
© 2015. Awoyelu, I. O. & Adebisi, R. O. This is a research/review paper, distributed under the terms of the Creative Commons 
Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Global Journal of Science Frontier Research: C 
Biological Science 
Volume 15  Issue 5 Version 1.0  Year  2015 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4626 & Print ISSN: 0975-5896 

 
A Predictive Fuzzy Expert System for Diagnosis of Cassava 
Plant Diseases             

By Awoyelu, I. O. & Adebisi, R. O. 
Obafemi Awolowo Unversity, Nigeria    

Abstract- Cassava is an important tropical root cropwidely grown in many part of the world in a 
range of agro-ecological environments. The crop can be used for food and non-foods products. 
Cassava is capable of providing starch for use in drug industries, it is a stable source of dietary 
energy for more than 500 million. Nonetheless, despite the nutritional and economic significance 
of the cassava crop, the diseases incidence on cassava plantations is fast becoming a 
constraint in farmers’ quest for a bountiful harvest. The efforts of agricultural extension agents 
seem not to be sufficient in tackling this menace since there is always a limit to how far the 
human capacity can be stretched in the face of highly demanding situations. Hence, this paper 
proposed the development of fuzzy expert system for predicting cassava plant disease. The 
system was developed with the help of fuzzy tool in MATLAB vs. 9. It employed 18 rules for the 
Cassava Mosaic, 27 rules for the cassava brown streak and 27 rules for cassava bacteria 
blightfor the classification and prediction of cassava plant diseases. This would provide 
immediate and instant information to the possible disease.  

Keywords :  cassava diseases, symptoms, prediction, fuzzy expert system, fuzzy inference system.  

GJSFR-C Classification : FOR Code: 069999 

APredictiveFuzzyExpertSystemforDiagnosisofCassavaPlantDiseases                                              
 

                                            
 

                                         
 

                                               Strictly as per the compliance and regulations of : 

 



  

A Predictive Fuzzy Expert System for Diagnosis 
of Cassava Plant Diseases 

Awoyelu, I. O. α & Adebisi, R. O. σ 

Abstract- Cassava is an important tropical root cropwidely 
grown in many part of the world in a range of agro-ecological 
environments. The crop can be used for food and non-foods 
products. Cassava is capable of providing starch for use in 
drug industries, it is a stable source of dietary energy for more 
than 500 million.  Nonetheless, despite the nutritional and 
economic significance of the cassava crop, the diseases 
incidence on cassava plantations is fast becoming a 
constraint in farmers’ quest for a bountiful harvest. The efforts 
of agricultural extension agents seem not to be sufficient in 
tackling this menace since there is always a limit to how far the 
human capacity can be stretched in the face of highly 
demanding situations. Hence, this paper proposed the 
development of fuzzy expert system for predicting cassava 
plant disease. The system was developed with the help of 
fuzzy tool in MATLAB vs. 9. It employed 18 rules for the 
Cassava Mosaic, 27 rules for the cassava brown streak and 27 
rules for cassava bacteria blightfor the classification and 
prediction of cassava plant diseases. This would provide 
immediate and instant information to the possible disease. It 
would fast-track information service delivery on the part of the 
large-scale industrial cassava farmers which make use of it for 
emergency situations of disease outbreak on the farm, 
pending the arrival of the agricultural extension agent. The 
fuzzy expert system predicts accurately once the symptoms 
and conditions are quantized. The result showed that the 
system was able to effectively predict and classify cassava 
diseases considered.  
Keywords: cassava diseases, symptoms, prediction, 
fuzzy expert system,  fuzzy inference system. 

I. INTRODUCTION 

assava is the third largest source of 
carbohydrates for human consumption 
worldwide, providing more food calories per 

cultivated acre than any other staple crop. It is an 
extremely robust plant which tolerates drought and low 
quality soil. The foremost cause of yield loss for this 
crop is viral disease [1].  The plant grows in a bushy 
form, up to 2.4 meters high, with greenish-yellow 
flowers. The roots are up to 8 centimeters thick and 91 
centimeters long. Two varieties of the cassava are of 
economic value: the bitter, or poisonous; and the sweet, 
or non-poisonous. Both varieties yield a wholesome 
food because the volatile poison can be destroyed by 
heat in the process of preparation.  Cassava is the  chief 
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source of tapioca, and in South America a sauce and an 
intoxicating beverage are prepared from the juice. The 
root in powder form is used to prepare farinha, a meal 
used to make thin cakes sometimes called cassava 
bread. The starch of cassava yields a product called 
Brazilian arrowroot. In Florida, where sweet cassava is 
grown, the roots are eaten as food, fed to stock, or used 
in the manufacture of starch and glucose. 

