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I T 2021—2022 4E7E A b P T SR AR 2
BRI T 0 (38°42'9"N, 115°6'57"E, MK S 2 51.0 m)
HET, TZIX AR 11.8 °C, JCFEI 189 d, 4Ky
H IRET 4K 2 677.8 h, Z4-F-HIBE N £ 2°4 508.9 mm,
ZAEZE KR 1 709.56 mmo A& /N R i Rl

“H O 828”7, 20214F 10 H 22 H #% F, 2022
fE e A 12 HIR, &£ F WIkEm 21t 111.1 mm.
A= AR AR A LR 1o % Xk 4= 4 i
TR 3 T4 1, 1 m J2 A9 SF 2 A K &R
21%, % % M 1.58 glem’, + HEAH HLIT 0.7%, 4= &
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Fig. 1 Temperature and rainfall distribution in winter wheat fertility from 2021 to 2022
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K INAZ R 15 em SEATHERE A, SR FIRTE 5 cm,
FEFPE R 300 kg/hm’ . JFABE FH P PP B A A (N-
P,05-K,0: &4 20%-15%-5%) , i hiHE N 750 kg/hm’,
FA/NZRATHEBIMPRER 1 R BEHE KB ftE, 180
9300 kg/hm™™ 3R 56 AT A5 380678 K it A Oy 52
S Hb T RS R EE, BEAS /N b e K SR
s il FE I, T A HEYR R 35 em, [H]HE 80 cm, JA%
B L IR A IE AR BEIKR M MR, BRI N
25 emx40 em( RN, ThiEh #E K 5L
2R S EE RS —8, Sk BT E 2.0 L,
[E]HE 80 em, M TEAS HCE THL N 35 em +J2/5, ¥ L.
TS BICE fER Sk b A E AL, B AT
PR 5L E A

AR BT T 235 DR T TR X 00y S5 000 47
RIGE G SLRE b, S0 B 7 M R A T AN
T DL HEWE I B, I LA 228 B b F el B 4% 3
B S N R Sy e SO =W 5273 s L B2 - W 1
FH ]33

MHTIRIG . 8 2.00 mx3.33 m 3T 9 4, ik
PO K R s il E 3 AN K R R K b B
4500 m*/hm*(T, ). 4200 m*/hm*(T,). 3900 m’/hm’(T;),
RHIEASR BT, 36 3 AN b8, A AhFE 3 IR E A,

<400+ ¥ K £

9 A/NX, BEALA BT 9 NITTA . 38t HrR
50 3 SO T I A TR, AN R K EEECR 1Y
A= B AR AR, 200 A R T R
WIS B 3 MK E UK AbBE: 525, 450 . 375 m*/hm’,
32 FH ML RS 2 10 R AR X A& /N R AT I R
VIR /N A2 v 77 1 S SEE , NV TR Kk SE 2 AR
RMIBER 3, BsREA =W A B ALE i
Pt v TORLE PR IE 7 6 . BRI I0  Or E K
AL P[] A B IR K B LR 1

FH RN . 006 HH AV 5 44.2 m, pdbK 64.0 m,
A7 HUBLEE 24928 0.28 hm’, 356 b B DL 45 A 7 B BEAS
[V K T BR S 3, 18 MR R — UGB AT, 7E 4R 1Y
W36 IR 2 300 kg/hm?, 24 4 8 5 /K 53k B 1552 19
VEK T BRE A T K, HEK T BRI B 2 K, 430l
hy FH IR K 1 55% F165%, 348 T [ 8 425 18
W, KRR E 3 K, W 3 MK E #UKF-Ab
P 540 m’/hm’(H) . 450 m’/hm’(M) . 360 m’/hm*(L),
FHIEsSAR T, 3k 6 A~ b, RA-b I 3 IR E A,
H 18 AV/NIX, A/NX K 30 m, FE 5 m, /NX AR 150 m?,
FEN A& T 0.28 hm® K P . ELA H )il 51
Tr WA 2, A AL BN R AR B AV K & WL 3.
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Tab. 1 Pit test design and irrigation water availability at different fertility stages for each treatment Hfi: m*/hm’
A EWIRERE H Y
Ab Hi B H Y AT S RSy X X BT
10423H 4A7H 47 19H 4H28H 5H4H SH10H 5HI19H 5H28H
T, 450 450 525 525 525 525 750 750 4500
T, 450 450 450 450 450 450 750 750 4200
T, 450 450 375 375 375 375 750 750 3900

