2025, 65(6): 2365-2381 G =i
CSTR: 32112.14.j.,AMS.20250044 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20250044 http://journals.im.ac.cn/actamicrocn

Review EE5S

W Y% iR R e A0 R B e 2K o IR AV A SR i Fe

EE, ERT, RAZ, RERY FRBY 5

1 VLSRR IR S T TR =B, BRPE 75%
2 BRPGEBAIOTT T, PRy Py

3 BRPEE RIS A A A s, BRI P

4 mag R R FHE AR, P RJE

EE, EIR, ZA =, AR, a2, 77— (A YR i 3R e R SR ik R 6 IS M B A A 5 o R [0]. T #0274, 2025, 65(6):
2365-2381.

WANG Yu, WANG Yan, NIE Hongyun, YAO Jianmin, LI Ruizhen, WAN Yi. Advances in microbial degradation of polyester and
polycarbonate-based mulch films[J]. Acta Microbiologica Sinica, 2025, 65(6): 2365-2381.

W E: AT M4 #F 3 (biodegradable mulch films, BDMs) VA 3 )~ [ 49 5L B A = Ao £ 25 R AT 45 4
ERGIRARAEGWIE, A BEO EFTEFARES DR, B5k, KREELYTHRE
WIE A A B ARARIBAFT 2 F Rk, AENBNEZF 2 EL T RRAs, RETRT
i, AT SRR AGRIAR PO IR, T Zi;etﬁi %Pé’a BEE vhm;z%vﬁ%ﬂ;%
REWES., AT, ALEAEIHT 5 AHBE N R AT 769 b L fo I o8 BRBE £ A& W <] IE R e
JE, BRI T X ﬁbi&ﬂ%éﬁi%f‘%@f:ii%&;trkﬁﬁm% frﬁ;tj—_i;zéilw #5000 AR R IR AT

TREYE., KX AILE GG ED TR ARG P o) ARk TR, iz KBB4 S
R R RBAET B AH, ﬁi%T%@%k%k%@f LR ARAET R SR R

KRR AR, BAs, BAMAS, B, rEA L

PO H - [ K E AU R (2018YFD1001000); 8k 76 4 2R 75 25 22 4 B 4 S 06 % T 2k < (QLES202501) s H [H B 2
W% P4 22 23 B < PE 38 2067 A A B 951 0(2022S-1); 1l 7545 5 AU &% 1 %1(202102140601011)

This work was supported by the National Key Research and Development Program of China (2018YFD1001000), the Key
Laboratory Project of Shaanxi Provincial of Qinling Ecological Security (QLES202501), the “Light of the West” Talent Cultivation
Program of Xi’an Branch of the Chinese Academy of Sciences (2022S-1), and the Key Research and Development Program of
Shanxi Province (202102140601011).

*Corresponding authors. E-mail: NIE Hongyun, nie0212@126.com; WANG Yan, 900smile@163.com

Received: 2025-01-15; Accepted: 2025-03-16; Published online: 2025-05-07



2366 WANG Yu et al. | Acta Microbiologica Sinica, 2025, 65(6)

Advances in microbial degradation of polyester and
polycarbonate-based mulch films

WANG Yu'?, WANG Yan*’, NIE Hongyun'?", YAO Jianmin®*, LI Ruizhen*, WAN Yi’

