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Effects of degradation properties of different biodegradable films on cotton yield formation in southern
Xinjiang

XIA Wen', LIN Tao’, DENG Fang—ning', HE Wen—qing’, TANG Qiu-xiang"*'

(1. College of Agronomy, Xinjiang Agricultural University/ Engineering Research Centre of Cotton of Ministry of Education, Xinjiang
Agricultural University, Urumqi 830052, China; 2. Institute of Industrial Crops, Xinjiang Academy of Agricultural Sciences, Urumqi
830091, China; 3.Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing
100081, China; 4. Key Laboratory of Agricultural Environment in Northwest Oasis, Ministry of Agriculture and Rural Affairs, Urumqi
830091, China)

Abstract: The objective of this study is to explore the effects of degradation properties of different biodegradable films on water
environment and yield formation of cotton ( Gossypium hirsutum 1.) field under drip irrigation conditions. A single factor field experiment
was established, completely randomized block design: Four kinds of biodegradable films Tianzhuang—1 (T1), Tianzhuang-2 (T2), Jinfa
(JF), Basf(BSF), and polyethylene agricultural film (PE, CK) were applied. The experiment was carried out in southern Xinjiang in 2018.
During the experiment, the degradation rate of biodegradable films, soil water content, dry matter accumulation and seed yield were

measured. Water use efficiency (WUE) was calculated based on the evapotranspiration. The results showed that, the degradation rate of the
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films decreased, in the order of T2>T1>JF>BSF. Only T2 entered into the full degradation phase at the end of the growth period, while the

other mulching films were still in the fragmentation stage. Soil moisture content of BSE treatment was 17.9% and 18.5% respectively,

higher than that of the polyethylene film in bud stage and flowering stage, and remained relatively stable. For T2 treatment, very early

degradation occurred, soil moisture rapidly evaporated, deep water consumption increased, and dry matter accumulation decreased. For JF

treatment, it was the last one to enter into the rapid dry matter accumulation (78 d after covering film). The number of bolls per plant was

1.69 less, and single boll weight was 0.14 g lower than that of polyethylene film, resulting in 40.82% reduction in yield. For T1 treatment,

there was no significant decrease on soil moisture content, and reproductive organ ratio during boll opening stage, seed cotton yield, and

WUE in the cotton field were observed and compared with that of polyethylene film. T1 mulching film could reduce the pollution caused by

residual film, while ensuring stable yield under the local environment.

Keywords: biodegradable mulching film; degradation rate; dry matter accumulation; yield; water use efficiency
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Table 1 Main components and specifications of bio degradable

mulch film
T FEA MBS SRR
Treatments ~ Main components  Film width/m  Film thickness/mm
T1 PBAT.PBS 2.05 0.01
T2 PBAT .PBS 2.05 0.01
JF PBAT PLA 2.05 0.01
BSF PBAT 2.05 0.01

T PBAT 9 0 & R iR T I s PBS 9 2R T iR T
IR ; PLA R LR

Note: PBAT means poly (butylene adipate—co—terephthalate) ; PBS
means polybutylene succinate ; PLA means polylactic acid.

A WK 100K, B oA 4l 375 kg hm 2, 16
PR3 803.0 kg hm™, I AL ji A &UIE 150 kg~ hm™, HAth
PR

1.3 MEMBS5F %
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Table 2 The standard of degradable mulch in the field"”
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T1.T2 [R5 5 16.15% .20.33%, LB & %5, HY
T JF BSF, BIEJE 90 d, T1 F#f#% K 23.63%,
i % T BSF, T1 f1 BSF 5 JF ¥ R A 5] 5 % 2 5,
B 120 d ELE A B AL, R I T B KT T2
HB 25T JF.BSF,{H]JF 5 BSF L& 2% 5.
22 AEEYBEEERZET0~80 cm 1K DS

P12 6B, N [R] 4 1 S8 26 T 38 K R Bl
BETR P 1 S IS5 S R 0~40 em 3%
B K B AR, 40~80 em T HEE KRB LT
1EFE I, 0~80 em 1 )2 JF 5 BSF -3 + 355 /K 45 PE
15 12.5% F117.9% 5. T1 T2 4ib B [ fiff 5 b G 4 398 2
IKEIETF PE. HEATEWG , A SIRE L T, 2%
RN, #5400 B R] 458 5 KR 25 R . AR A5 Ab
FRHY 5 K R FK I H BSF>JF>PE>T1>T2, 0~80 cm

