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Introduction

Expert system can be defined as atool for information generation from knowledge.
Information is either found in various forms or generated from data and/or knowledge. Text,
images, video, audio are forms of media on which information can be found, and the role of
information technology isto invent, and devise tools to store and retrieve this information.
Satidicd information is a good example of information generated from data while advises
generated by an expert system is agood example of information generated from knowledge.

At the beginning, the concentration was mainly on textual information. Informeation
technology used for textud information ranged from paper archiving toal to the
sophisticated e ectronic computer software tools such as data base management systems,
and hypertext tools. Images were very difficult to be included in an information system just
few years ago till the scanners technology has been advanced together with the invention of
the optical storage devises which have the capacity to store hundreds of mega bytes. This
technology has enabled the developers to include images in their sysems. Input peripherds
to capture video and audio information have been also commercidized and are now
available in the market. Storage of audio and video would be impossible unless large
storage mediawere invented.

The advances in data processing have led to generating efficiently information from data.
Software tools and methodol ogies have been developed in the field of Satistics and data
anaysisto process data and to let these data more informative to users who need them.
Data base management systems have a so contributed to efficient data storage, processing,
and retrievdl.

Theinformation is Sometimes generated from knowledge and experience. When an expert in
aspecific area gives an advice to aless experienced person, he/she actua uses hisher
knowledge and experience to generate this piece of information. Thisis avery precious
piece of information because it is generated after long time of work and experience, and
interaction with other experts and practitioners. Sometimes, this piece of information is not
included in any form: text, audio, video, or other. Even if it isincluded, it is not linked with its
scientific origin, especidly if it isacombination of different domains, and methods. This piece
of information gets more precious if it is the result of solving aproblem which different
pecidigs participate in its solution. In this casg, it isrardly to find this piece of information in
any text. Expert systems technology can play a very important role in generating information
from knowledge.



This chapter iswritten to present different aspects related to agricultura expert sysems
namey: why expert system in agriculture, what gpplications have been developed, how these
gpplication have been developed, and what research issues should be addressed

Need of Expert Systems in Agriculture

The need of expert sysemsfor technicd information transfer in agriculture can be identified
by recognizing the problemsin using the traditional system for technical informetion transfer,
and by proving that expert systems can help to overcome the problems addressed, and are
feasible to be devel oped.

Information Transfer Problems

Static Information: Examining the information stored and available in the agriculture
domain revedled that thisinformation is static and may not respond to the growers need. All
extenson documentations give general recommendations because there are many factors if
taken into consideration , so many different recommendations should be induded in the
document.

Specialties I ntegration: Mogt of the extension documents handle problems related to
certain specidty : plant pathology, entomology, nutrition, or any other specidty. Inred
Stuations the problem may be due to more than one cause, and may need the integration of
the knowledge behind the information included in the different extenson documents and
books.

Combination of more than one information source: Images may need sometimes an
expert to combine other factors to reach an accurate diagnosis, and even if adiagnosisis
reached, the treetment of the diagnosed disorder should be provided through extension
document.

Updating : Changesin chemicas, their doses, and their effect on the environment should be
considered. Updating this information in documents and distribute them takes long time. The
same arguments can be made for audio tapes that are another form of extension documents
but in voice instead of written words. Video tapes are more stable than other media as the
information provided through the tape describes usualy well established agricultura
operations. However, if the tape includes information as what is commonly included in
documents and audio tapes, thisinformation should be updated.

I nformation unavailability : Information may not be available in any form of media It is
only available from human experts, extensionists, and/or experienced growers. In addition,
the information transfer from specidists & scientitsto extensonist and farmers, represents
abottle neck for the development of agriculture onthe nationa level. The current erais
witnessing avast development in dl fidds of agriculture. Therefore there is aneed to transfer
the information of expertsin certain domain to the generd public of farmers, epecidly that
the number of expertsin new technologiesislesser than their demand.



Suitability and Feasibility of Expert Systems

The problems dready raised can to large extent be solved usng expert systemsto generate
the information to the growers by using its knowledge base and reasoning mechanism
acquired from human experts and other sources.