1 School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an,
Shaanxi, China

2 Shaanxi Institute of Microbiology, Xi’an, Shaanxi, China

3 Shaanxi Key Laboratory of Qinling Ecological Security, Xi’an, Shaanxi, China

4 College of Agricultural Economics and Management, Shanxi Agricultural University, Taiyuan, Shanxi, China

Abstract: Biodegradable mulch films (BDMs), distinguished by their extensive application
potential and ecological friendliness, are progressively supplanting traditional mulch film and
considered as a highly promising approach to address “white pollution”. China has witnessed
notable advancements in the production technology of BDMs in recent years, establishing a strong
foundation for their large-scale manufacturing and widespread application. Despite the great
prospects of BDMs, the complexity and controllability of their degradation process, alongside their
potential impacts on the eco-environment, remain highly concerned. This paper comprehensively
analyzes five promising polyester and polycarbonate-based BDMs and delves into the primary
degrading microorganisms and their degradation mechanisms. Furthermore, this paper summarizes
the current research regarding the impacts of BDMs on the soil environment. This review aims to
lay a theoretical foundation for discovering efficient microbial degraders, pinpointing key rate-
limiting steps in degradation, and enhancing long-term ecological effect studies, thus providing
new perspectives and solutions for the large-scale and safe utilization of BDMs.

Keywords: biodegradation; polyester; polycarbonate; enzyme; soil ecology
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Table 1 Basic characteristics and properties of biodegradable mulch film
kR LiEzN 2 3EN WWRET YRrEhE 22530k
Material Monomer Structural formulas Common Physical performance  References
polymerization
methods
Polycaprolactone L TR Open-loop Exhibits depressed [14]
(PCL) g-caprolactone o) || polymerization  thermal transitions with
method a melting point
n (T,,=60°C) and glass
transition temperature
(Ty=-60 °C),
demonstrating
exceptional
processability
Polylactic acid (PLA) FLER(EHACHE) [ O Polymerization, Distinctive thermal [15]
Lactic acid H 0 open-loop stability manifested
polymerization  through elevated 7},

n method, (170 °C) and T (60 °C)
enzymatic exceeding conventional
polymerization  aliphatic polyester

systems
Polyhydroxyalkanoates Z 12 3L 5 [ R 1} 0 - Presentsa T, of 145°C [16]
(PHA) Hydroxyalkanoic { H g with adjustable
acid o " physicochemical
(CH n properties through
monomer compositional
engineering and
stoichiometric
optimization
Poly(B- 3T IR CH, Displayssubstantially ~ [17-18]
hydroxybutyrate) 3-hydroxybutyric elevated T, (180 °C)
(PHB) acid \L) concomitant with
superior mechanical
rigidity and pronounced
- brittle fracture behavior
Poly(3- 3-RRT IR Enables precise [19]
hydroxybutyrate- 3-hydroxybutyric CHs ﬁ s |O| property tailoring via
3-hydroxyvalerate acid o controlled
(PHBV) 3-FRELR Q n m 3-hydroxyvalerate
3-hydroxyvaleric content modulation in
acid copolymer architecture
Poly(butylene [ o) Melt Thermal profile [20-21]
adipate-co- Adipic acid 0 O 0 polycondensation comprises: 7,,,=
terephthalate (PBAT) 7K iR O s 110-130°C, T,=-30°C,
Terephthalic acid n Y crystallization
1,4-T temperature (7;) 110 °C,
1,4-butanediol and crystallinity degree
(X) 30%
Poly propylene AR 0 Coordination Features markedly [22]
carbonate (PPC) Carbon dioxide )|\ copolymerization elevated phase-
e o) 0] transition temperatures
n

Propylene oxide

with 7,,=160-170 °C
and 7,=30-41 °C
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M, B H DAL MAT hy F2 A MBI
Lt 82.6%), Hibpidi Az K T, =(48+1) °C15 HENL
R A OG s TAE 25 CCHYHRIR AT, B
TR & B L AR R 76.3%), FFE IR
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K, A PCL WRE M5 40 7 28 WA .
Soulenthone 25 P 7K Ha 43 B H — KR g R (B
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I o
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4. Feng Z503a i 72 35 R 21 i 1 Al 22 RS ASL40)
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T b LB AR, A B e e R R T