®2 HENKEIRIT R
Tab. 2 Field trial design scheme

Ak 3 KT IR/% UK AR/ (mehm ?)
Ny 65 540

Ny 65 450

N 65 360

Su 55 540

S 55 450

St 55 360

T OREAKCT BRI R R KB A E 4 T, % . @NL S4351
FERTEIK T PR T M) 45K 65 9% F155 % ; H, MAILA IR ik
1540, 4501360 m’/hm’.

*3 HERESLETREEHEKE
Tab. 3 Field trials of irrigation water
at different fertility stages for each
A7 m*/hm’

treatment

H A TR A
REEL R RTINSO SRR SRR Ry SRR
3A14H 4A1H 4A15H SHIH 5H4H 5270

Ny 540 540 540 540 0 540 2700
Ny 450 450 450 450 0 450 2250
N, 360 360 360 360 0 360 1800
Sy 0 540 540 0 540 540 2160
S 0 450 450 0 450 450 1 800
S, 0 360 360 0 360 360 1440

N SHMNFERHEK T B H [R]RE7K B 1965 % F155%; H. MAIL
A3 R UE K 5540 . 4501360 m*/hm?,

1.3 N Z M A 5 IEAR
13.1 g amil 2

T VB 7K B[] R A e 40 e A T g e 28 R
A RN &) A P2 ) METER ZL6 % 387K 31 Bk o 1y
DU 22 48 Fr A5 1Y) - 38 55 7K 38 1, A% B B 1 4R
3k 5 AT AE - HEVR A 15, 35 1 45 cm Ab S KGN
R H S ACRIE O . H R]HRF 7K = AR A Ak
PR PR TR 0 5, T8 /N2 &R ET FH 28 )oK
S A L BUFCIR £, #4288 2015 g ¢ 3 )RR
S R AR ) 2 R TR Rk

BRI : A B AE BT B rfocs 0w, R B
2% 30 T FIRH 4B B A HH K R i 2 ) i P 40 R A
B KA Wk, BRIGHTR 15, 35 F1 45 cm, %
S W 3K o AR L, e R KT S 1 4
KA B SE A AR D

P [ 3 6« a6 DX /K T i >R FHRE 3l 7 £
HES KA, S EE 7~ 10 d IAE 1 IR, AT SE HEK
BFA] o (R A HRURE, I TR B 10 em i 1 21X
2100 cm Ab, 32530 10 2. BURES, FRE & R
FitE my, IR AE R 105 °C AYHLAE, HET 2 4E
&, TS 0 R m,, TR X gy
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ny —my
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n, — My

K my MG, g m, ML HT SRR S0
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Kb ET AEY A F A B #E /K &2, mm; Py
I BN A R K B, mm; 7o I BN K &, mm; G
S B B MR K AR B, mm, TR K R A TR
] b AMNA T ZBE AT, G =05 AW BB PN - 3E6i% K
HHWAE L, mm,
133 FH 5 >~

TEA/INZEWOIR I 19, BEAILTE 1006 H 4% A 3N X
TEHL 3 Ab 2 /NEREA, IR R BEHLIE R 10 #RFEAT
e L IUE =7 SN SN ¥ T G B AL 1
b, RS R, WIS/ N X BEHLER S AL 1 m?
()46 /INE R R J B LB

1.3.4 Ko F A % %
S NFE IR FIRRCRIT B AN
Ewy =Y/ET (3)

K Eyy KA FIRZEE, kg/m’s Y& /N R
Hf A AR = B, kg/hm?
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2.1 WK IE A LR B AT A KRIAE
AN W, AR 1111 mm. A
JH EH ) S0 A oK 43 B, THR A N AR E I
W BEFEK 5 BB H FEZK B M R A0 il ad X L
A A /N AR A —IR T B B #$ b R 7K £ i
R B BN, AN TR A B )22 o BERE /K o AE 41.38 ~
54.73 mm, £ REUAE 13.01% ~ 14.41%, FEK K/
g Ny, b FE>N,, kb BE>N, kb BE>S, kb BE>S,, b BE>S,
Ab 3, A /INFE T IR — I B A% A BRE K B AT
REEY IR, AN b3 8] % B B FE /K st AR 1L Y5
1 86.94~106.77 mm, B 2 HOAE AL Ok 24.62% ~
29.99%, Hirr: Ny, AbPRAE I M BEFE K B e K, B BORE

