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Introduction

Agricultural and rangeland soils are increasingly recognized as major sinks of microplastics in terrestrial environments.
Microplastics originate from both primary sources, such as industrial abrasives and personal care products, and
secondary sources formed through fragmentation of larger plastic debris. Once introduced into soils, these particles
can persist for long periods and interact with soil physical, chemical, and biological processes.

Among the various pathways controlling the fate of microplastics in soils, water erosion driven by rainfall events
represents one of the most important mechanisms for their horizontal transport from terrestrial ecosystems to surface
waters. Rainfall intensity, runoff generation, soil properties, slope, and vegetation cover are key factors influencing
erosion processes and sediment transport. \VVegetation cover, in particular, plays a crucial role by dissipating raindrop
energy, increasing surface roughness, enhancing infiltration, and stabilizing soil aggregates. Degradation or removal
of vegetation cover, common in semi-arid rangelands due to overgrazing and land-use change, can therefore
substantially enhance soil erosion and pollutant export.

the role of microplastic particle size and vegetation cover in controlling selective transport and enrichment during
erosion events is still poorly understood. Therefore, this study aimed to investigate the effect of rainfall-induced water
erosion on the transport and enrichment ratio of microplastics in semi-arid rangeland erosion plots with contrasting
vegetation cover. Particular attention was given to comparing the behavior of fine and coarse microplastic particles
under natural rainfall events.

Materials and Methods

The study was conducted in rangelands located in the northern part of the Naharmian watershed in southwest Markazi
Province, Iran, characterized by a semi-arid climate and heterogeneous vegetation cover. Two standard erosion plots
(22 m long and 2 m wide) were established following USLE specifications. One plot was maintained under natural
vegetation cover, while the other was kept bare to represent degraded rangeland conditions.

High-density polyethylene microplastics were used as tracer particles. Plastic granules were fragmented using a
freeze-drying technique and separated into two size classes: 63125 um (fine microplastics) and 250-500 pm (coarse
microplastics). These particles were uniformly distributed and mixed into the 0-10 cm soil layer of each plot. To
prevent wind redistribution, the soil surface was gently compacted.

Soil samples were collected from the plot surface before the first rainfall and after each of three effective natural rainfall
events that generated runoff. In total, 24 soil samples were collected. Sediment samples were also collected from the
outlet of each plot after every rainfall event. In the laboratory, samples were air-dried, coarse materials were removed,
and sequential sieving was performed. Organic matter was eliminated using hydrogen peroxide, and microplastics
were identified and counted under a stereomicroscope.

Microplastic concentrations in soil and sediment were calculated, along with stepwise and cumulative depletion rates.
The enrichment ratio (ER) was defined as the ratio of microplastic concentration in the exported sediment to that in the
surface soil. Regression analyses were applied to examine relationships between sediment yield and microplastic
enrichment.
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Results and Discussion

The results demonstrated that rainfall-induced water erosion caused a noticeable reduction in microplastic
concentrations in the surface soil layer of both plots, with markedly different behaviors between size classes and
vegetation treatments. Fine microplastics showed higher depletion rates than coarse particles in both plots, indicating
greater mobility or redistribution during rainfall events. In the bare plot, cumulative depletion of fine microplastics was
higher than in the vegetated plot, reflecting enhanced erosion and runoff generation under vegetation-free conditions.
Coarse microplastics exhibited lower overall depletion, particularly during initial rainfall events, suggesting that higher
shear stress was required for their mobilization.

Vegetation cover significantly moderated microplastic transport. The presence of vegetation reduced runoff energy
and soil detachment, resulting in lower microplastic losses from the soil surface. Differences between the two size
classes indicated that fine particles were more sensitive to repeated rainfall events, while coarse particles were mainly
mobilized during more intense runoff conditions.

Analysis of enrichment ratios revealed contrasting trends between treatments. In vegetated plots, microplastic
enrichment in exported sediment increased with successive rainfall events, whereas in bare plots enrichment decreased
despite higher sediment production. This inverse relationship suggests a dilution effect in bare plots, where large
amounts of mineral sediment reduced the relative contribution of microplastics. In contrast, selective erosion under
vegetated conditions favored the transport of lighter and less dense microplastic particles relative to mineral soil
particles.

Regression analyses confirmed a significant negative relationship between sediment yield and microplastic enrichment
ratio, with high coefficients of determination. Fine microplastics showed weaker coupling between soil depletion and
sediment enrichment, indicating that a portion of these particles may have migrated vertically into the soil profile rather
than being exported laterally. This behavior highlights the dual role of erosion in both horizontal and vertical
redistribution of microplastics.

Conclusion

This study provides clear field-based evidence that rainfall-driven water erosion is an effective mechanism for
microplastic redistribution in semi-arid rangeland soils. Microplastic particle size was identified as a key controlling
factor governing transport pathways and environmental fate. Coarse microplastics were more prone to horizontal
transport with runoff and sediment, posing an immediate threat to downstream surface water bodies. In contrast, fine
microplastics exhibited substantial depletion from the soil surface without a proportional increase in sediment
concentrations, indicating enhanced vertical migration and a higher potential risk for long-term soil and groundwater
contamination.

Vegetation cover played a critical role in regulating both soil erosion and microplastic export. By reducing runoff
energy and promoting selective erosion, vegetation limited total sediment yield while increasing microplastic
enrichment in transported sediment. These findings demonstrate that sediment load alone is not a sufficient predictor
of microplastic transport risk; surface conditions and particle characteristics must also be considered.

From a management perspective, degraded rangelands can act as persistent sources of microplastics to aquatic
ecosystems. Maintaining and restoring vegetation cover, alongside effective runoff management, can significantly
reduce microplastic transfer from soils to surface waters. The results emphasize the importance of incorporating
microplastic dynamics into soil erosion assessments and watershed management strategies, particularly in vulnerable
semi-arid environments.
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