e firk G 1) R AL B0 o PR A0 R A
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WRPEE PCL 58 2R, I e I8 H T AR AR <X
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A [) P e R T S0/ 3406 2 A [) A o i R o X
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TR B T 1 Sy St
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AR R 26 W [FI ML 1 AN . Tseng 250 AHEAE
PR Z b B I RES [N B A PCL, 5§ 3-323% T
i% i [poly (B -hydroxybutyrate), PHB] %% 5 fig 1 ¥
(A R (o0 )8 T/ N U . = iR R
PR R« B T R SR R R TN R
85y, RE YRR KT IR DL B2 41 T B
BEAY, BOK PCL YA W) I b 0F 90 T8 PR 5 i 107 5
SEPERL L B 52N Bl )2 LR G R Vs
(AL ] 45 7 T A 1 S R, Rk E
WA o> TS PR oAk, TZE Py
T2 55 R ik Wl 10 DA 455 2 TR SV 22 IR BT A o
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HEB A BUUE PR T iR AR, SC R ff AL
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FERE S PLA MO, AT —F
G BT ) S oy e i o PR A I A ) 32 %2
BAE S W E : BE2wE . BoE RINHE .
W WE . FEATEE AR R R, ik
LW s E A A, TR R (AR
TR ) IR B TR (AN PRk e B) o X PLA b JiSEA 58
H A B 0 B A ) A T TR T T Y AU
TG KR T @ o Tkura 2604 43 B (4 000 B R A
(Amycolatopsis sp.) 3118 Wk, 18 12 d X PLA
Y 4 fi % AT 35 3] 90% LA b Pranamuda 250355
it PLA ZFLAL & 8 7 A DN 4 48 0 ik HY — K
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Amycolatopsis sp. HT-32, ZHE KL 14 d f#E
JREFRAT A 60% 19 PLA R A Fefde, IF HiZ
e it 3ol R AT Ay 3 B2 ;. Nakamura 5550
300 fo AL b b 43 B 0 5 B Y Amycolatopsis
sp. K104-1 i #k, BELL PLA il —BR ALK,
FFE R AL BT PLA AR B ——2F 15 22 R
fiff PLD, JIESS T PLA MUBSf#ERE. Li PTMARTr
8L TC A iR T MVl (Amycolatopsis orientalis subsp.
orientalis) " [F] B 4lifl HY 3 Fh & g 41 22 2 1R &
fitt PLAase I. PLAase II, PLAase III, H 3 Fifif
YIH R AP R ROR , #E—20RW] PLA fYREf#
ity PT REAE Sy — b 2 1

Williams %5P% %F 4+ B 1 £ Kk &
(Engyodontium album, |HFR Tritirachium album)¥¥)
R K 47T PLA A YR L. Oda
AR 56 AT 5 2 I ABUEAT T PLA BRI
K, G R AR g JL-F-XF PLA Josgm,
PEAE O AR A R M I M, T &8 0 g
I FA 035 1 R LR PR A M s X S g AR
FIEE R 2ok A A B E . RO AE i A
AT W RI M LG, X AT RE 5 A4S [A]
SEFFMIEIEALE A 5. Matsuda S04l fk T —Fif
W, AT PLA WISETE 48 h Nk AR AL, FEfR
ik 90%. LAk, ok B 8K M B (Rhizopus
delemer) 1 fif V€ ¥y 28 ZF il ¥ & (Paenibacillus
amylolyticus) TB-13 WG, & A L AT
W (Bacillus smithii) FIBREE LK A B TRA SR REKE
B (Delftia acidovorans) TB-35 Bk 1) 5 B 5% 2 Bk
R R RARE KT PLA A FE#RE ), Akutsu-
Shigeno 2%k [ P. amylolyticus TB-13 [ PLA
Wi B D AT e B, JFE R R A RA
(Escherichia coli) T A7 IRk M2ifl, 4ifk
PAFIEL PLA 2R PlaA FRIL I XF ZFhaT
FRERMRCINR T IR T MR . BT —RC
PiE ISR C N R A5 R B A 15 1%, HAE 90 min P AT
SEA WS> T84 5000 g/mol ) PLA, Ff H I
fiff ORI i T AR U Ko 2R M e 3 1
re AR, AN SRR 28 I 7 Y A (B Ak LA
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HET BB =R AR, WUESE) I AEE T AR IR
B iy B D B E P & PLA RS TERR AR ISHT

