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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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ABSTRACT
Use of Knowledge Processing in agriculture has continuously increased, since the first era
of knowledge-based systems. Such software systems are used for support in detailed
tasks, such as determining the amount of fertilizer in precision farming, as well as on
high-level decision support, such as ‘what to plant in the next growing season’.
Unfortunately, these software systems often have shortcomings in software quality.
Applying design patterns is a recognized means to achieve better systems in terms of
efficiency, flexibility, and quality. In this paper, several software design patterns are
mapped to the context of knowledge processing systems in agriculture. Furthermore,
additional patterns are identified and described. The need for patterns with focus on
particular aspects of knowledge processing in agriculture is addressed, and an
implementation is introduced as a proof of concept.

1. Introduction
Knowledge Processing Systems (KPS), especially Decision Support Systems (DSS) are now a
widespread technique to organize and digitally apply knowledge in different domains. In contrast to
Knowledge Management Systems (KMS), KPS use algorithms (e.g. Rete or ReteOO) to process
existing knowledge in order to generate new knowledge or insights, whereas KMS deal with storage
and organization of knowledge. In the domain of agriculture, KPS have been in use for a long time
(Jones 1993), (Cox 1996), (Fountas et al. 2015), and are used in a large number of different
applications, such as disease management (Perini & Susi 2004), (Kukar et al. 2018), or fertilization
planning (Koch et al. 2004), (Zheng et al. 2013), (Nikander et al. 2018). Systems have been developed
as stand-alone applications, as well as integrated into existing Farm Management Information Systems
(FMIS) (Sørensen et al. 2011).
Furthermore, farmers are yet to fully accept KPS as part of the farming process (Lindblom et al.
2017), (Syropoulou 2017). There are a number of reasons for the farmers’ attitudes. Typical
complaints include the number of systems already in use, the lack of desired functionality and
integration with other systems, bad user interfaces, or incompatibility with existing farming processes
(Jørgensen et al. 2007a), (Jørgensen et al. 2007b), (Mackrell et al. 2009), (Evans, Terhorst & Kang
2017). In addition, the long delay in adapting software to changing market situations and unreliable
outcomes (errors, wrong results, etc.) negatively influence the acceptance of KPS by farmers. As
history in software development has shown, a bad software architecture is typically the reason for the
last two points (fixing bugs takes longer and the risk to introduce new ones is higher).
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The aim of a work package in the EU 7th framework project (CLAFIS 2014) was to implement a
KPS for the use case “disease pressure calculation”. Research on existing KPS in agriculture has
revealed that a concrete architecture of such a system has not yet been documented. Thus, it was not
possible to start the system on a previously proven software architecture. It was to be assumed that
concepts from software architecture in the domain of classical enterprise applications could be reused,
but due to different data structures (different concepts than classical business objects to represent
knowledge) and the use of complex processing algorithms (usually not found in classical business
applications), the development process was more of a trial and error style.
One has to assume that based on missing materials on KPS development also all the other projects
were developed in a trial and error style, respectively no inference of quality and functionality of
previously implemented systems could be made. Due to the missing proven basic software
architecture, many resources in every project will be wasted on creating a sound basic architecture.
To provide suitable documentation of a working KPS software architecture to allow other software
developers to start developing new systems based on this knowledge, the following research questions
have to be answered: Can existing best practices in software development be applied in KPS
development? What is a good way to document them? Does this improve the development and
architecture of a KPS?
A literature study on how to implement a KPS revealed a general lack of materials (descriptions,
books, articles, papers, etc.) on architecture and best practices. In order to verify this assumption, an
expert interview in the form of a questionnaire was conducted with authors of recently published
papers on KPS in agriculture (see section 4.1). Moreover, a study was carried out amongst software
developers on the need for more materials and the best format to provide them for the development of
KPS (see section 4.2).
The design and implementation of complex software architectures in classical enterprise systems
(as defined in (Fowler 2003)) seems to have commonly accepted solutions. These are documented in
the many materials (books, design patterns, best practices, etc.), explaining how to implement a
system from the ground up, and how to overcome difficulties, concerning special software architecture
quality criteria (loose coupling, high cohesion, etc.). KPS differ in architecture and complexity
(algorithms, data structure, etc.) from enterprise systems, but have to deal with similar problem
aspects. The differences between these two types of systems make it difficult for software developers
to reuse existing concepts from enterprise application development. Hence, existing materials have to
be analyzed and it has to be discussed how to transfer and reuse proven concepts to KPS development.
Applying KPS to the domain of agriculture creates its own unique problems. The majority of
primary agricultural producers in Europe are small or micro-enterprises. In 2013 the average farm size
in the EU was 16.1 hectares, with significant variation between different EU countries (Eurostat
2015). Furthermore, the extremely large number of small farms in Romania is undoubtedly distorting
the EU-wide average. Nevertheless, from this, we can deduce that the most common type of
agricultural enterprise in the EU is still a family farm, where the workforce consists of the farmer and
their family. Though it should also be noted that the majority of EU agricultural area is utilized by
farms larger than 100ha, nevertheless, the farmers’ ICT tools need to be carefully constructed to be
easy to learn and use in order to be most useful for the users, as they cannot be assumed to be experts
in using software systems.
However, farming is becoming an increasingly data-driven activity, where different devices and
systems, both on-farm and elsewhere, are used in order to manage the farming process (Fountas et al.
2015). For example, the ISO 11783-10 standard used for tractor and machinery data networking
covers tractor-FMIS connectivity, and thus integrate farm machinery with management systems. There
are also proprietary solutions that accomplish this, such as the John Deere JdLink or the Valtra
Connect. The number of variety of available software is rapidly increasing, and the field is currently
extremely heterogeneous and becoming more so. Therefore, the design of KPS also has to consider
that the software ecosystem is rapidly changing and that while different tools are likely to be more
closely integrated in the future, the means this integration will be done is not yet clear. It is not enough
to integrate high-sophisticated processing algorithms. They have to be integrated into a high-quality
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software architecture that supports established standards, to ensure that maintenance and extension
tasks can be executed within a reasonable timeframe and at a reasonable price.
A well-established concept to communicate best practices to software developers is design
patterns. Because it is familiar to most software developers, it was chosen as an appropriate means to
describe a KPS software architecture. In software engineering, many materials on the development of
high-quality enterprise applications do exist (books, best practices in architecture, design patterns,
etc.). Therefore, a comparison of the main characteristics of enterprise applications and KPS will show
which design patterns can be transferred to the context of KPS development. To avoid reinventing the
wheel, existing design patterns used in the context of enterprise application development are analysed,
selected, and transferred to the context of KPS development. Gaps are filled with the identification of
new design patterns.
The rest of this paper is organized as follows. Section 2 describes the concept of software design
patterns and presents three contributions made to answer the research questions. Section 3 contains the
proof-of-concept example applying the patterns from section 2. Section 4 is about a preliminary
interview with creators of KPS systems in agriculture and a study conducted with software engineers
to evaluate the impact of patterns. Finally, a summary is given in section 5.

2. Software Design Patterns for KPS
Software design patterns are descriptions of best practices and long-time experience of developers.
They are written using a template, which defines a structure containing the key points of a design
pattern description. The template contains every element required to support a developer to solve a
specific problem, without the need for profound knowledge in the domain. It can also be extended.
The three main parts of a design pattern are: (1) context, (2) problem and (3) solution. The context
defines the circumstances when a design pattern can or should be used. The problem section is a
precise description of the exact problem and the solution section describes how to solve this problem.
Often these three sections are followed by consequences (benefits and liabilities). Further sections
could be implementation examples, known uses, related design patterns, etc. A good example of a
non-software specific design pattern, including explanations for each template section is described by
(Wellhausen & Fiesser 2012) in the pattern DOORLOCK.
Design patterns are generally not considered to be invented, but instead, they are identified (Bass,
Clements & Kazman 2013). The “rule of three” defines that a problem solution has to be used in at
least three independent projects to become a design pattern. However, it should be emphasized that not
every repeated solution needs to be recognized as a design pattern. A pattern tries to solve a non-trivial
problem in a specific context. It can be used and defined in any domain (software engineering,
education, cooking, etc.). The benefit of using software design patterns is that they are widely known
amongst software developers and they represent concise documentation of best practices that can
easily be passed on to other developers.
So far, no sufficient design patterns are available for KPS development. Davis, Gamble & Kimsen
(2004) identified two design patterns for KPS. However, they only solve very specific problems and
do not support the base architecture. In order to increase the number of relevant patterns in the context
of KPS, existing patterns in enterprise applications and object-oriented design will be analysed on
their usability in KPS. The result of this research is a collection of design patterns (existing and new
ones) to be able to quickly implement a good base architecture for KPS.
In the following, existing design patterns are written in small caps (for example, “VISITOR”, a
design pattern from (Gamma et al. 1995)).
2.1. Enterprise Application Design Patterns
Enterprise applications (EA) are systems used for critical areas in business and have a high demand
for maintainability and extensibility. In the domain of EA a large number of patterns can be found.
Therefore, EAs are compared with KPS to identify common characteristics. Special aspects that often
make the development of EA complex, like cloud, parallel computing, internal/external integration of
doi 10.17700/jai.2019.1.1.496
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other systems, etc. are also relevant for KPS. Design patterns in the context of these systems have to
be analysed if they can also be applied in other contexts. The result of this analysis is a small list of
relevant patterns for KPS development.
Comparing the architecture of KPS and EA, six common aspects could be identified: Data Access,
Internal Integration, External Integration, Parallelism, Cloud and Server (see (Nadschläger & Küng
2016) for details on the comparison). For every aspect, a set of requirements (non-functional, as well
as functional) was defined helping to select suitable design patterns. These design patterns were
analysed in detail on their potential to solve problems in the KPS domain.
The result of the comparison of enterprise applications with KPS and the pattern analysis is a small
collection of design patterns, grouped by the identified aspects. The context was adapted to the domain
of KPS, thus developers of KPS can choose from a now much smaller, but specific set of patterns to
solve problems. Table 1 lists an overview of these identified and organized design patterns. Every row
contains the name of the patterns, usable for solving problems of a specific aspect (table column titles)
common to both system types (KPS and EA).
Table 1. Some selected design patterns from the pattern collection.

Data Access

Internal
Integration

External
Integration

Parallelism

Cloud

DAO

BLACKBOARD

DTO

TASK
PARALLELISM

CACHE-ASIDE

REPOSITORY

SHARED REPOSITORY

PIPELINE

CIRCUITBREAKER

RDG

DEPENDENCY
INJECTION

FORK / JOIN

CQRS

ACTIVE ROW

LISTENER /
OBSERVER

SPMD

EVENT
SOURCING

DATA MAPPER WHITEBOARD

MESSAGE BUS /
CHANNEL / ROUTER /
BRIDGE
POINT-TO-POINT /
DATATYPE CHANNEL
PORTAL / DO / MOM
/ SO / PRESENTATION
INTEGRATION
PUBLISH-SUBSCRIBE

TDG

SHARED DATABASE

MAP-REDUCE

FILE TRANSFER

MASTER /
WORKER

PIPES AND FILTERS

GATEWAY

ACTORS

Server
REQUEST –
RESPONSE
COMMAND /
DOCUMENT
MESSAGE

SHARDING
MATERIALIZED
VIEW
RETRY

2.2. Design Pattern Language
Selecting suitable design patterns from a large unordered list (like the one in Table 1) is difficult. It
does not contain any hint on when to choose which pattern. A design pattern language is a collection
of patterns, including relationship information between the patterns. The relationship shows how the
patterns are related to each other and give a hint on the order of their selection and implementation.
Generally, patterns in a language form a set that can be used together to fully solve a larger problem:
In this case, to create the base architecture of a KPS. Design patterns for the essential components
were identified, described, and their relationships are shown in (Figure 1) so that they form a design
pattern language to create a KPS software architecture.
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Figure 1. A design pattern language for the base architecture of a KPS
(Nadschläger & Küng 2018).
The patterns of this pattern language cover the elementary components of so-called expert systems
(the most basic form of KPS). It contains the patterns RULE and FACT. A RULE consists of two parts:
the IF and the THEN part, a FACT is static knowledge. Both of them are needed to store knowledge in
a system processable manner. The patterns define the structure of the data to become knowledge, for
example: IF date = 25.12.2018 THEN bring a present. This is a RULE, containing FACTs (25.12.2018,
present).
Knowledge is stored in a KNOWLEDGE BASE. This pattern describes a way to store knowledge that
is optimized for RULEs and FACTs and also supports adding and removing knowledge at runtime. It
describes a software component with methods to add, remove, and find knowledge at runtime and
persist it in any kind of data store.
The heart of the knowledge processing system itself is defined by the pattern INFERENCE ENGINE.
It defines the structure for integrating knowledge processing algorithms that work on knowledge
stored in the KNOWLEDGE BASE. This pattern describes how RULEs, FACTs, and the KNOWLEDGE
BASE correctly interact with the algorithms. Some algorithms also need a means to temporarily store
information at runtime. This is described in the pattern WORKING MEMORY. In contrast to
KNOWLEDGE BASE, knowledge stored in the WORKING MEMORY will be lost when the system breaks
down or gets restarted.
By applying these five essential patterns, a robust and extensible architecture for a KPS can be
designed and implemented. It leads to a form of software architecture that is described in major books
on software design, like (Bass et al. 2013), and that is commonly accepted to be of high quality. The
design patterns also include a description of how and when to implement the components, which is
missing in a high-level overview of KPS components.
2.3. Object-Oriented Design Patterns
KPS described in publications are often developed in an object-oriented style (e.g., using Java or
C#). As a further step, existing frameworks (expert system shells and rule engines, especially JBoss
Drools, JavaDON, OpenRules, and NxBRE) where analysed for the usage of object-oriented design
patterns. A special focus was placed on the patterns from the „Gang-of-Four” collection (Gamma et al.
1995), containing patterns for object-oriented programming.
The result of this analysis revealed that the frameworks mentioned above do not contain many
design patterns. This leads to difficulties when applying or extending these frameworks, as every
developer first has to analyse their code to know how to use them correctly. A search for further
frameworks supports this assumption, see Table 1 in (Nadschläger & Küng 2017) for details. Many of
them originated from research and have been abandoned.
Figure 2 shows identified patterns (boxes with a thick border) and the components in which they
can be used (boxes with thin border).
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Figure 2. Overview of applied object-oriented patterns (Nadschläger & Küng 2017).

3. Application of Design Patterns in an Agricultural KPS
The majority of a KPS system consists of the knowledge, the rules, and the processing algorithms.
This also applies to KPS in agriculture. The patterns presented in the previous section were identified
during the development of an agricultural system and should generally handle the common parts, also
of KPS in other domains. Nevertheless, the proof-of-concept has been done especially in the
agricultural domain.
In the context of the CLAFIS (2014) project, a KPS was designed and implemented for disease
pressure calculation on cereals. The system was designed as a module of a larger cloud-based service
(Nikander et al. 2017) and had an expert system for disease management at its core. It, therefore,
accessed static knowledge4 (farmer, fields, crop, weather data, etc.) and applied special formulas
(implemented in the form of rules) to calculate the risk of a disease outbreak on a given field at a given
point in time.
A detailed analysis of further product development, including a business plan, revealed that the
lack of materials on correct design and implementation of such systems leads to major future problems
in maintenance and extension of the system, thus indirectly impacting the acceptance by farmers
(having to wait longer for updates, system not usable on acute market changes, possible higher prices
due to increased development).
The prototype of the disease pressure calculation system was developed by applying the patterns
described in section 2. It shows how a solid architecture for KPS can be created using design patterns.
Complex environments, like server, cloud, integration of external services, etc., can also be handled
with this concept.
Knowledge is stored by applying the patterns FACT and RULE. Data needed in disease pressure
calculation (the concrete knowledge processing algorithm) is stored in the form of facts (weather data,
field data, etc.). The formula is represented as a set of rules. Both are stored in a KNOWLEDGE BASE.
The engine evaluating the rules is implemented by applying the INFERENCE ENGINE pattern. The
knowledge processing algorithm needs to be able to temporarily store deduced facts, which happens in
the WORKING MEMORY.
The prototype also shows many similarities with the identified aspects presented in section 2.1
(execution in a cloud environment, need for parallelism, integration of external systems, etc.). The
application is designed to run as a server and provides its functionality via a webservice to others.
Moreover, it runs in a cloud environment and applies patterns from this aspect’s collection to increase
stability and performance. The algorithm processes many data. Therefore, patterns from the aspect of
parallelism have been selected. The data partially comes from external services (for example, weather
The term „static knowledge”means data that can easily be stored in database, for example. It does
not need further computational processing or intepretation to be used.
4
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data) that have to be integrated (external integration) and the internal structure is designed in a loosely
coupled way to be able to exchange data sources, data sinks, and algorithms (internal integration).
The prototype was implemented in the Java programming language, an object-oriented language,
and therefore also design patterns from the catalogue introduced in section 2.3 could be used.
The system could be implemented by relying on approved architectural concepts that automatically
ease the communication amongst developers and results in a loosely coupled system. Reduced
communication and learning time also cuts down the time needed to create and add new features. The
overall time needed to write the source code and communicate the design of the software architecture
is reduced.

