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Abstract: The need for accurate and efficient technologies for recognising and controlling fruit diseases has increased due to the rising global
demand for high-quality agricultural products. This study focuses on the advantages, disadvantages, and potential practical applications of a
range of methods for identifying fecundities. Thanks to developments like improved imaging, machine learning, and data analysis tools, old
methods of disease diagnosis have altered as technology has developed. The study compares older methods like visual observation, manual
symptom correlation, spectroscopy, and chemical procedures with more contemporary methods like computer vision, autonomous learning
algorithms, and sensor-based technologies. Precision, efficiency, cost, scalability, and ease of use are used to describe each method's
effectiveness. The article reviews the research examples and practical applications of fruit endocrine disease detection in different cultivars and
areas to provide a thorough comparison. This comparison focuses on the variations in disease prevalence and the ways that alternative treatments
can be customised to certain situations.It is for this reason that this study offers useful information on how the methods for detecting fruit rot
have evolved through time. It emphasises the significance of utilising technological advances to enhance the accuracy, effectiveness, and long-
term sustainability of the management of agricultural diseases. Based on the unique requirements of their various agricultural systems, this

analysis can assist researchers, practitioners, and policymakers in selecting the most effective methods for identifying fruit diseases.
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. INTRODUCTION

Global worries over the distribution of food are raised by the
fact that agriculture is a key factor in economic growth. A
method for accelerating farmers' economic development
involves increasing fruit harvests. Employment, imports,
exports, and sustainable development are all key
contributors to success in the agriculture sector. For fruit
production to be increased, it is essential to guarantee that
fruit farming is disease-resistant [1].Precision agriculture
technology is being used by farmers today to increase their
income. A significant increase in the economy can be
achieved by utilising these methods. Accurate agriculture
makes it easier to spot insect threats, identify plant diseases,
and diagnose fruit maladies. One of them causes significant
financial losses and decreased production is fruit disease.
Effective fruit disease identification is crucial for reducing
fruit loss and stopping the spread of these illnesses. Fruit
producers are better equipped to grow more crops and
manage resources when they have access to cutting-edge
equipment and techniques. Therefore, it becomes essential
to predict fruit infections [2].

The development of fruits, such as apples, oranges, citrus,
pomegranates, and plums, is significantly influenced by
necessary mineral nutrients. These nutrients, which also
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include potassium, nitrogen, calcium, zinc, phosphorus, folic
acid, and magnesium, are essential. Fruit production
standards, quality, and growth are negatively impacted by
the lack of essential nutrients. Because of inadequate cold
chain infrastructure, unfortunately, 16% of fruits go to waste
each year. To stop their progression and protect other fruits,
early detection of fruit illnesses is essential. Diseases like
canker, anthracnose, black spot, fruit rot, thread blight, and
brown rot have recently made it difficult to cultivate fruit.
Harvesting, trimming, and spraying are just a few of the
agricultural tasks that have not yet fully embraced robotic
technologies. It becomes clear that the key to successful fruit
production is timely detection and prediction of fruit
illnesses.

Maintaining the health and quality of agricultural produce
depends on the ability to detect illnesses in crops. Fruit
disease can be identified using a variety of ways, from age-
old methods to cutting-edge technologies. Here are a few
typical approaches:

Visual Examination:

The simplest technique entails trained individuals visually
examining fruits for illness indications. Discoloration,
patches, lesions, deformities, and other things may be
among these symptoms. Even if this approach is arbitrary
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and depends on human judgement, it's nonetheless a crucial
stage in the diagnosis of diseases.

Field investigations and sampling

Surveys are conducted in the field by agricultural experts to
determine the prevalence and severity of diseases. Infected
fruit samples are collected for further examination. This
strategy directs disease management tactics and aids in
identifying the scope of illness spread.

Microscopic Analysis:

Utilising a microscope, microscopic analysis entails looking
at pathogens, spores, or other things connected to fruit
ilinesses. This can offer insightful information on the
particular organisms causing the disease and their traits.
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Figure 1: Different Types of Methods

Molecular Methods:

Analysing the genetic material of fruit-borne diseases is a
component of molecular approaches. Accurate pathogen
identification can be aided by DNA-based methods such as
Polymerase Chain Reaction (PCR). These techniques are
extremely precise and delicate, but they also need for
specialised tools and knowledge.

