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The Role of Insects in Agricultural Sustainability

Koushik Garai* INTRODUCTION

Insects are vital to agricultural sustainability, providing
essential ecosystem services that support crop production,
maintain soil health, and control pest populations. As
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Insects contribute to agriculture not only as pollinators but
also as decomposers, natural pest controllers, and even as a
potential source of food and feed (Pretty & Bharucha, 2015).
This article explores the multifaceted roles of insects in
agricultural sustainability, focusing on pollination, biological
control, soil health, and their emerging role in sustainable
food systems. It also examines the threats to insect
populations and the implications for global food security.

Insects as Pollinators: Supporting Crop Production
Pollination is one of the most crucial services that insects
provide to agriculture. Approximately 75% of the world’s
food crops rely on animal pollination, with insects,
particularly bees, playing a significant role (Klein et al.,
2007). Insects pollinate a wide range of crops, including
fruits, vegetables, nuts, and seeds, which are essential for
human nutrition.

Pollinator-dependent  crops  often  experience
increased yields, better quality, and greater genetic diversity
when insect pollinators are present. For example, studies
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insect pollinators, particularly bees, poses a significant threat
to agricultural sustainability.
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Habitat loss, pesticide use, climate change, and
diseases have all contributed to the decline of
pollinator populations, leading to concerns
about the future of food production. To
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address this issue, efforts are being made to
conserve pollinator habitats, reduce pesticide
use, and promote pollinator-friendly farming
practices (Potts et al., 2010).

Table 1: Impact of Insect Pollinators on Agricultural Sustainability (Klein et al., 2007;
Garibaldi et al., 2013; Potts et al., 2010)

Crop Type

Percentage of Yield Dependent on Pollinators | Example Crops

Fruits and Vegetables | 70-90%

Apples, tomatoes, strawberries

Nuts and Seeds 80-90% Almonds, sunflower seeds

Oil Crops 40-60% Canola, rapeseed
Biological Control: Natural Pest preventing pest outbreaks and reducing crop
Management losses (van Lenteren, 2012). The use of

Insects also play a crucial role in controlling
agricultural pests through biological control.
Predatory insects, such as ladybugs, spiders,
and wasps, feed on pest species that can
damage crops. This natural form of pest
control reduces the need for chemical
pesticides, which can have harmful effects on
the environment and human health (Landis et
al., 2000).

For example, ladybugs are effective predators
of aphids, which are common pests in crops
like wheat, barley, and potatoes. Parasitic
wasps, such as Trichogramma species, lay
their eggs inside pest insects like caterpillars
and beetles, leading to the death of the host
insect. These natural enemies of pests help
maintain a balance in the ecosystem,

biological control in agriculture has gained
increasing attention as a sustainable alternative
to chemical pesticides. Integrated pest
management (IPM) strategies that combine
biological control with other pest management
techniques, such as crop rotation and habitat
management, are being promoted to enhance
agricultural sustainability (Gurr et al., 2017).
However, the effectiveness of biological
control can be affected by factors such as
habitat loss, pesticide use, and climate change.
Preserving natural habitats and reducing the
use of harmful pesticides are essential for
maintaining healthy populations of natural
enemies and ensuring the success of biological
control strategies (Geiger et al., 2010).

Table 2: Biological Control in Agriculture (Landis et al., 2000; van Lenteren, 2012; Gurr et al., 2017)

Natural Enemy Target Pest

Example Crops

Ladybugs Aphids

Wheat, barley, potatoes

Parasitic Wasps Caterpillars, beetles

Corn, cotton

Spiders

Various insect pests

Vegetables, grains

Insects and Soil Health: Enhancing Soil
Fertility

Insects are also vital for maintaining soil
health, which is essential for sustainable
agriculture. Soil-dwelling insects, such as
beetles, ants, and termites, contribute to
nutrient cycling, soil aeration, and the
decomposition of organic matter. Their
activities enhance soil structure, fertility, and
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water retention, all of which are critical for
crop productivity (Lavelle et al., 2006).

For example, dung beetles play a key role in
breaking down animal waste, recycling
nutrients back into the soil, and reducing the
spread of parasites and diseases in grazing
systems. Termites, particularly in tropical
regions, help decompose plant material and
improve soil structure, making it more
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conducive to plant growth (Jouquet et al.,
2011).

