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Effects of thickened plastic film and its two-year reuse with no tillage on maize
yield, water use efficiency, and plastic film recycling rate’

SU Xiaoxing"’, WANG Linlin"*", LI Meng"’, MA Xueting"’, LI Lingling"?, LI Shiqing"”’
(1. State Key Laboratory of Arid Land Crop Science, Gansu Agricultural University, Lanzhou 730070, China; 2. College of Agronomy,

Gansu Agricultural University, Lanzhou 730070, China; 3. College of Resources and Environmental Science, Gansu Agricultural University,
Lanzhou 730070, China)

Abstract: Increasing maize yield and reducing residual film pollution remain important issues that need to be addressed for maize
production in the semi-arid region of the Loess Plateau. A field experiment was conducted to investigate the effects of different plastic
film thicknesses and their two-year reuse under no-till conditions on maize yield, water use efficiency (WUE), and film recovery rate
in central Gansu Province from 2023 to 2024. The experimental design included two factors: plastic film utilization methods (T1: new
film; T2: two-year reuse of plastic film with no till) and plastic film thickness (H1: 0.01 mm; H2: 0.015 mm; H3: 0.02 mm), with six
treatments. The results showed that compared with the two-year reuse of plastic film with no till, new plastic film under H1, H2, and
H3 significantly increased the average soil temperature in the 0-25 cm layer during the seedling to jointing stages by 6.71%, 5.60%,
and 5.77%, respectively. From the jointing to maturity stages, no significant differences in the average soil temperature in the 0-25
cm layer were observed between the new film and the two-year reuse of plastic film with no till. Both the new film and two-year re-
use of plastic film with no-till treatments showed no significant differences in harvest biomass or yield between H2 and H3. Under the
H1 thickness, the dry matter accumulation at maturity and the yield of new plastic film increased by 14.54% and 24.10%, respect-
ively, compared to the two-year use of no-till plastic film mulch. Thicker films (H2 and H3) significantly increased WUE by 26.78%
and 29.71%, respectively, compared to H1. Under the new film, the net income or ratio of output to input was not significantly differ-
ent for H1, H2, and H3. Under two-year reuse of plastic film with no till, H2 and H3 increased net income by 45.74% and 46.10%, re-
spectively, and elevated the ratio of output to input by 11.11% and 9.63%, respectively, compared to H1. Although two-year reuse of
plastic film with no till significantly reduced the film recovery rate compared to the new film, thicker films under two-year reuse with
no till significantly improved the recovery rate compared to H1. These results indicate that under the new film, thicker films did not
significantly increase yield or net income; however, thicker films under two-year reuse with no till significantly enhanced yield and
net income. Therefore, considering the yield, WUE, film recovery, and economic benefits, a 0.015 mm plastic film combined with
two-year reuse of plastic film under no-till conditions is a suitable plastic film measure for arid agricultural areas in the Loess Plateau.

Keywords: maize; film thickness; two-year reuse of plastic film with no-till; yield; ratio of output to input; plastic film recycling rate
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Fig. 3 Soil temperature dynamics in the 0—25 cm soil layer in different treatments for different growing periods from 2023 to 2024
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AR T KAEK B B 3 S T 2023 4F, i 2023 4E ) WUE
B E R T 2024 4% . Hb R A J7 2o« b R JE2 B 1 22 .
YEHIXT WUE A 83550 . 78 H1 J&JE T, T2 Zh 3
WUE %8 T1 i Z B 19.26%; /£ H2 I H3 JEE T,
Hu B 7 =X WUE 2 25 55 R 83 . 76 T1 b3
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T2: two-year reuse of plastic film with no-till; H1, H2, and H3 represent the thickness of the plastic film at 0.01, 0.015, and 0.02 mm, respectively. Error bars

represent the LSD values at the 0.05 significance level.
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Fig. 4 The effect of different treatments on dry matter accumulation and accumulation rate of maize
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Table 1 Effect of different treatments on dry matter accumulation after silking, dry matter remobilization, yield, and water use
efficiency before silking of maize in 2023-2024

K EET e
Soil water storage /mm Py R mﬁﬁiﬁﬁt? I AERIRETT
Kk ERTIR AR o P
W RAR DUHRR L7y € NN G e S