The expert system generates the advice based on its knowledge base and its reasoning
mechanism that are actudly behind dl developed extension documents, and more.
Consequently, when auser enters the data of hisher plantation to the system, the
appropriate advice is generated. There are no limitations on the number of generated
recommendations. Therefore expert system overcomes the problem of gatic information
provided in extension documents.

The knowledge acquisition process for building an expert system, facilitates the integration of
knowledge and experiences of different specidties. For example, an agriculturd diagnostic
expert system requires the integration of specidists in nutrition, plant pathology, entomology,
breading, and production. Therefore, when a problem occurs, the system can help the user
in identifying the cause of the problem in a much more efficient way than consuting a
document that handles a specific problem.

Expert systems can be integrated with other information sources such as images bases
and/or textua bases to make use of these sources. For example, images can be used for
describing symptoms asitis very difficult and very confusing to describe them in words.
Images can aso be used for confirming the diagnosis of the cause of a certain disorder.
Expert systems can dso be integrated with textual data bases that may be the extenson
documents related to the speciaty and/or commodity handled by an expert system. This
textual data base can be used for explanation purposes of basic terms and operations. It
can aso be used to confirm the reached conclusion in some Stuations.

The updating problem is aso found in expert systems. However, the knowledge base can

be maintained more efficiently than maintaining manua documents. The problem of

updating the versonsin the field can be iminated in case that the expert systems are

stored on a central computer and accessed through a computer network.

The undocumented experience and knowledge can be acquired and stored in the knowledge
base of an expert system for a certain speciadty and/or commodity. This experience can be
availableto dl growers usng the system. The feedback from the usage of the system can be
used as a source of information when anayzed by researchers, the knowledge behind it can
be identified, and the knowledge base can be updated continuoudy. Expert systems can aso
help in overcoming the problem of the relatively few numbers of experts relative to the
demand from the growers. Expert systems technology can help to transfer the information of
experts, and experienced growers to farmers through the extenson system.

Historical Account

K nowledge- based expert system technology has been applied to avariety of agricultura
problems. since the early eighties. The following paragraphs present how expert systems



were consdered in agriculture in the eighties. The papers have been sdlected to represent
different applications and to be easily obtained by interested readers.

The expert system applied to the problems of diagnosing Soybean diseases (Michdski et d.,
1983) is one of the earliest expert systems developed in agriculture. A unique feature of the
system isthat it uses two types of decison rules: 1) the rules representing experts diagnostic
knowledge, and 2) the rules obtained through inductive learning from severd hundred cases
of disease. Experimentd testing of the system has indicated a high level of correctness of the
system’s advice ((in an experiment involving afew hundred cases, gpproximatey 98% of
the diagnosis were correct.

POMME (Roach et d,, 1985) is an expert system for gpple orchid management. POMME
advises growers about when and what to spray on their gpples to avoid infestations. The
system aso provides advice regarding trestment of winter injuries, drought control and
multiple insect problems.

COMAX (Lemon, 1986) is acrop management expert system for cotton which can predict
crop growth and yield in response to externd weether variables, soil physica parameters,
soil fertility, and pest damage. The expert system isintegrated with a computer modd,
Gossym, that smulates the growth of the cotton plant. Thiswasthe fird integration of an
expert system with amulation modd for daly use in farm managemen.

In 1987 expert system technology was identified as an appropriate technology to speed up
agricultura desert development in Egypt (Rafeaand El-Beltagy, 1987). The paper has
discussed the importance of gpplying expert systemsin agricultura desert development in
Egypt and suggested an integrated structure of an R&D unit to develop and maintain an
efficient use of these systems.

CALEX system ( Plant, 1989) has been developed for agriculture management. It is
domain independent and can be used with any commodity. CALEX conssts of three
separate modules. an executive, a scheduler, and an expert system shell. The executive
sarves as the primary interface to the user, to models, and to the disk. The scheduler
generates a sequence of management activities by repeatedly activating the expert system.
The expert system makes the actud management decisons. Initid development of the
system has focused on the development of a package of modules for Cdifornia cotton and
another package for peaches.

In the nineties, severa expert systems have aso been developed. A sample of these expert
systems has aso been selected as examples. The sdected examples demonstrate trendsin
the nineties and their accessibility by the reader is also considered.

