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Article Info ABSTRACT
Article type: Background and Objectives: Microplastic pollution, as a significant
Review Paper environmental concern, exerts extensive effects on agricultural soils. This

pollution originates from various sources, including plastic waste, sewage

Article history: sludge, and plastic mulches. These particles can widely disperse in

Received: 12.26.2024 agricultural environments, leading to alterations in soil structure and
Revised: 06.10.2025 function. Investigating these changes requires a thorough study of the
Accepted: 06.24.2025 physical, chemical, and biological impacts of this pollution on soil

systems. The increasing presence of microplastics in soil poses risks to
agricultural productivity and ecosystem health.
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Biodiversity, Materials a_nd Methods: Preylous stu_dles have gxtenswely (_axammed th_e
Microplastics, comprehensive effects of microplastics on agricultural soils and their
Soil pollution environmental consequences. In this context, scientific data on the

introduction of microplastics into soils through the degradation of plastic
waste, application of sewage sludge, and use of plastic mulches were
collected and analyzed. Various studies have indicated that the presence of
microplastics can induce changes in soil physical properties, such as
aggregate stability, water-holding capacity, and permeability. Additionally,
findings from laboratory and field investigations demonstrate the influence
of these particles on soil nutrient cycles, including nitrogen and carbon,
as well as on microbial activities. The role of microplastics as carriers
of chemical contaminants, including heavy metals and toxic organic
compounds, has also been emphasized in some studies.

Results: The results of previous research indicate that microplastics have
extensive impacts on the physical, chemical, and biological properties of
soil. Their presence disrupts natural soil functions by reducing aggregate
stability, clogging pores, and decreasing permeability. Evidence also
suggests that microplastics, by acting as carriers of chemical pollutants,
contribute to reduced biodiversity and diminished microbial activity.
Furthermore, disruptions in biogeochemical cycles, particularly nitrogen
and carbon cycles, can increase greenhouse gas emissions. Collectively,
these alterations lead to decreased soil fertility, reduced quantity and
quality of agricultural products, and oxidative stress in plants, highlighting
the necessity for more comprehensive research and the development of
sustainable management strategies to address this emerging contaminant.
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Conclusion: Although the effects of microplastics on soil depend on the
physicochemical characteristics of the soil and the type and size of the
microplastics, and may sometimes be transient or mitigated, managing
microplastic pollution in agricultural soils is essential to minimize
negative impacts. This requires the development of innovative
technologies and practical strategies to reduce environmental harm. Future
research should focus on understanding the long-term effects of
microplastics on soil ecosystems and devising strategies to prevent their
accumulation. Additionally, policymakers should prioritize legislation and
strengthen international cooperation. Immediate actions in this regard are
crucial to ensure food security, agricultural sustainability, and the
environmental health of future generations.
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Figure 1. Pathways of microplastic introduction into soil.
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Table 2. How microplastics affect soil and the type of microplastics studies.

adlas 3,50 MPS ¢ 55 5 Sy MPS 56 o goni =Y e

b o b

Related
references

S s MPs b o g MPs ¢

How microplastics affect soil Type of microplastics

Ohranch I

(01 5V Q)
(16, 76, 9)

(V51 AQ)
(107, 66,9)

(OF 5 VeA )
(23, 108, 70)

(V& VY OV AQ)
(74, 77, 107,69)

514 TY)
(\oe
(100, 109, 36, 37)

(O 540 Y9)
(16, 90, 29)

OVe 547
(110, 96)

A+ 547 AQ)
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O 5T 00a)
(16, 36, 109)

(6r 5 YA 0)
(50, 28, 56)

XYY 5¥)
(31, 30)

(O 51e8)
(1, 104)

Destruction of soil aggregates and reduction of soil structural stability

Reduction in soil moisture retention capacity and permeability due to
LacSndly 5 S b Dby s 4y Sbt H1C0; il 5 s Som oS 5 Sl

Increased microbial respiration rates and CO, release from soil due to
interactions with microplastics, ultimately affecting the soil carbon

