chance of success, it is important to know and monitor the parameters 

related to its performance. Thus, the aim of this work was to develop a computer 

program in order to register and display real time information about the process and the 

dynamics of weight loss product. The system was implemented using the LabVIEW 

software. Developed Virtual Instruments (VI) for the following types of sensors: load 

cell, PT 100, Transducer of electrical, air humidity and frequency inverters. Obtained 

the application DRYING OF GRAPES for monitoring and controlling the process of 

partial dehydration of grapes developed, which was observed during the tests, ease of 

operation of the system, allowing the rapid acquisition of data, and the ability to 

combine the system implemented to meet the demands of several studies, and can be 

used in different types of agricultural products. 
 

 

Keywords:   Decision support system; real time; mathematical model. 

 

1. INTRODUCTION  

 

For the monitoring and analysis of drying are done in real time is essential to use 

technology and mechanisms to assess quickly and accurately the information that is 

inherent to the treatment, providing support to the operator for decision making 

regarding process change is made, considering the response of the product hygroscopic 

(KARIM and HAWLADER, 2006; NGUYEN and PRICE, 2007). 

For the acquisition of information is guaranteed with high precision 

measurement systems and control should be associated with sensitive instruments and 

stable, and able to make data acquisition at any time (BERGEIJK et al., 2001 
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ADAMCHUK et al., 2004; GONZÁLEZ and HERRADOR, 2007; ANURAG et al., 

2008). 

The purpose of this work was through the instrumentation of a structure drying, 

develop and validate a computer application in order to register and display real time 

information about the process and the dynamics of weight loss product. 

 

2.  MATERIAL AND METHODS 
 

Part of an experimental prototype at the Laboratory of Thermodynamics, Faculty 

of Agricultural Engineering of the State University of Campinas, the structure consists 

of a drying chamber cooled (cooling capacity of 4,400 kcal.h-1 to -10 oC) fitted with a 

tunnel forced air (air flow rate of 2,900 m3. h-1) and resistance (2400 W) that enable 

drying of fruits and vegetables in low and high temperatures. 

From previous work (Silva and TERUEL, 2011; SANTIAGO et al., 2012), the 

computer application for monitoring and controlling the drying considered signals from 

five temperature sensors Pt 100 (FM = 0 to 100 º C; model TR106 , 4 to 20 mA, 

accuracy = ± 0.2%), a sensor for relative humidity RHT-WM/Novus with compact 

electronics module and transmitter of values (FM = 0 to 100% RH; 4-20 mA, precision 

= ± 1.5%), a system comprising a weighing load cell, model PW12C3 - IMB (50 C - 50 

kgf, a sensitivity of ± 0.1% 2-mV.V 1), two transducers of electrical Min f K-05, Kron 

(accuracy 0.2%; voltage of 220 V; communication interface RS485 type; speed 9600, 

19200, 38400 configured 57600bps or; data format 8N1, 8N2, 8E1, 801configurável , 

address 1 to 247, configurable; Modbus - RTU and coding of information floating point, 

IEEE-754), a block of space heaters air comprises four finned RTDs with nominal 

voltage of 220 V and 600 W power each and two frequency inverters CFW09 - WEG 

(supply voltage 220-230 V three phase; isolated input with resolution of 8 bits, linearity 

error less than 0.25%), one to control air flow tunnel forced and others to control power 

to the game system's thermal chamber. 

The information related to sensing instruments are integrated into a central 

processing unit and data acquisition according to the diagram in Figure 1. 

  
Figure 1. Scheme of the data acquisition process. 
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The data acquisition of temperature and relative humidity was carried out by 

data acquisition board (PCI-NIDAQ 6229) coupled to the connector block (CB-68LP) 

both from National Instruments. This board has as inputs the analog values of 

temperature and relative humidity expressed between 4-20 mA and outputs a voltage 

which acts on the frequency inverter compressor and exhaust, and can vary between 0 

and 10 V as the cooling efficiency and speed desired air. The digital data of electrical 

meters and weighing system are transmitted to the microcomputer systems via Modbus 

protocol via the RS485 serial port, enabling data to be read and stored. 

All signals obtained with the instrumentation system, after processed by the 

computer are displayed in real time on the application of supervision and available as a 

source of information and aid to decision making related to changes in the parameters 

governing the kinetics of the process, such as temperature and velocity of the drying air. 

The data are structured from sample means every minute and stored in spreadsheets for 

further analysis. 

 

2.1 Computer application 

 

The computer application was developed in the graphical environment of the 

programming software LabVIEW ® (National Instruments). The Labview has its 

operation based on two interfaces. A graphic intended for contact with the user, 

allowing monitoring of the process in real time, as control of the characteristics of 

interest by changing the process environment. The second interface enables the 

realization of interaction of the hardware and signal processing. The main feature is the 

possibility of Labview development and implementation of control applications in a 

graphical format friendly. With the calibrated parameters, the response signals of drying 

are analyzed and processed, generating new information to the operator. 

 To validate the ability of the application in real-time monitoring of the drying 

process, tests were performed partially dried grapes. 

2.1.1 Feedstock 

 

We used to cultivate Niagara Rosada grapes (Vitis labrusca), the harvest from 

July to November 2011 collected in the city of Jales, northwest of São Paulo. The 

grapes were packed in cardboard boxes with a capacity of 7 kg and transported to the 

Laboratory of Thermodynamics and Energy, Faculty of Agricultural Engineering of the 

State University of Campinas (LTE - UNICAMP). 

After completion of the pre-cleaning of the cluster to remove the stems and 

berries damaged or compromised by the presence of fungi, we performed the sample 

distribution. 

2.1.2 Partially dried grapes 
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Tests of partial dehydration resulted from the combination of the parameters 

temperature and air velocity. The effect of different combinations of product quality 

was assessed by Santiago et al. (2012a) and Santiago et al. (2012B). 

The fruits were packaged in plastic, 25% effective opening area, dimensions 50 

x 30 x 25 cm, containing 25 bunches of grapes, longitudinally arranged. The package 

was placed inside the drying frame (Figure 2a). With the air flow perpendicular to the 

position of the bunches are increased rates of heat and mass transfer, allowing the 

dehydration process occurs in a shorter period without forced air. 

      

(a) 

     

(b) 

Figure 2. (a) Schematic structure forced-air drying, (b) Schematic 

instrumentation system. 

Given the chemical and physical characteristics of grapes adn purpose of 

carrying out partial dehydration and not complete, the logic is designed so that the 

supervisory system to achieve weight loss of reference, ie a percentage of the initial 

mass of the product the system turns off automatically. 

3. RESULTS AND DISCUSSIONS 

The program resulted in the development of application called DRYING OF 

GRAPES, which has the purpose of collecting, processing and storing data from the 

sensors installed in the drying chamber, in addition to providing for the operator to take 

decisions on possible changes in the process. 

The application SECAGEM DE UVAS (DRYING OF GRAPES) available to 

the user in graphical and numerical form through the computer screen the data in real 

time. It also allows the user to control and determine the performances of some system 

equipment experimental physicist. Figure 3 shows part of human machine interface 

(HMI), which can be seen the control icons and indicators of system equipment such as 

compressor motors and exhaust, control of data storage and numerical indicators and led 

the operation and level operation of these devices. 
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Figure 3. User Interface Part 1. 

The HMI also includes monitoring of the internal conditions of the drying 

chamber, where through numerical and graphical indicators parameters temperature, 

relative humidity are exposed and monitored in real time by the operator (Figure 4). In 

this window are present the numerical indicator of the mass sampled by weighing 

system, the graphic indicator of mass loss during the course of the drying time and 

control icon in the end of the process, ie, setpoint mass loss. 

 

Figure 4. User Interface Part 2. 

Figure 5 shows the box HMI where the signals from the transducers of electrical 

process are presented through numerical indicators. 

 

Figure 5. User Interface Part 3. 
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The MMI overall supervisory system is shown in Figure 6. As described above, 

this system is programmed to read the signs of the temperature sensors, relative 

humidity, weight and power consumption, in addition to acting on the operation of the 

compressor motors and exhaust, the operating frequency of the hood and level of heat 

load dissipated by the resistances. The application collects the signals from the load cell 

at a rate of approximately 120 samples per second, forming an average result every 1 

minute for the other sensors is the rate of 100 samples per second, also forming an 

average result for each 1 minute. 

 

Figure 6. Screen for supervisory system implemented. 

Once launched, the application performs its routine transmission and reception 

of signals until internal system error occurs, the setpoint range of mass loss or 

purposeful interruption made by the operator. 

 

4. CONCLUSIONS 

1 - The application program developed for the purpose of monitoring and decision 

support showed satisfactory performance during the partial drying of grapes, being able 

to measure and present the operator with real-time information about the process. 
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2 - The application interface DRYING OF GRAPES was characterized as friendly, 

featuring ease of interaction between the user and the application. 

3 - The control logic inserted to the end of the process from the maximum rate of mass 

loss function properly, although the thermal load of the internal structure has not been 

disrupted, causing the process to continue development. 

4 - For the application can perform the function of controlling the end of the process, 

new routines must be inserted into your schedule, allowing the source to be 

disconnected heating the thermal load of the internal structure is dissipated. 

 

5. REFERENCES 

 
 

ADAMCHUK, V. I. et al. On-the-go soil sensors for precision agriculture. Computers 

and Electronics in Agriculture, v. 44, p. 71-91, 2004. 

 

ANURAG, D.; ROY, S.; BANDYOPADHYAY, S. Agro-sense: Precision agriculture 

using sensor-based wireless mesh networks. Calcutá, 2008. Disponível em: 

http://www.iimcal.ac.in/research/download/cameraReady_Agrosense.pdf Acesso em: 

22 jun. 2010. 

 

BERGEIJK, A.V. et al. Dynamic Weighing for Accurate Fertilizer Application and 

Monitoring. Journal of Agricultural Engineering Research, v. 80, p. 25-35, set. 2001. 

 

GONZÁLEZ, A.G.; HERRADOR, M. A. The assessment of electronic balances for 

accuracy of mass measurements in the analytical laboratory. Accreditaion and Quality 

Assurance, v.12, p. 21–29, 2007.  

 

KARIM, M. A.; HAWLADER, M. N. A. Mathematical modelling and experimental 

investigation of tropical fruits drying. International Journal of Heat and Mass 

Transfer. v.48, p.4914-4925, 2005. 

 

NGUYEN, M. H.; PRICE, W. E. Air-Drying of Banana: Influence of Experimental 

Parameters, Slab Thickness, Banana Maturity and Harvesting Season. Journal of Food 

Engineering. v.79, n.1, p.200-207, 2007. 

 

SANTIAGO, W. E. ; SILVA, J. T. R. ; TERUEL, B. J. ; OLIVEIRA, R. A. Sistema de 

pesagem dinâmica para determinação da perda de massa de produtos hortícolas durante 

secagem. Anais do X Congreso Latino Americano y del Caribe de Ingieniería Agricola 

e XLI Congresso Brasileiro de Engenharia Agrícola (CLIA-CONBEA), 2012. 

 

http://www.iimcal.ac.in/research/download/cameraReady_Agrosense.pdf


 

C00092 
SANTIAGO, W. E.; TININI, R. C. R.; TERUEL, B. J.; OLIVEIRA, R. A. Drying of Niagara 

grapes aiming at generating information for processing, supervision and control. EFITA-

WCCA-CIGR Conference “Sustainable Agriculture through ICT Innovation”, Turin, 

Italy, 24-27 June 2013. 

 

SANTIAGO, W. E.; SILVA, J. T. R.; TERUEL, B. J. ; OLIVEIRA, R. A.. Mudanças 

físico-químicas de uvas Niágara Rosada após secagem parcial. Revista Brasileira de 

Energias Renováveis, v. 1, p. 239-252, 2012a. 

 

SANTIAGO, W. E.; TININI, R. C. R.; MEDEROS, B. J. T. Qualidade de uvas niágara 

rosada (Vitis labrusca) submetidas a desidratação em diferentes temperaturas. In: XXII 

Congresso Brasileiro de Fruticultura, 2012, Bento Gonçalves. Anais do XXII Congresso 

Brasileiro de Fruticultura, 2012b. 

 

SILVA, J.C.T.R.; TERUEL, B.J.M. Control system for forced-air cooling of 

horticultural products. Engenharia Agrícola (Impresso), v. 31, p. 621-630, 2011. 

 

 



 

L. Manfrini, E. Pierpaoli, M. Zibordi, B. Morandi, L. Corelli Grappadelli. “The precise growing 

of pomefruit orchards for the production of high quality fruit and high yields in Emilia 

Romagna”. EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT 

Innovation”, Turin, Italy, 24-27 June 2013. The authors are solely responsible for the content of 

this technical presentation. The technical presentation does not necessarily reflect the official 

position of the International Commission of Agricultural and Biosystems Engineering (CIGR) 

and of the EFITA association, and its printing and distribution does not constitute an 

endorsement of views which may be expressed. Technical presentations are not subject to the 

formal peer review process by CIGR editorial committees; therefore, they are not to be 

presented as refereed publications. 

The Precise Growing of Pomefruit Orchards for the Production of 

High Quality Fruit and Yields in Emilia-Romagna 
 

Luigi Manfrini
1&2*

, Emanuele Pierpaoli
1&2

, Marco Zibordi
1&2

, Brunella Morandi
1&2

, 

Luca Corelli Grappadelli
2&1 

1
 HK-Horticultural Knowledge ltd, Bologna Italy

 

2
 Dipartimento Scienze Agrarie, University of Bologna, Bologna Italy 

*Corresponding Author: HK-Horticultural Knowledge ltd, Via T. Ruffo 7, 40141 

Bologna Italy. luigi@hkconsulting.it 

 

ABSTRACT 

Research over the years has shown that it is possible to set production targets for 

pomefruit orchards. Based on tree density, targets can be set for yield levels and 

fruit size, that translate into the optimal crop load (fruit number per tree). When 

this is achieved via thinning, the question remains open: how to make sure that 

growth of the fruit is progressing correctly? Precision fruit growing research 

answers this, by making it possible to evaluate the management carried out by the 

grower, and to assess whether or not it is in line to achieve the desired quality and 

yields targets.  
 

Keywords: Precision Horticulture, Pomefruit, Apple, Pear, Fruit Growth Monitoring 

 

1. INTRODUCTION  

 

The concept of sustainable agriculture has become widely accepted by growers, 

consumers, and policymakers as an important guide for the future directions of fruit 

production systems. That concept is also an integrating part of the newer concept of 

precision horticulture. This philosophy embodies concepts that allow decisions on 

future orchard management: economically viable, environmentally sound, and socially 

responsible. Unfortunately unanswered questions on crop status often make the seasonal 

production cycle difficult to be read, not responding to the latter three points. Many 

hidden data from the crop and the environment are available in the field and are an 

important source of information for the growers (Manfrini et al., 2012). Despite the 

available knowledge and the advances in technology of the latest years, it is still quite 

common to fail finding real-time data monitoring practices within orchards, to relieve 

management from performing subjective practices. For example, in apple production 

growers routinely apply plant growth regulators to remove excess fruitlets to promote 

annual cropping and improve fruit size and quality (Marini, 2003; Link, 2000) but often 

there is no information about the dosage of the chemical thinner that should be applied 

and a real time feedback of their efficacy after application. Moreover, no guidelines are 

available to fine tune the following manual thinning to real orchard needs, let alone any 

feedback on the effect that these practices will have on fruit development. In other 
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words, many crucial management decisions in the field are not made based on sound 

information, nor checked as to their usefulness before harvest or, if checked by a non 

appropriate methodology, results and forecasts could be misleading (Ellis et al., 2010). 

Taking into account this existing situation and building on more than two decades of 

ecophysiological studies, an integrated data collection and information support system 

to describe and forecast pomefruit (apple and pear) growth and variation of 

quality/production parameters along the season was developed. This has led to the 

formation of HK-Horticultural Knowledge ltd (HK), whose goal is to help both growers 

and consultants by providing them with support information needed for critical decision 

making during the growing season. An additional HK product, aimed to those involved 

in fruit marketing is a forecast of fruit distribution within size classes, valuable 

information to devise market segmentation and sale strategies.  

 

2. MATERIALS AND METHODS 

 

2.1 Orchard Characteristics 
The study was conducted during the 2011 growing season in a commercial apple 

orchard located near Cesena, Italy. Data were collected from a 2 ha block of Pink Lady
®

 

apple trees planted in 2004, grafted on M9 rootstock and trained as slender spindle at 

the density of 2857 trees ha
-1

 (3.5 X 1.0  m); the trees were under a standard 

management approach. HK during 2011 monitored a total of 50 ha circa of Pink Lady
®

 

apple in the Emilia-Romagna Region. 

 

2.2 The Suite of Tools to Be Used and Rationale for Their Use 
A desired average tree fruit load target can be calculated coupling the basic field 

information of tree density, desired yield and fruit size target. Tree density for the 

orchard is 2857 tree/ha and the desired target production was set at 75 t/ha. Pink Lady
®

 

apple to be considered of high value needs to be within the 75/85 mm size class 

corresponding to a fruit of 210/220 g/fruit. From these data, the desired average fruit 

load per tree is computed to be 120 fruit/tree. Monitoring began on June 25, 2011, when 

the maximum diameter of a sample of fruit was recorded. The measurements took place 

every other week for a total of 4 times. In addition, tree crop load was assessed by fruit 

counts on July 10, 2011. This allowed to determine whether the post-chemical, manual, 

thinning had been effective. This assessment was repeated at harvest. Average harvest 

fruit size forecasts were released at each sampling date (except the first one). These 

allow a verification for the grower whether or not the management is on track, at a time 

when it can still be modified. Concurrently, a forecast was released of the breakdown of 

the whole crop into size categories, which in turn allows to release a very accurate 

estimate of orchard yield (fig. 2). 

 

2.3 Method of Data Collection 
The fruit measurements for the estimation of fruit load per tree was assessed on 20 

randomly chosen trees and followed the protocol described by Manfrini et al., 2009  

(fig. 1). All fruit on each tree were counted two times and their count were then 
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averaged to obtain a single count/tree. The maximum equatorial diameter was measured 

on 20 fruit on the 20 randomly selected trees for a total of 400 fruit/orchard.  

 

 
Figure 1. Data collection and selection strategy. 

 

 

3. RESULTS AND DISCUSSION 

 

As the initial forecast for the orchard, released on July 10, 2011, indicated that fruit 

would be under the desired size target, the fruit load per tree was checked, and was 

found to be 136 fruit/tree, while it should have been, based on the calculations reported 

above, of 120. This prompted the suggestion of a further thinning (by hand) of the trees. 

The grower decided to perform an additional thinning, and the positive impact of this 

decision was immediately apparent in the subsequent forecast, released on July 26 (tab. 

1), which showed the fruit had recovered their growth rate and were now forecast to be 

around 75 mm diameter, i.e. the targeted size. It is worth pointing out that, on a daily 

growth rate basis, the difference between the July 10 and 26 forecasts is only 0.02 mm 

(0.42 vs. 0.44 mm/day) but, because of the compound interest nature of these changes, 

the end point moves up by more than 3 mm in fruit diameter (tab. 1). The last forecast 

released and the data recorded at harvest confirmed the effectiveness of the thinning 

treatment.  
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Table 1. Fruit growth at different time during the season and crop load parameters  

Measurements 25/6/11 10/7/11 26/7/11 10/8/11 Harvest 

Average Diameter 

forecast (mm) 
- 72.1 75.6 76.4 76.5 

AGR (mm/day) - 0.42 0.44 0.34  

Average fruit number 
Suggested 

120 

Counted 

136 
- - 

Counted 

124 

 

Apart from the forecast of the average fruit size, our approach allows to release a 

forecast of the breakdown in size categories of all the orchard production. This 

computation was made for the expected harvest size before and after the thinning, and 

the data clearly demonstrated that, even at such a late stage, apples respond to removal 

of competitive sinks (e.g., of the apples). In this particular case, the effect of thinning 

(demonstrated by the increase in fruit growth explained above) was large enough to 

shift the entire orchard fruit production up by one size class. HK during the 2011 season 

has monitored a total of almost 50 ha in the Emilia-Romagna Region, releasing a very 

accurate forecast of the size class breakdown of all the apples produced (fig. 3). The 

largest error incurred has been in the 75/80 size class (3.4%) if compared to the data for 

all the orchards monitored, which was provided to us by the Apofruit cooperative, based 

on their in-house assessments. This information is greatly valuable for the sales people, 

who can thus have a very good idea of the product they have to sell, much earlier than 

they are currently used to (2 month before harvest time). This provides them with the 

opportunity to start contacting perspective clients sooner in the season, and with a much 

clearer picture of the upcoming marketing scenarios. 
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Figure 2. Fruit size class distribution before and after fruit thinning  
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Figure 3. HK fruit size forecast (2 month before harvest time) compared with the real 

orchards production on a total of 50 ha. 

 

 

5. CONCLUSIONS 
 

This paper offers a case study illustrating the possibility and the advantages provided by 

adopting precise management of orchards, if this is based on sound assessment of 

orchard performance, and robust modelling tools. We were able to provide feedback to 

the grower about a looming (but not yet obvious) problem of excessive crop load, which 

would have caused insufficient fruit size at harvest, and corroborated this observation 

with the average fruit load per tree, which resulted over 10% higher than desired. The 

removal of fruit carried out at mid-July was effective and allowed to increase fruit 

growth enough to fulfil the yield and fruit size targets. In addition to this real-time 

decision-supporting information, we were able to deliver to the sales department of the 

packing house crucial information on their crop make-up in terms of size distribution, 

up to two months before harvest. This is valuable because it allows the best market 

segmentation and storage management, to minimize losses and increase efficiency of 

storage. The effort required by the grower for this type of monitoring, and the costs 

associated are by far smaller than the associated benefits. In terms of time, the 5 

measurements performed did not take more than 4 hours per ha. The cost of the service 

is but a fraction of the measured benefits to the grower, in terms of orchard packout and 

farmgate value.  

To date, type of this information on apple fruit load and growth during the season and at 

harvest has not been recorded and used as a driver of labor, resource and other 

management inputs. This investigation indicates options available to growers who 

would like to increase their knowledge on the field status and potentially better respond 

to market demands of higher quality fruit at a lower cost. 
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ABSTRACT 

This paper identifies gaps in standardization of agri-food logistics. Out of the European 

FP7 SmartAgriFood project a framework for classifying existing standards within the 

agri-food supply chain is introduced. Furthermore the characteristics to which a 

semantic standard should adhere are investigated. The standards classified as semantic 

out of the framework are assessed along these properties. The resulting conclusion is 

that the standards that are already present in the chain are more focused on syntax and 

lack semantic properties.     
 

Keywords: Agri-food, standards, semantics, interoperability, logistics, the Netherlands 

 

1. INTRODUCTION  

 

In the agri-food supply chain, a multitude of information standards is present. However, 

these standards are all specific in terms of functionality and cannot be applied across the 

complete chain. For example, AgroXML and ISOBUS are widely accepted, but these 

standards do only cover activities at farm level. The problem that appears in this chain 

is therefore not the absence of standards, but the lack of standards that make the whole 

chain interoperable.   

 

When focusing on agri-food logistics only, the known standards enable networked 

organizations in the agri-food supply chain to exchange information on food products 

that are shipped from producer to consumer. Such standards are used to identify both 

products and logistics units in order to facilitate the distribution of agri-food products, 

track and trace logistics items and enable the monitoring of product quality throughout 

the supply chain.  

 

Most standards in this specific sector focus on syntactic definitions of the information 

that is shared, and only few touch upon the semantics. This paper identifies the gaps of 

standardization in agri-food logistics and proposes recommendations on improving the 

semantic aspects in this domain. 
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2.  FRAMEWORK FOR STANDARDIZATION OF AGRI-FOOD LOGISTIC 
 

In the European FP7 SmartAgriFood project, a standardization overview has been 

undertaken that describes the various alternative standards in the agri-food logistics 

domain (SmartAgriFood, 2013a; SmartAgriFood, 2013b). A classification framework 

has been used that differentiates dimensions of agri-food logistics functionality and the 

levels of abstraction with regard to interoperability. 

 

The first part of the framework, concerning business functions that exist in the agri-food 

supply chain, is the result of the identification of needs for standardization in this 

particular chain. SmartAgriFood (2013c) specifies the basic supply chains roles that are 

allocated to the various actors in the chain. These roles are Production, Outbound 

logistics, Inbound logistics, Logistics orchestration, Product development and 

Marketing & sales. As the research focuses on agri-food logistics, on the logistics flows 

from primary production (farm) to the market, not all roles within the supply chain are 

equally relevant. From the farm gate, where the primary produce is shipped, to the retail 

gate, where the agri-food products are received by the retailer, only the roles of 

outbound logistics, inbound logistics and logistics orchestration are important. For these 

three roles the following business functions can be specified, which serve as the first 

classification of standards:  

 

 
Figure 1: Framework for standardization – horizontal classification 

 

For these business functions to be able to effectively work together, it is required that 

not only at one level interoperability is ensured, but that a coherent stack of agreements 

is present for all levels. If technical interoperability is fixed, but the meaning of the 

messages that are exchanged is not recorded and agreed upon, effective cooperation is 

not possible. In other words, also on the level of semantics and syntax must be strived 

for interoperability (Punter et al., 2011).  

Based on these statements the choice is made to make a vertical classification to arrange 

the standards. The second part of the framework is therefore based on earlier work on 

interoperability frameworks (Van der Veer et al., 2008; Kubicek et al., 2009; European 

Committee for Standardization, 2010), resulting in a vertical classification with the 
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European Interoperability Framework for European Public Services as its basis 

(European Commission, 2004; European Commission, 2010).   

 

 
Figure 2: Framework for standardization – vertical classification 

 

The horizontal classification is combined with the vertical classification to result in the 

following matrix that is the framework for standardization of agri-food logistics. 

 

 
Figure 3: Framework for standardization – complete framework 

 

In total, 22 standards are classified using this framework, ranging from the generic GS1 

family of identification standards to vocabulary standards such as AgroVoc and 

Lingual. The standards that are studied are: Agrovoc, Core Business Vocabulary, 

Daplos, EANCOM, eCert, Edibulb, EFSA, EPC, EPCIS, Florecom, GPC, GS1 

Application Identifiers, GS1 ID standards, GS1 XML, ISO 21067, ISO 7563, LanguaL, 

PLU Codes, TBG3 standards, UNECE standards, UNSPSC and VBN Code. 

 

3. DEFINING A SEMANTIC STANDARD 

 

One of the key challenges in agri-food remains the lack of supply chain integration. 

Semantic technologies address this challenge in the agri-food sector. However, most 

standards investigated in the SmartAgriFood project contain some of the characteristics 

of a semantic standard, but lack other important properties. According to Klas and 

Schrefl (1995), the "overall goal of semantic data models is to capture more meaning of 

data by integrating relational concepts with more powerful abstraction concepts”. 
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Semantic technologies are specifically designed for data integration, and thus provide 

the fundamental glue for achieving this goal. They provide a set of ad hoc standards for 

data capture, for data publishing and for data consumption. They provide flexibility, 

rapid adaptation to new requirements, and greater functionalities (SmartAgriFood, 

2013b). In order to assess a couple of standards currently applied in agri-food logistics 

on semantic properties, this paragraph focuses on summing the necessary characteristics 

for semantic interoperability in comparison with syntactic interoperability. The next 

paragraph applies this definition to a subset of standards from the list of 22.   

 

Syntactic standards have existed for a long time. The most commonly used syntactic 

standard is by XML which fundamentally is a syntax for representing information. 

What a particular tag or entity means in XML is usually specified in the DTD, and all 

users of that particular XML variety must accept the same DTD. XML allows for 

infinite flexibility and variety in order to represent data but once a schema is chosen 

then it is set ins tone and there is no flexibility, nor any capacity to add further fields to 

the data schema. A similar situation is true of the GS1 GTIN system for barcodes. The 

standard is largely syntactic since it is the specific sequence of numbers which 

determine the interpretation. There is very little flexibility in adding further information. 

The semantics are fixed and can change only very slowly by a complex process of 

mutual agreement between many parties. The same can be said for EDI. 

 

In general, semantic standards provide agreed upon definitions of the information 

exchanged, such that all actors  have the same understanding of this information. 

Simpler semantic standards merely provide controlled vocabularies for the annotation or 

markup of data. Fully specified semantic models (i.e. formal ontologies) define all kinds 

of relationships between terms, provide a well-founded logic for classes and properties 

of terms, and consequently make possible the use of reasoners. These in turn allows the 

derivation of relationships that were not explicit, but rather were implicit in the 

knowledge representation design. An ontology or a semantic model is thus similar to a 

dictionary, taxonomy, or glossary, but with structure and formalism that enables 

computers to process its content (Lee, 2005).  

 

Furthermore, rules can be defined to allow for precise business logic making relations 

between information elements and their values explicit or even define business 

document layout and business process sequences (Steinfield et al., 2007). Finally, 

semantically rich models can be put into RDF or OWL that makes it possible to publish 

and reuse them via the web. Subsequent figure displays the semantic web stack and the 

relationship between technologies mentioned here (Berners-Lee, 2000). 
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Figure 4: Semantic web stack (Wikipedia, 2013) 

 

A prerequisite for using semantic standards such as the RDF/RDFS/OWL stack is the 

use of URIs (Uniform Resource Identifiers) and namespaces. They ensure on the one 

hand the absence of ambiguity (the meaning of an element is defined in the ontology in 

the namespace) and on the other hand immense flexibility because additional data can 

always be added using the URI either in that pre-existing namespace or another one. 

This means that data schemata are not fixed and thus are adaptable to the ever changing 

needs of (for example) the food and agriculture sector’s continuous development of new 

products and new categories. 

 

To conclude, a standard can be assessed for its applicability for gaining semantic 

interoperability on the following four characteristics: 

 Rules 

 Ontologies 

 Taxonomies 

 Data interchange 
 

4. APPLICATION OF DEFINITION TO STANDARDS 

 

In order to apply the definition of semantic standardization to identify gaps of 

standardization in agri-food logistics, we have selected standards from the full range of 

standards classified in our framework that were labeled as semantic standards. These 

standards cover the following business functions: 

http://upload.wikimedia.org/wikipedia/en/3/37/Semantic-web-stack.png
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Figure 5: Standards scored on business function applicability 

 

When we take a closer look at these standards based on the characteristics identified in 

the previous paragraph, the following scoring is the result: 

 
Figure 6: Standards scored on semantic properties 

 

We find that standards that specify rich semantics in terms of ontologies and business 

rules and that apply across the full range of business functions in agri-food logistics, are 

currently lacking. Most are too specific in terms of functionality to be applied in other 
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business functions or are at best an ill fit. Gaps in standardization thus exist along the 

chain, as not all business functions are covered. Secondly, there are gaps in content, no 

vocabularies exist for certain business functions. Also there are specific gaps in existing 

vocabularies (SmartAgriFood, 2013b). 

 

The most obvious core to any set of standards may well be the GS1 family. It requires 

GS1 however to expand to cover the gaps in both content and functionality over time on 

the level of richer semantics.  
 

5. CONCLUSIONS 

 

Existing standards for agri-food logistics are very specific in terms of the logistic 

functionality they are able to support. Of particular importance given the high public 

profile and significance of tracking and tracing functionalities, current standards such as 

those from GS1 allow one to go from identifier to product information, but are unable to 

allow one to go from a set of product properties to a set of products. Semantic standards 

would enable this and would also support a wide range of business functions in agri-

food logistics are currently non-existent. The current set of standards for agri-food 

logistics does not have some or all of the semantic properties. Existing standards that 

only address product identification (GS1 standards) should be enhanced with more 

complex semantic structures that enable the agri-food supply chain to be semantically 

queried on products and their status. 

 

It is in the light of these perspectives that we provide the following recommendations. 

While a certain number of gaps need to be covered, the whole domain does not cry out 

for the creation of new standards. Rather what is needed is the decision to use one 

specific set of standards either through a policy decision from government/EC, or 

through common agreement among commercial actors. The latter is unlikely given the 

complex and heterogeneous nature of the agri-food sector. Repeated discussion within 

the SmartAgriFood consortium point to the need for regulation to impose data standards 

on the sector. 

 Recommendation 1. Encourage regulators to impose data standards for the 

whole agri-food sector from farm to fork. 

 

Given the time consuming nature of standards development, and the difficulty of 

achieving consensus, the obvious core to any regulatory imposed set of standards has to 

be the GS1 family. This does not mean others should be excluded but rather, over time, 

GS1 need to expand to cover the gaps in both content and functionality. 

 Recommendation 2. Base the regulatory standards framework around GS1, but 

acknowledge the need for other standards to compliment it (i.e. Agrovoc). 

 

The danger in all such regulatory interventions is that we end up with a sclerotic system 

unable to adapt rapidly enough to technological changes and developments in business 
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needs. Hence the importance of GS1 being an open extendible set of standards 

determined by its members. Equally, we would suggest, the applicability of semantic 

technologies here in providing a layer of interoperability with growing standards in 

other areas, and in providing technological infrastructure currently missing from GS1 

should not be under-estimated. 

 Recommendation 3. Compliment GS1 with other standards and vocabularies 

using the semantic technology stack to provide interoperability and extensibility. 
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ABSTRACT 
 

Residual Biomasses from agriculture and forestry activities are among the most 

promising renewable energy sources. To face the growing need of such resources for the 

energy producing industry the delivery of residual biomass fuels must be effectively 

enhanced compared to the current state. By help of the simulation software “Vensim 

DSS” ® (Ventana Systems Inc.) we developed a set of equations representing one 

biomass harvesting and supplying chain. The considered system, which has the Time 

step of one day and covers a time span of three years, is composed by three sub models 

which are related to: a) energy plant dimensioning; b) supply transport cost estimation; 

c) harvesting and conditioning operations cost estimation. Model output underwent to 

univariate and multivariate sensitivity analysis to check its behavior at changing of 

parameters’ values. 

Model behavior turns out to be quite robust at varying of the input parameters for all the 

considered variables: evaluation of behavior pattern measures showed that with 

reference to €/MWh primary energy equilibrium level is quickly achieved meaning that 

negative feedback loops become soon dominant in the system. 
 

Keywords: SD Modeling, Biomass Harvesting Optimization. 

 

1. INTRODUCTION  

 

Residual Biomasses (both from agriculture and forestry activities) are among the most 

promising renewable energy sources whose energetic exploitation may, on one hand, 

give higher value to residues generally considered as waste materials, while on the other 
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can avoid the occupation of soil for the growth of energy crops (Goldstein, 2006). To 

face the growing need of such resources for the energy producing industry the delivery 

of residual biomass fuels must be effectively enhanced compared to the current delivery 

one. This requires significant changes in the logistics environment of energy plants for 

sustainable energy production and these changes are furthermore complicated by the 

sequence-dependent procurement chains for residual biomasses. As consequence of this, 

optimizing harvesting and supplying operations turns out to be strategic within the 

framework of the current energy policy. Agricultural systems are by nature complex 

ecosystems where numerous interacting factors must be taken into account: therefore 

there is the need of a quantitative whole system approach to help optimize such 

complex interacting factors (Lai et al., 2011). To this purpose, we developed the 

conceptual model of one decision support system (DSS) with the final aim to optimize 

biomass supply costs for a given energy plant run with renewable fuels. Its undoubted 

that model parameters, in system dynamics models, are subject to uncertainty which 

may yield unreliable simulation results especially in case these models have nonlinear 

and complex structures. For this reason the present paper focuses on the sensitivity 

analysis of a biomass chain production and delivery model. 

 

2. MATERIAL AND METHODS 
 

By help of the simulation software “Vensim DSS” ® (Ventana Systems Inc.) we 

developed a set of equations representing one biomass harvesting and supplying chain 

with a chosen time resolution of one day. In the simulation, the time-integrated behavior 

of the system, is reproduced. The general approach and the compartments required were 

mapped out using the logic rules implicit in the software (Eberlein et al., 1992). 

The hypothesized scenario is that of a biomass fed power plant where wood fuel is 

supplied through the set-up of a residual biomass conditioning and supply chain where 

trucks of different capacity can be used. The model was set up to cover a time span of 

1096 days (three years). 

Input variables are grouped according to three main subgroups which are enlightened in 

Fig.1 by different colored dotted rectangles: 

a) Variables for power plant dimensioning (red) 

b) Variables identifying biomass transport costs estimation (green) 

c) Variables identifying biomass harvesting and conditioning (blue) 

To evaluate model robustness and assess its susceptibility to parameters’ uncertainty, 

model output was formerly tested performing the statistical screening proposed by Ford 

et al. (2005) and Taylor et al.(2007; 2010). After this, the model was subjected to 

behavior pattern sensitivity (meaning changes of behavior mode in response to changing 

model parameters) whose  information not only indicates, the important parameters of 

the model, but also provides useful information for leverage points of the system. 
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Figure 1. Sketch of the proposed model containing the logical links between the 

considered variables. 

Parameters and their distribution information were entered to Vensim's Sensitivity 

Simulation module as described in the study by Ford et al. (2005) assuming  that each 

parameter value had uniform distribution within these ranges. These values are reported 

in table 1. 

Table 1. Input parameter distributions 

Model 

Subgroup 
Parameter 

Range 

Min Max 

a 
Daily working hours 22 24 

Biomass moisture (%) 10 30 

b 

Average distance (km) 5 70 

Fuel consumption (L/h) 2.5 3.5 

Fuel price (€/L) 1.666 1.977 

Truck capacity (Mg) 18 22 

Time for delivery (Day) 1 15 

Hourly cost (€/h) 65 70 

c 

Tractor fuel consumption (L/h) 6 9 

Agric. Fuel price (€/L) 0.9 1.1 

Time to fulfil p.p. biom. need (Day) 60 180 

Tractor + operators hourly cost (€/h) 45 55 

(c) (b) 

(a) 
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According to Ford et al. (2005), Hekimoğlu (2010) and Hekimoğlu et al. (2010), the 

software was set to sample 300 simulation runs by using Latin hypercube sampling 

(LHS). Sensitivity graphs showing the 50%, 75%, 95% and 100% confidence bounds 

are reported in figure 3. 

Statistical screening was subsequently performed calculating the simple correlation 

coefficients between the changing parameters and the sensitivity output and plotting the 

correlation coefficient time series in one graph and, according to model output, looking 

at particular time periods, to highlight which variable are the most correlated (Fig. 3 and 

Fig. 4.). 

On the other hand, when behavior measure estimation procedure is concerned, we took 

into account points (in time) where the effect of each feedback loop turns out to be 

significant: peak points and inflection points. These have been pointed out from model 

runs by mathematical comparison as the output behavior is a function of time and other 

model constant. The points we need to determine are the maximum(s), quite easily 

detectable, and inflection times. These, under the mathematical point of view, are time 

points at which the second derivative of the pattern becomes negative when we take the 

derivative of the pattern with respect to time. Moreover, in these points the second 

derivative of a function shifts to negative, the first derivative is at maximum. Therefore, 

we calculate differences between successive time points and take the maximum of these 

differences as inflection time (Scotto Lavina, 1994). When these points are pointed out, 

for each of them, the standardized regression coefficients where calculated as they give 

the importance of independent variables for the dependent one in a regression equation: 

according to Saltelli et al. (2000), the simulation model is more sensitive to the 

parameters that have larger-magnitude regression coefficients in the regression 

equation. 

3. RESULTS 

Figure 2 reports the sensitivity output of the model for four of the variables (the three 

levels plus the auxiliary one related to the costs per MWh of primary energy). It can be 

noticed that model behavior is quite robust because of the uniformity of the obtained 

patterns (Coyle, 1996). 

Statistical screening results shown in Figure 3 paint a dynamic picture of how input 

parameters influence the behavior of the variable “Cost per MWh of primary energy” 

which has been chosen as performance variable for such analysis. Comparing the 

correlation coefficients turns out that the most influencing variables (whose “r” is above 

0.2)are “Tractor + Op. Hourly cost”, “Time for Delivery”, “Average Distance” and 

“Agricultural Fuel Price”. In particular, it turns out that with particular reference to the 

first two months of simulation (when the biomass chain starts)  the costs related to 

harvesting and chipping operations have a big “positive weight” on variable output 

while from the third onwards, the time required for delivering biomass to the power 

plant reaches almost the same importance. Things are slightly different when costs are 

related to each Mg of produced biomass (Fig. 4): here, according to the method 

proposed by Ford et al. (2005), the most influencing variables turn out to be “Time for 
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delivery” and “Average distance” whose correlation coefficient is just slightly above 0.2 

throughout the simulation. 

 

Figure 2. Sensitivity output of “Biomass ready for harvesting” (a), “Chipped or baled 

biomass” (b), “Biomass entering the Power Plant” (c), “Cost per MWh of primary 

energy” (d) with confidence bounds (50%, yellow, 75%, green, 95%, blue, 100% grey). 

 

 
Figure 3. statistical screening of the “Cost per MWh of primary energy” variable 

(simulation days limited to the first year of simulation). 
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Figure 4. statistical screening of the “Cost per Mg of harvested biomass” variable 

(simulation days limited to the first year of simulation). 

Behavior pattern analysis carried out on the variables displayed in Fig. 2 pointed out the 

presence of peak points, inflection points and equilibrium levels whose meaning needs 

to be related to model structure: peak point and the related time of peak are measures 

describing the relative strengths of the feedback loops shown in Fig. 1. The inflection 

point of a s-shaped growth is the point up to which the system follows exponential 

growth meaning that positive feedback loops are dominant in the system (therefore, 

inflection point level of the behavior is related to the initial strength of the positive 

feedback loop) while inflection time indicates the time when negative feedback loops 

become dominant in the system and both measures are very similar to each other. 

Lastly, time to reach equilibrium, which provides idea about the strength of the negative 

feedback loop, is another measure of s-shaped growth. 

With reference to the “Cost per MWh of primary energy” variable, behaviour analysis 

showed the presence of two inflection times: one at day 72 (Table 1) and one at day 167 

(results not displayed). 

With reference to Table 1, given that regression results not only indicate the most 

influential parameters of the model but also the signs of coefficients indicate the 

“direction” of the correlation between the parameter and inflection point, turns out how 

variables connected to biomass harvest and conditioning costs are effective in 

increasing the value of the variable. On the other hand, variables connected to biomass 

transport and delivery, having negative coefficient, are those which at the beginning of 

the simulation do not affect the considered variable at high extent. Things turn out to be 

quite different at the 167
th

 day of the simulation when, according to regression analysis, 

the relative weight of variables connected to biomass delivery significantly increases 
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while those of the variables related to biomass harvesting remain quite constant 

meaning that at this point this is the feedback loop which assumes dominant position in 

such system. 

Table 1. Linear regression results for the “Cost per MWh of primary energy” variable 

Parameter 
Day 2 Day 167 

Coeff. S.E. Coeff. P Coeff. S.E. Coeff. P 

Daily working 

hours 
-0.013 0.0011 0.000 -0.0048 0.018 0.793 

Biomass moisture -0.00004 0.0001 0.771 -0.0023 0.0022 0.308 

Average distance 0.00004 0.00004 0.339 0.0176 0.00068 0.000 

Fuel consumption -0.0055 0.0029 0.063 -0.048 0.046 0.293 

Fuel price -0.035 0.0089 0.000 -0.212 0.139 0.129 

Truck capacity -0.0026 0.0007 0.000 -0.027 0.011 0.014 

Time for delivery 0.00015 0.0002 0.476 0.088 0.0032 0.000 

Hourly cost -0.0049 0.0004 0.000 0.001 0.007 0.880 

Tractor fuel 

consumption 
0.116 0.00094 0.000 0.123 0.015 0.000 

Agric. fuel price 1.62 0.014 0.000 1.62 0.226 0.000 

Time to fulfil p.p. 

biom. need 
-0.000014 0.00002 0.561 -0.0018 0.0003 0.000 

Tractor + 

operators hourly 

cost 

0.116 0.00028 0.000 0.113 0.004 0.000 

 

4. CONCLUSION 

One biomass supply chain model was set up with the aim of estimating costs connected 

to residual biomass harvesting, conditioning and delivery. The model behavior was 

checked using “Cost per MWh of primary energy” as target variable. Statistical 

screening and model behaviour analyses show the importance of biomass harvest and 

conditioning at as cost increasing factors in the initial phases of the simulation. Further 

work still need to be performed to validate it with independent sets of data. 
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ABSTRACT 
 

A review of the recent literature on determinants and factors that influence intention to 
adopt and adoption of Precision Agriculture technologies was performed. The analysis 
covers both ex-ante and ex-post approaches to behavior modeling. Results suggest that 
some constructs are relevant both ex-ante and ex-post, while others are presented 
differently in the two situations. A discussion of adoption as a process, and, the need to 
include the consideration of this process in the analysis of new technologies is also 
provided. 

 
Keywords:   Precision agriculture, Technology adoption, Innovation in agriculture. 
 

1. INTRODUCTION 

 
The adoption of Precision Agriculture (PA) technologies in agriculture is rarely 
immediate, even though much effort is placed in persuading users to adopt new tools, it 
is a highly complex activity with many factors influencing the decision-making 
processes (Agarwal & Prasad, 1999). Many aspects of PA have been studied: 
technologies, environmental and economical outcomes, rates and the drivers of adoption 
and non-adoption. Many authors have confirmed the economical and the environmental 
benefits derived from PA (Batte & Arnholt, 2003; Pierce & Elliott, 2008; Swinton & 
Lowenberg-DeBoer, 1998). Nevertheless, a low PA adoption rate is still reported by 
academic surveys and professional reports (Ellis, Baugher, & Lewis, 2010; Lamb, 
Frazier, & Adams, 2008). 
PA technologies adoption have been analyzed both ex-post and ex-ante. Ex-post studies 
demonstrate the reasons which have influenced, and probably are still influencing, 
farmers to adopt new PA technologies, while ex-ante studies allows the analysis of  
acceptance of a new technology prior to its introduction. The combination of ex-post 
and ex-ante studies would be useful to analyze farmer’s choice when dealing with new 
technologies and their adoption (Useche, Barham, & Foltz, 2012). 
This paper aims to provide an extensive review of the drivers of PA adoption, merging 
ex-post and ex-ante approaches to emphasis overlaps and relations,  proposing a 
unifying picture of this technology adoption. This is relevant because, while a review of 
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ex-post papers is available (Tey & Brindal, 2012), an complete review of ex-ante studies 
was absent. 
The farm/farmer’s characteristics included in all Ex-post and Ex-ante studies could be 
seen as drivers or factors affecting the adoption of new technologies. This paper 
organizes these factors into three different classes: competitive and contingent factors, 
socio-demographic factors and financial resources.  As in Wejnert (2002), the farmer 
was identified as the pivotal element of the process and used to define the three classes 
of factors affecting the attitude to adopt (Ex-ante) and adoption of (Ex-post) a PA 
innovation. 
 

2. DATA AND METHODS 

 
Papers for this review were collected using different combined sets of keywords in 
Scopus, including “Precision agriculture adoption”, “Technology adoption”, 
“Technology acceptance”, and “Agriculture”. We found more than one thousand papers 
and research outcomes. Then, only empirical studies published on peer-reviewed 
journals were selected and work focused only on policy, energy, environmental issues 
was excluded. In the reading phase, a snowball approach was adopted aimed at finding 
other related papers. We ended-up with 20 papers divided in two groups: 1) ex-post 
studies, 2) ex-ante studies. Table 1 presents the list of the selected papers along with the 
details about data sources, sample sizes, and number of variables. 
 

3. FACTORS INFLUENCING ATTITUDE TO ADOPT AND 

ADOPTION 

 
Figure 1 demonstrates the drivers identified by the literature review and they are listed 
in Table 1. They have been organized in three classes: “Competitive and Contingent 
factors”, “Socio-demographic factors” and “Financial resources”. For each class of 
factors, two sections were defined. Ex-ante papers are based on the Technology 
Acceptance Model (TAM) or on other models and methods aimed at evaluating the 
Willingness to Pay (WTP), in order to investigate human perceptions and attitude 
towards technologies, prior to using them. Ex-post papers mainly analyze users’ 
evaluations after using technology, mainly through a binary choice model approach. 
 
3.1 Competitive and Contingent Factors 
The Ex-ante constructs classified under “Competitive and Contingent Factors” are 
Perceived Ease of Use (PEU), Size, Trialability, Observability, and Facilitating Factors. 
The Ex-post drivers are Size, Geography, and Soil Quality. 
Perceived Ease of Use is a construct introduced in the seminal TAM research by Davis 
(1989) and, after that, it has always been used in TAM studies (Davis & Venkatesh, 
2004; Gefen & Straub, 2000; Karahanna & Straub, 1999). It was defined as “the degree 
to which a person believes that using a particular system would be free of effort” 
(Davis, 1989). PEU is affected by one of the other factors included in this section, such 



 

C0088 
E. Pierpaoli, G. Carli, M. Canavari. “A Literature Review on the Adoption of Precision 
Agriculture Technologies: a Step-by-Step Process?”. EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

as the availability of technical support. The presence of experts about PA triggers a 
learning process that makes potential users more aware and confident about PA tools, 
promoting the perception of an “easy to use” technology (Folorunso & Ogunseye, 2008; 
Rezaei-Moghaddam & Salehi, 2010). PEU is a construct that has been deeply 
investigated over time: the aspect of PEU that is of our interest in this section is the 
“objective usability” of that technology. 
Trialability and Observability are two important variables affecting the intention to 
adopt a technology. These constructs act in the early stages of personal experience 
because they represent the possibility to test a technology, as well as the opportunity to 
observe the results (Aubert, Schroeder, & Grimaudo, 2012; Rezaei-Moghaddam & 
Salehi, 2010). 
The constructs named “Facilitating factors” and “Geography”, also called location,  
represent the presence of links between the farmer and the farming environment. That 
is, these constructs are strictly connected to the presence of PA technologies experts and 
consultants in the extension service, or to an economic policy that aims to stimulate the 
use of these technologies, e.g., financial support for those who purchase them, or to the 
diffusion of retailers (Folorunso & Ogunseye, 2008). “Geography” has a similar impact 
as “Facilitating factors” on the intention to adopt. It represents the surroundings context 

Table 1. Ex-post and Ex-ante papers. 

 

N° Ex-Post Authors Method Data source Sample Size N° Var.

1 Daberkow and McBride, 1998 Logit USDA’s 1996 ARMS 950 11

2 Khanna, 2001 Logit 2 Mail surveys 650+405 10; 11

3 Fernandez-Cornejo et al., 2002 Tobit USDA’s 1998 ARMS 4040 7

4 Roberts et al., 2002 Logit Survey 284 10

5 Daberkow and McBride, 2003 Logit USDA’s 1998 ARMS 8429 11

6 Roberts et al., 2004 Probit Survey of cotton farmers 1131 10

7 Torbett et al., 2007 Logit Cotton farmers survey 1131 22

8 Isgin et al., 2008 Logit Ohio PA survey 491 10

9 Larson et al., 2008 Logit Cotton producer survey 1215 11

10 Walton et al., 2008 Probit Cotton producer survey 827 13

11 Reichardt and Jürgens, 2009 Cross tabulation analysis Mail and telephone survey 6183 5

12 D’Antoni et al., 2012 Logit Mail survey to cotton farmers 1692 13

13 Robertson et al., 2012 Logit 4 surveys 1376 8

N° Ex-Ante Authors Method Data source Sample Size N° Var.

1 Hite et al., 2002 Partially censored probit model Telephone survey in Mississippi 762 15

2 Hudson and Hite, 2003 Factorial design Mail survey 423 14

3 Adrian et al., 2005 TAM and SEM Survey in Alabama Extension meetings 85 7 constructs

4 Folorunso and Ogunseye, 2008 TAM and Regression analysis Survey (Nigeria) 370 7 constructs

5 Marra et al., 2010

Dichotomous/Ordered 

polychotomous choice model

Probit/Logit approach

Mail survey - Referendum contingent 

valuation approach
743 7 constructs

6 Rezaei-Moghaddam and Salehi, 2010 TAM and SEM Survey to agricultural specialists (Iran) 249 7 constructs

7 Aubert et al., 2012 Partial Least Squares (PLS) Survey to Quebec farm operators 438 15 constructs
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characterizing the place where a farmer lives 
al., 2008; Reichardt & Jürgens, 2009; Roberts et al., 2004).
Structural farm variables are size and soil quality. Size is one of the most cited aspect 
affecting new PA technologies usage (Daberkow & McBride, 2003; Khanna, 2001; 
Robertson et al., 2012; Walton et al., 2008). According to previous studi
be defined “large” if the total cultivable area is bigger than 500 hectares (Batte & 
Arnholt, 2003; Kutter, Tiemann, Siebert, & Fountas, 2011), which confirms the 
economy of scale effect related to PA technologies adoption. It is more likely
bigger farm would plan to invest money in new technologies, in the current market 
situation (Adrian et al., 2005; Hudson and Hite, 2003; Marra et al., 2010). Soil quality is 
another important farm structural aspect. A better soil quality makes easi
better performance and a higher quality production, as a consequence the farm activity 
would be more profitable and more inclined towards new technologies (Daberkow & 
McBride, 1998; Isgin, Bilgic, Forster, & Batte, 2008; Khanna, 2001).
The constructs inserted in this section are not determined by the farm manager. This 
means that the farmer’s behavior depends on a set of variables determined by the 
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Robertson et al., 2012; Walton et al., 2008). According to previous studi
be defined “large” if the total cultivable area is bigger than 500 hectares (Batte & 
Arnholt, 2003; Kutter, Tiemann, Siebert, & Fountas, 2011), which confirms the 
economy of scale effect related to PA technologies adoption. It is more likely
bigger farm would plan to invest money in new technologies, in the current market 
situation (Adrian et al., 2005; Hudson and Hite, 2003; Marra et al., 2010). Soil quality is 
another important farm structural aspect. A better soil quality makes easi
better performance and a higher quality production, as a consequence the farm activity 
would be more profitable and more inclined towards new technologies (Daberkow & 
McBride, 1998; Isgin, Bilgic, Forster, & Batte, 2008; Khanna, 2001). 
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Structural farm variables are size and soil quality. Size is one of the most cited aspect 
affecting new PA technologies usage (Daberkow & McBride, 2003; Khanna, 2001; 
Robertson et al., 2012; Walton et al., 2008). According to previous studies, a farm can 
be defined “large” if the total cultivable area is bigger than 500 hectares (Batte & 
Arnholt, 2003; Kutter, Tiemann, Siebert, & Fountas, 2011), which confirms the 
economy of scale effect related to PA technologies adoption. It is more likely that a 
bigger farm would plan to invest money in new technologies, in the current market 
situation (Adrian et al., 2005; Hudson and Hite, 2003; Marra et al., 2010). Soil quality is 
another important farm structural aspect. A better soil quality makes easier to obtain 
better performance and a higher quality production, as a consequence the farm activity 
would be more profitable and more inclined towards new technologies (Daberkow & 

structs inserted in this section are not determined by the farm manager. This 
means that the farmer’s behavior depends on a set of variables determined by the 

 

 
terature review 



 

C0088 
E. Pierpaoli, G. Carli, M. Canavari. “A Literature Review on the Adoption of Precision 
Agriculture Technologies: a Step-by-Step Process?”. EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

external situation. 
 