Immunological Procedures

Specific antigens or antibodies connected with fruit illnesses
can be found using ELISA and other immunological
techniques. These techniques are frequently employed in
laboratories and have a quick turnaround time.

Imaging and remote sensing:

Images of agricultural fields can be taken using remote
sensing devices, such as drones with cameras or sensors.
Based on changes in the health or colour of the flora, these
photos can then be examined to find trends in the spread of
disease.
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Computing vision and machine learning:

It is possible to train sophisticated algorithms and machine
learning models to recognise fruit illnesses from
photographs. These models can recognise patterns and traits
in both healthy and unhealthy fruit, allowing for automatic
and quick illness detection.

Spectroscopy:

To ascertain the fruit's chemical makeup, spectroscopic
techniques such as near-infrared (NIR) spectroscopy
examine the interaction between light and the fruit's surface.
This can be used to spot metabolic changes brought on by
disease in fruit.

Expert systems and decision-making instruments:

Computer-based expert systems incorporate disease
databases and the knowledge of agricultural professionals.
Based on symptoms seen and other pertinent information,
these systems can offer advice to farmers.

Digital platforms and mobile applications:

Using the cameras in smartphones, mobile applications are
being created to assist farmers in spotting fruit illnesses.
These apps frequently use Al algorithms and image
recognition to offer in-app disease diagnosis and
management guidance.

The review of fruit disease detection techniques highlights
the variety of strategies used to protect agricultural
productivity and guarantee food security. In order to visually
identify disease symptoms in fruits, traditional approaches
like visual examination and field surveys serve as the
fundamental instruments. The development of specialised
illness management techniques depends on this molecular
accuracy. Immunoassays and electronic nose devices detect
specific chemicals or volatile substances linked to diseases,
offering quick findings and fresh insights.

With the help of artificial intelligence and machine learning,
the power of data-driven decision-making has become
increasingly potent. These algorithms may discover complex
patterns and precisely categorise fruits based on the presence
of diseases by training models on labelled datasets. Farmers
can now rapidly diagnose diseases using smartphone
cameras thanks to mobile applications and digital platforms
that leverage machine learning and image identification.
This improves accessibility and real-time field decision-
making.Despite  these advancements in technology,
problems still exist. The broad use of some techniques is
hampered by implementation costs, accessibility in rural
locations, and the requirement for specialised training. In the
era of Al-driven disease detection, protecting data privacy
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and upholding algorithmic fairness are also critical factors to
take into account.The variety of methods for identifying
fruit diseases, which range from conventional visual
examinations to cutting-edge Al algorithms, demonstrates
how agriculture is changing. These techniques have the
potential to lessen the effects of illnesses, increase
agricultural output, and support sustainable food production
as technology develops and interdisciplinary collaborations
grow. An integrated strategy that makes the most of each
method's advantages while addressing its weaknesses would
probably pave the way for a comprehensive and successful
fruit disease management strategy.

1. BACKGROUND

Since food is a basic requirement for human living,
agriculture is at the forefront of efforts to ensure world
nourishment. The Food and Agricultural Organisation
(FAO) has noted a recent drop in the growth rate of
agricultural production, which raises questions about global
food security. The availability of food is further hampered
by this downward trend as well as the demand for biofuels,
urban migration, population expansion, and climate change.
The requirement to boost plant yield in order to produce
food sustainably emphasises the need for novel agricultural
strategies.Because there is a limited amount of land suitable
for agriculture, increasing the productivity of current
farmland becomes crucial. In order to overcome the problem
of food insecurity, creative solutions are required. The
adoption of agricultural technology also becomes essential
because it is anticipated that by 2030, a sizable section of the
labour in agriculture would move to other industries. Due to
this, Precision Agriculture (PA), a wide word including
methods that improve farming management precision and
control, has emerged. To improve agricultural practises, PA
makes use of technology including GPS navigation,
robotics, remote sensing, data analytics, and unmanned
vehicles. Early and accurate disease diagnosis, which is
crucial for fruit cultivation, is a key component of PA.

