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Tab. 1 Basic situation of different biodegradable mulch

films
e =i
SIS PEHL MR B /mm Bt (Gookg™)
Treatment Locality Material Thickness Color Reference
price
CK WM PE 0.025 MHREH 8.5
PBAT+
Fl 7R 0.008 B 32
y NG
PBAT+
F2 7R 0010 2 32
AR
PBAT+
F3 7R 0012 2 32
Y NG
PBAT+
TR . Hin
F4 R PPC 0.008 32
PBAT+
2R . e
F5 PPC 0.010 32
PBAT+
TR ) ey
F6 PPC 0.012 32
PBAT+
TR . Hin
F7 R PLA 0.008 32
PBAT+
TR . e )
F8 PLA 0.010 32
PBAT+
TR ) ey
F9 PLA 0.012 32

T s AN[RIR T i 3 AN TR

Note: Different materials have different film densities.
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A. Soil temperature at 8:00; B. Soil temperature at 14:00;
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1 AREMEEZEX 10 cm TEERERIS0E
Fig.1 Effects of different mulch films on soil

temperature at 10 cm soil depth
TE: RRVNG TR 2257 .3 (P<0.05), T 1AL,
Note: Different lowercase letters indicate significant difference (P
<0.05), the same below.
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PEACH FIEREE . SR, 7EPE VA K R, B
POy 2 et S 1 o Ao e i, G ORL CR M A R0 55, T
15t PE HbBATY PR IR 1 S8 2 1k, TR e 1= 40 5k
R TAE YRR A
22 AYFEMEMEITERAERKKEMm hHE2
1, MR AR TR B A CK X A K 22 3 AN i
&, AR R R E I RVE R, BRI R S8
PN AEK 2 W3 . 78 3 & K J 1, PBAT+
PLA 411 F9 SR e ) FE &4, - 314.67 em,
AL PER]) A 2 AN B3, PBAT+PLA 4y K%
PREE AR, VA F9(314.67 cm)> F8(313.13 cm)>
F7(309.80 cm). 5 CK #f [, PBAT+PLA 411 F7
P8 TEZEM I &t W PR Hoh FT &
CK W7 7.23%, F8 % CK /b 8.98%, Hi4x [ it
HiEE ZE A A R M S B . SRR T BR F1

CK 3 TR 5.33% sb, HAR b S CK Z )2 5
ANEE L X R R VG T 2 2R 52
WEHSE /N, AR AR S X IR AL AR YK, 6T
-1 R 7 T, PBAT+PLA ZH 1 FO 16 A 2l 5 2
Mk, S 477.22 em?, HoR Ok F7 0T iR, 73
g 475.84 cm?; F4 BRI EARR, 4 471.44 cm?,
HH i S Ak RS 8 X6 G T I T R R ) 35 R A
M. 26 kA, FO AP0 N4 A Kishr 5 CK
2K, HAEF A K5 bR B A L3, fg
i FEAH A PR R, AT LR L 58 PE b A
FHo SR, B/NE RS F1 A ES 1R 40 4 K48 45
FAEEAR, A i — s
2.3 A YFEAEMEEST =2 R R MR N
& 3 ], AN )26 78 i A A KX g TR
TYFE BERFURIE R B R R B E 2 H
A TR EAS [ JELBE™ £ 5 43 B, 33 B0 SR S
FERR R WoR B A A2 24, 76 PBAT+HAR T %
ZHrh, B2 2R N 0.008 mm(F1) 3% 0.012 mm
(F3), DB i 10.93% 7+ & 11.32%, 5 CK
(11.64%) I ZEHELE /N, X —MHEAE PBAT+PPC 41
F1 PBAT+PLA 41 5 B &« 72 &1 F6(PBAT+
PPC)Ab BRAE Lo (11.68%) 5 1185 (9.53%) & & |
PIREI N e E, HS CK o423 ; FFE, &
) FO(PBAT+PLA) &b B [y Lo 4 (11.62% ) 1 i1

®2 AEMAEE SN AEKIERE R0

Tab. 2 Effects of different mulching materials on watermelon growth

A FiEK/em ZEH/mm M4t /(mg-g ) I A/ em?

