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film mulching ( control, CK), polyethylene film mulching ( PE), biodegradable plastic film mulching with a functional
lifespan of 55 - 65 days (BDM, ), biodegradable plastic film mulching with a functional lifespan of 65— 75 days
(BDM, ) , and biodegradable plastic film mulching with a functional lifespan of 7585 days ( BDM, ). The results showed
that biodegradable plastic film mulching affected soil nutrient contents mainly by regulating soil temperature and moisture.
The soil salt content and pH under biodegradable plastic film mulching treatments were lower than those of the control,
while the average soil temperature and average soil moisture were higher than those of the control. The soil organic carbon
content and organic carbon storage in the BDM, treatment were significantly higher than those in the CK, PE, BDM,,
and BDM, treatments ( P<0.05). The contents of water-stable aggregates, mean weight diameter, and geometric mean
diameter of soil in the BDM, treatment were significantly higher than those in the CK, PE, BDM,, and BDM, treatments
(P<0.05). In addition, the fractal dimension of soil aggregates in the BDM, treatment was significantly lower than that
in the CK, BDM, , and BDM, ( P<0. 05) . The contents of aggregate-associated organic carbon and microaggregate-associ-
ated organic carbon in soil under the PE, BDM,, BDM, , and BDM, treatments were significantly higher than those in the
CK (P<0.05). The contents of macroaggregate-associated organic carbon, mesoaggregate-associated organic carbon, and
microaggregate-associated organic carbon in the BDM, treatment were significantly higher than those in the CK, PE, and
BDM, treatments ( P<0.05). In conclusion, biodegradable plastic film mulching inhibited soil salt return by improving
soil hydrothermal conditions, promoted aggregate stability and organic carbon accumulation, improved soil structure, en-
hanced soil nutrient availability, and then increased soybean yield. Among these treatments, the BDM, treatment exhibi-

ted the most significant effects on soil improvement and yield increase, which could replace traditional polyethylene film

and be popularized and applied in coastal saline-alkali farmland of Jiangsu province.
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Fig.1 Precipitation and air temperature during soybean grow-

ing period
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Table 1 Basic parameters of the plastic films used in this study
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Fig.2 Soil temperature, moisture and electrical conductivity during soybean growing period
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Fig.3 Diurnal dynamic variation curves of soil electrical conductivity under different treatments
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Table 2 Soil available nutrient contents under different treatments

fb s TR fire 20 R P B
(mg/kg) (mg/kg) (mg/kg)
CK 89.87+2.28d 85.03+0.53¢ 127.20+2.40c
PE 92.45+2.21cd 90.68=0.82ab 141.47+1.71ab
BDM, 97.30+2.24hc 87.08=0.96bc 137.57+2.54be
BDM, 103.88+4.03a 94.60+4.11a 151.97+5.61a
BDM;  101.85%1.85ab 92.86+1.02a 150.30+3.72a
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Fig.5 Soil organic carbon content and organic carbon storage under different treatments

1AM

1

uililli

BDM
b F

F-¥ B 47 (mm)

Zik 40 gl A2

1.2
1.0
0.8
0.6
0.4
0.2
0

3.0

2.8
2.6
2.4
2.2

0

1

T

T

T

il

1

10[

10]

BDM,
Qb3

CK AR X IR) ; PE . 78 5 B8 Z M HUBE ; BDM, - 78 35 BDM, 2L Wi 55 ; BDM, . 7 35 BDM, 2= Wy i BDM , . 78 5 BDM, 2E 7 e 3t
i, AL ARG SR FOR 22 53 3 (P<0.05)
Bl 6 AREALETEFARGKLER
Fig.6 Soil aggregate structure under different treatments

B BDM, 4b B K 5 BA R R 3 = T CK (P<
0.05) .

