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Abstract: Viral diseases present on one of the most severe threats to global agriculture, frequently results in drastic yield
losses and major economic setbacks for farmers. A crucial factor enabling the persistence and rapid transmission of plant
viruses is the presence of weeds, which serve as alternate hosts and reservoirs for viral pathogens. Weeds not only harbor
these viruses but also support insect vectors, such as aphids, whiteflies, leafhoppers, and thrips, that facilitate the swift
spread of the diseases to nearby crops. Examples of this epidemiological link include Cynodon dactylon, which carries
Rice Tungro Virus, and Parthenium hysterophorus, which is linked with Tobacco Streak Virus.

This study aims in understanding the pivotal role of weeds in the epidemiology of crop viral diseases and evaluate
integrated strategies designed to mitigate their impact. Effective virus management relies heavily on the framework of
Integrated Weed Management (IWM), which strategically combines cultural practices, mechanical removal, biological
agents, and selective chemical methods. The primary goal of IWM in this context is to reduce viral inoculum sources and
effectively break the disease cycle.

It is essential that crop protection prioritize for removal of harmful, virus-hosting weeds rather than indiscriminate
eradication, as some weeds contribute positively to ecological balance by supporting pollinators and soil health. Research
supports these sustainable efforts through the study of plant-based extracts, like neem, which act as natural antivirals and
biopesticides.

Keywords: Crop protection, Weeds, Viral diseases, Virus reservoirs, Integrated Weed Management, Plant health.
I.  INTRODUCTION

Plant viral diseases impose substantial constraints on agricultural productivity worldwide, with transmission dynamics
profoundly influenced by the surrounding agroecosystem composition. Within this ecological framework, spontaneous
vegetation commonly referred to as weeds which functions as cryptic epidemiological bridges that perpetuate viral
pathogens across seasons and facilitate their dissemination to economically important crops. Species such as Bermuda
grass and congress grass demonstrate this phenomenon, maintaining Rice Tungro Virus and Tobacco Streak Virus
nurturing populations of competent insect vectors including aphids, whiteflies, and leathoppers.

IMPORTANCE OF PLANT DATABASE

e Conservation of Biodiversity in Relation to Weed Management: Biodiversity plays a vital role in sustaining
ecological balance within agricultural systems. While many weeds act as hosts for plant viruses and vectors,
some contribute positively by supporting pollinators and soil health. Hence, targeted removal of harmful, virus-
hosting weeds is essential, rather than indiscriminate eradication. Through Integrated Weed Management,
farmers can achieve effective crop protection by conserving biodiversity and promoting sustainable agriculture.

e Research on Pharmaceuticals and Medicines: Research in pharmaceuticals and medicines extend beyond the
human health. In plant-based such as neem are being investigated for their antiviral and biopesticidal properties
against weed-hosted viral pathogens. Advances in biotechnology and the development of eco-friendly
formulations offer safer alternatives to synthetic chemicals, supporting sustainable disease management
strategies.

e Environmental Monitoring: This is essential to study the impact of agricultural practices on soil, water, and
air quality. In relation to weed-mediated viral diseases, monitoring helps in identifying on how weeds, insect
vectors, and chemical control methods affect the ecosystem. It ensures that crop protection strategies are not
only effective against viruses but also safe for biodiversity and the environment. Continuous monitoring
supports sustainable farming by reducing pollution, conserving resources, and maintaining ecological balance.
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II. LITERATURE REVIEW
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PAPER

DESCRIPTION

2025[1]

Real-Time Weed
Detection Using
Advanced Object
Detection Models: A
Comparative Study

This paper provides a comparative study evaluating
advanced Deep Learning object detection models—
specifically YOLOvS, RT-DETR, and YOLOv10—for
the crucial task of real-time weed detection in agricultural
settings. The research aims to improve sustainability and
productivity by automating weed control, addressing
issues like high labor costs and extensive herbicide use.
The authors fine-tuned these models on a curated and
augmented dataset, examining the impact of different
optimizers like SGD (Stochastic Gradient Descent) and
Adam on performance metrics such as precision, recall,
and inference time. Ultimately, the study concludes that
YOLOvV10m trained with SGD offers the best balance of
accuracy and computational speed, making it the most
suitable architecture for developing smart, automated
weed control systems.[1]

2025[2]

A Real-Time YOLOV9-
Based Approach for
Precision Weed Detection
in Peanut Fields

This work introduces a practical, real-time system for
spotting weeds in peanut fields with the help of advanced
computer vision models. Using YOLOvVS and YOLOV9,
the system can accurately tell apart peanut plants from
unwanted weeds, even when lighting or weather
conditions vary. An ESP32 camera module captures live
images directly from the field, which are then analyzed
by the model to make quick and precise detections. After
preparing and expanding a large training dataset, the
YOLOvV9-M model showed the best results, reaching a
precision rate of 89.4% while processing each image in
under a second. The research highlights how Al-powered
image analysis can make weed control more efficient,
reduce manual labor, and support more sustainable
farming methods. By combining affordable hardware
with advanced Deep Learning models, this system
demonstrates that precision agriculture can be accessible
and practical for real-world deployment, particularly for
integration with automated weed control equipment.[2]

