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Hb XA /INFZ S R G G, T b T U B R R i R R, F R A 4 T 3 VEE B R KT A /N 22 RE AKORIT T I S
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LA AR A AR AT K AR B TR g Y, I L W L IR A T S K E R 1
T T BUZ AR RGN, 2 WV AN i R AR S T KR — AR, e i E e kA kS E R BT K
FIRE K BRI 0 T HE R ARAEAEVE AR Z /KM T 3003 Sk AR EE ZE 1 i, DL R R Geis 1T ARl Be
PR R 5 S 0 R BRI E S IR, X S ] ORI ACR 16 AT BE T ECR G ARG

WAL R X AR R A /N S 0, BRIRER A F /= XY R XK IR =, K B
TGN, R KRS K EE X2 — HAT, B 0 KB A Canms i | 76555 ) 78
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Y, REWE A, SEENKITHARE LS AR R ERE . AR UANE BN S, R
JHE T 42T MR 4 R T TE R G N AN FEOK S R B AT I P IT, AR TR R KR AR
FRAEZEAG i 5 BRAORE BT, AT Ak A R A B R (0t B MRS S

2 ME5IT.

2.1 RIEEER AW AR XA TR RBIRT, 5 HH AL AR A A B R S IEAL R X TE AR 2 Sy
30H o WE XA TR A, BABm G, MR, HAEEIWE 1 MR T A s, s
EECFE, LAV A AR E ) . ME BRI RIR KA R 12,5 °C, AR AE 2500 CEA, BEKERY
9600 mm, JCFEHI132.d, J&E T AT KRR

AKX

~EHI
5k SRy |
[ D [ samsuvd
———— k)
0255 10 15

BT e XA

Fig. 1  Location map of the project area
22 RBWHRRZIT
22,1 RAEAMAHEXEAE AAKHEMN 1757 ZPEMF, %
B mrm RN, RS em SEATHERE AP, BRI 10

=0
3
h

2
S
My
S
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4m

em, IEFNE A 300 kg/hm?®, 3206 TR FH S 225 b T 77 8 - LER
ARG AT . T 0 T S AR T M o .
REGHE— A5 B 1% 2 S5 3 1 76 H R 0 2R 0 1 T Sk A

SYIEAE bR R B, AR T Sk B R R A AL
JE P H R S R PEREAS . VR 35 em, BRFMIEE X -

80 cm. T AL T S kb, LK 20 emx20 em 19 () WIHEIL PR AT
¥, THEE N 40 cmx40 em ) FLAE , 3%k A1 G 80 cm, 7% =
SR I 2.4 Lihe BROJE 8 T % E R a0 B B
UL 2

222 KB WALPREA/NEBRNERTH BT E
T 300~450 mm A HERE /K o AR YR H 30 LA K ok [
R, WEINHEAKKFELAE, T1, T2M T3, CKlXtHR
AR (Y AR S wEE ) o R TR HE AR, T Ab
XTI 2743.5 e, T2 ARSEXERE AN 5626.5 w, B2 B T R 5 P B
T3 4 3OS L 1T ALy 5626.5 m?, CK AR R R AT AL Fig. 2 Schematic diagram and site layout of
1733.0 m*, 50 H A /N2 & AR B B BOE K i LR 1. Membrane-Regulated Underground Drip Irrigation system

(b) BRI | R R e A B R
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F1 A/NENTEEE AR (R4 mm)

Table 1  Irrigation design for different growth periods of winter wheat(unit: mm)

ARFE R HICLUGHE K ) AT (2 YK ) AR (3 Yk At S (UK ) Rk
T1 225 52.5 82.5 52.5 210.0
T2 225 45.0 75.0 45.0 187.5
T3 225 375 67.5 375 165.0
CK 90.0 90.0 90.0 90.0 360.0

