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PREFACE 

 

Information technology is an everyday means that is found in all walks of life today. This is also true 
for almost all areas of agricultural management. The aim of this Journal is to improve scientific 
knowledge dissemination and innovation process in the agri-food sector. The Journal of Agricultural 
Informatics has been established in 2009 by the HAAI within a project of the Hungarian National 
Development Plan Framework. The peer-reviewed journal is operating with international editorial and 
advisory board supported by the EFITA (European Federation for Information Technology in 
Agriculture Food and the Environment). 

Agricultural informatics serves not only the development of the management systems of the industry 
but also obtaining and publicising information on production, organisation and the market for the 
producer.  

Technologies into network based business systems built on co-operation will ensure up-to-date 
production and supply in food-industry. The sector-level approach and the traceability of processed 
agricultural products both require the application of up-to-date information technology by actors of 
domestic and international markets alike.  

This journal serves the publication as well as familiarization the results and findings of research, 
development and application in the field of agricultural informatics to a wide public. It also wishes to 
provide a forum to the results of the doctoral (Ph.D) theses prepared in the field of agricultural 
informatics. Opportunities for information technology are forever increasing, they are also becoming 
more and more complex and their up-to-date knowledge and utilisation mean a serious competitive 
advantage. 

These are some of the most important reasons for bringing this journal to life. The journal 
“Agricultural Informatics” wishes to enhance knowledge in the field of informatics, to familiarise its 
readers with the advantages of using the Internet and also to set up a forum for the introduction of their 
application and improvement. 

The editorial board of the journal consists of professionals engaged in dealing with informatics in 
higher education, economists and staff from agricultural research institutions, who can only hope that 
there will be a demand for submitting contributions to this journal and at the same time there will also 
be interest shown toward its publications. 

 

 Prof. Dr. Miklós Herdon  

 Chair of the Editorial Board 
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A B S T R A C T 
 
Decision support systems able to capitalize on publicly available high resolution datasets 
have become increasingly valuable to agroecosystem, hydrologic and urban system 
stakeholders. In this paper we address the common agroecosystem modeling problem of 
weather-based risk forecasting. We compare storage system designs for an expandable 
crop disease forecasting system that relies on multiple gridded weather forecast inputs to 
artificial neural network disease risk models. A traditional relational database 
management system (PostgreSQL), a NoSQL database system (MongoDB) and a 
scientific file format version (netCDF) of a single crop disease risk modeling system in 
one region of the country, for potato late blight in the US Great Lakes region, were 
designed and compared for speed. To test expandability, another crop disease risk 
modeling system, for modeling the risk of economically significant deoxynivalenol 
(eDON) accumulation due to Fusarium head blight of barley in the northern US Great 
Plains, was also created in the three formats. Speeds for the three types of systems were 
fairly similar. Expandability, which is becoming highly desirable in agroecosystem model 
design, differed based on designer’s priorities.  

  

1. Introduction 
Gridded datasets offered by the US National Weather Service (NWS) have increased in accuracy 

through time (Myrick & Horel, 2006). In many cases new National Digital Forecast Database (NDFD) 
grids are higher quality than previous forecast model output statistics available for the same point 
locations (Ruth et al., 2009). Decision support systems able to incorporate these and future publicly 
available high resolution datasets have the potential to increase the accuracy of risk prediction for a 
variety of agroecosystem, hydrologic and urban system applications. However, the task of designing a 
system that is efficient, expandable and sustainable is not trivial. Along with increases in accuracy, 
advances in resolution and format of public data sources in recent years have necessitated nearly 
constant updates of modeling efforts originally designed to produce fairly stable end-user products. 
Especially in the realm of weather-based models, stakeholder awareness of uncertainty in the system 
and scientific advances is high. Modelers and stakeholders struggle to balance the benefits of 
advancing decision support systems with the costs associated with retooling systems whose funding 
cycles are complete. Research on management systems for spatially referenced data in general have 
found that no single solution addresses the many issues presented by big data that is geospatial 
(Amirian et al., 2014). We address this issue by focusing on one particular type of geospatial problem. 
We consider system designs that will be sustainable long term in relation to the speed of processing 
data and updating model parameters and offering expandability to a suite of similar application models 
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in multiple regions of various sizes. In this paper we address the common agroecosystem modeling 
problem of weather-based risk forecasting. 

During the last few years NDFD has democratized access to high resolution weather forecast for 
the US and revolutionized decision support systems in a number of fields. With regard to plant 
pathology, the NDFD datasets have being used in models that track soybean rust in Minnesota (Tao et 
al., 2009) and strawberry fruit rot in Florida (Pavan et al., 2011). Prior to 2014, NDFD operational 
forecasts were available at 5.0 km resolution for the continental United States (CONUS domain). In 
2014 issuing of gridded NDFD data at 2.5km moved from experimental to operational status. 
Examples of decision support systems using this data newly available at a higher spatial resolution 
include BlightPro for potato and tomato late blight management in New York (Small et al., 2015).   

While single crop forecasting systems are the norm and have a widespread stakeholder use, 
many agroecosystem models rely on similar weather-based inputs.  Expandable systems that 
incorporate multiple commodity groups and regions have the potential to optimize development 
cost for high numbers of stakeholders. Similar expandable systems would have widespread 
applicability to many of today’s global, interdisciplinary problems. As higher spatial resolution 
data becomes available a crop disease forecasting system should be able to quickly assess 
application of that data, with a goal of possibly improving accuracy at a local level. We compared 
sustainable storage system designs for an expandable crop disease forecasting system that relies on 
multiple gridded weather forecast inputs to artificial neural network disease risk models. Three 
versions, including a traditional relational database management system, a NoSQL database system 
and a scientific file format version (netCDF), of a single crop disease risk modeling system were 
designed. The model was trained on four growing seasons of hourly inputs from the NDFD as a speed 
test. Each system was then expanded to include a second crop disease risk model which required 
different spatio-temporal hourly input ranges in a different region of the country. Both speed and 
expandability of each system as tested by the two risk forecasting models are compared. PostgreSQL, 
MongoDB, and netCDF storage technologies were chosen as representative of RDBMS, NoSQL and 
scientific data format respectively. 

2. Methods 

2.1. Specifications for System Comparison 

Both speed and expandability are important when comparing agroecosystem forecasting systems 
(Figure 1).  During problem definition, spatial and temporal parameters, as well as risk estimation and 
forecasting models developed for a particular problem, determine the size of the multidimensional 
array of pertinent data inputs.  In the specific crop disease risk forecasting example detailed in this 
paper, the storage system is emphasized for comparison of speed and expandability. PostgreSQL, 
MongoDB, and netCDF storage technologies were compared during system development and testing 
for two different artificial neural network based crop disease forecasting models with different 
regional spatial scales. Gridded forecasts were accessed from the NWS NDFD dataset in 5km spatial 
resolution. The logical data structure, optimizations, and a general access pattern for each of the 
technologies varied.  

The computer running the test models had an Intel i7 processor and 32GB of RAM. Drives to 
retrieve and store model data included a 3TB Seagate Constellation CS drive and two 256GB 
Samsung SSD 840 Pro drives. The drives were connected via a LSI 9271-i8 RAID card. Three run 
tests per crop disease forecasting model were used to establish the impact of type of storage hardware 
on speed. Raw speed of the Seagate drive should be around seven times slower than the Samsung 
SSD. Certain storage types may derive different benefits from the use of an SSD drive because of 
different patterns of access. The RAID-0 pair of SSDs should roughly halve raw access times of the 
single SSD. RAID-0 is a technology that groups two or more disks of the same type and utilizes each 
drive’s read/write controller to concurrently write successive units of data. The operating system was 
Linux Mint 14.1 (MATE version) with Python 2.7.3. Python itself is a run time interpreted language 
where some speed gains are lost by not utilizing optimizations possible with languages that are pre-
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compiled.  Despite this shortcoming, significant gains in speed can be made in a scientific computing 
environment through the use of high performance linear algebra routines available through the use of 
the Numpy package in Python (Oliphant 2006). The Numpy package is able to process 
multidimensional array data quickly. 

2.2. Storage Systems 

Relational database management systems (RDBMS) have long been used to store geographic 
information. In this format, spatial and scientific data are usually retrofitted for table schemas 
originally designed to hold financial, commercial and organizational types of non-spatial data. Even 
with necessary retrofitting RDBMS storage and querying speeds have increased in recent decades.  
Underlying data models in GIS often make use of RDBMS systems (Goodchild 1992). Microsoft SQL 
Server running as the background RDBMS along with ArcSDE can provide access to data from within 
ArcGIS, as evidenced by ArcHydro applications (Chesnaux et. al., 2011; Strassberg et al., 2011).   
Although most end-user applications incorporate NDFD data in dimensionally large spatio-temporal 
formats, the data are distributed in gridded binary (GRIB) format which is not directly portable to 
most common commercial geographic information systems. This can increase development overhead, 
but also frees system design from GIS RDBMS standard.  Recently, there has also been a push in the 
big data computing environment against standard relational tables applied uniformly to all data storage 
problems (Stonebraker & Cetintemel, 2005). The large volumes of data stored and served to the 
Internet have made apparent certain weaknesses in RDBMS, including limits to horizontal expansion 
and a distinct per transaction slowdown involved with the overhead of quality assurance. 

The data structure as designed in PostgreSQL includes tables holding forecasting, validation, and 
derived gridded data along with various metadata. Forecasting and validation are stored in two-
dimensional arrays in the size of the national grid within the records of appropriate tables.  
PostgreSQL tables are dynamically linked to ArcSDE (ESRI, 2013) to support the management of the 
spatial properties of individual cells making up the grids. This relationship also enables display of 
spatial records in ArcGIS 10.1 (ESRI, 2013a) without the need to design specific programming tools 
to facilitate GIS capabilities. PostgreSQL optimizations include record indexing for each table by 
fields that would reduce lookup times. B+-tree indexes which speed up range queries, such as those 
necessary for querying forecasting time ranges, are also used.  

As a reaction and a solution to store big data in current Internet applications, developers have 
created and increasingly rely on NoSQL solutions. Most NoSQL solutions have reduced transaction 
overhead and are able to horizontally expand while foregoing the strict table schema of RDBMS. 
Spatial data storage and indexed queries have been added to the feature set of a few of the NoSQL 
databases. In most cases a NoSQL database does not follow SQL syntax for queries and does not rely 
on a logical data storage schema consisting of tables of fields uniform across records. Data schemas 
used to replace uniform tables vary by each NoSQL database. The document store type of NoSQL 
database offers a flexible document paradigm where time attributes and related metadata can be stored 
in fields within a document and the actual data can be stored alongside it. This type of system has 
benefits to agro-ecosystem type modeling. Codes are used to generate substantial model output in a 
crop disease forecasting system and MongoDB, which has APIs available to developers in a number of 
common programming and scripting languages, is more suitable than alternatives such as CouchDB, 
which relies primarily on HTPP language for access. MongoDB has also been used by others 
concerned with applying NoSQL to GIS problems (Zhang et al., 2014). Other possible NoSQL 
alternatives include the column-family store and graph database. The column-family store seems 
overly complex for use in this system because each piece of weather data in the system has only one 
set of dimensional attributes, and so a table in a column-store for a crop disease forecasting system 
would look like one in a relational database. Graph databases are suited for data with networked 
schemas like a social or transportation network, but not gridded datasets. MongoDB offers flexibility 
in representing data via the document store NoSQL paradigm.  
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Figure 1. Storage system choice is an integral part of the agroecosystem forecasting process.   

Speed and expandability tests use multidimensional arrays in each system as  
dictated by the problem definition. 

 

All documents related to a single growing season are stored within a single collection and that 
collection’s sub-collections, stemming in a hierarchy from the root collection, store national 
forecasting and validation grids or regional derived model output grids. The advantage of documents 
stored is the flexibility in overall design. To test this advantage, two versions of the system using 
MongoDB were created. In both versions validation documents contain a multidimensional array of 
values for twenty-four hours of one variable with a UTC date stamp. The versions differ in the way 
forecasting values are grouped together. In version A, all forecasting data made available at the same 
reference time for a variable are stacked and stored together. Typically, each document in this version 
contains approximately 157 hours of forecast grids, including missing data hours within the stack to be 
filled in later using interpolation. In version B, single two-dimensional grid slices are stored in 
individual documents, as opposed to the three dimensional stacks stored in version A. Forecasts were 
stacked in version A because crop disease risk forecasting models typically use weather forecasting 
variables with identical reference times. To chunk data by reference times means that all the 
forecasting data relating to a single variable can be retrieved in a single data lookup. A reduction in 
lookups and chunk accesses should greatly reduce retrieval times during model runs.  

Another solution to bridging the gap between scientific and/or meteorological data and standard 
GIS practices is hierarchical data format (HDF). HDF4 or HDF5 scientific data files are often used to 
format and convert meteorological and climate data into a standard GIS raster format for analysis and 
modeling (i.e. Abdella & Alfredsen, 2010; Bachoo et al., 2008; Zhao et al., 2011). The end product of 
this conversion process is typically a series of standalone spatially referenced rasters, or rasters in a 
raster catalog. Weaknesses to this approach include a lack in ease in management and slow retrieval of 
multiple inputs, as well as speed issues when processing is performed in GIS. NetCDF4 is a subset of 
HDF5 technology in which files are not attached to a database management system but consist of sets 
of indexed multidimensional arrays. Dimensions for each variable are set and each possible value a 
dimension could take is attributed an index.  
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In our implementation of a netCDF based system, each growing season is contained within one file. 

National grids are separated from regional model outputs which are further subdivided by crop disease 
model. Forecasting and validation data are logically separated throughout, although this introduces 
very small amounts of redundancy in stored index values. Any branch in the netCDF file containing 
gridded data also contains x/y grid dimension indexes that can be used to create shapefile and raster 
versions of the data, as well as feed spatially auto-correlated regression tools or kernel-based 
transformation functions. Chunking and data compression were both optimized in the netCDF system. 
The chunking parameter sets minimum multidimensional blocks of values physically stored 
sequentially together in the storage medium.  

2.3. Agroecosystem Forecasting Models  

Three sets of speed tests varied by disk technology were performed for two different crop disease 
forecasting models generating daily predictions for four growing seasons, May-September from 2009 
to 2012. Initial state of the hardware were the same with the computer booted and, in the case of 
PostgreSQL and MongoDB servers, were started an hour prior to the trial so that any indexes to be 
loaded. Qualitatively the amount of time resources needed and general ease of expanding the systems 
to include forecasting for a second model after the first crop model was complete were also 
considered. Adding the second model involved adding an additional spatial region to the system, 
coding to integrate the new disease risk model with the system, and creating links to the libraries used 
to access stored data. 

Potato late blight risk in Michigan and risk of economically significant deoxynivalenol (eDON) 
accumulation due to Fusarium head blight of barley in the Northern Great Plains were chosen as crop 
disease test models so that comparisons could be made between the configuration requirements of 
different microclimate-based models (Figure 2). Potato late blight (Phytophthora infestans) affects 
foliage and tubers and is the most limiting factor to profitable potato production in the US (Guenthner 
et al., 2001). Michigan State University (MSU) has been using a modified Wallin-type model for 
making management recommendations to growers in Michigan since 1999 (Baker et al., 2000). For 
this study, an artificial neural network modified Wallin model was adapted for use with hourly 
temperature and relative humidity data during the May-to-September growing seasons.  Binning of 
hourly relative humidity is partitioned by three hourly temperature ranges with hourly accumulation in 
that bin if the relative humidity at a location is over eighty percent. Based on the amount of 
accumulated hours in a bin a total risk is assigned per location (Baker and Kirk 2007; Baker, Lake, 
Roehsner, et al. 2012). Fusarium head blight (FHB), caused by the fungus Gibberella zeae (anamorph: 
Fusarium graminearum), is a major disease of wheat and barley, especially in the Northern Great 
Plains (DeWolf & Lipps, 2003). FHB is known to produce mycotoxins, in particular deoxynivalenol 
(DON), which is harmful to animals and humans if consumed in high concentrations (Aakre, 2005). 
Bondalapati et al. (2012) published a model to estimate the probability of economically-significant 
deoxynivalenol (eDON) accumulation in spring malting barley cultivars based on temperature and 
wetness duration. For this analysis, the time considered is not restricted to the barley heading window, 
in order to allow for comparability with Michigan results.  

3. Results 

The total times required to run four growing seasons of both models are shown in Table 1. For the 
potato late blight model for Michigan, a rectangular area consisting of 18,354 cells and 36 hours of 
forecasting and observed gridded data is retrieved each day. The second test model involves deriving 
daily inputs and deriving a daily target output of Fusarium head blight of barley risk to be used to train 
a neural network for the Northern Great Plains barley region including North Dakota, South Dakota, 
and Minnesota for the same growing seasons. The area consisting of 39,446 cells and 240 hours of 
observed gridded data is used. To reduce repetitious loading of observed data, as a subsequent day 
uses 226 hours of data needed for the previous day, all validation data needed for a season is loaded at 
the beginning of processing of that season. 
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The PostgreSQL system, using the oldest and most mature technology, was comparable in speed to 

the other systems. Partly because of PostgreSQL’s age, the Python libraries created to access server 
data are efficient and backed by fast C++ libraries with accessible Python code calling those C++ 
libraries. In the first speed test, PostgreSQL was nearly as fast as the two top performing systems on 
the spindle drive. In the second speed test, using a model with larger space and time boundaries, and 
requiring more data retrieval, PostgreSQL was the fastest method when using a spindle drive. Despite 
database management overhead, the PostgreSQL system also resulted in the fastest overall time for 
this second test, albeit nearly identical to the netCDF system, when two SSDs were used. This is likely 
because of the storage of single slices prevents the need for retrieving hours with missing data. 
Missing hour data is loaded in the case of the netCDF and the MongoDB version A system, but not the 
MongoDB version B system. PostgreSQL also does not require the conversion into Python objects the 
MongoDB system does. In neither test did PostgreSQL benefit significantly from the use of SSD 
drives.  

Two MongoDB systems were constructed to illustrate access speed differences with respect to 
model runs with different spatio-temporal data needs. The worst performing storage solution in 
processing the potato late blight model was version A of a system using MongoDB. Relatively fast 
access of data through the MongoDB server and the fast decompression library could not overcome 
the large data load required for each modeling day. Loading the 157 hours stacks of forecasting data, 
when only a 28-hour subset was required, proved unwieldy in this first speed test. Low performance 
may also have been due to the PyMongo driver’s requirement to turn MongoDB documents into 
Python dictionaries internally upon data access. Conversion of the decompressed text to an array also 
took time. Neither of these steps was necessary in the netCDF or PostgreSQL systems. Despite being 
the slowest for the potato head blight model version A of MongoDB system was more successful in 
running the head blight of barley model which required a much larger data set as inputs. In speed it     
was second to only the PostgreSQL system on the spindle drive.  

Version B of the system using MongoDB was fastest for the potato late blight model when using a 
traditional spindle hard drive. In this version, slices of forecast data are stored as hourly slices instead 
of as stacked arrays and only nine hours are loaded at a time. The time recorded for this version on the 
single SSD drive was unusual, as SSD drives should be faster than spindle drives in most cases. 
However, it is possible that the PyMongo driver connection is overwhelmed with the amount of data 
throughput. On further examination, slowdown would occur after roughly the fortieth day of a 
growing season after multiple successive accesses through a single Python GridFS object. To fix this 
issue, successive access was set up to use random GridFS objects from a created pool, giving other 
GridFS objects time to clear their buffers, but this did not entirely fix the problem. When running the 
head blight of barley model the MongoDB version B systems suffered from slowdown because of the 
large number of single hours of forecasting data that were loaded.  

NetCDF is the second best performing storage solution when using a traditional spindle drive when 
running the potato late blight model and the best of all cases running the model when using multiple 
SSD drives. NetCDF avoids the management overhead necessary for both the MongoDB and 
PostgreSQL servers. Unlike the MongoDB system the netCDF system does not require a process of 
converting text to in-memory Python arrays. Unfortunately, the lack of a database management system 
means that multiple models cannot write to files simultaneously. A solution to this is containing model 
output for different models in different netCDF files. This may introduce unwanted file-system 
complexity, as sets of outputs would multiply as different models are added to a crop disease 
forecasting system. In running the head blight of barley model, netCDF again suffers from drive head 
seek time on the spindle drive which is eliminated with the use of an SSD drive. When an SSD drive is 
used it becomes second fastest by only one-hundredths of a decimal minute and fastest overall with the 
use of two SSD drives.  
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Figure 2. Modeling regions for the Fusarium head blight of barley DON risk forecast accumulation 
model and late blight of potato risk forecast model. Production values from the 2007 U.S. 
Census of Agriculture for the crop of interest are shown in the respective region.  

Table 1. Time required to run models forecasting daily risk to crops over  
two US cropping regions. Times are in decimal minutes. 

Storage Type Spindle Drive Single SSD Two SSD 

 Michigan N. Plains Michigan N. Plains Michigan N. Plains 

PostgreSQL 43.68 156.98 41.64 155.67 41.38 153.85 

MongoDB(vA) 82.14 165.75 75.64 160.70 74.67 159.88 

MongoDB(vB) 42.08 169.40 42.32 174.40 40.09 170.46 

NetCDF 43.06 193.97 31.78 154.43 30.38 153.87 

     

In both speed tests, use of SSD drives significantly sped up access in the netCDF system. National 
data is stored on disc in these files in a grouped row-column order and pieces of a single temporal 
coverage consisting of tiles. Using a traditional spindle drive involves drive read head jumps across 
spatially unneeded data when a regional subset is accessed from national data. Although the time of a 
single jump is very small, multiple jumps add up. The use of SSD eliminates mechanical read heads 
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and non-sequential data is accessed as fast as sequential data. Gains are reduced when a second SSD 
drive is added as the traditional read head factor had been eliminated on use of the single SSD drive.  
 