JKEAE N 106.77 mm; Sy, ZbHLZ By Bod R 8 K, B
BRI RBUE R 29.99%

RIG R A&/ NAE A —IR T W B H AE/K i i
/N, ZBY B H AR i e/ IMER 0.36 mmy ZEHESK — %
AW B HFE/K B I ok, B B H FE K B R (E N
4.64 mm; FhAE—E K B B H R K IR, BB H
FEK B KAE N 3.85 mm., I [AIGFE K B W3 4,
FEREIR — R B, H AR AN R Ny 4B BN, 4b
PE>S, AbH >SS, A SN, AR FE>S, AP il —E
HFNHE IR — BB B A /N2 /K Y S AT, 10
S, Ab EFE K E A /N HARTK SRS, YK
TE Bt /N s T B /N A K A2 B ER K
36, 2 T EL A AR 2 X = 38 K 43 A W WSO, S i)
RERRIEH K

F 4 HEREFEKE

Tab.4 Water consumption table for field trials

BR—lig B&—RE  RERT KT R R S
B 10H22A—  11H21H—  3H15A— 47150— 5A10H— 5A26H— o
e b5 11F20H 3A14H 4A 140 SHOH sH2sH 6A17H v’
30d 114d 30d 25d 16d 23d 238d
B BFE/K i/ mm 76.19 54.73 136.68 86.72 52.85 101.17 410.94
Ny KB H #E7K it /mm 2.54 0.48 4.56 3.47 3.30 4.40 3.31
e 18.54 13.32 33.26 21.10 12.86 24.62 100
B BEFE/K i/ mm 76.66 49.86 100.78 55.85 55.99 106.77 373.21
Ny BB H #E7K f/mm 2.56 0.44 3.36 223 3.50 4.64 3.01
WREU% 20.54 13.36 27.00 14.96 15.00 28.61 100
K BAFE/K At/ mm 76.51 51.43 93.45 46.96 61.65 90.70 356.99
N, KBt H #E7K f/mm 2.55 0.45 3.12 1.88 3.85 3.94 2.88
MR % 21.43 14.41 26.18 13.15 17.27 25.41 100
B BFE/K fiE/mm 74.47 51.27 89.27 85.47 55.68 95.83 370.28
Su KB H #E7K ft/mm 248 0.45 2.98 3.42 3.48 4.17 2.99
BFE% 20.11 13.85 24.11 23.08 15.04 25.88 100
B BEFEZK i/ mm 84.04 43.42 64.57 57.73 47.67 100.12 333.86
Su BBt H #E/K it /mm 2.80 0.38 2.15 2.31 2.98 435 2.69
e 25.17 13.01 19.34 17.29 14.28 29.99 100
B BeFE/K ft/mm 84.20 41.38 47.09 38.48 51.28 86.94 301.84
S, KBt H #E7K #/mm 2.81 0.36 1.57 1.54 3.21 3.78 243
WREU% 27.90 13.71 15.60 12.75 16.99 28.80 100

N SHMFIFERTE K R B H Al K B 1065 % F155%; H, MATLS> B3R UK 5540, 45071360 m*/hm’,

2.2 MIRIE A E R F A F A KIIE
FEM TS U T BRI, T 22w R R A
B RZ M o A 98K o3 1% %A LA S 4 520 £ 3¢
KAy, HREA/NES AT NN Bk . BricH
FEK B AL A8 TR ST g0 vh 4 /N2 e i A —

c402. ¥ K £

IR By B s A BRFE K 2 A R B /N, B BER
[Fi] Ak 3451 [ R 7K o RS 3R B0 AL R B 3/, K A
13 ~ 15 mm, ¥ R EUAE 3.46% ~ 4.67% ., TEHREHK —hY
BB B A b AR K HE IR R B A B K, AN [ Ak 2
)12 [y BB K AR AL T LA 99 ~ 110 mm, A5 £ 507438
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TG FEITE 27.16% ~ 30.82%. 1ETE 3% — Ry B FE
KB B I A, AR — AR AR R I Lk
I — AR B H FE/K i i e KA R 6.88 mm. 7E
A —IR T i BEFEZK 5 B 45/, 1% B B H FE /K B 1

