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Regulatory effect of fully biodegradable plastic film on the growth and

development of baby cabbage and soil physicochemical property

AN Yujin', LT Wende', WANG Xing’

(1. Cultivated Land Quality Management Station of Zhangye City, Zhangye 734000, Gansu, China; 2. Zhangye Academy of Agricultural
Sciences, Zhangye 734000, Gansu, China)

Abstract: To screen for fully biodegradable mulching films suitable for the production of baby cabbage in the Hexi re-
gion, this study treated five types of fully biodegradable mulching films with PBAT, starch, PLA, PBAT+PLA, and PLA+
starch as the main components, and used ordinary PE mulching film as the control. The study systematically evaluated
their effects on the growth, development, photosynthetic characteristics, physiological indicators of baby cabbage, and the
soil environment. The measured contents included dry matter accumulation of plants, chlorophyll content, antioxidant en-
zyme (POD, SOD) activity, MDA content, and soil sucrase, urease, and catalase activity, as well as total nitrogen, total
phosphorus, total potassium, and organic matter content. The results showed that the fully biodegradable mulch film made
of PBAT+PLA significantly improved the growth and development of Chinese cabbage: Chlorophyll content increased by
162.96%, photosynthetic rate increased by 79.15%, POD and SOD activity were enhanced, MDA content decreased by
87.5%, and ultimately, the yield incrased by 10.40% compared to the PE control. This mulch film exhibited excellent deg-
radation performance, with a 77.69% reduction in residual film. It also had a positive impact on the soil environment: Soil
sucrase, urease, and catalase activity were increased by 2.21%, 32.70%, and 7.35%, respectively, compared to the PE treat-
ment; soil total nitrogen, total phosphorus, total potassium, and organic matter content were increased by 2.15%, 10.75%,
15.33%, and 15.14%, respectively. The fully biodegradable mulch film made of PBAT+PLA can enhance photosynthesis
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and stress resistance in baby cabbage, optimizing soil physicochemical properties and enzyme activity, achieving

both yield increase and environmental protection.. It is suitable for promotion and application in the Hexi re-

gion.

Key words: Fully biodegradable plastic film; Baby cabbage; Growth; Soil physicochemical property
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Table 1 Different film-coating treatment materials

FHS Specification

MRy ' - X

L K it g R FEWS

Treatment P R Source Color  Width/ Thickness/ Main ingredients
mulching film

cm mm

1 PR K g T I VA PR STAT A M 1200 0.01 BXR RO TR T R
Fully biodegradable Qingdao Haiyi Plastic Industry Black Polybutylene terephthalate (PBAT)
mulching film Co., Ltd.

2 Eascy/Eg il N EFEE MR R AR AW B 1200 0.01 TEH
Fully biodegradable Changzhou Bailiji Biomaterials Black Starch
mulching film Technology Co., Ltd.

3 Easty/1S SN HoAE A R A A = 120 0.01 HEFLIR Polylactic acid
Fully biodegradable ~ Gansu Fuyu Plastic Industry Black (PLA)
mulching film Co., Ltd.

4 Byl i PRI AR I ) A PR ) 2o 1200 001 BXR RO R T BRI
Fully biodegradable =~ Lanzhou Xinyinhuan Rubber and Black Polybutylene terephthalate (PBAT)+Poly-
mulching film Plastic Products Co., Ltd. lactic acid(PLA)

5 A ) g HIR TR DR R A | 120 001 RABHTEN
Fully biodegradable ~ Gansu Frontier Biotechnology Black Polylactic acid(PLA)+JE 4 Starch
mulching film Co., Ltd.

CK T e 2R [iERZR/R 1] T 120 001 RN
Standard plastic film  Market purchase Black Polyethylene(PE)

for covering
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Table 2 Comparison of growth periods of baby cabbage
under different treatments

o SEERI -
HE Head WA AEM
. Maturity Growth
formation

ting date  stage stage
g g stage g

AR REMOE EE
Treat- Sowing Transplan- Rosette

ment  date period/d

04-08  05-10 05-21  06-11 06-30 52
04-08  05-10 05-23  06-14 06-30 52
04-08  05-10 05-20  06-13 06-29 51
04-08  05-10 05-21  06-12 06-29 51
04-08  05-10 05-22  06-14 06-28 50
CK 04-08  05-10 05-21  06-13 06-29 51
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Table 3 Comparison of agronomic traits of baby cabbage under different coating materials

bR P THRE R b 252 1=E B
Treatment Plant height/cm Spread/cm Bulb height/cm Bulb diameter /cm Bulb shape index Compactness
1 33.843.14 ¢ 51.2+4.27 ab 19.6+1.77 ¢ 14.7£1.2 b 1.42+0.35 ¢ ‘X Tight

