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Effects of high—strength plastic mulch film application on cotton production and residual plastic film recovery
QI Ruimin', LIU Qin', WANG Xufeng?, YAN Changrong'”

(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences/Key Laboratory of
Prevention and Control of Residual Pollution in Agricultural Film , Ministry of Agriculture and Rural Affairs, Beijing 100081 , China ;
2. College of mechanical and electrical engineering, Tarim University , Alar 843300, China)

Abstract: To assess the effects of high—strength plastic mulch film application on cotton production and residual film recovery, field tests
were conducted using four different types of high—strength mulch films , and one type of traditional PE mulch film in the cotton fields of Alar
City, Xinjiang Uygur Autonomous Region, China in 2020. The planting and production characteristics of cotton treated with different plastic
films mulching were analyzed during the growing period of the crop, and the residual plastic film was recycled thereafter. The results
revealed that high—strength mulch film significantly increased the soil temperature in 0~5 ¢m soil layer of cotton field. Moreover, their
water vapor transmission rate was around 20.7~35.7 ¢-m™+d™", which was significantly lower than that of the traditional PE mulch film (P<
0.05) , and it reduced the soil moisture loss and exhibited a better function through increasing the soil temperature and preserving the soil
moisture. Compared with the traditional PE film mulching, the high—strength mulch films significantly increased the rate of seedling
emergence and leaf growth (P<0.05) , and were more beneficial for the growth and yield of cotton, thereby, leading to an increase in the
yield rate by 3.1%~4.7%. In addition, high—strength mulch film exhibited higher recovery rate and economic benefit than the traditional PE

mulch film, as their mechanical and artificial recovery rate were higher than 83%. High—strength mulch film with higher mechanical
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properties and recovery efficiency is more conducive to the growth and development of cotton than the traditional PE mulch film , as it exerts

a higher comprehensive benefit. However, it is still necessary to evaluate and validate the application of high—strength mulch films to a

wide range of areas and crops.

Keywords : high—strength mulch film cotton ; plastic recycling; plastic film mulching
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Figure 1 Planting mode of cotton covered with high—strength plastic film in Alar, Xinjiang
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Table 1 The amount of fertilizer application with each

irrigation (kg)

DEKUEL JRF R 4% R
Watering frequency ~ Urea Phosham Potassium sulphate
1 75 0 0
2 75 0 0
3 75 30 15
4 45 75 45
5 45 180 45
6 45 180 45
7 45 180 45
8 60 30 45
9 45 0 45
10 0 0 0
ST Total 510 675 285
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Table 2 Changes in physical properties of high—strength plastic mulch films before or after used in the cotton field

5iA HhfERpE  JERE Y1) Vertical f#11] Horizontal ErE i
lem  Typeof  Thickness/  firffifn fi F BRI A L 2 B 2 FE Right angle
mulch film pm Tensile load/N Nominal tensile strain at break/% Tensile load/N  Nominal tensile strain at break/% tearing load/N
LG PE 9.1 1.6 331 1.8 520 1.1
GOQ1 8.6 6.9 364 4.9 596 1.3
GQ2 11.3 7.0 389 5.1 622 1.3
GQ3 11.1 6.8 359 4.8 576 1.3
GQ4 8.6 6.1 312 44 523 1.1
180d J5 PE 8.4 1.5 312 1.3 295 1.1
GOl 8.6 2.8 219 2.2 580 1.5
GQ2 10.8 3.9 327 1.9 430 1.1
GQ3 11.5 2.2 215 2.7 271 1.2
GQ4 8.4 2.2 235 1.5 293 1.1
AR (BRI 10.0 1.6 260 1.6 260 0.8
321
g
5]
E 281
<
T
g 24f
L
£ 20t
#
iz}
B 16
H ol & PE - GQlI A GQ2 -¥ GQ3 #H1 Non—mulching
03-30 04-13 04-27 05-11 05-25 06-08 06-22 07-06 07-20 08-03

HH¥(A-H )Date(M()nlh—day)
2 AEMEEESREO~S cm TETIERETK

Figure 2 Soil temperature of cotton fields(5 cm soil layer) with different plastic films mulching
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Figure 3 Soil temperature of cotton fields with different plastic

films mulching within 30 days of sowing
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Figure 4 The amount of water vapor transmission of high—strength

and conventional PE plastic mulch film

GQ2 JEH, BB 4> ) M 28.1 gem™+d H124.0 g-m™-
dGQ4 MBI R i K, N 357 g-m2-d™'. 45 ok
JE b B 7 R A AL 48 PE M B R AR T 23.2%~
54.2%, 3% TR LE (0] b B 7 55 SE A DU R, o
J3E i JIE B % KR KRR AR FH 37K o045 2 o B, A 304
B A K, B RGO RE hRe o AR AR AR KR
H AL R AR
2.2 AEFEMERIBEERKAZ BTN
2.2.1 /NTR) b A 3 AR AL 1 T O