Sl T Cdld Jles o 4 St 53 Jand 5 O3, 4 i SRS

Reduced availability of nitrogen and phosphorus in the soil due to
inhibition of soil enzyme activity and disruption of the soil nitrogen

Transfer of chemical pollutants such as heavy metals and dioxins to

Sl goltle (gl 2als 5 aalasls oy 55
Polyethylene (PE), Polypropylene
(PP)

Ol o S 31

Low-density polyethylene (LDPE),
Polystyrene (PS)

25 03 S g ik 5 Cush, SIS S b tals
Sl Ble 3 Kl s See

the accumulation of microplastics in soil pores

O bl s kst

R P DA IPRE (KRR IR, JCH PN
Polyethylene (PE), Polystyrene (PS)

cycle and increasing greenhouse gas emissions

Okb s

JB-JL_J} ijj..:; LS B ] J'}k;-‘} Sl
Polypropylene (PP), Nylon

and phosphorus cycle
Sk 3l S 6 S s 5 K Sl Al e slaedNT JUiz!
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Polyethylene Terphethalate (PET),
Polyvinil Choloride (PVC)

soil through microplastics
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S s Sn el Dl 5o i 5 LBl S s g5 2alS
Polyethylene (PE), Polystyrene (PS)

Reduction in the biodiversity of microorganisms and changes in the
structure of soil microbial communities

LS Jeus b bl b
Polystyrene (PS), Polyvinil
Choloride (PVC)
sk oS I

High-density polyethylene (HDPE),
Polypropylene (PP)

Lol 51 S &l s Lot VT el sy 5 2131

Increasing the bioavailability of pollutants and damage to
microorganisms

Skt slags S s Shes 5655 e b
Negative impacts on soil bacterial diversity and function
SV 5 sl Jy Ve 5 ol Ao L

Pollybutylene Adipate

Terephthalate (PBAT),

Sty S o Jav 5 oot VT ol cbls 2055
Polyethylene Terphethalate (PET)

Increasing the ability of microplastic surfaces to absorb pollutants
Ve 5 I (O pbl ALK s

Polyvinil Choloride (PVC),
Polystyrene (PS), Polyethylene
Terphethalate (PET)

3okl s e 51 S Glend 558 sla S aslrdir

e S gl 25 58
Multifaceted effects on soil physicochemical properties, including
structural changes and increased ecosystem stresses
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Reduced fertility and oxidative stress in plants due to the
accumulation of microplastics in agricultural soil
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Table 3. Some studies on the effects of microplastics on edible plants.

