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The Hidden Threat Beneath: Fate, Behaviour and Effects of Microplastics in Agricultural Soils

Abstract
Microplastic contamination of agricultural soils represents one of the most pervasive and poorly understood facets of the broader plastic pollution crisis. Agricultural soils globally receive microplastics through multiple, often concurrent pathways — including the degradation of plastic mulch films, the land application of sewage sludge and compost, irrigation with contaminated water, and atmospheric deposition — and may harbour plastic particle concentrations considerably exceeding those found in marine surface waters. This narrative review synthesises current knowledge on the sources, fate, and ecological and agronomic effects of microplastics in agricultural soil systems, drawing on peer-reviewed literature published between 2004 and 2026. The available evidence indicates that microplastics alter fundamental soil physical properties such as aggregation, porosity, and water-holding capacity, whilst simultaneously disrupting microbial community structure, enzymatic activity, and nutrient cycling. Soil fauna — including collembolans, nematodes, and earthworms — suffer reduced reproductive success, altered gut microbiota, and heightened mortality at environmentally relevant concentrations. Crop plants exposed to microplastics exhibit impaired germination, reduced root elongation, and diminished biomass, with evidence of nanoplastic and submicrometre particle uptake into plant tissue raising serious food safety concerns. Human health implications range from chemical co-contaminant transfer to the detection of microplastic particles in human systemic tissues, including the placenta. Mitigation strategies remain at a nascent stage, encompassing biodegradable mulch film substitution, enhanced wastewater treatment, improved biosolid management, and emerging regulatory frameworks governing plastic use in agriculture. The review identifies critical knowledge gaps — particularly regarding long-term soil accumulation kinetics, nanoplastic behaviour, and the cumulative toxicity of plastic-associated contaminants — and calls for internationally coordinated monitoring and standardised analytical approaches to better characterise the threat that microplastics pose to agricultural productivity and global food security.
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1. Introduction
1.1 The Global Plastic Production Context
The twentieth century witnessed a transformation in global manufacturing whose environmental consequences are only now being fully appreciated: the mass production and near-universal disposal of synthetic polymers. Geyer et al. (2017) estimated that approximately 8,300 million metric tonnes of virgin plastic had been produced globally by 2015, with roughly 6,300 million metric tonnes having entered the waste stream by that point; of this waste, only approximately 9% had been recycled, approximately 12% had been incinerated, and the remainder had accumulated in landfills or dispersed into the natural environment. Global plastic production continues to grow, and the environmental reservoir of persistent plastic materials therefore expands with each passing year. Although much early scientific attention was directed towards marine pollution, it is now understood that the terrestrial environment — and agricultural land in particular — serves as a major and growing sink for plastic debris (Rillig, 2012; Nizzetto et al., 2016).
The range of synthetic polymers in commercial production is broad, encompassing polyethylene (PE), polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC), polyethylene terephthalate (PET), and nylon, among others. Each polymer type possesses distinct physical and chemical properties — including density, hydrophobicity, UV sensitivity, and additive chemistry — that govern behaviour upon release into soil environments (Bläsing & Amelung, 2018). Thompson et al. (2004) were among the first to draw sustained scientific attention to the presence of microscopic plastic fragments in the marine environment, initiating a wave of environmental monitoring and ecotoxicological research that has expanded steadily into terrestrial and freshwater contexts. In the decades that followed, it became apparent that agricultural and other terrestrial ecosystems are not merely transit zones for plastics on their way to the ocean but are active accumulation environments in their own right (de Souza Machado et al., 2018a).
1.2 Microplastics: Definition, Classification, and Characteristics
The scientific community has grappled with the definition of microplastics since the term was introduced, and some inconsistency persists in the literature. Hartmann et al. (2019) conducted a thorough evaluation of existing definitions and proposed a standardised framework in which microplastics are defined as solid synthetic polymer particles — including fibres, fragments, foams, films, and granules — measuring less than 5 mm in their longest dimension. A lower boundary of 1 µm is frequently applied to distinguish microplastics from nanoplastics, though this threshold remains subject to debate. Nanoplastics — generally defined as particles below 1 µm, and often below 100 nm — are increasingly recognised as a distinct and especially concerning category, given their greater surface-area-to-volume ratio, enhanced mobility through soil pore networks, and potential for direct cellular uptake by organisms (Hartmann et al., 2019).
Microplastics may be classified as either primary or secondary in origin. Primary microplastics are manufactured at the micro-scale for specific industrial or consumer applications, such as the microbeads formerly used in cosmetic products and the plastic pellets used as raw feedstock in polymer manufacturing. Secondary microplastics arise from the environmental fragmentation of larger plastic items through physical abrasion, UV photodegradation, thermal stress, freeze–thaw cycling, and biological processing (Ng et al., 2018). In agricultural contexts, secondary microplastics derived from the degradation of plastic mulch films, irrigation tubing, greenhouse cladding, and silage bags are particularly significant. The shape of microplastic particles — whether fibres, fragments, films, granules, or foams — influences their fate and ecological effects in soil, as does their polymer composition, density, and surface chemistry (Hartmann et al., 2019; Bläsing & Amelung, 2018). Fibres, for example, have been shown to have disproportionately strong effects on soil aggregation relative to equimass quantities of granular particles, owing to their capacity to physically enmesh soil constituents.
1.3 Agricultural Soils as Emerging Sinks for Microplastic Pollution
For many years, the ocean was regarded as the ultimate destination and principal repository of plastic pollution, and a large body of ecotoxicological research consequently focused on marine biota and coastal sediments. A growing body of evidence, however, suggests that agricultural soils may contain microplastic concentrations that are orders of magnitude higher than those in marine surface waters (Rillig, 2012; de Souza Machado et al., 2018a). Nizzetto et al. (2016) calculated that annual microplastic inputs to European agricultural soils via sewage sludge application alone may range from 63,000 to 430,000 tonnes per year — figures that substantially exceed estimates of annual plastic loading to the world's oceans. Piehl et al. (2018) provided field-level evidence by recovering microplastics from agricultural topsoils in Bavaria, documenting particle concentrations spanning several hundred items per kilogram of dry soil across the sampled farmland, thereby illustrating the wide geographical reach of soil microplastic contamination. In China, Liu et al. (2018) reported concentrations of between 78 and 5,074 particles per kilogram in farmland soils near Shanghai, with higher levels in fields receiving sewage sludge and compost amendments over extended periods.