2.6

0.05),

FW T CK.PE 43 BDM, 4b 3 (P<0.05) ,

BREAENASFEEENE
i 4 pron, PE 4L BDM, AL FF  BDM, Zb#E |
BDM, &b B K &7 B 1 AR B R R T CK (P<
BDM  AbEf  BDM, &b B K 5 BRR AT 55 50
PE &b

A

HRFEEHT CK (P<0.05),

BDM, Zb 3 BDM,ALEE BDM, AbH K & A kL
PE Ab# BDM, Ab#f |

BDM, AbHf BDM, &b Bk 1 520 7= i g 2 /= T CK
(P<0.05),



86

FARD NI S| A=

2026 4F 5 42 1Y)

£33 TRNETEARCENKRSE

Table 3  Soil organic carbon content in soil aggregates with differ-
ent particle sizes

hE k%§1$ﬁm% FPLEEJN@’MB‘% %ﬁ%i‘éﬁiﬁm%
o (g/kg) o (g/kg) o (g/kg)

CK 10.37+0.14¢ 9.32+0.15¢ 6.84+0.25d

PE 10.89+0.11b 10.16+0.21b 7.44+0.09¢

BDM, 10.56+0.12bc 10.15+0.19b 8.07+0.13b

BDM, 11.29+0.04a 10.92+0.01a 8.52+0.10a

BDM; 10.78+0.09b 10.33+0.29ab 8.82+0.08a

CK: ANEREXS 8, PR, 2 75 3R Z M HUlS ; BDM, . 7 35 BDM, 4= ¥y [t
MR ; BDM, 7 35 BDM, 2 4 [ b Ji  BDM,, . 8 25 BDM, 2= #) B/
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Table 4 Soybean yield components under different treatments

3 BB AT IR SRR o o
b ‘ \

I (x10°Kk, 1 hm?) () (ki) FOHLE (g) (kg/hm?)
CK 21.18+0.03b 20.20+1.16b 1.31+£0.05b 19.42+0.25¢ 1 017.40+21.82b
PE 21.31+£0.03a 18.24+0.67b 1.54+0.04a 19.88+0.12bc 1111.06+£21.43a
BDM, 21.34+0.10a 23.28+0.80a 1.46+0.03ab 19.98+0.19ab 1 094.42+23.59a
BDM, 21.29+0.06a 24.01+0.84a 1.53+0.05a 20.44+0.08a 1 156.39+14.94a
BDM;, 21.31+£0.03a 19.87+1.69b 1.48+0.11ab 20.37+0.13a 1 146.86+8.75a

CK ANFEEXT B PR 7 36 3 O 5 s BDM, . B35 BDM, A= Wy RS b I ; BDM,, « B 35 BDM, 2= B I BDM, . 3 35 BDM 25 R st

IR G AN F/INEG FREFR R 225 835 (P<0.05)