' Ll
& WS S5 S ol il
Sl Ko Sy s Ko oS ¢5 oS Sy fj . u-f oS S5 b -
Type of Microplastic Plant Type Effects of N{lcroplastlc Plant Physiological Response Reference
Microplastic Concentration on Plant
P (% wiw)
5 3V6) Slaws! o1 el zals
L 05 Pl el A5, el PO P COROES G KWL JURCH gL
o g s - . oY)
Polyethylene 0.5-1 A ol bolda s S
Strawberry Reduced root growth - - (112)
(PE) : . g > Decreased antioxidant activity
impaired water uptake (catalase and ascorbate peroxidase),
altered carbohydrate metabolism
5 (MDA) dadllga0 b 530
Ik 0 Filss RS 2 (MDA) g0 )l 4l
Polyethyl 0.1 - 1) s P BOD) 6502 oSl s 0
olyethylene : :
(PE) Lettuce Reduced biomass, Increased malondlaldeh)-/de (113)
impaired erowth (MDA), altered superoxide
P g dismutase (SOD) activity
sl Aoy als . .
g B o (H205) 355,08 deSTyy 2l il
O bl . . B
] Sk JoJS el POD 5 SOD .l il 0Ve)
Polystyrene 0.1-03 Tob Reduced root and stem n 114
(PS) obacco Increased hydrogen peroxide (H,05), (114)
growth, decreased . L
increased SOD and POD activity
chlorophyll
Sa03 Ol ek g 53 ISl
O bl G Ll Jrals e i 53 I ol U e
- Y . _ (o)
s 025 > oo Sopae Ua o el
Lettuce : 115
Polystyrene Severe growth r.ed.uctlon, Impaired photosynthesis, altered (115)
(+PS) cellular toxicity expression of stress-related genes,
disrupted amino acid metabolism
S Sl 3 ) Al Sl 5T Cles ials MDA i3
Ol o S _
Polyethyl 02 - (= OlS1 2T R
olyethylene : . :
(PE) Maize Growth re.ducnon Increased MDA, decreased (116)
under combined stress .. .
. antioxidant enzyme activity
(with salt)
(N, P, K, Mg) jobe i 2als
Shslk s JsAS Al s, el . ) %
5 g w5 5 IOt
Polyethylene Pumpki Reduced growth, 17
(PE) umpXin decreased chlorophyll Reduced nutrient uptake (N, P, K, (117
Mg), impaired photosynthesis
b o wisy Jsb sl _ials POD 5SOD 53l
(PS, PE, PP) 0.05 A 03 i) S s S (sl gme A
Mixture Cucumber Reduced root length, Increased SOD and POD, (118)
(PS, PE, PP) reduced biomass decreased chlorophyll content
o 605 Ol s ROS 253l
otk S S Jals s, als ) ) Ma)
Polyethyl 0.1 ~f Reduced growth b e
olyethylene Buckwheat educed growth, (119)
(PE) UKW decreased photosynthesis Increased ROS, altered
stress-related gene expression
oy WS plisyl il PRNCHERINIC S NI NS
Ol .
: e s 7. Ay
Polystyrene 0.1 Cj 2 RS sl
(PS) Rice Reduced plant height, Altered carbohydrate and organic (120)

decreased biomass

acid metabolism
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Continue Table 3.
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Tvoe of Microplastic Plant Effects of Microplastic on Plant Physiological Response )]
ype ol Concentration Type Plant o
Microplastic % whv)
LS Jes s s Ol Slgoma Al (s, 2alS Sl der Rl WS gs 5 ol sl i aY)
Polyvinyl 15 Maize Reduced growth, decreased Altered nitrate reductase activity, (121)
Chloride (PVC) nitrogen content reduced nitrate uptake
/5 S s S i g 28 s Sk la BT el s
WSl e Chinese A5 IS S v
Nano/ cabbage Reduced photosynthesis, Changed soil enzyme activities, altered (122)
Microplastics altered rhizosphere microbes microbial respiration
sk RGP S S Lrals il as, hals CATSOD .l [alssl o, il 58l ove
Polyethylene 0.1-05 White Reduced stem growth, Increased proline, increased SOD and (123)
(PE) mulberry decreased chlorophyll CAT activity
3l 5 ¢ nS 935 (3l 38 > SDNeH
O bl by o - 5IenST il A3y EalS Smssh S 3 I dacjupa S OYe)
Polystyrene ' Barley Reduced growth, oxidative  pjsrypted redox homeostasis, altered (124)
(PS) stress carbohydrate metabolism, impaired
hormonal network
S, s 20 -
O bl i Il e 52 ol 288 ROS a8 (Yo)
cr (S5
Polystyrene 0.05 Ri S Reduced ROS, decreased photosystem 125
(PS) Ice Reduced florfenicol toxicity Il damage (125)
(combined effect)
A SOD/CAT _zsls MDA _z133
Vos . S S ad; el 3
. 001 = Reduced leaf growth S sl el o
Polystyrene Cucumber educed Teal growth, (126)
. chlorosis Increased MDA, decreased SOD/CAT,
nanoparticles cell membrane damage
(200 nm) g
PE) sl
2 PB) ol Sl ady; A5, hals 5> I ol b L e 05 Ol s
B D) 05 T s s < J aYv)
Po(lgét)h;/rizne Rice Reduced root growth, Altered stress-related gene expression, a27)
biodegradable decreased grain yield impaired nutrient uptake
L Ll i 5s jm g LA Zals ' » 4
(PS + DnOP) At oS St Sallby e A BVFM 25y
+Dn 0.05 . } ;
Mixture Cucumber Severe photosynthesis Decreased Fv/Fm_, de_gradatnon of (128)
(PS + DnOP) reduction under combined photosynthetic pigments
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ek Ay RS S ol gl 2alS
Ik .
15 2 Sl syt Lt s pigs s 5 ar
Polyethylene Cott ) 129
(PE) otton Reduced growth, altered Decreased leaf water content, (129)
soil properties increased membrane permeability
SINR) 53 5 slags 51 dled Sl
oIk - S B B Sl e A e s P (GS) S B (1)
Polyethylene ' Wheat Reduced nitrate uptake, Inhibition of nitrate reductase (NR) (130)
(PE) reduced growth and glutamine synthetase (GS),