Unlike marine or freshwater systems, soil environments are characterised by enormous physical, chemical, and biological heterogeneity, which complicates both the monitoring of microplastic contamination and the assessment of its ecological consequences. Soils harbour an extraordinary density and diversity of life, from bacteria and fungi to nematodes, collembolans, earthworms, and small vertebrates, and they underpin virtually all terrestrial food production. The potential for microplastics to interfere with soil structure, nutrient cycling, and the organisms that regulate these processes therefore carries direct implications for agricultural productivity and long-term food security (Horton et al., 2017; Guo et al., 2020).
1.4 Scope and Objectives
This review examines the current state of knowledge on microplastic contamination of agricultural soils, with a focus on three interconnected themes: the sources and pathways through which microplastics enter agricultural soil systems; the fate and transport of microplastics once deposited in soils; and the ecological, agronomic, and human health effects associated with their presence. The review encompasses evidence from field surveys, laboratory experiments, and mesocosm studies, and gives particular attention to the behaviour of microplastics across different polymer types, particle sizes, and shapes. It considers implications for soil health, crop production, food safety, and human wellbeing, and concludes by reviewing emerging mitigation strategies and identifying priority areas for future research. The review does not cover marine or freshwater microplastic dynamics except where these are directly relevant to the terrestrial agricultural context.

2. Methods for Literature Selection
A narrative review approach was adopted to synthesise the available evidence on microplastic contamination of agricultural soils. This approach was chosen in preference to a systematic review or meta-analysis on the grounds that the field remains methodologically heterogeneous — studies vary considerably in the polymer types examined, particle size ranges reported, soil types investigated, biological endpoints assessed, and exposure concentrations employed — making formal quantitative synthesis premature and potentially misleading at this stage of scientific development. Baumeister and Leary (1997) articulated the value of narrative reviews for fields where the goal is broad conceptual integration of a varied literature rather than statistical pooling of effect sizes from standardised experimental designs, and this rationale applies directly to the present topic.
The literature search was conducted across nine electronic databases. Web of Science, Scopus, PubMed, and Google Scholar served as broad multidisciplinary repositories, providing comprehensive coverage of the mainstream soil science, ecotoxicology, and environmental chemistry literature. These were supplemented by five field-specific repositories: AGRIS (the FAO agricultural bibliographic database), the Directory of Open Access Journals (DOAJ), the SETAC digital library, TOXNET (the toxicology data network), and ScienceDirect's environmental sciences subject collection. The search encompassed peer-reviewed journal articles published between January 2006 — selected to align with the emergence of the modern terrestrial microplastic literature following Thompson et al.'s (2004) pivotal foundational work — and March 2026.
Search strings were constructed using Boolean logic to combine the following terms and their variants: "microplastic*" OR "nanoplastic*" OR "plastic debris" OR "plastic fragment*" combined with "agricultural soil*" OR "farmland" OR "arable soil*" OR "cropland" combined with "contamination" OR "pollution" OR "fate" OR "transport" OR "effect*" OR "toxicity" OR "soil biota" OR "earthworm*" OR "plant uptake" OR "food safety". Additional targeted searches addressed specific sources (e.g., "sewage sludge" combined with "microplastic*"), transport mechanisms (e.g., "bioturbation" combined with "microplastic*"), and biological endpoints (e.g., "soil microbial community" combined with "microplastic*"; "seed germination" combined with "microplastic*"). Reference lists of key review articles were also manually screened to capture influential studies that might not have been returned by the primary database searches.
Inclusion criteria required that articles: (1) were published in peer-reviewed journals indexed in at least one of the databases listed above; (2) reported original empirical data from field surveys, laboratory experiments, or mesocosm studies, or constituted peer-reviewed review articles synthesising such data; (3) were available in full in English; and (4) addressed at least one of the three core themes of this review. Conference papers, book chapters, grey literature, trade publications, patents, theses, and non-peer-reviewed institutional reports were excluded from the primary evidence base. Exceptions were made for key reports from major intergovernmental bodies (including the FAO) where these provided authoritative quantitative estimates not available elsewhere in the peer-reviewed literature; such documents are clearly identified as institutional sources with verifiable URLs. Duplicates identified across databases were removed prior to abstract screening, which assessed relevance against the inclusion criteria. Full texts of articles identified as potentially relevant during abstract screening were then retrieved and subjected to more detailed assessment. Studies were accorded greater weight in the narrative where they employed environmentally relevant microplastic concentrations, examined multiple polymer types, or reported effects across multiple levels of biological organisation. Landmark studies of particular methodological or conceptual importance were included regardless of publication date.

3. Sources and Pathways of Microplastic Contamination in Agricultural Soils
3.1 Plastic Mulch Films
Agricultural plastic mulch films represent one of the most direct and quantitatively significant pathways by which microplastics enter agricultural soils. Globally, hundreds of thousands of tonnes of plastic mulch film — predominantly low-density polyethylene (LDPE) — are applied to fields each year to suppress weeds, conserve soil moisture, accelerate seedling development, and reduce surface erosion (Steinmetz et al., 2016). China accounts for the majority of global mulch film use, and the FAO (2021) estimated that the agricultural sector worldwide uses approximately 12.5 million tonnes of plastics annually, a substantial proportion of which comprises mulch and other soil-applied films. After the growing season, mulch films are typically removed mechanically, but this process is rarely complete; residual film fragments are incorporated into the soil profile through tillage and, once there, undergo progressive fragmentation driven by UV irradiation, freeze–thaw cycling, mechanical abrasion, and microbial action. Steinmetz et al. (2016) highlighted that decades of mulch film use across Chinese agricultural regions have produced measurable plastic residue accumulation to depths exceeding 30 cm, with concentrations in heavily mulched fields reaching levels sufficient to impair soil physical structure and reduce crop yields.