2 34.7+2.55 abc 49.3+£3.88 ¢ 21.7£2.01 ab 147409 b 1.31+0.48 f % Tight

3 34.5+3.53 be 50.6+4.13 be 22.4+1.56 a 14.8£1.4 ab 1.43£0.27 d X Tight

4 35.7+2.85a 52.742.46 a 21.5+1.44 b 15213 a 1.61£0.25 a X Tight

5 35.242.43 ab 50.844.33 ab 22.3+2.23 ab 15.0+0.8 ab 1.58+0.31 b % Tight
CK 34.14£3.24 ¢d 49.4+3.27 ¢ 20.8+1.28 ¢ 14.8+1.1 ab 1.47+0.22 ¢ X Tight

T RIS G A RN FRERORTE 0.05 KPR EE. N
Note: Different small letters in the same column indicate significant difference at 0.05 level. The same below.
x4 FRLBEERFEZFERRARELER
Table 4 Comparison of main economic traits and quality of baby cabbage under different treatments
st 15 b 1S HIPRE SRR R WwOE LD wEE % O
Treatment Hair mass of 15 sprouts/ Net mass of 15 Individual ball Net vegetable Reducing Vitamin C content/
kg sprouts/kg mass/g rate/% sugar content/% (mg-kg")

1 19.3+1.25d 13.1£1.2d 873+27 d 67.9+2.5a 2.17+0.12 ¢ 5.73+0.28 b

2 19.6+1.38 d 12.8£1.3d 853+34 d 65.3£3.2b 2.28+0.05 d 6.83+0.24 a

3 20.7+2.01 ¢ 13.5¢1.1¢ 900+41 ¢ 65.2£3.6 b 2.46+0.09 ¢ 5.13+0.27 cd

4 22.6+1.22a 147409 a 980+28 a 65.0£2.7b 3.1840.12 a 4.85+0.18 ¢

5 21.8+1.37b 14.1£1.3 b 940+38 b 64.7£3.0 b 2.85+0.05 b 5.18+0.26 ¢

CK 20.5+1.75 ¢ 13.7£1.4 ¢ 913429 ¢ 66.842.8 a 2.4740.10 ¢ 5.07+1.90 d
980 g, {F R i N AR EE 1, IR 2 Ab B 5 =5 FRAENEERE AR

Table 5 Effects of different treatments on the
photosynthetic characteristics of baby cabbage

3% 5 Al &0, A PR 3~5 Y& K i [A] CO, ik
BELVSALSEYE T HABA R, H 5 Fh 44 %

ML TSR KD SRR TR (PEY (B b&H0E MR W CORE  UILSE
/_:h %L E“‘ E 57[\ ). é EE % % ﬁzf?_ i Hﬁ E jﬁ )\i)%a TE‘J— ,ﬁﬁ E , Treat- Photosynthetic Transpiration Intercellular CO, Stomatal

rate/ rate/ concentration/ conductivity/

ORI GR R ER , 3 o 1 AR A, {5 AR ment (umol-m*+s™) (pumol-m?-s") (umol-mol™)

(mmol-m?-s™)

BRIk, SR B 3 T A e S O 1 222+0.18e  3.1120.19¢  320+£9.45 cd 128+4.88 d
,ﬂ; Hﬂ *D ]ﬂ‘;‘ u& ﬂiﬂﬂ i 9% *E *ﬂ% 1% T# T }tﬁ 5% E,(J /_:E ‘[l/itl:% 2 2.74+0.27 d 2.56£0.32d 317+£17.36 de 139+7.14 cd
3 2.88+0.33c  2.73+026d  338+10.56 ab 173+5.66 b
RN o T TS
f@i,?XETHﬁfiﬁiﬁiﬁﬁa ERINNEE S S7RE 2N 4 3.78+021a  4.38+0.43a 343+11.78 a 188+8.13 a
Phase & EAH G, A — 8. 5 3.56:028b  3.57£0.37b  332+7.44 be 177634 ab
H 3% 6 %0, AbF 3~5 1 Z AL 4iEE (POD) L #B CK  2.11£0.15f 2.08+022e¢ 314+13.83¢ 145+3.58 ¢

