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Artificial intelligence (Al) is the capability of
computational systems to perform tasks typically associated
with human intelligence, such aslearning, reasoning,
problem-solving, perception, and decision-making. It is
a field of research in computer science that develops and
methods that

computational systems to perceive their environment and

studies and software systems enable
use learning and intelligence to take actions that maximize
their chances of achieving defined goals. Al techniques are
widely used to solve a variety of problems and to optimize the
production and operation processes in the fields of

agriculture, food and bio-system engineering.

the

integration of Al is proving to be a game-changer, heralding

In the everevolving field of agriculture,

a new era of precision farming. Precision farming, or
precision agriculture, leverages Al technologies to enhance
the efficiency, productivity, and sustainability of agricultural
practices. Al in agriculture involves the use of advanced
technologies such as machine learning, computer vision,
robotics, and the Internet of Things (IoT) to enhance various
farming practices. These technologies enable farmers to
collect and analyse data, automate processes, and make
informed decisions, thereby improving crop yields and
resource management.

With increasing global population and limited
expansion of cultivated land, it is necessary to identify
for enhancement of agricultural
productivity and meet growing food demand. Despite
significant advancements in crop protection methods,
substantial annual crop losses persist particularly due to

Artificial Intelligence (AI) has

a transformative tool to reform crop protection strategies.

innovative solutions

pests. emerged as
With the support of machine learning and deep learning
algorithms, Al enables precise pest detection, risk assessment,
monitoring, and forecasting thereby minimizing crop losses
and maximizing yields. Further, Al integrates expert system
and decision support system with crop management aspects
for precise and timely decisions for farmers to enhance the
crop productivity.

Applications of Al in pest management:
1. Pest Detection and Identification

Al technologies including machine learning and
computer vision are used to accurately identify pests from
images and data collected through sensors and cameras. For
example, applications like Plantix and Leaf-Byte have been
developed to diagnose and identify insect pests with higher

accuracy.
Identification of Insect Pests: Traditional Methods vs Artificial
Intelligence-based Methods
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Al-based image classification systems, coupled with

machine learning and deep learning tools, are extremely
helpful in identifying insect pests. These can extract the
features from the images, interpret, and understand the
visual information, and thus allow a system to improve its
performance on a particular task (like- identification) over
time (Teixeira et al., 2023). The algorithms are highly
dependable on ground truth features, which imply much
human knowledge and complex parameters in their
development (Wen and Guyer, 2012). These technical and
effective algorithms can replace the traditional way and avoid
the spread of insect pests over a large area thereby improving
crop yield.

One of the most widely used Al techniques in pest
detection is computer vision, which allows machines to
analyze and interpret visual data. Using images captured by
smartphones, drones, or fixed cameras, Al algorithms can
identify pests with high precision. Convolutional Neural
Networks (CNNs), a class of deep learning models, have
demonstrated remarkable success in classifying pests across
various crops. For example, a deep learning model trained on
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large datasets of insect images can distinguish between
similar-looking species such as the cotton bollworm and
armyworm. This facilitates timely and accurate responses,
preventing large-scale infestations (Ferentinos, 2018).

While Al-based tools for insect pest identification
have gained attention, there is still a lack of consolidated
understanding on the steps how these tools perform across
different practical scenarios in agriculture. In real-world
applications, the conditions may vary widely as open fields
present challenges such as uneven lighting and moving
backgrounds; trap-based images often involve overlapping
pests or low resolution; and baseplate images require fine
detection under cluttered conditions.

2. Monitoring and forecasting

Al systems analyse data from various sources such as
weather patterns, crop health, pest populations etc to predict
insect pest outbreaks. This proactive approach allows farmers
to implement timely interventions, reducing crop losses and
minimising pesticide usage.