1801 O %54
- Induction stage
. 1501 § § O ey
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% 1201 s z Eﬁ%gﬁ
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| | o
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Figure 1 Degradation stage about the different biodegradable films
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A, T BSF (Y - 58 Fok S T AR R, H Bl 1
JEURBEHE R 22 IR TR, A A0 P IS K e
SR E,40~60 cm 1 )2 JF A BSF &b B Ay 4 38 5% K
REGE, M 16.6% F115.8% . FEREZ], T1 T2 AbFH (1)
+ 3 5 K R A L PE A FRAE 0~40 cm )2 FFE T
11.4% . 17.4% , 1F 40~80 cm )2 F R T 9.2%.6.0%.
JE BSF 4L 3 5 PE Zb P LA 22 N 3 . AR,
WA i b JEE ) 3% A R T A A 1 338 B KSR BOK Ay e A
AR R 52 M, b 5 1 JE TR D 45 75 B 5 8 L 7K 23 DR 5 B

JIBGR , R HOR
23 AEIEYEBMEBENRETYRRES S
B B R M

Xof AN [) e e b 7 5 T B AR T 9 o AR R kAT
Logistic H 2L (F24) . T2 AL PRIEA T 5Pl i AL
SRR ] (r) 0, 5 PE AL BEAR R, HL3 A B R %
e K221 1 R AR B L, 458 PR AR B AT S o, (H s
MK BRI A] A% PE AR PR %S 8 d T1 Ab i Kb
KR Ve, b 1.33 g- 4k -d, T JF A BSF T4 5
TR R VBN AR LG G R 22 7] AR
1K, R a4 46 d, P B R AR 4R B 2] 0 800, 53 5 R
56.47 d, H ik 2P B 58 i K 20 1o (1) B5F ] 52 06,
78.70 do BEBI R EL 3G I, AR AL T s R AR R
PR E I K TIST2>PE>JF>BSF, 1fi T4 Ji 4 5 f1 2
FR LI [E]) 22 90K BSF>JFSPESTI>T2, 45 F 30, Hb
UGS G2 fogt o (0] 2 M A A L 35 T SRR 58, b o2 At
[i] FR e AR AR R T ARE S 1 78 7 A K (R R (]
B AR T TR AR

AN [) 3 fife b RS 55 AR T 90 o B BR 50 4 4]
3N FEAEIALAHG, T2 JF (BSF =/~ 4b 3 vp A4 5 4%
BT ELB S T T PE AR FE ;24 109 45 A B A 22 S5 45

R3 NEEYMEFUEERREERER BTN (%)
Table 3 Changes in degradation rate of different biodegradable films with the filming days (%)

A3 Treatments 30d 60 d 90d 120 d 150d
Tl 14.46+0.02a 16.15+0.05a 23.62+0.01b 35.49+0.01b 51.60+0.01b
T2 14.21+0.01a 20.33+0.01a 46.84+0.01a 62.01+0.01a 75.71+0.01a
JF 4.56+0.01b 6.81+0.01b 14.69+0.01bc 23.50+0.01¢ 44.13+0.02¢
BSF 3.07+0.01b 3.31+0.01b 8.05+0.01¢ 27.90+0.01¢ 43.54+0.01c
PE 0.65+0.01c¢ 0.81+0.01¢ 1.37+0.01d 1.42+0.01d 1.61+0.01d

TE « [A A0 AS [l 7 BER R AR R E) 22 57 (25 (P<0.05) o R Il o

Note : Different letters in the same column indicate the significant differences among treatments (P<0.05). The same below.
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Figure 2 Changes of water content of 0~80 cm soil covered by different biodegradable films

F4 R EET YRR RSN Logistic A2

Table 4 Logistic regression equation of dry matter accumulation dynamics in cotton shoots

AL P Treatments Ji## Equation to/d u/d /d Au/d Val (gt -d™) GT/(g-#&™) R
T1 Y=67.39/[1+e200%] 66 49 83 34 1.33 44.40 0.989 0
T2 Y=57.59/[1+e>%0%] 59 44 75 31 1.21 37.90 0.982 8
JF Y=68.53/[1+e"*+0%] 78 56 100 44 1.03 45.10 0.980 4
BSF Y=66.20/[1+e"*+7 0] 70 47 93 46 0.95 43.60 0.9959
PE Y=66.83/[1+e"*0"] 64 44 83 39 1.14 44.00 0.997 6

TE AR WS KRB Y— T BB B 5 oo— T AR SR A 3 Y B FRI IR 18] 5 00 0 122330 Logistic 2= K BRECH W45 14 5 Ae— T4y Bt st
FRERHFEE KA Vi— T W Bt R KR s GT— A KA AR s R — Ve R AL

Note : —days after emergence ; Y—dry matter accumulation ;to — the days of the maximum dry matter accumulation rate occurred ; ¢, and , were the two

turn dots of Logistic equation; Ai—the continued days of dry matter accumulation; V,—maximum increase rate of dry matter; GT—growth characteristic

value ; R*—the determination coefficient.

