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INTRODUCTION

Agricultural production is continuously challenged by insect
pests that reduce crop yield, quality and profitability. Insect
pests can attack crops from seedling establishment to
harvesting and may cause direct feeding damage, transmit
plant diseases or contaminate agricultural commodities.
Conventional pest management has traditionally depended
heavily on synthetic insecticides. Although chemical
pesticides can provide rapid pest suppression, their repeated
and inappropriate use can contribute to insecticide resistance,
disruption of natural enemies, pesticide residues,
environmental contamination and biodiversity loss.

The increasing need for sustainable food production has
encouraged entomologists to develop more ecological and
precise approaches to pest management. Modern entomology
is therefore moving beyond conventional identification and
control toward a technology supported discipline in which
biological information, environmental observations, digital
monitoring and ecological management are combined. This
emerging approach can be described as smart entomology.
Smart entomology involves the application of biological
knowledge together with modern tools such as automated
insect traps, sensors, image recognition, artificial intelligence,
remote sensing, pheromone technologies and decision support
systems. These tools can improve the detection, identification
and forecasting of insect populations and allow interventions
to be made at appropriate locations and times. Recent research
indicates that artificial intelligence can support pest
identification, monitoring, forecasting and management while
reducing unnecessary pesticide applications.

At the same time, biological control and pheromone based
technologies provide environmentally compatible alternatives
to broad spectrum insecticide use.
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Biological control wuses predators,
parasitoids and microbial agents to suppress
pest populations. Pheromones and other
semiochemicals manipulate insect behavior for
monitoring, mass trapping and mating
disruption.  These  approaches  become
particularly powerful when integrated within
an effective integrated pest management
program. Integrated pest management is based
on the principle that pest populations should
be managed through a combination of
compatible techniques rather than depending
on a single control method. Smart technologies
can strengthen this approach by providing
accurate information about pest abundance,

crop condition and environmental conditions.
Concept of Smart Entomology

Smart entomology can be defined as
the application of modern information
technologies, biological knowledge and
ecological principles to understand, monitor,
predict and manage agricultural insect
populations. Traditional entomological
monitoring generally depends on manual field
scouting, visual inspection and collection of
insects using traps. Although these methods
remain essential, they can be labor intensive
and may provide information only at limited
locations and time periods. Smart monitoring
systems can continuously collect information
through sensors, automated traps and digital
imaging. Images can be transmitted to
computers or mobile devices where software
can classify insects and estimate population
density.

Artificial intelligence and machine
learning can further improve the interpretation
of these observations. Automated systems can
distinguish target pests from non target insects
and generate population trends that help
farmers determine whether intervention is
necessary. Camera equipped traps are an
important example of this transformation.
They combine conventional trapping with
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digital image collection and automated or semi
automated insect identification. However,
researchers also emphasize the need to address
limitations related to image quality, species
similarity, environmental conditions and data
interpretation.

Biological Control as a Foundation of
Sustainable Pest Management

Biological control is one of the most
important components of environmentally
sustainable entomology. It uses living
organisms to suppress pest populations. The
major groups of biological control organisms
include predators, parasitoids and
entomopathogenic microorganisms. Predators
consume several prey individuals during their
lifetime. Important agricultural predators
include ladybird beetles, lacewings, predatory
bugs, predatory mites and syrphid larvae.
Parasitoids develop in or on an insect host and
eventually cause its death. Parasitoid wasps
belonging to several families are widely used
against agricultural pests. Microbial biological
control agents include bacteria, fungi, viruses
and nematodes. Important examples include
Bacillus thuringiensis, Beauveria bassiana,
Metarhizium anisopliae and baculoviruses.

Augmentative  biological  control
involves mass production and periodic release
of natural enemies. Trichogramma species are
among the most widely used natural enemies
in agricultural biological control programs,
particularly  against lepidopteran  pests.
Improvements in mass production and release
strategies have expanded their use in large
scale crop protection programs. The major
advantage of biological control is that it can
provide long term suppression while reducing
dependence on broad spectrum insecticides.
However, successful implementation requires
knowledge of pest biology, natural enemy
ecology, environmental conditions and release

timing.
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A. Bio-control Agents B. Pheromone-based Technologies

Natural enemies

Pheromone trap Mating disruption

Predators Parasitoids Entomopathogenic fungi
(e.g., Ladybird beetle) (e.g., Trichogramma wasp) (e.g., Beauveria bassiana)

Monitoring and ‘ Disrupts communication

Mode of action mass trapping | between male and female

Attract and kill

=

Pest infestation ~ Natural enemies attack Reduction in pest Attra(.:ts. pest
or infect the pests population and eliminates
it in the trap
Benefits Benefit

¢ Environmentally safe « Species specific
Self-perpetuating in nature %
Compatible with other IPM tactics =

Reduces resistance development

Early detection and forecasting

Reduces pest population

Safe for beneficial organisms

Figure 1: Innovations in biological control, pheromone technology and
smart insect monitoring for sustainable integrated pest management.
Table 1: Major Biological Control Agents Used in Agriculture
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Biological control

Major target
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Infection through insect
body surface

Entomopathogenic
patiog Bacillus thuringiensis

Lepidopteran and other

Toxic proteins affecting

bacteria susceptible larvae insect gut
Entomopathogenic . . . Viral infection and
.p 8 Baculoviruses Specific caterpillar pests .
viruses mortality
Entomopathogenic Steinernema and Soil dwelling insect Infection with associated
nematodes Heterorhabditis species stages bacteria

Smart Insect Monitoring

R/

* Accurate pest monitoring is the
foundation of successful integrated
pest management. Farmers need
information about which pest is
present, how abundant it is and
whether its population is increasing.