/M 012 mm, WFE 5, T, T,. T, A B4 A 5 WIHE
K518 405, 353.70., 325 mm, 5645 SRR L
/INAZFE K it B T K ) 1 R TS K

Fz5 MR FEKE
Tab. 5 Water consumption table for field trials
FRh—iig BEA—RY REY R IR ER
10H22H—  11H21H—  3HI1SH—  4HI15H—  S5HI10H—  5A23H—  2/4EFW
e i 11A20H 3A14H 4f114H SHOH sA2H 6A7H
30 111 33 25 13 16 228
W BFE/K it /mm 68.00 14.00 28.00 123.50 80.50 110.00 405.00
T, BBt H #E/K f/mm 227 0.13 0.85 4.94 6.19 6.88 3.46
R0 % 16.79 3.46 6.91 30.49 19.88 27.16 100
K BeAE /K it/mm 41.70 13.00 27.00 104.00 59.00 109.00 353.70
T, Bt H #€/K f/mm 1.39 0.12 0.82 4.16 4.54 6.81 3.02
[N ) 11.79 3.68 7.63 29.40 16.68 30.82 100
W BB /K i/mm 51.00 15.00 24.00 87.50 48.50 99.00 325.00
T, Bt H #£/K £/mm 1.70 0.13 0.73 3.50 3.73 6.19 2.78
BEREU% 15.69 4.62 7.38 26.92 14.92 30.46 100
23 ARREEARALEWFELGRIELADNEFEMR /DN, HAER 301.84 mm, Sy, AbH K 4 F GRS,

TEAN R HE AR AR BT, 12086 FH A4 /N2 7 o G
TR, TR I R AR A 2 SR, o Mk Ak
IR Ay I 7K ) B T 3 0, A — R LA
I 7K T AR o R o G B, (H R K R R,
W25 B AR 7K 2 ) 20 R, 2 3t i ™, 4K
T RR  HH E R K R 65% B, &L FRATE 3 KR
b 3P 4 B9 582,70, 9 520.81 F19 101.82
kg/hm’, 7= 2t il 3 7K S 0 30 38 . 249K T PR
BB WA 5K R 55% W, i AR 3 k&
A FE 7S B0 9 423.70. 9 520.037F1 7 841.93
kg/hm’, 77 12 B VE K 2 038 K88 5 08/ . N 4b
FHL A Fl R T RO B0 ot R K ) 1 R T G, B
Ny AEBESN,, AR FRSN, AFR, S b B K B 7 7K 52 11
eI SerE s 0N, B Sy AbFE>S,, A FE>S, AbFH,
7 F0 I T K B R, (R 25 SRR R, &
W B 7K 5 R T R R AR Wi A /DN ATl 7K Ak
P 7 o 447 Bt VR /K R A 3 R S BN N, 2 I
“HL )T 7K R AT DA S T B )RR 4 T RN
iz, NI S VR T E A R B v 1 P i

FH [] 3250 Y 6 >4 3 o ™ 45 v 1) R Ny, AR 3L
Ny A FEAT S, 4b3, M 6 W] LUF H: & /N34
HEH W, Ny AFRFEK S/ K, O 410.94 mm, N, AbFH
I AR BAR, F 2.33 kg/m’; S, AbFRAE K B

HAEIKR) T 2.85 kg/m’. UL AT WL £ H R AR 4500
T AR 7™ i B A VK R 3 T 3G K, B HOK
G3>M IK 53 >L K o3 R Bl 5 A /INF2 K o3 R Sy
Sy FI1 S, Ak P35 25 T Ny Ny A1 Ny 4bH S, 4b #
B, Ny b FRR Z o S B al A5, 38 B0 HE 7K o 45 Bk
AL DARAR 7, AT DL AT K, BT RS A 4 Vi
AN B A K RE VA 450 m/hm?, $E K A
W SRR T L BT SRR FEK 4 B, EOK IR
A 4 Wk, HEMEE AN 1800 mY/hm’,
*6 HERBRENE~EBRASFIRME