Qi et al. (2018) documented the effects of residual plastic mulch on wheat growth in a mesocosm experiment and found that even relatively low concentrations of residual polyethylene film significantly reduced plant root elongation and above-ground biomass compared with uncontaminated controls. Huang et al. (2020) confirmed that plastic mulch films shed micro-fragments into soil throughout the crop cycle, with particle density increasing with cumulative mulching history. The problem is not confined to East Asia; studies in Germany, Spain, Italy, the United Kingdom, and Israel have identified agricultural mulch-derived microplastics in topsoils at concentrations suggesting long histories of film accumulation (Piehl et al., 2018). The widespread and intensifying global adoption of plastic mulch as an agronomic tool therefore creates a diffuse but spatially extensive source of microplastic contamination that is likely to persist for decades to come.
3.2 Sewage Sludge and Biosolids
The land application of sewage sludge — or biosolids — as a soil amendment and fertiliser constitutes a major pathway for the transfer of microplastics from urban wastewater streams to agricultural land. Wastewater treatment processes are highly efficient at removing microplastics from the liquid phase, with removal efficiencies commonly exceeding 95%, but this efficiency comes at the cost of concentrating particles in the resulting sludge (Crossman et al., 2020). Because a substantial proportion of treated sludge is returned to agricultural land — a practice encouraged in Europe, North America, and parts of Asia as a means of recovering nutrients and organic matter — agricultural soils effectively function as a terminal repository for urban microplastic waste. Nizzetto et al. (2016) estimated that annual sludge-derived microplastic inputs to European agricultural soils may total between 63,000 and 430,000 tonnes, a figure that dwarfs estimates of plastic loading to the world's oceans.
Weithmann et al. (2018) demonstrated that organic fertilisers derived from sewage sludge and biowaste contained measurable microplastic concentrations, with considerable variation depending on the composition of the input waste stream and the treatment process employed. They identified polyethylene terephthalate (PET), polypropylene, and polyethylene as the dominant polymer types, reflecting the household plastic waste stream. Crossman et al. (2020) modelled the transfer and persistence of sludge-borne microplastics through agricultural catchments and found that, once deposited in soils, particles were likely to remain in the topsoil for decades to centuries, with limited removal by leaching or surface runoff. These findings suggest that past and ongoing biosolid applications have created a legacy of microplastic contamination in agricultural soils that will be extremely difficult to reverse even if inputs were entirely eliminated in the near future.
3.3 Irrigation with Contaminated Water
Rivers, reservoirs, and treated wastewater used for agricultural irrigation carry microplastic loads that are transferred directly to soil surfaces and root zones with each irrigation event (Guo et al., 2020). The concentration of microplastics in surface water bodies near urban and industrial areas can be considerable, and Horton et al. (2017) identified freshwater environments as major transport vectors linking terrestrial sources to the broader environment and, consequently, to irrigated farmland. Irrigation-derived microplastic inputs are particularly significant in arid and semi-arid agricultural regions where reclaimed or treated wastewater is used extensively to supplement scarce freshwater supplies.
Zhang and Liu (2018) examined the distribution of microplastics in soil aggregate fractions in paddy fields of south-western China and found that irrigation water was a primary contributor to microplastic loadings in these systems, with particles accumulating preferentially in the macro-aggregate fraction. Their findings highlighted the hydrological connectivity between contaminated water bodies and irrigated farmland as a sustained, diffuse pathway for microplastic transfer that is difficult to intercept at source without substantial investment in water treatment infrastructure.
3.4 Atmospheric Deposition
Atmospheric transport and subsequent dry and wet deposition represent an increasingly documented but still underappreciated pathway by which microplastics — particularly lightweight fibres and thin film fragments — reach agricultural soils far removed from obvious plastic sources. Dris et al. (2017) were among the first to systematically characterise airborne textile fibres and plastic particles in both indoor and outdoor environments, finding that fibres comprised a substantial fraction of the deposited microplastic load in urban and peri-urban settings. Subsequent studies have documented microplastics in remote mountain soils, Arctic snowfields, and similar pristine environments, confirming that atmospheric pathways can carry plastic particles across continental distances (Scheurer & Bigalke, 2018). For agricultural soils, atmospheric deposition may constitute a persistent background input against which other, more locally concentrated pathways are superimposed. The relative contribution of atmospheric deposition to total soil microplastic loading is difficult to quantify and is likely to vary substantially with proximity to urban centres, prevailing wind conditions, and land use context.
3.5 Compost and Other Organic Soil Amendments
Compost derived from household food waste, garden cuttings, and green waste frequently contains microplastics introduced via contamination with packaging films, synthetic textiles, and other plastic materials present in the input waste stream. Weithmann et al. (2018) found that commercially produced composts and digestates contained detectable microplastic concentrations, and that the polymer composition of compost-derived particles reflected the domestic plastic waste stream, including PE, PET, and polystyrene. Livestock manure has also been implicated as a potential microplastic vector, particularly where animals are raised on plastic-contaminated feedstuffs or in environments where plastic materials feature in bedding and feed infrastructure (Rillig et al., 2017). The FAO (2021) identified the full spectrum of agricultural plastic inputs — mulch films, silage covers, plastic-coated slow-release fertilisers, and greenhouse materials — as requiring urgent and coordinated attention from a policy and sustainability perspective, stressing the need for lifecycle assessments that account for end-of-life plastic management alongside agronomic performance.