An agroforestry expert systlem (UNU-AES) was designed to support land-use officids,
research scientigts, farmers, and other individuas interested in maximizing benefits gained
from agpplying agroforestry management techniquesin developing countries (Warkentin et d.
1990). UNU-AES s afirg atempt to apply expert systems technology to agroforestry. This
system addresses the option for aley cropping, a promising agroforestry technology which



has potentid applicability when used under defined conditionsin the tropics and subtropics.
Alley cropping involves the planting of cropsin aleys or intergpaces between repegatedly
hedgerows of fast-growing, preferably leguminous, woody perennids. With theincluson of
more climatic and socio-economic data and improved advisory recommendations, UNU-
AES can be expanded to provide advice on dley cropping in more diverse geographica and
ecological conditions and eventualy address other agroforestry techniques.

In 1991, serious efforts have been started in Egypt to develop crop management expert
sysems for different crops. A prototype for an expert system for cucumber seedlings
productions has been developed. This prototype has six functions. seeds cultivation,
media preparation, control environmental growth factors, diagnoss, treetment, and
protection. The implementation has used the Hypertext facility included inthe EXSYS
shel. The overdl control was implemented using the language provided by thetool and
consequently, the rule base wasdivided into modules according to the system
functions(Rafea et al., 1991). Another expert system for cucumber production management
under plagtic tunnd (CUPTEX) has been developed to be used by agricultura extenson
service within the Egyptian Ministry of Agriculture, and by private sector. Themain
objective of developing such sysemsisto transfer new technology in agromanagement to
farmers through packaging this technology using expert sysems. Thiswill lead to increasing
the production and hence the nationd income, from one hand, and reducing the production
cost from the other hand.. CUPTEX is composed of three expert systems for fertigation,
plant care, and disorder remediation. The validation of CUPTEX has reveded that it over
performs agroup of expertsin different specidties. Although the direct payoff is not the
main objective of the development, experimenting CUPTEX in two research Stes has
reveded that approximately 26% increase in the production, and 15% decrease in direct
cost have been attained. These results show that CUPTEX could pay off approximately
60% of the development cost in4 monthsif it is used to manage the plagtic tunnels
cultivating cucumber in the five Stesin which it was deployed (Rafea et d., 1995). This
sysem isthe first deployed agricultural expert system to be selected in the conference of
innovetive goplication for artificid intelligence. It isadso the first deployed expert systemin
developing countries not only in agriculture but in other fiedlds as wll.

In Italy, an expert system for integrated pest management of apple orchards (Gerevini et d.,
1992), POMI, has been developed. Integrated pest management is definable as the
reasoned gpplication of agronomic methods products as well as chemicasto alow optimad
productive factors, while respecting the farm worker, the environment and the consumer.
POMI addresses the firg preliminary phase of the complex process of apple orchard
integrated control namely the detection of the insect populationsin the field and
gpproximate the populations dimensions. The system congsts of two parts: classfication of
user findings, and explanation of these findings using abductive reasoning.

In India, an inteligent front-end for salecting evapotranspiration estimation methods (M ohan
and Arumugam, 1995) has been integrated with the methods that calculates the
evapotrangpiration factor. Evapotranspiration (ET) is an important parameter needed by
water managers for the design, operation and management of irrigation systems. Since there
are many methods to compute ET, based on climatic data, an inexperienced engineer or



hydrologist is perplexed with the sdlection of an appropriate method. An inteligent front end
expert system (ETES) has been developed to sdlect suitable ET estimation methods under
South Indian climatic conditions. Ten meteorologica stations located in different climatic
regions and thirteen ET estimation methods have been consdered in this ES. Along with the
recommended method, ETES dso suggests suitable correction factors for converting the
resulting ET vaues to those of methods that result in accurate estimation.

A picture-based expert system for weed identification (Schulthess et.d., 1996) has been
developed. Most current expert systems for weed identification are rule-based and using
text that contains alarge number of botanica terms. In this system the hierarchical
classfication generic task was used and the text descriptions were replaced with pictures to
minimize the use of technica terms. Hypotheses are established or ruled out on the basis of
the user’ s choices among options presented as pictures.

