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Abstract: Background: Watermelon is a summer vegetable whose plant has extended branches, producing spherical or cylindrical
fruits of light green or dark green color, with a red core that is spread by black seeds and white pulp. Recent studies have shown
many health benefits for watermelon, especially with regard to intestinal and kidney safety. Studies have shown that watermelon
moisturizes the skin, refreshes the body and may serve as a powerful laxative for intestines, a substance that helps digestion,
strengthens the blood, and breaks the kidney stones. The researchers found that the natural compounds found in it help to reduce
the severity of skin diseases, as well as its seeds in the reduction of high blood pressure, and can be used to stop bleeding.
Objectives: The main objective of this expert system is to assist farmers in detecting watermelon diseases and solutions. Methods:
In this paper the design of the proposed Expert System which was produced to help farmers in diagnosing many of the watermelon
diseases such as : Downy mildew, Powdery mildew, Anthracnose, Alternaria leaf spot, Fusarium wilt, Bud necrosis disease and
Cucumber mosaic disease. The proposed expert system presents an overview about watermelon diseases are given, the cause of
diseases are outlined and the treatment of disease whenever possible is given out .E-clips Expert System language was used for
designing and implementing the proposed expert system. Results: The proposed watermelon diseases diagnosis expert system was
evaluated by group of farmers and they were satisfied with its performance. Conclusions: The Proposed expert system is very

useful for farmers, to diagnosing watermelon diseases and treatment it whenever possible is given.
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1. INTRODUCTION

Watermelon is a nutritious food and not as it is said to be
water and sugar only. It provides many vitamins and
minerals with high levels, antioxidants and a few calories.
Watermelon has become the favorite fruit in the summer for
many reasons: heat control, refreshing, sweet taste and
summer sweets. It contains about 90% water [1].
Watermelon benefits
Heart Health

The presence of large amounts of potassium, which is a
building factor of the cells and controls the blood pressure
and heart rate [2].
Anti-cancer Properties

Contains a lot of Lycopene and is a powerful anti-oxidant
and beneficial in the prevention of breast cancer and lung
and colon cancer [2].
Normalizes High Blood Pressure

A small amount of potassium helps to increase blood
pressure [2].
Improves Sleep

The presence of amounts of carbohydrates helps to
improve the body's production of the serotonin [2].
Natural Viagra

Improving circulation and relaxing blood circulation [2].
Weight Loss

It contains high levels of a compound called citrulline
which is converted into the essential amino acid, arginine
inside the body [2].
Relieves Sore Muscles

Watermelon contain a citrullline gets converted to L-
arginine, an essential amino acid which helps treat muscle
soreness [2].

Watermelon is more prone to diseases affecting roots, leaves
and fruits in the summer. Sometimes these diseases are
difficult, such as Downy Mildew and anthracnose, often
treatment of these diseases is simple but the most important
type of disease. This is why we have developed this expert
system that helps farmers diagnose many diseases and find
out how to treat them [3].

Artificial Intelligence (Al) has many branches and one of
this branch is expert systems that were developed in the mid
1960's by Al community. Expert systems are a branch of
computer science aimed at transferring human intelligence
into computers [21]. In Al, an expert system is an intelligent
computer program that aims to use task-specific knowledge
and inference techniques to solve problems at the level of a
human expert [22]. It imitates the decision making ability of
a human expert in a particular domain and can also give
advices and explanations. There are two types of expert
systems: rule-based expert systems and knowledge-based
expert systems. The main difference between these expert
systems is the knowledge representation in the knowledge
base [23]. The knowledge representation is more significant
in expert system because the approach used to represent
knowledge affects the development, efficiency, speed and
the maintenance of the system [24].

The rule-based expert system has domain knowledge
encoded in the form of rules from a human expert [25]. A
rule is a conditional statement that links given conditions to
actions [26]. In a rule-based expert system, a knowledge base
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is usually stored in terms of if-then rules which can be used
to reach conclusions. A rule-based expert system is
constructed based on an efficient algorithm called the Rete
pattern matching algorithm [27]. This algorithm matches
facts against the patterns in rules to determine which rules
have had their conditions satisfied. Hence it uses a set of
rules to analyse information about a specific class of
problems and recommend one or more possible solutions
[28].