Agriculture's foundational activity is the cultivation of fruit,
which is essential to human nourishment. Unfortunately,
infections that affect fruit pose serious risks to both fruit
quality and quantity. Examples include grey mould, apple
scab, and brown rot. These illnesses impair critical functions
such plant growth, the creation of flowers and fruits, and
nutrient absorption. Therefore, early detection and
classification of fruit illnesses are essential for increasing
economic value. Manual inspection is difficult and time-
consuming, requiring constant observation. Additionally, it
might miss some infections. Laboratory approaches
(serological and molecular methods) and image processing
methods are two groups of automated methods for fruit
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disease identification. Techniques for image processing have
become more popular since they are inexpensive and non-
destructive. Fruit diseases have visual signs that may be
photographed, enabling the use of image processing
algorithms for quick and precise diagnosis possible.

The limitations of early disease diagnosis may be overcome
by combining image processing with machine learning.
These techniques are more precise and effective than human
perception. Image pre-processing, segmentation, feature
extraction, and classification are the standard four stages of
the workflow. Earlier methods depended on traditional
image processing methods and manually created features for
shallow classifiers like decision trees and support vector
machines. Convolutional neural networks, a type of deep
learning model, are the focus of more recent efforts to
automate feature extraction and classification.The diversity
of fruits in terms of texture, colour, shape, and disease
features, however, makes it risky to rely solely on one
classifier. As a result, methods of classification that combine
several methodologies are becoming more popular. The
combination of several classifiers is positioned to improve
the reliability and accuracy of fruit disease detection and
classification in this dynamic environment.
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Figure 2: Generation of different method for fruit disease detection

In order to understand patterns and make predictions on
new, unforeseen data, supervised machine learning
techniques for fruit disease diagnosis entail training a model
using labelled data (samples of healthy and diseased fruits).
In order to diagnose fruit diseases, the following supervised
machine learning methods are frequently used:

e Support Vector Machines (SVM): SVMs identify
a hyperplane that distinguishes several classes of
data the most effectively. They perform well for
binary classification problems and can use kernel
functions to handle non-linear data.
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¢ Random Forest: Random Forest is a decision tree-
based ensemble learning technique. It is strong,
adept at managing complex data, and able to shed
light on the significance of a trait.

e Gradient Boosting: Gradient Boosting
sequentially assembles a group of ineffective
learners (often decision trees), with each learner
concentrating on the flaws of the preceding one. It
works well with unbalanced datasets.

e Naive Bayes:Based on the Bayes theorem, naive
Bayes makes the assumption that features are
independent. It is suitable for text and image data
because it is straightforward and effective.

e K-Nearest Neighbours (KNN): Based on the class
of their closest neighbours, KNN assigns new data
points to one of several categories. It's simple to
use and efficient for tiny datasets.

e Deep learning with neural networks:
Convolutional neural networks (CNNs) for picture
data are particularly effective at learning intricate
patterns. They are excellent at identifying fruit
diseases and other picture classification jobs.

e Adaboost:Adaboost is an ensemble method that
strengthens a weak classifier by combining several
weak ones. It repeatedly emphasises cases that
were incorrectly categorised.

e XGBoost:XGBoost is a sophisticated gradient
boosting method that excels on structured datasets
and is very effective. It can record intricate
interactions and handles missing data.

e LightGBM: Another gradient-boosting framework
geared towards speed and effectiveness is
LightGBM. It works well with categorical features
and is appropriate for huge datasets.

e CatBoost: It is a gradient boosting technique that
naturally handles category information and
frequently requires minimal hyperparameter tuning.

The much adored fruit citrus suffers from a number of
ailments, including melanose, canker, greening, anthracnose,
scab, and black spot. Cubero et al. [30] study the use of
machine learning to handle citrus-related problems, such as
disease detection. Support vector machine (SVM)
technology is used by Sharif et al. to recognise and
categorise various diseases in citrus fruits [31]. By
segmenting fruit skins, their approach identifies lesions and
categorises diseases. Its efficiency is demonstrated by its
achieving 97%, 90.4%, and 89% accuracy on three datasets.
In order to identify citrus canker disease in real-time using
hyperspectral photos, Abdulridha et al. use unmanned aerial
vehicles [32]. For asymptomatic, early, and late citrus
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canker symptoms, the radial basis function achieves
classification accuracy of 94%, 96%, and 100%,
respectively.

