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Abstract: Biodegradable plastics are considered ideal replacements for traditional plastics due to their easy
biodegradability, and have broad application prospects. Soil is an important destination for various biodegradable
plastic waste. A comprehensive understanding of the ecological effects of biodegradable plastics in the soil
environment can provide a scientific basis for evaluating the ecological safety of biodegradable plastics, which is
the foundation and prerequisite for their large-scale promotion and application. Given that microbial degradation is
the main pathway for the degradation of biodegradable plastics in soil, a thorough understanding of the
degradation process and mechanism can provide theoretical guidance for achieving efficient and controllable
in-situ degradation of biodegradable plastics. This paper first summarized the ecological toxicological effects of
biodegradable plastics on soil ecosystems from the perspectives of soil physicochemical properties, soil
microorganisms, plants, and animals. Biodegradable plastics entering the soil environment are not only a physical
input, but also a chemical input, which can change the physicochemical properties of soil, such as bulk density,
porosity, and nutrient content. They can directly or indirectly affect the structure and function of soil microbial
communities, and affect the growth and development of plants as well as the survival and reproduction of soil
animals. Furthermore, the microbial degradation mechanism of biodegradable plastics in soil and the key factors
affecting degradation efficiency were further summarized. Soil microorganisms degrade biodegradable plastics
mainly through three key steps: colonization on the plastic surface, secretion of extracellular enzymes that catalyze
polymer depolymerization, and mineralization of oligomers or monomers. The degradation rate of biodegradable
plastics in the actual soil environment is relatively slow, and their degradation efficiency is affected by various
factors such as the properties of plastics, soil environment, and climate conditions. At the same time, the
microorganisms and enzymes involved in the degradation of biodegradable plastics were systematically combed.
Because of the current research status and shortcomings, the key research directions in the future are prospected,
aiming to provide scientific reference for the study of environmental impacts and microbial degradation of
biodegradable plastics in soil.
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mPLA mPHA sPBAT = fiZ:4F 4% Regenerated cellulose films mPBS m HAih Others
7 PLA, JARR: PHA, RZERIIRE: PBAT, RO TR AK HIR T —R¥ls; PBS, 3T T M. T[. Note: PLA,
Poly(lactic acid); PHA, Poly(hydroxyalkanoate); PBAT, Poly(butylene adipate-co-terephthalate); PBS, Poly(butylene succinate). The

same as below.
B 1 AWe] B IR RN 23R 7 RE (2. 2023 #; b, 2028 42) (4 KIE T European Bioplastics
(https://www.european-bioplastics.org/market/)) [
Fig. 1 Global production capacities of biodegradable plastics (a. in 2023; b. in 2028) (data derived from European
Bioplastics (https://www.european-bioplastics.org/market/)) I
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FEILIE TR R B, B AN A8 AL 1 S i B R L D e 8 HA B R B, e AT T i
A L VS Re A 455 T TR LM DA S B A W mT e SR e B . dE RO, B
f] Stenotrophomonas maltophilia YB-6 A~GEF#f# PBS, {H4% H 5 Fusarium solani WF-6 #H177R & 15
FEMK R T Hvk WF-6 Xt PBS B fE /17, XAl R 2 BT Hitk YB-6 AEUS QM Btk WF-6 [4 i
PBS LRI E =4, st T PBS HIZEVIREME . 255 —THtFirh, tBtk SUST B1. SUST
B2 11 SUST B3 I 3L35 74k R4 PBAT (1 B fif 808 B AL T 5 — B P, 5557 6 d J5 35U PBAT
TR AR 26,190, F W] 3 FEIHRN PBAT [ ARAEE M FIEM . Jia ZCRIE T
Pseudomonas mendocina F1 Actinomucor elegans 41L& (3L 55 924K R % PLA/PBAT HIF&fRAET, %
RRTE 5 d WX PLA/PBAT [IF#A% A 18.95%, 3% T H—EHRIE 7R R (P. mendocina

(12.94%), A.elegans (9.27%)), it—L MK HILEEFR/K R4 P. mendocina 1 A. elegans i i
it R IE AN F B R AE AR ThRE, Horb P mendocina 23 WA 2E [ 1L PLA/PBAT f PLA it
IR MREWTZL, A, elegans 435I i D7 B 4k, PBAT BeSE (/K M ZL, LLSZER PLA/PBAT IR 4%
fift o
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Table 1 Biodegradable plastics degrading microbes in soils

