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Abstract 

Plant leaf diseases significantly affect agricultural productivity and crop quality worldwide, 

leading to major economic losses and food security challenges. Early and accurate detection of 

plant diseases is essential for improving crop management and reducing the excessive use of 

pesticides. In recent years, deep learning and image processing techniques have emerged as 

effective approaches for automated plant leaf disease detection due to their high accuracy and 

efficiency. This systematic review presents a comprehensive analysis of existing research on 

plant leaf disease detection using deep learning and image processing methods. The review 

discusses various stages involved in disease detection, including image acquisition, 

preprocessing, segmentation, feature extraction, classification, and performance evaluation. 

Different machine learning and deep learning models such as Convolutional Neural Networks 

(CNN), ResNet, VGG, AlexNet, MobileNet, and hybrid optimization techniques are examined 

and compared based on accuracy, computational efficiency, and dataset utilization. The study 

also highlights commonly used datasets, challenges associated with real-time field conditions, 

image quality, class imbalance, and limitations of traditional disease identification methods. 

Furthermore, recent advancements in transfer learning, data augmentation, IoT-based 

monitoring systems, and smartphone-assisted disease diagnosis are discussed. The review 

concludes that deep learning-based approaches provide superior performance compared to 

conventional image processing methods and have strong potential for developing intelligent, 

real-time, and cost-effective agricultural disease management systems. 
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1. INTRODUCTION 

Agriculture plays a vital role in the economic development and food security of many countries. 

Healthy crops are essential for achieving high agricultural productivity and maintaining the 

quality of food production. However, plant diseases are one of the major factors responsible 

for reducing crop yield and causing significant economic losses worldwide. Leaf diseases in 

plants are commonly caused by fungi, bacteria, viruses, and environmental conditions, which 

directly affect plant growth and productivity. Early detection and proper identification of plant 
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diseases are therefore necessary to minimize crop damage and improve agricultural 

management practices [1]. 

Traditional methods of plant disease detection mainly depend on manual observation by 

farmers or agricultural experts. These methods are time-consuming, labor-intensive, and often 

inaccurate due to human error and lack of expert availability in rural areas. In addition, disease 

symptoms may vary depending on environmental conditions, making visual identification 

difficult. To overcome these limitations, researchers have increasingly focused on automated 

disease detection systems using image processing and artificial intelligence techniques [2, 3]. 

Image processing techniques are widely used for extracting important visual features such as 

color, texture, shape, and lesion patterns from plant leaf images. The general process includes 

image acquisition, preprocessing, segmentation, feature extraction, and classification. Earlier 

studies mainly relied on traditional machine learning algorithms such as Support Vector 

Machine (SVM), K-Nearest Neighbor (KNN), Decision Tree, and Random Forest for disease 

classification. Although these methods achieved moderate performance, they required manual 

feature extraction and were less effective for complex datasets [4]. 

Recent advancements in deep learning have significantly improved the accuracy and efficiency 

of plant disease detection systems. Deep learning models, especially Convolutional Neural 

Networks (CNNs), can automatically learn discriminative features directly from images 

without manual intervention. Various pre-trained architectures such as AlexNet, VGGNet, 

ResNet, DenseNet, MobileNet, and EfficientNet have demonstrated remarkable performance 

in classifying plant leaf diseases. The integration of deep learning with image processing has 

enabled the development of intelligent, automated, and real-time disease diagnosis systems for 

precision agriculture [5, 6]. 

Furthermore, technologies such as Internet of Things (IoT), cloud computing, mobile 

applications, and sensor-based monitoring systems are enhancing the practical implementation 

of disease detection models in smart farming environments. Despite these advancements, 

several challenges still exist, including insufficient datasets, varying illumination conditions, 

background noise, class imbalance, and computational complexity in real-time applications [7]. 

This systematic review aims to provide a comprehensive overview of plant leaf disease 

detection methods based on deep learning and image processing techniques. The review 

discusses various datasets, preprocessing methods, deep learning architectures, evaluation 

metrics, and recent technological advancements. It also highlights current challenges, 

limitations, and future research directions for developing efficient and reliable plant disease 

detection systems in modern agriculture [8]. 