Diseases including powdery mildew, apple scab, and black
rot canker are dangers to apple farming. An ensemble
classification strategy for apple disease detection is [15].
Their approach uses deep feature extraction from trained
models, classifying data using convolutional neural
networks based on SVM and LSTM. Its success is
demonstrated by 96.4% accuracy with SVM and 99.2%
accuracy with LSTM utilising a real-time dataset. For the
purpose of identifying anthracnose lesions in apple fruit,
Tian et al. suggest a deep learning model [16]. Cycle-
Consistent Adversarial Network for augmentation and the
YOLO-V3 model for illness identification are used to solve
data shortages. Deep learning is used by Fan et al. to
separate unhealthy apples from defective ones [17], with
results that are superior to those of traditional techniques. A
conventional expert system for identifying apple fruit
diseases is created by Al-Shawwa and Abu-Naser [24].The
economic worth of strawberries is matched by the risks from
disease and pests. Deep learning is used by Dong et al. to
identify nine pests and diseases in strawberries [28].
Transfer learning speeds up learning with enhanced
AlexNet. With the aid of VNIR/SWIR spectroscopy, neural
networks, and classification techniques, Siedliska et al.
suggest hyperspectral imaging for strawberry fungal
infection detection [20]. To identify five papaya fruit
diseases, Habib et al. develop a computer vision model that
may be used in near-real time [21]. Successful illness
detection depends on image preprocessing, k-means
clustering, feature extraction, and SVM classification. To
detect mango fruit diseases, Andrushia and Patricia use ant
colony optimisation and SVM.In conclusion, machine
learning-driven approaches are essential for combating fruit
diseases in various fruit crops. These methods, which range
from deep learning models to conventional classifiers, have
all been modified to address the unique problems presented
by diverse diseases. Enhancing the precision, effectiveness,
and timeliness of disease detection in fruit agriculture holds
tremendous promise for the integration of cutting-edge
technology, image processing, and novel classification
algorithms.
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Table 1: Summary of different disease

Type of Method for Disease Season Area
Fruit Disease
Detection

Citrus SVM and Canker, Varies | Global

Segmentation | greening,
anthracnose,
scab, black
spot,
melanose

Citrus Hyperspectral | Citrus Varies | Citrus
Imaging canker orchards

Apple Ensemble Black rot Varies | Apple
Classification | canker, apple orchards
(SVM and scab,

LSTM) powdery
mildew, core
rot, etc.

Apple Deep Anthracnose | Varies | Apple
Learning orchards
(YOLO-V3)

Apple Deep Segregating | Varies | Fruit
Learning defective sorting

apples

Apple Traditional Various Varies | Apple
Expert apple orchards
System diseases

Strawberry | Deep Various Varies | Strawberry
Learning diseases and fields

pests

Strawberry | Hyperspectral | Fungal Varies | Strawberry
Imaging infections fields

Papaya Near-Real- Brown spot, | Varies | Papaya
Time black spot, plantations
Computer phytophthora
Vision blight,

anthracnose,
powdery
mildew

Mango Ant Colony Anthracnose, | Varies | Mango
Optimization | stem end rot orchards
and SVM

DIFFERENT TYPES OF FRUIT DISEASES

A. Citrus Canker: Citrus canker, a highly contagious
disease that mostly affects orange, grapefruit, and lemon
trees, is brought on by the bacteria Xanthomonascitri subsp.
citri. On the surfaces of fruits, stems, and foliage, the disease
appears as elevated, corky sores. These lesions can vary in
size and appearance and are frequently encircled by a halo
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of wet tissue. Lesions become more noticeable as the disease
worsens and can cause fruit to drop early and leaves to die.
Citrus canker is a worry for citrus growers all over the world
since it can have a substantial influence on fruit quality and
marketability.A mix of cultural practises and chemical
control techniques is frequently used to manage citrus
canker. To stop the illness from spreading, infected plant
material should be removed and burned right away. Healthy
plants can be protected by prophylactic applications of
copper-based fungicides, but they lose some of their potency
in moist environments. It is impossible to exaggerate how
crucial it is to manage this disease that orchards are kept
clean and closely monitored.