Machine Learning (ML) plays a crucial role in
modern pest management strategies, offering innovative
approaches to detect, monitor, and control pest infestations.
ML has revolutionized pest control in agriculture, offering
advanced computer vision and predictive analytics (Thorat et
al. 2017). ML techniques commonly used for pest outbreak
forecasting include Convolutional Neural Networks (CNNs),
Light Gradient Boosting Machine (LGBM) classifier,
Random Forest algorithm, Support Vector Machine (SVM),
K-Nearest Neighbors (KNN), and various deep learning
models such as Multilayer Perceptron (MLP), Radial Basis
Function (RBF), and custom parallel deep convolutional
neural networks (Balasubramaniam et al., 2024). ML
techniques are also used to derive knowledge and
relationships from environmental data, allowing for the
prediction of diseases and pests in agricultural crops.
Integration of real-time weather data enhances the efficacy of
pest outbreak forecasting models, contributing to sustainable
and resilient agriculture. Machine learning models have been
used to protect plants from leaf disease by early detection and
classification, aiming to decrease losses incurred by farmers
and provide food for the world.

3. Integrated Pest Management

Al enhances IPM practices by providing data driven
insights for decision-making. It helps in analysing large sets
of data to identify the pest trends and suggest effective
management strategies, thereby reducing sole dependence on
chemical insecticides.

The algorithms for pest management are that they
offer significant potential in improving the effectiveness and

efficiency of pest control strategies. By leveraging data
analysis, predictive modelling, and real-time monitoring,
these algorithms can help optimize the use of pesticides,
reduce environmental impact, and minimize damage to
crops. Al not only reduces economic losses but also
promotes eco-friendly strategies for efficient and resilient pest
management systems.

3. Robotic solutions

Al powered robotic systems are being developed for
autonomous pest detection and management. These robots
can navigate fields, identify different insect pests and apply
targeted treatments thereby improving efficiency and
reducing labour costs.

[oT devices equipped with sensors and Al algorithms
continuously monitor pest activity in fields. IoT devices
mounted with microphones, cameras, and environmental
sensors can continuously monitor agricultural fields for signs
of pest activity. Deep learning (DL) models deployed on these
IoT devices can analyse sensor data in real-time and trigger
alerts when pest infestations are detected. These devices
deliver realtime data on pest populations, assisting farmers
to make cognizant decisions regarding the pest management
strategies. The "Trapview" system developed by EFOS Ltd.
utilizes loT-enabled insect traps equipped with cameras and
DL algorithms to monitor pest populations in orchards and
vineyards.

4. Sustainable Practices

By optimizing pest control strategies and reducing
pesticide usage, Al contributes to sustainable agricultural
practices. This is crucial for addressing environmental
concerns and ensuring food security as the global population
continues to grow.

The integration of Al into pest management
practices is a promising approach to enhance the efficiency,
sustainability and precision of pest control. Different Al
technologies including machine learning, computer vision,
IoT sensors and predictive modelling are being applied to
detect pest outbreaks early, monitor pest population
dynamics accurately and implement precise intervention
strategies. Thus, by combining Al- driven tools with
bioagents, decision-making can be optimised, natural
enemies can be used more effectively and the overall
sustainability of agriculture can be improved.

Conclusion

Artificial Intelligence (AI) is revolutionizing
agriculture by enabling farmers to automate their practices
and adopt precision cultivation techniques that enhance crop
yield and quality while conserving resources. The field of
crop protection, crucial for sustainable food production,

AgriTech
= Today
V=

AgriTech Today Magazine: Volume 3, Issue 12 (March, 2026) 9


https://agritechpublication.com/

https:/ /agritechpublication.com

ISSN: 3049-3374

Article ID: ATT20260312003

faces numerous challenges that demand innovative solutions.
Al emerges as a significant technology in addressing these
challenges, particularly through its applications in pest and
disease management. Through the applications of machine
learning and deep learning, Al enhances pest detection,
disease monitoring, and management strategies, empowering
farmers to make informed decisions and prevent crop
damage proactively. This leads to optimized pesticide use,
higher productivity, and sustainable agricultural practices.
Al’s integration into crop protection not only boosts
agricultural resilience but also ensures food security for a
growing global population. The combination of Al-powered
tools, sensors, robotics, image recognition, and big data
analysis offers real-time insights and personalized pest control
measures, making agriculture more robust, productive, and
sustainable. The future prospects of Al in crop protection
research and development are promising, with a focus on
sustainable agriculture and advancements in plant protection
technologies.
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