4. Interview and Study
After the initial research on agricultural KPS software architecture in the (CLAFIS 2014) project,
an expert interview has been performed via an online questionnaire to find out if there is a need for
more material. Therefore authors of recent publications on agricultural KPS were asked to answer
questions on technologies and the quality of their systems. The results are presented in section 4.1.
In order to evaluate (1) if the new material on KPS development (presented in section 2) is
sufficient to allow software developers to implement such a system, (2) if the system has a high degree
of quality and (3) if design patterns are a suitable form to document this knowledge, a study has been
conducted with software developers. The process and results are described in section 4.2.
4.1 Agricultural Knowledge Processing System Interviews
In order to better understand the influence of the quality of KPS in agriculture, interviews with
authors of papers that recently published their work on KPS in agriculture (Rupnik et al. 2018),
(Oliver et al. 2017), (Rossi et al. 2014), (Clarke et al. 2017) and (Pérez-Expósito et al. 2017)) were
conducted via a questionnaire with a combination of open and closed questions. They concerned the
current state of their projects, the technologies they used, their quality estimation, and their opinion on
the influence of software quality on the acceptance by farmers.
The questionnaire was answered by authors of five different systems (one author per system). All
of these systems were started initially and did not rely on previous versions of KPS (but they used
existing processing algorithms). Most of them were developed using web-related technologies and
languages (JavaScript, PHP, HTML5, CSS, etc.). PostgreSQL and MySQL were used as database
management systems. One project was developed as a research project only, one as a business product
only, the others targeted both groups. Three were not familiar with the concept of software design
patterns, the other two even used some during development. Three of these projects are currently in
development, two have already been abandoned.
The authors were also asked to personally estimate the quality of their software. On a scale from 1
(very bad) to 5 (very good), two authors considered their system as average quality (rated as 3), and
the three others as good quality (rated as 2). Unfortunately, the rating was only from the viewpoint of
the application user, and thus missing insight into the actual source code. All five agreed on the
assumption that the software quality increases the acceptance by the users and that it would also
support and improve their research.
An interesting result was revealed by the answers to the question how long the actual
implementation of the system took (in percentage of the overall project duration): 1 x 40%, 2 x 50%,
1 x 70% and 1 x 90%. Obviously, there is a potential to reduce development time to keep more
resources for research on the farmers’ needs.
Even though the number of respondents is low, they support the assumption that more materials on
KPS development would increase the quality of the system, as there is obviously room for
improvement. Moreover, the development time has potential to be decreased, especially by relying on
design patterns for KPS.
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4.2 Knowledge Processing System Developer Study
To identify the need for more materials on the development of KPS and the effectiveness of the
concept of design patterns, a study was carried out. The study is split into a preliminary questionnaire
and an implementation task. The participants had to implement a simple KPS in the form of an expert
system with rules and facts to build the functionality of an automated teller machine. As research
methodology action research was chosen (see (Sjøberg et al. 2007) for an explanation and its
application in software engineering).
The target test group of the study was designed to contain educated and experienced developers. In
order to exclude distortive submissions by participants not complying to these criteria, a questionnaire
was sent to eleven developers (from a software development company and university). It contained
questions on their education, general work experience and their understanding and familiarity of the
development of KPS, Rule Engines and the application of design patterns. The answers were used to
find participants having a comparably high level of education and long-time work experience.
After all eleven participants answered the questionnaire, they were provided with a task description
to implement a KPS (in Java, C# or JavaScript). Therefore, they were given a starter template already
containing a simple inference algorithm, to allow the participants to focus solely on the software
architecture and the quality of the system. The criteria for an optimal result were defined beforehand
and the amount of source code that had to be written was small enough to allow the participants to do
several iterations (e.g., for improvements, changes). The architecture never got large enough so that a
restructuring would have been impossible in acceptable amount of time. After two months, they were
requested to hand in the best solution they could come up with. The developers did not get any
additional material in advance, but had to rely on their experience in software development and some
individual research.
An analysis of the resulting systems revealed that they greatly differed in design and
implementation, some systems were not executable at all. The architecture also showed some major
design violations (e.g., open-closed principle) and had a strong coupling between the components.
After evaluation of the handed-in results, the participants were provided with the materials in the
form of design patterns, presented in section 2 and asked to continue the implementation. Again, after
two months, they were requested to hand in their results. The evaluation of the systems of the
continued task showed that the software architecture became sound and a common base architecture
could be identified. Also, the understanding of the task seemed to improve. The result of this study
shows that there is, in fact, a need for more materials on how to develop a KPS. Due to the
participants' familiarity in the domain of software engineering, design patterns seem to be a suitable
means to provide these materials to developers.

5. Summary and Conclusion
Research on KPS in agriculture and also in other domains, has revealed that the software
architecture of these systems has not yet been documented detailed enough to allow software
developers to build new systems on approved architectures. A further difficulty in KPS development is
the additional complexity introduced by hard to understand processing algorithms and different data
structures unfamiliar to non-experts. The knowledge on how to implement KPS must be documented
to be reused in new projects. The opportunity for improvement has been supported by an expert
interview in the form of a questionnaire, conducted with authors of recent publications on agricultural
KPS systems.
The software architecture of EAs is well documented. In a first step, these systems were compared
with KPS to identify best practices in EA that can also be applied in KPS development. Most of these
best practices are documented in the form of so-called design patterns. The concept of design patterns
is familiar to software developers and is successfully used to document long-time experience for many
years. Therefore this concept was chosen as a suitable documentation format.
The results of research on design patterns for KPS are (1) a set of smaller collections of design
patterns from the domain of EA, (2) a list of object-oriented design patterns whose usage in existing
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KPS frameworks was analyzed, as well as (3) a KPS specific pattern language, consisting of five
essential patterns to create a basic software architecture.
To find out if the documentation in the form of design patterns is sufficient and if they improve the
ability to implement high-quality KPS architectures, a study was conducted with eleven software
developers. The study has shown that this new material can improve the ability to develop KPS.
As experience in software development has shown, good software architecture positively
influences further development, maintenance, and extensibility of the system and thus reduces the
costs of a system. Providing documentation of best practices allows developers to build on experience,
adding the chance to further improve the system and therefore indirectly influencing the acceptance by
the farmers.
The material on design patterns for KPS has initially been developed and applied in an agricultural
KPS focusing on disease pressure calculation on cereals. In this proof-of-concept, most of the design
patterns presented in this paper have been applied.
Also, in further studies, design patterns proved to be a good way to document best practices and
experience in KPS development. An initial lack of materials has been addressed by providing pattern
collections and a new design pattern language. The application of the patterns has only been evaluated
in the context of agriculture so far, but their use needs to be evaluated in other domains in the future.

References
Bass, L., Clements, P., Kazman, R. (2012): Software Architecture in Practice, Pearson Education.
CLAFIS (2014): CLAFIS. Available from: http://www.clafis-project.eu [04 July 2018].
Clarke, N., Bizimana, J.-C., Dile, Y., Worqlul, A., Osorio, J., Herbst, B., Richardson, J.W., Srinivasan, R., Gerik,
T.J., Williams, J., Jones, C.A., Jeong, J. (2017): Evaluation of new farming technologies in Ethiopia using the
Integrated Decision Support System (IDSS), Agricultural Water Management, v. 180, pp. 267–279.
https://doi.org/10.1016/j.agwat.2016.07.023
Cox, P. G. (1996): Some issues in the design of agricultural decision support systems', Agricultural systems,
52(2-3), pp. 355–381. https://doi.org/10.1016/0308-521X(96)00063-7
Davis, L, Gamble, R. F., Kimsen, S. (2004): A patterned approach for linking knowledge-based systems to
external resources, IEEE Transactions on Systems, Man, and Cybernetics, Part B (Cybernetics), 34(1), pp. 222–
233. https://doi.org/10.1109/TSMCB.2003.811862
Eurostat (2015): Farm structure statistics. Available from: https://ec.europa.eu/eurostat/statisticsexplained/index.php/Farm_structure_statistics [18 February 2019].
Evans, K.J., Terhorst, A., Kang, B. H. (2017): From data to decisions: helping crop producers build their
actionable knowledge. Critical Reviews in Plant Sciences, 36(2), pp. 40–50.
https://doi.org/10.1080/07352689.2017.1336047
Fountas, S., Carli, G., Sørensen, C. G., Tsiropoulos, Z., Cavalaris, C., Vatsanidou, A., Liakos, B., Canavari, M.,
Wiebensohn, J., Tisserye, B. (2015): Farm management information systems: Current situation and future
perspectives. Computers and Electronics in Agriculture, vol. 115, pp. 40–50.
https://doi.org/10.1016/j.compag.2015.05.011
Fowler, M. (2003): Patterns of Enterprise Application Architecture, Pearson Education.
Gamma, E., Johnson, R., Helm, R., Vlissides, J. (1994): Design Patterns. Elements of Reusable Object-Oriented
Software, Addison-Wesley.
Jones, J.W. (1993): Decision support systems for agricultural development. Systems approaces for agricultural
development, pp. 459–471. https://doi.org/10.1007/978-94-011-2840-7_28
Jørgensen, L. N., Noe, E., Langvad, A. M., Jensen, J. E., Ørum, J. E., Rydahl, P. (2007): Decision support
systems: barriers and farmers' need for support, EPPO bulletin, 37(2), pp. 374–377.
https://doi.org/10.1111/j.1365-2338.2007.01145.x

doi 10.17700/jai.2019.1.1.496
Nadschläger, Nikander, Auer:: Improving the Architecture of Agricultural KPS using Design Patterns

9

Journal of Agricultural Informatics (ISSN 2061-862X) 2019 Vol. 10, No. 1:1-11

Jørgensen, L. N., Noe, E., Nielsen, G. C., Jensen, J. E., Ørum, J. E., Pinnschmidt, H. O. (2007): Problems with
disseminating information on disease control in wheat and barley to farmers. Sustainable disease management in
a European context, pp. 303–312. https://doi.org/10.1007/978-1-4020-8780-6_9
Koch, B., Khosla, R., Frasier, W. M., Westfall, D. G., Inman, D. (2004): Economic feasibility of variable-rate
nitrogen application utilizing site-specific management zones. Agronomy Journal, 96(6), pp. 1572–1580.
https://dx.doi.org/10.2134/agronj2004.1572
Kukar, M., Vračar, P., Košir, D., Pevec, D., Bosnić, Z. (2018): AgroDSS. A decision support system for
agriculture and farming. Computers and Electronics in Agriculture.
https://doi.org/10.1016/j.compag.2018.04.001
Lindblom, J., Lundström, C., Ljung, M., Jonsson, A. (2017): Promoting sustainable intensification in precision
agriculture: review of decision support systems development and strategies, Precision Agriculture, 18(3), pp.
309–331. https://doi.org/10.1007/s11119-016-9491-4
Mackrell, D., Kerr, D., Von Hellens, L. (2009): A qualitative case study of the adoption and use of an
agricultural decision support system in the Australian cotton industry: The socio-technical view. Decision
Support Systems, 47(2), pp. 143–153. https://doi.org/10.1016/j.dss.2009.02.004
Nadschläger, S., Küng, J. (2016): A pattern collection for knowledge processing system architecture.
Proceedings of the 21st European Conference on Pattern Languages of Programs, ACM.
http://dx.doi.org/10.1145/3011784.3011796
Nadschläger, S., Küng, J. (2017): Analysis of GoF Design Patterns used in Knowledge Processing Systems.
Proceedings of the 22nd European Conference on Pattern Languages of Programs, ACM.
https://doi.org/10.1145/3147704.3147711
Nadschläger, S., Küng, J. (2018): Towards a pattern language for knowledge processing systems: expert
systems. Proceedings of the VikingPLoP 2017 Conference on Pattern Languages, ACM.
https://doi.org/10.1145/3158491.3158506
Nikander, J., Huitu, H., Koistinen, M., Laajalahti, M., Niemeläinen, O., Kaivosoja, J. (2018): Application of
Drone-Based Maps in Planning Farm Operations for Sward Management in Silage Production. European
Agricultural Engineering Conference EurAgEng, Wageningen.
Nikander, J., Linkolehto, R., Jäger, M., Pesonen, L., Ronkainen, A., Suokannas, A. (2017): Prototype
Environment for integrating and sharing Farm Things and associated data. Advances in Animal Biosciences,
8(2), pp. 645–649. https://doi.org/10.1017/S2040470017000425
Oliver, D. M., Bartie, P. J., Heathwaite, A. L., Pschetz, L., Quilliam, R. S. (2017): Design of a decision support
tool for visualising E. coli risk on agricultural land using a stakeholder-driven approach. Land Use Policy, Vol.
66, pp. 227–234. https://doi.org/10.1016/j.landusepol.2017.05.005
Pérez-Expósito, J. P., Fernández-Caramés, T. M., Fraga-Lamas, P., Castedo, L. (2017): VineSens: An Eco-Smart
Decision-Support Viticulture System, Sensors, 17(3). https://doi.org/10.3390/s17030465
Perini, A., Susi, A. (2004): Developing a decision support system for integrated production in agriculture,
Environmental Modelling & Software, 19(9), pp. 821–829. https://doi.org/10.1016/j.envsoft.2003.03.001
Rossi, V., Salinari, F., Caffi, T., Bettati, T. (2014): Addressing the implementation problem in agricultural
decision support systems: the example vite.net(R). Computers and Electronics in Agriculture, vol. 100.
https://doi.org/10.1016/j.compag.2013.10.011
Rupnik, R., Kukar, M., Vračar, P., Košir, D., Pevec, D., Bosnić, Z., (2018): AgroDSS: A decision support
system for agriculture and farming. Computers and Electronics in Agriculture.
https://doi.org/10.1016/j.compag.2018.04.001
Sjøberg, D. I., Dybå, T., Jorgensen, M. (2007): The Future of Empirical Methods in Software Engineering
Research. Future of Software Engineering, IEEE Computer Society, pp. 358–378.
https://doi.org/10.1109/FOSE.2007.30
Sørensen, C. G., Pesonen, L., Bochtis, D. D., Vougioukas, S. G., Suomi, P. (2011): Functional requirements for a
future farm management information system, Computers and Electronics in Agriculture, 76(2), pp. 266–276.
https://doi.org/10.1016/j.compag.2011.02.005

doi 10.17700/jai.2019.1.1.496
Nadschläger, Nikander, Auer:: Improving the Architecture of Agricultural KPS using Design Patterns

10

Journal of Agricultural Informatics (ISSN 2061-862X) 2019 Vol. 10, No. 1:1-11

Syropoulou, P., Symeonidou, M., Tekes, S., Wawer, R., Kazantzidis, A., Crnojevic, V. (2017): Developing an
intelligent ICT system for environmentally optimized irrigation management in agriculture. Journal of
Agricultural Informatics, 8(2), pp. 22–32. http://dx.doi.org/10.17700/jai.2017.8.1.375
Wellhausen, T., Fiesser, A. (2012): How to write a pattern?: a rough guide for first-time pattern authors.
Proceedings of the 16th European Conference on Pattern Languages of Programs, ACM.
https://doi.org/10.1145/2396716.2396721
Zheng, Y. J., Song, Q., Chen, S. Y. (2013): Multiobjective fireworks optimization for variable-rate fertilization
in oil crop production. Applied Soft Computing, 13(11), pp. 4253–4263.
https://dx.doi.org/10.1016/j.asoc.2013.07.004

doi 10.17700/jai.2019.1.1.496
Nadschläger, Nikander, Auer:: Improving the Architecture of Agricultural KPS using Design Patterns

11

Journal of Agricultural Informatics (ISSN 2061-862X) 2019 Vol. 10, No.1: 12-20

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

Journal of Agricultural Informatics. Vol. 10, No. 1
journal.magisz.org

Mapping of crop birds pest using GPS and GIS
Basuti Bolo1, Dimane Mpoeleng2
INFO
Received 12 Apr 2019
Accepted 23 Aug 2019
Available on-line 30 Sep 2019
Responsible Editor: M. Herdon
Keywords:
GPS, GIS, mapping, crop pest
.

ABSTRACT
The study describes how the Global Position System (GPS) and Geographical Information
Systems (GIS) can be a sustainable tool to manage crop pests. Crop pests need to be
monitored and managed in order to increase crop production. GPS is capable of mapping
geographic locations and for navigation. In this study, it was used to locate the birds' pest
sites. GIS is a computer technique that is capable of integrating complex data and
transform it into useful geographic information that can be displayed into maps for
visualization, graphs, databases, and reports. The objective of this study was to map the
distribution of birds pest in order to provide geospatial information about the pest
distribution and possible areas of crop damage. GIS Overlay analysis and Buffer
operation methods were used to analyse the data and transform it into geographic
information. The maps showing the distribution of the birds and their habitats were
produced. The birds were found in areas where crops are grown and areas with the acacia
tree species as their habitats. The research has proved the usefulness of GPS and GIS for
managing crop pests by availing geographic spatial information about their distribution
and habitats. This study can be used as a case study globally to manage crop pest for
sustainable development.

