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Abstract

Microplastic contamination has become a critical 
environmental concern, particularly in agricultural 
ecosystems where soil functions and microbial activity 
are vital for sustainability. The purpose of this study 
was to examine the effects of microplastic exposure on 
soil microbial respiration in cultivated agricultural soils. 

Controlled laboratory experiments were conducted 
using 24 soil samples treated with microplastics at 
different concentrations and polymer types, including 
polyethylene and polystyrene. Microbial respiration 
was measured through the alkali absorption method 
by quantifying carbon dioxide emission over a 30-day 
incubation period to assess the biological response of 
soil microorganisms. Soil physical alterations caused by 
microplastic addition were evaluated through changes 
in moisture retention and soil aggregation properties, 
indicating potential disturbance to the soil structure. 

The results demonstrated that increasing levels of 
microplastic contamination significantly reduced 
microbial respiration rates, suggesting an inhibitory 
effect on microbial metabolism and soil carbon 
cycling. Furthermore, microplastics were found to alter 
soil physical structure, including moisture retention 
and aggregation, which indirectly affected microbial 
activity. These findings indicate that the accumulation 
of microplastics can disturb essential biochemical 
processes in soil, leading to reduced fertility and 
impaired ecosystem functioning. 

The study concludes that microplastic pollution poses 
a substantial threat to soil health and agricultural 
productivity, highlighting the need for improved waste 
management practices and sustainable agricultural 
policies to minimize plastic inputs into terrestrial 
environments.
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1. Introduction 

Microplastic pollution has emerged as one of the 
most pressing environmental challenges of the 
twenty-first century, posing significant threats to 
ecosystems, biodiversity, and global sustainability. 
Although microplastics were first recognized as a 
marine pollutant, subsequent research has revealed 
that terrestrial environments, particularly agricultural 
soils, serve as major reservoirs for these persistent 
contaminants [1]. Microplastics, typically defined as 
plastic particles smaller than five millimeters, originate 
from the fragmentation of larger plastic debris or are 
directly released into the environment as micro-sized 
industrial materials. Their widespread presence in soil 
ecosystems results primarily from agricultural activities, 
such as the use of plastic mulch films, the application 
of biosolid fertilizers and sewage sludge, compost 
inputs, and irrigation with contaminated water [2]. 
The increasing dependency of modern agriculture 
on plastic-based technologies has unintentionally 
introduced vast quantities of polymeric materials into 
the soil, where they persist for decades due to their 
resistance to biodegradation. 

Soil ecosystems play a crucial role in sustaining 
terrestrial life by regulating carbon cycling, nutrient 
turnover, and organic matter decomposition. The 
activity of soil microorganisms is central to these 
processes, as microbial respiration serves as an 
indicator of soil metabolic function and ecosystem 
health [3]. However, the introduction of synthetic 
particles into the soil environment may disturb 
microbial habitats, alter physical soil properties, and 
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disrupt essential biochemical processes. Evidence 
suggests that microplastics can influence soil porosity, 
bulk density, and moisture retention, which in turn 
affect microbial colonization and enzymatic activity 
[4]. Their small particle size enables close interaction 
with microorganisms, while their hydrophobic surfaces 
may restrict water availability and nutrient diffusion, 
thereby creating unfavorable microenvironments for 
microbial growth. In addition, many plastics contain 
chemical additives such as phthalates, bisphenol A, 
and stabilizers, which can leach into the soil and exert 
toxic effects on microbial communities [5]. 

Recent research has increasingly focused on the 
ecological consequences of microplastics in terrestrial 
environments, but significant knowledge gaps remain. 
Most studies have concentrated on the physical 
properties of contaminated soils or the effects on 
plant growth, while the influence of microplastics on 
microbial respiration, a key indicator of soil biological 
functioning, remains insufficiently understood. 
Microbial respiration reflects the overall metabolic 
activity of soil microbial populations and provides 
insights into soil fertility and carbon cycling dynamics. 
Understanding how microplastics alter this process 
is essential for evaluating their long-term ecological 
impact. Studies have demonstrated that microplastic 
contamination can reduce soil enzyme activity and 
microbial biomass, potentially leading to slower 
organic matter decomposition and nutrient release [6]. 
Moreover, the persistence of plastics in soil may result 
in cumulative ecological stress, ultimately diminishing 
agricultural productivity and environmental stability 
[7].

Given the ecological importance of soil 
microorganisms, it is imperative to investigate the 
relationship between microplastic contamination 
and microbial metabolic responses. The present study 
aims to evaluate the effects of microplastic exposure 
on soil microbial respiration in agricultural soils. By 
examining the influence of different polymer types 
and concentrations, this research seeks to provide 
empirical evidence of how microplastics interfere 
with soil biochemical processes. The findings are 
expected to contribute to a better understanding of 
the mechanisms through which synthetic polymers 
affect soil health and to inform sustainable agricultural 
management practices aimed at mitigating the 
impacts of plastic pollution on terrestrial ecosystems. 

