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INTRODUCTION

Plastic has become inseparable from modern agriculture.
Mulch films, irrigation components, nursery materials,
greenhouse covers, coated inputs, packaging, sewage-derived
amendments and atmospheric fallout all create pathways by
which plastic particles can reach farmland. Once larger
plastics weather and fragment, they can produce
microplastics - generally particles smaller than 5 mm - that
may persist in soil and interact with roots, microorganisms,
soil structure and fauna. The emerging question is no longer
only whether microplastics are present, but whether their
presence can alter the behaviour and ecological role of
insects living at or below the soil surface.

Why This Question Matters

Soil-dwelling insect pests are already difficult to manage
because much of their life cycle occurs out of sight. White
grubs, wireworms, termites, root-feeding larvae and several
other groups can damage seeds, roots, underground stems or
the root-zone environment before farmers see clear
symptoms above ground. At the same time, microplastics can
change the soil habitat itself. Laboratory and mesocosm
studies show that plastic particles may modify bulk density,
aggregation, water-holding characteristics, pH and microbial
communities, although the direction and magnitude of these
effects depend strongly on polymer type, particle shape,
concentration, soil and experimental conditions.

This creates an intriguing ecological possibility: if
microplastics reshape the physical and biological
environment in which below-ground insects live, they may
also change how insects move, feed, develop, choose
habitats or interact with plants and natural enemies. Current
evidence supports concern, but it does not yet justify a
simple statement that polluted soils universally increase or
decrease pest outbreaks. The response is likely to be species-

specific and context-dependent.
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What Are Microplastics in Agricultural
Seil?

Microplastics are small synthetic polymer
particles, typically less than 5 mm in size. In
agricultural soil they occur as fragments,
fibres, films, foams or beads and may consist
of polyethylene (PE), polypropylene (PP),
polystyrene (PS), polyvinyl chloride (PVC),
polyethylene terephthalate (PET) and other
polymers. Their behaviour is influenced by
size, density, surface ageing, additives and the
chemicals that become attached to their
surfaces.

Farm-level sources can be direct or
indirect. Fragmentation of plastic mulch and
greenhouse films is an obvious source.
Irrigation with contaminated water, application
of sewage sludge or biosolids, compost
containing plastic residues, polymer-coated
agricultural products, machinery-related debris
and atmospheric  deposition can also
contribute. Recent global syntheses emphasize
that agricultural practices strongly influence

Microplastics |
insoil

the amount, type and persistence of
microplastics found in soil.

The Soil Is Not Just a Storage Site
Once in soil, microplastics become part of a
dynamic system rather than remaining inert
pieces of debris. They can be transported
vertically through tillage, water movement,
root growth and the activity of soil organisms.
Their surfaces can host biofilms and adsorb
pesticides, metals and organic contaminants.
At the same time, particles can change pore
geometry and water distribution, which may
influence the microhabitats used by soil fauna.
This matters for entomology because
many insect larvae respond to moisture,
temperature, pore space, root location,
chemical cues and microbial activity. A
change in any of these factors could
potentially modify behaviour without the
insect ever directly ingesting the plastic. Direct
exposure and indirect habitat modification
therefore need to be studied separately.

Figure 1: Conceptual view of microplastic-contaminated agricultural soil showing root-zone plastic particles
and soil-dwelling insect larvae. The figure represents the possibility that both direct exposure and microplastic-
driven habitat changes may influence below-ground insect behaviour.
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How Could Microplastics Change Insect
Behaviour?

The term behaviour covers several ecological
responses. An insect may avoid a
contaminated patch, remain in it, alter its
movement, reduce feeding, change burrowing
depth, spend more time searching for food, or
modify its interaction with prey, competitors
or roots. These changes can arise through more
than one pathway.

Habitat alteration: Microplastics can
modify soil structure, pore continuity,
water retention and bulk density. For an
insect that burrows or moves through
pores, even a modest structural change
may alter movement cost, shelter
availability or access to roots.

Direct ingestion: Some insects and other soil
invertebrates ingest microplastics accidentally
with food or soil. The consequences may
include gut filling, altered digestion, changes
in defecation or physiological stress. The
effect depends on particle size, polymer and
dose.

Chemical exposure: Weathered microplastics
may contain additives or adsorb pesticides,
metals and other contaminants. These
compounds may change toxicity or exposure
pathways, producing effects that cannot be
attributed to the plastic particle alone.
Microbial mediation: Microplastics can
change microbial communities and biofilm
formation. Because soil insects interact with
microbes directly and through food quality,
shifts in microbial composition may indirectly
influence feeding, nutrition and survival.
Plant-mediated pathways: Microplastics can
alter the soil-root environment and, in some
cases, enter plant-associated pathways.
Changes in plant chemistry, root condition or
nutritional status could subsequently influence
herbivorous insects and their natural enemies.