The knowledge-based expert system encodes heuristics and
rules into decision making framework [29]. A knowledge-
based system uses artificial intelligence techniques in
problem solving methods to support human decision making,
learning, and action. The knowledge base of expert systems
contains both factual and heuristic knowledge [30]. Factual
knowledge is the knowledge that is widely shared, typically

KNOWLEDGE BASE

General knowledge

found in textbooks or journals, and commonly agreed upon
by human experts in that particular domain [31]. Heuristic
knowledge refers to an experiential, logical and judgmental
knowledge used to speed up decision making [32]. Some
applications applied by knowledge based expert systems are:
medical treatment, waste management, production
management, knowledge management, financial analysis,
etc. [33].

2. ARCHITECTURE OF AN EXPERT SYSTEM

Expert system consists of four major components which are:
knowledge base, working memory, an inference engine and a
user interface [34]. Figure 1 below represents the structure of
an expert system.

Inference facts

Domain knowledge k4 R INTERE
USER INTERFACE
INFERENCE
ENGINE € ? . .
— Advice conclusions
WORKING MEMORY
Case facts

Figure 1: The structure of a knowledge-based expert system

Knowledge base : is the heart of an expert system; it
contains a collection of facts and rules which describe all the
knowledge about the problem domain. Therefore, it stores all
relevant information, data, rules, cases and relationships used
by the expert system [35]. A knowledge base is not a
database system.

Working memory : is comparable to a relational database
system. It contains information that is supplied by the end
user. This information is used to evaluate antecedents in the
knowledge base [36]. A change in the knowledge base
results in creation of new values, thus the working memory
will update its old values.

Inference engine: implements the reasoning process of
artificial intelligence; it is an analogy to human reasoning
[37]. Its role is to work with the available data from the
system and the user to derive a solution to the problem. The
purpose of inference engine is to seek information and
relationship from the knowledge base and to provide

answers, predictions and suggestions in the way a human
expert would. There are two kinds of inference engines: the
backward chaining and forward chaining [38]. In backward
chaining, the system first establishes a desired solution and
works backwards to find facts that support the solution [39].
Backward chaining is goal-driven, thus it is used when the
solution is known. In forward chaining the system first
collects data which is used when the solution is known [40].
Forward chaining is data-driven; therefore it is used when
the absolute solution is not known.

User Interface : controls the dialog between the user and the
system [41]. Thus, it is an intermediary that allows
communication between the user and the system. The
purpose of the user interface is to ease the usage of expert
system by developers, users and administrators.

3. MATERIALS AND METHODS

The proposed expert system performs diagnosis for
watermelon diseases by asking select number of options. The
proposed expert system will ask the user to choose the
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correct options in screen. At the end of the dialogue session,
the proposed expert system provides the diagnosis and
recommendation of the disease to the user. Figure 1 shows a
sample dialogue between the expert system and the user.

(3 Watermelon Expert System

Figure 2 shows how the users get the diagnosis and
recommendation.

Watermelon Expert System

Choose the symptoms that appear on Watermelon plant from the

Yellow, angular spots restricted by veins resembling mosaic mottling appear on #
LI The corresponding lower surface of these spots shows a purplish downy growt
The spots turn necrotic with age. The diseased leaves become yellow and fall ¢
IWhitish powdery growth on upper foliage, stems and young growing parts. The
The diseased areas turn brown and dry leading to premature defoliation and de
[IWater soaked lesions are seen on the leaf which later become yellowish irregul
Foliage spots are irregular and turn dark brown or black. Stem lesions can girdl
The most striking diagnostic symptoms are produced on the fruit, where circula

When moisture is present, the black center of the lesion is covered with a gelat «
>

Analyze

Exit

Figure 1: The figure presents shows when the system asks the user.

(3 Watermelon Expert System ired [m] X
The diagnosis of the Watermelon Expert System |
The Watermelon Disease is called| Downy mildew |
Survival and spread | The pathogen survives in disease plant debris. Primary spread

occurs by means of oospores in soil and sporangia from
perennial collateral weed hosts in the vicinity. Secondary
spread occurs by wind and rain splashes.

Favourable conditions

Relative humidity > 85%, high soil moisture, frequent rains.

Leaves

g ymp

Figure 2: The figure shows diagnosis and recommendation of the expert system.

4. LITERATURE REVIEW

There is a lot of Expert System that were designed to
diagnose diseases such as plant, tomato and other types of
disease [5,6]. But there is no specialized expert system for
diagnosis of watermelon available to help farmers in
diagnosing plant diseases using CLIPS language and Delphi
XE10.2 language [5]. The current proposed expert system is

specialized in the diagnosis of seven watermelon diseases:
Downy mildew, Powdery mildew, Anthracnose, Alternaria
leaf spot, Fusarium wilt, Bud necrosis disease and Cucumber
mosaic disease.