4. Discussion 

Inherent capabilities of scientific data files, including internal descriptive attributes, tagging of data 
and speed of retrieval of data subsets, make these formats popular for data storage and processing 
methodologies. However, in examining models with varying spatio-temporal data requirements in an 
expandable agroecosystem forecasting system, netCDF scientific data format was not always the 
easiest or fastest solution. When using default chunk sizes, netCDF systems consistently outperformed 
other technologies only when using an SSD drive. The PostgreSQL system was most successful when 
using the large spatio-temporal data chunks involved in the head blight of barley forecasting model on 
the SSD drive.  

Speeds for PostgreSQL, MongoDB and netCDF based systems were fairly similar throughout the 
analysis. Each storage technology had strengths and weaknesses. The time needed for array 
conversions in the case of the MongoDB systems offset the benefits of lower database management 
overhead. Non-optimized chunk sizes impacted the performance of netCDF files when using a 
mechanical hard drive in the case of forecasting risk due to head blight of barley. PostgreSQL was 
generally fast overall but still reached a limit of database management overhead.  

Because of the similarity in performance of many systems and modeling combinations, qualitative 
factors become important when choosing a storage technology for agroecosystem forecasting or, in 
fact, any complex system modeling. Despite the overall speed with use of SSD drives, netCDF 
systems were found to be the most cumbersome to use. Data variables had to be defined in code or 
with a command line utility before a forecasting model for an additional crop or region could be added 
to a system that will eventually process multiple models. This is a clear disadvantage when developing 
large, complex systems over time. The MongoDB and PostgreSQL systems, by contrast, incorporate 
single repositories for forecasting, validation, and derived data. For this reason no additional code is 
needed to store derived regional data. Only region definitions and the code of new models need to be 
added to expand the system. The MongoDB systems offer additional flexibility that the PostgreSQL 
system cannot. A single MongoDB document can potentially store references to multiple derived 
outputs of a model, including derived output sets used in this situation as inputs to a neural network 
model. If a neural network model requires more than a few inputs, storing these inputs as separate 
references within the same document is quite useful. As shown by the differences in speed between 
MongoDB versions A and B during the two modeling trials, MongoDB also offers the additional 
flexibility of varying storage and access format for different spatio-temporal region sizes.  

Updated weather forecasting datasets and ever increasing demand for decision support systems that 
incorporate forecasting data make expandability highly desirable in agroecosystem model design. If 
overall system speed is paramount, scientific data formats like netCDF remain a preferred storage 
solution, with options to improve access time by optimizing size of dimensional data chunks. If 
research personnel resources are small, PostgreSQL libraries use simple, swift code that interfaces 
with ArcSDE. If creative model development and spatio-temporal flexibility of modeling inputs are a 
priority, NoSQL options such as MongoDB allow for the most flexibility in stored data contents.  
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A B S T R A C T 
 
In order to satisfy the social demand for freely obtainable and usable soil information and 
resources, several national and international soil databases have already been available 
online for those who are interested. To establish a proper infrastructure for geospatial data 
with online sharing systems, it is essential that their information is authentic, relevant and 
freely available for the general public. This paper aims to introduce the beta version of an 
online, community shared multi-factor soil database developed by the University of 
Debrecen, Institute of Earth Sciences and Faculty of Informatics. The most important 
functions of the online system are the acquisition, archiving and geovisualisation of soil 
profiles, as well as sorting them in accordance to the reference groups established by 
WRB (World Reference Base for Soil Resources). 

  

1. Introduction 
There are several national and global online systems (not necessarily GIS-based) which are 

concerned with the sorting and publishing of soil information and data, as well as soil maps. Its reason 
is related to the increasing demand for soil data for the last few decades (Pásztor et al. 2010). This 
demand met the environmental information systems and soil databases (both global and regional) 
found across the internet. While the data of the global systems are mostly accessible, many of the 
regional soil databases have limited access provided to their users (Pásztor et al. 2014). 

Due to the accessibility problems mentioned above, this study aims to introduce the online, freely 
accessible Soil Information System developed by the University of Debrecen, Institute of Earth 
Sciences, as well as the technologies and freely available spatial databases that come with it. To satisfy 
this modern need for information, our goals also include the development of a classification 
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application that uses chosen soil parameter lists. The classification is based on the correlation system 
of the International Union of Soil Sciences, the WRB. 

2.  Purpose of SISCS 
The SISCS (Soil Information and Soil Classifier System) is a free, multi-factor, online information 

system (Balla et al. 2015a) with three distinct features. First and foremost it can be used to store soil 
data from field and laboratory studies, then to determine the WRB reference group of the sample based 
on the gained information. The third function is to publish the findings online. It has three levels of 
account privileges: Administrator, SISCS User and Guest User (Figure 1). 

 

 

Figure 1. User roles and operation of SISCS 

The application was created using PHP (PHP Hypertext Preprocessor) and JavaScript languages, as 
well as HTML (Hyper Text Markup Language). The user interface was designed with the free web 
template of Medialoot. The database is hosted by the MySQL Databases system. The visual 
representation of the soil profiles is achieved via KML (Keyhole Markup Language). The applied 
technologies support the free access of soil profiles and databases (e.g.: ASTER GDEM, Corine 
CLC50, Vegetation-based landscape-regions of Hungary) and may be shared among users and 
geovisualized on web maps (Google Maps). 

To build the soil database, the variables and identification keys of FAO have been used (FAO 
2006), which contain all necessary information for WRB classification (IUSS WRB 2014). In 
addition, to describe a soil profile in a complex manner, qualitative and quantitative information about 
the soil are required, some of which come from field analysis while the rest come from laboratory 
testing (Novák 2013). The databases created this way store the environmental descriptions of soil 
profiles, the genetic and diagnostic information as well as the physical and chemical attributes of the 
soil separately. 
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3. Geovisualization of spatial data tailored for web 

Geovisualization is a special display mode where the geographical and geometric data of an object 
provide the base of the visualization. Because of the multidisciplinary nature of this process, both soil 
studies and agronomics can use it for dynamic and complex visualization of spatial data. 

KML (Keyhole Markup Language) is a markup language developed by Google. It is based on 
XML file format and is used to store and visualize models represented by geographical features 
(points, lines, polygons, models and images) (Wernecke 2008). Aside from Google Earth and Google 
Maps, this format is used mainly by applications concerned with geospatial information. KML allows 
to share georelated information with other users. Google Earth processes a KML file similarly to how 
web browsers process HTML and XML files. Just like HTML, KML uses tags with names and 
attributes to store information for specific display purposes. Google Earth can be considered as a 
browser of kml files basically. However, Google Maps cannot display every element of a KML file 
unfortunately (Zichar 2012). 

Creating KML files containing new data can happen in different ways. The first is to create the 
content with the user interface of Google Earth, then save it in KML or KMZ format. It has to be 
mentioned that not all the tags are available on the user interface, and the file structure will not be 
optimal. Next method is to write the code in a text editor by knowing the proper syntax rules, which 
requires more knowledge but gives more flexibility. GIS software products (e.g.: ESRI ArcGIS 
Explorer, Global Mapper, AutoCAD, etc.) can also create KML files by exporting data. The number of 
possibilities increases, as new applications (either online or offline) being capable of interpreting and 
handling KML files or convert data into KML format get released continuously. 

Google Maps provides the user with the freedom to embed a map on their website, or even to 
attach their own database to it (making a distinction between corporal and personal usage, and the 
functions that are available to them). To make use of this feature, the provider helps with free APIs 
(Application Programing Interface) that only require some JavaScript coding. 

3.1 Free, public databases used in SISCS 

The main objective was to build a soil database that can support also the reclassification of the 
automated WRB RSG (Reference Soil Group) based on the stored soil profiles of data later. Input data 
are classified into three groups: description of soil forming processes and the environment of profile, 
soil chemistry, and soil physical data. The need of WRB diagnostication implied the determination of 
the horizons, properties and materials as well (Figure 2). 

 

Figure 2. Description of input soil data 

The ASTER-GDEM is a free global digital elevation database made by Japanese and American 
institutes between 2000 and 2009. The GDEM was created from 15 m resolution stereo-satellite 
images with photogrammetry technique. The database covers the planet from 83° north latitude to 83° 
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south latitude. The ASTER-GDEM2 is the basis for several spatial analyses. With the help of this 
model we can create 3D digital elevation maps and obtain height values from specific locations (Rexer 
& Hirt 2014). The main advantage of this model is its free accessibility. Its spatial resolution is 30 m 
(1’’), the vertical accuracy is 17 m. We used the second version of GDEM because of its better post-
processing capabilities and higher accuracy values. The main disadvantage of this database is that it 
contains the height of vegetation and artefacts, therefore only displaying the height of the actual 
ground if it is not covered by any vegetation or buildings (Grohmann 2015). From the GDEM we 
generated further data e.g. slope map, aspect map, contour lines. These databases were created in ESRI 
ArcGIS 10.2 environment with the Surface toolbox of Spatial Analyst Tools. The output slope 
database measurement unit was set to degrees. The aspect map was divided into 8 parts according to 
the 8 main directions of the compass. In the case of the contour line map the contour interval between 
the lines was set to 10 m (ASTER GDEM 2011).  

The first version of the map of the Hungarian vegetation-based landscape regions was prepared at 
the scale of 1:200,000 (1 km or higher resolution) in 2008. The primary goal of the map was to 
provide an exact background for the presentation and evaluation of the data of the MÉTA database. 
They intended to give an up-to-date and detailed vegetation-based division of Hungary with a 
comprehensive nomenclature of the regions. Regions were primarily defined on the basis of their 
present zonal vegetation, or their dominant extrazonal or edaphic vegetation (Molnár et al. 2008). The 
Hungarian potential vegetation map was producing in context of the MÉTA (Zólyomi 1989). The 
digital form of the natural vegetation database built on this potential vegetation map, fit to big rivers, 
and national borders. This database is suitable for visual interpretation of the natural vegetation. 

The CORINE Land Cover project was initiated by the European Environmental Agency in 1985, 
mainly for environmental management purposes (Commission of the European Communities 1985). 
The aim of this project was to produce consistent and reproducible data regarding the state of 
environment in the Member States of the European Community and to coordinate the compilation of 
data and organization of information at an international level. The database is based on interpretations 
of Landsat and SPOT satellite imagery and represents the state of land cover (LULC) in years 2000, 
2006 and 2012 through 44 LULC categories at the 3rd level of CLC nomenclature and available in 
form of either vector dataset, raster dataset or interactive maps (Büttner et al. 2004). 

The Corine Land Cover 1:50 000 project for Hungary was implemented by the Institute of 
Geodesy, Cartography and Remote Sensing along the recommendations of Phare countries for 
mapping at the same scale. This project adapted more to domestic conditions with 79 categories (4th 
and 5th level) of the nomenclature and shows an enhanced categorization of LULC conditions and 
higher positional and thematic accuracy. On behalf of providing detailed and accurate information, 
SPOT-4, Landsat TM and IRS-1C imagery were also used as an amendment. In this case the minimal 
mapping unit was 4 hectares (1 hectare in case of lakes) and thematic reliability reached 90%. Both the 
CLC100 and CLC50 are freely available LULC databases which can be applied for a wide range of 
environmental monitoring purposes. 

4. GIS process of spatial database 
Geovisualization of spatial data can be based on KML format (Ballagh et al. 2011). From a 

geometrical point of view, soil profiles are represented by point objects, while digital elevation model 
and land cover and vegetation databases can be defined as raster layers. The data have been collected 
using a KML, a portion of which remains the part of the template constantly at every update. These fix 
parts are the ground overlay images derived from Vegetation, CORINE and GDEM databases. By 
applying ground overlay images, it is possible to fit our data to map surface as well as matching the 
curvature of Earth. These methods are rather efficient, because the demand for storage size can be 
decreased drastically despite of relatively large size of the applied databases. The dynamically 
refreshing part of KML template consists of placemarks containing soil profile data. In case of all the 
uploaded and saved soil profiles, a placemark with soil profile data is created and added to the 
contents of the KML template. The implementation is carried out with the help of PHP language 
which is a popular general-purpose scripting language especially suited to web development therefore 
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matching our need. The combination of placemarks and ground overlays enhances the process of 
visual perception but does not decrease the performance significantly. Our current experience shows, 
that the increasing volume of the database will not influence the overall performance of the system 
either (Balla et al. 2015b). 

Finally, all databases were exported to KML files (by Layer to KML tool) in order to geovisualize 
them (Figure 3). 

 

Figure 3. Vector and raster layers used for our research 

5. Account privileges 
The information portal has three separate interfaces associated with the three different user 

privileges. The lowest level of them is the Guest account, which is assigned to users who access the 
system through a web browser (http://siscs.exitdebrecen.hu/SISCSv2/). All of the soil data, 
geovisualized soil profiles and spatial databases (GDEM, CLC50, and Vegetation-based landscape-
regions of Hungary) can be browsed by such an account. A Guest user can also list the soil profile data 
stored in the database and can even download registry data (field and laboratory test data, diagnostic 
horizons, etc.). Google Maps and its integrated KML operating functions ensure that the stored data 
and spatial databases are represented in the proper KML format. With the available KML template, the 
information uploaded from a registry (Profile Id, Location, Elevation, Coordinates, Date, Land use, 
WRB RSG) automatically create a KML file associated with the soil profile, and is automatically 
displayed with other soil profiles when loaded from the web map. The actual beta version includes two 
soil profiles, but if the system is already available for the users, the database will be continuously 
expanded (Figure 4-5). 

 

Figure 4. Some stored soil profiles and ratio in SISCS from the beta version 
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Figure 5. A geovisualized soil profile with GDEM from the beta version 

The next level of hierarchy is the SISCS User. This group of users can log in via an account name 
and password. This level allows them to upload soil profile data (profile environment data, genetic or 
diagnostic data, soil profile pictures, and comments) with the use of an upload form, or to import 
collected/produced data by the GeoMobileApp field data collecting mobile application (Figure 6). If 
the user wants to share the results, then the imported and uploaded data can be saved or updated, and 
existing databases can be expanded (Figure 7). It is important to note that SISCS Users can only edit 
their own databases. The most important function however is the automated designation of data to the 
implemented reference groups (at the time of publishing this article, the first seven groups have been 
implemented). Uploading spatial data and soil profile data can be done separately. Each of the 
uploaded categorized reference profiles and preassigned sampling site can be searched for and can be 
revised and relocated in real time using the available spatial data and field site information. This 
provides maximized content in a consistent database that has unified methodology and is 
supplemented by metadata for later search-study projects. 

The highest account privilege belongs to the Admin group. Aside from the functions described 
above, they have to oversee the maintenance of the entire database, as well as creating and handling 
user profiles. 

 

 

Figure 6. Initializations of layers, genetic and diagnostic horizons 
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Figure 7. Main information of listed soil profile 

Conclusion 
The currently designed soil information system reacts to the user demands, and continuously 

evolves to meet them. The multi-level (Guest, SISCS User, Admin) accessibility ensures that the soil 
profiles stored in the database can be accessed for free. Furthermore, with the implementation of the 
classification function, the soil data uploaded to the system can be defined in the WRB reference 
groups later, because the implementation of WRB classification algorithms is still in progress. It must 
be emphasised that after the creation of the algorithm, a properly developed and filled out registry is 
essential for proper categorization. Importing previously collected data and re-classifying it into WRB 
is not possible if certain pieces of information are missing. 

Furthermore, besides the geovisualization of soil profiles, a multi-layer data display has been 
achieved with the use of public spatial databases (GDEM, Corine, Vegetation-based landscape-regions 
of Hungary), which may provide help when choosing sampling sites. Thanks to the free accessibility 
of the databases used in our application, users can search for the environmental geography features of 
studied regions instantly. However it is worth mentioning that the spatial resolution of these databases 
might not be entirely trustworthy, so they should only be used for preliminary research. 

Our future goals include turning the process of identifying qualifiers to WRB reference groups and 
associating them with a soil profile an automated operation. Furthermore, the main purpose is to make 
soil data more visually representable to help users understand the information provided by the system 
more efficiently. 
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A B S T R A C T 
 
In this paper, we explore how we may give researchers from different disciplines new tools 
to enrich and use the data that are made discoverable and accessible through Europeana, 
the digital cultural aggregator of Europe. This paper presents a use case where selected 
content from Europeana is used as a resource for Social Scientists working in the agriculture 
and food domain. The process starts with the profiling and the identification of content 
requirements of the research community of the Greek Agricultural Economics Research 
Institute (AGRERI) to the enrichment of its library with quality content from Europeana 
and the development of a discovery microsite for AGRERI, providing access to the 
aforementioned selected content. The paper presents the connection of this content with 
AGINFRA, the data infrastructure for European agricultural research. This paper aims to 
showcase how researchers working in completely different disciplines may discover and 
exploit data sets of interest to them, from the vast amount of resources available through 
Europeana. By using these resources, agricultural (and not only) researchers can investigate 
various topics using different scientific methods and tools, thus making multi-disciplinary 
agriculture research more useful and meaningful. 

1. Introduction 
Europeana (http://www.europeana.eu) is the digital platform of the European Union (EU) that 

functions as a virtual European library showcasing the rich and diverse cultural heritage content of 
all participating countries. More specifically, working with a very large network of more than 3,000 
museums, libraries and archives around Europe, more than 40 million digital cultural artefacts are 
currently made discoverable and accessible through the Europeana portal. Traditionally, the main 
audience of the Europeana content consisted of various types of museum stakeholders, historians, 
librarians, scholars and other stakeholders in history, art and social sciences, to name a few; on the 
other hand, despite the high quality of the content available through Europeana, there was no 
connection of Europeana with the research communities of other domains, like life sciences. 

The Europeana Cloud Project (Europeana Cloud: Unlocking Europe’s Research via The Cloud, 
http://pro.europeana.eu/structure/europeana-cloud) has been a project co-funded by the European 
Commission through the ICT Policy Support Programme as part of the Competitiveness and 
Innovation Framework Programme (CIP). It aimed to create a digital infrastructure in order to 
support researchers from different disciplines discover valuable and rare resources from disperse 
sources and collections, namely Europeana (Benardou, Dallas & Dunning 2014). 

Socioeconomics and policy research have become an integral part of agricultural research 
projects and programs. The concepts, framework and methodological tools and techniques for 
socioeconomic and policy research are derived from social sciences disciplines which help bring 
human dimension and issues in the research process and cover a wide range of research issues. 
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Social science can contribute critically in the analysis and conduction of research in crosscutting 
themes such as poverty, food security and natural resource management. They provide broad 
framework, research methods and tools for scarce resource allocations, identification of research 
agenda, research priority setting, adoption and impact assessment studies and can play important 
role by identifying policy gaps and constraints to technology development, uptake and scaling-up2. 

To this context, an interesting discipline that could evaluate the importance of such 
infrastructure is the research community of agricultural researchers at the Agriculture Economic 
and Policy Research Institute (AGRERI, http://www.agreri.gr). These researchers investigate the 
economic, cultural and societal factors affecting major aspects of the agricultural and food sector 
not only in Greece but also in other European countries and conduct high-level research. An 
infrastructure that will be able to integrate and present in a simple and visual way all this 
information from disperse sources will be of great importance not only to researchers but to anyone 
who would like to take advantage of all this knowledge. It will also change the way that researchers 
are currently storing and using the data produced as well as answering and making more sense of 
the data produced. 

2. Methodology 
The methodology followed and described aims to provide the means for extracting information 

from potential users of the service (Van den Berg, Parra, Jentzsch, Drakos & Duval 2014). The 
requirements extracted from these stakeholders will be used for shaping the expected outcomes of 
the service for the end users. The methodology comprises a series of steps involved in a process 
starting with the profiling and the identification of content requirements of the research community 
of AGRERI to the enrichment of AGRERI’s library with quality content from Europeana and the 
development of a discovery microsite for AGRERI, providing access to the aforementioned 
selected content from Europeana and other sources.  

More specifically, the first step in the proposed methodology is the identification of the different 
user profiles (personas) of interest to the service. It is very important to identify the content 
requirements (content analysis, information-related challenges and problems) and to have a very 
good description of the information services and systems and the usage scenarios related to them, 
in order to be able to design interface wireframes and describe the user-envisaged usage workflows. 
This will provide the resulting requirements for outcomes services. After validating these 
requirements with the users through interviews, workshops and surveys, final wireframes with the 
required features of the service are designed that will translate these features into requirements for 
the service. Reports from all workshops are used for the analysis of requirements that will drive the 
development of services by the technical team. A schematic representation of this process is shown 
in the figure below (Figure 1). 

As mentioned earlier, the implementation of the methodology requires a profiling process and 
the identification of content requirements through the use of instruments and tools for the 
extraction, collection and organization of the user requirements as well as for their validation and 
finally, the evaluation of the suggested features of the service. 

 

2 https://ec.europa.eu/research/social-sciences/pdf/other_pubs/socio-economic-tools-for-sustainability-
impact-assessment_en.pdf  
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Figure 1. Workflow followed for the development of the services 

The first tool used is an online questionnaire developed as a Google Form which consists of: a) 
questions related to the demographics of the personas, b) questions related to the data of relevance 
and interest to the specific persona, c) questions related to content-specific challenges faced by the 
persona and d) some suggestions that could be of use to the persona. In this case, fourteen (14) 
users answered the online questionnaire providing the first input for the user requirements 
elicitation.  

In order to validate the challenges and problems collected via the online questionnaire, a set of 
face-to-face meetings and interviews takes place with potential stakeholders and representatives of 
the community in question, using the same set of questions in the online questionnaire but in a more 
in-depth way. In this case, nine (9) stakeholders participated in the interviews session providing 
sufficient feedback. 