LS e ¥ e Rée fer E PN
Strains Classifica  Source Incubation Degradation characteristics References
tion conditions
Bacillus pumilus 40 AR 45 gl IR 30 CHiFE, PBAT MIFEEEN  [57]
NKCM3201 12.2 mg-d*.cm?
Clonostachys rosea 16G L JeAk +- 3 gk IREk 28 CH;9%30d, PCL FIIAKBIEGE  [56]
B ) B % 0 D9 52.91% Al
100%
Acinetobacter seifertii S22 ZH P A AiRE IR 37 ‘CH;3:10d, PCL &% A  [58]
-4 34.3%
Purpureocillium lilacinum ¥ & o T+ 3% aikigRiE 30 CHi3:30 d, PBAT RERE  [59]
BALS 7 15.27%
Aspergillus terreus HC HA A 135 gk AL 30 ‘CH;9%30 d, PBSA JFiEHik  [54]
N 47.5%
Aspergillus fumigatus L30  ELE A 135 afiiE IR AL 30 ‘CH;7%30 d, PBSA JFiEHik  [54]
5 30.2%
Aguabacterium sp. CY2-9 £ YRl E MR B AliRggRsL 28 ‘CH:7:20d, PCL FiEHfisk Ny  [60]
iz 4% 98%
Laceyella sacchari LP175  #H FRAR - - [61]
Burkholderia cepacia i WS R b alikgsRat 37 CH53% 40 d, PBSA W fhZER  [62]
PBSA-1 1% 78%
Peribacillus il A+ afiiE AL 28 CH;3% 8 Ji, PBAT FiEL  [63]
frigoritolerans JZ1 N 12.45%
Stenotrophomonas sp. 4l A 435 afikE AL 76 pH7.5. 37 C. ik 1.5%.  [64]
YCil PRI 2%0) 14-T " RERIIE IR AT
T 5 d, PBAT Fii#ik A
10.14%
Bacillus safensis PLA1006 45 PR Yy diRggRE 30 C#7%30d, PLA FiEHiLN  [65]
+4E 8%
Sclerotinia sp. B111V HB AR -1 afikE AL 20 C#53%30d, PBSA FIPCL i [66]
AR5 49.68%F1 33.7%
Fusarium sp. B30M BB [ap &t alikk 5k 20 ‘CH:7:30d, PBSAFIPCL i  [66]
AR KN 45.99%F1 49.65%
Geomyces sp. B10I HR [Rap aiiE IR AL 14 ‘C¥33% 30d, PBSA F1 PCL Jii  [66]
AR5 5N 25.67%F1 5.71%
Pseudomonas sp. RD1-3 i) bRy AR 28 ‘C};3% 8 J&, PBAT JfiEfisk [55]
+3 4 6.88%
Pseudomonas sp. N1-2 i) bR AR 28 ‘C};9% 8 J&, PBAT JfiEfisk [55]
+3 4 6.49%

E: PCL, O MHEs; PBSA, B MR/ T MR T —Mfs. Note: PCL, Poly(e-caprolactone); PBSA, Poly(butylene

succinate-co-adipate).
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S AR 22 TR AR A R I B AT A R B A SR R A 1, L B RN I S TR AR R T AT
KZ RACAREFRAR R P BT, AR DB N T S b - e85 b, JLAE 3 1 PR AR 22 2+
BEE . IBE . pHy LEERE R Z PR R MRS R, AT REME LAA B E AR B AR AR . AL,
ERORTUA 0 O T A AR ) T i SRR g 7 TR (04 FH D08 A0 52 B OG0, LI T B At TR 1) 5 sy 2
P [FIBR AR MLE K s AAE B 7T i+ 0 15 IR DR, 2R R 75 AR R N2 o 55 B A 1 W R A St L,
Tty JaE v S BA AAE TR A T AT FLPR AL,k — P s e R B D 0 3B 855 Hh AR el B
FRSERLR SRR AAE T TR 7T, JT AR A0 33 vh A= ] B SR S A M BR R R
3.3 PEAEER

