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An offer of the existing expert systems (ES) for crop production in our
country is presented. It was established that the recommendation
decision support systems in plant protection are ES-like, since they
comprise components typical of ES. The DSS formulate recommenda-
tions solving problems concerning justification of protective treat-
ments. Thus such DSS behave similarly to the ES. The availability of
the information from the ES in plant protection is still scant in our
country. It is necessary to develop new ES for the most important
crops. Interpretation of the EU provisions allowed stating the need of
presenting the integrated pest management issues in a wider scope of

the integrated crop production. The multifaceted scope of these issues
calls for a multidisciplinary handling of the ES development: coopera-
tion of agronomists, phytopathologists, plant-protection specialists,
meteorologists, economists, agricultural advisers, farmers as well as
specialists in databases, software engineering, artificial intelligence,
etc.

Introduction

The Common Agricultural Policy (CAP) of the European Union has been executed in
Poland since 2004. The main priority of the CAP is providing the EU citizens with food
safety and attaining sustainable development of agriculture with particular attention to the
environment. In recent years a lot of attention has been paid to limit excessive use of pesti-
cides in agriculture (Duer et al., 2004).

Pursuant to applicable law, crop protection products must be used according to the inte-
grated pest management principles (Wolny, 2012), which requires specialist knowledge on
the biology of pests and the host, environment, crop protection products properties, etc.
Using all available pest management methods, especially non-chemical ones, is one of the
main principles of the integrated pest management (IPM). The non-chemical methods do
not completely eliminate the population of pests, but they limit their development and fa-
vourably influence the biological balance, which favours natural mechanisms of protection
against pests (Wolny, 2012; Zaliwski, 2013a). Another important principle is a rational
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selection of the crop protection product preceded by a detailed analysis of the crop condi-
tion. The analysis should include the variety susceptibility, growth stage of plant and pest,
the size of the infection source, atmospheric conditions, properties of the protection prod-
uct, rotation of products with various action mechanisms, and occurrence of pest forms
resistant to particular crop protection products (Nierdbca et al., 2010; Zaliwski 2013a). The
need to include so many factors makes the integrated pest management difficult to be used
by specialists, especially if several diseases infest the crop simultaneously (Urnanska et al.,
2010; Zaliwski, 2013a). In many European countries, including Poland, IT tools are more
and more often used for decision support in crop protection (Lipa, 1999; Hosstgaart and
Wolny, 2002; Mahaman et al., 2003; Thomson and Willoughby, 2004, Kozlowski et al.,
2011). Complex systems in the form of interactive computer programs, which use databases
and algorithms, are created. Also, systems for many users which transfer information on the
need to perform a treatment directly to a farmer via the Internet and SMS are very popular
(Hosstgaart and Wolny, 2002; Nierobca, 2009). Nowadays, dynamically developing neural
processing techniques create new analytical opportunities. Artificial neural networks can
analyse not only the numerical data collections which come e.g. from experimental re-
search, but also fuzzy sets, which is characteristic of a human brain. The research carried
out on the use of neural techniques in agricultural practice shows great possibilities for their
use in the integrated pest management (Boniecki, 2007).

The objective of the paper is to describe the offers of expert systems for decision sup-
port in integrated pest management and to indicate possible trends of their development.

Legal basis for integrated pest management

Issues concerning the pest management were regulated in detail by Directive
2009/128/EC of the European Parliament and of the Council of 21st October 2009, which
sets forth the frames for the community operation for the sustainable use of pesticides, and
the Regulation of the European Parliament and of the Council (EC) no. 1107/2009 of 21st
October 2009 concerning the placing of plant protection products on the market and repeal-
ing Council Directives 779/117/EEC and 91/414/EEC. The Member States of the European
Union are obliged to introduce the integrated pest management not later than on the 1Ist
January 2014 (Wolny, 2012). Regulation 1107/2009 EC (art. 1 and 55 and enclosure III)
determine general guidelines for using crop protection products, according to the integrated
pest management principles.