In order to evaluate the suggested features, a workshop was organized aiming to provide a 
hands-on evaluation of the service not only by the agricultural researchers of the AGRERI team 
but also with other users interested in the service. A total of fifteen (15) people participated in the 
hands-on workshop providing their feedback through discussion and an evaluation survey. 

3. Results 
The AGRERI Discovery Microsite (http://www.agreri.gr/en/external_library/browse) is a 

Microsite that can be used by researchers in the field of agricultural economics to search and 
discover relevant resources. The Microsite searches predefined collections of datasets based on 
user input and presents the results in a uniform way. It comes as a Microsite, built with lightweight 
web-technologies (HTML, CSS, HTTP, Javascript, AJAX) in order to be easily embedded in sites 
and web-applications, without the need to make changes for matching the existing technologies of 
the application. The first prototype of the Microsite is designed based on the needs of the AGRERI 
agricultural researchers. The Microsite is a tool in the following two ways: it is graphically designed 
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to be smoothly integrated with the web site of the AGRERI team and is built on top of collections 
that have been requested by stakeholders. 

The main usage of the AGRERI Discovery Microsite is a faceted search interface that allows 
users to search and quickly filter the results (Figure 2) and then, get a more detailed view of the 
resource selected with the related resources of the same thematic. In addition, predefined categories 
that allow access over specific content (i.e. agricultural economics) are also available.  
 

 

Figure 2. Screenshot from results listing after a search query 

The prototype has been designed and developed with the constant feedback from the AGRERI 
team in order to better capture and cover their needs. During the development phase, a number of 
discussions were organized between the group and technical team in order to gather feedback 
concerning which collections to search, which categories to use, and which facets the stakeholders 
would like to use. 

In order for the finder to allow faceted search and uniform representation of the metadata from 
resources coming from different collections, the Microsite uses the existing AGRERI infrastructure 
to store a repository with all these metadata. In the pilot, the resources and different collections are 
stored in the repository and in all cases an API is used to filter thematically resources for the dataset. 
At the same time, and in order to provide this uniform representation and make the resources 
available throughout the Microsite a transformation process took place, where all metadata records 
were transformed from their original scheme to an internal format. During this transformation 
procedure metadata records have also been enriched. 
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In the AGRERI Discovery Microsite, there are many different collections stored. The AGRERI 

Library contains resources (publications, reports and other material) of the AGRERI researchers. 
The External Libraries contain collections from external sources and this way these collections are 
made discoverable through the Microsite, as in the case of Europeana (Figure 3). Other content 
collections of interest to the users available through the Microsite are:  

 
● Collections from AgEcon Search (http://ageconsearch.umn.edu)  
● Collections from FAO AGRIS (http://agris.fao.org)  
● Collections from the United States Department of Agriculture (http://www.usda.gov)  
● Collections from the National Institute of Agricultural Research (http://www.inra.fr)  
● Collections from the Food Policy Research Institute (http://www.ifpri.org)  
● Collections from the Wageningen University and Research Center 

(http://www.wageningenur.nl)   
 

 

Figure 3. External libraries 

All these collections consist of resources of interest to the AGRERI research community, 
combining traditional agricultural topics with ones on socio-economic ones. In addition, these data 
sources provide open access to their content therefore the aggregation of the corresponding 
metadata is possible. 

3.1. Architecture 
The AGRERI Discovery Microsite is implemented using modules at three layers, namely a) the 

data ingestion layer, b) the repository layer and c) the front end layer (Figure 4). 
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Figure 4. AGRERI Discovery Microsite architecture 

More specifically, the following modules and components were deployed in the context of the 
Europeana Cloud project in order to implement the AGRERI Discovery Microsite: 

● REST API client that collects relevant content from Europeana. A custom client has been 
developed to collect the relevant Europeana content in a JSON based format through 
Europeana’s REST API. 

● Data ingestion module that imports the metadata in AGRIS metadata Application 
Profileformat to the AGRERI site. This module can be used by the researchers to import 
new relevant content from Europeana. The data ingestion module includes the following 
components. 

○ Transformation component that transforms the data from Europeana format to 
AGRIS AP that is suitable for agricultural research 

○ Enrichment component that enriches the Europeana metadata with information 
about the thematic category of the content 

● Data indexing module that indexes the metadata so they are available in the AGRERI 
Discovery Microsite. 
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● Front end modules (AGRERI Discovery Microsite) site that allows the discovery of the 

content from Europeana and connects this content to the existing content for agricultural 
economics that the AGRERI institution holds. 

3.2. Ingestion (Data import) 
The AGRERI Discovery Microsite offers a data ingestion mechanism. This data ingestion 

mechanism is responsible for importing both content and metadata records from multiple diverse 
sources that are publishing the metadata records through custom API (e.g. Europeana API), OAI-
PMH protocol, RDF and dump files. 

An importer can ingest content from raw files that are located to web apps directory or from a 
web API through Rest Services and to be imported into the AGRERI site. Also, before the data are 
stored in the database, the cleaning mechanism, if configured, removes unwanted content or curates 
it. For example, it can remove unwanted HTML characters. Another important functionality of the 
importer is the filtering mechanism that could be configured in order to filter out not relative 
content. For example, if a record is irrelevant to agriculture economics thematics, then this record 
will not be imported to the AGRERI Discovery Microsite 

In order to provide to the user all the resources of the AGRERI Discovery Microsite, the 
powerful Apache Solr 1.4 engine is used. Furthermore, the ingested content is indexed with Apache 
Solr and offered via this engine to the user search interface under a specific schema 

4. Connection with AGINFRA 
AGINFRA (http://aginfra.eu) is the European research hub and thematic aggregator that 

catalogues and makes discoverable publications, datasets and software services (Drakos,  
Protonotarios & Manouselis 2015) developed by Horizon 2020 research projects on topics related 
to agriculture, food and the environment. The overall goal is to include them in the European 
research e-infrastructure “European Open Science Cloud” (https://www.openaire.eu/the-european-
open-science-cloud-for-research-2), a synergy between various EU initiatives and networks, 
namely OpenAIRE (http://openaire.eu), EUDAT (http://eudat.eu), GEANT 
(http://www.geant.org), EGI (https://www.openaire.eu/egi.eu), LIBER (http://libereurope.eu). It is 
envisaged as evolving into an open data management and sharing infrastructure for research and 
extension on agriculture, food and the environment.  

AGINFRA plays plays multiple roles in the global agri-food research ecosystem (Pesce, Geser, 
Protonotarios, Caracciolo & Keizer 2013). More specifically, it can function as: 

● an atlas of agricultural research & extension (including institutions, people, publications, 
data sets, projects, courses, OERs); 

● a semantic layer of processing, enriching & interlinking research information from 
distributed, heterogeneous sources & formats; 

● a catalogue of software components (open source software stack & APIs) that anyone may 
use to process research information; 

● a help desk service to support institutions & projects that wish to publish their research 
information openly; 

● a set of data-rich service and application demonstrators for specific case studies (food 
safety, viticulture, crop composition, etc.) 

4.1. Rationale 
We wanted to investigate how Europeana collections may be linked to the domain-specific 

research infrastructures of the agriculture community, through the research data e-infrastructure for 
agriculture and food (AGINFRA), in order to make relevant collections discoverable also through 
the CIARD RING (http://ring.ciard.info) registry by both humans and software services, and see if 
and how the collections in Europeana can have value to agricultural social scientists. Also, whether 
there can be an automated dissemination mechanism by federating the Europeana and RING 
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registries and how we can use the APIs and support the Europeana portal in order to offer access 
to Europeana collections through the domain-specific data e-infrastructure of AGINFRA.   

4.2. Implementation  
CIARD RING is a core component of the AGINFRA e-infrastructure; in fact, it is a global 

directory of web-based information services and datasets for agricultural research for development 
(ARD). It is the principal tool created through the CIARD initiative to allow information providers 
to register their services and datasets in various categories and so facilitate the discovery of sources 
of agriculture-related information across the world (Pesce, Maru & Keizer 2011). 

In the context of the AGINFRA, the RING provides a machine-readable Linked Data layer to 
meet the following requirements: 

● Datasets registered in the RING have to be found by applications; 
● Applications have to be able to read all the metadata about datasets and filter datasets 

according to their needs 
● Applications have to find enough technical metadata in the RING to: 

○ Identify datasets with a specific coverage (type of data, thematic coverage, 
geographic coverage); 

○ Identify datasets that comply with certain technical specifications (format, protocol 
etc.); 

○ Access the dataset and get the data; 

This machine-readable layer can for instance support the data aggregation workflows of external 
services. The CIARD RING is online accessible at http://ring.ciard.info/.  

In order to register services and datasets in the RING, a user must first register to the service. 
By creating an account, a confirmation e-mail is sent to the user’s email address. After the e-mail 
validation, the user can register a service or dataset. After registering to CIARD RING, the user 
can create an information source or dataset. In our case, we wanted to register a search query from 
Europeana using the keywords “agricultural cooperative” with the URL 
http://www.europeana.eu/portal/search?q=agricultural+cooperative. The user must complete all 
fields marked with an asterisk (*) in every tab and section and any other fields suggested. These 
include: 

● Basic: name, description, URL, responsible body, language etc. 
● Geo: location country, geographic coverage. 
● Thematic: domain, other topics, specific topics (AGROVOC) etc. 
● Content: type of service, languages covered, audience, open access mandate etc. 
● Standards: metadata set(s) used, KOSs used etc. 
● Access to data: distribution(s), special instructions etc. 
● Aggregation: harvesting protocol, required format etc. 
● Networks: belongs to networks etc. 

After completing all the necessary fields, it becomes apparent how a simple initial search query 
in Europeana using specific keywords (i.e. agricultural cooperative) can become registered in the 
CIARD RING. This way, the content which exists in Europeana on agricultural cooperatives 
becomes available as a research dataset through AGINFRA and therefore, through AGINFRA-
powered services like AGRIS where domain-specific and not only researchers can find it. 
Something which is extremely important taking into consideration the fact that AGRIS has more 
than 200.000 visitors per month, and thus enhancing the visibility and re-use of aggregators like 
the Europeana portal. 

4.3. Recommendations on establishing a liaison between Europeana and AGINFRA  
The information provided in the previous sections highlighted the potential of the linking 

between Europeana and domain-specific data registries like the CIARD RING of AGINFRA by 
providing a specific example with the steps that a user needs to follow in order to register a possible 
dataset. Through this process, a number of limitations occurred which led to some 
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recommendations in order to establish a more stable liaison and content exchange and discovery 
mechanism to help AGINFRA communities find collections of relevance and of interest in 
Europeana. 

Indeed, Europeana provides access to content of interest to agricultural researchers so this 
content needs to be more easily accessible to them; however, Europeana does not include domain 
specific collections (e.g. ones on agricultural topics). In this context, new, alternative and 
innovative ways that will allow sharing of content of interest among researchers and other types of 
stakeholders will not only facilitate the sharing of high-quality content but at the same time it will 
significantly enhance the reuse of the Europeana content and its use in different domain specific 
applications. In the specific case described in the previous sections, a new collection is created 
based on the search results for a specific query.  

This envisaged integration of services like CIARD RING in the specific use case presented in 
the document, as well as domain specific services from other domains, will require the 
consideration of a number of issues that were identified during the analysis presented earlier. Such 
issues are the following: 

● Definition of the person responsible for the collection, so that it can be attributed and 
contacted when needed. 

● Identification of the owner of the collection, so that he/she can be contacted for use and 
licensing issues. 

● While the process can be completed by any user, a user with basic knowledge on metadata, 
licensing etc. may more easily complete the fields. 

● Each URL is a dynamic list of results that are compiled after the query. Any revision in the 
content of the Europeana collections will result in the corresponding changes in the search 
results. 

● A user has to register his/her organization if it doesn’t already exist in CIARD RING. This 
might be an issue in the case of users that do not represent an organization but act as 
individual users. 

In this context, addressing the aforementioned issues can provide a set of recommendations that 
will facilitate the linking of Europeana with domain specific services, like CIARD RING, as similar 
issues may have to be addressed in other contexts as well. This linking may be further enhanced by 
direct communication between the technical team of the Europeana and technical teams of other 
services that want to be linked to Europeana. This will ensure the optimal technical interoperability, 
in cases where automatic metadata and content sharing takes place. Last but not least, the definition 
of ownership over collections, like the one mentioned earlier in the case of CIARD, as well as the 
allowed uses through a well-defined licensing schema will further facilitate the use and reuse of 
Europeana content through third party services. 

5. Conclusions and next steps 
The specific piloted case study presented how Europeana may be used as a resource for Social 

Scientists and researchers that work in different scientific domains and disciplines, in this case in 
the domain of agricultural economics, how they can make use of the available resources and data 
sets and how they can be benefited from such digital infrastructures. 

The methodology followed for the elicitation of requirements in this piloted case study has 
already been used, tested and validated in other case studies and it could also be used for the 
elicitation of requirements from targeted end-users in other case studies as well. The methodology 
consists of a number of well-defined steps that should be completed for the successful acquisition 
of requirements, steps that can be adapted and adopted accordingly to serve other cases.  

In this specific piloted case study, the feedback received by the AGRERI researchers was 
positive since they were extremely satisfied both by the methodology followed and by the final 
outcome. They were impressed by the fact that Europeana proved to be quite useful even for 
researchers in their own discipline, since they had not anticipated to find useful and related 
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resources on agricultural economics and policy thematic areas, specifically when it comes to 
accessing rare and useful content, like the one that Europeana portal provides. 

Through the connection that was established between Europeana and the domain-specific 
research data e-infrastructure AGINFRA, with the aim to examine how to make the relevant 
collections discoverable through AGINFRA’s specific registries and services, it is obvious that 
there is potential for using Europeana content in other domains as well. This will allow to further 
facilitate the sharing of high-quality content and at the same time it will significantly enhance the 
reuse of the Europeana content and its use in different domain specific applications. 
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A B S T R A C T 
 
We present a software system for automated projection of situational knowledge for 
disease outbreak in agriculture. The system supports farmers and agricultural advisers in 
obtaining and maintaining awareness of present and future disease outbreaks in crops 
grown at agricultural parcels. It models objects such as plant pathogens and agricultural 
parcel crops, and their relations, as entities in situations observed by an environmental 
monitoring system. It utilizes a mechanistic disease pressure model to obtain knowledge 
about observed situations from forecast data for various weather parameters. It represents 
obtained situational knowledge explicitly and manages represented knowledge in a 
knowledge base. We evaluate the system for 3 fungal plant pathogens, 2 cereal crops, and 
17 agricultural parcels located in Finland, for a growing season. We underscore how the 
explicit representation of situational knowledge is useful toward various purposes, 
including reasoning, query and visualization, and is, thus, vastly superior to having 
situational knowledge only implicit in high-level data products such as maps. 

  

1. Introduction 
Farmers have arguably been relying on timely information about factors that influence crop growth 

and quality since the dawn of agriculture, and modern Precision Agriculture is “intrinsically 
information intensive” (Fountas et al., 2006). Plant disease is a factor that influences crop growth and 
quality, and the continuous assessment of plant disease pressure is important as it supports farmers in 
their decision for when and how to protect crops (Roberts et al., 2006). Ideally, the assessment should 
forecast disease pressure (Roberts et al., 2006) and include necessary information. The requirement of 
forecast is important because it gives farmers time to plan and take action, and reduce losses (Bourke, 
1970).  

During a growing season, disease pressure can rapidly increase and various models have been 
proposed to describe disease progress (van Maanen and Xu, 2003). It is therefore necessary to assess 
disease pressure regularly. Already with relatively few agricultural parcels it becomes quickly evident 
that disease pressure assessment is laborious. In fact, agricultural parcels are often spatially scattered 
over large areas. Visiting them requires time and material resources. Both visual and laboratory 
assessments are time consuming and costly. Lacking direct observation, disease pressure assessment is 
overly dependent on educated guesses by farmers. Automated assessment using computer systems 
may address this problem. Indeed, computer systems have served farmers and agricultural advisers for 
many decades and purposes, including as decision support systems for plant protection. Bouma (2007) 
recently reviewed the historical development of computer-based support for plant protection since the 
1980s in various European countries. 
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Disease outbreak caused by a plant pathogen in a crop of an agricultural parcel at a particular point 
in time can be modelled as a situation, following the formalization of the concept proposed in 
Situation Theory (Barwise and Perry, 1981; Devlin, 1991). The situation involves five objects, namely 
the pathogen, crop, agricultural parcel, spatial location, and temporal location. The outbreak relates the 
pathogen and the crop in the situation. Disease outbreak assessment can, thus, be understood as a 
particular type of situation assessment, which is the process used to achieve situation awareness. 
Endsley (1995) defined situation awareness as “the perception of the elements in the environment 
within a volume of time and space, the comprehension of their meaning, and the projection of their 
status in the near future.” Situation awareness is the state of knowledge held, for instance, by farmers. 

Our objective is to discuss the implementation – as well as the execution, for a growing season – of 
a software system that performs automated daily situation assessment to support the maintenance of 
situation awareness for disease outbreak in agricultural crops. The result is a plant disease predictive 
system (Gent et al., 2013), in particular a weather-related situation awareness system that 
automatically predicts – or, in Endsley's terms, projects – situations for disease outbreak. Situation 
assessment is performed daily during a growing season and encompasses 3 fungal plant pathogens, 2 
cereal crops, and 17 agricultural parcels, located in Finland.  

We implement the system by extending a software framework for situation awareness in 
environmental monitoring with knowledge and program logic required for the domain and problem of 
interest here. Specifically, extensions include (1) knowledge about the agricultural parcels, such as 
crop susceptibility to disease and tillage method, and (2) program logic necessary to obtain forecast 
data for various weather parameters as well as to compute accumulated risk from forecast data using 
an implementation for a disease pressure model. Situational knowledge for (acute) outbreak of 
pathogens in crops is obtained from accumulated risk, is represented explicitly in machine readable 
form, and is persisted in a knowledge base. The knowledge base serves as a repository for situational 
knowledge. We present how such knowledge can be visualized in time and space to provide experts, 
such as farmers and agricultural advisers, with an intuitive overview of (projected) outbreak situations 
at agricultural parcels and, thus, contribute to expert situation awareness. 

The contribution of this work is three fold. First, we show that disease outbreak in agriculture can 
be modelled as situations grounded in formal Situation Theory (Barwise and Perry, 1981; Devlin, 
1991). Second, we show that forecasting disease outbreak from weather forecast data can be 
understood as a situation assessment process. Hence, we ground the problem of disease outbreak 
forecast in situation awareness theory (Endsley, 1995). Third, we demonstrate the application of a 
generic software framework for situation awareness in environmental monitoring to a software system 
that performs automated daily situation assessment to support the maintenance of situation awareness 
for disease outbreak in agricultural crops. 

The most interesting feature of the presented system is arguably the explicit and machine readable 
representation of situational knowledge. Information is not implicit in maps or reports designed for 
experts. Rather, information is explicit, readable and interpretable by computer systems. The system 
thus aims at automated interpretation of data using terminology and semantics shared with experts. 
Automating this process is interesting in particular because the amount of data, in particular 
environmental monitoring data, can be overwhelming (Wang et al., 2006; Gaire et al., 2013). 

2. Materials and methods 
We first describe the materials and then the methods relevant to this study. Materials consist 

primarily of software, data, and a disease pressure model. Methods are for data processing, knowledge 
extraction, and knowledge representation. 

2.1 Materials 

Situation assessment was implemented using the Wavellite software framework for situation 
awareness in environmental monitoring. Wavellite supports data acquisition and processing, the 
representation of situational knowledge extracted from processed data, and situational knowledge 
processing. Situations are structured parts of reality (Devlin, 1991) and in environmental monitoring 
doi: 10.17700/jai.2016.7.2.290   30 
Markus Stocker, Jussi Nikander, Hanna Huitu, Marja Jalli, Markku Koistinen, Mauno Rönkkö, Mikko Kolehmainen: 
Representing Situational Knowledge for Disease Outbreaks in Agriculture 

http://dx.doi.org/10.17700/jai.2016.7.2.290


Journal of Agricultural Informatics (ISSN 2061-862X) 2016 Vol. 7, No. 2:29-39 
 
 

(Wiersma, 2004) they are ‘observed’ by an environmental monitoring system consisting of hardware, 
software, and experts, as well as, often, an environmental sensor network (Martinez et al., 2004; Hart 
and Martinez, 2006). Generally, environmental sensor networks do not observe situations directly. 
Rather, they monitor certain physical properties of environmental phenomena that occur in observed 
parts of reality. 

Wavellite supports two abstractions for data: sensor observation and dataset observation. Sensor 
observation is the abstraction for sensor data while dataset observation is the abstraction for processed 
data. Situation is the abstraction for knowledge. Situations are grounded in Situation Theory (Barwise 
and Perry, 1981; Devlin, 1991). Following the notation by Devlin (1991), situations are formalized by 
means of the expression s ⊧ σ (read s supports σ) meaning that the infon σ is “made factual” by the 
situation s. The object ‹‹R, a1, …, am, i›› is a well-defined infon if R is an n-place relation and a1, …, 
am (m ≤ n) are objects appropriate for the argument places i1, …, im of R, and if the filling of argument 
places i1, …, im is sufficient to satisfy the minimality conditions for R, and i = 0,1 is the polarity. 
Minimality conditions “determine which particular groups of argument roles need to be filled in order 
to produce an infon” (Devlin, 1991). The polarity is the ‘truth value’ of the infon. If i = 1 then the 
objects a1, …, am stand in the relation R; else the objects do not stand in the relation R. Parameters, 
denoted as ȧ, make reference to arbitrary objects of a given type. For instance, l̇ and ṫ typically denote 
parameters for arbitrary objects of type spatial location and temporal location, respectively. Anchors 
are a mechanism to assign values to parameters. The parameter ṫ may anchor the value for the current 
time. 

