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Abstract—Rice is one of the most essential food crops
worldwide, and its productivity is significantly affected
by various diseases. Early detection and classification of
rice leaf diseases can help prevent large-scale yield loss.
This review paper provides a comparative study of
various machine learning (ML) and deep learning (DL)
approaches used for rice leaf disease detection. We
analyze key methodologies, datasets, and performance
metrics across multiple research studies. The findings
indicate that deep learning models, particularly CNN-
based architectures, achieve superior accuracy
compared to traditional ML techniques. Furthermore,
IoT and edge intelligence have emerged as promising
trends for real-time disease monitoring in precision
agriculture.

Index Terms— Image Processing, Machine Learning,
Random Forest, Rice Leaf Disease, Support Vector
Machine (SVM)

I. INTRODUCTION

Rice leaf diseases, such as bacterial leaf blight, blast,
and brown spot, severely impact rice production (Kaur
& Kaur, 2019). Conventional methods rely on expert
observations, which are often subjective and
inefficient. The application of ML techniques in
image-based disease detection has gained momentum
due to the availability of computational resources and
large datasets (Ghosal et al., 2021). Rice is one of the
most important food crops, feeding billions of people
globally. However, diseases such as bacterial leaf
blight, brown spot, blast and tungro virus, which can
severely impact production, vyield and quality.
Traditional disease detection methods rely on visual
inspection by experts, which can be subjective and
inefficient. Machine learning (ML) and deep learning
(DL) offer automated and precise alternatives for early
detection, reducing crop losses and improving
agricultural productivity. Rice crops are susceptible to
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numerous diseases, including rice blast, brown spot,
and. Traditional manual inspection methods are time-
consuming and prone to errors. Recent advancements
in machine learning and deep learning have paved the
way for automated and accurate disease detection
methods. This paper presents an overview of different
machine learning techniques employed in rice leaf
disease detection and highlights their performance,
challenges, and future research directions.

I1. MACHINE LEARNING APPROACHES FOR
RICE LEAF DISEASE DETECTION

A. Traditional Machine Learning Techniques
Support Vector Machines (SVM): Effective for small
datasets but requires feature engineering. Random
Forest (RF): Provides high accuracy and
interpretability by using multiple decision trees. K-
Nearest Neighbors (k-NN): Simple yet effective but
struggles with high-dimensional data. Naive Bayes:
Works well with probabilistic classification but
assumes feature independence.

B. Deep Learning-Based Approaches

Convolutional Neural Networks (CNNs): Extract
hierarchical features from images and offer superior
accuracy. Transfer Learning: Pretrained models like
VGG16, ResNet50, and MobileNet improve
performance with limited data. Hybrid CNN-RNN
Models: Combine spatial feature extraction with
sequence learning for better predictions.

I11. DATASETS

Several publicly available datasets facilitate research
in rice leaf disease detection: Rice Leaf Disease
Dataset (UCI Repository): Contains labeled images of
infected rice leaves. PlantVillage Dataset: A broad
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dataset with multiple plant species, including rice
diseases. Custom Datasets: Developed by researchers
using field images.

I11. DISCUSSION AND KEY FINDINGS

Performance Comparison: Deep learning methods,
particularly CNN-based architectures, outperform
traditional ML models in disease classification. Role
of Image Processing: Image processing techniques
improve ML model accuracy by extracting key
features from leaf images. loT and Real-Time

Monitoring: loT-based systems provide real-time
monitoring  capabilities,  enhancing  precision
agriculture  applications.  Hybrid  Approaches:
Combining ML with 10T, Edge Computing, and

spectral  analysis
efficiency.

improves

overall  detection

IV. COMPARATIVE ANALYSIS OF RESEARCH
STUDIES

Paper Algorithm

Advantages

Disadvantages

Machine Learning-Based Approach | K- means, Support
to Detect and Classify Rice Blast Vector Machine
Disease

Early Detection ,Automated
Approach, Improved Accuracy,
Scalability

Dataset Dependency, Cost,
Computational Resources

Random Forest
Algorithm, Naive
Bayes

Image Classification of Rice Leaf
Diseases Using Random Forest
Algorithm

Efficient Classification, Handles
Imbalanced Data, Feature
Importance

Overfitting Risk, Data
Dependency

Techniques for Rice Leaf Disease
Detection using Machine Learning
Algorithms

K- means , Support
Vector Machine,
ANN

Multiple Algorithm, Comparison,
Automation

Data Quality, Complexity

An 10T based System with Edge Supervised
Intelligence for Rice Leaf Disease Machine Learning,
Detection using Machine Learning loT

Real-time Monitoring, Minimizes
data transmission, reducing
bandwidth and operational costs.

Hardware Dependency,

Accuracy depends on the
quality of sensor data and
machine learning models

using KSC Clustering, SVM

select the most relevant features
for classification, improving
efficiency.

Exploring Classification of Rice KNN, CNN Improved Accuracy, Adaptability | Data Dependency, Over
Leaf Diseases using Machine fitting

Learning and Deep Learning

A Prediction of Rice Leaf Disease K-means, Non-linearity Handling KSC can Parameter Tuning, Data

Sensitivity

Using Image Processing Bayes, Decision

Tree, Histogram

identification, enabling prompt
intervention

Rice Leaf Disease Prediction Using | Mean-shift Automated Disease Detection, Model Complexity, Hardware
Machine Learning segmentation, Real-time Monitoring Requirements

Quadratic

Supervised

Machine Learning
Detection of Rice Leaf Diseases SVM, Naive Provides rapid disease Limited Disease Detection,

Dependency on Image Quality

V. CHALLENGES AND LIMITATIONS

Rice leaf disease detection using ML faces challenges
such as data scarcity, class imbalance, and
environmental variations affecting accuracy. High-
quality labeled datasets are essential but labour-
intensive to obtain. Variability in lighting, image
acquisition angles, and occlusions complicate model
generalization. Over fitting remains a concern,
especially with small datasets, requiring augmentation
and transfer learning techniques. Additionally,
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deploying ML models on edge devices is constrained
by computational costs and limited access to advanced
imaging tools. Addressing these issues requires

improved datasets, model interpretability, and
efficient deployment strategies for real-world
applications.

VI. FUTURE PROSPECTS

Advancements in ML and deep learning are expected
to enhance rice leaf disease detection. Future research
can focus on: Automated Data Collection: Using
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drones and loT-based sensors for real-time, large-scale
data gathering. Transfer Learning and Federated
Learning: Leveraging pre-trained models and
decentralized learning to improve accuracy and
adaptability. Edge Al Solutions: Developing
lightweight ML models optimized for deployment on
mobile devices and low-power hardware. Explainable
Al (XAI): Enhancing interpretability to gain farmer
trust and improve decision-making. Integration with
Precision Agriculture: Combining ML with remote
sensing and agronomic data for holistic disease
management.
VII. CONCLUSION

Machine learning has revolutionized rice leaf disease
detection by offering automation, efficiency, and
accuracy. While deep learning models outperform
traditional ML techniques, challenges like data
scarcity and deployment feasibility remain. Future
research should focus on hybrid models, real-time
applications, and loT integration to make disease
detection more accessible to farmers.
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