Methodologies and Applications

In this section, | am not intending to describe in details different expert systems
methodol ogies as this should be covered in some place dse. | will try to andyze the
examples given in the previous section from two aspects. the methodologica aspect and the
domain gpplication aspect. The two main methodologies categories are first generation and
second generation expert systems. The first generation expert system methodology is based
on using commercid expert system shdls after acquiring the knowledge through traditiona
knowledge acquidtion techniques and using rapid prototyping method. The second
generaion expert sysems methodology is mainly based on the principle of knowledge level
which means developing a knowledge modd at the human leve problem solving gpproach,
not at the computationa level approach. The domain application aspect will be analyzed
taking the agriculture area and the task type to classfy the given goplication. A domain
specific methodology will be presented in the last subsection .

Methodological Aspects

Mogt of the expert systemns developed in agriculture apply the first generation expert system
methodology . Examples of this methodology can be found in (Warkentin et a. 1990) ,
(Rafeaet d., 1991) and (Mohan and Arumugam, 1995). The first two agpplications use
EXSY S shell and a documentation of this methodology based on a modified Waterfall
method is described in (Rafea et a. 1993). The third example application uses the CLIPS
shdll while the fourth example uses the VP-Expert shell..

Ancther approach that can be considered as an intermediate between the first and second
generation expert sysems is the usage of expert system shells in the implementetion of a
higher level of reasoning. An example of this gpproach can be found in (Gerevini et dl.,
1992). In this gpplication the shell KEE is used but the system is explicitly divided into two
parts Thefirst part is concerned with helping the user in dassifying the findings, whereas the
second part is an interactive abductive module that suggests explanation of those findings.

Few applications have been devel oped following the second generation expert system
approach. The two methodologies used are the KADS methodology and the generic task
methodology. The KADS methodology was used for developing expert systems for



cucumber and citrus management (Rafea et d., 1994) and (Rafea et d., 1995), where as
the generic task methodology was used for developing expert system for wheat management
(Schroeder et d., 1994) and (Schulthess et a., 1996). In the second generation expert
systems methodol ogy, there generic models for different types of tasks such as diagnoss,
planning, design, and others. In the agriculture domain, we find out that two main generic
models are used namely: the diagnosis or more broadly the classification, and the scheduling
tasks. In KADS methodology thereisalibrary of expertise modd for each one of these
two tasks (Rafea et d., 1994), whereas in the generic task methodol ogy, the hierarchical
classfication modd isfound suitable for the diagnos's applications and the routine design
mode isfound suitable for the scheduling application (Kamd et d., 1994).

Domain Application Aspects

The agriculture domain can be dassfied into subdomains namdly: plant production, animd
production and management of natural resources related to the agricultural operations such
as s0il and water. | did find that expert systems has been applied in the three subdomains.
However, | will concentrate here on the plant production part as most of the expert systems
in agriculture have been developed in this subdomain.

Expert systemsfor field crops are implemented for : diagnosis of Soybean diseases
(Michalsi et d., 1983), crop management for cotton (Lemon, 1986) and (Plant, 1989)
and weed identification for wheat (Schulthess et.d., 1996). Expert sysems were dso
implemented for horticulture crops. gpple orchid management (Roach et d,, 1985) and
(Gerevini et d., 1992), cucumber production management (Rafeaet d., 1995).
Agroforestry is another areain plant production where expert systems have been devel oped
(Warkentin et d. 1990). Some other gpplications cannot be categorized commodity wise
such as the expert system developed for sdecting evapotrangpiration estimation methods
(Mohan and Arumugam, 1995).

Another way for classfying agriculturd expert sysemsis the domain specific task that this
system performs such as : irrigation, fertilization, pest management, diagnosis of plant
diseases, and others. There are mapping between the domain specific tasks and the generic
tasks. For example irrigation gpplication is mainly a specia case of scheduling wheress
diagnosisisaspecid case of classfication.

A Proposed Domain Specific Methodology

The methodology proposed here is based on our experience during the last 7 yearsin
developing expert systems in agriculture. It is not intended to be a comprehensve
methodology but it will give some thoughts on domain specific tasks architecturesin
agriculture. Generaly we can classify agriculturd operationsinto precultivation operations
and during cultivation operations. Precultivation operations are interested in preparing the
field for growing a particular crop. During cultivation operations can be furtherly classfied
into diagnogs operations which concern finding a reasonable explanation for undesired
phenomenon, and scheduling operations that include Irrigation, Fertilization, and Treatment
operations. We will concentrate in this section on the scheduling in the agriculture domain as
an example.