Sensor observation, dataset observation, and situation are concepts defined in upper ontologies. 
Sensor observation is aligned with the concept SSN Observation of the Semantic Sensor Network 
(SSN) ontology (Compton et al., 2012); dataset observation is aligned with the concept QB 
Observation of the RDF Data Cube Vocabulary (QB) (Cyganiak et al., 2014); situation is defined in 
the Situation Theory Ontology (STO) (Kokar et al., 2009), as STO Situation. Sensor observations, 
dataset observations, and situations are persisted and managed by a knowledge base.  

The study was for 17 agricultural parcels, which are part of the Vakola precision agriculture 
research station located in Vihti, Finland, operated by the Natural Resources Institute Finland (LUKE). 
For each agricultural parcel, we required its preceding crop (wheat or barley), current crop (wheat or 
barley), current crop susceptibility (sensitive, normal, or resistant), tillage method (reduced or 
intensive), and seeding date. This data was for a growing season. In addition, we had the polygon data 
for the spatial extent of each agricultural parcel. This data was available encoded as ArcGIS shapefile. 
Agricultural parcel data was made available by LUKE. 

We used 48-hours hourly forecast data for the four properties temperature [C], wind speed [m/s], 
relative humidity [%], and precipitation amount [mm] and for six grid points that delimited a 
geographical area that spatially contained the 17 agricultural parcels. Forecast data was computed by 
the Finnish Meteorological Institute (FMI) and was made available via the FMI Open Data Web 
service interface. NetCDF (Rew and Davis, 1990) was the encoding of the forecast data obtained by 
FMI. We used forecast data in order to run the presented system ahead of current time so that it 
predicts disease pressure, i.e. projects situations. 

We employed a disease pressure model developed by LUKE and Rural Advisory Centre Nyland 
Finland (NSL) (Nikander et al., 2015). It is a mechanistic model in which the state of disease pressure 
is updated once per day. Disease pressure stands for the progress of a disease infection in the field and 
tells the probability for the need of additional plant protection measures. Disease pressure is computed 
as the cumulative value ARt = ARt-1 + DR, where ARt is the accumulated disease pressure value on 
day t, and DR is the change on a given day. The magnitude of AR tells the current probability of a 
disease outbreak in a field. Typically, AR is a monotonic never decreasing variable. However, plant 
protection measures, such as chemical spraying, can decrease the value and prevent the progress of 
disease for a defined amount of time. DR is constructed from a base risk value (BR) modified by daily 
modifiers (DM), namely DR = BR x DM. The base risk BR depends on the susceptibility of the 
selected crop and farming history. The daily modifiers DM are related to the weather for the given 
day, specifically average temperature, humidity, wind, and the amount of rainfall. All diseases 
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included in the model follow this general disease pressure model. How the base risk or the daily 
modifiers are used, however, depends on the disease, as all diseases react to changes in the 
environmental variables in a unique manner. 

Accumulated disease pressure is computed for the pair (cap, p) consisting of the crop cap of an 
agricultural parcel ap and a pathogen p. The fungal pathogens currently supported by the model are 
Pyrenophora teres, Pyrenophora tritici-repentis, and Stagonospora nodorum. Pyrenophora teres 
affects barley while the other two pathogens affect wheat. Thus, valid pairs (cap, p) are those in which 
the pathogen p affects the crop cap. The disease pressure model served as mechanistic (physically-
based) model in the computation of accumulated risk. Situations were for outbreak and acute outbreak 
of pathogens in the crop of an agricultural parcel. The disease pressure model was available as textual 
description in Finnish language. 

All software was developed using the Java programming language. The knowledge base was 
implemented by the Stardog RDF database. The Resource Description Framework (RDF) (Manola et 
al., 2004) is a data model. RDF is used to represent sensor observations, dataset observations, and 
situations. RDF Schema (RDFS) (Brickley and Guha, 2004) is a semantic extension of RDF (Hayes 
and McBride, 2004) and provides the basic constructs to build ontologies. Ontology is a means to 
represent knowledge of a domain, i.e. the concepts of interest and relations that hold among them as 
well as concept and role assertions. Among other features, RDFS supports the building of subclass 
hierarchies. The Web Ontology Language (OWL 2) (Hitzler et al., 2012) builds on RDF and RDFS 
and introduces further constructs that allow for the building of ontologies with richer semantics. RDFS 
and OWL ontologies are machine readable and interpretable. The Simple Protocol and RDF Query 
Language (SPARQL) (Prud'hommeaux and Seaborne, 2008) is a query language for RDF, and 
together with RDFS and OWL they are technologies of the Semantic Web (Berners-Lee et al., 2001).  

2.2 Methods 

We created a domain ontology to define the class AgriculturalParcel as sub class of the class 
Feature as defined by GeoSPARQL (Perry and Herring, 2012). Each agricultural parcel considered in 
this study was an individual instance of the class AgriculturalParcel. As described in Section 2.1, for 
each agricultural parcel we had data for the growing season in textual form and ArcGIS spatial data. 
This data was converted into RDF. In addition to agricultural parcel data for the growing season, we 
also processed the ArcGIS shapefile to extract the polygons that located agricultural parcels. 

The textual description of the disease pressure model needed to be first translated into software. In 
the presented system, this software served as an independent library and was responsible for 
computing the daily accumulated risk for crop and pathogen pairs, given the model input parameters 
for pathogen, preceding crop, current crop susceptibility, tillage, daily mean temperature, daily mean 
precipitation amount, daily mean wind speed, daily duration leaves are wet [hours], daily flag for 
whether or not leaves are wet [true/false], and the current total accumulated risk. The library was 
created for the particular purpose of this study. 

Each day between April 30 and August 27 we collected NetCDF encoded forecast data via the FMI 
Open Data Web service interface. The forecast data was processed to a daily dataset consisting of 
dataset observations with component properties for temporal location, spatial location, and the forecast 
data for the four properties. The forecast data collection and processing was automated. The data 
collection process was responsible to fetch the NetCDF encoded forecast data and persist the file on 
local disk. The data processing process was responsible to read the NetCDF file from disk and parse 
the data to dataset observations, elements of the corresponding daily dataset for forecast data. 

On April 30, the current total accumulated risk was zero for all valid pairs (cap, p) of agricultural 
parcel crop cap and pathogen p. We determined April 30 to be the first day following 5 consecutive 
days with temperature > 5°C and, thus, the start of the growing season in Vihti, Finland. Starting April 
30, for each day and applicable pair (cap, p), the system computed the total accumulated risk for the 
next day using the forecast data, the agricultural parcel data, and current total accumulated risk for 
(cap, p). A pair (cap, p) was applicable if the current date was greater than the seeding date of the crop 
cap and cap was not protected (e.g. by a chemical agent). The first day for which total accumulated risk 
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was computed was, thus, May 1. The result of such daily computation were dataset observations 
consisting of temporal location, spatial location, pathogen, and total accumulated risk. Such dataset 
observations were elements of the disease pressure dataset. This computation made use of the library 
that implemented the disease pressure model.  

Situational knowledge was extracted from disease pressure dataset observations. Knowledge was 
for situations of outbreak or situations of acute outbreak. Using the notation by Devlin (1991), a 
situation s of outbreak s ⊧ <<outbreak, ṗ, ṫ, l̇, 1>> supports an outbreak relation infon with 
parameters for pathogen, ṗ, temporal location, ṫ, and spatial location, l̇, which refer to the arbitrary 
objects that stand in the outbreak relation. An outbreak situation is represented for each disease 
pressure dataset observation with total accumulated risk r such that 50 < r ≤ 75. A situation s of acute 
outbreak s ⊧ <<acute-outbreak, ṗ, ṫ, l̇, 1>> supports an acute-outbreak relation infon with parameters 
ṗ, ṫ, and l̇, which refer to the arbitrary objects that stand in the acute-outbreak relation. An acute 
outbreak situation is represented for each disease pressure dataset observation with total accumulated 
risk r such that r > 75. 

In addition to outbreak and acute outbreak situations, we also model chemical plant protection 
situations. Plant protection is the result of applying a chemical agent, specifically fungicides, to the 
crop, with the aim of protecting the crop from infection. Aside killing pathogens, for a certain time 
period chemical agents also prevent pathogens from developing. Experts determined this time period 
to be two weeks. 

To represent situations lasting for periods longer than the next projected day, e.g. a one-week acute 
outbreak, we implemented temporal reasoning for situations covering 11 of the 13 relations of Allen's 
interval algebra (Allen, 1983). Temporal reasoning inferred continuous periods of unchanged 
situations. Temporal reasoning on situations was implemented as a post-processing step on situational 
knowledge. 

3. Results and discussion 

For the growing season, the system represented 112 situations, considering plant protection 
situations and temporal reasoning. For agricultural parcels at which wheat was grown the system 
represented outbreaks and acute outbreaks for both Stagonospora nodorum and Pyrenophora tritici-
repentis. In contrast, for agricultural parcels at which barley was grown the system represented 
outbreaks and acute outbreaks for Pyrenophora teres. This is expected. The greatest number of 
situations was 11 at the only agricultural parcel that was sprayed with fungicides twice, the first time 
in the second half of May shortly after the system had projected Stagonospora nodorum outbreak. All 
other outbreak situations turned into acute outbreak situations before agricultural parcels were sprayed 
with fungicides. The least number of situations was 1. 

Notable is the considerable difference in number of represented situations involving Stagonospora 
nodorum or Pyrenophora tritici-repentis and situations involving Pyrenophora teres. This difference 
is explained by the current crop and its susceptibility grown at agricultural parcels. In fact, the current 
crop at agricultural parcels with 9 or more situations was wheat and its susceptibility was either 
normal or sensitive. In contrast, the current crop at agricultural parcels with one or two situations was 
barley and its susceptibility was resistant. The exception is an agricultural parcel growing wheat of 
susceptibility normal with a total of 4 situations. The parcel was never sprayed with fungicides; the 
few situations started hence in the second half of May and lasted throughout the growing season. 

With current crop barley and not having been sprayed with fungicides, two agricultural parcels 
developed outbreaks for Pyrenophora teres. However, such situations occurred during the first half of 
July, which is almost two months after the first onset of outbreaks at agricultural parcels with wheat as 
current crop. Three agricultural parcels growing resistant barley were sprayed with fungicides during 
the second half of June and no situations developed at these parcels as the remainder of the season 
(July and August) was not sufficiently long for development of disease outbreaks in resistant barely, 
according to our system. 
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This suggests that resistant barley is less prone to outbreaks than sensitive wheat, which is expected 
by definition of resistant. The system represented 4 outbreaks of Pyrenophora teres (which affects 
barley) and 93 outbreaks for Stagonospora nodorum or Pyrenophora tritici-repentis (which affect 
wheat). Stagonospora nodorum outbreaks occurred generally before Pyrenophora tritici-repentis and 
in one instance the agricultural parcel was protected before the Stagonospora nodorum outbreak 
turned into an acute outbreak. 

The mean and standard deviation duration of outbreaks is 4.6 ± 4.5 days while acute outbreaks last 
on average 33.7 ± 22.2 days. Outbreaks relatively quickly turn into acute outbreaks. Given that 
agricultural parcels have typically been sprayed with fungicides only once, the duration of acute 
outbreaks is relatively long. With 23 ± 4 days mean duration, Pyrenophora teres outbreaks lasted 
considerably longer than Stagonospora nodorum (4.7 ± 2.9) and Pyrenophora tritici-repentis (3.4 ± 
1.3) outbreaks. Arguably, this can be ascribed to different crops and crop susceptibility. 

Figure 1 illustrates the temporal visualization of situations. We show the time line of one 
agricultural parcel. Outbreak, acute outbreak, and plant protection situations extend over time 
intervals. The growing season started in May and, according to the system, at the agricultural parcel 
the first outbreaks started around mid-May, Stagonospora nodorum first and Pyrenophora tritici-
repentis later. The first outbreak of Stagonospora nodorum lasted four times longer than the first 
outbreak of Pyrenophora tritici-repentis. On June 7, the parcel was plant protected and the protection 
lasted for two weeks (expert assessment). After the protection came to an end, it took about 10 days 
for the system to model new situations. Notably, the second Stagonospora nodorum outbreak was four 
times shorter than the first. The vertical line represents current time. As we can see, system modelling 
of situations is one day ahead of current time. 

 

 
Figure 1. Temporal visualization of situations for an agricultural parcel. Situations of relatively short 
duration (orange) are for outbreaks while situations of longer duration (red) are for acute outbreaks. 

The additional situation (green) is for plant protection. 

We have described the application of an open source software framework, called Wavellite, for 
situation awareness in environmental monitoring to the problem of disease outbreak forecast in 
agriculture. The framework supports the modelling of disease outbreak as situations grounded in 
formal Situation Theory (Devlin, 1991) and the modelling of disease outbreak assessment as situation 
assessment (Endsley, 1995). The state of knowledge, achieved and maintained by the system and 
shared with experts (Stanton et al., 2006, 2010), for the projected situations of outbreak and acute 
outbreak of pathogens in agricultural parcel crops in time is situation awareness (Endsley, 1995). 

The software system presented here evolved from an earlier prototype for the computation and 
visualization of disease pressure in agriculture (Thessler et al., 2011). Earlier, the computation was on 
weather observation data by the SoilWeather WSN (Kotamäki et al., 2009) and the result of 
computation was a static color-coded GIS map with coarse information for disease pressure in the 
region. There are significant differences between the earlier prototype and the system presented here. 
First, the system presented here executes the disease pressure model on (FMI) forecast weather data 
while the earlier prototype was based on (SoilWeather WSN) observation weather data. Second, 
visualizations presented here (e.g. Figure 1) are interactive, meaning that temporal and spatial features 
can be selected to obtain information for the situations that occurred at particular locations. Third, the 
granularity of information is at agricultural parcels, rather than larger regions, typically including 
many agricultural parcels. Fourth, there are major technological differences between the two systems. 
Most importantly, the system presented here builds on Semantic Web technologies and, thus, holds 
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semantically rich representations of data and metadata. Fifth, and perhaps most importantly, here the 
information is explicit. The software system ‘knows’ about agricultural parcels, crops, pathogens, and 
situations. Because information is represented explicitly, in symbolic form, software can manipulate it 
to produce many more results beyond a map. For instance, we can employ inference techniques to 
obtain new information, compute summary statistics for situations, provide access to situational 
knowledge to other systems, or integrate situational knowledge provided by other systems to enrich 
shared expert-machine situation awareness. In contrast, in an image the information is implicit in the 
colouring of particular regions. While experts can interpret the visualization to obtain relevant 
information, computer systems can hardly access and manipulate such implicit information. 

The use of weather forecasts in the prediction of plant disease has a long history dating back to at 
least the early second half of the last century (Bourke, 1970), with modern computer-based weather-
related decision support systems surfacing towards the end of the century (Bouma, 2007). Jensen et al. 
(2000) describe a Web-based decision support system for crop management which, among other 
information, included graphical maps for risk of disease and pests. As for the earlier LUKE prototype 
briefly discussed above, the key difference with the system presented here is arguably the explicit 
representation of the information content in maps, abstracted as situational knowledge.  

More recently, semantic technologies also gained traction in agriculture informatics. Gaire et al. 
(2013) provide a brief overview of the Kirby smart farm in Armidale, New South Wales, Australia, 
and its ICT infrastructure, which builds on Semantic Web technologies and Complex Event Processing 
to support event notification. Contrary to Gaire et al. (2013), who adopt the concept of event, we use 
the concept of situation in knowledge modelling. Combining the notion of situation and event may be 
an interesting future direction. Dutta et al. (2014) employ semantic technologies in an agricultural 
decision support system for water resource estimation. Of particular interest here is that their system 
seems to explicitly represent knowledge obtained from data using models, data-driven models in 
particular (Morshed et al., 2013). Pokharel et al. (2014) present the integration of data from 
heterogeneous sources using Semantic Web technologies in the domain of agriculture, with the aim of 
improving the effectiveness of farming, specifically in Nepal. The authors make use of AGROVOC8 
(Caracciolo et al., 2013), a thesaurus covering Food and Agriculture Organization of the United 
Nations (FAO) terminology, also available in RDF. AGROVOC could be used in the work presented 
here. For instance, the thesaurus provides a term for Pathogenic fungi (Term Code 29233) which could 
serve in the classification of the fungal pathogens of interest here, e.g. Pyrenophora teres (Term Code 
34565). 

The framework for situation awareness in environmental monitoring has been used in various 
applications. Stocker et al. (2014b) describe the application of an early version of the framework to 
intelligent transportation systems. The objects in situations are vehicles, which were detected and 
classified using observation data by a sensor network that monitored road-pavement vibration, by 
means of machine learning (Mitchell, 1997). Stocker et al. (2014a) describe the application of the 
framework to the representation of situational knowledge for atmospheric phenomena. The objects in 
situations are new particle formation and (rainy) cloud events, which were detected and characterized 
in observation data by an environmental sensor network that monitored aerosols, visibility and 
precipitation. Machine learning was used to detect and characterize new particle formation in daily 
observation data of particle size distribution for polydisperse aerosols. Cloud events were detected and 
characterized using complex event processing (Luckham, 2002). 

There are three important differences between the applications developed so far and the application 
described here. First, so far the applications were on historical data. In contrast, the application 
presented here occurs in real time. Second, in previous applications, situations were represented as 
they occurred (in historical data). In contrast, here situations are projected into the near future. Third, 
in previous applications, situational knowledge acquisition was by means of data-driven techniques, in 
particular machine learning. In contrast, the application presented here relies on a mechanistic 
ecological model, i.e. the disease pressure model. The application shows that the framework can 
support extensions which include mechanistic ecological that use processed data (of environmental 
sensor networks). In the framework, situational knowledge obtained via models, including mechanistic 
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ecological models, is represented explicitly, in symbolic form, as situations, i.e. information objects 
grounded in formal Situation Theory (Devlin, 1991). Situations of a knowledge base can be queried, 
shared, integrated, manipulated, visualized. To explicitly represent situational knowledge is a 
mechanism that addresses the problem of having such knowledge only implicitly in, for instance, 
maps, plots, or tables. 

We highlight an important limitation of this study. Lacking data for ground truth during the 
growing season we cannot evaluate the agreement of situations modelled by the system with actual 
situations on the ground. Experts did perform a quantitative analysis for the percentage of infected 
samples on July 7 for several agricultural parcels. We summarize here the results for two agricultural 
parcels. For the first parcel, the analysis shows that on July 7 44% of the samples were infected with 
Stagonospora nodorum and Pyrenophora tritici-repentis. On July 7, the system modelled acute 
outbreak situations at this parcel for Stagonospora nodorum since May 29 and for Pyrenophora tritici-
repentis since June 1, i.e. for over one month. For the second parcel, the analysis shows that on July 7 
10% of the samples were infected with Pyrenophora teres. On July 7, the system modelled outbreak 
situation at this parcel for Pyrenophora teres for the second day. Experts estimate the acute outbreak 
threshold at 20% infection. At 44%, infection at the first parcel is thus well beyond the threshold. This 
may suggest agreement with system modelling for the acute outbreaks that had been lasting for over 
one month. At 10%, infection at the second parcel is below the threshold and, according to expert 
opinion, in line with system modelling for outbreak, in particular if the crop is dense and keeps the 
night humidity for some hours, enough for spores to infect. While these results are promising, the 
currently available data is unfortunately insufficient to systematically validate system performance. 
We consider a comprehensive system performance evaluation using laboratory analysis and/or surveys 
to be an opportunity for future work. 

4. Conclusion 
We have presented and evaluated the application of an open source software framework for 

situation awareness in environmental monitoring to the problem of disease outbreak situation 
awareness in agriculture. The resulting system was capable of real time and automated explicit 
representation of knowledge for outbreak situations of plant pathogens in agricultural crops. 
Situational knowledge was obtained using forecast data for various weather parameters and a disease 
pressure model that acted as mechanistic ecological model for the computation of accumulated risk 
using weather and agricultural parcel data. The system was evaluated on 3 fungal pathogens, 2 crops, 
and 17 agricultural parcels located in Finland during a growing season. We also briefly compared the 
system presented here to an earlier prototype for the computation and visualization of disease pressure 
in agriculture. 

The study shows that disease outbreak in agriculture--in particular the objects involved, such as 
pathogens and agricultural crops--can be modelled as situations. Situation Theory is a mathematical 
ontology for the modelling of information about situations. Based on various applications in 
environmental monitoring, including the one presented here, we think that situation is a powerful 
abstraction for information about the structured parts of reality monitored by environmental 
monitoring systems, specifically also those involving environmental sensor networks. 

The explicit representation of (situational) knowledge obtained in environmental monitoring 
systems from processed data is arguably an interesting and important step. In fact, symbolic 
knowledge managed by a knowledge base can be queried, shared, integrated, and reasoned on. Generic 
tools can be developed to process symbolic knowledge toward various aims, e.g. visualization. 
Together with our previous studies, we think that the application presented here further supports the 
claim that the explicit representation of (situational) knowledge obtained using data-driven or 
mechanistic ecological models from processed data in environmental monitoring systems is a powerful 
mechanism to avoid that such knowledge only remains implicit in maps, plots, or text. 
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A B S T R A C T 
 
The Negative Prognosis model (NPM) is a meteorological plant protection model that has 
been used in the farming practice for a long time now for controlling potato late blight, 
caused by Phytophthora infestans. NPM takes hourly air temperature, relative humidity 
(RH) and precipitation sums as input, generating recommendations on the first protective 
treatment date. The objective of the present work was to determine the impact of weather 
data quality on the NPM recommendations quality. Sensitivity analysis was conducted 
through inspection of source code and simulation. Data for simulation were prepared so as 
to measure a possible delay of the recommended date of the first treatment. Simulation 
experiments were performed to assess the recommendations quality for the direct-
measurement data and the prepared data. It was established that the recommendations 
depend on the measurement precision of the RH near the value of 87% and the air 
temperature near the values of 10, 12, 14, 16, 18 and 24 °C. The decisive factor is RH 
measurement precision. Small variations of RH of 2–3% may cause a serious 
miscalculation of the recommended date of the first treatment of 8-11 days. 