£S5 BEEEXESN

Table 5 Correlation analysis of various indicators

By SOCstock  SOC BD AN AP AK W T pH PPA PN SN SWw GY
SOCstock 1.00

soc 0.96* 1.00

BD 0.60* 034  1.00

AN 0.67* 0.68*™ 0.31  1.00

AP 0.53* 0.44 047 034  1.00

AK 073" 0.70*™ 045  0.80™ 0.60* 1.00

WSA 091" 0.86™ 0.59* 0.64™ 0.50* 0.73™ 1.00

14 0.68* 0.74* 0.14  0.46 047  0.55* 0.56° 1.00

T -0.03 -0.04 0.02 -045 013 -035 0.06 -0.31 1.00

pH -0.58" -0.44 -0.67"" -0.65" -0.29 -0.66" -0.63" -0.19 034  1.00

PPA 043 025 071" 0.17 056 048 044 030 -0.06 -0.43  1.00

PN 0.46 045 027 0.53° 017 045 028 034 -037 -0.60° -0.03  1.00

SN 0.05 -0.07 036 006 012 015 030 -024 022 -0.16 042 -0.64" 1.00

Sw 0.62* 0.50* 0.66™ 0.73** 030  0.67™ 0.60* 027 -047 -0.83" 0.51* 038 029  1.00

GY 0.69" 0.61* 056" 0.52° 044  0.81™ 0.63™ 044 -024 -0.69™ 040 0.52* 0.08 057* 1.00

* RN (P<0. 05) 5 ™ FARMCIEN 2 (P<0.01) . SOC: L3EATHLGK & Ht; BD . 1A T ; SOCsiock : T 3EAT LB A 1k ; AN - S8R it
RS AP LU S AK ;LSRR 5 4 WSA UK VE AT R & 4 W L BERR R T MR PPA R ERRE PV KRR
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Fig.7 Principal component analysis of various indicators

g5,

B7 fEEERSDH
3 97 i
3.0 YRR MRS T IR

AWIFFE S B, A Wy 3 i o 7 i A P 88 5 3
AL pH (AR T IR, b P IR S 2R
TR R MR R RO A K AR
R G0, R BEAS K AT N R )Z R BRI ST,
A B TREAR L2 RS B[R] 3 5 BEL BRS
T HIEERRZM MKy s e, (e i o3 1) £ e TR
JZITRS I VEIAR IX 1 Zr B R 2
SELIOTRIF ST RN, £ A gt IS 1 e S o R v T
Fid PE M, — 2 A3l S ORI OCR O A
FHIESE, X EEIE OB TR R TR LR
fifp L SRR A i | AR A A R R s S B PRl DR
PERETRET

o 75 8 e ) SRR | A A S

ARSI TR s o EER IR TSR AR T N /3
IR, A W o e b R 0% 4 v T M LR 5 B A AL
foefi i, Horh BDM, b 3+ 3 A7 MLk 5 & F1 A ALk
it ¥ 5 T CK PE 4L ¥ BDM, 43  BDM, kb 3
(P<0.05) , —J7 I, ALY s IR HAT RS R fRK
PRI, PTG 0 3L R EE | £ i + 96 DLk iR
2, Wi e - i 5 — T, Hb B R
gl LI AR Tl AWK I3 28 DR X R
A ARG R - A R AR e R EEST
S5, A Wy Wk fip b PR 5 A P AN R
TAEREXT B (P<0. 05) , 72 W] A= M 8 £ b J5E 5 350+
SR 25 AF AR R A

S HE AR EAS (MWD) U E AR (GMD)
AP TEAEEL (D) J2 S e+ S SR AR PR 1 B 2L 4R
o MWD {H'S GMD B 5, W] 1 A R AR Fa e
PR N5 43 B 2 T8 4R BB | 3R B AT SR AA0kE



88 H K&k 2% W

2026 4F 5 42 1Y)

Bay A 512 ARG, BDM, Ab B A+ 3E K £
PR RS it | RO AR | R U
Y BE S T CK PE AL BE BDM, Zb B BDM, &b Ff
(P<0.05), H BDM, &b B 1 3¢ [ 5 4 43 T 2 %5
FKT CK .BDM, 4b 3 BDM, AL ( P<0.05)

A=y % ik b S 1 T 18 77 i 2 5 2 w2 ) - 1R A ]
BIRPRA PR & i, Yu 5 R R I, KA
P A ML A 3 R IR T AR AR, i /N T SR A4
A LR U BT 22k [ T A Wi A B2 . A= Py ik b,
HECAE 48 i 3 2 R A A LA B AR B R S5 0 o A
YIS, AT RES R SR P TE A | R RS HE T
P& 1 G WD B (0 B A 80% 52 T 1A SR AR v A AL
BRAGALRD ) ARBFSE & B, PE AR BDM, Ak B
BDM, 23 BDM, &b 2 -+ 15 v [ SRAKA BLAK | Tk 141 2%
A LR & T CK (P<0.05), BDM, kb3
IR RARA WL it P AR AR AR 5
SRR HLEK & 5 W 3% T CK PE 23 BDM, 4b
FH(P<0.05) ,