Our methodology is based on two principles that have emerged during the last decade of Al
research:

Knowledge-levd Modding : Knowledge should be modded on ahigher leve than that of
exploited knowledge representation formalisms, to avoid premature design decisons and to
facilitate communication with domain experts.

Reusahility of Task and Domain Knowledge: The second principle implies that the
complexity of KBS development can be relieved by the congtruction of reusable
components libraries, just as any other engineering activity.
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Fig. 1: Irrigation Inference Structure

Following the model driven approach, the KBS development process is composed of two
phases. In the first phase, an epistemological model is constructed representing the conceptual
model for the application problem. In the second phase, this model is transformed into a
computational mode!, implemented on computer, and preserving the structure of the
epistemnological modd.

An episgemologicd modd in CommonKADS, congsts of three main components namely:
task knowledge, inference knowledge, and domain knowledge. Generating one generic
modd for each task :irrigation, fertilization, and trestment, will increase the modd reusability
among many different crop types, which minimize the effort and the cost of knowledge base
systems development. The following subsection describes the inference modd of irrigation
as an example of this methodology.

The main god of thistask isto design an irrigation schedule for aparticular cropina
particular farm. The output schedule is Smply a plan of water quantities to be applied and



the time of gpplication, according to the requirements of the plant, and the affecting factors
like il type, climate, and source of water, ..€tc.

Fig. 1 showsthe congtructed generic inference structure for the irrigation task. Asillustrated
inFig.1, theirrigation task starts with acquiring case description, which includes parameters
that affect the irrigation process, such as soil, water and climate data. The expand inference
step uses these initid parameters to derive other parametersthat are needed in the
subsequent inference steps. The knowledge required for this inference step is the derivation
model that can be represented as object hierarchies, rules, facts, and mathematica functions,
according to the nature of knowledge. The compute inference step, caculates theirrigation
interva using the input, and derived parameters. The knowledge required by this step are
represented in the form of mathematical functions. The propose step, generates a preliminary
irrigation schedule depending on aset of fixed mathematical functions regardiess to any
additiond environmental condraints, which includes dl circumstances that are not covered
by theirrigation modd. The check violation step evauates the proposed irrigation schedule
with regard to some environmental condraints - such as the existence of certain disordersin
thefarm: , and report these violations to be fixed by the fix inference step, to produce the
final, and acceptable irrigation schedule.

Research Issues

The research issues that will be addressed in this section are: the integration of other
software components with the agriculturd expert systems, agriculturd knowledge sharing
and reuse, intelligent retrieva of agriculturd data and automatic knowledge acquisition.

Integration of Software Components with Agricultural Expert Systems

Some exigting expert systems are integrated with other software components such as crop
samulation models (Kamd et d., 1994), GIS (Loh et d., 1994), and multimedia (Rafea et
al., 1995). Agent based approach can be used to integrate distributed heterogeneous
systems and hence can solve the integration problems in addition to other problems related
to digtributed components on different environments. However, more research is needed
as described in the following subsections.

Crop Simulation Modelsand Expert Systems

Theintegration of numerica smulation models into the crop management expert system. is
receiving wide spread current attention. The reason is largely due to the percelved
“naturalness’ of an interaction between “ experience’ to quickly center on apart of alarge
search space, and numericad methods to select the correct exact solution from the narrowed
possihilities. This mode of interaction leverages strengths of both expert sysems and
gmulation models, using the expert system to quickly limit the search space, then using
smulaionbased methods to find the best candidate within the current focus. For example
the smulation mode CERES Whest takes as input boundary conditions, such as planting
date and irrigation regime, then predicts (among other items) grain output at harvest.
Although quite accurate in its output, one difficulty in the production use of CERES isthe
level of expertise which must be employed to set the initid input parameters. A scheme has
been given in (Kame et d., 1994), that uses a compiled-level problem solver to determine
theinitid planting parameters (seed variety, planting date, planting and land preparation



methods). These values are used to parameterize the CERES wheat modd. The model is
then used to predict iteratively the water and nutrient needs of the crop.

