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Abstract—Arecanut is an economically important crop that
is highly prone to various leaf diseases such as yellow spot, leaf
blight, and yellow leaf disease, which affect yield and quality.
This project proposes an intelligent disease detection system
using Convolutional Neural Networks (CNN) and the YOLO
(You Only Look Once) model to identify and classify Arecanut
leaf diseases from images. The system categorizes leaves into
four classes—healthy, yellow spot, leaf blight, and yellow leaf—
based on visual symptoms. By integrating environmental data
such as humidity and temperature, the model enhances
prediction accuracy. A mobile-friendly interface allows
farmers to upload leaf images, receive instant diagnoses, and
get treatment recommendations. This solution enables early
detection, reduces pesticide usage, and promotes sustainable
farming, thereby improving crop health and productivity.

Keywords—Arecanut disease detection, CNN, YOLO, Image
Processing, Sustainable Agriculture.

Arecanut is widely cultivated across the tropical regions of
Asia and serves as a vital source of income for farmers and
local industries. However, the productivity and quality of
Arecanut crops are often threatened by various plant diseases
such as Yellow Leaf Disease, Bud Rot, and Koleroga (fruit
rot). These diseases can cause severe crop losses, directly
affecting farmers’ livelihoods and the broader agricultural
economy. Timely and accurate detection of such diseases is
essential for effective management and control. Traditionally,
disease diagnosis has relied on visual inspection and expert
assessment, which are time-consuming, labor-intensive, and
prone to human error, making early intervention difficult.

With advancements in artificial intelligence and machine
learning, modern techniques are being developed to
overcome these limitations. One such innovation is the
Arecanut Plant Disease Detection System, which leverages

Convolutional Neural Networks (CNNs) to
analyze images of Arecanut leaves and identify disease
symptoms based on visual patterns. This Al-driven approach
provides real-time detection capabilities, allowing farmers to
upload images of their crops and receive instant feedback on

powerful

their plant health. The system not only detects diseases but
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also offers expert-validated treatment recommendations,
making it a comprehensive solution for disease management.

The integration of technology with traditional
agricultural practices enhances diagnostic accuracy, speeds
up disease identification, and reduces the unnecessary use of
pesticides. By enabling early and precise intervention,
farmers can minimize crop losses and maintain sustainable
farming practices. This approach empowers farmers with
advanced digital tools, bridging the gap between modern
technology and grassroots agricultural practices.

In India, agriculture forms the backbone of the economy,
with a significant portion of the population relying on it for
livelihood. India is the largest producer of Arecanuts,
contributing over 3.3 lakh tones annually from around 2.64
lakh hectares of cultivated land, primarily in Karnataka and
Kerala, which together account for nearly 72% of the total
production. However, unpredictable climatic conditions and
the prevalence of pests and pathogens make Arecanut trees
highly susceptible to diseases such as Yellow Spot, Leaf
Blight, and Yellow Leaf Disease.

To address these challenges, this project introduces a
YOLO-based machine learning model trained to detect and
classify Arecanut leaf diseases in real time. The model
focuses on identifying three major diseases—Yellow Spot
Disease (caused by Curvularia sp.), Leaf Blight Disease
(caused by Pestalotia palmarum), and Yellow Leaf Disease
(caused by a Micoplasm-like Organism). Each of these

State 2017-18 2018-19 2019-20(Adv.Es )