  

1. Introduction 
Farming is one of those domains, in which decisions are made routinely based on the intuition. Yet, 

due to globalization, the circle of producers using comparable production technologies and offering 
similar products is growing continually. Consequently, competitive advantage can be achieved 
nowadays more easily through peak performance ensured by wise decisions than through technology 
improvement. Better decisions can arise from comprehensive information coming from data analysis 
(Davenport & Harris 2010). On the other hand, the analytical methods are justified only if they can 
bring about a significant upturn of the decision efficiency, which cannot be achieved without quality 
assurance of the data. High quality data have to be used in order to produce high quality information 
essential for thorough understanding of the decision situation. Basing the decisions on facts allows for 
the optimization of actions to maximize competitive advantage.  

One the most common decision situations in farming is determining the need for a protection 
treatment. Yet, these decisions can be very demanding if the principles of the integrated pest 
management (IPM) are to be followed as stated in the EC 1107/2009 regulation (Regulation (EC) No 
1107/2009). The rational selection of a plant protection product has to be preceded by a thorough 
analysis of the crop cultivation status. In the analysis numerous factors should be considered like crop 
variety disease resistance, host and pest developmental phases, source of inocula, infection abundance, 
weather conditions, pesticide properties, applied pesticide rotation based on different action modes, 
presence of resistant pest forms, etc. The necessity to take numerous factors into consideration makes 
the IPM difficult to apply in practice, especially so if a simultaneous protection against a number of 
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diseases is required. This is one of the reasons that decision support systems (DSS) are being used 
more and more universally on farm to facilitate decision making in plant protection. 

 

 

Figure 1. Production of potato in Poland in the years 1961-2014 [Mt]. Record production (over 50 Mt) 
marked by bars of brown colour. Source of data: Faostat 2016. 

 

In Poland one of the staple crops is the potato. The production of potatoes achieved in 1963-1990 
stood Poland in second place after the Soviet Union (Faostat 2016), but in the later years it began to 
wane considerably (Figure 1). However, with around 750 000 farms growing potatoes in Poland still it 
is an important crop (Nowacki 2014). 

Vegetative propagation of potato is the cause of particular exposure to diseases, the most serious of 
which is potato late blight. The causal agent of late blight is Phytophthora infestans, an Oomycete of a 
worldwide distribution (Henfling 1987, Fry 1998, Mizubuti & Fry 2006, Kapsa 2011b). Its prevalence 
and variability entails a problem not solved even to date. According to CIP Annual Report (1997), 
yield losses due to late blight are estimated at 15% throughout the world. In growing season, the 
disease incidence and development are especially intensified by lengthy spells of precipitation and 
elevated air humidity accompanied by moderate temperature. At temperature around 20 °C the potato 
field might be damaged totally in just a few days  (Kapsa 2011b). The most effective management 
strategy of late blight combines three procedures: removing pathogen sources, using resistant cultivars 
and applying appropriate programme of chemical protection. The efficacy of chemical protection is 
determined by three major factors: date of starting the protection (date of the first treatment), dates of 
subsequent treatments and the selection of fungicides in order to match their mode of action to the 
field conditions. Chemical protection against late blight may consist in routine, intensive application 
of fungicides in the growing season, starting with potato emergence. However, going by the 
recommendations of the DSS is far more cost-effective. For instance, Kapsa, Bernat & Kasprzak 
(2007) report a 33% reduction of the number of protective treatments when aided by the NegFry DSS 
in comparison to the routine application of fungicides. With regard to the date of the first treatment, 
the practice shows that the farmers who apply fungicides routinely start the protection either too early, 
which exacerbates its effectiveness, or too late, risking penetration of the pathogen into the plant 
tissues (Rysak 2009). Conformance to the DSS recommendations improves discipline in regard to the 
treatment date and reins in the risk. 

In Poland the Institute of Soil Science and Plant Cultivation – State Research Institute (IUNG–PIB) 
provides access to the „Internet decision support system in the Integrated Pest Management” - IPM 
DSS (IPM DSS 2015), built in 2001 on the basis of a Danish prototype (Nieróbca et al. 2010). Within 
the IPM DSS there are a number of applications implementing various plant protection models 
(Nieróbca & Zaliwski 2014). One of the applications easiest to use is the Negative Prognosis 
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(Negative Prognosis 2015), since it requires a minimal contribution from the user in terms of data 
input. On the other hand, it is data-intensive on part of the provider of the system. Additionally, since 
the only source of information for generating recommendations is the weather data (apart from potato 
emergence date supplied by the user), the dependence of the information quality on the data quality is 
very tight. 

The name of the application, “Negative Prognosis”, is derived from the name of the Negative 
Prognosis Model (2015), which it implements. The model is a meteorological plant protection model 
that has been used in the farming practice for a long time now for forecasting the date of the first 
protection treatment in controlling potato late blight (Schrödter & Ullrich 1967, Schöber 1992, 
Hardwick 2006). The most common way of potato late blight control is applications of fungicide 
treatments. Fungicides should be applied before the infection can occur, otherwise their efficacy is 
diminished (Nærstad et al. 2008).  

2. Materials and methods 
As a rule, the quality of information is determined with regard to decision situations of users. It is 

essential therefore to develop criteria for assessing the information quality with reference to its use 
(Redman & Godfrey 1997). In our case the information quality is reflected in the soundness of 
recommendations. 

The Negative Prognosis Model utilizes the dependence of late blight epidemic development on 
weather conditions. It takes as input hourly weather data: air temperature, relative humidity and 
precipitation. The model calculates for each day (starting with the date of potato emergence) daily risk 
values (DRV) and accumulated risk values (ARV) - sum of daily risk values. The recommendation of 
the first treatment is generated when the DRV exceeds 7 points, while the ARV is over 130 points. 
These thresholds were adopted in the Polish IPM DSS (Kapsa 2011a). The algorithm for DRV 
calculation takes into account asexual reproduction of Phytophthora infestans. Different stages of 
reproduction require different weather conditions, which the model algorithm takers into account. 
Germination of sporangia requires a minimum of 4 consecutive hours with high relative humidity 
(over “the high humidity threshold” assumed to be 87% in the Polish IPM DSS) and temperature 10-
24 °C. Production of spores (sporulation) requires a minimum of 10 consecutive hours with high 
relative humidity at temperature 10-24 °C.  

The Negative Prognosis Model in the IUNG–PIB is implemented in two versions: one (NPM1) as 
part of the IPM DSS system, and the other (NPM2) as part of the NegFry online (2015). The two 
versions use the same algorithms for calculation of risk values. However, the Negative Prognosis of 
the 'NegFry online' (NPM2) provides better functionality and richer content. NPM2 checks the input 
weather data for missing values, preventing errors originating from data omission. NPM1 is more lax 
in this regard, however, with detriment to accuracy. Both versions present results in a table; NPM2 
provides additionally graphs. The Negative Prognosis implemented in the 'NegFry online' was selected 
therefore as a tool for conducting the analyses necessary for this paper. An example of calculation 
conducted with the 'NegFry online' is shown in Figure 2. An accumulated risk values graph for the 
same data is shown in Figure 3. 
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Figure 2. Results of the calculation of the first treatment date conducted with the aid of 'NegFry 
online' (fragment of risk values table) 

 

 

Figure 3. Accumulated risk values (ARV), 'NegFry online' (Negative Prognosis graph). Green and 
orange horizontal lines correspond to the values in Figure 2. 

 

In the IPM DSS the weather data come from the Central Weather Module, connected to the IUNG–
PIB’s net of agrometeorological stations (Zaliwski 2014). The hour data are aggregated from 10-
minute data (Zaliwski 2009). Then they are checked and corrected as needed manually, with the aid of 
the 'editweatherdb' database editor (as of 2016 the correction tasks are conducted to a certain extent 
automatically). The database editor makes it possible to browse through the data, to select missing as 
well as uncertain data and to supplement the gaps with values from the nearest station, or, in cases of 
short time intervals, the values interpolated from the same station. A similar solution is used e.g. in the 
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German Information System for Integrated Plant Production (ISIP), where the computer program 
AgmedaWin is used (Keil & Kleinhenz 2007). 

Intensive use of the 'editweatherdb' editor which began in 2014 showed some gaps in the data and 
also a number of vague (imprecise) data. This raised the question how well the Negative Prognosis 
Model can cope with the problem of data quality – what is the impact of weather data quality on the 
recommendations validity.  

In order to find an answer to this question a sensitivity analysis was carried out on the Negative 
Prognosis model. A sensitivity analysis is generally made in order to reveal how model parameters 
influence its results (Hamby 1994, Turner et al. 2001). There exist a number of methods to study 
model sensitivity. In general, the criteria for selecting the method are the usefulness of results and the 
ease of calculation (Hamby 1994). For the purpose of the present paper the method was proposed 
based on the analysis of the NPM2 source code (Zaliwski 2015) and the measurement tolerance of RH 
sensors installed in the IUNG-PIB’s agrometeorological stations. The Negative Prognosis model 
source code was analysed in order to pick out the weather data thresholds for risk values calculation. 
Model results computation depends on the comparison of these thresholds with the weather element 
values (Zaliwski 2010, Negative Prognosis Model 2015). In accordance with the proposed method of 
sensitivity analysis data sets were prepared and simulation experiments were conducted on the model. 
The results obtained made it possible to gain an insight into the model requirements in terms of 
weather data quality. 

2.1. Source code analysis 

'NegFry online' is patterned after NegFry 2002, written in C++ by Poul Lassen (2003). It is written 
in C#, in ASP.Net environment. Analysis of the code included inspection of the source, as well as 
running the application in the debugging mode in order to check the values of variables. These tasks 
were conducted using Microsoft Visual C# 2008 Express Edition and Microsoft Visual Web 
Developer 2008 Express Edition (Microsoft Visual Studio 2008). 

2.2. Simulations on specially prepared and direct-measurement data sets 

Simulation experiments were conducted in order to obtain information how NPM results are 
influenced by imprecise RH measurements. Nieróbca (2014) reported that the RH measurement error 
of worn out sensors may be as high as 5%. However, the measurement tolerance range of RH sensors 
of the type used in the IUNG PIB’s agrometeorological stations is ±3%. The measurement tolerance 
range of temperature sensors is ±0.1°C. This information, together with the findings of the code 
analysis, served as a hint to determine how to prepare the weather data for the simulation experiments.  

To avoid “messing around” in the 'NegFry online' system, an additional station was added to the 
Central Weather Module and named 'NPM Testing'. Then all the experiments were performed only on 
that station. The original data (from 2014) were taken from two of the IUNG–PIB’s 
agrometeorological stations. In order to find which two stations to consider, the data of 27 
agrometeorological stations were analysed for the period from potato emergence (May 15) to the end 
of June. The date of potato emergence was established from the results of potato variety trials 
(COBORU 2006-2012). In the years 2006-2012 the earliest potato planting dates in Poland were 
between 6-19 April. Since the period from planting to emergence is about one month (Kalbarczyk & 
Kalbarczyk 2004), the average date of potato emergence was assumed to be 15 May. 

SQL queries were run to determine the number of hours of RH close to the threshold of 87% (from 
above) for three ranges: 87-88%, 87-89% and 87-90% (or, in other words, for tolerances of 1%, 2% 
and 3%), respectively. The lowest number of hours yielded by the queries was 10 (for the range of 87-
88%), and the highest 138 (for the range of 87-90%). Two stations, one with the lowest number of 
hours (10) and the other with the highest number of hours (138) were selected as the source of data for 
the simulation (Table 1), as they ensured the lowest and the highest measurement error. These stations 
are further on referred to as 'stMin' and 'stMax'. 
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Table 1. Numbers of hours of relative humidity close to threshold 87% in the period 

              from potato emergence (May 15) to the end of June, obtained from 27 stations 
 RH   87%-88% RH   87%-89% RH   87%-90% 

Minimum 10 18 18 

Maximum 52 88 138 

Average 27 53 81 

The data of the two selected stations were than copied (sequentially) to the weather database to 
create data records for the 'NPM Testing' station. To find a possible influence of the RH measurement 
errors on the Negative Prognosis model results the RH values above threshold of 87% were changed 
(also sequentially) to 86.99%, to create a simulated error of 1, 2 and 3%, respectively. This was done 
in order to create a delay of the first treatment. A preliminary analysis of the prepared datasets was 
conducted (in a spreadsheet) which showed that only the relative humidity data had to be taken into 
account when determining a delay of the first treatment. Measurement errors of temperature (±0.1°C) 
did not exert any influence on the recommendations, since no values equal to the established 
thresholds for germination of sporangia or sporulation occurred simultaneously with the RH values of 
86.99%. The speed-up of the first treatment was not investigated, since it is not so critical to the 
recommendation quality. 

Altogether eight sets of data were produced for the simulation experiments, two original 
(unchanged) and six prepared. The data preparation was conducted in the Microsoft SQL Server 2008 
R2 database using Microsoft SQL Server Management Studio (Mendrala et al. 2009). The 'NegFry 
online' application was run eight times to get the results, each time with changed input. 

3. Results and discussion 
The results obtained are of two kinds. Firstly, thresholds for calculation of risk values were 

determined from the source code analysis. Secondly, model requirements in terms of weather data 
quality were established in simulation. These two kinds of results are shown separately below. 

3.1. Source code analysis results 

It has been found that the following conditions for high daily risk values apply:  

 - temperatures 10-12 °C or 14-16 °C along with relative humidity above threshold 87% for at least 
4 consecutive hours (germination of sporangia),  

 - temperatures 12-14 °C or 18-24 °C along with relative humidity above threshold 87% for at least 
10 consecutive hours (sporulation). 

The decisive weather data quality factors for Negative Prognosis model are therefore: 

 - precision of measurements of RH near value of 87%, 

 - precision of measurements of temperature near values of: 10, 12, 14, 16, 18 and 24 °C. 

3.2. Results from simulation experiments 

The results from the simulation experiments are presented in Table 2. Columns in the table 
represent the magnitude of errors. In the rows each station is itemized four times, each time with a 
different number beside its name. The number is a clue to the number of RH values changed to create 
a simulated error (when preparing data). In other words, it is the number of simulated erroneous RH 
values. From the results in Table 2 it follows that the bigger this number is (more RH data are 
influenced by error), the bigger is the recommendation inaccuracy. It can be seen that the RH error of 
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1% did not change the date of the first treatment – the results for original data are the same as for the 
data with simulated error of 1%.  

Table 2. Date of first treatment as influenced by simulated RH measurement error of 0%, 1%, 2% and 
3% for two stations; stMin, stMax – stations with the lowest and and the highest number of 

measurements proximate to threshold of 87% 
Station / number of 
additional hours 

Original value 
(error 0%) 

Error   1% Error   2% Error   3% 

stMin / 0 June 4    

stMin / 10  June 4   

stMin / 22   June 4  

stMin / 35    June 12 

stMax / 0 June 16    

stMax / 51  June 16   

stMax / 88   June 27  

stMax / 138    June 27 

However, error of 2% and 3% changed the date of the first treatment by 8 days and 11 days, 
respectively. Generally, the date of the first treatment is likely to be the more delayed the less high RH 
values (i.e. values between 87-100%) are input in the NPM model. This is because from less numerous 
high RH values lower daily risk values are likely to be computed. And then the accumulated risk 
values grow slower and the treatment is delayed. Station stMax had 289 high RH values compared to 
station stMin with 459 high RH values. That difference resulted in a delay of the first treatment date 
equal to 12 days (June 4 and June 16 in the column “Original value” in Table 2). These result are 
consistent with the findings of the source code analysis, because the less numerous high RH values 
are, the less the likelihood of occurrence of continuous series of 4 and 10 consecutive high RH values 
is. 

The results obtained in the simulation experiments, i.e. the possible delays of the first treatment 
date, compare well with the results achieved by Nieróbca (2014). She investigated two RH sensors: a 
new one and a worn-out one and showed that for a 5% RH error the delay can be as many as 17 days. 
In the present study the RH error was less (i.e. 2-3%) and consequently the delay was less (8-11 days). 

4. Conlusions 
From the simulation results it follows that a repeated error falling within the range of an RH sensor 

measurement tolerance (2-3%) may cause a serious delay of the date of the first treatment 
recommended by the Negative Prognosis model. The delay established in the simulation experiments 
was 8-11 days. These results correlate well with the results achieved by Nieróbca (2014), who 
compared a new RH sensor with worn-out one and showed the delay can be as many as 17 days.  

It should be emphasized that the demonstrated delays of the first treatment, although they seem 
alarming, in practice appear rather rarely, since the simulation takes into account an extreme 
accumulation of measuring errors. Moreover, in the Polish version of the Negative Prognosis model it 
was decided to lower the model thresholds (DRV, ARV and high humidity threshold) in comparison to 
the Danish prototype. In particular, the high humidity threshold was lowered from 90 to 87%. I may be 
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stated that the present study results give a justification to the decision made at the IPM DSS 
deployment. 

Notwithstanding all that, missing data and measuring errors do occur, and high data quality must be 
a priority consideration in the DSS implementation.  

Acknowledgments 
Study was supported and financed from project 4.1 of the Multi-year Research Program of IUNG-

PIB. 

References 
CIP, 1997, The International Potato Center Annual Report 1996. Available from: 
<http://pdf.usaid.gov/pdf_docs/pnacd208.pdf>. [18 May 2015]. 

COBORU, 2006-2012, Results of the post-registration variety trials – Potato (in Polish), vol. 43, 51, 63, 68, 77, 
84 & 94. COBORU, Słupia Wielka. 

Davenport, TH & Harris, JG 2010, Competing on Analytics: The New Science of Winning (in Polish), trans. A 
Sobolewska, MT Biznes, www.mtbiznes.pl. ISBN: 978-83-61732-37-2. 

Faostat, 2016. Available from: <http://faostat3.fao.org>. [15 July 2016]. 

Fry, WE, 1998, Late Blight of Potatoes and Tomatoes. Available from: 
<http://vegetablemdonline.ppath.cornell.edu/factsheets/Potato_LateBlt.htm>. [18 May 2015]. 

Hamby, DM 1994, 'A review of techniques for parameter sensitivity analysis of environmental models', 
Environmental Monitoring and Assessment, vol. 32, no. 2, pp. 135-154. doi: 10.1007/BF00547132 

Hardwick, NV 2006, 'Disease forecasting' in The Epidemiology of Plant Diseases, 2nd edn, eds BM Cooke, D 
Gareth Jones & B Kaye, Springer, Dordrecht, The Netherlands, pp. 239-267. doi: 10.1007/1-4020-4581-6_9 

Henfling, JW 1987, Late blight of potato: Phytophthora infestans, 2nd edn, Technical Information Bulletin 4, 
International Potato Center, Lima, Peru. 

IPM-DSS, 2015, Internet decision support system in the integrated plant protection (in Polish). Available from: 
<http://www.ipm.iung.pulawy.pl >. [13 May 2015]. 

Kapsa, J 2011a, 'Decision support systems used in plant protection' (in Polish), Wieś Jutra, year 2011, no. 1/2, 
pp. 1-3. 

Kapsa, J 2011b, 'The problem of protecting potato fields against late blight in Poland' (in Polish), Ziemniak 
Polski, year 2011, no. 3, pp. 23-29. 

Kapsa, J, Bernat, E & Kasprzak, M 2007, 'The usefulness of NegFry decision support system in potato protection 
against late blight under different meteorological conditions' (in Polish), Biuletyn IHAR, vol. XXVII, no. 2, pp. 
307-313. 

Keil, B & Kleinhenz, B 2007, 'AgmedaWin – a tool for easy and flexible management of meteorological data', 
Bulletin OEPP/EPPO, vol. 37, pp. 335-338. 

Kalbarczyk, E & Kalbarczyk, R 2004, 'Influence of thermal and precipitation conditions on agrophenology of 
medium early potato in Poland' (in Polish), Acta Agrophysica, 2004, vol. 3(1), pp. 65-74. 

Lassen, P 2003, C++ source code of NegFry2002.exe program. Danish Institute of Agricultural Sciences. 

Mendrala, D, Potasiński, P, Szeliga, M, Widera, D 2009, SQL Server 2008. Administration and programming (in 
Polish), Helion, Gliwice. ISBN: 978-83-246-2033-3. 

Microsoft Visual Studio 2008 Express Edition, computer software 2008. 