The economies of many developing countries 
are dominated by an agricultural sector in which small-
scale and subsistence farmers are responsible for most 
production, utilizing relatively low levels of agricultural 
technology. As a result, disease among staple crops 
presents a serious risk, with the potential for devastating 
consequences. It is therefore critical to monitor the 
spread of crop disease, allowing targeted interventions 
and foreknowledge of famine risk.  

An expert system is a system that could keep 
knowledge in its knowledge base as the system 
knowledge resources and manipulate that knowledge, 
so it could prepare the high level decision tool to the 
user that is called inference engine as the brain of the 
system.  On the other hand, expert system could help 
people in many cases in order to get decision in solving 
a problem.   

A number of cassava diseases is responsible 
for reducing the overall production of cassava to a great 
extent. A disease is an alteration of one or more ordered 
series of physiological processes as caused by irritation 
from some factors or agents resulting into loss of co-
ordination in plants. An accurate diagnosis of cassava 
diseases is essential for the appropriate management of 
the plant. The diagnosis of cassava plant diseases 
requires highly trained and experienced experts but 
there is dearth of experts. Therefore, a system is needed 
to diagnose cassava diseases, predict their outbreak 
and prevent their spread. Hence this paper proposes an 
expert system for diagnosing and predicting cassava 
diseases which could also be used both by the farmer 
and the experts to train their students.  

The rest of this paper is arranged as follows. 
Section 1 deals with the introduction, section 2 presents 
a review of the related works on the developments of 
expert systems in agricultural field. The methodology 
used to achieve the set objectives is described in 
section 3. Section 4 contains implementation of the 
proposed system and result discussion. Finally, section 
5 presents the conclusion. 
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II. EXISTING WORKS 

Expert systems have been developed and 
applied in many fields like medicine, engineering, 
agriculture, physical sciences and business. In 
agriculture, expert systems are developed to diagnose 
the diseases and pests of various crops[2]. Farmers 
across the world face problems like soil erosion, 
increasing cost of chemical pesticides, weather damage 
recovery, the need to spray, mixing and application, 
yield losses and pest resistance. On the other hand, 
researchers in the field of agriculture are constantly 
working on new management strategies to promote 
farm success. In many countries today, farming has 
become technologically advanced and expert systems 
are widely used in the field of agriculture. In this way, 
farmers can get expert opinions on their specific 
problems like selection of most suitable crop variety, 
diagnosis or identification of livestock disorder, 
suggestion of tactical decisions throughout production 
cycle from the expert system [2]. 

There have been some existing works on the 
development of expert systems in the agricultural field. A 
myriad of expert systems for various crops such as 
wheat, rice, maize, sunflower, lime, tomato, apple, 
orange, soybean and cucumber have been developed 
[3].[4] developed AMRAPALIKA - an expert system for 
the diagnosis of pests, disease and disorders of Indian 
mango. The objective of this work is to provide 
computer-based support for agricultural specialists or 
planters. The expert system makes diagnosis on the 
basis of response/responses of the user made against 
queries related to particular disease symptoms. The 
knowledge base of the system contains knowledge 
about symptoms and remedies of fourteen (14) 
diseases of Indian mango tree appearing during fruiting 
season and non-fruiting season.  

Web-based Fuzzy Expert System for Integrated 
Pest Management (IPM) in Soybean was proposed by 
[5]. The system was developed with an objective to 
provide IPM decision support to the planters through the 
Internet. Besides that, the system applied the 
application of the fuzzy logic in uncertainty management 
during pest identification as well for estimating pest 
activity level using a new adjustable operator introduced 
by the authors. Pest Control Expert System for Tomato 
(PCEST) was developed by [6]. The system involves two 
main subtasks, namely: diagnose and treat. The 
diagnose subtask finds out the causes of the growers' 
complaints, while the treat subtask finds out a treatment 
plan for these causes. [7] developed a web-based 
expert system for fish disease diagnosis called Fish-
Expert. This web-based intelligent system can mimic fish 
disease expertise and diagnose a number of fish 
diseases with a user-friendly interface. The system has 
over 300 rules and 400 images and graphics for 
different types of diseases and symptoms. It can 

diagnose 126 types of diseases amongst nine species 
of primary freshwater fishes. The system is in pilot use 
by fish planters in the North China region.  

