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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.

Key words: Biodegradable plastic; Soil microorganism; Plant; Soil animal; Degrading microorganism; Degrading enzyme
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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/ ) )
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il ) DGR 2R, DR AERSE 1 18 b A= W T i B} 1)
A VIR RRAILE], A BRI 4 A2 W ] e it S8 R AE i
7 - BEPREE v () R A e | S L v B i e
WARYE, A AMEREAL 5 8 AU A 1y T i 20kL
e T
3.2 BEMBRHEY

TR A= 0 26 e S 98 v A 0 T R i BRI A 1)
PRt . HATC NACH 58 AR, $3R g
Y-8 WSl RIS 2 A0 IR B T At K
A A Y RTREARARARRE T A (R 1),
HA AT 220k AR T ] Actinobacteria, 8B
Il Proteobacteria FIJEBER [ ] Firmicutes, HI# %
K H F % W ] Ascomycota £l & W W []
Zygomycotina. Chien %54 JA A FH -+ 38 i 1 1 W ik
REfS KM PBSA WYEATEIK Aspergillus fumigatus
L30 F1 Aspergillus terreus HC, 5537 30 d J5 43 5 2L
PBSA WL 30.2%H 47.5%. XfEpH00)
MBI B TR L B E) 6 M TER) PBAT
M fie 40 W, H o Pseudomonas sp. RD1-3 Fl
Pseudomonas sp. N1-2 BFEfRRCRE R, 28 CHiF
8 Ji, —FX PBAT MIREMERIIMIA 6.88%+0.06%F1
6.49%=0.01%. B 1 # ULAY LR - 3RS, A=Yyl
ek e S Rk I A Tk 26 ) 7 AW i b 98 B v 3 0 A
£ . Urbanek 5P AU X 52 4~ - 3R 0 43 B
121 A B AR YT R Sk SRRk R A T T B TR
(4 113 Bk, HE 8 #k), Hrh 116, 73, 102 il
56 FhiE 5> I RETE PBSA . PBS. PCL Fll PLA -
W IE B, WRR 16G ( Clonostachys rosea )
RIS ARG T, ERR T, %k

5 30 d PN RERFTE Ry W58 [, PCL I o 42 4
K 52.91%.

T — Rk, 2R E Y T kAL 1
B R R U W R R R R ARG RE S sy . e
B R R R W R R, B AN R 8 A5 S iy
MRH D fg i & B U A A, e TR AR
T WS e s 4 A5 Oy SOM B DM LSS B AR T
RSB R K . YARAE , BR—Y Stenotrophomonas
maltophilia YB-6 ANGERE# PBS, (K H 5 Fusarium
solani WE-6 HEATIRGH SR WIS Ttk WF-6 Xf
PBS WREARAE 7, X AT RESE th TR YB-6 REWS
Rk WE-6 F&ff PBS F= A= rp el =4, Mimifi
BT PBS MAEWIREME . TR TS, R
SUST B1. SUST B2 il SUST B3 41 3L55 371k &
X PBAT MR BT —Fikk, Hidk 6 d
J5 S PBAT W BT HEH1G 26.1%!°%, W] 3 R
BRXT PBAT (14 fift it B AL DRI A F o Jia A5 iE
T tH Pseudomonas mendocina F1 Actinomucor elegans
AR AR F R R0 PLA/PBAT MIFEMAE A, %1k
ZTE 5 d WX PLA/PBAT (WPEfEH Ty 18.95%, W3
BT —FEHR IR R (P mendocina (12.94% ),
A. elegans (9.27%)), #E—L ot RIILEE TR R
i P mendocina Fl A. elegans 8 i 4t 52 15 A [ 1) i
RIEAFIIGE, Hh P mendocina 5315 1 i
1k PLA/PBAT 1 PLA [l § i /K fife W 24,
A3 NR AL PBAT ik S () 7K f i 24
PLA/PBAT i)} [l ¥ A%

JRAE O B Z2 W T W o e B ELAT HE T e i
SRR Ve, H B AT X B TR AR T R 2 02
TEAEE TR R AT, AR DN T 52 B 1 18R
B, HAE PRI SCR 22 B R HERE . R
. pH. LEMEMFELZFERNLAEEm, I
MELLS B B R RCR . AL, BORTIUE MR
T8 A5 W) AT G i SRR R Ay T B VR T AE 8 45 A2 31 K
T, ABIC TR BRE G U gt . P IR R LR A
SRAL BB T AR, I, ARk T EAERA
25 v A8 o A TR BT R O B b, R T R A
T RE A AT e A LR L 3 — 20 hn 5 v UG fie T
CHE )RS PR3 v A T e it SORH IR S A1 2
DI AIESE , TF A BT R - 438 vp A= ] [ A SR 1K
AR

