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ABSTRACT

Expert system - a branch of Artificial Intelligence is a
collection of programs which has the ability to reason, justify
and answer the queries in a particular domain as a human
expert would do. It can be applied to various fields. Expert
system in agriculture is gathering momentum and this paper
aims at tackling the control and remedial measures for disease
management for the staple food crop of Karnataka — Finger
Millets popularly known as Ragi. The introduction section
consists of contributions of expert systems in agriculture. The
second section explains the process in Integrated Disease
Management (IDM).The third section is about knowledge
engineering process which consists of knowledge acquisition
and knowledge representation. The fourth section is about the
application of fuzzy logic in IDM. The fifth section briefs
about defuzzification of IDM.
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1. INTRODUCTION

An expert system is a collection of software developed for a
particular area of domain aimed to suggest solutions to
problems in the way as human experts pertaining to that field
would solve.

The basic lifeline of an expert system is the “knowledge base”
which is a well-organized collection of traditional data base
with more rules, facts, and practices prevalent in that domain.
The most striking features of the architecture of the expert
system are Inference engine and explanation facility. The
inference engine uses different rules to arrive at a conclusion
and the explanation facility provided justification of the
conclusion. It not only infers new knowledge but also updates
the knowledge base. Due to its versatility it is fast emerging as
a discipline with great potential for research and development.

2. CONTRIBUTIONS OF EXPERT
SYSTEMS TO THE FIELD OF
AGRICULTURE

A study of the expert systems that were built from the
seventies to till date reveals significant technological
advancements in the input methods, paradigm shift in the
process and more accurate output. The earlier systems
(MYCIN developed in 1970s) used input method where the
user has to type the answer to a series of questions, whereas
the recent system uses image acquisition, spatial data through
remote sensing and multimedia. Processing has seen a
“paradigm shift” —wherein the earlier systems used forward or
backward chain and heuristics method to process the queries,
recent expert systems use fuzzy logic and multi-agent based
methodology and hence the output also is more accurate than
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the success rate of MYCIN (65%) which was unfortunately
never put into practical use due to legal and ethical issues.
Web-based systems developed have a better reach confined
not only to the targeted users but has a global usage. Thus, in
today’s scenario expert system has become a more viable and
sustainable technology applicable to the grass-root level of
our society [1].

Expert systems has found a wide spectrum of application
across many domains such as nursing care and medicine,
natural resources management, agriculture, process control,
technology in design and manufacturing, remote sensing and
project management- just to name a few.

In agricultural field, a myriad of expert systems for various
crops such as wheat, rice, maize, sunflower, lime, tomato,
apple, orange, soybean and cucumber has been developed so
far[2]. These expert systems focus on a particular problem
with respect to a specific crop. Different aspects of
agricultural problems were addressed such as Soil
management, disease and pest management, nutrient and
fertilizers management, and irrigation management.

In this paper, an expert system exclusively for the integrated
disease management in finger millet is being presented by
incorporating fuzzy logic method to frame the rules and apply
defuzzification to attach a value to the severity of the disease
identified, based on which the control and remedial measures
are suggested.

3. INTEGRATED DISEASE
MANAGEMENT (IDM)

3.1 Basic Facts

According to the statistics a loss of 8% is due to the diseases
that attack the crop at various stages of its growth. Hence, it is
crucial to devise an efficient way to tackle the problem.
Combined with the expertise of the agricultural scientist and
experience of the farmers, technology can be blended to
revolutionize the agronomic practices [3][5].

Disease management can be defined as the series of
agronomic practices to be followed so as to minimize the
produce loss due to disease. It starts with identifying the
diseases that affects the crop, calculating the loss it may cause
and the timely application of the appropriate chemicals to
exterminate the disease and recover which leads to achieve the
expected yield [9][10].