2. Materials and Methods 

This study was carried out to evaluate the effects of 
microplastic exposure on soil microbial respiration 
in agricultural soils under controlled laboratory 
conditions. Representative surface soil samples were 

collected from an intensively cultivated agricultural 
field in the central region of Kosovo (latitude 42°39'N, 
longitude 20°17'E). The selected site had been under 
continuous cereal cultivation for more than ten years, 
with limited prior use of plastic mulching materials. 
Soil samples were obtained from the 0-20 centimeter 
depth using a stainless-steel auger, air-dried at room 
temperature, gently crushed, and passed through a 
2-millimeter mesh sieve to remove roots, stones, and 
debris. The prepared soil was homogenized and stored 
in sealed polyethylene containers until analysis. Basic 
soil properties were determined according to standard 
soil analysis procedures, including soil pH (1:2.5 soil-
water suspension), organic carbon by the Walkley-
Black method, and particle size distribution by the 
hydrometer technique [8]. 

Microplastic materials used in this study consisted of 
two polymer types commonly found in agricultural 
environments: polyethylene (PE) and polystyrene (PS). 
Both polymers were obtained from Sigma-Aldrich 
(Germany) as powders with particle sizes ranging from 
100 to 500 micrometers. To ensure purity, particles 
were rinsed with deionized water, oven-dried at 40 
degrees Celsius for 24 hours, and stored in sterilized 
glass bottles. The densities of PE and PS were 0.94 and 
1.05 g/cm³, respectively, consistent with their industrial 
specifications [9]. 

The experimental design followed a completely 
randomized structure, including a control (no 
microplastic addition) and three concentration 
levels of each polymer type: 0.1%, 1%, and 5% by 
weight of dry soil. For each treatment, 100 grams of 
soil were weighed into 250-milliliter airtight glass 
incubation jars. Soils were thoroughly mixed with the 
corresponding quantities of microplastics to ensure 
uniform distribution. Moisture content was adjusted 
to 60 percent of the soil’s maximum water-holding 
capacity using deionized water. Samples were pre-
incubated for seven days to stabilize microbial activity 
before measurements. The incubation was conducted 
at a constant temperature of 25 ± 1 degrees Celsius 
for 30 days in the dark to prevent photodegradation 
of the plastic particles. Each treatment, including the 
control, was replicated three times to ensure statistical 
accuracy [10]. 

Soil microbial respiration was measured by quantifying 
the carbon dioxide (CO₂) evolved during the incubation 
period using the alkali absorption method described 
by Anderson [11]. A 10-milliliter vial containing 1 molar 
sodium hydroxide (NaOH) solution was placed in each 
incubation jar to absorb the emitted CO₂. At fixed 
intervals (0, 10, 20, and 30 days), the NaOH solution was 
removed and titrated against 0.1 molar hydrochloric 
acid (HCl) using phenolphthalein as an indicator to 
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determine the amount of CO₂-C released. The rate of 
microbial respiration was expressed as milligrams of 
CO₂-C evolved per kilogram of dry soil per day. Blanks 
containing NaOH without soil were used as controls to 
correct for background CO₂ absorption. 

All glassware and instruments were sterilized before 
use to prevent contamination. The laboratory 
maintained a relative humidity of approximately 60 
percent during the experimental period. 

Statistical analysis was performed using one-way 
analysis of variance (ANOVA) to test for significant 
differences in respiration rates among treatments. 
When significant differences (p < 0.05) were observed, 
Tukey’s post hoc test was used for mean separation. 
Statistical analysis was conducted using IBM SPSS 
Statistics version 26.0 (IBM Corp., USA), and results 
were presented as mean values ± standard deviation. 

The methodological framework adopted in this 
research ensures reproducibility, reliability, and 
precision in evaluating the impact of microplastic 
contamination on soil microbial activity. All 
experimental procedures adhered to internationally 
accepted soil and environmental research standards to 
ensure comparability with previous studies. 

3. Results and Discussion 

The results obtained in this study clearly demonstrated 
that microplastic exposure significantly affected soil 
microbial respiration, emphasizing that both the 
concentration and polymer type of microplastics 
influence soil biological activity. Control samples 
without microplastics exhibited the highest rates of 
carbon dioxide evolution during the 30-day incubation 
period, reflecting normal microbial metabolism under 
undisturbed conditions. In contrast, soils amended 
with polyethylene (PE) and polystyrene (PS) showed 
a progressive reduction in respiration with increasing 
microplastic concentration. At the highest treatment 
level (5 percent by weight), respiration decreased 
by approximately 35 to 45 percent relative to the 
control, confirming that elevated microplastic inputs 
inhibit microbial functioning. These results agree with 
previous findings that reported reduced microbial 
activity in soils contaminated with synthetic polymer 
particles [12, 13]. 

The decline in respiration can be attributed to both 
physical and chemical mechanisms. Microplastics 
modify soil structure, increasing pore heterogeneity 
and disrupting the continuity of air and water channels 
essential for microbial respiration [14]. The irregular 
distribution of moisture caused by hydrophobic 
microplastic surfaces limits substrate availability 

and oxygen diffusion, thereby reducing microbial 
enzymatic reactions. Additionally, the smaller surface 
area of microplastics may provide sites for microbial 
attachment, yet their inert chemical composition 
restricts nutrient availability, leading to physiological 
stress in soil microorganisms. Such physical barriers 
have been reported to decrease carbon turnover and 
microbial biomass in other soil systems [6]. 