Mizubuti, ESG & Fry, WE 2006, 'Potato late blight' in The Epidemiology of Plant Diseases, 2nd edn, eds BM 
Cooke, DG Jones & B Kaye, Springer, Dordrecht, The Netherlands, pp. 445-471. ISBN: 978-1-4020-4581-3. 
doi: 10.1007/1-4020-4581-6_17 

Nærstad, R, Le, VH, Hermansen, A, Hannukkala, A, Nielsen, BJ, Hansen, JG, Grönberg, L, Anderson, B & 
Yuen, J 2008, 'Improvement of potato late blight forecasting', Proceedings of the Eleventh EuroBlight workshop 
Hamar (Norway), pp. 103-105. Available from: euroblight.net. [20 May 2015]. 

doi: 10.17700/jai.2016.7.2.291   47 
Andrzej Stanisław Zaliwski, Anna Nieróbca: Data Quality and Information Validity – the Case of the Negative Prognosis Plant 
Protection Model 

http://dx.doi.org/10.17700/jai.2016.7.2.291
http://dx.doi.org/10.1007/BF00547132
http://dx.doi.org/10.1007/1-4020-4581-6_9
http://dx.doi.org/10.1007/1-4020-4581-6_17


Journal of Agricultural Informatics (ISSN 2061-862X) 2016 Vol. 7, No. 2:40-48 
 

 
Negative Prognosis (in Polish), 2015. Available from: <http://www.ipm.iung.pulawy.pl/NegProg/NegProg.asp>. 
[13 May 2015]. 

Negative Prognosis Model, 2015. Available from: 
<http://www.ipm.ucdavis.edu/DISEASE/DATABASE/potatolateblight.html#ullrich>. [15 April 2015]. 

NegFry online (in Polish), 2015. Available from: <http://www.ipm.iung.pulawy.pl>. [18 May 2015]. 

Nieróbca, A 2014, 'Significance of meteorological data quality in decision support systems for plant protection' 
(in Polish). Paper presented at the 54. Scientific Session IPP-NRI. Poznań, Poland. 

Nieróbca, A & Zaliwski, AS 2014, 'Expert systems as a tool for decision support in integrated pest management'. 
(in Polish), Inżynieria Rolnicza, vol. 152, no. 4, pp. 185-193. 

Nieróbca, A, Zaliwski, AS & Horoszkiewicz – Janka, J 2010, 'The development of an internet decision support 
system for crop protection' (in Polish), Inżynieria Rolnicza, vol. 125, no. 7, pp. 167-173. 

Nowacki , W (ed.) 2014, Methodology of integrated potato production (in Polish), 3rd edn, PIORIN, Warszawa. 
Available from: 
<http://piorin.gov.pl/download/gfx/piorin/pl/defaultstronaopisowa/1328/1/1/ip_ziemniaka_3_ed.pdf>. [15 July 
2016]. 

Redman, TC & Godfrey, AB 1997, Data Quality for the Information Age, Artech House Publishers. 

Regulation (EC) No 1107/2009. 

Rysak, W, 2009, 'Practical application of decision support system for the potato protection in the Lublin 
voivodship region' (in Polish), Studia i Raporty IUNG-PIB, vol. 16, pp. 59-68. 

Schöber, B 1992, 'Control of late blight, Phytophthora infestans, in integrated crop management', Netherlands 
Journal of Plant Pathology, vol. 98, Supplement 2, pp. 251-256. doi: 10.1007/BF01974492 

Schrödter, H & Ullrich, J 1967, 'A mathematical-statistical solution to the problem of epidemics forecast with 
the aid of weather parameters, exemplified by potato late blight (Phytophthora infestans) ', Agricultural 
Meteorology, vol. 4, pp. 119-135. doi: 10.1016/0002-1571(67)90016-7 

Turner, MG, Gardner, RH & O’Neill, RV 2001, 'Introduction to Models' in Landscape Ecology in Theory and 
Practice. Pattern and Process, Springer-Verlag, New York, pp. 47-69. Available from: Springer Link. [22 May 
2015]. 

Zaliwski, AS, 2009, 'Organization of the weather module of the national advisory system in the sustainable crop 
production' (in Polish), Studia i Raporty IUNG-PIB, vol. 16, pp. 107-117. 

Zaliwski, AS, 2010, 'Acquisition and use of weather data in the national system of decision support in plant 
production' (in Polish), Inżynieria Rolnicza, vol. 123, no. 5, pp. 311-317. 

Zaliwski, AS, 2014, 'Back office software of the IPO portal' (in Polish), Studia i Raporty IUNG-PIB, vol. 38(12), 
pp. 89-114. 

Zaliwski, AS, 2015, NegFry online source code in C#. 

 

doi: 10.17700/jai.2016.7.2.291   48 
Andrzej Stanisław Zaliwski, Anna Nieróbca: Data Quality and Information Validity – the Case of the Negative Prognosis Plant 
Protection Model 

http://dx.doi.org/10.17700/jai.2016.7.2.291
http://dx.doi.org/10.1007/BF01974492
http://dx.doi.org/10.1016/0002-1571(67)90016-7


Journal of Agricultural Informatics (ISSN 2061-862X) 2016 Vol. 7, No. 2:49-59 
 

 
Hungarian Association of Agricultural Informatics 
European Federation for Information Technology in 
Agriculture, Food and the Environment 

Journal of Agricultural Informatics. Vol. 7, No. 2 
journal.magisz.org  

New methodology for measuring the floating velocity of grain particles 

Polyák N I1, Csizmazia Z2 

I N F O 
Received 13 Jun. 2016 
Accepted 15 Jul. 2016 
Available on-line 15 Aug. 2016 
Responsible Editor: M. Herdon 
 
Keywords: 
physical properties of particles, 
aerodynamic characteristics of 
grains, new method, image 
processing. 

A B S T R A C T 
 
The physical characteristics of particles used in agriculture (seeds, fertiliser particles) can 
strongly influence their movements in the agricultural machine as well as in the air. The 
knowledge of the physical characteristics of particles is essential for the designer and 
operators. In this respect the size, size distribution, shape, mass, bulk density, real 
density, coefficient of friction and aerodynamic resistance of particles are of great 
importance. Among physical characteristics, aerodynamic properties are the most 
important for the description of seed movement in the air. 
The knowledge of the aerodynamic characteristics of grains (floating velocity, 
aerodynamic resistance coefficient) is significant for the construction and operation of 
machines, which treat substances with air flow and in all cases when substances are 
moved in the air. The theory of the aerodynamic characteristics of regularly shaped 
bodies is well elaborated; however, grains (seed grains, fertilizer particles) applied in 
agricultural practice are irregularly shaped. Therefore, in our earlier research we started 
to study the physical characteristics of irregularly shaped grains. Due to their irregular 
shape, determining the size of grains is a troublesome process. A precise description of 
grains has to include several sizes (length, width, thickness) and can be obtained from 
the screen size of the corns. 
To identify the aerodynamic characteristics of seeds, we have developed a new elutriator, 
in which airflow is supplied by a centrifugal fan. The air velocity was measured with a 
thermal sensor. The collecting of data was supported by a digital camera, and we analysed 
the collected data by an image processing, so we can describe the movement of the seeds, 
and we can determine precisely the terminal velocity of irregular shaped seeds. 
The average moisture content of the samples was 13.42%. The individual mass of seeds 
varied between 0.1889 and 0.3758 g. The value of the mass of 1000 seeds used in general 
practice was 317.562 gr. The grain size varied: length between 7.76 and 11.81 mm, width 
between 6.77 and 9.99 mm, thickness between 4.41 and 5.85 mm. The suspension 
velocity varied between 9.14 m/s and 10.65 m/s. 

  

1. Introduction 
One of the main research areas of the Department of Agricultural Engineering of the Debrecen 

University, Hungary is to define the physical properties of particles used in Agriculture (seed grains, 
fertilizer particles) (Csizmazia & Polyák 2001, Csizmazia & Polyák 2003, Csizmazia & Polyák 2004a, 
b, Csizmazia & Polyák 2008, Polyák & Csizmazia 2003a, b). On the basis of our research it can be said 
that there is a difference in the physical properties of the grains even within the same species (Csizmazia, 
Polyák & Kazsa 1994, Polyák 1998, Polyák 2000, Polyák 2001). The knowledge of the physical 
characteristics of seeds is essential for the designers and operators of agricultural machines (spreaders, 
sowing-machines, grain cleaners, etc.). Among physical characteristics, the most important are the 
frictional and aerodynamic properties for the description of particle movement. 

In order to determine grains aerodynamic characteristics, we cooperated with the Budapest 
University of Technology and Economics (BMGE) for development of a perpendicular air-tube, which 
we used for determination of the aerodynamic properties of seed grains and fertilizer particles. With 
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these irregularly shaped bodies, floating velocity varies in a rather wide spectrum, even in the case of a 
single grain. Using a visual – and therefore subjective - method for floating velocity measurement made 
it impossible to generate a sufficiently large number of exact measured data. So it was essential to 
improve our measuring methods. To achieve this objective, we planned to further develop our former 
equipment in a way that it should allow the analysis of the aerodynamic properties of grains from data 
gained by digital measurements on the movements of grains and by image processing on the distribution 
of the floating velocity of a single grain (Polyák, Csizmazia & Szilágyi 2009, Polyák & Csizmazia 2010) 

2. Materials and Methods 
We undertook our experiments on corn kernels. Investigations were performed in the analytical 

laboratory of the Department of Agricultural Engineering. The temperature of the laboratory was kept 
at 20 °C, relative humidity varied between 25-35%. 50 kg/air dry seed was available, which we stored 
in the test chamber for several months prior to the investigation. The moisture content of the samples of 
3 x 25 g was defined at 103+1 °C in the course of 72 hours' drying. According to sampling standards, 
we chose 50 seeds for determining the size, shape and aerodynamic properties. Three grain dimensions 
(length, width, thickness) were carefully measured using a micro meter with an accuracy of 0.01 mm, 
and each grain was weighed by an electronic balance capable of reading to 0,1 mg. To identify the 
aerodynamic characteristics of seeds, an elutriator was designed and constructed (Csizmazia, Lajos, 
Marschall & Polyák 2000). 

3. Theoretical and practical basis 
Keck and Goss (1965) were among the first who tried to measure the aerodynamic resistance and the 

terminal velocity of seeds in free fall. They used drop tubes varying in height from about 0.6 m to about 
9 m. The fall time of seeds and nylon spheres (3.175 mm diameter) was measured. The latter were used 
for comparison with the classical data for spheres. They used an approximation rule to compute the 
velocity for each drop. The particle terminal velocity was calculated by using the equation: 

(1) 
pp
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3

=  in to equation 2
ptv
gK =  and 𝐶𝐶𝐷𝐷 taken to be 0,44. 

Where: K aerodynamic resistance coefficient [m-1] 
 Cd drag coefficient 
 ρa air density [kg/m3] 
 ρp particle density [kg/m3] 
 rp particle radius [m] 

Another implementation of the time versus distance relationship method is based on the solution of 
the differential equation that describes the motion of a particle in still air. Mohsenin (1968) gives an 
analytical solution of this equation for the relationship between distance s and time t. This time versus 
distance relationship is based on the assumption that the value of CD or K is constant and known during 
the fall of the particle. 

Bilanski (1971) summarizes the research on aerodynamic properties of agricultural products reported 
in the literature for a five-year period 1966-1971. 

Hofstee (1993) studied the aerodynamic resistance coefficient of fertilizer particles and concluded 
that the aerodynamic resistance measurements show a large difference between the results of the 
elutriator method and the time versus distance relationship method. This experiment showed that 
fertilizers with a relatively smooth surface texture have a lower aerodynamic resistance coefficient than 
fertilizers with a rougher surface texture. 

Sitkei (1981) summarizes the research on aerodynamic properties of agricultural products and draws 
graphs of the aerodynamic drag coefficient of different agricultural materials. 

Three experimental approaches may be utilized to investigate aerodynamic properties of small 
particles: 
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• the terminal velocity of the particle in free-fall through still air may be measured; 
• the particles may be suspended stationary in a vertical air stream having the appropriate velocity; 
• particles of different aerodynamic characteristic may be suspended simultaneously in a vertical 

wind tunnel, which diverges to give a linear decrease in air velocity as a function of elevation. 

The aerodynamic drag coefficient of a particle may be calculated for these three methods using the 
measured free-fall terminal velocity or suspension air velocity and knowing particle weight and frontal 
area. These methods are either limited to the study of single particles or to very small samples of the 
particles (Law & Collier, 1973). 

An airborne particle moving relative to its surrounding air experiences gravitational, buoyant, 
frictional and inertial forces which are acting on it. For a given size particle moving through air at a 
given relative velocity, the magnitude of the aerodynamic drag coefficient CD is related to the Reynolds 
number for that particular flow condition. For a particle traversing a vertical path y = y(t) in a 
gravitational field, the Newtonian mechanics gives the equation of motion. 

(2) 
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Where: m   particle mass [kg] 
 g gravitational acceleration [m/s2] 
 ρs particle density [kg/m3] 
 ρ  air density [kg/m3] 
 k  aerodynamic resistance coefficient [kg/m] 

For grain ρs»ρ. Thus, when the grain attains a terminal velocity of vt then 
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Experimental measurement of grain weight and terminal velocity relative to the surrounding air 
allows the calculation of the resistance coefficient k using equation (3). Mennel & Reese (1963) found 
the turbulent flow regime to exist at Reynolds numbers greater than approximately 50 for small 
irregular-shaped particles. For a spherical particle the use of k circumvents the necessity of determining 
the particle projected area A as measured in the plane perpendicular to the velocity vector. The resistance 
coefficient k is related to the aerodynamic drag coefficient CD as 

(4) 
ρA
kCD

2
=  

In equation (3) the relative velocity vt may exist either due to the grain falling through still air or by 
a vertically-blowing air stream suspending the grain. The latter approach is the basis for the elutriation 
technique. 

To determine the suspension velocity of grains Gorial & O’Callaghan (1990) used a tube with a 
rectangular cross-section and two diverging walls (2°). A centrifugal fan delivered the air through a flow 
straightened section, which consisted of two layers of fine wire mesh above and below a honeycomb 
grid. 

Brübach (1973) used a vertical Plexiglas tube to measure the terminal velocity of fertilizer particles. 
The air was supplied at the bottom side and the air velocity was regulated with a reduction valve. 

Law & Collier (1973) used a blower, a plenum chamber and a vertical tube. The air velocity was 
regulated by an adjustable restrictor mounted onto the inlet of the blower. The length/diameter ratio of 
the tube was six and this allowed the formation of a relatively flat velocity profile in the upper test zone. 
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A 0,84 mm (30 mesh) stainless steel screen separated the test channel from the plenum and supported 
the particles until the test began. 

On the basis for the elutriation technique an apparatus was developed (Figure 1.) in this present study 
for the experimental determination of the aerodynamic properties of grains.  

 

Figure 1. The plan of the elutriator 

The developed elutriator consisted of a 865 mm long plexiglass vertical tube (1) with a diameter of 
100mm in which an airflow is supplied by a centrifugal fan (2). The air velocity was regulated with the 
modification of the fan’s rpm. The air flowed from the fan through a plenum chamber (3) upward into 
the 400mm long test zone of the elutriator. 

A stainless steel screen with bore size of 0.56 mm (about 45 mesh) separated the test zone from the 
plenum chamber and supported the grain until the test began. A large number of holes were bore on the 
mantle of the plexiglass tube along the test zone. Theoretically specified and precisely constructed 
perforation decreased air velocity with 20% in the test zone, so the suspension velocity of seeds could 
be measured efficiently. The perforation decreased the boundary layer and allowed the formation of a 
relatively flat air velocity profile in the cross-section of the test zone. 

Air velocity in the bottom of the test tube was controlled from the differential pressure as read on an 
inclined tube micro-manometer, which was connected to a Venturi type tube. Since the air velocity 
decreased along the test zone, it had to be measured at different heights of the test tube. Six holes were 
bored along the test zone to measure the air velocity with a thermal sensor (4), (Testo 445). A recovery 
head was connected to the top of the test channel to collect the air-entrained particles, which moved 
from the tube. From the recovery head (5), the particles fell into a collecting box (6). The developed 
elutriator can be seen on Figure 2. 
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Figure 2. The developed elutriator 

Elutriation tests were conducted to measure the aerodynamic properties of the kernel of corn. Three 
grain dimensions (length, width, thickness) were carefully measured using a micro-meter with an 
accuracy of 0.01 mm, and each grain was weighed by an electronic balance capable of reading to 0.0001 
g. 50 random samples of grain were used by the test. A grain was placed on the stainless steel screen. 
The blower rpm was gradually increased until the grain was suspended in the air and the air velocity 
(terminal velocity) was measured with the thermal sensor. Ideal, stable conditions in the floating 
experiments could not be obtained because grains assumed different positions within the air stream, 
since they rotated and tumbled due to their irregular shape and the turbulence of flow. For this reason 
the average terminal velocity could only be recorded when the grains were suspended in the central 
region of the test zone. 

Using a visual – and therefore subjective - method for floating velocity measurement made it 
impossible to generate a sufficiently large number of exact measured data. So it was essential to improve 
our measuring methods. To achieve this goal we planned to further develop our former equipment in a 
way that it should allow the analysis of the aerodynamic properties of grains from data gained by digital 
measurements on the movements of grains and by image processing on the distribution of the floating 
velocity of a single grain.  

4 Calibration of the equipment 

 

Figure 3. Air velocity profiles in the test section, L [mm] distances from the lower hole line 
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The mass m and the terminal air velocity vt were used in equation (2) to calculate the resistance 

coefficient k. 

Air velocity profiles were measured in the test section of the elutriator at vertical distances of 0, 62, 
130, 203, 282 and 365 mm above the lower hole line (Figure 3). The figure shows that air velocity began 
to decrease only 2-3 mm from the walls. 

Figure 4. shows the air velocity measured in the test section of the elutriator without the boundary 
layer at different vertical distances above the lower hole line. According to Figure 4. the air velocity 
change was approximately linear along the axis of the test zone. The decrease of the air velocity was 
about 20 %. 

 

Figure 4. Air velocity profiles in the test section 

The comparison of the air velocity at the beginning of the test zone (v0) to the air velocity changing 
along the test zone (v) gave a linear equation (Figure 5.).  

 

 

Figure 5. Velocity-changes along the test zone 
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Figure 6. Velocity-changes along the test zone 

The thermal sensor (Testo 445) was calibrated in a ventilation shaft. The results of the calibration 
test are seen in Figure 6. The comparison of air velocity read on the thermal sensor (vi) to real air velocity 
(vr) gave a linear equation. 

5. Results 

In order to determine the coordinates (200-250 coordinates per measurement) and the floating 
velocity of the seeds moving in the test zone, we took 10-seconds-long snapshots for each speed using 
a DCR-DVD505 digital camera. So we had 240-300 pictures at each measurement of the fifty corn 
particles (Figure 7). We used the NI Vision Builder software for image processing. Processing was 
difficult, because the 204 holes bored into the test zone appeared on the images as shining spots; and 
also the surface of the plexiglas tube was glary in some spots. 

 

Figure 7. The test material 
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We planned to get the grain object by subtracting an empty picture (a picture without grain) from 

every picture received during measurement (the pictures of floating seeds) and then we could detect the 
object on the resulting picture and write the coordinates of this object into a file to calculate the air 
velocity at that given height. We thought that this was the best way, because the 204 holes bored into 
the test zone appeared as shining spots on the images; and also the surface of the plexiglass tube was 
glary in some spots. As a result of the material, shape, technological realization of the test tube and 
mainly the luminous phenomena during the measurement, differences were not only generated in the 
place of the floating seeds (Figure 8). We concluded that if we used this measurement method the 
experiment must be carried out under artificial lighting. 

  

Figure 8. The difference between the two pictures 

 

 

Figure. 9. The original image and the identification of the seed 

We had to transform the original images (Figure 9.) and then were able to identify the seeds and 
measure their coordinates. We calculated the base floating velocity value by measuring the air velocity 
in the middle of the test zone, using thermal sensor, and then we calculated the actual floating velocity 
using the function shown in (Figure 6). Based on this value, the average floating velocity was calculated 
for each coordinate and measurement, using the relation shown in (Figure 5.). Figure 10. shows the 
result of the measurement.  
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Figure 10. Floating velocity values determined by the two methods 

The distribution of the average floating velocity determined by the visual method can be seen on 
(Figure 11.), and the distribution of the average floating velocity determined by the digital method can 
be seen on (Figure 12.) 

 

Figure 11. The distribution of the average floating velocity determined by visual method 
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Figure 12. The distribution of the average floating velocity determined by digital method 

The average floating velocity determined by visual reading was (9.68 m/s) and the average floating 
velocity determined using the digital method was (9.81 m/s).  

6. Conclusion 

We can measure the floating velocity by processing the pictures. We can use the subtraction of 
pictures to detect the object if we use artificial light. With the visual method the terminal velocity can 
only be recorded when the grains are suspended in the central region of the test zone, therefore it requires 
a precise setting which is not necessary in case of the digital method.  

We found a difference between the average floating velocity determined by visual reading (9.68 m/s) 
and the average floating velocity determined using the digital method (9.81 m/s), but the difference was 
statistically non-significant.  
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A B S T R A C T 
 
Food safety and quality are keys to companies' business survival and great efforts and 
resources are devoted to them. Through the quick development of computer technology, a 
number of new and innovative methods have been elaborated to solve this problem. A full 
traceability of products can be realized by the adaptation of numbering and bar code 
systems, as well as by electronic and biological marking systems, on the basis of their 
appropriate combination. Identification technologies make the traceability of a product in 
a product chain possible and their use is relevant during almost every phase of the product 
line, as it is necessary to provide for the unambiguous identification of each individual 
product. In order to compare the identification technologies, we have to consider several 
factors. While there are numerous advantages and disadvantages for each solution in 
comparison with the other techniques, we still cannot unanimously choose the one that 
conforms to the requirements of the meat industry product chain the best, as there are 
different challenges on each step of the product chain. We performed the comparison of 
the identification technologies on the basis of different characteristics. Our objective was 
to explore, systemize and analyze those identification technologies applicable for meat 
industrial product chains. The regulations of identification provide for the continuity and 
reliability of tracing among independent partners. Our research focused on food tracing 
systems, utilized identification systems and those which may become applicable in the 
future. We also studied information technology tools and examined the establishment of 
Hungarian meat industry enterprises. Based on our survey, we established that the bar 
code technique is currently the absolute leader in the sector, although modern solutions 
provide numerous advantages, their profitable application is not possible for the time 
being. 