2. LITERATURE REVIEW 

Kumar et al. [1] presented a hybrid approach for cotton disease detection with the objective 

of improving crop health and ultimately enhancing agricultural productivity and yield. Cotton 

is an economically important crop, and the early identification of diseases is essential because 

infections can spread rapidly and significantly reduce both crop quality and production. The 

authors focused on the application of intelligent computational techniques to identify disease 

symptoms from cotton plants and support timely decision-making. A hybrid methodology can 
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combine the advantages of multiple machine learning, deep learning, or image-processing 

techniques to achieve more robust disease classification than a single conventional model. Such 

approaches are particularly useful for identifying visual symptoms appearing on cotton leaves, 

including changes in color, texture, shape, and lesion patterns. The study demonstrates the 

growing importance of automated disease detection systems in precision agriculture, where 

manual inspection is time-consuming, labor-intensive, and dependent on expert knowledge. By 

integrating advanced computational methods, the proposed approach provides a potential 

solution for rapid and reliable cotton disease identification, enabling farmers to take preventive 

actions at an early stage. The work is significant because it connects disease detection with 

broader agricultural outcomes such as crop health and yield improvement, rather than treating 

disease classification as an isolated image-processing task. However, the practical performance 

of such systems may depend on factors such as image quality, environmental conditions, 

disease severity, background complexity, and the diversity of the training dataset. Overall, this 

study highlights the potential of hybrid intelligent approaches for developing automated cotton 

disease diagnosis systems and provides a foundation for further research involving optimized 

deep learning architectures and real-world agricultural applications. 

Ahmed et al. [2] investigated the identification and classification of agricultural crop diseases 

using both machine learning and deep learning techniques. The study emphasizes the 

importance of automated crop disease diagnosis in modern agriculture, where timely detection 

is necessary to prevent disease spread and minimize economic losses. Traditional disease 

identification generally depends on visual inspection by farmers or agricultural experts, which 

can be subjective, time-consuming, and difficult to implement on a large scale. Machine 

learning and deep learning provide an alternative by enabling automated analysis of plant 

images and recognition of disease-specific visual characteristics. The authors explored 

computational approaches capable of distinguishing healthy and diseased crops based on image 

features and learned patterns. Deep learning methods are particularly advantageous because 

they can automatically learn hierarchical representations directly from raw images, reducing 

the dependence on manually designed features. In comparison, conventional machine learning 

methods may require preprocessing and explicit feature extraction before classification. The 

study demonstrates the applicability of intelligent algorithms for agricultural disease 

recognition and highlights the potential of combining machine learning and deep learning 

techniques to improve classification performance. Such systems can assist farmers and 

agricultural professionals in making faster decisions regarding disease management and 

treatment. Nevertheless, the reliability of these models can be affected by variations in 

illumination, leaf orientation, disease appearance, image background, and crop variety. The 

research provides important evidence that AI-based disease classification can contribute to 

smart agriculture and serves as a useful foundation for developing more advanced automated 

crop disease detection frameworks. 

Bondre and Patil [3] presented a review of recent developments in agricultural disease image 

recognition technologies. The study provides an overview of the growing role of computer 

vision, machine learning, and deep learning in the automatic identification of plant diseases. 
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Image-based disease recognition has emerged as an important research area because plant 

diseases often produce visible symptoms on leaves, stems, fruits, and other plant parts that can 

be captured using digital cameras or mobile devices. The review discusses the evolution of 

disease recognition techniques from traditional image-processing methods to modern deep 

learning approaches. Conventional systems generally rely on manually engineered features 

related to color, texture, shape, and segmentation, whereas deep learning models can 

automatically learn meaningful representations from large image datasets. The study highlights 

the increasing use of CNNs and transfer learning for agricultural disease classification due to 

their ability to recognize complex visual patterns. The authors also emphasize the importance 

of high-quality datasets, appropriate preprocessing, and model optimization in achieving 

reliable disease recognition. Despite significant progress, several challenges remain, including 

variations in field conditions, complex backgrounds, inconsistent lighting, limited datasets, and 

differences in disease symptoms across crop varieties and growth stages. The review indicates 

that future research should focus on developing robust models capable of functioning under 

real-world agricultural conditions. Overall, the study provides a comprehensive understanding 

of the technological progress in agricultural disease image recognition and establishes the 

importance of AI-driven computer vision systems for sustainable and precision-based 

agriculture. 