AR UG SR FH 24 3 R KA g E K R, A% A BROAR A b 38 T ) 455 7K 9 90% R B E HEK E L. h
B DR K S I HER 1 A AL B2 Y K O 382226 TR, USR5 v K 4t
2.3 HBWESNE AU S WN—2210 8 [ 24 0l x50 A5 800 BT 4 K87 i
W, RAEMIZGORMLEE XM . R, R Rl AXNRE . SRESFRRER; EWERSHEUAL
NGB R R T AT I E s K O B SR IR R B YR MR WK TS, ZKF O 1) DA Sk Ak A B
10 em B4, 7 (0] AT BEFR 10 em B, JEAT SOKFME , Hop, WkAb, BBGAZAE, B TA
WK R SRR, IORE VR FUBCE 30 om b . B0 B A b T L 3/ T B 25 3 5k R
PR AR
24 fEIRITHE
241 EXHEEKFERSFEDAKTIIE R X KEE R E N E LIS KRG . S2H5E
Y2 % ET, M4 FAO 77 1Y Penman—Monteith 23 S E A7 3RS
242 AWyt AR i g6 FH A R R R R I ) OGN AS B, A R R
SRR Ok B K o Wy I M D AR G BT AS Y R ETR R 10 em . 20 em, 40 em, 60 em. 80 cm b Y
KR, AREN R PO ARXIT

Py = 102%11,-(9,»1 -0,) (D)
T

Kb A ERHTS s n WELREG yOAR R TEEE, gem’s HNH R LB, cm; 6, N
BTS2 B K 0, R R 58 )2 Y R ki
2.43 ARMpARIE AL IR AT HAC /N A A RR ) 28 R B SR OB Z8 8 A 2, R BRIE RO 28 8
ASCP B8 K i ] S K AR, BT d e — PR AR, T S K S 4 A
Oy 0 S 1 A R IR 2 A R e O, e P Ak AL 8 B 3 A M Ty I R 2R B A AT
(RZE Y-S/ I

E:AT (2)

mr

A ERRREZEER ; AW RIMA MM ZEB NG AN EZE;,  FNERNRE,
244 VKR WEEY A LT B Bvl MBBOR I 50K & &, IR P8 A oK & 7y #2
TR B BRE K it . THEAXT

ETc = Pe+ 1+ G- AW (3)
K. ETe WAEYI BAE K, mm; Pe N BAREKE, mm; B BABGEKE, mm; GRHH
BiAbAKE, mm, BTG XA FKMVAERE 13 m LT, HEARIKEINNEA LB E KO,
G=0; AWR K AEHAF BBl 4t
245 MH FEGHRE FHIUEY RECGEIHTEAEY R HAEY RBNIHEAXWT .

ETc = (Ks - Keb + Ke)ET, (4)
R ETe HXWEY) REOEMAEREWRE KR, mm/d; Ks b HK 0 2%, LN, BNRETK
G338 X AR ZE 1 1 S o AR v A /N 22 B BOIH AR K /N T BOA A K i, o o iR 1 1K
3 e, Ks=1; Keb WAEW#EATZ2 W6 /E I 2L Gl EY SR8, —AEWEAR KA 11 ZE Kk, Hitfr 2 B4R
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WA, R RHekim T4, K0T LSRR e AT 28 VR I, AR K 5 2 B AR Y 28 HohE
M LEME, Keb=Ke—Ke; Ke g b 3EZEK AR, WML T LR L XAEY R BN, Ke=E/IET,.

246 Ky ARRFEAIT Z/NE BRI RRCR A] G i A /N R R E ) MV A
P AE R K RIS . IR AT .

Y
WUEzzﬁ' (5)
A WUE RKAFHRCE, kg/(thm®-mm); YV RHE/NE =i, keg/hm®; ET A& /NELETF R KR,

mm.

3 HREr

30 BRAEMTHETLSMNERANEAR

3.1 HEHmRE AL E R KRR T FRE KK, HEEKHEWERE R Z K
BRI R R R ik R IR R T U T AR RO, AT H KA AR B Y L PP R
FEAK ' R W VE Y T S O, T A VR Y S AR M K R R A A B 43 T RR B A
Fo B Y AT A B K B G . R0 A5 b BRA /N R T A B BRI 2 e LR 2,