Treatment Main vine length Diameter of Stem Chlorophyll Area of leaf
CK (312.27+4.76)* (8.02+0.39)° (61.70£2.71)® (472.28+6.64)*
F1 (309.33+£5.41)° (7.78+0.66)™ (58.41+£3.07)" (471.85£6.77)*
F2 (308.20£3.90)* (7.92+0.32)° (62.00+£2.62)° (472.96+7.58)*
F3 (313.30£7.04)* (7.81+£0.47)™ (61.03+3.82)° (472.65+5.63)°
F4 (308.87+5.24)° (7.97+0.33)° (63.214£3.64)° (471.44£5.62)°
F5 (311.80£6.47)* (7.64+0.57)* (60.73£2.97)° (471.87+£7.64)°
F6 (314.07+6.38)* (7.75£0.27)™ (61.21£2.60)* (471.49£7.65)°
F7 (309.80£7.70)* (7.44+0.49)" (61.61+£2.85)° (475.84+6.53)°
F8 (313.13£4.41)* (7.30+0.58)° (61.41+£2.87)° (473.24£6.91)°
F9 (314.67+7.93)° (7.78+0.51)™ (61.17+2.54)" (477.22+6.61)"

E: AR TR R AR PR 25 57 .2 (P<0.05), T [A].

Note: Different letters indicate significant differences (P < 0.05) among treatments, similarly hereinafter.
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(9.41%) & WAt T [H i M ab ¥, B S
CK(11.64%, 9.47%) JL-T-FF-o M\ [RIEEARE M
LR ) L BOKR R, FE LAY 0.012 mm JEJE 7K
S b, BERHE Y 22 545 DATE WA BE . PBAT+PPC
PR Fo AbPRAEME L 2 [ R B, HLO Y
PR SE (11.68%. 9.53%) 3 N T A A TR () e

. MEZT, [FJEER F3(PBATHA i R ) Al
FO(PBAT+PLA)WEEEFEARIE ML, H =35 5 CK $47C
R R 0.012 mm J5ERE [ R b A
B R S B b R M . TR B Y TR UK O
(0.008 F10.010 mm) L, #-# R} b5 CK 200
AEXTARER, HAA A 25 AN 5

R3 AEBMAREEXE R SRR R0

Tab. 3 Effects of different mulch films on fruit characteristics of watermelon

Ll HYit/em ffE/em HIBHR K L% DI %
Treatment  Longitudinal diameter  Transverse diameter Fruit index Central sugar content  Edge sugar content
CK (23.61£1.44)° (23.35£1.29)° (1.01£0.04)* (11.64+0.72)* (9.47+0.70)*
F1 (22.79£1.07)* (23.17+0.79)* (0.98+0.06)" (10.93+0.68)* (8.77£0.76)*
F2 (23.16£1.01)* (23.43+1.28)° (0.99£0.03)" (11.46+0.72)* (9.31£0.74)®
F3 (23.75+0.84)* (23.39+0.96)* (1.02£0.03)* (11.3240.67)* (9.08+0.68)*
F4 (23.36+1.21)* (23.22+0.94)* (1.0120.03)* (11.16£0.84)* (8.84+0.72)*
F5 (22.99+0.92)" (23.61+0.89)" (0.97+0.03)* (11.44%0.74)* (9.28+0.61)*
F6 (23.43£0.77)* (23.88+1.03)° (0.98+0.02)" (11.68+0.72)* (9.53+0.68)*
F7 (23.22£1.13)° (23.13+0.88)* (1.00+0.03)* (11.55+0.94)° (9.35+0.90)°
F8 (23.47+0.84)* (23.84+0.88)" (0.98+0.02)* (11.28+0.81)* (8.93+0.80)"
F9 (23.59+0.86)" (24.07+1.13)* (0.98+0.03)* (11.62+0.58)* (9.41+0.80)*