According to the EU documentation, general principles of IPM are as follows:

1. Non-chemical methods are favoured over chemical methods if they ensure a sufficient
protection against pests.

2. The non-chemical methods except for biological, physical and mechanical protection
treatments include:

a) the use of crop rotation,

b) the use of relevant agrotechnology,

c) the use of resistant or tolerant varieties as well as qualified seeds and planting stock

pursuant to the provisions on seed production,

d) the use of the sustainable fertilization, liming, irrigation and melioration,

e) the use of substances which prevent introduction of harmful organisms,

f) creation of conditions which favour beneficial organisms and their protection,
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g) preventing the spread of harmful organisms through the use of phytosanitary means,
such as regular cleaning of cultivation machines and tools,
h) the use of crop protection products in a way which limits the risk of harmful organ-
isms’ resistance.
The above principles show that full implementation of the IPM is not possible without
placing it in the context of the integrated crop production management.

The expert system in plant protection

The expert system (ES) is generally a computer information system which uses the ex-
pert knowledge for solving complex problems within a narrow field with a result not worse
than one reached by a human expert (Mulawka, 1996; Turban et al., 2010). Basic elements
of the expert system are as follows (Boniecki, 2007):

1. Knowledge base, which includes knowledge necessary to solve problems.
2. An inference engine (inference means determination of new facts from the knowledge
base and the set of initial facts, declared by the expert system user).

Except for those two basic elements in the ES there are auxiliary elements:
Permanent and variable database.

The system which explains the strategy of the inference leading to a solution.
The knowledge base editor.

The user interface.

bl S

In the early expert systems “if-then” rules were used for storing knowledge. Second
generation ESs combine various methods of knowledge representation and inference, e.g.
“if-then” rules with fuzzy logic, neural networks or genetic algorithms (Turban et al.,
2010).

If the solutions provided by the ES are designed for decision support, then it becomes
a decision support system. And reversely, a DSS may integrate the results obtained from
many ESs or include only some components of the ES in its architecture. The use of ESs
for decision support is limited to specific problems and is preconditioned by the following
assumptlons (Kisielnicki and Sroka, 2005):

decision must depend on the well defined set of variables,

— values assumed by these variables must be known,

— the impact of particular variables on the decision must be known,

— the problem must have solutions, which may be defined at the beginning,
— the inference logic is determined in advance,

— the expert is able to articulate the manner of solving the problem.

In the ES for the integrated pest management, the knowledge base includes practical
knowledge acquired as a result of long-term experience and the results of the most recent
research. It should also include the applicable law. Construction of such a system requires
the cooperation of integrated protection experts and of modelling and IT specialists. In the
integrated pest management, the ES in a “pruned” form may be used for decision support,
where, through the interface, the user usually has an access only to the solutions of the
problem provided in the form of recommendations. The system which explains the infer-
ence strategy is omitted and only administrators use the knowledge base. The ESs operating
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in the integrated pest management may be defined as open expert systems: they are sup-
plied with the current weather data processed by the advanced mathematical models and
rules, which constitute their knowledge base. In plant protection, mathematical models
constitute a very valuable tool for determination of recommendations, since, due to the
mathematical description of decision options and their results, the selection of the optimal
option is possible from among a great number of choices. That usually exceeds the skills of
an expert on account of the time limit. These systems, however, require thorough hand-on
experience to get acquainted with the principles of their operation. Therefore, simplicity —
easy operation and interpretation of results — is the main principle in designing agricultural
ES. The implementation and maintenance of the system and its further development require
constant inflow of current data, improvement and development of new models, moderniza-
tion of software, etc. Success in making the system popular depends on the relevant adver-
tising and training (Skwarcz, 2009; Zaliwski, 2013b).

Deployment of expert systems in practice

The rules of integrated pest management are successfully implemented in horticultural
crops and orchards, particularly those under cover. In the nineties, which was the initial
period of IPM implementation, human expert knowledge was mainly used. At present,
more and more often meteorological DSSs equipped with components typical of expert
systems, as well as actual ESs, are used. The system of early signalling in the protection of
apple orchards against apple tree scab Venturia inaequalis is an example of a meteorologi-
cal DSS intended for on-farm operation (Doruchowski, 2005). An algorithm which deter-
mines the probability of infection and the date of a preventive anti-fungi treatment is based
on the criteria of the modified Mill's table. It includes air temperature and humidity, pre-
cipitation, and the time of leaf moistening. Another system "SadEkspert" includes almost
all fruit tree varieties and enables recognition of approx. 120 of the most important pests.
They are presented in the form of pictures, and the database of the program contains over
70 products against pests and diseases (Boniecki, 2007).