3.2 Socio-Demographic Factors 
All the constructs and drivers included in this section are farmer specific, relating to the 
farmer’s behavior, experience and perceptions and representing the farmer’s point of 
view, beliefs and ideas towards the use of technology. 
Drivers and constructs included in this section are Previous Experience/Confidence, 
Computer Confidence, Social Factors, Information, Age, Education, and Perceived Ease 
of Use (PEU), but the last construct refers to personal skills of potential users. 
Some of these variables have similar meanings, but been classified differently between 
Ex-post and Ex-ante studies. For example, Previous Experience/Confidence and Social 
Factors, included in Ex-ante studies, in part include concepts of Computer Confidence 
and Information respectively, listed in the Ex-post section. 
Confidence and Computer Confidence embody different human characteristics such as 
innovativeness and early adopter behavior. In Ex-Ante studies it is derived from the 
attitude to use technology (Adrian et al., 2005; Rezaei-Moghaddam & Salehi, 2010) 
since it is classified as “attitude of confidence”. That is, a farmer more confident in  
technology than others, is far more likely use it. Previous experience with other similar 
technologies also affect the attitude towards adoption, since this previous experience 
operates as a type of training for the farmer (Aubert et al., 2012; Folorunso & 
Ogunseye, 2008; Marra et al., 2010). 
Social Factors (Ex-ante) and Information (Ex-post) represent how the surrounding 
environment affects human behavior and farmer’s attitude towards technology. The 
combination of these two drivers are the expression of the farmer’s point of view and 
perception of the environment. Aspects summarized in Social Factors and Information 
are the peers/consultants influence on managerial decision: the farmer’s belief to do 
something as influenced by others perception to do it (Daberkow & McBride, 1998, 
2003; Folorunso & Ogunseye, 2008; Robertson et al., 2012). Furthermore, farmers who 
believe that the information from the extension services, universities and agricultural 
press are useful for farm management are more likely to become PA technology 
adopters (Larson et al., 2008; Reichardt & Jürgens, 2009). 
Age shows mixed effects on adoption of PA tools (Tey & Brindal, 2012). In some cases, 
younger age was acknowledged as relevant because of the wider working horizons 
(D’Antoni, Mishra, & Joo, 2012; Folorunso & Ogunseye, 2008; Kutter et al., 2011; 
Larson et al., 2008; Walton et al., 2008). In contrast, some authors remarked that the age 
difference between adopters and non-adopters was inconsistent, even though significant 
(Daberkow & McBride, 2003). In other, cases age was found to be positively related to 
PA usage, therefore older farmers (over 50 years) seemed more likely to adopt new 
technologies than younger ones (Torbett, Roberts, Larson, & English, 2007). 
PEU is a relevant construct for adoption, but it is affected by other variables such as 
Education, Previous Experiences, and Computer Confidence with other PA tools. These 
factors seem mutually related, since a more educated person is more confident with, and 
more inclined towards the use of computer technologies (Adrian et al., 2005; Aubert et 
al., 2012; Fernandez-Cornejo, Daberkow, & McBride, 2002; Hudson & Hite, 2003; 
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Khanna, 2001; Roberts et al., 2004). Furthermore, Computer Confidence or “personal 
skills”, is influenced by experience, education, external influence and support 
availability. The clear general finding is that a more easy-to-use technology would 
encourages adoption by farmers (Adrian et al., 2005; Folorunso & Ogunseye, 2008; 
Karahanna & Straub, 1999; Venkatesh, 2000). 
 
3.3 Financial Resources 
This section gathers together all drivers depending on farmer’s managerial aptitude. The 
choices made by the farmers define the current path and the future of their activity: a 
farm manager must know the market to decide when, how much and if to invest in a 
new technology, and furthermore to choose which crop and when and how to cultivate 
it. 
We here deal with three constructs (Ex-ante) and three drivers (Ex-post) respectively 
named: Perceived Usefulness, Cost, and Perceived Benefit; and, Income, Ownership 
and Tenure, and Full Time Farmer. 
The construct called Perceived Usefulness (PU) is defined as “the degree to which a 
person believes that using a particular system would enhance his or her job 
performance” (Davis, 1989). It embodies increasing performance/profitability as the 
main motivation stimulating the use of a new technology for business purposes (Adrian 
et al., 2005; Aubert et al., 2012; Folorunso & Ogunseye, 2008, 2008; Hite, Hudson, & 
Intarapapong, 2002; Rezaei-Moghaddam & Salehi, 2010). Cost is referred to as the 
economic burden that farmers have to sustain in order to use a new PA tool, and  thus 
indicating only the perceptions about monetary aspects of the use of technology. If the 
cost is perceived as affordable, farmers have a more positive attitude towards the 
technology and a stronger intention to adopt (Hudson & Hite, 2003; Marra et al., 2010).  
Perceived Benefits represents the combination of the two above mentioned constructs in 
a single construct of the farmers’ perception of the cost/usefulness ratio. In short, 
producers who perceive the cost to be greater than the benefit, have a less positive 
attitude and a weaker intention to adopt a new PA technology (Adrian et al., 2005; 
Hudson & Hite, 2003). 
A new technology is perceived as a risky investment for a farmer, therefore, besides the 
attitude to risk, total income affects the ability, as well as the willingness, to pay for a 
new PA tool (D’Antoni et al., 2012; Daberkow & McBride, 1998; Walton et al., 2008). 
The driver Income can be influenced by production type, such as high value crops 
(Roberts, English,, & Larson, 2002), can be expressed as sales (Isgin et al., 2008), or,  
can represents the belief that PA technology could improve the farm profitability 
(Reichardt & Jürgens, 2009; Roberts et al., 2004). 
The Ownership and Tenure driver reveals variable trends. Only a single paper shows 
that ownership/tenure is unrelated to adoption (Daberkow & McBride, 1998). In a  
subsequent paper, by the same authors, it was observed that “adopters own a 
significantly smaller share of the acreage they farm” (Daberkow & McBride, 2003). In 
two other papers, owners are less likely to adopt new PA technologies when compared 
to renters (Roberts et al., 2002; Torbett et al., 2007). In only one paper it was shown that 
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full-owners and owners of a larger farm portion, are more likely to adopt PA (Roberts et 
al., 2004). 
The condition of being a full time farmer is the last driver for adoption of a new  
technology (Daberkow & McBride, 1998, 2003) 
 

4. DISCUSSION AND CONCLUSIONS 

 
Drivers and factors identified in this review outline a process, rather than a profile, of 
the “technology using” farmer. Hence, it is important to consider the previous research 
that already deals with the process that leads to the adoption of new approaches to 
farming. 
The process of diffusion of innovation in agriculture has already been defined by Beal 
and Bohlen (1955), who attempted to provide an explanation of the factors that 
influence a farmer’s decision for different groups of adopters and in each stage of the 
process. Innovators are the first farmers to adopt new technologies, as they work as 
“experimenters”; Community Adoption Leaders are those who are among the first to 
adopt something already tested, but not inclined to use something untested; Local 
Adoption Leaders have a strong reputation in their community, they are not early 
adopters but the community looks to them as opinion leader; Later Adopters are the 
majority of farmers and they use a new idea after its adoption by Local Leaders 
adopted; the last group is the Non-Adopters, those who opt-out and testify how things 
work without the adoption of the new technology. Rogers (1962) extended this 
classification to any new technology, distinguishing between Innovators, Early adopters, 
Early Majority, Late Majority and Laggards. 
The process that leads to farmer adoption entails several steps: awareness, interest, 
evaluation, trial, adoption (Beal & Bohlen, 1955; Rogers, 1962). Different sources of 
information are important in each step. Mass media has more influence in the first two 
steps, then subsequently, in the evaluation stage neighbors and friends are most 
important. In the trial stage, agricultural agencies contribute to the perception of 
neighbors and friends’, while in the last step of adoption, dealers and salesmen are the 
most important sources of information due to the presence of a “commercial product 
involved”. 
Further researches focused on the three principal variables of the diffusion process, 
Innovations, Innovators, Environmental Context (Wejnert, 2002). 
What emerges from these works is the central role of the actor’s characteristics in 
influencing the diffusion process. The characteristics of potential adopters determine 
when and how information arrives, how the value of a new technology is perceived and, 
ultimately, the decision making process about whether to adopt an innovation. The 
process that starts from awareness and leads to the decision to adopt a new technology 
is the same for Innovators as for Laggards, however it is simply the characteristics of 
the actors  that accounts for differences in the time frames required for adoption. 
In the PA context, the challenge for the future is to extend the limited diffusion of PA 
technologies and increase the number of adopters. The reconstruction of the managerial 
process leading to adoption enables a consideration of the different roles generated by 
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the drivers at different stages of the adoption process, also considering the three classes 
of drivers altogether allowing a more holistic understanding of this process. 
The center of this process must always be the farmer, the farmer perceptions, values, 
beliefs, skills, experience, and all the environment factors that simultaneously affect  
behavior. Research and development activities may combine actual needs with farmers’ 
skills in defining technological functions of a tool; subsequently, an appropriate  
promotional strategy can increase farmer awareness and favor a focused distribution 
policy, and the process ends when the farmer decide whether to adopt the PA tool. This 
review demonstrates that to achieve a greater PA adoption, efforts should be directed 
towards Non-Adopters, usually characterized by small size, low income, and less 
education, in the attempt to remove or mitigating the effects of the specific barriers to 
adoption. 
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ABSTRACT 

 
Spotting risks in the food chain is a daily challenge faced by growers, importers, producers, 
retailers, laboratories and regulators. It is a task made all the more difficult by having to wade 
through endless reports, often in foreign languages, and trying to compare the results of this 
search cross-country just to find the bits that might apply to you. The regulatory framework 
concerning the occurrence of pesticide residues (MRLs) is changing. The standardization of the 
MRLs for EU members helps but the problem with registered versus expired agrochemicals 
remains (last use/expiry date). For some active ingredients (ai) no MRL exists but there are still 
agrochemicals with this ai in use. Homologa™ is set to change all that by providing agronomic 
information including the current pesticide product approval status of over five dozen countries 
together with the associated MRLs to support the development of business strategies and to 
ensure compliance within the prevailing regulatory frameworks. It facilitates the access to 
regulatory data and hence saves important resources to its subscribers. There are numerous 
examples in which Homologa has been used to resolve critical problems. Subscribers can 
search online for expired and registered crop protection products as in several countries in a 
single report allowing side-by-side comparisons. There is also the possibility to receive alert e-
mails when registrations or MRLs change. In addition, the new version of Homologa™ 
provides access to product label information for many countries and companies. The database 
can communicate with other user platforms using a WebService. The Homologa™ Team and 
it's global collaborators constantly update the database. Today the mark of 7 000 000 lines of 
registration data is passed and will continue to increase further. 
 
Keywords:   Database, Crop Protection, MRLs, Agrochemicals, Webservice, Biopesticides, 
France 

1. INTRODUCTION  
 
Homologa is a plant protection database containing information on plant protection products 
from over 60 OECD and non-OECD countries. It lists 34 information items: national product 
name, registration number, company name, active ingredients, concentration, formulation, 
product group, toxicity class, bee toxicity, flammability, safety and environmental restrictions, 
links to labels and MSDS sheets, method of application, time of application, pest/problem, 
dose rates, amount of water, maximum number of treatments, PHI, national MRLs, upcoming 
changes in MRLs, regulations, common crop name, crop name, crop group, production site, 
common pest name, scientific pest name, export/import markets, EU registration status 
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whenever these are available for that country. The data are updated monthly, bi-monthly or 
yearly depending on the frequency of updates in the respective countries. 
 
Access to this database opens a new dimension of opportunities for pest management, IPM, 
international trade, control of invasive species, scientific research, data generation, market 
studies, registration of pesticides, and the international harmonization of all of the above. It is 
the first database that allows access to information that so far has either not been available on 
the web or was not accessible because the majority of the countries do not publish their 
information in English or only translate part of their information. 
 

2.  SOLUTIONS AND STRATEGIES BASED ON DATA 
 
Agricultural production and distribution require a constant flow of current information about 
plant production products, their availability, regulatory status and accepted residue limits. 
Access to this information provides the industry with the tools to prevent or overcome pre- and 
post-harvest losses, and to trade commodities to countries that wish to import them. 
 
2.1 Crop production  
 
The crop production industry consists of growers, crop/pest specialists, processors, marketers, 
retailers and shippers. All of them have clearly defined responsibilities that require precise and 
timely information. Most crops grow seasonal and time is critical. Due to the effects of 
globalization information needs to be internationally available. The lack of information leads to 
yield loss, non-tariff trade barriers, crop destruction, rising commodity prices and, in the worst 
case, food crisis. Homologa has often been used to prevent or resolve such issues. 
 
2.1.1 Hay for export 
The Canadian hay industry produces high quality feed for Japanese cattle and dairy producers. 
Every year, Japanese buyers provide a list of active ingredients in plant protection products that 
Canadian growers are allowed to apply to their crop intended for export to Japan. Canadian 
growers now have to identify products that contain these ingredients and are approved for use 
in Canada. If they find an adequate product, they then have to determine the use pattern 
(application rate, method, frequency and intervals) that is (i) approved in Canada and (ii) 
remains below the Japanese MRL for this active ingredient on hay.  
 
The Canadian regulator does not set MRLs for hay and it is therefore impossible for Canadian 
growers and Japanese buyers to directly compare MRLs to use patterns. Growers are forced to 
take samples from single bales and to have these tested by a GLP certified laboratory to 
demonstrate residue levels to their customers. As this requirement by Japanese authorities is 
not likely to go away, growers need to make sure that they apply plant protection products in a 
way that leaves residue levels below the Japanese MRLs. 
 
This task can be achieved through Homologa. Growers can compare the MRLs between 
different countries, select countries that have MRLs for hay that are similar to those in Japan, 
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look up the use patterns that are approved in these countries and follow those that are 
acceptable under Canadian regulations. This approach takes about one hour compared to years 
of scientific research, regulatory reviews and government lobbying. In addition, this approach 
provides a flexibility that allows growers to adjust to regulatory developments either in Canada 
or in Japan. 
 
2.1.2 Change of an MRL 
Governments frequently change MRLs for specific active ingredients and crops. These changes 
are communicated to the regulators in other countries and to the World Trade Organization 
(WTO) in an effort to avoid non-tariff trade-barriers.  
 
The worst case scenario for a grower is the lowering of an MRL in an importing country mid-
season. The products that he has applied until this moment can’t be wiped off the plants and 
will prevent him from further use of the same product during the remainder of the season. 
 
In such situations, Homologa provides growers with the information on use patterns with 
residue levels that remain below the newly set MRL in the importing country. The database 
allows the identification of these use patterns in countries that have MRLs similar to those 
permitted in the importing country and will either indicate to growers that it is safe to continue 
with the treatments they had intended or will provide them with options for treatments with 
other ai. 
 
2.1.3 New plant varieties 
A particularly difficult situation is that of the highly competitive ornamental industry because 
serves customers that are used to a constant flow of new varieties. Varieties change a lot faster 
than regulatory adjustments to approved product labels can be accomplished. The situation is 
further complicated by the fact that crop tolerance differs between plant varieties and any 
damage to the flowers or foliage of the plants would be unacceptable to customers. Growers in 
the ornamental industry therefore run small trials on a subsection of their crops before treating 
the main crop.  
 
Crop tolerance trials are carefully planned based on the biology of plant and pest. To a certain 
extend use patterns (rate, method, timing and frequency) can be deducted from similarities 
between plant species. The precision of the protocols increases with the amount of information 
that feeds into the establishment of the use patterns and this way reduces the cost of trials.  
 
Homologa provides such information in thousands of lines of spreadsheets that can be 
systematically analyzed to determine which products and use patterns have the best chance to 
protect the high value crops from pests without causing damage to the plants. 
 
2.2 Science  
 
2.2.1 Replacing chemistry 



 

C0086 
P. Pérez Fernández. “Homologa™, the Global Crop Protection Database of MRLs and current 
product registrations” . EFITA-WCCA-CIGR Conference “Sustainable Agriculture through ICT 
Innovation”, Turin, Italy, 24-27 June 2013. 
 

Plant protection products and their respective active ingredients can remain on the market for 
decades. Eventually however, they are withdrawn due to growing pest resistance or due to 
changes in a company’s business interests. When such a product becomes unavailable to the 
growers and needs to be replaced, a search of the Homologa database shows which products 
are used by growers in other countries. The spreadsheets can be searched for crop/pest/product 
combinations that are authorized in other countries. Typically that means that these 
combinations have been tested for efficacy and crop tolerance.  
 
From the same spreadsheets scientists can identify the companies that hold the registrations in 
the different countries and can contact them to request the reports of studies that were 
conducted to obtain registrations in their countries. Scientists can then provide the regulator 
with copies of these studies and scientific rationales that bridge the potential differences in 
climate or use patterns. This approach saves the time for years of trial work that would just be a 
repetition of what has already been done elsewhere and it potentially provides the regulators 
with a far larger amount of data than would otherwise be made available to them.  
 
2.2.2 New active ingredients 
One of the most important steps in the development of a new active ingredient is the 
determination of the use rates, the application methods and the intervals between treatments 
that are adequate for the plant to be protected and the pest to be controlled. Both organisms 
effect each other and therefore require large numbers of efficacy trials that result in treatment 
effects ranging from ‘no effect’ to ‘plant destroyed’. The investments in time and money are 
significant expenses even for large R&D companies.  
 
Homologa allows the development of study protocols that considerably narrow the range of 
possibilities based on crop, pest and ai comparison to already approved uses. In a first step the 
user generates a spreadsheet that shows crop/pest/production combinations and their use 
patterns for a specific product type (e.g. fungicide) in all countries. This spreadsheet can then 
be analyzed by type of ai, of crop or of pest resulting in a range of rates, application timing, 
application methods and application frequency that have shown to provide the efficacy 
required by growers and regulators. 
 
2.3 Manufacturers 
 
2.3.1 Expanding a data package 
Prior to the commercialization of a plant protection product it has to undergo a risk assessment 
by governmental regulators and the proposed use patterns need to be approved. Most 
manufacturers first apply for the approval of uses in high value markets such as wheat or 
cotton. Other uses (minor uses) are gradually submitted to the regulators in the following years. 
For many crops this means that new plant protection products only become accessible to them 
ten to twenty years after the product has been launched. 
 
Manufacturers have recently made a slight change to their process. Some of them have used 
Homologa to generate a spreadsheet that consolidates all the uses for which approvals were 
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granted in at least one country. This sheet is then provided to all grower organizations in a 
country where the manufacturer intends launch his product. Crop/pest specialists in the grower 
organizations or the growers themselves indicate on this spreadsheet which of the listed uses 
are of interest to them. 
 
Based on this information manufacturers can then compile data packages that apply for the 
approval of uses that are requested by growers rather than being pushed by the manufacturer 
who now deals with a ‘pull market’ that requires a lot less marketing expenses than a ‘push 
market’. The best example so far is a case where a manufacturer increased his application from 
four to over 120 uses. 
 
2.3.2 Building a data package from existing data 
Growers, scientists, regulators and consumers have become increasingly aware of the health 
and environmental concerns associated with the use of plant protection products. Consequently 
the demand for reduced risk and low risk products has been on the rise worldwide. One way to 
reduce risk is the use of known ais in new formulations and with new application methods.  
 
A good example is the use of sulfur. While the active ingredient and its effects are well known, 
its applications raise concerns of worker protection in greenhouses. A safe and efficient 
application is the use of vaporizers that burn the sulfur at a temperature low enough to prevent 
the development of highly toxic fumes. The amount of sulfur used in these burners is so very 
small, that it would be impossible to raise the necessary funds for new data generation trials. 
Therefore, a group of growers and scientists collaborated in building a data package from 
existing scientific and technical reports that were either publicly available or in the hands of 
growers, scientists and manufacturers in other countries. The working group identified the 
companies and grower associations in other countries by using Homologa. Potential gaps 
between the information that they obtained and the information required by the regulator were 
bridged by scientific rationales.  
 
2.2 Regulators  
 
2.4.1 International Harmonization 
The review of a data package includes the assessments of hundreds of studies with thousands 
of scientific methods and acceptable endpoints depending on the scientific discipline and the 
newest findings in the associated field of science. It is crucial that regulatory scientists are at all 
times aware of the newest scientific developments. There are two ways to accomplish this: the 
regular study of scientific publications and the direct communication with colleagues in other 
countries.  
 
Homologa allows regulators the search for uses of active ingredients that have been approved 
in other countries. With this information they can identify the regulatory agencies that have 
approved these uses. The comparative spreadsheets from Homologa facilitate the 
communication between regulators. It allows discussions to rapidly get to the point and to 
strategize for next steps. 
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2.4.2 Avoiding differences in MRLs 
As mentioned above, maximum residue limits (MRLs) of active ingredients (ai) on specific 
crops often create non-tariff trade barriers that can’t be resolved by scientific data and 
interpretations. Prior to the availability of Homologa, regulators assessed the data provided to 
them by manufacturers of plant protection products and then calculated national MRLs. 
Differences in MRLs between countries were only noticed after they had been set and 
legalized.  
 
With the availability of Homologa regulatory scientists can now compare the values they reach 
with those that have been set in other countries. It is an easy step that allows regulators to flag 
potential issues to the authorities within their own government for potential resolution. This is 
the first step in the efforts to the global harmonization of MRLs. 
 

3.  CONTENTS 
 

The information provided by Homologa is searchable in three categories of 13 reports: 
 
Product Registrations 

 
MRLs 

 
Food Trade Statistics 

 
 
The reports can be downloaded into Excel spreadsheets where individual reports can be 
combined. This is especially an advantage for users who need reports that are longer than the 
10,000 lines limitation of online searches of Homologa. These users compile successive reports 
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by product type, geographic region or crop group and then copy/past these reports into a single 
sheet from where they continue to work with Excel autofilters. 
 
Reports comprise up to 34 columns of information that is difficult to analyze further in an 
online format. The Excel download allows users to select the columns of information that are 
essential for their task at hand. 
 

4.  DATA SUPPLY 
 

4.1 Feeding the database 
 
Agrobase is a team of agronomists and programmers. The core is located in Southern France 
where the information from countries that publish on their information on the web and in 
English is coded and uploaded into the company’s database. For countries that either do not 
have such websites or do not publish in English, national consultants obtain the information 
from government offices, translate it into English and code it before uploading it. 
 
4.2 Online Access 
 
Homologa is an online querying service. Users access data at www.homologa.com. Through 
the same site users can request data on-demand, record their reports to be automatically 
completed at pre-selected intervals and then sent by email. Reports can be exported in ".csv" 
format from the Homologa platform. 
 
4.2 Export Facility for Metadata Supply 
 
A Web Service is available for automated data supply to external platforms in any desired 
format. From the listing of new and forthcoming products to the sending of incremental 
updates all the relatively complicated reports can be performed within a single system. 
 

5.  CONCLUSION 
 
Worldwide, Homologa the only database that allows to access this type information in its 
completeness and in a single language. Until the development of this database the information 
contained in it was not accessible because 

• several of the countries included do not have pesticide information available on the 
internet 

• of the over 60 countries only 11 publish their Webpages in English 
• countries that offer an English version of their webpage translate only part of the  

information 
• terminology differs even among English speaking countries and has only now been 

coded by Agrobase. 
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Without access to this information the international harmonization of the development, 
registration, manufacture and use of plant protection products is not possible.  
 
Homologa updates its information in regular intervals. These intervals range from monthly to 
annually and depend on the frequency of the respective national updates. The goal is to update 
Homologa as often as the individual countries update their own information. Any efforts by 
another organization to deliver the same information update would cost over 2 million dollars 
annually, costs that Homologa covers through its national and international customers who buy 
not only subscriptions but also reports and analysis of an even larger group of information 
items than those provided in the database. 
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ABSTRACT 
 

The purpose of Agricultural Machinery certification is to provide good information 

to user and to promote for export of Agricultural machines and to develop and distribute 

of good agricultural machines. We have 5 types of Agricultural machinery certification 

i.e. general certification on performance, safety and technology roadmap, safety 

management including safety device check for traveling type agricultural machinery, 

and certification on machinery used in APC(Agricultural Products Processing Center), 

RPC(Rice Processing Complex), greenhouse etc. and certification in agricultural 

machinery emissions. 

We have developed the Agricultural Machinery Certification Management System 

(AMMS) during 5 months and field department members have been used since 1th Jan. 

2012. The Main functions of this system are requests, accepting and testing of 

agricultural machinery certification, issue a report for those agricultural machines. Also, 

we made a process and a standard by all step, and build a database by input theirs result 

each steps. So, it is possible to analysis and management every each step. The System 

can provide many types of statistics. Furthermore the system’s efficiency and reliability 

are getting increased by auto-issue a report. We have certified about agricultural 

machines 937 times on the AMMS in last year. It means that one person have certified 

for 67 times agricultural machines. And, this system is linked to E-approval system, so 

user is very easy to use. 
 

Keywords: Agricultural Machinery, Management, Certification, Agri-system, Republic 

of Korea. 

 

1. INTRODUCTION  

 

The Foundation of Agricultural Technology Commercialization and Transfer 

(FACT) is a public institution established by the Rural Development Administration and 

named by the Ministry of Strategy and Finance as a quasi-government organization 

undertaking activities on behalf of the government; We were designated as the only 

technology transaction & evaluation organization in the field of agricultural food by 

Ministry for Food, Agriculture, Forestry and Fisheries. it has been dedicated not only to 

maximizing the spill-over effect of the agricultural R&D outcomes of the Rural 

Development Administration, private-sector businesses, local autonomous organizations, 

etc., but also to increasing the value-added of the agricultural industry since its 

mailto:jungks@efact.or.kr
mailto:jhkoo@efact.or.kr
mailto:1004yang@efact.or.kr
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foundation. One of them is analysis and certification service. The purpose of 

agricultural machine certification is to provide good information to user and to promote 

for export of agricultural machines and to develop and distribute of good agricultural 

machines. We have 5 types of agricultural machine certification i.e. general certification 

on performance, safety and technology roadmap, safety management including safety 

device check for traveling type agricultural machinery, and certification on machinery 

used in APC, RPC, greenhouse etc. and certification in agricultural machinery 

emissions. 

FACT has been certified agricultural machine by Agricultural Mechanization 

Promotion Act since 2010. The number of certification requests is increasing every year 

over 20%. Therefore, we needed to build up AMMS (Agricultural Machinery 

Certification Management System). So, we were starting to develop AMMS from June 

2011 and end users have been started to use AMMS since 2012 

 

2.  MATERIALS AND METHODS 
 

2.1 System Design 
 

The AMMS was developed to improve the efficiency of the work and to increase the 

reliability of the test. AMMS is consisting of two systems. One of them is for user web 

site (lab.efact.or.kr). A client can ask to certify for his Agricultural machine on web-site. 

Also a client can check his request, result and all of this process on the internet. 

 

 
 

Figure1. System Design 
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2.2 System Configuration and Function 

 

  The Client web site is as following Fig. 2. If you can access on internet, you can 

always request on the web site. This web site was opened since 2010 and the number of 

visitors is about 1,500 per month. 

Fig. 3 is the main page of the AMMS. This system is based on IIS server and ASP. 

The main function of this system is recording of test, issue the report and connection 

with E-approval system. A person in charge of the certification can do all the process in 

this system. 

 

 
 

Figure 2. Client Web Site Figure 3. AMMS 
 

2.3 System Process 

 

If a client requests to certify of his Agricultural Machinery, a dispatcher will classify 

by according to certification type. We have 5 types of agricultural machine certification 

i.e. general certification on performance, safety and technology roadmap, safety 

management including safety device check for traveling type agricultural machinery, 

and certification on machinery used in APC, RPC, greenhouse etc. and certification in 

agricultural machinery emissions. It is depends on the client. 

The dispatcher should confirm whether a client bring in their Agricultural Machinery 

or not to our place. And then he will assign certify to each expert. The expert has to 

figure out testing plan and he should notice to client about his testing plan and cost.  

If a client pays by the due date, a tester will start to test about Agricultural Machinery. 

The testing items are varied. If you choose the type of certification by the system, the 

item will select automatically. We support each Agricultural Machinery images. So, a 

tester can select adaptable photo. And we record historical data, so if a tester wants to 

reload a previous data of same Agricultural Machinery, it also can be reloaded. 

We make a connection with our E-approval system for each steps, the expert can make 

documentation directly. After experts finish their certification, they should notice the 

result of certification to client. The results of certification are three types: success, fail, 
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stop-filed. The expert has to finish their certification about Agricultural Machinery in 

the due date, and the due date is depends on type of certification.  

The expert should finish within 45days for general certification on performance, 

within 30days for safety and technology certification, within 60days for OECD 

certification and within 20days for alteration certification. The process of each step is 

Figure 4. 

 

 
 

Figure4. System Process 
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The system has a DATABASE of each item, types of certification, and every year. So, 

AMMS can support to analyze about the result of certification statistically. AMMS have 

an alarm function about the due date every step by e-mail or text message. So the expert 

can handle his certification plan by schedule. By analyzing a historical data of 

Agricultural Machinery, we can predict customer’s needs and market environment 

condition.  

When we make up the report, we supply reporting tool. This reporting tool is a 

commercial product. But the report is appropriate and flexible by customizing what we 

want. So, when we issued a test report, it is a very fast and easy to modify. A test report 

is issued automatically at AMMS. 

The system is designed to improve for high quality of a report through efficient image 

processing. When they need E-approval from their boss, they can report directly using 

the connection system at each step. So, this system is very convenient and easy to use. 

The certification time was reduced more than 15%, and the number of certification 

requests increased over 24%. In addition, we were able to obtain the improvement of the 

reliability and the integrity of original report.  

We can check that this test is retest or not. And it is not only guaranteed the continuity 

of the existing data by DB system but ensure the transparency of the certification fee 

through the issuance of tax bills. 

 

3. CONCLUSIONS 

 

We have developed the Agricultural Machinery Certification Management System 

(AMMS) during 5 months and a field department members are using from 1th Jan. 2012 

years.  

The Main functions of this system are as following: 

 

  Requesting of the certification on the internet. 

  Standardization of testing process with Information system. 

  Improvement of the integrity and accuracy. 

  Management of the cost for the certification. 

  Statistical analysis of the each machinery data. 

 

The Main functions of this system are requests, accepting and testing of agricultural 

machinery certification, issue a certificate for those agricultural machines. 

Also, we made a process and a standard by all step, and made a database by input theirs 

result each steps. So, it is possible to analysis and management every each step. 

The System can provide many types of statistics. Furthermore the system’s efficiency 

and reliability are getting increased by auto-issue a certificate. FACT had certification 

for 937 agricultural machines during last year. It means that one person verified for 67 

agricultural machines. And, this system is linked to E-approval system, so user is very 

easy to use. 
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ABSTRACT 

 
 

Pcdairy Enterprise is a package of computer programs for formulating and analyzing 

rations for dairy cows. It consists of three programs: PCDAIRY ration formulator, 

SHIELD ration composition evaluator, and CTR ration timing evaluator. The user start 

with formulating a least cost ration in PCDAIRY and then proceeds to evaluate the 

composition of this least cost ration in SHIELD, and then proceeds to evaluate the 

timing of feeding of different components of this least cost ration in CTR.  This paper 

describes these three programs (PCDAIRY, SHIELD, CTR) and the interface between 

them. 

Keywords:   Dairy cow, Ration formulation, Ration evaluation, Modeling, United 

States of America. 

INTRODUCTION  

Pcdairy Enterprise is a package of computer programs for formulating and evaluating 

rations for dairy cows. It consists of three programs which communicate with each other 

via the Extensible Markup Language (XML). The XML is a markup language that 

defines a set of rules for encoding documents in a format that is both human-readable 

and machine-readable (WC3, 2008). The three programs are: (1) PCDAIRY ration 

formulator, (2) SHIELD ration composition evaluator, and (3) CTR ration timing 

evaluator. The user start with formulating a least cost ration in PCDAIRY and then 

proceeds to evaluate the composition of this least cost ration in SHIELD, and then 

proceeds to evaluate the timing of feeding of different components of this least cost 

ration in CTR.  This paper describes these three programs (PCDAIRY, SHIELD, CTR) 

and the interface between them. 

PCDAIRY 

PCDAIRY, a package of computer programs for formulating or analyzing rations for 

dairy cattle, has been developed with animal nutrient requirements and feed 

composition data contained in the National Research Council Bulletin, Nutrient 

Requirements of Dairy Cattle, Sixth Revised Edition (NRC, 1989). PCDAIRY consists 

mailto:abahmadi@ucdavis.edu
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of eight different programs: MAXIMIZE formulates a ration for lactating cows that 

maximizes income above feed costs based on cow weight, milk yield, fat test, weight 

change, feed prices and milk price. LC formulates a least cost ration for lactating or dry 

cows based on cow weight, milk yield, fat test, weight change, stage of lactation, and 

feed prices. GROWING formulates a least cost ration for growing dairy animals based 

on sex, breed, age, weight gain, and feed prices. ANLSIS-L calculates the nutrient 

content of a ration being fed to lactating or dry cows, compares it with National 

Research Council nutrient standards, and lists the amount of milk that is possible from 

the ration and the limiting nutrients. ANLSIS-G calculates the nutrient content of a 

ration being fed to growing dairy animals, compares it with National Research Council 

nutrient standards, and lists the amount of weight gain that is possible from the ration 

and the limiting nutrients. FEEDLIST allows users to set up a customized list of feed 

ingredients for use in any of the above programs. DELIVERY is a spreadsheet program 

for loading ration ingredients into a mixer for a specified number of cows, and for 

unloading the mixed ration to a specified number of cows. 

 

PCDAIRY generates an extensible markup language file named Pcdairy.xml for each 

formulated ration. The xml file consists of three sections: General, Animal, and 

Feedlist. The General section (Figure 1) contains information about the title of ration 

and the date it is formulated as well as the unit used in the formulation (English or 

Metric system). The Animal section (Figure 2) contains information about animal 

information such as live weight, milk production, percent fat, live weight gain, etc. The 

Feedlist section (Figure 3) contains information about feeds in the formulated ration and 

their chemical composition. For example, Figure 3 shows that the ration includes 5.7718 

kg of “ALFALFA HAY, 28% ADF” at USD 132.28 per metric ton with a calcium 

content of 1.8 percent. 

SHEILD 

SHIELD is a ration composition evaluator, written in Visual Basic for Application 

language (Robinson, 1999). SHIELD is a mathematical model that attempts to 

synthesize known knowledge of dairy cattle nutrition with what is believed to be true, in 

order to create a tool that has practical application for dairy cattle nutritionists and 

nutritional professionals. Thus the amount of information required as model input is 

minimized, and restricted to that which a dairy producer can reasonably be expected to 

provide. Expected input information on the cows, their environment, and feeds are all 

obtainable from animal performance records, cow observations, measurements of the 

environment and currently available feed assays. SHIELD should be the second step in 

a process whereby another program such as ‘PC Dairy’ is first utilized to formulate the 

ration for all nutrients including energy, protein, minerals and vitamins. This ration can 

then be used as input to SHIELD for an evaluation of its energy, protein, amino acid, 

mineral and vitamin status. This approach utilizes SHIELD to determine the biological 

feasibility of a ration that is proposed to be fed to a group of lactating dairy cows. This 

approach utilizes SHIELD to identify nutrients that potentially limit performance, as 

well as nutrients that appear superfluous to requirements and may be removed from the 
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ration to increase the efficiency that the remaining nutrient is used for production of 

saleable products. It can also suggest limitations of SHIELD itself by identifying rations 

that SHIELD predicts to be infeasible that, based on measured animal performance, 

occurred. 

User Provided Information 

The user provides the following information: Milk yield, milk fat %, milk protein %, 

body weight, body condition, body locomotion, daily walking distance, lactation 

number, average days in milk, minimum days in milk, days pregnant, and expected calf 

birth weight.  Average maximum and minimum daily temperatures (oC), average daily 

humidity at the maximum and minimum temperatures. Analyzable characteristics of the 

feeds for which there is an expectation that the user could and should enter as many 

values as possible include the intake level of each feed (% of total ration DM), DM (%), 

OM (% of DM), Fat (% of DM), CP (% of DM), SP (% of CP), ADIP (% of CP), NDF 

(% of DM), dNDF (% of NDF), Ca, P, K, Mg, S, Na, Cl, Fe, Mn, Zn, Cu, Se, I, Co, 

vitamins A/D/E, and cost. 

Program Predicted Information 

The SHIELD program predicts the following parameters: 

Growth  

Maternal growth, fetal growth, net maternal BW change. 

Dry matter intake predictors 

Maximum daily DM intake allowed by the composition of the ration (kg/d). 

Adjustments to Maximum Predicted DMI. Adjusters to DMI known to reflect animal or 

environmental factors that, in general, cause actual DMI to be lower than the maximum 

allowed by the composition of the ration. These include the parity of the cows, days in 

milk, days pregnant, locomotion score, humidex, ration DM %, and ration fat %.  

Rumen predictors 

Rumen ammonia and peptide nitrogen (g/L), maximum rumen bacterial CP outflow 

(g/d), actual bacterial CP outflow corrected for DIP undersupply, digestible intestinal 

bacterial CP (g/d), intestinal flow of total and digestible rumen protozoal CP (g/d), 

intestinally digestible CP requirement (g/d), BW adjusted for body condition (kg), level 

of NPN in milk (% of milk CP), casein in milk true protein (% of milk TP), whey in 

milk true protein (% of milk TP), level of urea nitrogen in milk (mg/dL of milk).  

 

Protein/energy requirements summary  

Total CP required and consumed (g/d), degraded intake protein (DIP) required and 

consumed (g/d), total soluble protein (SP) required and consumed (g/d), total insoluble 

DIP required and consumed (g/d), digestible rumen undegraded crude protein (dUIP) 
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required and consumed (g/d), intestinal flow of CP originating from peptides solubilized 

in rumen fluid (g/d), net energy of lactation (NEl) required and consumed (Mcal/d), 

NDF minimum, maximum, optimal and consumed (kg/d).  

Amino acid profiles  

This section shows levels of amino acids that are assumed to be in the CP of rumen 

bacteria, rumen protozoa, milk casein, milk whey, body protein tissue and scurf. These 

values are not modified by conditions of feeding, but can be changed by users.  

Total and Absorbable Amino Acid Delivery  

Intestinal delivery of any amino acid from rumen bacterial origin (g/d), intestinal 

delivery of any amino acid from rumen protozoal origin (g/d), intestinal delivery of any 

amino acid from rumen solubilized peptides that wash out of the rumen (g/d), intestinal 

delivery of any amino acid from feed CP that escapes the rumen intact.  

Absorbable Amino Acid Requirements  

Scurf AA, urine AA, metabolic fecal nitrogen, Gain & growth AA, body loss AA, 

lactation AA, and gestation AA (all in g/d).  

Absorbable protein balance  

Delivery of Absorbable Protein: The calculated intestinally absorbable delivery of 

amino acids from feed UIP, rumen microbes and rumen peptides are summarized from 

previous calculations. Requirements for Absorbable Protein: Maintenance, milk, BW 

gain, BW loss, maternal growth, and fetal growth.  

Net energy balance  

Intake of Net Energy for Lactation : The estimated intake of net energy is calculated as 

the proportional intake of each dietary ingredient (on a DM basis) multiplied by its 

actual NEl value in Mcal/kg. Requirements for Net Energy for Lactation:  Milk, 

maintenance, exercise, urea excretion, maternal growth, heat dissipation, BW gain, BW 

loss, and gestation.  

Feed costs  

Feed costs are expressed in $ per cow per day by summing the cost of each ingredient in 

the diet; as $ per tonne of feed fed to the cows by dividing the $/cow/day by the amount 

of ration consumed (as fed basis); and as $ per 100 litres of milk by dividing the 

$/cow/day by the milk yield per cow per day.  Minerals and vitamins are presented as 

amount consumed, required, and the difference on a daily basis. Dietary requirements 

for minerals and vitamins are calculated differently for each mineral. 

CTR 

CTR is a ration composition evaluator, written in Visual Basic for Application language 

(Chilibroste et al, 2008). CTR is a mathematical model that attempts to predict nutrient 

availability in dairy cows managed under discontinuous feeding systems. The model 

simulates availability of glycogenic, aminogenic and lipogenic nutrients to lactating 

dairy cows fed discontinuously. The model structure considers input of up to three 
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different feeds fed independently at any time during the day. Feeds are described by 

their nitrogen (N), carbohydrate and fatty acid fractions. The N containing feed fractions 

include ruminally undegraded crude protein (CP), ruminally insoluble but potentially 

degradable CP, ruminally soluble CP and ammonia N. The feed carbohydrate fractions 

include ruminally undegradable neutral detergent fibre (NDF), ruminally degradable 

NDF, ruminally insoluble starch, ruminally soluble starch and sugars. The fatty acids in 

the feeds are divided between long chain fatty acids and volatile fatty acids (VFA). 

Additionally four pools were defined representing absorption of amino acids, glucose, 

long chain fatty acids and volatile fatty acids. The rumen microbial population is 

represented as a single pool. Besides a flexible structure, new features to the extant 

model include adoption of the concept of chewing efficiency (or chewing effectiveness) 

during eating, variable fractional ruminal absorption rates of VFA and variable 

fractional ruminal degradation rates of NDF as a function of rumen liquid pH, as well as 

a variable rumen volume which directly affects rumen concentrations of metabolites. 

The model continuously (i.e., by minute) predicts release of soluble components from 

the feeds in the rumen, concentration and absorption of fermentation end products in the 

rumen, rumen pools of nutrients and microbial biomass dynamics, as well as passage of 

microbial biomass and non-fermented nutrients from the rumen, in response to various 

feeding strategies. Model evaluation covered a wide range of feeding... 
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Figure 1 -  Pcdairy.xml file structure: General section  
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Figure 2 – Pcdairy.xml file structure: Animal section. 
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Figure 3 – Pcdairy.xml file structure: Feedlist section. 
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ABSTRACT

In remote sensing, many spectral indices such as NDVI (Normalized Difference
Vegetation Index) or NDWI (Normalized Difference Water Index) have been developed
for plant management in agriculture. However an essential problem exists that the
remote sensing indices are not based theoretically on the spectral properties of the
molecules of photosynthetic pigment, nutrient or water in plant. This article presents
that spectral properties of the pigments and water were analyzed with a molecular
orbital method derived from quantum chemistry and related to remote sensing indices.
The electromagnetic wave absorption spectrum calculations for a single molecule of
chlorophyll a, lutein and water were carried out with semi-empirical molecular orbital
method software. The chlorophyll a is main photosynthetic pigments in plants and
lutein is one of carotenoids served as sub material of the pigments. Water molecule is
the solvent in pant cells. Chlorophyll a showed two main absorption bands in 360 nm
and 600 nm, and lutein in 410 nm. The molecules showed their main absorption bands
moved low in a region of 50 nm to 100 nm approximately in comparison with the actual
bands in vitro measured by a spectrometer. This difference was thought due to a solvent
effect. Both molecules are actually surrounded with water, protein and other molecules.
The NDVI uses reflectance from a red absorption band around 660 nm and a near-
infrared around 860 nm, suggesting that the NDVI dependents strongly on the spectral
properties of chlorophyll a. Water molecule showed the three main absorption bands in
k1=3,850 cm-1 (2,600 nm), k2=1,750 cm-1 (5,700 nm), k3=4,000 cm-1 (2,500 nm),
ranging in infrared and caused from the oscillations among the three atoms of H2O.
Those fundamental absorption bands created two characteristic compound absorption
bands at red color region around 600 nm and at infrared around 900 nm. For examples,
k1+3k3 =15,850 cm-1 (630 nm) and 2k1+k3=11,700 cm-1 (850 nm). The NDWI is defined
as the reflectance ratio of (860 nm - 1,240 nm) / (860 nm + 1,240 nm), implying a
relationship with the characteristic compound absorption band in 850 nm of water
molecule.
Keywords: Chlorophyll a, Lutein, Molecular orbital method, Remote sensing index,
Spectral property, Water, Japan
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1. INTRODUCTION

Satellite or aircraft remote sensing has been widely explored as a tool for detection and
mapping of geological or biological resources in the earth (Tucker and Sellers, 1986;
Omasa et al., 2000). In agricultural area, a close range remote sensing based on the plat
station such as an unmanned helicopter or a tractor is advancing apace for management
of water, nutrients, yield and diseases in crops (Sugiura et al., 2005; Suzuki et al., 2008).
Many spectral indices such as NDVI (Normalized Difference Vegetation Index) or
NDWI (Normalized Difference Water Index) in remote sensing have been used for crop
management.

However an essential problem exists that the remote sensing index is not based
theoretically on the spectral properties of the molecules of photosynthetic pigments,
nutrients or water in plant. We can be aware of many colors in daylight, which are
electromagnetic waves emitted, scattered or transmitted from the molecules of
surrounding materials. If we know the exact spectral properties of the molecules of the
pigments, nutrients or water in plant cells, the existing remote sensing indices will be
revaluated and new indices can be expected.

In plant physiology or biochemistry, more than 50 kinds of chlorophylls and
bacteriochlorophylls have been founded and their spectral properties were analyzed by
experimental or theoretical methods (e.g. Sheer, 2006; Mimuro et al., 2011). In quantum
chemistry, the spectral property of chlorophyll a was analyzed by Sundoholm (2000)
and Suendo and Viridi (2012). However those articles did not mentioned on the subject
of remote sensing index. In addition, an immediate progress in processing power of a
personal computer can allow us to analyze the structure and function of chlorophylls or
other molecules in life science (Hirayama, 2002).

This article presents that spectral properties of the pigments and water molecule with a
molecular orbital method derived from quantum chemistry were analyzed and related to
remote sensing indices.

2. MATERIALS AND METHODS

2.1 Experimental Molecules

As experimental molecules in plants, chlorophyll a, lutein and water were selected and
analyzed, shown in Figure 1. The chlorophyll a is main photosynthetic pigments in
plants as well as in phototrophic bacteria, and the lutein is one of carotenoids served as
sub material of the pigments in plants. Water molecule is the solvent. The 3-D geometric
coordinates of them were obtained from a database (Honma and Kawabata, 1999).

Chlorophyll a (C55H72O5N4Mg) has a molar mass of 893.5 g mol-1 and 137 in atoms, which
is composed of two parts, porphyrin and phytol. Porphyrin is composed of tetra pyrrols,
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including nitrogen (N) and ringing in double bond. At the center of the porphyrin, a
magnesium ion (Mg2+) is located. Phytol is a long chain, connected with the porphyrin.
Lutein (C40H56O2) has a molar mass of 568.9 g mol-1 and a polyene chain, containing double
bonds. To human eyes, chlorophyll a shows green and lutein yellow. Water molecule (H2O)
contains one oxygen (O) and two hydrogen (H) atoms connected by covalent bonds.

2.2 Computation Methods

1) Fundamental Equation

(a) Chlorophyll a

C
55

H
72

O
5
N

4
Mg

porphyrin

phytol
double bond

(b) Lutein

C
40

H
56

O
2

polyene chain

double bond

H
2
O

(c) Water

Figure 1. Three experimental molecules, (a) chlorophyll a, (b) lutein, (c) water.
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For analyzing the spectral property of a molecule, the time-independent Schrödinger
equation was applied as bellows. This equation is an eigenvalue equation.

HΨ=EΨ

Where, H is Hamiltonian operator, means the total energy of kinetic and potential for
the atoms and electrons of a molecule. Ψ is a wave function, and E an eigenvalue. Since
the equation is very complex, it can be dissolved with an approximation method such as
MO (Molecular Orbital) method combined with a computer (Yonezawa et al., 1983).
Thus the vibration of the atoms and electrons of the molecule determines the spectral
properties and their energy.

2) Software and Computer
In molecular computation, we applied a software of MOPAC2012 (Stewart, 2012)
combined with a support software of Winmostar (ver. 4.0; Senda, 2006). MOPAC2012
is one of semi-empirical quantum chemistry methods, easy handling and quick
calculating. Winmostar is an input and output data support system of molecular
computation and it serves for the calculation of the exited state of a molecule with
methods of COND/S (Complete Neglect of Differential Overlap/Spectroscopic) and CI
(Configuration Interaction). As hardware, we used a PC server (Fujitsu TX100 S3). The
server is operated by Windows Server 2008 R2 and installed of 64-bit CPU (Intel Xeon
E3-1220; 4 Cores, 3.10 GHz), 500 GB HDD and 20 GB RAM.

3) Computation Procedures
We computed the spectral property of a molecule to accord with following procedures.

(1) An optimal structure of the molecule, where keeps the minimal energy state or the
ground state.

(2) Ultraviolet-Visible (UV-VIS) spectra, where the electrons of the molecule are
excited when receive light energy or photons.

(3) Infrared (IR) spectra, where the atoms of the molecule keep harmonic vibrations
due to thermal motion.

3. RESULTS AND DISCUSSION

3.1 UV-VIS Spectra of Chlorophyll a and Lutein
After computation of optical structures of the molecules of chlorophyll a, lutein and
chlorophyll a (non-Mg) with MOPAC2012, Ultraviolet-Visible (UV-VIS) spectra of
them were given in Figure 2. At the computation of UV-VIS spectra of them, methods
of COND/S and CI (Yonezawa et al., 1983) were applied with Winmostar. In addition,
we examined a case of the absence of Mg in chlorophyll a with Winmostar.

Chlorophyll a showed two peaks of spectrum at 360 nm and 605 nm, those were
equivalent to UV and Yellow-Red color regions, respectively. Lutein, sub pigment in
plants, showed a large peak of spectrum at 410 nm (Blue color region). The actual
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absorption peaks of the molecules that the chlorophyll a in vitro at from 400 nm to 450
nm in Violet-Blue color region and from 610 nm to 660 nm in Red color region, and
that of lutein at 440 nm to 470 nm, Violet-Blue color region (Nobel, 2009). Despite the
actual data shows a broad range of absorption peaks, the simulated peaks for the
chlorophyll a and lutein showed their peaks shifted to short wave side in approximately
50 nm to 100 nm. The simulations were done in an assumption of the molecules in
vacuum. The molecules are actually surrounded with water, protein and other molecules.
The difference was due to a solvent effect (Hirayama, 2002). The NDVI uses the
reflectance from a red absorption band around 660 nm and a near-infrared around 860
nm, suggesting that the NDVI dependents strongly on the spectral properties of
chlorophyll a.
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Figure 2. UV-VIS spectra of chlorophyll a, lutein and chlorophyll a (non-Mg).
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In the absence of magnesium ion (Mg+2) in chlorophyll a, the absorption peak at Red
color region was disappeared and the UV peak intensity at 360 nm was decreased. This
implies that Mg+2 plays an important role in absorption of the light energy at a Red
color region.

3.2 IR Spectra of Water Molecule

After computation of optical structures of water molecule with MOPACK2012, infrared
(IR) absorption bands were computed and shown in Figure 3.Water molecule showed
the three main absorption bands in k1=3,850 cm-1 (2,600 nm), k2=1,750 cm-1 (5,700 nm),
k3=4,000 cm-1 (2,500 nm), ranging at an infrared region and caused from the
oscillations among the three atoms of H2O, as shown with three illustrations of water
molecule with arrows. The arrow depicts a direction of oscillations.

The three fundamental absorption bands created two characteristic compound
absorption bands at red color region around 600 nm and at infrared around 900 nm as
shown in Table 1. For examples, k1+3k3 =15,850 cm-1 (630 nm) and 2k1+k3=11,700 cm-1

(850 nm). The compound absorption bands are called as “overtone”, similar to sound
phenomena (Ozaki et al., 1996).

The NDWI is defined as the reflectance ratio of (860 nm - 1,240 nm) / (860 nm + 1,240
nm), implying a relationship with the characteristic compound absorption band in 850
nm of water molecule. Figure 4 showed the changes of the reflectance of solar radiation
on Orchard grass cut and laid on a table, where moisture content of the grass was varied
at 83%, 72% and 65%. At a range of 800 nm to 900 nm, the change of reflectance
between the grass 1 to 3 was great. At a range of 500 nm to 600 nm, a small change
was observed. These changes were thought due to an overtone effect.

Figure 3. IR absorption bands of water molecule.
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4. CONCLUSION

This article presents that spectral properties of the pigments and water molecule with a
molecular orbital method derived from quantum chemistry were analyzed and related to
remote sensing indices. The results are as follows.

・ Chlorophyll a showed two main absorption bands in 360 nm and 600 nm, and lutein
in 410 nm.

・ Their main absorption bands moved to shortwave side in a region of 50 nm to 100
nm approximately in comparison with the actual bands in vitro.