B. Huanglongbing (HLB): It sometimes referred to as
citrus greening disease, is a fatal bacterial infection brought
on by CandidatusLiberibacter spp. The Asian citrus psyllid
bug spreads it. Citrus trees are impacted by HLB due to the
disruption of nutrient transport, which results in distorted,
bitter fruits and decreased fruit yield. The "yellow dragon"
symptoms of infected trees include yellowing of the leaves,
and finally, the tree may deteriorate and die. HLB has no
recognised treatment, which makes managing it very
difficult. Insecticides, biological control agents, and cultural
practises are used to combat the Asian citrus psyllid. HLB
poses a severe danger to the world's citrus industries,
prompting continued research into resistant citrus cultivars
and methods to reduce the disease's negative effects on
citrus production.

C. Apple Scab: Apple scab is a prevalent and harmful
disease in apple orchards that is brought on by the fungus
Venturiainaequalis. Olive-green to black lesions on leaves,
fruit, and twigs are the disease's outward sign. The exterior
of the fruit may develop scaly sores that have a velvety
appearance as the condition worsens. Fruit that is severely
infected may ripen prematurely and lose quality. To control
apple scab, fungicide treatments and cultural practises are
commonly combined. By removing fallen leaves and sick
fruit from orchards, effective orchard cleanliness can reduce
the risk that the illness will overwinter. The timing of the
administration of fungicides as a prophylactic measure is
frequently determined by the life cycle of the disease.
Planting resistant apple cultivars is another long-term
measure for preventing apple scab.

D. Powdery Mildew:Apples, grapes, and strawberries are
just a few of the many fruit crops that are impacted by the
common fungus disease known as powdery mildew. Several
species of the genus Podosphaera are responsible for causing
it. On the surfaces of leaves, stems, and fruits, the disease
manifests as an accumulation of white, powdery material.
Fruit quality may suffer, and diseased leaves may develop
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malformations or stunting. Cultural practises including
optimal spacing, pruning, and maintaining adequate
ventilation might delay the disease's spread.Fungicide sprays
are frequently used to treat powdery mildew, however
resistance developing is a problem. By mixing fungicides
with various modes of action, resistance can be delayed.
Planting fruit varieties with naturally higher powdery
mildew resistance can aid in limiting the spread of disease.

E. Black Rot:A lethal condition that affects apples and
grapes that is brought on by the fungus
Botryosphaeriaobtusa. Black rot causes fruit with black
borders and tan or grey centre to display rounded, depressed
lesions. Fruit rot and a decrease in marketable yield could be
caused by expanding lesions. Pruning to enhance ventilation
and decrease humidity, as well as exceptional hygiene to get
rid of infected plant debris, are cultural practises that can
control black rot. Fungicide applications are also regularly
made to protect fruit against infection. Applications made
during the growing season at the right times, particularly
during periods of intense rainfall and high humidity, can
help prevent the spread of disease.

F. Anthracnose: It is a fungal disease that affects numerous
fruit crops, such as strawberries and mangoes, and is
brought on by several species of the genus Colletotrichum.
On fruit surfaces, the illness results in dark, sunken lesions
that are frequently bordered by a defined boundary. Fruit rot
brought on by anthracnose can lower quality and
marketability. Anthracnose can be controlled through
cultural practises that enhance proper air circulation and
decrease wetness on plant surfaces. Application of
fungicides at times of high disease pressure can also aid in
preventing fruit infection. Infected plant debris should also
be removed and destroyed to stop the disease from
spreading.

These descriptions shed light on certain common fruit
disease traits, effects, and management approaches. To
adopt efficient preventative and control strategies in their
orchards or fields, producers must have a thorough
awareness of these diseases.

Table 2: Summary for different types of category for fruit diseases

Apple scab Apple Fungal Wet  tissue  halo

surrounds  lesions.-
fruit defoliation and
premature fruit drop.-
cultural practises and
fungicides with a
copper foundation for
management.

Powdery Apples, Fungal
mildew grapes, on by

- bacteremia brought

candidatusliberibacter
species.- by the asian
citrus psyllid bug.-
yellowing of the
leaves (symptoms of
the "yellow
dragon™).- asian
citrus psyllid control
is the main priority as
there is no known
cure.-  management
techniques using
insecticides,

biological pesticides,
and cultural practises.

strawberries

Black rot Apples,

Fungal - a fungus called
grapes venturiainaequalis

causes the sickness.—
olive-green to black
lesions on  twigs,
fruit, and leaves.-
scaly sores on the
fruit's exterior.- early
fruit loss and
diminished quality.-
the management
strategy of combining
the use of fungicides
and cultural practises.