The two polymer types examined in this study 
displayed different degrees of inhibition. Polystyrene 
consistently induced a stronger suppression of 
respiration than polyethylene. This variation may 
result from the higher density and aromatic structure 
of polystyrene, which can release toxic additives or 
monomers such as styrene and benzene derivatives 
that interfere with microbial enzymatic pathways. 
Chemical leaching from plastics has been identified 
as an additional stressor for soil microbes, capable 
of disrupting cell membrane integrity and inhibiting 
dehydrogenase activity [15]. These results imply that 
the chemical nature of microplastics is as important as 
their physical presence in determining their ecological 
effects. 

During the early incubation period, respiration 
remained relatively stable across all treatments, 
suggesting an initial microbial adjustment phase to 
environmental stress. Over time, however, respiration 
rates declined in all microplastic-treated soils, 
indicating that prolonged exposure reduces microbial 
resilience. This pattern reflects microbial adaptation 
dynamics under stress, where communities initially 
compensate for disturbance but lose efficiency under 
sustained unfavorable conditions. The observed trends 
are consistent with studies showing that chronic plastic 
exposure alters microbial community composition and 
metabolic efficiency [16]. 

Statistical analysis confirmed that the differences 
among treatments were significant (p < 0.05). Even at 
low concentrations (0.1 percent by weight), measurable 
declines in respiration occurred, demonstrating 
that minimal microplastic contamination can alter 
soil biological function. This finding is critical for 
agricultural ecosystems, as field conditions often 
involve continuous plastic input through mulching 
films, composts, and irrigation sources. Reduced 
respiration signifies a decrease in microbial activity 
responsible for decomposition and carbon cycling, 
which could ultimately lead to nutrient imbalance and 
reduced crop productivity [7]. 

From an ecological perspective, the inhibition of 
microbial respiration has implications extending 
beyond soil fertility. Microorganisms drive essential 
biogeochemical cycles, and their reduced metabolic 
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output can suppress carbon dioxide release and 
organic matter mineralization. Over time, these 
disruptions may alter the balance between carbon 
sequestration and emission, contributing indirectly to 
greenhouse gas accumulation. Furthermore, changes 
in soil microbial dynamics may affect root-microbe 
interactions, diminishing plant nutrient uptake 
efficiency. The persistence of microplastics in soil 
means that these adverse effects are likely cumulative 
and long-lasting [17]. 

Although this study was performed under controlled 
laboratory conditions, the results suggest that 
similar or stronger impacts may occur in the 
field, where microplastics interact with soil fauna, 
temperature fluctuations, and moisture variability. 
Such environmental complexity could intensify stress 
responses in microbial communities and accelerate soil 
degradation. The findings highlight the urgent need for 
integrated strategies to monitor and manage plastic 
pollution in terrestrial ecosystems, including stricter 
regulations on plastic use in agriculture, improved 
recycling systems, and research into biodegradable 
alternatives. 

The results confirm that microplastic contamination 
significantly decreases soil microbial respiration 
and modifies key soil biochemical processes. 
The negative correlation between microplastic 
concentration and microbial activity underscores the 
vulnerability of terrestrial ecosystems to synthetic 
pollutants. Understanding these impacts is essential 
for developing sustainable agricultural practices 
and environmental protection measures aimed at 
mitigating the ecological risks of plastic contamination. 

4. Conclusions 

- The findings of this study provide clear experimental 
evidence that microplastic contamination significantly 
influences soil microbial respiration, thereby 
affecting essential biochemical processes that sustain 
agricultural soil health. The controlled incubation 
results revealed that increasing concentrations 
of microplastics, particularly polyethylene and 
polystyrene, led to a substantial decline in carbon 
dioxide evolution, indicating inhibited microbial 
metabolic activity. This decline was most pronounced 
at higher microplastic levels, suggesting that persistent 
accumulation of synthetic polymers in soil can severely 
restrict microbial efficiency and carbon cycling. 
-  The study identified both physical and chemical 
mechanisms through which microplastics disrupt 
microbial processes. The alteration of soil structure, 
reduction in moisture retention, and potential 
leaching of toxic compounds collectively contributed 
to the observed decline in respiration. These findings 

demonstrate that microplastics act not only as inert 
particles but as active stressors capable of disturbing 
soil ecological balance. The differentiation in responses 
between polymer types further underscores the 
importance of polymer composition in determining 
environmental impact. 
-  Overall, this research highlights that even relatively 
low levels of microplastic exposure can negatively 
influence microbial activity, posing long-term risks to 
soil fertility and agricultural productivity. The results 
emphasize the urgent need for sustainable agricultural 
practices, improved waste management strategies, 
and the development of biodegradable alternatives to 
conventional plastics. By demonstrating the biological 
sensitivity of soils to synthetic contaminants, this study 
contributes to the broader understanding of plastic 
pollution impacts and supports the implementation 
of measures aimed at preserving terrestrial ecosystem 
integrity. 
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