disrupted nitrogen metabolism
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Table 4. A number of studies on the effect of microplastics on carbon storage and nitrogen cycle.

Szl ; . Lo ..
"T }ei: & chl ol e o ye o
Mic)r/gplastic Concentration Effects Article Title Reference
Skt s o S @l Jials 5CO, izt a3l
Al . Increased CO, emissions and reduced Microbial carbon use efficiency 08Y)
Polyethylene 1% wiw carbon stability in soil Microbial carbon promotes global soil carbon (142)
(PE) use efficiency promotes global soil storage
carbon storage
e s S Dlaass 1S5 1S Effects of microplastics on soil
O pleal . carbon dioxide emissions and the )
Polystyrene 0.5% R microbial functional genes
(PS) Reduced soil aggregate formation and involved in organic carbon (110)
disruption of the carbon cycle decomposition in agricultural soil
LSL“_}“‘:li C H H H H
: ) el St Jbs - <l an microplastics mediate soil
i A % st ’ J oS AP properties, plant growth and 0gv)
o - Increased active soil carbon and carbon/nitrogen turnover in the (143)
Blocci)e;g;:d?ble microbial activity terrestrial ecosystem?
polymers
Effects of microplastics on
ek denitrification and associated
HIRes 50 O35 5 Sl oIS Jrals N,O emission in estuarine and (Ve)
Polypropylene Reduced nitrogen fixation efficiency coastal sediments: insights from (144)
(PP) interactions between sulfate
reducers and denitrifies
seals s SpH s s Microplastic presence
G Ul . o significantly alters soil nitrogen (1£0)
T 3% ot sl transformation and decreases
Tire fibers Changes in soil pH and decreased nitrogen bioavailability under (145)
biochemical activities contrasting temperatures
T o .. Interactive effects of
s SBE B 3 s microplastics, biochar, and
S 5 Sl 1% oS b3S Lel earthworms on CO, and N,O 0
Mixed plastics i i emissions and microbial 146
p Altered soil structure an_d |_ncreased functional genes in vegetable- (146)
greenhouse gas emissions growing soil
S s DG 5 M olge 25 £ 5 relS New insights into the photo-
i 0.2% O3y Cad e degraded polystyrene microplastic: \ev)
Polyvinyl : A - Effect on the release of volatile (147)
chloride (PVC) Reduced organic matter de_composn_tlon_ rate organic compounds
and negative effects on nitrogen fixation
T P Effects of microplastics and
Al sy Axo . 59 sl .
A 1% LTS PR S e e o carbon nanotubes on soil ()
Polylactic acid 0 Increased mic_robial a_ctivity and reduced geochemical properties and (148)
(PLA) mineral nitrogen bacterial communities
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Mi-(l;)r/gglgsftic Concentration Effects Article Title Reference
B . Ecotoxicological effects of
IS8 sl S oS o 5 S e g5 0 5 different size ranges of industrial- (ve)
Polyethylene 0.5% Changes in soil biodiversity and reduced grade polyethylene and
124
glycol (PEG) organic carbon polypropylene microplastics on (124)
earthworms Eisenia fetida
L L. . C Microplastics increase soil pH and
Lo : o S s S gl |58
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(PC) carbon storage polymer type, and exposure time
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Shonoh 2-28% Aol S 7 i 5 Il sl Al Biomarkers Are Differentially (o)
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