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Abstract— Deep learning techniques applied for classification and detection of plant diseases. Using convolutional neural networks
(CNNSs) and other deep learning architectures, researchers have made major strides toward automating the identification of numerous
plant diseases. Deep learning improves classification efficiency and accuracy by automatically extracting complicated characteristics
from digital pictures, hence eliminating the need for manual feature engineering. Deep Crop management and food security in

agriculture, even in the face of obstacles like model interpretability and the need for annotated training data. The review also looks at
the use of the cutting-edge deep learning architecture Efficient Net for plant leaf disease classification, emphasizing how effective and
scalable it is for automating tasks related to illness identification. Additionally, the review highlights CNNs' remarkable success in
correctly identifying plant illnesses and compares the efficacy of deep learning to traditional machine learning techniques. The article
also looks at the potential of deep transfer learning for identifying plant diseases, showing how it might enhance detection accuracy by
tailoring trained models to particular disease datasets. In order to highlight the potential of deep learning to improve agricultural
management practices and guarantee food security, the review concludes by examining the factors influencing the adoption of deep
learning for plant disease identification, such as dataset availability, computational resources, and model interpretability.

Index Terms— Deep learning, Convolutional neural networks (CNNs), Plant diseases, Classification, Efficient Net.

convolutional neural networks (CNNs) are a kind of deep

I. INTRODUCTION learning method that have become more and more popular for

E-learning systems help lecturers Food security, identifying plant diseases because of their outstanding results
agricultural  productivity, and ~economic stability are N @ variety of image classification tasks. Transfer learning
threatened by plant diseases, which are a significant global  has been a popular method for obtaining high accuracy witha
threat. The timely intervention and efficient management ~Small amount of training data. It entails using pre-trained
techniques of these maladies are contingent upon the prompt ~ Models and optimizing them for certain applications. Plant
and precise diagnosis. Conventional disease diagnosis ~Jiseases have been a problem since the beginning of
methods primarily rely on the subjective and time-consuming agrl_culture and have resulted in S|gn|f!cant_losses for the
manual observation of qualified plant pathologists. The nvironment, society, and economy. Epidemics can happen
creation of computer-aided diagnostic systems that use deep ~ €Ven Wwith preventive measures in place, thus close
learning technigues to automate and improve the disease obser\_/atlon is necessary for early detectloq and management.
detection process is therefore gaining popularity. Because ~ Crop inspection has always depended on visual evaluation by
they provide energy, necessary nutrients, and therapeutic ~ €XPerts who have t?een_ educated to recognize p!ant_dlseqses.
chemicals, plants are the foundation of human nutrition. ~Buthuman evaluation is prone to prejudice, optical illusions,
However, the stability of the economy and agricultural ~ &nd mistakes, especially in places without plant pathologists
productivity are seriously threatened by their susceptibilityto ~ With the necessary training or where large agricultural
iliness. In particular, if left untreated, leaf diseases can result ~ regions make complete monitoring unfeasible. Plant disease
in significant losses to crops. In the past, plant pathology detectltl)n. and recognition using |m§ge?basgd technologies is
knowledge and a great deal of preparatory time were @&Promising appro_ach, par'gcularlym situations when human
necessary for the labor-intensive techniques used in disease ~ €valuation is difficult or impossible. Plant diseases have a
identification in the farming sector. Plant disease Major Impacton agrlcgltural pro_duct|V|ty because they lower
identification may now be automated and improved thanksto ~ the quantity and quality of agricultural products produced.
the development In recent years, deep learning (DL) and Timely |mplemgntat|on of mterventlons_and_rgduptlon of
machine learning (ML) methods. Diseases of plants lower the ~ 105ses are contingent upon the early identification and
output and quality of agricultural products, which seriously diagnosis of these illnesses. Deep Iearnlng—bal_sed methods
jeopardizes world food security. Nowadays, a lot depends on ~have been more popular recently for automating the plant
the automatic diagnosis and detection of these diseases in  disease classification process. In this paper, we investigate
agricultural  information  management.  Particularly ~how deep learning—more especially, ~the LeNet
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architecture—can be used to classify illnesses of the banana
leaf, showing how these methods perform well in difficult
real-world scenarios. Plant diseases must be promptly and
accurately diagnosed in order to prevent productivity loss and
guarantee the quantity and quality of agricultural goods.
Deep learning techniques in particular have become very
effective in solving this problem in recent years. Precision
agriculture is one of the image processing applications that
deep learning has revolutionized with its capacity to
autonomously create hierarchical representations from raw
data. Through the use of deep feature extraction and transfer
learning techniques, this literature review assesses the
effectiveness of several deep neural network architectures for
plant disease diagnosis. Reliable identification of weed
species in agricultural areas is necessary for the
implementation of site-specific weed management plans.
Conventional techniques for identifying weeds frequently
rely on human observation and experience, which can be
laborious and error-prone. Convolutional neural networks
(CNNs) have become highly effective tools for automated
image recognition tasks, such as classifying different plant
species, in recent years. This study of the literature looks at a
technique that uses CNNs to identify different plant species
in color photos, with a particular emphasis on weed species
found in farming areas. The popularity of deep learning in
computer vision has attracted a lot of attention from scientists
looking to boost plant disease detection systems' efficiency.
However, a lot of previous research has not completely
examined the possibilities of more recent developments in
deep learning techniques, instead relying on antiquated deep
architectures like Alex Net and Google Net. Moreover, this
research frequently handle deep learning models as opaque,
uninterpretable black boxes. The authors test many
cutting-edge Convolutional Neural Network (CNN) designs
and apply cutting-edge learning algorithms for plant disease
classification in this chapter to overcome these constraints.
The authors also suggest using saliency maps as a
visualization technique to improve CNN classification
algorithms' interpretability. Deep learning has become the
most popular method for classifying images since it is
incredibly accurate and efficient across a wide range of
applications. However, the dearth of comprehensive image
datasets that accurately depict the variety of circumstances
and symptom features encountered in practice presents
special hurdles for the computerized detection of plant
diseases. In order to improve data variability without
requiring extra photos, this literature review investigates a
novel method for plant disease diagnosis that focuses on
individual lesions and spots. Although this method improves
accuracy, complete automation is still hampered by the need
for manual symptom segmentation. A type of artificial
intelligence called deep learning has attracted a lot of interest
recently from both the academic and business worlds. Its