Fr ater Store dry matter PR i
AR pszil . Dry matter ~ Dry matter it Dry matter . Water use
Year Treatment ST consumption accumulation accumulation before silking transport Grain ylﬂd efficiency

e i ILE/N in farmland and transfer to /(kg-hm ™)

after silking  after silking efficiency for /(kg-hm *mm ")

Pre-sowin, Harvest i
& /mm /(kg-hm?) contribution tlzilgralrels before silking
0,
rate to /(kg-hm ) storage /%

production /%

2023 T1H1  270.4+£9.1ab 310.4+16.0abc 252.1+£6.9a 3 045.3£156.6b  69.7£1.91b 1322.9+38.9b 12.26+0.44b 4 368+128b 17.32+0.61bc

TIH2  281.6+9.4ab 321.5+6.4ab 252.1+5.2a 3 320.6+65.7ab  74.4=1.5ab 1144.4+243c 10.60+0.18bc 4 465+95b  17.71+0.30b
TIH3  292.0+8.6a 342.6+10.1a 241.4+11.0a3 469.3+102.6a 77.6£3.6a 1 004.5+6.8d 9.31£0.25¢  4474+30b  18.53+£0.49b
T2H1  252.1£10.2b 285.1£6.2c  259.0+9.4a 2 604.1+56.7¢c 67.3£2.5b  1264.9+48.1bc 11.72+0.51b 3 869+147a 14.94+0.65¢
T2H2  278.2+12.1b 304.9+11.9bc 245.4+7.9a 2 425.4+94.6¢c 57.4+1.7c  1801.6+57.6a 16.69+0.87a 4 226+135b 16.00+0.83bc
T2H3  281.9+9.9ab 324.0+18.9ab 229.8+5.5a 3 287.3+191.9ab 71.8+1.7ab 1290.9+44.7b 11.96+0.57b 4 578+159b 19.92+0.95a
2024 T1H1  326.4+18.2a 345.9+6.4ab 288.4+9.2a 2461.2+42.3d  54.3+1.7c  2069.4+429a 16.12+0.91a 4 531+94ab 15.71+0.87ab
TIH2 343.4+54a 357.0+18.6ab 294.3+£10.7a3 231.8+168.7b  67.1+2.4b 1 585.6+55.6bc 12.00+0.19bc 4 817+167a 16.37+0.26a
T1H3  335.8419.5a 364.7+14.1a 278.9+4.8a 3 763.5£145.3¢ 78.4+1.3a  1038.1+34.8¢  7.69+0.45d 4 802+16la 17.21+0.99a
T2H1  301.0+16.3b 327.1+11.1b 281.8+11.9a2 031.8+68.8a 61.5£2.6bc  1270.7+38.3d 11.11+0.69c 3 301+99c  11.72+0.64c
T2H2  321.249.8a 362.4+12.0ab 266.7+16.4a2 507.8+83.4d  59.9+3.7bc 1680.2+63.6b 13.28+0.40b 4 188+159b 15.70+0.48ab
T2H3  339.9+11.6a 355.8+13.2ab 281.9+11.4a2 880.5+107.9c 66.5+2.7b  1449.6+56.9c 11.02+0.18c 4 330+£167b 14.65+0.25b
Ty TIHI  298.4+13.7a 328.2+11.2ab 270.3£8.0a 2 753.2+101.6cd 62.0+1.8cd 1696.1+40.9a 14.19+0.67a 4 449+111a 16.51+0.75a
Average TIH2  312.56.4a 339.3+12.5ab 273.2+7.9a 3276.2+117.2bc 70.7£2.0b  1365.0£39.7b 11.30+0.18b 4 641=131a 17.04+0.28a
T1H3  313.9+14.1a 353.7+12.1a 260.2+7.9a 3 616.4£123.9a 78.0+2.4a  1021.3+20.8c  8.50+0.35¢c 4 638+96a  17.87+0.74a
T2H1  276.6+13.3b 306.1+£8.6b  270.4+10.7a2 317.4+62.7¢ 64.4+2.5bcd 1267.8+43.2b 11.42+0.55b 3 585+123b  13.33+0.64b
T2H2  299.7+11.0a 333.6+11.9ab 256.1+£12.2a2 466.7+89.0de  58.6+2.8d 1 740.6+60.6a 15.00+0.64a 4 207+147a 16.90+0.66a
T2H3  310.9+10.8a 339.9+16.1ab 255.9+8.4a 3 083.9+149.1bc 69.2£2.2bc 1370.2+50.3b 11.49+0.38b 4 454=163a 17.29+0.60a