A. elegans
DL

http://pedologica.issas.ac.cn



1592 + SO 1 62 1
F1 TIEREYTEBRENEBRNEY
Table 1 Biodegradable plastics degrading microbes in soils
R st
273 Wi S Fe Reef o Z: 75 ik
Incubation
Strains Classification Source Degradation characteristics References

conditions

Bacillus pumilus NKCM3201 i A% H 1358 aibE R 30 CHiFE, PBAT MUREMREIR A 12.2 [57]
mg-d'-cm™
Clonostachys rosea 16G HA At 445 gl 28 T3 30d, PCL FIHIBIETER Y B [56]
IR BN 52.91%H1 100%
Acinetobacter seifertii S22 I A B e AigSRIE 37 CHE3E 10d, PCLJREBIL N 34.3% [58]
Purpureocillium lilacinum BA1S — EH A 1 4358 alibE R 30 CH;iFE 30d, PBAT Fiffiise Ny [59]
15.27%
Aspergillus terreus HC HAE A H 448 iR 30 CHE3E 30 d,PBSA FHEHA N 47.5% [54]
Aspergillus fumigatus 130 L A 135 aliligRE 30 CHEFE 30d,PBSA FREFI%L N 30.2% [54]
Aquabacterium sp. CY2-9 EiE) SRR ARSI 28 CHE3E 20d, PCL BB N 98% [60]
+ 45
Laceyella sacchari LP175 BN oy Na e — — [61]
Burkholderia cepacia PBSA-1 ] TS e 1 giligREE 37 CHi3R 40d, PBSA HLEN 78% [62]
Peribacillus frigoritolerans JZ1 I TR A% H 4 1 gk Ak 28 CHiFE 8 Jil, PBAT ifafitdehy [63]
12.45%
Stenotrophomonas sp. YCI1 EiilE) A H - 5 LikEFEE FE pH7.5. 37 C. HFhE 1.5%. % 2% [64]
B 1, 4-T ZEERRRAME TR 5 d,
PBAT Jii 45 2k 4 10.14%
Bacillus safensis PLA1006 Eiile) R L IR 30 CHiSF 30d, PLA FREHEN 8% [65]
Sclerotinia sp. B111V iEN:) LiER afilEgEAEL 20 CHEFE 30d, PBSA I PCL Rk [66]
43509 49.68%F1 33.7%
Fusarium sp. B30M ;) FA 11 afikEFEEL 20 CHEFE 30d, PBSA I PCL Rk [66]
I35 45.99%7F11 49.65%
Geomyces sp. B101 HA R -4 gfikEFEE 14 CH3E30d, PBSA Fl PCL Tk [66]
31K 25.67%H1 5.71%

Pseudomonas sp. RD1-3 il BN 0 AR 28 CHi3E 8 Bl PBAT FREHIAL N 6.88% [55]
Pseudomonas sp. N1-2 YR By AliESRIE 28 CRESE 8 L, PBAT JREMIK N 6.49% [55]

{E: PCL, RO MlE; PBSA, RO —M/T BT —FH.

succinate-co-adipate ) .

3.3 [&fRES

LA Py 5 fie A 0 T I e BRI F
IS8R, AR SR G W A SR A R A R
TR PR EE . B SRR R A 05 P 0 T =2 S g 1D i
(EC 3.1.1.3). Mgl (EC 3.1.1.1) FfJEE ( EC

— R e

3.1.1.74 ) S e F PR K o,
e L R v . YRR
A K SOk R E

Note :

PCL, Poly ( e-caprolactone );

