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By training models on massive datasets of rice leaf photos and differentiating between 

healthy and diseased leaves, machine learning and deep learning approaches are employed to 

identify rice leaf disease. To correctly identify and categorize rice leaf diseases, these models 

extract pertinent information from the pictures and use classification methods like Support 

Vector Machines or Convolutional Neural Networks. The measures adopted to assess the 

efficacy of the predictive models are accuracy, precision, recall, and F1 score. However, a 

variety of rice leaf problems can harm the crop. It will result in low-quality harvests and also 

have an impact on the crop's growth, and it's challenging. without the aid of a specialist, 

enables farmers to identify illnesses in rice crops at the appropriate time. Therefore, using an 

automated technique to find rice leaf disease is highly beneficial. Farmers should take 

safeguards early on to prevent harm to their crops. By automating the identification and 

classification process, Machine Learning (ML) and Deep Learning (DL) approaches give 

researchers useful tools for detecting rice leaf disease. With the use of these approaches, 

massive datasets of rice leaf pictures may be analyzed, facilitating the creation of precise and 

effective disease detection models. These methods can help researchers better understand rice 

leaf diseases, aid in early identification, and assist in the creation of efficient disease 

management procedures. 

 

INTRODUCTION 

ML and DL approaches are being used in different 

domains like weather forecasting, credit card fraud 

detection, healthcare, disease and cancer identification 

[1], Banking, E-Commerce, Vulnerabilities in Wireless 

Sensor Networks (WSNs) [2], and Internet of Things 
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(IoT) [3], etc.  Rice is a crucial staple crop worldwide, 

serving as a primary food source for many, especially in 

Asia. Its high carbohydrate content provides energy for 

daily activities and is a reliable source of essential 

vitamins and minerals. Rice has a significant impact on 

food security and poverty alleviation, providing lives for 

millions of people of farmers worldwide. The rice 

industry has substantial economic impacts, contributing 

to employment opportunities, income generation, and 

economic stability. Rice is also deeply rooted in cultural 

and social significance, symbolizing tradition, heritage, 

and identity. Rice cultivation also has environmental 

benefits, serving as a carbon sink and mitigating 

greenhouse gas emissions. Additionally, rice fields 

provide habitats for various species, supporting 

biodiversity in agricultural landscapes. India one of the 

biggest rice producers in the world, faces numerous 

challenges related to crop damages and losses in rice 

cultivation. These challenges can result from natural 

disasters, pests and diseases, weeds, post-harvest losses, 

and infrastructure and market challenges. Natural 

disasters like floods, droughts, cyclones, and heavy 

rainfall can cause significant damage to rice crops, 

causing crop loss and financial losses for farmers. Pests 

and diseases, such as blasts, bacterial leaf blight, brown 

spots, stem borers, and plant hoppers, can also lead to 

yield losses if not managed effectively. Weeds, which 

compete with rice plants for nutrients, water, and 

sunlight, require effective weed management practices. 

 Machine learning and deep learning approaches are 

increasingly used in agriculture to detect and diagnose 

diseases in crops like rice. These approaches utilize 

artificial intelligence to automate disease identification, 

enabling early detection and targeted treatment. Feature 

engineering involves extracting relevant features from 

rice leaf images, and using these features to train 

machine learning algorithms like decision trees, SVM, or 

random forests. Image classification involves training 

CNNs on raw pixel data, eliminating the need for 

explicit feature engineering. Transfer learning transfers 

pre-trained models to new models designed for rice leaf 

disease classification, fine-tuning them on smaller 

datasets for accurate disease detection. Object detection 

methods, including YOLO, SSD, and Faster R-CNN, help 

localize affected areas and identify multiple diseases for 

targeted treatment.  

 Generative Adversarial Networks (GANs) generate 

synthetic rice leaf images, improving performance and 

generalization capabilities. These approaches have 

shown promising results in rice leaf disease detection, 

enabling early diagnosis and effective disease 

management in agriculture. Post-harvest losses can 

result from inadequate storage and handling, leading to 

spoilage and reduced rice quality. Inadequate 

infrastructure for transportation, storage, and market 

access can also contribute to crop losses. Addressing 

these challenges requires a multi-faceted approach, 

including improved agricultural practices, access to 

better crop management techniques, timely availability 

of quality inputs, pest and disease monitoring systems, 

efficient irrigation systems, and improved post-harvest 

infrastructure. Government initiatives, research and 

development efforts, and farmer education and training 

programs are essential in mitigating crop damages and 

losses in rice cultivation in India. 