A B A1 mT B 2R R b — SR B S S Se B, e R (A SR 5 W e 3R 1 il 2
PR R I PR Y . B SRR R VE B 2 B9 ARG (EC 3.1.1.3). fighg (EC 3.1.1.1) M
FBREE (EC 3.1.1.74) S4B BuKmmEs™, Hurse T REKMEENEF TR, FEEE. 28
afifp, Ky i v R O KB SRRt 270, Biundo Z5U%t Sk T % Pelosinus fermentans DSM
17108 BIlg G PFLL 34T 7 B RIAFNEG =1 00, 45 3R PILL REfE %R PBAT, Hor+
N 43.9kDa, & NIREEN 50 C, & pH N 7.5, FEHIELXT . B R K = e a5k i %
HiZ 6 & T 1.5 ARG 53 % . Shah 28131 i #k Roseateles depolymerans strain TB-87 H1 43 55 i 5 fif
WEfG Est-H A1 Est-L, 2> 7820754 31 127 kDa, — ol RN &R (R i N 30 C,
BE pH o~ 9.0), H4F PBSTIL CRT R — HER/AZR — FR/IFLIR | —HEls ). PBS. PBSA
1 PCL %5 22 Fof 15 37 i 38 Ik R0 G Ol k-5 5 e G SR B 2 LA A 1 - Santos-Beneit 2501 1 =
Rl (ff 5 FsCut. FREE AbEst F17%5 JEEGREG PsEst) XF— RAIAEYI W AR (PBS. PBAT.
PHB. PHBH. PHBV. PCL. PLA 1 PLA/PCL) HIPRARIG:, 25 RIAFE FsCut AE S B R
LR R ARYERL, X PBAT. PBS Al PCL HIR#MIEE i,  ELAZBEAE S T 460 R

(55 ‘CHI60 ‘C) FIH B mid .

BEEWT RN, FEBRAK R = e 251 S AN AR 2] 7T Z 89T I i SR K
RIS E T o/ KRB K, S8 28K op KEET B SEWIRCL H 2 28 (Ser) -
HEW (His) -RAEHE (Asp) BAEE (Gl I =Bk . Perz U138 T 5k
JE-F Clostridium hathewayi DSM-13479 [{ligfi Chath_Est1 REf% [ PBAT, 8L 544 45 Ky BT IE
ST %R T /P KRR, HS A 1 Ser200-His416-Glu323 4Rtk =Bek, Jik— bl id i
W R = A S5 RN BT T 1% 86 (AL HL ] . Hajighasemi Z50°T A\ 90 Fhalifk It A= 0is o/ 7K
fiEelg b immiE th 2 PP PLAL PCL R HAth B8 1R A B fd s 1 1)l (ABO2449 Al RPA1511), idid
XF RPALS1L [ A 25 #6) AT i I 25 A B BY 1) o/ B-7K Bl 4T B 45 R4 AT EH Ser114-His270-Asp242
AL =06, 58 U TRER HE— AP UE S A0 = I 0] SRR AL R IR S TR K A 3 28 G B2,
[ B 7E ABO2449 Al RPAL511 H1 43 1 %5 58 X PLA /K AR St ) J L& R ik 3 ( AB 02449
fF ) Phe38 1 Leul52, RPA1511 #/) GIn172. Leu212. Met215. Trp218 1 Leu220). It4k,
A7 38 3 7 1 08 AR i SRR K SR ML R AR e PR IOAR SRS . Yang U TR P X8 AR 5 s
WhaE T S VE T Thermobifida fusca [/ 5 g TfCut 5t PBAT [ FEMRRCER, @ i fh Ak 5 A i b b s
TEPAER TICut (WT TfCut) M H AR K (TCut-DM) [IJERMISE S 45F1E, 4558 £ W TfCut-DM Ji
Vg6 DS MR 0 vT e 2 5 SO B Rl e 4 v 1) S 22 R IA

U T TG 7K AR I 26 0 T o i SR P it ok R b ) SRR E Y ISR AIT 58 3 7E SR IR /K A BT
ZHE DOREIRIE . G5 MIARHT 2 o 1 U&7 TR T — R AR H T S BR /K A 17 ik [R] 55
WOERNEE, MBI ANt O RAE, (E2& A MBS M-S m Ak B AR e s, X
DAL R FH T L 3B 558 o A= ) e A SRR P2 R A AR o DRI, 7 4882 34 A (] A I P v 205 o e
g, FHEE TWACGSAMERIHEE. [, MFEE—BRA RSOOSR, X OA KRG
BEBEAT R TR U R ) 50 DA e FLg 1 S A8 1, A T 8 Sk SR i 7 v 28 P A Al B
(1 TR o
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4 W fEE