・ Water molecule showed the three fundamental absorption bands.
・ The fundamental absorption bands created two characteristic compound

absorption bands at red around 600 nm and at infrared around 900 nm.
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ABSTRACT

In remote sensing, many spectral indices such as NDVI (Normalized Difference
Vegetation Index) or NDWI (Normalized Difference Water Index) have been developed
for plant management in agriculture. However an essential problem exists that the
remote sensing indices are not based theoretically on the spectral properties of the
molecules of photosynthetic pigment, nutrient or water in plant. This article presents
that spectral properties of the pigments and water were analyzed with a molecular
orbital method derived from quantum chemistry and related to remote sensing indices.
The electromagnetic wave absorption spectrum calculations for a single molecule of
chlorophyll a, lutein and water were carried out with semi-empirical molecular orbital
method software. The chlorophyll a is main photosynthetic pigments in plants and
lutein is one of carotenoids served as sub material of the pigments. Water molecule is
the solvent in pant cells. Chlorophyll a showed two main absorption bands in 360 nm
and 600 nm, and lutein in 410 nm. The molecules showed their main absorption bands
moved low in a region of 50 nm to 100 nm approximately in comparison with the actual
bands in vitro measured by a spectrometer. This difference was thought due to a solvent
effect. Both molecules are actually surrounded with water, protein and other molecules.
The NDVI uses reflectance from a red absorption band around 660 nm and a near-
infrared around 860 nm, suggesting that the NDVI dependents strongly on the spectral
properties of chlorophyll a. Water molecule showed the three main absorption bands in
k1=3,850 cm-1 (2,600 nm), k2=1,750 cm-1 (5,700 nm), k3=4,000 cm-1 (2,500 nm),
ranging in infrared and caused from the oscillations among the three atoms of H2O.
Those fundamental absorption bands created two characteristic compound absorption
bands at red color region around 600 nm and at infrared around 900 nm. For examples,
k1+3k3 =15,850 cm-1 (630 nm) and 2k1+k3=11,700 cm-1 (850 nm). The NDWI is defined
as the reflectance ratio of (860 nm - 1,240 nm) / (860 nm + 1,240 nm), implying a
relationship with the characteristic compound absorption band in 850 nm of water
molecule.
Keywords: Chlorophyll a, Lutein, Molecular orbital method, Remote sensing index,
Spectral property, Water, Japan
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1. INTRODUCTION

Satellite or aircraft remote sensing has been widely explored as a tool for detection and
mapping of geological or biological resources in the earth (Tucker and Sellers, 1986;
Omasa et al., 2000). In agricultural area, a close range remote sensing based on the plat
station such as an unmanned helicopter or a tractor is advancing apace for management
of water, nutrients, yield and diseases in crops (Sugiura et al., 2005; Suzuki et al., 2008).
Many spectral indices such as NDVI (Normalized Difference Vegetation Index) or
NDWI (Normalized Difference Water Index) in remote sensing have been used for crop
management.

However an essential problem exists that the remote sensing index is not based
theoretically on the spectral properties of the molecules of photosynthetic pigments,
nutrients or water in plant. We can be aware of many colors in daylight, which are
electromagnetic waves emitted, scattered or transmitted from the molecules of
surrounding materials. If we know the exact spectral properties of the molecules of the
pigments, nutrients or water in plant cells, the existing remote sensing indices will be
revaluated and new indices can be expected.

In plant physiology or biochemistry, more than 50 kinds of chlorophylls and
bacteriochlorophylls have been founded and their spectral properties were analyzed by
experimental or theoretical methods (e.g. Sheer, 2006; Mimuro et al., 2011). In quantum
chemistry, the spectral property of chlorophyll a was analyzed by Sundoholm (2000)
and Suendo and Viridi (2012). However those articles did not mentioned on the subject
of remote sensing index. In addition, an immediate progress in processing power of a
personal computer can allow us to analyze the structure and function of chlorophylls or
other molecules in life science (Hirayama, 2002).

This article presents that spectral properties of the pigments and water molecule with a
molecular orbital method derived from quantum chemistry were analyzed and related to
remote sensing indices.

2. MATERIALS AND METHODS

2.1 Experimental Molecules

As experimental molecules in plants, chlorophyll a, lutein and water were selected and
analyzed, shown in Figure 1. The chlorophyll a is main photosynthetic pigments in
plants as well as in phototrophic bacteria, and the lutein is one of carotenoids served as
sub material of the pigments in plants. Water molecule is the solvent. The 3-D geometric
coordinates of them were obtained from a database (Honma and Kawabata, 1999).

Chlorophyll a (C55H72O5N4Mg) has a molar mass of 893.5 g mol-1 and 137 in atoms, which
is composed of two parts, porphyrin and phytol. Porphyrin is composed of tetra pyrrols,



3

including nitrogen (N) and ringing in double bond. At the center of the porphyrin, a
magnesium ion (Mg2+) is located. Phytol is a long chain, connected with the porphyrin.
Lutein (C40H56O2) has a molar mass of 568.9 g mol-1 and a polyene chain, containing double
bonds. To human eyes, chlorophyll a shows green and lutein yellow. Water molecule (H2O)
contains one oxygen (O) and two hydrogen (H) atoms connected by covalent bonds.

2.2 Computation Methods

1) Fundamental Equation

(a) Chlorophyll a

C
55

H
72

O
5
N

4
Mg

porphyrin

phytol
double bond

(b) Lutein

C
40

H
56

O
2

polyene chain

double bond

H
2
O

(c) Water

Figure 1. Three experimental molecules, (a) chlorophyll a, (b) lutein, (c) water.
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For analyzing the spectral property of a molecule, the time-independent Schrödinger
equation was applied as bellows. This equation is an eigenvalue equation.

HΨ=EΨ

Where, H is Hamiltonian operator, means the total energy of kinetic and potential for
the atoms and electrons of a molecule. Ψ is a wave function, and E an eigenvalue. Since
the equation is very complex, it can be dissolved with an approximation method such as
MO (Molecular Orbital) method combined with a computer (Yonezawa et al., 1983).
Thus the vibration of the atoms and electrons of the molecule determines the spectral
properties and their energy.

2) Software and Computer
In molecular computation, we applied a software of MOPAC2012 (Stewart, 2012)
combined with a support software of Winmostar (ver. 4.0; Senda, 2006). MOPAC2012
is one of semi-empirical quantum chemistry methods, easy handling and quick
calculating. Winmostar is an input and output data support system of molecular
computation and it serves for the calculation of the exited state of a molecule with
methods of COND/S (Complete Neglect of Differential Overlap/Spectroscopic) and CI
(Configuration Interaction). As hardware, we used a PC server (TX100 S3, Fujitsu,
Japan). The server is operated by Windows Server 2008 R2 and installed of 64-bit CPU
(Xeon E3-1220, Intel, USA; 4 Cores, 3.10 GHz), 500 GB HDD and 20 GB RAM.

3) Computation Procedures
We computed the spectral property of a molecule to accord with following procedures.

(1) An optimal structure of the molecule, where keeps the minimal energy state or the
ground state.

(2) Ultraviolet-Visible (UV-VIS) spectra, where the electrons of the molecule are
excited when receive light energy or photons.

(3) Infrared (IR) spectra, where the atoms of the molecule keep harmonic vibrations
due to thermal motion.

3. RESULTS AND DISCUSSION

3.1 UV-VIS Spectra of Chlorophyll a and Lutein
After computation of optimal structures of the molecules of chlorophyll a, lutein and
chlorophyll a (non-Mg) with MOPAC2012, Ultraviolet-Visible (UV-VIS) spectra of
them were given in Figure 2. At the computation of UV-VIS spectra of them, methods
of COND/S and CI (Yonezawa et al., 1983) were applied with Winmostar. In addition,
we examined a case of the absence of Mg in chlorophyll a with Winmostar.

Chlorophyll a showed two peaks of spectrum at 360 nm and 605 nm, those were
equivalent to UV and Yellow-Red color regions, respectively. Lutein, sub pigment in
plants, showed a large peak of spectrum at 410 nm (Blue color region). The actual
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absorption peaks of the molecules that the chlorophyll a in vitro at from 400 nm to 450
nm in Violet-Blue color region and from 610 nm to 660 nm in Red color region, and
that of lutein at 440 nm to 470 nm, Violet-Blue color region (Nobel, 2009). Despite the
actual data shows a broad range of absorption peaks, the simulated peaks for the
chlorophyll a and lutein showed their peaks shifted to short wave side in approximately
50 nm to 100 nm. The simulations were done in two assumptions that the molecules
were located in vacuum and their nuclei were fixed in a certain configuration, the later
called the Born–Oppenheimer approximation (Yonezawa et al., 1983). The molecules
are actually surrounded with water, protein and other molecules at an ambient
temperature. The differences were thought due to a solvent effect as well as a nucleic
vibration effect. The NDVI uses the reflectance from a red absorption band around 660
nm and a near-infrared around 860 nm, suggesting that the NDVI dependents strongly
on the spectral properties of chlorophyll a.
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Figure 2. UV-VIS spectra of chlorophyll a, lutein and chlorophyll a (non-Mg).
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In the absence of magnesium ion (Mg2+) in chlorophyll a, the absorption peak at Red
color region was disappeared and the UV peak intensity at 360 nm was decreased. This
implies that Mg2+ play an important role in absorption of the light energy at a Red color
region.

3.2 IR Spectra of Water Molecule

After computation of optical structures of water molecule with MOPACK2012, infrared
(IR) absorption bands were computed and shown in Figure 3.Water molecule showed
the three main absorption bands in k1=3,850 cm-1 (2,600 nm), k2=1,750 cm-1 (5,700 nm),
k3=4,000 cm-1 (2,500 nm), ranging at an infrared region and caused from the
oscillations among the three atoms of H2O, as shown with three illustrations of water
molecule with arrows. The arrow depicts a direction of oscillations.

The three fundamental absorption bands created two characteristic compound
absorption bands at red color region around 600 nm and at infrared around 900 nm as
shown in Table 1. For examples, k1+3k3 =15,850 cm-1 (630 nm), shown in the red square,
and 2k1+k3=11,700 cm-1 (850 nm), shown in the blue square. The compound absorption
bands are called as “overtone”, similar to sound phenomena (Ozaki et al., 1996).

The NDWI is defined as the reflectance ratio of (860 nm - 1,240 nm) / (860 nm + 1,240
nm), implying a relationship with the characteristic compound absorption band in 850
nm of water molecule. Figure 4 showed the changes of the reflectance of solar radiation
on orchard grass cut and laid on a table, where moisture content of the grass was varied
at 83%, 72% and 65%. At a range of 800 nm to 900 nm, the change of reflectance
between the grasses 1 to 3 was great, as shown in the blue circle. At a range of 500 nm
to 600 nm, a small change was observed, as shown in the red circle. These changes were
thought due to an overtone effect.

Figure 3. IR absorption bands of water molecule.
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4. CONCLUSION

This article presents that spectral properties of the pigments and water molecule with a
molecular orbital method derived from quantum chemistry were analyzed and related to
remote sensing indices. The results are as follows.

・ Chlorophyll a showed two main absorption bands in 360 nm and 600 nm, and lutein
in 410 nm.

・ Their main absorption bands moved to shortwave side in a region of 50 nm to 100
nm approximately in comparison with the actual bands in vitro.

・ Water molecule showed the three fundamental absorption bands.
・ The fundamental absorption bands created two characteristic compound

absorption bands at red around 600 nm and at infrared around 900 nm.
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ABSTRACT 

Agri-Food business requires access to increasingly accurate, detailed, and up-to-date 

information and data. Worldwide, agriculture lacks the coherence and coordination for 

exchanging these data. Many data are captured in existing information systems, but for 

developers of new services it is often difficult to use the data of these systems in order 

to make them interoperable. This paper describes a reference framework for 

interoperability that was developed in the agriXchange project. Use cases play a key 

role in interactive development of the framework. The framework’s functions are 

introduced by a kind of a work flow process using reference information models. The 

aXTool supports the implementation of the framework in the agriXchange platform, 

which is supported by a web portal and community of practice. The aXTool 

systematically supports developers and other users to share and re-use knowledge and 

concrete components concerning data exchange in agriculture. 

 

Keywords: data exchange, standardization, reference models, interfaces, use case 

 

1. INTRODUCTION  

In the face of a rapidly increasing global population and the subsequent rise in demand 

for foodstuffs, mounting pressure is being placed on the agricultural industry and 

associated supply and retail sectors. In order for growers, logistics companies and 

traders to cope with the exigencies of a globalized economy and growing world 

population, they require access to increasingly accurate, detailed, and up-to-date data 

and information. 

At present, worldwide agriculture lacks the coordination and coherence for the 

exchange of this data to be executed smoothly, largely lacking standardized measures or 

gauges in place to be used as universal points of reference. Worldwide, there exist a 

large number of Farm Management Systems (FMSs), Decision Support Systems (DSSs) 

and many applications in between, all covering different aspects of farm management. 

These applications are usually proprietary solutions containing much implicit 

knowledge. For developers of solutions (typically software or hardware developers, 

modelers describing use cases, or so called business users like advisors, researchers, 

etc.) it is very difficult to find information about already existing solutions and to make 

them interacting with each other. This situation could be improved if existing 
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knowledge is made more explicit and interfaces between different applications are 

clearly described. The EU-funded project agriXchange has attempted to initiate this 

improvement at an European level. 

The overall objective of agriXchange was to coordinate and support the setting up of a 

sustainable network for developing a system for common data exchange in agriculture. 

This was achieved by addressing the following three objectives: 1) establish a platform 

2) develop a reference framework for interoperability and 3) identify the main 

challenges for harmonizing data exchange in agriculture in the EU. This paper focuses 

on presenting the results of the Reference Framework development. The Reference 

Framework’s functions have been introduced in the form of a work flow in terms of 

Reference Information models, using the novel aXTool, specially designed to 

incorporate the Reference Framework design into the existing agriXchange platform. 

 

2. METHODOLOGY 

The overall methodology in the agriXchange project followed the main steps of the 

method presented by Wolfert et al. (2010): ‘Organizing information integration in agri-

food—A method based on a service-oriented architecture and living lab approach’. A 

key characteristic of the method is a combination of overall development with 

incremental prototyping. It starts with an overall analysis and basic design of the core 

system, followed by iterative prototyping in use cases or pilots. It is schematically 

represented in Figure 1. 

 

Figure 1 Method for organizing information integration combining sequential and 

iterative development (Wolfert et al., 2010) 

 

The analysis has resulted in a detailed description of the current situation on data 

exchange in agriculture in the EU27 and Switzerland (Holster et al., 2011). The basic 

design is an initial version of the Generic Integration Framework that is further 

developed by implementing use cases in the iterative implementation phase. In 

agriXchange, the development of the technical and organizational infrastructure has 
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mainly resulted in the agriXchange platform which is basically a web portal and 

community of practice (Martini and Mietzsch, 2012). The Reference Framework and 

corresponding aXTool are the result of designing the technical architecture and 

reference information model. This was done by modelling three use cases in different 

areas while a fourth use case was used for verification. The modelling process was 

initialized by the partners in the project and further developed iteratively through three 

international workshops and various other meetings that involved many stakeholders. 

The agriXchange platform was used the support this, so also in that way many 

stakeholders helped to improve the use case descriptions and therewith the Reference 

Framework. The technical architecture was based on a service-oriented approach (SOA) 

consisting of three layers: business process management, business services and 

application services. The business process management layer was described by several 

reference information models using Business Process Modelling Notation (BPMN) as a 

modelling language (OMG, 2009). The reference information models are supported by 

the aXRIM: the agriXchange Reference Information Model. The business services layer 

mainly concerns the Interfaces that describe data exchange between process nodes. The 

application service layer concerns the actual connection with existing applications, but 

this was outside the scope of the project. 

 

3. RESULTS 

This section first describes how use cases were used to analyse interoperability 

problems and to make the basic design of the reference framework. Then the role of 

reference information models are described, which has resulted in aXRIM, the 

agriXchange reference information model. Finally, the aXTool that systematically 

guides the implementation of the framework is described. 

 

3.1 The agriXchange use cases 

Use cases are the key approach in designing complex software systems, as the use case 

description gives a pinpointed understanding of the problem and its context. In general, 

use cases which are typical for the domain of the project are analysed and the design of 

the software solution is based on these results. In the agriXchange project, use cases 

have been utilized to investigate the interoperability and data exchange problems in the 

agri-food sector as a foundation for the development of the basic design of the reference 

framework (Lokers et al., 2011). Three typical use cases were investigated in detail: 

‘Updating of LPIS (Land Parcel Identification System)’, a process needed in the 

management of EU subsidies in arable farming, ‘GeoFertilizer’, generating advice for 

the variable rate fertilizer application and ‘Animal Registration’, data exchange when an 

animal is moving from one country to another one.  

The target group is typically the one of software or hardware developers, modellers 

describing use cases, or so called business users like advisors, researchers, companies, 

etc., seeking information about already existing solutions. The developer’s scope of 

interest focuses usually on a narrow interest area, while business user’s scope of interest 

concerns wider themes capturing several solutions, e.g. use cases handling several data 

exchange interfaces and standards, etc. Wide scope use case descriptions serve 
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development and optimizing of farming, food logistics and trading systems capturing 

several sub-systems, actors and stakeholders. Narrow scope interfaces focus on single 

data exchange interfaces and actors and processes around them; the level of information 

details is higher including technical details, standards and other implementation 

instructions. 

To fulfil the needs of these two scopes, the ‘wide scope’ use case description covers a 

whole range of domain-specific procedures fulfilling the user needs, e.g. fertilizing 

procedure from planning to execution, consisting of a chain of processes, actors and 

data exchange transactions. From a business point of view, this level of use cases is 

interesting for actors in the SOA business service layer. The ‘narrow scope’ interface 

description serves as a metadata model of the interface, where the context of the data 

transaction of that specific interface is described shortly. In the process of analysing the 

use cases, the following template for description was developed (* refers to the narrow 

scope description): 

 Name of the use case * 

 Short description* 

 Relevance for European agri-sector 

 Relevant countries or regions 

 Relevant parties 

 Relevant “conditions” * 

o Standards used in the use case 

o Dictionaries 

o Regulations and legislation 

o Technologies 

 Definition of use case variants 

 Description of the information exchange processes and exchanged data; data 

dictionaries and their interconnection * 

 Known issues and bottlenecks for harmonization 

 Proposed recommendations and solutions for harmonization 

 

This structure was integrated into the existing agriXchange platform 

(www.agriXchange.eu), which also serves to enable discussions among the stakeholders 

and to present the results of the project. You can find several detailed examples of use 

case descriptions at the platform. 

 

3.2 aXRIM: the agriXchange Reference Information Model 

Use case descriptions provide information needed to get understanding about the 

Generic Information Framework of the use case system, as depicted in the Figure 1. To 

define information flows in the use case, an information model is constructed. The 

information model complements the section ‘Description of the information exchange 

processes and exchanged data; data dictionaries and their interconnection’ in the wide 

scope use case description. Since the focus is on the inter-enterprise data exchange, the 

information models of the use cases concentrate on the information content of the 

http://www.agrixchange.eu/
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exchanged data between the different actors and their processes. Information modelling 

interlinks both the wide and the narrow scope and utilizes two modelling techniques: 1) 

Business Process Modelling Notation showing the processes and collaboration between 

different participants (actors) in a graphical form (wide scope; see Figure 2) and 2) lists 

of definitions and information content of the messages between the actors in a table 

form (narrow scope). These data exchange interfaces have two message flow arrows 

described: send and receive. The information is divided into three parts; ID of the 

message arrow, description of the message and information content of the message.  

 

Figure 2 A BPMN diagram representing the GeoFertilizer use case. The red capital 

letters indicate IDs of data exchange between two actors in the use case.  

 

When harmonizing data exchange, the focus is on the system interfaces (narrow scope) 

between the actors and their processes. System interface descriptions are often 

applicable to other use cases, sometimes even cross-sectoral applications. To support 

sharing these generic elements in an organized manner, the agriXchange Reference 

Information Model (aXRIM) was created. The aXRIM consists of structured classes of 

key factors that are relevant to data transfer actions in the agri-food sector. The main 

classes are Process, Actors, Communication protocol and Data. Each class contains a 

list of attributes which portrays their typical sub-classes. The basic structure of the 

aXRIM is kept as simple as possible to keep the model flexible and extendable in the 

further development of the Reference Framework. The aXRIM supports the interface 

provider to describe the communication problem in a structured classified manner, so 

that the shared information is easily searchable afterwards. 
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3.3 aXTool: a supportive tool in data exchange in agriculture for harmonization 

work for interoperability 

The main requirement of the Reference Framework is to support efficient information 

sharing among the agriXchange community to enhance harmonizing of data exchange 

in agriculture. Creating awareness of existing solutions and on-going development 

work, and allowing introduction of new or improved solutions are the core subjects in 

harmonizing work of the agriXchange community, supporting the phases A, B and C 

(see Figure 1). The design of the Reference Framework for harmonizing data exchange 

in agriculture can be presented as a diagram as shown in Figure 3, showing the core 

parts of the framework. The design includes concepts of four main user-assisting 

functions: 1) searching for existing solutions interlinked with any open (standardized) 

interface, 2) contributing (to) existing solutions, 3) discussion and 4) evaluation of 

solutions and ranking them. The agriXchange Reference Framework design is 

constructed to support both the wide and the narrow scope use case descriptions and 

their interactions. 

The elements of aXRIM assist in connecting the descriptions of the shared data 

exchange interfaces with the relevant grouping of a conceptual technical architecture, 

generic reference information model, technical communication infrastructure and the 

institutional embedding (organization), the elements of the generic integrative 

framework (see Figure 1). The information can be used as search entry in the aXTool to 

restrict the number of possible solutions connected to the context-relevant ones. 
 
 
 
 
 

 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
 
 
 
 
 

 

Figure 3 Diagram illustrating the agriXchange Reference Framework, and its 

implementation as aXTool. 
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To illustrate the use of the aXTool, the use case ‘GeoFertilizer’ serves as an example. 

The short description says: ‘A farmer requires a fertilizer advice that optimizes the 

variable rate fertilizer application to the local conditions of his fields/crops.’ The use 

case identifies a number of relevant standards such as ISOBUS and agroXML. 

Information model items (see Figure 2) are e.g. ‘C Request of fertilizer advise from 

FMIS to Advisory service’ and ‘E Request of LAI GIS data of the field parcel from 

Advisory service to LAI service’. The use case is also linked to several interface 

descriptions, e.g. ‘Fertilization advice reply’ and ‘Parcel boundary request’. The known 

issues are the identification of current developments on European and national level, the 

compliance with standards such as ISOBUS, UN/Cefact and OGC and the 

harmonization of relevant code lists. 

Each use case description is linked to social media, where participants can refer to 

entries in the aXTool, enhancing its visibility to the public. The agriXchange platform 

itself has a high rank in search engines for a number of agricultural terms. Within the 

aXTool, items are linked with each other. The aXRIM allows for a guided search for 

each of its terms, facilitating the search for related interface descriptions. Additionally, a 

keyword search on all contents is possible. 

Comments can be added to each item, displaying the stakeholder’s experience. The 

number of comments on each item can be used as an indicator of its relevance.  

All contributions of contents for the aXTool can only be made by community members 

attached to a recognized stakeholder (research institution, company etc.) working in the 

area or agricultural data exchange. However, comments can be made by each registered 

user. All contents can be traced back to the author. Until now, most content has been 

provided by the agriXchange project team. 

The use case ‘European Bovine Identification and Traceability within one European 

country.’ was used for evaluation of the tool. A user, not involved in the development of 

the aXTool, entered the data. The result of this evaluation was that the tool is suitable 

for the sharing of knowledge on existing solutions in agricultural data exchange. 

 

4. CONCLUSIONS AND OUTLOOK 

The agriXchange reference framework provides a structured aid for developing 

interoperable system solutions in agriculture. It mainly focuses on message interfaces 

between different processes, in particular for wide scope use cases in which usually 

several stakeholders are involved. Users are provided with a rich knowledge base of 

existing use cases, including interface messages and references to standards, so that this 

knowledge and complete components can be easily re-used. This is further leveraged by 

the aXTool that supports this process by guiding the developer step-by-step through a 

process, supported by intelligent search functions. Every new use case adds new 

knowledge to the reference framework so that the knowledge base becomes increasingly 

richer. The aXTool currently contains 9 use cases, 24 interface descriptions and 20 

descriptions of relevant standards. This will be further leveraged when the agriXchange 

community grows. So far, the people that were really working on the use cases and 

reference framework were limited to the project consortium and a small circle around it. 
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However, the agriXchange LinkedIn group 

(http://www.linkedin.com/groups/agriXchange-3807971 ) consists to date of more than 

800 users from all over the world who are somehow interested in agricultural data 

exchange, which shows a large potential for further exploitation. Ultimately the 

agriXchange platform, including the aXTool should be sustained by the community 

itself with a minimum of paid maintenance. For that purpose, the existing knowledge 

base should be further increased. Partly, we already succeeded in that because there are 

already more use cases than originally planned in the project. An additional feasibility 

study indicated that use by other projects is the most promising pathway to enhance and 

sustain the platform. The ICT-agri ERANET project has already shown interest in the 

aXTool. Another potential candidate is the Future Internet project SmartAgriFood, 

which contains 6 pilots from which use cases for data exchange could be derived. 

Ultimately, the platform and aXTool should be supported and maintained by 

standardization organizations from the agricultural sector worldwide. During the project 

there was some interaction and interest from these organizations, but it has not yet 

resulted in concrete follow-ups. Yet, the need for smooth information- and data 

exchange through interoperable information systems will remain and even become more 

pressing. It is therefore expected that the basis that was laid in this work will somehow 

find its way to further adoption. 
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ABSTRACT 
 

This work focuses on the development of a user interface suitable for targeted spraying, 

using a robot that is teleoperated along the vineyard rows. A prototype of the spraying 

interface was developed and the usability of three different interaction modes was 

investigated.  Fifty participants were asked to use the three devices to select grape 

clusters taken from a simulated robot moving along rows in a vineyard. Next, 

participants completed a questionnaire related to their user experience with the system. 

This paper presents the results of the statistical analysis of the log files and 

questionnaire responses to compare the three devices. 
 

Keywords: Human-Robot Interaction, user interface design, interaction styles, usability 

evaluation, agriculture, Cyprus. 

 

1. INTRODUCTION  

 

Pesticides and fertilizers are widely used in agriculture to enhance crop protection and 

production, food quality and food preservation (Maroni et al., 2006). According to Cho 

and Ki (1999), between 30 and 35% of crop losses can be prevented when harmful 

insects and diseases are eliminated by spraying pesticides. Given that pesticides are 

poisonous to humans (Chain-Castro et al., 1998; Betarbet et al., 2000; Dasgupta et al., 

2005), the removal of the farmer from the spraying process will contribute to the farm 

worker health.  

 

The need for intensive crop and livestock production to secure food availability (FAO, 

2001), given world population growth, makes robots suited to working in agriculture 

(“AgriRobot” is the term we use for such a robot). Robots can tackle harsh working 

conditions (Isaacs, 1985; Edan, 1995) and hardness of work (Edan, 2007), as well as the 

shortage of laborers that is a bottleneck to agricultural production (Murakami et al., 

2008). In addition, they can undertake dangerous tasks as described above. 

 

Our work focuses on the development of a user interface suitable for targeted spraying, 

using a robot that is teleoperated, along the vineyard rows. The motivation for selecting 
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this specific agricultural task is twofold: a) reduce the amount of pesticide used through 

targeted spraying, and b) reduce human exposure to pesticides (Figure 1). 

 

 

Figure 1. Vineyard spraying with a human operated tractor-sprayer 

In this paper, we posit that teleoperated robots are a solution that is viable and that 

allows taking advantage of human perception and know-how along with robot accuracy 

and consistency. In specific, we focus on the construction of a user interface suitable for 

targeted spraying, and in this context we investigate three input devices for target 

selection of grape clusters.   

 

The remaining of this paper is organized as follows. First, we start with background 

information in robotics in agriculture and explain why we opted to use teleoperated 

robots instead of autonomous robots. Then, the research materials and methods and the 

initial experiment is described. The paper concludes with the experiment results and 

implications of this research. 

 

2.  BACKGROUND 
 

Autonomous agricultural robots depend on existing sensor and computing technology to 

autonomously perform various, complex and challenging, agricultural tasks, such as 

navigation in the field, identification of variable in color, shape and size foliage and 

crops for harvesting or spraying (Edan, 2007).  

 

2.1 Targeted spraying  
Selective spraying pesticides towards the targets using a robot sprayer could reduce 

between 30 to 60% of pesticide use (Goudy et al., 2001; Berenstein et al., 2010). 

Automatic target recognition in unstructured environments is characterized by poor 

performance, because of the high degree of objective variability, and unpredicted 

environmental conditions (Edan, 2007; Bechar et al., 2009).  
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Bechar and Edan (2003) provide empirical evidence for the advantage of human-robot 

collaboration in agriculture in target recognition tasks. According to their research, 

collaboration between human operators and robots increase detection by 4% when 

compared to a human operator alone and by 14% when compared to a fully autonomous 

robot and decreases detection times (Berenstein et al., 2010). 

  

2.2 Human-Robot Interaction   

Human-Robot Interaction (HRI) is the field of study dedicated to the understanding, 

designing and evaluation of robotic systems for use by or with humans (Goodrich and 

Schultz, 2007). Fong et al. (2001) define HRI as “the study of humans, robots and the 

ways they influence each other”. Human factor experts have given considerable 

attention to two paradigms for HRI: teleoperation and supervisory control (Goodrich 

and Schultz, 2007). 

 

Based on the definition of HRI awareness by Drury et al. (2003), HRI awareness for the 

case of an AgriRobot, is the understanding that the farmer has of the location, activities, 

status and surroundings of the robot, and the knowledge that the robot has of the 

farmer’s commands necessary to direct its activities. 

 

One of the goals of our research is to determine suitable interfaces for the farmer to 

have HRI awareness so as to direct/supervise the robot - teleoperation for navigation 

and target selection. In this paper, we focus on the target selection task and compare 

three input devices that can enable the farmer to direct the robot where and what to 

spray. 

 
3.  MATERIALS AND METHODS 

 

The research methodology focuses on the area of user interface design, implementation 

and evaluation, specifically for human-robot interaction systems in agriculture. A 

prototype of the spraying interface was developed and the usability of different 

interaction modes was investigated. In specific, all participants were asked to interact 

with the prototype in the three following settings: a) a typical pointing device (mouse) 

on a desktop computer, b) a gesture-based interface (Wiimote and projector), and c) a 

smart interactive whiteboard using a digital pen (Figures 2a, 2b, and 2c).  

 

Fifty participants were involved in the experiment, 25 practitioners (farmers and 

agronomists), 19 male, 6 female, with average age 41 (sd=9.9), and 25 university 

students majoring in computer science, 10 male, 15 female, with average age 22 

(sd=1.5). Participants were asked to use the three devices to select grape clusters taken 

from a simulated robot moving along rows in a vineyard. The participants could control 

the speed of the robot (and the image movement). 
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Figure 2a. Selecting targets (grape clusters) using a typical pointing device (mouse) 

 

 
Figure 2b. Selecting targets (grape clusters) using a gesture-based interface (Wiimote) 

 

  
Figure 2c. Selecting targets (grape clusters) using a digital pen on a smart interactive 

whiteboard 

 

All participants interacted with the prototype using each of the three aforementioned 

devices in a random order. Following a brief introduction to the scope of the 

experiment, each participant familiarized with each device and its functions for two to 

three minutes, and then was asked to perform the target selection task. Five minutes 

were allowed per input device. Next, participants completed a questionnaire related to 
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their user experience with the system (ratings from 1=strongly disagree to 5=strongly 

agree) which also included demographic questions. The questionnaire was based on 

SUS (Brooke, 1996) and Presence (Witmer & Singer, 1998) questionnaires, with the 

addition of questions specific to the domain and goals of the experiment. 

 

4.  RESULTS 
 

Participants’ responses related to the perceived usability of the system are presented in 

Table 1. The results were as expected, in favor of the mouse and the digital pen, over 

Wiimote. The participant’s comments during the experiment that the Wiimote was not 

an easy to use interaction mode, is depicted in their responses to questions about the 

perceived usability of the three systems.  

 
Table 1. Participants’ responses to questions per interaction mod 

 
Question 

Mouse Wiimote Digital Pen 

 Mean (SD) Mean (SD) Mean (SD) 

1 The system was easy to use 4.58 (0.81) 2.16 (1.06) 4.41 (0.81) 

2 The time required to learn using the 

system was reasonable 

4.66 (0.82) 3.34 (1.36) 4.70 (0.89) 

3 I felt efficient in what I was doing 4.58 (0.81) 2.74 (1.19) 4.56 (0.79) 

4 The system had the functionalities I 

expected it to have 

4.74 (0.53) 3.62 (1.21) 4.64 (0.60) 

5 I would use this system for my work 4.60 (0.76) 2.60 (1.44) 4.34 (0.96) 

6 I would recommend this system to a 

friend 

4.70 (0.61) 2.76 (1.51) 4.42 (0.93) 

7 Next time I use the system, I think it 

will be easy to remember how it works 

4.94 (0.31) 4.14 (1.16) 4.92 (0.27) 

8 The system was attractive 4.44 (0.81) 3.90 (1.23) 4.72 (0.67) 

9 Generally speaking, I am satisfied with 

the user experience of this system 

4.80 (0.49) 3.64 (1.37) 4.72 (0.64) 

 

The log files analysis reveals that participants were most efficient and effective when 

using the digital pen as compared to the mouse and the Wiimote. Results are shown in 

Table 2 and Figure 3. The mean number of grape clusters that appeared on the screen 

was significantly higher in the case of the digital pen and of mouse, as compared to 

those when the Wiimote was in use.  The number of grape clusters appearing on the 

screen was related to how fast the robot was moving. The user could control the speed 

of the robot by moving the pointer to the left to increase speed, or slow it down by 

moving the pointer to the right. Thus, the total number of grapes measures participants’ 

efficiency. Participants’ effectiveness was measured by the mean percentage of the 

grape clusters that were successfully sprayed against the total number of grapes; again 

the digital pen and the mouse gave significantly higher effectiveness over the Wiimote. 
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Table 2. Summary of the log files analysis 
Total number of grapes Mouse Wiimote Digital Pen 

Mean 357.16 273.62 386.34 

Minimum 239 188 245 

Maximum 525 410 544 

Number of grapes sprayed Mouse Wiimote Digital Pen 

Mean 326.92 163.50 359.90 

Minimum 41 61 152 

Maximum 449 296 524 

 

 

 
Figure 3. Mean participants’ success rate (percentage of grape clusters sprayed). Error 

bars represent 95% confidence intervals. 

 

5.  CONCLUSION 
 

Using robots for repetitive, tedious and often hazardous agricultural work in the field 

sounds obviously promising that only equally obvious challenges can explain the fact 

that they have not been adopted so far. These challenges can be summarized in the 

unstructured, diverse, volatile, and harsh outdoor natural environment where 

agricultural robots need to operate, as opposed to autonomous industrial robots that 

operate in a highly structured, both environmentally and procedurally, environment.  

 

The presented work deals with the study of new innovative techniques and practices by 

introducing teleoperated robotic technology in agriculture. Our research interest is on 

the user interface of such a system. We presented initial results from a prototype 

interface using three input devices for target selection. 
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The findings of this experiment suggest that the digital pen and the mouse are more 

effective interaction modes for selecting targets (grape clusters), compared to a gesture 

based interface (Wiimote). The results of the present research project are expected, in 

the long-run, to help farmers overcome labor shortages, tedious and hard work by 

employing new innovative techniques to perform agricultural tasks. Such research can 

provide important know-how with scientific, practical and socio-economic importance, 

which can contribute to the sustainable development of the agricultural sector.  
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ABSTRACT 
 

Recently, climate change has emerged as an issue that affects many aspects of society. 
Because changes in water resources have a direct impact on the growth of crops and the 
ecosystem, water management is an increasingly important challenge nationwide in the 
USA. Output from a soil water balance model can be used as an input to an agricultural 
productivity model or a vegetation model, which would be used to identify the need for 
measures to address drought. In this study, a daily soil water model was developed 
based on a grid analysis of the spatial distribution of water stress. As a test case, the 
model was applied to Illinois State, USA, where various field observation data as well 
as digital maps were available to the public. Inputs to the model can be divided largely 
into soil, climate, and crop data, and their various coordinate systems and spatial 
resolutions were adjusted to match. Data on soil attributes were obtained from Soil 
Survey Geographic Database Soil maps by the USDA Natural Resources Conservation 
Service. Climate data were compiled for 2001–2012 and daily precipitation and 
reference evapotranspiration from the Penman-Monteith method were spatially 
interpolated. Several water balance indices were developed to quantify the degree of 
water stress. The results showed that the water stress conditions in Illinois were bad in 
2002, 2005, 2007 and 2011, with the most severe water shortage in 2005. This model 
could be applied to agricultural water stress evaluation over any scale, from local to 
global. 

 
 

Keywords:   Soil water balance, Water stress, Illinois. 
 

1. INTRODUCTION  
 
Climate change is threatening sustainable agriculture by destabilizing the supply and 
demand of water. In particular, grain prices will surge because of reduced production if 
the uncertainty in the supply of the agricultural water increases in granaries of the world 
such as America, China, or Russia. The Agricultural Outlook 2011–2020, published 
jointly by the OECD (Organization for Economic Cooperation and Development) and 
FAO (Food and Agriculture Organization), predicts that prices for agricultural 



 

C0077 
Kim, S. J., Noh, J. K., Kim, D. S., & Jang, M. W.  “Simulating agricultural water stress using a 
grid-based daily soil water balance model – application to Illinois, USA”. EFITA-WCCA-
CIGR Conference “Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-
27 June 2013. 
 

commodities will fall in the short term but increase over the next decade to average 20–
30% higher in real terms compared to the values for the 2001–2010 period. Recently, 
international grain prices surged because of severe droughts in the United States and 
Russia. Meteorological disasters such as drought or floods are becoming increasingly 
frequent and intense, so accurate analysis and evaluation for changes in agricultural 
water is required urgently. Agricultural water management may include prediction of 
crop yields or identifying the need for measures to address drought by securing a stable 
water supply or rationing water use. Output from a soil water balance model can be used 
as an input to an agricultural productivity model or a vegetation model. A precedent 
study was announced in IPCC (Intergovernmental Panel on Climate Change) fourth 
report, in which the agricultural water supply and crop’s water demand were compared 
in order to examine their adaptability to climate change (Cohen and Neale, 2003;  
Neilson et al., 2004). In addition, various studies analyzing water stress and water use 
efficiency of crops are currently underway (Alderdasi & Neilsen, 2001; Yuan et al., 
2004;  Liu et al, 2007;  Pereira et al., 2012). 
This study aims to examine the dependence of crop water stress on the agricultural 
water balance as crop water stress becomes more important for stable grain production. 
A grid-based water balance model was developed to simulate daily soil moisture, and 
was then applied to Illinois, US. At this location, various field observation data as well 
as digital maps were open to the public. Crop water stress indices were proposed by 
considering crop water supply and demand. Their temporal and spatial distribution were 
also examined. 
 

2. DATA AND METHODS 
 
2.1 Methods 
 
The crop water stress index is a valuable tool for monitoring and quantifying water 
stress. It is determined from the quantitative balance between crop water consumption 
and water resource availability in terms of agricultural water balance. As such, a new 
water balance model was developed using two modules: simulation of water 
requirements and calculation of hydrologically effective runoff. All processes were 
designed to be conducted over a grid in order to make the process applicable on a global 
scale.  

2.1.1 A grid-based soil water balance model  
 
A soil water simulation model was formulated to simulate daily water balance (Eqs. 1–
2). The readily available moisture was set to 50% of total available moisture. For this 
model, effective rainfall (ER) is rainfall during the growing season minus that occurring 
after soil saturation or irrigation. 

AM(t) = AM(t-1) + PR(t) – AET(t)                              (1) 

ER(t) = PR(t) – RO(t)                                                  (2)  
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where, AM(t) is the total available soil moisture (mm) at time t; PR(t) is the 
precipitation (mm/day) at time t in cases of more than 5.0 mm/day; and AET(t) is actual 
crop evapotranspiration (mm/day) at time t calculated by multiplying the Penman-
Monteith reference evapotranspiration by the crop coefficient (Table 1). 

 

Table 1. Crop coefficients by growth stages for the Penman-Monteith reference 
evapotranspiration (Allen et al, 1998; Alderfasi & Nielsen, 2001; Texas Agrilife 

Extension Service) 

Growth stage Initial 
(31 / 21 days)*

Developing 
(30 days) 

Mid-season 
(41 days) 

Late-season
(31 / 21 days)

Crop 
coefficients 

Corn 0.30 Linear interpolation 1.15 0.40 

Bean 0.40 Linear interpolation 1.15 0.35 

*(for Corn / for Bean) 

2.1.2 A simple runoff model 
 
This study examined a simplified runoff model using a curve number (CN) method, 
which could be applied regardless of the analysis extent or scale. The daily surface 
runoff, that is, the quantity of potentially available water, is successively derived from 
water balance equations as follows (Eq. 3-6). 

                                     (3) 

                                                        (4) 

                                         (5) 

                     (6) 

where, S is storage; P is precipitation; Q is runoff flow corresponding to a hyperbolic 
tangent function; ET is evapotranspiration; and Smax is the maximum storage capacity 
determined by the CN method (Eq. 5).  

2.1.3 Water stress indices  
 

A number of studies have evaluated crop water stress, and different indices have been 
proposed (Jackson et al., 1981; Jackson, 1982; Jun et al., 2011). In this study, two water 
stress indices based on soil water balance are proposed: CWSR (Crop Water 
Satisfaction Ratio), and REIC (Rainfall Effectiveness Index for Crop). 

                                                               (7) 
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                                                                (8) 

where SRO is the amount of surface runoff (mm/yr), and CWC is the annual 
consumptive use by crops (mm/yr) (equal to AET).  
 
2.2 Data collection and pre-processing 
 
The test area was Illinois State, USA, the center of the Corn Belt. Daily climate data, 
including temperature, relative humidity, wind speed, solar radiation, and precipitation, 
from 2001 to 2011 were collected from the Illinois State Water Survey, and daily 
reference evapotranspiration was calculated by the Penman–Monteith method. In 
addition, two types of digital maps—SSURGO soil maps of USDA NRCS and CDL 
(Crop Data Layer) crop maps of USDA—were employed. Crop coefficients by growth 
stage were referenced from FAO Irrigation & Drainage Paper No.56 and other existing 
research reports (Alderfasi & Nielsen, 2001; Texas Agrilife Extension Service). Root 
depth and cultivation calendar for two target crops, corn and bean, were established by 
using FAO and USDA guidelines (Dwyer et al., 1988; Rhodes, 1991; Bauder & 
Schneekloth, 2006; National Agricultural Statistics Service). All collected data had the 
same coordinate system and were interpolated in a 250-m grid unit. 
 

3. RESULTS 
 
3.1 Change in soil water balance from 2001 to 2011 
 
Daily soil water balance was simulated for corn and soybean on the 250-m grid, and 
then each element of the water balance was aggregated into county units. Results 
indicated comparatively bad conditions in 2002, 2005, 2007, and 2011 (Table 2). In 
particular, 2005 had more severe water stress compared to previous years (Figures 1 and 
2). The annual precipitation in 2005 for corn-growing areas, 223.5 mm/yr, was about 
56% less than the average from 2001 to 2011. Effective rainfall was about 68% lower, 
and actual crop evapotranspiration was about 7% higher. As a result, irrigation 
requirements increased in 2005. 
 

Table 2. Results of daily soil water balance simulation from 2001 to 2011 

Year 

Precipitation 

(PR) 

Effective Rainfall

(ER) 

Consumptive use 
by crops 

(CO) 

Irrigation 
Requirements 

(IR) 

Corn Bean Corn Bean Corn Bean Corn Bean 

2001 362.5 322.7 229.8 205.2 436.7 386.8 388.1 342.9 

2002 410.2 256.7 199.2 180.9 452.7 410.4 411.1 375.0 
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2003 403.8 297.5 249.5 228.2 438.9 399.9 393.4 362.3 

2004 392.8 329.3 241.3 221.0 398.9 358.7 352.1 317.3 

2005 223.5 193.7 167.8 148.5 480.5 431.3 440.3 392.3 

2006 303.0 257.6 210.1 193.8 446.6 408.0 400.3 364.2 

2007 310.3 284.6 228.5 210.5 469.7 421.8 416.4 373.6 

2008 470.1 395.2 297.8 276.3 443.6 401.6 378.7 342.5 

2009 493.7 394.3 310.0 276.7 409.6 368.3 339.6 304.0 

2010 562.9 458.4 340.4 306.4 465.8 426.0 378.1 348.2 

2011 452.1 400.0 252.2 214.1 476.4 432.0 403.6 368.8 

 

 
(a) Precipitation    (b) Effective rainfall    (c) Consumptive use   (d) Water requirement 

Figure 1. Water balance simulations for 2003 
 

 
(a) Precipitation    (b) Effective rainfall    (c) Consumptive use   (d) Water requirement 

Figure 2. Water balance simulations for 2005 
 
3.2 Change in water stress indices from 2001 to 2011 
 
CWSR and REIC were designed to express spatiotemporal changes in crop water stress. 
The higher the index value, the less is the crop water stress. The two indices were able 
to confirm the low value of the 2005, and the severe water stress was estimated. Figure 
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3 shows that REIC was higher in 2003 than in 2005 as a result of high rainfall and less 
actual crop evapotranspiration. Table 3 summarizes the average value of each index for 
102 counties, with both indices showing the highest value in Stephenson County for 
2001 to 2011. 
 

 
(a) 2001                    (b) 2003                    (c) 2005 

 
(d) 2007                    (e) 2009                    (f) 2011 

Figure 3. REIC during the period from 2001 to 2011. 
 

Table 3. CWSR and REIC derived daily soil water balance simulation from 2001 to 
2011 

Year 

Crop Water Satisfaction Ratio 

(CWSR) 

Rainfall Effectiveness Index for Crop 

(REIC) 

Corn Bean Corn Bean 

2001 0.22 0.23 0.52 0.53 

2002 0.46 0.25 0.44 0.44 

2003 0.37 0.26 0.57 0.57 

2004 0.34 0.33 0.60 0.61 

2005 0.10 0.09 0.35 0.35 

2006 0.25 0.23 0.47 0.48 
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2007 0.20 0.21 0.50 0.51 

2008 0.37 0.34 0.67 0.69 

2009 0.59 0.45 0.76 0.75 

2010 0.52 0.46 0.73 0.72 

2011 0.49 0.42 0.53 0.50 

 
4.  SUMMARY AND DISCUSSION 

 
This study proposed a grid-based, simple, soil–water balance model for evaluating 
water stress. Preliminarily two indices (CWSI and REIC) were calculated for the state 
of Illinois, USA, using three main environmental variables: CWC, ER, and SRO. The 
results showed that conditions were bad in 2002, 2005, 2007, and 2011, with the most 
severe water shortage having occurred in 2005. The annual average of the CWSR from 
2001 to 2011 is 0.35 for corn and 0.30 for soybean. Corn and soybean had the same 
REIC value of 0.56. During the drought year of 2005, CWSR was 0.09 for corn and 
0.10 for soybean. The approach adopted in this study is still being investigated, and 
further work will be carried out: development and integration of further water stress 
indices, advancement of user interface for model operation, and modification for global-
scale application. 
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ABSTRACT 

 
Kansei engineering is one field of engineering where the feelings of humans are applied 
to manufacturing. If Kansei can be extracted, the design, development, and evaluation 
of various things are possible. This study aims to build an automatic design and 
evaluation system for agricultural products and landscapes and then utilize the system 
for the evaluation and improvement of educational effects. In this presentation, we built 
a low price and near real-time system to extract Kansei information from the facial 
expressions of users and obtained knowledge about Kansei. Additionally, we created an 
algorithm to discriminate Kansei. We built a system to obtain facial expression 
information of a user from a camera image as our experimental equipment. The 
characteristic values calculated from them were the variation (or the normalized 
polygon area change ratio) of the four items; the inner ends of the eyebrows, upper parts 
of the eyes, lower parts of the eyes, and the corners of the mouth. The target Kansei was 
three items: positive Kansei (liking, fun, and happy) and negative Kansei 
(unpleasantness and hatred). The results are as follows:First, for the target three Kansei, 
changes could be captured through the four specified normalized polygon area change 
rates. As for the positive Kansei, the changes in the corners of the mouth were greater 
than those of the others in particular. As for the negative Kansei, the changes in the 
lower parts of the eyes were slightly greater than those of the others and, as for the 
Kansei of surprise, the changes in the corners of the mouth were slightly greater. The 
direction of the change showed a tendency where the positive Kansei increased at the 
corners of the mouth in particular. The negative Kansei showed a strong tendency to 
decrease at the inner ends of the eyebrows and the lower parts of the eyes in particular. 
The Kansei of surprise showed a tendency where the normalized polygon area change 
rates increased as a whole. Next, we selected one subject because the relationship 
between the facial expressions and Kansei varies among individuals, and then we built 
an algorithm to discriminate the three Kansei features. As for the Kansei of positive – 
negative and negative – surprise, it became possible to discriminate at a rate of nearly 
100% from the information of the corners of the mouth. It became possible to 
discriminate the positive-surprise at a rate of about 80% from the information of the 
upper parts of the eyes. As described above, although it is necessary to prepare the 
template image of the seven points of the target person and adjust the parameters after 
measuring the Kansei facial expression in advance, a low price and near real-time 
computer vision system to extract facial expression Kansei could be built.  
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1. INTRODUCTION 
 
We aim to apply Kansei engineering, in which Kansei and image of human are 
translated into physical design elements to design products, environments and the likes 
compatible with Kansei, to the food and environmental fields. By utilizing Kansei 
information, we believe that the following things will become possible; 
design/development/evaluation of new agricultural products and foods with color, shape, 
scent, etc., of high consumer rating; development of marketing methods;  
design/evaluation of office/living space using green amenity (Asaumi et al. 1995); 
landscape creation/evaluation of city/farming village/garden with comfort and healing 
effect; development of agricultural machines with appearance, comfort, etc., of high 
consumer rating; development of Agri-robot capable of Kansei communication (Sasaki 
2011); welfare/nursing support using animals and plants and/or artificial life. Two 
specific application examples we assume are as follows (Fig. 1). The first example is 
related to the disaster reconstruction program in Fukushima Prefecture, and Tokyo 
University of Agriculture is building the Cyber field simulation system for the 
restoration of farming and mountain villages in the disaster areas. This consists of 
building a base simulation system by adding map information and 3D space information 
obtained using the MMS (Mobile Mapping System) to the GIS for the restoration of 
farming and mountain villages and building a regional model simulator with 
consideration for disaster prevention and landscape after reconstruction, which will lead 
to an important decision for support of a landscape simulator if Kansei information can 
be utilized. The second example is the development of an educational application for 
tablet PCs for foods and environment. Education effects could only be evaluated 
through questionnaires and the like until now. However, when the Kansei information, 
such as if the students feel interested, if they feel dull or if they are concentrated in can 
be obtained, it can be used for the evaluation of educational application and software 
and/or the improvement of education. As described above, in this study, we built a low 
price and near real-time system to extract Kansei information from the facial 
expressions of a user by using a computer vision and obtained knowledge about Kansei. 
We also created an algorithm to discriminate Kansei using them. The purposes are the 
following two points.  
1. Building of a system to investigate the relationship between facial expression and 

Kansei and acquisition of knowledge about Kansei of multiple persons 
2. Development of a computer vision system to discriminate Kansei from facial 

expressions 
The reasons why we are focusing on facial expression information are that it has an 
important role that it is said 55% of emotion, which is a part of Kansei, is expressed by 
facial expression (Mehirabian 1986), and the system can be realized with a camera and 
image processing without requiring special sensors. Additionally, facial expressions can 
be measured without contact/loading and are easy to be used as feedback information. 
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By evolving the system further, we believe that Kansei information at the unconscious 
level, which cannot be captured through questionnaires, can be obtained. 
 

Kansei
enginee

ring

happy

surprise

sadnes
s 

anger

gladne
ss

hatred

Evaluation
of  effect

Education

Evaluation
of 

landscape

Earthquake 
disaster revival 

 
Figure 1. Image of Kansei application 

 
2.  DEVELOPMENT SYSTEM AND KANSEI EXTRACTION METHOD 

 
According to the related investigative studies and our study (Sasaki et al. 2007), it was 
shown that Kansei of a person tends to appear on the eyes and mouth. By referring to 
the face graph by Ayinde and Yang (2002), in order to grasp Kansei in a near real-time 
manner, a total of seven face nodes —the inner ends of the eyebrows, inner corners of 
the eyes, outer corners of the eyes, upper eyelids, lower eyelids, and both corners of the 
mouth—are traced by using the template matching technique (Fig. 2). The template 
matching technique is processing to identify the position of a target by searching a 
partial image signal (target) that corresponds to a known template signal from the input 
image signal. The position of an object is detected by storing a region of the object to be 
traced in each image of a video as a template image in advance and detecting the region 
that has a high degree of similarity to the template image in the images input in a time-
series manner. The template image used was an image of 19 x 19 pixels. The seven face 
nodes placed as above were connected and four polygons corresponding to the inner 
ends of the eyebrows, upper parts of the eyes, lower parts of the eyes and corners of the 
mouth were created as shown in Fig. 3. The areas of the polygons were calculated and 
extraction of Kansei from the change ratios was attempted. In this paper, N(i) is defined 
as a face node. Therefore, in this study, N(1): indicates the inner ends of the eyebrows, 
N(2) : the upper eyelids, N(3) : the lower eyelids, N(4) : the inner corners of the eyes, 
N(5) : the outer corners of the eyes, N(6) : the left corner of the mouth and N(7) : the 
right corner of the mouth. The parameters calculated for facial expression analysis were 
normalized polygon area change ratios ΔA(i,j,k) and they were calculated using the 
following equation. 
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Also, the scale was expressed by Eq. (2) and At(i,j,k) was expressed by Eq. (3), By 
normalizing the scale, the back and forth movements of head in the direction toward the 
camera (zoom in/out) are dealt with. 