For crops under cover, where environment may be controlled much better, special
guidelines for the integrated pest management were developed. They allow efficient reduc-
tion of pests with simultaneous sustainable use of pesticides. The guidelines may be easily
implemented due to such expert systems as ES "Integrated cultivation of tomato under
cover", which was developed at the Institute of Horticulture (Adamicki et al., 2013). This
system, among few others in Poland, was made available on the Internet for free-of-charge
use. It enables the determination of the causes of the observed disorders with regard to the
growth and development of the tomato plant caused by non-infectious agents, as well as the
causes of damages to plants by fungi, bacteria, virus diseases and pests. The user session
starts with a selection of the key, which enables determination of the above-mentioned
agents. Using the key comes down to answering either "Yes" or "No". After the agent has
been recognized, the user can read a description and look at the pictures of particular disor-
ders or damages in order to confirm the diagnosis and recommendations for prevention and
control of the observed irregularities.

Another ES is designed for recognizing beetroot pests in the vegetation period and ena-
bles the user to determine a suitable method of their control. Decision assumptions were
developed here in the form of rules and facts and a photographic knowledge was made
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available in the multimedia form: pictures, sounds and film sequences. The user carries out
a dialogue with the system. The system may connect with external modules to extend its
repertoire of the presented information. For groups specializing in vegetable growing, the
Internet is an important source of obtaining and transferring agricultural information (Cu-
piat, 2010).

For large area crops an advisory system "Rzepinfo" was developed. It enables complex
protection of the winter rapeseed plantation (Koztowski and Weres, 2007). Rzepinfo may
provide information on the varieties of winter rapeseed, seed dressing, pests and diseases,
which cause the greatest damage, crop protection products, etc. It supports identification of
pests based on their morphological structure and diseases based on characteristic damages
to plants, enables selection of varieties, crop protection products and supports planning of
protection treatments. For Rzepinfo system, fast identification methods with regard to pest
and diseases of winter rapeseed were developed, using decision trees. They do not require
specialist knowledge.

IPM DSS |
Explanation system ———» [ User interface 1

f

< Inference engine )
i) /
( Data input module 1

e
D=

Figure 1. Architecture of the Internet integrated pest management decision support system
(IPM DSS)

Knowledge
base
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"The Internet integrated pest management decision support system” (IPM DSS) is an
example of the DSS which uses almost all components of the expert system except for the
explanation system (fig. 1). Work on the system development has been initialized at ITUNG
in Putawy in 2001 in cooperation with the Danish Institute of Agricultural Sciences, which
provided prototypes of disease models (Hosstgaart and Wolny, 2002). Moreover, the fol-
lowing institutes participated in the project: IOR [Institute of Plant Protection] in Poznan as
well as IHAR [Plant Breeding and Acclimatization Institute] in Radzikoéw and Bonin, and it
was supported by PIORIN [State Inspection of Plant Protection and Seed Science] in War-
saw, LODR [Lublin Agricultural Advisory Centre] in Konskowola and IMGW [Institute of
Meteorology and Water Management] in Poznan. The cooperation resulted in the develop-
ment of the Polish version of the system (components concerning cereals and potato protec-
tion) and its verification in Polish conditions (Wolny et al., 2003; Horoszkiewicz-Janka et
al., 2005). The main assumption of the IPM DSS (2013) is a precise use of economic
thresholds in the models of diseases in order to generate recommendations concerning the
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need to carry out a treatment. Economic thresholds were verified in field experiments in
various environmental conditions for various diseases (Horoszkiewicz-Janka et al., 2005;
Wolny et al., 2005). Moreover, the system enables an interactive access to information on
varieties and crop protection products, included in the databases. Figure 2 presents the
sequence of analyses in the system.

IPM DSS System

Ttreatment need «
calculation —
\, Selection of pesticide |-

\—/ / Field assessment
Database

E— Dose calculation <E—

Recommendation €

Figure 2. The sequence of operations performed in the Internet Pest Management Decision
Support System

The most important elements included in the IPM DSS are:
— growth stage of cereals (acc. to Zadok),
— infection degree (number of plants with symptoms of infection expressed in %),
— variety resistance to disease,
— weather conditions,
— effectiveness of pesticides.