Tab. 6 Winter wheat yield and water use efficiency in field trials

e R/ D THLE FEKHE Y 2 /kéj\frllfﬂ%ﬂl%/
cm g mm  (kgehm ") (kgem ™)
Ny 632 33 51.26 41094 9 582.70a 2.33c¢
Ny 622 31 52.40 37321 9520.81a 2.55b
N, 6.08 30 5023 356.99 9101.82a 2.55b
Sy 575 32 50.90  370.28 9423.70a 2.54b
Sy 5.96 32 51.65 333.86 9520.03a 2.85a
S, 587 30 48.84  301.84 7841.93b 2.60a

T OEFVEER G /ING F R FR B HEAE0.05/K - 24 F
=5 BB A AL AR NG FE 38R B VETE0.05 K P22 e A 3
@N., SHTHIFERMEAK T PR H B R7K 1965 % 155 %5 H. MAILS3i
FIRUTEIK LS540, 450F1360 m*/hm’,

¥ K & & -403 .
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2.4 R EEARA M B B A B R,
IS0 1B PR 28 O PR K R R A, 3 K R

TKEARFRAR K 4 500 m*/hm*(T,) . 4 200 m*/hm’(T,) .

3900 m’/hm’(T,), XM &/ INAE = B EA T 434,
T,. To. T334 7K & Ak B 7= & 53 5 o8 9 104.05 |
8090.14 . 7283.20 kg/hm’, {E— & /K S 1976
W, A B A K R R R R K, TR E
Wi 5 VR K P 38 DR TR R, VR 7 o B A E K 1Y
B o T, KK AR RCR e, T IRZ,
MM Ty AL = K 7 283.20 kg/hm'’, 28 730 M 7K €
B /N T 304 /N A K A2 B E K 4 e, iF

SR AR 1E 5 AR 2™ o AN RV AR Ak 3% i
PP TETE A /N K o R IR A 52 i 3 M UL 2 7, T
DIE MAEA/NEZ AT, #EKE RN T, 3>
T, AbBEST, AhBE, T, AbBK 5 F FHRCR T AR, A 2.24
kg/m’, T, RbBEAK 43 FI R B, HAE R 2.29 kg/m’,
FEIR I A FVE K Y Y, K e 2 0 T, b 28
PAF T KM/ N P, (0 T, A FRRAS T fe i 17K
SRR, BRI AT UL, 7 — 2 K B Y LA,
AL/ INBIVE K S AT ARAT AL R 17K A I RSO

®7 WAL ENEFERKSFIRNE

Tab. 7 Yield and water use efficiency of winter wheat in pit trials

e K/ o ToRiE/ FEAKA/ F‘%/ﬁ2 7J<§%$'JFH§‘A’(%/
cm g mm  (kgehm ™) (kgem ™)
T, 657 39 47.18  405.0 9104.05a 2.25a
T, 6.10 37 45.58 353.7 8090.14b 2.29a
T, 6.07 36 45.33 325.0 7283.20c 2.24a

TE: BB /NG TR RIR R 35 PETE0.05 /K 22 Sk L 355
BIVEIRA TR NG PR R EAE0.05 K F 22 R A B

DT 45 SRR W1 . 4 /NAZ FE K B Bl E K o
) 88 T T 48 O 7 3k 06 15 A VR K R R Y LR
3 900~4 500 m’/hm’, £ Itk 7 B 315 Pl N 7 i B 5 T /K
I G n, FEY R KA EE T, e, UK
O3 R R EN R KA T, ek, il ad 75 2200l
PR K i 22 B A B R OIR A R R i, (H 5 rhok Ak
P P i AR R B 3 M 22 S K, k] L, 7E
— FE K R P R DY, BN T K R ] AR AR
7K 53 FIHRCR

FH (]2 56 A 2 B WE K R BRM 55% HH R]HE7K
BRI Syy. Sy M Sy Kb B, A& /INFZ AR 43 ) Bk A
T HE KR PR A 65% HITH]) HE K R A Ny, Ny & N