PBSA, Poly ( butylene

EEIESE S 2
o Or S Ak K e
[57. 72761 " Biundo 2% ok P T Bk

TERE

Pelosinus fermentans DSM 17108 B9 g 75 i PfL1 £ 47

T HEAFIKMBGAVE T, 45 R o8 PILT fE
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fit PBAT, HJrTHEN 43.9 kDa, el U0 RS K
50 °C, fif pH N 7.5, FHIELXT . M2AtEm & =
Y 55 ¥ 43 BT 3% W1 i IR T 1.5 I 107 1l 5% %%  Shah 257
MR Roseateles depolymerans strain TB-87 H1/3 5
H IR R G Est-H Al Est-L, 5T %0 31 Fi1 27
kDa, 3% fili RN S AETR (SRl il 30 C,
i pH A 9.0 ), HXF PBSTIL ( T /%K —H
Mg /M) 2% — W R /FLIR T 1&g ). PBS. PBSA il PCL
S5 Z2 R I 2R W RNAR 7 05 A L R R B A
Fff i o Santos-Beneit ZEUSNR T =0 (£ 5
FsCut. igfif AbEst #1775 MRl PsEst) X — &%
Wy A W f# 8 8 PBS . PBAT . PHB . PHBH ., PHBV |
PCL. PLA Ml PLA/PCL ) WYFEffIGM:, 4558 % BLF
iR FsCut BEWEKE R 2 Fh AL Wy vl A SEORE, 0%
PBAT. PBS Fl PCL [ 5 fife 1 M e i, FLIZ BB AE L
FEIRE ST (55 €M 60 C) BRI
T
Bl 55 IR, TG 7K fife Tl 1) = 2 45 g 5 ff
FEHLHIAR R T 2 ST . T 1) 3R T 7K St Tl 32
J&T o/B KRB A, & A S o/B KRBT
TSI S th 2222 (Ser ) —#HZ 2 (His ) —
REHEMR (Asp) SAEIR (Glu) 480 #EfL =
B A Perz ZEVNGE TR IET Clostridium hathewayi
DSM-13479 HyTi5HF Chath Estl REfSFEf% PBAT, i
i RS FRATIE S T2 B8 T o/p KAREE, L5
A Ser200-His416-Glu323 41 pfiEfk =8k, If
B — 1 RS W R R = Gk AR BT T % Y
1AL . Hajighasemi 25173\ 90 Fhafifk i) 12k 4
TR o/B 7K ff B L 1 2 A%t PLA . PCL K HAh R
E A FEIGEREE ( ABO2449 FIl RPALSIL), i
I X RPATS 11 Y di A 548 gt At B2 G 2 A7 B AL 1Y
o/ P-7K R BT S 45 AT Ser114-His270-Asp242 4H
B AL = AR, SR AR IR I i — AP IR S AL =
A o S i R BT S W K 3 BOCERE, R A iR
1E ABO2449 Fll RPA1511 43 jil| 4856 Hi %] PLA 7K fif
WAR G R L AR TR A ( ABO2449 1) Phe38
Ml Leul52, RPA1511 /Y GIn172, Leu212, Met215,
Trp218 i Leu220 ), WAk, WA i@ L5+ 2 ki
e SR TR 7K A it A4 b 250 30 R AR P 1 AH DG A
Yang “5U7RIFHRGEASRMEIEHE T RIET Thermobifida
fusca HIFH RN TfCut X PBAT RYIRMRACR, FHid
Al R 5 A6 f BT L T BF A R TfCut (WT TfCut ) K I

FAM ( TfCut-DM ) HYJRYIZE 5 AL, 45 R R W]
TfCut-DM JIEH 45 5 F AR SRR in vl fi 2 5 BOHL
iR S8R i v R L LR

T SR 7K AR T A1 A 0 T I A SR i o e
FOSCBENE T, AT A RIS 3 1 SR R K i il 9 42 3
DIRERIE | S5 Mg AT e o Tk i R T TR T — &
FUBIFTE TAF . BT SR TG 7K A I A4 5 X 5 05 2 0 2
W, HZr A etk i e gk, (HEAR
Pt O A i i I LA MR 22, MELA R T T &
SERR I P A W T R SRR FE RO B Ik,
ARSE G L AN TR A YR B R R e, SR Tl ik
BB ELR BTG . RIS, 0 o — P IR ADE S g Y
PREOR AR, R A B I ik A A SR AR 1) 24
i DR S P SRR, O AR AT A 2R B4 i
07 1 2 i R AL B 2 RO i U

4 MRS

B T IR g ih BB R Y 18 20 58 % 5 K
S, TR AT A S L S ik R SR T B [ R
M Bk A . IR AWTST AR W) Al i BRI AE S35
R A SN 5 B A I R BILA AN ILRE RS TRAL RS
A=Wy T R A SRR A A R IAIR IR RERS S SE L
A= W) T R A SRR A S e v AT S S AR A O
TR, X TR kA W T B SRR N L HESh
F 1 SRS Y i B 5 A AR BRI T SR R i BAT
HOCo FETYROFEBUR, XA Yy n] i SR AH O
WFFEdR it LI T R

