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INTRODUCTION

The challenge of feeding the world’s growing
population while reducing agriculture’s
environmental impact is mounting. Conventional
pesticide-dependent pest management practices have
led increased crop production for many years, but
such practices are facing problems including
development of pesticide resistance, reoutbreak of
secondary pests, contamination of soil and water
resources, reduction of biodiversity, decrease in
populations of useful insects and doubts about food
safety and human health. The pests are further
boosted by climate change, globalization, and
evolving pest dynamics, which render the
conventional management approaches less effective.

Next Generation Pest Management (NGPM) will
provide a new paradigm of reactive tactics, chemical
control to intelligent, integrated and sustainable pest
management. It builds on biological control agent,
ecological principles, digital technologies, al
(artificial intelligence), remote sensing, drones, [oT
(Internet of Things), precision agriculture, molecular
diagnostics and data driven decision support systems
to enable effective pest suppression while maintaining
environmental quality. Instead of ridding all insects,
NGPM works to maintain pest populations beneath
economic threshold levels through precise, timely,
and environmentally responsible control measures.

Why Do We Need Next Generation Pest
Management
Traditional pest management faces several major
challenges:
e The acceleration of insect, weed and
pathogen resistance to pesticides.

o Pesticide residue in food and in the food
production environment.
e Destruction of pollinators and beneficials.
e Higher production costs from multiple
pesticide treatments.
e Climate change is shifting the habitat and life
cycles of pests.
e Consumers who want to pay for more residue-
free agriculture.
e Tighter environmental and pesticide
regulations internationally.
Key Components of Next Generation Pest
Management
1. Biological Control: Nature as the First Line of
Defense
Biological control makes use of natural enemies of
pests, including predators, parasitoids,
entomopathogenic fungi, bacteria, nematodes, and
viruses, to reduce pest abundances in an
environmentally  sustainable way. The most
commonly used biological control agents are ladybird
beetles, lacewings, predatory mites, Trichogramma
spp., Bracon spp., Beauveria bassiana, Metarhizium
anisopliae, Bacillus thuringiensis (Bt),
entomopathogenic ~ nematodes, and  Nuclear
Polyhedrosis Virus (NPV). These biocontrol agents
offer the advantage of highly target specific pest
control and are safe to human and other beneficial
organisms, can be integrated into organic farming
systems, have low potential for resistance
development, and act as biodiversity conservation
agents.
2. Bio-Pesticides: Sustainable Crop Protection
Bio-pesticides are products that are based on living
organisms, natural products of the organism such as
metabolites, parts of the organism such as plant




extracts or freezing, drying or other physical
manipulation of the organism and are considered safe
for the environment. These include microbial
pesticides, botanical pesticides such as neem and
pyrethrum, biochemical pesticides, RNA-based bio-
pesticides, and semiochemical products. With the
enhancement of nano-form and microencapsulation
technology to bio-pesticides stability, shelf life,
controlled release and field performance, bio-
pesticides have been considered as a key factor for
plant protection in sustainable agriculture.

3. Precision Pest Monitoring

Accurate pest monitoring allows for detection at low
population levels and intervention before the
population can cause damage. Advanced monitoring
solutions utilize intelligent insect traps, digital
pheromone traps, IoT-based monitoring modules,
weather-driven predictive models, remote sensing,
satellite images, and mobile scouting apps to monitor
continuously pest occurrence and environmental
conditions. These techniques enhance the precision
of monitoring, decrease superfluous applications of
pesticides and facilitate more informed decisions.

4. Artificial Intelligence in Pest Management

Pest monitoring is being revolutionized by artificial
intelligence (AI), which allows insect capture to be
processed and analyzed for rapid pest detection,

precise diagnosis, and predictive decision-making.
The Al-based image recognition platforms can be
used to instantly recognize insects and diseases, and
the machine learning models predict pest outbreaks,
provide spray recommendations, create risk maps and
integrate with decision support systems. With the help
of deep learning models, pests can be accurately
diagnosed using images taken from smartphones,
enabling  quicker and more  dependable
recommendations at the field level with least reliance
on expert's identification.
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5. Drone-Based Pest Surveillance and Precision
Spraying

Agricultural drones have been well adopted in
precision pest management due to the fast field
monitoring and site-specific application of pesticide.
Drones equipped with multispectral and thermal
cameras can detect pest hot spots and inaccessible
areas of the field; they can evaluate crop health,
release biological control agents, and apply variable
rate of spraying. This technology enhances spray
efficiency, reduces chemicals and labor, reduces
operators exposure to pesticides, and allows for rapid
treatment of expanses of farmland.