1. Introduction
The use of Geographical Information System (GIS) and Global Positioning System (GPS)
technologies today are advancing in the area of pest management, where activities are conducted over
large geographical areas (Faust, 2008; Sciarretta & Trematerra, 2014). A GIS is a computer tool used
to store, access, manipulate, analyze and display spatial information (Dminić et al. 2010; ESRI, 2016;
Trimble, 2016). The ability of GIS to overlay and analyze multiple spatial data layers provides the
opportunity to explore the spatial nature of pest populations (Dminić et al. 2010), their habitats and
distributions. The spatial data can be collected with the help of GPS enabled handheld devices and
displayed using GIS software (ESRI, 2016; Trimble, 2016). In this study, the pest and crop field
information was collected using handheld GPS.
Globally there is insufficient real-time spatial data, spatial information and advanced information
systems and methods of crop pest management. There is also a problem of the high cost of pest
management in a spatial context (Sciarretta & Trematerra, 2014), especially for sampling and locating
possible areas of pest habitats. The study used GIS and GPS to manage the quelea birds in the Central
District of Botswana. This area was selected because it is regularly recorded as having the worst
quelea damage in the country. By using GIS to monitor quelea distribution, it is possible for planners
and decision-makers to explore a range of possible scenarios and to obtain an idea of the consequences
of a course of preventative action. Good farming planners use data collection devices with GPS for
accurate positioning to map pest infestations. Pest problem areas in crops can be identified and
mapped for future management decisions.
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Quelea birds are regarded as a migrant pest of the cereal crops. Quelea birds are one of the most
abundant and destructive birds in the world, causing $US70 million damage to grain crops per annum
(Markula et al. 2009, 2016). Their food searching behaviour results in crop damage if they cannot find
sufficient seeds in natural grasslands (Allan 1996). A flock of 2 million can consume 50 tonnes of
grain in a day (Markula et al. 2009, 2016). It is estimated that an individual quelea can eat three to five
grams of grain per day and waste a lot more on the ground by its feeding activity (Metzingen 1993).
Quelea flocks can descend on grain fields and destroy an entire crop. The flocks may number millions
of birds, breeding colonies sometimes cover many hectares and a single thorn-tree can contain 500
nests (Bolo 1999; Markula et al. 2009, 2016). The birds breeding population is more than 1.5 billion
(Metzingen 1993; Markula et al. 2009, 2016). The birds migrate and so do not necessarily spend their
lives in one place or one country. The birds move over short or long distances to where their food
supply is most plentiful (Allan 1996).
Quelea birds essentially have two crucial habitat requirements. First, they need a place where
conditions are suitable for them to reproduce successfully and secondly, a place where they can
survive when the conditions become severe. Red-billed quelea inhabits tropical and subtropical
seasonally dry savannahs, grasslands, woodlands, and croplands, at altitudes below 2000 m (Markulaet
al. 2009, 2016). During the breeding season, they prefer thorny or spiny vegetation such as Acacia
savannahs and low-veld areas, generally at altitudes less than 1000 m (Markula et al. 2009, 2016).
The technologies based on plant protection research for major pests are important to attain
sustainability in agriculture (Pratap et al., 2000). In order to carry out pest management, it is necessary
to have enough information about the ecology of a given pest, particularly concerning their spatial
distribution and factors that affect the spatial distribution of given species (Dminić et al. 2010). All
these can be enabled by GIS techniques. GIS has allowed for the rapid development of technologies
that offer new opportunities and potentially more effective methods for detecting and monitoring bird
pests. The technologies such as GPS and GIS had advanced since in the last few years. These
technologies combine the real-time data collection with accurate position information, enabling the
efficient manipulation and analysis of large amounts of geospatial data. GIS is the ideal method for
mapping and analyzing quelea birds data. It integrates large complex data by collecting, storing,
manipulating and presenting geographic data. It involves overlaying different data sets (layers) and
then performing arithmetical and relational operations to them, for example adding, multiplying or
subtracting the data layers. The GPS is capable of collecting real-world coordinates from the ground to
produce a map. In this study, it was used to collect coordinates for quelea breeding sites.

2. General Background
Global Positioning System (GPS), Geographical Information System (GIS) and Global Navigation
Satellite System (GNSS) technologies had been used in collecting mapping, analysing the distribution
of crop pest and diseases (Sabtu et al. 2018). GPS and GIS are currently being used for various
applications in precision agriculture (Kelly & Guo 2017). Spatial analysis is of great value in
integrated pest management. The tools provide valuable information about pest population, thie
damage, habitats and potential breeding and located areas (Kelly & Guo 2017).
The use of GIS in pest management is a sustainable toool for managing geographic data about
location, spread of pests, type of pests and pest habitats. GIS has the capability for tracking, analysing
and predict possible areas for pest (Mminic et al. 2010). GIS was used to produce pest monitoring
maps for South Texas cotton and sorghum land managers (Deleon, Brewer, Isaac, Esquivel &
Halcomb 2017). The functionality of GIS has been used in many studies of birds.
In the Los Angeles County Breeding Bird Atlas (LACBBA), USA used GIS to map the distribution
of roughly 200 species of birds (Allen et al. 2016). The goal was to produce species distribution maps
for each of the roughly 200 bird species breeding in the county based on environmental features such
as habitat features (Allen et al. 2016). In Botswana, the North East Region was surveyed and mapped
to identify quelea birds roosts and breeding sites to create databases and produce maps for planning
purposes, easy control measures, record keeping and for future decision-making (Bolo 1999).
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GPS has been used for various types of applications such as location, navigation, mapping and
timing. GPS technology is capable for providing the real-time locations and areas of interest. In plant
pest it is used to collect coordinates to produce maps to monitor the pests and map locations through
time and space (Sabtu et al. 2018). GPS satellites broadcast signals that allow GPS receivers to
calculate their position and provide precise guidance for field operations. The system allows farmers to
reliably identify field locations and inputs such as pesticides (Natikar et al. 2016). In the management
of plant pest and disease, GPS coordinates are used to map locations of the breeding pest sites. GPS
was used to map banana insect pest in Mindanao, in the Philippines. The area was mapped and
monitored for insect pest incidence and the locations were compared to analyse insect pest that infest
on the crops (Aguilar et al. 2014). A handheld GPS was also used in Malaysia for data collection and
to identify areas infested with pests and diseases (Idrisi et al. 2015).
In this study, GIS was used to map the sites for the breeding areas for quelea in the Central District
of Botswana. The use of GIS and GPS for bird distribution mapping and analysis has shown that GIS
as a tool can assist in the monitoring of quelea birds. The study aimed to use GIS to identify the
typical characteristics of quelea breeding areas. In this study, GIS has assisted in the monitoring of
quelea birds by integrating large complex quelea data in a variety of formats, for example, vegetation
data, arable land, and breeding sites. GIS has assisted with the management of quelea data by selection
and viewing of data in a variety of ways and manipulation of quelea data to produce new information
through the integration of data sets.

3. General and Specific Objectives
The main objective of the study was to map the distribution of quelea birds and to identify their
habitats in the Central District of Botswana. The specific objectives are to: use GPS to map the
distribution of quelea birds, habitats and identify the species of plants in the habitats, to use GIS to
analyse spatial distributions of the effect of the birds on arable lands. To present results in maps to
allow easy data visualization and to support decision-making.

4. Methodology
A Global Positioning System was used for taking the location of the breeding sites of the quelea
birds. GIS was used for integration of all data, further analysis and final package for the visualization
of the data. The data that was used to map the distribution of quelea, their habitat was collected from
field work and orthophotographs for capturing existing land-use. These data were integrated into a
GIS in the form of geographic data. A fieldwork survey was undertaken to locate quelea-breeding sites
using GPS and undertake site observation including the habitats and vegetation. The coordinates for
the birds' site locations were picked around the site, as nearest to the center of the area as possible for
accuracy.
4.1 Fieldwork survey data collection
A fieldwork survey was carried out to survey, assess, collect and map the areas that are used by the
crop pests as breeding sites and to assess their habits to identify the species. A fieldwork survey was
also done for ground truthing. The data was collected using a GPS device taking the X and Y
coordinates of breeding sites for the quelea birds including the attributes data for the study area such
as vegetation type, the area covered by the colonies and types of crops grown on the area. The sites
with a history of more than five years in the same area were mapped and assumed to be the permanent
breeding areas. A total of twelve breeding colonies were mapped from the study area. Figure 1 shows
one of the quelea breeding colony site position taken by a GPS. Several more than four satellite should
be visible to provide accurate position as shown in Figure 1, and the point should be taken at the center
of the area of interest (quelea breeding site) to improve the accuracy of the location.
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Figure 1. Data collection using a Global Position System (GPS)

The geographic and location data were collected using a handheld Global Positioning System
(GPS) receiver as shown in Figure 1. A GPS was used to collect the control points (reference points)
to be used for georeferencing and, was also used to pick the locations of the pests. GPS takes the X
and Y coordinates of the area of interest. The Ground Control Points (GCP) were collected in order to
be used for geo-referencing. The field corners and boundaries for individual farm data were also
collected to map the farms and produce a land-use map.
The GPS is made up of 24 fully operationally orbing satellites as shown in Figure 2.

Figure 2. Satellites and GPS receiver link

GPS provides coded satellites signals that are processed into a GPS receiver to compute Position
(P), X coordinate (X), Y coordinate (Y), attitude (A), Velocity (V) and Time (T) as shown in Figure 2.
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The measurement of Global Positioning System (GPS) is based on three dimensional (3D) trilateration
from satellites. It is a mathematical method of determining the relative positions using the geometry of
triangles from satellites. The GPS receiver then can pinpoint the location (PP) once it has information
of more than three satellites using a process called trilateration as shown in Figure 3.

Figure 3. Trilateration process

The more the satellites appear the more position accuracy received by a GPS receiver. GPS
satellites have atomic clocks on board to keep accurate time. Each satellite transmits information about
its position and time at a regular interval in signals traveling at the speed of light.
4.2 Data capture and analysis
All the information obtained from fieldwork and other sources were captured by digitizing. The
data were obtained to produce maps that show the distribution of quelea birds. Quelea database was
developed and produced into tables to show the information about every site using the Microsoft Excel
spreadsheet. The quelea birds' activities data was used to produce a map of breeding colonies sites.
Buffer zones were created on quelea breeding sites to show areas of the damage. Buffer creates new
output coverage by generating buffer zones around input coverage features. A buffer zone of 10km
was created to show the distance of crop damage within the breeding colonies sites. The data was
analyzed using GIS Overlay analysis tools. An Overlay is a spatial operation tool that overlays two or
more polygons, points or lines to create a new output map. The maps were overlaid to produce a single
map showing the distribution of the birds and their habitats.

5. Results
Twelve colonies were mapped and found to be all the breeding colonies as shown. The population
of quelea within a colony ranges from thousands to millions of birds. The area covered by the birds
ranged between three hectares to thirty-five (35) hectares per colony as shown in Table 1.
Table 1. Quelea breeding Colonies

Site

X_coordinates

Y_coordinates

1
2
3
4
5
6
7

533022
538256
556776
563301
529048
504385
485524

7522527
7524382
7521712
7517421
7481828
7500862
7539510

Area
covered_(ha)
10
6
15
15
20
35
5
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2013
2008
2008
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2000
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8
9
10
11
12

491196
489735
490214
475041
465889

7510507
7505200
7492008
7495881
7507580

10
3
5
12
5

2012
2010
2010
2012
2004

Table 1 shows the information about the 12 breeding sites of quelea birds pest. The pest birds were
found in the study area. The X and Y coordinates are the coordinates of the breeding sites that were
taken at the center of the breeding area in order to be accurate with the position. The date started to
represent the year the birds started to breed and live permanently on the site. From the table, it shows
that the birds were found in the area since 2002. The birds covered the area of about three hectares to
35 hectares in one site. This information can be used for control purposes and planning.
A map was produced to show the spatial distribution of the quelea birds' pest as shown in Figure 4.
From the map, the crop birds pests are found in the areas where there are some crop fields and near the
river streams. Because the birds feed on the cereal crops they are expected to be found near farming
areas. From the literature, the birds do most damage within 10km of the breeding sites and in this
study, the birds' colonies were also causing damage within 10km of the breeding sites, and as shown
on the map the birds are found near arable fields. Buffered zones (yellow circles) represent 10km
distance away from the breeding sites where the X and Y coordinates were collected.

Figure 4. Distribution of quelea birds

The fields that are likely to be affected by the birds most are the ones within the 10 km buffer
zones. The 10km buffer is not limited, the birds can cause damage up to a maximum of 30 km away.
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Displaying the spatial distribution of the birds and possible areas of damage help in the decision
making and measures on how to control, where and when.
5.1 Distribution of quelea and vegetation
The land cover is important for showing the distribution of vegetation and quelea habitats. The
distribution of the preferred grasses and vegetation within the quelea range provides information on
those areas where quelea may establish their breeding colonies. Quelea is found in two classes of
vegetation with Acacia species as shown in Figure 5. The quelea breeding sites are found where there
are shrubs. The vegetation species is mostly acacia species. The acacia trees are the shrubs with
heights of approximately up to 3m. These trees are preferred by quelea birds for building their nests
because the trees have small thorny branches that are close together and have spaces that can be used
by the birds to build a nest that can not be destroyed easily by winds and heavy storms.

Figure 5. Distribution of quelea birds and their habitats

The vegetation found was mostly acacia species used by quelea birds for nesting. From the map
(Figure 5) the Acacia tortilis and the acacia negrescens are the main species preferred by the birds for
nesting. Quelea was found near the water sources, mainly the rivers as shown on the map in Figure 5.
Quelea drinks water in the morning and afternoon. Therefore they are expected to be found near water
sources. Arable lands illustrate the quelea's main source of food and so main habitats as well. As
expected, quelea was also found close to arable lands.
In this research based on field survey, quelea was found mostly in valleys but also avoiding high
altitudes (mountains), near water resources, grass with small seeds, reed-like grasses, thorny shrubs
and acacia shrubs for building nests. The agricultural lands also act as habitats for quelea. All these
were also presented in maps for easy visualization. GIS applications were used to produce a dataset in
a digital format and were found to be good for mapping quelea birds. The distribution of quelea birds,
breeding colonies have been produced on maps. The habitats and factors which affect quelea
distribution and migration were also mapped. The GIS analysis of overlays and buffering have been
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presented to produce the result maps. This research has proved that GPS and GIS can be used to
manage quelea birds.

6. Discussion and Conclusion
The study has demonstrated the utility of GPS, GIS and field survey techniques in providing
information for mapping and assessing quelea bird pests habitats. A field survey was found to be a
useful method for surveying the areas of birds pest and to assess and locate their breeding sites
physically. Field survey is also useful in assessing the pest habitats such as the vegetation cover and
other the environment. A field survey was found to be useful in ground truthing. The birds' pest
habitats were identified during the field survey. When mapping pest birds a field survey is important
for ground truthing and it improves the accuracy of the locations.
The GPS technology has proved to be useful for positioning the locations of a point coverage
(breeding sites). The quelea data that was collected by a GPS had been converted and transformed
from X and Y coordinates to a digital map showing geospatial information about the quelea birds' pest
habits and spatial distribution. With GPS, maps showing point coverage can be produced and be useful
for decision-making purposes.
GIS has shown to be a capable tool to map and analyse the distribution of quelea birds pest. With
GIS, maps can be produced faster, as for this study. The data can be modeled or updated much easier.
Reports can be produced for users as well as decision making. GIS techniques are more efficient than
traditional methods in providing information and in modeling the data as well as storage. With GIS
overlapping areas can be displayed for easy comparison of two or more features. Comparing this to the
traditional method, GIS is capable and a faster tool for pest management.
The methodology used in this study could be adopted by the Plant Protection and Control
Organisations for future mapping and monitoring of quelea and other crop pests distribution. The
monitoring of quelea ecology and population dynamics should continue and be recorded in order to
understand factors affecting quelea migration, movement, breeding and subsequent crop damage
everywhere in any country. In the future GPS and GIS can be used to assist in management methods
by monitoring annual patterns allowing predictive models to be designed and prepare areas for
possible annual control of the crop pest.
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ABSTRACT
Today businesses in the food sector face many problems: decreasing profitability,
increasing competition, and rapidly changing consumer demands, resulting from the
global crisis. Decision support systems have recently proved themselves to be helpful
tools and are becoming essential to stay competitive within most sectors of the food
industry. The development of the digitalization of Hungarian enterprises is essential to
increase competitiveness and efficiency. That is why the initiative of the strategic task
for the food sector digitalization is vital. For the development of the strategy, it is
advisable to know the position and opinion of the players in the sector. In this research,
set out to create a pre-study work. In the article, the research examined the conditions of
decision support and management support that are necessary for the company to operate
more efficiently to make better decisions. So focus was on integrated enterprise
information systems, management support systems, business intelligence systems,
industry 4.0 technologies, and issues related to their application. An analysis based on a
questionnaire survey covered the Hungarian food processing sector. According to the
survey, the sector needs significant improvement and creating a digitalization strategy.