Area Prodn Yield Area Prodn Yield Area Prodn Yield

Andra 0.70 437 6268 0976 5317 5448 1.097 5.600 5105

Pradesh

Assam 67.06 5288 788 81.617 78.679 964 82433 79.465 964

Goa 184 184 330 1.836 3296 1795 1.850 3400 1838

Kamataka 279.46 606.18 2169 280.000 610.000 2179 271.366 577.8845 2129

Kerala 94.58 108.52 1147 95.739. 99.925 1044 95421 63.023 660

Maharashtra 181 287 159 1.827 3973 2175 1.974 3455 1750

Meghalaya 1821 2399 1317 18.220 23999 1317 18232 24010 1317

Mizoram 12.14 838 690 12.140 9.100 750 12.047 8.250 685

Nagaland 039 230 5897 0.194 1170 6029 0204 1.190 5831

‘Tamil Nadu 674 1493 215 6.838 13.066 1911 5.683 10.859 1911

Tripura 599 2041 3409 6.500 21427 329 5728 17.252 3012

WestBengal 11.58 2295 1982 11.520 22582 1960 11.548 22794 1974

Andaman&Ni
cobar Islands 470 10.50 2234 4572 10.150 220 4632 10419 249

Pondicherry 005 008 1500 0,052 0.078 1500 0.051 0.077 1510

AllIndia 50523 881.64 1754 522,031 902.761 1729 512.266 827.639 1616
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diseases exhibit distinct visual symptoms, such as yellow

spots, leaf tip necrosis, and discoloration. Early detection

through this model helps prevent disease spread, enhances

crop yield, and supports sustainable agricultural

development by empowering farmers with reliable and

actionable insights.

Arecanut - Estimates on

productivity in India

A. CLIMATIC REQUIREMENT

Arecanut requires abundant and well distributed
rainfall. It grows well within the temperature range
of 14-36°C. It can be cultivated up to an altitude of
1000 m in deep and well-drained soils with low
water table. Laterite, red loam and alluvial soil ' are
most suited. Arecanut is being grown in the zone 12
consisting of Western Plains and Ghats as well as
the North Eastern Hills.

area, production and

B. TEMPERATURE
The temperature should be a minimum of 4°C

(Mohitnagar in West Bengal) and a maximum of
40°C (Vittal in Karnataka and Kannara in Kerala).
However, the palm flourishes well within a
temperature range of 14°C to 36°C.

C. RAINFALL
Arecanut requires abundant and well distributed

rainfall. It grows well in tracts of very high rainfall,
where annual showers may go up to or even more
than 4500 mm. But it also survives in low rainfall
areas having 750 mm annual precipitation. During
prolonged dry spell palms should be irrigated.

D. SOIL
Arecanut cultivation is predominant in gravelly

laterite soils of red clay type of Southern Kerala and
Coastal Karnataka. Arecanut needs deep and well-
drained soil preferably not less than 2 meters, for
development of root system. Laterite, red loam and
alluvial soils are most suitable. In plain region or
Maidan part of Karnataka, it is cultivated in fertile
clay loam soils. In areas where tank irrigation is
common practice, the soils may have admixture of
tank silt. Deep black fertile clay loam soils
supported luxuriant palm growth.

I. RELATED WORK
Bisaws and Rajesh Kumar Yadav (2023) [1]presented a

comprehensive review of Convolutional Neural Network
(CNN)-based approaches for plant disease detection in their
paper —A Review of Convolutional Neural Network-based
Approaches for Disease Detection in Plantl published in
the Proceedings of the International Conference on
Intelligent Data Communication Technologies and Internet
of Things (IDCIoT 2023). The authors emphasized the
effectivenessof CNNsin accurately identifying
and
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classifying plant diseases using image data, outperforming
traditional image processing and manual diagnostic
techniques. Their study highlighted the importance of deep
learning architectures such as AlexNet, VGGNet, ResNet,
and Inception for extracting complex visual features from
leaf images. The review also discussed challenges like
dataset imbalance, environmental variations, and model
generalization, while suggesting that integrating CNNs with
IoT and real-time systems could significantly enhance
agricultural disease management and precision farming.

The detection of plant diseases using deep learning
has gained significant attention in recent years due to its
accuracy and automation capabilities. Various studies have
demonstrated the effectiveness of Convolutional Neural
Networks (CNNs) in classifying healthy and diseased plant
Research by Qutubuddin S.M. et al. (2023)
emphasized the use of CNN models for identifying arecanut
leaf diseases, achieving high precision in distinguishing
infection types. Other works have applied architectures like
ResNet, VGGNet, and Inception for disease detection in
crops such as rice, maize, and tomato, proving deep
learning’s adaptability across agricultural domains. These
models outperform traditional image processing and manual
inspection methods, offering faster and more reliable
diagnostics. Overall, the literature establishes deep learning

leaves.