+ Traditional monitoring often requires

trained personnel to inspect plants and

traps. Smart monitoring systems can
reduce  labor  requirements by

automatically collecting and
processing observations.
+» Camera equipped traps can

photograph insects at regular intervals.
Computer algorithms can
identify insects based on
characteristics such as body shape,
wing pattern, size and color.

+» Artificial intelligence can also analyze
large image datasets and estimate pest
abundance.  This  capability is
particularly useful for crops grown
over large areas
monitoring is difficult.

% Smart sensors can record temperature,
relative humidity, rainfall, wind and
other environmental variables. These

vision

where manual

variables can be combined with insect
population data to develop forecasting
models.

Artificial Intelligence in Entomology
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Artificial intelligence is increasingly
influencing agricultural entomology. Machine
learning algorithms can be trained using large
collections of insect images. Once trained,
these systems can identify target pests from
photographs. Deep learning techniques can
recognize complex visual patterns and may
distinguish between closely related insect
species. Artificial intelligence can also be used
to forecast pest outbreaks. Historical pest
observations can be combined with
temperature, rainfall, crop stage and other
environmental variables to estimate the
probability of future infestation. This
information can support decision-making and
help farmers avoid unnecessary pesticide
applications.

However, artificial intelligence should
be considered a decision support tool rather
than a complete replacement for entomological
expertise. Incorrect identification can result in
inappropriate management decisions. Reliable
datasets, field wvalidation and continuous
improvement are therefore essential.

Precision Pest Management

Precision agriculture provides an
important framework for applying smart
entomology at field scale. Instead of treating
an entire field uniformly, precision pest
management identifies areas where pest
populations are high and applies control
measures only where necessary. Remote

11
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sensing can identify crop stress patterns that
may indicate pest infestation. Drones equipped
with cameras can inspect large areas rapidly.
Geographic information systems can convert
pest observations into spatial maps. These
maps can identify pest hotspots and guide
targeted management. Variable application
technologies can then deliver treatments
according to pest distribution. This approach
can reduce pesticide consumption, lower
production costs and minimize exposure of
beneficial organisms.

Integrated Pest Management and Smart
Technologies

Integrated pest management combines
several compatible approaches to maintain
pest  populations below  economically
damaging levels. A successful program
normally begins with prevention. Healthy crop
establishment, resistant varieties, crop rotation,
sanitation and balanced nutrition can reduce
pest pressure. Monitoring is the next major
component. Smart traps, pheromone traps,
field scouting and remote sensing can provide
information about pest populations. Decision-
making should be based on economic
thresholds rather than routine calendar based
pesticide applications. When intervention
becomes necessary, biological control,
pheromones, botanical products, selective
pesticides and other suitable methods can be
combined. Smart technologies strengthen each
stage of this process.

Advantages of Smart Entomology

Smart entomology provides several
advantages for sustainable agriculture.

« Early Pest Detection: Automated
monitoring can detect pest activity
before populations become severe.
Early intervention can prevent
extensive crop damage.

v Reduced Pesticide Use: Accurate
information allows farmers to avoid
unnecessary pesticide applications.
Treatments can be targeted according
to pest presence and population
density.

Copyright © Sep., 2026; Current Agriculture Trends

% Protection of Beneficial Organisms:
Selective pest management reduces
exposure of pollinators, predators and
parasitoids.

Labor Efficiency: Automated traps

and digital monitoring systems can

reduce the time required for repeated
field inspections.

Better Decision Making: Combining

pest observations with weather and

crop information provides a stronger
basis for management decisions.

s Improved Record Keeping: Digital
systems can store pest observations
over multiple seasons, creating
valuable datasets for future forecasting.

X3

<

X3

<

Future Prospects

*¢ The future of smart entomology will
depend on greater integration among
biological control, pheromone
technology, artificial intelligence,
sensors, robotics and precision
agriculture.

¢ Automated traps may increasingly
combine insect attraction, imaging and
identification in a single device.

¢ Artificial intelligence systems may
provide real time pest alerts directly to
farmers through mobile applications.

¢ Drones and autonomous robots could
monitor large agricultural areas and
identify pest hotspots.

¢ Smart pheromone systems may
combine automated detection with
targeted pest suppression.

¢ Biological control programs may also
benefit from digital technologies.
Environmental sensors can help
determine suitable conditions for
natural enemy release. Automated
monitoring can  assess  whether
released  natural = enemies  are
successfully establishing and
suppressing target pests.

s The development of affordable

technologies will be particularly

important for smallholder agriculture.

Low cost sensors, mobile based

advisory systems and locally trained
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artificial intelligence models could
make smart entomology accessible to
a much larger farming population.

« Recent research into intelligent crop
protection emphasizes the integration
of artificial intelligence, Internet of
Things devices, remote sensing,
robotics and precision technologies to
improve pest detection and reduce
unnecessary resource use.

CONCLUSION

Smart entomology offers a promising
approach to sustainable pest management by
integrating biological control, pheromone
technology, artificial intelligence, smart
sensors, remote sensing and precision
agriculture. These technologies can improve
early pest detection, monitoring, forecasting
and targeted intervention while reducing
unnecessary pesticide use and protecting
beneficial organisms. However, effective
implementation requires reliable data, field
validation and continued involvement of
entomological  expertise.  Overall, the
integration of smart technologies with
integrated pest management can contribute to
more efficient, precise, environmentally
sustainable  and  climate-resilient  crop
protection.
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