1. Introduction
In terms of production value, the food industry is the third largest in Hungary, the first in Hungary
in terms of the number of employees, and the first in Europe in the processing industry, as well as a
significant user of resources. Agri-food enterprises operate in a complex and dynamic environment
(Wolfert et al. 2010) and facing different challenges, such as financial issues, lack of technical skills and
investment in the business etc. (Sing et al. 2019, Zhang 2012). In this sense, several key factors can help
food SMEs. Therefore, increasing productivity and efficiency in the food industry is extremely
important, and the application of Industry 4.0 and digitization offers many new opportunities. In this
way, new products, new services, new solutions, and approaches can be developed to use resources
better, improve quality parameters, create new skills, and competencies.
According to Shirazi (2018), distributed enterprise resources planning (ERP) can be customized to
the specific requirements of each segment in networked structures for upgrading the small & medium
enterprises' (SMEs) value chain. The implementation and control processes of distributed ERP systems
are challenging in enterprises having limited resources. His study proposed a multi-criteria optimization
method on ERP systems assessment in food industry networked enterprises. The remarkable points of
the method capabilities are the multi-criteria optimization of food ERP and SMEs collaboration in the
value chain's distributed platform.
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There are many methods to make a decision, and there is a vast range of domains in which decisions
are made. The concept of DSS is vast. DSS is an IT system, which supports our decision making. When
we make a decision, we choose between alternatives. DSS supports the estimation, the evaluation, and/or
the comparison of alternatives, that is how it helps us to make the right choice (Alter 1980). There are
five generic DSS types, which are determined based upon the dominant technology component. These
are Communications-driven, Data-driven, Document-driven, Knowledge-driven, and Model-driven
Decision Support Systems (Power 2004).
Communication-driven: Group Decision Support Systems (GDSS) were developed in the early
1980s, which benefits from expanded communications capabilities that became available in the
computing architecture. It was the first wide category of DSS. The development of networking
technologies in the last 30 years made this type of multi-participant decision support much more
powerful and more ordinary. Groupware supports electronic communication, scheduling, and other
group productivity and decision-support-enhancing activities. For example, the two-way interactive
video, chat tools, email, and electronic whiteboard are included in this category.
Data-driven: Executive Information Systems (EIS) and data-driven spatial Decision Support
Systems, management reporting and file drawer systems, data warehousing system, and Online
Analytical Processing (OLAP) are included in this group. These systems emphasize access to and
treatment of a great database of structured data, particularly a static time-series of internal company data
and in some systems, external data. The simple file systems make available the most basic level of
functionality by query and retrieval tools (Power 2004). Dhar and Stein said that the highest level of
functionality and decision support are provided, what is linked to the analysis of large collections of
historical data by OLAP with the Data-driven DSS (Dhar et al. 1997).
Document-driven: Swanson and Culnan called it a Document-based system. These are formation to
help managers handle and regain the unstructured web sites and documents. There are different kinds of
storage and processing technologies integrated into it, to provide complete document retrieval and
analysis (Sasvári 2011). The access is provided by the web to huge databases, for example, a database
of videos, images, pictures (Fedorowicz 1993).
Knowledge-driven: To the decision maker, these DSS can suggest or recommend actions, because
they have a specialized problem-solving „expertise”. This means, these DSS knows the extraordinary
domain, the DSS understands the problem with it and has proficiency at solving some of the difficulties.
They operate with heuristic models, which are called inference engines (Power 2004).
Model-driven: Simple analytical and statistical tools provide the most elementary level of
functionality. These are rare data intensive. However, the decision maker himself or herself should
provide the data, which will be analyzed to help the user. To the decision maker, these systems should
provide a simplified representation of a situation, which is understandable for him (Power et al. 2007)
Accounting, financial, optimization and representation models are used by the system (Power 2000).
Wu says Business Intelligence (BI) is the successor of DSS. He writes in his article that the new
generation of DSS applications evolved into BI systems (Wu 2000). According to Loshin (2012), BI
includes data warehouses, business analytics tools, and knowledge management. In this wording, the
author views Business Intelligence as a process, where it will generate information from data, and from
information will be knowledge (Loshin 2012).
We should talk about big data as well. With the fast development of information technology tools
and the need for handling, analysis and interpretation of huge interrelated datasets resulted in a new
scientific field. It is called big data, according to Baranyi et al. 2013. This application can be useful for
companies, so it has also appeared in DSS.
However, the cloud begins to form a major stream of business environments. Businesses are
increasingly questioning "when and why" is there a need for the cloud, and at the end of the acceptance
process, the "how" is being sought (KPMG 2013). According to Botos's study, micro-enterprises in the
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agricultural sector do not look for cloud services or big data, because the enterprise management system
is not used either (Botos et al. 2015).
In order to carry out an economic activity, a functioning business association is needed (in most
cases). There are the next categories of companies in Hungary: General partnership (kkt), Limited
partnership (bt), Joint enterprise (kv), Limited liability company (Kft.) and Company limited by shares
(Rt.) (Flanders Investment & Trade Market Survey). Categories and numbers of food, beverage, and
tobacco companies in Hungary in 2016 are the following Kft: 5396, Rt: 176, kkt: 51, bt: 768.
In this article, we examined, what DSS technologies are used and how widespread is the use of the
different technical solutions by food companies. We also tried to determine the factors that influenced
the success or failure of DSS from the incoming questionnaires.
Hampel’s (2010) research focused on the sources of information, which was used in various areas of
the operation and on decisions of a different subject. Also, it focuses on the main features and capabilities
of information systems, which are used in businesses. He tried to involve 250 food companies in his
research, but only 27 of them took part in it. Totally of 59 people participated in this survey. Almost
half of the executives belonged to the top managers (47%), while 53% were among the middle managers.
The proportion of the limited liability company (47%) and the company limited by shares (51%) was
close to the same. The remaining questionnaires were returned from cooperative leaders (Hampel 2010).
Sasvári (2013) investigated how widespread are the information systems in Poland. One hundred
fifty-five companies completed the anonymous questionnaire. 26% of respondents were microenterprises, 34% were small enterprises, 25% were medium-sized enterprises, and 15% were large
companies (Sasvári 2013). Sasvári also studied single indicators, to get to know what existing
information and communication technology is used by enterprises. He used the available Hungarian
related reports issued by KSH, and international data (Statistical Office of the European Communities)
as well. The author also worked with more than 6.000 items from secondary information sources (KSH
2017).
Botos et al. (2015) research focused on rural micro and small to medium enterprises about their
significant economic role. With their survey, they wanted to get an answer to how firms use the internet,
which are the relevant ICT for them and what it depends on. They asked several SMEs from a settlement
– which is typical in the North Hungarian region, and its main profile is agriculture – to fill their survey.
106 SMEs were interviewed. Their sample represents well the enterprises of this settlement. In most
cases, these were service and commercial businesses and firms related to agriculture. Füzesi et al. (2016)
analysed the ICT support in the Hungarian meat sector. They explored, systemized and analyzed the
applicable identification technologies applicable for meat industrial product chains. The result was that
the bar code technique is currently the absolute leader in the sector, although modern solutions provide
numerous advantages. Botos et. al (2018) determined the main question groups which focus mainly on
ICT solutions supporting the quality of communication and relationship between partners. As the basic
IT tools are available in the major part even in the SMEs besides large companies, the two main issues
will be the usage of advanced online services and the usage of high quality ICT solutions. Nagy et al.
(2018) made an investigation of the era of industrial digitalization in Hungary. This research compared
the sectors including food industry. The automotive industry and electronics companies operating in
Hungary have already started Industry 4.0 developments but the food industry is behind these sectors.
Smart Manufacturing and Industry 4.0 production environments integrate the physical and decisionmaking aspects of manufacturing processes in order to achieve their decentralization and autonomy
(Rossit et al. 2019). A data-driven architecture for scheduling with a data-driven engine that uses, in
particular, Big Data techniques to extract vital information for Industry 4.0 systems. The ‘sensing, smart
and sustainable (S3)’ concept is applied to develop new technologies that can respond to current
challenges of agri-food industries. The work of Mirande et al. (2019) focuses on describing how S3
technologies for the agri-food sector can be developed using a systematic process for new product
development (NPD). The implementation of a framework proposed by Industry 4.0 (Lugue et al., 2017)
is a need for the industry in general, and for Andalusian food industry in particular, and should be seen
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as a great opportunity of progress for the sector. It is expected that, along with others, the food and
beverage industry will be pioneer in the adoption of flexible and individualized manufacturing
processes.
The overall goal in the study of Demartini et al. (2018) was to help food companies toward
digitalization, with a particular focus on the design and manufacturing processes. From the
methodological point of view, Case Study has been used as research method. Furthermore, a
questionnaire characterized by the different elements of the Manufacturing Value Modelling
Methodology (MVMM) has been developed and used to gather information from companies.
The planned Hungarian digitalization strategy focuses on the entire food economy from the chain of
raw material production to the final consumer, to the issues of industrial food processing. At present,
this is the area of the Hungarian food processing industry where a solution should be found as soon as
possible to the problems of increasing productivity, resource efficiency, labour shortages, skills
shortages and which can bring tangible benefits the fastest.
Today, a wide range of management support systems and tools are available for the efficient
operation of the company. The prerequisite for the application of these systems is the appropriate
digitization of enterprises and their digital readiness. However, in order to develop the digitization of
the food industry, it is necessary to get a picture of the situation. At what level are businesses, what
tasks, what decisions, what functional areas are the current tools used, how do they judge the
applicability of systems and tools and what plans do they have for developing digitization?
In this article, the most important functions, features, and aspects of these technologies for
managerial decision support were examined: network infrastructure and Internet usage; use of integrated
enterprise information systems (ERP); management information systems (MIS); opinions on some of
the most important information technologies in business intelligence tools (BI) and Industry 4.0.

2. Material & Methods
The research goal defined the research method. The use of information and decision support tools to
support management was at the heart of the assessment of the situation of the digitalization of food
business enterprises.The research (in 2019) examined the role and relationship of integrated enterprise
information systems (ERP) or decision support, business analysis tools (BI), which are used
independently of one another in the Food Industry 4.0 technology change (Figure 1).

Figure 1. The main targets of the digital transformation survey

doi: 10.17700/jai.2019.1.1.498
24
Attila Sándor Debrenti, Adrián Csordás, Miklós Herdon: Management support systems in the Hungarian food-manufacturing
sector

Journal of Agricultural Informatics (ISSN 2061-862X) 2019 Vol. 10, No. 1:21-32

The study was carried out with the cooperation of the Agricultural Research Institute (AKI) and the
National Chamber of Agricultural Economics (NAK). The anonymous online questionnaire was filled
by Hungarian food industry companies, which contain 6 question groups with 44 questions. The question
groups focused on the main IT topics in the digitalization transformation.
The survey was only possible with a questionnaire survey. The preparation and implementation
phases of the questionnaire were as follows.
•

Phase I: Preparing survey
o Studying literature
o Mapping of related statistical databases and surveys
o Content design
o Professional review of the questionnaire

•

Phase II: Developing the online survey
o Selecting an online survey system (LimeSurvey on a cloud service in Germany)
o Creating an online questionnaire
o Testing survey professionals
o Modifications of the questionnaire

•

Phase II: Carrying out (between April-May, 2019)
o Create a mailing list server
o Send invitations by e-mail (For 4500 food-processing companies) and publish the call
on NAK, AKI website
o Controlling the progress
o Statistical evaluation of the survey after the deadline

Questions groups were:
•

I. General enterprise information (geographical location, industry branch, ownership form,
size, legal form, net sales)

•

II. IT infrastructure and Internet usage (ICT tools and computer network, Internet access,
website usage, cloud-based services)

•

III. Enterprise information systems (ERP) (operating form, implementation, use, supported
activities, satisfaction)

•

IV. Using Management Information Systems (CIS) (implementation of application; needs,
expectations, benefits; who uses it and what are they used for?)

•

V. Using Business Analytics (BI) Tools (business analysis technologies; applied areas;
advantages; future use)

•

VI. Industry 4.0 (digital technologies, digitalisation (present-future), investments, benefits)

Within the above question groups the following types were used: Yes/No, List (radio), Multiple
choices, Array (5 point choice), Date/Time, Array (Yes/No/Uncertain), Array dual scale, Short free text.
The questionnaire was sent in twise by mailing list server in April and May 2019. The total number
of fillings is 217; 92% of the responding enterprises are SMEs (33% micro enterprises), while 8% are
large enterprises. Of these, 83% have domestic ownership, 11% have foreign capital, 3% have mixed
capital, and only 2% are private property. In terms of net sales revenue of our 2019 research, the
companie’s 30% over HUF 1 billion, 45% belongs to between HUF 50 and 1000 million group and 25%
is below HUF 50 million. According to the main areas of activity, 12.4% of enterprises are engaged in
fruit, vegetable processing, preservation, 17.1% in bakery, pasta production, 18.9% in meat processing,
preservation and meat product manufacturing (Figure 2).
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Figure 2. Number of answers by industry branches (N=232)

3. Results
3.1. ERP in the management support
Of the 184 respondents, 60 companies (33%) have an integrated business management information
system. 35% of these systems operate exclusively with internal operations and 53% with partly internal
and partly external operations. Where ERP does not work, respondents have indicated the reasons which
can be seen on Figure 3. From the results, it can be concluded that the proportion of small enterprises is
high, where 81% of enterprises were designated as the reason. It is also not a negligible aspect that the
limited financial capacity of the companies was set at 23%.

Figure 3. Reasons for why not using ERP (N=128)

Businesses are beginning to recognize the importance of digitization. One of the most important tools
for enterprises is an integrated information system. It can improve the efficiency of corporate operation,
the horizontal integration and the provision of appropriate information to management, and the
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justification of certain management decisions in case of larger companies. In our survey, we asked the
reasons and motivations for the introduction of the system that we considered to be more important.
According to Figure 4, the organizational reasons were 81% and business consideration were 65%
respectively.

Figure 4. The reasons why companies implemented ERP (N=61)

Organizations carrying out economic activities generate large amounts of information and data
through their activities. Effective and fast processing of these can mean the difference between success
or failure. One of the tools for managing these is integrated enterprise management systems that map
enterprise business processes and have, in addition to their core functions, expanded functions that
integrate their business relationships with customers (CRM) and vendors (SRM) into their information
systems. Figure 5 shows the trend of using ERP in the asked food manufacturing company.

Figure 5. The increase of applying ERP system

The companies were asked about the used functionality. What functions are the most important in
the ERP for the companies? Figure 6 shows the rank of the functions. The most important are inventory
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management, production support, sales, and finance. The controlling and decision-making function are
evaluated to a medium level.

Functional activities support
Inventory Management

92%

Production / Production Control / Quality Control

83%

Sales

83%

Finance

75%

Purchasing

69%

Production Planning

65%

Controlling

62%

Asset Management)

60%

Accounting / General Ledger

56%

Decision Making

52%

Payroll

46%

Customer Relationship Management (CRM)

31%

Human Resource Management (excluding payroll)

17%

Marketing
Project Management

13%
8%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 6. The rate and rank of supported functional activities in the enterprises (N=61)

It is very interesting to examine the effects of the introduction of ERP systems. The most prominent
effects are the improved information provision (89%) required for decision support, the improvement
of internal communication (76%) and the improvement of corporate cost efficiency (76%) (Figure 7).

Figure 7 Main effects of ERP implementation (N=61)
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3.2. Management support system
88.46% of ERP users agree that the use of information management by the corporate governance
information system has improved and 51.92% use it regularly during the decision-making process and
only 30.77% use customer relationship management (CRM) support. The rates and orders can be seen
on Figure 8 according to by functionals.

Figure 8. The rate of usage of MIS in different jobs (N=20)

3.3. Decision support technologies and business intelligence (BI)
In 2018, 70.58% of businesses with business intelligence applications used BI tools in middle
management decision support, compared to 82.35% in senior management decision support. The most
relevant analytical technology is the preparation of reports, monitoring and controlling, and analysis.

Relevant business analysis technologies
Creating reports (ad hoc, interactive, rankings, etc.)