Wt I RS et BRI 0 58 3 15 TSI, R AR T Ak 2R} O RO R DR SRS e ]
R L ELIE AR . TRNIT USR] B A R A B o 1) 23S N S A P B AL AR, AN RENS
DRACKT AW ] B fif SRR A 25 22 VR AR, SR RE 8 D9 S AP T B A 2R E 398 v g v 20 mT 4% Fe
iR PEEIR TS T, Xt AR T R A HE R | HESh B [ BRHS QA B AL A AR T R
Bk R AAEE R o FE T HATHT TR, X AT B fge 2R OB FE 388t LA J 22

(1) T I A0 AT R SRR A BT MORIR S ML R T B kR ey Rk, #EE
PRI AR O S I R PUSEA T SRR ANGR), A, R SR RO S AN A A
BEREUON o R, 5 AT R SRR A gt A o 7 A 18 e ] ) DA S R AR P a3 A 2
RGUIE IR ARG B FE 7, R W AT B R R A R R B R E WA L TR
INFAE SR FERE =W, TR T A2 0T e g ZEORL XS - SR FE UM ATL AR, M2 A B2 A Tl VP A= P ]
B RS e hE, A REDN AW T AR R (3 5 A B PR AR 2 4R

(2) Fhnas A mT B G R A RS RO 7E o BEN H SRR IR AT AR 2R, e 4
B¢ fipt 2 T 0 23 4 A% G BERL— RE R T R R} . © K B 50 R WAL G MR R A A L 2 5%
B A RCE P A G (HE AT T A AT AR R AR S R ST R 5
G E AL, MR TR o DI, 75 s A=l R A A B T 5T, VAt R T
SRR 33 A 25 R G B R RN B L i B W R AN S IR AR N S R 3 Bl A A X
38

(3) TR FCAWN AT et SRR ST 3 P IR B AT o 2T N SR A A 0l T vk
HERSG S I T o R SR SBR[ B AT 9 5 A A RO, M D8 7 A T o g 2R ke 0
ASIBL AR R ERON, AR SR 43 P AR B ATy AE L S L 1 13 R IR AR TT

(4) Frzdi e G MIJRENE, JHRRAEMSRILIT . BIR H AT Cifhg s 2 fh B4
A AT o A SRR A PR D 6 1) T 5 LA A (10 TR AR i o A 0 s A L L P L i
ANEAE o L, 9T B AR R R A T T 2 AR S S AR IR A AR P AT 0, T AR SRR
FIEIAE N RCR S SR A MU FU b DRI, 7 B — D i e 2 A A T A T B il B U
IRANIRTCIL MR [R] IS A 3 v BRI 8 ) U B A« R P 1 o AR B s T RE i P 3 12k
AFERENE, fE SRS TR AT BRI R G AITDDRERE BN AL it 5T, EL Y5tk
S 438 mp A T R A SR £ v S A

(5) FERIRNIRYS 33 b 2L W mT B SR R T E VD PR o 78 S B 3 b AR W T B i
R R AR R 2 B2 RN AL (AR 70 T ShahESE 2R B SR MANA (H3ETR
B IR UEVIREVERAE S A 20O (3RS0, BN R RS AT B SRR AR 0%
IS e (R B R S AE AN e P, A A DR B & B IK IS ) N A R o [RIE, FEARORARF 9T, R
IRANIRVT 8 b AW vl B SR 0 ol A VD AL, WY i S e o A o R ) S e R 2 S LR
WU, DSl 3 b AR T B g SR 1) e O] P P SR BB 4R 3

(6) TR BARTR, EabrfEfd R, MIVEATWARY . 2L a] B SR} 20 fEAR AT
BB PR EGISA RN, (H2 H AT TR IRRI B, B 7 AR SRS AN
B AP ATL AR AN B (e, A 0 T o 2O L s T i Fe At 78 2 B Biltn, ARE TR S0k, AW
AT B AR 2R A P AN v, TN PR RE S MUBRIEREAS AL s AL AT AR SR (0 SCASWIT A, e DA v
ANEP AR RAE R, MG TR AARVARANE, IR H T S0, SR AR 2>
IS AL PERC B B, RN S th T RE PR JC i 58 4 B AR T3 OS5 T5 Gt o BRI, ORSRBE N s e
Yool A SRS BERORBI A, $2TH7 i PERE, BRAR™ Shiess SebniElh R, @ i@ yn] i
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