Islam et al. [4] proposed a deep learning-based model for cotton disease prediction using fine-

tuning techniques and integrated the developed system into a smart web application for 

agricultural applications. The research addresses the need for accessible and automated disease 

diagnosis tools that can assist farmers in identifying cotton diseases without requiring 

continuous access to agricultural experts. Fine-tuning, generally associated with transfer 

learning, enables a pre-trained deep learning model to adapt its learned visual representations 

to a specific agricultural disease classification task. This approach can be particularly beneficial 

when the available agricultural dataset is relatively limited because the model can utilize 

knowledge learned from large-scale image datasets. The proposed smart web application 

further increases the practical significance of the work by providing an interface through which 

users can potentially submit plant images and receive disease predictions. Such an application 

can support rapid diagnosis and facilitate early intervention, thereby reducing the potential 

impact of disease on cotton production. The integration of deep learning with web-based 

technology represents an important step toward developing smart farming solutions that can be 

accessed by farmers and agricultural stakeholders. However, the effectiveness of such systems 

depends on the quality and diversity of training images and the ability of the model to 

generalize from controlled datasets to complex field environments. Variations in lighting, 

background, disease severity, and image acquisition devices can influence prediction 

performance. Nevertheless, the study demonstrates how transfer learning and intelligent web 

applications can be combined to develop practical and user-oriented cotton disease prediction 

systems. 

Mahum et al. [5] developed a novel framework for detecting potato leaf diseases using an 

efficient deep learning model. Potato is an important food crop, and diseases affecting potato 
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leaves can significantly reduce crop productivity and quality if they are not identified and 

managed at an early stage. The study focuses on automated image-based disease detection, 

where deep learning is used to learn important visual patterns associated with different disease 

categories. Deep learning-based approaches, particularly CNN architectures, have 

demonstrated strong potential for plant disease recognition because they can automatically 

extract discriminative features from input images. The proposed framework aims to improve 

the efficiency and reliability of potato leaf disease identification, thereby reducing dependence 

on manual diagnosis. Automated disease detection can provide farmers with faster information 

regarding the health condition of their crops and support timely disease management decisions. 

The study also demonstrates the broader applicability of efficient deep learning architectures 

in agricultural image analysis, where computational efficiency and classification accuracy are 

both important considerations. However, the generalization of a model trained on laboratory or 

curated datasets to real-world field conditions remains a significant challenge. Environmental 

factors, complex backgrounds, variations in disease appearance, and differences in crop growth 

stages can affect model predictions. Despite these challenges, the work contributes to the 

advancement of AI-enabled precision agriculture by demonstrating the potential of efficient 

deep learning models for automated plant disease detection and classification. 

Goel and Nagpal [6] conducted a systematic review of recent machine learning techniques 

used for plant disease identification and classification. The study examines the growing 

application of machine learning algorithms in agricultural disease diagnosis and provides 

insights into the development of automated and intelligent crop monitoring systems. Plant 

disease identification traditionally relies on expert observation, which may require 

considerable time and specialized knowledge. Machine learning techniques provide an 

opportunity to automate this process by learning relationships between image characteristics 

and disease categories. The review covers the application of different machine learning 

methodologies and emphasizes the importance of image preprocessing, feature extraction, 

feature selection, and classification in the overall disease recognition pipeline. The emergence 

of deep learning has further transformed the field by allowing models to automatically extract 

high-level features from plant images, reducing the need for manually engineered descriptors. 

The authors highlight the potential of these techniques to improve the speed and accuracy of 

plant disease diagnosis. At the same time, the review identifies several challenges, including 

limited and imbalanced datasets, variations in image acquisition conditions, lack of 

standardized datasets, and difficulties in transferring models from controlled laboratory 

environments to real agricultural fields. The study suggests that future research should focus 

on developing more generalized, scalable, and computationally efficient models capable of 

operating under diverse environmental conditions. This review is valuable for understanding 

the evolution of machine learning-based plant disease detection and provides a strong 

theoretical basis for researchers developing advanced deep learning models for crop disease 

classification. 

