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Abstract

Plant diseases are responsible for major agricultural losses worldwide and directly affect food security, farmer
income, and crop quality. Conventional disease diagnosis methods depend largely on visual inspection and
laboratory-based testing, which may be time consuming and require expert knowledge. Recent progress in
Acrtificial Intelligence (Al), especially machine learning, deep learning, computer vision, and Internet of Things
technologies, has significantly improved plant disease detection systems. Al-driven approaches provide rapid,
accurate, and automated identification of diseases under laboratory and field conditions. This review
summarizes recent advances in Al-based plant disease detection including machine learning algorithms,
convolutional neural networks, transfer learning, hyper spectral imaging, drone-based surveillance, smart phone
applications, and loT-enabled monitoring systems. The paper also discusses major datasets, challenges in
practical implementation, limitations under field conditions, and future research opportunities. Al-based plant
pathology tools have strong potential to support precision agriculture, sustainable disease management, and
global food security.
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1. Introduction

Plant diseases caused by fungi, bacteria, viruses, nematodes, and phytoplasmas are major constraints to
agricultural productivity throughout the world. Significant yield losses occur annually due to disease outbreaks
in cereals, vegetables, fruits, and ornamental crops. Accurate disease diagnosis at an early stage is essential for
effective management and reduction of economic losses.
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Traditional plant disease identification methods are mainly based on visual symptoms, microscopy, isolation
techniques, and molecular diagnostics. Although these methods are reliable, they are labor intensive, time
consuming, and expensive for small farmers. In recent years, Artificial Intelligence has emerged as a
transformative technology in agriculture. Al systems can analyze large datasets, recognize disease symptoms,
and provide rapid diagnosis with high precision.

The integration of deep learning, image processing, robotics, drones, and I0T technologies has revolutionized
modern plant pathology. Al-enabled systems can detect diseases in real time and assist farmers in taking timely
management decisions. This review presents recent advances in Al applications for plant disease detection and
discusses opportunities for future agricultural development.

2. Artificial Intelligence in Agriculture

Artificial Intelligence refers to computational systems capable of performing tasks that normally require human
intelligence. Al technologies have become increasingly important in modern agriculture for disease detection,
yield prediction, weed management, irrigation scheduling, and precision farming.

Machine learning algorithms are widely used for disease classification and prediction. Deep learning models
automatically extract complex image features and achieve high diagnostic accuracy. Computer vision
techniques enable automated symptom recognition from leaf, stem, fruit, and root images. 10T sensors collect
real-time environmental information including temperature, humidity, and soil moisture, which can be
integrated with Al models for disease forecasting.

3. Machine Learning Approaches

Machine learning methods are extensively used for classification and prediction of plant diseases. Supervised
learning algorithms are trained using labeled datasets and can accurately classify infected and healthy plant
samples.

Support Vector Machine, Random Forest, K-Nearest Neighbor, Decision Tree, and Naive Bayes are commonly
used machine learning algorithms in plant pathology research. These methods are effective for diseases with
clearly distinguishable symptoms. However, performance may decline under highly variable field conditions.

Machine learning approaches have been applied successfully for wheat rust detection, rice blast identification,
citrus disease diagnosis, and grapevine disease classification.

4. Deep Learning and Convolutional Neural Networks
Deep learning has become one of the most powerful technologies in plant disease diagnosis. Convolutional
Neural Networks (CNNs) automatically extract image features and classify diseases with very high accuracy.

Several CNN architectures including AlexNet, VGGNet, ResNet, DenseNet, and EfficientNet have shown
excellent performance in disease recognition. Transfer learning approaches use pretrained models and reduce
training time while improving classification accuracy.

[JCRT2605444 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] d798


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 5 May 2026 | ISSN: 2320-2882

Deep learning models have achieved more than 95 percent accuracy for many crop diseases under controlled
conditions. Generative Adversarial Networks are also used to generate synthetic images and improve training
datasets when disease samples are limited.

5. Image Processing Techniques
Image processing is an essential component of Al-based disease detection systems. Disease symptoms are
captured using smart phones, digital cameras, drones, and hyper spectral  sensors.

Preprocessing methods such as noise removal, image resizing, color normalization, and contrast enhancement
improve image quality before analysis. Segmentation techniques isolate infected regions from healthy tissues.
Important  disease  features include lesion size, shape, texture, and color variation.

Feature extraction and classification algorithms help identify disease severity and support automated diagnosis
systems.

6. Hyper spectral Imaging and Remote Sensing

Hyper spectral imaging captures information across multiple wavelengths and allows early disease detection
before visible symptoms appear. These techniques are highly sensitive and useful for precision agriculture
applications.

Drone-based remote sensing systems equipped with Al models are increasingly used for monitoring crop health
over large agricultural areas. UAVs can detect disease hotspots, map disease severity, and support site-specific
pesticide application.

Remote sensing technologies reduce labor requirements and provide rapid surveillance of large-scale farming
systems.

7. Smartphone and loT-Based Disease Detection
Smartphone applications integrated with Al models provide rapid disease diagnosis for farmers. Users can
capture plant images and receive instant disease identification along with management recommendations.

loT-based systems continuously monitor environmental parameters including humidity, leaf wetness, and
temperature. Al algorithms analyze these data to predict disease outbreaks and support timely intervention.

These technologies are especially useful for greenhouse management and precision farming systems.

8. Applications in Major Crops

Al technologies have been successfully applied in various crops. In rice, Al systems detect blast, brown spot,
bacterial blight, and sheath blight. In wheat, rust diseases and Fusarium head blight are effectively identified
using deep learning models.
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Tomato diseases such as early blight, late blight, and leaf curl virus are commonly used benchmark datasets in
Al studies. Potato late blight, citrus canker, apple scab, and grapevine mildew have also been accurately
diagnosed using Al-based approaches.

9. Challenges and Limitations

Despite significant progress, several challenges remain in practical implementation of Al-based plant disease
detection systems. Models trained under laboratory conditions may show reduced performance in real
agricultural fields due to variable lighting, complex backgrounds, and environmental fluctuations.

Limited availability of high-quality annotated datasets remains a major limitation for many crops and diseases.
Deep learning systems also require high computational power and large datasets for effective training.

Farmer awareness, digital infrastructure, and affordability are additional constraints, particularly in developing
countries.

10. Future Perspectives
Future research should focus on development of robust field-based models capable of performing under diverse
environmental conditions. Explainable Al systems are needed to improve transparency and farmer confidence.

Integration of Al with genomics, robotics, precision agriculture, and automated spraying systems will further
strengthen disease management strategies. Development of low-cost and user-friendly tools for smallholder
farmers is essential for large-scale adoption.

Multi disease and multi crop detection systems, along with real-time advisory services, are expected to become
major research priorities in coming years.

11. Conclusion

Artificial Intelligence has transformed plant disease diagnosis and opened new opportunities for sustainable
agriculture. Deep learning, computer vision, 10T, hyper spectral imaging, and remote sensing technologies have
improved the speed and accuracy of disease detection systems.

Al-based plant pathology tools can support early disease identification, reduce pesticide misuse, improve crop
productivity, and strengthen food security. Although challenges related to datasets, field validation, and
infrastructure still exist, continued research and technological advancement will enhance practical adoption of
Al-driven crop protection systems worldwide.
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