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ABSTRACT

The fact that plastics can be used in many areas in daily life has led to an
increasing demand. In parallel with the increasing use of plastic, an intense
plastic pollution also occurs. It has been stated by different researchers that
plastics, which take many years to decompose, cause significant problems in
both aquatic and terrestrial ecosystems. Microplastics are defined as plastic
pollutants with a particle size of less than 5 mm. Microplastics found in the soil
are potential risk factors for the plants growing on it by changing the soil
structure. In this mini review, the effects of microplastics on soil and plants and
the possible damages they cause are summarized in line with the studies carried
out by various researchers.
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Introduction

In recent years, plastics have become one of the indispensable materials of
daily life. Researchers estimate that global plastic production will reach 33 billion
tons by 2050 (Huang et al., 2023). Plastics are synthesized from petroleum-derived
products such as low or high density polyethylene (PE), polyethylene terephthalate
(PET), polypropylene (PP), polystyrene (PS) and polyvinyl chloride (PVC) (Hu et
al., 2022). Plastic waste is now an important environmental problem. It is
estimated that approximately 12000 million metric tons of plastic waste will go to
waste or mix into the natural environment by 2050, if the current production and
waste management method regarding plastics continues (Geyer et al., 2017).
Plastic waste is degraded by various factors such as ultraviolet radiation, wind or
water erosion and becomes smaller plastic waste (He et al., 2018).

Microplastics are generally defined as plastic pollutants with a particle size of
less than 5 mm and nanoplastics are particles smaller than one micrometer (Zhu et
al., 2019; Peller et al., 2022). Microplastic pollution has become a growing
environmental problem. While microplastics first emerged with the pollution they
caused in the oceans and aquatic ecosystems, today the presence of microplastics
in many terrestrial areas (agriculture, city, industrial areas, etc.) is known.
Although the decomposition rate of microplastics in the soil in various ways is not
known clearly, it is estimated that their presence in the soil is permanent (Rilling et
al., 2019). Microplastics mixed into the soil threaten various organisms and affect
human health by infiltrating storage, displacement, erosion, degradation and
groundwater (Hurley and Nizzetto, 2018). In this mini review, the effects of
microplastics on soil and plants and the possible damages they cause are
summarized in line with the studies carried out by various researchers.

Effects of Microplastics on Soil and Plant

Microplastics are considered as a soil physical pollutant, and it is stated that
plastic films create channels for water movement in the soil, increasing water
evaporation and leading to soil drying (Wan et al., 2019). Microplastics also cause
changes in soil microbial composition, which may affect plant growth by affecting
plant root microbial (mycorrhiza, N-fixer etc.) activity (Rilling et al., 2019).
Microplastics can be of different types with certain densities and show different
effects in soil. They generally have lower densities than soil particles of their own
size and tend to lower soil bulk density (Khalid et al., 2020). It is stated that the
carbon content of the plastics is high, and since there is no rapid decomposition in
the environment, an increase in the C:N ratio will occur and cause microbial
immobilization (Rilling et al., 2019). Depending on the type and amount of
microplastics in the soil, it greatly changes the flow of C throughout the plant-soil
system and adversely affects C-dependent soil functions (Zang et al., 2020).
Microplastics can add a surface with different properties in the soil, contaminants
can remain on these particles for a long time, and phytotoxic substances on
microplastics can be transported to the soil together (Rilling et al., 2019). De
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Souza Machado et al. (2019) determined that microplastics change plant biomass,
tissue elemental composition, root properties and soil microbial activities in green
onions.

Agricultural crops are directly exposed to microplastics as a result of plastic
mulch, sludge fertilization and organic fertilizers (Khalid et al 2020). Since
microplastics stay in the environment for a long time, they can have direct and
indirect effects on plants (Khalid et al., 2020).

Microplastics interact with various heavy metals (arsenic, chromium, copper,
cadmium and lead, etc.) and metalloids in the soil, causing harmful effects on soil
structure and soil microbial activity, ultimately affecting plant and human health
(Kumar et al., 2022). Microplastics can increase phytotoxicity in plants by
absorbing heavy metals (Kumar et al., 2022). In another study, high-dose HDPE
(10%) caused Cd phytotoxicity, polystyrene (PS) adversely affected plant growth
and increased phytotoxicity in the presence of Cd. Also, it was determined that
both HDPE and PS increased the concentrations of extractable Cd with soil
diethylenetriaminepenta acetic acid (DTPA) and increased pH in soil containing
Cd. Thus, microplastics changed Cd bioavailability, plant performance and soil
properties (Wang et al., 2020). Microplastics have a large surface area and can act
as a vector for other pollutants in the soil. Huang et al. (2023) stated that
microplastics significantly increased Cd accumulation in plant shoots and roots
and supported plant Cd uptake, especially polyethylene was more effective on Cd
accumulation. Researchers stated that plant Cd uptake is supported as a result of a
small decrease in soil pH and an increase in the amount of available Cd by
microplastics. Microplastics can affect biomass, chlorophyll content, photosynthetic
activity, shoot and root development length in plants through apoplastic and
symplastic pathways (Kumar et al., 2022).