T1. T2. T3 FI CK &b P T & /N2 4 A4 W RR ) 25 & 4t 53 ) 89.92 mm . 89.74 mm, 79.80 mm Fll
132.47 mm, MEIE] 28 & R %0 % 0.13. 0.13, 0.11 A1 0.19, F ¥ H 2 & & 2 % 4 0.37 mm/d.
0.37 mm/d. 0.33 mm/d #10.55 mm/d. &/NEEANAEF, 50 HAEY R 28 & ok B2 s 284k, i shil
FEI7E 0.20 mm/d~1.36 mm/d Z [A] , H AR I Ry Je el /N 5 3G R PR/ o 545 Gumk e AR LG, B8O 428 T 0%
HERGH T EEEE3S em, FEMEK L2 %R T ZAFE, X5 H R 2 S KRR, EYRR
] 28 i B AE A N B E BN — H A F — AN BARKE, T, T2 M T3 4b BG4 /N A2 4 AR
] 78 A& 802 CK ALY 57.89%~68.42% ,  H V- B[R] 28 A o I 58 CK AL B H ~F- S8R ] 22 % o J32 st /b
T 32.73%~40.00% , WS IR 45 T S E AT S0k > T 3Ky AR 2R %

3.1.2 ik Eeat S TR A gERRE L I XA A DL Y A B A R R
W, YEWPEREA LB W B K WA . (EWFE K BRI EY A — RecE 3 — BB T 2 A

K2 A/NAR N TR A 25 K

Table 2 Evaporation among different treatments of winter wheat

A H BNER: ] A RE EL &R ] M T SR Eah=g:
T1 0.58 0.24 0.31 0.26 0.54 0.78 0.73 0.37
T2 0.54 0.28 0.31 0.23 0.45 0.73 0.68 0.37
H 7% % /(mm/d)
T3 0.51 0.20 0.28 0.20 0.45 0.84 0.64 0.33
CK 0.61 0.32 0.54 0.53 0.84 1.36 1.03 0.55
T1 16.68 27.19 8.89 7.67 8.17 14.06 7.27 89.92
T2 15.69 31.72 8.88 6.90 6.68 13.05 6.82 89.74
[ Bt 28 & /mm
T3 14.91 22.66 7.99 6.14 6.69 15.05 6.36 79.80
CK 17.69 35.84 15.66 15.90 12.60 24.48 10.30 132.47
ET/mm 98.09 226.57 44.39 76.69 94.24 78.4 75.44 693.83
T1 0.17 0.12 0.20 0.10 0.09 0.18 0.10 0.13
T2 0.16 0.14 0.20 0.09 0.07 0.17 0.09 0.13
Ke
T3 0.15 0.10 0.18 0.08 0.07 0.19 0.08 0.11
CK 0.18 0.16 0.35 0.21 0.13 0.31 0.14 0.19
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Table 3 Water consumption and daily water consumption of winter wheat in each treatment

EEM T fLES ] RE M A il 1) THEH ) %8 LHEEM
[ B #E 7K dit /mm 20.50 70.71 35.20 76.30 87.54 40.27 44.08 374.60
" A #E7K £ /mm 0.71 0.63 1.21 2.54 5.84 2.24 4.41 1.54
[ BEAE /K B /mm 20.09 66.72 33.28 82.35 81.61 35.16 49.98 369.19
' H #E7K 42 /mm 0.69 0.60 1.15 2.75 5.44 1.95 5.00 1.52
[ BEAE /K B /mm 19.00 57.82 21.50 78.11 85.33 50.19 44.53 356.48
" H #€7K & /mm 0.66 0.52 0.74 2.60 5.69 2.79 4.45 1.47
i B #E /K i /mm 25.60 81.89 37.94 83.04 104.46 58.73 48.62 440.28
o H #E7K £ /mm 0.88 0.73 1.31 2.77 6.96 3.26 4.86 1.81

e 3T A, I A% b B A /N2 4 AR AR K B4 51 R 374.60 mm . 369.19 mm ., 356.48 mm Al
440.28 mm, HFEKESHH 1.54 mm/d, 1.52 mm/d, 1.47 mm/d F1 1.81 mm/d. Bl & /N FH BB
HEE, b BB B H AR K Gk B ARk s 45 A 3 B BEFE /K hE 5 B0 MY S 3 R /N T R N R
BARARAL RGN M7 L, T1, T2, T3 A1 CK A H Rk & TNk 8 & K, & KRMES 5N
5.84 mm/d. 5.44 mm/d, 5.69 mm/d F16.96 mm/d; #%4b 3 Bt A /K B A AR AR oK, B KA 4 i R
87.54 mm, 81.61 mm. 85.33 mm f1 104.46 mm. FRIUF4 /)N 32 T5 K OCHE I 9 K 43 78 I A RE X & /N2 1y 14
FEL BEGR BB HEAE . NN A A FBIFE KR A, T1. T2 M1 T3 4 #EAGFE/K i 48 CK 4b
PRYR DT 14.92%~19.03% , 58 45 1l 35 8 AH X ek 38 ol 2D 14k T K A3 TH FE
313 A0 EEMEHHA L EYRBGEDAR WA KRS EDEKEB LGB HILHER
e, B E BB i S H AR ZE B FIE YRR B AR AT ARk, RAEMFEK 5 S HEY) 2
W HAE , 76 FAO XUEY ZR B0k v 25 18 T HE K FIRE KX 378 & fsgm . i A/ N E R R, AEK
I R A KR 4% b R LR VR A R RO K 4.