A EALRE (SOD) (23R & U, A B 1. 4028
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Table 6 Effects of different treatments on biochemical
indicators of baby cabbage

R71 TREBIFER SR
Table 7 Comparison of baby cabbage yields with
different treatments

A

A . bOR )

D e ST g
Bt v . Malondial-

Kb . Superoxide Chlorophyll
Peroxidase . dehyde

Treatment L. dismutase content/
activity/ activity/ content/ (mg-g")
(U-g' min") (U-g) (pmol-g™

1 12.23+045e 2.56+0.09d 0.5840.05¢  0.28+0.02 d

2 13.24+0.37d 2.37+0.03¢ 0.77+0.03b  0.32+0.03 ¢

3 22.19+0.52 ¢ 3.23+0.08 ¢ 0.24+0.04d  0.58+0.02 b

4 25.77+0.38 a  3.77£0.06 a  0.11+0.02e¢  0.71+0.05 a

5 23.84+0.44b 3.59+0.05b 0.18£0.06d  0.65+0.03 b

CK 9.87+0.29 f 1.84+0.04 f 0.88+0.05a 0.27+0.01 d

REWC R T X R 21.08%.

1 9 W], Gk ek SR AN [R] 0 Ao B 25 AR SR SR LA
3R> > AR, S5 BRI <R . A3 3~5 Gl
SN [ B 2R RSO AR A T 0 L, AR B 1~2 Dkl

SEE 10m? T A 667 m?

PR PR Bcke DX
oy o n Production HE#4
Average Output More than
Treatment | ) increase Rank
yield per per 667 m’/ CK+/kg
s rate/%
10 m/kg kg
1 73.86 ¢ 492646¢ -415.54  -7.78 6
2 7423 ¢ 4951.14¢ -390.86 -7.32 5
3 81.18 ¢ 541471 ¢ 72.71 1.37 3
4 88.42a 5897.61la  555.61 10.40 1
5 84.75b 5652.83b 31083 5.82 2
CK 80.09d 5342.00d 4

SEAN [ IS A1 25 U 55 - R, SR AR EE 4 AR
R IOK, G5 ERWT A BR A% 2R U R TR 6.31%,
KU T X R 10.41%

3 10 AT RN, G S A [A) 3 Ao 8 R AR AR B
Dt by R A, S BRI RSO . b3 3~

*8 ANEIFERE RIS SEE R A RN R AR & R IR A 2

Table 8 Effects of different degradable mulching film treatments on nitrogen absorption in different parts of baby cabbage

at different periods (g-kgh

hbrg ZEERYI M Early stage of ball formation KA Harvest period

Treatment R Leaf ball AMH Outer leaf & root Bk Leaf ball AR Outer leaf & Root

1 4.76+0.08 4.64+0.09 4.314£0.03 d 9.55+0.09 ¢ 8.35£0.07 e 8.29+0.06 ¢
2 4.89+0.09 e 4.77+£0.10 e 4.5240.01d 9.68+0.11 d 8.77+0.08 cd 8.56+0.07 ¢
3 5.18+0.02 ¢ 5.09+0.04 ¢ 4.82+0.02 ¢ 10.02+0.08 ¢ 9.64+0.11 b 9.08+£0.10 b
4 5.77+0.07 a 5.65+0.08 a 5.33+0.01 a 11.83+£0.07 a 10.43+0.03 a 9.68+0.04 a
5 5.48+0.04 b 5.29+0.07 b 5.17+0.04 b 10.66+0.07 b 9.77+0.04 b 9.14+0.06 b
CK 5.02+0.03 d 4.83+0.05 d 4.72+0.03 ¢ 9.774+0.05 d 8.89+0.06 ¢ 8.76+0.05 b