‘Integrated Disease Management’ involves the selection and
application of a harmonious range of disease control strategies
that minimize losses and maximizes returns [4].
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3.2 Process of Integrated Disease

Management

The process of Integrated Disease Management can be
divided into three stages. The preliminary stage collects the
data to investigate about the symptoms that are visible in the
different parts of the crop and proceeds further to determine
pathogen that causes the disease and finally make suggestions
and recommendation to recover the crop from further
damages. This process is precisely divided into the following
three stages [12][13]:

e Stage 1: To identify of the symptoms that appear in
various parts of the plants.

Questions are asked about the appearance of the
symptoms such as brown spots, black spots, reddish
brown specks, greenish swollen grains; sheath stuck and
bound together, blackened ears that appear in leaf-older
and younger, neck region, peduncle, collar region, stem,
neck, fingers, grains, seeds. Also, the age of the crop and
the number of days that lapsed since the symptoms
appeared are required as input for further confirmation.

e Stage 2: To identify the disease by using the inference
engine rules with the symptoms.

The inference engine arrives at the conclusion about the
pathogen causing the disease based upon the rules
developed from the symptoms that were identified in the
first stage.

e Stage 3: To calculate the severity by fuzzy logic and
recommend the remedial measures.

The control and remedial measures heavily depend upon
the severity of the disease. Hence, the severity is
quantified as Percent of Incidence (PDI) of the disease
and grade of the disease is calculated. Based upon this
value the recommendations and suggestions are made to
recover the crop from the disease and also arrest it from
further spreading and reducing the yield.

3.3 Knowledge Acquisition

The process of accumulating the required information, from
various resources such as text books, journals, articles,
domain experts and websites, and synthesizing it into
knowledge is a tedious and time consuming process. The
expertpsilas knowledge was extracted from an agriculture
officer and represented in the IF-THEN rules using confident
factor. The suggestion is created based on the percentage that
was above 80% [12][13].

e Literature Survey
e Interviews and Questionnaires
e  Domain Experts consultations

e  End-users feedbacks

3.4 Knowledge Representation

The knowledge that has been procured should be transformed
into a suitable representation which can be manipulated by the
inference engine for the reasoning purpose.

The different ways to represent knowledge are rules, frames
and semantic networks. We consider representing the
knowledge in the form of rules which is the most simple and
convenient. It takes the form of the conventional If-then
statement used in the programming languages [6][7].
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RULE [Is the disease attacked is
Blast?]

If [season]="kharif” and
[part]="1leaf” and
[stage]="early”and
[symptoms]="spot lesion”

Then [disease]="Blast”
[recommendatonsl]= R1

[recommendations2]= R2
[recommendations3]= R3

RULE [Is the disease attacked is
Seedling blight?]

If [season]="kharif” and
[part]="1leaf” and
[stage]="early”and
[symptoms]="dark brown spots”
Then [disease]="Seedling blight”
[recommendatonsl]= R1
[recommendations2]= R2
[recommendations3]= R3

RULE [ Is the disease attacked is
Downey mildew?]

If [season]="kharif” and
[part]="1leaf” and
[stage]="early”and
[symptoms]="spot lesion”

Then [disease]="Downey Mildew”
[recommendatonsl]= R1
[recommendations2]= R2
[recommendations3]= R3

RULE [Is the disease attacked is
Foot Rot?]

If [season]="kharif” and
[part]="1leaf” and
[stage]="early”and
[symptoms]="spot lesion”
Then [disease]="” Foot rot”
[recommendatonsl]= R1
[recommendations2]= R2
[recommendations3]= R3
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RULE [ Is the disease attacked is
Smut?]

If [season]="kharif” and
[part]="1leaf” and
[stage]="early”and
[symptoms]="spot lesion”

Then [disease]= ” Smut”
[recommendatonsl]= R1
[recommendations2]= R2

[recommendations3]= R3

RULE [ Is the disease attacked is
Ragi Severe Mosaic?]

If [season]="kharif” and
[part]="1leaf” and
[stage]="early”and
[symptoms]="spot lesion”

Then [disease]=" Ragi Severe
Mosaic”

[recommendatonsl]= R1
[recommendations2]= R2
[recommendations3]= R3

RULE [ Is the disease attacked is
Rust?]