8%0%8%

Making analyzes

8%0%8%

Monitoring, controlling

8%0%8%

Forecasts
Graphic, Visual Dashboards

8%
15%

8%

77%
31%

54%

23%

23%

15%
8%

62%

15%

15%

38%

31%

31%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Not relevant at all

Irrelevant

No information

Relevant

Very relevant

Figure 9. The relevant rate of decision support technologies (N=20)
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3.4. Food industry 4.0 technologies
The next industrial revolution is poised to change the food and beverage industry forever. However,
embracing the technology required for it will require sacrifices in several areas. While becoming an
Industry 4.0 facility ultimately improves efficiency, technology may not be ready for this change.
Industry 4.0 is a framework for addressing the digitalization of complex value chains and the efficient
collaboration of businesses, IoT, technology providers, and consumers. Industry 4.0 extends beyond the
digitization of physical assets with the vision of a digitally enabled industrial economy integrating
business processes and data across multiple supply chains and value chain participants.
Integrating Manufacturing Execution System (MES) with other business systems is key to real digital
transformation and efficiency on the factory floor. Food and beverage manufacturers can achieve a more
holistic view by taking advantage of an integrated suite, including Enterprise Resource Planning (ERP)
and Enterprise Asset Management (EAM). ERP dictates, MES executes, and EAM ensures reliability
and uptime.
The companies were asked the most critical technologies in development, going towards Industry
4.0. Of course, these technologies mostly belong to MES, but some of them can be used in ERP, EAM,
and another system to increase the complexity. In the Hungarian food-processing sector, the companies
who filled the questionnaire signed the following technologies (Table 1).
Table 1. Technologies for Industry 4.0

Technologies
Mobile Devices
Cloud-based computing
Positioning Technologies (GPS, GNSS)
Sensor Technology
Digital Camera Technologies
Advanced Human Machine Interface (HMI)
M2M (machine-to-machine) communication
Robot Technologies
RFID (Radio Frequency IDentification)
IoT (Internet of Things) Platforms
3D Printing
Big Data Analysis and Advanced Algorithms
3D Scanning
Blockchain (Block Chain Technology)
Augmented Reality

Answers
113
43
43
38
26
23
20
19
14
14
12
12
9
6
2

Percent
82%
31%
31%
28%
19%
17%
15%
14%
10%
10%
9%
9%
7%
4%
1%

4. Conclusions
Nowadays, it is increasingly difficult to find a business where, directly or indirectly, there is no aspect
of the e-economy. Even if one do not have a personal computer or perhaps a mobile phone, the
accountant will need to process the company's certificates using IT tools. The emergence of the
information economy - information as a factor of production poses new challenges. Economic actors
often faced with the situation that they are forced to respond more quickly and efficiently to the
economic challenges not only for their success but also for their survival. In this paper, shorty
summarized the different types of decision support systems and tools. The paper listed the management
information systems based on its time development and shortly mentioned the „future’s” applications.
At the end of the introduction, the types of Hungarian companies and the number of Hungarian food,
drink, and tobacco manufacturing companies were introduced. To sum up, it can be said that these
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systems are not widely spread in the food manufacturing sector. It is essential to point out that in the
research, the small and the micro-enterprises represented themselves in more significant numbers.
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ABSTRACT
With advancement of mobile technology and the property of mobile phones of being
ubiquitous and pervasive, innovative applications in agriculture that are context specific
and individualized to farmers’ needs can now be developed. This is because mobile phone
based agricultural innovations are readily leveraged to provide farmers with information
ranging from farm preparation and pre-harvest to post harvest and farm produce
marketing. In this regard, this paper proposes a farmer centric pest e-surveillance solution
framework, a digital platform that uses mobile devices, image processing and
crowdsourcing to assist smallholder farmers in low income countries to effectively
identify and control crop pest invasion, and to connect them with local agro-vet stores and
extension service providers for assistance. This way, we can assist small holder farmers in
rural Africa to learn about crop pests, to detect and respond to pest invasion, and to
control the effects of such pest invasion by providing timely, accurate, relevant and
readily consumable information in the local languages of the farmers. This also makes it
easy to perform large-scale pest surveillance in the rural farming community

1. Introduction
The world population is expected to increase by at least 30% yearly until 2050 (FAO 2018) which
calls for strategies to ensure food production even amidst current and foreseeable challenges that come
with increases in population such as degradation in land productivity, unreliable rain, climate change,
fluctuations in prices of agricultural produce among others. This has led to exploration of potentials of
different technologies such as biotechnology, digital technologies – i.e., remote sensing, cloud
computing, Internet of Things etc. – artificial intelligence and machine learning among others on their
role towards improving agricultural productivity given these challenges (Tata & McNamara 2018).
Thus, digital revolution in agriculture to support data-informed decision making towards improving
farm productivity and across to agricultural value-chain. Moreover, digitization in agriculture has
made it possible to gauge and predict farm production, weather, market and climate variability, and
just on-time solutions such as in precision farming (Bronson 2015). This includes the big data
phenomenon that uses the inherent connection and relations within a large dataset to discover
knowledge that can improve the farming practices. Such data easily gathered using drones, satellites,
smart phone applications, crowd sourcing – so called citizen science – and the unconventional sources
such as social media platforms allow the farmers and the community to report on prices of agricultural
produce and inputs (Bronson 2015). Harnessing the benefits that come with digitizing agriculture has
to focus on its ability to empower the farmers to share their experiences to learn from each other. This
has the advantage of breaking the barriers to adoption of the digital solution, as the early adopters
would lead the other farmers to embrace the solution (Eitzinger et al. 2019). In addition, this
interaction and farmer engagement results in a farmer centric solution that assists local ownership of
the innovation by the farmers and, thus, guarantees its adoption.
In the recent years, there has been a significant increase in mobile phone penetration in SubSaharan Africa. Report by GSMA3 shows that as of 2017, the mobile phone adoption in Sub-Saharan
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Africa was at 44% and is projected to reach at least 52% in 20254. This can be attributed to the
affordable mobile phone calling rates and the flexible browsing bundle packages that have been
experienced in the recent past in the region. Notably, this access to mobile-phone connectivity has
empowered the consumers and is significantly driving economic growth as users can now access most
essential services including financial services and credit facilities, health and education services, and
utilities through their mobile phones (Awuor et al. 2016; Tadesse & Bahiigwa 2015). There are
massive opportunities to deliver personalized and context-aware mobile-based services to these mobile
users. Thus, to ensure food security and to improve agricultural productivity in Sub-Saharan Africa,
mobile-based phone technology has been exploited and leveraged to provide farmers with relevant,
accurate, timely and consumable agricultural information ranging from farm preparation to pre-harvest
and post-harvest crop and farm produce management. This includes information on pest and disease
control, precision farming and irrigation, market availability and produce pricing, access to credit
facilities and extension services among other services including livestock management (Awuor et al.
2013; Mohanraj et al. 2016).
Given the changing climatic conditions, and unreliable and erratic raining patterns that require
adoption of new types of crops and farming skills, farmers are mostly in desperate need of information
on modern farming methods and practices that can increase the yields of their farms. This illustrates
the extent to which access to agricultural information, which is very costly to access in Sub-Saharan
Africa (Tadesse & Bahiigwa 2015), is crucial to the farmers in decision-making. By using market
prices that are easily accessible and readily available through mobile phones, (FAO 2018; Tadesse &
Bahiigwa 2015) illustrates that such information could assist smallholder farmers to decide on better
pricing for their produce. In addition, this saves farmers from having to make frequent market travels
and to avoid repeated loading and unloading at the market to show-case their produce to buyers and
brokers. Example of such a service is SokoniSMS64 (FAO 2018; Tata & McNamara 2018) which
enables farmers in Kenya to access market prices of agricultural products from around the country.
Some of the mobile-based agricultural services in Kenya include Kilimo-Salama, iCow and
CocoaLink. Kilimo-Salama is a micro-insurance mobile based “pay as you plant” type of insurance
plan in Kenya that safeguards the farmers against poor weather conditions (Awuor & Rambim 2014;
Kassie et al. 2018). It also provides instant weather information to assist farmers to manage their
cropping, similar to Tigo-Kilimo in Tanzania. On the other hand, iCow5 is a mobile phone based
solution that assists the farmers to keep track of their cows’ gestation including track of their feed
types and schedules, local veterinary contact information, and precise market prices of their cattle. The
CocoaLink is a free voice and text message based mobile solution in Ghana that provides farmers with
best farming practices, crop disease prevention, and crop marketing in both English and local language
(Awuor & Rambim 2014).
As most farmers are now aware of availability of massive agricultural resources that can be
accessed via their mobile phones and are increasingly searching for information using these devices, it
is notable that farmers are mostly not able to find relevant and accurate just-in-time information
(Awuor et al. 2013; Tadesse & Bahiigwa 2015). Mostly, the information provided to the farmers is not
timely and in a format that is readily consumable. This is in part due to language barrier as most of the
contents are provided in English while most of these farmers have low literacy levels in addition to not
being able to speak or comprehend English as a language. The other reason is that most of these rural
farmers in Africa have basic feature-phones that do not support multimedia in which most of the
contents are delivered in. In addition, farmers tend to get a lot of content from online sources and
through their mobile devices, some of which are difficult to validate and authenticate, which
potentially leads to the well-known problem of information overload. Thus, there is a need for farmercentered agricultural information systems (AIS) that seek to deliver agricultural information to the
farmers in a format that they can access and consume. This is the core problem explored in this paper
with a desire to design a farmer-centered AIS for pest control.

3
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While AIS can be either web-based or mobile application, the design of an AIS system always
needs to focus on providing the farmers with a unique and satisfying experience as it provides the
farmers with information that they need, in addition to being easy to use. This essentially implies that
AIS has to provide farmers with timely, relevant and accurate information in formats that are readily
consumable. In this regard, most AISs are currently being presented in the local languages of the
farmers and employ call center agents that farmers can call anytime and attend to the farmers’ queries
in their local languages. AIS also uses voice-assistant that enables the farmers who are not able to
write or read and to interact with AIS to get personalized assistance delivered to them in their mothertongues. AIS has also used SMS and USSD to support farmers with basic-feature phones. An
exhaustive discussion on design of AIS including participatory and collaborative design, and both pull
and push based designs can be found in (Awuor et al. 2016).
With advancement of mobile technology and the property of mobile phones of being ubiquitous
and pervasive, numerous AIS applications that are context specific and individualized to the farmers’
needs can now be developed. By leveraging numerous sensors in smart phones and technologies such
as machine learning and artificial intelligence, data mining and analytics, cloud computing and
Internet of Things, participatory sensing and crowdsourcing, remote sensing, online content and social
media among others, AIS is now able to provide farmers with comprehensive and integrated digital
solutions to their needs. This approach can be used to develop solutions to some of the stubborn
problems currently faced by the farmers thus assisting farmers to be proactive to animal and crop pests
and disease inversion, for instance in low-income countries such as Kenya, or to carry out large scale
pest and disease surveillance in such countries. In this regard, this paper proposes a novel mobile
phone-based AIS framework for large scale pest surveillance in low income countries that leverages
“passive” big data sources from remote sensing and crowd-sourcing coupled with machine learning to
assist farmers detect and report pest invasion, and to connect them with local extension services for
help.
The rest of this paper is organized as follows: Section 2 presents the problem statement and the
contribution of this paper, Section 3 provides related literature review, Section 4 presents the proposed
system and framework design, while Section 5 presents the results and discussion. The conclusion and
the way forward is presented in Section 6. Preliminary results and early version of this paper was
presented at the IST-Africa 2019 (Awuor et al. 2019).

2. Problem Statement
The rural Africa community is typically characterized by poor infrastructure ranging from
inaccessible roads to limited electricity connection and poor Internet coverage. This coupled with low
literacy levels and the fact that most people involved in farming in the rural community are aged
population makes crop pest surveillance and control an uphill task but a necessity (Sine et al. 2010).
Besides, other issues such as language barriers and lack of accessibility to timely and relevant
information on pest identification, control and prevention makes farming in the rural community an
unrewarding venture (Togola et al. 2018). However, with ever increasing penetration of mobile phones
in these communities, we argue that we can leverage these phone owners (who are mostly farmers) to
assist in pest surveillance through a mobile phone based crowd-sourced platform. Thus, we propose a
platform built on farmers’ participatory sensing, SMS, USSD, pattern recognition and incentive design
where the farming community can report cases of pest using an SMS or USSD. Notably, some of the
farmers in these rural communities are professionals (such as local teachers or health practitioners etc.)
who in most cases possess smart phones. So in addition to SMS and USSD, we incorporate a mobile
phone based image recognition app that can automatically recognize pests in the farms “on-the-fly”
and send the information to the surveillance center. This way, a farmer with basic-feature phones (so
called “mulika mwizi” locally) can either report instances of crop pests through an SMS or USSD.
They can also send requests (through SMS or USSD) to the system so that a nearby field agent (so
called smart farmer) can be requested to assist with the pest identification. In return, the platform
provides farmers with free information on how to mitigate and control the identified pest. Besides, the
farmers are also referred to nearby local agro-vet store that stocks the relevant pesticides. It also
connects the farmers to the local agricultural extension service providers for assistance. To motivate
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field agents, who are essentially local farmers with smart mobile phones, to assist the local community
in pest identification, the field agents are rewarded with points (when they respond to a local farmer’s
request). These points can be accumulated and be used to buy calling airtime or data bundles for
internet (on a partnership with a local mobile service provider such as Safaricom or Airtel – in the case
of Kenya). Thus, we can be able to visualize the invasion and spread of any pest and control its effects
in the region.
To this end, objective of this paper is twofold. Firstly, we propose a framework for large scale AIS
pest surveillance and then we design a mobile phone based farmer centered pest e-surveillance system
for large scale crop pest surveillance in low-income countries such as Kenya. Secondly, we develop a
proof-of-concept for the proposed pest surveillance system and report on some of its experimental
results. This paper reports the initial stage of this AIS pest e-surveillance project that focusses on
identification of fall army-warm (FAW) pest in Maize, Millet and Sorghum in Western Kenya which
is currently a big challenge to the farmers in Sub-Saharan Africa. We look forward to leveraging the
proposed framework to build an e-surveillance platform for crop pests in Wheat, Millet, Sorghum,
Maize, Rice, and Cassava in the next phase of this project.

3. Related Work
Mobile phones can now be leveraged for offline and remote crop pest and disease diagnosis
through such tools such as machine learning, crowdsourcing and participatory sensing, computer
vision among others (Hughes & Salathé 2015). For example, PlantVillage platform developed in
(Hughes & Salathé 2015) is an open access repository of curated images on healthy and infected crops
leaves that is being used to identify and predict crop diseases. We explore this approach to build a
machine learning and crowd-sourced based mobile device crop pest detection and identification.
The study by (Camargo & Smith 2009a, 2009b) focuses on crop disease identification – in the case
of cotton – that involves segmenting and extracting features from the affected regions on cotton plant
which are used as inputs in the classification algorithm that is built on Support Vector Machine. The
features that are considered to add little on no information to the classifier are discarded so as to
improve the accuracy of the classifier. The goal was to leverage analysis of digital images collected
remotely to help the farmers to identify early symptoms of plant disease and to respond accordingly.
The plant disease identification proposed in (Smith) uses image texture due to its ability to guarantee
that patterns can always remain identical even when the preliminary conditions are changed e.g., when
due to different light intensity when a picture is taken.
The survey work done by (Singh et al. 2016) demonstrates that given the massive data currently
available on crop pests and disease – mostly from high-throughput imaging technologies including
satellite images sensor data of plants – can now provide a large corpus to build and train classifiers to
assist in plant disease and pest identification, classification, quantification and evaluation, and
prediction. Some of these algorithms can be found in (Singh et al. 2016). In achieving this, the plant
dataset is divided into two, i.e., the training dataset and the testing dataset, typically in the ratio of 0.8:
0.2 such that both the sets represent the entire population. The training set is used to calibrate or derive
the classifier so called the model while the testing dataset is used evaluate the performance of the
classifier. The next step is to validate the performance of the classifier on new set of data in regards to
accuracy, precision, recall etc. So long as the performance is deemed sufficient, the classifier can be
used on routine basis to identify, classify, quantify and even to predict given aspects of interest. Given
that the classifier would continuously be exposed to new set of patterns form new data, the classifier
updates itself and learns new insights that might have not been learnt in the initial training. Generating
of the classifier, also referred to us the learning process, can be done as supervised or unsupervised
depending on the problem to be solved and objective of the learning. The first case is where the model
is provided with label instances and thus uses these known cases to perform the classification or
identification while on the second case, the model is required to learn by itself i.e., without any guide
or labelled instance. (While extensive discussion on how to build a classifier is generally out of scope
of this paper, interested readers can consult machine learning references such as (Chi et al. 2016),
(Hashem et al. 2015), (Potena et al. 2016), (Saxena & Armstrong 2014) and citations there-in in
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addition to deep learning whose application in agriculture has exhaustively discussed in (Kamilaris &
Prenafeta-Boldú 2018) and (Mohanty et al. 2016).
The work in (Bauer et al. 2009) focuses on early and reliable detection of leaf diseases towards
improving productivity in precision agriculture using conditional random fields. They use nondestructive approach to investigate the evolution of sugar beet leaf disease over time. This proposed
algorithm demonstrates that with proper selection of features and enough dataset, leaf diseases can
achieve at least an accuracy level of 0.95. However, the algorithm does not focus on pixel-level
detection that could significantly improved the performance index of the algorithm. Similarly, (Wang,
et al. 2008) has proposed an artificial neural network based method that spectrally predict late blight
infections on tomatoes towards increasing efficiency of managing and controlling the disease
infestation to increase crop production.
Of all the literature reviewed, none focus on large scale surveillance of pests in remote regions
which is typically characterised with ill-developed infrastructure, high level of illiteracy, digital divide
and disproportionate gander-based access to technology in addition to strict cultural and religious
norms that great influence how people interact, access, use and adopt digital solutions. This scenario is
mostly witnessed in developing nations, such as Kenya, where any invasion of a crop pest and/or
disease causes massive losses before the government can even detect that there is a crop pest and/or
diseases invasion leave alone responding to provide a remedy to farmers. While providing a treatment
plan or extension services to the farmers is essential during an invasion and even to learn how to
mitigate such an invasion in the future, the first step has to do with knowing when the invasion
occured (including predicting the likelihood of its occurrence). Thus, this paper focuses on leveraging
the advancement in technology to empower the small-holder farmers in the remote locations in
developing nations to detect and report invasion. This way, these farmers can be provided with “justin-time” mechanisms to curb the pest invasion.