<404 ¥ K £ &

AbFE, HE T SOR - BRI A A A S K R T
BN 55% HATHEKIE NG H . Ny AR/ 7= 1ty
9582.70 kg/hm’, S, AFIA/ N =K 9 520.03 kg/hm’,
(] 22 5 AN, fH N Ab B K 4 R BRI AR, R
2.33 kg/m’, Sy A FEAK A3 FI AR Sy, HAEIA 8 T
2.85 kg/m®, UL AT UL, Sy Ab BRI 4514 N A2 Y
VR IR Ak 3L S L1 K L R AT K A (] B T
DLSCE R ™, 3 5 5T 50 A5 0 /N T K i T
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Effects of subsurface membrane regulated moist irrigation

on water consumption pattern and water use efficiency of winter wheat

ZHANG Yabing', CHENG Wuqun', WU Xianbing', TAO Zhi', HOU Zhenjun’, CHEN Li’, ZHAO Yifan'
(1. Urban and Rural Construction, Hebei Agricultural University College, Baoding 071000, China;

2. Baoding Irrigation Experiment Station, Baoding 071000, China )

Abstract: Underground film control irrigation is an irrigation technique that combines drip irrigation and film

mulching technology by burying the drip irrigation pipe underground. The upper and lower layers of the control film

are square impermeable polyethylene film, 25 cm x 40 cm, with a permeable substrate layer of filter cotton in the

middle and the same size as the upper film. The drip head is designed for a flow rate of 2.0 L/h and a spacing of 80

cm. After the drip irrigation pipe is placed in the ground at 35 cm, the upper and lower films are placed at the top

¥ K & & 405


https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.7668/hbnxb.20192555
https://doi.org/10.7668/hbnxb.20192555
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1007-4929.2019.01.024
https://doi.org/10.3969/j.issn.1007-4929.2019.01.024
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.13320/j.cnki.jauh.2015.0121
https://doi.org/10.13320/j.cnki.jauh.2015.0121
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.15979/j.cnki.cn62-1057/s.2022.07.032
https://doi.org/10.15979/j.cnki.cn62-1057/s.2022.07.032
https://doi.org/10.3969/j.issn.1007-4929.2020.12.019
https://doi.org/10.3969/j.issn.1007-4929.2020.12.019
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.13476/j.cnki.nsbdqk.2015.04.039
https://doi.org/10.13476/j.cnki.nsbdqk.2015.04.039
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.7668/hbnxb.20192555
https://doi.org/10.7668/hbnxb.20192555
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1007-4929.2019.01.024
https://doi.org/10.3969/j.issn.1007-4929.2019.01.024
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.13320/j.cnki.jauh.2015.0121
https://doi.org/10.13320/j.cnki.jauh.2015.0121
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.15979/j.cnki.cn62-1057/s.2022.07.032
https://doi.org/10.15979/j.cnki.cn62-1057/s.2022.07.032
https://doi.org/10.3969/j.issn.1007-4929.2020.12.019
https://doi.org/10.3969/j.issn.1007-4929.2020.12.019
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.13476/j.cnki.nsbdqk.2015.04.039
https://doi.org/10.13476/j.cnki.nsbdqk.2015.04.039
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.7668/hbnxb.20192555
https://doi.org/10.7668/hbnxb.20192555
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1007-4929.2019.01.024
https://doi.org/10.3969/j.issn.1007-4929.2019.01.024
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.13320/j.cnki.jauh.2015.0121
https://doi.org/10.13320/j.cnki.jauh.2015.0121
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.11975/j.issn.1002-6819.2019.17.013
https://doi.org/10.7668/hbnxb.20192555
https://doi.org/10.7668/hbnxb.20192555
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.6048/j.issn.1001-4330.2016.12.004
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.3969/j.issn.1007-4929.2017.10.008
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.13930/j.cnki.cjea.200980
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1674-8646.2020.08.024
https://doi.org/10.3969/j.issn.1007-4929.2019.01.024
https://doi.org/10.3969/j.issn.1007-4929.2019.01.024
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.3969/j.issn.1007-4929.2008.06.001
https://doi.org/10.13320/j.cnki.jauh.2015.0121
https://doi.org/10.13320/j.cnki.jauh.2015.0121
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.15979/j.cnki.cn62-1057/s.2022.07.032
https://doi.org/10.15979/j.cnki.cn62-1057/s.2022.07.032
https://doi.org/10.3969/j.issn.1007-4929.2020.12.019
https://doi.org/10.3969/j.issn.1007-4929.2020.12.019
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.13476/j.cnki.nsbdqk.2015.04.039
https://doi.org/10.13476/j.cnki.nsbdqk.2015.04.039
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.13522/j.cnki.ggps.2020565
https://doi.org/10.15979/j.cnki.cn62-1057/s.2022.07.032
https://doi.org/10.15979/j.cnki.cn62-1057/s.2022.07.032
https://doi.org/10.3969/j.issn.1007-4929.2020.12.019
https://doi.org/10.3969/j.issn.1007-4929.2020.12.019
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13522/j.cnki.ggps.2016.12.008
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13612/j.cnki.cntp.2014.09.152
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.13870/j.cnki.stbcxb.2019.02.019
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.15979/j.cnki.cn62-1057/s.2018.24.017
https://doi.org/10.13476/j.cnki.nsbdqk.2015.04.039
https://doi.org/10.13476/j.cnki.nsbdqk.2015.04.039
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342
https://doi.org/10.13522/j.cnki.ggps.2019342

