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Effects of whole field soil-plastic mulching on winter wheat
water consumption characteristics, growth and yield

LIU Feng', WANG Hongli®
(1. Gansu Academy of Agricultural Science, Lanzhou, Gansu 730070, China;
2. Institute of Dryland Farming, Gansu Academy of Agricultural Science, Lanzhou, Gansu 730070, China)

Abstract: To study the effect of different planting methods on winter wheat water consumption characteristics,
erowth and yield, the treatments of whole soil plastic mulching and bunch seeded (FM) , furrow sowing on side of
film mulch (FS) and bare soil and strip sowing ( CK) were set up. The results showed that compared with CK, soil
average temperature at 0~20 cm soil layer of FM and FS increased by 3.1°C and 2.1°C during the sowing stage-
jointing stage and decreased by 0.6°C and 1.0°C for FM and FS in the filling stage, respectively. Mulching can in-
crease the soil water content of 0 ~200 c¢m in each growth period of winter wheat, among them, the increase of
seedling stage, regreening stage, jointing stage and filling stage was more than 20% , and the drier, the more in-
creasing. The water consumption of FM was 29.2% higher than that of CK after resuming growth, 42.4% lower be-
fore resuming growth, and the difference was significant. The water consumption of FS was 12.6% higher than that
of CK after resuming growth, 25.7% lower before resuming growth. Under the effect of increasing the soil tempera-
ture in the early growth stage, the soil water content in the dry stage, and the water consumption after resuming
growth, the number of basic seedlings and tillers of PM and FS were significantly higher than that of CK. The num-
ber of ears per hectare, number of ears, thousand-grain weight and yield are all shown as follows: FM>FS>CK,

and the difference was significant. The yield of FM and FS was 74.7% and 45.4% higher than that of CK. The
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difference in water consumption among treatments was not significant, therefore, water use efficiency FM was the
largest, 67.3% higher than CK, FS was the second, 46.1% higher than CK. CK was the smallest, and the differ-
ence reached a significant level. It can be seen that for winter wheat production in high altitude and cold regions,
plastic film mulching regulated soil water temperature, improved the matching degree of winter wheat water con-
sumption and soil water supply, and retained more water for use after regreening in the stage which less water de-
mand, so as to improve the growth and development of winter wheat and spike formation, and significantly increase
winter wheat yield and water use efficiency. The adjustment effect of whole soil plastic mulching and bunch seeded
(FM) was better than that of furrow sowing on side of film mulch (FS). The whole soil plastic mulching and bunch
seeded (FM) was a suitable planting method for plastic film wheat in alpine and arid areas.

Keywords: whole field soil-plastic mulching; drilling beside plastic film; water consumption characteristics;

winter wheat; growth and development; yield
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Table 1  Effects of different planting patterns on tillering and spike number of winter wheat
SRR EN 1 RV
-~ e WA ARRHAME Semmmber VR oy AT
> Basic seedin, Offshoot per plant at resume iem number Offshoot per plant Spike number
Year Treatment & perp jointing stage perp P
/(10* - hm™) before winter growth stage /(10* bh fz) at mature stage  /(10* - hm™2)
/(10* + hm™2) s
FM 361.6+33.5a 1.940.2a 967.5+89.3a 36.2+3.5a 0.70.1a 343.35+31.8a
2019—2020 FS 319.5+30.0b 1.840.1a 934.5+91.1a 34.5+3.6b 0.6+0.1a 290.55+30.1h
CK 291.0+28.9¢ 1.5+0.1h 898.5:£90.0b 32.2#3.1c 0.4+0.1h 273.90+28.1¢
FM 353.6+34.4a 2.10.2a 1012.2+100.0a 39.3x4.1a 0.8+0.1a 356.8+36.1a
2020—2021 FS 321.5+31.1h 1.9+0.2h 1005.6+99.8a 36.4+3.4b 0.6+0.1h 312.6432.2h
CK 284.6+29.9¢ 1.5£0.2¢ 836.8+81.1h 30.923.1c 0.30.1c 288.9+29.3¢
FM 375.2+36.5a 1.7£0.2a 905.2+89.3a 31.3x3.3a 0.5+0.1a 310.8+32.2a
2021—2022 FS 346.9+35.2h 1.4£0.1h 885.6+90.1h 28.7+2.9b 0.4+0.1a 283.9+30.1h
CK 301.2432.8¢ 1.120.1c 745.9+74.5¢ 25.9+2.6c 0.2+0.1b 251.6+28.3¢

