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Abstract

The detection and classification of plant leaf diseases is critical for ensuring

sustainable agricultural productivity. This survey presents a unified and comprehensive

overview of supervised, unsupervised, and semi-supervised learning

techniques applied to plant leaf disease detection and classification. Supervised

approaches such as Convolutional Neural Networks (CNNs), Support Vector Machines

(SVMs), and ensemble models have demonstrated high accuracy but require

extensive labeled datasets. Unsupervised methods, including K-means clustering,

autoencoders, and anomaly detection algorithms, offer promising results with

unlabeled data, especially in early-stage disease detection. Meanwhile, semi-

supervised learning bridges the gap by leveraging limited labeled and abundant

unlabeled data through frameworks such as self-training, GANs, and hybrid models.

This paper compares model accuracies, datasets used, tools and platforms (Python,

TensorFlow, MATLAB), and evaluation metrics across recent literature. Emphasis is

placed on the role of machine learning in real-time disease monitoring, data

augmentation, and resource-efficient farming. The study provides practical insights

and future directions for researchers and agritech developers aiming to integrate AI-

driven solutions into precision agriculture.
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Conclusion
The comparative effectiveness of supervised, unsupervised, and semi-supervised learning
approaches in image-based classification tasks is highlighted in this survey. When a lot of
labeled data is available, supervised learning methods like Ensemble Learning with CNN
and Hybrid CNN-SVM models consistently produced the highest accuracy (up to 96%)
among the three. By successfully fusing a smaller amount of labeled data with a larger
amount of unlabeled data, semi-supervised techniques demonstrated encouraging results
(up to 92%) and provided a balanced solution in situations where labeled data is limited.
Unsupervised methods are useful for exploratory data analysis and situations without
labels, despite having a slightly lower accuracy (peaking at 91%). are valuable for
exploratory data analysis and scenarios lacking labels. Researchers, developers, and data
scientists can use this survey to help them select the best machine learning techniques
based on factors like computational efficiency, accuracy requirements, and data availability.
It also acts as a roadmap for future advancements, promoting the creation of more reliable
models with less supervision, especially in semi-supervised and unsupervised learning.
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