Fuzzy logic has been used to solve numerous 
problems ranging from prediction rate to classification 
rate. In the modeling of crop disease and control, fuzzy 
logic was used to model and monitor crop diseases in 
developing countries of the world. Models of crop 
disease are used for understanding the spread or 
severity of an epidemic, predicting the future spread of 
infection, and choosing disease management strategies 
[8]. [9] proposed  the radial  basis  feed  forward  neural  
network  model  and generalized  regression  for  
surface  roughness  prediction for face milling of Al 
7075-T735. The Pearson correlation coefficients  were  
also  calculated  to  analyze  the correlation  between  
the  five  inputs  (cutting  speed,  feed per  tooth,  axial  
depth  of  cut,  chip's  width,  and  chip's thickness) with  
surface  roughness. [10] used  radial  basis  function  
network  to  predict  surface roughness and compared 
with measured values and  the result  from  regression  
analysis.  [11] considered  three  variables,  that  is,  
cutting  speed,  depth of  cut  and  feed  rate  to  predict  
the  surface  profile  in turning  process  using  radial  
basis  function  (RBF). Experiments have been carried 
out by [12] after end milling of steel C45 in order to 
obtain the roughness data and model of ANN for 
surface roughness predictions [13]. [14]developed a 
neuro-fuzzy system for Animal Feed Formulation (AFF) 
where percentage of each ingredient in poultry feed was 
determined by ANN and their different ingredients were 
combined with the help of Neuro-fuzzy and network. 

Moreover, Fuzzy Inference System has been 
used for surface roughness prediction model for ball 
end milling operation. For the prediction of surface 
roughness, a feed forward ANN  was  used  for  face  
milling  of  aluminum  alloy  by [15]  high  chromium  
steel  (AISI H11) by  [16]  and AISI 420 B stainless steel 
by [17].[17] proposed the analytical and artificial neural 
network models. [18] worked  for  selection  of  optimal 
machining  parameters  (that  is,  spindle  speed,  depth  
of cut and  feed  rate)  for  face milling operations  in 
order  to minimize  the  surface  roughness  and  to  
maximize  the material  removal  rate  using  response  
surface methodology  (RSM)  and  perceptron  neural  
network.  

III. SYSTEM METHODOLOGY 

Data for the cassava diseases were gotten from 
domain expert. Crisp values are transferred into fuzzy 
values through fuzzification.   The fuzzy inference 
mechanism uses predicted value to diagnose the 
cassava diseases as shown in Figure 1. The proposed 
mechanism was tested with the cassava diseases 
datasets. The mechanism was developed using 
MATLAB. Defuzzification converts the fuzzy set into crisp 
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values. The proposed method with predicted value 
technique can work more efficiently for diagnosis of 

cassava disease and also compared with earlier method 
using accuracy as performance metric. 

Figure 1  :
 
Architecture for the Proposed Cassava Plant Disease for the Fuzzy Inference System

 

a)
 

Diseases and their Symptoms
 

Different types of diseases affects the cassava 
plant, but in this paper, three of such diseases isput

 
into 

consideration. These include Cassava Mosaic disease, 
Cassava Blight disease and Cassava Bacteria blight.

 

The symptoms for which these cassava 
diseases occur are: Chlorotic Leaf, Brown Lesions, Root 
Necrosis, Leaf Blight/spot, Distorted Leaf, Reduced 
Mishapen, Die-back and Gum Exudation.

 
The value for 

the fuzzy variables are shown in Table 1.
 

Table 1 :
 
Fuzzy variables and their Representations

 

Fuzzy variables

 

Representation of Fuzzy 
Variable(Linguistic terms)

 

Chlorotic leaf

 

No Chlorosis, Early Stages, 
Advanced Stages

 

Brown Lesions
 

No Presence, Early Stages, 
Advanced stages

 

Root necrosis
 

No symptom, Early Stage,
 

Advanced Stages
 

Leaf blight/spot

 

No spots/Blights, Minor Spots/ 
blights,Major Spots/blights

 

Distorted Leaf

 

No Distortion, Lesser leave 
distortion, More leaf distortion

 

Reduced-
Mishapen

 
 
 

No symptom,

 

Stunted Growth

 

Die-Back 
 
 

No symptom, Early Stage, 
Advanced Stages 

 Gum Exudation
 

No symptom, Early Stage, 
Advanced Stages

 
The input functions of the variables are 

represented in the membership function of the 
corresponding input and output.The data used were not 
too large, but the prediction was accurate to some 
extent.The output function is the result generated from 
the input function. 