3.2 AEYMEFERITE R K E 2R

ARHFGE K B, B AL LK E P 3 TR
TEEXT B (P<0.05) 7= 400 ok i bt 5 = 82 30 3o PR AR
T R R TE R R DL R - e
BRI R SRR ARG A Wy o i ) 3G
FARCR T RS 4 Hb A T 1200 R i RS
HRJRERE 0 SR AR A

4 ok

e

AW TELE TR, A Wy 3 e 1t J BT i 4k B - I
FrER A L pH (EART X IE | R Y
TR = TR, BDM, A B -+ 3 A5 HLAR &5 i ALAT AL
fefiti it 2 % T CK,PE AL 3 BDM, 4L 3 BDM, &b
FH(P<0.05), BDM, kb B + 37K B 1 A R A &
T E R EAE FIEILCPY R R E ST
CK.PE 4- 2 BDM, 4b 2 BDM, 4 HH (P<0.05), H
BDM, b 3 4 38 A R AR 532 445 . 2 IR T° CK . BDM,
AL BDM, AL FH (P<0.05) ., PE Ab# BDM, Ab ¥
BDM, Ab 3 BDM , Zb 31! - 38 v A SR A HLAS | B AT 2R
AW S E S T CK (P<0.05), BDM, 4b3
IR P RARA DU 75 8 AT SR AR A BILAR & 1 L
PSR IAA LK & & 2 3% % T CK PE 243 BDM, 4
FH(P<0.05), % -, BDM, Ab B3 i b B0 X + 58 0l
RS8O RN B, AT UL G R O b s 7

PN N RGN ) e RS E
SE Lk

[1]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

LIU K E, HE Q W, YAN R C. ‘ White revolution’ to ‘ white pol-
lution” — agricultural plastic film mulch in China[ J]. Environ-
mental Research Letters,2014,9(9) :091001.
P35, ERR  HESCH A5, BT S0k Y 4 BR A ) A
JEAIE G G IR S [ 7] I, 2024 ,55( 1) :254-264.
SREAT, R 2 WA, 4. AT R M 28 S F R B T BLR
(1], AL FEERL 240, 2024,43(6) :1278-1287.

FORES, B OHRE R A A R A St R R B AR A A K
REAFLEREmL)]. T ERAE,2017,44(11) :8-11.

B W IR TS A A T R Y AR B A
TEIRERL)]. R RS, 2023,44(11) :977-994.

S ROTEE, TR, S, PBAT 4 A 1) B ik b 52 e R fiF
[J]. BREERIA:,2025,46(1) :551-559.

ZHANG W W, WANG W S, ZHANG Y Z, et al. Determining the
optimal degradation rate of biodegradable films in a maize farmland
based on the EWM-TOPSIS model[ J]. Agricultural Water Man-
agement ,2025,309:109359.

WANG D W, WANG Z H, DING H W, et al. Effects of biode-
gradable mulching films on soil hydrothermal conditions and yield
of drip-irrigated cotton ( Gossypium hirsutum 1..) [ J]. International
Journal of Agricultural and Biological Engineering,2022,15(6) :
153-165.

WANG C Y, DONG J W, JI B X, et al. Sub-soil biodegradable
film mulching: a sustainable solution for enhancing winter wheat
yield and shaping soil microbial communities in saline-alkali soils
[J]. Journal of Hazardous Materials,2025,495 ;139020.

AKHIR M A M, MUSTAPHA M. Formulation of biodegradable
plastic mulch film for agriculture crop protection ;a review[ J]. Pol-
ymer Reviews,2022,62(4) :890-918.

B E. R T [M]. JUAT: B E AR R, 2000.
IRk, Bl ok ik, SF. DR ML BE R it
RIPEGRBI)] . LA, 2005,6:22-25.