broad applications in diverse fields, including as image and
Its autonomous learning and feature extraction capabilities
are the cause of its video processing, audio processing, and
natural language processing capabilities.Deep learning has
become a potential tool in agricultural plant protection for
identifying plant diseases and estimating the spread of pests.
An overview of current developments in deep learning
technologies, particularly as they relate to the identification
of crop leaf diseases, is given in this study of the literature. In
order to be a useful tool for scholars working in the field, this
study will outline current trends, difficulties, and future
directions.

B X T -,ij
(a) Black Sigatoka

Il. LITERATURE REVIEW

This review of the literature provides a thorough overview
of the use of deep learning techniques for the identification
and classification of plant diseases. Convolutional neural
networks (CNNs) and other deep learning architectures have
helped researchers identify many plant diseases from digital
photographs automatically, and this development has been
accomplished quite successfully. The article discusses the
advantages of deep learning, including how it can
automatically extract complicated characteristics from
photographs, so eliminating the need for manual feature
engineering. Deep learning models' scalability and versatility
also make it possible to investigate massive datasets with a
variety of plant species and kinds of diseases. Constraints of
deep learning-based methods are also emphasized in the
paper, including issues with generality, the need for
annotated training data and processing resources, and
interpretability of the models. Despite these challenges, deep
learning has the potential to revolutionize agricultural
practices and ultimately improve crop management and food
security through the diagnosis and classification of plant
diseases.