Ny i ZUH T PE A BB 25 F BT o BB R MR i
T2 4b PR AR (14 L AR R R 3k, SR 4 it
BARAR, SO 2 AR T AR BT o L B M
25%; J¥ R FHE ATy 5 bR R 3R B B AR o R A
KK, nh 2 A 5 88 1 7 LUAR T T1 A3 9.57%;
BSF AbHE i A5 25 4 B b e B AR k. ZR
JUTIAR , MRS R i ok e B R B0 3R AR E S BRI A
i E T R B IR A AR T R IR
2.4 AEIEYEMEIRE =82k R AR
B 0p-A1

A [F) o ik b X A AL ™ et ™ et A o8 IR 2R K
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Ay R FRCR R R AN 2 S s o 7 55 R b S 2 3
B i KoK 3 R AR B BEAR, Forp T1 BSF AR FE 5
PE 4 FRIC i 2 22 5 (P>0.05) , 1M1 T2 \JF &b Bi =i Kk
O3 F R B2 R % (P<0.05) , 20 B 77 A4 i A
ENR G S T R i (R RS
SRR 5 PE MR AR L, T2 JF 9 40 B AR 45 4% B
3 T % 19.82% ,38.06% (P<0.05 ) ; BSF 4k Bl BAL4% i
12 I PE A3 5 4.58% (P<0.05) , HliE f: K, T1. T2\ JF
55 PE Zb AR L 25 5 A8 i 25 (P>0.05) , £ A 3SR R 2L
KA T B EIE T (P>0.05) ; VU R AR HbJE 5 PE Hi
JEEAH B, P A AN R R RS R e, b T2 JF R Ak 3
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Figure 3 Dry matter distribution in cotton organs under different biodegradable films mulching
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Table 5 Effects of different biodegradable films mulching on the yield and water use efficiency of cotton

WCHRRE T Bk -hm™)  BARREE 4K FRER i A i Koy = KA FI A
AbF . . . ) FEA -
Treatments Harvest number/ Boll number  Single boll weight/ Seed cotton yield/ Lint ET./ Water use efficiency/
reatments (10* plant-hm™) per plant g (t+hm™) percentage/% wmm (kg-hm™?+mm™)
T1 18.95+10.26a 3.75+0.29ab 5.30+0.06ab 3.76+0.20ab 39.21+0.04a  755.06+14.06a 4.98+0.28ab
T2 17.35+8.88a 3.56+0.32b 5.34+0.06ab 3.30+0.40bc 39.88+0.32a  756.11+12.38a 4.38+0.56bc
JF 19.05+7.51a 2.75+0.09¢ 5.10+0.04b 2.61+0.34¢ 39.38+0.69a 729.57+9.36a 3.59+0.49¢
BSF 17.55+9.07a 3.70+0.22ab 5.48+0.18a 3.52+0.05abc 39.75+0.36a 737.09+7.77a 4.78+0.11abc
PE 19.00+2.85a 4.44+0.13a 5.24+0.03b 4.41+0.23a 38.9+0.05a 744.73+13.91a 5.91+0.25a

035 T, KRR Mt 25%(P<0.05) , 1EFEK STy
T, oA P ] 22 55 35 2R 15 31 B 5 K, DASUAS Ab Fi/K
Sy R R SRR S AAR L, R, T1 BSF W4k
FHBA R SE R B B R AR Y R R 14 5 PE b3
FHE L 2T A7 A AR P M JIE A ] AR At b s
25 EYIBBEBIRIFESHAK TESKE TR
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NPl 4 B, AS () A= 1 % i i RS 475- sH F 1
YRR B R S — R L 5 R R R A
e e b B 25 T 14 KO SRR i Tkt R
KR, LA PeE RO T 0.80, Az 1y I fifk b i
V5 R I ) f e A, ML TR RS
FEERIEAX, YRR R L R,
Er KR SRR B TC R A OCE (P>0.05) o FTIL, A:
00 8 e b P35 T P B8 A B [0 R 658 oo 1 0 S AL R i
PR
3 iTig
3.1 4P AR it FE 4R H 1K 4y B9 =20

A= T i e R T X SRR E IR K A

A A B L, AT e R R AR . R AR Y
2 I A A L B 55 oK 4B B 0~20 em 2K
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Figure 4 Changes in yield with duration of induction stage , dry

matter accumulation, and soil water content
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