FERN 14 d )5, im0 o B 3 5 A AR R B
T 58 PE ML (3% 3) , Forp GQ3 4w A A6 F- 23 1 i
RIEH, 1515 98.3%, 15 48 PE b 5 (1) F 24 H 1 R i
% ALK 75.0% . #%&Fh 30 d J5 & 5 A HLE GQ1.GQ2
M GQ3H FAAL B K R 225 R E (P>0.05) ,H
¥y F 5T GQ4 LS PE # 5 (P<0.05) , Hidr GQ2
B AEEL K R e =, 4 98.3% , 1% 4t PE M7
TR B ORI, M 81.7% (K 3) . S momE
HSEAH e, % St PR IR 35 M 6 0 HE SRR L K
Hh AN TR AROK -, 2% B v ik 3 b R 5 o A R
FEAE B 2R 00 A e, JHL 3 o Do DR T 8 2 o o 38 6
HA B 3R Rt fE . A 9T R W] PE MB35
REAS 1IN - 6K 4, FFAE FOKRFE i A K 1 49800
JEHE R 2 2.8 C AR T ARS8 .
2.2.2 UN[R) b A 55 A A8 DG S T AR R L

FEF 45 d J5 A [F) Hh B 55 1 A8 1 = R Bk PE>
GQ1>GQ2>GQ3>GQ4, b i i [l & 10.0~17.2 em (&
4) , o GQ2 b HAR M = B 1 (13.4 em) , 5 PE,
GQL.GQ3F GQ4AbFEMtk = JE 22 T 2 . A Hi
AR 7 B bR A 5 bk e R I — 2K, PE M
A IR FRAR AR AL 8 i 2, 6.0, GQ3 Tl GQ4 Ab 3R

http://'www.aed.org.cn

PARRAR AL H SR /D, N 4.0, PEBE SSARAE 24 AR
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190 d i & 25 43 1 M 68.8.72.2.67.8 cm 1 68.2 cm,
42 T PE B S5 AR MR (58.6 cm) s GQ1 I GQ2 kb HHi2A
FARR IR AL RS 2.2, B 35 3 F PE.GQ3 A1 GQ4 (JF
E A 1.0 1451 1.2), #BUKRE GBI (14 d
130 d) K AEFP 90 d J , ey o i b 7 26 T AR AE AR K
IR 1% 58 PE MBS (B ZEHEFD 45 d BFRRAEAE K
IR 5155 PE IR AT 35 T 22 AN
2.2.3 MRAEUCHR A Y S PR S e

AN [ 1t B 5 AR AR FE SRR B 1) 155 82k 58.6~72.2
em, (= 9 3 b 7 5 A R 5 D R R T PE ML . %
4t PE b 55 55 B B (GQ1.GQ2 . GQ3 Fil GQ4) ik
P g R AR A SR AR 500 8.8.9.0.8.6.9.7 8.8, 7%

R3 FEAMREESWAEHETR
Table 3 Emergence of cotton with high—strength and PE plastic
film mulching

Hu RN FEIE 14 d % 530 d B A
Type of Emergence rate at 14 d Leaf growth rate at 30 d
mulch film after sowing/% after sowing/%
PE 75.0+5.0¢ 81.7+5.8b
GQ1 88.3+2.9h 95.0+0.0a
GQ2 93.3+2.9ab 98.3+2.9a
GQ3 98.3+2.9a 93.3+5.8a
GQ4 93.3+2.9ab 85.0+5.0b

T RS 7 BE 7R 22 5 35 (P<0.05) . R[],
Note : Different letters in a column indicate significant differences (P<
0.05). The same below.

R4 AR SR AEREM 45 AR ERIER
Table 4 The growth of cotton with PE and high—strength plastic
film mulching at 45 d after sowing

BRI R LIPeE AL LSS

Type of Plant  Leaves number  Fibrous root Fibrous root

mulch film height/cm per plant number per plant  length/em
PE 17.2+1.5a 6.0+0.0a 12.7+1.5a 11.3+2.1ab
GQ1 16.8+1.3a 5.7+0.6a 8.3+2.1b 7.7£1.5b
GQ2 13.4+1.1b 5.0+0.0b 13.0+1.7a 13.3+4.2a
GQ3 10.2+0.4¢ 4.0+0.0c 8.3+2.3b 13.7+0.6a
GQ4 10.0+1.6¢ 4.0+0.0c 9.0+1.0b 10.7+1.2ab
— 927 —
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Table 5 The growth of cotton with PE and high—strength plastic film mulching at 90 days after sowing

