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Abstract- In agriculture, timely detection and classification of
leaf diseases play a crucial role in ensuring crop health and
yield optimization. With the advent of machine learning (ML)
techniques, automated systems have emerged as effective tools
for disease identification, aiding farmers in making informed
decisions regarding crop management. This project presents a
novel approach for leaf disease classification using ML
algorithms, coupled with the prediction of suitable fertilizers
and the season during which the disease is likely to affect the
crop. The proposed system leverages image processing
techniques to extract features from leaf images, which are
then used as input for ML models. Various classifiers such as
Convolutional Neural Networks (CNN) are trained on a
dataset comprising images of healthy and diseased leaves to
classify different types of leaf diseases accurately. Overall, the
integration of ML-based disease classification, fertilizer
recommendation, and season prediction offers a
comprehensive solution for addressing leaf diseases in crops,
empowering farmers with actionable insights for efficient crop
management. Finally, the output is obtained through a
Graphical User Interface (GUI), which allows users to
interact with the system through graphical icons.
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I. INTRODUCTION

The United Nations estimated a 2 billion increase in
the world's population over the next 30 years, a significant
increase of nearly 25% . According to the Food and
Agricultural Organization (FAO), to feed this population,
about 70-90% more food will be required . Approximately
16% of global agricultural crop production is lost due to
microbial diseases . Therefore, advanced disease detection
methods are essential to minimize these losses, maximize
productivity, and ensure agricultural sustainability. The
diseases in plants can cause a drop in both quality and quantity
of agricultural output. Among the most common plant
pathogens, fungi account for over 70-80% of plant
diseases [4fsource] . This paper focuses on utilizing
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machine learning (ML) techniques to predict and classify leaf
diseases, providing a practical solution for farmers.

Il. LITERATURE SURVEY

2.1 Design of Optimal Multilevel Thresholding Based
Segmentation with AlexNet Model for Plant Leaf Disease
Diagnosis

Jayaprakash and Balamurugan proposed a
segmentation and AlexNet-based feature extraction method
for plant leaf disease diagnosis. Their approach involves fuzzy
filtering for pre-processing, segmentation using chicken
swarm optimization, and classification using a functional link
neural network . Their results demonstrated high accuracy in
detecting and classifying leaf diseases, showcasing the
potential of deep learning models in agricultural applications.

2.2 Deep Convolutional Neural Networks-Based Machine
Vision System for Detecting Tomato Leaf Disease

Malunao et al. developed a system using YOLOv3
for early detection of tomato leaf diseases. Their model
achieved a mean average precision of 98.28%, showcasing the
efficacy of CNNs for disease detection . The model's ability to
detect diseases at an early stage can significantly reduce crop
loss and improve yield.

2.3 Deep Transfer Learning-Based Approach to Detect
Potato Leaf Disease at an Earlier Stage

Sarker et al. used ResNet50 to detect potato leaf
diseases, achieving an accuracy of 97% . This approach
emphasizes the importance of deep learning for early disease
detection. Their system can identify diseases even in their
initial stages, allowing for timely intervention and treatment.

2.4 Hybrid Approach Based on Metaheuristics and

Machine Learning for Tomato Plant Leaf Disease
Classification
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Jagatheeswari and Rao utilized a metaheuristic-
optimized machine learning system to classify tomato plant
leaf diseases with an accuracy of 88.26% . Their hybrid
approach combines the strengths of metaheuristics and
machine learning, providing a robust solution for disease
classification.

I1l. METHODOLOGY
3.1 Image Acquisition

High-quality images of healthy and diseased leaves
are collected using digital cameras. The images are taken
under controlled lighting conditions to ensure consistency and
reduce noise. The dataset includes various types of leaves
from different crops, ensuring a comprehensive representation
of possible diseases.

3.2 Image Preprocessing

Preprocessing involves several steps to enhance the quality of
the images:

e Resizing: All images are resized to a standard
dimension to ensure uniformity.

e Grayscale Conversion: Images are converted to
grayscale to reduce computational complexity.

e Filtering: Various filtering techniques, such as
Gaussian and median filters, are applied to remove
noise and enhance features.

3.3 Feature Extraction

Feature extraction is a crucial step in the classification
process. Techniques used include:

e Histogram of Oriented Gradients
Captures the gradient structure of the image.

e Color Histograms: Provides information about the
distribution of colors in the image.

e Texture Analysis: Uses methods like Local Binary
Patterns (LBP) to analyze the texture.

(HOG):

3.4 Classification

Different machine used for

classification:

learning algorithms are

e Support Vector Machines (SVM): Effective for
high-dimensional spaces.
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e Random Forest: Combines multiple decision trees
to improve accuracy.

e Convolutional Neural Networks (CNN): Uses
multiple layers to learn hierarchical features from
images.

IV. EXPERIMENTAL RESULTS
4.1 Dataset

The dataset comprises images of leaves from
different crops, including apple, grape, and tomato, with
diseases like apple scab, black rot, and early blight. The
dataset is split into training (70%) and testing (30%) sets to
evaluate the models' performance.

4.2 Evaluation Metrics

The performance of different classifiers is evaluated using the
following metrics:

e Accuracy: The ratio of correctly classified instances
to the total instances.

e Precision: The ratio of correctly classified positive
observations to the total predicted positives.

e Recall: The ratio of correctly classified positive
observations to the all observations in the actual

class.
e F1-Score: The weighted average of Precision and
Recall.
4.3 Results

The CNN model outperformed other classifiers,
achieving an accuracy of 95%, precision of 94%, recall of
93%, and Fl-score of 93%. SVM and Random Forest also
showed promising results with accuracies of 90% and 92%
respectively. The high accuracy of CNNs can be attributed to
their ability to learn complex features from the images.

V. DISCUSSION

The results indicate that CNNs are highly effective
for leaf disease classification due to their ability to
automatically learn relevant features from input images. The
integration of fertilizer recommendations and season
predictions further enhances the practical utility of the system.
By providing actionable insights, the system can help farmers
make informed decisions, ultimately leading to improved crop
management and yield.
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5.1 Challenges

Despite the promising results, several

encountered:

challenges were

e Data Quality: Ensuring high-quality images under
varying environmental conditions was challenging.

e Computational Resources: Training deep learning
models requires significant computational power.

e Generalization: Ensuring the models generalize well
to new, unseen data is critical for practical
deployment.

5.2 Future Work
Future work will focus on:

e Expanding the Dataset:
varieties and diseases to
robustness.

e Real-Time Implementation: Developing a mobile
application for real-time disease diagnosis.

e Advanced Models: Exploring more advanced deep
learning models and techniques to further improve
accuracy.

Including more crop
improve the model's

VI. CONCLUSION

This study presents an effective approach for leaf
disease classification using machine learning. The integration
of ML-based classification, fertilizer recommendation, and
season prediction offers a comprehensive solution for crop
management. The proposed system empowers farmers with
actionable insights, ultimately contributing to improved
agricultural productivity and sustainability. By leveraging the
power of machine learning, we can significantly enhance the
efficiency and accuracy of disease detection in agriculture.
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