RO [P fER it R AL T Xof 4 4k ST A (5] B HA S [5] BB AL 5 3R IR UL Y 21
Table 9 Effects of different degradable mulching film treatments on phosphorus absorption in different parts of baby

cabbage at different periods (g-kgh

ol ZEERYIH Early stage of ball formation KU Harvest period

Treatment K Leaf ball 4pH Outer leaf R Root 3R Leaf ball 4hH- Outer leaf R Root

1 4.3240.04 ¢ 4.144+0.04 d 4.04+0.02 f 6.18+0.02 f 6.09+0.06 d 5.48+0.07 f
2 4.66+0.07 d 4.48+0.07 ¢ 4.39+0.10 ¢ 6.31£0.05 ¢ 6.18+0.04 cd 5.77£0.08 ¢
3 5.08+0.06 b 4.79+0.04 b 4.66+0.11 d 6.66+0.03 ¢ 6.37£0.03 b 6.15+0.10 b
4 5.23+0.11 a 5.15+0.07 a 5.01£0.07 a 7.11£0.11 a 6.88+0.05 a 6.38+0.03 a
5 5.11£0.05 b 5.08+0.02 a 4.88+0.02 b 6.84+0.08 b 6.38+0.07 b 6.06+£0.04 ¢
CK 4.9240.06 ¢ 4.79+0.06 b 4.68+0.03 ¢ 6.44+0.10 d 6.23+0.06 ¢ 5.88+0.05 d

5 G 1 SR AN [ B A 2R R A T R A B 1~2
G S AN [R] IS A 2 R e 55 T L, FLH b 3 4 R
TICOK S5 BRI Bk 2 O TR R 11.70%
KU = T R 38.23%
2.4 A [EIp&fRHbIRPERRMERETEMN

FHZ 11 R, 5 b4 A 10 B4 At b o 2 g 3ok P55 AN

M, RAWHEZR, Ko 4 gk, BEE
30 d #ENE S, P UG MR, FEds 3E N T2 1
ZUH I 67 d HENTCIEI, Ab B 1~3 B A JE B OK
K, b 13 /IR, L Eh Aaw A (B
PE s Jb T 5 B fif 0 P RC P, FE AR I 73 d ik N G B
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Table 10 Effects of different degradable mulching film treatments on potassium absorption in different parts of baby

cabbage at different periods (g-kg"
Lb 45 BRI Early stage of ball formation KUY Harvest period
Treatment H-ER Leaf ball 4hH Outer leaf R Root M-3R Leaf ball 4hH- Outer leaf R Root
1 8.89+0.12 ¢ 8.54+0.14 ¢ 3.18+0.02 d 6.27+0.01 7.48+0.18 3.01+0.01 d
2 9.56+0.41d 8.68+0.08 e 3.28+0.03 d 6.55+0.03 ¢ 7.61£0.21 ¢ 3.05+0.08 d
3 11.354£0.08 b 10.26+0.11 ¢ 4.86+0.13 b 9.62+0.11 a 9.12+0.27 ¢ 4.06+0.13 a
4 12.03+0.11 a 11.68+0.05 a 5.03+0.15a 9.24+0.08 b 9.66+0.16 a 4.11£0.03 a
5 11.74+0.16 a 10.55+0.07 b 4.7240.06 b 8.77+0.12 ¢ 9.25+0.09 b 3.86+0.14 b
CK 10.77+0.07 ¢ 9.62+0.21d 4.55+0.19 ¢ 6.68+0.05 d 7.75+0.14 d 3.27+0.15¢
R 11 SEYIREMEMIEFEREMERITEMN
Table 11 Evaluation of degradation performance of fully biodegradable mulching film
e N5 SEAE I ViR IR R LA Ty RIS FRIBORZS
Treatment Laminating  Planting  Induction  Cracking Big fissure =~ Fragmentation =~ Membraneless  The state of residual film
period period period period period stage period during cultivation
1 04-27 05-10 06-07 06-29 07-01 - - T J7 Ik
Fragments are not resilient
2 04-27 05-10 06-07 06-06 06-30 - - R Tt
Fragments are not resilient
3 04-27 05-10 06-05 06-20 06-22 06-30 - W T
Fragments are not resilient
4 04-27 05-10 05-26 05-30 06-03 06-10 07-02 JC52M No influence
5 04-27 05-10 06-02 06-13 06-17 06-24 07-08 JCEZMH No influence
CK 04-27 05-10 - - - - FASEUF Basically intact
TR, LR IMRIBAAAE D, B BCR A . AbEE 4 *12 TRLEBMBRERLEE
FE/RDNENE RS BT — i Table 12 Comparison of residual amounts of plastic film
(PBAT)+EE 718 (PLA) , Ab 38 5 3 B i 4 N B L6 from different treatments
(PLA)-+VEN , X B 12 A4 oh B BB, X e P A
1 . . Treatment Residual film Coefficient of
e [ e P PR A o amount/(kg-hm™) variation/%
2.5 AEAIEHEREBEELE 1 9.82+1.26 b 12.83
B 12 A0, 6 Mk Se 2 b s ok B & oA 2 7:29+086¢ 1180
%S0, Hob, W8 PE HUBCRMER, R R S o
B2, 5 T4 AR o gk B B R S AR R A 25 0k 5 5.1140.73 ¢ 14.29
A Ho b PR ACTEE R R E IR R T CK 17.84+2.32 13.00