Although the effect of microplastics on plants varies depending on the dose in
the studies, there are more studies with negative effects in general. The long-term
effects of microplastics are still an important question. Similarly, it was stated that
the negative effects of microplastics on both above-ground and sub-soil growth in
plants varied depending on the dose (Zang et al., 2020). Yang et al. (2021)
investigated the effect of non-degradable high—density polyethylene (HDPE) and
biodegradable polylactic acid (PLA) and they determined that HDPE and low dose
PLA stimulated plant growth but high-dose PLA reduced shoot and root biomass
of maize. It has been determined that soil can affect plant growth because it
changes nutrient content and microbial structure (Kumar et al., 2022). It has been
determined that plastics with small particles can be taken up by plant roots and
affect the uptake and transport of mineral elements by roots (Li et al., 2020; Xu et
al., 2021). While both HDPE and PLA further increased Zn concentrations in
roots, they reduced Zn translocation to above-ground parts of maize plants (Yang
et al., 2021). Furthermore, microplastics can also accumulate in the pores of the
seed capsule, and as a result of clogged pores with microplastics, water uptake is
prevented and there may be a problem in the germination of seeds (Zhang et al.
2021). Bosker et al. (2019) pointed out that there was a 78% decrease in
germination of seeds of Lepidium sativum exposed to plastic particles of different
sizes, and this was due to the physical blocking of the seed pores by microplastics.
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In the study examining the effects of 100 nm and 5 pm polystyrene
microplastics (PS-MPs) in wheat; PS-MPs at high concentrations (200 mg L™)
inhibited the elongation of wheat roots and stems and 5 um PS-MPs showed a
greater toxicity effect (Liao e al., 2019). It was determined that polylactic acid
(PLAMP) microplastics significantly reduced root length in soybean (Lian et al.,
2022).

In addition, PS-MPs damaged photosynthetic activity in wheat leaves,
inhibited protein synthesis and caused oxidative stress by changing antioxidant
enzyme activity (Liao et al., 2019). Indeed, microplastics decreased peroxidase
(POD) activity and increased catalase (CAT) activity in soybean leaves. In this
study, it was stated that the metabolic pathway most affected by microplastics in
soybean is amino acid metabolism (Lian et al., 2022). Huang et al. (2023)
decelerated that microplastics create physiological toxicity risks for plants by
inhibiting photosynthesis and increasing oxidative damage in plants, and
synergistic toxicity risks may occur in plants, especially if microplastics are
present in combination with Cd.

In recent years, studies on the environmental effects of microplastics have
gained intensity, and only a few of their effects on plants have been mentioned
above. It is seen that the various materials we use contain factors that may cause
significant harm to the environment. In this study, the effects of these on
agricultural products have been emphasized, and it is thought that more studies
should be done in this sense.

Conclusion

Microplastics reduce soil fertility, disrupt soil structure, and thus adversely
affect plant growth and development. Therefore, microplastics are as important a
threat to terrestrial ecosystems as other pollutants. Also, the use of these plants in
the food chain poses a great risk for human health. It will be important to clearly
determine the effect of microplastics on soil-plant systems and to carry out
agricultural production in a healthy and sustainable way.

References

Bosker T, Bouwman L J, Brun N R, Behrens P, Vijver M G (2019). Microplastics
accumulate on pores in seed capsule and delay germination and root growth
of the terrestrial vascular plant Lepidium sativum. Chemosphere, 226, 774-
781.

De Souza Machado AA, Lau C W, Kloas W, Bergmann J, Bachelier J B, Faltin E,
Becker JB, Becker R, Gorlich AS, Rillig M C (2019). Microplastics can
change soil properties and affect plant performance. Environmental Science &
Technology, 53(10), 6044-6052.

Geyer R, Jambeck J R, Law K L (2017). Production, use, and fate of all plastics
ever made. Science Advances, 3(7), €1700782.