4. Fate and Transport of Microplastics in Agricultural Soils
4.1 Physical Weathering and Fragmentation in Soil
Once present in the soil environment, plastic particles are subject to continuing fragmentation driven by UV radiation in surface layers, mechanical abrasion from tillage operations, freeze–thaw cycling, wetting and drying cycles, and the enzymatic and mechanical activities of soil organisms. These processes progressively reduce particle size over time, potentially generating submicrometre and nanoscale particles from larger precursor fragments (Bläsing & Amelung, 2018). The rate of fragmentation depends markedly on polymer type: UV-sensitive polymers such as polypropylene degrade more rapidly near the soil surface, while more recalcitrant polymers such as PET persist longer, particularly in deeper, light-excluded horizons. Xu et al. (2020) reviewed the fate of microplastics in soil environments and noted that, whilst UV photodegradation represents the principal abiotic pathway for surface fragmentation, the soil itself attenuates UV penetration rapidly with depth, leaving subsurface particles effectively sheltered from photolytic degradation. This depth-dependent protection from abiotic degradation, combined with the inherently slow rates of microbial depolymerisation of major synthetic polymers, means that much of the microplastic stock in agricultural soils is likely to persist for timescales extending well beyond current agricultural planning horizons.
Surface weathering also chemically modifies plastic particles, introducing oxygenated functional groups that increase surface polarity and alter sorption behaviour towards co-contaminants. These surface changes may affect how microplastics interact with the soil mineral matrix, soil organic matter, and soil organisms, adding a dynamic chemical dimension to the physical fate of particles that complicates predictions based on the properties of pristine, unweathered polymers alone.
4.2 Vertical Migration and Transport with Water
The vertical migration of microplastics through the soil profile is governed by the interplay between particle properties — particularly size, shape, density, and surface hydrophobicity — and soil structural features, including pore size distribution, macropore connectivity, and organic matter content. Zhang and Liu (2018) found that microplastics in irrigated paddy soils were unevenly distributed across soil aggregate size fractions, with smaller particles penetrating further into the interior of macro-aggregates. Scheurer and Bigalke (2018) detected microplastics at depths of up to 60 cm in Swiss floodplain soils, providing direct field evidence that surface-deposited particles can migrate substantial distances downward via water-facilitated transport through macropores, biopores, and preferential flow pathways. The potential for microplastics to reach tile drains, shallow groundwater, and ultimately surface water bodies via leaching from agricultural soils represents both an environmental concern and a significant monitoring challenge (Crossman et al., 2020). The extent of vertical migration is likely to be highly sensitive to soil texture and structure, with coarse, well-aggregated soils containing abundant macroporosity permitting deeper particle penetration than fine-textured, poorly structured soils.
4.3 Bioturbation and Biotic Transport
Soil fauna play an important and underappreciated role in redistributing microplastics through the soil profile and across the landscape. Earthworms are particularly significant in this regard: they ingest surface-deposited particles along with organic matter during feeding and deposit them deeper in the profile within their casts, whilst simultaneously creating biopores that facilitate the passive downward movement of particles with percolating water. Huerta Lwanga et al. (2016) provided direct experimental evidence that Lumbricus terrestris exposed to microplastic-amended soils ingested plastic particles and incorporated them into their casts, with particles subsequently distributed throughout the depth of soil occupied by the worms. Zhang et al. (2018) developed a practical laboratory method for extracting and identifying light-density microplastics from soil and confirmed that earthworm-mediated transport was a meaningful contributor to microplastic redistribution in loamy agricultural soils. Beyond earthworms, the activities of other burrowing invertebrates, soil-dwelling insects, and plant roots — which create channels along which particles migrate when water moves along root–soil interfaces — all contribute to the three-dimensional redistribution of microplastics within the soil profile.
Huerta Lwanga et al. (2017) extended this line of inquiry to the broader food chain, documenting the transfer of plastic particles from soil through earthworms to domestic chickens in a field setting and providing evidence for trophic transfer of microplastics in a terrestrial food web. This work underscored the importance of understanding microplastic behaviour not merely as a physicochemical fate question but as an ecological one, involving the feeding behaviour, movement, and physiology of the diverse organisms that inhabit and manage contaminated soils.
4.4 Sorption of Co-Contaminants
An important and ecologically consequential dimension of microplastic fate in soils concerns the capacity of plastic particles to sorb and concentrate co-contaminants from the surrounding soil environment. The high surface-area-to-volume ratio of microplastic particles — especially those that have undergone surface oxidation and physical weathering — renders them effective sorbents for a range of organic and inorganic contaminants (Xu et al., 2020). Geissen et al. (2015), in an early review of emerging pollutants in agricultural soils, identified the potential for plastic particles to co-migrate with organic pollutants and heavy metals in soil systems, a concern that subsequent empirical work has substantiated. Microplastics have been shown to accumulate polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), organochlorine pesticides, and heavy metals at surface concentrations substantially exceeding those in the surrounding soil matrix. When sorbed contaminants are subsequently desorbed within the gut of an organism that has ingested the particle, or transferred to plant tissue via soil porewater, the ecological significance of the microplastic vector is amplified considerably beyond that of the plastic particles themselves (Ng et al., 2018; Galloway et al., 2017).

5. Effects of Microplastics on Soil Physical and Chemical Properties
5.1 Soil Structure and Aggregation
Soil aggregate stability is a foundational property of healthy soils, governing aeration, water infiltration, erosion resistance, and the physical protection of organic matter from mineralisation. Several experimental studies have demonstrated that microplastics alter soil aggregation in ways that depend on particle type, size, and concentration, as well as on the properties of the soil and its biological community. de Souza Machado et al. (2018a) reported that microplastic fibres tended to decrease soil aggregate stability, whereas certain granular particle types had more equivocal effects, suggesting that particle shape is a key determinant of aggregation responses. Lehmann et al. (2019) investigated the relative contributions of abiotic and biotic factors to microplastic-mediated changes in soil aggregation and concluded that microbial community responses to microplastic addition modulated aggregate stability in ways that made outcomes difficult to predict on the basis of abiotic properties alone.
