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M icro plastic contamination in soil ecosystems has emerged as a critical environmental
issue, altering soil properties, disrupting microbial communities, and impacting plant
health. This review evaluates the role of micro plastics (MPs) in modifying soil structure,
influencing microbial interactions, enhancing heavy metal mobility, and inducing plant stress
responses. By integrating key research findings, this study highlights the mechanisms by
which MPs interfere with soil functions and plant development. Understanding these
interactions is crucial for designing effective mitigation strategies to safeguard soil fertility
and agricultural productivity.

Introduction

Micro plastics (MPs), defined as plastic particles smaller than 5 mm, have emerged as a
significant environmental contaminant, raising concerns across multiple ecosystems. These
particles originate from various sources, including industrial discharges, plastic mulch
degradation in agriculture, wastewater sludge applications, and fragmentation of larger plastic
debris. Their widespread presence in terrestrial environments, particularly in agricultural
soils, has sparked growing interest due to potential threats to soil health, plant growth, and
overall ecosystem stability. Unlike aquatic ecosystems, where MPs have been extensively
studied, their impact on soil remains relatively underexplored, despite increasing evidence of
their persistence and bioaccumulation. MPs can alter soil physicochemical properties,
affecting water retention, microbial communities, and nutrient availability. Furthermore, they
may interact with agrochemicals, influencing their mobility and bioavailability, thereby
impacting plant uptake and soil biodiversity. Recent studies suggest that MPs can induce
oxidative stress in plants, disrupt root architecture, and interfere with essential physiological
processes. The infiltration of these synthetic particles into food chains further raises concerns
about human and animal health. Understanding the mechanisms underlying MP interactions
in terrestrial environments is crucial for developing mitigation strategies. This review
consolidates current research findings on the impact of MPs on soil quality and plant
physiology, highlighting the need for sustainable agricultural practices and policy
interventions to curb MP contamination.

Micro plastics and Soil Properties

Micro plastics modify soil physical and chemical properties, influencing porosity, aeration,
and water retention. Boots et al. (2019) reported that MPs disrupt soil aggregation, leading to
altered water infiltration rates and reduced soil stability. Furthermore, MPs influence soil pH
and electrical conductivity, which can affect nutrient availability and microbial activity. Over
time, the accumulation of MPs in agricultural soil can result in long-term degradation,
threatening crop productivity and soil resilience.
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e Microplastic-Microbe Interactions: Soil microorganisms play an essential role in
organic matter decomposition, nutrient cycling, and plant symbiosis. Research by Wu et
al. (2019) indicates that MPs create microhabitats that foster biofilm formation, leading to
shifts in microbial diversity. Some bacteria benefit from these new niches, while others
experience suppressed growth due to microplastic-induced toxicity. The selective
enrichment of pathogenic bacteria further raises concerns about the impact of MPs on soil
microbial balance and plant health.

e Micro plastics and Heavy Metal Mobilization: Micro plastics serve as carriers of heavy
metals, increasing their mobility and bioavailability in soil. Huang et al. (2023) found that
MPs enhance cadmium uptake in plants, leading to potential toxicity risks. MPs have a
high surface area, allowing them to adsorb and transport pollutants into plant root
systems. As a result, plants grown in MP-contaminated soils may accumulate hazardous
metals, posing risks to food safety and human health. Understanding these interactions is
essential for mitigating soil pollution in agricultural landscapes.

e Influence on Soil Structure and Plant-Soil Interactions: Micro plastics alter soil
structure by affecting particle aggregation and compaction. Wang et al. (2021)
demonstrated that MPs reduce soil permeability, leading to waterlogging in some areas
and drought-like conditions in others. These structural changes disrupt plant root
penetration and water uptake, impairing plant growth. Additionally, MPs can interfere
with soil organic matter decomposition, reducing the availability of essential nutrients and
further hampering plant development.

e Plant Responses to Microplastic Exposure: Micro plastics impose physiological stress
on plants, influencing germination rates, root architecture, and nutrient absorption. Wang
et al. (2022) documented that MPs interfere with root elongation and decrease chlorophyll
content, ultimately affecting photosynthesis and biomass accumulation. The uptake and
internal distribution of MPs within plant tissues remain a topic of ongoing research, but
evidence suggests their presence may trigger oxidative stress responses, leading to
cellular damage and reduced plant vigor.

e Disruption of Soil Enzyme Activities: Soil enzymes are critical for maintaining soil
biochemical processes, including nutrient mineralization and organic matter breakdown.
Studies show that MPs interfere with enzymatic activity by modifying microbial
interactions and substrate availability. Boots et al. (2019) observed that MPs reduce the
activity of key enzymes such as dehydrogenase and urease, impairing soil fertility. These
biochemical disruptions have long-term implications for soil productivity, necessitating
further research into microbial resilience mechanisms.

e Agricultural and Environmental Implications: The presence of micro plastics in
agricultural soils poses multiple challenges, including reduced soil fertility, altered
microbial networks, and increased toxic element accumulation. These factors collectively
undermine plant growth, reduce crop yields, and threaten food security. Additionally, the
long-term persistence of MPs in soil highlights the need for stringent plastic waste
management practices in agriculture. Addressing these issues requires a multidisciplinary
approach involving soil scientists, policymakers, and agricultural stakeholders.

Mitigation Strategies and Future Research

Mitigation efforts should focus on reducing plastic inputs into soil through improved waste
management, alternative biodegradable materials, and soil remediation techniques.
Advancements in detection methodologies, including spectroscopy and imaging technologies,
will enhance monitoring of MP contamination. Future research should explore the long-term
ecological impacts of MPs on soil biodiversity and develop innovative solutions to restore
soil health.

Conclusion
Micro plastic pollution in soil is a pressing environmental challenge that threatens soil
fertility and plant development. MPs alter soil structure, disrupt microbial communities,
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facilitate heavy metal mobility, and impose physiological stress on plants. Addressing these
issues requires proactive mitigation strategies and policy interventions to reduce plastic
contamination in agricultural ecosystems. A collective effort from researchers, policymakers,
and farmers is essential to ensuring soil sustainability and food security in the face of
microplastic pollution.
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