The example given has proved to be very useful in integrating numerica and symbolic
methods to solve a pecific problems. This may encourage to integrate other types of
smulation modes such as pestsinfestation and economic mode s with expert sysem. There
a0 Hill research work on the best ways of integration and interfaces between the expert
system and the smulation modd.

GlSand Expert Systems

An example of integrating GIS and expert systemsisgivenin (Loh et d., 1994). Inthis
example the USDA Forest Service, both expert systems, GIS and relationa database
management systems (RDBMYS) have been introduced for maintaining resource inventories,
GISfor organizing and andyzing spatidly referenced data, and expert systems for capturing
the essence of standards and guiddines of management plans and the accumulated
knowledge of expertsin the Service. To achieve this objective, some problems have been
identified namely: data sharing between the GIS and expert sysem components, and fitting
the two components into a common problem-solving framework. The example application
has succeeded in solving these problems using ARC/INFO for GIS, CLIPS for expert
system, and ORACLE for RDBMS. However, some other issues have been raised which
needs more research such as the enhancement of the expert systems components to reason
on spatid rules. This necesstates theincluson of patia operator such as “intersect with” or
adjacent to” . To accommodate such operators macro would have to be developed onthe
GIS sde to communicate with the expert system shell. The integration of GIS and expert
sysem isfarly new and more problems will be envisaged when more gpplications usng both
technologies will be done.

Multimedia and Expert Systems

Integrating multimedia with expert systemsis a hot topic that is booming nowadays. The
integration with images was frequently done to more efficiently acquire the user inputs,
wheresas other types of media such as sound, and video are aso addressed. An example of
integrating multimedia with expert sysemsisgivenin ( Rafeaet d., 1995).

It was found that describing symptomsin wordsis very difficult and sometimesis very
confusing. Therefore, images are identified to be used for two main purposes. describing a
disorder symptom, and confirming the diagnosis of the cause of a certain disorder. Detailed
images for dl symptoms, and unique images that confirm the occurrence of disorders at
different stlages should be collected.

Although images are very useful in acquiring the user inputs, the uncertainty problem is il
there. Therefore, giving the user the option to sdect an image with a degree of certainty
should be provided. Providing more than one picture for the same symptom can reduce the
user uncertainty, but thiswill leed to exerting more effortsin collecting and classfying the

images.

Asthe output of an expert system for crop production management, is a set of agricultura
operations, describing how to perform an agricultura operation in words, is very hard and



one can never guarantee that the user can understand what has been written. Displaying a
video for a professond doing the recommended operation would be very educational.

The sound is essentid because sometimes, it is not easy to write terminology used by
growersin daily life. In addition, combining the video with sound is aso recommended to
comment on how the operation is done.

Although the given example proved the possbility of integrating multimediawith expert
gystems, there are till some problems which needs further research such as the intelligent
selection of the gppropriate mediafor presentation taking into consderation the user levd.,
getting input data from images, for example providing the expert system with an infected |egf
of aplant for diagnoss, and/or enhancements of al input devicesinterfaces, whichisa
generd research issue, in order to provide expert system with datain different forms.

Knowledge Sharing And Reuse

Knowledge sharing and reuseis one of the topics that has attracted the attention of the Al
researchersin the last few years. The research in knowledge sharing in agriculture can be
directed toward identifying common knowledge that can be shared among different expert
systems such asidentification of agriculture ontology, knowledge related to common
resources namdy: soil, water and climate, knowledge related to the same taxonomic
category of aset of crops, etc... . The research in knowledge reuse can be directed to
building alibrary of domain specific tasks in agriculture such as: irrigation, fertilization,
integrated pest management, €tc...

Intelligent Retrieval Of Agricultural Data

Meteorologicd dataare very important for agronomists as forecasting westher data helpsin
giving recommendations to growers. A system that serves as an intelligent assstant for
meteorologists to locate and andlyze historica Stuations of interest, has been devel oped
using case based reasoning (Jones and Roydhouse, 1995). Thiswork has been oriented to
be used by meteorologists but not agronomists. The basic ideacould be investigated to
retrieve historical Stuations that are important for managing different crops.