4, Watanabe %514 ARG 1 43 B H Bk
W (Cryptococcus sp.) GB-1, & ] ;= A= 0] A= W%
i SRR i B, R AN TR R AR K
GB-1-DMCT,  H: 75 ] %3 /Al SR 44 2% o
PLA R BERG PR AR AR T 3.1 4%, iX—3L
E VN ANV GECTIN: By VR g e L Xiiih 2
e il 3 1 3R (EARTE B AR, BT
Yyke S g N0 R TR L- LR A A
(149 28 g 06 1, T X D- L R 2 B M A R B
IF H X SR FLIR 0 25 i B B AT AR = i U . 31X
Fh2E Sl e SR RGO 5 PLA % Ry DLRD
B G X — R B R it — 25 LAk B A% S AR 1E
PR s P T B . S TE PLA [T
24 US TR EZ R, (B V2 R 8
fifpeke o gan,  nfef 38 ik 1) E A6 S O T e Y
SEAARTEREAE AL, G e] i B A R 2% R
AP T+ TR G RR 1 AR 1 ek i S o AR A
TS ) P A AT B T R R A M B PLA 1Y
T VI RERRAILE, JF R TR A 0 SR R 2 %
fil PR BEOCHETE =
23 {ER T PHA thiEMIBE RN EY
X B

PHA J&—ZR i E W) K & iU B A AN )
SEFRRE WAL R G, PHB. 3-F235L TR AR AN
3-SR TR Y HE R Y [poly(3-hydroxybutyrate-3-
hydroxyvalerate), PHBV] 45 ¥ J& T PHA Z ik i
o PUH RAF A A AR 2 M RN A, PHA AT
W Z MR W B EL A D B e Sk 4T, Pérez-
Arauz S5 I B AL AR S50 B T O i S — it
IRAHRE, XECRBEAE 80 d YT PHA i A It R%
fif IR B 75%. TEIXLRGE T, B
(Pseudomonas sp.). KWi%RA [CHE(E. coli), #hH
M & (Halomonas spp.). Vb wa JR W5 5 i A 4 £
W (Margalitia shackletonii) 1 % H 57 i B
(Cupriavidus necator)35 %15 T XHE/EH . Chhetri
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SRV 4 e 43 B B — PR BERF 7 PHB B S BE 5
(Massilia sp.) JJY02, 1% 7E 28 °C &1 MU
20 d LAERT PHB S2R 90% Fo ik e fire,  FLRA s
BRI 5 T Pérez-Arauz 51 1k 21 A0 TR & R i
PR

Abe ZEEONE— B E 52T A W i) A 43 i
it &1 it B il e B fit PHA, I HL X 643 A= 4 vl A1)
Moy b G e B =y itk f A K . BT,
Bl M i AR BB B | i FC AR B R L 26
PEBR TR S AL A T B i T Y N i R L AT
BN T h Ay B alifk i 2 PHB ff SR . 1X
S SR ) ICPERF SR R B, AR AT LS M T
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Ve R T B K e R TS 0 7 o5 5 K A A 0 T
RIWAELS MYERER 4>, JFZ TR A R4
SSRGS, HEHEENE, REREWT
G EER T A A R A B R

PHA 488 A= W et i M BB -5 L 45 A0 FR AR 2%
YIMEE, WES, MAEYE N PHA B9t F2 DL &
PHA 78 PR35 () B it ol R0 5 SRR Tl A D B v
A L R S ORI MDY R BT B I ik SR il
X RS o 50 iU AL, HE R T R ERRE
fiff 3t A v B BT HE AR X B K A 1Y B ) 25
M), 3 OA A ok F & W] 928 B fiff 33 %6 1) BDMs 241t
THIS K
2.4 1EFT PBAT HbJERYBE AR E 4D
K g

