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Microplastic Uptake in Vegetable Crops: Effects on
Growth, Yield and Food Safety

INTRODUCTION
Microplastic pollution has emerged as a serious
environmental concern due to the widespread presence of
tiny plastic particles in soil, water and agricultural
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through irrigation with contaminated water, application of
plastic mulches, sewage sludge, compost and atmospheric
deposition. Since vegetables are directly exposed to soil and
water environments, they have become important plants for
studying microplastic contamination and its possible effects
on crop productivity and human health.

Vegetable crops play a vital role in human nutrition
by providing essential vitamins, minerals, fiber and
bioactive compounds. However, the detection of
microplastics in agricultural environments has raised
concerns regarding their movement into edible plant parts.
: The uptake of microplastics by vegetables may influence
*Corresponding Author plant growth, reduce crop yield and introduce potential risks
Dixita Padhiyar* to food safety. Understanding the interaction between

microplastics and vegetable crops is therefore essential for
developing sustainable agricultural practices and protecting
consumer health.
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because they can pass through root pores and transport
pathways. Larger particles generally remain attached to root
surfaces or accumulate in the surrounding soil.

Copyright © Aug., 2026; Agrospheres 42


http://agrospheresmagazine.vitalbiotech.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Available online at

(N

Vegetable crops can absorb
microplastics mainly through their root
systems. Once microplastics enter the roots,
they may move through vascular tissues and
reach above-ground plant parts such as stems,
leaves and edible organs. Leafy vegetables,
including lettuce and spinach, may also
accumulate microplastics through direct
deposition from contaminated air or irrigation
water. Root vegetables such as carrots, radishes
and potatoes are particularly vulnerable
because their edible portions develop directly
within contaminated soil.

UV ray
mediated

Effects of Microplastics on Plant Growth
and Development

The presence of microplastics in
agricultural soils can negatively affect
vegetable crop growth by altering soil
properties and interfering with  plant
physiological processes. One of the major
impacts is the modification of soil structure.
Depending on their type and concentration,
microplastics can change soil porosity, water
retention capacity and nutrient availability.
These changes may influence root development
and reduce the ability of plants to absorb water
and essential minerals.
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The movement of microplastics inside
plants is influenced by plant anatomy and
environmental conditions. Root damage,
changes in soil structure and microbial activity
can affect the availability and movement of
plastic particles. Some studies have shown that
microplastics can act as carriers for other
contaminants, including heavy metals,
pesticides and harmful microorganisms,
increasing the possibility of combined stress
effects on crops and consumers.

y Atmospheric Deposition

Microplastics can cause physical stress
to plant roots by blocking root pores or creating
barriers that limit nutrient uptake. Exposure to
high concentrations of microplastics may
reduce root length, decrease root biomass and
interfere with normal root system development.
Since roots are responsible for water and
nutrient absorption, damage to root function
can directly affect overall plant growth.

Microplastic contamination may also
create oxidative stress in plants. When plants
encounter environmental stress, they produce
reactive oxygen species that can damage
cellular structures, proteins and genetic
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material. Increased oxidative stress may reduce
photosynthetic  activity, disrupt enzyme
functions and affect plant metabolism. As a
result, plants exposed to microplastics may
show reduced chlorophyll content, slower
growth rates and weaker physiological
performance.

In addition, microplastics can influence
plant nutrient balance. They may interfere with
the uptake of important elements such as
nitrogen,  phosphorus,  potassium  and
micronutrients. Nutrient deficiencies caused by
microplastic stress can negatively affect plant
development and reduce the quality of

harvested vegetables.

Impact on Crop Yield and Agricultural
Productivity

Crop yield is a major indicator of
agricultural performance and microplastic
contamination may pose a threat to vegetable
production. Reduced plant growth, impaired
nutrient absorption and disrupted physiological
processes can ultimately decrease the quantity
and quality of harvested crops. Farmers using
plastic-based agricultural materials, such as
plastic mulches and greenhouse covers, may
unintentionally contribute to microplastic
accumulation in soils over time.

The effect of microplastics on yield
varies depending on crop type, soil conditions
and the concentration of plastic particles. Some
plants may tolerate low levels of microplastic
exposure, while others may experience
significant reductions in biomass and
productivity. Long-term
particularly concerning because microplastics
are persistent and can accumulate in
agricultural fields for many years.

exposure  is

Microplastics may also affect the
nutritional quality of vegetables. Stress caused
by plastic contamination can alter the
production of carbohydrates, proteins,
antioxidants and other important plant

compounds. Changes in vegetable quality may
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influence both agricultural value and human
nutrition.

To reduce the impact of microplastics
on crop productivity, sustainable farming
approaches are needed. These include reducing
unnecessary plastic use in agriculture,
improving  plastic = waste  management,
promoting biodegradable alternatives and
monitoring soil contamination levels. Proper
management practices can help maintain soil
health and reduce the long-term effects of
plastic pollution.

Microplastics and Food Safety Concerns

The presence of microplastics in edible
vegetables has raised significant concerns
regarding food safety. When contaminated
vegetables are consumed, microplastic particles
may enter the human body. Although research
on the long-term health effects of dietary
microplastic exposure is still developing,
scientists are investigating potential risks
related to inflammation, oxidative stress,
chemical toxicity and disruption of biological
processes.

Microplastics themselves may contain
harmful chemical additives, such as
plasticizers, stabilizers and flame retardants,
which can potentially migrate into living
organisms. In addition, microplastic particles
can absorb pollutants from the surrounding
environment, including heavy metals and
organic contaminants. These combined effects
may increase the potential health risks
associated with contaminated food.

The risk of microplastic exposure
through vegetables depends on factors such as
the amount of contamination, vegetable type,
preparation methods and human consumption
patterns. Washing vegetables may remove
some surface-associated microplastics, but
particles that have entered plant tissues cannot
be easily eliminated. Therefore, reducing
contamination at the agricultural level is
considered a more effective approach for
improving food safety.
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Food safety regulations and monitoring
systems need to consider the growing issue of
microplastic ~ contamination.  Developing
reliable methods for detecting and measuring
microplastics in agricultural products is
essential for assessing risks and establishing
appropriate safety guidelines.

Future Perspectives and Management
Strategies

Addressing microplastic contamination
in vegetable crops requires cooperation among
farmers, researchers, industries and
policymakers. Research efforts should focus on
understanding the movement of microplastics
in soil-plant systems, identifying their long-
term effects and developing effective methods
for removing or reducing contamination.

Improved agricultural practices can
help limit microplastic accumulation. Reducing
the use of conventional plastic materials,
encouraging recycling, using biodegradable
agricultural films, and preventing plastic waste
from entering farmland are important steps
toward minimizing pollution. Farmers should
also adopt proper irrigation and soil
management techniques to reduce the
introduction and movement of microplastics.
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Further scientific studies are needed to
determine safe levels of microplastic exposure
for crops and humans. Advances in
biotechnology, soil management, and
environmental monitoring can contribute to
developing strategies for protecting agricultural
ecosystems and ensuring safe food production.

CONCLUSION
Microplastic uptake in vegetable crops
represents an emerging challenge for modern
agriculture and food safety. These small plastic
particles can enter plants through roots and
leaves, affecting growth, physiological
processes, yield, and nutritional quality. The
accumulation of microplastics in edible plant
parts also raises concerns about potential risks
to human health through food consumption.
Although many aspects of microplastic
contamination are still under investigation,
current evidence highlights the importance of
reducing plastic pollution and improving
agricultural management practices. Sustainable
approaches, better waste management, and
continued research are essential to protect crop
productivity, environmental health, and the
safety of the global food supply.
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