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Effects of degradable plastic mulching film on soil moisture, temperature, and yield in cotton fields in south-
ern Xinjiang, China

WU Feng—quan', LIN Tao?, ZUMILAITI Tuergan' ,DENG Fang—ning', ER Chen', HE Wen—qing’, TANG Qiu—xiang""

(1.College of Agronomy, Xinjiang Agricultural University, Urumqi 830052, China; 2.Institute of Industrial Cash Crop, Xinjiang Academy of
Agricultural Sciences Urumgqi 830091, China;3. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of
Agricultural Sciences, Beijing 100081, China)

Abstract: We researched the impact of biodegradable mulching film on soil water, temperature, and cotton yield in cotton fields in southern
Xinjiang. Three kinds of OXO-biodegradable mulching film (T-1, T-2, and T-3) and a new biodegradable mulching film (HS) were com-
pared with the common polyethylene film. Based on the degradation of the film, the soil water, and the temperature in the cotton field, the
water consumption and soil growing degree—days in cotton field were calculated to screen biodegradable films suitable for cotton fields in
southern Xinjiang. It showed that the degradation rates for T-3 and HS reached 88.6% and 58.7% in the boll-opening stage, while T-1 and
T-2 had degraded by only 15.9% and 13.4%. Different biodegradable films also had different influences on the soil water and temperature
conditions in the cotton fields. The T-3 and polyethylene film used 688.6 mm and 690.7 mm of water, respectively, during the growth peri-

od; these were the highest rates. The soil growing degree—days of the four biodegradable films were lower than that of the polyethylene film;

Wi B HA:2018-06-05 A BHA:2018-10-10

YEE BT 524 (1995—) , 53 BB f o) A Lo 26 iAol AR S5 T I IESE o E-mail : 2814459151@qq.com

BEMEE HKE  E-mail : tangqiuxiang2004_2@163.com

BEEWA DGR AR KR ST (2016102078 ) 5 4l AR PG -AE AP AR b R T 5230 3 TP A 6 1 H (NYBXBLZ-201802) 5 F 5 [ S8 %}
PG H (31460143 ,31370522) 5 G 2 s ATl (RO BHIFL 15 (201503105)

Project supported : Project of Science and Technology Support Xinjiang (2016E02078) ; Department of Agriculture Northwest Oasis Key Laboratory of Agri-
cultural Environment Open Fund Project (NYBXBLZ-201802) ; The National Natural Science Foundation of China (31460143,31370522) ; The
Special Scientific Research Fund of Agricultural Public Welfare Profession of China(201503105)



2794

VRIEIN ity F3755 12

of these, the values for T-3 and HS were lower by 294.3 C-d and 222.8 “C - d, respectively, than the values for polyethylene film. The cot-

ton yield and water use efficiency of T-1 were 6.2% and 7.2% higher than those for polyethylene and significantly lower for HS than for

polyethylene; there were no significant differences between T-3 and polyethylene film .T-1 and T-2 were better in terms of warming the

soil, preserving moisture, and generating a higher yield, but the degradation effect was worse. T3 had a better degradation rate but did not

perform as well at moisture conservation than polyethylene film, although its cotton yield and water use efficiency values were close to those

of polyethylene film. Therefore, it is feasible to replace polyethylene mulch film with degraded T=3 mulch film in cotton fields in southern

Xinjiang.

Keywords : mulching; degradation characteristics; water consumption characteristics; soil growing degree days; water use efficiency (WUE)
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Table 1 Division of growth period for cotton in 2017

45 Years i Seedling A Bud stage T A Boll setting stage it 221 Boll opening stage L H W Whole growth period
2017 4% 04-19—05-23 05-24—06-23 06-24—08-04 08-05—09-05 04-19—09-05

R it ML R A VR RE A T PR o H DA 0 - AR UL
W10 SEHARTE 2 DL R R s ek A8 Ak . b IT 52 5
TS0 () B i oL AR 43 5 AW B, ELARPE N PR vfE 4 55 2.
e H AL T 30.60.90,120, 150 d -4 FRFGHLIE
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Table 2 The standard of degradable mulch in the field
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R3 TEIFEME IR
Table 3 The degradation conditions of different degradable films

Tr:ﬁfim 05-28 06-18 07-08 07-28 08-18 09-08
T-1 0000 0000 000+ 000+ 000+ 000+
T-2 0000 0000 000+ 000+ 000+ 000+
T-3 000+ 00++ ot+++ ot+++ ot+++ ot+++
HS 000+ 00++ 00++ 00++ 00++ ot+++
PE 0000 0000 0000 0000 0000 0000