ﬁf{ﬁj\ Year (Y) k% *k *k k% *k *k ns ns *k

HREFI I 5= ns ns ns ok Hok o o - .
Mulching film
utilization methods

(M
o Jlsd JEL B Mulching * *k ns *k *k *k *k *k k%
film thickness (H)
YT ns ns ns ns ns ** ns ns ns
YxH ns ns ns *k * *x ** ns **
T X H ES ns ns ns ek ek 3k £ £
TxHxY ns ns ns * * ** ns ns ns

T1: BifE T2: Sepr B AR H1 . H2RIH3 4 53R UL 0.01 . 0.015F10.02 mm. s h P (EbrEs . A 4RO R — S AR /NG
FAREFIRAL BRI 22 57 1 3 (P<0.05) . *FRINP<0.05/K -3, **F/RP<0.01 /K3 ns: 227 A E3% . T1: new film; T2: two-year reuse of plastic film with
no-till; H1, H2, and H3 represent the thickness of the plastic film at 0.01, 0.015, and 0.02 mm, respectively. Data in the table are meantstandard deviation.
Different lowercase letters in the same column of the same year indicate significant differences among different treatments (P<0.05). * denotes significance at
P<0.05 level; ** denotes significance at P<0.01 level; ns: no significant difference.

FkPHEE BT 2 2R — B bR S K, R RE R X D B 2 ) -

S B M55 9 Al BE AT R e R R RO AR KR AR, T S B DU e g R SR Sl T L 0
i, SRR B R B EIORIERI IR KOMEER, TR T I K (AR
T, BB A A A PR B B 2 R 0~80 em AR, SR B ARG ORI BRI T R )2 0~20 cm
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Table 2  Effect of different treatments on the economic performance of maize from 2023 to 2024
A Input /(¥hm %) 77{H Output /(¥-hm*) ) R
Gy o i o P he ratio of
Year Treatment ¥ HNUE Plastic %1 B Total FRL T SE(E et reverue output to
Seed Fertilizer Labor Machine Grain Straw Gross output value /@hm”) input
film put
2023 T1H1 720 3069 1023 6525 600 11937 8736.0+£257.5a 4 734.9£115.6ab 13 470.9+414.4a 1533.9+414.9¢ 1.13+0.03¢
T1H2 720 3069 1535 6525 600 12449  8930.0+£190.1a 4954.8+86.4a 13 884.8+£335.0a 1435.7+£335.3c 1.12+0.03¢
T1H3 720 3069 2046 6525 600 12960 8947.6+60.3a 4961.6+18.1a 13 909.6+447.8a 949.6+447.6¢ 1.07+0.06¢
T2HI 720 3069 512 3850 300 8426  7738.0£294.5b 4 057.8+138.8c 11 795.84490.7b 3 369.84490.1b 1.40+0.06b
T2H2 720 3069 768 3825 300 8 682 8 452.64+270.4ab 4 366.1+99.6bc 12 818.1+313.2ab 4 136.1+313.8ab 1.48+0.04ab
T2H3 720 3069 1023 3825 300 8937  9156.4+£317.8a 4454.3+217.3bc 13 610.3£540.4a 4 673.3+540.2a 1.52+0.07a
2024 TI1H1 720 3069 1023 6525 600 11937  9061.0+188.7ab 4 394.5£110.9bc 13 456.5+577.2ab 1 519.5£577.4b 1.13+0.05¢
T1H2 720 3069 1535 6525 600 12449 9 634.7+334.6a 4 834.3+143.6ab 14 468.3+334.8ab 2 019.3+334.9b 1.16+0.03¢
TIH3 720 3069 2046 6525 600 12960 9603.0+£322.5a 5260.8£149.4a 14 864.8+458.5a 1904.8+458.3b 1.154+0.04c
T2H1 720 3069 512 3825 300 8426  6602.9+199.6c 4371.3+168.0bc 10 973.3+469.0c 2 547.3+468.0b 1.30+0.06b
T2H2 720 3069 768 3825 300 8682 8376.0£317.7b 4793.6+£216.3ab 13 169.6+556.1b 4 487.6+556.0a 1.52+0.07a
T2H3 720 3069 1023 3825 300 8937 8 660.0+£334.6b 4 248.0+171.5¢ 12 908.0+390.3b 3 971.0+390.4a 1.44+0.05a
&) TIHI1 720 3069 1023 6525 600 11937 8 899.04268.1a 4 564.7+113.2bc 13 463.7+495.4a 1 526.7+495.4c 1.13+0.04c
AVerage pipp 720 3069 1535 6525 600 12449 9282.442223a 4894.5:11.0ab 14 176.5+334.9a 1727.5+3343¢ 1.14+0.03c
T1H3 720 3069 2046 6525 600 12960  9275.3+262.9a 5111.2+166.5a 14 387.2+455.2a 1427.24452.6¢c 1.11+0.03¢c
T2HI 720 3069 512 3825 300 8426  7170.5£191.9b 4214.5£153.3c 11 384.5+479.7b 2 958.5+479.7b 1.35+0.06b
T2H2 720 3069 768 3825 300 8682 8 414.34247.5a 4 579.8£158.2bc 12 993.8+435.5a 4 311.8+435.6a 1.50+0.05a
T2H3 720 3069 1023 3825 300 8937  8908.2+4294.2a 4 351.1+195.4c 13 259.14465.1a 4 322.14465.1a 1.48+0.06a
Ny Year (Y) ns ns ns ns ns
Hﬁﬂ;‘:%’]mﬁl\ *% ok *% sk Kk
Mulching film
utilization method
(Y]
i&ﬁgﬁ *% *% *k * *
Mulching film
thickness (H)
YT wok ns ns * ns
YxH ns ns ns ns ns
TxH * ns ns * Hok
TxHxY ns * ns ns ns