Sarkar et al. [7] presented a comprehensive review of machine learning and deep learning 

approaches for leaf disease detection, with particular emphasis on existing challenges in 
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automated agricultural diagnosis. Leaf images provide important visual information about the 

health condition of plants because many diseases produce recognizable symptoms such as 

spots, discoloration, lesions, and changes in texture. The study discusses how machine learning 

techniques can be used to classify these symptoms and distinguish between healthy and 

diseased leaves. Traditional machine learning methods typically depend on manually extracted 

features, while deep learning techniques, especially CNN-based models, automatically learn 

hierarchical representations from images. The authors highlight the significant progress 

achieved through deep learning but also point out that high performance on benchmark datasets 

does not always guarantee reliable performance in real agricultural environments. Factors such 

as complex backgrounds, changing illumination, overlapping leaves, varying disease severity, 

and differences between crop species can make disease detection considerably more difficult. 

Another important challenge is the availability of sufficiently large and diverse datasets 

representing real-world field conditions. The review emphasizes the need for robust, 

explainable, and computationally efficient models that can be deployed in practical agricultural 

applications. The study is particularly relevant to researchers working on automated leaf 

disease classification because it identifies both the technological advances and the unresolved 

research gaps in the field. Overall, the work highlights that future crop disease detection 

systems should move beyond laboratory-based image classification toward reliable real-world 

intelligent agricultural monitoring solutions. 

Yuan et al. [8] reviewed advanced technologies for agricultural disease image recognition and 

discussed the development of intelligent approaches for automatically identifying crop diseases 

from images. The study reflects the increasing integration of computer vision, image 

processing, machine learning, and deep learning in modern agriculture. Image recognition 

provides an efficient alternative to conventional disease diagnosis because visual symptoms 

can be automatically analyzed using computational models. The review discusses the 

progression from traditional image-processing techniques involving segmentation and 

handcrafted feature extraction to advanced deep learning approaches capable of automatically 

learning complex image representations. The increasing adoption of CNNs and transfer 

learning has improved the ability of automated systems to recognize diverse plant disease 

patterns. The authors also emphasize that successful agricultural image recognition depends on 

multiple factors, including image quality, dataset size, feature representation, model 

architecture, and environmental conditions. One of the major challenges is the difference 

between controlled laboratory images and images collected directly from agricultural fields. 

Real-world images may contain complex backgrounds, varying illumination, occlusion, and 

multiple disease symptoms, which can reduce recognition accuracy. The review therefore 

highlights the importance of developing robust and generalized models that can operate under 

practical farming conditions. This study provides a valuable overview of the technological 

evolution of agricultural disease image recognition and demonstrates the importance of 

advanced AI-based approaches in supporting precision agriculture, early disease diagnosis, and 

sustainable crop production. 
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Problem Formulation:  

Conventional machine learning approaches for plant disease detection rely heavily on manual 

feature extraction based on color, shape, and texture. These handcrafted features are highly 

sensitive to image quality, background noise, and crop-specific variations, limiting their 

generalization capability across different plant species and disease types. Additionally, such 

systems struggle to handle large-scale image data and complex disease patterns present in real-

world agricultural environments. 

Therefore, there is a clear need for an automated, accurate, and scalable solution capable of 

detecting multiple crop leaf diseases at an early stage using image data. An image-based deep 

learning approach can address these challenges by automatically learning robust features, 

reducing human dependency, enabling real-time diagnosis, and supporting sustainable 

agricultural practices. 

3. IMAGE PROCESSING 

Image processing is a technique used to analyze and manipulate digital images in order to 

extract meaningful information. In agriculture, image processing plays a major role in the 

identification and detection of plant leaf diseases by analyzing visual symptoms such as color 

changes, spots, lesions, texture variations, and shape abnormalities present on leaves. It helps 

in developing automated systems for accurate and early disease diagnosis. 

The general process of image processing for plant disease detection begins with image 

acquisition, where leaf images are captured using cameras, smartphones, or sensors. The 

collected images are then subjected to preprocessing techniques such as noise removal, 

resizing, filtering, contrast enhancement, and color space conversion to improve image quality. 

These preprocessing steps help in reducing unwanted distortions and improving the visibility 

of disease symptoms. 

After preprocessing, image segmentation is performed to separate the diseased region from the 

healthy portion of the leaf. Techniques such as thresholding, edge detection, clustering, and 

region-based segmentation are commonly used for this purpose. Once segmentation is 

completed, important features such as color, texture, shape, and lesion patterns are extracted 

from the affected region. These extracted features are then used for disease classification using 

machine learning or deep learning algorithms. 