2025[3]

Hybrid Vision
Transformer and CNN-
Based System for Real-
Time Weed Detection in
Precision Agriculture

The document proposes a novel system for real-time
weed detection in precision agriculture that achieves a
98% accuracy rate. This system integrates advanced
Machine Learning components, including a Hybrid
Vision Transformer-CNN Model for robust feature
extraction, the Adaptive Multi-Spectral Feature Fusion
(AMFF) algorithm to enhance the spectral differentiation
between crops and weeds, and a Hierarchical Weed
Classification Algorithm for refined categorization. The
methodology utilizes multi-spectral imaging and deep
hybrid learning to overcome the limitations of traditional
weed control methods, which are expensive and
environmentally destructive due to excessive herbicide
use. By enabling real-time operation on edge devices, the
technology aims to provide farmers and agronomists with
a scalable solution for targeted spot-spraying, thereby
reducing labor and chemical consumption while
maximizing agricultural output. The work also references
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several related studies that employ Deep Learning and
drone technology for improved weed recognition and
automated variable-rate spraying. [3]

Deep Learning
Techniques for Weed
Detection in Agricultural
Environments: A
Comprehensive Review.

This paper reviews how deep learning is changing weed
detection in modern agriculture. It explains that
traditional methods like manual removal and herbicide
use are costly and harmful to the environment. The study
highlights Al models such as CNNs, YOLO, and U-Net
that enable real-time weed recognition using drones,
sensors, and robotic systems. It also stresses the need for
diverse datasets and advanced techniques like data
augmentation and transfer learning to improve
performance. Overall, the review shows that deep
learning offers an accurate and sustainable solution for
smart weed management. The authors systematically
categorize existing research and identify key challenges
including the need for larger annotated datasets,
improved model generalization across different crops and
conditions, and computational constraints for edge
deployment. This comprehensive synthesis provides
valuable guidance for researchers on best practices in
dataset preparation, model selection, and performance
evaluation in precision agriculture. [4]

Deep Learning based
weed detection and
classification for smart
farming

The source paper presents research on deep learning
methods for weed detection and classification in smart
farming to reduce reliance on blanket herbicide spraying.
The study compares various Convolutional Neural
Network (CNN) models using two public datasets,
DeepWeeds and Plant Seedlings. For weed classification,
Inception-ResNet-v2 achieves the highest accuracy but
requires the longest training time. The research
emphasizes that balanced datasets significantly improve
accuracy and consistency across all evaluated models
compared to unbalanced datasets. This work supports
precision agriculture by enabling targeted weed
management through advanced image analysis.[5]

4 2024[4]
5 2024[5]
6 2024[6]

Weed Plant Detection in
Agricultural Fields Using
Deep Learning Integrated
with [oT

This project focuses on training a system to rectify crops
and weeds in farm fields. It uses VGG16, a deep learning
model that’s very good at spotting patterns in images.
First the plant images are collected. Then these pictures
are cleaned up, resized, labelled and sometimes slightly
changed to make the dataset stronger. After that, the
images are passed into VGG16, which already knows a
lot about image features but is retrained with new layers
for this specific task. Using VGG16 it shows that how to
separate crops from weeds quickly and accurately. Tests
show that it performs better than older, simpler models
like LeNet or AlexNet. Because of this, it’s powerful
enough to work in real time when connected with IoT
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devices, making it useful for modern
precision farming.[6]
7 2024[7] Deep learning for weed This paper explores the YOLO V8 deep learning
detection: exploring algorithm for real-time weed detection in agricultural
YOLO V8 algorithms settings to automate weed management and improve
performance in sustainable farming practices. The single-shot object

agricultural environments | detection algorithm was evaluated using a diverse dataset
of crops and weeds, achieving 86% accuracy for weed
identification in complex agricultural environments. The
study specifics the methodology, including dataset
organization, training with Darknet-53, and performance
metrics such as Intersection over Union (IoU), while
discussing challenges in background classification. The
findings demonstrate that YOLO V8 is effective for
practical field applications.[7]