Anthracnose

Strawberries, | Fungal - a fungus that
mangoes belongs to the
podosphaera  genus
that causes illness.-
white, powdery
development on the
fruit surfaces, stems,
and foliage.- stunted
or deformed leaves,
poorer quality fruit.-
cultural practises for
managing airflow and
the use of fungicides.

Disease type Fruits Category | Methods for
detection and
management

Citrus canker Orange, Bacterial | - An infection with
grapefruit, bacteria brought on
lemon by xanthomonascitri

subsp. Citri.

Huanglongbing | Citrus trees Bacterial | corky, elevated sores

(hlb) on the stems, leaves,

and fruits.
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For the sake of global food security, it is essential in modern
agriculture to maintain the health and production of fruit
crops. Fruit infections have the potential to cause significant
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financial losses, threaten livelihoods, and reduce the supply
of fresh produce. Therefore, it is crucial to create precise and
effective procedures for diagnosing and treating these
disorders. We have compared different methods for
identifying fruit diseases in this extensive study to highlight
their advantages, disadvantages, and potential areas for
development.

Image Processing Techniques use they are non-destructive,
economical, and capable of producing results quickly, image
processing techniques have become quite popular. These

techniques provide a useful means to monitor crops on a
broad scale by utilising the power of digital photos taken by
cellphones, cameras, drones, and satellites. The
identification of diseases has shown encouraging results
when using conventional image processing techniques, such
as color-based segmentation and texture analysis. These
techniques are especially useful for spotting symptoms that
are evident on fruit surfaces and foliage. They frequently
rely on hand-crafted features, though, which might not be
able to capture the minute subtleties that distinguish diseases
with minute variances.

Us e\f Image Acquisition j§ Preprocessing Module J§ Feature Extraction Module | Classification Mode! @ Result Display Module
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Figure 3. Fruit Disease Detection Process

The use of machine learning (ML) algorithms, such as
support vector machines (SVM), random forests, and k-
nearest neighbours (KNN), has improved the accuracy of
identifying fruit diseases. These algorithms are highly
proficient at discovering patterns from labelled training data,
allowing them to distinguish between illnesses with
comparable symptoms. For example, SVMs are good at
identifying the hyperplanes that best divide various disease
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groups, whereas Random Forest is good at capturing
intricate data interactions. KNN, on the other hand,
categorises data points based on how close they are to
known samples. These algorithms excel when used on well-
structured datasets and provide useful information on
disease categorization. However, the curse of dimensionality
can impair their performance and make it difficult for them
to handle very large and complicated datasets.

321


http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication

ISSN: 2321-8169 Volume: 11 Issue: 7
DOI: https://doi.org/10.17762/ijritcc.v11i7.7941

Article Received: 06 May 2023 Revised: 28 June 2023 Accepted: 16 July 2023

U; e\r' Image Processing Module | Feature Extraction Module | Machine Learning Model f§ Result Display Module

Upload Image

Extract Features

\J

Features

< Display Result

-
>

Disease Prediction

-

Result

Y

Us.er Image Processing Module @ Feature Extraction Module @ Machine Learning Model § Result Display Module

Figure 4. Fruit Disease Identification Process

Convolutional Neural Networks (CNNs) and other Deep
Learning (DL) architectures, in particular, have
revolutionised the field of disease identification using
images. Because CNNs are skilled at automatically
extracting hierarchical characteristics from images, they are
ideally suited to capture complex patterns and minute
variations in clinical symptoms. These architectures have
displayed exceptional performance in applications requiring
the classification of diseases into binary and multiclass
categories. The effectiveness of CNN-based techniques has
been further enhanced through transfer learning, where pre-
trained models are refined on particular datasets. In addition,
DL techniques, such as YOLO (You Only Look Once) and
Cycle-Consistent  Adversarial Networks, have showed
promise in tackling issues with data scarcity, data
augmentation, and improved feature learning.