  

1. Introduction 
In our days food safety plays an important role in all areas of the food industry. In the last three 

decades, foodborne disease outbreaks were not uncommon due to several biological agents such as the 
zoonoses infections (BSE, avian influenza, streptococcus, salmonella etc.) in addition to physical and 
chemical residues and contamination in various stages of agricultural production, food processing and 
transporting. These food-borne health risks and problems have revealed the need for food safety 
related regulations that should be enforced to protect public health and to increase the trust of 
consumers (Cebeci, Alemdar & Guney 2008). 

Food production and processing are separated from each other in space and time. Foodstuffs 
produced in large quantities may reach a great number of consumers in a short period of time on the 
global market. The manufacture, distribution and retailing of foodstuffs became an extraordinarily 
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complex business activity. This extraordinary complexity makes it necessary to develop overall 
controlling processes that are indispensable if we want to guarantee the quality product of safe and 
excellent foodstuffs. With a background like this, the complete food chain must provide for the 
implementation of the strictest quality standards and safety regulations. Therefore, in every phase of 
the food chain, from the purchase of raw material through manufacture, distribution and sales, whether 
we examine a retail shop or a supply unit, the quality demands up to the actual products, processes and 
handling methods should be fulfilled (Szakály, Balogh, Jasák, Szabó & Szente 2014). At the same 
time, since consumers do not really have an overlook of the technology and circumstances of product, 
only confidence in a manufacturer can help in choosing his food (Balogh, Békés, Gorton, Popp & 
Lengyel 2016). Problems of food safety can be solved by keeping (and enforcing) applicable 
regulations, by introducing modern quality management systems, by making possible the traceability 
of products and their identification - beyond any doubt. The safety of product lines and tracing of 
products cannot be solved without using information systems of a certain level. In any case, one could 
greatly improve the level of food safety and the information supply by installing the newest 
technologies and informatics facilities at every participant in a product line in the food industry. 
Information technologies (IT) have the potential to support the meat sector in coping with the 
challenges but they are also key enablers for some of the developments to take place (Herdon, Pető, 
Botos & Várallyai 2014). Today’s drive towards globalisation builds on modern communication 
technology, but it is also accelerated by the technology’s communication ability. From this dual 
perspective, the adoption of IT by members of the meat sector is no longer a question of choice but of 
survival (Schiefer & Zazueta 2003). 

Implementation of effective traceability systems improves the ability to implement verifiable safety 
and quality compliance programs (Gál, Nagy, Dávid, Vasa & Balogh 2013). The resulting visibility of 
relevant information enables agri-food businesses to better manage risks (Soltész, Szőke & Balogh 
2013) and allows for quick reaction to emergencies, recalls, and withdrawals. These systems 
significantly reduce response times when an animal or a plant disease outbreak occurs, by providing 
more rapid access to relevant and reliable information that helps determine the source and location of 
implicated products. Thus, information (about animal and plant health, country of origin etc.) at any 
point in the chain from producer to consumer has become crucial (International Trade Center 2015).  

In order to compare the identification technologies, we have to consider several factors. While 
there are numerous advantages and disadvantages for each solution in comparison with the other 
techniques, we still cannot unanimously choose the one that conforms to the requirements of the meat 
industry product chain the best, as there are different challenges on each step of the product chain. We 
performed the comparison of the most common identification technologies on the basis of different 
characteristics (Figure 1). 
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Figure 1. Comparison of identification techniques 

At present the bar code systems offer the best solutions in the meat supply chain, therefore it is the 
most popular automatic identification technology. The problems of manual identification can easily be 
overcome by a relatively low investment (Fraza 2000), furthermore several checkpoints may be 
established. However, if the special processes of production require or the environmental factors 
necessitate, RFID technologies may be a viable option. Traceability operations become more efficient, 
although RFID needs a great investment. 

In addition to the analysis of IT support and development of quality management systems in the 
meat industry (as refers to meat industrial product enterprises, the poultry industry is also involved), 
our research focused on food tracing systems, utilized identification systems and those which may 
become applicable in the future. We also studied information technology tools and examined the 
establishment of Hungarian meat industry enterprises. The basis of the present study was a survey in 
2009; we aim to investigate how the above mentioned factors have changed for the last seven years. 

2. Applied methods 
The Internet version of the questionnaire was prepared by a Limesurvey software system. The 

software offers a solution with a full value, open code of source, and with a “php web” administration 
surface in 50 languages, by which we can create an infinite number of questions and choices of replies 
in twenty different types of questions. We stored the questionnaires and the data in a MySQL data 
base, and then converted the answers using the application into a form that can be processed by the 
SPSS program packet.  

The chi-square test is used to investigate statistical association between variables. This is done 
primarily by testing the null hypothesis of no association between a set of groups and outcomes for a 
response. Pearson's chi-square tests were conducted using SPSS 22.0 to identify the differences. For 
large values of χ2, this test rejects the null hypothesis in favour of the alternative hypothesis of general 
association. We use the standard 5% or 0.05 cut-off for defining what is a statistically significant 
difference. Therefore, an associated p-value <0.05, means that there is significant evidence of an 
association between variables (Balogh, Bai, Popp, Huzsvai & Jobbágy 2015). 
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In order to meet our research objectives, a survey was designed, which enabled us to gather 

responses from a large group of users. During the research several enterprises were contacted as a part 
of a case study, however these cases can still be considered as individual cases and do not necessarily 
reflect the general situation. 

As there is not any comprehensive and available statistics on this topic, a questionnaire survey was 
conducted to investigate the Hungarian situation. The research questions included the following: 

• How often do product recalls arising from quality problems take place? 

• What are the expectations concerning the introduced or planned quality assurance and 
traceability systems? 

• At what levels of the product chain are traceability information stored?  

• In what detail do enterprises store the traceability data required by law? 

• What product identification technologies are used? 

• What percent of the annual revenue do the companies spend on the maintenance of their 
IT system each year? 

• Do the enterprises have IT systems supporting their economic activities, traceability of 
their products and quality control?  

The target group of the questionnaire survey included all the enterprises of the Hungarian meat 
industry which had the legal permission to operate in Hungary. The companies consisted of meat 
cutting factories, cold storage, processing factories, slaughterhouses, and factories producing 
minced/separated/prepared meat. The list of the enterprises and their contact details were provided by 
the Central Agricultural Office in 2009, while the latest data of the licensed companies on the website 
of the National Food Chain Safety Office were used for the purpose of the analysis in 2016. 

In the database the enterprises are categorized on the basis of the types of animals processed and 
the scope of the activities of the businesses. First of all, the redundant data, as well as the incorrect or 
incomplete addresses were removed. The companies dealing with bivalves, frog legs and snails were 
not included in the analysis, as they may cause false results due to their sectorial characteristics, even 
if their number is very low. 

The firms were contacted by post or by using their e-mail addresses, if it was available. On the 
basis of this, the response rate was above 21% in the case of both surveys. The questionnaire survey 
was basically anonymous, as there were not any notes taken which could have identified the 
respondents, however almost half of the companies provided their e-mails address, requesting 
information about the results of the survey. 

The analysed data are related to the situation in March, 2009 and in February, 2016. Before the 
analysis of the actual responses, we examined whether the results of the two surveys are suitable for a 
comparative analysis. In order to decide on this issue, we investigated three responses: the distribution 
of respondents among the branches of the meat sectors, the size of the respondent companies and their 
role in the supply chain. After the analyses, it was concluded that the distribution of the respondents 
was proportional, therefore it is possible to analyse the development of the IT support of the meat 
sector in Hungary. 
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Figure 2. Sectorial distribution 

As far as the sectorial distribution is concerned (Figure 2), we can conclude that the firms dealing 
with pork processing were overrepresented (~35%), which was followed by the firms dealing with 
food processing (20%) and commerce (18%). Obviously, an enterprise may be involved in several 
areas, thus some businesses categorized themselves into more than one group. It can clearly be seen 
that the distributions are similar in both surveys, which reflect the sectorial distributions, thus it is a 
good representation of the Hungarian situation. 

Most of the businesses in the survey are involved in meat processing (approximately 70%), while 
the proportion of the firms dealing with animal husbandry is the lowest (Figure 3). When analysing the 
distribution of the companies’ activities, it must be taken in account that the firms involved in animal 
husbandry only, did not belong to the target group of the survey. Similarly, in the case of the 
distributors of ready-to-eat products retailers and wholesalers were not included in the survey. 
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Figure 3. Distribution of the companies’ activities 

To summarize, it can be concluded that the distributions of the respondents are the same according 
to all three aspects, which implies that the results of the two surveys can be compared and analysed. 

3. Results 
Relevant and reliable information is needed regarding the ingredients of a product and the 

production processes so that companies may recall their products in case of a food safety problem.  

A traceability system is the totality of data and operations that is capable of maintaining the desired 
information about a product and its components through all or part of its production and utilization 
chain (ISO 2007). A traceability system records and follows the trail as products and materials come 
from suppliers and are processed and distributed as end products (ISO 2005). Therefore, the basis of 
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all traceability systems is the ability to identify things that move along the supply chain. The basic 
characteristics of traceability systems are as follows: 

• identification of units / batches of all ingredients and products, 

• registration of information on when and where units / batches are moved or transformed, and  

• a system linking these data and transferring all relevant traceability information with the 
product to the next stage or processing step (Pico 2012). 

In our survey we investigated what kind of data the Hungarian meat enterprises possess about the 
trail of their products. According to the 178/2002 directive of the European Union the direct partners 
of the food supply chain are required to fulfil traceability tasks. We investigated what kind of 
information the businesses have besides the required data concerning the complete product trail 
(Figure 4). 

The results indicate that the biggest information gap is at the traceability of the fodder, 29% of the 
surveyed enterprises do not have any information about the forage of the processed animals, moreover 
this rate further increased to 37% by 2016. 

In the case of the other ingredients the information provision is approximately at the same level, 
however as we are approaching the end of the supply chain, the firms possess more, and more exact 
information, which demonstrates a great improvement for the last seven years. 

 
Figure 4. Traceability information supply in 2009 (A) and in 2016 (B) 

According to our data the frequency of product recalls is increasing towards the end of the product 
chain, which is not a surprising result. On the one hand, food safety problems are most often 
experienced by the consumer, on the other hand the more ingredients a product has and the ore 
processed it is, the more probable it is that problems arise. 

It is important to note that an interesting result was found when the depth of the traceability 
information was determined. Traceable Resource Unit (TRU) is defined as any item upon which there 
is a need to retrieve predefined information and that may be priced, or ordered, or invoiced at any 
point in any supply chain (GS1 2005). In practice it often refers to lot, batch, which is the smallest 
uniquely identified entity that is created during the internal production process. According to Kim, Fox 
& Gruninger (1995), unique identification and the size of the TRU is to key to the successful 
traceability system implementation (Dupuy, Botta-Genoulaz & Guinet 2005). 
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Both analyses indicate that approximately 50% of the Hungarian meat enterprises have individual 

traceability data, which is by far the most expensive to store, however a product recall is definitely less 
costly, as only the product with the problem must be recalled and not a larger quantity. According to 
our case studies (Table 1), the daily TRU is more typical, which ranked as the second in our analysis. 

Table 1. Size of the traceable resource unit (TRU) 

 

 
The survey of the Hungarian meat enterprises highlighted the fact that in 2009 only the firms with a 

large revenue could afford the ERP systems (Table 2), their proportion did not reach 28%, and the 
revenue of these firms was above 2 million Euros. As opposed to this, by 2016 their number grew to 
more than 50% of all the surveyed firms, which results from two factors. First, there were available 
funding resources for introducing ERP systems, which contributed to the substantial decrease of the 
investment and license costs. Second, the expectations of the multinational companies concerning their 
suppliers considerably grew, in several cases the suppliers are required to use information systems 
furthermore, they are expected to use the opportunities provided by EDI. The results of the survey 
demonstrate the proportion of the companies that use integrated systems. It can clearly be seen that the 
number of companies using only individual, separated systems is decreasing. 

Table 2. Usage of information system by Hungarian meat companies 
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Resulting from the above mentioned data we investigated what percent of their annual revenue the 

companies devote to the maintenance and improvement of their IT systems, and if they plan 
investments in IT, what amount they are going to spend on it. In the case of the first survey some 
exceptional cases were found, when some companies claimed that they were willing to spend 10-20% 
of their annual revenue on their IT systems. However, their number was very low, and these were such 
extreme instances that they were neglected during the analysis. These mistakes probably arise from the 
incorrect completion or the misinterpretation of the questionnaire.  

In 2009 the amount spent on the IT systems was approximately 0.6% of the revenue, which 
changed to 0.7% by 2016. The amount to be spent on the planned investments and development of the 
IT systems very slightly grew. The rate is extremely low, it must be emphasized that IT investments 
should be increased to increase the competitiveness of the sector. 

Identification technologies make the traceability of a product in a product chain possible and their 
use is relevant during almost every phase of the product line, as it is necessary to provide for the 
unambiguous identification of each individual product. Most traceability initiatives rely on 
technologies to provide efficient, accurate ways to track and trace products and their movement across 
the supply chain. This includes technology for product identification, information capture, analysis, 
storage and transmission of data as well as overall systems integration. Such systems include hardware 
such as measuring/sensing equipment, identification tags and labels, with software. Technologies for 
identification can be groupped according to the method by which the encoded data is stored (Figure 5).  

 
Figure 5. Types of data carrier-based identifiers 
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The following main groups can be distinguished: 

• primary identification (based on the use of biological markers and feature extraction based upon 
anatomical, physiological, biochemical or molecular, including DNA, methods of 
identification), magnetic storage, optical storage, electronic storage, 

• secondary or data carrier-based identification techniques in which a number or alphanumeric 
string is used for identification purposes. 

In the course of our questionnaire, we also examined product identification technologies (Figure 6). 
Data collection using tools such as bar code and RFID is exceptionally accurate (>99%). These tools 
scan, record product codes, lot numbers, invoice data, order numbers, and other information in less 
than a second. 

 
Figure 6. Data carriers of traceability information by Hungarian meat companies 

3. Conclusion 
Today various traceability systems are already in service for establishing safety in the food supply 

chain. In fact, many food processors had traceability systems for meeting their specific needs 
including management of recall mechanisms even before food safety regulations came into force. But 
these systems have been mostly developed as ERP-based systems, and work as standalone applications 
within the company itself. Since quick tracing of the origin of foods and recalling in a short time are 
very difficult and costly with this kind of scattered and distributed traceability systems, integrated and 
full traceability systems will be more efficient. The demand can only responded by using modern ERP 
systems, which may be able to solve the problems of today’s quality food industry problems (Cebeci 
et al., 2009). For the realization of expected traceability a lot of technology is available. Trends in 
technology development are towards smaller and cheaper devices. The challenge is to put the type of 
technology in place that best fits the goals set by quality management. 

Based on our survey, we established that still the LOT numbers and bar code technique is currently 
the absolute leader in the Hungarian meat sector. Although modern solutions provide numerous 
advantages, their profitable application is not possible for the time being. Spreading of the new 
identification technologies are set back by two major factors: One of these is the obviously high cost. 
The price of RFID and DNA-based identifiers decreased in a significant way in later years. The cost of 
identifiers per product (sometimes per kg) would allow for their usage, but the Hungarian meat 
industry enterprises are often unable to pay the required investments connected with them beyond the 
costs of identifiers attached to the products. Therefore, we also need decoding technologies, 
development of the infrastructure and to prepare the information systems and develop human 
resources. Consequently, with respect to the present income relations of the branch, the investment 
recovery time is too long. 
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On the other hand, modern identification techniques allow significant advantages over traditional 

solutions, if their usage accompanies the whole product chain. At present, the most different solutions 
are being used on those steps of the chain which are mostly incompatible. The systems cannot be 
harmonized or only difficultly, and often there is a need for a new coding. 

Application of the common standards are needed. The modern identification techniques can 
increase the efficiency of processes in a way that the fit the information systems of both the enterprise 
and its partners. Currently, there could even be several parallel standards for a given ID. The 
integration of mobile and wireless technologies is important. Mobile phones and other portable 
devices greatly help RFID technology becoming widely known. 
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A B S T R A C T 
 
The paper presents a comparison of the potential of integrating telecommunication 
technologies into the agricultural market information systems operating in Uganda and 
Malawi. Data on economic indicators related to telecommunications services provided by 
the statistics division of the United Nations were used for the comparative analysis. The 
review reveals that both Uganda and Malawi need significant improvement in the 
provision of information and communication technology (ICT) facilities to low-income 
smallholder farmers for them to fully utilise the services offered by ICT-based market 
information services. Specific areas for improvement include increasing mobile phone 
subscriptions and Internet access, and promoting private sector participation. 
Recommendations drawn from this analysis do not only apply to Malawi and Uganda but 
also to other countries in Sub-Saharan Africa.  

  

1. Introduction 
Nowadays, any meaningful agricultural market information system employs information and 

communication technologies for effective delivery of its services. An agricultural market information 
system is herein understood as any organised way of collecting, storing and disseminating market 
information such as commodity prices which can help stakeholders such as farmers and traders in the 
agricultural value chain to make informed decisions when participating in agricultural trading 
processes. Common information and communication technology (ICT) platforms include the radio, 
television, the short message service (SMS) of mobile telephony, e-mail, and Internet websites. A 
market information system (MIS) can also use non-ICT platforms such as newsletters and newspapers 
for service delivery. 

This paper presents a review of the comparison of the potential of using ICT-based agricultural 
market information systems in the two Sub-Saharan African countries of Uganda and Malawi. The 
aim of the review is to determine a set of recommendations, for policy makers, on the possible ways of 
improving service delivery of agricultural MIS initiatives in Uganda and Malawi, and also in the rest 
of Sub-Saharan Africa. The analysis is focused on agricultural market information systems associated 
with domestic agricultural trade; however, some of the reviewed systems are involved in both 
domestic and international agricultural trade. Main sources of information used for the preparation of 
this paper are published articles in journals and as conference proceedings, progress report documents 
by both local and international organisations, government documents, published books, Internet 
websites, and observations by the author in the case of Malawi. 

Most countries in Sub-Saharan Africa had strict control, usually through state-owned enterprises, 
over the marketing of agricultural commodities and trading of farm inputs from the time of 
independence from colonial powers up to 1970s. The promotion of economic reforms by the World 
Bank, International Monetary Fund (IMF) and international donor agencies in the period between 
1980s and 1990s compelled most of the Sub-Saharan African countries to adopt agricultural market 
liberalisation policies, which were part of the economic reforms (Kherallah, et al., 2000; Magesa, et al. 
2014). Soon after implementing the agricultural market liberalisation policies, policy makers realised 
that poor smallholder farmers were likely to be exploited by traders since the market environment was 
not transparent enough to stakeholders (Tollens, 2006). As a way of addressing this concern, 
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agricultural market information systems were introduced; initially by international donor agencies and 
later by governments and the private sector. Through such market systems smallholders were able to 
access current market information on commodity prices, which helped them in making informed 
decisions in bargaining processes (USAID, 2013). 

Uganda is one of the Sub-Saharan African countries where the establishment of agricultural market 
information systems was promoted by international donor agencies, which worked mostly in 
partnership with the government. Two of the donor agencies which worked with the government in the 
provision of agricultural market information in the 1990s were Food and Agriculture Organisation 
(FAO) and United States Agency for International Development (USAID) (Robbins, 2000). Uganda 
has many agricultural MIS initiatives supported by both local and international Non-Governmental 
Organisations (NGOs). Some of the locally-based NGOs that promote agricultural MIS projects are 
Catholic Relief Service (CRS) and Agribusiness Development Centre (ADC) (Robbins, 2000). 

Another Sub-Saharan African country which benefitted from the support of international donor 
agencies in the establishment of agricultural market information systems is Malawi. One of the 
successful agricultural MIS initiatives in Malawi is a radio-based agricultural MIS project financed by 
Agriculture Commodity Exchange (ACE) for Africa. Malawi also has a well-functioning agricultural 
MIS project based on the short message service (SMS) of mobile telephony, and funded by 
Agribusiness Systems International (ASI) (ASI, 2015; DAES, 2013). 

A comparison of the potential of integrating telecommunication technologies into agricultural MIS 
initiatives in Uganda and Malawi carried out in this review shows that both Uganda and Malawi do 
not have adequate ICT facilities for them to fully exploit the benefits which come with ICT-based MIS 
initiatives. However, the potential of providing such services is slightly higher for Uganda than it is for 
Malawi since Uganda has slightly higher mobile phone subscription rates and Internet user rates than 
Malawi. The review used the data on economic indicators related to telecommunications services 
provided by the statistics division of the United Nations (UNSD, 2016). The final product of this 
review appears as recommendations at the end of this paper. The recommendations focus on two main 
areas: the need to provide more ICT facilities to support agricultural MIS initiatives, and increasing 
participation of the private sector for provision of self-financing agricultural MIS projects which are 
sustainable economically. 

2. Background on Agricultural Market Information Systems 
From the time of political independence up to 1970s, most countries in Sub-Saharan Africa had 

strict control, mostly through state-owned enterprises, over the marketing of agricultural commodities 
and trading of farm inputs (Kherallah, et al., 2000; Magesa, et al. 2014). In some countries such 
policies were inherited from the colonial powers. The policy makers of such governments that 
controlled agricultural trade were generally of the opinion that private traders of staple food crops such 
as maize were exploitative, and therefore it was not economically, socially, and politically prudent to 
trust them with the important task of feeding nations (Kherallah, et al., 2000). 