5. KNOWLEDGE REPRESENTATION

The main sources of knowledge for expert systems either
from an expert in the field of agriculture or a website
specialized in watermelon diseases, these sources are
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transferred to CLIPS . There are currently in the expert
system a number of rules that help to treat seven diseases of
watermelon [5]

Downy Mildew: is notable for the angular leaf spots it
creates as it works its way through watermelon leaves. They
may start as yellow areas, but soon turn brown with purple
spores on the undersides of infected leaves. Fortunately,
downy mildew won’t attack fruit, but it can reduce yields by
weakening your plants. Neem oil can control this nasty
mildew [7].

\,_1 '/ ) \ i »
: v Pa -
Figure 3: The figure shows the downy mildew diseases
effect [8]
Powdery Mildew: One of the most common diseases of
plants in general, powdery mildew doesn’t spare
watermelons. Leaves will appear to have a white powdery
substance on them when the infection is active, though fruits
aren’t generally affected. As the powdery mildew moves
through the plant, leaves brown and die, leaving fruits to
sunburn and weakening plants. Neem oil is an excellent
treatment, but increasing air circulation around your
watermelon plant by pruning can_Pe equally effective [7].

B~ Tl L™ < e N

‘*5 Tt B e
The figure shows the powdery mildew diseases
effect [8].

Anthracnose : This seed-borne fungus is hard to detect
initially, as it may only appear as small spots on your plants
and fruits. As it grows, these spots expand and turn black or

gray and new sunken areas may appear on your fruit. Crop
rotation combined with an aggressive treatment of neem oil
will help preserve this and future harvests from anthracnose

[71.

A

Figure 4:

Figure 5: The figure shows the Anthracnose diseases effect

8]

Alternaria Leaf Spot : Lesions are round to irregular target
spots on older leaves .The symptoms are first observed at the
crown of the plant. As the spots enlarge, concentric rings are
formed in the lesion. The disease is favored by continuous
wet conditions. The fungus is controlled with a 2 year
cucurbit-free rotation, destruction of the previous crop

residue and application of fungicides as needed. At the end
of the growing season, plow under crop residue [9].

7 : R i~

Figure 6: The figure shows the Alternaria Leaf Spot diseases
effect

Fusarium wilt :is characterized by loss of turgor pressure of
the vines. Vines may recover during the evening, but
eventually wilt permanently. Initial symptoms often include
a dull, gray green appearance of leaves that precedes a loss
of turgor pressure End wilting [10].

Sl

Figure 7: The figure shows the Fusarium wilt diseases effect
(8]

Bud necrosis disease: found in India with symptoms of leaf

crinkling, mottling, yellowing, and necrotic streaks on vines;

shortened internodes; upright branches; and necrosis and

dieback of the buds was shown to be caused by the

watermelon strain of tomato spotted wilt virus [11].

mel
M

= s
Figure 8: The figure shows the Bud necrosis disease effect
(8]

Cucumber mosaic disease: important viruse of cucurbit
crops, and are present together with their aphid vectors in
New Zealand. This study investigated the effects of infection
by these viruses on S. australis growth, and the incidence of
cucurbit virus diseases in remnant population .Symptoms
included leaf distortion, mosaic, vein chlorosis, reduced leaf
size[12].

Figure 9: The figure shows the Cucumber mosaic diseases
effect [8]
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6. LIMITATIONS

The current proposed expert system is specialized in the
diagnosis of seven watermelon diseases: Downy mildew,
Powdery mildew, Anthracnose, Alternaria leaf spot,
Fusarium wilt, Bud necrosis disease and Cucumber mosaic
disease

7. SYSTEM EVALUATION

As a preliminary evaluation, a gGroup of farmers tested this
proposed Expert System and they were satisfied with its
performance, efficiency, user interface and ease of use.

8. CONCLUSION

In this paper, a proposed expert system was presented for
helping farmers in diagnosing disease with seven different
possible watermelon diseases. Farmers can get the diagnosis
faster and more accurate than the traditional diagnosis. This
expert system does not need intensive training to be used; it
is easy to use and has user friendly interface. It was
developed using CLIPS and Delphi XE10.2 languages.

9. FUTUREWORK

This expert system is considered to be a base of future ones;
more watermelon diseases are planned to be added and to
make it more accessible to users from anywhere at any time.
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