T BISIARE/NG PR R — 0 A R AL BN 22 53 .35 (P<0.05) , Rl

Note : Different lowercase letters in the same year meant significant differences among different treatments( P<0.05). The same below.
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Table 2  Effects of different planting patterns on

yield components of winter wheat

N B
P A Spﬁ(e jumbcr i(}fai?ly 10?):0*—g;i;in
Year Treatment /(10* + hm™)  number weiglﬁ/g
M 343.35+£33.25a  36+3a 37.8+3.5a
2019—2020 FS 290.55+28.97b  32+3b 35.2+2.9b
CK 273.90+28.31c  28+2c¢ 33.0+3.5¢
M 356.8+33.63a 40+3a 39.8+4.1a
2020—2021 FS 312.6£33.22b  34=x4b 36.2+3.3b
CK 288.9+29.11¢ 30+4c 32.5+3.1¢
M 310.8+£30.25a 32+3a 35.1+3.4a
2021—2022 FS 283.9+27.99b  26+2b 32.6+3.5b
CK 251.6+26.32¢ 20+2c¢ 28.8+3.0¢
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Table 3 Economic benefit analysis of different planting methods
A HBERA e A i A EiEn
I b Fp Lo a S . .
Yer Treatment Seed input Film input Fertilizer input Yield Income Net income
R /(CNY < b)) /(CNY < hm2)  /(CNY <hm?)  /(kg-bm)  /(CNY < hm2)  /(CNY « hm?)
FM 900 1500 1519.4 4028.5+101.2a 8862.7+121.0a 4943.3+£98.7a
2019—2020 FS 900 975 1519.4 3431.9+113.5b 7550.2+101.3b 4155.8+105.5b
CK 900 0 1519.4 2366.9+118.4¢ 5207.2+£99.3¢ 2787.8+117.9¢
M 900 1500 1519.4 4209.5+110.3a 8419.0+£114.6a 4499.6+111.8a
2020—2021 FS 900 975 1519.4 3751.9+98.2h 7503.8+109.5h 4109.4+134.7h
CK 900 0 1519.4 2537.6+121.3¢ 5075.2+100.7¢ 2655.8+103.4¢
M 900 1500 1519.4 3697.6+122.0a 7395.2+124.9a 3475.8+112.8a
2021—2022 FS 900 975 1519.4 2821.9+105.6b 5643.8+99.9b 2249.4+114.4b
CK 900 0 1519.4 1966.9+158.9¢ 3933.9+100.5¢ 1514.5+121.9¢
3 W i IS 4% ~57.9% >, {E ik K HEWIFEK TR T,

MR 55 0 1A R RN 3 B SR B AE AR B BY
BeR R AR, ORI B A Kk, 5
JE R ok b e 3 B 8 5 S MR AR IR = T B
o TR ASON 33 T Rk L 50 7 T ik 2 B 2 v R X VR A
FEA K M, B R AR e e AR
g FM R FS Kb 3L BRI A R A« HE A AL
5 Liu 5 A5 —3, 5 CK ML, FM AL FREE Fp
W~ HEH 0~20 em + 2 4 SF Y EE B 0
4.89°C , M TA/NLZ RN R A /N EEKET,
FEAR A b 1 5 22 8 B B K, X6 M T 9 v vk, - 458
TREEHE CK PRI 0.81°C, L Fifi 25 358 43 1 7 T4k
FM Ab B E 0 B B FS AL BRI IR 35 FM 40
FRART] , (HAE AP ~ o DR IR B /N T FM, X —
45 5 Hendawy %517 BIF 58 M ) 22 A o 78 S A8 2 /)N
FAE ARG, 5 R (R AR R E
A T 2 59, 3 Tl b s A A AN TR ER

KA RN R AR Y = W RN R 22—,
Tt R DX R K7 B TR HL G HE R KR, 2%/
Fr K HBERKEERE AR 38K | Horp - B fioK i+
HEIK FEVH & 7K 43 1 T RE 1T A 350 5% fft Bk 7K O J2 0 4
WA SE T EMha ™ 2R RERE%IES
PR AR T2 HRZ , 15582 25K 515 D
W ASCRIF , M R = P2 B R SRk 2 R SR R,
M7 55 MR RS B 1E /K 70 3 B 28 %, (H R /K g
BE2m DN L2, S ER S K E RS
TR > IR TR K A B B R B 2 1
FRATETE AR | TR) sk U8 ST AR g RE K, AR dE I
HHZK 53-THFE B BR8] 78 A& ) VR ) 25 06 e Ak, 35 In 2%
FEAK L1207 il 75 /N 22 1 0] ~ 2 AU AE K 18 i
9.6%~27.2%""" , FEAHERWHFEAKIEIN 237.7% ",
LA B R BHFE KN 21.1% ~ 50.5% , S5 i K3