   5,45,4 ttt LLscale          (2) 
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Where, t: time, i, j and k: node numbers, xt(i) and yt(i): x and y coordinates of N(i) at 
time t, Lt(i,j): distance between N(i) and N(j) at time t, scale: scale ratio for 
normalization at time t and t +Δt, and At(i,j,k) : area of polygon (triangle) in N(i)- N(j) -
N(k) at time t. The normalized polygon area change ratios were calculated for the 
changes of the four polygons at the inner ends of the eyebrows, upper parts of the eyes, 
lower parts of the eyes and corners of the mouth as described above. The target Kanseis 
were three types: positive Kansei (liking, fun and happy), negative Kansei 
(unpleasantness and hatred) and surprise Kansei. The experiment method was as 
follows. After the test subjects were told the purpose of the experiment, they filled their 
ages and genders and were told the flow of the experiment and the precautions. They 
were told the contents of the target Kansei expressions and instructed to practice the 
expressions using a mirror. And then the experiment to obtain the Kansei expressions 
was conducted. The test subjects made the Kansei expressions intentionally but they 
tried to make them natural as much as possible. The test subjects were 12 men (age: 18 - 
22). In addition to their facial expressions at the normal state, 50 samples of the Kansei 
expressions or a total of 2,400 images were obtained. 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.  RESULT AND DISCUSSION 
 

3.1 Knowledge about Kansei Obtained from Multiple Persons 
 

Figure 2. Face nodes Figure 3. Four polygons made into the 
amount of the characteristics 
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Fig. 4 shows the obtained positive Kansei, negative Kansei and surprise Kansei 
expressions and one example of the execution result of the program. This indicates the 
output result of the four polygons created by connecting the face nodes with rectangles 
and by connecting the polygons with lines. Table 1 shows the changes in the absolute 
values of the normalized polygon area change ratios. As for the positive Kansei, the 
changes in the normalized polygon area change ratios were about 15 – 29% and the 
change at the corners of the mouth was about 29% and higher than those of the others in 
particular. As for the negative Kansei, the changes were about 11 – 16% and the change 
at the lower parts of the eyes was about 16 % and slightly higher than those of the 
others. As for the surprise Kansei, the changes were about 15 – 18% and the change at 
the corners of the mouth was slightly higher than those of the others. Next, a result was 
indicated as plus when the normalized polygon area change ratio increased and minus 
when the ratio decreased, and then the ratios of the corresponding test subjects were 
checked. The results are shown in Tables 2 – 4. As a general trend, for the positive 
Kansei, the normalized polygon area change ratios of the inner ends of the eyebrows 
and upper parts of the eyes increased or decreased depending on the subjects, that of the 
lower parts of the eyes decreased and that of the corners of the mouth increased. For the 
negative Kansei, all the normalized polygon area change ratios showed a decreasing 
trend and the trend was stronger at the inner ends of the eyebrows and lower parts of the 
eyes in particular. For the surprise Kansei, the normalized polygon area change ratios 
showed an increasing trend as a whole and the trend was stronger at the inner ends of 
the eyebrows in particular. According to the results above, since the direction and 
amount of the change in the normalized polygon area change ratio depends on 
individuals, a general trend can be speculated but it is thought that the Kansei change 
information must be learned individually. Based on the results from multiple test 
subjects in this study, when discriminating the three Kanseis, it is thought that focusing 
on the directions of change (positive Kansei: minus at the lower parts of the eyes and 
plus at the corners of the mouth, negative Kansei: minus at both the inner ends of the 
eyebrows and the corners of the mouth, and surprise Kansei: plus at both the inner ends 
of the eyebrows and l the corners of the mouth) and the amounts of change is 
informative. 
 

(a) positive Kansei (b) negative Kansei (c) surprise Kansei
 

Figure 4. Example of the acquired image 
 
 



 

C0076 
Y.Sasaki, M.Emmi and H.Negishi. “Building of Computer Vision System to Extract Kansei 
Information from Facial Expressions”. EFITA-WCCA-CIGR Conference “Sustainable 
Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

Table 1. Absolute value changes(%) 
 positive Kansei negative Kansei surprise Kansei 

the inner ends of the eyebrows 15.3±11.7 12.9±7.8 14.6±11.8
upper parts of the eyes 18.4±13.9 13.7±9.9 15.1±9.9
lower parts of the eyes 18.4±19.3 15.7±10.4 14.6±12.3
corners of the mouth 28.8±15.7 11.8±5.7 17.9±12.8

 
Table 2. Subject percentage about the alteration orientation(positive Kansei) 

 Plus (%) Minus (%) 
the inner ends of the eyebrows 50.0 50.0 

upper parts of the eyes 41.7 58.3 
lower parts of the eyes 25.0 75.0 
corners of the mouth 83.3 16.7 

 
Table 3. Subject percentage about the alteration orientation(negative Kansei) 

 Plus (%) Minus (%) 
the inner ends of the eyebrows 16.7 83.3 

upper parts of the eyes 25.0 75.0 
lower parts of the eyes 8.3 91.7 
corners of the mouth 33.3 66.7 

 
Table 4. Subject percentage about the alteration orientation (surprise Kansei) 

 Plus (%) Minus (%) 
the inner ends of the eyebrows 91.7 8.3 

upper parts of the eyes 58.3 41.7 
lower parts of the eyes 58.3 41.7 
corners of the mouth 75.0 25.0 

 
3.2 Building and Evaluation of Kansei Discrimination Algorithm 
 
Since the directions and amounts of the change in Kanseis depends on individuals as 
described above, we selected one test subject and built an algorithm to discriminate the 
Kanseis from the facial expression. The average values and standard deviations of the 
normalized polygon area change ratios of the selected test subject are shown in Table 5. 
The amounts of the changes of this subject were small as a whole. Here, in order to 
study which index is suitable from the four characteristic quantities, D.I. was calculated 
(Table 6). D.I. is a simplified index in consideration of the variance between categories 
(Eq. (4)). 

           (4) 
 
 
 
Where, xi ,  and 

2
,xi

  are the average and variance in each category. 
In general, it is easy to discriminate when D.I. is high. According to the result shown in 
Table 6, it was found that the information about the corners of the mouth is suitable for 
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discrimination between the positive—negative Kansei, that about the upper parts of the 
eyes for discrimination between the positive—surprise Kansei and that about the 
corners of the mouth for discrimination between the negative—surprise Kansei. The H-
method is a cross-calibrated division learning method used to determine an error rate by 
interchanging the learning sample and test sample. The samples were divided into the 
learning sample and test sample randomly and they were evaluated. This operation was 
repeated 1,000 times to calculate the average value and the value was considered as the 
error rate. The result is shown in Table 7. The discriminations between the positive—
negative and negative—surprise were possible at a rate of nearly 100% from the 
information of the corners of the mouth. For the discrimination between the positive-
surprise, they could be discriminated at a rate of about 80% from the information of the 
upper parts of the eyes. The optimal threshold values for the discriminations were 
obtained statistically and the three Kanseis of the target test subject could be grasped 
using the algorithm shown. 

 
Table 5. Normalization polygon area change ratios (%) 

 positive Kansei negative Kansei surprise Kansei 
the inner ends of the eyebrows 0.05±2.47 -18.80±2.70 0.75±2.92

upper parts of the eyes 6.07±4.27 -15.08±6.65 -0.42±3.75
lower parts of the eyes 3.35±3.36 -21.71±8.96 2.28±3.57
corners of the mouth 2.69±1.34 -10.81±1.03 1.76±1.26

 
Table 6. D.I. compare 

D.I. 
the inner ends of 

the eyebrows 
upper parts of the 

eyes 
lower parts of the 

eyes 
positive－negative 5.15 2.68 2.62
positive－surprise 0.18 1.14 0.22
negative－surprise 4.91 1.92 2.49

 
Table 7. H-method identification result compare 

Kansei information The H-method misconception 
percentage (%) 

optimal 
threshold 

positive－negative corners of the mouth 0.2±2.6 -4.95%
positive－surprise upper parts of the 

eyes 
21.1±13.5 2.6%

negative－surprise corners of the mouth 0.0±0.0 -5.2%
 

4. CONCLUDING REMARKS 
 

A system to obtain facial expression using a computer vision was built. As a result of 
the investigation on multiple subjects, the following knowledge were obtained. First of 
all, for the target three Kanseis, their changes could be grasped through the four 
specified normalized polygon area change ratios. For the positive Kansei, the change at 
the corners of the mouth was greater than those at the others, in particular. For the 
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negative Kansei, the change at the lower parts of the eyes was slightly greater than those 
at the others and, for the surprise Kansei, the change at the corners of the mouth were 
slightly greater than those at the others. As for the directions of the changes as a general 
trend, for the positive Kansei, the normalized polygon area change ratios of the inner 
ends of the eyebrows and upper parts of the eyes increased or decreased depending on 
the subjects, that of the lower parts of the eyes decreased and that of the corners of the 
mouth increased. For the negative Kansei, all the normalized polygon area change ratios 
showed a decreasing trend and the trend was stronger at the inner ends of the eyebrows 
and lower parts of the eyes in particular. For the surprise Kansei, the normalized 
polygon area change ratios showed an increasing trend as a whole and the trend was 
stronger at the inner ends of the eyebrows in particular. Next, since the relationship 
between the facial expressions and Kanseis depends on individuals, we selected one test 
subject based on the knowledge obtained and built an algorithm to discriminate the 
three Kanseis. For the positive—negative Kanseis and the negative—surprise Kanseis, 
the discriminations were made possible at a rate of nearly 100% from the information of 
the corners of the mouth. For the discrimination between the positive-surprise Kanseis, 
they could be discriminated at a rate of about 80% from the information of the upper 
parts of the eyes. Thus, although it is necessary to prepare the template image of the 
seven points of a target person and adjust the parameters after measuring the Kansei 
facial expressions in advance, a low price and near real-time computer vision system to 
extract facial expression-Kansei could be built. We believe that this system can be 
applied to automatic evaluation/design through decision support using the Kansei 
information. The future challenge includes reduction of processed required for the 
learning of prepared template images etc. and building of a Kansei grasping system, 
which is closer to a real-time system. 
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ABSTRACT 

 
Japanese farmers are aging and agricultural robots of the cooperative working type, 
which perform tasks together with humans, are required in particular. Additionally, in 
the case of the cooperative working type, compatibility with humans is important and 
the functions that can be controlled intuitively even by new agriculture workers and 
elderly people are desired. The function is Kansei communication, and we proposed 
agricultural robots, such as the Kansei Agri-robot ,which is equipped with the function, 
and the Chinou robot, which extracts tacit knowledge. We have been studying and 
developing them. In this paper, we built and evaluated an intuitive control part using 
motion, which is one of the core techniques. We built the system using the Kinect 
sensor, which can trace the skeleton information of a human. The Kinect sensor is a 
gaming device for the Xbox 360 and was released by Microsoft Corporation in 2010. It 
consists of an infrared light for distance sensor, video sensor, distance sensor and multi-
array microphone. The target motion control was the “finger pointing” motion to 
provide the robot a working area or location for movement. As for the development 
environment, we used Windows 7 as the OS, OpenNI as the library, and NITE as the 
middleware, and we also used Visual Studio 2010, C++ language, for software 
development. The results are as follows: First, the skeleton information of a farmer 
could be extracted from various angles using the Kinect sensor. Next, an algorithm to 
calculate “finger pointing” points from the information of the joint coordinates of the 
shoulders, hands, and feet could be built. According to the verification experiment, the 
accuracy was high when compared to the assumed robot size and working area, and the 
control of a robot by hand pointing became possible. The estimation errors vary 
depending on the sensing angle of the robot toward the farmer, and the errors of sensing 
from behind the farmer were greater than those from other angles. It was also found that 
the Kinect sensor can be used even in the field in early morning and after late afternoon 
when the light intensity decreased and under artificial lighting. 
  
Keywords: Kansei, Kinect sensor, motion control, computer vision, Japan 
 

1. INTRODUCTION 
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Japanese farmers are aging. According to the Ministry of Agriculture, Forestry and 
Fisheries of Japan, the population of agricultural workers in the fiscal year 2010 is about 
2.6 million and more than 60% of the workers are elderly persons at the age of 65 or 
older (World Census of Agriculture And Forestry In Japan 2010). In the next decade, 
70% of agricultural workers will give up farming. Therefore, it is necessary to take 
action to compensate for the labor force to be lost. Additionally, when considering 
elderly people and new agriculture workers, agricultural machines and robots of the 
cooperative working type, which perform tasks together with humans, are required in 
particular. Although there are various challenges related to the agricultural robots 
(Kondo et al. 2004), in the case of the cooperative working type, compatibility with 
humans is very important, and the functions that can be controlled intuitively even by 
elderly people and new agriculture workers are desired. The function is Kansei 
communication, and we proposed agricultural robots, such as the Kansei Agri-robot, 
which is equipped with the function, and the Chinou robot, which extracts tacit 
knowledge. We have been studying and developing them. In this study, Kansei 
communication is defined as follows (Sasaki 2011): “In the communication between 
humans and machines/robots, they communicate mutually their intentions, emotions, 
feelings and health states, etc., through motions rather than the conventional one-way 
manner through operations/programs.” As the specific communication assumed, as 
shown in Fig. 1, work instructions, emotions, feelings, health states, etc., are 
communicated from a worker to the robot through motions and facial expressions, while 
internal states (failure etc.), environmental information (environmental loads, health 
risks due to agricultural chemicals) and work proposals (harvest support, action plan, 
hazard notification) are communicated from the robot to a worker. It is thought this 
enables natural two-way communication. In this paper, an intuitive control part through 
motion, which is one of the core technologies for the robot, was built using the Kinect 
sensor, which can trace the skeleton information of a human, and the part was evaluated. 
The target motion was the “finger pointing” motion because it was thought that this 
motion is common to many persons when providing instruction to the robot. It was also 
checked whether the system using the Kinect sensor could be used outdoors. 
 

 
Figure 1. Image of Kansei communication 
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2.  KANSEI COMMUNICATION FUNCTIONS AND EXPERIMENTAL 

EQUIPMENT & METHOD 
 

2.1 Agricultural Tasks Utilizing Robots and Finger Pointing Control 
 
The currently assumed Kansei Agri-robot and Chinou robot are those of compact size, 
which perform agricultural tasks with elderly people or women to support them and 
those which can be applicable for welfare agriculture. Mechanization has progressed 
mainly in rice cropping in Japan, but there are still many situations where humans have 
to perform the work. The robots are assumed to assist humans during the task between 
the mechanized tasks, which were performed by humans in the past or to perform 
advanced information sensing. The main tasks are as follows. 
(1) Carrying task of fertilizers, farming implements, crops, etc. 
(2) Sensing for precision farming 
(3) Decision of optimal harvest timing and task support of harvest etc. 
(4) Sensing and diagnosis of the fatigue degree of a worker 
As for the carrying tasks, the robots carry the fertilizers and farming implements 
required for the task or the crops. The robots assist in the task between the mechanized 
tasks in particular. Then, they perform the sensing function for precision farming. The 
information such as weather, temperature, humidity, soil, plant, disease (Noé et al. 
2011) and harmful insects are sensed in cooperation with the sensing information from 
field servers and satellites. For harvest support, it is assumed that the robots teach 
vegetables or fruits at their optimal harvest time and support the harvest task in high 
places, which is a burden to farmers. Finally, they perform the sensing of a farmer 
him/herself. In the future, sensing the relationship between the workload and degree of 
fatigue from the face and/or facial expression information and posture information of a 
farmer to diagnose the farmer will also be studied. In this paper, we studied the work 
instructions for robots through motions among the challenges to build the robots. 
Specifically, we focused on “instructing a work area” and “instructing a destination 
position” as highly common tasks for the tasks assumed above. Therefore, we decided 
to study “finger pointing” control that can be used in these tasks (Fig. 2). In our 
previous paper (Sasaki 2011), we studied simple robot control of forward move, 
backward move and stop through the motions, holding up both hands, holding up one 
hand and upright posture. As a result, we found that the gesture to move the robot 
forward varies from person to person. Compared to the previous study, it is thought that 
the difference among individuals will be small in the control using “finger pointing.” 
 
2.2 Kinect Sensor and Development System 
 
The Kinect sensor is a gaming device for the Xbox 360 and was released by Microsoft 
Corporation in 2010. It consists of an infrared light as the depth sensor, image sensor, 
and multi-array microphone. The infrared light as the depth sensor performs laser 
radiation of near infrared (830 nm) widely and the image sensor is an RGB camera of 
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32-bit color VGA (640 x 480) at 30 fps. The depth sensor consists of a camera that 
takes a near-infrared pattern of the irradiated laser and has view angles of 57 degrees 
(horizontal) and 43 degrees (vertical) and a detection range of 1.2 – 3.5 m. The Kinect 
sensor can perform real-time skeleton tracing processing by estimating the joint 
locations from the information obtained by the near-infrared sensor. Since the skeleton 
information can be obtained without placing special markings on an object person, it is 
possible to analyze and accumulate agricultural tasks under natural conditions, and it is 
also possible to record agricultural tasks automatically. In this study, we used OpenNI 
(Natural Interaction) as the development environment for the Kinect sensor. OpenNI is 
an open source library mainly developed by PrimeSense, Ltd., which had developed the 
sensors on the Kinect sensor and consists of a sensor module that controls the hardware, 
such as the RGB camera, near-infrared camera and microphone on the Kinect sensor, 
and middleware that detects the postures, movements and gestures of a person using the 
input data from these hardware devices (Fig. 3). In this study, we used Windows 7 as 
the OS, OpenNI as the library, and NITE as the middleware, and we also used Visual 
Studio 2010 for the software development. Note that, in the three-dimensional 
coordinates of the Kinect sensor, the x-axis is right to left, the y-axis is bottom to top 
and the z-axis is back to front when viewed form the sensor. 
 

     
Figure 2. Control by pointing          Figure 3. Appearance and configuration of Kinect 

 
3.  BUILDING AND EVALUATION OF MOTION CONTROL PART 

 
3.1 Calculation of Finger Pointing Coordinates and Experimental Method 
 
In this study, the coordinates of the dominant hand are expressed as , those of the 
shoulder of the dominant hand as , those of the foot on the dominant hand 
side as  and those of the calculated finger pointing position as . The relationship 
of the coordinates in the upright posture is shown in Fig. 4. The (x, y, z) components are 
shown by Eq. (1) – (3). 

, ,       (1) 
, ,     (2) 

, ,       (3) 
Where the coordinates  in Fig. 4 are shown by the following equation. 

Infrared light for depth sensor
Image sensor

Depth sensorPower indication light
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, ,       (4) 
On the XY- and ZY-axes, according to the similarity relationship between the triangle 
with its vertex at ( , , ) and that with its vertex at ( , ,Foot), 
the coordinates of  Q are finally obtained by Eq. (5). 

∗
, , 

	
∗      (5) 

To verify the calculated finger pointing coordinates Q, the following two experiments 
were conducted on December 7, 2012.  
(1) Evaluation of the accuracy of the calculated coordinates Q 
(2) Change of the accuracy of Q due to the change of angle 
The background color for the imaging was standardized as white, and it was conducted 
in an environment where as few persons as possible appear in the images. The Kinect 
sensor was placed at a height of 45 cm from the ground. The posture of the farmer was 
an upright posture. For the evaluation of the accuracy of the calculated Q, ten target 
points were set and their coordinates were measured using the Kinect sensor. And then 
the target and measured coordinates were compared to calculate the average and 
standard deviation of the error. For the evaluation of the accuracy due to the change of 
angle, the target point and the finger pointing posture of the farmer were fixed. and the 
sensing position was changed by 45 degrees at a time. Fig. 5 shows the algorithm to 
determine the coordinates of the finger pointing position Q. 
 

   
Figure 4. Skeleton rendition and a theoretical figure    Figure 5. Calculation of Q 
 
3.2 Result and Discussion of Finger Pointing Coordinate Calculation and 
Evaluation 

Acquire xyz coordinate 
information of ,

and from Kinect sensor

Calculate the coordinates of 
the in Fig.4

Compare ⊿( , , ) with 
⊿( , , ) of Fig.4

Shoulder-Hand : Shoulder-Q  
Shoulder-R : Shoulder-Foot

Hand-R : Q-Foot
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First of all, the skeleton information could be extracted from various angles using the 
Kinect sensor (Fig. 6). For the accuracy of the calculated finger pointing points, the 
results of the average errors and standard deviations of the (x, y, z) axes are shown in 
Fig. 7. The errors are (18.2 ± 11.2 cm, 5.3 ± 3.1 cm, 22.9 ± 13.3 cm), and it is thought 
that the accuracy was high when compared to the assumed robot size (about 2 m x 2 m) 
and work space. Next, for the change of the estimated accuracy due to the change of 
angle, the comparison of the (x, y, z) components is shown in Fig. 8. The angle of 0 
degrees corresponds to the front of the subject and the angle of 180 degrees corresponds 
to the back. The error of the z-component at 180 degrees is 123.9 cm, and this value is 
substantially higher than the others, so it is not shown in Fig. 8. As expected, the 
skeleton information could not be obtained correctly from the sensing from the back; 
therefore, the errors were greater than those of the measurements at other angles. The (x, 
y, z) components of the average error and standard deviation of all the angles are (7.3 ± 
6.8 cm, 8.8 ± 5.7 cm, 31.1 ± 36.8 cm). According to the results and observation of the 
verification experiment, it was found that the accuracy of the finger pointing point to be 
calculated was high when all the skeleton coordinates were detected by the Kinect 
sensor and/or the sensing was performed at the angle near the front of the subject’s body. 
Although it is assumed that the robot performs the sensing of the worker in various 
situations and work environments, it is thought that the robot must move or act in 
consideration of the accuracy of finger pointing points while understanding the sensing 
angle against the farmer. 
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3.3 Skeleton Information Extraction in the Field and Discussion of Its Application 
 
The basic performance of the Kinect sensor was measured and investigated in the field 
between 5:40 a.m. and 5:40 p.m. on October 24, 2012 (weather: fine). The Kinect 
sensor was placed at a height of 45 cm form the ground and at a distance of 180 cm 
form the subject. The illuminance was measured along with the extraction results of the 
Kinect sensor. The measurement position of a light meter is at the center of the subject 
(and a height of 150 cm) and the light meter was directed to the Kinect sensor. The light 
meter used was CEM DT-1309. During the time of measurement, the illuminance 
changed between 5 and 22,000 lux. They finger pointing posture was measured between 
5:40 a.m. and 7:20 a.m. at every 20 minutes. Additionally, it was measured at 0:40 p.m., 
4:30 p.m., 5:00 p.m., and 5:40 p.m. (after sunset). For the measurement at 5:40 a.m., the 
angle was changed by 45 degrees at a time to investigate if the skeleton tracing is 
possible for each posture. It was confirmed that the skeleton information could be 
obtained from all directions (360 degrees) when the posture was detected correctly. 
Under this measurement condition, the skeleton coordinates could be detected up to the 
illuminance of 9,600 lux (at 7:10 a.m.), but the skeleton information could not be 
detected in the next measurement because the illuminance was 18,000 lux (at 7:20 a.m.). 
The skeleton information could not be detected during the day when the illuminance is 
high. At 4:30 p.m., the illuminance dropped to 2,400 lux and the skeleton information 
could be detected again. After sunset, even when the subject could not be seen with the 
RGB camera, the skeleton information could be detected. Based on the results shown 
above, although it may depend on optical disturbances due to weather, season and 
measurement conditions, it is thought that the sensing in the field is possible using the 
Kinect sensor when agricultural tasks are performed in the early morning, after late 
afternoon, at night, and under artificial lighting. The actual agricultural tasks, which are 
carried out in the early morning or after late afternoon, include the following cases. 
- In open-field culture, sprinkling is carried out during cool time in the early 

morning or after late afternoon.  
- Harvesting is carried out during the time when the temperature is low to prevent 

quality loss due to high temperature as much as possible. 
- Sowing and planting are carried out during cool time in the early morning or 

after late afternoon as an effort to do the tasks at an optimal timing. 
- Both in facility and open-field culture, sprinkling is carried out amply in the 

early morning or after late afternoon to prevent growth disturbance such as 
bloom delay due to high temperature and/or dryness. 

- Chemical spraying is carried out in the early morning or after late afternoon 
when the temperature is low, because chemical antagonism might occur if it is 
done during the time when the temperature is high. 

- Harvesting is carried out in the early morning when the temperature is low to 
prevent quality loss such as wilting due to high temperature as much as possible. 
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4. CONCLUSIONS 

 
In this study, for the Kansei communication function used for the Kansei Agri-robot and 
Chinou robot, the control part through finger pointing motion was built and evaluated in 
particular. First of all, the skeleton information of a farmer could be extracted from 
sensing at various angles using the Kinect sensor. Next, an algorithm to calculate a 
finger pointing point from the joint coordinate information of shoulder, hand and foot 
could be built. The verification experiment of the algorithm was conducted and it was 
found that the accuracy was high when compared to the assumed robot size and work 
range, and the control of a robot through finger pointing motion became possible. The 
estimation errors varied depending on the angle of the robot against the farmer to be 
sensed, and the errors of sensing from the back of the farmer were higher than those 
from other angles. It was also found from the investigation that the Kinect sensor could 
be used even in the field in the early morning and after late afternoon when the light 
intensity decreased and under artificial lighting. The future challenges include 
improvement of the Kinect sensor to enable sensing through an entire day and building 
of the other motion control parts. 
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ABSTRACT 

 

The aim of this research was to study the feasibility of growing organic vegetables 

using saline waste from the water treatment station in the community Bom Jesus, in 

Campo Grande, RN. The research began with the establishment of a community garden 

according to systematic principles of agricultural sustainability in ecological basis. The 

participatory planning, in which all activities in the project were planned and performed 

democratically with the community, was the methodology adopted. Vegetables like 

coriander, chive, tomato and rocket were grown in the site available for the research, 

sowing a legumes and grasses mixture to produce plant material, a breeding 

(elephantgrass), and planting forest and halophyte species (Atriplex nummularia). The 

appropriate disposal of the saline waste gave a conservative nature to the project and 

also the possibility of an alternative source of water for agriculture, emphasizing the 

efficiency of use of water in semiarid regions. It is concluded that there were yield 

losses in all species grown with water of saline waste – from 25.30% to 26.7% in 

relation to the conventional irrigation systems (fresh water); but there was biomass. 

However, the vegetable growth was successful in the community, because it could 

change the resident's mind about the disposal and reuse of the saline waste. 

 

Keywords:  Action research, Saline waste, Water resources, Green manure, Brazil. 

 

 

1. INTRODUCTION  

The families in the community Bom Jesus have historically fought and resisted against 

natural climatic factors. The limited and poor water resources is a problem faced by the 

community, where there are only four small reservoirs to provide water for domestic use 

and for the animals until a certain period of years and the residents suffer from water 

shortage during the dry months. To solve this problem, the Brazilian government 
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conducted the program “Água Boa” according to which a water treatment station by 

reverse osmosis was installed in the community as alternative for the families to have 

drinking water (Mohamed et al, 2005, Dias et al., 2011). 

Historically, due to its high cost, desalination was limited to applications as a source for 

potable water and for high-quality water for industrial uses. However, technological 

advances in the last years have driven down the cost of desalinated water due to 

reductions in the price of equipment, reduction in energy demand and know-how on 

water treatment (Tsiourtis, 2001, Fritzmann et al., 2007). In Rio Grande do Norte State, 

the first desalination plant experience began in 1997 and since then, the numbers of 

desalination plants have been increased annually. 

The community has been working to build a pipe for water supply in order to solve the 

problem of water shortage. Meanwhile, the desalination and the tanks are the alternative 

to ensure domestic water supply. However, the residues (concentrate and brine) 

resulting from the water desalination do not pass by any treatment or appropriate 

disposal. They are disposed directly on soil and into the water, causing problems of 

salinity in soil and affecting water quality in dams and rivers next to the community 

(Tchouaffe, 2007) it is important to know how salt contamination affects crops. Water is 

taken up by the fine roots of the crops though osmosis, which involves the movement of 

water from the area of low salt concentration (such as the soil) to area of high salt 

concentration (such as inside root cells). When salt concentrations are high, the 

movement of water from the soil to the root is slowed down. When the salt 

concentrations in the soil are higher than inside the root cells, the soil will draw water 

from the root, and the root, and the crop will wilt and sometimes die. This is the basic 

way in which salinization affects crop production. 

Generally brine does not receive any treatment in Brazil; anyway, it has been poured on 

soil, providing high accumulation of salts in soils (Porto et al., 2001) causing short term 

salinization problems in communities that benefit from the desalination technology.  

The families concerned about the environmental problems caused by the disposal of 

saline waste resulting from the water treatment tried some alternatives, but all with very 

high costs. The Federal University of Semiarid and the technical assistance  of the 

Nucleo Sertao Verde, in partnership with Program of Undergraduate Research and 

Technology for Micro and Small Enterprises (Programa de Iniciação Científica e 

Tecnológica para Micro e Pequenas Empresas – BITEC 2009), presented a proposal for 

a better destiny of wastewater from desalination. 

Thus, the aim of this action research was to study the feasibility of using saline waste 

from the water treatment to support the production of organic vegetables in the 

community Bom Jesus, Campo Grande, RN. The research began with the establishment 
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of a community garden according to systematic principles of agricultural sustainability 

in ecological basis. 

 

2. MATERIAL AND METHODS 

This study was conducted from July to December 2009 with the establishment of a 

community garden according to systematic principles of agricultural sustainability in 

ecological basis. The participatory planning, in which all activities in the project were 

planned and performed democratically with the community, was the methodology 

adopted. The group already had the basics of vegetable production, but needed specific 

training. As it is an innovative project, technicians from UFERSA and NUCLEO 

SERTAO VERDE guided them. 

Based on the site analysis, it was chosen an area measuring 12 x 20 m next to the 

desalination (Figure 1), where it was necessary to build a barbed wire fence – to isolate 

this area which is central to the community, a nursery for planting seedlings in beds, and 

a small irrigation system using waste water from water desalination processes to support 

the desalination of crops. 

 

 
 

 
 

Figure 1. Salt water treatment station and disposal of saline waste in soil and water 

course 
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Firstly, there was the site preparation for planting, and the construction of ‘smart beds’ 

with alternative system for water distribution on subsurface (Figure 2A) in order to 

avoid the contact of leafy vegetables with the saline waste. The beds were filled with a 

great amount of plant material (coconut fiber, plant debris, wood remains etc.), once the 

principle of reduction of matrix soil potential was tried to decrease the deleterious 

effects of saline waste water on plants. Besides, a legume and grass seed mixture was 

used in half of the available site (Table 1) for the production of biomass which later 

served as green manure and organic material in soil. 

Table 1. Composition and quantities of seeds species used in the mixture incorporated 

into soil material. 

Legume/Grass Quantity (kg ha
-1

) 

Zea mays (L.) 24 

Canavalia ensiformes (L) 16 

Helianthus annus (L.) 8 

Ricinus communis (L) 5 

Calopogonium mucunoides 4 

Pennisetum glaucum (L.) 2 

Crotalaria juncea (L.) 10 

Crotalaria spectabilis 10 

Mucuna pruriens (L.) 16 

Cajanus cajan (L) 16 

Lablab purpureus (L.) 12 

Sorghum bicolor (L.) 3 

Phaseolos vulgaris (L.) 12 

 

Vegetables like lettuce, chive, coriander, rocket, pepper and tomato were grown in the 

‘smart beds’. Some fruit trees like guava and Barbados cherry were also planted in the 

area, and some halophyte species like salt grass (Atriplex nummularia) and seedlings for 

reforestation. Aiming the animal husbandry, and considering the higher water demand 

and the high tolerance of grasses to salinity, it was built a breeding for planting 

elephantgrass (Figure 2B) irrigated with a furrow irrigation system to avoid the saline 

waste to be adduced into the river. 

The surplus production was marketed in the community and in the market-place for 

family farming in neighbor communities. The resources from the sale of surplus 

production are used to pay for the production costs. 

In order to prove the technical and environmental feasibility of using saline waste water, 

soil and water analysis and characterization were performed in the area according to the 

methodology proposed by Embrapa (1997). Besides, vegetable yield (vegetables, 
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legumes and grasses mixture, and breeding) was quantified and the results compared to 

data in the literature on conventional grows (fresh water) (Maas, 1984, Arruda et al., 

2011, Andrade et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Smart beds to grow vegetables irrigated by subsurface (A) and elephantgrass 

grown with furrow irrigation with waste from water desalination (B). 

 

 

 

3. RESULTS AND DISCUSSION 

The project enabled significant impacts on socio-economic, technical, scientific and 

environmental aspects in the communities supported by capture and treatment units for 

water desalination. A discussion was suggested with the families involved in the 

research, and they could find other alternatives for the reuse of saline waste, such as 

raising tilapia, building evaporation pan to produce minerals, and growing sunflower for 

oil production and ornamentation (planted in jars). During the experiment, it was found 

that sunflowers had higher tolerance to salinity from the water of saline waste in relation 

to the other species of the mixture. 

From this finding, those involved in the partipatory research discussed the potential and 

economic importance of sunflower, and further investigation was set aiming to reuse 

saline waste. In Table 2, it was showed the mean yield of species grown with saline 

waste and its relation with the conventional systems (fresh water). In relation to the 

level of crude protein of elephant grass, it was found an increase with the use of saline 

waste, but with losses in the percentage of dry matter. 

It was found that there were losses in the yield of all species grown with water of saline 

waste, between 25.30 to 11.04% in relation to the growths using fresh water for 

irrigation (Table 2). However, once the vegetables yield losses are due to the effects of 

salinity of the saline waste, they are certainly compensatory for the gains made by the 



 

P0074 
F.I. de Souza, N. da S. Dias, O. N. de Sousa Neto, A. C. M. de Souza

1
, R. B. de Lira and F. S. de 

Souza Junior
1
 “Vegetable Growth with Wastewater from the Salt Water Treatment 

Station in the Community Bom Jesus, RN Brazil”. EFITA-WCCA-CIGR Conference 

“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

 

option of disposing the desalination waste appropriately, avoiding environmental 

impacts for disposing it in soil and water course. 

Studies on the tolerance of various species to salinity have shown that, through adequate 

water management and cultivation practices, crops can be produced commercially with 

saline water (Caruso and Villari, 2004, Savvas et al., 2007; Al-Karaki et al., 2009). 

Thus, in soilless, it is expected that crops, provide a sustainable use for the reject brine 

and also, a guaranteed food production in the communities where the desalination plants 

were implanted. 

 

Table 2. Mean yield of main species grown with saline waste and quality of  

elephantgrass (Pennisetum purpureum L.) forage in relation to crops grown with water 

of good quality (conventional system) 

Species Saline waste Fresh water Relative loss (%) 

Lettuce (fresh biomass) 72 g per plant
-1 

98 g plant
-1 

26.53 

Tomato (number of fruits) 
27 fruits per 

plant
-1 

36 fruits per 

plant
-1 25.00 

Pepper (fruit weight) 43.1 g per fruit
-1 

57.7 g per fruit
-1 

25.30 

Sunflower (dry biomass) 7.8 ton per ha
-1 

6.39 ton per ha
-1

 18.00 

Pennisetum purpureum:    

- Percentage of dry matter 80.5% 90.5% 11.04 

- Level of crude protein 9.5% 4% - 

Salt grass 8.31 ton per ha
-1

 - - 

Sabiá 10.4 g per plant
-1

 4.9 g per plant
-1

 52,74 

Jurema preta 6.76 g per plant
-1

 4.3 g per plant
-1

 35,93 

 

Still referring to Table 2, it can be seen only 11.04% reduction in the percentage of dry 

elephant grass and an increase in protein content when grown with saline water. 

According Viega and Camarão (1994), the crude protein content should be above 7% 

for forage plant maintain the smooth functioning of physiological processes and also the 

minimum for that ruminants have a proper rumen fermentation. For herb salt (Atriplex 

nummularia), there is high dry matter production in saline environments, probably 

because it is a halophyte species that besides high tolerance to soil salinity, water 

accumulates large amounts of salts in their tissues, recovering the saline soils. 

In response of Caatinga species under irrigation with water brine (Sabiá - Mimosa 

caesalpiniifolia Benth e Jurema preta - Mimosa tenuiflora), observed in young plants 

reduction in dry weight of plants in relation to irrigation with good quality water in the 
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order of 35.93 and 52.74% for the species jurema black and thrush. The production of 

seedlings of forest essences is a viable alternative for the use of the water of I reject of 

the desalinization, being one in the ways of destiny of Possible That residue. 

4. CONCLUSION 

It is concluded that there were yield losses in all species grown with water of saline 

waste – from 25.30% to 26.7% in relation to the conventional irrigation systems (fresh 

water); but there was biomass. However, the vegetable growth was successful in the 

community, because it could change the resident's mind about the disposal and reuse of 

the saline waste. 
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ABSTRACT 

 
Experiments were carried out under field conditions to evaluate the effects of 
composted tannery sludge (CTS) on soil pH, electric conductivity (EC) and soil organic 
matter (SOM) content after three years of application. The treatments consisted of five 
rates: 0 (control), 2.5, 5.0, 10.0 and 20.0 t ha-1. In each year, soil samples were collected 
60 day after CTS application. After three years, The CTS increased about 5, 46 and 69% 
the soil pH, EC and SOM content as compared with the control. Each soil parameter 
showed linear increases with CTS application. Consecutive applications of crescent 
rates of CTS promote linear increases in soil pH, electric conductivity and organic 
matter content. 
 
Keywords:   Composting, Industrial wastes, Salinity soil, Brazil  

 
1. INTRODUCTION  

 
Brazil is one of the biggest leather producers in the world with processing 45 million 
units per year. In addition, tannery industry in Brazil exports about 28 million units of 
leather with asserts of 21 billion dollars per year (Santos et al., 2011). Annually, tannery 
industries generate high volumes of solid wastes, commonly known as tannery sludge 
(TS), which presents high amounts of organic and inorganic elements (Santos et al., 
2011). Therefore, the agricultural use of TS is one alternative for TS recycling (Silva et 
al., 2010), once that it may promote plant growth supported by its nutrients supply, and 
increase soil pH with consequent reduction in exchangeable aluminum availability 
(Canellas et al., 2011). 
 
Moreover, TS organic matter may improve soil physical and biological properties. 
Adversely, this sludge contains high sodium, hydroxides and carbonates  (Selbach et al., 
1991) which causing soil alkalinity and salinity in long-term (Ferreira et al., 2003; 
Teixeira et al., 2006). 
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Although TS improve soil properties, in the last years the composting has been 
suggested as a suitable method for TS treatment before application on soil (Silva et al., 
2010; Santos et al., 2011). This biological process improve TS properties improving its 
quality for soil use. 
 
The agricultural use of composted tannery sludge (CTS) for agricultural purposes 
implicates in the knowledge of its characteristics, mainly alkalinity, salinity and organic 
matter content, after composting, and the effects of these characteristics on soil 
properties, mainly after successive applications. Several studies have already been 
conducted using tannery sludge aiming to verify the effect of the applications on soil 
pH, EC and organic matter content in tropical soils (Ferreira et al., 2003; Teixeira et al., 
2006), but, there are not studies about the effect of composted tannery sludge on soil 
pH, EC and OM mainly after consecutives application in soil. 
 
The objective of this work was to evaluate the effect of CTS, after three years of 
consecutive applications on soil pH, electric conductivity and soil organic matter 
content. 
 

2. MATERIAL AND METHODS 
 

The experiment was carried out under field conditions at the “Long-Term Experimental 
Field” from Agricultural Science Center, Teresina, Piauí state (05 º 05 ' S; 42 º 48 ' W, 
75 m). The regional climate is dry tropical (Köppen), and it is characterized by two 
distinct seasons: rainy summer and dry winter, with annual average temperatures of 30 
°C and rainfall of 1.200 mm. The rainy season extends from January to April when 90% 
of total annual rainfall occurs. The soil is classified as Typic Quartzipsamment (Haplic 
Arenosol, FAO classification) (clay, 10%; silt, 28%; sand, 62% at a depth 0 - 0.20 m). 
The soil chemical properties (0-2.0 m depth), before the experiment, are shown in Table 
1. 
 

Table 1. Soil chemical properties before the installation of experiment. 

 Chemical properties 

EC pH OM P K Ca Mg Cr Cd Ni Pb 

mSm-¹ (H2O) (g kg-1) (mg dm-3) (cmolcdm-3) --------(mg kg-1)-------- 

0.18 6.6 7.88 2.97 46.8 1.19 0.36 2.69 0.07 0.42 2.
15 EC – Electric conductivity; OM – Organic matter 

 
The experiments were conducted in 2009, 2010 and 2011 with five treatments: 0 
(without CTS application), 2.5, 5.0, 10 and 20.0 t ha-1 of CTS (dry basis). The 
experiment was arranged in a completely randomized design with four replications. The 
plots were marked out (20 m2 each and 12 m2 of useful area for soil and plant sampling) 
including rows spaced 1.0 m apart. 
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Tannery sludge was collected from the wastewater treatment plant of a tannery located 
at Teresina, Piauí state, Brazil. The compost was produced with tannery sludge, 
sugarcane straw and cattle manure in the ratio 1:1:3 for 85-day composting. The size of 
pile was 2 m long by 1 m wide and 1.5 m high. The pile was turned twice during the 
first and second weeks and once a week during the rest of period. At the end of the 
composting 20 subsamples were randomly collected from the pile to produce a 
composite sample of the compost. The chemical characteristics of composted tannery 
sludge (CTS) were determined by the EPA 3051 method (USEPA, 1986) and are shown 
in Table 2. Bio-available heavy metals content were determined by EPA method 3050B 
(USEPA, 1986). 
 
In each year, CTS was applied ten days before cowpea (Vigna unguiculata) sowing. It 
was spread on the soil surface with incorporation into the 0.20 m layer with a harrow. 
Cowpea was grown at a density of 5 plants m-1 (about 62,000 plants ha-1).  Soil samples 
(0-0.2 m depth) were collected 60 days after CTS application using five subsamples per 
plot. The soil samples were air dried, sieved (2.0 mm) and stored at room temperature 
before analyses. Soil pH was estimated in water (1:2.5 v:v) and measured by 
potenciometry. Soil electric conductivity was evaluated in water (1:1, v:v) and 
measured by condutivimetry. Soil organic matter (SOM) was determined by the 
Walkey-Black method. The data were submitted to the analysis of variance (ANOVA) 
and the means were compared by the Student’s test (5% level) and regression analyses. 

 
 

3. RESULTS AND DISCUSSION 

 
The chemical properties of CTS used annually indicate the stability in your composition 
(Table 2). The C/N ratio of CTS (<25) corresponded to that of a matured compost (type 
A). The high values of CTS pH and Ca content are related to hydroxides and carbonates 
used during tanning process (Selbach et al., 1991). The organic matter from animal 
leather contributes for high organic matter content in the CTS. The CTS showed high 
Cd, Pb, Cr and Ni content (Table 2) and, except for Cr, these metals content are below 
the maximum limits established by CONAMA (2003) for compost type A (Table 2).  
 
The concentration of Cr were 3 to 4 times higher than the maximum limits in compost 
type B (600 mg kg-1 soil) (CONAMA, 2003) and from 1.9 to 2.2 higher than the upper 
limits for Cr by CONAMA (2006) (Table 2). However, as observed in Table 2, soil pH 
increased above 7.0 as CTS rates increased and, when soil pH is alkaline, heavy metals 
stay inert in the soil under forms with low mobility (Hayes and Traina, 1998). Specially 
for Cr, in pH values above 5.0, Cr is in the insoluble form of Cr(OH)3 (Aquino Neto and 
Camargo, 2000) reducing the toxic potential. In addition, as the CTS pH is alkaline, Cr 
is found in the trivalent form (Cr3+), which is more stable and has a low solubility and 
mobility (Alcântara and Camargo, 2001). 
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Table 2. Chemical properties of composted tannery sludge (CTS). 

Properties 

CTS  Maximum Limits of 
heavy metal 

permitted in compost 
base on sludge’s b 

2009 2010 2011 

Limits of 
heavy 
metals 

permitted a pH 7.8 7.2 7.5  - 

C (g kg-1) 187.5 195.3 201.2  - 

N (g kg-1) 1.28 1.39 1.51  - 

P (g kg-1) 4.02 3.83 4.91  - 

K (g kg-1) 3.25 3.51 2.90  - 

Ca (g kg-1) 95.33 84.28 121.18  - 

Mg (g kg-1) 6.80 5.71 7.21  - 

S (g kg-1) 9.39 8.43 10.20  A - B 

Cu (mg kg-1) 17.80 19.51 16.38 1500 100 - 1000 

Zn (mg kg-1) 141.67 128.31 127.81 2800 200 - 2000 

Ni (mg kg-1) 21.92 28.61 23.26 420 20 - 80 

Cd (mg kg-1) 2.87 3.93 1.93 39 2 - 8 

Cr (mg kg-1) 2,255 2,581 1,943 1000 120 - 600 

Pb (mg kg-1) 42.67 38.54 40.31 300 100 - 300 

 

The use of CTS increased soil pH, EC and SOM content after three years of application 
(Table 3). Compared with the values from the first year of application, three years later 
the soil pH increased about 5%, with application of 20 ton ha-1 CTS, while the increase 
in soil EC ranged from 29 to 46%, with application of 2.5 and 10 ton ha-1 CTS, 
respectively.. The highest increase in soil EC was due to the high sodium content found 
in the CTS that contribute to promote soil salinity. On the other hand, the pH of CTS 
ranged from 7.2 to 7.8 (Table 1) and it contributed to lower increase in soil pH as 
compared with soil EC. 
 
For SOM content, comparing the first year of application and three years later, the 
values increased 39 to 69%, with application of CTS increased of 2.5 to 20 ton ha-1  
(Table 3). These results can be attributed to the high OM content in this waste which 
can contributes to improve the soil quality since SOM is recognized as the main soil 
conditioner and a source of plant nutrients. 
 
During three years of CTS application, the soil pH, EC and SOM content linearly 
(Figure 1). The soil pH increased 0.95, 1.45 e 1.75 units for CTS application in 2009, 
2010 and 2011, respectively, as compared with control. The regression equations for 
soil pH in 2009, 2010 and 2011 showed constant increases of 0.03, 0.05 and 0.04 units 
per ton of CTS applied, respectively. It means that CTS presents a strong potential to 
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elevate soil pH which is attributed to the high carbonate content and to the hydroxides 
content of CTS (Selbach et al., 1991). These values were higher than 0.01 unit per ton 
and lower than 0.06 unit per ton found by Ferreira et al. (2003) and Martinez (2005), 
respectively, with tannery sludge. However, the tannery sludge used by these authors 
presented lower and higher pH values and Ca contents than CTS used in this study.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Soil pH (a), electric conductivity (EC) (b) and soil organic matter (SOM) (c) 

in a Typic Quartzipsamment after three years of CTS application. 
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Table 3. Soil pH, eletric conductivity (EC) and organic maater (SOM) at the first and 

the third year of CTS application. 

Rates CTS application Diference 

 First year third year  

(t ha-1) Soil pH  % 

0 6.7 6.6 - 1.5 

2.5 6.9 7.2 + 4.3 

5 7.1 7.2 + 1.3 

10 7.2 7.5 + 4.1 

20 7.4 7.8 + 5.4 

 EC (dS m-1)  

0 0.25 0.28 + 12 

2.5 0.31 0.40 + 29 

5 0.44 0.61 + 38 

10 0.80 1.17 + 46 

20 0.92 1.32 + 43 

 SOM (g kg-1)  

0 8.2 7.8 - 4.0 

2.5 10.2 14.2 + 39 

5 11.8 18.4 + 56 

10 13.4 19.3 + 44 

20 14.3 20.1 + 41 

 
Our results indicated that CTS may be used as soil corrective and it contribute to 
neutralize Al3+ as also reported in others studies (Konrad and Castilhos, 2002; Ferreira 
et al., 2003; Teixeira et al., 2006). On the other hand, for soil pH above 7.0 may have 
unbalance in soil chemical properties, mainly decrease micronutrients availability 
(Novaes et al., 2007).  
 
The soil CE increased 268, 275 and 467% after CTS application in 2009, 2010 and 
2011, respectively, as compared with the control. These results indicate that CTS may 
increase soil salinity after its application in long-term as also reported in others studies 
(Ferreira et al., 2003; Teixeira et al., 2006). The salinity effect of CTS is due to the 
presence of salts, such as sodium chloride and others. The regression equations for soil 
EC with the data obtained in 2009, 2010 and 2011 showed a constant of increases of 
0.04, 0.06 and 0.07 dS m-1 per ton of CTS applied, respectively, and these constants 
were significantly lower than those found by Martinez (2005), after tannery sludge 
application in sand soil, that varied between 0.10 and 0.18 dS m-1 per ton of tannery 
sludge. However, the tannery sludge used by those author contained about three times 
more sodium than the CTS used in this study. 
 
The measurements of EC indicate the concentration of soluble salts in soil (Oliveira and 
Matiazzo, 2002) the values of EC higher than 2.0 dS m-1 in saturation extract, indicate 
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saline soils. In this case, our results showed that, after three years of CTS application, 
the values of EC were below this limit. The permanent monitoring of soil EC during 
soil use of CTS is important to avoid soil salinization.  
 
The results for SOM showed an increase of 74, 102 and 156% after CTS application in 
the years 2009, 2010 and 2011, respectively, as compared with control. The  regression 
equations for SOM, using the data obtained in those three years, showed a constant of 
increases of 0.28, 0.38 and 0.49 g kg-1 SOM per ton of CTS applied, respectively. These 
values were higher those found by Mantovani et al. (2005) that were about 0.05 and 
0.06 g kg-1 SOM per ton of composted urban waste. These results show that CTS, 
because of its high organic content, presents potential to increase SOM content, 
improving soil physical, chemical, biochemical and biological properties. In addition, 
successive applications of CTS would cause increases in SOM as obtained with sewage 
sludge (Oliveira et al., 2002), fibber and resins sludge (Trannin et al., 2208) and 
composted urban wastes (Mantovani et al., 2005) and tannery sludge (Santos et al., 
2011). 
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ABSTRACT 
 

Irrigation management necessitates better understanding of the water demands of 

various plants in order to decrease environmental risks and increase water use 

efficiency. The difficulty in measuring evapotranspiration (ET) from urban landscape 

plants inhibits the development of sustainable irrigation management strategies. In 

warm climates, evapotranspiration as the main component of irrigation needs to be 

quantified accurately. Traditional methods of ET estimation are mostly time-consuming, 

relatively expensive and lack the coverage required for large areas. Recently, ET 

estimation has been benefitted from advances in remote sensing (RS) and GIS 

techniques. Different algorithms and models have been introduced that employ GIS/RS 

application in order to study various biophysical parameters of vegetation. For instance, 

the Normalized Difference Vegetation Index (NDVI) is often recommended as a useful 

indicator to study ET rates. NDVI quantifies the photosynthetic vegetation response to 

red radiation absorption and near infrared reflectance. This research explores the 

potential relationship between urban vegetation ET and RS vegetation indices in an 

urban park; Veale Gardens (VG) within the Adelaide Parklands, Australia. A data set of 

cloudless WorldView2 imageries of consecutive seasons in 2012 were used to quantify 

NDVI and NDRE values. ERDAS IMAGINE was employed to image processing, geo-

referencing, atmospheric correction and NDVI and NDRE map generation. NDVI and 

NDRE maps were clipped to the borders of VG and then imported to ArcGIS for zonal 

statistical analysis. ET rate for VG was estimated using an observational-based 

approach, namely Water Use Classifications of Landscape Species (WUCOLS). A short 

description of the WUCLOS method is provided, which is then applied to the study 

area. In-situ weather and vegetation data were collected and irrigation monitoring data 

were provided by the local water authority. A panel of horticulturists assessed and rated 

the most common plant species in the park in terms of drought tolerance. The 

relationship between RS-based NDVI and ETWUCOLS was investigated. Results showed a 

strong positive correlation (R
2
 = 0.95, P < 0.01) between ET of urban landscape 

vegetation and NDVI. The outcomes indicate that remotely sensed NDVI may be an 

efficient indicator of the water demand of urban landscape vegetation. In contrast, 

NDRE is not a suitable indicator of urban vegetation water demand.  
 

Keywords:   Evapotranspiration, remote sensing, landscape coefficient, NDVI. NDRE, 

WUCOLS, Australia 
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1. INTRODUCTION  

 

Remote Sensing (RS) and Geographical Information Sciences (GIS) are helpful tools 

for site specific studies of vegetation monitoring and interpretation. Relatively recently, 

the spatial resolution of RS images were dramatically improved from hundreds of 

meters to the sub-meter level and the temporal resolution has also greatly improved 

(Mulla, in-press).  

 

Different algorithms and models have been introduced employing GIS/RS applications 

to study many biophysical parameters of vegetation. Mathematical combinations of 

different bands, several combinations of spectral bands, and a variety of spectral 

reflectance has resulted in developing different vegetation indices. Although, numerous 

vegetation indices have been developed, most of these are based on the separation of 

vegetation from other environmental phenomena like soil and water. In another words, 

RS-based vegetation indices measure vegetation greenness optically through vegetation 

cover, leaf chlorophyll content, leaf area, etc. Applications of vegetation indices differ 

from leaf to global scales (Vina et al., 2011) driven from a variety of satellites including 

MODIS, Landsat, ASTER, SPOT5, QuickBird, IKONOS, GeoEye, WorldView1, 

WorldView2, etc. with different spatial, spectral, temporal and radiometric resolutions. 

For instance, the most popular vegetation index of NDVI relies on the principle concept 

of a relationship between absorption of visible light and resilient reflectance of near-

infrared light to the chlorophyll in green materials of vegetation (Vina et al., 2011). 

NDRE measures leaf chlorophyll concentration that can estimate vegetation healthiness. 

NDVI is more sensitive to canopy cover while NDRE is based on the chlorophyll red-

edge wavelengths (Eitel et al., 2010; Eitel et al., 2011). 

 

Nouri et al. (2012) reviewed the relationship between agricultural and non-agricultural 

vegetation indices and evapotranspiration (ET). They recommended vegetation indices 

particularly NDVI as a useful indicator to study vegetation characteristics and 

consequently evapotranspiration rates. Statistical analysis and ground measurements 

have confirmed that a near linear relationship can be found between vegetation indices 

and photosynthesis by vegetation canopy (Glenn et al., 2008).  Long-term RS data 

analysis by Rossato et al. (2005) showed that evapotranspiration and NDVI are have a 

near-linear relationship. A linear relationship between NDVI and basal crop coefficient 

for irrigated agricultural fields was reported by Duchemin et al. (2006).  

 

In this research, we investigate the temporal variation of RS-based NDVI and NDRE, 

and urban landscape evapotranspiration and the relationship of NDVI-ET and NDRE-

ET. A plant factor in the Water Use Classifications of Landscape Species (WUCOLS) 

was estimated through field monitoring and in-situ weather data acquisition. Costello 

and Jones (1994) introduced a practical approach, known as the Water Use 

Classifications of Landscape Species (WUCOLS) to achieve optimum plant growth. 

WUCOLS is based on the approach used in crop water requirement estimation (FAO-24 
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and FAO-56) and this takes into account a landscape coefficient, consisting of a species 

factor, a density factor and a micro-climate factor. An expert committee listed different 

plant species in varying categories of water demands that relate to their landscape 

coefficients.  These were empirically assigned based on field evaluation (Costello and 

Jones, 1994; Costello et al., 2000). Density and micro-climate factors are also evaluated 

through field observation.  

 

2.  METHODS AND MATHERIALS 

2.1. Study area 

 The study was conducted in an urban park namely Veale Gardens within the Adelaide 

Parklands, South Australia, Australia. Veale Gardens with an area of 9.6 hectares is 

located between latitudes of 34.9357 and 34.9376 E and longitudes of 138.5945 and 

138.6002 S (Fig. 1). The area is semi-arid with a mean annual rainfall of 549 mm and 

1600 mm of pan evaporation per annum (BOM, 2010). The park contains more than 60 

different species, size, and type of landscape trees and shrubs and a broad coverage of 

Kikuyu turf grass irrigated by a sprinkler system. The research was undertaken from 

March to August 2012. 