 

RELATED WORKS 

Many researchers and scientists studied and 

conducted experiments to identify rice leaf diseases in 

the early stages. A few of them are Convolution Neural 

Networks (CNNs), Neural Networks (NNs), Support 

Vector Machines (SVMs), Random Forest (RF), Decision 

Trees (DT), Linear Regression (LR), and K-Nearest 

Neighbor (KNN). Table I shows the production of rice in 

various countries. Table II gives a review of rice leaf 

disease detection techniques. A few diseases that affect 

rice plants are studied below and are depicted in Fig.1 

and Fig.2. 

1. Blast Disease: Magnaporthe, a fungus, is responsible 

for the blast, a serious rice disease in India. It interferes 

with several development phases of rice, causing leaf 

and neck blasts. If the illness is not appropriately 

controlled, it can result in significant yield losses. 

2. Bacterial Leaf Blight: Xanthomonas is the bacterium 

that causes bacterial leaf blight (BLB). Another common 

disease affecting rice is Oryza. Reduced yield is the 

result of leaf withering, yellowing, and brown lesions. 

3. Sheath Blight: Sheath Blight is a typical rice disease in 

India that is brought on by the fungus Rhizoctonia. It 

causes ulcers and rot in the sheaths and leaves of the rice 

plant. Sheath Blight can result in severe yield losses, 

particularly in humid environments. 



  

 

 
57     International Journal for Modern Trends in Science and Technology 

 

 

4. Brown Spot: Rice leaves are afflicted by Brown Spot, a 

foliar disease brought on by the fungus Cochliobolus. It 

results in tiny, oval-shaped lesions that have impaired 

photosynthesis and brown centers with yellow haloes on 

the leaf. 

  
(a)Blast Disease                              (b) Sheath Blight 

     
 (c) Brown Spot                   (d) Bacterial Leaf  

Fig. 1. Various Rice leaf infections [4] 

 
Fig. 2. Rice leaf diseases [4] 

 

 

TABLE I.  PRODUCTION OF RICE IN 2022 BY 

VARIOUS COUNTRIES [4] 

S.No Country 
Production of rice in 2022 [in lakhs 

of tonnes] 

1 China 14.7 

2 India 12.4 

3 Bangladesh 3.56 

4 Indonesia 3.46 

5 Vietnam 2.72 

6 Thailand 2.01 

7 Burma 1.25 

8 Philippines 1.24 

9 Japan 0.77 

10 Brazil 0.72 

11 Pakistan 0.66 

12 Cambodia 0.59 

13 United States 0.52 

14 Nigeria 0.50 

15 Korea, South 0.37 

16 Nepal 0.36 

 

TABLE II.  A REVIEW OF RICE LEAF DISEASE 

DETECTION TECHNIQUES 

Research 

Method

ology 

employe

d 

Disea

ses 

identi

fied 

Performan

ce metric 

Demerits 

Amandeep 

Kaur et al., [4] 

Neural 

Network

, SVM, 

KNN 

Brown 

Spots, 

Hispa, 

Leaf 

Blast 

96.5% and 

98.3% 

accuracy 

on 10 and 

20 

cross-folds. 

Training 

time is 

more. 

U. Latha 

maheswari et 

al.,[5] 

Butterfly 

Optimiz

ation 

sheath 

blight, 

bacteri

al 

stripe, 

neck 

blast, 

leaf 

blast 

Accuracy = 

89% 

More 

diseases 

should be 

included 

in the 

dataset. 

Md. Simul 

Hasan 

Talukder et al., 

[6] 

CNN 
Nitrog

en, 

Phosp

horou

s, and 

Potass

ium 

deficie

ncy 

Accuracy = 

96.67% 

A 

real-time 

dataset is 

not 

considere

d for the 

study. 

Vimal K. 

Shrivastava et 

al., [7] 

CNN 
Rice 

blast, 

Brown 

spot 

Accuracy = 

93.11% 

Accuracy 

can be 

improved. Durgadevi 

Velusamy et 

al., [8] 

SVM, 

KNN, 

RF, DT 

and LR 

brown 

spot 

and 

leaf 

roller 

Accuracy = 

90.63% 

Accuracy 

can be 

improved. Raja Krishna 

Vamsee 

Kongara et al., 

[9] 

CNN 
Leaf 

Blast, 

Brown 

Spot, 

Hispa, 

Bacter

ia Leaf 

Blight 

Accuracy = 

91.43% 

Accuracy 

can be 

improved. Mehwish 

Moiz et al., 

[10] 

SVM, 

CNN, 

KNN 

Leaf 

smut, 

Bacter

ial leaf 

blight, 

Brown 

spot 

Accuracy = 

97% 

Class 

imbalance 

problem is 

not 

considere

d. 