V. OPPORTUNITIES AND CHALLENGES

Although the approaches mentioned have merit, they also
come with a number of issues that want attention. Imaging
angles, background clutter, and varying lighting conditions
can all inject noise into image-based techniques, which can
reduce their accuracy. When working with small training
sample sizes, overfitting, particularly in ML algorithms,
remains a risk. Additionally, while DL techniques are
excellent at identifying visual patterns, their "black-box"
nature might restrict interpretability and transparency,
making it more difficult to comprehend how decisions are
made.A hybrid approach that incorporates the benefits of
many approaches may offer substantial potential in
overcoming these difficulties. The robustness and reliability
of illness identification systems could be improved by using
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ensemble techniques, such as pooling the results of
numerous classifiers or combining image processing with
ML or DL. Additionally, combining information from many
sources, such as spectrum data, hyperspectral imaging, and
loT sensors, may give a more complete picture of crop
health and disease development.

Finding fruit diseases is an essential part of modern
agriculture because it has a direct impact on crop quality,
output, and overall food security. To ensure sustainable
agricultural practises and a stable food supply, researchers,
farmers, and policymakers must overcome a number of
critical issues associated with effectively recognising and
managing fruit diseases.

1. Diversity of Diseases and Symptoms:
The vast range of diseases that can affect various
fruit crops is one of the main obstacles to
diagnosing fruit diseases. Each disease may present
a variety of symptoms, some of which may change
as the disease worsens, making an accurate and
prompt diagnosis challenging. Lesions, patches,
discolouration, deformities, and texture alterations
are a few examples of these symptoms. It can be
challenging to distinguish between illnesses that
present with identical symptoms; this requires
specialised knowledge and cutting-edge methods.

2. Visual Similarities and Misdiagnosis:
A lot of fruit diseases have symptoms that visually
resemble one another or other conditions that aren't
diseases, such nutrient deficits or physical harm.
This apparent resemblance can result in incorrect
management  decisions and  misdiagnosis,
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potentially aggravating the issue. For the purpose
of providing focused treatments and reducing
financial losses, accurate disease identification is
essential.

3. Challenges with Early identification:
Effective disease management of fruit illnesses
depends on early disease identification. However,
many diseases are difficult to diagnose on visual
inspection alone because they are latent or
asymptomatic in their early stages. The disease
may have advanced greatly by the time symptoms
start to show up, which limits the effectiveness of
control efforts. To solve this problem, it is essential
to develop early detection technologies like sensor
networks and remote sensing.

4. Limited Resources and Expertise:
Accurate disease detection frequently necessitates
specialised knowledge in entomology and plant
pathology. But there is a lack of qualified
specialists in many places, especially in developing
nations. The issue is made worse by the lack of
training, tools, and diagnostic facilities. To give
farmers the information they need to manage
disease, this knowledge gap must be closed.

5. Technology Integration:
While technological breakthroughs offer promise
remedies for disease identification, it can be
difficult to successfully incorporate them into
agricultural practises. Farmers may not have the
requisite infrastructure, access to digital tools, or
technical expertise to use these technologies
successfully, especially in environments with
limited resources. Technologies must be accessible
and user-friendly in order to be widely used.

6. Environmental Factors:
The spread and severity of fruit diseases are
significantly influenced by environmental factors.
Temperature, humidity, rainfall, wind, and other
variables might affect how a disease develops and
spreads. A thorough grasp of the dynamics of the
disease and flexible techniques are necessary for
adapting disease management tactics to shifting
environmental conditions.

7. Data Collection and Interpretation:
Accurate and representative data collection is
necessary for illness monitoring and identification.
Data collection, however, can take a lot of effort
and may necessitate ongoing observation
throughout the growth season. Additionally, it
might be difficult to analyse the gathered data and
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turn it into useful insights, particularly when
working with enormous datasets.

8. Disease Evolution and Resistance:
Over time, several fruit diseases may become
resistant to management techniques, making
previously effective treatments useless. Pathogens
can also change over time, creating new strains
with unique traits. To remain ahead of changing
pathogens, ongoing research is required to create
and update disease management practises.

9. Socioeconomic Factors:
Socioeconomic factors, such as market demand,
information access, and financial resources, might
affect farmers' willingness and ability to implement
disease ~ management  practises.  Economic
restrictions may result in inadequate disease control
choices, endangering livelihoods as well as crop
health.