(1) o W A=y e A S0 ) P 53 i oA T 5
HL o A= T o fige SRR ot o S 2%, A i i
A AR P ST USSR L BURAL BRI
A, I, T EEE X LE SRR Y A 2T BN o
WEA A A By AT A A G o e v A A o )

W R BN FE T TE, AT IR AR ) T I A S e ) 2R
SRR I REIAR | BN R R
TR T A2 0y T o figp BEORL T B 8 (g e ) 2 e L]
N2 f B2 ST A A 0 T R A A 2 2
A RE A A W T it BEORL R4 5 5 BN S R o
753

(2) T nsie A= 4y vl e i SRR 4 A AR AT
HEA LS B A W AT R AR IRRL LRSS AR T

http://pedologica.issas.ac.cn



1594 +

=

62 4

MR LG IR —FERIE SUROE R . B REWT
FER WL GRIE R R 20 s . Y
AR A e, (B H OG- A 9 mT e fi i e
BEX A S R BRI R 1 R SR R AL, G
WEFEE D o PG, 5 BN AR 4 AT R A S R AR 2
OIS, ARG AW AT R OB R R A S R
SR L VDSBS BURCE Y/ LATE I VRS N
A B A4 TR A KU

(3) T RFCLE YT Wi SRR D7 S P A I
PRIEAT o kT Y IR 0 R 0 JE VR MR
Il £ 9y T o figp SRR S B L b B R AT R 5 3
RONE, MEL 5 718 A2 ) figk BEREOF 1 M A AR T Y
18k AR AN, AR S 3 P A R 3R BT AT
RIS AE R M BIL ] v 5 TRARTE

(4) Wiz m b m () MIIBERE, JTE
AWy T . BRI AT ik 2 2 R B A el
I fifp YR G Ak S RE A BRI PR S, (FLR: L 410 1Y B B
TR 3 it 80 3 3 3 6 T EL L IR A AL ot o AN T Af o
HL, 5T IR A T R it il 1) BT 5 22 2 A S 0 2 i
TR R REAT R, TR T AR SR - HERR A v B
MRS SRAL ML BT T8> o Il w5 2t — 242
B 5 2 A A T A D RE A B IR, IR AR ST LR ML
[Fi A Ay S g 20T 4 A IR A W L AT
TR = D RE A (Y T M AR L RS B TR
T HERREE AR AR (R ) R RE M) A ) 5t AL BT
G, AR W A S B g v A T S AR Y
RS

(5) T RN 23 v A Wy mT o fige 2EORL B R
VoKL . 7R SE PR L HEPRIE b AR ) AT e i 2R Y
i Rz B Z RN (S54ll. ra, 45
A BE SE R B S PR ) FIAMAL (SRR L B
PAEYIRE R AR EE R ) I 3ERE N, N
[Fi) 7o 2 A= 0y ] I A SR AN ] - SRR 5 r 11 3 fip S
WIAFAEANTE T, X LR B e & B3 A s ] PR 780
fitb o DRIL, FERKMETEH, WIRAG L Y)
T 5 ik SRR B4 (ol A A S LB, T 2 i R fip
AR SCHE N R L AL, Sy se Bl e AR Y
T 65 i SRR ) e 28 T A SR I B4R

(6) TMsRBE AT, @bk R, AT
WRRFF o AW AT B SR C B AP TR AT . B
R PR ESURATREIN A, EE H AT AL T
VI ERER B BE, BR T A7 A A 0N AN R g AL il

ANBHTRIEE, Ay ] I g 2RO 1O P v e T i FC A 1 22
PRE . B, ARECTEGEIRRL, APy T I i SRR A
PR, INTAERE S PUMIEREA 2 5 AT R
fifp SRR SO, A IAR HE R TEREAN IR R A
Sei, MRHIA IR A ARUGRAR, [kt
BTN, i = AR L A 0 28 IS B SC S 800
A BRI 5 o n] R DX TG U 5 4 A Ak i 3 BRI 9
oo P, RN A Py AT I e R OC SR AR BF
S, BT RAERE, BRSSO  SEEARHEIR R
SRS A A A AT R SRR GIE IR 2, R Th 4
PR EEATT s IR E AL I RE, W i s Ak 5 5K
TESE AT R LR AT R SRR SR B AR S, D)
A W R AR SRR BEBL A
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