Lozano et al. (2021) conducted a factorial field experiment in which they varied microplastic shape (fibres versus granules), concentration, and polymer type in a grassland soil and found that all three factors significantly influenced soil quality metrics, including aggregate stability, water repellency, and nutrient availability. Fibres exerted stronger effects than granules at equivalent mass concentrations across most metrics, a finding consistent with their greater capacity to physically bridge and enmesh soil particles and alter the topology of inter-aggregate pore networks. These shape-dependent effects highlight the inadequacy of treating all microplastics as functionally equivalent and underscore the importance of investigating ecologically realistic mixtures of particle types rather than individual polymer forms in isolation.
5.2 Soil Water Dynamics
de Souza Machado et al. (2018b) demonstrated in a controlled laboratory experiment that the addition of microplastics to soil altered several fundamental biophysical properties, including bulk density, water-holding capacity, and evapotranspiration rates. Specific polymer types were associated with increased soil hydrophobicity and reduced water retention — effects that could exacerbate drought stress in crops during dry periods. Wan et al. (2019) examined the effects of plastic contamination on soil water evaporation and desiccation cracking and found that even modest plastic additions, at concentrations achievable under current field conditions in intensively farmed areas, significantly altered desiccation patterns and crack geometry, with potential implications for soil hydraulic connectivity and irrigation efficiency.
The physical presence of plastic fibres and films in the soil matrix modifies pore geometry in ways that can either increase or decrease hydraulic conductivity depending on the spatial arrangement of particles. Low-density film fragments that partially occlude macropores may impede drainage and gaseous exchange, whereas fibrous materials that bridge soil aggregates may increase macropore connectivity and preferential flow. These opposing effects illustrate the complexity of microplastic interactions with soil physical structure and reinforce the need for studies that examine realistic polymer mixtures and field-relevant concentrations rather than single polymer types in isolation.
5.3 Soil Nutrient Cycling and Enzyme Activities
The cycling of carbon, nitrogen, and phosphorus in soils is mediated by a complex network of microbial, faunal, and plant processes, all of which are potentially sensitive to microplastic contamination. Fei et al. (2020) found that the addition of polyethylene microplastics to an acid cropped soil significantly altered the activities of soil enzymes — including urease, phosphatase, and dehydrogenase — and shifted bacterial community composition in ways consistent with altered rates and pathways of nutrient mineralisation. Huang et al. (2019) similarly reported that LDPE microplastic films altered microbial community composition and suppressed enzyme activities associated with nitrogen transformation, suggesting that microplastic contamination has the potential to impair soil nitrogen availability for crops over time. Boots et al. (2019) examined the effects of polyester microfibres and polylactic acid fragments on soil nutrient content and ecosystem processes and found that microplastic additions altered soil nutrient pools and plant community composition, with effects that differed in direction and magnitude between polymer types. Taken together, these studies raise the possibility that sustained microplastic loading of agricultural soils could progressively erode the nutrient supply capacity of the soil microbial system, with consequences for fertiliser use efficiency and longer-term soil fertility.

6. Effects of Microplastics on Soil Biota
6.1 Soil Microbial Communities
The soil microbial community — encompassing bacteria, archaea, fungi, and associated protozoa — is the principal engine of soil biogeochemical cycling and a critical determinant of plant nutrition and health. Its sensitivity to microplastic contamination is therefore of considerable agronomic and ecological importance. Multiple studies have demonstrated that microplastics shift the composition and functional diversity of soil bacterial communities, though the direction and magnitude of these shifts vary substantially with polymer type, concentration, soil properties, and exposure duration (Fei et al., 2020; Huang et al., 2019). Some studies report enrichment of taxa associated with plastic degradation and hydrocarbon utilisation, whilst others document suppression of taxa involved in nitrogen fixation and organic matter decomposition, suggesting that the microbial response to microplastic contamination is highly context-dependent and difficult to generalise across soil types and land management systems.
An influential conceptual framing that has emerged from the marine literature and been extended to soil environments is that of the "plastisphere" — the distinctive microbial assemblages that colonise the surfaces of microplastic particles, forming biofilms that differ markedly from the surrounding soil microbial community (Zettler et al., 2013). Plastisphere communities in soil have been found to harbour a distinct functional and taxonomic composition, potentially including plastic-degrading taxa, but also — more worryingly — pathogens and strains carrying antibiotic resistance genes whose persistence and ecological significance in agricultural soils are areas of active and urgent investigation (Xu et al., 2020). The possibility that microplastics serve as reservoirs and vectors of antimicrobial resistance genes in agricultural soils represents a dimension of soil microplastic research that extends well beyond conventional ecotoxicology and intersects with pressing public health concerns.
6.2 Soil Mesofauna
Collembolans are among the most abundant components of the soil mesofauna, playing important roles in regulating microbial community structure, processing organic matter, and contributing to nutrient mineralisation through their grazing on fungal hyphae and bacterial biofilms. Zhu et al. (2018) exposed the model collembolan species Folsomia candida to soils amended with different microplastic types and documented significant perturbations to gut microbiota composition, as well as changes in stable isotope composition indicative of altered feeding behaviour and trophic dynamics. These findings suggested that microplastic ingestion by collembolans could cascade through the soil food web, altering the flow of carbon and nutrients through detrital pathways in ways that are difficult to predict from single-species toxicity tests.
Ju et al. (2019) found that exposure of Folsomia candida to polyethylene microplastics at environmentally relevant concentrations impaired reproductive success and triggered active avoidance behaviour, with animals relocating to uncontaminated zones when offered a spatial choice. At higher concentrations, mortality increased significantly. The avoidance and reproductive toxicity responses documented in these studies have the potential to reduce collembolan population densities in contaminated soils, with downstream consequences for the organic matter processing and nutrient cycling services these organisms provide.
6.3 Earthworms
Earthworms occupy a uniquely important niche in soil ecosystems, serving as primary decomposers, biopore engineers, and key drivers of soil aggregate formation and organic matter incorporation. Their sensitivity to microplastic contamination has consequently received considerable research attention. Huerta Lwanga et al. (2016) demonstrated that Lumbricus terrestris exposed to soils amended with polyethylene microplastics exhibited reduced growth rates and elevated mortality at concentrations that may already be present in some heavily contaminated agricultural soils. Boots et al. (2019) confirmed that polyester microfibres significantly reduced earthworm growth in experimental soils, attributing this effect partly to physical disruption of gut function and partly to alterations in soil matrix properties that impaired normal feeding activity and burrowing behaviour.