SR i FFIER A S
Type of mulch film Plant height/cm Number of flowering per plant Number of buds per plant Branch number per plant

PE 58.6+3.2b 1.0+0.0b 7.4+0.5a 7.2+1.1a

GQ1 68.8+6.1a 2.2+0.4a 10.0+4.1a 8.0+1.4a

GQ2 72.243.9a 2.2+0.4a 8.8+1.6a 7.2+1.2a

GQ3 67.8+4.1a 1.4£0.9b 10.0+0.7a 7.4+0.5a

GQ4 68.2+4.3a 1.2+0.4b 9.8+1.1a 7.0+1.2a

A PR EES FT JC I IR 25 e YO 5.0 g0 H Ry R A
JE R 5 MR AE 7 B R 7 638.8~7 759.0 kg - hm2, & 4E
PE Hb I 1 7= 231.0~351.2 kg - hm2, 3 72 K4 3.1%~
47% (2 6) . 1oy o JIE M JBEAE T A AL 5 s TR
4t PE HLJK (P<0.05) , 222 R BLAE M AL AR 42 B AL 52
Hifi 2 0.4~0.6 1.

BEREAT DL 1 4 5 - R B R K A
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DLt s 7 R AR R AR 2R A K B P 42 i 1 SR
JE SEANVEY = T AR S v e R R b R 55 A A
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s A 7 A A T AT SR TR R [ 0 5 A e R
TAERISS & B9 7 2B R A RAE R AW AR AL J5 51 e b
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SR P b B R A =X 32 AT P D . — 2 AL R USCR
E SN MCI L P oy N I IO ) I g
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Table 6 The main appearance and yield of cotton with different film mulching

MR PR B MRAL L AR R P

Type of mulch film Plant height/cm Branch number per plant Boll number per plant Single boll mass/g Yield/(kg-hm™)
PE 76.4+0.6¢ 8.8+0.2bc 8.6+0.5b 5.0+0.1a 7 407.8+84.3b

GQ1 80.3+0.7a 9.0+0.1b 9.2+0.1a 5.0+0.1a 7 638.8+62.5a

GQ2 79.4+0.5a 8.6+0.3¢ 9.2+0.1a 5.0+0.1a 7734.4+107.8a

GQ3 80.3+1.0a 9.7+0.2a 9.1+0.1a 5.0+0.1a 7 692.8+55.5a

GQ4 77.9+1.0b 8.8+0.2bc 9.0+0.2a 5.0+0.1a 7 759.0+10.2a
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Figure 5 Mechanical recovery of high strength film and

conventional film in Shihezi, Xinjiang
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Table 7 Direct input for cotton planting with different plastic mulch film in Alar, Xinjiang(yuan+hm™)

U BN TR/ AT SRz Fl i
ﬁ%ﬂ;ﬂ'?‘é Agricultural capital investment Renting/preparing land and labor _ Logging and recovery
mich g wEs PR gy gy KR W o BN g g
film  Ferlizer Trrigation  + 0 Seed  Pesticide VAT gy, Renting o Land o 0, Plastic
mulching film electricity land  preparation recycling
PE 5820 1050 900 825 1425 3 000 4500 9 000 2 400 2175 600 4500 36195
GQ1 5820 1050 1 800 825 1425 3 000 4500 9 000 2 400 2175 600 4500 37095
GQ2 5820 1050 1 800 825 1425 3 000 4500 9 000 2 400 2175 600 4500 37095
GQ3 5 820 1050 1800 825 1425 3 000 4500 9 000 2 400 2175 600 4500 37095
GQ4 5 820 1050 1800 825 1425 3 000 4500 9 000 2 400 2175 600 4500 37095
R 8 FEMTH /RSB EHERIEFMERED
Table 8 Benefit analysis of cotton with high—strength plastic film mulching in Alar, Xinjiang
MR A7 AR (T hm™) i FHE/(TC - hm™) FIE/(5C - hm™) R
Type of mulch film  Production cost/(yuan+hm™)  Yield/(kg-hm™)  Production value/(yuan-hm™)  Profit/(yuan-hm™)  Profit increase rate/%
PE 36 195 7408.5 53 341.5 17 146.5 —
GQ1 37095 7 639.5 55 005.0 17 910.0 4.5
GQ2 37095 7734.0 55 684.5 18 589.5 8.4
GQ3 37095 7 693.5 55393.5 18298.5 6.7
GQ4 37095 7759.5 55 868.4 18 774.0 9.5

TE ARAESIW N4 4% 7.20 T8 - kg ' 15

Note: The purchase price of cotton is 7.20 yuan-kg ™.

http://'www.aed.org.cn
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