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Abstract: Sugarcane is a vital commercial crop in India, contributing significantly to the country's agricultural 

economy. However, it is susceptible to a variety of leaf diseases that hinder yield and quality. Traditional disease 

detection methods are labor-intensive and time-consuming. With the emergence of Artificial Intelligence (AI), 

advanced tools are now available to detect diseases more accurately and efficiently. This chapter explores the use 

of AI in detecting sugarcane leaf diseases, focusing on Indian agricultural contexts. It presents the AI models 

used, datasets, evaluation techniques, case studies, and implementation challenges, supported by relevant charts 

and diagrams. 
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I. Introduction 

Sugarcane (Saccharum officinarum) is a major crop grown in Indian states such as Uttar Pradesh, 

Maharashtra, Karnataka, Tamil Nadu, and Andhra Pradesh. With over 5 million hectares under cultivation, India 

is the second-largest producer of sugarcane globally. Diseases like Red Rot, Smut, Leaf Scald, and Mosaic Virus 

significantly impact the crop’s productivity and threaten the livelihoods of millions of farmers. Early detection 

and rapid response to disease outbreaks are critical components in achieving sustainable agricultural practices. 

AI-driven systems, particularly those using image processing and deep learning, have shown promising 

results in agriculture. By leveraging machine learning algorithms, farmers and agronomists can identify diseases 

with high accuracy, minimizing losses and optimizing the use of agrochemicals. These systems also facilitate 

large-scale monitoring and predictive analytics for disease outbreak trends. 

 

2. Common Sugarcane Leaf Diseases in India 

• Red Rot (Colletotrichum falcatum): This fungal disease is one of the most destructive and widespread in 

India. Symptoms include reddish patches on the leaf blades, necrosis, and eventual wilting of the entire 

plant. 

• Smut (Sporisorium scitamineum): Characterized by the appearance of black whip-like structures from 

the shoot meristems. It severely affects the growth and sugar content of the plant. 

• Leaf Scald (Xanthomonas albilineans): Caused by a bacterial pathogen, this disease leads to the 

development of white longitudinal streaks and may result in the drying of leaves and canes. 

• Mosaic Virus: A viral disease transmitted by aphids that causes mosaic or mottled patterns on the leaves, 

affecting photosynthesis and plant vigor. 
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Figure 1: Visual Symptoms of Common Sugarcane Diseases   

 

3. Artificial Intelligence Techniques Used The detection of diseases in sugarcane leaves using AI involves several 

stages: 

• Image Preprocessing: Involves normalization, resizing, and filtering to improve image quality and ensure 

consistency. This is essential for enhancing the performance of deep learning models. 

• Feature Extraction: Features such as color histograms, edge detection, and texture descriptors are 

extracted using algorithms like Gabor filters and Local Binary Patterns (LBP). 

• Machine Learning Models: 

o Support Vector Machine (SVM): Effective in high-dimensional spaces with non-linear 

classification capabilities. 

o Random Forest (RF): A robust ensemble method that improves classification accuracy by 

combining multiple decision trees. 

o K-Nearest Neighbors (KNN): A simple yet effective classifier based on distance metrics. 

• Deep Learning Models: 

o Convolutional Neural Networks (CNNs): Ideal for image classification tasks. CNNs 

automatically learn features from raw image data. 

o Transfer Learning: Utilizes pre-trained models (e.g., VGG16, ResNet50, MobileNetV2) on 

large datasets to adapt to sugarcane leaf disease classification. 

 
Figure 2: AI Workflow for Disease Detection in Sugarcane Leaves 
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4. Datasets and Data Collection Reliable datasets are crucial for training accurate AI models. In India, data has 

been gathered through the following sources: 

• Field visits and drone imagery in sugarcane farms of Uttar Pradesh and Maharashtra. 

• Collaborations with institutions like Indian Institute of Sugarcane Research (IISR) and Tamil Nadu 

Agricultural University (TNAU). 

• Expert-labeled datasets with annotations verified by plant pathologists. 

 

Table 1: Summary of Sugarcane Leaf Disease Dataset 
Disease Number of Images Source Resolution 

Red Rot 1500 IISR, Lucknow 224x224 

Smut 1300 TNAU, Coimbatore 224x224 

Leaf Scald 1000 ANGRAU, Guntur 224x224 

Mosaic Virus 1200 Field Images (U.P.) 224x224 

 

5. Model Evaluation Metrics Evaluating the performance of AI models is essential to ensure reliability and 

scalability. The following metrics are commonly used: 

• Accuracy: The ratio of correctly predicted observations to the total observations. 

• Precision: The ratio of true positives to the total predicted positives. 

• Recall: The ratio of true positives to all actual positives. 

• F1-Score: Harmonic mean of precision and recall. 

• Confusion Matrix: Provides a visual breakdown of model performance by showing actual vs. predicted 

classifications. 

 
Figure 3: Confusion Matrix of CNN Model on Test Set 

 

Table 2: Comparison of AI Models for Sugarcane Disease Detection 
Model Accuracy Precision Recall F1-Score 

SVM 85.3% 84.7% 85.1% 84.9% 

Random Forest 87.5% 87.2% 87.0% 87.1% 

CNN 93.8% 94.0% 93.5% 93.7% 

ResNet50 96.1% 95.9% 96.3% 96.1% 
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6. Case Study  

Implementation in Maharashtra: A pilot project was implemented in Kolhapur district, Maharashtra, in 

collaboration with the state agriculture department and a local AI startup. Farmers used a smartphone app equipped 

with a pre-trained ResNet50 model to scan sugarcane leaves. The app provided immediate feedback about the 

disease type and suggested remedial measures. 

• Outcome: 

o Disease detection accuracy of 94%. 

o Reduced pesticide usage by 30%, saving costs and improving ecological balance. 

o Increased crop yield by 12%, enhancing farmer incomes. 

o Enabled real-time disease mapping across farms for proactive intervention. 

Figure 4: AI App Interface and Workflow (Include screenshots of the app and system diagram showing cloud 

inference) 

 

7. Challenges and Future Directions 

• Challenges: 

o Variability in environmental conditions leads to inconsistent image quality. 

o Lack of standardized and comprehensive datasets specific to Indian agro-climatic zones. 

o Limited digital literacy and access to smartphones in rural communities. 

o Integration with existing agricultural extension services remains limited. 

• Future Work: 

o Development of federated learning systems to utilize decentralized data from farmers while 

preserving privacy. 

o Use of Unmanned Aerial Vehicles (UAVs) and IoT-enabled field sensors for large-scale disease 

monitoring. 

o Real-time disease forecasting using AI models integrated with weather data. 

o Government and NGO collaborations for training and adoption. 

 

8. Conclusion  

AI-based disease detection systems have shown significant potential in transforming sugarcane cultivation in 

India. By enabling timely and accurate diagnosis of leaf diseases, these systems can reduce crop loss, promote 

sustainable practices, and improve livelihoods. Future efforts should focus on increasing accessibility, enhancing 

datasets, and integrating AI tools with broader smart agriculture initiatives. 
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