The dual role of earthworms as both ecological vectors of microplastic dispersal — transporting particles through the soil profile via ingestion and egestion — and as exposed biological receptors makes understanding earthworm–microplastic interactions particularly important for predicting the long-term fate and consequences of microplastic contamination in agricultural soils (Rillig et al., 2017). Huerta Lwanga et al. (2017) demonstrated in a field study that microplastics transfer from contaminated soils through earthworms to higher trophic levels, providing concrete evidence that terrestrial food web transfer of plastic particles is not merely a laboratory phenomenon but occurs under real agricultural conditions. This finding links the discussion of earthworm biology directly to broader concerns about food chain contamination and human dietary exposure.

7. Effects on Plant Growth and Food Safety
7.1 Germination and Early Root Development
The potential for microplastics to interfere with seed germination and early seedling establishment was among the first plant-level effects to be subjected to systematic experimental investigation. Rillig et al. (2019) reviewed evidence indicating that microplastics affect plant growth through multiple and often interacting mechanisms, including physical modification of soil structure, alteration of soil microbial and mycorrhizal communities, and direct effects on root architecture and water uptake. In pot experiments conducted across a range of soil types and plant species, multiple studies have documented reductions in germination rate, root elongation, and shoot biomass in response to microplastic additions, though results vary with species, polymer type, particle size, and concentration.
Bosker et al. (2019) found that microplastics accumulated in the pod walls of Lepidium sativum grown in microplastic-amended soils and significantly reduced seedling growth and shoot biomass at moderate particle concentrations. Qi et al. (2018) demonstrated that residual polyethylene mulch film fragments in soil significantly reduced wheat (Triticum aestivum) root elongation and above-ground biomass compared with uncontaminated controls, a finding of considerable practical significance given the ubiquity of mulch film residues in intensively cultivated soils across the world's major wheat-growing regions.
7.2 Nutrient Uptake and Biomass Effects
Whilst the macro-scale effects of microplastics on plant growth are reasonably well documented, the underlying mechanisms remain partially unresolved. Rillig et al. (2019) noted that soil physical effects — including altered water availability, bulk density, and aggregate stability — are likely to mediate a substantial fraction of observed growth responses, making it difficult to disentangle physical from chemical effects in many experiments. Boots et al. (2019) partially addressed this by comparing polymer types with differing surface chemistry and found that polymer identity influenced the direction and magnitude of plant growth responses, suggesting that chemical mechanisms — including leaching of plastic additives and monomers into soil porewater — operate alongside physical pathways.
Nutrient availability represents a further indirect pathway through which microplastics may impair plant growth. As detailed in Section 5.3, microplastic contamination can alter soil enzyme activities and microbial community composition in ways that reduce nitrogen and phosphorus mineralisation rates, potentially imposing nutrient constraints on crops in contaminated soils. Fei et al. (2020) documented suppressed urease and phosphatase activities in polyethylene-amended soils, consistent with reduced rates of nitrogen and phosphorus supply from organic matter decomposition. Under field conditions, where multiple stressors act simultaneously, the combined effect of physical, chemical, and nutritional mechanisms could produce yield penalties more substantial than those observed in controlled single-stressor experiments.
7.3 Uptake into Plant Tissue and Food Safety Implications
Perhaps the most consequential recent development in the plant–microplastic interaction literature concerns the demonstrated capacity of plants to take up nanoplastic and submicrometre plastic particles directly into their tissues. Li et al. (2020) provided compelling evidence from experiments with lettuce and wheat that submicrometre plastic particles entered root tissue via a crack-entry mechanism associated with lateral root emergence and were subsequently translocated to above-ground tissues, including leaves. This finding substantially changes the risk calculus, as it establishes that microplastic particles can migrate from contaminated soils into the edible portions of crop plants through a route of human dietary exposure that is independent of post-harvest contamination or food processing practices.
Ng et al. (2018) reviewed evidence for the transfer of microplastic-associated chemical contaminants through agricultural food chains and concluded that the use of plastic-contaminated soil amendments creates a plausible pathway for co-transfer of plastic-associated chemicals — including phthalate plasticisers, UV stabilisers, flame retardants, and sorbed environmental pollutants — into crop biomass. The quantitative magnitude of this chemical transfer under realistic field conditions, and its contribution to total human dietary exposure relative to other exposure pathways, remains to be characterised through well-designed field experiments that combine particle tracking with rigorous contaminant analysis across a range of crop species and soil types.

8. Human Health Implications
8.1 Microplastic Exposure Through the Agricultural Food Chain
The potential for microplastic particles and their chemical co-contaminants to enter the human body through dietary consumption of contaminated food has become a subject of serious scientific and regulatory concern. Ng et al. (2018) identified crop plants grown in microplastic-contaminated agricultural soils as a potentially significant but poorly quantified route of human microplastic exposure, and the subsequent demonstration by Li et al. (2020) that nanoplastic particles translocate into aerial plant tissues substantially strengthens the mechanistic basis for this concern. In addition to direct exposure through plant-derived foods, humans may be exposed via consumption of meat, eggs, and dairy products from livestock grazing on or raised in microplastic-contaminated environments, as documented by Huerta Lwanga et al. (2017) for domestic poultry.
Galloway et al. (2017) reviewed microplastic transfer across food chains in marine and freshwater settings and identified several principles — including the primacy of particle size in determining ingestion selectivity and gut retention, and the importance of metabolic processing efficiency in determining whether particles accumulate or pass through organisms — that are likely to govern terrestrial food chain dynamics as well, even if quantitative parameters differ substantially between aquatic and terrestrial systems. The extent to which terrestrial food webs concentrate microplastics through successive trophic transfers remains an important open question, given the mechanistic differences between passive filter feeding and the selective food ingestion characteristic of most terrestrial herbivores and omnivores.