 

Anandhan. K 

et al., [11] 

K-means 

algorith

m 

Rice 

Stripe 

Virus 

Diseas

e 

(RSV

D), 

Sheat

h 

Blight, 

and 

Bacter

ial 

Blight 

Accuracy=

89% 

Accuracy 

can be 

improved 

by up to 

90%. 

Meenakshi 

Aggarwal et 

al., [12] 

Federate

d 

learning 

Blast, 

Sheat

h 

Blight, 

false 

Smut 

Accuracy= 

86% 

Accuracy 

can be 

improved 

upto 90% 

Vishesh 

Tanwar et al., 

[13] 

CNN 

and 

SVM 

Leaf 

smut 

diseas

e 

Accuracy =  

98% 

Training 

time is 

more. Zihad Hossain  

Nayem et al., 

[14] 

CNN 
Hispa, 

Tungr

o, 

Down

y 

Milde

w 

Accuracy = 

88% 

Accuracy 

can be 

improved. 
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Manish 

Kumar et al., 

[15] 

DenseN

et121 

and 

ResNet5

0. 

Rice 

blast, 

Brown 

spot 

Accuracy = 

96.7% 

Class 

imbalance 

problem is 

not 

considere

d. 

 

 

 

OPEN CHALLENGES 

While significant progress has been made in using DL 

and ML for the identification of rice leaf infection there 

are still some open challenges that researchers are 

working to address. Addressing these challenges will 

contribute to the development of more accurate, robust, 

and practical ML and DL solutions for rice leaf disease 

detection. To increase the accuracy and efficacy of 

disease detection systems in agriculture, researchers are 

actively investigating these areas. Table III shows a few 

of the ongoing challenges in this field. 

 

TABLE III.  OPEN CHALLENGES 

Feature Open Challenge 

Limited Dataset 

Availability 

 Developing accurate disease detection models 

requires large and diverse datasets. However, 

obtaining well-labeled and comprehensive 

datasets for rice leaf diseases can be challenging. 

There is a need for more extensive datasets that 

cover various disease types, stages, and variations, 

as well as diverse environmental conditions. 

Data Imbalance 

[16] 

 Imbalanced datasets, where certain disease 

classes have fewer samples than others, can affect 

the performance of ML models. In rice leaf 

infection identification, some diseases may be less 

prevalent or have fewer instances in the dataset. 

Addressing data imbalance is crucial to ensure 

that the models are trained and evaluated 

effectively for all disease classes. 

Generalization to 

Unseen Diseases 

 Most existing models are designed to detect 

specific known diseases. However, new and 

emerging diseases can occur, and it is crucial to 

create models that can generalize well to detect 

unseen diseases. Building models that can adapt 

and learn from limited labeled data of new 

diseases is a challenging task. 

Robustness to 

Environmental 

Variations 

 Environmental factors such as lighting 

conditions, rainfall [17], weather [18], 

temperature,  humidity, camera angles, and 

growth stages can introduce variations in rice leaf 

images. Models need to be robust to such 

variations to ensure accurate disease detection in 

real-world conditions. Addressing these 

challenges requires data augmentation techniques 

and the development of models that can 

generalize across different environmental 

conditions. 

Interpretability 

and 

It might be difficult to understand the judgments 

made by deep learning models since they are 

Explainability generally seen as "black boxes," especially 

complicated structures like CNNs. Interpretability 

is essential in agricultural applications so that 

farmers and agronomists can comprehend the 

assumptions behind disease forecasts. It is a 

continuous struggle to develop methods to 

explain or visualize model choices. 

Real-Time 

Disease 

Monitoring 

 Real-time disease monitoring is essential for 

timely interventions and effective disease 

management. Developing models that can 

perform fast and accurate disease detection in 

real-time scenarios, such as using embedded 

systems or edge computing, is a challenge that 

requires optimizing model size, speed, and 

resource requirements. 