as a powerful tool for enhancing agricultural productivity
through automated, data-driven plant health monitoring.
Akshay Misal et al. (2023), [3]in their paper —A
Review: Plant Leaf Disease Detection Using Convolution
Neural Network Machine Learningl published in the
International Research Journal of Engineering and
Technology (IRJET), discussed the application of CNN-
based machine learning techniques for accurate and efficient
detection of plant leaf diseases. The authors reviewed various
deep learning architectures, including AlexNet, VGGNet,
and ResNet, highlighting their capability to automatically
extract key visual features from leaf images without manual
preprocessing. The study emphasized how CNNs outperform
traditional image processing methods by providing higher
accuracy and faster
challenges such as varying lighting conditions, background
noise, and the need for large, diverse datasets. The authors
concluded that integrating CNN models with real-time
systems could significantly assist farmers in early disease
detection and promote sustainable agricultural practices.
Vijay Choudhary and Archana Thakur, [4]in their
paper of Machine
Techniques for Disease Prediction in Crops” presented at
the /1th IEEE International Conference on Communication
Systems and Network Technologies, conducted a detailed
comparison of various machine learning algorithms for crop
disease prediction. The study analyzed models such as
Support Vector Machines (SVM), Random Forest (RF),
Decision Trees (DT), and Convolutional Neural Networks
(CNN) to evaluate their accuracy, efficiency, and scalability
in agricultural applications. The authors found that CNN-

classification. It also addressed

“Comparative  Analysis Learning
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based deep learning models performed superiorly in
recognizing complex disease patterns from crop images,
while traditional machine learning algorithms were effective
for smaller datasets with structured features. The paper
emphasized that integrating advanced machine learning
techniques with real-time data from sensors and IoT devices
can enhance early disease prediction, thereby improving
crop yield and supporting precision agriculture.

Kumud et al. (2023),[5] in their paper “Plant
Disease Identification and Detection Using Machine
Learning Algorithms” presented at the 12th International
Conference on System Modeling & Advancement in Research
Trends (SMART 2023), explored the use of various machine
learning algorithms for accurate plant disease detection. The
study compared models such as K-Nearest Neighbors
(KNN), Support Vector Machines (SVM), Random Forest
(RF), and Convolutional Neural Networks (CNN) to assess
their effectiveness in identifying disease symptoms from leaf
images. The authors reported that CNN-based approaches
achieved higher accuracy due to their ability to automatically
learn spatial features and complex visual patterns.
They also emphasized the importance of preprocessing
techniques like image segmentation and feature extraction to
improve detection performance. The paper concluded that
integrating machine learning algorithms with real-time
monitoring systems can significantly aid early disease
diagnosis, reduce crop losses, and support sustainable
agriculture.

Arpita Patel and Barkha Joshi (2017), [6]in their
paper “A Survey on the Plant Leaf Disease Detection
Techniques” published in the International Journal of
Advanced Research in Computer and Communication
Engineering, provided an extensive overview of existing
methods for detecting plant leaf diseases. The authors
discussed traditional image processing approaches, including
image segmentation, color and texture analysis, and feature
extraction using techniques like K-means clustering and
GLCM. They also highlighted the shift toward machine
learning and deep learning methods, particularly
Convolutional Neural Networks (CNNs), which offer higher
accuracy and automation in disease classification. The survey
identified major challenges such as varying illumination,
background noise, and the scarcity of high-quality datasets.
The authors concluded that integrating advanced image
processing with machine learning can significantly enhance
early disease detection, reduce manual effort, and improve
decision- making in precision agriculture.

Konstantinos P. Ferentinos (2018), [7] in his paper
“Deep Learning Models for Plant Disease Detection and
Diagnosis” published in Computers and Electronics in
Agriculture, demonstrated the effectiveness of deep
learning techniques for accurate identification of plant
diseases. The study utilized Convolutional Neural Networks
(CNNs) trained on a large dataset of plant leaf images
covering multiple crop species and disease types. Ferentinos

compared several CNN architectures, including AlexNet,
Google-Net, and VGG-Net, and achieved classification
accuracies exceeding 99%. The research highlighted the
potential of deep learning models to outperform traditional
machine learning methods in both accuracy and robustness
under varying environmental conditions. The paper concluded
that CNN-based systems can provide reliable, automated, and
scalable solutions for real-time plant disease detection,
making them highly valuable tools for precision agriculture
and sustainable crop management.

