Iranian Journal of Seoil and Water Research ISNN: 2423-7833
Homepage: http://ijswr.ut.ac.ir

Impacts of Low and High-Density Polyethylene Microplastics and Their
Biodegradation on Soil Organic Carbon Pools

Milad Mirzaei Aminiyan!'"' | Mahdi Shorafa?
1. Department of Soil Science, College of Agriculture and Natural Resources, University of Tehran, Iran Email:
mm.aminiyan@ut.ac.ir
2. Corresponding Author, Department of Soil Science, College of Agriculture and Natural Resources, University of Tehran,

Iran, Email: mshorafa@ut.ac.ir

Article Info ABSTRACT

Article type: Research Article This study aimed to investigate the effects of polyethylene microplastics and the application

of an efficient bio-recombinant agent composed of bacterial and fungal strains to mitigate the
adverse impacts of microplastic particles on various properties of a soil-plant system. To
achieve this objective, a factorial experiment was conducted in a completely randomized
Received: Aug. 25, 2025 design, incorporating two types of polyethylene microplastics, low-density polyethylene

L (LDPE) and high-density polyethylene (HDPE), at three concentration levels (0%, 1%, and
Revised: Dec. 5, 2025 2%), with and without inoculation of the bio-recombinant agent. The experiment was carried

Article history:

Accepted: Dec. 24, 2025 out in a sandy loam soil with three replications per treatment, following a 135-day incubation
. . period and subsequent cultivation of sunflower plants over a 60-day growth cycle. The results
Published online: Feb. 2026 revealed that in treatments without the bio-recombinant agent, the presence of LDPE and

HDPE microplastics in the soil, particularly at higher concentrations, led to a significant
increase in total soil organic carbon. Specifically, LDPE treatments showed increases of 0.35%

Keywords: ) . in P1 and 0.55% in P2 compared to the control, while HDPE treatments exhibited increases of
Cold-water dissolved organic 0.23% in P1 and 0.51% in P2. Moreover, the type of microplastic influenced the extent of
carbon, ) . organic carbon accumulation; LDPE in the P1 treatment resulted in a 13% higher increase in
Hotb-water dissolved organic total organic carbon compared to HDPE. Additionally, the findings demonstrated that the
carbon,

presence of both types of microplastics, when combined with bio-recombinant inoculation,
significantly enhanced total organic carbon and water-soluble organic carbon, particularly the
fraction soluble in hot water, compared to the control and other non-inoculated treatments.
Notably, the impact of higher concentrations of LDPE was more pronounced than HDPE, with
increases of 32.1%, 18.1%, and 35.1%, respectively.
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EXTENDED ABSTRACT

Introduction

Microplastics (MPs), particularly polyethylene (PE), have become significant pollutants in agricultural
soils, affecting soil physical, chemical, and biological properties. PE-MPs, including low density (LDPE) and
high density (HDPE), alter carbon cycling and microbial interactions. Despite increasing awareness, few
studies investigate their differential effects and biodegradation potential in soil-plant systems. This study
aimed to (1) assess the impact of LDPE- and HDPE-MPs on soil organic carbon (SOC) and dissolved organic
carbon (DOC) dynamics, and (2) evaluate the role of a novel microbial consortium in mitigating these effects.
The post positivist explanatory approach enables insight into carbon redistribution and microbial activity
modulation under MPs stress.

Data and research method

Approximately 500 kg of the bulk soil was collected and promptly transported to the laboratory from a
farmland adjacent to Karaj City, Alborz Province, Iran. In this study, we examined two different types of PE:
LDPE derived from plastic bags, and HDPE derived from plastics used in greenhouses, which were obtained
from a plastic factory. After being cut into small pieces and frozen in liquid nitrogen, the raw plastic sheets
were cut again using a commercial machinery cutter equipped with a 5-mm sieve, as well as were UV-aged by
using two 55 W UV lamps. A factorial randomized design was employed using sandy loam soil from Karaj,
Iran. Treatments included LDPE and HDPE at 0%, 1%, and 2% levels, with and without a novel microbial
inoculation (+MC) and (—-MC). respectively. Thirty-six soil columns were prepared (3 concentrations x 2
polymers x 2 microbial levels x 3 replicates). The microbial consortium comprised Pseudomonas putida,
Lysinibacillus xylanilyticus, Ralstonia pickettii, and Aspergillus niger, validated for plastic biodegradation,
which were stored in the genome bank of the Soil Microbiology Lab, Department of Soil Sciences, University
of Tehran, Iran. Eventually, all samples were incubated for 135 days; thereafter, sunflower plants were
cultivated for 60 days. SOC and DOC (cold/hot water extractable) were measured via standard protocols.
Statistical analysis employed SAS and Duncan’s test (p< 0.05).

Results

SOC increased with rising MPs concentrations, more prominently under LDPE and microbial treatment.
LDPE at 1% +MC showed the highest SOC accumulation. DOC levels rose significantly with LDPE in both
cold and hot extracts, especially in hot water. Microbial inoculation amplified DOC, highlighting enhanced
plastic degradation and carbon solubilization. Statistical tests confirmed significant interactions among
polymer type, concentration, and inoculation (p< 0.05).

