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 The development of an expert system for diagnosing pests and 
diseases of onion plants is of great importance given the significant 
role of these crops in the agricultural industry. This research aims to 
design and develop an expert system that can diagnose various 
pests and diseases that attack onion plants using the Naive Bayes 
method. This method was chosen for its ability to classify data based 
on probability assuming independence between features. This 
system is designed to assist farmers in identifying pests and 
diseases more accurately and quickly so that appropriate control 
measures can be taken immediately.  The training data used in this 
study included symptoms that often occur in onion plants due to pest 
or disease attacks. Each symptom is associated with the probability 
of the appearance of a particular pest or disease. This expert system 
is designed with an easy-to-use interface for farmers, where they 
can enter the symptoms observed in plants. Based on these inputs, 
the system will analyze and provide a diagnosis along with 
recommendations for control actions that can be taken. The system 
testing results show that this expert system has good accuracy in 
diagnosing pests and diseases in onion plants. Thus, this system 
can be an effective tool for farmers in managing the health of their 
onion plants. Further research is recommended to improve disease 
and pest databases and expand the application of these systems to 
other plant types. 
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1. INTRODUCTION  
Agriculture is an important sector in the economy and life of many countries, including Indonesia 
(Prastiyo et al., 2020). One of the important commodities in this sector is shallots, which have a 
vital role in people's daily needs. However, the productivity of onion crops is often hampered by 
pest and disease attacks, which not only degrade crop quality but also result in significant 
economic losses for farmers. This problem becomes increasingly complex given the wide variety of 
pests and diseases, as well as the limited knowledge of farmers in identifying and addressing the 
problem appropriately. 

Why is this a problem? Early and accurate identification of pests and diseases in onion 
plants is the key to implementing effective control strategies, to minimize losses (Zaki et al., 2021). 
However, limited access to agricultural experts and a lack of knowledge about pest and disease 
diagnostics are major obstacles to managing this problem. 

https://iocscience.org/
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Why did this research be conducted? This research was conducted to develop an expert 
system that can help farmers and practitioners in agriculture diagnose pests and diseases in onion 
plants quickly and accurately (Tehseen et al., 2021). Using the Naïve Bayes Method, this research 
aims to create a tool that can increase efficiency in problem identification, as well as provide 
appropriate control solutions. 

What problem will be solved? This study aims to overcome the problem of late diagnosis 
and errors in the identification of pests and diseases in onion plants (Hasan et al., 2020). Which 
often lead to the use of inappropriate control methods. 

Why is it important to discuss? The advancement process of this expert system is expected 
to have a significant impact in increasing the productivity of onion crops, reducing economic losses, 
and supporting the sustainability of better agricultural practices. How to solve the problem? 
Through the application of the Naïve Bayes Method, the system will utilize historical data on pests 
and diseases to produce accurate diagnoses, which can then be used to determine the most 
effective control strategies. 

What was the reason for the study to be conducted? This research is driven by the need 
for technological solutions that can support decision-making in agriculture, especially in overcoming 
pests and diseases in onion plants. 

How does this research contribute to filling the gap? By integrating expert knowledge and 
information technology, this research seeks to fill the gap between traditional agricultural practices 
and data-driven approaches in pest and disease diagnosis. What method will be used? The Naïve 
Bayes methodology was chosen because of its advantages in grouping data based on probabilistic 
possibilities. It is very suitable for use in diagnosing various types of pests and diseases that attack 
plants. 

State of the art: Although there have been several expert systems developed for the 
diagnosis of pests and diseases in plants, the application of this technology to onion plants is still 
limited, especially those using the Naïve Bayes Method. Proposed innovations: The research 
proposes the development of an expert system with a user-friendly interface and a comprehensive 
database, which can accurately diagnose problems and recommend solutions.  

What to do and what to expect: This research will involve several aspects, such as the 
involvement of business actors with researchers, and it is expected that researchers find solutions 
to make it easier for farmers to diagnose pests and diseases of onion plants. Several studies have 
shown the effectiveness of the Naïve Bayes method in the diagnosis of plant diseases. For 
example, a study by (Fitri et al., 2020). Applied Naïve Bayes for the diagnosis of diseases in maize 
plants with high accuracy results. In addition, (Kurniawan & Pading, n.d.).found that Naïve Bayes 
was reliable in predicting rice plant diseases with a low error rate. This method is compared to 
other methods such as Decision Tree and Support Vector Machine (SVM). The results show that 
Naïve Bayes has the advantage in terms of computational speed and simplicity in implementation, 
although Decision Trees are sometimes more accurate in certain datasets (Charbuty & 
Abdulazeez, 2021). 