Image processing techniques provide several advantages, including non-destructive analysis, 

reduced manual effort, high accuracy, faster disease identification, and real-time monitoring 

capability. Combined with deep learning methods such as CNNs, image processing 

significantly improves the performance of automated plant disease detection systems. As a 

result, image processing has become an essential component in smart agriculture and precision 

farming applications. 

 

https://ijarmt.com/


International Journal of Advanced Research and 

Multidisciplinary Trends (IJARMT) 
     An International Open Access, Peer-Reviewed Refereed Journal 

 Impact Factor: 7.2    Website: https://ijarmt.com      ISSN No.: 3048-9458 

 

Volume-3, Issue-2, July – September 2026                                                                         237        

 

Figure 1: Image Processing 

4. DEEP LEARNING 

Deep learning is a subfield of artificial intelligence and machine learning that enables 

computers to automatically learn patterns and features from large amounts of data. It is based 

on artificial neural networks with multiple hidden layers that can process complex information 

and perform tasks such as image classification, object detection, and pattern recognition with 

high accuracy. In agriculture, deep learning has become one of the most effective techniques 

for automated plant leaf disease detection. 

Unlike traditional machine learning methods that require manual feature extraction, deep 

learning models can automatically extract important features directly from images. This 

capability makes deep learning highly efficient for identifying disease symptoms such as spots, 

discoloration, texture changes, and lesions on plant leaves. The most commonly used deep 

learning model for image-based disease detection is the Convolutional Neural Network (CNN), 

which is specifically designed for image analysis tasks. 

The deep learning process generally involves image collection, preprocessing, feature learning, 

training, and classification. Large datasets of healthy and diseased plant leaf images are used 

to train the neural network. During training, the model learns hidden patterns and relationships 

between different disease classes. After training, the model can accurately classify unknown 

leaf images into healthy or diseased categories. 

Several pre-trained deep learning architectures such as AlexNet, VGGNet, ResNet, DenseNet, 

MobileNet, EfficientNet, and InceptionNet are widely used in plant disease detection systems. 

Transfer learning techniques are also commonly applied to improve performance when limited 

datasets are available. These models have achieved high classification accuracy and faster 

prediction compared to conventional image processing and machine learning approaches. 
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Deep learning provides many advantages, including automatic feature extraction, high 

detection accuracy, scalability, and real-time performance. However, challenges such as large 

dataset requirements, high computational cost, overfitting, and varying environmental 

conditions still exist. Despite these limitations, deep learning has significant potential in 

precision agriculture, smart farming, and automated crop monitoring systems for improving 

agricultural productivity and reducing crop losses. 

 
Figure 2: Deep Learning 

5. CONCLUSION 

Plant leaf disease detection using deep learning and image processing has become an important 

research area in modern agriculture due to its ability to provide accurate, fast, and automated 

disease diagnosis. Traditional disease identification methods are often time-consuming and 

dependent on expert knowledge, whereas intelligent computational techniques offer efficient 

solutions for large-scale agricultural monitoring. 

This systematic review analyzed various approaches used for plant disease detection, including 

image preprocessing, segmentation, feature extraction, and classification techniques. The study 

observed that deep learning models, particularly Convolutional Neural Networks (CNNs) and 

transfer learning architectures such as ResNet, VGGNet, MobileNet, and DenseNet, achieved 

significantly higher accuracy compared to conventional machine learning methods. The 

integration of image processing techniques further improved feature quality and classification 

performance. 

The review also highlighted the importance of publicly available datasets, data augmentation, 

IoT-enabled monitoring systems, and smartphone-based applications in developing practical 

and real-time disease detection systems. Despite the promising results, challenges such as 

limited datasets, varying environmental conditions, image noise, computational complexity, 

and real-time implementation still require further research attention. 
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Overall, deep learning and image processing technologies have strong potential to transform 

precision agriculture by enabling early disease detection, reducing crop losses, minimizing 

pesticide usage, and improving agricultural productivity. Future research should focus on 

lightweight models, real-time field deployment, explainable AI techniques, and integration 

with smart farming technologies to develop more reliable and cost-effective plant disease 

management systems. 
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