PBAT E—FHc . 1,4- T XK
W R G A LA IR W -5 L R R . BT
T, PBAT MuEAEYE 2 Fp il W2 iersse,
AR . R . SRR AT
PR S RRORT 1 20T, R, — BB BEAE b
I EENMEY, WAEE . AR
HO R E . %R, R PR
PBAT i fi5t i 78 S8 SR, A [) 3 A= 9 4o
PBAT A BE IA7AE B 22 5 . XM
WEErh i e il 2 SRR, Pseudomonas sp.

RD1-3 Fil Pseudomonas sp. N1-2, E {11 28 °C
%M F 56 d FI%T PBAT (P& 5AVAT 6.88% Fil
6.49%. Sun 58 —FRBELL PBAT A —
IS A K B 8. R FT B (Enterobacter hormaechei)
WX-2, Z W £ 60 d X PBAT 19 K% fit % Ky
20% — 25%. Jia ZEOV R E 48 (0 = P A
(Thermobifida fusca) FXJ-1 7 9 d N X%} PBAT L
J¢ PBAT-PLA & A B (1) B ik 22 1T 4371l i5 2] 80%
1 50%, FEUESE T fusca X PBAT HA %5 = [ fit
RE TR IRIET, 205538 5 A Sk LT 4 A ) R o
Bl PBAT &5t (1435 Jiin i 46 A1 A B AR, B
w b, PLA 5 PBAT #4178 & B0 24 = 4= Ppla]
BN, R PLA 4—F4 ) 5 7K fife g ok
Y5 PBAT 4544 P (R 32 A i 2 T A B A M
G, H PLA 51 AREREIR PBAT 9145 &
AT, BCERE SRR RERIENE, A
AR 7K 7318 38 AV A P e o, 2 Jon 3 e
fifto SR, SCHGEIE BN, B AR AR
RPN T 21 PBAT 1A%, iXn[fig5 PLA etk
BT X G T R B A A VR ) A B A
PEEFA K,

PBAT 7 38 (1) Rt i 32 Z2 Fh 2458 R R 1|
2y, LG IS . AV SRS . Zhang
AR 5% % I, PLA/PBAT 7618 B 60% FI pH
7.0 W SRAE TR A, XA RE S RN R T
T 0 R e A OG5 e aE SR R, Y
RO e 25 A 0 3 B T 0 e o o B e
PR 2 [ SR AR SC A A 2 B . Han 25010 38 1 +
BT RGCHRSY PBAT Hb R i (1) e sl R 22
KIS+ T PBAT M) 4k %.(16.0%) 1% = T
1 1(9.0%) . B +(0.3%) FIZL1E(0.9%); 223
Horbrian, WP RUE YIRS X PBAT i i 5T
MUk, & PBAT /KMEREE . BLAbh, 124:4R
J&4 T8 J& (Bradyrhizobium) . 53 W 1 J& (Variovorax)
IV I3E + AT 1 J& (Ramlibacter) 35 9% % 52 B AU ves
FEREAR R, RS PBAT [RA#RE 1 2 IEAH
FeBS6) X L ISR T PBAT [R5 I FR
KMAMERER D ERIRR, (i T XS R ek
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SE R R B B AT T, R BINE R E . R R R

HArc AN . S 2 R ks
PBAT [&fi# i . Dresler 25\ T fusca H/3 85 5]
Xof Jg W 1 - A T e R i EL A R i A i e T R 7K
ffllE TOH, H &SI Bl (1) LK (btal 1 bta2)
T — NI T L, &R YN 92%.
Gouda ZE7HE— 4 % B THH A 15 37 3 (19 43
W SN BB R R REE R A G, BT
V. Wallace S5 1o 25 1 o 4H 2 0 ik 0y 1k
MBI BC B B (Pseudomonas oleovorans) %
T OB 2 B PpEst, A& BLH AT /Kf# PBAT A= i,
YR “HER A 4- 723 T AR FE K IR . Yang
AEELONIE S ff I A L VR AR fiE 1 i PBAT [ fit
fit}, BERASTE 48 h INSE2 /0 PBAT. [FIRY, it
7 JF X5 785 55 s il B W % - 11 AR L I Pk
B TREAL A T, R0 O g %) R i %
XSG PRI UE T R S PBAT [ 00 501 B,
HHITFARRMNE TRE R, LIESh PBAT 4404
fEFEAR
2.5 {ERT PPC HhfEHIFERRRAE Y K B