What Does Current Evidence Actually
Show?

The most important message from the
literature is that microplastic-insect research is
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still young. A systematic review and meta-
analysis of terrestrial insects concluded that
insects can take up and transport microplastics
and that exposure can impair biological traits,
with behaviour and health among the most
frequently affected endpoints. Reported
responses include reduced climbing ability and
increased oxidative stress, but the evidence
base remains dominated by laboratory studies
and a limited range of species.

A 2024 study on the ground beetle
Blaps polychresta found that exposure to three
microplastic polymers did not reduce survival
but did decrease defecation rate, alter digestive
enzyme activity and cause changes in midgut
tissues. These are sublethal responses rather
than direct evidence of agricultural pest
outbreaks, yet they demonstrate that terrestrial
beetles can respond physiologically to
microplastic exposure.

Another 2025 study used a soil-plant-
insect pathway with polyethylene
microplastics and reported slower larval
development, reduced survival and reduced
egg production in Colorado potato beetle,
together with lower predation efficiency in a
predatory stinkbug. Although these species are
not examples of classic soil-dwelling larvae in
every life stage, the experiment is important
because it shows that microplastic effects can
propagate through plant and food-web
pathways and influence both a herbivore and
its natural enemy.

Soil-invertebrate studies add further
context. In 2025, polypropylene microplastics
derived from agricultural materials produced
avoidance behaviour in earthworms at higher
concentrations and altered preference or
walking behaviour in isopods; springtail
reproduction was affected under some
treatments. A 2026 mesocosm study of
biodegradable mulch-derived microplastics,
however, found changes in soil properties and
earthworm reproduction but no detectable
change in the tested springtail community
composition. These contrasting results are a
reminder that responses cannot be generalized
across all soil organisms or all plastics.
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Table 1: A cautious framework for linking microplastic contamination

with possible changes in below-ground insect behaviour.

What microplastics may

Strength of current

Pathwa Possible insect response .

y change P evidence

. . Moderate for soil-
Bulk density, Changes in movement, oderate for so
. . . . . property change;
Soil physical habitat | aggregation, pore space, burrowing, refuge use or . .
o ; . limited for pest-specific
water distribution habitat choice .
behaviour

Direct ingestion

Gut exposure to particles,
additives and attached
contaminants

Altered feeding, digestion,
defecation, growth or
stress response

Growing laboratory
evidence; field
relevance still uncertain

Microbial pathway

Microbial community,
biofilms and nutrient
transformations

Indirect changes in food
quality, host condition or
ecological interactions

Strong evidence for
microbial effects; insect
linkage still emerging

Plant-mediated

Root environment, plant
nutrition or tissue

Changes in herbivore
development and possibly

Emerging experimental

Chemical carrier

pesticides, metals and

attraction/avoidance or

pathway natural-enemy evidence
exposure
performance
Adsorption or release of Modified toxicity, Mechanistically

plausible; pest-specific

effect additives sublethal effects field evidence limited
. Combined effects of Increase, decrease or Not yet predictable;
Population-level . . o .
habitat, physiology, food redistribution of pest requires long-term field
outcome . .
webs and climate pressure studies
Could Polluted Soil Increase Pest The Missing Link: Behaviour Before
Problems? Population Change

Possibly - but not inevitably. A contaminated
soil could become more favorable for a
particular pest if changes in moisture, structure
or microbial activity improve larval survival or
root accessibility. The same contamination
might reduce another species by creating
physiological stress or an unsuitable habitat.
Microplastics could also weaken predators,
decomposers or beneficial soil fauna and
thereby alter food-web regulation. Because
these pathways operate simultaneously, the net
effect on pest pressure may be positive,
negative or neutral.

This is why the title of this article is
intentionally a question. Present knowledge
supports the possibility that microplastics can
change insect behaviour and performance, but
there is not yet enough field evidence to
conclude that microplastic-polluted
agricultural soils consistently cause more
severe insect pest outbreaks.
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Population counts are important, but
behavioural responses may appear earlier.
Avoidance, attraction, reduced feeding, altered
movement or changed burrowing depth can
influence where insects concentrate long
before a field shows a measurable increase in
total abundance. Behaviour may therefore be a
sensitive early endpoint for soil
ecotoxicology studies.

For pest management, the most useful
research question is not simply whether an
insect survives exposure. It is whether
exposure changes decisions that matter in the
field: Does a larva move toward or away from
roots? Does it feed for longer? Does it remain
deeper in the profile? Does it become easier or
harder for predators and pathogens to attack?
These behavioural traits could eventually
connect microplastic pollution with crop-
damage risk.

future
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Why the Soil Microbiome Matters

Microplastics and microbes interact strongly.
Plastic surfaces can develop biofilms, while
changes in soil pore structure, moisture and
chemistry can reshape microbial communities.
This matters because the rhizosphere
microbiome affects root health, decomposition,
nutrient transformations and plant defence. Soil
insects also interact with microorganisms
through food, digestion and disease.

