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Abstract: Agricultural plastic mulch films, while enhancing crop yields, also cause severe "white pollution." As an
environmentally friendly alternative, biodegradable mulches (BDMs) have attracted significant attention in recent
years. This paper systematically reviews research progress on the environmental behavior of BDMs in soil, with a
focus on analyzing their degradation mechanisms, the release characteristics of microplastics and additives, and
their associated environmental risks. BDMs can be degraded through the synergistic action of chemical hydrolysis,
photo-oxidation, and microbial enzymatic breakdown. However, the degradation rate is influenced by
environmental factors such as soil temperature, moisture, and microbial communities. The degradation process of

BDMs typically leads to a short-term, concentrated release of microplastics, with abundances considerably
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exceeding those from traditional plastic films. These microplastic fragments can further adsorb other pollutants.
BDMs additives are characterized by their diverse types and high actual leaching potential in soil, yet their actual
toxicity risks remain unclear. Current research on degradation mechanism, pollutant release and environmental
risks of BDMs is still insufficient. Future efforts require material innovation, in-depth analysis of environmental
behavior, and policy coordination to optimize the degradability of BDMs and reduce ecological risks.
Key words: Biodegradable mulches; Microplastics; Soil contamination; Degradation mechanism; Plastic additives;

Environmental behavior
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Table 1 The comprehensive characteristics of common biodegradable mulches
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Fig. 1 Schematic diagram of the degradation path of BDMs
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Table 2 Microplastic release of biodegradable mulches
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Fig. 2 The main types of additive composition in biodegradable mulches

4.2 A9 BDMs 05

BDMs H & AN ARE I AL A8 5 IR G WL &, IR 2 iR M ITRE T 38 Jo ] - 358
e8], TR SRR T A VLA SRR AKVRIOR A F DS G, At 2 A BDMs
A (3D o SHGIHEATEL, BDMs IS AR BOE S0 T4t PE MUK, Xu &%
(61E 1+ e IR I AL, XU A (BPAD {E455E BDMs H RO R H L (k) wiik 5.89
d, 3w AL S0 PE/PP IR, ELER S-S N0 RORE RO 2 3 AR S A LT 5, BDMs
() ZER ARG LN S IR B0 CangS . £ (iR AR B, A HLE A & w] ik
LDPE (¥ 4{1-51651 18 98 71 opr 41 28 — WL R 2 (PAEs) A H AR iR i, FLEVRIR BETTIA 47 190
ng-kgt, SR HAE N EE B2 A, thAh, BDMs ES IR IR 2 R
MAFHET G, VB ECRE T, B m g/ AR F RO NG R 5 28 & ) U] s i
VR IR H SR AROOY, Tt 2B o i P A P A5 A S B 5 O O 791 U 35 44 D 2 i e At e i
W 24 BRI, 90 U055 48U RE 121 F B0 o At ol 2 A 3 o e o 7 T PR B S 2 gk P 0oL A
[61,71]Q

3 RS KU

BMDs ZNINFI A FORETSUR , SAE HIRE A BOAE Y, JFEE— D5 R A KU
PRI CAnwygR-(2,3 - 3 A TR RG] R E i s AR Th e, B
T AIRAESIIRETH . PRI A 2 A KT BRI RS &
Gire R R E AR, WEIREE (=10.0 mg LD W8 A SHDEG1ER (R R M H
I INABERR ), HL AN o 5 DR A ) o KA % I TR T S 07300 PSR 22 %) 48 h )
FRARIZE RIS E , BDMs BB 7R N7 AT Rt v R FO el 7 28 st 2 2 4k, S Bk
R N SR AT LA 05 (B 24l R R RO, B E RN 5 AL G A =
FEREEM, [T, ZEEEOTFE TR SR (R ERE) . HIAHIRN
fEAR. 4L, BDMs i &A KRRk, HMREL ., MR ZERRE, ®
SE T ARG T RIRAT N L S . BRI, fEVPAG BDMs MBEAT AR, #54%
AN RORE NN LA KU K25 58, AR AR 9 2 25 22 A kA7 7 39T B TRD T FE SR B8

http://pedologica.issas.ac.cn



+ 5 R

Acta Pedologica Sinica
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Table 3 Additives released from biodegradable mulches

BDMs ARG 244 F AT Ry 3 WP e 2%
2RO Additive Chemical name Extraction method ~ Analytical method GzHE) SCHR®
PBAT/ I DnBP hn o ¥ A A B UPLC-MS/MS ~49.25 pg-kg [66]
PLA (ASE)
BE Ethyl hydrogen  #%5hi2 GC-MS 9.7 mg-m= [65]
fi sebacate
BPA PITRBT T2 1| S 1 UPLC-MS/MS ~13.4 mg-kg! [66]
(ASE)
AL Irgafos® 168 (BeLE e GC-MS 1.06 + 0.06 mg-m™ [65]
Irganox 1076 o V7R A B UPLC-MS/MS ~131.1 mgkg! [66]
(ASE)
B FIREfE =Y Irgafos® 1680x Wiz H GC-MS 0.40 £ 0.19 mg-m™ [65]
TR 7 Erucamide T A I A E GC-MS 524 £4.08 mgm? [65]
TEHLER N7 5 RAY S5 TR 1R TXRF 31.4+2.5 mgm? [65]
Ry il BE IR TXRF 0.23 £ 0.14 mg'm [65]
ek e UVAs o VA 7R A B UPLC-MS/MS ~69 ng-kg! [66]
(ASE)
PBAT 2R 7] ATBC PR/ Lt 3 HL GC-MS (1.1+0.4)x10 2mg-kg™! [75]
HAE DBP PR/ T AT GC-MS (3.6£1.5)x102 [75]
Ik mg-kg'!
fif 4t PAEs PR/ CbE3EEL GC-MS 47.19+4.28 mg-kg! [69]
it ATBC TRIR/ CUbEREEL GC-MS 2.03+0.18 mg-kg™! [69]
DBS TR/ 2R GC-MS 16.14+3.12 mg-kg™! [69]
PAEs IKiE GC-MS 5.01x102£7.73x1073 [69]
mg-kg!
ATBC IKiE GC-MS 3.66x1073+8.47x10* [69]
mg-kg!
Heka ) UV-234, UV-326, 5 F Joe/ H B & HPLC-MS 0.1989 mg-kg! (i [76]
UV-328, UV-360, X 3

OMC

#: OType of BDMs, @Leaching concentration, @References. DNBP, 457K — HIEZ — T'F§; Ethyl hydrogen sebacate Z. 35 %
TR BPA, WY A; Irgafos® 168, —(2,4- AT HEHEIE) W BEERES; Irganox 1076, B- (3,5- AT H-4-FRFEHIL) WEE+ I\
BREEME; Erucamide, JFRRWAMG UVAs, #SMRUHI; ATBC, ZBEFTHTR=TH5; DBP, 4 “HM " TH; PAEs, 4

FRIE2; ATBC, ZBEATEIR =T B5; DBS, %X _FR_TE. Note: DNBP, dibutyl phthalate; Ethyl hydrogen sebacate, ethyl hydrogen

sebacate; BPA, bisphenol A; Irgafos® 168, tris(2,4-di-tert-butylphenyl) phosphite; Irganox 1076, B-(3,5-di-tert-butyl-4-hydroxyphenyl)

propionate octadecyl ester; Erucamide, erucamide; UVAs,Ultraviolet absorbents; ATBC, tributyl acetyl citrate; DBP, dibutyl phthalate;

PAESs, phthalates; ATBC, tributyl acetyl citrate; DBS, dibutyl sebacate.
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