8.2 Chemical Contaminants and Plastic Additives
The public health concern associated with microplastic contamination extends considerably beyond the physical presence of particles in food to encompass the array of chemical additives incorporated during plastic manufacture and the environmental contaminants sorbed onto plastic surfaces. Plastic additives include plasticisers (notably phthalates and bisphenol A), flame retardants (including polybrominated diphenyl ethers), UV stabilisers, antioxidants, and colorants, many of which are established or suspected endocrine disruptors, carcinogens, or developmental toxicants at elevated exposures (Campanale et al., 2020). These chemicals may leach from particles into soil porewater, food matrices, or the gastrointestinal contents of organisms that have ingested plastic-bearing material, creating chemical exposure pathways that operate independently of particle ingestion per se.
Campanale et al. (2020) conducted a thorough review of the evidence for adverse health effects associated with plastic additives and concluded that, whilst dose–response relationships for many individual compounds under realistic dietary exposure scenarios remain inadequately characterised, the potential for additive and synergistic effects across a mixture of co-occurring compounds warrants serious regulatory scrutiny. The additional capacity of environmentally weathered microplastics to sorb and concentrate ambient organic pollutants — including PAHs, PCBs, and pesticide residues — compounds the intrinsic chemical hazard of the particles (Xu et al., 2020) and introduces a dynamic contaminant dimension that varies with the history and location of each particle.
8.3 Systemic Human Exposure and Emerging Health Evidence
Confirmation that microplastics are present not only in human gastrointestinal contents but in systemic tissues has considerably elevated the urgency of the human health research agenda. Ragusa et al. (2021) reported the first detection of microplastic particles — including polypropylene, polyethylene, and polyvinyl chloride fragments — in human placental tissue collected from healthy term pregnancies, raising the possibility of foetal exposure to microplastics during gestation and stimulating calls for targeted epidemiological and toxicological research. Whilst the specific contribution of dietary exposure through agricultural food chains to human tissue microplastic burdens has not yet been quantified, the food chain pathway described in the preceding sections is mechanistically coherent and represents a plausible and potentially significant source. Establishing the relative contributions of different exposure routes — dietary ingestion, inhalation, and dermal contact — to the total human body burden of microplastics, and characterising the health consequences of chronic low-level tissue accumulation, represents one of the most pressing frontiers in environmental health science.

9. Mitigation and Remediation Strategies
9.1 Source Reduction and Agricultural Practice Modification
The most effective long-term strategy for protecting agricultural soils from microplastic contamination is the prevention of inputs at source. This entails reducing the overall use of plastic materials in agriculture, improving the collection and recycling of agricultural plastic waste, and substituting conventional plastic materials with biodegradable or paper-based alternatives where these are technically and economically feasible. FAO (2021) comprehensively documented the landscape of agricultural plastics and identified biodegradable mulch films and paper-based alternatives as promising substitutes for conventional polyethylene films in selected contexts. However, the report also cautioned that claims of biodegradability require rigorous verification under ambient field conditions — including representative soil temperatures, moisture regimes, and microbial communities — and that degradation rates in laboratory composting conditions are often substantially faster than those observed in open-field soils.
Steinmetz et al. (2016) reviewed agronomic practices that reduce plastic mulch use and demonstrated that cover cropping, organic mulching with crop residues, straw-based mulches, and adapted intercropping systems can, in many circumstances, provide weed suppression and moisture retention comparable to PE films without the associated contamination burden. These alternatives carry the additional benefits of contributing to soil organic matter accumulation and supporting soil biological diversity. Their agronomic feasibility and economic viability differ greatly across crop types, climates, and farming systems, however, and context-specific evaluation is necessary before recommending universal substitution strategies.
9.2 Improved Wastewater Treatment and Biosolid Management
Given the quantitative importance of sewage sludge as a microplastic vector to agricultural land, improvements in wastewater treatment efficacy and in the management of resulting biosolids offer considerable potential to reduce soil microplastic inputs via this pathway. Enhanced tertiary treatment processes — including membrane bioreactors, granular activated carbon filtration, and advanced oxidation — can substantially reduce the microplastic content of treated effluent and sludge (Crossman et al., 2020). Even very high treatment efficiencies, however, leave a residual particle load in sludge that constitutes a meaningful annual soil input when applied at agricultural scale.
Some jurisdictions have considered restricting or phasing out the land application of sewage sludge entirely, redirecting biosolids to landfill or incineration. The broader environmental trade-offs of this approach are considerable: sewage sludge is a concentrated source of plant macronutrients and organic matter, and its replacement with synthetic fertilisers carries its own carbon, energy, and environmental costs. Crossman et al. (2020) argued for an integrated approach that combines pre-application sludge treatment to reduce microplastic concentrations with spatial restrictions on sludge application to high-value food-crop land, coupled with improved long-term monitoring to track accumulation in receiving soils.
9.3 Soil Remediation Approaches
Several potential approaches to the active remediation of microplastic-contaminated soils have been proposed or investigated experimentally, though none has yet demonstrated scalable effectiveness under realistic field conditions. Physical extraction methods, including density separation, air flotation, and mechanical sieving, can recover larger plastic fragments from soil, but are impractical for the fine particle fractions that are most widespread and ecologically relevant. Biological remediation involving plastic-degrading microbial consortia has attracted considerable scientific interest but faces the fundamental constraint that rates of biological depolymerisation of major synthetic polymers under ambient soil conditions are extremely slow (Xu et al., 2020). Approaches to accelerating biological degradation — including the application of consortia enriched for plastic-degrading taxa — remain experimental, and their field scalability is unestablished.
Geissen et al. (2015) argued that managing emerging pollutants in agricultural soils requires an integrated approach combining source control, rigorous fate characterisation, and continuous ecological monitoring — a framework that applies equally to microplastics. In practice, source reduction and improved waste management are likely to offer far greater remediation potential than post-hoc treatment of already-contaminated soils, reinforcing the importance of preventive measures as the primary policy lever.