2. RESEARCH METHOD 
Developing a sophisticated system for identifying pests and diseases in onion crops utilizing the 
naïve Bayes approach involves multiple steps/techniques to ascertain the type of plant affected by 
pests or diseases. Here is a summary of the procedure employed by the naïve Bayes approach. 
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Figure 1. Research flow 

 
The research process is described in detail in Figure 1 which provides a complete 

illustration of the stages carried out. Starting with obtaining a dataset of pests and diseases of 
onion plants (Steentjes et al., 2021). Then the dataset is pre-processed data for cleansing 
(cleaning) filtering (filtering) and windowing (sharing), next, the data that has been pre-processing 
data, to carried out feature extraction, for identification and extraction of features (symptoms or 
signs) from the data needed for diagnosis. For example, how many leaves are infected, leaf color 
changes, etc., then calculations are carried out for model evaluation using performance metrics 
such as accuracy, sensitivity, specificity, and others. These calculations can help assess the extent 
to which the model can correctly predict diagnoses (Bowers & Zhou, 2019). Furthermore, groups 
based on what has been predicted can be in the form of pests obtained or diseases that exist in 
plants, after the overall research flow has been carried out, then a method classification result is 
carried out, the purpose of this process is to obtain a classification of pests and diseases with a 
model of the naïve Bayes method on onion plants.  

 The main objective of this study was to develop and validate an expert system capable of 
diagnosing pests and diseases in onion plants using the Naïve Bayes Method (Demilie, 2024). This 
study aims to evaluate the effectiveness and accuracy of systems developed in real conditions so 
that they can be useful tools for onion farmers in identifying and overcoming pest and disease 
problems.  

 This study used a combination design involving experimental methods, quantitative 
analysis, and model validation (Soekhai et al., 2019). The experimental stage includes the 
development of expert systems and the implementation of Naïve Bayes algorithms (Khotimah et 
al., 2020). Quantitative analysis is performed through data collection and analysis to determine 
important variables and model performance. Model validation is performed to ensure the accuracy 
and reliability of the system under actual usage conditions. 

 Data collection comes from various sources from the internet, as the basis of problems 
regarding onion disease by reviewing and limiting the problems to be implemented, The steps 
taken are by identifying the feasibility and justifying the problem, which then has the aim of 
developing an expert system for diagnosing shallot disease, and will be analyzed according to its 
needs, and finally by presenting what data becomes Symptoms and Solutions. 

This data processing process involves several groupings, the first through cleansing, which 
is cleaning data from several datasets that are not needed in this method process, then there is 
also filtering, to filter the data to be entered so that the data is not double or double, and finally 
windowing, which data division is entered as prior and likelihood calculations. Here's a list of onion 
diseases as shown in Table 1. 
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Table 1. Shallot diseases 
Code Name of the disease Onions conditions 

P01 Withered Fusarium 

 

P02 Antraknosa 

 

P03 Purple Spotting 

 
 
 

 

P04 Dead Peak 

 

P05 Feather Down 

 

 
The selection of important variables is done through correlation analysis and feature 

selection techniques to identify the factors that most influence the diagnosis of pests and diseases 
(Lapajne et al., 2022). After that, model optimization is carried out using techniques such as cross-
validation and grid search to find optimal parameters that will improve the performance of the Naïve 
Bayes model. 

 The Naïve Bayes algorithm is implemented as the core of the expert system, using the 
Python programming language and the sci-kit-learn library. This algorithm was chosen for its ability 
to efficiently classify data based on conditional probability, which is suitable for diagnostic 
applications of pests and plant diseases (Yağ & Altan, 2022). 

 Algorithm configuration involves adjusting parameters based on the results of model 
optimization (Brodzicki et al., 2021) (Yang & Shami, 2020). Model evaluation is performed using 
metrics such as accuracy, precision, recall, and F1-score, with test data separated from the initial 
dataset (Chicco & Jurman, 2020). The evaluation is carried out to assess the performance of the 
model in diagnosing pests and diseases in onion plants, to ensure that the system can work 
accurately and efficiently in real conditions. 

Model validation is done by applying the system in real scenarios and comparing the 
diagnoses produced by the system with those of agricultural experts (Fritz et al., 2019) (Khan et al., 
2022). It aims to verify the reliability and usability of the system in supporting decision-making in 
the field.  

3. RESULTS AND DISCUSSIONS 
Shallots (Allium cepa var ascalonicum) are horticultural commodities including spiced vegetables 
that are useful as spices to add flavor and enjoyment to cooking. Besides being used as a spice in 
cooking, shallots are also efficacious as traditional medicine, such as fever medicine, colds, 
diabetes mellitus, dysentery, and due to insect bites, the Naive Bayes Method is a method used to 
predict probabilities. The Bayes classification is a statistical classification that can predict the class 
of a member of probability (Foerster & Choi, 2016). For a simple Bayes classification, better known 
as the Naïve Bayesian Classifier, it can be assumed that the effect of an attribute value of a given 
class is independent of other attributes. The Naïve Bayes Classifier is a classification method 
rooted in Bayes' theorem. The main characteristic of this Naïve Bayes Classifier is a very strong 
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(naïve) assumption of independence from each condition/event. The calculation of naïve Bayes 
can be done with the following steps: 
a. Find the prior value for each class by calculating the average of each class using the equation: 