6. Internet of Things (IoT) for Smart Pest
Management

The 10T is a convergence of field sensors, wireless
communication, and cloud-based platforms, which
provides real-time monitoring of crop and
environmental conditions. Temperature, relative
humidity, soil moisture, leaf wetness, Insect activity,
and weather parameters are continuously monitored
by sensors, data which are used for pest forecasting
and early warning systems. Instead of reactive pest
control, [oT enables predictive pest management that
contributes to optimizing the use of pesticide,
reducing production costs and enhancing crop
protection efficiency.

7. Remote Sensing and Satellite Technology
Remote sensing and satellite technology enable
monitoring of crop health at large scales as a result of
changes in spectral reflectance caused crop pest and
stress. These products detect the earliest signs of pest
damage, defoliation, disease progression, crop vigour
and infestation hot spots days ahead of them being
seen with the naked eye. Vegetation indices (e.g.,
NDVI, SAVI, thermal imaging) enable timely actions,
which allow the delivery of precision crop protection
and resource management at the right time.
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8. Molecular Diagnostics

Techniques based on molecular diagnostics allow
rapid, accurate detection of insects, pathogens and
invasive pests at an early stage, often prior to the
development of visible symptoms. Polymerase chain
reaction (PCR), Real-Time PCR, LAMP, DNA
barcoding and CRISPR-based diagnostics are
advanced technologies that offer species identification
with high sensitivity and specificity. These
instruments facilitate active monitoring, quarantine,
and a prompt decision for pest management.

9. RNA Interference (RNAi): Precision Pest
Control

RNA interference (RNAi) is a sophisticated
biocontrol tool that silences essential genes for pest
survival or reproduction without impacting non-target
species. This highly species-specific method reduces
the contamination of the environment, the residues of
the pesticides, exposes beneficial insects to low risk,
and is a promising alternative for control of
populations of those insects, which become resistant
to pesticides. With research progress, RNAi-based
crop protection products are gradually being
incorporated into the programs of sustainable pest
management.

10. Gene Editing and Genetic Technologies

New tools in genetics, including gene editing, are now
providing additional options for sustainable pest
management by enabling the development of novel,
longer-term control strategies. Approaches like
CRISPR-based gene editing, Sterile Insect Technique
(SIT), gene drive technology, genetic enhancement
for beneficial insects, and the production of pest-
resistant crop cultivars decrease reliance on synthetic
chemicals pesticides and enhance crop resilience.
Such precision tools could enable environmentally

responsible and sustainable pest control in future
agricultural systems.
Integrated Pest Management (IPM): The
Foundation of NGPM
Major Components

e Regular monitoring

e Economic threshold-based decisions

e Biological control

e Cultural practices

e Resistant varieties

e Mechanical control

e Precision chemical use

e Digital decision support
Future Perspectives
Pest control of the future will be increasingly
automated, predictive and driven by data. Artificial
intelligence, robotics, digital twins, autonomous
drones, biosensors, blockchain-enabled traceability,
quantum computing and next-generation genomics
will revolutionise crop protection in the coming
decade. Precision application tec-hnologies, climate-
resilient  forecasting systems, and integrated
biological management solutions will continue to
reduce dependence on traditional pesticides.
Participatory ~ platforms  including  farmers,
researchers, extension workers and policymakers will
facilitate quick uptake of sustainable pest
management practices.

CONCLUSION
Next Generation Pest Management (NGPM) is the
future for sustainable agriculture, where biology,
precision technology, artificial intelligence and
ecological principles are combined in a whole system
approach to crop protection. NGPM brings about a
transition from routine calendar-based pesticide

applications to precise, necessity based interventions
relying on well-informed data, threshold levels and
decision support tools that improves pest control,
reduces environmental risks, fosters biodiversity and
enhances farm profitability. The intersection of
biological advancements and smart sensing
technologies, digital agriculture and climate-resilient
management techniques will provide a fruitful course
for enabling safer food production and sustainable
agricultural systems. To be truly impactful, these
integrated strategies must be adopted broadly, as they
are bolstered by research, policy, farmer training and
technological innovation to ensure food security and
environmental sustainability into the future.