The plant leaf disease classification method known as
Efficient Net, a modern deep learning architecture, has
demonstrated potential. This review of the literature looks at
the application of Efficient Net in this area and highlights
how effective and successful it is in automating processes
associated with diagnosing illnesses. Compared to
conventional machine learning methods, Efficient Net
improves classification performance and eliminates the need
for human feature extraction. Efficient Net is a perfect fit for
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real-world agricultural applications because of its scalable
architecture and effective parameter management, which
enable it to adjust to changes in disease symptoms and image
quality. The report summarizes recent findings that
demonstrate Efficient Net can accurately identify a range of
plant diseases using leaf pictures, allowing for timely
treatment and improving crop management practices.
Overall, the use of Efficient to classify plant leaf diseases
represents a significant advancement in agricultural
technology that could enhance sustainable agriculture and
food security. It has been more and more common in recent
years to compare the efficacy of deep learning and traditional
machine learning algorithms for the identification of plant
leaf disease. This review of the literature examines the
benefits and drawbacks of the two approaches, highlighting
important findings from various studies. In particular,
convolutional neural networks (CNNs) have shown
remarkable performance in deep learning by automatically
deriving hierarchical representations from unprocessed
image input; this has led to high accuracy in challenges
involving the identification of illnesses. Nevertheless,
traditional machine learning methods such as random forests
(RF) and support vector machines (SVM) may encounter
difficulty in identifying intricate patterns in plant images due
to their dependence on manually derived features. However,
training deep learning models often requires large amounts of
labeled data and computing capacity, which can be
challenging in agricultural settings. Research has shown that
deep learning can identify plant leaf diseases more accurately
than traditional machine learning techniques, despite these
challenges. This could lead to more accurate and successful
crop management techniques. Deep transfer learning, a deep
learning extension, has shown promise in the diagnosis of
plant diseases from images. This literature review examines
recent advances in this area and highlights the effectiveness
of using pre-trained deep learning models for tasks involving
plant disease classification through deep transfer learning. By
refining pre-trained models using plant disease datasets, deep
transfer learning enables the transfer of knowledge from
large-scale picture datasets, such as ImageNet, to tasks that
are specialized to a certain domain. This approach
significantly reduces the need for labeled training data and
computer resources, making it particularly helpful in
agricultural environments where annotated datasets may be
hard to come by. There are now additional options for the
accurate and scalable identification of plant diseases thanks
to research showing that deep transfer learning performs
better in terms of accuracy and efficiency than creating deep
learning models from scratch. Furthermore, model
interpretability, domain adaptability, and possible avenues
for future study to enhance the The work also addresses the
efficacy of deep transfer learning in the detection of plant
diseases through image analysis. In order for agricultural

technology to progress, it is critical to understand the factors
influencing the uptake of deep learning for plant disease
detection. This review of the literature examines critical
elements affecting the application of deep learning in this
domain. Things like the amount and quality of labeled
datasets, the processing power required to train deep learning
models, and familiarity with deep learning techniques are
crucial components in the adoption process. Moreover, the
interpretability, transparency, scalability, and generalization
abilities of deep learning models affect their suitability for
plant disease identification tasks. In addition, model
deployment and integration with existing agricultural
workflows, ethical and legal considerations, and other
constraints impact the use of deep learning in practice. By
taking these factors into account, academics and industry
experts may remove adoption barriers and fully realize the
promise of deep learning to identify plant diseases,
improving agricultural management practices and ensuring
global food security. Diseases that damage banana plants'
leaves pose major risks to their yield, lowering both
productivity and quality. This study of the literature examines
recent advancements in the classification and detection of
banana leaf diseases using deep learning-based techniques.
Using convolutional neural networks (CNNs), researchers
have developed unique methods for automatically identifying
various banana leaf diseases from digital pictures. By using
large datasets with annotations on photographs of banana
leaves, these techniques train CNN models to reach high
levels of accuracy and efficiency in disease recognition tasks.
Additionally, transfer learning approaches allow CNN
models that have previously undergone training to be
customized to specific datasets pertaining to banana leaf
disease, hence reducing the need for a significant amount of
computing power and labeled data. The investigation shows
how deep learning-based methods can enhance strategies for
controlling banana diseases and pave the way for more
sophisticated crop health monitoring. and methods for
disease prevention in banana farming. A promising direction
for agricultural technology is the utilization of deep
learning-based characteristics for the identification of plant
diseases and pests, a field that has garnered significant
attention in recent years. The following literature review
examines the research environment that surrounds the
identification and classification of parasites and plant
diseases using digital photos, utilizing deep learning
techniques.Using convolutional neural networks (CNNs) and
other deep learning architectures, researchers have developed
sophisticated models that can automatically extract valuable
information from images of pests and injured plants. With the
use of these deep learning-based features, pests and plant
diseases may be accurately and efficiently identified and
categorized, facilitating timely interventions and improved
crop management practices. Deep learning algorithms can
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also handle large agricultural datasets because of their high
scalability and adaptability. This makes them much more
beneficial for real-world applications. The need for annotated
training data, the interpretability of the model, and the
model's resistance to environmental changes are among the
topics still requiring research. But the application of deep
learning-based traits could revolutionize plant disease and
pest detection, enhancing crop health and agricultural
sustainability in the process. Deep convolutional neural
networks (CNNs) for the classification of plant species
constitute an important breakthrough in agricultural
technology and botany. This study of the literature examines
current advancements in the precise identification of plant
species from digital photos using CNNs. In comparison to
conventional machine learning techniques, researchers get
improved classification performance by utilizing the
hierarchical representations generated by deep CNN
architectures. Transfer learning approaches use pretrained
networks on large-scale picture datasets to significantly
improve the performance of CNN models. Furthermore,
tolerance to changes in lighting, plant growth stages, and
image quality is made possible via data augmentation
techniques. The review demonstrates how flexible
CNN-based methods are for managing a wide range of
botanical datasets and how they might be used for precision
farming, conservation initiatives, and biodiversity
monitoring. Nonetheless, research is still being done to
address issues including the scarcity of labeled training data,
the interpretability of the model, and generalization to
unidentified species. However, deep CNN integration for
plant species classification has potential to improve our
knowledge of plant diversity and promote environmentally
friendly farming methods. In order to help with crop
management and disease control, deep learning algorithms
have become increasingly effective in identifying and
categorizing plant diseases. These techniques provide
automated and precise treatments. The incorporation of
saliency map visualization approaches is the main topic of
this literature review, which explores recent developments in
the wusing deep learning to identify plant diseases.
Researchers can learn more about the areas of plant photos
that significantly influence disease classification decisions by
using convolutional neural networks (CNNs) for disease
diagnosis and saliency map generation. These saliency maps
improve the interpretability of the model and offer important
insights into the underlying characteristics of various
diseases. The paper also addresses how saliency map
visualization might be used to inform agricultural disease
management methods and direct focused interventions. To
fully realize the potential of deep learning for plant disease
detection and visualization, additional research is necessary
to address issues like model robustness, dataset diversity, and
real-time implementation. Nevertheless, the utilization of