ARIFR, EAAL, X 42, 45, TR L ] O = b e PR R A
I B J LR A SRARAS GE MR AR I LEAL [ T] . Al T #2274, 2011,
27(1) :340-347.

ZHANG W W, WANG L H, ZHOU ] Q, et al. Degradability of
biodegradable plastic films and its mulching effects on soil temper-
ature and maize yield in northeastern China[ J]. International Jour-
nal of Agricultural and Biological Engineering,2020,13(2) :146-
153.

B, LB EL % PBAT X ARGl E R X 0K
RG] K R PRREEEAR 2024 ,38(6) :343-351.

2 YLPIR,E S ARSI A s T = BRI
TR K B R AR R [ ] TR Al R, 2025,
54(1) :90-100.

CHEN N, LI X Y, SIMUNEK J, et al. Evaluating the effects of



NS « 25 W) A 0 152 28 e X i R Bt o - SRR e 6 A R K 277 ek RO S ) 89

[18]

[19]

[20]

[21]

[22]

[23]

[24]

biodegradable and plastic film mulching on soil temperature in a
drip-irrigated field [ J ]. Soil and Tillage Research, 2021, 213.
DOI.:10.1016/j.still.2021.105116.

LIU Z H, ZHAO C X, ZHANG N H, et al. Degradable film mulc-
hing increases soil carbon sequestration in major Chinese dryland
agroecosystems| J]. Nature Communications,2025,16(1) :11.
EOEREM XL, SF. A F AR D Y
RSP BT AL W [ 1], VTR AR L Bl 24, 2024, 52 (22) .
228-234.

FSCH, XA ) B AF . AN [R5 A T 3Ok 4
Btk M H B R AT R[], LA R, 2024, 52
(10) :62-68.

YU Y X, ZHANG Y X, XIAO M, et al. A meta-analysis of film
mulching cultivation effects on soil organic carbon and soil green-
house gas fluxes[ J]. Catena,2021,206;105483.

YIN M H, LI Y N, FANG H, et al. Biodegradable mulching film
with an optimum degradation rate improves soil environment and
enhances maize growth [ J ]. Agricultural Water Management,
2019,216:127-137.

DOMAGALA-SWIATKIEWICZ I, SIWEK P. The effect of direct
covering with biodegradable nonwoven film on the physical and
chemical properties of soil [ J]. Polish Journal of Environmental
Studies,2013,22(3) :667-674.

XS, #F ST IR SRR A BURIERE B - BF 5T

[25]

[26]

[27]

[28]

[29]

[30]

PR RE[T]. 23R, 2023,60(3) :627-643.

YU H, HUANG X, YANG K, et al. Differential effects of micro-
plastics on soil organic carbon via lignin phenols and amino sugars
in soil aggregates[ J]. Frontiers of Environmental Science & Engi-
neering,2025,19(7) : 14.

MAZZON M, GIOACCHINI P, MONTECCHIO D, et al. Biode-
gradable plastics : effects on functionality and fertility of two differ-
ent soils[ J]. Applied Soil Ecology,2022,169.104216.

CHEN N, LI X Y, SHI H B, et al. Assessment and modeling of
maize evapotranspiration and yield with plastic and biodegradable
film mulch[ J]. Agricultural and Forest MeteorologyAgric For Me-
teorol ,2021,307 :10847411.

T OfEEOEE P A ORI R AR AR S T B X
THE R A IR - R IR [ )] Bk "#41,2025,39(1)
170-181.

HUANG F Y, LIUZ H, LIZ Y, et al. Is biodegradable film an
alternative to polyethylene plastic film for improving maize produc-
tivity in rainfed agricultural areas? evidence from field experiments
[J]. Agricultural Water Management 2022 ,272;107868.
UZAMURERA A G, ZHAO Z Y, WANG P Y, et al. Thickness
effects of polyethylene and biodegradable film residuals on soil
properties and dryland maize productivity [ J ]. Chemosphere,
2023,329:138602.

(FAES AL R R)