Algorithm Used
= Convolutional Neural Network (CNN) Multi-

layered neural model that analyzes pixel data to
classify disease types based on visual features.

=  YOLOV8 (You Only Look Once v8) Single-
stage, real-time object detection model that identifies
and locates diseased regions in leaf images. Disease
detection and localization

—A Customized CNN for Arecanut Disease Detectionl
describes a purpose-built CNN classifier reporting very high
accuracy (~97%) on an arecanut disease dataset. Good if you
want a recent CNN architecture tuned for this crop.

—Diseased betel nut detection using image ...l (ijarcce, 2024
pdf) — an applied paper (2024) presenting a CNN-based
image-classification pipeline for arecanut / betel nut disease
detection; includes dataset creation and reported accuracy
~98%. PDF available from the conference/journal page.

—Android-Based Areca Plant Disease Detection Using
Convolutional ~Neural Network (CNN)I  (2024) —
implementation-focused paper that builds a mobile/Android
system for field detection using CNNs (useful if you want
deployment details)

Transfer Learning-based Areca Nut (Areca catechu) ...l (2024)
— explores transfer-learning (pretrained CNNs fine-tuned on

arecanut images) and reports robust detection performance and
a real-time analysis platform. Good reference for transfer-
learning approaches and practical accuracy/latency tradeoff

—X-ArecaNet: Dataset of arecanut X-ray images for deep ...|
(ScienceDirect, 2025) — introduces an X-ray image dataset of
arecanuts for grading/classification (2025). Not leaf-spot
photography, but relevant if you’re interested in non-visible
imaging and grading tasks

—Optimization of Disease Detection System for Improved ...|
(ScitePress, 2025) — a 2025 conference paper discussing
optimization of models (ResNet/CNN) and reporting ~94-95%
accuracy on multi-condition arecanut disease detection; useful
for model-selection / optimization ideas
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II. METHODOLOGY
The methodology involves collecting arecanut plant

data from various regions, including images of healthy and
diseased plants through field visits and surveys. Image
processing techniques such as RGB to grayscale conversion
and feature extraction are applied to identify disease
indicators like spots, discoloration, and lesions. A
Convolutional Neural Network (CNN) model is trained on
labeled datasets to detect diseases accurately. The system is
tested iteratively using real plant images to evaluate accuracy
and minimize false positives. Continuous feedback from
farmers and experts, along with new data, ensures model
improvement, enabling early disease detection and
promoting sustainable arecanut cultivation.

Input Image

!

Data Processing
Train Model using
CNN
NO Yes
A
Healthy Display Disease
and Treatment
— -—

Figl: Flowchart of proposed method for Arecanut Plant
Disease Detection(CNN)

The entire project is divided into two parts:

1. Building a Dataset

2. Training a YOLO model

Dataset: The dataset is prepared by collecting photos
manually from fields under the guidance of experienced
farmers. There are 225 images belonging to healthy and
diseased classes. Before training a model, using openCV
images are resized to 640*640 pixels.Training YOLO
Model: To train and test the Model, a total of 225 photos,
including both healthy and sick images, were

employed

1. Dataset Creation:
Images of Arecanut leaves (both healthy and diseased) are

collected from fields under expert guidance. A total of 225
images is used for training and testing.

2. Preprocessing:

The collected images are resized to 640x640 pixels using
OpenCV, and techniques like noise removal and
augmentation are applied to improve data quality and
consistency.

3. Training Phase:
The YOLO model is trained on these processed images to

learn the visual features of different diseases and to recognize
affected regions accurately.

4. Testing / Input Image:
A new leaf image is given as input, and the trained model
tests it to identify whether the leaf is healthy or infected.