F20% F2H BAAE S ARBECFE) 2023 454 A

and bottom of the drip head respectively, and the symmetrical centres of the upper and lower films coincide with the
drip head. The principle of underground film regulated wet irrigation is to use the water absorption force of soil
water to make water and fertilizer stay and evenly distribute in the main root layer of the crop, which will help the
root system to fully absorb and use water resources, thus reducing the loss of ineffective water and fertilizer, and
play an important role in promoting the solution of the problem of water scarcity in agriculture in the North China
Plain.

This experiment was divided into a pit test and a field test. The pit test used 9 pits of 2 mx3.33 m, and the test
factor was total irrigation control, with three treatments of total irrigation level: 4 500 m*/hm’ (T,), 4 200 m*/hm’(T))
and 3 900 m*/hm’(T;). The plots were randomly arranged in nine test pits. The trial field was 44.2m wide from east
to west and 64 m long from north to south, covering an area of about 4 acre. The three irrigation level treatments
were 540 m’/hm’ (H), 450 m’/hm” (M) and 360m’/hm’ (L), using an orthogonal test design with six treatments, each
replicated three times, in a total of 18 plots, each 30 m long and 5 m wide, with a plot area of 150 m’. The pit and
field tests were conducted to investigate the water consumption, water intensity and modal coefficients of winter
wheat at various stages of fertility under underground film-controlled wet irrigation, to investigate the effects of
different water supply conditions on crop yield and water use efficiency, and finally to propose suitable irrigation
quotas and irrigation systems for the crops studied under underground film-controlled wet irrigation technology.

The results of the pit test showed that the water consumption and yield of winter wheat increased with the
increase of irrigation water within a certain irrigation range, the crop yield was the highest in the high water
treatment T, but the water use efficiency was the highest in the medium water treatment T,. The analysis of variance
showed that the treatment with the highest irrigation amount achieved the highest yield but did not reach a
significant difference with the medium water treatment. In the field trials, the water use efficiency of Sy, Sy, and S,
with a lower irrigation limit of 55% field water holding capacity was generally higher than that of Ny, Ny, and N
with a lower irrigation limit of 65% field water holding capacity. The Ny treatment had the lowest water use
efficiency of 2.33 kg/m’ and the Sy, treatment had the highest water use efficiency of 2.85 kg/m’. This shows that the
Sy treatment was the better irrigation treatment under the experimental conditions.

This is in line with the results of the pit test, which showed that a smaller irrigation rate can achieve higher water
use efficiency. Under the S,, treatment, the yield of winter wheat could reach 9 520.03 kg/hm’ and the water use
efficiency could reach 2.85 kg/m’, which could provide a reasonable reference for exploring efficient and feasible

irrigation methods for wheat cultivation in water-scarce areas.

Key words: membrane regulated moist irrigation; winter wheat; water consumption pattern; yield; irrigation quota
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