 

CONCLUSION 

 ML and DL technologies are used to diagnose rice 

leaf disease by training models on enormous datasets of 

pictures of rice leaves and discriminating between 

healthy and diseased leaves. These models employ 

classification techniques like Support Vector Machines 

and Convolutional Neural Networks to accurately 

identify and classify rice leaf diseases by extracting 

relevant data from the images. The measures adopted to 

evaluate the efficacy of the predictive models are 

accuracy, precision, recall, and F1 score. However, 

several rice leaf problems might be detrimental to the 

crop. It's challenging, will result in low-quality harvests, 

and will have an impact on the development of the crop. 

gives farmers the ability to identify illnesses in rice crops 

at the appropriate time without the aid of a professional. 

Therefore, finding rice leaf disease using an automated 

method is quite helpful. Early precautions should be 

taken by farmers to protect their crops. ML and DL 

approaches that automate the detection and 

classification process have given researchers useful tools 

for recognizing rice leaf disease. These methods allow 

for the analysis of large datasets of images of rice leaves 

and the development of precise and efficient disease 

detection algorithms. These techniques can aid in early 

detection, improved understanding of rice leaf diseases, 

and the development of effective disease control 

approaches. 

 

Conflict of interest statement 

Authors declare that they do not have any conflict of 

interest. 

 



  

 

 
59     International Journal for Modern Trends in Science and Technology 

 

 

REFERENCES 

[1] R. P. R, K. Vivek, M. Srinivasa Rao, P. Kiran, P. Arun Nambi and C. 

K. Kumar, "Artificial Neural Network Based Effective Detection of 

Breast Cancer By Using Mammogram Data," 2023 1st International 

Conference on Innovations in High Speed Communication and 

Signal Processing (IHCSP), BHOPAL, India, 2023, pp. 437-440, doi: 

10.1109/IHCSP56702.2023.10127211. 

[2] Vivek, Kolla, et al. "An Efficient Triple-Layered and Double 

Secured Cryptography Technique in Wireless Sensor Networks." 

2021 IEEE International Conference on Distributed Computing, 

VLSI, Electrical Circuits and Robotics (DISCOVER). IEEE, 2021. 

[3] Rao, K. Venkateswara, et al. "A Study on Defensive Issues and 

Challenges in Internet of Things." High Performance Computing 

and Networking: Select Proceedings of CHSN 2021 (2022): 591-601. 

[4] A. Kaur, K. Guleria and N. Kumar Trivedi, "A Deep Learning 

based Model for Rice Leaf Disease Detection," 2022 10th 

International Conference on Reliability, Infocom Technologies and 

Optimization (Trends and Future Directions) (ICRITO), Noida, 

India, 2022, pp. 1-5, doi: 10.1109/ICRITO56286.2022.9964487. 

[5] U. Lathamaheswari and J. Jebathangam, "A Novel Deep Belief 

Network with Butterfly Optimization Algorithm for the 

Classification of Paddy Leaf Disease Detection," 2023 Third 

International Conference on Artificial Intelligence and Smart 

Energy (ICAIS), Coimbatore, India, 2023, pp. 789-796, doi: 

10.1109/ICAIS56108.2023.10073684. 

[6] M. S. Hasan Talukder, A. Krishno Sarkar and M. Nuhi-Alamin, 

"An Improved Model for Nutrient Deficiency Diagnosis of Rice 

Plant by Ensemble Learning," 2022 4th International Conference on 

Sustainable Technologies for Industry 4.0 (STI), Dhaka, 

Bangladesh, 2022, pp. 1-6, doi: 10.1109/STI56238.2022.10103280. 

[7] V. K. Shrivastava, M. K. Pradhan and M. P. Thakur, "Application of 

Pre-Trained Deep Convolutional Neural Networks for Rice Plant 

Disease Classification," 2021 International Conference on Artificial 

Intelligence and Smart Systems (ICAIS), Coimbatore, India, 2021, 

pp. 1023-1030, doi: 10.1109/ICAIS50930.2021.9395813. 

[8] D. Velusamy, A. Mounika, D. Ragulraj, and K. Vigneshwaran, 

"Automatic Disease Classification of Paddy Leaf Images Using 

Deep Learning Algorithms," 2023 4th International Conference on 

Signal Processing and Communication (ICSPC), Coimbatore, India, 

2023, pp. 325-329, doi: 10.1109/ICSPC57692.2023.10125872. 

[9] R. K. Vamsee Kongara, V. Siva Charan Somasila, N. Revanth, and 

R. D. Polagani, "Classification and Comparison Study of Rice Plant 

Diseases using Pre-Trained CNN Models," 2022 International 

Conference on Inventive Computation Technologies (ICICT), 

Nepal, 2022, pp. 140-145, doi: 10.1109/ICICT54344.2022.9850784. 

