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Advances in Research on Impacts of Biodegradable Microplastics on Carbon Cycling in

Agricultural Soils

DING Zihao'?, LIANG Dong?, WANG Jiayuan®, LI Shijin?, YANG Pizhen®, WANG Jing'", WANG Jidong®"

(1 College of Forestry and Grassland, College of Soil and Water Conservation, Nanjing Forestry University, Nanjing 210037,
China; 2 Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014,
China)

Abstract: Microplastics (plastic particles smaller than 5 mm) pollution has become a global environmental research focus, with
their accumulation in soil ecosystems—particularly agricultural environments—increasingly severe and posing serious threats to
soil health and ecological functions. Although biodegradable microplastics (such as polylactic acid and polybutylene succinate)
are considered green alternatives for mitigating “white pollution,” their degradation process may release more micro-particles,
additives, and intermediate byproducts, exacerbating soil contamination. Moreover, they can affect soil carbon cycling through
multiple pathways by altering soil structure, microbial activity, and enzyme functions. This review systematically summarizes the
degradation characteristics of biodegradable microplastics and their mechanisms of influence on soil carbon cycling. After
application to farmland, the degradation of biodegradable microplastics is regulated by material composition, environmental
conditions, and microbial activity. The degradation products significantly increase soil dissolved organic carbon and promote CO,
emissions, while simultaneously reducing crop photosynthesis and carbon fixation efficiency. Compared to conventional
microplastics, biodegradable microplastics may intensify short-term fluctuations in carbon cycling, but their long-term effects
remain uncertain due to incomplete degradation and additive leaching. Future research should strengthen investigations into the
long-term impacts of biodegradable microplastics on soil carbon cycling to provide scientific support for sustainable agricultural
management and development.
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Fig. 1 Degradation process of BMPs in soil environment
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Fig. 2 Impact of BMPs on carbon cycle of soil ecosystem
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Table 1 Effects of BMPs on soil CO, and CH,4 emissions

BMPs {5 Pk 41 BN E =BG

2k PN B FH (m/m)

PLA - T 0.5%~1% it CO, By HER =3 fin [44]
PLA <0.15 mm R 7% it CO, HEREIEIN 71.5%~99% [45]
PLA 200~500 pm Tk 0.5% - CO, HEi 15 m 42.51% [46]
PHBV 125 pm URE 1% - CO, HEBC = /i 89% [47]

PU 0.5~2 mm URE 0.1%~0.3% e HH -4 CO, HET G /N 27.08%~45.57% [42]
PBS 75~150 pm WA 1% e M e CH, HE B F#AK 49.9% [48]
PLA 50 um EIE A 0.5%~1.5% Pt BAMAK L CH, HERC= 3N 31.6%~68.4% [49]
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Table 2 Effects of BMPs on soil microorganisms and enzyme activities

BMPs 5 T HER BYONE 2%

iiES K JEtk Rl (m/m) Sk

PLA 150 pm b A 2% it A - A BE P A FDA KM [71]
it

PLA. PHA. PBAT - - 0.1%~1% HfHb 1 45 FRARR 2T A — K fige Bl [72]

PLA 50 pm Wik 2%~10% Fifa) 1 AR 2 A AL A A AL SR [70]

T

PLA 50 pm WKL 0.5%~1.5% Fo €, 4 g P FDA BN ENH GG M [68]

PU 0.053 mm Wk 0.1%~1% i WRE i AL S B AT [33]
Rl P

PLA 4.8~5 mm W 0.5%~1% it WL e IREE AR R AL R R TR ME 73]

PLA 4~50 mm WRL 0.1%~1% A% H 4 BRI, AIERTTEEER I [74]

PLA 50 um WA 05%~1.5% A, BAEfPAR Lt AR IIAGEREITEERSN  [49]

PBAT <0.lmm, 0.1~0.5mm AL 0.02%~0.2% - AEREITRIBEREITERE R [75]

PHA, PBS. PLA 50~300 pum A 2% 4t R TT TR [76]
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