If [season]="kharif” and
[part]="1leaf” and
[stage]="early”and
[symptoms]="spot lesion”

Then [disease]=" Rust”
[recommendatonsl]= R1
[recommendations2]= R2
[recommendations3]= R3

RULE [ Is the disease attacked is
Leaf stripe?]

If [season]="kharif” and
[part]="1leaf” and
[stage]="early”and
[symptoms]="spot lesion”

Then [disease]=" Leaf stripe”

[recommendatonsl]= R1
[recommendations2]= R2
[recommendations3]= R3

RULE [ Is the disease attacked is
Ragi mottle streak?]

If [season]="kharif” and
[part]="1leaf” and
[stage]="early”and
[symptoms]="spot lesion”
Then [disease]=" Ragi mottle
streak”

[recommendatonsl]= R1
[recommendations2]= R2
[recommendations3]= R3

Figure 1: Rule Based Representation of Knowledge

4. DATA COLLECTION

The data is collected from various sources including
agricultural institutes, research institutes and farmers. The
photographs taken can be uploaded as a tool for visual
confirmation to clearly identify the disease rather than the
verbal description of the disease. This is the striking feature
which helps the expert system to zero in on the disease and
hence proceed to the recommendations [12][13].

Figure 2: Leaf blast of Ragi

Figure 3: Blast Lesion
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5. DEVELOPMENT OF FUZZY EXPERT
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Figure 4: Identification of the season
Next, the part of the crop infected should be given as the
input, such as leaf, stem, flower, finger, neck and ear, which
will again eliminate the other diseases form the list.
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Figure 5: Identification of infected part of the plant i ey el
spray of Mancozed (0.2 %) 10 days later

Next, the symptoms listed in a brief description of the -
appearance of the infected area is to be selected which is

mentioned in the next screen as input and this in turn would
further narrow down the search.

Figure 9: Recommendations suggested by the system
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Figure 10: Tips from the System
Figure 6: Identification of the level of Infection

Next, the stage of the plant must be selected since the same
disease can affect the crop during various stages of the crop.
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6. DEFUZZIFICATION OF
PATHOMETRY IN IDM

Pathometry is the branch of plant pathology that deals with
quantification or measuring plant disease. Defuzzification
plays an important role in the implementation of a fuzzy
system since the crisp value generated best represents the
possibility distribution of all possible fuzzy control outputs

[71.

There are three different ways suggested for the calculation of
disease quantification. They are:

e Disease incidence,
e Disease severity and
e  Yield loss

Of all the three measures, disease incidence is considered
keeping in mind that the farmer has to give simple inputs
which can be done by observation. They provide a basis for
probabilistic inference, to calculate the changes in
probabilistic belief as new evidence is obtained [8]. However,
their use in real problem domains is hampered by the
difficulties facing the construction of such belief networks,
particularly in domains where neither sufficient data nor
human expertise is available [10].

Disease incidence is defined as the number or proportion of
plant units diseased. The equation to calculate is given by:

Percent Disease Incidence vumber of infected plants

(PDI) = *100
Total number of units assessed

Based on the value of PDI grades are assigned as follows:
e Disease diagnosed: Blast

o  Affected part: Leaf

PERCENTAGE OF LEAF
RANK AFFECTED AREA REACTION
0 No symptoms on the Immune
leaves
1 <1% Highly resistant
2 1-5% Resistant
3 5-25% Moderately
resistant/susceptible
4 25-50% Susceptible
5 >50% Highly susceptible

Table 1: Defuzzification rules to evaluate the percentage of
the severity of the disease

7. CONCLUSION

Though there are many methodologies available to identify
the disease and evaluate the severity, based on which the
recommendations can be made, the most commonly used is
the experience of the farmer and the knowledge of the
agriculturist. The expert system that is been developed is a
blend of both the above mentioned factors along with the
application of technological advancements. Since the expert
system has a module of acquiring new knowledge, the new
breed of diseases that attack the crop can also be recorded.
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The system thus developed can also be extended to
incorporate various other modules like integrated pest
management, soil management and fertilizers management
making it a total solution provider for in all aspect and hence
increasing the yield.
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