[10] M. Moiz, M. Akmal, M. S. Ishtiaq, and U. Javed, "Classification of 

Rice Leaves Diseases by Deep CNN-Transfer Learning Approach 

for Improved Rice Agriculture," 2022 International Conference on 

Emerging Trends in Electrical, Control, and Telecommunication 

Engineering (ETECTE), Lahore, Pakistan, 2022, pp. 1-6, doi: 

10.1109/ETECTE55893.2022.10007235. 

[11] K. M S, R. R. G and S. Karthik, "Streamlining Load Scheduling in 

Cloud Computing: A Thorough Performance Assessment and 

Development of Effective Methods for Design," 2024 International 

Conference on Advances in Modern Age Technologies for Health 

and Engineering Science (AMATHE), Shivamogga, India, 2024, pp. 

1-7, doi: 10.1109/AMATHE61652.2024.10582239.  

[12]  Sai Srinivas Vellela, Roja D, NagaMalleswara Rao Purimetla, 

SyamsundaraRao Thalakola, Lakshma Reddy Vuyyuru, Ramesh 

Vatambeti, Cyber threat detection in industry 4.0: Leveraging 

GloVe and self-attention mechanisms in BiLSTM for enhanced 

intrusion detection, Computers and Electrical Engineering,Volume 

124, Part A,2025,110368,ISSN 

00457906,https://doi.org/10.1016/j.compeleceng.2025.110368. 

[13] S. S. Vellela, L. R. Vuyyuru, K. B. S. K, N. MalleswaraRaoPurimetla, 

L. Dalavai and M. V. Rao,  "A Novel Approach to Optimize 

Prediction Method for Chronic Kidney Disease with the Help of 

Machine Learning Algorithm," 2023 6th International Conference 

on Contemporary Computing and Informatics (IC3I), Gautam 

Buddha Nagar, India, 2023, pp. 1677-1681, doi: 

10.1109/IC3I59117.2023.10397974. 

[14] Kavitha Mettupalayam Subramaniam, Ramachandra Rao Goli, 

Karthik Subburathinam, Srihari Kannan,Optimization of pyrolysis 

parameters for enhanced biochar production from agricultural 

biomass: A study on energy efficiency and carbon sequestration 

potential,Science of The Total Environment, Volume 

1015,2026,181362,ISSN 

00489697,https://doi.org/10.1016/j.scitotenv.2026.181362. 

[15] K. K. Kumar, S. G. B. Kumar, S. G. R. Rao and S. S. J. Sydulu, "Safe 

and high secured ranked keyword searchover an outsourced cloud 

data," 2017 International Conference on Inventive Computing and 

Informatics (ICICI), Coimbatore, India, 2017, pp. 20-25, doi: 

10.1109/ICICI.2017.8365348. 

[16] R. K. Yarava, G. R. C. Rao, Y. Garapati, G. C. Babu and S. D. V. 

Prasad, "Analysis on the Development of Cloud Security using 

Privacy Attribute Data Sharing," 2022 First International 

Conference on Electrical, Electronics, Information and 

Communication Technologies (ICEEICT), Trichy, India, 2022, pp. 

1-5, doi: 10.1109/ICEEICT53079.2022.9768608. 

[17]  K. K. . Kommineni and A. . Prasad, “A Review on Privacy and 

Security Improvement Mechanisms in MANETs”, Int J Intell Syst 

Appl Eng, vol. 12, no. 2, pp. 90–99, Dec. 2023. 

[18] Kommineni, K.K., Prasad, A. Enhancing Data Security and Privacy 

in SDN-Enabled MANETs Through Improved Data Aggregation 

Protection and Secrecy. Wireless Pers Commun 139, 855–882 

(2024). https://doi.org/10.1007/s11277-024-11635-w 

[19] “Blockchain-Enabled Secure Data Aggregation for SDN-Enabled 

Ad-Hoc Networks,” International Journal of Intelligent 

Engineering and Systems, vol. 18, no. 5, pp. 704–717, Jun. 2025, doi: 

https://doi.org/10.22266/ijies2025.0630.49. 

[20] K. K. Kommineni, P. Ande, “Blockchain-driven key management 

and privacy-preserving data Aggregation Scheme for 

SDN-enabled MANETs,” International Journal of Intelligent 

Engineering and Systems, vol. 18–18, no. 9, pp. 601–615, 2025, doi: 

10.22266/ijies2025.1031.39. 