Conclusions

LDPE-MPs more strongly influence SOC and DOC enrichment than HDPE, particularly when coupled
with microbial inoculation. The microbial consortium accelerated plastic degradation, improving carbon
redistribution and soil health. These findings inform strategies for MPs remediation and sustainable carbon
management in agroecosystems. Further field-scale studies are recommended to validate laboratory insights.
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1. Polyethylene (PE)

2. Polystyrene

3. Polyvinyl Chloride (PVC)

4. Polyethylene Microplastics (PE-MPs)
5. Mesocosm



FYVA e GBSl 9,500 (st § 41325 9 youies ol 1 i g Gl (1550 (ig3s — sole)

oSBT o S Sl @ o3Il 5l sizan ol Siangsy (P <o/ )]l SIS )b by Jsloxs
Sl s a sl s byl ks (Liu et al., 2025) w3505 b)) (52056 5 (h9ySee ¢pioislse) 8] dw L 85, YA Lzalej
1 slacSdg Ko o Jo 3 Cnl 013 Jgoa N ()5 5 b o] (s S 58 Gal3dl sl (g ytecdee S
o il 3315 ol opyS auST (60 et &8 wizl s ol uismen 505 Jole JI op)S o dme LialS el b sl p
2 S I ) b Gase GhliEl edimd Lt oS 0y ity L oMy See b (S ) 9,80
2 8,5 5 ol s cbals wilul gy b S T 58 51 bicSoMig Sue il a5 canl ooy s jlTke imedy Ky @b
5ol gla islejl B 53 Slilla oyl sty 4 sl 5 bLs (Xiang et al., 2024) cul cglize cKuzwMlyg Suo o y2o
sbd S uﬂ oS ad el Sy Seo i1 &S Canl o3 i il ladss (Jloepll sl ouds plodl lalS e
(Feng et al., 2024) cul glite LS jois 5 ol pie o 4S5 JB

5 I oS 8 4 bgpe SB slas,Shes 5 oS- gt Gob ]y S ol l5ie Sty Seo
SB3lo i b eiimed 5 qasiins Coan Bub )l Cusl (Son biSimoMlig Sue ¢ ol sba (Zhou et al., 2024) wns
Pl 4 o] Gl oS iy )15 8l cos 1) alS pelogy ) slatujen 5 SB 29,50 aelsr csiio dlgo gl
olS W > &l dBlae (Y. Chen et al., 2024; Feng et al., 2024) 3,15  Siwy bl i) ds o g £55 ¢ Sy ,Suo
ady) (93,5 g s 035 3 8l L SB Jlolgo (05 Game 5 S () (5399 2 g0 S 4 lacSitoMlys See 39381 5]
cbedld o OMols elS lgisa wi)ls S eap SB L oblS & ladaio (awgj, (Xiang et al., 2024) »,i% s
] )b Lads 1> cpioran 9 0LS (6590500 5 by malal )3 oo (i 4l oyl (Song et al., 2024) ws olols S 5 9,500
oS ilwlis p yhwgn, o) 4> (RONg et al., 2023) 3,5 (cdso dlge g op2)S 45 y> wle SB wimwgS] s Sloe
Zhao etal., ) 1S o dawly |y 53 )5 duSlied Clale g lomocl lyis & S T 5,8 483 3,08 5b 9 3)l38 o il S5
lopianwsST 5l oas 351 pyS 1uSlied JS 5l Aoy B+ 1 Wilgs o olS g yhwg iy oV ladsly Jad aS” wlesly lis clalllae (2022
anass J5lg5 e IaStw Mg S 45 150l L (Y +) o) Ke g 515 (Feng et al., 2024; Shi etal., 2025) us Sl 1, S
Ay 0395 j) dudyy il g J2y owy RIS Bk ) () AeSTien slaml g S 0l CIa VY gl bl S
—SB cladilols 3 58 Sealiyd 1 cSzoMig Sue @yl 53,8 KT (ol ks (Zang et al., 2020) wims (b3l (YL
el (5908 olS— yhwg

Gio o cul oo ol (Kol S ol el 5 (Siiglsn o Ty 2 S Ol KoM S 0 b
Sldlas Cpiomon And (EalS |y JI )S (b Sdse p bk ol),fls g 250 30 |y SB oo 3l cdlad lg3 o InSisoMyg,Sso
2 sisie 86 Wi o el oad IS 008 & sbee S 05 i QI3 sl ncSiadlyg Sen B> 5 losls L
W Gl ]y S ad  Sdse Wle o S uoMig So jauas oS Wlodly L Slalllas Wbl atidly (s dlgo 4 LS yiwd
Crge b Saadg Seo Bl S0 (g9 3l - Casl oante St ) JI 05 ol g 0nd B ol GialS cage ] B L
slads > deo g Jj dae s (Same Lyiulidl & Clpuss cpl Dgd 0 S i dl.m.).:..{]).é dos 9 (2950 sacdlld il
2 oS i Eanld g bl oot acSitudly Suo Sl gole bl & 58 Sl el Bled S K8 S
Bl g sl SSauMgSae (39381 1 (AU sladely () addllas (ol ploxl I a9yl 215 3929 S slagiiansS]
SB sl s sl wold (e plgiea ol Of )3 Jgloe sl i 5 SB S a0l gy s o g5 S gy ]

g3 gy
SB sLaiges g3lwodlel
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1. Antagonist Test
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