ATINER CONFERENCE PRESENTATION SERIES No: AGR2023-0307

He D, Luo Y, Lu S, Liu M, Song Y, Lei L (2018). Microplastics in soils:
Analytical methods, pollution characteristics and ecological risks. TrAC
Trends in Analytical Chemistry, 109, 163-172.

Hu K, Yang Y, Zuo J, Tian W, Wang Y, Duan X, Wang S (2022). Emerging
microplastics in the environment: Properties, distributions, and impacts.
Chemosphere, 134118.

Huang F, Hu J, Chen L, Wang Z, Sun S, Zhang W, Jiang H, Luo Y, Wang L, Zeng
Y, Fang L. (2023). Microplastics may increase the environmental risks of Cd
via promoting Cd uptake by plants: A meta-analysis. Journal of Hazardous
Materials, 130887.

Hurley R R, Nizzetto L (2018). Fate and occurrence of micro (nano) plastics in
soils: Knowledge gaps and possible risks. Current Opinion in Environmental
Science & Health, 1, 6-11.

Khalid N, Ageel M, Noman A (2020). Microplastics could be a threat to plants in
terrestrial systems directly or indirectly. Environmental Pollution, 267,
115653.

Kumar R, Ivy N, Bhattacharya S, Dey A, Sharma P (2022). Coupled effects of
microplastics and heavy metals on plants: Uptake, bioaccumulation, and
environmental health perspectives. Science of The Total Environment, 836,
155619.

Li L, Luo Y, Li R, Zhou Q, Peijnenburg W J, Yin N, Yang J, Tu C, Zhang Y
(2020). Effective uptake of submicrometre plastics by crop plants via a crack-
entry mode. Nature Sustainability, 3(11), 929-937.

Li J, Yu S, Yu Y, Xu M (2022). Effects of microplastics on higher plants: a
review. Bulletin of Environmental Contamination and Toxicology, 109(2),
241-265.

Lian Y, Liu W, Shi R, Zeb A, Wang Q, Li J, Zheng Z, Tang J (2022). Effects of
polyethylene and polylactic acid microplastics on plant growth and bacterial
community in the soil. Journal of Hazardous Materials, 435, 129057.

Liao Y C, Nazygul J, Li M, Wang X L, Jiang L J (2019). Effects of microplastics
on the growth, physiology, and biochemical characteristics of wheat (Triticum
aestivum). Huan jing ke xue= Huanjing kexue, 40(10), 4661-4667.

Peller J R, Mezyk S P, Shidler S, Castleman J, Kaiser S, Faulkner R F, Pilgrim
CD, Wilson A, Martens A, Horne G P (2022). Facile nanoplastics formation
from macro and microplastics in aqueous media. Environmental Pollution,
313, 120171.

Rillig M C, Lehmann A, de Souza Machado A A, Yang G (2019). Microplastic
effects on plants. New Phytologist, 223(3), 1066-1070.

Wan Y, Wu C, Xue Q, Hui X (2019). Effects of plastic contamination on water
evaporation and desiccation cracking in soil. Science of the Total Environment,
654, 576-582.

Wang F, Zhang X, Zhang S, Zhang S, Adams C A, Sun Y (2020). Effects of co-
contamination of microplastics and Cd on plant growth and Cd accumulation.
Toxics, 8(2), 36.



ATINER CONFERENCE PRESENTATION SERIES No: AGR2023-0307

Xu G, Liu Y, Yu Y (2021). Effects of polystyrene microplastics on uptake and
toxicity of phenanthrene in soybean. Science of the Total Environment, 783,
147016.

Yang W, Cheng P, Adams C A, Zhang S, Sun Y, Yu H, Wang F (2021). Effects
of microplastics on plant growth and arbuscular mycorrhizal fungal
communities in a soil spiked with ZnO nanoparticles. Soil Biology and
Biochemistry, 155, 108179.

Zang H, Zhou J, Marshall M R, Chadwick D R, Wen Y, Jones D L (2020).
Microplastics in the agroecosystem: are they an emerging threat to the plant-
soil system?. Soil Biology and Biochemistry, 148, 107926.

Zhang Q, Zhao M, Meng F, Xiao Y, Dai W, Luan Y (2021). Effect of polystyrene
microplastics on rice seed germination and antioxidant enzyme activity.
Toxics, 9(8), 179.

Zhu F, Zhu C, Wang C, Gu C (2019). Occurrence and ecological impacts of
microplastics in soil systems: a review. Bulletin of Environmental Contamination
and Toxicology, 102, 741-749.