4. System Design
Farmers and consumers need healthy plants and quality plant products for consumption. Efforts to
improve plant health have been evolving with increased understanding of plant ecology and pest
management. In spite of success in controlling the crop pests, pesticides adversely affect public health
and environment (Luvisi et al.2016). Residues of pesticides in food crops have often been reported to
exceed their acceptable limits. Moreover, some crop pests have since built resistance to these
pesticides while for others such as Fall-Army Warm (FAW), there are no known effective pesticides.
However, by continuously scouting and monitoring the farm for crop pests, these pests can be
controlled and their effects mitigated. This process is defined as crop pest surveillance (Sharma et al.
2014). For the sake of clarity, crop pest surveillance in this paper (similar to (Sharma et al. 2014)) is
defined as constant watch and scout on the population dynamics of pests, its incidence and damage on
crops to forewarn the farmers to take up timely and necessary crop protection measures. (For the sake
of illustration, the performance of the proposed framework is evaluated on control of FAW.)
FAW is an invasive crop pest that is rapidly spreading and threatening food security across SubSaharan Africa and stands to exacerbate global poverty and hunger (Prasanna et al. 2018) (Day et al.
2017). FAW is known to attack at least 80 different plant species6 including rice, maize and sorghum
and can fly for nearly 1,000 miles under 30 hours speed (Bateman et al. 2018; Day et al. 2017;
Prasanna et al. 2018). This implies that FAW can easily migrate within neighbourhood farms in a short
time and can cause massive losses in the process. Thus mitigating FAW and controlling its effects has
to be a deliberate quick response in terms of noticing its invasion and being pro-active to contain and
control its spread. This must include communicating any noticed sign of its invasion among the
neighbouring famers so as to reduce its risk. Increasingly available digital technologies including
sensors, geospatial imagery and data analytics can be leveraged to allow smallholder farmers to gain
useful advice and make informed decisions (Bateman et al. 2018; Day et al. 2017; Prasanna et al.
2018). Thus, this paper proposes pest e-surveillance solution aimed to enable smallholder farmers and
those who support them to accurately identify incidences of FAW in their crop field, and to provide
6

http://www.enstartup.com/2018/07/05/three-ugandan-app-developers-shortlisted-usaids-fall-armyworm-tech-prize/
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timely, context appropriate, and empowering insights for smallholder farmers to treat the incidences of
FAW.
To this end, we propose a Digicult, pest e-surveillance digital platform that uses a mobile device,
image processing and crowdsourcing to help farmers effectively fight FAW invasion. Digicult
provides a digital training resource to train farmers through their mobile devices on detection and
prevention of FAW. The digital training resource supports crowdsourcing to ensure that farmers
without smart mobile phones can have access to the trainings through local smart-farmers, so called
field agents, who may have smart phones. Digicult also provides a monitoring mechanism to assist the
farmers in detection, monitoring and assessment of FAW outbreaks and threat levels in their farms and
in their neighbourhoods. This module collects regular inspection reports from farmers and performs
data analysis and image processing to detect outbreaks and threat levels. In addition, Digicult provides
treatment options when FAW is detected and preventive mechanisms to stop or control invasion of
FAW. This way, farmers in the neighbourhood where FAW has been detected can be alerted to be
cautious and to look out for possible FAW invasion in their respective farms and recommend
preventive mechanisms to these farmers. Moreover, Digicult collects, analyses and shares data on
FAW obtained from the interactions between the system and the farmers so as to establish the
behaviour of FAW in the different areas where it has been reported towards informing development of
strategies to mitigate it.
Though the Digicult platform is farmer centered and focuses on empowering farmers to curb FAW
and its effects, it is also a digital tool for extension workers, agro-vets store, local and regional
governments and other stakeholders working with farmers to combat FAW. In this regards, Digicult
has three components: a central server (web based database, so called web app), a mobile application
and SMS-USSD service. The Web based database, so called central server, hosts all the information
related to the platforms. For instance, it is used to monitor and visualize the outbreak and spread of
FAW. It is also used to connect local farmers with crowd-sourced local field agents to assist them with
local training and FAW detection. The database also registers and stores agro-vet details and
recommends to farmers the local agro-vets who may be stocking the pesticides to manage FAW.
Using the Digicult mobile app7, smart farmers are able to learn about FAW (detection, control and
prevention) and to educate their fellow farmers who may be illiterate or not having smart phones on
critical information about FAW. The application contains a light-end image processing module which
automatically detects FAW on the crop. The farmer only needs to position the phone’s camera on the
suspected crop pest and the application assists her to identify if it is FAW or not and also reports the
level of infection or damage. The mobile app also provides a geographical mapping (i.e., information
visualization) of FAW infection and spread reported in the platform and recommends and connects the
affected farmers with the nearest local agro-vets stores and extension service providers for assistance.
The app has a follow up mechanism to ensure that the farmers who report FAW cases are assisted and
that all farmers perform a regular FAW checks on their farms. The SMS-USSD8 module is available
for users who do not have smart phone and thus cannot access the mobile app. Through a simple
*384*422# code, the famers are able to create accounts, report FAW and to request for assistance in
their local languages thus allowing them to interact with Digicult platform.

7
8

Digicult android prototype is operational and can be download from https://bit.ly/2OEl9OR
User manual on how the Digicult SMS-USSD service operates can be accessed from https://bit.ly/2OEl9OR
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Figure 1. Mobile Phone based Pest Surveillance for Fall Army-warm
In the following section, we describe how the proposed solution works. The farmers, and local
agro-vets stores and extension officers are registered (capturing their names and locations) in the pest
e-surveillance platform. Farmers with smart phones who may want to double as field agents are also
registered. Now, when a farmer suspects an insect on a plant to be a pest, he has three possible options
to identify it and to get connected to the local agro-vet store or extension officer for assistance as
illustrated in Figure 1.
i.

Smart farmers (i.e., field agents) may install the pest e-surveillance solution, so called Digicult
app, in their phones and can identify pests while offline and automatically send SMS to the
system with information on the pest identified, the location where it is identified and the
mobile number of the field agent who has submitted the SMS.

ii.

The farmers can send an SMS with the word pest to a prescribed code that delivers the request
to the system. The system identifies the farmer and his location and sends a message to the
nearest field agent to go assist the farmer to identify the pest. Using the Digicult app in their
phones, the agent can identify the pest and send SMS to the system. The SMS contains the
pest identified, and the mobile number of the field agent and that of the farmer who had sent
the SMS request asking for assistance.

iii.

Lastly, the farmer can use an USSD, a short code that basically collects the insect’s observable
features which are then sent to the system and used to infer if the observed insect is a pest and
in that case which pest. In case of positive identifications of insects as a pest, the farmer is
referred to a local agro-vet that stocks the pesticide for the identified pest or gets connected
with a local extension officer for assistance. This would be somewhat an incentive for the
farmers to want to use the system. As mentioned a prior, the agents are rewarded with points
for every farmer that they assist on referral by the system (the points are intended to be
convertible to calling airtime or data bundles). Both the mobile app and the system backend
leverages machine learning and image recognition to identify insects as pests “on-the-fly” and
to deduce that an insect is a pest from the submitted USSD features respectively.

Farmers can use Digicult in four ways: to learn about FAW through the digital training content; to
perform a plant infection detection with the image processing assistant and to obtain a solution
recommended. Farmers also get connected to the nearby extension worker and to find nearby and
reliable agro-vets stores where they can purchase pesticides; and to monitor the spread of FAW in
nearby locations and in the region using the infection report map.
The digital training content is designed in close partnership with FAW expert and updated regularly
to make sure that the farmers are provided with the latest relevant information on FAW. The content
range from the recognition and detection of FAW invasion to the presentation of best agricultural
practices to prevent FAW invasions. The content is tailored to the location of the farmers to ensure
that the recommended practices are suitable and adoptable by the farmers, and in a language that the
farmers understand. The multimedia based FAW inversion detection tool assists the farmers to
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automatically identify FAW invasion “on-the-fly” from the pictures taken by the farmer during the
scouting. This tool also recognizes the stage of FAW invasion on the crop in order to recommend
effective treatment plan. The treatment recommendation uses artificial intelligence to learn from
previous experiences and FAW experts on suitable techniques given the location of the farmer, then
recommends a set of appropriate actions that can be taken by the farmer to combat the invasion. The
solution also provides a notification to farmers to inspect the farm for FAW if and when FAW has
been reported in the farmers’ neighbourhood. This way, farmers are able to detect FAW early when
FAW still has little damage on the farms. Farmers also have access to local and nearby vetted agro-vet
stores which are recommended to them to purchase pesticides. The agro-vet stores are preliminarily
vetted by Digicult during their registration and a system of customer review is used to ensure that the
quality of service offered by these agro-vet stores is acceptable.

5. Results and Discussion
Due to space limitation, only the results on detection and visualization of FAW invasion are
presented in this paper9. To detect FAW, the farmer opens the Digicult app and positions the camera
on the pest suspected to be FAW. If the pest is detected as FAW, Digicult provides the threat level and
automatically connects the farmer to a local agro-vet store and extension service providers to assist the
farmer. This is illustrated in the Figure 2 below. The local, regional and national governments, and all
the other stakeholders can view a report on the spread of FAW in the country using the visualization
map extracted from the database as shown in Figure 3 below.
In order to control the spread of FAW and reduce the risk of future humanitarian crisis, smallholder
farmers need improved access to immediate, accurate and actionable information on how to mitigate,
identify and combat the fall army-worm. Digital technologies can be utilized in expanding the
frontiers of information access in Sub-Saharan Africa.
The first problem encountered by farmers when fighting FAW is lack of reliable knowledge about
FAW and best farming practices against FAW. By providing digital trainings, Digicult ensures that
farmers receive reliable information on prevention, detection and treatment of FAW.

Figure 2. Detect of FAW and Farmer Training

9

The results on user registration, seeking help, FAW training i.e., web app and USSD, SMS and mobile app, can be accessed
from the user manual files stored in https://bit.ly/2OEl9OR that also contains the .apk source file of the proposed solution
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Figure 3. FAW inversion spread and visualization
The second problem encountered by farmers is lack of suitable communication equipment to stay
up to date on FAW. By providing digital trainings to farmers with smart phones, these famers can
share these insights with their colleagues who may not have smartphones through local social groups
such as farmers or religious forums. The third problem is the detection of FAW. By providing an
image processing assistant, Digicult can ensure that farmers are able to accurately identify FAW
infection in a short time. Moreover, Digicult connects the farmers with the extension workers that can
provide additional information and measures to contain the pest. Through the pest invasion info-graph,
farmers can also know when to scout their farm for possible pest invasion. From the preliminary
testing results (in Kakamega county, Lurambi sub-county in Kenya), the proposed pest e- surveillance
platform on FAW is noted to have the following impact: enables the farmers to effectively prevent
FAW attacks by following prevention practices; provides timely diagnosis of FAW and treatment
options; and makes it possible to visualize the spread of FAW towards immediate and rapid response
to its mitigation.
Digicult provides a monitoring module to assist farmers in the detection, monitoring and
assessment of FAW outbreaks and threat level. This module collects regular inspection report from
farmers and performs data analysis and image processing to detect outbreaks and threat levels with the
assistance of experts if needed. Then it provides actionable treatment to the farmers, connects them to
local experts (and agro-vet stores). It also provides visualization map for government and other entities
to assess and to map the spread of FAW in the region. We hope that through an e-surveillance pest
control platform such as Digicult, we will be able to change how farmers seek and access information
from traditional e.g., word of mouth to more reliable approaches like mobile based access. In addition,
we can change how the farmers and the government respond to FAW, that is, from crisis management
approach to preventive approach; and also be able to incentivize more researchers to focus on fall
armyworm given the availability of massive data collected by the system.
In summary, the local small-holder farmers and field extension officer thought that Digicult is a
good product with great potential of providing much need support to them. Farmers reported a genuine
appreciation for the the Digicult’s heat map feature due to its integration of access to local extension
officers. Female farmers reported that sometime they would wish that they are attended to by female
field agents crowd-sourced within their communities and not just some random person (worse male)
whom they do not even know. This was noted to be against culture and norms in some communities.
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While Digicult would simply connect the farmer who has reported an incidence of FAW with any
available agent to assist him/her with the identification of the pest, future design will ensure that
societal cultural norm such as same gender service support is provided.
Towards self-sustainability of Digicult, we envisioned that the farmers would pay some
subscription fee or usage fee whenever they use the service. However, field test with the farmers
indicated that they would not be willing to pay every time they used the solution as they considered it
highly prohibitive. This could prevent penetration and adoption of Digicult among the farmers. In this
regards, we may need to re-think and re-design a realistic business model that is cognizant of the
users’ characteristics. We notice that the typical business models adopted in most of digital solutions
may not necessarily apply in the context of small-holder farmers in developing nations who are not
only struggling with low penetration of mobile phones but other issues such as gender, culture, and
digital divides, in addition to low literacy levels and poor infrastructure. This is a potential area of
research as this would inform the adoption of digital solutions in these communities.

6. Conclusion
Data analytic tools and machine learning tools are providing a new and powerful mechanism to
offer farmers support and access to services that would otherwise be expensive to get such as remote
onsite diagnose of crop disease, identification of crop pests, and extensive service on control and
mitigation of these pests and diseases. This paper proposes a framework and design of digital solution
for large scale crop pest e-surveillance in low-income countries. Specifically, we propose a farmer
centric mobile phone-based digital solution for pest crop management, pest e-surveillance system for
fall army-worm. The solution leverages advancement in mobile technology such as big data and
machine learning, crowd-sourcing and participatory sensing, pattern recognition, SMS and USSD, and
incentive design. This way, we can assist small holder farmers in rural Africa to learn about crop pests,
to detect and respond to pest invasion, and to control the effects of such pest invasion by providing
timely, accurate, relevant and readily consumable information in the local languages of the farmers.
This also makes it easy to perform large-scale pest surveillance in the rural farming community.
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ABSTRACT
After several years of decline, dairy herd and milk production have started to rise from
2011. Considering the first growth phase, in current article we analysed the enterprises
operating in the dairy product manufacturing sector in the period of 2012-2016. Among
the principal financial indicators, we have chosen RoA and RoE to determine the general
financial situation of the enterprises and analyse the changes in the five-year period.
Based on the literature review we made our analysis by dimensions of enterprise size
categories. Income statement and balance sheet needed for calculating financial indicators
of enterprises have been downloaded from EMIS. Enterprises involved in our analysis
belonging to small, medium and large size category and mean representative sample as
this sample covers 30% of the total population. Share of sample enterprises from key
performance indicators is similar to the total population so we can consider our sample
representative also in this respect. Total assets value of enterprises analysed increased in
the five years under consideration, however, this growth is mainly due to the increase of
assets of large enterprises. The share of large companies from the total assets rose by 7%
during the five years (from 64% to 71%), while the share of small and medium sized
enterprises fell. Considering small enterprises, the total value of the domestic sales
revenue in 2016 declined by 30% below the level of 2012. In the first two years analysed,
a significant recovery of export revenues was noted, the total value export sales revenues
almost doubled from 2012 to 2014. Domestic sales revenues of medium sized enterprises
in 2016 show only a small percentage difference compared to 2012, but the trend of
export sales is similar to small companies. The increase of domestic and export sales
revenue of large companies is slight but continuous. Indicators of RoA and RoE show
dynamic increase for large companies during the five years. Medium sized enterprises
also experienced growth, however, in the last the years considered there was a fall. RoA
calculated for small enterprises became positive, but its value is volatile, while RoE
clearly show a continuing decrease.

