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Abstract: Plant leaf diseases significantly impact agricultural productivity and crop yield. Early detection of these diseases is
essential to reduce losses and improve plant health. This research presents an automated leaf disease detection system using
image processing and machine learning. A Convolutional Neural Network (CNN) is employed to classify plant leaf images as
healthy or diseased.

The trained model is integrated into a web-based application developed with Python Flask for easy user interaction. The
proposed system provides a fast, accurate, and reliable solution for plant disease identification and supports efficient agricultural
management.

Keywords: Plant Leaf Disease Detection, Image Processing, Convolutional Neural Network (CNN), Machine Learning, Python
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L. INTRODUCTION
Plant leaf disease detection is an automated approach used to determine whether a plant is healthy or affected by disease by
analysing images of its leaves.
Traditional methods rely on farmers or agricultural experts manually inspecting crops, which is time consuming, labour-intensive,
and often prone to errors. Automated systems, on the other hand, use computer vision and machine learning to identify disease
symptoms from leaf colour, texture, and shape. This early detection is critical to prevent the spread of diseases, protect crop yield,
and reduce economic losses. Such systems are particularly useful for large-scale farms where manual inspection of each plant is
impractical.
In recent years, image processing techniques have been widely applied for plant leaf disease detection. These methods involve
image acquisition, preprocessing, segmentation, and feature extraction to highlight the affected areas of leaves. After extracting
relevant features, machine learning models classify leaves as healthy or diseased [1], [2]. Studies have demonstrated that traditional
classifiers such as support vector machines and decision trees can achieve reasonable accuracy, but they often require careful
manual feature selection.
With the advancement of deep learning, Convolutional Neural Networks (CNNs) have emerged as highly effective for leaf disease
classification [3], [4]. CNNs automatically extract hierarchical features from images, capturing complex patterns that are difficult to
model manually. Recent research also explores encoder and segmentation-based architectures to further improve classification
accuracy and handle complex leaf patterns [4].
Moreover, CNN-based systems integrated with web frameworks enable real-time prediction and accessibility for end-users, making
it practical for farmers and agricultural professionals [5].
The proposed system in this research employs a CNN based model integrated with a Python Flask web application. Users can
upload images of plant leaves through a browser interface and receive instant disease classification results. By combining automated
detection with a user-friendly interface, this approach provides a fast, reliable, and cost-effective solution to monitor plant health.
Early identification of leaf diseases using such Al-driven tools can significantly improve crop management strategies, reduce the use
of unnecessary pesticides, and ultimately contribute to sustainable agriculture [1], [3], [5].
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Fig:- architecture of Leaf Disease Detection System Using ML

1. LEAF DISEASES & SYMPTOMS
Leaves are highly susceptible to infections caused by bacteria, fungi, and viruses. Disease symptoms are the visible effects of
pathogen activity, often seen as changes in color, shape, texture, or physiological functions. Early recognition of these symptoms is
essential for disease management and preventing crop loss [1].

A. Viral Disease Symptoms

Viral infections are often the most difficult to diagnose because symptoms can be subtle or resemble nutrient deficiencies. Viruses
are commonly transmitted by insects such as aphids,

leafhoppers, and whiteflies. Typical signs include mosaic patterns, yellow or green streaks, and leaf curling, with stunted plant
growth. For example, Tomato Mosaic Virus

(ToMV) in tomato plants shows yellow-green streaks or spots and distorted leaves Fungal Disease Symptoms

Fungal infections often lead to spots, blotches, or powdery growth on leaves. These pathogens can spread rapidly under humid
conditions. Examples include:

e Early Blight in Tomato — dark concentric spots on older leaves leading to defoliation

e Late Blight in Potato — dark brown lesions on leaves and stems, causing tissue decay

B. Bacterial Disease Symptoms

Bacterial pathogens usually enter leaves through wounds or natural openings caused by insects, pruning, or other damage. Early
symptoms appear as small, pale green or water-soaked spots, which enlarge into necrotic lesions. For instance, Bacterial Blight in
Potato causes dark water-soaked spots that eventually become dry and dead patches.
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Fig. 2: Bacterial Disease Symptoms (Fig. 2) [1].

C. C. Fungal Disease Symptoms

Fungal infections often lead to spots, blotches, or powdery growth on leaves. Examples include:

1) Early Blight in Tomato — dark concentric spots on older leaves leading to defoliation (Fig. 3)

2) Late Blight in Potato — dark brown lesions on leaves and stems, causing tissue decay (Fig. 4) [1].

Recognizing these symptoms allows timely intervention through cultural practices, biological control, or chemical treatments,
minimizing crop loss and improving overall yield.

1. SYSTEM ARCHITECTURE
The proposed Leaf Disease Detection System is designed to automatically identify diseases in plant leaves using image processing,
deep learning, and web deployment. The system is modular, scalable, and user-friendly.

A. System Architecture

The system workflow consists of four main components:

1) Image Acquisition: o Leaf images of crops like tomato and potato are captured using cameras or smartphones. o Dataset
includes healthy and diseased leaves. 0 These raw images form the input for the detection system (Fig. 2).