5. Output Generation:
The system displays the detected disease name, confidence

level, and a highlighted area (bounding box) on the leaf image
— helping farmers take quick preventive action.

Response Time and Accuracy
The effectiveness of the system is demonstrated by its ability

to accurately and efficiently identify arecanut plant diseases

chart It shows how this plant disease detection system can
improve the planting process the model greatly reduced the time
required for detection while enhancing the accuracy and
reliability of disease forecasting which supports sustainable
farming and effective disease control.

Metric Before Initial Performa | Improve
implementation | Perform | nce -ment
ance after(6
Months)
Average 10 seconds 2 seconds | 1 second -80%
Detection
Time
Detection 85% 89% 98% +7.1%
Accuracy
Prediction 60% 85% 94% +34%
Reliability

Fig2: Response Time and Accuracy
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Fig3: Bar chart Time V/S Accuracy
[II. SCOPE AND OBJECTIVE

We present a system where image analysis studies aiming at
automated detection of disease that may be present in areca
nut by using images of areca nut and bunches. In this work,
we propose a convolution image processing model that has
been trained with images of areca nut. The images contains
areca nut of two region ,1 diseased arecanut,2 non disease
areca nut region .Evaluation of percentage of detection and
HIS model shows that our proposed approaches will
demonstrate stages of disease and accuracy if proposed
methods.

V.PROPOSED MODEL

The proposed model aims to develop an
intelligent, automated system for detecting and classifying
Arecanut plant diseases using a combination of
Convolutional Neural Network (CNN) and YOLOv8 (You
Only Look Once Version 8) algorithms. The system
integrates image processing and deep learning to accurately
identify diseases at an early stage, reducing manual
inspection efforts and improving agricultural productivity.

This model focuses on improving both accuracy
and speed of disease detection by leveraging CNN’s
powerful feature extraction capabilities and YOLOVS’s
real-time object detection efficiency. The overall workflow
involves data collection, preprocessing, training, testing,
and deployment through a mobile web-based platform
accessible to farmers.

Summary of Findings
The Arecanut Plant Disease Detection system has exceptional

accuracy, efficiency, and user-friendly design, making it
highly effective for targeted agricultural applications.Other
generic plant disease detection tools may be applicable to a
higher degree; however, they are not at all specific to
precision as arecanut-specific diseases diagnosis.The
specialist system shows clear strengths in early detection,
reduced workload for manual work, and improved farmer
satisfaction, ensuring it excels better for niche use cases such
as arecanut farming.

1. Accuracy and Efficiency
The YOLOv8-based system achieved high precision and

speed, capable of detecting four disease types: yellow spots,
leaf blight, yellow leaf, and healthy leaves.

The CNN-based system achieved up to 98% accuracy with
significant improvement in detection time, reducing manual
inspection time by over 80-90%.

2. Real-world Application
Both systems aim for farmer-friendly usability, enabling real-

time disease detection through image uploads.
The CNN-based system further integrates environmental
factors (humidity, temperature) and provides treatment
recommendations.

3. Impact and Benefits

Improved crop yield through early detection. Reduced pesticide
usage due to targeted treatment. High user satisfaction—farmers
reported 35% improvement in satisfaction and 90% preference
for the automated system.
Labor efficiency: manual workload reduced by 50% in field
monitoring and disease tracking.

VI.  CONCLUSION

The proposed YOLO-based model provides an
efficient and accurate solution for detecting diseases in
Arecanut leaves, enabling early diagnosis and timely
intervention. By reducing dependence on manual inspection, it
promotes sustainable and eco-friendly farming practices while
minimizing pesticide use. The model demonstrates high
precision even with a limited dataset and can be further
improved through the inclusion of larger and more diverse
image samples. In the future, integrating this model into mobile
or web applications and UAV systems will enable real-time
monitoring, empowering farmers with advanced tools for
effective  disease = management and improved crop
productivity. Future work for the image-based areca nut disease
detection project includes expanding the dataset, exploring
transfer learning with pre-trained models like ResNet-50, and
optimizing hyperparameters to improve model robustness and
accuracy.
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