1. Introduction
The economic importance of the agro-food sector in Hungary has been on a declining trend for
several decades. In 2016, the contribution of agriculture and food industry to GDP is 3,9% and 1,9%,
respectively (HCSO). Despite the share from GDP, agricultural food production is still the main
element to create value from soil (Schaller et al. 2018), its role in the national economy is indisputable,
to ensure healthy and safe feed and food and make contribution to the potential of rural areas are
among the national strategic plans. However, Hungarian companies operating in agricultural
1

Szilvia Botos
University of Debrecen
botos.szilvia@econ.unideb.hu
2
Róbert Szilágyi
University of Debrecen
szilagyi.robert@econ.unideb.hu
3
László Várallyai
University of Debrecen
varallyai.laszlo@econ.unideb.hu
4
János Felföldi
University of Debrecen
felfoldi.janos@econ.unideb.hu
doi: 10.17700/jai.2019.1.1.505
First author, Second author:: Title of paper (Calibri 9, Left justified)

45

Journal of Agricultural Informatics (ISSN 2061-862X) 2019 Vol. 10, No. 1:45-52

production and food industry face a difficult economic environment. Several economic factors (inter
alia the growth of input prices, high price pressure by retail chains, the slow pace of technological
upgrades and restructuring, heavy tax and administrative burdens, lack of horizontal and vertical
cooperation etc.) have adversely affected them (FM 2015). The output of Hungarian agriculture and
food industry was ~9.3 and 10.3 billion EUR (in current prices) respectively, in 2016. This
performance is far below the values registered in developed economies, where the production value of
food industry is two or three times higher than the production value of agriculture (VOSZ 2012).
Development of food industry is a strategic target in Hungary and for this aim analysing enterprises
operating in agro-food industry and measuring their performance are important research fields. Current
article presents a financial analysis of milk processing companies.
Milk production and processing is one of the main agro-food sectors in Hungary, and Hungarian
milk sector plays an important role in the Central-European region. Among Member States which
acceded the European Union as from 2004, Hungary has the second largest share (1.2%) from the total
EU-27 milk production, after Poland (6%) (Tacken et al. 2009). In 2016, the number of enterprises
operating in milk production and milk processing sector was 741 and 80, respectively. After a
decrease, the dairy herd has increased from 2011 onwards and since the low point in 2010 (309.2
thousand of pieces), the dairy herd size was almost 395 thousand of pieces in 2017 (HCSO). As
indicated by Vőneki et al. (2015), with the grow of dairy herd, concentration has also increased for
Hungarian milk producers. The last few years have also seen a growth in milk production, from 1890
million litres production in 2015 to 1915 million litres in 2017 (HCSO).
Despite growth and opportunities, challenges are expected for milk processing companies, one of
the main problems could be the environmental sustainability in the forthcoming period. (Chen &
Holden 2018). In the paper of Moyes et al. 2014) technology, which can help the transition from the
conventional to a new, innovative and sustainable production, is highlighted. One major drawback of
the small business size category, however, that it is difficult to fulfil the new technological conditions
for milk producing (Paura & Arhipova 2016). Research and development costs have a negative impact
on the innovation performance in the case of small and medium sized enterprises operating in the
Hungarian food supply chain (Török et al. 2018). Findings of Zhang et al. (2018) also point out
sustainability challenges milk processing companies have to face with, and authors carried out a model
for energy consumption. Competitiveness of milk processing companies may be increased through
cost reduction enabled by environmentally sound technologies (Vőneki et al. 2015). Innovation and
ICT are vital elements in the promotion of the competitiveness of milk producer and milk processing
companies. Innovation with management techniques and ICT potentials makes supply chain suitable
to react better for the increasingly sophisticated consumer demands (Dani 2015). The position of food
processing small and medium sized companies, however, uncertain and vulnerable since they suffer
severe economic and commercial disadvantages compared to large companies. Analysis of SMEs is
thus considered important and several analyses have been published on their economic, financial,
innovation and competitiveness. Some conclusions from these research papers are highlighted in the
section below. Tacken et al. (2009) analysed the difference between size categories of milk processing
enterprises and results showed a much higher realized return on assets in the case of large companies
compared to smaller ones. The role of economies of scale is also important at processing level, mainly
for mass-produced and thus less brandable products, where price is the main competitive factor (AKI
2016). Stup et al. (2006) analysed the performance of milk producing farms and ROA and ROE were
dependent variables in their research. Calsamiglia et al. 2018 worked out a stochastic model that is a
useful tool to assess and identify the results of short-term and long-term technological and economical
decisions to ensure economic sustainability of milk producing sector. Pérez-Gómez et al. (2018)
evaluated basic characteristics of 599 Spanish small and medium-sized enterprises in the food industry
for effectiveness and concluded that the investigation of the resources and position of these enterprises
has a key importance due to the significant role of the sector, in order to increase performance. Results
of financial analyses of the Hungarian milk processing sector made by Rózsa and Tálas are significant.
In their study (Rózsa & Tálas 2014) a competitive analysis is done by comparing financial statements
of 7 enterprises. By extending their analysis (Rózsa & Tálas 2016) the business value creation was
examined among leader milk processing companies.
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2. Methodology
Databases used for the analysis
The role of Hungarian regions in milk processing is illustrated by map visualization. Dairy cow
herd size and number of enterprises operating in milk processing sector were used from database of
Hungarian Central Statistical Office (hereinafter HCSO). Concerning territorial dimension, former
indicator was available on county-level (NUTS-3), latter on settlement level for 2016. Balance sheet
and financial statement required for calculating main financial indicators of enterprises operating in
milk processing sector were downloaded from EMIS database. Database established from EMIS was
compared with statistical data available in HCSO for two dimensions (size category and region). The
result showed that EMIS contained approximately 30% of the total number of milk processing
enterprises registered in HCSO and the division of sample enterprises is similar by both of two
dimensions to the population. In this way, sample can be considered representative.
Sample
Structured enterprise statistics is available in Eurostat database which enables to filter database by
different economic dimensions for individual sectors. The chart below (Figure 1) shows the share of
enterprises operating in milk processing sector to some indicators by size categories.

Figure 1. Share of key indicators of dairy manufacturing sector by enterprise size categories (Data
source: Eurostat)
It is apparent from Figure 1 that almost two-third of the enterprises belongs to the micro size
category, however, it plays a marginal role in the performance of the sector.
Because of the marginal role of micro enterprises in performance indicators and the low number of
micro sized enterprises in EMIS database, this size category was not evaluated. The small and
medium-sized and large companies were entered into our database, with representative number of
enterprises.
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Table 1. Summary table of key information on enterprises involved into analysis
Sizecategory

Number of
companies

Number of
employees

Share from
total assets

Share from
revenues

Small
Medium
Large
Total

17
12
7
36

282
1 384
4 293
5 962

5%
24%
71%
100%

4%
24%
72%
100%

Main data about the sample involved into the analysis can be seen in Table 1. Sample number by
size categories and the contribution of groups to the performance indicators are similar to the
population. According to the Eurostat database, 127 enterprises operated in milk processing sector in
2016, thus the sample (37 enterprises) covers 30% of the total population. Given that the growth began
in 2012, current study focuses on the period of 2012-2016. Database contained the two required
financial reports for enterprises analysed, for the term above.
Grouping and homogeneity
Standard Deviation calculated for values of RoA, RoE and export rate of enterprises involved into
the analysis was reduced through classification by size in each year. Two enterprises were excluded
from the data set because of their outlier indicator values. Groupings by size category dimension
lowered the value of Standard Deviation thus increasing the homogeneity of sub-samples created and
in this way the means calculated for the groups are more suitable to characterise the sub-samples.
Breakdown by enterprise size was the basis of our study since recent years have seen an increasingly
importance of functional analyses for assessing performance and making rural development or
business development decisions.
Financial indicators calculated
Data used for calculating the main financial indicators:
 Net sales revenue
 Export sales revenue
 Profit after income tax
 Total assets
 Total equity
Domestic sales, export sales, total assets, ROA and ROE indicators were used for describing the
general financial performance of milk processing enterprises and the results are presented by size
categories. The indicators were calculated as follows:



Return-on-Assets (hereinafter RoA) = profit after income tax / total assets
Return-on-Equity (hereinafter RoE) = profit after income tax / total equity

Export rate = export sales revenue / net sales revenue

3. Results
General evaluation of milk processing companies was done by two aspects. The first part presents
the location of milk processing enterprises and the share of cow herds by territorial dimension for the
total population using HCSO database. The second part outlines the general financial data calculated
from EMIS database by size dimension using some main financial indicators described above.
3.1 General information on Hungarian milk processing enterprises
To demonstrate the general situation of milk processing companies and determine regional
differences we used map visualisation (Figure 2) for the year of 2016. Enterprises operating and cow
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herd can be seen on the map. Former data was available on settlement level thus points show the
location of the enterprises. The latter was county-level cumulative data and used for presenting the
share of total herd.

Figure 2. Location of the enterprises operating in the dairy manufacturing sector and the share of dairy
herd by county (Data source: HCSO)
Black dots on the map indicate those settlements where at least one milk processing enterprise
operates, the size of the dots refers to the number of organisations (two or three). Database of HCSO
classifies 24 enterprises into Budapest by territorial dimension. Since it mainly means the head office
of the companies, authors searched one-by-one the location of the processing unit of these companies
and these settlements are marked on the map. The background colour of the county indicates the share
of the total cow herd. It can be seen the largest herd belongs to Hajdú-Bihar county (~50 thousand
head) and Bács-Kiskun county (~36 thousand head). Northern Great Plain, Southern Great Plain,
Central Transdanubia and Western Transdanubia have the largest number of milk processing
companies. Hajdú-Bihar county has the highest number of cows.
3.2 Overview on financial situation of Hungarian milk processing enterprises
First the tendency of domestic and export sales revenue was calculated from the financial statement
of enterprises analysed. Table 2 summarizes the changes in the two indicators for years from 2012 to
2016, compared with 2012 base year.
For small enterprises, the domestic sales revenue was 17 percent higher in 2013 than in the base
year, however, after 2013 it steadily decreased, and the value calculated for the last year under review
is 30 percent lower than the base year level. There was a significant increase in exports in the first two
year analysed; export sales revenues almost doubled from 2012 to 2014. It decreased in 2015 and
2016, however, did not fall below the level of 2012 as happened in the case of domestic sales.
Ratio calculated for domestic sales revenue of medium sized enterprises shows only a change of a
few percent compared to 2012, nevertheless, tendency in export sales revenue was similar to small
enterprises with lower rate of growth. A significant decline was observed in 2016 for export sales
trend and did not even reach the level of 2012.
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Table 2. The change of domestic and export sales revenues by enterprise size categories
Domestic sales revenue
Export sales revenue
(2012=100%)
(2012=100%)

Small

Medium

Large

Large enterprises witnessed a smooth and steady annual increase in their domestic and export sales
revenue. Further research should be undertaken to determine the causes and factors behind this
tendency; however, efficiencies of scale and economies of scale may be a possible positive factor for
predictable growth. Large companies have the potential supplying homogeneous products (sometimes
under identical cost conditions) in large quantities. In this way, large companies have the opportunity
to establish a long-term contractual relationship and become stable supplier, while small- and mediumsized enterprises the changes can be bigger. Economies of scale is affected by financial strength
among others and total assets of enterprises under review was analysed by size classes. The result can
be seen on Figure 3.

Figure 3. The change of total assets value of enterprises considered in the period of 2012-2016 by
enterprise size categories
Total assets value of enterprises analysed increased in the 5 years of observations, but this growth
resulted from an increase in total assets of large companies. The value of assets belonging to smalland medium sized enterprises did not substantially change. Regarding the share of assets, it means a
growth of 7 percent (from 64 to 71 percent) for large companies and a decrease of 2 and 5 percent for
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small- and medium-sized enterprises, respectively, from 2012 to 2016. Among main financial
indicators, RoA and RoE were investigated to determine the general financial situation and the
changes occurred in the period considered. Table 3 shows the change in the average of RoA and RoE
by size categories.
Table 3. The change of domestic and export sales revenues by enterprise size categories
change of RoA
change of RoE

Small

Medium

Large

The trend of RoA and RoE indicators show dynamic growth in the case of large companies.
Development achieved by 2016 was strong during the years analysed from negative values in 2012.
Medium-sized enterprises also seen an increase in RoA and Roe, however, the trend was not smooth
and in the two last years there was a slight decrease as well. The average value of RoA calculated for
small enterprises developed positively after 2012, but its value fluctuated, while RoE shows clear
trend for reduction. Latter is mainly resulted from the value of equity since besides the decreasing
trend in its value, it was negative which indicates that it did not reach even the value of subscribed
capital.
4. Conclusion
Current article is an overview on the general financial situation of enterprises operating in the dairy
processing sector. Based on the financial reports (balance sheet and financial statement) basic financial
indicators were calculated and their values were analysed for the period of 2012-2016. Result of
analysis based on the breakdown by size classes shows that the rate of growth and decrease could be
significant in a year. Growth rate of the large companies is slow; however, it is balanced and
predictable. Besides the positive trend, almost three quarters of the total assets is owned by them. This
tendency is affected positively by their financial stability and strength. Further examinations and data
collection is required to determine a complex and comprehensive picture about the sector and the
situation of the dairy processing sector among other food processing sectors. Furthermore, analysis of
additional factors (such as ICT usage characteristics) affecting the performance and effectiveness of
enterprises could also be useful identifying differences and supporting development of SMEs.
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ABSTRACT
The economic importance of goat production has increased worldwide during the last few
decades. Goats have many advantages that enable them to maintain their production under
extreme climate and geographic conditions. Among domestic ruminants, goats have the
highest capacity to effectively convert feed into meat and milk. Goat milk products are
considered to be the dairy products with the greatest marketing potential. Fermented goat
milk incorporating live probiotic cells represents a group of products with great prospects
in the future with regards to their nutritive and therapeutic properties.
Although goat milk products have numerous health benefits, they are rarely bought and
consumed in Hungary. The main objective of our empirical research was to analyse the
respondents’ perception and acceptance towards cottage cheese made from goat milk in
Debrecen, Hungary. The research method was blinded testing of cottage cheeses made
from cow, sheep and goat milk. The research has been carried out in the autumn, 2018
and beginning of 2019 with a sample of 202. Based on the results it can be stated, that
respondents had rather similar opinion (outlook, smell, taste, fatness and colour) on the
three tested cottage cheeses. The affordable price is almost the same, roughly 0.8 – 1.0
EUR/250 gr. Regarding the preferred way of consumption, respondents would eat the cow
and goat cottage cheese sweet while the sheep cottage cheese salty. This result might be
related to their natural characteristics. Our blinded test did not support the negative
stereotypes toward goat milk products. When marketing Hungarian goat cottage cheese,
its colour, outlook, fatness, healthiness, ways of consumption (recipes) and local
handmade nature should be emphasised.

Introduction

Milk is a prehistoric source of food for mankind produced by mammals to feed their infants
(Kanwal et al. 2004 in Rasheed et al. 2016). Milk plays essential role in our daily life. It is consumed
fresh and also in the form of various products such as yogurt, cheese, butter, etc. (Khan & Masud,
2013 and Sameen et al. 2010 in Rasheed et al. 2016).
Goat milk differs from cow or human milk in having better digestibility, alkalinity, buffering
capacity and certain therapeutic values in human nutrition and medicine (Haenlein & Caccese 1984;
Park & Chukwu 1989; Park 1994). The unique characteristics of goat milk have been fairly well
surveyed regarding nutritional value and health effects. The superior digestibility of goat milk, the
proper composition of fatty acids, protein and its content of bioactive compounds seem to give
properties suitable for treating or preventing certain medical conditions. Goat milk has beneficial
effects on malabsorption disorders and inflammatory bowel diseases. Goat milk contains higher
amounts of calcium, magnesium and phosphorous than cow and human milk. More medium chain
triglycerides and proteins occur in goat milk, and have been recognised as unique lipids and proteins
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with unique health benefits. The soft curd of goat milk may be an advantage for adult humans
suffering from gastrointestinal disturbances and ulcers. Goat milk is important for prevention of
cardiovascular disease, cancer, allergy and microorganism and used for stimulation of immunity. Goat
milk is recommended for infants, old and convalescent people (Haenlein 2004; Zenebe et al. 2014).
Comparing the biological value of goat, sheep and cow milk protein, Fenyvessy (2009) stated that
the protein of goat milk was the most valuable, followed by the protein of sheep and cow milk. The
ratio of essential amino acids was 46.7% in cow milk, 48.0% in sheep milk and 52.5% in goat milk
(Agnithori et al. 1993 and Fenyvessy et al. 2001 in Fenyvessy 2009).
Goat milk has predominantly smaller fat globules compared to cow milk and is easier to digest
(Fevrier et al. 1993; Jandal 1996; López-Aliaga et al. 2003; Ramos Morales et al. 2005; Olalla et al.
2009; Yangilar 2013).
Jenness (1980) reports that one of the most important contributions of goat milk to human nutrition
is the calcium and phosphate that it supplies. Human milk contains much less of these minerals. Goat
milk provides a great excess of Ca and P, in relation to energy to human infants. Both calcium and
phosphorus of goat milk are absorbed by the human infant.
Goat milk has been recommended as a substitute for patients allergic to cow milk (Taitz &
Armitage 1984; Park 1994; Guo et al. 2004; Yangilar 2013). 40-100% of patients allergic to cow milk
proteins tolerate goat milk (Zeman 1982; Park 1994). The uniqueness of goat milk, yoghurt and cheese
in human nutrition has several aspects: goat milk can be used for the treatment of direct or indirect
cow milk allergy (Grezesiak 1989 in Anaeto et al. 2010). Yangilar (2013) also emphasises that the
goat’s milk nutritional properties and lower allergenicity in comparison to cow milk, especially in
non-sensitised children, has led to an increased interest in goat milk as a functional food, and now it
forms part of the current trend to healthy eating in developed countries. However, Polgár (2009) and
Domonkos & Geiner (2009) indicate that the research results on this issue are rather contradictory.
Robinson (2001) also emphasises that further research and controlled trials using in vitro and in vivo
immunological techniques are needed to address the value of goat milk in cows milk protein
intolerance and lactose intolerance.
The higher proportion of medium-chain fatty acids in goat milk are known to be anti-bacterial,
antiviral, inhibit development and dissolve cholesterol deposits, and be absorbed rapidly from the
intestine (Shingfield et al. 2008)
1.1