 

 

 

Fig.1 Veale Gardens in the Adelaide Parklands 

2.2. Image processing 

 

WorldView2 images covering Veale Gardens on 18
th
 March, 29

th
 June and 17

th
 August 

2012 were obtained from DigitalGlobe WorldView2, which is a high spatial and 

spectral resolution satellite that provides 8 spectral sensors in the visible to near-infrared 

range. Having accurate boundaries is important in the precise determination of each 

pixel land cover (Johnson and Belitz, 2012). The main reasons for selecting 

WorldView2 were: large-scale capacity of 975,000 km
2
 per day; average revisit of 1.1 

days; 46cm panchromatic and 184 cm 8-band multispectral spatial resolution with swath 

 Veale 

Gardens 
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width of 16.4 km at nadir. The range of eight bands varies from 400-450 nm (band 1 - 

coastal blue), 450-510 nm (band 2 - Blue), 510-580 nm (band 3 - Green), 585-625 nm 

(band 4 - Yellow), 630-690 nm (band 5- Red), 705-745 nm (band 6 - Red-Edge), 770- 

895 nm (band 7- NIR1), to 860-1040 nm (band 8 - NIR2). The images were 

orthorectified and geometrically corrected.  

For most satellites, NDVI is computed from satellite image reflectance data of the red 

and near-infrared bands: 

 
 

where  is the reflectance of the near-infrared wavelength band and is the 

reflectance of the red wavelength band. The NDVI values range from 1- to 1 with zero 

or negative values for non-vegetated areas and water bodies and values greater than 0.5 

for healthy vegetation (Johnson and Belitz, 2012). 

 

Frequent and reliable high resolution access to the spectral band of Red-Edge data 

enables WorldView2 images to improve the accuracy and sensitivity of vegetation 

studies (DigitalGlobe, 2009; Zhou et al., 2012). The images were checked for 

orthorectification, but the orthorectification process resulted in barely any accuracy 

change in the image, which is probably because of the flatness of the terrain in the study 

area. Then the area of interest was extracted from the image. Due to the physical 

relationship of radiance to surface properties, atmospheric components need to be 

removed. The widely-used ATCOR family of software using MODTRAN calculations 

was employed for atmospheric correction (Richter and Schlapfer, 2002; Schläpfer and 

Richter, 2002; Brazile et al., 2008). For WorldView2, NDRE is computed from satellite 

image reflectance data of the red-edge and near-infrared bands: 

 

2.3 Field data 

 

A landscape plant coefficient was applied to the reference evapotranspiration to 

calculate the urban landscape evapotranspiration. An observational-based approach 

known as the Water Use Classification of Landscape Plants (WUCOLS) was employed 

to quantify the urban vegetation characteristics (Costello and Jones, 1994; Costello et 

al., 2000; Salvador et al., 2011; Nouri et al., 2012). A list of the most common plant 

species was compiled and irrigation water delivery data were provided by the local 

water authority. The reference evapotranspiration data was obtained from quality 

controlled Bureau of Meteorology (BOM) data; the nearest station being at Kent Town 

(KT), which is located on the east side of the city, 2.92km from Veale Gardens. Kent 

Town (Station 023090) data were downloaded from the BOM website 

(http://www.bom.gov.au/climate/data/). The principles of the WUCOLS approach were 

followed and landscape evapotranspiration rates were determined. 

 

http://www.bom.gov.au/climate/data/
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3. RESULTS AND DISCUSSION 

 
The geospatial boundary of Veale Gardens was hand digitized using a panchromatic 

image and field observations (Fig 2). If the center of a pixel fell within the study area, it 

was taken belong to it.  

 
Fig 2. Borders of Veale Gardens in an NDVI image 

NDVI and NDRE were defined. NDVI is the combination of NIR1 and Red bands and 

NDRE is the combination of NIR and Red-edge bands. The zonal statistics of NDVI 

and NDRE for Veale Gardens are listed in Table 1. 

Table 1. Zonal statistics of NDVI and NDRE 

Month Mean NDVI STD Mean NDRE STD 

March 0.691 0.356 0.384 0.256 

June 0.523 0.41 0.552 0.214 

Aug 0.612 0.334 0.361 0.203 

In order to assign an urban landscape evapotranspiration coefficient, KL, for Veale 

Gardens, three factors of species, density and microclimate were estimated. A list of 

vegetation species and their water demand based on WUCOLS principles showed that 

the most common vegetation fall within a low to moderate range of water needs. Hence 

a species factor of 0.53 was selected. A density factor of 1 was allocated to Veale 

Gardens corresponding to the canopy cover. Considering the minor influence of 

surrounding urban features including parking lots, streets, buildings and a glass house in 

Veale Gardens, a microclimate factor of 1.05 was selected for the whole park. The final 

urban landscape evapotranspiration coefficient (KL) of 0.56 was calculated as the 

product of the species, density and micro-climate factors. The results are summarized in 

Table 2. 

Table 2. Estimated landscape evapotranspiration during the study period 

Date Mar-12 Apr-12 May-12 Jun-12 Jul-12 Aug-12 

ET0  140.6 91.7 54.2 43.5 47.1 64.2 

ETL-

WUCOLS 

78.736 51.352 30.352 24.36 26.376 35.952 
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Temporal variations of NDVI, NDRE, and ETL from March to August 2012 are 

presented in Fig 3. 

 

Fig 3. Temporal variation of NDVI, NDRE and ET 

Data analysis showed a strong correlation between the WorldView2 normalized 

difference vegetation index and urban landscape evapotranspiration (R= 0.937) in 

contrast to a lack of correlation between WorldView2 normalized difference red-edge 

index and urban landscape evapotranspiration (R= -0.578). The relationships of NDVI 

to ETL and NDRE to ETL during March to August 2012 are shown in Fig 4. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. NDVI-ET and NDRE-ET relationships 
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4. CONCLUSION 

These results show that NDVI obtained from WorldView2 images is a good indicator of 

evapotranspiration of urban landscape vegetation for Veale Gardens. However, a longer 

study period would help to improve accuracy. This finding is in line with several studies 

that have found a strong and reliable relationship between aerial-satellite-based NDVI 

measurements and ground-based ET measurements (Glenn et al., 2012; Rossato et al., 

2005; Nagler et al., 2007; Palmer et al., 2009; Devitt et al., 2010; Johnson and Belitz, 

2012; Nagler et al., 2012). All Australian states, including South Australia, have 

weather station networks that provide daily reference evapotranspiration for important 

urban green spaces and agricultural sites. By accounting for field conditions, this RS 

method can provide simple, quick and low-cost urban vegetation water requirement 

estimates compared to more costly field-based approaches. The spatial and temporal 

variation of heterogeneous mixed urban landscape vegetation areas requires an approach 

with a higher spatial resolution and an improved capability for frequent updating. The 

method described in this paper is not only simple and rapid, but also has the capability 

of observing the heterogeneity of vegetation through Hyperspectral images. 
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ABSTRACT 

 

Agriculture in Austria is currently facing many challenges. Innovative products, the 

increase of efficiency and the careful use of resources are the critical prospective factors 

for further success. In order to meet these requirements it is more than necessary for 

Austrian farmers to intensify the usage of modern IT systems.  

 

Taking this hypothesis as a basis, the present paper, supported by declarations of 

farmers, manufacturers of agricultural machines and IT-service providers, describes 

which systems are currently available on the market and how these modern IT systems 

can support Austrian farmers in the near future. 

 

The conducted market analysis shows that nowadays there are already many IT systems 

which cover different realms of agriculture. In the future, IT in agriculture will be 

affected by topics like integration of operating data as well as traceability and 

sustainability of agricultural products, amongst other things. Based on these subject 

areas, two possible future scenarios are described which illustrate how IT can be best 

used in the agriculture of the future. 
 

 

Keywords:   Modern it-systems in agriculture, traceability and sustainability, erp-

system, market analysis, future scenarios, outlook, austria  

 

1. INTRODUCTION  

 

Agriculture in the EU is suffering enormous pressure of price on the world markets. 

Especially for the Austrian agriculture, historically grown in small structures, it gets 

very hard to continue using the food production methods from the last decades. One 

consequence out of this is the continuous decrease of agricultural businesses in Austria. 

(Bundesministerium für Land- und Forstwirtschaft, Grüner Bericht, 2011) 

mailto:gregor@neumeyer.at
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As the increase of the utilized agricultural area is not possible anymore, Austrian famers 

need to find other ways into a successful future. Innovation, increase of efficiencies and 

the sustainable use of resources could be factors of success. (Bundesministerium für 

Land- und Forstwirtschaft, Grüner Bericht, 2011) 

 

The Austrian agriculture, as an important economic factor, already realizes the 

importance of modern IT-Systems for improving the competitiveness, but the 

implementation is still ongoing and not finished at all. The innovative capacities that 

already exist in the IT industry need to be utilized. To use these potentials extensive 

know-how and especially the support of all involved stakeholders is needed. (e.g. Das 

iGreen Projekt, 2011),   

 

This scientific work shows how Austrian agriculture can be supported by modern IT-

systems in the near future. The farmers are placed in the focus of all these 

considerations. During their daily business they have many interfaces to a multitude of 

stakeholders, which cooperate and support them. It will be shown, from their point of 

view, which of these interfaces are already supported by modern IT-systems and how a 

future support could look like. 

 

The analyses of the current state as wells as the outlook on possible, future applications 

are innovative parts of this paper. Especially the active involvement of all stakeholders 

and the direct consideration of the farmers’ opinions during all scientific stages are 

unique characteristics. There is no comparable, public work, with such a focus on 

Austrian agriculture, known by the author. 

 

 

2. RESEARCH DESIGN & METHODS 

 

The goal of this paper is to show, from the view point of Austrian famers, how 

agricultural businesses can be supported by modern IT-systems. The first step of the 

research is the analysis of the systems which are already available for farmers and how 

they are working. Taking this as a basis, future possibilities and visions for an 

innovative agriculture are shown. 

 

Based on that, the main research questions for the paper are: 

 Which IT-systems are currently supporting Austrian farmers? 

 How can Austrian agriculture be supported by modern IT-systems in the future? 

 

To answer these questions the qualitative research approach has been chosen. The main 

research method is the problem-centered interview. The author decided for this 

approach because qualitative research gives the possibility to be more flexible at finding 

answers and possible future scenarios.  
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Figure 1 shows the applied research process, which will be described in detail below. 

 

 
Figure 1. Applied research process 

 

Problem-centered interviews with 14 experts are accomplished. Experts are farmers as 

well as software producers and other partners like legal institutions. (6 farmers and 8 

partners) The interviews are recorded and transliterated. This data is then analyzed, 

structured and summarized with the method of qualitative content analysis to use it as 

an input for the market analysis and the outlook. The market analysis answers the first 

research question about the current situation, whereas the outlook answers the second 

research question about the future on IT in Austrian agriculture. 

 

3. RESULTS 

 

The results of the scientific research can be split in three parts.  

 The market analysis shows the current structure of the market for agricultural-

used IT-systems as well as examples for relevant IT-systems and vendors in 

Austria. 

 The outlook demonstrates the future of Austrian agriculture in general and the 

future of IT in Austrian agriculture in detail.  

 The future scenarios present two possibilities on how modern IT-systems could 

support Austrian famers in the future. 

 

3.1 Market Analysis 

On the Austrian market for agricultural-used IT, several IT-systems and vendors show 

up. Although the market is slightly growing, it needs to be developed as it is not very 

mature yet.  The market can be split in four major groups.  

 

• General standards define for example data exchange languages and hardware 

interfaces used in the whole branch. Two main standards should be 

mentioned here: ISOBUS – a standard for the data-exchange between 
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agricultural machines (Rothmund & Wodok, 2009) and AgroXML – a data-

definition for the data-collection and data-exchange between FMIS and pre- 

and post-agriculture businesses (Kuratorium für Technik und Bauwesen in 

der Landwirtschaft, 2010). 

• Software producers are focused on the development of software and IT-systems 

for agricultural use. This group is relatively small but very flexible and 

innovative. Relevant vendors for Austrian farmers are: Active-IT, LBG-CD, 

Insyde KG, LAND-DATA, ProGIS. 

• Federal institutions execute the laws given by the government or the European 

parliament meaning that they develop eGovernment systems for the whole 

country like Agrarmarkt Austria or LFRZ (Land-und forstwirtschaftliches 

Rechenzentrum) 

• Agricultural Machinery Manufacturers are the big players on the market. Most 

of them have subsidiaries focused on innovative IT-solutions for agriculture 

as CLAAS Agrosystems or Fendt-AGCO. 

 

3.2 Outlook 

The results of the problem-centered interviews are the basis for this outlook, which 

means that all statements below are based on the views of the interviewed experts. The 

outlook can be split into two parts: future of Austrian agriculture in general and IT in 

agriculture in detail.  

3.2.1 Austrian agriculture in General 

This section gives an outlook on the Austrian agriculture in general and focuses on four 

major categories. 

 

Structural changes 

Due to the current cost pressure which exists in the food sector, there will be a structural 

chance in the Austrian agriculture. Although there is the political will to protect the 

small-structured Austrian farms, the trend to more acreage per farm will be consistent in 

the future. This change gives, from business perspectives, the chance to produce more 

efficiently and therefore be more cost competitive on the market.  

 

Specialization of small farms 

Small and family-run structures will also have a chance to survive in the future. Their 

advantages are the possibility of specialization, flexibility and the production of high 

quality products. Also the increasing demand of organic farming presents a possible 

success factor for small agricultural businesses. (Willer & Klicher, 2009) If they focus 

on their strength, Austria will still have many small farms in the future. 

 

Quality awareness of the consumer 

One critical factor for the future of Austrian agriculture is the buying pattern of the 

consumer. If the quality awareness of the consumer will increase in the future, Austrian 
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famers have the chance to focus on one of their strengths: the production of high quality 

products. Rethinking about food quality will be also triggered by the latest food 

scandals. 

 

Cost awareness of the farmer 

To be more competitive on the market, Austrian famers will increase their 

professionalism from a business point of view. One important topic here is the cost 

awareness of the farmer. Many especially small agricultural businesses are not aware of 

the importance of cost accounting, which leads to inefficient production processes. 

3.2.2 Agriculture and IT 

This section gives an outlook on the future of IT in Austrian agriculture and focuses on 

six major categories. 

 

Integration of data 

The digital collection (e.g. directly on the field/cattle) and integration of data on the 

farm to a central data/information platform is the main topic for most of the interviewed 

experts. The real-time availability of all relevant information is a critical factor for 

successful decision making. Although there are already many applications that cover 

nearly all relevant areas of an agricultural business – central data storage and integration 

is missing. This makes many current solutions not user-friendly. One requirement for an 

integration of data on the farm will be the increased usage of already existing standards 

like ISOBUS or AgroXML.  

 

Traceability and sustainability of agricultural goods 

Through the increase of quality awareness, traceability of agricultural goods along the 

food production chain and sustainable production will be claimed by the consumer. 

These two topics can only be realized (especially for larger farms) with the usage of IT-

systems to track and document all related information. This is already important today, 

but will, in consequence of the ongoing structural chances, be more important in the 

future. 

 

Precision Farming and automatization of agricultural production processes 

Considering the increase of efficiency in agricultural production, precision farming is a 

logical consequence for Austrian famers. Even though the interviewed experts are not 

sure if precision farming is only useful for large farms, it will be an important topic in 

the future. One barrier for the implementation of precision farming (like automatic 

steering) is the heterogeneity across current available solutions and machines.  

 

Accounting and cost control 

Due to the increased cost awareness of the farmers, account and cost control will be 

more important in the future. There are many software solutions already available on the 

market, but especially small agricultural businesses do not use them. This will change in 

the future, probably also due to new legal constraints. 
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Mobile information access 

Following the general trend on mobile information access also agriculture will intensive 

the usage of mobile solutions. Not only accessing information on mobile devices, but 

also the documentation of data is a possible use case. (Thinus, 2011) Also from the view 

point of a consumer of agricultural goods, mobility is an interesting scenario. (e.g. 

access information about product they want to buy directly at the store) 

 

Usability of software 

Usability (like mobility) is a general trend and will be more important for agricultural 

software as well. Especially because the user group of agricultural-used IT-systems is 

extremely heterogeneous. 

 

3.3 Future Scenarios 

Based on the results of the qualitative content anlysis of the interviews and the outlook, 

two main topics about IT and agriculture are identiefied by the author: The intregration 

of data on the farm and the retracebility along the food production chain. This leads to 

two future scenarios which will be described in the following sections. 

3.3.1 Central “ERP-System” for farms with interfaces to external partners 

The first scenario is mainly based on the challenge of data integration and describes an 

ERP-system for farmers.  

 
Figure 2. Central “ERP-system” for farms with interfaces to external partners 
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The heart of the system is a central data storage and modules like Finance, Inventory 

and FMIS make it easy to analyze, plan and control all processes on the farm. The data 

is tracked automatically on the field and can be accessed through mobile end devices 

giving the farmers the possibility to access information directly where needed. 

Additional to the central data storage, standardized interfaces (e.g. with AGRO-XML) 

to external partners like legal institutions or contractors make automatic data exchange 

possible. Figure 2 demonstrates all details of the described system. 

 

3.3.2 IT-platform for traceability and quality improvement of agricultural 

goods 

The second scenario is mainly based on the challenge of traceability and sustainability 

along the food production chain.  

 

 
 

Figure 3. IT-Platform for traceability and quality improvement of agricultural goods 

 

It describes a central IT-platform where all contributors of the food industry share 

information about their specific step in the food chain. Starting from the farm over the 
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food processing companies to the retailers. The information shared with the platform 

can be for example: geographic data, quality, used resources (e.g. pesticides) and 

packaging material. At the end, the consumer can access the collected information of 

the product intended to buy, for example via mobile devices at the food store. This gives 

a full tracebility of the food chain and will improve the sustainable producing of 

agricultural goods through improved quality awareness of the consumers. Figure 3 

demonstrates all details of the described system. 

 

4. CONCLUSION 

 

To conclude, let me say that Austrian agriculture, embedded into a common European 

Agricultural Policy, is facing major challenges. It will be a balancing act between 

improvement of efficiency due to the increase of acreage per farm and the improvement 

of quality by innovation and specialization of small farms. Modern IT-Systems are 

essential to overcome these challenges. This was proven by the statements of the 

interviewed experts. The deployment of already existing IT-systems and the integration 

with independent standards needs to be pushed to come up with the requirements of 

future farm operators. To achieve this, the involvement of all stakeholders is required: 

the legislators, the system manufacturers, the consumers and of course the farmers 

itself. 
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ABSTRACT 
 
In our papers we discuss the issues of collection, processing and visualization of 
positional data. Gained knowledge and principles have been used for example in game’s 
spatial activity evaluation in the Doupovske Mountains and the Sumava National Park 
in the Czech Republic. The database for analyses and processing have been formed by 
large data set obtained by cooperation with the Military Forests and Estates of the 
Czech Republic, the Sumava National Park and the Faculty of Forestry and Wood 
Sciences at the Czech University of Life Sciences in Prague. 
Analytical and software solution have been developed by the Department of 
Information Technologies Faculty of Economics and Management at the Czech 
University of Life Sciences in Prague and is also being administered, managed and run 
by this IT department. 
 
Keywords: Telemetry data, GPS, GSM, wild animals, Czech republic 
 

1. INTRODUCTION  
 
Owing to development of up-to-date ICT technologies it is technically relatively easy 
and not too expensive to obtain positional data and to transfer it online to be processed. 
There is a possibility to utilize the positional data in many industries, from security 
technologies, through logistic systems to agriculture and environmental protection. 
Certainly, this data is utilized also for research purposes. 
The positional data is mainly gained via radio based GNSS (Global Navigation Satellite 
System). Nowadays, there are two available functional systems; GPS (Global 
Positioning System) created and managed by the U.S. Department of Defence and 
GLONASS (Globalnaya navigatsionnaya sputnikovaya sistema) operated by the 
Russian Aerospace Defence Forces. It is possible to gain the data through many mobile 
devices equipped with chips able to process satellite data (animal colars, smart phones 
...). (Lechner, 2000) When the data is measured, it is saved into the memory of the 
device and then batched to be processed. It is possible to gain the data from the devices 
via wire or wireless technologies (GSM, UHF, VHF or satellite communication ). 
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2. MATERIAL AND METHODS USED 
 
There is a variety of ways for the positional data to be collected, transferred and 
processed. Online collection, batch data transmission according to the chosen 
technology and time period followed by the validation of the data which is been 
archived including the possibility of further processing and display (e.g. map outputs) 
appears to be the optimum. On the basis of analysis of needs, principles and knowledge 
for online collection, validation, archiving and displaying of the positional data were 
obtained. (Stillwell, 2004) 
Gained knowledge and principles have been used for example in game’s spatial activity 
evaluation in the Doupovske Mountains and the Sumava National Park in the Czech 
Republic. The database for analyses and processing have been formed by large data set 
obtained by cooperation with the Military Forests and Estates of the Czech Republic, 
the Sumava National Park and the Faculty of Forestry and Wood Sciences at the Czech 
University of Life Sciences in Prague. The main objective of presented solution is 
continuous visualization of obtained spatial data - monitoring of wild animals. 
(Jarolímek, 2012) The whole solution is based on a web application where the data 
stored in the database of the validated positional data (data archive) is processed and the 
outputs are published to users. The software solution of the web application was 
released in the standard environment PHP 5 (Hypertext preprocessor) programming 
language with use of Nette framework version 2 libraries (Nette, 2013). The data is 
gained from the database server through the dibi database layer. (Dibi, 2013)   
Google Maps developed by Google Inc is used to view the animals monitored. 
Communication with Google Maps is realised via Google Maps JavaScript API V3 
(Application Programming Interface). Display of information about detected animals is 
created by the client-side of JavaScript with use of Query framework (Thanopoulos, 
2012). The application is optimized for the most widely-used web viewers, i.e. viewers 
running on different operating systems and devices; desktops, notebooks as well as 
mobile devices like tablets or smartphones. Web server Apache, version 2 guarantees 
running of the application. 
 

3. RESULT AND DISCUSSION 
 
3.1 Wildlife telemetry  
Marked animals are tracked by the Global Positioning System (GPS) in the form of a 
collar which records animal´s location with accuracy of within few meters. A GPS 
receiver records animal´s location, time and date at programmed intervals (i.e. usually 
1hour-intervals). The collar also contains an activity sensor which records animal´s 
activity (whether it is feeding, resting, or moving). (Owen-Smith, 2012) Moreover, the 
activity sensor records the temperature and measurement accuracy. Newer collars are 
equipped with GSM modules containing telephone SIM cards, which enable data 
transport into user´s computer. (Figure 1) In general, validation and store of the data in 
the database system for post-processing or displaying is an advantage. (Fan, 2004) 
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Figure 1. Schematic GSM communication (Vectronic Aerospace, 2013) 

 
3.2 Data processing 
Information about wild animals´ movements have been gained from GPS (Global 
Positioning System) collars equipped with a GSM module (Groupe Spécial Mobile). 
Acquired data have been validated and then stored in a database system. The data 
collected through the ground station is validated and then stored in the database system. 
(Figure 2) This process is realized by the software, specially developed for this purpose 
- Ground Station Harvester (GSH 1.0). (GSH, 2012) 
The first game tracking and the data collection were realized in 2009 on Sika deer. Up 
to now (15.5.2013), the three game species - European deer, Sika deer and Wild bear – 
have been already monitored. The database contains of 56672 records of the position of 
29 animals. (Table 1) The number of animals has been expanding. 
 

Table 1. Quantity of the positional data 
Game species Number of 

monitored 
pieces 

Number of 
positional data 

First 
observation 

Technology of 
collection 

European deer 15 8678 28. 1. 2013 GSM 
Sika deer 8 41305 31. 8. 2009 GSM/UHF/VHF 
Wild bear 6 6689 16. 1. 2013 GSM 
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Games’ positional data is recorded several times a day and then batched via GSM or 
UHF / VHF. (Figure 1) Also other information obtained through other sensors is 
recorded; it is primarily Activity sensor Temperature sensor. (Krop-Benesch, 2011) 
 

 
 

 
 

 
 

Figure 2. Process of the data collection 
 
3.2.1 Ground Station Harvester 
The Ground Station Harvester (GSH, 2013) software solution has been developed by 
the Department of Information Technologies Faculty of Economics and Management at 
the Czech University of Life Sciences in Prague. The application automatically loads 
the positional data by using the GPS Plus X program (GPS PLUS X, 2013); the load is 
processed from the ground station device type (e.g.: equipment with GSM 
communication module for receiving of the positional data from mobile devices – game 
collars). The obtained positional data is processed - adjusted and cleaned (e.g. validated 
on the basis of the accuracy of specified position) and then stored on the database 
server, where the data can be utilized by various other applications (classic, web, 
mobile). This is a generic software component usable for the collection and validation 
of the positional data in a range of different fields. The software solution of the web 
application was released in the standard environment PHP 5 programming language 
with use of the dBase a the Dibi database layer (Dibi, 2013). The application mainly 
supports processes in the environment of the MS SQL database server but owing to the 
utilization of the Dibi database layer, it enables the utilization also in other commonly 
open database systems.  
 
3.3 Požadavky na webovou aplikaci. 
The basic requirements are simplicity of operation; open to the general public and the 
possibility of browsing of data saved. For the safety reasons (mainly the protection of 

Collecting	  of	  
positional	  data	  

through	  the	  collar	  

Batch	  data	  sending	  
-‐	  GSM,	  	  

UHF/VHF	  

Data	  receiving	  and	  
processing	  through	  
the	  GPS	  Plus	  X	  

software	  	  (GPS	  PLUS	  
X	  ,	  2013)	  

Processing	  by	  the	  
GSH	  1.0.	  software	  

Data	  validation	  by	  
the	  GSH	  1.0	  
software	  

Saving	  data	  to	  the	  
database	  server	  

Display	  of	  data	  by	  a	  
web	  application	  
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animals observed), only selected historical data is shown to the general public. All the 
historical and current data is available in the internal section of the web application to 
authorised persons.  
 
3.3.1. Data display 
Data can be displayed on-line via web application with a variety of functionalities 
(visual and statistical outputs): 

• Calculation	  of	  home	  range	  and	  length	  of	  motion	  path	  in	  given	  time	  period. 
(Figure 4)	  

• Visualization	  of	  home	  range	  and	  motion	  path	  in	  given	  time	  period. (Figure 
3)	  

• Display	  of	  additional	  textual	  information	  about	  position	  (such	  as	  
temperature,	  or	  altitude).	  

• Projection	  of	  wild	  animals´	  position	  in	  given	  period	  (time	  period	  and	  
daytime).	  
	  

 
Figure 3. Web application interface motion path of Wild Boar named Karel 
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Figure 4. Web application interface home range of Wild Boar named Karel  

 
 

4. CONCLUSION 
 
The solution has been used for evaluation of spatial activities (via online application) of 
Sika deer (Cervus nippon) and European deer (Cervus elaphus) in the area of the 
Doupovske Mountains. There is being processed also usage for another game - 
evaluation of spatial activity of Wild boar (Sus scrofa) has been being prepared in the 
Sumava National Park, both in the Czech Republic. The resulting application will 
enable the usage of validated data in the database for further scientific research and 
pedagogical purposes and to popularize research results. The solution can be used not 
only for visualization of spatial activities of various wild animals’ species in selected 
environments, but generally for any monitoring and visualization of moving objects. 
The presented solution has been further improved and there is a plan for the utilization 
of this solution in other areas in the future. 
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ABSTRACT 
 

The major difference between agroforestry and other agricultural production 

systems is the greater possibility of managing the agroforestry system or its components 

to facilitate increased rates of nutrient turnover or transfer within different 

compartments of the system (NAIR, 1993; NAIR et al., 1995). The objective of this 

study was to estimates of means of leaf area index (LAI) , height  and forage production 

(FP) in the three periods of collectings in a silvopastoral system in the Brazilian Cerrado 

Biome. The experiment was conducted in a silvopastoral system, located in a farm 

called Fidalgo in the county of Confins in Minas Gerais, Brasil.  The geographic 

coordinates of the experimental area of this typical Cerrado biome. The experimental 

area consists of 1.5 hectares.  Brachiaria brizantha cv. Marandu productivity was 

measured quantitatively and qualitatively for three distinctive periods: the beginning of 

the drought (May 15
th

, 2009), the middle of drought (July 25
th

, 2009), period of greatest 

drought stress, and after the drought (November 23
rd

, 2009). In the implantation of the 

experiment was done a cut for standardization of forage at 30 cm above soil. Twelve 

random points were selected in each system (SPS and pasture), with a total of 24 points.  

One meter squared
 

collectors made of steel grids were used to prevent animal 

interference and were placed at each identified location for forage evaluation.  Was 

performed to evaluate bromatologic compositions of dry matter (DM), Leaf area index 

(LAI). The test was conducted in a completely randomized design, arranged in a split 

plot, with six repetitions. This study suggests the presence of the tree 

species Eucalyptus did not interfere in forage dry matter production. Periods of climatic 
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variations observed promoted differentiation in forage production, leaf area and height 

of the pasture. 
 

Keywords:  Tree species, fodder, degraded areas, shading, sustainability 

 

1. INTRODUCTION  

 

The Brazilian Cerrado (savanna), has approximately 49.6 million hectares of 

cultivated pastures, mainly Brachiaria, and is home to about 41% of the cattle in Brazil; 

more than half of the bovine meat of the country, which is approximately 10.5% of 

gross national agriculture revenue (MARTHA JÚNIOR et al., 2002). However, due to 

poor management, these areas are becoming increasingly less productive with an 

estimated 80% of the pastures in some stage of degradation (PERON et al., 2004). 

Inappropriate management often results in soil degradation, silted rivers and destruction 

of the remnant native vegetation (SERRÃO et al., 1998). 

Pasture degradation can be reversed by soil conservation, appropriate 

management of pastures, reduction of burned pastures and the implantation of 

silvopastoral systems (SPS’s) (STEINFELD et al., 2006). Within the agroforestry 

(AFSs) is the silvopastoral system  ( which is defined as systems involve the 

intercropping of trees with pastures with cattle often a component within the unit. The 

presence of the tree component in pasture can reduce the negative effects of climate on 

forage production. The area under trees will have a microclimate which will favor 

moisture retention and nutrient enrichment, promoting an extended period of green 

forage availability, benefiting tropical pastures, which normally have low nutritional 

value (SANCHEZ, 2001). The major difference between agroforestry and other 

agricultural production systems is the greater possibility of managing the agroforestry 

system or its components to facilitate increased rates of nutrient turnover or transfer 

within different compartments of the system (NAIR, 1993; NAIR et al., 1995). The 

objective of this study was to estimates of means of leaf area index (LAI) , height  and 

forage production (FP) in the three periods of collectings in a silvopastoral system in the 

Brazilian Cerrado Biome. 

 

 

2. MATERIALS AND METHODS 

 

The experiment was conducted in a silvopastoral system, located in a farm called 

Fidalgo in the county of Confins in Minas Gerais, Brasil.  The geographic 

coordinates of the experimental area of this typical Cerrado biome are 19º54’32” 

South and 43º58’18” West and the average maximum daily temperature in the 

SPS was 31.4ºC and relative humidity averaged 42%. The pasture in the SPS and in 

the adjacent control area, were planted at the same time as the silvopasture 

establishment. This SPS was established in 1994, without  the use of fire.  
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The land was cleared, and eucalyptus seedlings were planted at a density of 150 

trees/hectare.The trees used in the experiment were15 to 25 meters high, with 

diameter at breast height (DBH) of 40 to 60 cm. The soil in the SPS is classified as a 

Latossolo Vermelho Amarelo (Oxisol), with 651 g/kg of clay, 211 g/kg of silt and 

138 g/kg of sand.  

The experimental area consists of 1.5 hectares.  Cattle grazing 

practices depended on forage production during the seasons. The animals grazed for 

three days followed by a 30-day rest period. 

Brachiaria brizantha cv. Marandu productivity was measured quantitatively and 

qualitatively for three distinctive periods: the beginning of the drought (May 15
th

, 

2009), the middle of drought (July 25
th

, 2009), period of greatest drought stress, 

and after the drought (November 23
rd

, 2009).  

In the implantation of the experiment was done a cut for standardization of 

forage at 30 cm above soil. Twelve random points were selected in each system 

(SPS and pasture), with a total of 24 points.  One meter squared
 
collectors made of 

steel grids were used to prevent animal interference and were placed at each 

identified location for forage evaluation. 

  After collection, the forage was weighed, dry mass in an oven at 60ºC for 72 

hours, and then ground to pass through a1 mm sieve. All bromatologic compositions 

of dry matter (DM) (COMPÊNDIO…, 1998). Leaf area index (LAI) was 

determined with the equipment LI 3100 (LI-COR, USA) model. The test was 

conducted in a completely randomized design, arranged in a split plot, with six 

repetitions.  

The Lilliefors and Bartlett tests were performed to verify normality and 

homoscedasticity of data, respectively. Then an analysis of variance (ANOVA) 

model was fitted, and the means were tested.  The Student Neuman Keuls (SNK) 

test was used to correct for the multiple testing problem. Statistical significance was 

determined at a familywise error rate at α = 0.05. 

 

 

 

3. RESULTS AND DISCUSSION 

 

In Table 1 are the means of three months of collections, in both production 

systems. There was a significant effect of production system on leaf area index 

(LAI) and height.  

Its noticeable that leaf area index (LAI) and height were superior in SPS, 

compared to Full Sun, forage production system (without trees) (P<0.05) (Table 1). 

Both variables are indicative of a higher production of leaves and stems. 
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TABLE 1: Estimates of means of leaf area index (LAI) and height in the three 

periods of collecting (beginning, middle or end of drought period), and two 

production systems. Confins, Minas Gerais, Brazil 

Production System  

LAI Height (cm) 

Silvopastoral 3.49
A 

18.77
A 

Forage production system (without 

trees) 

2.95
B 

13.93
 B 

CV (%) 25.50 41.0 

Means followed by different letters differ (P<0.05) by SNK test. 

 

There was a significant difference in leaf area index (LAI), forage production 

(FP) and height variables among the three periods of collection (Table 2). The shift 

in biomass allocation, favoring aboveground structures in detriment of roots, is a 

common response to shade in grasses and broad leaf species (HODGE et al., 1997). 

  Leaf area index (LAI) was higher in the first two collections. Forage production 

(FP) was higher in May and November. The higher forage production in May and 

November is due to greater plant development in these periods compared to 

production in the drought period of July. This also explains the smaller forage 

height in July and taller height in November (Table 2). 

 Trees contribute to the conservation of soil heat and air, by protecting the area 

from winds that sweep the humid air Gregory (1995). Thus, the SSP increases 

absorption of nutrients by forage, resulting in a higher content of biomass and 

improving the bromatological quality of pastures. Beyond keeping the shade for the 

animals, the SSP increase the farmers profit and bring benefits for the local 

community. 

 

 

TABLE 2: Estimates of means of leaf area index (LAI), forage production (FP) and 

height in the three periods of collectings (beginning, middle or end of drought 

period), and two production systems. Confins, Minas Gerais, Brazil 

 

Means followed by different letters differ (P<0.05) by SNK test. 

 

Collect  

LAI FP (g) Height (cm) 

May 3.7741
A 

591.4136
A 

16.1818
B 

July 3.2645
A 

191.5545
B 

   6.7273
C 

November 2.6364
B 

639.5410
A 

26.1591
A 

CV(%) 25.50 45.61 41.0 

    

  



 

 C0058 
Regina Maria Quintão Lana, Ângela Maria Quintão Lana, Glenda Alves Ferreira Prado, 

Adriane Andrade Silva, Vimala Devi Nair “Productivity the Brachiaria Forage 

Intercropping With Eucalyptus in a Silvopastoral System in the Brazilian 

Savannah Biome”.  EFITA-WCCA-CIGR Conference “Sustainable Agriculture 

through ICT Innovation”, Turin, Italy, 24-27 June 2013. 

 

 

4. CONCLUSION 

 

This study suggests the presence of the tree species Eucalyptus did not interfere in 

forage dry matter production. Periods of climatic variations observed promoted 

differentiation in forage production, leaf area and height of the pasture. 
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Introduction 
 
The main purpose of this study that we conducted in the DRC is to show agricultural 
stakeholders, policy makers, and the local population and the environmental information 
system is an important tool for decision support. 
This system is designed by ANEE for the DRC, as a tool for advocacy and monitoring 
the state of the environment and its development in the agricultural and energy sector. 
This communication highlights the contribution of environmental information, 
sustainable development and specifically address the following issues systems: "What 
types of information systems can promote sustainable development in the agricultural 
sector of the Congo? ". It raises and provides some answers to various problems with the 
links to good forest governance, in terms of diagnosis and assessment of sustainable 
development, environmental impact assessments, environmental education, forest 
ecosystems and agricultural training. 
 

1. Briere description of DR Congo 

At the heart of Africa, the DRC is four times as big as France, populated by some sixty million 
people and has one of the richest in the world's soils. The country has undergone five internal 
armed conflicts and foreign invasions. More than four million people in less than a decade,  most 
decimated by hunger and disease because of the fighting. 

DR Congo is the second country in Africa after Algeria in terms of its area. It stretches from west 
to east by the Atlantic Ocean and the plateau to the east. It is crossed by the River Congo. North 
of the DRC, there is the rainforest; Eastern DRC borders the Rift Valley of Africa, an area of 
mountains, layered forest, hills, lakes but also volcanoes. The south and center field savannas 
form a plateau rich in minerals. In the far west, forty kilometers north of the mouth of the Congo 
River spans a coast on the Atlantic Ocean, an area of mangroves. The country shares its border 
with limits Cabinda (Angola) and the Republic of Congo Brazzaville west, CAR and Sudan to the 
north, Uganda, Burundi, Rwanda and Tanzania to the east , Zambia and Angola to the south. 

2. Environmental issues and context of agriculture in DR Congo 

The agricultural sector has been declining for two decades leading to chronic malnutrition of its 

population. Agricultural GDP per capita and 40% decrease between 1990 and 2000. Food 

insecurity currently affects approximately 76% of the Congolese population and the DRC imports 

more than 40% of the food it consumes. However, agriculture is the main economic activity of 

the country, representing about 40% of GDP, nearly 70% of the Congolese population spends. 
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Traditional agriculture represents 90% of national agricultural production. A subsistence 

agriculture of rural households and peri-urban areas, and a small part is for sale. It is dominated 

by the practice of slash and burn shifting cultivation on a small area (1.5 ha per household on 

average), no particular provision of agricultural inputs or in combination with farming systems. It 

is also characterized by the use of rudimentary tools. Attempts to use draft animals to replace 

these simple tools have been unsuccessful. The following agricultural productivity of traditional 

farming is low, and increases the precariousness of households. In addition, little infrastructure 

currently in place (road but also processing and storage of products) is not conducive to the 

increase of production as land insecurity hampers investment. Modern agriculture mobilizes 

modern production technologies in sectors for export: coffee, palm oil, rubber, cocoa, mainly. 

This type of agriculture has declined greatly in the last decade, due to armed conflict, 

deteriorating infrastructure of production, but also the collapse of prices of certain agricultural 

products on the international market. While agricultural exports were estimated at nearly 334 

million USD in 1995, they were only 4.3 million in 2003. This contrasts with the strong potential 

of the country in agriculture. The DRC has about 80 million hectares of arable land, 34% of the 

country which only less than 10% are currently developed, and large reserves of freshwater and 

diverse eco-climatic conditions favorable to agriculture. While the irrigation potential is 

estimated 4 million hectares, the total irrigated area is only 10,500 ha. The fisheries potential is 

estimated at 707 000 tonnes of fish annually. 

3. The environmental management in the DRC 

Based on these observations, the DRC has ratified the main international conventions on the 

environment and supports the sustainable development initiatives such as statements of Rio, 

Johannesburg and Agenda 21. DRC currently the law on the environment, which defines the 

National Environmental Policy and specifies the general principles and provisions translating into 

operational terms within the overall development. This policy aims to restore a sustainable and 

harmonious balance between the development needs of Congolese and ecological concerns. 

 

Implementation of environmental policy is provided through a National Environmental Action 

Plan (NEAP), divided into five programs each year. The NEAP main aims to reconcile the 

population with its environment for sustainable development. ". 

 

Different instruments of environmental management are developed and implemented within 

the NEAP: transfer management, protected areas and conservation sites, integrated coastal  

management, conservation management of water and soil, sustainable management of forest 

resources, development investment compatible with the environment, regional planning, land 

tenure security. These instruments are supported by other measures or activities primarily to 

reduce pressure on natural resources such as development activities or alternative outreach, 

education and capacity building. Finally, NAP also includes components of establishment of 

good environmental governance that applies almost no DRC. 
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In terms of environmental information system and environmental information, ANEE introduced 

in the DRC system to inform, raise awareness and convince the political and administrative 

authorities to apply management environmental scorecard national and decentralized and 

facilitate the exchange of information - Monitoring of marine and terrestrial ecosystems and 

management of data on biological diversity of the DRC and the economic development of the 

accounting environment. 

4. Description of the Environmental Information System 

Among the conditions for the success of this action, there is the accession of the sovereign 

people, agricultural stakeholders and authorities. They are aware of mainstreaming the 

environment in the planning process and the need to improve the tools of control of the 

changing environment in agriculture, energy in the DRC, including the use of technical 

awareness, awareness, information and training and the introduction of indicators taking into 

account the evolution of the natural capital in time and space. 

a) The purpose of the Environmental Information System 

The environmental information system in the DRC is the tool designed to monitor the state of 

the environment and its evolution, allowing a greater awareness of the actors in the socio-

economic, agricultural and energy environmental issues life assess the environmental impacts of 

different plans, programs, policies, economic activities, and to allow orientation of policy makers 

and the activities of the various actors in their agricultural fields. So it is better management of 

the environment, natural resources (fauna and flora) and a systematic consideration of the 

environmental dimension. 

3. The system consists of: 

- Gather information on environmental and agricultural issues through a thematic network and / 

or regional set up with various organizations and institutions working in the field of 

environment, agriculture and other related fields as well as actors land and other economic 

operators; 

- Design and develop indicators for better monitoring of environmental and agricultural aspects 

in the Pressure-State-Response model; 

- Disseminate information to policy makers, operators and the public by publishing, among 

other things, periodic reports on the state of the environment and the agricultural community 

and other publications 

Presented in different formats (newsletters, worksheets, posters, etc). 

- Manage sectoral observatories and databases relating thereto; 



4 

 

- Information on the state of natural ecosystems from the use of satellite images; 

- Develop a statistical system should lead to a environmental accounting can optionally be 

integrated term in national economic accounting with provincial support. 

b) The "design" of the system of environmental information 

The environmental information system is a tool for decision support is used to fight bushfires 

tell which is a scourge threatening the biodiversity of the DRC. Especially since the majority 

peasant population practice slash and burn agriculture with short fallow. The information 

system becomes a tool of prevention, awareness in the DRC. The system consists of two major 

components which are: 

• environmental indicators and 

• tools for decision support (Fact sheets and other communication tools). 

 The two components are connected by a reporting system for the placement of descriptive 

databases indicators for concrete products specially prepared to facilitate decision making. But 

in reality, an information system involves not only the indicators and provision of policy makers, 

it also includes tools, actors and processes. 

Provincial / regional environmental indicators associated with control structures and 

implementation of their development, the tools support the decision which are products and 

procedures for the collection and organization of data sources provide information systems 

provincial / regional. Provincial / regional environmental indicators are also designed especially 

to meet the information needs at decentralized level and integrate environmental concerns 

specific provinces and ecoregions. 

The national environmental information system then comprises the central system based in 

Kinshasa and the provincial environmental information systems located in the district 

environmental information systems. 

c) Indicators 

Environmental indicators have been identified in a concerted manner from the environmental 

contexts of the country, priority environmental issues, national environmental policy and 

international agreements; Thematic indicators focus on five key areas that are biodiversity, soil 

and vegetation cover, coastal, inland waters and climate and climate change. The five priority 

areas are defined in a framework of risk in the agricultural and energy sector. 

Two other groups of indicators are defined to take into account socio-economic factors and 

indicators Environment Programme. Indeed, environmental indicators include, besides the 

actual physical condition of the natural environment, pressures and causes pressures on natural 

resources, but also the responses of society to the problems or threats of environmental 

degradation. The methodological framework used is based on the use of the model perfected 

Pressure-State-Response reflecting the interaction between society and nature. 
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d) Environmental Performance Indicators (TBE) 

The objective of TBE is to produce and distribute synthetic, reliable and accessible information 

to support decision-making by various actors in the political, economic and social life of the 

country at all levels. TBE is actually a different way of presenting environmental indicators. Its 

uniqueness lies in the fact that it specifically targets policy makers and economic actors at all 

levels, the latter requiring summary information, clear and concise in the agricultural and energy 

sector. 

The use of summary information on the state of the environment is expected to integrate 

environmental management into national policies and strategies as well as in regional 

development plans or sector of the country. 

TBE is presented in a form that allows them to quickly grasp the situation of the environment, 

the causes of problems and actions already implemented. TBE is a summary table organized by 

topic and by the trilogy pressure-state-response. Indicators are expressed through descriptors 

encrypted with units specified measures and compared with national or international standards, 

references to the area or just the goals set by the program / sectoral policies and / or provincial. 

e) The System Monitoring Status of Major Ecosystems (SSEE) 

The monitoring system of the state of major ecosystems (SSEE) is part of environmental 

information system that specifically addresses the information about ecosystems and 

biodiversity of the DRC in environmentally homogeneous and appropriate territorial units needs 

to planning and management. He was initiated in order to make available information on the 

status and trends of natural ecosystems. The availability and use of information should assess 

the state of Congolese ecosystems as a whole, to follow the impact of the work done and finally 

streamline and enhance the conservation and sustainable management of ecosystems. 

The SSEE involves the implementation of a subset of the indicators of environmental dashboard 

that are related to ecosystems and biodiversity. Feeding indicators data is provided by various 

stakeholders and development agencies and / or working in the environmental field as a 

scientific support experts and specialists in the field. 

The indicators have been selected to give the status of each ecosystem to which it applies, but 

also to be able to synthesize information for the general condition of all the ecosystems and 

biodiversity of the DRC. 

f) Reports on the state of the Environment (SOE) 

The REE are written reports following the international standards and practices to analyze the 

status and trends of the environment, resources, and human health related to the environment, 

which includes humans and their activities in social economic and cultural dimensions. The REE 

are developed with the participation of experts and specialists in the fields treated, they are 

structured and accompanied by detailed analysis. 



6 

 

 

The REE are generally based on environmental indicators. The areas covered are prioritized in 

relation to environmental concerns when the regions concerned. Thus, when it comes to 

reporting provinces, information and analysis are prioritized and provided by local specialists 

and writing parts that concern them respectively assigned. Reading committees at national and 

regional level are also made to ensure the quality of technical and scientific reports on the state 

of the environment. 

g) The actors 

The Ministry of Environment, Water and Forests, Ministry of Agriculture 

. It provides project management at the national level of site development of environmental 

indicators and production tables environmental edge. 

The National Association for the Environmental Assessment of the DRC (ANEE) is responsible for 

informing and strengthening capacity in the agricultural stakeholders on the environmental 

information system. To this end he is responsible for the implementation and management of 

information system. It has among its missions to design, coordinate implementation and 

develop the environmental information system in the agricultural and energy sector in the DRC. 

The ANEE established a research consortium called PECA DRC. This institution is established in 

order to study the state of the environment of the DRC after wars. But also the study of 

agricultural, energy and environmental issues. 

The PECA ANEE and formed themselves into networks of environmental information and 

awareness among stakeholders in the agricultural and energy sector to raise awareness among 

agricultural and energy stakeholders on environmental issues. 

To raise awareness, the experts ANEE PECA and organize the training seminar, use the media to 

reach the large segment of the population. 

h) Management of databases and indicators 

The appropriate databases are created and managed at the ANEE to store the information 

collected and thus constitute a computerized reporting system for the production and supply 

indicators and reports. These databases are organized according to themes, location and 

reference sites using the methodology "Pressure-State-Response". 

Software packages are mounted to the information systems of the provinces which are fully 

reproduced in the parallel run at the ANEE system work. 

j) Dissemination of information 

The dissemination of these tools to help the decision is made by the publication of brochures, 

print and publishing interactive electronic version of the documents on CD-ROM. 

 

5. Information system and fight against bushfires 
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Bush fires are one of the causes of environmental degradation, the DRC estimated at 9.5 million 

ha per year area burned by fires. Fires are mainly due to the renewal of grazing to cleaning 

operations and uncontrolled mining, popular discontent, to pure vandalism or reasons related 

to cattle rustling. 

In order to reduce forest fires, three types of activities are carried out: the awareness and 

motivation of the people to fight against bush fires, strengthening law enforcement against bush 

fires and monitoring satellite fires. 

a) The proposed classification and compensation of Commons report fires 

The project objective is to guide public investment in common where there is less degraded by 

fires through taking incentives forests. It is common to classify according to the frequency of 

brush fires in the respective boundaries and their impact on deforestation. The criteria are the 

presence of light, the existence of structures involved in the fight and the existence of dina (EU 

conventions). The project is implemented by the PECA ANEE DRC in collaboration with the 

Directorate of Forest Management Department of the Environment. 

A standing committee of monitoring and evaluation of fire is considered in each province. The 

drafts are made by ANEE to submit to the Parliament of the DRC. This committee is responsible 

for classifying the Commons: Common deserving, those who provided significant efforts in the 

fight against the fire, and evidenced by the fact they have not been invaded by fire common 

encouraged those who have actively contributed to the extinction of wild fires in their territory 

and in which a decrease in area burned was registered; common failing, those who have not 

provided any effort that still need to be empowered. 

Certificates of merit and good conduct certificates are available according to this classification, 

but the committee monitoring and evaluation can provide the competent authorities the 

temporary suspension of funding for projects in the failed joint. 

Responsibility for the management of forest management is to gather and consolidate statistics 

from the decentralized services of the Ministry and evaluation committees on bushfires by 

commune and district municipalities and certify and disseminate the results. That of ANGAP is to 

measure and report the DGEF the area of protected areas affected by the fires. 

The role of ANEE is to provide reliable and objective information based on satellite images and 

from the overlap of activity coefficients lights Nights and evolution of vegetation cover. To do 

this, the ANEE is responsible for acquiring information on the activities of night lights, acquire 

and process satellite images and make analyzes linking the activities of fires and forest 

degradation by common and finally to make the information available to the committee 

monitoring and evaluation and management of forest management. 

 

b) The activity coefficient of night lights 

The activity coefficient of night lights is a coefficient assigned to a given area (one or more 

polygons) calculated from the number of pixels containing fires detected by satellite images 
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taken every night. The objective is to establish a monitoring system to various stakeholders and 

decision makers (community, regional actors, ...) to better understand the spatio-temporal 

dynamics of bushfires and direct / redirect strategies on reducing fire in the politics of 

environmental management. 

The acquisition of fire and cloud data, covering the national territory, is by observing member 

ANEE and locals. These data are taken every night and day when the fire is declared. Tasks 

include locally made treat, structure and conduct spatio-temporal analysis of the data. The 

historical database includes data created in vector format, it is updated periodically and 

cartographic outputs are available to policy makers. 

The activity coefficients of fires are relatively reliable but unfortunately they do not provide 

information on the area burned. It is therefore useful for coupling with other analyzes. Indeed, 

these coefficients can be exploited in many ways, but they can be particularly cross with other 

environmental and socio-economic information, political ... 

c) The image processing and mapping 

Data processing involves treating transform data statistics. The statistical data used to produce 

tables, graphs and thematic maps. The methodology includes data preprocessing, verification of 

land that can be replaced or supplemented by the taking and photo interpretation and finally 

the correction data. The results of the interpretation are transformed into vector format to be 

part of a thematic exploitable information layer with software processing of geographic 

information. The use of GIS allows the development of thematic maps for spatialized indicators 

raised. The process allows to monitor the area of natural ecosystems (vegetation, water areas, 

mangroves, reefs, etc..) As well as the development and impacts of erosion (sanded surface, 

new bed, etc.).  But especially bushfire in different seasons of the DRC. 

Conclusion 

The system presented here proves to be an indispensable tool for the eradication of bushfires 

incentive tool and contributes significantly to the promotion of sustainable development. 

Indeed, there will be no sustainable development if we continue to destroy the natural capital at 

the current rate. 

It is noted, however, that ANEE continually faced with material, financial and technical 

constraints. Enhancements of capabilities are necessary and to the extent that this fight against 

fires is a long process, involving national and national institutions is essential. Otherwise, the 

impact of this kind of action can not be sustained. 

In addition, to prevent bush fires and slash and burn agriculture, 75% of the population formed 

and informed avoids the practice in their daily lives. 

Looking ahead, ANEE plans to upgrade its system into a sustainable development observatory 

and followed the distribution site hosted with bushfire in the DRC. 
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ABSTRACT 
 

Several diseases have affected the maize crop productivity, among them standing out 

Corn Stunt Spiroplasma (CSS) and Maize Bushy Stunt Phytoplasma (MBSP), which are 

respectively caused by Spiroplasma kunkelii and by phytoplasma. In Brazil the 

mollicutes are transmitted to maize plants by the leafhopper Dalbulus maidis which has 

a remarkable ability to travel long distances if the local climatic conditions are not 

favourable, e.g., low temperature or high pluviometric precipitation. This work presents 

a spatial-time deterministic model for analysing the dynamics of the pathosystem 

“mollicutes – leafhopper – maize” considering a macro region formed by several maize 

crop fields. From the simulated scenarios we imply that the prediction of the incidence 

of mollicutes in a maize crop field is only possible when all the other maize crop fields 

within the travel distance of the leafhopper is taken into consideration. 
 

 

Keywords: Corn stunting diseases, Leafhopper, Mathematical model, Brazil 

 

1. INTRODUCTION  

 

The Brazilian corn production per year is more than 70 million tons, representing more 

than 40% of its total grain production (CONAB, 2013). There are two maize crop 

cultivation seasons in some regions of Brazil. At these regions, the corn harvest is 

usually in the summer, for the first maize crop cultivation, and in the autumn for the 

second maize crop cultivation season (named safrinha).  