T EER (PBAT)+E LR (PLA)) BB R e i, vk B
T, AN E 1 (EER PBAT) R B 2, %
MERZ, 5HAIFEFENS—3%. A 4 5%0EED,
ARG KA E S 2 N R R , B& A R 0T
2.6 TEIPEMEMFRACIERS +IRIB I R R ERE M
oA

HER 13 A5, 7Rk N P& MRS , 6 i 78 s ib 3
(1) 5 PR o - 398 6 A A 1 S e i e K, LA
EEZE R 5 T A R A 6 AR B R S 5 5k TEAH
L, pH 44215 0.02~0.08, 4b B 2 AbHE 3 2T+ K,
AOEE A LN S $ETHEN, 5 B A A4 I A st IS Ak 3
pH 3Tk . 384 5 R TR AN [ 78 o Ak 2 ) 22 5
BN BRACEE 4 SR EXTIRERAREE . S A
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HHRE,
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Table 13 Effects of plastic film fragments on the basic physicochemical property of soil

s w(E%ED w4 w(A D wCHHLED

Treatment pH Total nitrogen Total phosphorus Total potassium Organic matter
content/(g-kg™") content/(g-kg") content/(g-kg") content/(g-kg")

1 8.27+0.01 b 0.92+0.13 bc 0.94+0.05 be 30.53+1.38d 12.78+1.21 d

2 8.31+0.02 a 0.90+0.09 d 0.95+0.03 b 29.88+2.54 de 12.84+1.24 ¢

3 8.31+0.02 a 0.94+0.14 ab 0.93+0.07 ¢ 30.66+3.11 ¢ 13.75£2.01 b

4 8.25+0.03 b 0.95+0.05 a 1.03+0.06 a 33.18+1.47a 14.68+1.56 a

5 8.26+0.01 b 0.93+£0.18 b 0.93+£0.07 ¢ 32.17+£1.88 b 13.56£3.11 b

CK 8.23+0.02 ¢ 0.93+0.06 b 0.93+0.05 ¢ 28.77+2.84 ¢ 12.75£1.84 d

AL 8.23 0.91 28.73 0.93 12.76

Before treatment

P 1 R IERERERGEE . S0 REARLE, S M A e
65 et i Ak P of - S FRE A Pl 0 1k S R A 2 Y iR
IRACR, For Ab 3 2 Kb P 4 SRS %, 43 O
P 2.55%.2.21%, A2 1 4 mde s . 0 T3 R
BRI VT 55 5 5 2 2500 96 At 8 Ak 3 5 00 1 49
JOR B PEAR LU, IR Z IR S & . b, b
HA4RERE, O R, 5 R R
PEAH B, 0 B (PED A0 PR AR 1 3 ARG TG 1 . &
RRFE X T R A AR S 6 M AR
BB P 1 L S S . e,
REFR 4 KEFE 3 PR  ACEE 1 ARER 2.CK $
Bl o MWULEZRRE , W) i B B A AL
8 AR R BT R e R PR A T RE, AT
IR T -8 IR B R A2t Sk Uk S AN [RI R AL 77 73
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Table 14  Soil enzyme activity under different

treatments (mg-g'-d"

REVERGEYE  DREGVE T A S 1
posiil

Sucrase Urease Catalase
Treatment .. .. ..

activity activity activity
1 23.55+2.88 ¢ 0.347+0.025d  2.05+0.03d
2 24.13+3.11a  0.355+0.036 ¢ 2.05+0.07d
3 23.56+2.18 ¢ 0.398+0.018b  2.12+0.02 b
4 24.05+1.09a 0.422+0.010a  2.19+0.04 a
5 23.85+1.94b 0.357+0.046 ¢ 2.08+0.03 ¢
CK 23.53+3.75¢  0.318+0.028 ¢ 2.04+0.04 d
AbFEH 23.11 0.321 2.04

Before treatment
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