Production and consumption of goat milk products in Hungary
Until the end of the 1990s, goat breeding in Hungary was relatively unimportant. However, new
demand for so-called alternative products meeting the requirements of healthy nutritional programmes
began to appear in the country, as well. Initially, this new demand was met with imported products,
since the national goat population and goat dairy products could not compete with imported products
(Marticsek et al. 1999). Due to many efforts, today, local goat milk and manufactured goat milk
products can meet any and all market requirements (Szigeti 2004).
The number of individuals and companies keeping goats as a livelihood generated income or
business reasons is probably a few hundred in Hungary. The number of farmers keeping some goats as
a hobby or providing the family with goat milk is probably a few thousand (Kukovics 2007a). There
are around 3-5,000 goat keepers in Hungary (the exact number is not known) and less than 80% keeps
less than 10 goats. The breeds mainly belongs to Hungarian breeds, but 10% stem from imported
breeds, such as Saanen, Alpine, Boer or Anglo-Nubian (Kukovics 2008a). Many poor people keep
goats in Hungary, in mainly underprivileged regions (Kukovics 2007b). The production level (and
number of animals), as well as keeping conditions are lagging behind the data for France, Spain, Italy,
Greece and the Netherlands (Kukovics 2008b). Production level of the sector is weak and has been
struggling with several problems for many years. The number of goat breeders and goats continuously
fluctuates and the data are patchy. With the growing importance of healthy nutrition and lifestyle,
growing demand is expected for goat milk and goat milk products that could contribute to the
development of the goat sector (Kocsisné Gráf 2011).
The main product of the goat sector is milk. The estimated goat milk production is around 3-5
million litre per year, but only 0.6 million litres are manufactured by milk factories. The main income
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of milk producing farmers comes from milk and manufactured goat milk products. It is common in the
sector that goat breeders sell the produced goat milk and self-made dairy goat products directly
(Hungarian Chamber of Agriculture 2017).
Mowlem (2005) in Csapó and Csapóné (2019) mentions that in the UK there is s considerable
prejudice against goat products. He assumes that goat milk would be described by almost everyone
who was not a goat enthusiast as ‘strong, smelly, salty or sweet’. The situation is rather similar in
Hungary.
Szigeti (2004) and Szigeti (2005) report on the results of an empirical research study carried out in
Hungary. Only a small ratio of respondents reported only very rarely buying and consuming goat dairy
products. The most often purchased product was cheese. The main reason for refusing goat dairy
products were: they did not like the taste of goat dairy products, they did not even know these
products, these products are not easy to find and buy. The main reasons for buying these products are:
healthiness, taste and quality. The respondents were concerned that goat dairy products were
expensive. The research revealed that respondents were not familiar with the available brands and
nutritional benefits of goat dairy products. Another empirical research study (Szigeti el al. 2014)
revealed that the opinion of Hungarian respondents had not changed much since the time of the
previous studies. Goat dairy products are still rarely consumed. The most preferred products are
cheeses, followed by cottage cheese. Goat dairy products should not be considered as mass products;
rather, its niche should be strengthened. In building up their image, primarily their tastiness,
healthiness and traditional nature should be emphasised, but their reliable Hungarian origin, as well as
their quality should also be pointed out.
1.2

Goat milk products: Cottage cheese
The chemical characteristics of goat milk can be used to manufacture a wide variety of products,
including fluid beverage products (low fat, fortified, or flavoured) and UHT (ultra-high temperature)
milk; fermented products, such as cheese, buttermilk or yogurt; frozen products, such as ice cream or
frozen yogurt; butter; condensed/dried products; sweets and candies (Ribeiro & Ribeiro 2010;
Yangilar 2013; Pal et al. 2017). Figure 1 shows the conversion of goat milk into main dairy products.
The high fat-content of goat's milk makes it very suitable for cheese-making, and so some delicious
cheeses can be made (Peacock 1996).
Cheese is a fermented dairy product, which has hundreds of varieties. It is probably the most
popular and well known value added dairy product (Pal 2014 in Pal et al. 2017). It is prepared from
milk with the help of specific enzymes, starter bacteria and organic acid. Cheese is classified into
various categories on the basis of appearance, manufacturing, ripening and chemical composition
(Walstra et al. 2006 in Rasheed et al. 2016). Natural cheese is normally categorised on the basis of
their moisture content or degree of softness or hardness. Cottage cheese is an example of soft cheese
(Rasheed et al. 2016). Cheese can be classified into two groups: fresh and ripened. Fresh cheese is
made from milk coagulated by acid or high heat and must be eaten quite soon after it is made or it will
spoil. Cottage cheese is the most familiar example, but the category also includes cream cheese,
Neuchatel, ricotta and mozzarella. Origin of the milk influences the flavour and aroma of a natural
ripened cheese. Goat’s milk gives the cheese a spicier and more piquant flavour than cow’s milk
primarily because of its fat has more caproic, caprylic and capric acid. These are fatty acids,
distinguished from one another by the length of their carbon side chains. The milk also influences the
colour of natural cheeses. The milk of sheep, water buffalo and some goats has little or no beta
carotene, a yellow pigment, consequently the cheeses made from them are basically white
(Kosikowski 1985).
The Agricultural Handbook No. 54 of the USDA describes over 400 varieties of goat cheese and
lists over 800 names of cheeses, which are mainly made from goat milk or combinations of goat with
other species milk such as cow, ewe or buffalo (Park 1990).
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Figure 1: Conversion of milk into dairy products
Source: Peacock 1996
“Cottage Cheese is a soft, rindless, unripened cheese in conformity with the General Standard for
Cheese (CODEX STAN 283-1978) and the Standard for Unripened Cheese Including Fresh Cheese
(CODEX STAN 221-2001). The body has a near white colour and a granular texture consisting of
discrete individual soft curd granules of relatively uniform size, from approximately 3–12 mm
depending on whether small or large type of curd is desired, and possibly covered with a creamy
mixture (WHO-FAO 2011:148)”. The raw materials can be cows’ milk or buffaloes’ milk, or their
mixtures, and products obtained from these milks (WHO-FAO 2011). Regarding raw materials, the
Codex Alimentarius Hungaricus (2008) specifies the milk of more animals, such as cows’, sheep’,
goats’ and buffaloes’ milk.
The permitted ingredients of cottage cheese are the following:
 Starter cultures of harmless lactic acid and/ or flavour producing bacteria and cultures of other
harmless micro-organisms
 Rennet or other safe and suitable coagulating enzymes
 Gelatine and starches: These substances can be used in the same function as stabilizers,
provided they are added only in amounts functionally necessary as governed by Good Manufacturing
Practice taking into account any use of the stabilizers/thickeners listed in section 4 of the Codex
 Sodium chloride and potassium chloride as a salt substitute
 Potable water
 Safe and suitable processing aids (WHO-FAO 2011).
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Carunchia Whetstine et al. (2003) emphasises that the flavour of dairy products, including cheese
has been extensively studied, but dairy products made from goat milk have not been studied to the
same extent as products made from cow milk. Products made from goat milk are typically
characterised by a waxy, animal flavour. The flavours in fresh cheeses are much more delicate that
those in aged cheese.

2

Material and methods

For analysing the perception and acceptance of cottage cheese made from goat, sheep and cow
milk, blinded test was used as a primary research method. Respondents were asked to test the 3
different cottage cheeses. The three cheeses had been purchased directly from local producers, so they
were handmade quality products. Respondents did not know what kind of cottage cheeses they tested.
The cottage cheeses were numbered (No.1: made from cow milk, No.2: made from sheep milk and
No.3: made from goat milk).
Characteristics (outlook, smell, taste, fatness and colour) of the 3 cottage cheeses were tested by the
respondents using Likert scale 1-10 (1 meaning the worst and 10 meaning the best). The affordable
price of 250 gr of the 3 different cottage cheese were also asked, as well as the preferred way of
consumption.
The survey was conducted in the autumn 2018 and the beginning of 2019 with the involvement of
202 respondents. Location of data collection was a postsecondary school and companies in Debrecen,
Hungary. Paper based data collection was carried out during the blinded test. Data were processed in
SPSS. Regarding statistical methods, mean, median, standard deviation coefficient (H) and coefficient
of variation (H2) were calculated. The coefficient of variation is the ratio of standard deviation to the
mean expressed as percentage. Coefficient of variation can be defined as the coefficient of standard
deviation with respect to mean which is generally expressed in terms of percentage. Coefficient of
variation is used to compare the variability of two or more series. Standard deviation coefficient (H) is
the square root of the coefficient of variation.
The introduction of the sample is shown in Table 1. It shows that the proportion of female to male
in the sample is almost two times higher. Regarding the age distribution of the sample, the proportion
of age group 15-24 is the highest. The place of residence is mainly city of county and town (36.6%
and 50.5% respectively). The highest level of school respondents have completed is secondary school
(59%). The perceived income level of respondents was average for most respondents (68.3%).
Table 1: Characteristics of the sample n=202
Gender
Male
Female

%
34
66

Age groups
15-24 years
25-35 years
36-45 years
46-54 years
55-64 years
65- years

33
15
24
14
6
8
Place of residence

Capital city
City of county
Town
Village

1
36.6
50.5
8.9

Educational level
Elementary school
Secondary school
University degree

13
59
28
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Perceived income level
Significantly under the average
Under the average
Average
Above the average
Significantly above the average

3
17.8
68.3
5
5.9

Source: own research, 2018, 2019

3

Results and discussion

Rasheed et al. (2016) carried out sensory evaluation of cottage cheese made from goat, cow,
buffalo and sheep milk. The samples were evaluated by a panel consisting of 17 members by using 9
point Hedonic scale of Larmond. As they report, goat milk cottage cheese has higher mean flavour
score as compared to the other samples. As they report, this result is similar to the results of Soryal et
al. (2004) and Mehanna and Hefnawy (1991). Texture of cottage cheese made from goat milk was
extremely liked by the panel of judges as compared to the other cottage cheese samples. The taste of
goat milk cottage cheese was more acceptable than the other cottage cheese samples. As regards aftertaste, cottage cheese made from cow and goat milk was more acceptable than that of buffalo and sheep
milk cottage cheeses. They report that this result is similar to the results of Adedokun et al. (2013).
Generally Rasheed et al. (2016) state that all cottage cheese samples were of desirable quality
attributes, but cottage cheese made from goat milk was more likeable compared to the ones made from
sheep, buffalo and cow milk.
Our respondents had to evaluate the three different cottage cheeses using Likert scale 1-10 (1 is the
worst and 10 is the best). Five different characteristics were evaluated by the respondents like outlook,
smell, fatness, taste and colour. The cottage cheeses were marked with numbers and were offered on
separate plates. Cottage cheese No. 1.: made from cow milk, Cottage cheese No. 2.: made from sheep
milk and Cottage cheese No. 3.: made from goat milk. When tasting the cottage cheeses respondents
were asked to fill in a questionnaire.
Evaluation of cottage cheese No 1 (made from cow milk) can be seen in Table 2.
Table 2: Evaluation of cottage cheese No. 1 n=202
Value
Characteristics
Outlook
Smell
Taste
Fatness
2.0
2.0
1.0
2.0
Minimum
10.0
10.0
10.0
10.0
Maximum
8.1
7.5
7.3
7.7
Mean
1.9
2.2
2.6
2.0
Standard deviation
Source: own research, 2018, 2019

Colour
2.0
10.0
8.5
1.9

Regarding cottage cheese No. 2 (made from sheep milk) the same evaluation system was applied,
results are shown in Table 3.
Table 3: Evaluation of cheese No. 2 n=202
Value
Characteristics
Outlook
Smell
Taste
Fatness
1.0
2.0
1.0
2.0
Minimum
10.0
10.0
10.0
10.0
Maximum
7.8
8.0
7.7
7.2
Mean
2.3
2.0
2.3
2.2
Standard deviation

Colour
2.0
10.0
8.2
2.1

Source: own research, 2018, 2019
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Results for cottage cheese No. 3 (made from goat milk) can be seen in Table 4.
Table 4: Evaluation of cottage cheese No. 3 n=202
Characteristics
Outlook
Smell
Taste
Fatness
2.0
1.0
1.0
2.0
Minimum
10.0
10.0
10.0
10.0
Maximum
7.8
7.1
6.5
7.4
Mean
1.9
2.3
2.6
2.1
Standard deviation
Value

Colour
2.0
10.0
8.3
1.8

Source: own research, 2018, 2019
Results of the empirical research show, that the means are the highest for cottage cheese No. 1
(between 7.3-8.5). The means are relatively lower in case of cottage cheese No. 2 (7.2-8.2) and the
lowest in case of cottage cheese No. 3 (6.5-8.3). It might reflect that cottage cheese made from cow
milk is the most commonly consumed in Hungary. Cottage cheese made from sheep and goat are not
so widely consumed. Regarding standard deviation, a low standard deviation indicates that the data
points tend to be close to the mean of the set, while a high standard deviation indicates that the data
points are spread out over a wider range of values. The standard deviation shows in all three cases that
our data are not homogenous. The results show that the perceived characteristics of the tested cottage
cheese were more or less similar for respondents, however the data were heterogeneous. This results is
in contrary with the findings of some previous studies (Park 2010 and Mowlem 2005), that goat milk
products have a “special smell or flavour”.
We wanted to know if there is any relation between the perceptible properties (outlook-smell,
smell-taste, fatness-taste, colour-taste). So we set up 5 null hypothesis (H0) and 5 alternative
hypothesis (H1). In the H0 we set that the two criteria are independent from each other. In the H1 we
set that the two criteria are not independent from each other. Table 5 shows the result. We can state
that the two criteria aren’t independent from each other and the strengthness of the relations between
the two criteria are moderately strong at every product.
Relations
outlook-smell
smell-taste
fatness-taste
colour-taste

Table 5: Relations between the tested criteria n=202
Cramer’s V
Cottage cheese No. 1
Cottage cheese No. 2
Cottage cheese No. 3
0.562
0.517
0.432
0.597
0.602
0.452
0.516
0.503
0.459
0.434
0.514
0.526

Source: own research, 2018, 2019
We asked our respondents how much they would pay for 250 gr cottage cheese? The mean was
0.88 EUR for cottage cheese No. 1, 1.00 EUR for cottage cheese No. 2 and 0.85 EUR for cottage
cheese No. 3. It shows, that respondents would pay the highest amount for sheep cottage cheese. They
would be willing to pay the lowest price for the cottage cheese made from goat milk. It could be
reasoned with the fact that goat milk products are not easy to buy, their price is high and they are not
widely known and consumed in Hungary.
We asked our respondents how they would eat the tested cheese. There were two options: sweet
(like vanilla flavoured creamy cottage cheese, cottage cheese dumplings, cottage cheese donut, etc.) or
salty (pasta with cottage cheese, cottage cheese spread, etc.). Results can be seen in Table 6. The most
preferred way of consumption is sweet for cottage cheese made from cow and goat milk. Sheep cheese
is basically salty, that might be the reason why respondents would consume it salty.
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Table 6: Preferred way of consumption of the tested cottage cheese n=202
Preferred way of Cottage Cheese No 1
Cottage Cheese No 2
Cottage Cheese No 3
consumption
(Percent)
(Percent)
(Percent)
Sweet
64.9
24.3
52.9
Salty
35.1
75.7
47.1
Total
100.0
100.0
100.0
Source: own research, 2018, 2019

4

Conclusions

Goat milk products are not among the everyday consumed dairy products in Hungary due to
several reasons. Among these reasons we have to point out that these products are not easy to
purchase, since they can be purchased mainly directly from the farmers or at large supermarkets. The
price of these products is relatively high and last but not least they said to have (or at least believed to
have) a special “goaty” flavour and smell. Our empirical research with a sample of 202 in Debrecen
region, Hungary explored that the perception of goat cottage cheese regarding its outlook, smell,
fatness, taste and colour is rather similar to the tested cow and sheep cottage cheese. The price our
respondents would be willing to pay was the lowest for the goat cottage cheese. Regarding the
preferred way of consumption, it is rather similar for the tested cow and goat cottage cheese. The
cottage cheese made from sheep milk would be consumed salty by the respondents. Based on these
results we can state that the perception of goat cottage cheese was just slightly worse than of the tested
cow and sheep cottage cheese. Even its smell was not perceived as a negative feature. Our respondents
were willing to pay the lowest price for the goat cottage cheese (0.85 EUR/250 grams). We can
suppose that this price reflects that goat milk products, as well as their price are rather unfamiliar for
Hungarian consumers. The goat milk as an excellent food source is undeniable. When marketing
Hungarian goat cottage cheese, its colour, outlook, fatness, healthiness, ways of consumption (recipes)
and local handmade nature should be emphasised.
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