Using deep learning to treat plant illnesses identification
from individual lesions and spots represents a significant
advancement in agricultural technology. This review of the
literature looks at current studies that use this innovative
method, which moves the emphasis from examining whole
leaves to examining specific disease lesions and spots.
Researchers have shown that using convolutional neural
networks (CNNs) and other deep learning architectures can
improve the efficiency and accuracy of disease diagnosis.
Deep learning algorithms can identify minor differences
indicative of many diseases by evaluating smaller sections of
plant leaves, each with its own distinct properties. This
improves classification performance. Moreover, this
methodology facilitates the detection of several ailments on a
single leaf, offering significant perspectives for focused
disease control tactics. The application of deep learning for
plant disease identification from individual lesions and spots
has significant promise for changing crop health monitoring
and disease control practices in agriculture, even though
obstacles such as manual symptom segmentation still exist.
An extensive summary of the application of deep learning
methods for plant disease identification and categorization is
given by this study of the literature. Researchers have made
great progress in automating the identification of different
plant diseases from digital photos by utilizing convolutional
neural networks (CNNs) and other deep learning
architectures. The benefits of deep learning are covered in the
article, including how it can eliminate the need for manual
feature engineering by automatically extracting complex
features from photos. Moreover, deep learning models'
scalability and adaptability make it possible to analyze
massive datasets with a variety of plant species and disease
types. The review also emphasizes the drawbacks of deep
learning-based methods, including problems with model
interpretability and generalization, the requirement for
annotated training data, and the necessity for computational
resources. Notwithstanding these difficulties, the application
of deep learning to the identification and categorization of
plant diseases holds enormous potential to transform
agricultural methods and, in the end, enhance crop
management and food security.

I1l. PREPARE CHALLENGES AND FUTURE

DIRECTIONS:

The application of Efficient Net in the classification of
plant leaf diseases still has several obstacles, notwithstanding
its potential. These consist of the accessibility of annotated
datasets for training models, domain adaptability to various
plant species and environmental circumstances, and
interpretability of model predictions. It will take teamwork
from researchers in computer vision, plant pathology, and
agricultural science to overcome these obstacles. The
creation of hybrid models that combine deep learning with
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other methods like multi-modal data fusion, reinforcement
learning, and transfer learning could be one of the future
prospects. Even with the advancements in ML and DL-based
plant disease identification, a number of obstacles still need
to be overcome. These include of scalability to large-scale
agricultural  settings, robustness to environmental
fluctuations, interpretability of model predictions, and
availability of annotated datasets for model training. To
provide reliable and useful solutions, computer scientists,
agronomists, and plant pathologists must work together
across academic boundaries to address these problems.
Moreover, there are chances to improve disease monitoring
and management techniques in agriculture by integrating
cutting-edge technology like data analytics, Internet of
Things (loT), and remote sensing. Although image-based
technologies for plant disease identification have significant
advantages, there are a number of obstacles to overcome.
These include variations in environmental factors, disease
symptoms, and image quality, all of which can have an
impact on how well automated identification systems work.
Additionally, access to sizable annotated datasets for training
and validation is necessary for the creation of robust and
trustworthy image analysis algorithms. In order to guarantee
end-user adoption and usability, it is also necessary to take
into account aspects like data transmission, hardware
compatibility, and user interface design when implementing
image-based solutions in actual agricultural settings.
Although deep learning techniques have enormous potential
for automated plant disease categorization, there are still a
number of obstacles to overcome. These consist of the
accessibility of annotated datasets for training models, the
ability of the models to withstand changes in the environment
and in domains, and the predictability of the models. In the
future, research may focus on creating more advanced CNN
designs that are suited to particular plant species and
illnesses, as well as integrating multi-modal data sources to
improve disease detection and treatment. ldentification of
plant diseases is made more difficult by the great range of
symptoms and situations seen in agricultural environments.
Conventional techniques frequently depend on human
observation and experience, which can be laborious and
subjective. Furthermore, the whole range of clinical
symptoms might not be well represented in current image
databases, which would reduce the efficacy of automated
categorization methods. Although deep learning-based plant
disease identification has made great strides, there are still a
number of obstacles and restrictions. These include the
requirement for big and varied datasets for training models,
the capacity of deep learning models to be interpreted, and
their resilience to changes in the environment and in image
quality. Furthermore, there are chances for more innovation
in crop monitoring and management thanks to the
combination of deep learning techniques with other cutting-