 

Several diseases have affected the maize crop productivity, among them standing out 

Corn Stunt Spiroplasma (CSS) and Maize Bushy Stunt Phytoplasma (MBSP), which are 

respectively caused by Spiroplasma kunkelii and by phytoplasma, both pathogens 

belonging to the class Mollicutes. In Brazil the mollicutes are transmitted to maize 

plants by the leafhopper Dalbulus maidis in a persistent propagative way (Nault, 1980; 

Oliveira et al. 2004). These diseases cause a reduction  in plants growth, reddening or 

yellowing leaves, excessive proliferation of small spikes, and consequently, they reduce 

the maize crop productivity (Júnior, 2001; Oliveira et al. 2002). The importance of 
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stunting has increased in recent years, mainly due to the overlapping of crop cycles 

because maize plants are the main host of the leafhopper in Brazil. In addition, it  has 

already been observed (Oliveira et al., 2002) that D. maidis has a  remarkable ability to 

fly long distances if the local climatic conditions are not favourable, e.g., low 

temperature or high pluviometric precipitation (Oliveira et al. 2012).  

 

Therefore, since D. maidis may be detected in uninfected fields in a surprising way due 

to its flying capability,  the development of predictive mathematical models coupled 

with decision support systems becomes important for assisting the prevention and 

control of this insect vector. 
 

In this study we present a spatial mathematical model for analysing the dynamics of the 

pathosystem “mollicutes – leafhopper – maize” considering a macro region formed by 

several maize crop fields. In a particular maize crop field the disease development was 

represented by a SEI compartmental model (Edelstein-Keshet, 2005) considering the 

infection cycle in the host (plant) and the insect vector infectivity (leafhopper).  

Following the idea of a traditional network flow model, spatially we consider a network 

of maize crop fields where each field represents a node. The spatial-time model 

proposed here is presented in details in section 2. The results obtained from 

computational simulation is described is section 3. 

 

2.  MATHEMATICAL MODEL 
 

The local dynamics of MBSP and CSS is represented inside a crop field by a SEI 

compartmental model considering the infection cycle in the host (plant) and the insect 

vector infectivity (leafhopper). The plant compartments are susceptible (Sh) and infected 

(Ih) and analogously, we have Sv and Iv for the insect vector plus an exposed 

compartment (Ev) that represents the latency period (see Figure 1). 

 

The model is given by the following system of ordinary differential equations: 

 

 

Figure 1. Model diagram 
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where Nh = Sh + Ih, Nv = Sv + Ev + Iv;τ is the latency period of the disease in the 

leafhopper;  αv and µv are the birth and death rates of the leafhopper, respectively; λh 

and λv are the infection forces for the population of hosts and insects, respectively, and 

φS , φE and φI are insect migration fluxes. 

 

Since the eggs deposited in infected plants will grow into infected leafhoppers, the 

incoming flux from nymphs will be the proportion of infected plants (Ih/Nh) multiplied 

by the number eggs deposited (αvNv). An analogous expression applies for the 

susceptible compartment. 

 

The infection forces are given by 

 

, 

 

where b is the probing rate of leafhoppers; ph is the probability of disease transmission 

from insects to plants and pv is the probability of disease acquisition by  insects  (see 

Table 1 for parameter values). 

 

From the equations of the model, we have the dynamics of the total population of 

leafhoppers given by 

 

 
 

If we compare this expression with Verhulst equation, the mortality must satisfy 

 

 
 

where K is the carrying capacity of leafhoppers. 
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The model considers a complex migration process of the leafhoppers across the network 

of maize crop fields, whose fluxes are represented by φS, φE and φI in the previous 

system of ODEs. 

 

Although it is known that the wind plays a major role in the long distance travel of the 

leafhopper, the whole mechanism is not properly known (Oliveira and Lopes, 2004). 

However we simplify the whole process considering that the leafhopper will emigrate 

from an area whose leafhopper population is higher than its carrying capacity (an area 

with high emigration potential) to an area with a lower emigration potential, i.e., the 

leafhopper population is lower than the local carrying capacity at the present moment. 

 

The concept of  emigration potential is introduced in this work to quantify how willing 

an insect vector which is living in a specific field is for emigrating to another one. This 

value is defined by the difference between the insect vector total population and the 

maize crop field's carrying capacity, which is considered as a function of the dynamic 

local climate conditions: 

 
P(t) = Nv(t) – K(t); 

 

where Nv is the total vector population in the crop field, i.e., Nv = Sv(t) + Iv(t), and K(t) 

is the carrying capacity of the field. 

 

The emigration flux between two fields will happen at a time t if the emigration 

potential at the source field is higher than the destination and if the destination field is 

the one with the minimum emigration potential among the neighbors of the source crop 

field.  

 

The flux functions are constructed in order to speed the diminishing of the population 

towards the carrying capacity in a Verhulst sense: 

 

 
 

where we used the usual notation for the negative part of a function: 

 

 
 

The decaying rate r is defined as being proportional to the difference of potentials of 

these two crop fields (ΔP) and the distance between them (d) will be also used as a 

logistic decaying in order to model the travel capacity of the leafhoppers, known  to at 

least of 20km (Oliveira et al, 2011): 
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where we choose β1β2 = 20 in order to get r(20) = 0.5 (see Figure 2) and β3 = 0.02. 

 

We can finally define the fluxes as 

 

 
 

Each emigration flux is computed independently and the final migration flux is 

computed for each crop field as the sum of the incoming migration minus the 

emigration calculated by the above formulas. 

 Figure 2. Logistic equation for distance damping in the decaying rate r 

 

 

 

 3. RESULTS  

 

The first simulation was performed using the parameters value shown on Table 1 for 

only one maize crop field (see Figure 3a), i.e., with the fluxes not contributing for the 

dynamics. In Figure 3b we have the total population of leafhoppers altogether with the 

carrying capacity. A second maize crop field (see Figures 3c and 3d) was also simulated  

using the parameters of Table 1 but with different initial conditions for the system 
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Table 1. Model parameters 

 

of ODEs and a dislocated carrying capacity function from what was used in the first 

field. As expected for both fields, Nv approaches the carrying capacity K because of the 

Verhulst formulation of the death rate of the leafhoppers.  

 

On Figures 4a and 4c we have included the fluxes in the dynamics of the disease on the 

first and second fields, respectively. But the distance between them was defined as 

being much larger than 20km, meaning that an emigrating flux coming out from the 

fields exist but there is not an incoming component on this. Comparing 3b to 4a we 

have a faster decaying of Nv in the direction of K when Nv > K is. However the 

dynamics is as slow as before when  Nv < K. And comparing 3d with 4c there is not any 

difference, since Nv < K all the time. 

 

 

Figure 3: The dynamics of mollicutes is simulated for two maize crop fields using the 

parameters values shown on Table 1. The migration fluxes are not taken into account. 

 

 

Parameter  Value Description 

α  0.1 days-1 Birth rate for the insect vector (leafhopper) 

b  2  days-1 Probing rate of the insect vector (leafhopper) 

ph  0.46 Probability of disease transmission from vectors to plants 

pv  0.835 Probability of disease acquisition by vectors 

τ  20 days Disease latency period in vector population 
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 Figure 4: The total population of vectors (Nv) in a similar scenaria from the simulated 

on Figure 3 but taking the migration fluxes into account. In Figures 4a and 4c the first 

and second crop fields are placed very far from each other implying only emigration 

fluxes. In Figures 4b and 4d the fields are placed only 10km apart. 

 

Placing the two fields at only 10km away, the total population of leafhoppers on the 

first and second fields are shown on Figures 4b and 4d, respectively. Now we see a 

dramatic change in the dynamics of the total population of leafhopper, which is now 

much closer to the local carrying capacity of each field since there is an intense flow 

between the two maize crop fields.  

 

4. CONCLUSIONS AND CONSIDERATIONS 

 

The model proposed in this work was developed in order to replicate the long distance 

traveled by leafhoppers leaving maize crop fields when the climactic conditions are not 

favorable. Although the complex process of wind transport is not fully understood and 

could not be modeled explicitly, a network flux process was proposed in order to retain 

the most important features of the natural flow process. 

 

From the model proposed it is clear that it would not be possible to predict the dynamics 

of the leafhopper population on a maize crop field without analyzing the neighboring 

fields as well. But a practical use for such a prediction tool would be possible only with 

the determination of the parameters of the model by means of experimental results on a 

large area composed by a group of crop fields closer than the maximum travelling 

distance of the leafhopper.  
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ABSTRACT 
 

The technology of precision agriculture focuses on the temporal and spatial variability 

of nutrients in soil quantified their distributions. In this work were collected from soil 

sampling in a commercial farm with application of swine wastewater to check how are 

the soil characteristics and their interactions. The evaluations were performed using 

geostatistics the spatial variability of nutrients and the distribution profiles of 0.00 to 

0.20 cm and from 0.20 to 0.40 cm. The study was conducted at  Bonsucesso’s Farms, 

The farm is located in Uberlândia, in the state of Minas Gerais, in Brazil. Fertilization 

was performed with swine wastewater (ARS) from 6,000 animals in the fattening stage 

with an average volume of 110 m³ per day. Treatments consisted of doses of 8000 m³ 

ha
-1

 applied over 46 months for Tifton85 (Tifton 1), 5000 m³ ha
-1

 applied at 36 months 

for Tifton85 (Tifton 2) and 3200 m³ ha
-1

 applied in 26 months in the cultivar MG5. The 

levels of Ca and Mg indicate that the application of ARS does not elevate the levels of 

these elements or the extraction of forage is higher than the replacement; The 

application of ARS does not replace the soil correction, because the base saturation is 

low and the Ca and Mg has a negative balance; Levels of Phosphorus and Potassium are 

fully catered with the application of ARS. 

 

 

Keywords:  Fertility, organic fertilizer, isolines, kriging. 

 

1. INTRODUCTION  
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The pig is one of the main activities of the Brazilian cattle industry. Its 

environmental impact is caused by the wastewater produced by confined production 

systems. For distribution of wastewater along with fluid replacement, irrigation systems 

are more suitable: spray fixed, conventional and mesh, and self-propelled center pivot. 

In spraying, the water is applied to the soil surface in the form of artificial rain. The use 

of wastewater, liquid animal manures and organic fertilizers as a practice is profitable 

and reduces the discharge of groundwater and watercourses. In this study were collected 

from soil sampling at a commercial farm with application of swine wastewater to check 

how are the soil characteristics and their interactions. The evaluations were performed 

using geostatistics the spatial variability and distribution of nutrients in the profiles from 

0.00 to 0.20 and from 0.20 to 0.40 cm. 

For distribution of wastewater along with fluid replacement, irrigation systems 

are more suitable: sprinkler fixed conventional and mesh, and self-propelled center 

pivot. In spraying, the water is applied to the surface of the soil in the form of artificial 

rain. This system is widely used because of the possibility of high distribution 

uniformity, adaptability to diverse cultures and soils, the possibility of application of 

fertilizers and other products through irrigation water and easy to control the volume of 

water applied. The system tolerates lower quality water, with less risk of clogging, 

because the sprinkler nozzles have diameters of the particles present in the water. 

(Fernandes et al., 2005). 

Among those mentioned, there is the system of sprinkler irrigation mesh that has 

the following characteristics: wings, drifting and principal are buried, requiring only the 

change of the sprinklers. With this, the manpower is significantly reduced compared to 

conventional sprinkler irrigation system. Has high uniformity of water application, 

enables the fertigation and saves energy. In addition, equipment is a low cost, making it 

more accessible to producers, enabling increased productivity, which can be reflected 

mainly in increased income. (Drumond and Aguiar 2005). 

The system allows precision agriculture know the spatial variability of soil 

productivity and controlling the excesses of the elements. Investigate the causes of 

variability clarifies important factors that enables the management decision-making on 

the quantities of fertilizer and lime to be applied in each location referenced (Amado et 

al., 2009). Use in area with application of swine wastewater permits better and better 

use of available resource minimizing environmental risks. 

The technology of precision agriculture focuses on the temporal and spatial 

variability of nutrients in soil quantified their distributions. The contour maps is one of 

the ways used to represent the spatial variability of soil attributes (Burgess & Webster, 

1980). However, to build these maps is necessary to know the distribution of the 

variable and its degree of spatial dependence using geostatistics (Vieira et al., 1983). 

In this work were collected from soil sampling in a commercial farm with 

application of swine wastewater to check how are the soil characteristics and their 

interactions. The evaluations were performed using geostatistics the spatial variability 

of nutrients and the distribution profiles of 0.00 to 0.20 cm and from 0.20 to 0.40 cm. 
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2. MATERIALS AND METHODS 

 

The study was conducted at  Bonsucesso’s Farms, The farm is located in 

Uberlândia, in the state of Minas Gerais, in Brazil, geographic coordinates: Lat. 19 º 

05'17 "S, Long. 48 º 22'00" W. 

 

FIGURE 1 - 

Division of the sampled 

areas available in 

Bonsucesso’s Farm 

submitted in swine 

manure: the left one Tifton, 

Tifton 2 in the center and 

right MG5.  

 

 

 

 

 

Fertilization was performed with swine wastewater (ARS) from 6,000 animals in 

the fattening stage with an average volume of 110 m³ per day. Treatments consisted of 

doses of 8000 m³ ha
-1

 applied over 46 months for Tifton85 (Tifton 1), 5000 m³ ha
-1

 

applied at 36 months for Tifton85 (Tifton 2) and 3200 m³ ha
-1

 applied in 26 months in 

the cultivar MG5.  

At each point, was collected with the use of an auger Dutch type, five sub-

samples of soil material to form a composite sample representing the sampling point, 

one in the center and the other at the four cardinal points spaced from the center point 5 

m . The samples were taken at depths from 0.00 to 0.20 and from 0.20 to 0.40 m. 10 

composite samples were collected at each depth per area totaling 60 points. The 
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experimental design was completely randomized split plot in space. Were determined in 

samples of soil P, Ca
2+

, Mg
2+ 

and K
+
. 

The Student t test, 5% was applied to compare the means of the attributes 

between the soil depths. The spatial dependence of the attributes studied was evaluated 

using geostatistics (Vieira et al., 1983), by calculating the semivariance and data fitting 

to experimental semivariogram 

 

3. RESULTS AND DISCUSSION 

Areas with greater application of ARS Tifton (Tifton 1 and 2), differed MG5 in 

relation to phosphorus in the 0-20 cm depth. It is observed that the application time 

increases the concentration of phosphorus (P) on the ground, mainly in the surface 

layers where it may be inferred that there is a high leaching of phosphorus in the soil 

profile. 

Regarding P concentrations (Figure 2), it was observed that the accumulation 

occurred in areas mainly due to the time of application. The highest concentrations 

occurred in the area of Tifton receiving applications to 48 months. The levels observed 

in different areas are all considered high, while the areas of Tifton, the levels are very 

high with levels reaching up to 209 mg dm
-3

. 

  
Figure 2 – Spatial variability of levels of P2O5 in the contour maps of the area with 

application of swine wastewater at a depth of 0-20 and 20-40. 

 

It is known that P, by their characteristic high fixation in the soil is an element 

which has no significant increases in their availability with applications of conventional 

P, where the increases obtained are less drastically when observing the P content farm 

in this area of native forest, which never received fertilizer content is very low (9 mg 

dm
-3

), ie, up to 23 times the original level in 4 years of manure application. On the one 

hand it is observed that a significant increase of P, on the other hand, it should monitor 

the accumulation, the same elements as traditionally limiting the production of fodder 

may cause toxicity. To date, in relation to productivity of forage, no reduction was 

observed due to the high levels of P. 

Were also described by Ceretta et al., (2003) in a study on the use of liquid 

swine manure on natural pasture, changes in the concentration of P, these authors 

showed that high concentration of P in the topsoil, with increases 580% at 8.3 months 

and 6.710% at 48 months of application with liquid swine manure. These studies 
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indicate the importance of monitoring when the application is held constant in the same 

area. 

When evaluating the content of P, with the exception of the area with the 

presence of MG5, significant differences (P <0.05) between depths. It is observed that 

in the depth 20-40 cm, there was no increase in the level of P. This behavior is 

important because it is expected high mobility of this element in the soil profile. This 

same behavior was observed by Cunha (2009) to evaluate three different depths not 

observed percolation P at depths greater than 20 cm. 

Mattias (2006) suggests that the accumulation of P in soil treated with ARS 

correlates with lower N / P ratio of waste, since to meet the required amounts of N by 

plants when applied ARS simultaneously apply quantities P greater than those necessary 

for the plants, resulting in accumulation of P and moves into the environment. 

It is observed in Figure 2, at 20-40 cm depth that there is variability in the 

content of P in the different areas assessed, but this variability presents a range of levels 

considered, natural, close to those observed in areas where it was held application of 

animal manure. This behavior demonstrates that there is no leaching into the soil profile 

P in the conditions of the experiment. 

Regarding the content of calcium (Figure 3), the depth 0-20 cm is the maximum 

observed in the range of 0.95 cmolc dm
-3

, and 20-40 cm depth in the range of 0.77 

cmolc dm
-3

 ie the content is classified according to how low the CFSEMG (1999). 

According Furtini Neto et al. (2001) the application of organic waste to the soil increase 

the leaching of calcium. Cacea (2011) found that the calcium concentrations in the 

leachate increased with increasing rates of ARS, proving that organic waste increased 

leaching by the fact that wastewater can lead to the increasing release of CO2 and 

consequently; leaching of Ca (HCO3)2 with water. 

  
Figure 3- Spatial variability of levels of Calcium (Ca) in the contour maps of the area 

with application of swine wastewater at a depth of 0-20 and 20-40. 

  

Regarding the magnesium content (Figure 4), the depth 0-20 cm is the maximum 

observed in the range of 0.44 cmolc dm-3, and 20-40 cm depth in the range of 0.23 

cmolc dm
-3

, ie the content is classified according to how low the CFSEMG (1999). This 

behavior is expected due to the wastewater being poor in these elements because the 

calcium and magnesium tend to accumulate in the digester as they rush inside. The 

application of ARS is not contributing to elevated levels of Mg. It is observed that areas 

with less application time have the highest concentrations. There is a decrease in the 
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levels of these nutrients due to high extraction of MS and low or almost zero spare 

fertigation. Camargo et al (2011) also demonstrated a linear reduction in the levels of 

magnesium in the dry matter of shoots in function of increasing doses of manure. The 

Mg in the leachate were not significantly influenced by the application of ARS 

Potassium did not differ between the treatment means. Regarding the depths, the 

highest average was found in the 0-20 cm layer. This indicates that there is a 

distribution of Potassium (K) in the soil profiles, characterized by the percolation of this 

element to the deeper layers. Their levels are considered good according to CFSEMG 

(1999). As the pH is lower in areas receiving higher amounts of ARS, the setting of this 

element is impaired. 

 

  
 

Figure 4 - Spatial variability of levels of Magnesium (Mg) in the contour maps 

of the area with application of swine wastewater at a depth of 0-20 and 20-40 cm.  

 

According to Scherer (2001), potassium applied in the form of organic fertilizer 

acts as K applied as mineral, since it is not part of any stable organic compound, 

therefore, need not undergo the action of microorganisms becoming available soil 

quickly. 

 

  
Figure 5 - Spatial variability of levels of Potassium (K) in the contour maps of the area 

with application of swine wastewater at a depth of 0-20 and 20-40. 

 

4. CONCLUSION 

 

The levels of Ca and Mg indicate that the application of ARS does not elevate 

the levels of these elements or the extraction of forage is higher than the replacement; 
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 The application of ARS does not replace the soil correction, because the base 

saturation is low and the Ca and Mg has a negative balance; 

 Levels of Phosphorus and Potassium are fully catered with the application of 

ARS. 
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ABSTRACT 
 

Positive driving performance and ergonomic effects are ascribed to satellite-based 

automatic guidance systems. Although the literature had provided some information on 

working-width utilisation, turning-time requirement and steering accuracy, the relevant 

studies had mostly been carried out on smaller areas of land under experimental 

conditions. Little information was found on the nearly-always-mentioned reduction in 

driver workload. A large-scale field trial under practical conditions was carried out in 

the Czech Republic for the expanded clarification of the driving-performance and 

ergonomic effects of automatic guidance systems. Various parameters were recorded for 

17 drivers with respect to primary tillage, seedbed preparation and sowing both with 

and without a guidance system. Working widths were between 5 and 15 m, and field 

sizes between 1.2 and 15.7 ha. The findings showed that driving speeds, turning times 

and working-width utilisation were in some cases more advantageous with a guidance 

system, but did not differ statistically significantly. The variations caused by driver, 

field shape and field margins had a greater influence than the use of guidance systems. 

However, two parameters differed significantly. Guidance systems increased average 

steering accuracy and delivered lower heart rates. The study confirmed that guidance 

systems can deliver positive driving performance effects and driver relief. 
 

Keywords: Satellite guidance, drive performance, ergonomics, Switzerland 

 

1.  INTRODUCTION 

 

Agricultural guidance systems, based on Global Navigation Satellite Systems (GNSS), 

are said to deliver advantages compared to manual steering, e.g. better use of working 

width, better steering quality, less stress for the driver, time savings due to optimized 

turnovers in the headland etc. A literature review delivered some information on various 

parameters (Demmel, 2007; Keller, 2005; Kroulik, Kumhala, Hula, & Honzik, 2009; 

Niemann, Schwaiberger, & Fröba, 2007). No scientific data were found about the 

mentioned stress reduction for the driver. In order to enhance the knowledge about work 

economic and ergonomic effects of GNSS guidance systems a large scale field 

experiment was set up (Holpp, Kroulik, Kviz, Anken, & Sauter, 2012). 
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2.  MATERIALS AND METHODS 
 

2.1 Trial design  

 

The surveys on primary tillage, seedbed preparation and sowing took place in autumn 

2010 and spring 2011 on commercial farms in various regions of the Czech Republic 

with a total of 17 drivers. Drivers were male and between 20 and 60 years old, the 

average was 34 years. The equipment used for primary tillage had working widths of 5-

15 m, whilst the figure was 8 m for seedbed preparation and 6-9 m for sowing. The seed 

drills were equipped with track markers, whilst the primary-tillage equipment had no 

additional markers. 66 plots ranging from 1.2 to 15.7 ha in size were considered in the 

analysis, with the average being 5.7 ha and the median 4.9 ha. Total surface area was 

373 ha. A sampling ratio of about 50 % without and 50 % with guidance system was 

aimed at. On all tractors satellite-based automatic guidance systems EZ-Guide 500 

(Trimble, Sunnyvale, California, USA) with Real Time Kinematic Network correction 

(AgCelNet, Leading Farmers CZ a.s., Prague, Czech Republic ) and an accuracy of  

+/- 0.025 m were used. One tractor was equipped with aa Trimble EZ-Steer device 

mounted to the steering wheel, all others with a Trimble Autopilot being integrated in 

the vehicle's steering hydraulics. Vehicles drove in straight parallel lines on all fields, 

except for one, where the vehicle followed the previous curved lane. Turning mode was 

chosen by the drivers according to the on-site conditions. Without a guidance system, 

omega curves were always used; with a guidance system, either omega curves or a lane-

skipping approach was used. During the turning operation, the driver steered manually 

and headed towards the next tramline according to the on-screen information. 

Measurements were spread out over the day from 7 am to 12 midnight. No automatic 

cruise control (Tempomat) which might have influenced the results was used. In order 

to avoid disturbances during measurement, no one was allowed on the tractor except for 

the driver. Guidance-system positions were recorded with a data logger (DD-Logger, 

CSM, Filderstadt, Germany) with a recording rate of 1 Hz. For the heart-rate 

measurements, sports watches (Polar RS800CX, Kempele, Finland) with a chest-strap 

sensor and a polar satellite receiver (Polar G3 GPS Sensor, Kempele, Finland) with a 

position accuracy of +/- 0.3 m were used. 

 

2.2 Study parameters 

 

The field was subdivided into headland and main area. The turning operations took 

place in the headland, whilst the machine was in operation in the main area. The 

following parameters were investigated without/with the use of the guidance system 

during the primary tillage, seedbed preparation and sowing operations: 

• Driving speeds in the main area and headland, based on the average values of the 

drivers. 

• Turning times, based on the individual turning operations.  

• Steering accuracy in the main area, based on the deviation from the target tramline 

calculated from the position points for the individual tramlines. 
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• Utilisation of vehicle working width based on field width, working width, and 

number of tramlines driven.  

• As a measure of driver stress and relief, the heart rates in the main area and 

headland, based on the averages of the drivers.  

 

2.3 Data analysis 

 

For data processing Arc-GIS (Version 9.2, ESRI, Redlands, California, USA), QGIS 

(Quantum GIS Version 1.02, Open Source Geospatial Foundation (OSGeo), Beaverton, 

Oregon, USA) and Excel 2007 (Microsoft, Redmond, Washington, USA) were 

employed. As mentioned above, a position point was stored every second on the route 

travelled by the tractor. The tilled field was then available as a point cloud. The 

chronological connection of the points showed the driving route. In order to determine 

the headland and main area, the corresponding points were stored separately in the GIS. 

Because of this separation of the route, the position points were no longer available in 

continuos second intervals. Time leaps occur where the headland and main area were 

separated. A time difference of > 1 s indicates the beginning of a new tramline or a new 

turning operation. In this way, tramlines and turning operations were counted and 

turning times were deduced. Driving speeds are contained in the satellite position 

data, and averages were created for the tramlines and turning operations. To determine 

steering accuracy, the straight line of regression (= target tramline) was calculated 

from the position points of the individual tramlines driven. The residuals of the 

individual position points served as a measurement of the deviation from the target 

tramline. Utilisation of vehicle working width was calculated on the basis of the tilled 

field or bed widths, whilst vehicle working widths were calculated according to 

manufacturer’s instructions and number of tramlines travelled. 

For statistical analysis TIBCO Spotfire S+® 8.1 for Windows (TIBCO Software Inc., 

Palo Alto, California, USA) was used with fixed-effects ANOVA. Values of 14 

different drivers were analysed: 7 for primary tillage, 3 for seedbed preparation, and 4 

for sowing. Since driver, field shape, etc. strongly influenced the measurement 

parameters and not all drivers drove all vehicles for all operations, values were pooled 

based on the drivers and were not split up into operations. This yielded a randomised 

design with the fixed factors ‘Driver’ and ‘Driving with/without guidance system’ and 

the dependent variables ‘Driving Speed’, ‘Turning time’, ‘Steering Accuracy’, 

‘Utilisation of Vehicle Working Width’ and ‘Heart Rate’. 

The boxplot illustration used in the figures contains as lower and upper whiskers the 

minimum and maximum values, as box the lower quartile, median and upper quartile 

and as black rectangular dot the mean value, if applicable. 

 

3.  RESULTS 

The differences in driving speed (main area: 4.1-11.0 km/h; headland: 4.8-12.6 km/h) 

could be explained by differences in tillage equipment, working depths, soils, drivers, 

and tractor performance. Drivers achieved on average more or less identical speeds both 
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without and with a guidance system; there were no significant differences (Figure 1, 

left). The greater margin of fluctuation in the headland is presumably attributable to the 

effects of field shape and differences in the lifting processes of the implements. 

Three hundred fifty turning operations by six drivers were used to calculate the turning 

times (Figure 1, right). The average turning times without and with guidance system 

were 30 and 29 s, respectively. Differences were not significant. The in-some-cases 

high maximum values were attributable to factors to do with the natural landscape at the 

field margin, which extended the turning distance. 

 

  
 

Figure 1, left: Relative speed when driving with guidance system, statistically analysed 

across all drivers. Speed without guidance system is 100%. Differences are not 

significant in either the main area or the headland. Right: Turning times of a total of 350 

turning operations with 6 drivers. Turning times with/without a guidance system did not 

differ significantly on average. n/s = not significant  

 

Two hundred one individual tramlines in the main area made by five drivers in spring 

2011 were used to analyse steering accuracy. In the case of primary tillage and 

seedbed preparation, drivers steered more accurately with a guidance system than 

without. Accuracy rose along with increasing working width. For sowing without 

guidance system, the two drivers with track markers drove with a similar accuracy to 

those with a guidance system, or in a similar accuracy range to the drivers using a 

guidance system for primary tillage and seedbed preparation. The boxplot in Figure 2 

on the left side shows that the regression residuals used as a measure of steering 

accuracy decreased statistically significantly with a guidance system. The standard 

deviation of the regression residuals fell from 0.31 m without to 0.12 m with guidance 

system. 

The boxplot in Figure 2 on the right side shows the utilisation of vehicle working 

width based on the data from six drivers and an average vehicle working width of 
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8.5 m. With a median of 99.1 % without and 99.8 % with guidance system, utilisation is 

very high in both instances. Without a guidance system, the driver usually drives with a 

slight overlap; with a guidance system, there are also skips. Based on the average 

vehicle working width of 8.5 m, the working width utilisation with a guidance system is 

0.04 m higher than without guidance system. Differences were not statistically 

significant. 

 

 
 

Figure 2, left: Steering accuracy when driving without/with guidance system as a 

boxplot of the regression residuals, i.e. deviation of the position points from the straight 

line of regression adopted as a target tramline. On average, differences were statistically 

significant. Right: Relative utilisation of vehicle working width in percent. Less than 

100 % means an overlap, more than 100 % a skip. Differences were not significant. 

α < 0.05 = significant difference, n/s = not significant 

 

Heart-rate averages ranged between 64 und 99 min
-1

, the minimum and maximum 

values between 48 and 167 min
-1

. Average heart rate was 84 min
-1

 in the main area and 

86 min
-1

 in the headland. In both the main area and the headland, heart rates were in 

only a very few cases higher, remained at the same level for a few drivers, and were 

lower for the majority of drivers with as opposed to without a guidance system. No 

trend towards a dependence of the operations was identified. Heart rate in the main area 

and headland fell on average by 2 min
-1

 or 2 %, with differences being significant in 

each case (Figure 3). With a median of 97.5 %, relief in the headland was higher than in 

the main area, where the figure was 98.5 %. 
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Figure 3: Relative heart rate when driving with guidance system, statistically evaluated 

across all drivers. Driving without guidance system = 100 %. Driving with guidance 

system leads to significantly lower heart rates. α < 0.05 = significant difference 

 

4.  DISCUSSION 

 

The use of a guidance system had a minimal impact on driving speed; given the large 

fields and working widths, other factors seemed to have been decisive here. The almost 

identical driving speeds in the field with and without a guidance system are presumably 

attributable to the fact that, regardless of whether or not a guidance system was used, 

drivers always attempted to drive at the maximum possible speed for the operation in 

question. Controlling connection accuracy did not have a limiting effect. In literature no 

information on the impact of guidance systems on driving speeds was found. 

The marginally lower turning times measured with a guidance system can presumably 

be attributed to the fact that omega curves and skipped tramlines were used as turning 

modes. In terms of time requirement, these two turning modes differ substantially less 

than a time-consuming swallowtail-shape turn, which was never performed in the trial 

with the large working widths and surface areas. Significant differences are to be 

expected when, given a small working width, the swallowtail turn can be avoided by 

skipping the tramlines (Demmel, 2007; Moitzi, Heine, Refenner, Paar, & Boxberger, 

2007).  

With regard to steering accuracy, measurements showed that higher accuracies were in 

general achieved with rather than without guidance systems. Measurements found in the 

literature showed that higher steering accuracy is achieved with a guidance system. This 

tallies well with the current findings (Amiama-Ares, Bueno-Lema, Alvarez-Lopez, & 

Riveiro-Valiño, 2011; Berning, 2011; Gomez-Gil, San-Jose-Gonzalez, Nicolas-Alonso, 

& Alonso-Garcia, 2011; Kroulik et al., 2009; Macak & Nozdrovicky, 2011).  

In the present trials, the utilisation of vehicle working widths was increased by an 

average of 0.04 m via the use of guidance systems. This is less than in the literature, 

which reports a 0.06-0.15 m improvement in utilisation (Berning, 2011; Keller, 2005). 
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For working widths between 6-15 m, 0.04 m seems relatively low, and the utilisation 

without a guidance system seems very high. The results should be attributable to the 

fact that the work was done on large-scale farms by professional drivers who achieved a 

very high working-width utilisation even without a guidance system. 

The major differences in heart rate between the drivers are primarily attributable to 

their individual dispositions, and secondarily to the different requirements for operating 

the technology while driving. The average 2 min
-1

 reduction in heart rate when driving 

with a guidance system matches the heart-rate changes of 1-2 min
-1 

mentioned in the 

literature during adaptation to simple changes of situation in street traffic (De Waard, 

1996) and the slight difference between positioning for parking and waiting for the 

automatic parking operation (Reimer, Mehler, & Coughlin, 2010). Although the 

measured differences seem low, it must be borne in mind that guidance systems 

scarcely change the degree of physical exertion, and that heart rate thus primarily 

indicates the change in mental strain. At two beats per minute, they correspond to the 

measured difference in heart rate between driving in the main area and in the headland. 

In other words, guidance systems can reduce the strain to an extent that can be 

compared to the difference in strain between headland and main area.  

 

When interpreting the results of the study some limitations should be borne in mind: For 

organisational reasons it was neither possible to measure the same driver at different 

tasks, nor to carry out long-term measurements over full working days or during full 

day- and night shifts. Observation periods were between 1.1 and 2.8 hours per driver. 

Statements with respect to the effects of guidance systems in the case of longer driving 

times or different concentration and visibility conditions during the day and at night are 

therefore only possible to a limited extent. With longer deployment, driving 

performance and ergonomic effects might differ. It may be presumed that steering 

accuracy and utilisation of vehicle working width in particular would tend to decrease 

with a longer working time, poor visibility conditions and at night-time, but that it 

would nonetheless be possible to work consistently accurately with a guidance system. 

It can also not be ruled out that the drivers studied may have behaved differently in the 

observed situation, e.g. may have driven with greater concentration, thereby achieving a 

better quality of work than would have been the case in the everyday situation.  

 

5. CONCLUSION 

 

In the present 17-driver study investigating the operations of primary tillage, seedbed 

preparation and sowing, the guidance-system effects measured were for the most part 

slight. Driving speeds in the headland and in the main area, turning times and utilisation 

of vehicle working widths were in some cases slightly more advantageous with a 

guidance system than without, but did not differ significantly from one another. 

Working widths, driver, and factors to do with the natural landscape – such as field 

shape and optimal turning strategies resulting therefrom – had a substantially greater 

influence in the practical trial on the measurement parameters than did the use of a 

guidance system. With the use of guidance systems, steering accuracy increased 
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statistically significantly. The statistically significant effect of a slight heart rate 

reduction of the drivers demonstrates that the comfort and ergonomics of tractor jobs 

may increase with the use of guidance systems. Drivers may remain efficient for longer, 

and quality of work may remain at a consistently high level. 
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ABSTRACT 
 

The handheld computer (PDA) is an useful equipment for precision agriculture (PA) in 

many field operations. But with the growing trend of mobile devices such as 

smartphones and tablets, PDAs have become a more obsolete option in the 

technological context. With the idea of creating a new tool for PA based on the speech 

recognition to replace and/or minimize the use of touchscreen and worksheets in the 

field, Android was chosen as the operating system for the development of this 

application. The design was based initially on studies of mobile applications developed 

for PA through published articles or through monitoring procedures in field data 

collection. The application resulting from this development is based on three parts: 

settings, speech data collection and maps. Part of settings allows the user to set some 

options for operation of the application as: variables to collect, use of GPS, use of 

speech recognition, file storage folder to ‘txt’ file and registration information, etc. In 

the data collection the user configures the variables he wants to collect and the 

application creates a form that is filled through speech recognition automatically. The 

map is used to help the user navigate the route through the use of Google Maps® base. 

A ‘txt’ file is created containing data along with geographic coordinates obtained from 

the onboard GPS of the device and it can be used for creating maps in geographic 

information systems (GIS). 

Keywords:   Smartphone; Cell phone; Mobile computing; Precision agriculture; Brazil 

 

1. INTRODUCTION  

 

Precision agriculture (PA) is one of the major responsible for the insertion of 

increasingly advanced technologies within agricultural production systems. An 

equipment of consolidated usage in AP is the handheld (Personal Digital Assistant, 

PDA). This equipment has numerous applications within the field operations due to 

some favorable characteristics as navigation by satellite system (GNSS) embedded 

physical resistance, wireless communication and integration with various sensor 

elements. Some examples are shown on papers of Bange (2004), Li et al. (2011) and 

Molina-Martinez (2011). Thus PDAs integrate PA cycle of gathering information and 

has replaced manual techniques for annotation and recording. 
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But with the growing evolution of mobile devices such as smartphones and tablets, 

PDAs have become an obsolete alternative. There are several characteristics that make 

these mobile devices more attractive technologically. The insertion GNSS was the first 

step to make them applicable for use within the PA. Features such as high processing 

power and storage, more sensitive and defined displays, and operating systems (Google 

Android, Apple iOS ®, Windows Mobile ®, Blackberry ®, etc.) that allow the 

development of more sophisticated and efficient applications; have allowed 

smartphones to process more elaborate calculations and maintain more extensive 

databases.  

 

In recent papers it is possible to find some Android apps for use in the field, such as 

Dvorak & Price (2011) who developed an application to calculate required power in 

operations with machinery; Mesas-Carrascosa et al. (2012) developed an application to 

collect photographic and textual information in the field to gather farm registration 

information, and Delgado; Kowalski; Tebbe (2013) developed the first application for 

management of nitrogen application and calculation of vegetation indices. 

 

But a problem that smartphones and tablets still inherit from PDAs with regard to the 

use of such equipment within the agricultural environment is the need to use the 

touchscreen for data entry. PDAs generally have resistive touchscreens, which need 

substantial pressure on device screen, while smartphones and tablets operate with 

capacitive touchscreens, which recognizes a touch from the change of capacitance in a 

given region of the screen. Both can observe some difficulties during the operation as: 

typing errors, inconsistency (touch a button and the device recognizes another), loss of 

auxiliary accessories as pointing devices; difficulty seeing the virtual keyboard due to 

glare. 

 

Almost non explored technology in agricultural and which has gained ground in other 

areas such as education, tourism and health, is the voice recognition. Some important 

works on speech recognition in agricultural operations are DUX; STRICKLAND; ESS 

(1998) and SATO (1993). This technology allows the user to interact with a particular 

device through voice commands, and proves to be an alternative to manual data entry 

into various systems. 

 

Against this background, this paper presents the development of an application for 

mobile devices with Android operating system that uses the voice recognition 

technology to collect georeferenced data field in a simple and practical way of lowering 

significantly the use of touchscreen and the difficulty of seeing the screen. 

 

2. MATERIALS AND METHODS 
 

Initially to design the application, methods for data collection in the field were observed 

and features that should make up the tool were listed. With these parameters, screens 
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and UML diagrams (Unified Modelling Language) for modeling the interactions 

between the proposed features have been designed. 

 

For the development of the app the Android SDK (Software Development Toolkit) was 

used with Eclipse IDE (Integrated Development Environment) and ADT (Android 

Development Tools) plugin. For testing the smartphone Samsung Galaxy GT-I9000B 

with 2.3.3 Android version was used. 

 

 Only APIs from Android SKD were used for internal algorithms, such as: Speech API 

(speech recognition and speech synthesis), Location API (communication with GNSS), 

Google Maps®. 

 

The 2.2 Android version was chosen as the minimum to support the application 

execution. 

 
3. APP DESCRIPTION 

 

Figure 1 shows all application screens. The home screen uses large buttons with icons to 

start a collection for voice; to access the maps, access the about screen, or close the 

application. 

 

 
Figure 1. App home screen. 

 

To perform georeferenced data collecting with speech recognition is necessary that the 

user sign identifying information and variables he want to collect. Figure 2 shows this 

sequence of screens for data collecting by voice. 

 

When starting a data collecting, the first screen that appears to the user is the 

identification screen (figure 2a). This screen has two text fields to be populated with a 
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name or code of user and area. In this screen there are two colored indicators to signal 

that the smartphone is or not receiving GPS coordinates, is or not connected to the 

internet. If it gets coordinates, and the indicator signal is green, the received coordinates 

are displayed and updated in real time. There is also a fixed message reminding the user 

that is necessary to be connected to internet via mobile network or wi-fi to make use of 

speech recognition. The blue arrow in the upper right allows the user to proceed to the 

next screen once you he completed all fields. 

 

 

Figure 2. Screens for speech data collecting. 

 

On variables screen (figure 2b) the user is first asked to compose the output text file 

name that will store the results of the samples taken. Then he should choose which 

folder he wants to store this file, and for that, he must click on the icon to the right side, 

which contains the folder symbol. To set the variables he wants to collect, the user can 

either choose a text file that contains a list of variables or manually add the variables 

with the green icon button "Add". The list of variables created can have its elements 

individually deleted. 

 

In the upper right, a blue arrow will allow the user to proceed to the collecting screen if 

all fields are filled and there is at least one variable registered in the list. If any of these 

conditions is not satisfied a message is transmitted and the following screen is not 

displayed. 

 

The last and main screen of the app (figure 2c) is a kind of form composed with text 

fields that must be filled with the values user needs to register at that particular point in 

the sample he is performing. In this form there is a text field for each variable entered in 

the previous screen, and these fields can be filled in either by automated speech 

recognition system or manually by clicking up on the field and using the virtual 

keyboard that appears on screen application. Before starting a collecting of variables by 

voice, it is allowed to enable voice assistant, this feature make use of speech synthesis 
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technology for the mobile device to tell the user what was understood after the speech 

recognition. It is important to remember that on Android devices this feature is only 

available when a voice synthesis application is installed and enabled on the device. 

 

To start automated voice collecting the user needs only to click the "Start voice 

collecting" button and a sequence of interactions with the user will start. First, if the 

voice assistant is enabled, the application will synthesize the first variable name, 

"talking" to the user explicitly. Then the application opens a speech recognition dialog 

box that contains the symbol of a microphone and waits for the user's speech. In this 

dialog box is also written the name of the variable and how many attempts are being 

made to recognize that speech accordingly app’s vocabulary. When the user speaks the 

numerical value of the variable to collect, the application performs the analysis of what 

was said and if it is a number the application will understand what user said and tells the 

content recognized. However, if the application does not recognize what has been said it 

will speak the sentence "I did not understand" and ask again for the given variable. 

Vocabulary is composed by integers from zero to 999, and floating point numbers with 

a digit after the point in the range of 0.1 to 999.9. For these floating point numbers the 

user must speak the first number, then say the word "point" and then speak the second 

number. Once a valid value is recognized the application writes it in the text field. This 

sequence is repeated for each of the variables to be collected. 

 

At the end of collect, if the voice assistant is enabled, the application will do the 

following question: "do you wish to save you collect?" And then if you answer "yes" the 

application will store the values collected in text file, and if you say 'no' the application 

simply closes the dialog box, thus ending the collecting routine of variables. 

 

At the moment the user is storing data, the application also seeks the geographic 

coordinates that device is capturing and inserts then into the text file. However, this is 

not a mandatory condition of operation because user is allowed to make collecting 

without having communication with the positioning system. 

 

The maps screen (figure 3), which can be initialized by the home screen or by the icon 

on the collecting screen, indicates the current position of the user on the map and shows 

points that help the field orientation. The menus for interaction with maps allow you to: 

importing KML or GPX, add a place to the map point; delete one or all points and 

calculate the distance to a user selected point. 
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Figure 3. Maps screen. 

 

The file generated by the collected data is divided by columns. The lines represent each 

of the routines executed and stored in this file. The index, time, latitude, longitude and 

altitude columns are always presented regardless of the variables registered by the user 

and are automatically filled in by the application. Figure 4 shows part of a file generated 

by the application. 

 

 

Figure 4. File filled with speech recognized data. 

 

The app can be operated entirely in English or Brazilian Portuguese language. 

 

4. CONCLUSIONS 

 

It can be seen by recent papers that many areas as education, health, tourism and 

agriculture have adopted smartphones and tablets in various applications with different 

goals. In the app shown in this article it is possible to observe that speech recognition 
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technology can be applied to a basic task of precision agriculture due to a more 

integrated and modern software development technology, which belongs to a new 

generation of devices mobile. 

 

This work is the first to conceptualize the use of speech recognition on mobile devices 

for precision farming. It is believed that this will be a trend due to the quality of speech 

recognition services available, with high hit rates, independency of speaker and 

multilingual support. 
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ABSTRACT

Irriframe platform has been developed by Water Boards Italian Association (ANBI)
aiming to ensure an efficient use of water resources in the agricultural sector. In the first
year and a half of activity 36 water boards all over the country have been involved and
47% of Italian irrigated area has been covered. Daily basis irrigation scheduling has
been provided for 3.500 fields through the Web, SMS and Smartphone. Irriframe
services in the last year allowed a water saving amount of about 120 million of cubic
meters of water in the covered regions. The software has been designed by the Italy
based IT company AltaVia srl on the knowledge base provided by the water boards
research centre CER. This paper describes the Irriframe services and the main
development trends for the near future.

Keywords: Irrigation, Water Management, Support Services, Drought, Water
Efficiency, Web Platform, Italy

1. INTRODUCTION

1.1 The Irrigation challenges
In Italy 32% of farms practice irrigation, with higher percentages in the North-West
(62%) and lower percentages in the Centre and South. Compared to 2005, irrigated
farms increased by roughly 60,000 units. Irrigated surface area increased by around 2%
compared to 2005 (53,000 hectares), with significant expansion in the North-East
(+11%) and the South (+6%), as against decreases in the North-West (-4%) and the
Centre (-6%). The most irrigated surface area is concentrated in the Po river plain:
Piedmont, Lombardy and Emilia-Romagna account for 46%, with 1,225 million
hectares of irrigated land. In June 2010 the Environment Council of the EU (Council
EU, 2010), adopted the conclusions on water scarcity, drought and adaptation to climate
change. The document recognizes that water scarcity and droughts are already a serious
problem in many European regions and that the situation is expected to worsen as a
consequence of climate change. It also underlines the need to promote water efficiency
and water demand management through a combination of different tools



C0047 Giannerini G., Mannini P., Genovesi R. “Irriframe as Italian national
platform for water management”. EFITA-WCCA-CIGR Conference “Sustainable
Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013.

1.2 The Irriframe answers
Irriframe software has been developed by the Italy based IT company AltaVia srl on the
knowledge base provided by the water boards research centre CER on behalf of Water
Boards Italian Association (ANBI) which is the owner of the platform.
Irriframe consists of a set of tools both for final water users (farmers) and for water
managers (boards) to provide extended information on the best water allocation and on
how saving irrigation water without decreasing the quality of crop production.
Irriframe is defined as an information “hub” because it combines information from
different sources (meteo, farm and GIS data), by mean of a sound knowledge base
(water balance) and it makes the irrigation scheduling available on different
communication channels.
Real time water balances are also clustered to build up maps on water requests along the
hydraulic networks.

2. IRRIFRAME HISTORY

Figure 1: Irriframe history from Videotex to Irriframe

Started in 1984 (Giannerini, 1993) with public founding to test telematics in agriculture
(Videotex), Irrinet is ported on the WEB in 1999 to be the first interactive agricultural
service on the Internet.
In 2003 (Rossi et al., 2004) it is extended with GIS support and SMS interface
(IrriSMS).
During 2007 it involves more than 9000 farms, covering almost  22% of the irrigated
area in Emilia Romagna region.
In 2010 (Giannerini et al., 2011) it gets as new label “Irriframe” and is extended to the
whole country through the Water Boards Italian Association (ANBI).
Up to now Irriframe is the irrigation support service with the larger number of real user
in Europe.

3. KNOWLEDGE BASE: WATER BALANCE MODEL

The irrigation model has been developed by CER and has been validated locally over 30
years field trials (Giannerini, 2004). The main structure of the model is described in
Figure 2.
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Figure 2. Water balance model

As shown above, the model consider the soil, plant, atmosphere continuum and it is
based on water balance, where crop water requirement is calculated from evaporimetric
data, corrected for crop coefficients (Kc) (Doorembos et al., 1977, Driessen, 1986)
modulated according to local information, accounting for reduced water uptake by the
crop due to water stress. Watertable depth data are also taken into account as water
supply, in order to reduce crop irrigation needs (Battilani et al., 1992, 1993, 1994 and
1996  ).
The input date are: type of crop and soil, geographic location, meteorological and soil
data and the characteristics of the irrigation system used in the farm. The crop
parameters obtained from local trials are from CER databases.
Outputs are given about expected effective crop evapotranspiration, the date of the next
irrigation and the relative amount of water to be distributed.
The irrigation schedule takes also into account the actual irrigation water availability.
This information is provided in real time by the Water Boards.

4. USER INTERACTION

Irriframe system provides a real-time irrigation scheduling: day-by-day information on
how much and when to irrigate farm crops (Figure 3 on the right).

evapotranspirative model

ETE =

eff.evapotrasp

soil water unptake

plant growing model

average temperature

based

root depth (root growth model)
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Figure 3: Irriframe Web interface

Through the web interface the users can fully interacted with the system:
 register as user and create plots, crops and farms
 store plot geolocation, crop, soil and irrigation system information
 store the actual data on rainfalls, irrigation gifts, crop growing stages
 display the results of irrigation scheduling in text or chart format: predicted

evapotranspiration, next irrigation day and water irrigation depth (Figure 4)

Figure 4: Irriframe irrigation scheduling

To create a new plot (figure 3 on the left) the user clicks on a Google map to mark the
plot position and automatically gets the following data:

 Water provider: water board in charge of running the service
 Water district: water availability information
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 Meteorology: daily ET, temperature and hourly rainfalls
 Soil: soil texture
 Freatimeter: average water table depth

After that the user fills in the other information required concerning irrigation system
and the crop. This user data merged with the data provided by the local networks
(meteo, water availability, water table depth..) allows the system to build up the daily
irrigation schedule whenever the user need it.

5. IT INFRASTRUCTURE

Irriframe has been developed by AltaVia on .NET 4, ASP MVC and MS
SQLServer2008 and is hosted on a virtual cloud servers environment.
The platform full implement the REST methods through ASP MVC architecture.
The Model-View-Controller (MVC, Figure 5) architectural pattern separates an
application into three main components: the model, the view, and the controller.

Figure 5: MVC architectural pattern

The MVC framework allows the Test-driven development (TDD) that is a software
development process that relies on the repetition of a very short development cycle: first
the developer writes an (initially failing) automated test case that defines a desired
improvement or new function, then produces the minimum amount of code to pass that
test, and finally refactors the new code to acceptable standards.

REST stands for Representational State Transfer and it is a method for retrieving
content from an HTTP endpoint. REST’s most notable feature is that it is stateless. In
other words, each call has all the necessary information for the server to process the
request. REST allows to develop applications easy to maintain, flexible and amenable to
change.

Actual data are gathered on daily basis in the Web DB server from several sources
(meteo agencies, farms, agro-data networks). The irrigation model is run on the Web
server every time the user clicks for information so the coolest data are always taken
into account. The main architecture of Irriframe is outlined in Figure 6.
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Figure 6: Irriframe architecture

The Irriframe services can be accessed by the different kind of users in many ways as
outlined in Figure 6.
The Web pages have a light graphical structure and can be well displayed on a
Smartphone. The same information are automatically sent by SMS to much more
farmer; most of them are registered into the system by technicians and do not need
Internet connection to get the irrigation scheduling.
Water Boards legacy software may be connected with Irriframe by means of REST
direct calls to some functionalities.

6. CONCLUSIONS

36 Water Boards were involved in the last irrigation season (Figure 7), 22.400 IrriSMS
were sent and 802.500 irrigation scheduling were produced. Approximately 1,8 millions
of hectares have been covered by the service that means the 47% of the Italian irrigated
area.

Figure 7: Service national coverage
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Irriframe awareness is very high in Italy and all the farms involved with Best Practice
Guidelines and/or Quality insurance programmes can use it. Now the challenge is
represented by the extension of the service to new areas where is not yet been
implemented. As far as the technical point of view is concerned the development group
is working on a closer integration with GPS-GIS layer interaction that could be decrease
the amount of data the users are requested to interact with the system. An Android APP
has been outlined.
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ABSTRACT 

 
Management zones partition agricultural fields into sub-units which exhibit 
homogeneity in yield-defining environmental or plant parameters. Common methods 
for defining management zones, mainly for field crops, make use of algorithms to 
partition data observations into clusters based on different similarity methods and often 
do not account for the spatial neighborhood of the data. Spatial clustering methods, 
based on spatial statistics, include location of objects and spatial relationships and 
therefore account for spatial heterogeneity. We present a comprehensive spatial 
clustering methodology for defining management zones in orchards based on data from 
individual trees. We have examined the validity of the General G statistic for 
recognizing global patterns in individual tree data and the Gi* statistic for recognizing 
local clusters. Results based on case studies on grapefruit in Turkey and plum in 
Germany demonstrate that point-based spatial-clustering methods and, in particular, the 
Gi* statistic represent a valid method for delineating management zones in orchards. 

 
Keywords:   ECa, Hot-spot, Spatial-clustering, management zones, Israel. 

INTRODUCTION  
The aim of precision agriculture is to reduce the environmental footprint of farming 
through optimizing the sustainable management of crops. This is achieved by 
addressing the spatial variability in plant and environmental conditions and by 
employing information technology, remote sensing data and geospatial methods to 
evaluate the extent of spatial variability. A well-established practice to address existing 
spatial variability is to partition the agricultural field into homogenous sub-units, known 
as management zones, which delineate areas in which yield-defining parameters are 
similar. This practice has been shown to optimize inputs, such as irrigation and 
fertilization, as well as to improve yields and their quality.  
Existing methods, such as those developed by Fleming et al. (2000) and Boydell and 
McBratney (2002), use either a particular or a combination of parameters for 
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partitioning the field into homogenous areas. Recent methods employ clustering 
algorithms such as fuzzy k-means clustering, to partition the field into homogenous 
areas based on the internal structure of the data (Fraisse et al., 2001; Fridgen et al., 
2004; Kitchen et al., 2005 and Fu et al., 2010). While these methods consider the 
location of the observation (data) in the character space, they do not take into account its 
geographical spatial context and in particular do not model the spatial relationships 
between features. In addition, existing methods tend to concentrate primarily on field 
crops and are therefore based on techniques which are suitable for the analysis of 
continuous data and are less suitable for the analysis of discrete data such as that 
collected from individual trees in orchards. A few recent examples do successfully 
apply spatial and non-spatial methods to develop management zones in orchards, such 
as for apple and pear orchards (Perry et al., 2010; Aggelopoulou et al., 2010 and Mann 
et al., 2010). It is therefore apparent that horticultural practices based on individual tree 
management could benefit from spatial clustering-based methods that can address 
spatial variability among trees and produce site-specific measures. 
The field of spatial statistics is a rather recent and rapidly evolving extension to a-spatial 
statistics. Spatial statistical methods consist of a range of inferential statistical tests for 
analyzing spatial patterns and are based on the theory of correlated samples. As such the 
location of objects (samples) and their spatial relationships is directly integrated in the 
mathematics of the statistical tests (Cressie and Wikle 2011; Mitchel 2005).  
Spatial statistical tests can model phenomena which exhibit spatial dependence and 
spatial heterogeneity as well as model non-stationary processes, i.e. recognize and 
quantify patterns and relations which vary in space. Spatial statistical methods model 
spatial variability by comparing the observed spatial distribution of a set of features or 
of their associated attributes to a hypothetical random spatial distribution. Like a-spatial 
inferential statistics, they are evaluated within the context of the null hypothesis and a 
defined confidence level. Considering measures of probability is particularly important 
in areas such as agriculture in which a high level of confidence is required for decision 
making which is both viable economically as well as sustainable. 
We present the development of a comprehensive spatial clustering method based on 
information gathered from individual trees as a basis for defining management zones in 
orchards. The developed method is based on assessing the distribution in space of 
attributes associated with trees or with environmental parameters by quantifying spatial 
autocorrelation and evaluating to what extent a recognized pattern is statistically 
significantly clustered or dispersed. Spatial autocorrelation describes the extent of 
association between attributes of neighboring objects. If objects that are closer to each 
other tend to be more similar than objects that are farther apart the objects are 
considered to be spatially dependent and exhibit spatial clusters. Recognized clusters 
can then be used to delineate management zones. 