9.4 Regulatory and Policy Frameworks
The regulatory response to microplastic contamination of agricultural soils has been slow relative to the accumulation of scientific evidence documenting the problem's extent and consequences. The European Union has moved to restrict intentionally added microplastics in consumer products under the REACH chemical regulation, and several member states have introduced guidelines on biosolid application rates that incorporate contaminant thresholds. However, comprehensive soil microplastic monitoring programmes with standardised methodologies, legally binding soil quality standards specifically addressing microplastic concentrations, and mandatory collection and recycling schemes for agricultural plastic waste remain largely absent or inconsistently implemented across most jurisdictions globally.
FAO (2021) called for a comprehensive and globally coordinated policy response, emphasising the need for standardised monitoring protocols, lifecycle assessment frameworks for agricultural plastics, and extended producer responsibility schemes that internalise the end-of-life costs of plastic materials used in food production. Rillig et al. (2017) advocated for the precautionary incorporation of microplastic thresholds into soil quality frameworks, arguing that the existing evidence base — whilst not yet providing full mechanistic characterisation of all adverse effects — is sufficient to justify precautionary regulatory intervention. A critical prerequisite for the design of such thresholds is the development and international harmonisation of analytical methods for microplastic quantification in soil, a technical challenge that has been recognised as a priority by the research community for some years (Bläsing & Amelung, 2018; Zhang et al., 2018).

10. Conclusions
Microplastic contamination of agricultural soils is a pervasive, multi-sourced, and ecologically consequential form of pollution that merits sustained scientific attention and urgent policy action. The evidence reviewed here confirms that agricultural soils receive substantial microplastic inputs from plastic mulch films, sewage sludge and biosolids, irrigation with contaminated water, atmospheric deposition, and organic soil amendments, and that these inputs have been accumulating in intensively farmed regions for several decades. Once deposited in soil, microplastics persist for very long periods owing to the slow rates of abiotic and biotic degradation under typical soil conditions, and they are progressively redistributed through the soil profile by hydrological processes, bioturbation by earthworms and other fauna, and mechanical tillage.
The consequences of this accumulation extend across multiple dimensions of soil health and agricultural productivity. Microplastics alter soil physical structure by modifying aggregate stability, water retention, and hydraulic properties in ways that affect crop water availability and root growth. They perturb soil microbial community composition and enzymatic activities, with downstream effects on nutrient mineralisation and long-term soil fertility. Soil mesofauna and earthworms — organisms that are central to organic matter processing, aggregate formation, and nutrient cycling — suffer reduced reproductive success, altered gut microbiota, and elevated mortality in microplastic-contaminated soils. Crop plants exhibit impaired germination, reduced root elongation, and diminished shoot biomass at ecologically relevant microplastic concentrations, and submicrometre and nanoscale plastic particles have been shown to translocate into above-ground plant tissues, raising serious and urgent food safety concerns.
Human exposure to microplastics through agricultural food chains — via plant-derived foods, animal products, and drinking water — represents a plausible and potentially significant pathway whose magnitude remains incompletely characterised. The detection of microplastic particles in human systemic tissues, including the placenta, underlines the seriousness of these concerns and the need for well-designed dietary exposure assessments. Mitigation requires coordinated action at multiple levels: source reduction through improved agricultural plastic management and the substitution of conventional films with genuinely biodegradable alternatives; stricter regulation of biosolid application to food-crop land; investment in enhanced wastewater treatment infrastructure; international harmonisation of analytical methods for soil microplastic monitoring; and the progressive integration of microplastic thresholds into soil quality regulatory frameworks. Progress across all of these dimensions will be essential to protect the ecological integrity of the world's agricultural soils and to safeguard the food security of a growing global population.

11. Limitations
This review is subject to several important limitations that should be considered when interpreting its conclusions. As a narrative review, it is inherently susceptible to selection bias in the studies included and in the weight placed on particular findings. Although the literature search was conducted systematically across multiple databases and guided by explicit inclusion and exclusion criteria, the volume of primary research publications on soil microplastics has grown rapidly in recent years, and it is possible that some relevant studies were not captured by the search strategy employed.
A further limitation reflects the state of the primary literature itself. The field of terrestrial microplastic research remains methodologically heterogeneous, with studies employing widely different size fractions, polymer types, concentration ranges, soil types, exposure durations, and biological endpoints. This diversity substantially limits the comparability of findings across studies and means that generalisations about effect sizes, threshold concentrations, or mechanistic hierarchies must be made with considerable caution. Many laboratory studies have employed microplastic concentrations that substantially exceed those currently documented in field-contaminated soils, and the challenge of scaling laboratory findings to field-level predictions under realistic conditions of co-occurring stressors, natural soil variability, and long-term environmental dynamics has not yet been adequately addressed in the literature.
The evidence base is also geographically uneven. Studies from China, Germany, and other European countries are heavily represented, whilst data from South and Southeast Asia, sub-Saharan Africa, and Latin America — regions where plastic mulch use, wastewater irrigation, and limited waste management infrastructure may create particularly significant soil microplastic loads — remain scarce. This geographic imbalance may limit the global generalisability of conclusions drawn from the reviewed literature.
The science of nanoplastics — particles below 1 µm — is especially underdeveloped in the agricultural soil context, reflecting the substantial analytical challenges associated with their detection, characterisation, and quantification in complex soil matrices. Because nanoplastics may represent the most biologically active fraction of the plastic particle continuum, and because their formation from microplastic precursors is a continuous ongoing process, the current evidence base almost certainly underestimates the ecological and health significance of the plastic particle burden in agricultural soils. Finally, this review addressed the effects of microplastics largely in isolation rather than in the context of interactive or cumulative effects with other prevalent agricultural soil stressors, such as heavy metal contamination, pesticide residues, soil compaction, and climate-driven changes in temperature and precipitation. Real-world agricultural soils are subject to multiple pressures simultaneously, and the combined effects of microplastic contamination and other stressors may deviate substantially from predictions based on single-stressor experiments.
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