A future soil-insect study should
therefore avoid examining plastic and insects
in isolation. The more informative design
would measure the sequence: microplastic
characteristics -> soil physical and chemical
change -> microbial response -> root response
-> insect behaviour -> crop damage. That
systems approach is much more relevant to
real agriculture than a single high-dose
laboratory exposure.

The Indian Agricultural Context

The issue is especially relevant for regions
where plastic mulch, wastewater irrigation,
urban-derived composts, greenhouse materials
or plastic-intensive horticulture are common.
A recent systematic review focused on
southern India concluded that agricultural
microplastic research in the region remains
underdeveloped and highlighted contamination
associated with plastic mulch, wastewater or
biosolid inputs and other land-use pressures.
The review also emphasized major data gaps
and the need for standardized monitoring.

For India, the next step should not be
to assume uniform risk across all soils. Clay-
rich, sandy, calcareous, saline, irrigated and
rainfed systems may retain and redistribute
plastic particles differently. The same is true
for pest complexes. Region-specific work is
needed to link polymer type and concentration
with important below-ground pests under
actual cropping conditions.

Copyright © Sep., 2026; Sunshine Agriculture

A Better Research Design for This Question

+  Use environmentally realistic
microplastic concentrations rather than
only very high laboratory doses.

* Compare different polymer types,
particle sizes, shapes and ageing states
because toxicity and habitat effects are
not uniform.

* Include true agricultural pest species
such as white grubs or wireworms,
together with non-pest soil fauna and
natural enemies.

* Measure  behaviour directly -
movement, feeding, root preference,
burrowing depth and avoidance - in
addition to survival and body weight.

* Record soil moisture, temperature,
bulk density, aggregation, pH, organic
carbon and microbial indicators so that
indirect pathways can be separated
from direct toxicity.

* Link insect responses with crop-root
damage and yield rather than stopping
at laboratory biomarkers.

* Validate laboratory findings with
long-term field experiments and
georeferenced microplastic mapping.

What Farmers Can Do Now

Farmers do not need to wait for perfect
ecological models before reducing avoidable
plastic inputs. The most practical strategy is
source control: recover mulch films promptly,
avoid burning or mechanically shredding
plastics in fields, prevent plastic contamination
of compost and manure, maintain irrigation
and greenhouse materials carefully, and
choose durable or validated alternative
materials where feasible. Good soil-health
management - organic matter restoration,
balanced nutrition, crop rotation, residue
management and reduced compaction -
remains valuable because it strengthens the
soil system even when the specific
microplastic-pest relationship is uncertain.
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At present, microplastic contamination
should not be used as a reason for routine
insecticide application. Pest decisions should
continue to rely on field scouting, species
identification, economic thresholds and
integrated pest management. Microplastic
monitoring is best viewed as an emerging soil-
health component rather than a direct pesticide
trigger.

Future Perspective: From  Pollution
Monitoring to Pest Ecology

The next generation of research could combine
microplastic mapping with soil sensors, insect
surveillance, molecular identification and
machine learning. Such systems may
eventually reveal whether certain plastic
signatures consistently coincide with changes
in pest movement or outbreak timing. The
most useful outcome would not be a universal
alarm, but a field-specific risk model that says:
this soil condition, this polymer profile and
this climate pattern are associated with a
higher probability of damaging activity by this
particular pest.

That level of prediction is not yet
available. = Reaching it will require
collaboration among soil scientists,
entomologists, ecotoxicologists,
microbiologists, agronomists and data
scientists. It will also require a shift from
short-term  toxicity tests toward realistic
agroecosystem experiments.

CONCLUSION

Microplastics have moved from being viewed
mainly as an ocean pollutant to becoming an
emerging soil-health concern. Agricultural
soils can receive plastic particles from multiple
farm and environmental sources, and those
particles can alter physical, chemical and
biological processes below ground. Evidence
from terrestrial insects and soil invertebrates
already shows that microplastic exposure can
influence behaviour, physiology, reproduction
and ecological interactions in some species.
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What remains unresolved is the most
important agricultural question: do these
changes translate into predictable increases,
decreases or redistributions of crop pest
pressure under real field conditions? The
answer will probably depend on the pest,
polymer, soil, crop and climate. For now, the
scientifically defensible message is both
cautious and important: microplastics are
capable of changing the underground
environment in which pests live, and
understanding those changes may become an
essential part of future soil health and
integrated pest management research.

“The next pest warning may not come from
the crop canopy; it may come from changes
in the soil habitat beneath it.”
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