8 2024[8] Robotic Weed Removal This paper explores how robotics and deep learning can
Using Deep Learning for | automate weed detection and removal in agriculture. The
Precision Farming study uses the YOLOVS model to identify and classify

weeds in cotton fields. The system integrates a Delta
robot mounted on a mobile platform that sprays herbicide
accurately over detected weeds. The YOLOvVS model
achieved 87% precision, 80% recall, and an map of
85.3%, proving its reliability in real-time weed
detection.The robot demonstrated a 93.6% hit rate with
minimal positional error (about 2 mm), ensuring precise
herbicide application and reduced crop damage. This
approach promotes sustainable agriculture by minimizing
chemical use and improving productivity. The study
concludes that combining deep learning with robotics
provides an efficient and cost-effective solution for
precision farming, though future research is needed for
scalability and field adaptability.[8]

9 2024[9] Automated Weed The document provides an overview of an automated
Detection and Removal system for weed detection and removal in agriculture,
using Deep Learning utilizing deep learning and precision techniques. The

proposed system focuses on the You Only Look Once
(YOLO) algorithm, specifically mentioning YOLOVS,
for real-time identification of both crops and weeds in the
field. This technology is crucial for precision agriculture,
aiming to minimize resource use, such as broad-spectrum
herbicides, and increase crop yields. The methodology
outlines the various stages of implementing the system,
including data preprocessing, model training, and testing,
which eventually enables targeted interventions like
precision  herbicide  administration via  robotic
tools or drones. [9]

10 2023[10] 10T BASED WEED The document presents a proposed robotic solution for
DETECTION AND weed detection and removal in precision agriculture,
REMOVAL IN aimed at reducing labor and the harmful effects of
PRECISION widespread herbicide use. The system is designed to
AGRICULTURE autonomously capture images of a field using an ESP32

Al Cam and classify plant types using the TFL Classify
app. Once a weed is identified, the robot is commanded
via a Blynk app and NodeMCU to move to the location
and selectively spray herbicide only on the unwanted
plant. This methodology utilizes Internet of Things (IoT)
and image processing to precisely target weeds, offering
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farmers a more efficient and user-friendly alternative to
manual or generalized spraying methods. The authors
also review existing literature on similar autonomous
weed control technologies, highlighting the need for
accurate, low-cost, and reliable systems.[10]

11 2022[11] | Lightweight Deep The source is an academic paper proposing a lightweight
Learning Model for Weed | deep learning model for weed detection that is suitable
Detection for [oT Devices | for Internet of Things (IoT) devices in smart agriculture.
Specifically, the authors introduce the use of YOLOv4
tiny a computationally efficient object detection model to
address the trade-off between the high computational cost
of traditional deep learning and the need for cost-effective
farm solutions. This method allows for the real-time
detection of crops and weeds and was successfully
deployed and tested on a Raspberry Pi 4 Model B. The
research includes a literature review of existing weed
detection methodologies and presents experimental
results demonstrating the model's performance in terms
of mean Average Precision (mAP) and frames per second
(FPS). Ultimately, the paper concludes that this approach
provides a great balance of performance and inference
speed for devices with limited computing power.[11]

12 2021[12] Real Time Weed Provided text is an excerpt from a research paper by Luiz
Detection using Computer | Carlos M. Junior and José Alfredo C. Ulson, focusing on
Vision and Deep Learning | real-time weed detection using computer vision and deep
learning to address challenges in the agroindustry,
particularly concerning herbicide-resistant weeds. The
authors propose and evaluate a real-time weed detection
system utilizing various versions of the YoloV5
architecture against a custom dataset of five glyphosate-
resistant weed species prevalent in Brazil. The research
compares model performance with and without transfer
learning, finding that transfer learning improves accuracy
and speeds up convergence, with the YoloV5s model
achieving the fastest real-time detection at 62 frames per
second. The overall goal is to enable localized weed
removal using mechanical or electrical systems, thus
reducing the reliance on chemical herbicides and
mitigating environmental impact.[12]

III. CONCLUSION

This study demonstrates that effective weed management is crucial for crop protection and controlling viral disease
transmission, as weeds harbor plant viruses and insect vectors. Advanced deep learning models including YOLOVS,
YOLOV9, YOLOV10, and hybrid Vision Transformer-CNN architectures achieve 86-98% accuracy in real-world weed
detection. Integration with IoT devices and robotic systems enables precision agriculture, with models like YOLOv4-
tiny offering efficient detection on resource-constrained devices and achieving over 93% precision in targeted herbicide
application. Integrated Weed Management (IWM) frameworks enhanced by Al-driven detection combine cultural
practices, mechanical removal, biological control, and selective chemical interventions. This targeted approach reduces
viral inoculum sources while preserving beneficial weeds that support ecosystem health. Future research should focus on
improving model generalization, multi-spectral imaging, and plant-based antivirals. The convergence of deep learning,
precision robotics, and integrated management offers sustainable solutions for weed control and disease prevention,
promising increased productivity and reduced chemical dependency in modern agriculture.
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