PPC jZH CO, FIFE N EEEMEALRIMER T,
i 3ok e SR I N A A% TR A TR A . PPC
PR HL 3 5 K P BELRS T A B S e e, iE
177 R T L 1 B ) i R B 8 AEOR
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Table 2 Degradation microbiome and basic characteristics of BDMs
FORE R RTREREE AL TERR PR TR Feffaly e 22530k
Material Types of Strain Source Degradation Degradation rate  References
biodegradable mulch period (d)
film
PCL PCL mulch film Pseudomonas sp. Activated sludge 3 100% [32]
DS0901
PLA PLA mulch film Pseudomonas Soil and wastewater 20 Around 45% [42]
geniculata WS3 sludge
PLA mulch film Stenotrophomonas / 20 10% [42]
pavanii CH1
PLA mulch film Bacillus pumilus B12 Soil 2 / [76]
PLA powder/tray Actinomadura / 3 99%/32% [77]
keratinilytica T16-1
PLA mulch film Nocardiopsis prasina Ocean 60 (1.27+0.19)% [78]
PLA mulch film Priestia flexa PMPHB7  Soil 21 73% [79]
PLA mulch film Bacillus safensis Soil 30 8% [80]
PLA1006
PLA mulch film Tritirachium album / 4 78% [81]
PHA PHA mulch film / Soil 80 75% [48]
PHB PHB mulch film Acinetobacter junii BP25 Wastewater 77 83% [82]
PHBV PHBV Alcaligenes spp. Soil 365 13% [83]
Pseudomonas spp.
PBAT  PBAT mulch film Enterobacter Soil 60 (20.842.2)% [60]
hormaechei WX-2
PBAT mulch film Thermobifida fusca Compost samples 9 (82.87£1.01)%, [61]
(PF, AF, PPSF) FXJ-1 (87.8342.00)%,
(52.53+0.54)%
PPC PPC mulch film Bacillus subtilis J16 Soil 30 9.95% [73]

P rp Bl A</ TR BT | TSRk AR 2

The separate ““/” in the chart means that it is not mentioned in the cited literature.

WNHEE . BB LA BE R AT A, SRR
YRR RO AT, XN R EZ
PRSI B0, ALARIR L . pH. YL
AR B A A5 S SE  RALRIVE T
51 5% WAE W) 1n) BDMs IR 3 00 A S 4 .
Horb, 20T o 22 FE I TS AR A 5 IR
AL, TR AR A 4t R Rl R S e S M
Wio B ZHEIEIMT s B AT S e i B B 3%
SO, Ju SR ) 0 PR A IR SR
ZHL G IS [ Y585 X o 8 3 1 240 TR R VR 1) B 24

P EA L HAER . XSO A W AL AT S
LB 5L A VR A A A D B 1 D 25 TR R L TR 43 2 R
JGo (2) AR, AW EA
R S PR 0 SR, QKRR . AL IR R
A1 BT 16S TRNA JE R IRE, T30 3 K i
fifg . ARG . 2T 2 2 A A O B T e
R 2 A . X SE i A o I B AIL SRS HE R
ISR, kg A
KL, ¥ 2 A0 R AW 53 i AR W sl A )N
T, X—it P2 BDMs [ s, N
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Major steps in microbial degradation of BDMs.
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Figure 2 Effects of mulch film on soil ecology.
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