2.  MATERIALS AND METHODS 
Two case studies were considered in the development and testing of the proposed 
methodology: (i) a section of 207 cv Rio Red grapefruit (Citrus paradisi) trees located 
in an orchard near the city of Adana, Turkey which was monitored during 2011-2012, 



 

C0046 
A. Peeters, A. Ben-Gal and A. Hetzroni. “A GIS spatial model for defining management 
zones in orchards based on spatial clustering”. EFITA-WCCA-CIGR Conference 
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013. 
 

and (ii) a plum orchard (Tophit plus) of 180 trees located in Potsdam-Marquardt, 
Germany, which was monitored from 2010-2012. Data regarding plant and 
environmental properties were collected for individual trees and organized within a 
geographical information system (GIS). Spatial statistical analysis was applied to data 
given that sufficient sampling existed to allow for a reliable spatial statistical analysis.  
The developed methodology applies point-based spatial statistical algorithms in which 
both the analysis of patterns and the evaluation of their statistical significance is based 
on point data. The distribution of observed values (field data) is compared to the values 
that would be expected if features were randomly distributed and the extent of deviation 
from the random distribution indicates the extent of clustering or dispersion. The 
developed methodology presented in Fig.1 consists of: (i) evaluating the global spatial 
variability in the orchard, (ii) detecting local spatial clusters, and (iii) defining the 
management zones. The method was developed within the ArcGIS® Desktop software 
package (ESRI, 1984) and the workflow was exported into a Python script to automate 
the process of delineating management zones. 
The difference between global and local spatial statistical methods is that global 
methods measure the degree of spatial autocorrelation over an entire area and output a 
single statistic for the entire study area. The output can be considered as a global 
average for a set of local spatial relationships and indicates on the degree of global 
clustering. Since the General G statistic is a global method and computes a single 
statistic for the entire study area, it can indicate only the presence of a concentration of 
either high values or low values but not of both. Local methods, alternatively, measure 
the degree of spatial autocorrelation locally, recognizing local regions that exhibit 
strong spatial autocorrelation by computing a statistic for each observation point in the 
study area. The degree of local spatial autocorrelation is evaluated by examining the 
degree to which each feature is surrounded by features with similarly high or low values 
within a specified distance.   
We applied the Getis-Ord General G statistic (Getis and Ord 1992) to assess the degree 
of global spatial clustering in the orchard (step a. Fig.1) and the Getis-Ord Gi* statistic 
(Gi*) or hot-spot analysis (Mitchell 2005; Ord and Getis 1995) to recognize local 
clusters in the study area (step b. in Fig.1). The Gi* statistic is often used in applications 
that are concerned with identifying hot-spots and cold-spots such as in crime analysis, 
demographics and epidemiology. The null hypotheses for both statistics states that 
attribute values do not exhibit either global or local spatial clustering. The statistics 
compute, in addition to the statistical indices, also a z-score and a p-value which are 
measures for evaluating the statistical significance of the indices and help to decide 
whether an observed global pattern or local cluster is statistically significant. The output 
graphical representation of the local statistic indicates the location of clusters in the 
study area. 
The identified significant local clusters are then employed to delineate n management 
zones. The z-score outputs of the Gi* statistic are reclassified into n classes (Fig.1 step 
c). In our case, we defined n = 3 in order to best represent the hot-spots and the cold-
spots in the field based on the following conditions: IF  z > 1.96  THEN classify as 
Class 1, IF  -1.96 ≤ z ≤ 1.96  THEN classify as Class 2, and IF  z < -1.96 THEN classify 
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as Class 3. The number of classes is, of course, variable based on specific management 
objectives or limitations, required statistical confidence level and on the size of the 
orchard.  Each group of points belonging to a class is automatically converted into a 
minimum bounding polygon (step d. Fig.1) and post processing operations are required 
in order that polygon boundaries are placed between tree rows and not directly on trees 
(step e. Fig.1).  
 

 
Figure 1. Flowchart of the proposed methodology for deriving management zones. 
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3.  APPLICATION AND RESULTS 
Apparent electrical conductivity (ECa [mS/m]) of the soil, tree trunk circumference [cm] 
and yield [kg fruit/tree] were used to demonstrate the developed method. Additional 
parameters such as fruit and canopy related parameters were considered as well, but are 
beyond the scope of the current paper. Results of the General G statistic for both ECa 
and tree trunk circumference values, in both case studies, indicated on the presence of 
global clustering of high values (high ECa values and high tree trunk circumference 
values). High z-scores and very small p-values indicated on statistical significance. 
Results of the Gi* statistic indicated that local clustering occurred in both study areas 
for both parameters (Fig.2 and Fig.3).  

 

 
Figure 2. Output of step b - Hot-spot analysis for ECa values for case study in Turkey. 
Dark red dots denote statistically significant clusters of high values (z-score> 2.58 and 

p-value < 0.01), while dark blue dots reveal statistically significant clusters of low 
values (z-score < -2.58 and p-value < 0.01). Z-score results which fall between -1.65 

and +1.65 with a p-value > 0.10 are not considered significant, i.e. no spatial clustering. 
Base image from ESRIWorld Map Background, Copyright © 1995 - 2012 ESRI.  

 
Z-score outputs were categorized into 3 classes to delineate hot-spots (class 1), cold-
spots (class 3) and un-significant clustering (class 2). Fig.4 illustrates the reclassified z-
scores and the associated output management zones for tree trunk circumference values.  
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Figure 3. Output of step b - Hot-spot analysis for ECa values for case study in Germany. 

Dot symbology follows the same symbology used in Fig.3.  Base image from 
ESRIWorld Map Background, Copyright © 1995 - 2012 ESRI.    

4.  ACCURACY EVALUATION 
Methods for defining management zones are often evaluated by how well they represent 
yield variation. We used yield represented by its clustering intensity (z-score) in order to 
examine the predictive capability of the management zones defined by the spatial 
clustering of ECa and tree trunk circumference. A one-way ANOVA test was applied. 
The sampled trees were divided into groups based on the output management zones. 
The dependent variable was yield variation (represented by its clustering intensity) and 
the independent variables were the management zones as delineated by ECa and tree 
trunk circumference values. The objective was to evaluate whether the group means of 
the dependent variable (yield) differed significantly among the groups of management 
zones. Results demonstrated that while trunk circumference values were a valid 
parameter for predicting yield variations, ECa values did not sufficiently predict yield 
and could not therefore serve as a unique parameter for defining management zones in 
the orchard. 
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Figure 4. Output of steps c-e for case study in Turkey: Reclassified z-scores overlaid on 
output management zones for tree trunk circumference values after post-processing of 

zones. Base image from ESRI World Map Background, Copyright © 1995 - 2012 ESRI.   

5.  CONCLUSIONS 
The definition of management zones in orchards requires a novel approach based both 
on data collected from individual trees and on data describing tree location 
(environmental conditions). Inferential spatial statistics offers point-based spatial 
clustering methods which truly account for location and for spatial relationships 
between features. We have examined the validity of the General G statistic for 
recognizing global patterns in individual tree data and the Gi* statistic for recognizing 
local clusters. Since the Gi* statistic includes both the values of neighboring features as 
well as the value of the tree (target feature) in the statistical computation, and the value 
of the target feature contributes to the emergence of the cluster, the Gi* statistic is 
particularly suitable for locating cold-spots and hot-spots. This is valuable for locating 
potential homogenous areas for generating management zones. In addition, it would be 
possible, in future management scenarios, to use the hot-spot z-scores as a basis for 
individual-tree based management. The decision-maker could then evaluate both the 
condition of each tree and its correlations with local influencing parameters. However, it 
is important to note that since different parameters result in different management 
zones, it is important to first recognize the parameters that most influence yield 
variability and to develop the zones accordingly. Last, as a method based on inferential 
spatial statistics, probabilities are assigned to management decisions. This supports 
reliable, informed decisions to advance sustainable and optimal management of 
orchards. 
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ABSTRACT 

 

The Internet of Things (IOT), the idea of having real-world objects communicating with 

each other, is changing the way for capturing, organizing and consuming information that 

comes from the real world, including the agricultural and farming environments. Even if the 

RFID is a feasible, proven, and cost-savvy technology for items identification, many other 

data sources or smart sensors could today be integrated to enrich product traceability fea-

tures. Furthermore, there still is a gap in terms of traceability infrastructures: even if stand-

ards for identity exchange mechanism exist, few implementations are known. This paper 

will describe the “ebbits” event-driven service-oriented middleware, which aims to simplify 

the development of high value added smart-applications, fostering interoperability with 

ERP business systems and public authentication systems. The paper highlights the ebbits 

key architectural features in a concrete life-cycle tracing use-case, exploiting RFID tags and 

sensors to seamlessly collect data along the whole breeding, slaughtering and distribution 

chain, giving to farmers, retailers and consumers an integrated products history information. 

 

Keywords:   Internet of Things, ebbits, middleware, RFID, EPC, Identity, Europe. 
 

 

1. INTRODUCTION AND STATE OF ART 

 

The Internet of Things (IoT) is a concept in which the real world is made by a large popula-

tions of intelligent objects able to be seamlessly integrated in a virtual world of information. 

Today, wireless embedded technologies allow ubiquitous communications, pervasive com-

puting and ambient intelligence, making the trend towards always-on devices possible.  
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A lot of research and development towards the IoT are known, but the here presented vision 

provide also access to modify and add enriched information to people and to services simul-

taneously. Accordingly, such Internet of People, Things and Services (IoPTS) natively pro-

vides instruments and features to data integration, data fusion and context awareness, ena-

bling to foster the Future Internet within different application domains. Among these do-

mains, it is possible to cite industrial automation, logistics, intelligent transportation, assist-

ed living; as an example, the food traceability scenario is presented in this paper. 

 

The always higher worldwide interest in food safety and traceability is proved by the prolif-

eration of laws and standards in this field (Frohberg et al., 2006). Equally prolific is the re-

search on ICT systems for products life-cycle management, even if often characterized by a 

strong verticalization and leveraging mainly on RFID, like underlined in (Gandino et al., 

2009). Many other agri-food research use RFID: (Laguna et al, 2012) introduces a system 

for milk production identification and tracing, (Zhao et al., 2009) proposes a RFID-enabled 

system for pork supply chain; (Trevarthen et al., 2008) provides an overall view of the 

components needed for an advanced dairy farm; in (Congguo et al., 2012) a whole pig 

breeding process is performed, in combination with services offered by an enterprise mid-

dleware. However, other traceability research propose an IoT-based approach: in (Zhong-

wei et al., 2012), the authors positively studied the possibility to apply this paradigm to the 

entire food supply chain, while (Fu Bing, 2012) pointed out the advantages obtained by in-

troducing an intelligent system based on IoT to the fruit production. The presented work is 

exactly an application of the IoT middleware named “ebbits“ (ebbits, 2011), which provides 

a communication infrastructure that automatically and dynamically connects physical world 

sensors and devices, offering their capabilities as web services, easing the development of 

smart-applications, interoperable with business management and public authentication sys-

tems. The ebbits platform is introduced in Section 2, and its application to a meat traceabil-

ity use-case is described in the Section 3. 

 

2. THE EBBITS PROJECT 

 

The ebbits project takes advantage from the results of  previous FP6 project named “Hydra”  

(Eisenhauer et al., 2010), in particular on the middleware later called LinkSmart 

(LinkSmart, 2013). It combines a service-oriented architecture, peer to peer networking 

technologies and semantic Web Services, addressing the IoT issue. The ebbits project en-

riches the LinkSmart middleware by providing innovations like: Entity Virtualization - real-

ized by specifying an addressing layer based on unique identifiers; Data and Event Man-

agement - providing a peer-to-peer (P2P) Event Management Architecture; Centralized and 

Distributed Intelligence – defining a standard data fusion framework and adopting ontolo-

gy-based context models to promote self-awareness mechanisms; and many others. Thanks 

to these innovations, it is possible to decouple applications from specific physical resources 

(exposing physical devices, sub-systems and cloud facilities as services or a composition of 

them). Furthermore, ebbits aims to semantically resolve Internet of Things and to support 

interoperable end-to-end business applications. Other details about the complex ebbits ar-

chitecture are available as public deliverables (ebbits, 2013). 
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2.1 Entity management and EPCglobal compliancy 

 

According to (Serbanati et al., 2011), in the IoT context, resources (as digital representation 

of physical entities) have the following fundamental property: “they are digital entities that 

are bi-univocally associated to the physical entity they represent. Each resource must have 

only one ID that identifies the represented object. The association between the resource and 

the physical entity must be established automatically”. Considering this, the “ebbits” project 

introduces the concept of entities, which are static resources that can be monitored through-

out their whole lifecycle and can be identified by static entity identifiers (EntityIDs). Antic-

ipating what described in the Section 3, an example could be the creation of a link between 

cow breeder data plus transportation temperature with a specific cow (the entity). Key ob-

jective of ebbits entity management is to uniquely and persistently identify resources, store 

this information together with basic set of resource attributes and support lookup operations. 

Furthermore, it is necessary to address compatibility with already existing identification 

schemes, mainly vertical solution adopted within business processes. The most relevant is 

the EPCglobal architecture Framework (Traub et al., 2013). This framework standardizes 

the components and interfaces in systems using RFIDs in order to use them globally and 

across enterprises. RFID tags are being applied in ever more applications and are being used 

for traceability in many domains, but today is necessary to provide support to much more 

heterogeneous sources of information (environmental sensor, smartphones, GPS, etc.). For 

this reason, ebbits has taken into account already existing platforms and today provides 

support to EPC code representation. Indeed the EntityID can be seen as a compound repre-

sentation of an entity consisting of the following parts: (i) world-wide unique identifier 

(generated by Entity Manager or taken over in case of EPC codes); (ii) local ID – it identi-

fies the entity in the local domain of the resource provider; (iii) list of aliases –list of local 

IDs that identifies the same entity by different stakeholders; (iv) list of resources according 

to part-of relation with the original (identified) resource. The Entity Manager is the compo-

nent implementing the entity management functionalities within the overall ebbits architec-

ture and is composed of the following parts: 

• Resource Directory - responsible for creating unique UUID as part of EntityID and reg-

istering newly created EntityIDs in the local database of the Entity Manager. 

• Mapping&Relation Service - maintaining the alias relations between ebbits unique iden-

tity and different local IDs, as well as part-of relation between ebbits identities. 

• Lookup Service – builds the communication infrastructure of Entity Managers according 

to the peer-to-peer architecture and offers ebbits-wide Lookup service. 

 

2.2 The Physical World Adaptation Layer  

 

The PWAL is an ebbits component, used to provide a common framework to support inter-

actions with different “physical world” devices (including protocols and communication 

channels). It standardizes the connection with these devices by exposing their capabilities 

including services offered, events generated and available resources. This exposure is per-

formed through the so-called PWAL drivers, which provide abstractions to device-specific 

technologies and interfaces. This approach ensures that devices can be seamlessly integrat-
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ed with other IoT/ebbits components. The PWAL is not tightly coupled with LinkSmart 

since the interface between them is the ebbits IoT Layer. Within this layer is included the 

Device Discovery Manager (DDM) and the Device Proxy (DP). The DDM uses the 

LinkSmart device ontology to instantiate the Proxies (a device virtualization that communi-

cates with the PWAL driver and provides a web service interface). The Context Manager, 

stores all information that is not included in the raw data of the device, and it is included in 

DP. This information could be measurement unit, reading frequency, error state, etc. The 

Context Manager in the Proxy provides and uses information found in higher levels Context 

Managers. 

 

3. USE CASE: MEAT TRACEABILITY 

 

The scenario taken into account is the product lifecycle management. The main idea is to 

use the ebbits platform as a distributed environment for animal/food product information 

sharing. These information are events, shared over ebbits in the form of XML (eXtensible 

Markup Language) files. Each XML is designed to contain information about all the steps 

taken by each product. When the cow is born the XML (which represents the animal identi-

ty) is created with the unique field “digiCOW”. Then the farm management system injects 

animal breeding information in each digiCOW (including dates, stable info, animal skate 

and all other pertinent information coming from national databases and sensors in the farm). 

Then the cow is moved to the slaughter. Here the same xml is associated with any bulk beef 

and each xml will have the same digiCOW, but a different “digiBulkBeef” (digiBB) entity. 

Any bulk beef will have its own entity but will always be attributable to a specific cow. The 

digiBB is also enriched with other relevant information (slaughter details, meat weight and 

quality). The same happens during other steps: during transportation, where product tem-

perature information are included, and while selling products, where digiBB are splitted in-

to many “digiProduct” entities (containing all useful product-specific data). From a single 

“digiProduct” is therefore possible to trace-back any valuable meat/cow details. Communi-

cation and data transfers are based on a loosely coupled event processing model where 

ebbits events are propagated along the product life cycle chain, triggering context dependent 

information and accumulating life cycle data. This infrastructure manages each step of the 

chain independently, indeed each sub-component only receive subscribed events, and pub-

lishes other events, which could be used by further subcomponents (Eugster et al., 2003). 

Accordingly, any independent systems/actors can be part of the ebbits traceability process 

by adhering to a set of ebbits services, components and standards. Data sources and services 

include both external databases and human actors (for data inputs or manual ser-

vice/decision making) as well as various IoT devices such as RFID readers, temperature 

sensors or actuators. Therefore, adding a new component to the chain does not mean com-

pletely redesigning the overall architecture.   

 

3.1 Farm Data 

 

This section presents a short description of the so called “seeder application”. The farm data 

can be originated from a local farm management system or from public database (contain-
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ing basic information regarding individual animal such as date of birth, parents ID, medical 

treatment and production efficiency). The local farm management system is typically hosted 

on a PC located in the farm production facilities. It is used to manage daily operations such 

as feeding, to store information about movement of animals or other efficiency parameters. 

Based on example data from the two data sources, the ebbits demonstrative prototype appli-

cation has taken into account the following data: Farm Country, Farm Name, Farm ID, 

Race, Animal ID, Date of birth, Parents ID, Production disorders (e.g. diseases), Medical 

treatments. In the real world, any further data could be used, accordingly to local regula-

tions. 

 

3.2 The cold chain 

 

The so called the “cold chain” includes all the steps during which it is required to keep the 

products frozen and maintained at constant temperature (in any case below -18° C). The 

temperature maintenance involves all the processes from production to sale, including the 

critical transport phases. Such maintenance is necessary to avoid the thawing (even partial) 

followed by the refreezing processes: during refreezing a risky deterioration of food’s or-

ganoleptic properties could happen and temperature oscillations can stimulate the prolifera-

tion of dangerous microorganisms. Cold chain interruptions shorten the product life and 

makes the expiration date invalid. Accordingly, to reduce thermal shocks intensity means to 

defend and preserve the quality of the food. The ebbits traceability prototype has taken into 

account also the transportation phase, as described in Figure 1, describing shipment from 

point A to the point B. In both the checkpoints, there is an UHF RFID gate. 

 
Figure 1 - transport from slaughter to reseller schema 

 

In the dispatching phase (checkpoint A), slaughterhouse products and a digiBB identifier is 

going to be associated with each actual meat pass through UHF RFID transponders. This 

operation is carried out manually by an operator, which select tags available under the gate 

and digiBB events received to be inserted in the tag. Now each bulk beef have a tag con-

tains only digiBB. Querying the platform with the digiBB it is possible to get the complete 
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XML containing the product history. During the transportation phase is necessary to meas-

ure and store temperature. The ebbits project takes into account two possible technologies 

to perform address this issue: 

• Wireless Sensor Network (WSN) – a set of spatially distributed autonomous temperature 

sensor installed in the truck able to communicate with a portable PC (high sensing per-

formances and flexibility, but invasive and expensive). 

• UHF RFID Temperature Logger - semi-passive tag that allows temperature monitoring 

(poor configurability but easy usage plus low costs). 

In the last step all the temperature logs will be associated with the single digiBB in order to 

enrich the traceability information associated with products. This operation is performed in 

a marshalling point (checkpoint B) while the products are received. Passing through the 

second RFID gate, the products are automatically recognized, as consequence, temperature 

information  (manually or automatically downloaded from on-board PC or from tempera-

ture logger) are updated; furthermore, it is recorded as “delivered to point B”. Figure 2 

shows the event message (the XML file) for one piece of meat, generated at both the check-

points (in the simple example temperature are logged each four hour). 

 
Figure 2 – xml event generated at the checkpoints A and B  

 

The RFID system presented shall be read as IoT devices generating information. In order to 

interact with those devices it was necessary to develop a custom PWAL driver. Conse-

quently it was chosen to achieve compliancy with the Low Level Reader Protocol LLRP 

(EPCglobal, 2013), an EPC Global standard which specifies the network interface between 
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readers and controlling software/hardware. The choice of LLRP protocol is due to the need, 

at infrastructure level, to interact with heterogeneous traceability data sources in the most 

standard and general purpose way.  

 

3.3 End-user application 

 

For demonstration purposes, the ebbits project took care of the interaction of the traceability 

system with the end-users (the consumer), giving them access to the platform through a cus-

tom mobile App, in order to retrieve detailed product history information. Primary func-

tionalities taken into account are scanning labels from meat packages and using scanned in-

formation to retrieve additional metadata from globally available services. Labelling can 

leverages on RFID/NFC tags or simply QR codes. Mock-up screenshots of the application 

are represented in Figure 3. 

 
Figure 3 – ebbits end-user traceability application 

 

4. CONCLUSION 

 

This paper described the ebbits event-driven service-oriented middleware, highlighting its 

key architectural features in a traceability use-case: the effective beef meat life-cycle trac-

ing, exploiting different RFID tags and sensors to seamlessly collect valuable information 

and delivery the same to potential users. The paper emphasized the potential impact of the 

ebbits platform that takes middleware solutions for the entire meat production chains, aim-

ing at demonstrating both real-time data management and usage of repositories with historic 

traceability information. The presented platform can also be deployed in different domains, 

characterized by different processes and objectives. 
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ABSTRACT 

STUDIES HAVE SHOWN THAT ETHIOPIAN AGRICULTURAL FACULTIES 
INTERNET USAGE IN TEACHING AND RESEARCH IS NOT AS TO THE 
EXPECTATION OF UNIVERSITY TOP MANAGEMENT AND EDUCATION 
PLANNERS. TO THIS END, THE GENERAL OBJECTIVE OF THE STUDY IS 
TO INVESTIGATE INTERNET USAGE BEHAVIOR OF AGRICULTURAL 
FACULTIES IN THEIR ACADEMIC WORKS BASED ON WIDELY USED 
MODEL IN INFORMATION SYSTEMS: THE TECHNOLOGY ACCEPTANCE 
MODEL. ACCORDINGLY, THE THEORETICAL FRAMEWORK OF THE 
STUDY INTEGRATES FOUR EXOGENOUS CONSTRUCTS WHICH ARE 
PERCEIVED USEFULNESS, PERCEIVED EASE OF USE, FACILITATING 
CONDITIONS AND SELF EFFICACY. A SURVEY WAS ADMINISTERED TO 
193 AGRICULTURAL FACULTIES IN HARAMAYA UNIVERISTY, COLLEGE 
OF AGRICULTURE AND ENVIRONMENTAL SCIENCES. THE DATA WAS 
ANALYZED USING STRUCTURAL EQUATION MODELING AND 
DESCRIPTIVE STATISTICS. THE RESULT OF THE PROPOSED INTERNET 
USAGE MODEL INDICATED THAT PERCEIVED USEFULNESS (PU) AND 
FACILITATING CONDITIONS (FC) SIGNIFICANTLY AFFECT INTERNET 
USAGE OF AGRICULTURAL FACULTIES IN THEIR ACADEMIC WORKS. 
ON THE OTHER HAND, PERCEIVED EASE OF USE AND SELF EFFICACY 
DO NOT SIGNIFICANTLY AFFECT INTERNET USAGE OF AGRICULTURAL 
FACULTIES IN THEIR ACADEMIC WORKS. IN ADDITION, THE MODEL 
VARIABLES (PU, PEOU, FC, SE) EXPLAINED OVER 59% OF THE 
VARIANCE IN TEACHING AND 29% VARIANCE IN RESEARCH AND 
RELATED ACTIVITIES. AS A RESULT, THE STUDY UNDERLINED THE 
IMPORTANCE OF DESIGNING INTERVENTION IN THE STUDY AREA ON 
INTERNET TECHNOLOGIES THAT CAN BE USED TO SUPPORT 
ACADEMIC WORKS. EQUALLY, IMPROVING TECHNICAL, KNOWLEDGE 
AND PHYSICAL INFRASTRUCTURES IS ESSENTIAL TO ENABLE 
EFFECTIVE UTILIZATION OF THE INTERNET IN THEIR ACADEMIC 
WORKS. 

Keywords:  ICT IN AGRICULTURE, AGRICULTURAL FACULTIES, INTERNET 
EDUCATION, TECHNOLOGY USAGE BEHAVIOR, ETHIOPIA 
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1. INTRODUCTION AND BACKGROUND 
 
Ethiopian HLIs are mainly established to provide access to the Internet for users like 
Agriculture faculties. In Haramaya University (HU) most faculties including 
agricultural faculties are provided with access to the Internet. The common 
understanding among the university top management, education planers and other 
government stakeholders is that users like agricultural faculties use the Internet 
predominately in their academic work mainly for teaching and research purposes. 
 However, in Ethiopian HLIs in general, and Haramaya University in particular, there 
are no studies conducted that provide insights and empirical findings about agricultural 
faculties Internet usage. To put it differently, empirical evidences about faculties’ 
Internet use such as their years in using the Internet, frequency of Internet usage and 
adequacy of the Internet, Internet service and Internet access method in the study area 
are lacking. 
More importantly, studies in other African HLIs have shown that faculties Internet 
usage to support teaching and research is not as to the expectation of university top 
management and education planners (Derek and Philipp, 2009; Oyelaran and Adeya, 
2010). In addition, faculties are less inclined to use the Internet in their work (Park et al 
, 2009). This phenomenon has created the need to better explain agricultural faculties 
Internet usage behavior in order to devise a strategy that will increase its usage.  
  
To meet this need, investigation of agricultural faculties Internet usage behavior has 
became critical. 
 

1.2.  Objective 

 
The objectives of the study is to: 

•  propose a research model that best describes Internet usage of agricultural  
 

1.3. Hypotheses  

 
Usage Behavior in Teaching and Teaching Related Tasks (TEACH) 
H1a: Perceived usefulness (PU) has significant influence on usage behavior (TEACH) 
H2a: Perceived Ease of Use (PEOU) has significant influence on usage behavior 
(TEACH) 
H3a: Facilitating condition (FC) has Significant influence on usage behavior (TEACH) 
H4a: Self Efficacy (SE) has significant influence on usage behavior (TEACH) 
H1b: Perceived usefulness (PU) has significant influence on usage behavior 
(RELATED) 
H2b: Perceived Ease of Use (PEU) has significant influence on usage behavior 
(RELATED) 
H3b: Facilitating condition has Significant influence on usage behavior (RELATED) 
H4b: Self Efficacy (SE) has significant influence on usage behavior (RELATED) 
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2. MATERIAL AND METHODS  
 
In this study, subject (unit) of analysis is an individual agricultural faculty in the 
College of Agriculture and Environmental Sciences and the total population size of the 
study is only 193. Thus, this study uses purposive sampling technique known as 
population sampling to examine the entire population. The study used survey method to 
collect data from the sample population. The questionnaire used in this study includes 
measures of items/variables to be studied, including, perceived usefulness, perceived 
ease of use, self efficacy, facilitating condition, Internet usage in teaching and teaching 
related activities, research and related activities and basic information. a. Data analysis 
procedures of this study employed descriptive statistics and a second generation model 
(Structural Equation Modeling). 
 

3. RESULTS 

3.1. Background of Internet technology usage  

 
Hereunder, background of personal Internet usage such as years in using the Internet, 
frequency of Internet usage and adequacy of Internet usage was presented. Accordingly, 
Substantial numbers of faculties’ years in using the Internet were 1 up to 5 years of 
using the Internet (36.8 %). The small numbers of years indicate that the Internet is still 
a new phenomenon in Ethiopia as many of the faculties had not access to the Internet 
until recently. Faculties who had used the Internet for about 6-10 years (34.4%) were in 
the majority, compared to those who had used the Internet more than 10 years (20.2%). 
It can be noticed that these group of people (used more than 10 years), were among the 
first to use the Internet in Ethiopia though some of these faculties could be outside of 
Ethiopia for their studies and had the chance to access the Internet (Table 1). 
 
Frequency distribution of faculties Internet usage demonstrates that large numbers of 
faculties (46.6 %) frequency of Internet usage were several times a day if connection is 
available to them. On the other hand, 18.1% of the faculties used to access the Internet 
five to six times a week, 14 % have accessed the Internet a few times a week. Finally, 
the remaining 13 % accessed the Internet only once a day (Table 1). The majority of 
agricultural faculties (53.4%) thought that their Internet usage is not enough which was 
just higher than those who thought that their Internet usage is just enough (42 %). Only 
4.7% of them thought that they had used the Internet too much (Table 1). 
 

Description Category Cases Percentage 

Years in 
using the Internet 

a less than 1 year 16 8.3 
1-5 years 71 36.8 
more than 10 years 39 20.2 
6-10 years 67 34.7 

Frequency of Internet usage at present 
 

Use a few times a week 27 14.0 
use five - six times a week 35 18.1 
use once each a week 16 8.0 
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Table 1: Background of Internet usage 
 
As shown in Table 2  web-browser that faculties used most are Mozilla (50 %) and 
fairly large number of faculties (30.6%) use Internet explorer, Google chrome (18.7%) 
and Netscape (0.5%). Internet services they used most were both websites and email 
(26.4 %), websites (26.4%), and (3) email (14 %) (See Table 2). With respect to access 
to the Internet, we can observe that about 3/4 of the faculties (74.4 %) access to the 
Internet in their office. Thus, the most frequent place for Internet access is office 
(44.2%), both at office and home (30.1 %), various wireless zones in the campus (12.4 
%), home (7.3%) and Internet cafe (5.7 %). This indicate that wireless access points are 
given less attention. 
 

Service of the Internet Category Cases Percentage 
(%) 

Web-browser Mozilla 97 50.3 
IE 59 30.6 
Netscape 1 0.5 
Google chrome 36 18.7 

Service of the 
Internet use most 

WWW focusing on 
academics 

51 26.4 

Email 27 14.0 
Social Networking 13 6.7 
Website and Emails 102 52.8 

Location where accessing  
the Internet most 
 

At my office 86 44.2 
At my home 14 7.3 
Both at office and at home 58 30.1 
Internet café 11 5.7 
Various wireless zone in the 
campus 

24 12.4 

Table 2. Internet service and Internet access method  
 
The study had also assessed Internet usage of agricultural faculties in the study area. 
The result is presented in Table 3. Accordingly, agricultural faculties purposes of 
Internet usage were in the order of: (1) searching information for  my research (2) 
enhancing teaching knowledge (3) preparing teaching material (4) searching 
scholarships (projects fund and further studies) (5) enhancing research knowledge (6) 
teaching in classes (7) providing a Personal Web-Base for facilitating teaching (8) email 
for student contact (9) create and participate in educational and research blogs. 
 

several times a day 90 46.6 
use about once a day 25 13.0 

Adequacy of using the Internet Not Enough 103 53.4 
Enough 81 42.0 
Too much 9 4.7 
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Description of Internet 
technologies usage 

Strongly 
disagree 

(%) 

Disagree 
(%) 

Undecided 
(%) 

Agree 
(%) 

Strongly 
agree 
(%) 

Usage 
(Mean) 

searching information 
 for my research 

1.6   5.2  11.9  25.9  55.4  4.37 

enhancing teaching 
knowledge 

4.0  6.7  12.0  32.7  44.7  4.31 

Preparing teaching 
materials 

4  11  2  25  58  4.2 

for  searching 
scholarship (research 
funds, phd, postdoc, etc)  

11.3  6.7  19.3  18.7  44.0  3.77 

Enhancing research 
knowledge 

18.0  7.3  8.7  26.0  40.0  3.63 

student contact and 
giving advice 

29.3  15.3  18.7  22.7  14.0  2.77 

Create and participate in 
professional blogs  

28.0  18.7  21.3  17.3  14.7  2.72 

Personal Web-Base for 
facilitating teaching 

44.0 28.3  14.0  5  8.70  2.35 

teaching in classes 66.0  15.3 10.7 5.3 2.7 1.63 

Table 3.  Summary of faculties Internet usage 
 
The result in table 3 implies that the Internet and Internet based technologies are not 
widely used in teaching class. This result is consistent with prior study in Kenya and 
Nigeria universities (Oyelaran and Adeya, 2010). Despite the large amount of public 
money spent on infrastructure, it is yet to be used in teaching classes. Thus, it requires 
further investigation of faculties Internet usage behavior. 
 
3.2 Investigation of Internet usage behaviour of agricultural faculties  

 
Structural Equation Modeling (SEM) was applied to meet the objective of the study 
using three concurrent steps. Firstly, initial Internet usage model representing all 
proposed relationships was generated. Secondly, the fit measurement results of the 
Internet usage model are evaluated to ensure that the items used to measure each of the 
constructs in the model is adequate. The third step was carried out only after the fit 
measurement models have shown to be proper measures of the constructs. It involves 
the assessment of the structural model which shows the relationships between the 
constructs.  
 
Initial Internet usage model of the study includes the structural relationship between the 
four exogenous latent constructs: PU = Perceived Usefulness, PEOU = Perceived Ease 
of Use, FC = Facilitating Conditions and SE = Self Efficacy and the two Endogenous 
Latent Constructs: TEACH = Internet usage in Teaching and related activities, 
RELATED= Internet Usage in Research and related activities. The single head arrow 
have path coefficient leading to the dependent constructs and the letter e’s represents 
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error terms. The double headed arrows represent covariance of constructs. Pu1-pu2, 
peou1-peou4, se1-se4 are variables used to measure their respective constructs. 
 

   
Estimate S.E. C.R. P 

TEACH <--- PU 0.72 0.042 3.124 0.002** 

 RELATED <--- PU 0.68 0.085 2.206 0.027** 

TEACH <--- PEOU 0.20 0.187 1.506 0.070 

RELATED <--- PEOU 0.24 0.075 .985 0.099 

TEACH <--- FC 0.61 0.121 1.962 0.02** 

RELATED <--- FC 0.58 0.078 1.663 0.046* 

TEACH <--- SE 0.32 0.194 1.443 0.06 

RELATED <--- TEACH 0.60 0.105 3.6 0.02** 

       

Table 4. Covariance of the Internet usage model 

* A p value is statistically significant at the 0.05 level 
** A p value is statistically significant at the 0.02 level 
 
As shown in Table 4, the  standardized  regression  weights  are  used  since  they  allow  
to compare  directly  the  relative  effect  of  each  independent construct on the 
dependent. Accordingly, perceived usefulness (PU) and facilitating conditions (FC) 
significantly affect Internet usage in teaching, research and related activities.  On the 
other hand, Perceived Ease of Use and Self Efficacy do not significantly affect Internet 
usage in teaching, research related activities.  
 
The hypotheses test (table 4) indicate that the higher the level of perceived usefulness, 
facilitating condition towards using the Internet by agricultural faculties the higher 
would be the extent of the Internet usage in teaching. Concurrently, the higher the level 
of perceived usefulness of the Internet and facilitating conditions for using the Internet, 
the higher would be the extent of the Internet usage for research and related activities of 
agricultural faculties in the study area. 
 
The hypotheses test also revealed that not all of the independent constructs in the 
Internet usage model significantly explained usage behavior of agricultural faculties. In 
addition, it was also identified that the independent constructs capabilities in explaining 
the variance of usage behavior in teaching and related activities (TEACH) were higher 
than in research and related tasks (RELATED). The independent constructs (PU, 
PEOU, FC, and SE) account for 59 % of the variance of Internet usage behavior in 
teaching (TEACH) and, 29 % of the variance of Internet usage behavior in research and 
related activities.  
 
The most important determinants (independent constructs) for usage behavior (TEACH) 
were PU, FC with their P value being statistically significant at the 0.05 level. The 
important determinants for usage behavior in research and related activities 
(RELATED) were also PU and FC with their P value being statistically significant at 
the 0.05 level. 
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Finally, Internet usage model that represented agricultural faculties’ usage behavior has 
been generated. However, this model should be further investigated to find out whether 
the moderators including age, sex, academic rank, and experience affect the influence of 
PU, PEOU, FC and SE toward Internet usage behavior of agricultural faculties. 
 

 
 
Figure 1.  Proposed Research Model (IUM) explaining Internet usage behavior of 
agricultural faculties Internet usage behavior in teach and research and related activities. 

4. CONCLUSION AND RECOMMENDATION 

 
This study generated Internet Usage Model (IUM) that explains Internet usage behavior 
of agriculture faculties in the study area. Accordingly, the research managed to  link the 
various  constructs  which  are the  main  predictor  of  usage  behavior.  The mode 
provides various avenues of research opportunities that would ultimately shape and 
strengthen the Internet Usage Model. Equally, the Internet Usage Model provides 
insights to predict and explain Internet usage as part of the teaching-learning and 
research in Ethiopian context. 
 
According to the proposed model, priority has to be given to Facilitating condition and 
Perceived usefulness constructs. Accordingly, improved use of Internet in teaching and 
research is highly correlated with the presence of Facilitating conditions (technical, 
physical and knowledge infrastructure). Therefore, much attention has to be given to 
improve the technical knowhow of technicians in the ICT units so that they can support 
faculties, it is also suggested the decisiveness of improving the physical infrastructure as 
well as the knowledge infrastructure of the university. On the other side, the proposed 
model suggested the need to empower faculties’ in order to increase their perceived use 
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of the Internet and Internet based technologies in their academic woks. Last but not 
least, the study also proposed the need to put in place a policy in agriculture colleges 
which harmonizes the use of ICT in general and the Internet based technologies in 
particular. 
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ABSTRACT 
 

Pesticide Application Manager (PAM) is a project co-funded by the German Federal 

Office for Agriculture and Food (BLE) that aims to develop solutions for automating 

important processes in crop protection by using ICT.   
 

Keywords: crop protection, precision agriculture, GIS, data, decision support 

 

 

1. INTRODUCTION  

 

Due to a series of rules and legal requirements for planning, implementation and 

documentation, crop protection is one of the most information intensive activities in 

modern agriculture. One example is the legal obligation to leave buffer zones at field 

boundaries to protect adjacent natural and aquatic ecosystems. In agricultural day-to-

day reality the planning and implementation of crop protection measures as well as the 

compliance with laws, rules and any sort of documentation are mostly due to the 

responsibility of the operator who is conducting the action. Much of this work is still 

done manually and without the support of information technology which results in high 

workloads as well as an increased error-proneness. 

 

The objective of the project PAM is to develop tools to automate and therefore optimize 

the processes mentioned above. PAM aims to integrate data available online from 

different private and public sources using up-to-date ICT-technologies with a special 

focus on mobile technologies. This will make crop protection measures less error-prone 

and easier documentable as well facilitate a reduction of pesticides. The result is a 

reduction of costs for farmers as well as an improved pollution control. 
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2.  TECHNICAL BACKGROUND 
 

 

Recent advances in different technical fields offer possibilities to support crop 

protection measures and are basis for developments in the PAM project: 

 

2.1 Mobile Networks 

Mobile networks following the common GSM, DCS1800 or UMTS-standards do not 

only allow voice communication but also data transfer. Suitable user devices (e.g. 

smartphones or tablet-PCs) as well as lower prices for mobile internet have become 

more and more common, which has opened the market for a growing number of 

potential users. Especially in agriculture there is a need for applications on mobile 

devices since most of the decision makers (e.g. farmers, contractors) spend considerable 

amounts of times out in the field.  

 

2.2 Semantic Technologies 

Semantic technologies allow reusing data in unexpected contexts and use cases. This 

goes beyond general standardization of syntax and protocols because it facilitates 

reusability, flexibility and expandability. Data formats can be translated, new 

information can be derived from existing data which allows e.g. to support search and 

selection processes for terms related to each other. In the field of crop protection this is 

important e.g. to group crop protection products following certain criteria. Different 

technologies with varying degrees of maturity are available already. Examples are 

Ressource Description Framework, ISO Topic Maps or Web Ontology Language.  

   

In the project PAM an information and communication platform based on semantic 

technologies is being developed. One technical challenge integrating the different 

stakeholders involved is to connect the data collected in different steps of the crop 

protection process and the integration of information that is being provided by external 

sources. To be able to handle this variety a superordinate domain model of the crop 

protection process is needed.  

 

The domain model will describe data content and structures in such a specific way that 

the development of services and software modules for communication and analysis can 

be implemented consistently. At the same time there has to be sufficient flexibility to 

easily use and integrate existing systems and standardized formats.  
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3. PROJECT OBJECTIVES 

 

PAM aims to develop solutions for automating several processes in crop protection. 

Important specific outcomes of the project are: 

 

3.1  Development of an electronic system to read bar code labels of crop protection 

product (CPP) containers and connect to different public and private databases to 

get related information 

 

Information about crop protection products is mostly only human-readable, e.g. labels 

on CPP-containers. This poses the risk, that information in not considered in the right 

way or even not at all. Manual transfer into Farm Management Information Systems 

(FMIS) is error-prone as well. Using electronically readable crop protection product 

information helps users to avoid errors and make sure all relevant information is being 

considered. 

 

In the project PAM a system for electronically readable bar-code-labels is being 

developed in cooperation with partners from the agrochemical and the engineering 

industry. By connection to different private and public databases product specific 

information is being made accessible on site. Examples are:  

 

 Information about miscibility of different crop protection products   

 Information about legal regulations (e.g. legal buffer zones to rivers) 

 

3.2 Development of legal proceedings that allow farmers to automatically digitize 

field geometries as well as non-target zones (e.g. rivers, hedges) using high-

precision GPS 

 

Field tests using public geo-data of rivers, forests and hedges have shown that this data 

is often incomplete. Additionally the currently available location accuracy of around 3 

meters is not good enough for precision farming processes.    

 

To overcome this restriction the PAM-services cannot only run on public geo-data but 

as well on high-precision GPS-data recorded by the farmer himself using e.g. high 

precision RTK. The project partners in PAM cooperate with German supervising 

authorities to develop a process to digitize field geometries and adjacent rivers, forests, 

etc. Data recorded this way should be officially accepted and can additionally be used to 

improve public geo-data.  
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3.3 Development of a web service to automatically generate machine-readable 

application maps that include legal buffer zones 

 

In the scope of the project PAM different web services are being developed. One 

example is a tool that creates machine-readable application maps using the non-

proprietary ISO-XML format. These application maps include legal buffer zones 

depending on the pesticide and the spray nozzle used. Databases from different public 

institutions in Germany are included to access the necessary information:  

 

 Federal Agency for Cartography and Geodesy,  

 Federal Office of Consumer Protection and Food Safety  

 Julius Kuehn-Institut (JKI), Federal Research Centre for Cultivated Plants.  

 

Application maps offer the possibility to automate the spraying process as well as its 

documentation. Figure 1 illustrates this process:  

 

 
 

Figure 1: Process of creating machine-readable application maps 
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3.4 Development of a web service for profitability analysis 

 

Another web application is being developed to analyze economical aspects based on 

changes induced by legal buffer zones. Reduction of fuel as well as changes in wear of 

application machines will be shown. The project partner Association for Technology 

and Structures in Agriculture (KTBL) provides data on cost, working times and fuels 

usage that will be used additional to the calculated pesticide application area. 

 

To be able to come to conclusions regarding the specific situations on the field, all the 

machines available on the farm have to be assigned to established categories. To make 

this possible algorithms and methods are being developed.   

 

The profitability analysis will be based on machine type, recorded field geometries 

including not treated buffer zones, working width, driving speed and other possible 

parameters. 

 

Open interfaces are being developed to include those services in Farm Management 

Information Systems (FMIS). This will support farmers to comply with reporting 

commitments (to supervisory authorities or customers).  

 

 

 

4. CONCLUSION 

 

The project PAM is implemented by a consortium of public and private organizations 

under the lead of the German Central Institution for Decision Support Systems in Crop 

Protection (ZEPP).   

 

Project partners are:  

 

 Association for Technology and Structures in Agriculture (KTBL),  

 Julius Kuehn-Institut (JKI), Federal Research Centre for Cultivated Plants,  

 BASF SE  

 John Deere GmbH & Co. KG, Intelligent Solutions Group.   

 

The project duration is three years, from 2013 to 2016.  
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ABSTRACT 
 

This paper describes a requirement analysis of a possible “Fourth Party Logistics Pro-

viders (4PL)” approach implemented with a 4PL platform in the sector of after-crop 

logistics. The 4PL approach was analyzed on the basis of a systematic literature review. 

Subsequently an online survey was created with the consideration of criteria from the 

Technology-Organization-Environment-Framework. Participants in the survey were 

freight carriers of the sector. The results of the survey describe the possible functions of 

a 4PL in the sector as well as approaches for information and communication technolo-

gy (ICT) that are currently being applied and will be applied in the future. Moreover the 

requirements for freight carriers to enter into cooperation and the economic incentives 

on the part of freight carriers within the scope of 4PL development are presented. Final-

ly, future research activities are explained in consideration of possible functions of the 

4PL approach in the sector. 
 

 

Keywords: Logistics, 4PL, platform, SME, requirements, Germany 

 

1. INTRODUCTION  

 

The volume of bulk freight handled in after-crop logistics in Germany is approximately 

55.6 million (t) of grain each year (Bundesministerium für Ernährung, Landwirtschaft 

und Verbraucherschutz, 2011). In the process, this raw material that is exemplarily 

highlighted for the sector of agricultural after-crop logistics was turned over to approx-

imately 59% on the street. The basis of the transport is often a commercial transaction 

between the actors of the sector. Actors are agricultural traders and cooperatives in the 

form of small and medium-scale companies who also carry out transportation; storage 

and transshipment activities in addition to commercial activities through own fleet 

and/or warehouse capacities. Moreover, freight carriers are active as First Party, Second 

Party or Third Party Logistics providers in the sector. 

The outsourcing approach that is known in industrial sectors and the cooperative work 

with logistics service-providers (which goes hand-in-hand with it), is implemented in 
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the sector only in an isolated manner as well as described using the example of the sec-

tor (Picazo Tadeo and Reig Martínez, 2006). As in other sectors, a possible innovation 

potential through the outsourcing of transport orders and with the cooperative work with 

logistics service-providers (Wallenburg, 2009) can thus be suspected. Nonetheless, 

Wagner has clearly displayed that innovation management definitely has improvement 

potentials particularly in German transport logistics (Wagner, 2008). One innovation 

option within the scope of transport logistics could be a growing use of information and 

communication technology (ICT). In the literature is described that the introduction of 

ICT directly and indirectly impacts the performance of supply chains and supply chain 

management (Xuan Zhang et al., 2011). Impacts and significant improvements could be 

established in the most different sectors (Cheng-Min Feng and Chien-Yun Yuan, 2006). 

With the introduction of these technologies some framework conditions such as the size 

of the company (Evangelista and Sweeney, 2006) has to be considered so that the use of 

ICT and the cooperative work with a logistics service-provider succeeds. 

It could be detected that so far, no 4PL approach has yet been implemented in the sector 

and that manual communication tools (fax, telephones, email) are largely being applied. 

The fourth party logistics (4PL) approach, which communicates with the potential cus-

tomers of a network using a ICT-platform should therefore be examined as a possible 

innovative concept for after-crop logistics. 

The authors of this paper conducted interviews with experts in June 2012. The aim was 

to examine a 4PL approach closely in the sector of after-crop logistics. The experts were 

2 dealers, 2 freight carriers and 2 freight forwarders.  

In the interviews, possible potentials out of literatures for the 4PL approach were reaf-

firmed for the sector. Potentials were the application of e-marketplaces or resource op-

timization (Nissen, 2001; Qiuping, 2011). Also the ideas were the introduction of ICT 

such as transport management systems or telematic systems that may possibly replace 

the present media paper, fax and email. Mentioned were possible functions of service-

providers which facilitate an overview of transport capacities/transport needs, because 

every actor presently tries to implement transport with own equipment or through the 

services of freight carriers. 

For further verification the requirement analysis of the concept of a 4PL platform was 

done, on the basis of the Technology-Environment-Organizational (TOE) framework. 

The TOE framework was developed by Tornatzky and Fleischer for the purpose of in-

vestigating the adaption of technological innovations (Tornatzky and Fleischer, 1990). 

The analysis takes technological and organizational aspects and impacts of the envi-

ronment into consideration. This approach was adapted for the extensive view of the 

4PL approach for the after-crop logistics. The aim of the investigation is to specify pos-

sible standards required on a 4PL platform in the sector of after-crop logistics as well as 

to analyze the technological and organizational properties of the sector and the impacts 

of the environment. 

For this purpose, an online survey with 148 freight carriers of agricultural bulk freight 

logistics was conducted within the scope of this paper using a standardized question-

naire. The freight carriers interviewed were taken from the data pool of the wholesale 

sector because they are responsible for a large part of transports in the sector due to the 
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consolidation function of the harvest volume. This paper is aimed at researchers investi-

gating the development of 4PL platforms as well as practitioners of the sector of after-

crop logistics who commit themselves to the 4PL approach. 

 

2. TERMINOLOGY 
 

The term 4PL is a term introduced by Accenture. It describes a logistics service-

provider, which operates as a supply chain integrator (Olander and Norrman, 2012). The 

core function of 4PL consists in the management of own as well as third-party (service-

provider of a network) resources, abilities and technologies, to facilitate the emergence 

of a comprehensive supply-chain solution. The main feature of 4PL is the freedom of 

asset (Win, 2008). To enable this, the 4PL employs the services of the respective ser-

vice-provider of a network on a neutral basis and in accordance with efficiency aspects. 

 
3. RESEARCH METHODOLOGY 

 

For the research work the authors of this paper carried out a systematic literature review 

(Webster and Watson). The terminology of a 4PL and possible platforms to successfully 

implement the 4PL approach were investigated. Publications covering the period 2000-

2011 were taken into consideration for this purpose. A, B and C-ranked articles of the 

rankings of the German Academic Association for Business Research (Verband der 

Hochschullehrer fuer Betriebswirtschaft e.V.(VHB) from the partial ranking of logistics 

and partial ranking of Business Informatics were taken as data basis. The list of Busi-

ness Information Systems Engineering of 2008 (Business Information Systems (WI) 

orientation lists) has also been considered. It was assumed that the selected areas com-

pletely describe the scope of the investigation. Keywords for the search were 4PL, 

Fourth Party, Transportation Management and IT Infrastructure, Outsourcing and 3PL. 

Literature presenting the 4PL approach and IT infrastructure could be found on the 

keywords. Altogether, 74 articles could be identified for the context of 4PL/- platform. 

With the restriction that the approach is not be implemented in the sector and that a plat-

form can have different requirements the TOE framework approach was adapted based 

on examples out of the literature (Chan and Chong, 2013; Bernroider and Schmöllerl, 

2013). The TOE framework required technological standards, organizational standards 

and standards that are relevance to the environment. The required technological stand-

ards cover criteria for examining the information and communication technologies that 

are applied in the sector and subdivided into hardware structures and software applica-

tions. The organizational criteria examine the possible cooperative and economic re-

quirements of the 4PL. Under coverage of the environmentally-relevant standards re-

quired for a 4PL platform, the criteria of corporate development examine how far possi-

ble investments can be imagined. 

Freight carriers who worked for the wholesale of the branch as service-providers within 

the past three months (July to September 2013) were selected and invited for the survey. 

It was to be ensured – due to the period – that only certified freight carriers (Good Man-
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ufacturing Practice – GMP) were selected because the goods transported were either 

feeds or foods. 

The first draft of the questionnaire was worked out on the basis of the facts gathered 

from the literature review, the examined requirement analysis and initial expert inter-

views in the sector. This draft was critically discussed with further experts of the sector 

and suggestions of changes were implemented. This was followed by a preliminary test 

with two freight carriers of the sector, through which further changes were made on the 

questionnaire. The final version of the questionnaire could then be sent to the remaining 

146 freight carriers. The online questionnaire was classified into three sections and was 

made available via the tool LimeSurvey. The first section contained general questions 

on the company’s profile. The second section examined issues of the 4PL approach with 

subdivision into technical, cooperative, economic requirements as well as issues of cor-

porate development. Remarks and suggestions could be made by the interviewees in the 

third section. 

 

4. RESULTS 
 

Out of 148 freight carriers, 31 (21%) freight carriers fully completed the questionnaire 

in the period from October 2013 to November 2013. In the process, all freight carriers 

were twice called upon to participate within the period. The respondents were employ-

ees in management positions either as Dispatchers or Logistics Managers. On the aver-

age, the companies had 11 to 40 employees and turnover ranged from €250,000 to more 

than €5,000,000. A similar range was available in the number of trucks. For instance, 13 

respondent companies had 1 to 5 truck(s), 12 companies had 6 to 20 trucks and 2 com-

panies had up to 40 trucks. The companies transported an average of approximately 

310,000 tons of bulk freight each year (from 5,000 to 2 million tons), which is equiva-

lent to approximately 12,400 transport units/company. 

The introduction of the questionnaire described the 4PL approach and the motivation of 

the survey. In the process, the companies were able to choose from 31 different func-

tions for a possible 4PL and assess them in accordance with the criteria based on the 

Likert scale: “absolutely incorrect” (1), “more incorrect than otherwise” (2), “partly 

correct and partly wrong” (3), “more correct than otherwise” (4) and “absolutely cor-

rect” (5). Table 1 shows a selection of the assessment of the possible functions of 4PL 

in accordance with the mean value in descending order. The complete table can be 

found in the appendix via the link. 