P & 4 T, 228504 A ) A fidt i R e 7 I
ETE 0l W MR =2 (B N B e 85
RIAFEI BB . RN R R 4347,
b 5 TR o o g e R BH S I RN . FE PBAT
PLA ZH(F7/F8/F9)H, B Jox it 5 B T AR ™
JEL JiE 3 A0 T 35 3, Horp F9(0.012 mm) BT J5 &
B T AR 7 AR R, ik 2] 6.80 kg T 136.04
t-hm2, 8¢ CK(134.17 thm ) 42T+ T 1.39%, 7TEFFA

>
R - T <
(=Y = Y =)
T __r  _°r 1
2
o
o

—
()]
T

FAJIFi & Single melon weight/kg

F2 F3 F4 F5 F6 F7 F8 F9
Kb P Treatment

CK Fl1

Qe PR R IR AL . PBAT+PPC 41 (F4/F5/F6 )1 5
IAHEE, B A TR R RN 127.76 t-hm 2
(F4)$ETF 2 130.57 thm2(F6) . PBAT+ARZE 4
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Fig. 4 Effects of different mulch films on single fruit weight (A) and yield per unit area (B) in watermelon
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t-hm?2), A8 CK(134.17 thm )25 T 1.39%. 7F
0.008 mm 1 0.010 mm J5 B /K- I, AS R 44 )ik 2
] B 7= 22 R R A R E K. 5 CKAf L,
FO fE A1 - i fats LT R E 25, HAESUE -
WA T, SRUTH R AR UESE PE MR RE

24 ARMEREEEHAMBEBANER hk4
AT, 4 A P 8 fire b S 6 VG JTCAE 75 B PN 0 o f
SRREICNE S 28 d FFUG H 2L, FO(PBAT+
PLA, 0.012 mm) %S 5435 50 d, B 1 m KAV HD
JEHEET 3 AbLA <2 om Z94E, TEBIIRIS 5E 43 K
PEATF24, R 28 Th] B B 98 B >2 em H.<20 cm
B 2445 5 O b 4 A ) e b S 10 N R 4301 114 )
TE 58 ~ 101 d, BEB PHIRIE AL T R — by, A5
AR SCHERT I . FEEBEE 79 ~ 120 d, MR R
HH B RAR LB, SR A R B R L/ B, AR L R
FFE, 1 CK AEPE R 2E F A B B
il o NIRRT R fiff 2 3 A ER B 18 HE 7 PBAT+

R4 TEMAEEE B A E RIS R

Tab. 4 Observation of degradation of mulch films during
different growth periods

A Jii & > PBAT+PPC > PBAT+PLA > PE, A [f] J&
JEE ) b, B 4% ik 3 36 p DR B 12K YR R 0.008 mm >
0.010 mm > 0.012 mm. KA H F9 &b BEAE i
ZALPERE T RIS

25 AEMPEAEMBEARRLESHT HESA
A, A 9 B A A W R M B R TR S Ak G — Ry
32 JG-kg !, HETLEZ N 87 ~ 129 kg-hm 2, AR A,
AA 2800 ~4 100 JG-hm 2, VERXTHRAEE PE Mk
W& 2 8.5 70 kg, (HH T HAP R B 5 R B R
P, FE20°0 199.4 kg-hm %, liASZ)A 17 00 J6-hm 2,
A AN LU b RS0 B AR, 4 A O 5 fe b RS A3
W5 PE HOE S 1100 ~ 2400 JT-hm 2, KT, Z5%
Wk TR er B % B S A . YR
A% LA T HICRE MR . P9Ik
Ji , MBS R BEA R 5 A BRI T, T S50 4
Fffe, 1548 T &40 PE MBI 5 09 H R4 4A N T,
F 24 T, 1 hm? tRHET 20 15 ST 3
AR AR 2250 T, LREOEE, AR VIR AR R 5
il PE I 2 W] A S5 80as A Y, B e A