TE = 0" FIR A Hh BURR AR 175 DL RIS 401 5+ 7R T R AT WA A7 0L

EDI:I&’ %ﬁ TR B AT B A S B R 5 e R R fi o D
TR 5 =7 FORHEAR 52 AR ) 52 A2 AT

Note: "o" means that there is no degradation, that is, induction
period; " + " means the beginning of degradation, that is, the rupture
period; "++" means obvious degradation, that is, the breakup period; "+++"
means accelerated degradation, that is, the cataclasticperiod; "~" means
basically completed degradation, that is, the complete degradation period.
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Figure 1 Changes in weight loss rate of different

degraded plastic films
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Table 4 Water consumption and water consumption modulus of different treatment of cotton during each stage

s & 1 Whole
T3 Seedling 75 Bud stage 1EE5HH Boll setting stage it 2] Boll opening stage SERY W, 0e
growth period
AT K e Eok o ST e " Lk
) R erpore R e PR e pekmwae gekeo KR
Treatment Water Water Water Water
nsumbtion/ Consumption nsumbtion/ Consumption sumption/ Consumption  consumption/ Consumption sumption/
consumpho modulus/% ~ ©°"STPHO modulus/% O TPHO modulus/% mm modulus/% <O TPHO
mm mm mm mm
T-1 32.2+1.0ab 4.7+0.1b 99.3+4.8d 14.7+0.6d 427.7+1.8ab 63.6+0.8a 117.3£0.5a 17.5+0.2a 676.4+3.4h
T-2 36.9+1.9a 4.8+0.3ab 112.7+2.4¢ 17.3+0.4¢ 419.4+3.6b 64.4+1.8a 98.7+2.8b 15.1+0.3b 662.6+3.1c
T-3 33.5+2.7ab 5.3+0.3a 135.6+2.3h 20.0+0.5b 397.0+2.4¢ 58.6+0.6h 118.7+0.8a 17.5+0.1a 688.2+2.2a
PE 29.8+1.3b 4.3+0.2b 108.1+2.3¢cd 15.9+0.3cd 435.5+2.0a 64.1+0.8a 117.2+3.6a 17.3+0.6a 690.7+0.9a
HS 17.3+0.9¢ 2.5+0.1¢ 154.7+0.4a 22.9+0.2a 374.4+3.4d 55.5+0.4¢ 125.7+3.9a 18.6+0.7a 672.1+1.9b

T« [A)— S B 5 AN R PR OR 12 0.05 KF B 225 B3 R Al

Note: Different small letters indicate significant difference among different treatments (P<0.05). The same below.
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Figure 3 Soil temperature changes of different biodegradable films
RS AELERESEETRNLREERER
Table 5 Different soil GDD processing all growth stages of cotton
T R w FE ) i 224 AL H W Whole
HHT AT Emergence stage . . . .
s Seedling stage Bud stage Boll setting stage Boll opening stage growth period
Treatment 3R RIEH  WE  HHAEKEH HE HEEKREH O HR HHUEKEH O HR HHUEREH O HR HEREH
Soil GDD/C-d  Ratio/%  Soil GDD/C-d  Ratio/%  Soil GDD/C-d  Ratio/% Soil GDD/C+d  Ratio/%  Soil GDD/*C-d ~ Ratio/%  Soil GDD/C-d
T-1 107.4£3.2b  5.2+0.1b  575.2+1.6c  27.7#0.1b  509.8+1.4b  24.6x0.1a 594.2+5.0c  28.6+0.1b  288.2+3.2b  13.9+0.1ab 2074.8+1.4d
T-2 123.1#4.5a  5.9+02ab  618.6£0.8b  29.5+0.1a  468.5+6.3¢  22.3x0.2c 601.9+3.3c¢  28.7+0.2b  287.3+2.9h  13.7¢0.1b  2099.3+8.9¢
T-3 125.8+1.8a  6.1+0.1a  559.1#2.6d  27.2+0.2c ~ 481.7+1.7c  23.5+0.1b 593.7+19¢ 28.9+0.lab  292.0+54b 142+0.2a 2052.2+2.6d
PE 121.445.1ab  5.2+02b  648.5+4.8a  27.6£0.2bc  5532+4.9a  23.6+0.2b 686.7x4.6a  29.3x0.2a  336.7tl.1a  14.4:0.la 2346.5+¢1.1a
HS 113.7£6.0ab  5.4+03b  626.4x4.3b  29.5+02a  477.3x4.2c¢  22.5+0.2c¢ 618.5+4.9b  29.1+0.2a  287.8£3.7b  13.6+0.2b  2123.743.7b

648.5 °C-d #127.6% ,HS 124 626.4 C-d #129.5%, &
AW AEAS I Kot 2 PE ALY 3 A KB H B i
T A 4 A A H (R 7E - A K R H 4T 4 R
Kok fifk L RS A0 B 5 PE bR 22 (W] A Wk 25 25 5% . TEARAE
BAEF RS ALK E H A PESHS>T-2>T-1>
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Table 6 Cotton yield and water use efficiency of different treatments

b AR EEL Harvest FARRES YL Ko LN FFAR ™ 5 Seed IKIIFIFARA Water use

Treatment ~ number/#fi+hm™  Boll number per plant/> Lint percentage/% Single boll weight/g cotton yield/kg-hm™ efficiency/kg-mm™-hm™
T-1 213 204.3+1 459.6a 5.7+.0.1b 44.5+0.1a 5.8+0.1ab 7 076.6+64.9a 10.5+0.1a
T-2 216 853.9+1 486.4a 4.9+0.1¢ 42.9+0.6b 5.9+0.1a 6 243.9+272.8ab 9.6+0.5ab
T-3 215 168.5+1 480.6a 5.020.1bc 43.4+0.3ab 5.5+0.1b 6 190.2+254.0b 8.7+0.2b
PE 214 887.6+1 420.3a 6.8+0.2a 44.2+0.1a 5.4+0.1b 6 639.5£351.2ab 9.8+0.4ab
HS 214 044.9+1 946.1a 4.4+0.2¢ 43.8+0.1ab 5.2+0.1b 4 630.1+154.6¢ 6.8+0.2¢
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