All the above-mentioned diseases have their 
own respective symptoms associated with them and 
were simulated using the Fuzzy logic inference system 
of Matric Laboratory (MATLAB) and implemented using 
C-Language Integrated Production System (CLIPS). This 
is a shell programming variety of PROLOG for 
developing expert systems.  The first part of building an 
expert system is the knowledge acquisition. For this 

project, most knowledge was obtained from a human 
expert, an agriculturist who is specialized in detecting 
plant diseases. This knowledge was converted into a 
knowledge base using a set of rules and facts. The rules 
in this system represent symptoms and the actual 
results of every response. The proposed system uses 
the forward chaining inference mechanism, instead of 
backward chaining. The reason for using this 
mechanism is because when dealing with cassava plant 
disease detection, it is more important to collect 
information about the plant’s symptoms first before 
making a decision. The forward chaining provides this 
competency.  
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IV. Result and Discussion 

The fuzzy system is an in-built system that takes 
in multiple inputs into its membership function, these 
inputs are gotten from the data. The data, which in turn, 
has numeric values and assigned numbers and 
variables were used to classify and arrange these data. 
Sequelto this, some of these data were classified as 
categorical or numerical, in which there is adequate 
implementation. 

A Fuzzy Inference System modelisrepresented 
in Figure 2. The systemcan either be loaded from the 

file. Loading the system from the file means inputting the 
name of the saved file where it has been kept. The input 
variables using membership functions are as shown in 
Figure 3, Figure 4 and Figure 5. The output model is 
shown in Figure 6. For the prediction, the rules used 
were 18 rules for the Cassava Mosaic and 27 rules for 
the cassava brown streak and 27 rules for cassava 
bacteria blight. These rules were sufficient for the 
prediction and the analysis shown in Figure 7. Rule 
Viewer Predicting Disease Severity is shown in Figure 8. 

Figure 2 :

 

FIS interface for Cassava Bacteria Blight

 

Input Variables

 

These variables are represented by triangular membership functions.

 

Figure 3

 

: Membership Function forLeaf Spot
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Figure 4 : Membership Function for Die-back 

Figure 5 : Membership Function for Gum-exudation 

Figure 6 : Membership function for Output Variable 

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
 I
ss
ue

  
  
  
er

sio
n 

I
V

V
Y
ea

r
20

15

© 2015    Global Journals Inc.  (US)

  
 )

) C

25

A Predictive Fuzzy Expert System for Diagnosis of Cassava Plant Diseases



  

Figure 7 : FIS Output showing Rules Cassava Bacteria Blight 

Figure 8 : Rule Viewer Predicting Disease Severity 

Table 2 : The Diagnosis and Prediction of Cassava Mosaic Disease 

Leaf Chlorosis Leaf Distortion ReducedMis-shapen Output 

No chlorosis No distortion No symptom No disease 

No chlorosis No distortion Stunted growth No disease 

No chlorosis Lesser leaf distortion No symptom No disease 

No chlorosis Lesser leaf distortion Stunted growth Very low 

No chlorosis More leaf distortion No symptom Very low 

No chlorosis More leaf distortion Stunted growth Low 

Early stages No distortion No symptom No disease 

Early stages No distortion Stunted growth Very low 

Early stages Lesser leaf distortion No symptom Very low 

Early stages Lesser leaf distortion Stunted growth Low 

Early stages More leaf distortion No symptom Average 

Early stages More leaf distortion Stunted growth Severe 
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Advanced stages No distortion No symptom Very low 

Advanced stages No distortion Stunted growth Low 

Advanced stages Lesser leaf distortion No symptom Low 

Advanced stages Lesser leaf distortion Stunted growth Severe 

Advanced stages More leaf distortion No symptom Average 

Advanced stages More leaf distortion Stunted growth Very severe 

    
a) System Evaluation Using Domain Expert 

Diagnosis for Cassava Diseases 
The system was tested with seven (7) cases for 

cassava diseases specified by the system and observed 
by the domain expert in line with his diagnoses. The 
diagnoses made by the system were classified as: 
a. Correct: The system's diagnoses was identical 

with the pathologist's own diagnoses. 

b. Acceptable: The system's diagnoses was different 
from that of the pathologist, but considered an 
acceptable alternative.  

c. Not complete: The system's diagnoses was distinct 
enough for conclusion. 

The accuracy of the system was calculated 
using the below formular. 

Accuracy = (Number of Correct Diagnoses *100)/Total Number of Test Cases 

 The accuracy yields 71.4%. 

V. Conclusion and Recommendations 

The fuzzy inference system has broken the 
bounds of conventional programming, which is actually 
a function of its ability to adapt, adopt, adjust, evaluate, 
learn and recognize the relationship, behaviour and 
pattern of series of data set administered to it. It is 
tailored after the human reasoning and learning 
mechanism. This enables the FIS to handle and 
represent more complex problems than conventional 
programming. Fuzzy Inference System (FIS), fuzzy logic 
and expert system have helped in diagnosing and 
predicting diseases accurately. 

Future work can be carried out with respect to 
more variables such as humidity and moisture content. 
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