 

Table 1: Desired functions of a 4PL service-provider 
Planning of turnaround schedule 3.86 Optimization of order-placement sequence 3.56 

Generating orders 3.72 Improved flow of information 3.53 

Route optimization 3.71 Organization of service chains 3.53 

Job controlling 3.59 Acquisition of new customers 3.41 

Asset sharing 3.56 Planning of loading and unloading 3.37 
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Following the general expression of the functions the additionally questions were based 

on the TOE-Framework. Within the scope of technological consideration, the question 

focused on the information and communication structures that are currently being ap-

plied (Hardware/Software). A question was also asked with regard to ICT use to be im-

agined for the future. Table 2 describes a selection of the ICT that is being applied with 

the accumulated mean values as well as possible future ICT in ascending order. The 

complete table with all criterions and a description can be found in the appendix. 

 

Table 2: ICT - Criterion Technology applied 

Hardware applied 

Mean 

value Software applied 

Mean 

value 

Future  

ICT 

Mean 

value 

Telephone 4.8 Software for route optimization 4.5 Internet  4.2 

Fax 4.8 Software for word processing 4.4 Telephone 4.0 

Mobil telephone 4.8 Spreadsheet software 4.2 Fax 3.9 

Email 4.5 Software for transport management 3.3 Online platform 3.9 

 

Respondents were asked about the following cooperation targets (as organizational 

standards) and the economic standards required for a 4PL. 

 

Table 3: Criterion Organization 

(Organizational standards) 

Support of cooperation approaches by 4PL for: 

Mean 

value 

(Economical standards)  

Standards required of 4PL 

as network coordinator: 

Mean 

value 

Planning and control function (Broader term) 2.9 Turnover boost 3.8 

Minimization of costs along the supply chain 2.7 Expansion into other markets 3.1 

Presentation of the cross-company view of stocks 

and resources 2.4 

Increasing the number of 

new customers 3.2 

Minimization of warehouse stock 2.0 Process improvement of 

transport processing 3.8 Boosting of delivery-readiness 2.6 

Generation of competitive advantages through 

combined service provisions 2.9 Improvement of flexibility 3.4 

Generation of consultancy and service functions 2.6 Improvement of Customer 

Service 3.4 Implementation of cross-company trainings 2.6 

Introduction of new technologies (technologically) 2.7 Increased resource utilization 3.8 

Introduction of new technologies (organizationally) 2.7 Reduction of empty vehicle 

mileage 4.0 Development of standards/ Certifications 2.8 

 

The analysis of the environmental impacts is described in the appendix (Table 8). 

 

5. INTERPRETATION 

 

The analysis of the desired functions of a 4PL service provider shows that possible ser-

vice-provider activities such as the planning of turnaround schedule, route optimization 

as well as job controlling are definitely desired by freight carriers. This would require 

an outsourcing of such activities (Wallenburg, 2009), which in turn, would facilitate the 
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execution of these functions by a possible 4PL service-provider. The sectoral structure 

of small-scale and micro-sized enterprises as reported by the experts and the present 

application of communication media could be confirmed, and this may help explain the 

present use of ICT (Evangelista and Sweeney, 2006). Initial requirements could be 

worked out conceptually for a possible 4PL Service Provider with the help of the TOE 

framework, through which functions can be deduced for a 4PL platform. 

The application of an online platform is technologically imaginable even though this 

communication medium is currently being applied only partially. A possible 4PL plat-

form should also integrate the present communication mediums. Both requirements 

form the branch could be attributed on one hand, to the uncertainty of the scope of a 

platform and on the other hand, to the rather conservative structures of the sector. 

The analysis of the criterion “Organization” shows that the sector is behaving rather 

cautiously from the point of view of cooperation. Only the planning and control func-

tion of a 4PL were supported within the scope of cooperation efforts. On the contrary, 

the aspect of the economic standards required for a 4PL platform is more precisely as-

sessed by the respondents. Functions which support the reduction of empty vehicle 

mileage, increased resource utilization, process improvement of transport processing 

and which facilitate turnover boosting were focused upon as required standards. This 

could be pointing out a possible potential of a 4PL as well as a possible functions of a 

platform. An imaginable function could be a transport order management which covers 

the planning, management and control of transports and resources.  

The build-up of a 4PL as well as the provision of a transport order management for the 

sector would require investments in the sector. The sector would support this in the 

course of transport optimization and route optimization which improve the economic 

situation. Nonetheless, requirement analysis uncovered that limited investment was 

made in technical improvement, which contains navigation and the application of GPS. 

Newer ICT approaches such as the use of Apps and the complete registration and pro-

cessing of orders through terminal mobile devices enjoy rather less initial support, 

which can be explained by the factor of uncertainty because such systems are not yet 

applied in the sector. On the contrary, there is perhaps, a tendency of supporting in-

vestments regarding cooperation efforts. 

In summary, the requirement analysis has led to the identification of potentials for the 

sector through the development of a 4PL approach, based on a ITC-platform. In addi-

tion to the desires and suggestions of freight carriers, there were however, also fears 

about a possible drifting down of prices. Statements such as “The centralization of data, 

volume and orders has so far, always led to a drifting down of prices” and the call for 

“Fairplay” underscore this aspect. 

 

6. CONCLUSION 

 

6.1 Limitations 

 

The survey is confined to the North German bulk freight logistics in agriculture and can 

therefore, not directly be applied correspondingly to other countries. Moreover, freight 
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carriers were questioned in their role as an actor in the chain. Other results based on 

other set objectives are imaginable if other actors are questioned. With the TOE frame-

work, one possible method was chosen for the analysis of the 4PL-approach. Other 

methods, for instance, the theory of Resource-Based View (RBV) for the preparation of 

questions may lead to other results and findings. 

 
6.2 Further Research 

 

Requirement analysis for the 4PL approach in the sector of after-crop logistics was able 

to uncover possible requirements and desires on the part of the carriers. Leading oppor-

tunities for a 4PL are noted within the scope of the functions planning and managing of 

activities in different areas. This was discernible in the requirements of freight carriers, 

economic requirements, supportive cooperation approaches as well as within the scope 

of readiness for investment on the part of freight carriers. Further research work should 

therefore be devoted to the function of transport management implemented on a 4PL 

platform. In addition to the consideration of different functions such as the planning of 

vehicle turnaround schedule processes, route optimization, job controlling, improved 

flow of information etc. the options of applying new ICT should be verified and ana-

lysed. The planned transport order management system should be divided into different 

sub-domains for this purpose. These are transport order forecast, transport order plan-

ning, transport order processing and transport order controlling. On the basis of this 

subdivision, the usage of forecast methods for the advanced planning of transport orders 

as well as the possible usage of transport algorithms for the planning of transport orders 

should be duly taken into consideration for the sector. Possible ICT should be applied 

on a prototype basis for order processing within the scope of transport order processing. 

In addition to the development of key figures, the fears of respondents should also be 

duly taken into consideration within the scope of transport order controlling in future 

development. Since a possible 4PL with an appropriate platform can only operate suc-

cessfully within an existing network as a neutral integrator. 
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ABSTRACT 

 

The public and private institutions of our country do not have a computer system that 

allows assessment of the sustainability of the profiles and business plans that arise, 

provided important today to ensure sustainability. 

The objective of this project was to evaluate the feasibility of developing and using a 

computer system with mobile devices, for the formulation and evaluation of production 

projects under the focus of sustainability and regulations of the National System of 

Public Investment 

For obtaining the indicators, employment MESMIS methodology, where it was 

determined the 20 indicators that were used to build the system. The computer project 

SYSPROJECT (v.1.0.0), both the mobile and the web have been created with the 

software development methodology called Rational Unified Process (RUP), object-

oriented, using the life cycle evolutionary prototype taking as tools for programming 

and development to PHP, MySQL, Android, SQLite, eclipse and java. 

The purpose of this project was to develop a computer integrated both mobile and web, 

that serves as a tool for management, audit, control, and documentation of business 

plans and profiles of productive projects. 
 

Keywords:   computer system, phone system, project evaluation, sustainability 

 

 

1. INTRODUCTION  

 

All of this new century societies have a great "problem socioeconomic-environmental" 

over consumption of increasingly scarce resources to meet the growing needs of 

humanity. The resources we provide the environment are limited, which is why issues 

related to administration, distribution and limits their availability, as well as the 

damages they cause, say pollution and reducing the diversity among species as primary 

target, so that the desire to achieve economic development that benefits current 
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generations do not erode the capacity of future generations and achieve achieve truly 

sustainable development. 

The study and evaluation of investment projects is one of the edges that solves the 

problem of allocating scarce resources. In this regard, it is vital currently evaluating 

investment projects not only from the standpoint of economic and financial, but also 

measure their social and environmental impact, to achieve truly sustainable 

development. 

The present research aims to use ICT for agriculture, by developing a computer system 

with mobile devices for evaluating sustainable development and production projects 

 

Objective 

Evaluate the feasibility of developing and using a computer system with mobile devices, 

for the formulation and evaluation of productive projects under the sustainability 

approach and the regulations of the National System of Public Investment 

 

Specific Objectives 

 Evaluate the feasibility of Automating the process of formulation and evaluation 

of development projects a computer system, giving quality to information via 

mobile devices 

 Compare the analysis of the economic, social and environmental impact of the 

projects using the conventional method and the automated method, in terms of 

time, efficiency and quality of information for the development of productive 

projects 

 

2.  MAIN HEADING 

 

MATERIALS AND METHODS 

 

MATERIALS 

The software and hardware that were used in this work are: 

 

Programs: 

• Microsoft Windows Seven 

• Microsoft Word 2007 

• Microsoft Excel 2007 

• Microsoft Power Point 2007 

• MySQL 

• Rational Rose 2007 

• Adobe Dreamweaver CS6 

• WampServer 

• PHP 5.2.6 

• Android SDK 2.2.0 

• Eclipse Indigo 
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Hardware: 

• HP 01 Laptop Core I3, 4 GB RAM, 500 GB DDR 

• 01 Epson T50 

• 01 HP LaserJet P1006 Printer 

• 01 TablePC 

• 01 Cellphone Samsung Galaxy III 

• 01 Cellphone Nextel 

 

Unit of Analysis and Sample: 

Contained areas for the development of this research. Consisted of the town of Huapra, 

belonging to the district of San Miguel de Aco, Carhuaz Province, Ancash Department. 

The study group, consisted of 180 inhabitants according to INEI, which will be taken as 

reference for the development and validation of the sustainability indicators 

 

METHODS 

The research was conducted in two phases in the period from January to September 

2012 

 

PHASE I 

IMPLEMENTATION OF THE METHOD FOR DETERMINING MESMIS 

SUSTAINABILITY INDICATORS 

As a methodological tool was used Assessment Framework Systems incorporating 

NRM Sustainability Indicators (MESMIS) proposed by Masera et al. (1999). This tool 

has been used in several assessments, such as those presented Ridaura Masera and 

López (2000), for different regions of Mexico. 

 

Study area 

 
Figure 22. Location Huapra Community, District of San Miguel de Aco - Carhuaz – 

Ancash 
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The MESMIS incorporate six general elements: 1) determination of the object, 2) 

identifying critical point, 3) selection of sustainability indicators, 4) editing and 

monitoring (data collection in the field), 5) presentation and integration of results and 6) 

conclusions and recommendations. 

 

Step 1. Determining the object 

The unit of analysis of this study it was the family system interrelated with the 

community, in this sense, the farms were characterized on the socio-economic-

environmental. 

. 

Step 2. Critical for sustainability attributes 

According MESMIS (Masera et al., 1999) identified management systems studied, 

compared to the next step was to identify critical points in each of these systems 

 

Table No. 2. Main weaknesses (hot spots) that affect the sustainability of the reference 

management system, related to the sustainability attributes 

 
Atributo Principales debilidades del sistema 

Productivity 

 
Low productivity of maize, potato and wheat 

High cost of production, mainly because of the chemicals and fuels, 

low prices and low aftermarket option. 
 

Inferior quality corn, potatoes and wheat due to improper handling of 

harvest and post-harvest 
 

 

 

Stability, 

Resilience and 

Reliability 

Monoculture corn, potatoes and wheat 
 

Pest and disease damage, mainly dry dry, and rust blight the crops of 

corn, potatoes and wheat. 
 

Erosion problems, with loss of water and soil fertility 

Improper management of fertility, nutrition of maize, potato and 

wheat 
 

Improper use of pesticides, generating social and environmental 

problems 
 

Lack of farmer participation in associations 
 

Adaptability 
 

Low level of application and / or limited availability of agricultural 

technologies based on the principles of sustainability 
 

Equity  Requirement as many family wages 
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Little integration into the productive process and decision-making 

Self-

Management  

Weaknesses in the accompaniment of productive activities 

High production costs due to the use of external resources 

Buying off-farm food 

 

Step 3. Selecting sustainability indicators 

Were those that best fit to the problem detected and easier to evaluate and monitor the 

conditions Huapra community that will be evaluated Huapra community. 

 

Table No. 3. List of indicators for the evaluation of sustainability in agricultural systems 

 

N Indicador Grupo 

1 Land Tenure 

Technology Indicators 

 

 

2 Irrigation in their fields 

3 Labor 

4 Management and breeding of their 

animals 

5 Marketing of livestock products 

6 Pasture Production 

7 Crop productivity 

Economic Indicators 

8 diversified income 

9 Farm planning and production records 

10 Support 

11 food self-sufficiency 

12 sustainable agrobiodiversity 

13 family integration 

Social Indicators 14 Poverty Level 

15 Use of conservation practices 

16 Biodiversity 

Environmental Indicators 

17 Availability of water 

18 Implementation of practices for soil 

conservation 

19 Practice for the management of solid and 

liquid waste 

20 Practice for the management of pests and 

diseases 
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Step 4. Methods for measuring and monitoring the indicators 

This stage includes the design of assessment tools to obtain the desired information. For 

each indicator selected should proceed to determine the most appropriate measurement 

mechanism. 

 

Step 5 - Presentation and integration of results 

This phase included the design of assessment instruments to obtain the desired 

information. 

 

Step 6 - Conclusions and recommendations 

Finally, in this step was the synthesis of the analysis and proposed suggestions and 

measures to strengthen the sustainability of the systems 

 

PHASE II 

COMPUTER SYSTEM DEVELOPMENT WITH metología RUP 

For the development of the computer system (Web and mobile), we used the life cycle 

evolutionary prototype, and the methodology to be used will be the Rational Unified 

Process (RUP), which includes the following phases: 

 

I. Business Modeling 

II. Requirements 

III. Analysis and Design 

IV. Implementation 

V. Testing 

VI. Implantation 

• Configuration and change management 

• Project Management 

• Environment 

 

Implementation of computer system 

We refer in this section specifically for the construction of the system. 

The methodology proposes a progressive construction based on successive prototypes. 

Depending on the situation you plan implementation through construction of these 

prototypes, each of which will build on the previous prototype. 

 

 

RESULTS AND DISCUSSION 

 

MOBILE SYSTEM FOR DATA COLLECTION (SYSPROJECT MOBILE) 
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TECHNOLOGY INDICATORS 

 

 
Figure 39. Join technical indicators to SYSPROJECT MOBILE 

 

 
Figure 40. Join technical indicators to SYSPROJECT MOBILE 

 

WEB SYSTEM (SYSPROJECT WEB) 

 

 
 

Figure 43. Home Screen WEB SYSPROJECT 
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Figure 46. WEB SYSPROJECT Technical Study 
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Abstract
CSBP Ltd is the leading fertiliser manufacturer in Western Australia (WA). It is using a computer-aided decision support
system  (DSS)  to  assist  fertiliser  advisory  services  (“NUlogic®”).  Previously  a  PC-based  programme  was  used  by
agronomists  (users)  for  the  interpretation  of  soil  and plant  nutrient  analyses  and generation  of  customised fertiliser
recommendations. However, the objective for the recent advances in the DSS was to include additional usage for business
management and to connect the DSS to farmers and the laboratory conducting the analyses. The DSS is now an online
system. Cloud computing stores and automatically backs up large datasets. A smart division of two websites of the same
DSS, one “live” stage and one “testing” stage, allows for effective user acceptance testing (UAT) and software training of
new advisors without interfering activities on the “live” stage. The underpinning algorithms of agro-economical models
are  written  in  a  simple  programming  language,  Optimisation  Modelling  Language  (OML).  Model  updates  and
improvements in the OML go live after testing and are then instantly available to all users. An analytical testing platform
(ATP) uses an application programming interface (API) to connect with the models, other interpretive criteria, comment
lists, non-model related inputs, the order of outputs on reports etc, making it cost-effective, flexible and quick for the data
analyst(s)  to  update  versions.  In  addition,  the  ATP  itself  connects  with  the  laboratory,  farmers  and  DSS  users.
Consequently, this DSS  allows monitoring of recommendations from DSS users in real time to (1) identify those that
require more training and to (2) ensure recommendations comply with Australian standards from the national Fertcare
program that audits the quality of advice given to maximise farm productivity, environmental care and food safety. The
DSS also logs user’s activities,  keeps a record of all  current and retired models/model  packages with the option of
refreshing a retired model/model package, gives full transparency of generated data from recommendation reports for
business decisions and offers better software support to users. These advances in the development of the DSS enhance
data security, integrity, geo-referencing via mapping capabilities and user-friendliness, offer ease of communication to all
users and access to other  data storage tools (i.e.  farm planning, libraries).  Capturing additional  data while  users  are
making a fertiliser recommendation is useful to improve market intelligence, forecasting, trend analysis, benchmarking
and inventory management. It can be reasoned from a software engineering perspective that this example of a DSS for a
fertiliser manufacturer in Western Australia could be easily transferred to other agri-businesses and government agencies
world-wide, thereby impacting on the success of businesses and extension services. 
Key Words
DSS, online, OML, ATP, API

Introduction

There  are  several  important  considerations  for  the  development  of  the  DSS.  Firstly,  the  data  modeller  from CSBP
maintains and develops the underpinning equations that  give soil  and plant  nutritional  advice.  As farming practices,
laboratory methods or varieties with different nutrient uptake efficiencies change or new relevant field research results
emerge, the models are updated in a flexible and cost-effective manner. Thus, the architecture or software build for the
DSS should consider model development (Figure 1), which continues rapidly with increasing usages and number of users
who can suggest improvements. 
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Figure 1: Development cycle for the DSS agronomy models used by CSBP.

Another important element of the DSS is to include changeable and non-changeable inputs. The models are flexible enough to be
adjusted by the advisor’s local knowledge (fine-tuning target yield, summer rainfall, nutrient uptake efficiencies, rotations, farmer’s
risk profile, best suited or preferred fertiliser source, placement, timing and rate), including economic factors (costs, prices, interest
rates,  number of months for a loan),  without being able to  directly manipulate  the analytical  data  and the calibrated biological
response curves. Stone and Hochman (2004) argue for such subjective adjustments, because “what appear to be technical and
quantitative management ‘problems’ often involve social, qualitative and subjective processes and ‘solutions’ that DSS are not
well-equipped to consider”. While there are other crucial considerations (e.g. user friendliness of the software, data security, further
data interrogation, ease of improving the algorithms for the models),  the choice of what variables are over writable remains an
essential element of the DSS.

The DSS needs to be able to correctly execute NUlogic’s agronomy models, which are among the most sophisticated in Australia.
Recommendations from soil models are in its first instance using a sufficiency approach, overlayed with the economics to give for
example N, P and K rates that achieve the maximum gross margin for the grower. The DSS user can apply other approaches, such as a
budgeting,  sensitivity  or  a  replacement  approach,  either  in  combination  with  the  economic  optimum recommendation  or  as  an
alternative. The NPK interaction is extending the widely accepted and experimentally proven theoretical framework from Liebscher
(1895),  Mitscherlich  (1909,  1956)  and  Baule  (1917).  Crops  like  grain  cereals,  oaten  hay  and  canola  display  a  genuine  NPK
interaction, which is used to simulate gross margins on the strength of quantifying the possible effect of one nutrient limiting the
efficiency of the other two. It is to ensure that overestimates of economic optimum rates are avoided, which can occur when only
considering single nutrient response curves or double nutrient response surfaces. In Australia this is the only DSS that has the three
macro-nutrients (NPK) interacting in a model and thereby reflects more realistically the situation in WA. Modelling, including reverse
modelling, is deterministic and based on multi-factorial non-linear regression analysis and cluster analysis. Recommendations and
qualitative interpretations from soil models are calibrated against the actual, target yield and various interrelated soil chemical, crop
and economic factors. Variable rates can be compared with blanket rates in terms of opportunity costs. Plant models are calibrated
against a relative yield, which can be translated back to actual yields. This can be done using a model to calculate a water-limited
potential yield from which to deduct the percentage of relative yield decline due to the most limiting nutritional deficiency. Plant
tissue testing is a good monitoring tool to identify nutrient deficiencies before symptoms appear and yield loss occurs. The NUlogic
interpretation is also diagnostic and prognostic and helps to define the best timing of nutrient applications, given weather conditions
and plant developmental stage are favourable for an application. Nutrient uptake from soil is evaluated in terms of the demand (i.e. of
the whole shoot) at the time of sampling that would give a maximum yield at the end of the season. Again, this depends on many
interrelated factors such as plant age, plant weight, nutrient interactions, geographical locations and yield potentials. This unique
method of interpretation has been pioneered by Southern (1985) in WA and does not require the adviser to sample at a specific plant
stage, because it is not related to one critical value but to a curve containing many critical values in relation to maximum yield
throughout plant development.

Furthermore, the DSS has to interpret a high volume of sample results (approximately 80,000 samples x 10-26
results per sample) and therefore should be capable of handling a large amount of data, which would have to be
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stored and logged. In addition, independent audits of the DSS require a rigorous system of quality testing and of
delivering current best management practices. Hence, CSBP conducts field research trials independently, but
also collaborates with government research organisations (regional and national) such as The Department of
Agriculture and Food Western Australia, CSIRO and various universities. Currently up to 200 000 samples per
annum are analysed Australia wide at the ASPAC (Australasian Soil and Plant Analysis Council) accredited
CSBP Soil  & Plant  Laboratory.  About  100-140 accredited and in-house trained agronomists  are  using the
NUlogic system in WA to annually generate recommendations from about 50 000 – 70 000 soil and 10 000 – 15
000 plant samples. The feedback from those advisors, in addition to CSBP’s field research trial data and the
independent Fertcare audits,  contribute to update/refine/improve the DSS (Figure 1) to ensure it  is always
updated and gives the best possible advice for fertiliser management practices, thus improving CSBP’s NUlogic
extension service.

Methods

The architecture of the DSS is complex and involves giving access to various people from CSBP and the
software provider “Agworld” (Figure 2). The workflow of generating a recommendation is as follow: the DSS
user receives notification from the laboratory that analysis results have been sent to the ATP. Once the DSS user
runs an appraisal, the relevant agronomy models will be called and determine what inputs (parameters) are
required prior to interpreting the results. The DSS user then selects and/or overwrites the parameters before
submitting  those  inputs  to  run  the  models  or  model  package.  Agronomy  models  are  embedded  in  the
Maintenance and Development Application. Outputs (decisions) are then sent back to the ATP via the API.
Approved appraisal data is returned to the Maintenance and Development Application of the DSS for further
interrogation.

© 2013 "Advances in the development of interactive Decision Support Systems: a case study from a major fertiliser manufacturer from Western Australia”
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Figure 2: Front-end (left of dashed line) and back-end (right of dashed line) of the DSS showing the dataflow
for the live and testing version using two separate ATP’s, API’s (conduits between calling model inputs and
outputs) and Maintenance and Development Applications with their agronomy models embedded. 

Different programming languages are used for the various compartments of the DSS architecture. The major
system components are: Raven, Microsoft SQL Server, Microsoft IIS Web/Application Server, NHibernate, JRuby,
Microsoft  Solver  Foundation,  an  open  source  Dependency  Injection  tool,  Microsoft's  latest  Model-View-
Controller (Razor MVC3) abstraction library,  WESCEF Core authentication and other services, Newtonsoft
JSON, C# and JQuery Javascript Library. 

Results

Since launching the DSS in September 2012 and as a result of using an online cloud based DSS and the way it was
designed,  it  is  now possible:  (1)  to  automatically  back  up  data  from all  users  in  one  location,  (2)  to  amalgamate
information for benchmarking and trend analysis, (3) to link other software systems from other providers to DSS users,
growers or the laboratory, (4) to easily communicate to all users, (5) to have clear ownership of Intellectual Property of
compartments or modules of the DSS, (6) to efficiently and rapidly update models at low costs, (7) to instantly grant or
deny access to the DSS for users without having to issue a licence or wait for a licence to expire, (8) to connect to the
DSS from any PC where internet access is available and (9) to log any activity from users as well as (10) to audit
recommendations randomly from users at any time to satisfy Fertcare System Accreditation in Australia. The experience
of using this DSS revealed so far only one limitation, which is the connectivity of the internet in remote areas and hence
the speed of generating a recommendation. In the future this problem is expected to be overcome by better technologies
for faster data transfer.

Examples of the various compartments of the DSS architecture are given below (Figure 3a-g).
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Figure 3a-g: Dashboard (a),  plotting samples to sites (b),  Maintenance and Development Application (c),  Agronomy
models in OML within the Maintenance and Development Application (d), Logged activities (e), example of the first page
of a completed appraisal (f) and Appraisal Index (g). 

Conclusions

This DSS includes additional usage for business management and connects the DSS not only to users, but also to farmers
and the laboratory. Furthermore, the compartmentalisation of the DSS allows to add or link more software systems and to
add new models and interfaces, which can now be done in a more time and cost efficient manner compared with the
previous desktop version. However, the slow time to load the pages remains a challenge and an on/offline functionality
could maybe improve the DSS in remote places of WA.

Apart from adding new models and new interfaces for calculators, the use of decision support tools that could include
geospatial data analysis using gps based data sets could be a useful addition for growers to carry out customized scenario
planning  based  on their  individual  paddock  variability  and  trends.  Future  plans  for  this  DSS are  also  to  make  the
interactive map interactive. Thereby colour coded analyte maps can be generated using the status colours. Furthermore a
calendar/map could be generated for users that records and displays previous, tagged recommendation comments, to show
i. e. recommended plant tissue testing at certain times during the season in certain paddocks. The map could also be used
for displaying interpreted soil moisture data, biomass, yield or even fertilizer applications.

In summary, this compartmentalized system of a DSS could be applied to other agri-businesses or government agencies to
improve extension services by making new research outcomes quickly available to all users at lower costs.
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ABSTRACT
The application of ICTs is still quite low among the Italian farms; it differs according to
the  different  regions,  farms  typologies  and  type  of  applications.  Different  studies
analyzed the factors influencing the adoption of ICTs in agriculture. Less considered are
the factors influencing the attitude towards the ICTs once they have been adopted (post-
implementation stages of a technology adoption). The goal of this paper is to analyze
the  factors  influencing  a  sustainable  adoption  of  ICTs  at  the  farm,  also  identifying
possible  intervention  strategies  for  policy  makers,  farmers’ organizations,  extension
services and ICTs providers. A Technology Adoption Model (TAM) was applied. A web
survey was carried out based on the TAM theoretical approach and the data analyzed
using a Structural Equation Model (SEM) applied to a sample of 766 farmers already
using ICTs. The results showed that the Perceived Ease of Use of the ICTs is positively
influencing the Behavioral Intention to Use ICTs at the farm; in turn the SEM showed
that the  Perceived Ease Of Use is influenced by the  Farm Turnover and the farmers’
Level Of Education.

Keywords: ICT, Agriculture, Farms, Technology Adoption Model, Structural Equation
Model
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1. INTRODUCTION

The available Information and Communication Technologies (ICTs) apply to the whole
of the farm management processes; increasing their adoption will improve the technical
and economical performances of the farms. The use of ICTs in agriculture more than
doubled in the last ten years (Figure 1) but still remains quite low among the Italian
farms, concerning around 60,000 farms, representing only 4% of the total farms (ISTAT,
2012). ICTs are likely to be adopted by the largest farms, making the influence of ICTs
on agriculture possibly higher than implied by these statistics. Unfortunately data on
ICTs use by farm size are not available.
The  use  of  ICTs  among  the  Italian  farms  includes  different  types  of  software
applications (Figure 1). The use of Internet, and of the related e-commerce platforms,
strongly increased in the decade from 2000 to 2010, as well as other applications for the
technical  and  administrative  management  of  the  farm.  In  spite  of  its  increase,  the
adoption of ICTs in agriculture is still constrained by different factors.

Figure 1.  Use of ICTs at the farm, Italy

Source: ISTAT

Different studies showed that the main factors limiting the adoption of ICTs at the farm
can be related to the difficulty to use the software, difficulty to appreciate its value, and
lack of training; the difficulties resulted different for different types of software (Gelb
and Voet, 2009). Other authors agree that factors like income, age, level of education
farm size, turnover and type of production can influence the adoption of ICTs at the
farm level,  as  reported in  a recent  study (Anastasios  et  al,  2010).  According to  the
Technology Adoption Model (TAM) (Davis, 1989) technologies (in this case ICTs) are
more easily adopted when they are perceived as useful (PU) and easy to use (PEU)
(Figure 2).
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Figure 2. The TAM model

In turn PU and PEU are influenced by a set of explanatory variables, which the TAM
model does not specify. The set of variables influencing the ICTs adoption in agriculture
provided by Gelb and Voet (2009) and Anastasios et al (2010) above listed, can be used
as a reference for the definition of the set of explanatory variables of PU and PEU.
In our opinion the post implementation stage is particularly relevant in influencing the
behavioral intention to use the ICTs; as reported in a study on the relationship between
Information Technologies adoption and their impact on the organizations in Italy, the
failures  recorded  were  due  to  problems  related  to  the  technologies’ impact  on  the
organization  and  the  people  involved  (78%)  while  only  9%  were  due  to  technical
problems; the remaining 13% was related to non specified factors (Ravagnani, 2000).
The role played by ICTs providers, in implementing an after-sales service tailored to the
farmers needs and “culture” is therefore crucial.
Based on the above-mentioned theoretical and methodological contributions, the aim of
the present paper is to define the factors influencing a sustainable adoption of ICTs at
the farm, providing a set  of explanatory variables influencing PU and PEU and the
behavioral intention to use ICTs (BI) at the farm.
 

2. MATERIALS AND METHODS

2.1 Theoretical approach: the Technology Adoption Model (TAM) 
The theoretical  model adopted, based on the TAM model (Davis, 1989), and on the
literature analysis on the determinants of ICTs use, is designed to evaluate the factors
influencing the use of ICTs at the farm in the post-implementation stage.
As a consequence the model tested includes the following set of variables:
Dependent variable: Behavioral Intention (BI); it is the frequency of use of the different
farm management software (Likert scale: 1= almost never 2= once a year 3= once a
month 4= once a week 5= every day).  
Explanatory variables: Perceived Usefulness (PU) of the software, as a measure of the
software perceived performance (Likert scale: 1= low; 2= sufficient; 3= fair; 4= high;
5= very high);  Perceived Ease Of Use (PEU):  as a measure of the perceived effort
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expectancy in using the software (Likert scale: 1= low; 2= sufficient; 3= fair; 4= high;
5= very high).
These  variables  were  collected  for  each  category  of  software  related  to  the  farm
management:  Administration (AD),  Traceability (TC),  Crop  Management (CM),
Livestock Management (LM), Farm Input Database (FID).
PEU and PU explanatory variables: following the indications coming from Anastasios et
al., (2010) and Gelb and Voet (2009)the variables are:  Age  (AGE): years; Education
(EDU): 1= primary, 2= intermediate, 3= secondary 4= university diploma1); Farm Size
(FAS):  ha;  Farm Turnover  (€/year)   (FAT); Support  Received  (SUPP):  1= none;  2=
little; 3= yes.

2.2 The analytical methods: Structural Equation Model (SEM)
The method of SEM (Structural Equation Modeling) is used for hypothesis testing.
The overall models fit is tested using the chi‐square fit test (CMIN/DF), the normed
fit   index   (NFI),   comparative   fit   index   (CFI)  and  the   root  mean   square  error  of
approximation (RMSEA). The chi‐square fit test (CMIN/DF) adjusts the chi‐square
index for the degrees of freedom. For this statistic a value as large as 5.0 are accepted
as an adequate fit,  a value less than 3.0 indicates a reasonable fit and a value less
than  2.0  displays  a  good   fit.  Values  of  NFI   and  CFI  equal  or  higher   than  0.90
represent   a   good   fit   (Byrne,   2009).   However,   the   NFI   has   a   tendency   to
underestimate fit in small samples (Byrne, 2009) and CFI takes sample size into
account.  Bentler   (1990)  suggested  that,  of   two,   the  CFI  should  be   the   index  of
choice. The RMSEA has to be less than or equal to 0.05 (0.08) for a good (adequate)
model fit (Hu and Bentler, 1999).

2.3 The survey: questionnaire and sample definition
To  this  end  a  questionnaire  was  defined  and  the  above-mentioned  variables  were
collected. The questionnaire was distributed via web, in collaboration with Image Line;
a  farmers’ web  service  provider;  the  farmers  involved  belong  to  the  Image  Line
Network  Community  (www.imagelinenetwork.com).  The  data  were  collected  in  the
year 2010. 10968 farms, representing 56% of the total Italian farms using Internet, were
involved; 766 questionnaire integrally and correctly filled were selected and included in
the sample. The respondents’ rate was 7%.

3. RESULTS

3.1 Sample general structural characteristics description
The sample includes farmers belonging to a relatively more educated and younger share
of the total farmers’ population according to the last Italian Agriculture Census of 2010

1 The variable EDU has been considered a quantitative variable whose increase includes fixed intervals,
because the educational levels are assumed to refer to progressive degrees of increasing intensity. This
allows for its inclusion in a quantitative model like a SEM. 
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(ISTAT, 2012). The farms’ size is also bigger than the average Italian farms (Table 1).
The sample is biased since the respondents belong to a web community; an higher than
average skill in computer use, motivation to use ICTs and interest in adopting software
for  farm management  is  expected.  With  respect  to  ICTs  use  the  farms  interviewed
represent 1.2% of the total farms using ICTs, 3.6% of the farms using Internet, 3.2 % of
the farms using livestock management software, 1.3% of the farms using administration
software and 2,7 % of the farms using crop management software.
When interpreting the results these sample characteristics should be taken into account. 

Table 1. Sample structural characteristics
Agr. Census 2010 Sample

Average farms’ size (UGB/farm) n.a 211
Average farms' size (ha) 7,9 37
Age (yrs.) 58,5 46
Education (most frequent) primary secondary
Graduated 5,50% 20%
Source: our survey and ISTAT

3.2 The Structural Equation Model 
Table 2 shows the descriptive statistics (mean and standard deviation) for the variables
BI,  PU  and  PEU  related  to  the  different  software  categories.  Figure  3  shows  the
regression weights and the p-values related to the Technology Adoption Model (TAM)
relationships. The analysis of the structural model indicates that all of the relationships
among the variables are significant. Overall, the model fit is good (Table 3). 
The SEM results show a general significant influence of the Farm Turnover (FAT) on
the  respondents’  Perceived  Ease  of  Use (PEU)  for  all  the  software  categories
considered,  while  the  influence  of  FAT  on  the  Perceived  Usefulness (PU)  results
significant  only  for  three  software  categories,  excluding  the  Traceability  (TR)  and
Livestock Management (LM) software. The influence of the Level of Education (EDU)
on the  Perceived Usefulness (PU), is not significant while it influences the  Perceived
Ease of Use (PEU). The software categories significantly involved are: AD, CM and
FID. The influence of PEU on PU is in turn significant for all the software categories
analyzed. Higher R2 values are obtained when considering the contribution of FAT and
PEU to the explanation of the variation of PU for all the software categories. Much
lower R2 values result for the models relating FAT and EDU to PEU. Last but not least
is the significant influence of PEU and PU on the Behavioral Intention to use ICTs (BI)
of the respondents and the high R2 obtained for all the software categories regression
models.

<Insert here the number of your paper in format: C0XXX
C. Rota,  P.  A.  Nasuelli,  C.  Spadoni,  I.  Valmori,  C.  Zanasi.  “Factors  Affecting the  Sustainable Use of  ICTs for
Agriculture  at  the  Farm:  The  Case  of  Image  Line  Network  Community”.  EFITA-WCCA-CIGR  Conference
“Sustainable Agriculture through ICT Innovation”, Turin, Italy, 24-27 June 2013.



Table 2. Descriptive statistics
Soft AD TR CM LM FID

Var Mean SD Mean SD Mean SD Mean SD Mean SD
BI 2.57 1.480 1.94 1.247 2.73 1.321 1.33 0.917 2.72 1.167
PU 3.10 1.435 2.58 1.413 3.26 1.338 1.84 1.341 3.33 1.304
PEU 2.59 1.334 2.22 1.258 2.86 1.314 1.56 1.063 2.99 1.293

Figure 3. The structural model

Table 3. Standardized model fit
Property Recommended

value Admin. Traceability
Crop

Management
Farm Input
Database

Livestock
Management

CMIN/DF ≤ 5.00 2.616 3.818 3.207 1.343 3.216
NFI ≥ 0.90 0.990 0.990 0.985 0.992 0.989
CFI ≥ 0.90 0.994 0.993 0.990 0.998 0.992

RMSEA ≤ 0.08 0.046 0.061 0.054 0.021 0.054
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4. DISCUSSION AND CONCLUSIONS

The results confirms the theoretical assumptions of the Technology Acceptance Model
(TAM) when describing the influence of the  Perceived Usefulness (PU) and  Ease of
Use (PEU) on the Behavioral Intention (BI) of the respondents to use ICTs for the farm
management. Only a limited number of explanatory variables influencing PEU and PU
resulted significant:  Farm Turnover (FAT) and Level of Education (EDU); Age (AGE)
and the  Support to the Farmers (SUPP) did not show a significant role. Possibly the
sample  characteristics,  involving  relatively  young  and  “ICTs  oriented”  farmers,
influenced these variables exclusion. This can also explain the relatively low influence
of education (EDU) on the attitude of the respondents towards the adoption of ICTs
(PEU and PE). Anyway, in spite of these sample characteristics, a not very high average
value of the farmers’ Perceived Ease of Use and  Usefulness  of the software resulted.
This,  and  the  relevant  influence  of  the  Perceived  Ease  of  Use on  the  Perceived
Usefulness shows how important it is for the ICTs providers to increase their software
Ease of Use by tailoring their solutions to the farmers’ needs. The choice of an online
web survey provided an easier and larger data collection at the expenses of the sample
representativeness.  Further  surveys  should  consider  the  inclusion of  less  specialized
farmers  in  the  sample.  To  increase  the  software  Ease  of  Use the  organization  and
management of the farms activities should be investigated to evaluate their influence on
the software design. 
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ABSTRACT 

 

In rolling surfaces it is often required for the implantation of crops to be perpendicular 
to slope, because this procedure is considerably effective to reduce water runoff and soil 
erosion. The problem that poses in such environment is that level lines across slope are 
often curve and rarely parallel to each other, contrasting with machinery and crop 
patterns that are always parallel. This work proposes a method that finds the seed curve 
for an optimal pattern and models this curve to keep machine steerability. The method 
finds a hybrid curve from two initial (non parallel) curves using offsets and intersections 
between these. The hybrid curve can be more similar to one of the two initial curves 
depending on a weight attributed to its vertices, in order to increase likelihood of the 
curve to the curve references located in steeper regions. Recursively hybridizing the 
curves, a final seed curve is obtained which has to be remodeled to achieve a degree of 
smoothness to avoid parallel tracks to narrow into non-steerable turns. The method was 
successfully implemented in two stages: for hybridization and steerability; obtaining 
optimized references for machine traffic. 

 

Keywords: path-planning, slope, steerability, robotics, controlled traffic farming.  
 

1. INTRODUCTION  

 
One issue that affects the driving pattern of machinery is the slope of fields. It is well 
known that working fields (like countour tillage) perpendicular to the direction of the 
slope on the surface reduces soil loss by erosion (FAO Soils, 1996). Tilling and planting 
perpendicular to a natural slope creates a series of dams which redirect and slow down 
runoff (Agriculture and Agri-Food Canada, 2010).  
Carvalho et al. (2008) found that soil loss for corn rows sown perpendicular to a 9% 
slope amounted to 3.877 kg ha-1 compared to 12.399 kg ha-1 for corn lines sown in 
downhill direction. The impact of direction was found to be larger than that of crop 
choice and coverage crops. Sparovek and Schnug (2001) suggested practices such as 
contouring, terracing and waterways to drain excessive runoff to be combined with 
tillage and other management practices. The authors also suggested that in smoother 
parts of the field, contouring and terracing could be combined in a way to avoid or 
reduce their impact on efficiency of mechanical operations by avoiding dead rows near 
terraces, but making terraces more parallel to them. 
The advance in geo-positioning systems, applied in guidance and self-steering of farm 
machinery, creates a demand for coverage path-planning, where eventually machinery 
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can operate free of human intervention (robots) in pre-planned paths. The establishment 
of machine paths got importance with the increasing adoption of the controlled traffic 
farming concept, in which these are permanently defined in the fields. A number of 
computer algorithms were developed in order to create optimized machine paths on 
fields for flat terrains (Jin and Tang, 2010a; Hameed et al., 2010; Hofstee et al, 2009). A 
reduced number of works focused in path planning in steeper fields. 
 
1.1. Problem Definition 

In practice, level lines across slope are seldom straight and hardly (if ever) parallel to 
each other.  
Jin and Tang (2010b) proposed a path-planning algorithm for working in rolling 
terrains. The authors selected reference curves (level lines across slope) to cover the 
terrain with tracks parallel to it until the path reach a critical point, where machine 
tracks loss significant perpendicularity to slope, requiring a change in the reference 
curve. 
Such changes of direction are undesired for machine efficiency; the option of selecting 
one optimal reference curve for the whole terrain would be strongly appreciated by 
farmers and operators. 
Moreover, machine tracks on concave faces of curves tend to converge towards each 
other in parallel passes, leading to rough turns. Algorithms where proposed (Spekken 
and Bruin, 2010) to reduce such roughness by the use of splines, but these can only 
manage such situations with the loss of parallelism in favor of steerability. Figure 1 
shows an example of such phenomenon. 
 

 

 

a B 

Figure 1. Example of problems in path generated by sequential offsets (a) and spline 
interpolation between the offset edges (b). Extracted from Spekken and Bruin (2010). 
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In this work two methods are proposed: to obtain an optimal reference curve against 
slope and to remodel a curve in order to reduce the convergence of its parallel tracks. 
 

2. METHODOLOGY 

 

In here, a field and its features are polygons (field boundary and obstacles) and 
polylines (like level curves, terraces and roads) composed by a sequence of vertices 
defined by X and Y coordinates. 
The level lines are extracted in adjacent pairs and its vertices are submitted to a 
simplification process (Douglas and Peucker, 1973) to remove excessive points that 
delay significantly the smoothing and offsetting processes furthermore. 
 
2.1. Hybridizing polylines 

 

The curves are than sequentially offset towards each other in increasing distances. The 
offsetting process herein used is adapted after Wein (2007) in order to keep round and 
equidistant edges from the original curve. 
At certain offsetting distance the two curves start to intersect, and the intersections are 
stored as the exact mid-vertices between the two original lines. This process is 
illustrated in Figure 2a.  
 

 
 

Figure 2. Offset-intersection method used to obtain a hybrid line between two reference 
curves. 

 
The intersected points must be, afterwards, re-ordered in a sequence of closer neighbors 
to define the final hybrid curve (Figure 2b). 
When curves are offset in distinct distances, the shape of the new intersection vertices 
will be in close likeness to the curve with the shortest offset distance (Figure 3). This 
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allows controlling the offset distances in order to achieve hybrid curves in closer shape 
to the curves located in steeper regions. 
The offsetting method was implemented allowing the vertices of the original curves to 
receive weights that control the offset distance between the reference curves and along 
also in the same curve. 

 
Figure 3. Distinct offsetting distances leading to a resulting curve in higher likeness to 

one of the references. 
 
By recursively hybridizing the reference curves and, sequentially, the resulting hybrid 
curves, a final curve is obtained that had embedded in it the influence of all level 
references on a field. This resulting curve is the suggested seed curve for covering the 
field in parallel passes. 
 
2.2. Modeling a steerable path-reference 

 
To reduce the problem of rapid convergence of curves in concaves corners, the curve is 
remodeled.  
Given a sequence of vertices the method here proposes to link the mid-distance between 
a pair of vertices to the next mid-distance pair, staying always in the middle of the 
points. Doing it recursively, a continuously smother path is found. This can be seen in 
Figure 4 for three consecutive iterations of the process. 

 
Figure 4. Continuous smoothing iterations between vertices of a polyline. 



 

Paper ID C0018 
M. Spekken and J.P. Molin. “Optimizing machine pattern against slope”. EFITA-
WCCA-CIGR Conference “Sustainable Agriculture through ICT Innovation”, Turin, 

 
Bezier-splines are created in a similar process, but to determine how far a sequence of 
points must be smoothed, the bisectors of two edges of a line are retrieved and the 
distance of this line to the bisector intersection is retrieved. This process is illustrated in 
Figure 5, which shows that the further iterations of the program tend to increase the line 
to intersection distance (LID). The iterations stop when a certain minimum LID is found 
for all the line-segments. 

 
Figure 5. Bisectors intersection between two points and the LID retrieved. The 
iterations show the increase in the LID which defines a numeric output for smoothness. 
 

3. RESULTS AND DISCUSSION 

 
Three case studies were distinctively applied to the proposed methods. 
A case study in Figure 6 shows the results for two reference level lines (in green) 
hybridized in a seed line (in red). In “a” the weights attributed to the reference lines 
were the same, while in “b” the weight attributed to the inferior level line was higher 
assuming this one is located in a steeper region. 
 

 
Figure 6. Case study with resulting hybrid lines (in red) with different weight attributed 
to the reference level lines (in green). 
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Figure 7. Sequence of two recursive hybridizations into a seed curve in “a”, and the 

respective coverage of the field tracks parallel to it in “b”. 
 
In Figure 7 “a” shows a field containing four reference curves, representing the level 
lines, that were subjected to a sequence of two hybridizations: between the reference 
curves and between the resulting hybrid curves. The tracks generated parallel to the 
final seed curve obtained (the 2nd iteration curve) can be seen in “b”. 
In general, the process of hybrizing curves reduces the roughness of edgy vertices, but 
in Figure 7b (enhanced by the circumference) parts of the generated tracks still lead to 
rough changes of direction, unsuitable for machine traffic. 
Methods still have to be applied to evaluate the resulting seed curves obtained towards 
potential erosion process, and comparing it to other patterns of machine track coverage. 



 

Paper ID C0018 
M. Spekken and J.P. Molin. “Optimizing machine pattern against slope”. EFITA-
WCCA-CIGR Conference “Sustainable Agriculture through ICT Innovation”, Turin, 

 
The method of remodeling a curve using the two different LID (Line to Intersection 
Distance) of neighbor bisectors was applied in a case study shown in Figure 8. The LID 
values used in “a” and “b” were of 20 and 50m respectively. 
 

 
Figure 8. Curves obtained from two distinct LID parameters. 

 
In Figure 8, the green lines represent a true level reference of the field, while the red 
lines are the result of the smoothing method applied. In “b” a path was obtained aiming 
a full field coverage without rough changes of direction in the path itself, as well as in 
its parallel passes. 
The proposed algorithms are part of a wider project still being carried. Methods herein 
created still required comparisons and validations besides in-field applications, but the 
results obtained so far seem to achieve the desired output. 
 

4. CONCLUSIONS 

 
Two methods are here proposed for defining a suitable seed curve to cover a rolling 
field towards its slope. These were implemented in algorithms and applied into case 
studies achieving comprehensible steerable paths. 
Methods still have to be developed in order to evaluate the outputs, which is a further 
step of the actual project. 
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ABSTRACT 
 

Nakaseke community radio has for a long time served as a knowledge portal for the 
rural poor farmers in the impoverished rural district of which over 95% of the 
community members are purely subsistence farmers.  
These farmers have for a long time been left out because of lack of vital information on 
practicing better agricultural methods which has always affected better production. 
 
We have achieved this through the use of a community radio station and a web based 
sms platform (the frontlinesms) to disseminate both audio and text tips on a number of 
farming issues which in the end have impacted the rural farming community in 
regaining their potential and much more production has been realized. 
 

 

Keywords:   Community Radio, Frontlinesms, Agriculture, Farming, Extension staff, 
disseminate, Uganda. 
 

1. INTRODUCTION  
 
Agriculture is the most important sector of the county’s economy, and it accounts for 
about 51% of GDP and for the bulk of exports. The sector employs around 80% of the 
country’s labour force, and at least 2.5 million smallholders are working on less than 2 
hectares of land produce the bulk of the output and food crops have replaced traditional 
export crops as the principal cash earners for rural families. 

Unfortunately, the rural smallholders who produce the bulk of the output still lag behind 
in as far as information is concerned.  

Nakaseke Telecentre and Community Radio has for a long time served as a knowledge 
portal for the rural poor farming communities in the impoverished rural district of 
Nakaseke, of which over 95% of the community members are purely subsistence 
farmers. These farmers have for a long time been left out because of lack of vital 
information on practicing better agricultural methods which has always affected better 
production. 
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Such vital information includes; 
 timely updates on weather changes, 
 prices for their produces 
 information on available markets 
 information on new technologies and 
 discoveries in agriculture, like improved seeds, fertilizers and pesticides 

The Lack of such information has contributed to poor yields, and low production, 
sometimes leaving a number of families with no alternative, only to buy food stuffs 
from retail shops at higher prices so that they can feed their families, and failure to take 
their children to schools as a result of lack of funds to meet school dues. 

Radio is one of the cheapest and commonest media used allover the world in delivering 
and accessing timely information. Uganda has over 120 radio stations and among these, 
about 10% are community owned stations. The commercial stations that constitute 
almost 90% in most cases only consider broadcasting sponsored programs and adverts. 
Unfortunately, agricultural broadcasts are not among those programs that have attracted 
lots of sponsorship, thus having little opportunity to be heard. This now becomes the 
strength of the Nakaseke Community radio. 
 
1.1 Material and Methods 
 
a) Community Radio broadcasting: 
Community radio is a radio service offering a third model of radio broadcasting in 
addition to commercial and public broadcasting. Community stations serve geographic 
communities and communities of interest and they broadcast content that is popular and 
relevant to a local, specific audience but is often overlooked by commercial or mass-
media broadcasters. Community radio stations are operated, owned, and influenced by 
the communities they serve. They are generally nonprofit and provide a mechanism for 
enabling individuals, groups, and communities to tell their own stories and to share 
experiences. 
 
We are using the platform to empower rural poor farming communities through a 
number of ways. 
We have dedicated radio shows on agriculture that constitute over 70% of the station’s 
broadcast menu. Here, we have identified a good number of successful farmers from 
different localities and some few among this community who we always host in live 
studio sessions to share experiences and successes.  
 
Further more, we have special outreach visits to individual practitioners to capture their 
untold stories on how they find the practice. The recordings are later edited and played 
back for the audience. 
With these shows, local farmers have always felt recognized in the community, and this 
has created the love and the feeling of ownership for the local station. 

http://en.wikipedia.org/wiki/Radio
http://en.wikipedia.org/wiki/Broadcasting
http://en.wikipedia.org/wiki/Commercial_broadcasting
http://en.wikipedia.org/wiki/Public_broadcasting
http://en.wikipedia.org/wiki/Nonprofit_organization
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We have also integrated the sms platform into the radio shows where technical 
personnel in the field answer farmers’ challenging issues live. 
   

 

Figure 1. Ssenabulya James having an interview with Haji Siraje Muwanga, a 
prominent coffee farmer in Kiziba, Nakaseke. 

 

 

Figure 2. A fruit farmer hosted in a live radio show. 
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b) FrontlineSMS: 
This is a web based sms platform used to share and interact with one another. The 
solution is being used in over 135 countries to enable interaction between farmers and 
experts.  
The solution uses a GSM modem, a web-based SMS platform; the FrontlineSMS (a free 
open source software for managing SMS messages), with a database of farmers' contact 
numbers that we have compiled and friendly enough, it requires no internet connection. 

The project of the Nakaseke Community Telecentre in Uganda, helps farmers in rural 
areas to connect with better markets. It encourages two-way feedback with farmers, 
buyers and agro-processors, and other service providers. The project is designed to help 
farmers access agricultural market price information, weather information, disease/pest 
outbreaks, new developments in agriculture through their mobile phones. 

We are using FrontlineSMS to manage, send and receive SMS. The key advantage of 
FrontlineSMS is that it can be customised to suit any organisation’s needs. You can 
adapt it for all sorts of services, and communicate with your community about anything: 
agricultural market price information, weather, natural calamities, or an alert system. 

The technology has helped us to send information concerning developments in the 
sector, disease outbreak, solutions to challenges like pesticides for pest attack, weather 
changes and many other relevant information. We have been able to do this through 
partnering with local, national and international organizations involved in agriculture 
that include Local CBOs, National Agricultural Advisory Services (NAADS), National 
Agriculture Research Organisation (NARO), Agriculture Research Information Service 
(ARIS),  Voluntary Efforts for Development Concern (Vedco), e-Agriculture, CAB 
International, Farm Radio, New Agriculturalist, Agfax and many others. 
  
We resource for useful information from these partners, repackage with close support 
from extension staff at local governments and then disseminate to our listeners direct to 
their phone in-boxes. They can also reply and exchange, with questions, which we also 
forward to technical persons like the extension staff and some other experts for answers, 
which are again sent back to the individual farmers’ mobile phones and sometime 
answered live over the community broadcaster. 
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Figure 3. A screen capture of the fronlinesms platform we are using. 
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Figure 4. A farmer checks an agricultural information sms on her mobile receiver. 

You can watch a short video on how farmers are using the service at 
http://youtu.be/gjA4b2BnX5s 

 

1.2 Results and Conclusions 

 
With this initiative, local farmers have the opportunity to access all the necessary 
information and we hope that by providing a solution that works on simple technology 
and does not require too much money to afford for any household, many farmers will 
continue to benefit from their endeavors and this will continue bringing about 
development and social empowerment among the rural farming community.  
 
 

 
 
 
 
 
 
 
 
 
 
 

http://youtu.be/gjA4b2BnX5s
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