edge technologies like the Internet of Things (loT) and
unmanned aerial vehicles (UAVS).

1IV. BASIC KNOWLEDGE OF DEEP LEARNING

This paper addresses the deficiencies observed in previous
review articles focusing on disease detection. It presents a
comprehensive review of recent studies concerning the
recognition of plant leaf diseases utilizing image processing,
hyper-spectral imaging, and deep learning methodologies.
The objective is to offer valuable insights to researchers
engaged in plant leaf disease recognition through deep
learning techniques.
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A. Data Augmentation

Obtaining and labeling a large number of illness photos
requires a major investment of time, money, and materials in
leaf disease detection. Short onset times are a problem for
several plant diseases, making data collecting difficult.
Limited sample numbers and dataset imbalances have a
substantial impact on recognition efficacy in the field of deep
learning. Therefore, increasing the dataset is essential to
creating deep learning models that accurately detect leaf
illness. But data augmentation is required to meet the needs
of real-world applications while respecting limitations like
color preservation (color is a primary indicator of various
disorders). There are two widely used techniques for dataset
augmentation.

Results and Performance Evaluation:

The usefulness of the suggested strategy for identifying
plant diseases is demonstrated by the results of experiments.
Over 91.83% validation accuracy is attained on a public
dataset, demonstrating the transfer learning framework's
resilience and generalizability. Furthermore, for class
prediction of rice plant photos, the suggested approach
obtains an average accuracy of 92.00% even in difficult
environments with complicated backdrops. These findings
demonstrate how effective transfer learning is at using
information from sizable datasets to enhance performance on
particular tasks when there is a deficiency of training data.
The effectiveness of ML and DL approaches for plant disease
identification across a range of crop species and disease
categories has been the subject of numerous research
investigations. When compared to conventional manual
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procedures, these studies have shown notable improvements
in terms of accuracy, efficiency, and scalability. Based on
predefined features collected from plant photos, machine
learning  (ML)-based algorithms have demonstrated
promising results in identifying certain disease symptoms.
Comparably, deep learning techniques have been remarkably
successful in extracting discriminative features straight from
unprocessed picture data, which has enhanced the
performance of disease categorization.

V. CONCLUSION

To sum up, image-based technologies present a viable
alternative to manual inspection and human evaluation for
automated plant disease diagnosis. By facilitating the prompt
and precise diagnosis of plant diseases, these instruments
have the potential to completely transform agricultural
operations and decrease financial losses while enhancing
food security. However, for image-based detection systems

to be widely used and effective in actual agricultural
contexts, issues including variability in disease signs and data
availability must be addressed. To further the creation and
application of image-based technologies for plant disease
management, researchers, legislators, and agricultural
stakeholders must work together. The experimental findings
show that the suggested method is legitimate and effective in
precisely identifying plant diseases, even in difficult
situations. All things considered, transfer learning offers a
useful method for improving agricultural information
management and tackling the pressing problem of global
food security. All things considered, the fusion of agricultural
science with computer intelligence offers promising
prospects for robust and sustainable farming methods against
the threat of new diseases. Comparative analyses have shown
that EfficientNet performs competitively when compared to
other cutting- edge models. To solve issues with domain
adaptability, model interpretability, and dataset availability,
more study is necessary.
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