The policies of strict control over the agricultural sector and on the other sectors of national 
economies pursued by the Sub-Saharan African governments in the 19960s and 70s began to show 
negative impacts, mostly economic stagnation, on the national economies (Nyairo, 2011; Alderman & 
Shively, 1996). When the affected governments approached the World Bank, IMF and other 
international money lending institutions for financial assistance, they were compelled by these 
organisations to accept and implement agricultural market liberalisation policies as conditions for 
getting financial assistance. These policies were part of economic reforms, known as structural 
adjustment programs (SAP), promoted by international money lending organisations such as the 
World Bank ; in Sub-Saharan Africa such reforms took place in the 1980s and early 1990s (Kherallah, 
et al., 2000). 

Implementation of the agricultural market liberalisation policies promoted participation of the 
private sector. Soon after the implementation, policy makers realised that the market liberalisation 
policies had a serious weakness of rendering poor smallholder farmers vulnerable to exploitation by 
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private traders since the market environment was not transparent enough to the stakeholders. In 
particular, smallholder farmers lacked current market information to help them in making informed 
decisions during bargaining processes. In fact, a study conducted by Robbins (2000-b) on market 
information systems in Botswana, Ethiopia, Ghana, and Zimbabwe reveals that private traders were 
encouraged to collude and exploit both producers and consumers by a combination of inadequate legal 
control and lack of availability of current market information to stakeholders in the agricultural value 
chain. To address the danger of exploitation of farmers (especially low-income smallholder farmers) 
by private traders, policy makers established agricultural market information systems as a way of 
making agricultural markets more transparent to stakeholders (Jayne & Jones 1997; USAID, 2013). 
Agricultural market information systems were not only established in Sub-Saharan Africa but also in 
other developing countries all over the world (CTA, 2000; Islam & Gronlund, 2010). 

In Sub-Saharan Africa, the introduction of well-functioning agricultural market information 
systems was initiated and funded by international donor agencies such as USAID (USAID, 2013). 
Uganda is one of the countries in Sub-Saharan Africa which benefitted from agricultural market 
information systems promoted by international donor agencies. In the early 1990s, the government of 
Uganda established a market information service with financial assistance from FAO. Later (in 1993), 
funding of this government-run market information service was taken over by USAID (Robbins, 
2000). The market information service offered by the government came to an end in 1999, but 
Ugandans continued to have access to reliable market information mostly provided by an association 
of farmers called Uganda National Farmer’s Association (UNFA) which was funded by Danish 
International Development Agency (DANIDA). Ugandans did not only have market information from 
UNFA but also from many other agricultural MIS projects financed by both local and international 
donor agencies. Examples of such locally-based donor organisations are Catholic Relief Service 
(CRS) and Agribusiness Development Centre (ADC), while Agricultural Co-operative Development 
International (ACDI)  and Irish Foundation for Co-operative Development (IFCD) are examples of 
international donor agencies which helped to fund agricultural MIS projects in Uganda apart from 
DANIDA (Robbins, 2000). Some of these donor agencies (both local and International ones) are still 
financially supporting many agricultural MIS initiatives that are currently in operation in Uganda. 

In Malawi, just like in many other Sub-Saharan countries, the establishment of well-defined 
agricultural market information systems was initiated about a decade or two ago by international donor 
agencies especially those linked to USAID. Market information was only provided by the government 
through the Department of Agriculture Extension Services before the establishment of donor-initiated 
market information systems. The market services offered by the Deparment mainly targeted 
smallholder farmers, and constituted a very small component of the overall agricultural extension 
services. The government-run agricultural MIS has been in operation for three to four decades now, 
and is still operating; however, it is not as effective and well-organised as donor-funded market 
information systems. Examples of international donor agencies which have initiated and financially 
supported agricultural MIS initiatives in Malawi include USAID, ACE, and ASI (DAES, 2013). 

International donor agencies influenced and promoted the establishment of agricultural market 
information systems in many other Sub-Saharan African countries. In Ghana, for example, a 
successful agricultural MIS initiative called Esoko (meaning markets in Swahili) was financially 
supported by USAID in the initial stages (in 2006) of its establishment. In fact, USAID extended the 
Esoko operations to five other countries in West Africa, namely Benin, Burkina Faso, Mali, Nigeria, 
and Senegal, through a project called Market Information Systems and Trader’s Organisations of West 
Africa (MISTOWA) (David-West, 2010). Other Sub-Saharan African countries with agricultural MIS 
initiatives supported by either local or international donor organisations include Rwanda, Kenya, 
Tanzania, Zambia and Mozambique (Akinyemi, 2013; Mele, 2014). 

3. Agricultural Market Information Systems in Uganda: Successes and Challenges 
Soon after adopting the agricultural market liberalisation policies in the early 1990s, Uganda 

established a government-run market information service with funding from FAO (Robbins, 2000). 
Since then there have been so many agricultural MIS initiatives in Uganda mostly financially 
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supported by the goverment and donor agencies (both local and international ones). One of the 
successful agricultural MIS projects once established in Uganda is called African Farm Radio 
Research Initiative (AFRRI) which operated from 2007 to 2010 (Huggins-Rao, 2011). Funding of 
AFRRI came from Bill and Melinda Gates Foundation, and the project operated in five African 
countries: Ghana, Malawi, Mali,Tanzania, and Uganda. The project used radio as the medium for 
disseminating agriculture-related information to farmers mostly located in rural areas of the five 
chosen countries. In Uganda, the project worked in partnership with Mega FM radio station located in 
Gulu, nothern Uganda. 

As part of a MIS project evaluation exercise, AFRRI conducted interviews reported by Huggins-
Rao (2011) involving farmers and other stakeholders. The interviews indicate that there are a number 
of success stories associated with the operation of AFRRI MIS radio project in Uganda. The following 
are some of the success stories: 

• Farmer’s income earned from sales of farm produce increased due to accessing markets 
announced by AFRRI MIS radio programs that offered higher prices for their commodities. 
Some farmers used the income to build houses and educate their children in better schools. 

• Some farmers planted new types of crops, which fetched higher prices at the markets, after 
obtaining information about such crops from the MIS radio programs. 

• The MIS radio programs helped some farmers to acquire knowledge of food preservation and 
storage. 

• Some farmers organised themselves in groups and put their produce together to create 
commodity quantities which were large enough to convince buyers, through the MIS radio 
programs, to come to the farmers’ locations. By doing this, the farmers avoided bad roads and 
high transport costs. 

• The MIS radio programs linked some farmers directly to buyers, and this reduced the 
intervention of middle men; hence, the farmers were able to earn more income.       

The operations of agricultural MIS projects in Uganda have been facing a myriad of challenges just 
like in many other Sub-Saharan African countries. Some of the problems associated with agricultural 
MIS initiatives in Uganda, including the AFRRI project, are as follows: 

• Discontinuation of MIS projects when the period specified by the project donors is over. This 
leaves the beneficiaries of the services in suspense, and usually without a reliable alternative 
source of the information they used to have. 

• High illiteracy level of farmers which makes it difficult for them to fully utilise the services 
offered by ICT-based agricultural MIS initiatives. 

• Limited access to ICT facilities (e.g. PC and Internet connectivity) due to low-income levels 
of the target group, who are mostly smallholder farmers located in rural areas. 

4. Agricultural Market Information Systems in Malawi: Successes and Challenges 
Currently, almost all agricultural MIS initiatives operating in Malawi targeting smallholder farmers 

were initiated by international donor agencies. One of the successful agricultural MIS projects in 
Malawi was funded by a donor agency called Market Linkages Initiative (MLI). Operations of the 
MLI project included collection of market information from thirteen key markets and distribution of 
the information to about 4,000 smallholder farmers (DAES, 2013). Another donor agency which 
financially supports agricultural MIS initiatives in Malawi is ACE, which uses radio and the SMS 
mobile phone technology for disseminating market information to smallholder farmers. One of the 
agricultural MIS projects in Malawi is jointly run by ASI and the Department of Agriculture Extension 
Services (DAES). This agricultural MIS project uses the SMS mobile phone technology for 
dissemination of agriculture extension messages to smallholder farmers and government extension 
workers (DAES, 2013). 

The main successes of agricultural MIS operations in Malawi are summarised as follows: 
• The target group (i.e. smallholder farmers) of the MIS projects claim that their income from 

sales of farm produce has increased due to making informed decisions when selling their 
commodities to traders. 
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• Some farmers have learned how to protect their crops against pest outbreaks through 

agricultural MIS projects. 
• Agricultural MIS initiatives have enabled some farmers to find buyers directly without 

involvement of the middle men; therefore, this has helped to improve the farmers’ income.     

Being a developing nation, Malawi has a number of challenges which prevent full utilisation of the 
services offered by agricultural MIS initiatives that rely on ICT for service delivery. Some of the 
challenges are as follows: 

• Few farmers, located in the rural areas where most of the agricultural production takes place, 
have mobile phones and access to Internet facilities; hence, there is usually little participation 
from target groups (usually rural smallholder farmers) in ICT-based agricultural MIS 
initiatives. 

• Most smallholder farmers are illiterate and therefore they cannot fully exploit the text-based 
services offered by ICT-based agricultural MIS initiatives. 

• Most agricultural MIS projects are discontinued once the duration specified by the project 
sponsors is over. This leaves the beneficiaries without a service which they used to have.    

5. Access to Telecommunications Services in Uganda and Malawi 
Presented in this section is a comparison of the degree or extent of access to telecommunications 

services between Uganda and Malawi. The inclusion of Belgium in the comparison is intended to give 
an idea on the availability of telecommunications services in a developed country. Belgium’s level of 
availability of telecommunications services can be regarded as the ultimate goal for developing 
countries such as Uganda and Malawi to achieve. 

Table 1 shows two important economic indicators related to telecommunications services, namely 
mobile-cellular subscriptions and individuals using the Internet, for Malawi, Uganda and Belgium in 
2013 (UNSD, 2016). Also shown in Table 1 are Gross Domestic Product (GDP) and GDP per capita, 
which in one way or the other influence the availabilty of telecommunications services in any country. 

Table 1 Telecommunications-related economic indicators for Malawi, Uganda and Belgium 

Economic indicators 
(2013) 

Country: 

Malawi 

 

Uganda 

 

Belgium 

Surface area (km2)* 118, 484 241, 550 30, 528 

Population* 16, 829, 000 38, 845, 000 11, 144, 000 

GDP (US$) 5, 146, 000, 000 26, 444, 000, 000 524, 806, 000, 000 

GDP per capita (US$) 314.5 703.7 47, 260.7 

Mobile-cellular 
subscriptions (per 100 
inhabitants) 

32.3 44.1 110.9 

Individuals using the 
Internet (%) 

5.4 16.2 82.2 

     
     Note:   Table entries in asterisks (i.e. *) are not economic indicators 
                 Data Source: United Nations Statistics Division (UNSD, 2016)   

The table indicates that in 2013 Uganda, with a mobile phone subscription rate of 44.1%, was 
ahead of Malawi, which had 32.3% of its population subscribing to mobile phone services. Uganda 
was not only ahead of Malawi in terms of the mobile phone subscription rate but also in terms of the 
Internet user rate. In fact, in the case of Internet user rate, Uganda was significantly ahead of Malawi 
with Uganda’s Internet user rate of 16.2% being three times that of Malawi which was 5.4%. 
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However, the availability of telecommunications services in both Uganda and Malawi was very much 
behind that of Belgium. 

Figures 1 and 2 indicate some trends in the level of access to mobile phone services and the 
Internet, respectively, from the year 2005 to 2013 in Malawi, Uganda, and Belgium. In Figure 1, we 
notice that Uganda is ahead of Malawi in cellular phone subscriptions in all the three years under 
consideration. In 2010, mobile phone subscription rate in Uganda was 37.7% while in Malawi it was 
20.8%; this means that the difference was 16.9% (i.e. 37.7% - 20.8% = 16.9%). In the year 2013, we 
see that the difference in mobile phone subscriptions between the two countries is 11.8% (i.e. 44.1% 
(Uganda) – 32.3% (Malawi) = 11.8%); this means that in 2013 Malawi managed to significantly 
reduce the difference. One can only hope that Malawi continued to narrow the difference in the 
subsequent years. 

 
Figure 1 Mobile phone subscriptions in Malawi, Uganda and Belgium 

                 Data Source: United Nations Statistics Division (UNSD, 2016) 

In Figure 2, we see that Uganda is also ahead of Malawi in Internet access in all the three years 
considered: 2005, 2010 and 2013. Between 2005 and 2010, Uganda made a jump of 10.8% (i.e. 12.5% 
- 1.7% = 10.8%) which is much higher than that made by Malawi, which is 1.9% (i.e. 2.3% - 0.4% = 
1.9%), within the same period of time. However, in the years between 2010 and 2013, the jump made 
by Uganda (i.e. 16.2% - 12.5% = 3.7%) even though it was higher than that of Malawi (i.e. 5.4% - 
2.3% = 3.1%) the difference between them is very small (i.e. 3.7% - 3.1% = 0.6%). This means that 
between 2010 and 2013, Malawi managed to improve its Internet access at a rate which is relatively 
close to that of Uganda. 

  

0,0%

20,0%

40,0%

60,0%

80,0%

100,0%

120,0%

2005 2010 2013

3,3%
20,8%

32,3%

4,6%

37,7% 44,1%

91,4%

111,1% 110,9%

Pe
rc

en
ta

ge
 o

f s
ub

sc
rib

er
s

Year

Malawi Uganda Belgium

0,0%

20,0%

40,0%

60,0%

80,0%

100,0%

2005 2010 2013

0,4% 2,3% 5,4%1,7%
12,5% 16,2%

55,8%

75,0%
82,2%

Pe
rc

en
ta

ge
 o

f I
nt

er
ne

t u
se

rs

Year

Malawi Uganda Belgium

doi: 10.17700/jai.2016.7.2.283   75 
Leonard Chalemba: Integration of Telecommunication Technologies into Agricultural Market Information Systems: a 
comparative analysis of Uganda and Malawi 

http://dx.doi.org/10.17700/jai.2016.7.2.283


Journal of Agricultural Informatics (ISSN 2061-862X) 2016 Vol. 7, No. 2:70-79 
 

 
Figure 2 Internet users in Malawi, Uganda and Belgium 

                                                  Data Source: United Nations Statistics Division (UNSD, 2016) 

Based on the graphs shown in Figures 1 and 2, we make two important observations. First, even 
though both Uganda and Malawi are developing nations in Sub-Saharan Africa, the percentage of the 
population of Uganda that has access to telecommunications services (i.e. mobile phone services and 
Internet access) is slightly higher than that of Malawi. This implies that any agricultural MIS initiative 
that relies on ICT for its service delivery is more likely to succeed in Uganda than in Malawi. The 
second observation is that both Uganda and Malawi are very much behind Belgium in the provision of 
telecommunications services. Hence, both Uganda and Malawi need to invest more in ICT facilities in 
order to provide telecommunications services at a level comparable to that of developed nations. 

6. Discussion 
We discuss mainly the performance of the agricultural MIS initiatives in the two countries in 

question, namely Uganda and Malawi. The discussion focuses on three areas: (1) the potential of 
incorporating ICT facilities, (2) the sustainability of agricultural MIS operations, and (3) the impact of 
agricultural MIS initiatives on the economies of the two countries under consideration.   

6.1. Potential of ICT Usage in Agricultural MIS Initiatives 

Agricultural MIS initiatives discussed in this paper are classified into three categories: mobile 
phone-based, Internet-based, and radio-based agricultural MIS initiatives. As indicated in Table 2, 
prepared based on the data shown in Table 1, both Uganda (with mobile phone subscriptions at 44.1%) 
and Malawi (with mobile phone subscriptions at 32.3%) have, in general or theoretically, a moderate 
potential of utilising agricultural MIS projects that rely on the mobile phone technology. Considering 
that the figures of 44.1% (for Uganda) and 32.3% (for Malawi) apply to everybody in a population, the 
number of low-income smallholder farmers that have access to mobile phones in both countries is 
likely to be relatively very small. Hence, mobile phone-based agricultural MIS initiatives targeting 
low-income smallholder farmers in the two countries are likely to operate with struggles.   

 
     Table 2 Comparison of the potential of ICT usage in MIS initiatives in Uganda and Malawi in 
                   2013 

ICT-based MIS initiative Country: 

Uganda 

 

Malawi 

Mobile phone-based Possibility of moderate usage 
since mobile phone 
subscriptions were at 44.1%. 

Usage likely to be fairly 
moderate since mobile phone 
subscriptions were at 32.3%. 

Internet-based Possibility of some usage since 
16.2% of the population had 
Internet access. 

Almost negligible usage 
since only 5.4% of the 
population had Internet 
access. 

Radio-based (2011)* Usage likely to be high since 
86% of the population had 
access to radio sets. 

High usage expected since 
75% of the population had 
access to radio sets. 

 
    Note:  Data source is United Nations Statistics Division (UNSD, 2016) as in Table 1 
               Data source for entries in asterisks (i.e. *) is a report by Huggins-Rao (2011) 

In general, an agricultural MIS project that solely depends on the Internet for its service delivery 
and targets low-income smallholder farmers is likely to fail to meet its objects in both Uganda (with 
Internet user rate at 16.2%) and Malawi (with Internet user rate at 5.4%). While establishing such a 
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MIS project in Uganda may have at least a small probability of survival, operating such a project in 
Malawi is likely to be a total failure right from the beginning. 

We see in Table 2 that a large portion of the population of both Uganda (with 86% of the 
population having access to radio sets) and Malawi (with 75% of the population having access to radio 
sets) has access to radio sets. Therefore, it is likely that most of the low-income smallholder farmers in 
both countries can access radio services. This deduction leads to another deduction that establishing a 
radio-based agricultural MIS initiative that targets smallholder farmers in both countries has a high 
probability of succeeding. This explains why radio-based agricultural MIS projects are operating 
successfully in Malawi at the moment. In fact, most of the agricultural MIS initiatives that are 
currently operating in Malawi use a hybrid approach in which a radio-based technique is combined 
with a mobile phone-based technique to come up with something like a phone-in radio MIS program 
through which listeners who are usually stakeholders in the agricultural value chain discuss issues 
affecting their activities. However, since mobile phone subscription rate in Malawi was at 32.3% in 
2013, it means that not all low-income smallholder farmers participate in such a phone-in radio MIS 
program. 

6.2. Sustainability of Agricultural MIS Operations 

Almost everybody in the agricultural value chain gets disappointed when they see an agricultural 
MIS project coming to an end simply due to lack of funds to maintain its operations. Unfortunately, 
this is what happens with most of the donor-financed agricultural MIS initiatives in Sub-Saharan 
African countries such as Uganda and Malawi. 

Most of the agricultural MIS initiatives which once operated in Uganda were in one way or the 
other financially supported by donor agencies (both local and international ones). For example, when 
the government established an agricultural MIS project in the early 1990s, FAO financially supported 
the operations of the project. Later in 1993, USAID took over the funding of the project (Robbins, 
2000). The project came to an end in 1999; it is likely that the project was discontinued due to 
sponsorship problems. Currently, there are a number of donor-funded agricultural MIS initiatives 
operating in Uganda. Unless such MIS initiatives are self-financing, sustainability of their operations 
cannot be guaranteed. 

All agricultural MIS projects in Malawi targeting smallholder farmers are either donor-funded or 
government-funded. ACE and ASI are examples of the donor agencies which financially support 
operations of agricultural MIS initiatives in Malawi (DAES, 2013). One of the problems of donor-
funded projects is that they operate as pilot projects which cover only a small targeted area. Hence, 
most of the smallholder farmers in Malawi have no access to services offered by such projects. By 
having self-financing agricultural MIS projects, Malawi will not only solve the problem of service 
sustainability but also increase coverage area which at the moment is limited by the sponsorship 
provided by donors.  

6.3. Impact of Agricultural MIS Initiatives on National Economies 

While it could have been more desirable to present a quantitative analysis of the impact of the 
agricultural MIS initiatives considered in this review on the national economies involved, the belief in 
this analysis is that the success stories of the agricultural MIS projects presented in this paper show in 
one way or the other the positive impact of such projects on the national economies involved. For 
example, since smallholder farmers are able to increase their income from sales of farm produce by 
finding better markets for their produce through agricultural MIS projects, the farmers are motivated to 
increase their agricultural production. Obviously, an increase in agricultural production addresses food 
security problems and improves the national economies in general. 

7. Recommendations for MIS Initiative Improvement in Malawi and Uganda 
Recommendations are presented here as the final product of this review exercise. The 

recommendations apply to both Malawi and Uganda, and these are as follows:   
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• There is a need to find a way of increasing access to mobile phone services especially by low-

income small holder farmers for them to utilise ICT-based agricultural MIS projects fully. 
• Increase of Internet access by farmers is needed for them to conveniently access information at 

their own time unlike in a radio program which broadcasts information at fixed times. 
• Participation of the private sector should be promoted since it has the capability of establishing 

self-financing MIS projects that are economically sustainable. 

8. Concluding Remarks 
The comparative analysis of the potential of incorporating ICT in agricultural MIS initiatives 

operating in Uganda and Malawi is based on the data on economic indicators related to 
telecommunications services provided by the statistics division of the United Nations (UNSD, 2016). 
The analysis has revealed the extent to which Uganda and Malawi can successfully offer ICT-based 
agricultural market information services at the moment. Both Uganda and Malawi need significant 
improvement in the provision of ICT facilities to low-income smallholder farmers. Since deploying 
such facilities on a large scale is usually expensive, both Uganda and Malawi will still need the 
support of international donor agencies in all their future efforts aimed at improving agricultural MIS 
initiatives. 
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