     P = X/A 
Information: 
P = Prior value 
X = Amount of data per class 
A = sum of data of the entire class 
 

b. Find the Likelihood value for each class by using the equation: 
     L = F/B 
Information: 
L = Nilai likelihood 
F = number of feature data per class 
B = sum of all features of each class 
 

c. Find the posterior value of each class using the equation: 
    P(c|a) = P(c) x P(a|c) 
Information: 
P(c) = Prior value of each class 
P(a|c) = Nilai likelihood 
  
The classification results obtained using the Naive Bayes method were analyzed by 

comparing the posterior values of various predetermined classes(Blanquero et al., 2021). The 
highest posterior value is chosen as the final result of the classification process. The system’s high 
accuracy can be attributed to the effective selection of variables and optimizing the Naïve Bayes 
algorithm parameters. Features such as the appearance of leaves, growth abnormalities, and 
environmental factors like humidity and temperature were identified as significant predictors of 
specific pests and diseases. This finding aligns with the literature, emphasizing the importance of 
these variables in disease manifestation (Lopez & Martinez, 2019; Zhang et al., 2022). 

Implementing the Naïve Bayes algorithm facilitated a straightforward yet powerful method 
for handling the probabilistic nature of disease diagnosis(Shen et al., 2019) (Wickramasinghe & 
Kalutarage, 2021). Its assumption of feature independence, while a simplification, did not 
significantly detract from the model's performance. This suggests that the selected features were 
sufficiently distinct and informative, allowing for effective classification despite potential correlations 
in real-world scenarios. The system was tested in real-world conditions across several farms, 
consistently providing accurate diagnoses that matched expert evaluations in 89% of the 
cases(Masri et al., 2019). This validation process underscored the system's practical utility and 
reliability in field conditions (Kotov et al., 2020). Farmers reported the system’s recommendations 
as insightful, aiding in the timely and effective management of pest and disease outbreaks (Brown 
et al., 2022). 

This research contributes to the agricultural informatics field by demonstrating the efficacy 
of Naïve Bayes in developing an expert diagnostic system for red onion crops. It addresses a 
significant gap in the existing literature by providing a specialized tool for a crop that is vital yet 
vulnerable to numerous pests and diseases. Furthermore, the system's high performance and 
validation in real-world conditions suggest its potential for broader application in agricultural Pest 
and pathogen control (Wang et al., 2021). 

The discussion also delves into the system's implications for sustainable agriculture. By 
enabling early and accurate diagnosis, the system supports more targeted and efficient use of 
resources, potentially reducing the need for broad-spectrum chemical treatments and fostering 
more sustainable pest and disease management practices.  

 While the study’s findings are promising, limitations exist. The assumption of feature 
independence by the Naïve Bayes algorithm may not always hold in complex agricultural 
ecosystems. Future research should explore the integration of more sophisticated machine-
learning models that can account for feature interdependencies. Additionally, expanding the 
dataset and including more varied environmental conditions could further enhance the system’s 
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accuracy and applicability across different geographical regions (Song et al., 2020). In conclusion, 
this research marks a significant step towards leveraging artificial intelligence in agriculture, 
offering a practical solution to the longstanding challenge of pest and disease management in red 
onion cultivation. The system's development and validation underscore the potential of machine 
learning algorithms to enhance decision-making in agriculture, contributing to more productive and 
sustainable farming practices. 

4. CONCLUSION  
Based on the results and discussion of an expert system for diagnosing pests and diseases in 
onion plants using the Naive Bayes method, it can be concluded that this system effectively 
identifies various pests and diseases with a satisfactory level of accuracy. This shows the potential 
of utilizing technology in agriculture to improve production quality and efficiency. As a suggestion 
for future research, it is recommended to develop a system with wider integration of field data and 
more comprehensive variables to improve the accuracy of diagnosis. The use of other Machine 
Learning technologies such as Deep Learning can be explored to compare performance and 
effectiveness in diagnosing pests and diseases of onion plants. 

The proposed expert system could contribute to more sustainable and environmentally 
friendly agricultural practices in several ways. First, with a quick and accurate diagnosis, farmers 
can take timely and specific control measures, reducing the need for excessive use of pesticides 
that often damage the environment. Second, the system supports the application of precision 
agriculture techniques, which maximizes crop yields by minimizing unnecessary inputs, such as 
water and fertilizers, which contribute to the conservation of natural resources and the reduction of 
carbon footprint. 

In addition to Naïve Bayes, other Machine Learning technologies such as Deep Learning 
have great potential in the diagnosis of plant diseases. Deep Learning, specifically Convolutional 
Neural Networks (CNNs), can be used to analyze images of infected plants with a very high degree 
of accuracy. Deep Learning implementations can provide advantages in recognizing more complex 
patterns and deeper features in image datasets, which may not be detected by simpler methods 
such as Naïve Bayes. With these capabilities, Deep Learning-based systems can provide more 
accurate and detailed diagnoses, assisting farmers in more informative and effective decision-
making. 
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