YEYI ™= S FUK 3 R HRCR B e . AR5 FM
FIFS Ab A g 2 it g A /N2 A B 0D R AT
WIFNVE S 0~200 em + 2 IS KR IF 1 5 4
TINA&/INZ 3R 75 301 ~ Fl el 300 R0 il A0 ~ 0 R I RE K
i, 5 CK e, FM ZbHFE /K & 43 $2 55 52.83% Fil
37.63% ,FS Kb F 43 5 $2 &5 42.64% 1 17.01% ; 7£ R
IR & S OK R TR R, FM A N
FAEPOR  BEAS T T4 BER R 25 15, [w) B 7 A2 4
CHIFE K FTHR T, L/ R A0 i 25 34 0 25.34% ;
FS Ab A HE ARG IR 1 /NF FM AL

AR I/ N A 7 i 5 0 IE A OE G
2 M S A VA Y R B R A
AR F IR KRR E & /N2 4 BE B R B AL T RE
FEMAFHEE ARSI, BT W
BENE TSR (F2), 5 CK AL, FM &b
BN VRURE B8 ROk BORT TR S 43 1) ST 24 00 3 1S
25.34% 28.57% Al 14.55% , FS 4k PR3 551 42 15 6.08% .
14.29%F1 6.67% , Wi 771551 51 8. E $2E 55 64.73% il
25.90% , H FM %% FS Ab 1 & 242 5 30.84% , %%
KENAEEERT, R NRA R B ERS,
0 3 AN b PERIFEK 22 AN 3, TG FMLRT RS Ab
FRIK 43I FH R0 53 300 Bk 35 B2 55 50.47% 1 19.18% ;
5 FS HH B, FM Ab BE K 4 A R R BE R S
26.26% , X 5 A IIE—E P,

LU R i AR S 25 S U — P BOR B A5 4
IR I AR A R AR g6 3 Ff b #
NERERIFRF-HEAAH ] B A 25 5, o FM AL
PRAEAF 1K FH B O 150 kg - hm ™ 48 A 1 500
CNY + hm™; FS 4b P 4 4F i i B & 4 97.5 kg -
hm™ 4E4# A 975 CNY - hm™; CK ToHBJE % A, 1B
FM AbFE 3 a ZE 2555 FS 3911 801.4 CNY + hm ™, 8%
CK /111 986.8 CNY - hm™, H FM & T FS
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CK. AIUL,FM 4h B 228 57 A% g R AR 25 8% g B 10 10
AL B, vl A e FE 5 DA RS

4zt B

SR AR AR L, MR 5 (2 R
FEEAN Y4 425 ) 3 3 4 R A AN AE TR 0~20 em )2+
HEIR P (B 2.6% ~40.9% F1 3.6% ~27.4%) , 415
KINKEB AR 0~200 em 1 )2 35 K B (48
W& 13.1% ~57.0% 1 2.0% ~43.8% ) I HER W 5
FEIK (BEIE 2.9% ~52.8% F11 1.2% ~42.6%) , i 1
TN & /N AT (HE R 24.2% ~24.6% F1 9.8% ~
15.2%) o BERL (3408 23.1% ~ 54.5% F1 19.9% ~
27.3%) >R (1A R 23.5% ~ 25.4% F1 6.1% ~
12.8%) FERL KL (34 1F 28.6% ~ 60.0% F1 13.3% ~
30.0% ) Al T ki 8 (M08 14.5% ~22.5% F1 6.7% ~
13.2%) , NI i 35 4 i A /N 22 7 i (MG 1 65.9% ~
88.0% 1 43.5% ~ 47.9% ) 17K 43 F) FH 850 (14 i@
55.5% ~73.3%H1 37.2% ~ 54.9%) , Herh 4 57 4 7%
FEABEIH T ROCR L T RO I8 7 | 35 7R e JE 5 X
JE/ N P ) N
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