Automatic Knowledge Acquisition

Automatic knowledge acquidtion is agenerd research issue in expert systems devel opment.
In agriculture, research can be directed toward using the knowledge models devel oped for
specific tasks in building tools to acquire the domain knowledge interactively with the
domain experts. Another gpproach is using machine learning to automatically generate and
refine knowledge bases. Although this agpproach was one of the first gpproaches in building
expert systems (Michalski et d., 1983) , no elaboration on this approach was pursued. A
recent gpplication that uses machine learning to agriculture datais givenin (McQueen et d.,
1995). This approach can be very ussful when deata sets are available in certain area.

Future Trends

In effect, the future trends are highly related to the research issues discussed in the previous
section. It is expected that the agent based gpproach will be extensively used in solving the
problems resulting from the integration of expert systems with other software components.



The agent based approach will address other issues related to heterogeneous components
that are distributed on different platforms. The agent based approach is a genera approach
which is suitable for any domain. In agriculture we can see its usage in integrating GIS,
multimedia, Smulation modes with expert sysems.

Developing domain specific tasksin agriculture is a very important future trend that will help
in knowledge sharing and reuse and in automating the knowledge acquisition process.
Successful results in these two directions will expedite the development procedure of expert
systems. Machine learning will hdp dso in automating the knowledge acquisition process
and more atention will be given to it in the near future.

Sophisticated user interfaces for different media types are expected to be an important issue.
Different user interface models will aso be investigated as agricultural expert sysems have
different types of users: researchers, extensonists, and growers. Ther requirements and
needs are different.

More sophidticated explanations facilities will be provided once domain specific models are
well established. The explanation facility should not be as expert sysems are providing
know , the why and how primitives, but it should be intdligent enough to generate the
explanation based on the user level. Intelligent agent based agpproach may aso be used in
developing such explanation facility.

Another issue that will play an important role is the usage of Internet to access expert
systems developed in different locations. There is atrend now to develop tools to facilitate
the dissemination of expert systems through the world wide web. It is expected in the near
future that shells and tools will enable developersto put their expert systems on the web.

Summary

This chapter has discussed the needs of expert systemsin agriculture and revealed their
importance astools for information transfer through informeation generation from knowledge
and expertise. The advantages that an expert system can offer better than traditiona
methods, are : providing the growers with dynamic information related to their actud
gtuations, taking into condderation different specidties and different sources of information,
shortening the update time of information especidly if the expert system is centrdized and
accessible from different locations, and transferring real experience that is not documented in
any form of media by acquiring it from its sources. extensonids, highly experienced growers,
and/or researchers.

The expert systems selected to demondtrate applicationsin the eighties reveaed that these
systems actudly addressed issues that till need research. The usage of machine learning to
generate the knowledge base was addressed in the soybeans diagnosis system. The
integration of Imulation modd with expert sysem was considered and implemented in the
Cotton expert system. The concept of task specific package wasraised in the CALEX
system. The importance of expert system as an gppropriate technology to expedite
agricultura desart development was emphasized in the late eightiesin the paper of Rafea
and El-Bdtagy.



In the nineties, expert systems have been expanded to include other commodities and
disciplines such as agroforestry and meteorology. The second generation expert systems
methodol ogies have been applied. More sophisticated expert system shells were used such
as NEXPERT/OBJECT and KEE. Programming languages such as Prolog and Small Talk
were aso used. The integration of multimedia was firgtly addressed due to the advances
made in thistechnology. Expert sysemsin the field for red use have been deployed.

Research issues in agriculturd expert systems are categorized under these topics. integration
of software components with agricultural expert systems, knowledge sharing and reuse,
intelligent retrieva of agriculturd data, and automeatic knowledge acquistion. The future
trendsin research and development of agricultural expert systems are expected to be : using
agent based gpproaches to solve the integration problem of different software components,
developing domain specific tasks that will contribute to knowledge sharing and reuse and
automatic knowledge acquisition. Sophisticated user interfaces and explanation facilities that
depend on the user level are expected to be serioudy considered. The dissemination of
expert systems through the Internet is also anticipated.
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