The decline of soil-dwelling insects can have
significant consequences for soil health and
agricultural sustainability. Practices such as
intensive tillage, monoculture, and the use of
chemical fertilizers and pesticides can disrupt
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insect habitats, reduce biodiversity, and
degrade soil quality (Bardgett & van der
Putten, 2014). Sustainable land management
practices that promote soil health, such as crop
rotation, cover cropping, and reduced tillage,
are essential for supporting healthy insect
populations and maintaining productive soils.

Table 3: Insect Contributions to Soil Health (Lavelle et al., 2006; Jouquet et al., 2011; Bardgett
& van der Putten, 2014)

Soil Function

Insect Contribution

Example Insects

Nutrient Cycling

Breakdown of organic matter, nutrient release

Beetles, ants, termites

Soil Aeration and Water Infiltration

Creation of soil tunnels, improving fertility

Ants, termites

Decomposition of Organic Matter

Breaking down dead plant and animal material

Beetles, termites

Insects as a Sustainable Food Source

Insects are gaining recognition as a sustainable
source of food and feed, offering a solution to
the growing global demand for protein. Edible
insects, such as crickets, mealworms, and
grasshoppers, are rich in protein, vitamins, and
minerals, and can be produced with a much
lower environmental footprint compared to
traditional livestock (van Huis et al., 2013).
Insect farming requires less land, water, and
feed than conventional animal farming, and
produces fewer greenhouse gas emissions. For
example, mealworms produce significantly
lower emissions of methane and ammonia
compared to pigs and cows, making them a
more environmentally friendly protein source
(Oonincx et al., 2010). Insects can also be fed

on organic waste, contributing to the recycling
of nutrients and reducing food waste.

The potential of insects as a sustainable food
source is gaining attention in both developed
and developing countries. In some regions,
insects have been a traditional part of the diet
for centuries, while in others, they are being
promoted as a novel food product. Insect-
based products, such as protein bars, snacks,
and animal feed, are becoming increasingly
available in the market (FAO, 2013).

However, there are challenges to scaling up
insect farming, including regulatory barriers,
consumer acceptance, and the need for
standardized production methods. Research
and innovation are needed to address these
challenges and to fully realize the potential of
insects as a sustainable food source.

Table 4: Insects as a Sustainable Food Source (van Huis et al., 2013; Oonincx et al., 2010; FAO, 2013)

Edible Insect | Nutritional Content Environmental Benefits
Species
Crickets High in protein, vitamins, and | Low greenhouse gas emissions, efficient feed
minerals conversion
Mealworms Rich in protein and healthy fats Can be fed on organic waste, low water usage
Grasshoppers High protein content Low land and water requirements, sustainable
farming
Threats to Insect Populations and insects that provide essential ecosystem

Implications for Agricultural Sustainability
The decline of insect populations poses a
significant threat to agricultural sustainability.
Habitat loss, pesticide use, climate change, and
pollution are all contributing to the decline of
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services (Sanchez-Bayo & Wyckhuys, 2019).
The loss of pollinators, natural enemies, and
soil-dwelling insects can lead to reduced crop
yields, lower food quality, and increased
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reliance on chemical inputs, which can further
harm the environment.

To address these challenges, it is
essential to implement strategies that support
insect populations and promote sustainable
farming practices. This includes conserving
natural habitats, reducing pesticide use, and
promoting agroecological approaches that
enhance biodiversity and ecosystem services.
By protecting the insects that are vital to
agriculture, we can ensure the sustainability of
food production and the resilience of farming
systems in the face of environmental change
(Pretty et al., 2018).

CONCLUSION

Insects play a critical role in agricultural
sustainability, contributing to pollination, pest
control, soil health, and even serving as a
sustainable food source. However, the decline
of insect populations threatens these essential
services, with serious implications for global
food security and environmental sustainability.
To safeguard the future of agriculture, it is
essential to protect and enhance the roles of
insects in  farming systems  through
conservation, sustainable land management,
and innovative practices. By recognizing the
value of insects and integrating them into
sustainable agriculture strategies, we can
create resilient food systems that support both
people and the planet.
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