T FIR T2: ST AR (I, H1 . H2MIH3 /5 2R R 0.01 mm., 0.015 mmAN10.02 mm., Fh-F-HALRMA A BT A L3 —3L, 53514720
¥hm I3 069 ¥hm s 55 1 ALFEHEEA A PR AR AR AR T . B 4, HR60TTTIAL; FPRiH 202448 23 TR A% 2 ¥ kg™ FiFFO.5 ¥kg it
PR PR EbR 2 o T — AR R — S AN )/ NG TR R A BRA) 22 53 1 35 (P<0.05). *FIR0.05/K I3, **3FR0.0 K35 ns: 25 A3 .
T1: new film; T2: two-year reuse of plastic film with no-till; HI, H2, and H3 represent the thickness of the plastic film at 0.01 mm, 0.015 mm, and 0.02 mm
respectively. The prices of seeds and fertilizers were the same for all treatments, which were 720 ¥'hm* and 3 069 ¥:hm ?, respectively. Labor includes the labor
and animal power invested in the whole production process, which is calculated at 60 ¥ per day. The grain is calculated according to the local corn purchase
price of 2 ¥kg ' and straw 0.5 ¥'kg' in 2024. Data in the table are meantstandard deviation. Different lowercase letters in the same column of the same year
indicate significant differences among different treatments (P<0.05). * denotes significance at 0.05 level; ** denotes significance at 0.01 level; ns: no significant

difference.
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=2 F 5 225 SRS, {ELA 5 1 S5 S 95 4
259 FHI i 151 55 5 95 2 D ) 3ok S A 00, 3k 4245
= £ 300 SRR 7 SR 5 AT PR T LS 3 14 4 o
gm“ﬂﬁh+m*ﬁ3 M J5E 4 24k 3 KK 75 5 Fil WUE. Zhang %™ B9 %
Z B, P P T LA 2 A B Y, ARl

80 180 280 380 480 580 720
PN S5 AR
Number of days after lamination /d
T1: BB T2: AR PTAR 66, H1 . H2 I H3 23530 3870 e
B 0.01, 0.015 F1 0.02 mm, ¥&2EHEFR/R 0.05 KV LY LSDfE. Ti:
new film; T2: two-year reuse of plastic film with no-till; H1, H2, and H3
represent the thickness of the plastic film at 0.01, 0.015, and 0.02 mm re-

spectively.Error bars represent the LSD values at the 0.05 significance level.
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b et ] 0 2R 4L
Fig. 5 The temporal variation of nominal strain at longitudin-
al rupture of mulch film under different treatments during
2023-2024 seasons
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ant differences at P<0.05
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Fig. 6 Impact of different treatments on film recovery rates
from 2023 to 2024
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