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Article Info ABSTRACT

Article type: Research Article This study investigated the effect of high-density polyethylene microplastic and cow manure

biochar on soil organic C, total N and some biological properties affecting carbon and nitrogen
cycling. The experiment was conducted in a completely randomized design with treatments
including control soil, high-density polyethylene microplastic (2%), biochar (2%) and a
Received: Feb. 12, 2025 mixture of microplastic (2%) and biochar (2%) in three replicates. The soil samples were
. incubated for 60 days at laboratory temperature and 70% field capacity. The findings indicated
Revised: Apr. 14, 2025 that biochar and the combination of biochar and microplastic increased soil organic C and total
Accepted: Apr. 23, 2025 N. The use of microplastic and biochar in soil either alone or in combination, caused a
. . significant decrease in soil microbial respiration. Experimental treatments did not have a
Published online: July. 2025 significant effect on microbial biomass nitrogen (p>0.05). Microplastic had no significant
effect on microbial biomass carbon but biochar and biochar with microplastic additions caused
a significant increase by 73.51 and 78.66%, respectively. A similar trend was observed in the
ratio of microbial biomass carbon to microbial biomass nitrogen. Microplastic did not have a
significant effect on urease activity, net nitrogen mineralization and nitrification, but biochar
with microplastic application caused an 68.08% increase of urease activity and an insignificant
decrease of net nitrogen mineralization and nitrification compared to the control.The results
showed that although high-density polyethylene microplastic does not have a significant effect
on most of the measured soil parameters, biochar can affect the carbon and nitrogen cycling
in uncontaminated and microplastic-contaminated soil by altering C and N content as well as
biological properties.
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EXTENDED ABSTRACT

Background and objectives

Today, a concern called "emerging pollutants” such as microplastics, has received the attention of
international and scientific communities. In general, microplastics (plastic particles smaller than 5 mm) can
enter the soil from various sources, including landfills, vehicle tire wear, plastics left in the environment, and
irrigation with sludge, soil amendments, organic fertilizers and sewage sludge and plastic mulch and
atmospheric sediments. Most microplastics in agricultural soils are polypropylene and polyethylene.
Microplastics according to their size, type, shape and quantity in soil can have different effects on the soil
physical, chemical and biological properties. Soil microorganisms play a vital role in the soil ecosystem
through influencing the biochemical elements cycling such as carbon and nitrogen. Therefore, the changes
created on the microbial community by microplastics can affect the biochemical elements cycling, finally
affect soil health and function. Biochar, as a rich source of carbon produced in anairobic or low-oxygen
conditions by pyrolysis of organic materials such as wood, agricultural and factory wastes, manure, and urban
waste, has attracted attention of many researchers. Many studies have shown that application of biochar in the
soil can improve the soil physical, chemical and biological properties. Despite this, the knowledge about the
effect of biochar application on biological properties related to nutrient cycling of soil contaminated with
microplastics is low and requires more investigations. Therefore, the current research aims to investigate the
effect of high-density polyethylene microplastic particles and cow manure biochar on organic C, total N and
some biological properties of soil affecting carbon and nitrogen cycling, including microbial respiration,
microbial biomass carbon and nitrogen, urease activity, net nitrogen mineralization and nitrification.

Materials and methods

The experiment was conducted in the form of a completely randomized design with three replicates. The
treatments included control soil, high-density polyethylene microplastic (2%), biochar (2%) and a mixture of
microplastic and biochar (2%+2%), which were incubated for 60 days at laboratory temperature and 70% of

field capacity. At the end of the incubation period, some soil properties such as organic C, total N, microbial

respiration, microbial biomass carbon and nitrogen, urease activity and net nitrogen mineralization and
nitrification were measured.

Results

The results showed that biochar and the combination of biochar and microplastic increased soil organic
C and total N. Application of microplastic and biochar in the soil alone and in combination caused a significant
decrease in soil microbial basal respiration by 6.89%, 15.10% and 16.31%, in compare to the control,
respectively. Experimental treatments had no significant effect on microbial biomass nitrogen (p>0.05), but
they were significant on microbial biomass carbon and the ratio of carbon to nitrogen microbial biomass
(p<0.05). The results showed that although microplastic caused an insignificant decrease in soil microbial
biomass carbon compared to control, adding of biochar and biochar with microplastics significantly increased
microbial biomass carbon by 73.50% and 78.66%, respectively, compared to control. Microplastic alone had
no significant effect on the ratio of carbon to nitrogen microbial biomass but the ratio was higher for the biochar
treatment alone and with microplastic combination than the control by 79.54% and 84.57%, respectively. The
results also showed that microplastic did not have a significant effect on urease enzyme activity, but biochar
alone and with microplastic combination caused an increase of 86.66% and 213.33% compared to the control
soil, respectively. Microplastic did not have a significant effect on the net nitrogen mineralization and
nitrification, but the use of biochar alone and with microplastic combination significantly reduced net nitrogen
nitrification by 83.33% and 116.66%, and net nitrogen mineralization by 13.43% and 8.95% in compare to the
control, respectively.

Conclusion

The results showed that biochar and biochar combined with microplastic increasd soil organic C and total
N. Microplastics reduced the soil microbial respiration. The use of biochar reduced microbial respiration in
soil with and without microplastic. Microplastics did not have a significant effect on other measured
characteristics, but the application of biochar in soil with and without microplastic increased microbial biomass
carbon, ratio of carbon to nitrogen microbial biomass and urease activity. The application of biochar alone and
with microplastic combination caused a significant reduction in soil net nitrogen mineralization and
nitrification. The results generally showed that soil contamination with high density polyethylene microplastic
in the applying concentration does not have a significant effect on organic C, total N and the measured
biological properties of soil (except for microbial respiration), but biochar can affect the carbon and nitrogen
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cycling in both uncontaminated and microplastic-contaminated by changing the content of carbon and nitrogen
and biological properties.
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