2) Image Preprocessing: o Enhances image quality and prepares data for CNN. o Includes resizing, noise reduction,
normalization, and background segmentation (Fig. 3). o Preprocessing improves feature extraction and model accuracy

3) Feature Extraction and Classification using: CNN o The Convolutional Neural Network (CNN) automatically extracts
hierarchical features from leaf images.

Architecture Overview

Layer Type Purpose
Convolutional Extract edges, textures, and color patterns
Pooling Reduce image dimensions, retain key
features
Fully Connected Combine features for classification
Output Predicts probability of each class
(SoftMax) (healthy/diseased)

Table 1: System Architecture Overview

The CNN model identifies subtle variations in leaf color, texture, and shape, improving classification accuracy [4], [5]. 0 The CNN
workflow is summarized in Fig. 4.[1]

4) Web-based Deployment
e The trained model is integrated into a Python Flask application. o Users upload leaf images via a browser interface.
e The system predicts the disease and displays the results instantly (Fig. 6).
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B. Key Features of the System

1) Automated detection reduces dependency on human experts.

2) Supports multiple crops and diseases.

3) Preprocessing ensures cleaner input for higher CNN performance.
4) Web deployment allows easy access and practical use for farmers.

Leaf Anatomy

_—— Apex

Fig. 3: Leaf Anatomy used in CNN

V. CNN MODEL/DEEP LEARNING APPROACH
The proposed system uses a Convolutional Neural Network (CNN) to classify leaf images as healthy or diseased. CNNs are widely
used in image-based applications because they can automatically extract hierarchical features, such as leaf edges, texture, color
patterns, and shapes, which are critical for identifying plant diseases. Unlike traditional machine learning methods, CNNs eliminate
the need for manual feature engineering and provide higher accuracy and robustness in varying conditions.[4]

A. Architecture Overview

The CNN model consists of convolutional layers for feature extraction, pooling layers to reduce spatial dimensions while preserving
important features, fully connected layers for combining features, and an output layer with SoftMax activation for classification.
The network is trained on labelled leaf images and learns to recognize subtle variations that indicate diseases. Key parameters
include the use of ReLU activation, dropout to prevent overfitting, and Adam optimizer with categorical crossentropy loss. Training
is performed for multiple epochs, allowing the network to generalize well to unseen leaf images.

—>
—>
Pooling —
Layer
—>
Fully connected Output layer

Input layer |

| Convolutional and pooling layers repeated N times | dense layers

Fig. 4: CNN Working Flow

B. Advantages of CNN

1) Automatically extracts complex features without manual intervention.

2) Handles variations in leaf size, orientation, and background.

3) Provides high classification accuracy compared to traditional ML algorithms.
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V. COMPARATIVE ANALYSIS
Automated leaf disease detection using Convolutional Neural Networks (CNNs) has shown significant improvements over
traditional image processing and machine learning techniques. Previous approaches, such as manual feature extraction with Support
Vector Machines (SVM) or K-Nearest Neighbors (KNN), required intensive preprocessing and expert knowledge to identify leaf
patterns. These methods often struggled with variations in leaf orientation, lighting conditions, and background noise, resulting in
lower accuracy and limited scalability [1], [2], [3].

CNN vs Traditional Methods

CNN-based models automatically learn relevant features from images, eliminating the need for handcrafted feature selection. As a
result, CNNs provide higher classification accuracy, faster training, and better generalization across different crops and diseases. In
this study, our CNN model achieved robust performance on tomato and potato leaf datasets, handling multiple diseases effectively.
The inclusion of data augmentation and preprocessing further improved model reliability, which is a key advantage over
conventional methods.

VI. ADVANTAGES AND DISADVANTAGE
A. Advantages
1) Automated Detection: Eliminates the need for expert intervention, reducing human error.
2) High Accuracy: CNN models accurately classify healthy and diseased leaves under varied conditions.
3) Scalable: Easily adaptable to additional crops and multiple disease types.
4) User-friendly: Web deployment via Python Flask allows farmers to access predictions
5) Early Disease Detection: Enables timely intervention, reducing crop loss and improving yield.

A. Disadvantages

6) Data Dependency: CNN performance depends on the quality and quantity of labelled datasets.

7) Computational Resources: Training deep networks requires significant processing power.

8) Environmental Limitations: Image quality may be affected by lighting, background, or leaf orientation.
9) Maintenance: Periodic model retraining may be required as new disease types emerge.

VII. CONCLUSION
In this research, a CNN-based leaf disease detection system was developed for tomato and potato crops. The system accurately
classifies healthy and diseased leaves and is deployed through a web interface using Python Flask, providing a practical tool for
farmers. The proposed approach demonstrates high accuracy, scalability, and user-friendliness, making it an effective solution for
modern agricultural disease management. Future work can expand the dataset to include more crops and diseases and integrate
realtime detection using mobile applications or 10T enabled devices.
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