3 3t g

HIFFERIA, ik B S Rl DR 7 T 5

e on Denscens e Cosing BB SAHIEI, 10em
period period period period 120 cm + JZ 4k + 3 E FEAE 8:00 F 1K, 14:00 &%
F1 28 43 58 79 /51, 18:00 i — & FRRE I, A& b E b BEAE 14:
F2 31 48 64 87 00 A 22 5 K, T AE 8:00 22 57 8/0N, X 524 M
b s ST RGBRIEREEML. HR 10 om LRI U
SR EE SR, T 20 em )2 PHAUR IRE, TR
v » TN MR BRGREEUN . IR, 9 ik
ks 36 > 72 99 ISR AL S CK 7 10 A1 20 em B Y + S
F6 41 63 85 118 FIHHDRRACR, 5EAPIFARFTET A [H]
F7 35 54 73 99 MRS R R B M B, JEEEE A 0.012 mm A% b i
- o o w g TEFIR (14:00—18:00 45 A ) RO, 23
. “ s ol 120 NRERHERE S PRIRACR WA o T [R] )5 B
AR, PLA 1 PPC A4KHE 0.012 mm JEEETH)
x5 AEMREEFUFBARILR
Tab.5 Comparison of the economic benefits and costs of different mulch films
Ho it H/Oekg!) AR/ (kgrhm?) RS /(G hm ?) BRA/(FE-hm™)
Plastic mulch Unit price Application rate Cost of plastic film collection Total cost
Comirﬁifffﬁ film 8.5 199.4 2200 3900
VIR 32 87 ~129 0 2800 ~ 4100

Fully biodegradable mulch film
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Screening of fully biodegradable mulch films for
their application in watermelon production in

tropical open fields

Liu Mingke®, Zhang Qiongkuan, Ma Chunhua, Wu Qianxing, Li Shuai, Yang Xiaofeng"
(Nanfan School/Sanya Nanfan Institute, Hainan University, Sanya, Hainan 572025, China)

Abstract: To address the issue of "white pollution" caused by conventional polyethylene mulch films in open-field watermelon
production in tropical regions, fully biodegradable mulch films capable of replacing PE films were screened. Nine biodegradable
mulch films made from polybutylene adipate-co-terephthalate (PBAT), lignin, polylactic acid (PLA), polypropylene carbonate
(PPC) were employed to mulch the watermelon open fields with conventional PE film as the control (CK) to investigate their
application effects on soil water-heat effects, watermelon growth and yield quality, and film biodegradation characteristics. The
results indicated that the tested biodegradable films showed no significant difference from CK in terms of heat retention, soil
moisture conservation, and promotion of watermelon growth. Of the treatments, Treatment F6 (PBAT + PPC, 0.012 mm)
demonstrated the highest fruit edge sugar content (9.53%). Treatment F9 (PBAT+PLA, 0.012 mm) exhibited stable individual
melon weight (6.80 kg) and yield per unit area (136.04 t-hm™), slightly outperforming the CK. Mulch degradation observations
revealed that among all the fully biodegradable films, Treatment F9 exhibited the slowest degradation rate, second only to the CK.
Regarding costs, the total cost per hm* for Treatments F6 and F9 (approximately 4100) increased by about 5.1% compared to CK
(approximately 3900). In summary, the 0.012 mm thick films in Treatments F6 and F9 demonstrate promising potential for
replacing conventional PE films in open-field watermelon production in tropical regions. Their degradation cycles align well with
the watermelon growth period, maintaining stable soil conditions at the critical growth stages.

Keywords: fully biodegradable mulch film; open-field watermelons; degradation rate; yield
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