For determination of the date of performing the first treatment against potato late blight,
the IPM DSS includes the internet application which implements the "Negative prognosis"
model. The system generates daily and accumulated risk values, compiled in a table from
the day of potato emergence to the day of simulation. Operation of the application consists
in the selection of two parameters: the date of potato emergence and the locality of the
meteorological station closest to the potato field.

The webpages of the [IUNG-PIB [Institute of Soil Science and Plant Cultivation — State
Research Institute] include also models for determination of the need to carry out a protec-
tive treatment against eyespot and septoria of winter wheat (Zaliwski and Nierdbca, 2007;
Zaliwski and Nierdbca, 2010). Recommendations concerning the protection treatment de-
pend on the calculated risk of crop damage, representing a resultant impact of various fac-
tors (fig. 3). The risk of damage is measured against the scale of three values: small, aver-
age and high. In these models and in all models of the IPM DSS, representation of
knowledge with the use of rules "if-then" was used.
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Figure 3. Interactive application to assess the risk of Pseudocercosporella herpotrichoides
infection (www.dss.iung.pulawy.pl/Documents/ior/pseudocercosporella.html)

Conclusion

The Polish agriculture is presently at the stage of implementation of the integrated pest
management principles. The use of the IPM cannot be effective without the use of innova-
tive solutions, such as expert systems, which allow exhaustive analysis of a decision situa-
tion based on the local data. Currently, the offer of expert systems with regard to the inte-
grated pest management is still quite poor in our country. Of the few ESs offered most are
available as one-user systems, but there are also ESs for many users available on-line. The
existing DSSs in the integrated pest management use components of expert systems. It
results from the fact that obtaining information for formulating a recommendation requires
solving a problem on the treatment justification. Solving such problems lies within the field
of expert systems application.

In order to meet the requirements of the EU, there is a great need to carry out work on
the expert systems in the integrated pest management for the most important crops in the
country. They must take into account the context wider than the plant protection, including
issues of the integrated crop production. Multi-faceted nature of these issues requires
a multi-disciplinary approach at the development of knowledge bases — cooperation of
agronomists, phytopathologists, plant protection specialists, meteorologists, economists,
etc. as well as practicioners: agricultural advisers and agricultural producers. Ensuring high
technological standard in this field requires the cooperation of computer specialists: data-
base developers, software engineers, specialists in artificial intelligence, etc.
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SYSTEMY EKSPERTOWE JAKO NARZEDZIA
WSPIERAJACE DECYZJE W INTEGROWANEJ OCHRONIE ROSLIN

Streszczenie. Przedstawiono istniejaca w kraju ofertg systemow ekspertowych (SE) dla produkcji
ro$linnej. Stwierdzono, ze rekomendacyjne systemy wspomagania decyzji (SWD) w ochronie roslin
sa SE-podobne, poniewaz wykorzystuja komponenty wlasciwe systemom ekspertowym. SWD formu-
luja zalecenia rozwiazujac problemy dotyczace zasadnos$ci wykonania zabiegu ochronnego, zachowu-
ja si¢ wigc podobnie jak SE. Dostgpnos¢ informacji pochodzacej z SE w zakresie integrowanej
ochrony roslin jest jeszcze w naszym kraju niewielka. Konieczne jest opracowanie nowych SE dla
najwazniejszych upraw. Interpretacja przepisow UE pozwolilta stwierdzi¢ potrzebg ujgcia zagadnien
integrowanej ochrony roslin w szerszym konteks$cie integrowanej produkcji roslinnej. Wieloaspekto-
wo$¢ zagadnien integrowanej produkcji roslinnej wymagac¢ bedzie multidyscyplinarnego podejscia do
budowy SE: wspotpracy agronomoéw, fitopatologdw, specjalistow od ochrony roslin, meteorologow,
ekonomistéw, doradcow rolniczych, producentow rolnych, a takze specjalistow od baz danych, inzy-
nierii oprogramowania, sztucznej inteligencji, itd.

Slowa Kkluczowe: system ekspertowy, system wspomagania decyzji, integrowana ochrona roslin,
integrowana produkcja roslinna
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