10. Globalisation and Trade:
The transportation of goods across international
boundaries can aid in the spread of illness to new
areas. Fruit and plant trade on a global scale opens
doors for the spread of novel diseases or strains to
previously unaffected regions. To stop the
introduction and establishment of dangerous
pathogens, quarantine and inspection mechanisms
must be strengthened.

V. ADVANTAHEGS OF USING ML/ DL

Using machine learning (ML) and deep learning (DL)
techniques to identify fruit diseases has a number of benefits
that improve the precision, efficacy, and sustainability of
disease management in agriculture. These benefits result
from these cutting-edge technologies' capacities to collect
and analyse massive amounts of data, spot intricate patterns,
and adapt to changing circumstances. The following are
some major advantages of ML and DL for identifying fruit
diseases:

1. Early Disease Detection: ML and DL algorithms can
examine a large quantity of data, including pictures of plants
and fruits, to find minute variations in colour, texture, and
form that point to the onset of an early disease. This helps
farmers to spot illnesses before telltale signs emerge,
enabling prompt action and reducing disease transmission.

2. Accurate Disease Recognition: ML and DL models may
discover intricate patterns and features from labelled
training data. Because of this, diseases are identified with
great accuracy even when their symptoms are similar. These
technologies can distinguish between distinct diseases that
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could have similar visual symptoms, lowering the rate of
misdiagnosis and enhancing disease treatment techniques.

3. Real-time Monitoring: Using sensors, cameras, and ML
and DL algorithms, crops may be monitored in real-time.
Through prompt action and decreased risk of disease
outbreaks, this ongoing monitoring assists in identifying
changes in plant health and disease status as they happen.

4. Scale and Efficiency: ML and DL algorithms are suitable
for analysing photos from big crop fields because they can
analyse enormous datasets rapidly and efficiently. Farmers
can now simultaneously monitor a large region thanks to
this scalability, something that would be impossible with
human inspection. Consequently, disease detection becomes
more thorough and effective.

5. Non-destructive Testing: Conventional disease detection
techniques can entail destructive sampling, requiring the
removal and examination of plant parts. ML and DL
methods are non-destructive, particularly those built on
image processing. This enables a more sustainable method
of evaluating plant health without endangering the crop.

6. Continuous Learning and Adaptation: In particular, DL
models are capable of continuing to learn from and adjust to
new data. In the agricultural context, where disease patterns
might alter due to changing pathogens, climatic fluctuations,
and farming practises, this adaptability is essential. As they
come across new data, these models might progressively
become more accurate.

7. Accessibility and remote monitoring: Mobile devices and
cloud services can both be used to deploy ML and DL
models. Farmers in rural places can get disease
identification tools thanks to this accessibility. Additionally,
broad agricultural regions may be monitored remotely using
drones or satellite imaging, which helps with disease
surveillance.

8. Less Human mistake: When manually identifying
diseases, especially when working with huge datasets, the
process can be subjective and prone to human mistake. The
consistency and objectivity of ML and DL approaches
reduce the possibility of misunderstanding and increase
overall accuracy.

9. Cost-effectiveness: Although ML and DL systems may
initially need a financial commitment, the long-term
advantages frequently outweigh the expenses. increased
yields, better crop quality, fewer chemical interventions, and
eventually increased farmer profitability can all be a result
of better disease management.
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10. Support for Research and Innovation: ML and DL
techniques give scientists strong tools to investigate fresh
perspectives on disease dynamics, comprehend the influence
of environmental factors, and create ground-breaking
approaches to illness management. This encourages
continuous improvements in farming methods.

VI CONCLUSION

The comparative examination of fruit disease detection
technologies given in this paper demonstrates how methods
for overcoming this significant agricultural challenge have
evolved and become more diverse. Accessible and
affordable  image  processing  techniques,  precise
classification from ML algorithms, and superior pattern
recognition from DL architectures are all offered. Although
each approach has advantages and disadvantages, their
combined potential opens the door for more complex and
accurate disease diagnosis systems. We may foresee a future
in which automated, data-driven disease identification
becomes a crucial component of contemporary agriculture,
helping to boost yields, lower losses, and increase global
food security by using the synergies among these
technologies and tackling their individual obstacles. Further
study and innovation in this area are essential to
revolutionising how we oversee, manage, and protect our
fruit harvests as technology develops.
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