o 4nl 0, Bl AT B B, 4 b HR LR AE A 2 R B e R R b i, K 5R
FH 28 /N 22 3 A A 01 N 9 Keb 722 Ak B 355 FAO-56 HE 77 (5 (10 28 bt B L AR MIAF o 18 & /N 22 A K A 30
BrBe, T1. T2, T3 &% CK ALY Keb {50 % 4 0.15, 0.12, 0.12 F10.16., 74 /N & 1 4= K 41 99 B B,
FRERIRIAE K, AR R A R R K, ZZBERAMAX 8. at HIEAE SR, HHEER
SRUAALK, FEANEY RECHX A% AR B, ME R IR EW TS, &/NENFEKT K
MR, Keb fHWI W TH, TL. T2, T3 K& CKALBAY Keb {H 5351 9 0.81, 0.81, 0.76 F10.84. MeAf, Hi
PR AE BTG S0k, A AR DREZE R, MR B NN, EYHEEEZ KR AERMET,
IR ZEE S FENKSHERET . BTSSR EZE RS0 R, X+ Hn e
HWMAEALFAR, HWEmENENZEBER, 23 Keb (HILT FAO M AR WG s A KI5 BB
Bf, T, T2, T3AbBEY Keb H 4354 0.41, 0.42, 048 F10.47. fEA/NEMAKIFEY, MEIEYZ
Wi, MR, EBEMEE . Wi, EaED R R R X — B R &
PR, XK A3 0 R OR A XTI A . A WER N BLE S B R R, VE RS R R E A OGOk
2P, X HARARKE ISR 2, AR R R B AR ek 5 R AR e R AR —
oo AR B T OUAE Y & BOE B0 8 1 Keb B0 B 42 b X 2 /N 22 FE K LA OF 5 . WK & i A0 R
A HEM
32 AEEALEXNBFEEAZEHTHEZSNZFENEM ARG R RE KA XA /N ™ 511 52
B, AR E S BE T, T2, T3MCK MR I Ty, WA T K e S Z B R, s
R, PR b R E AR AN i W A K R ARG I 2 B R, LR 3.
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Table 4 Basic crop coefficients of each treatment in the early, middle and late growth stages of winter wheat

EHBB Az T ) B A D) Az T ) G 75 401 35 400 Al A D) AR T G )
T1 91.21 199.04 84.35
T2 86.81 197.24 85.14
ETe/mm
T3 76.82 184.94 94.72
CK 107.49 225.44 107.34
Tl 43.86 24.73 21.33
T2 47.41 22.46 19.87
E/mm
T3 37.57 20.82 21.41
CK 53.53 44.16 34.78
ET,/mm 324.66 215.32 153.84
T1 0.28 0.92 0.55
T2 0.27 0.92 0.55
Ke
T3 0.24 0.86 0.62
CK 0.33 1.05 0.70
T1 0.14 0.11 0.14
T2 0.15 0.10 0.13
Ke
T3 0.12 0.10 0.14
CK 0.17 0.21 0.23
T1 0.15 0.81 0.41
T2 0.12 0.81 0.42
Kcb
T3 0.12 0.76 0.48
CK 0.16 0.84 0.47

Rotkok AL TIAL IR R B9 &N kR T O
8358.33 kg/hm®, HIBe T HLfl b ML BLH T Be s 7kt sooof
KOP o 3% F A 8 T TR A RS MK, AN £ oo
0 AR T AR K A T TIEAE S 00
BT R R R R, R T R % |
AR MK R T2 A BT R, PR %
E R, T2AEH )= B R 7356.67 kg/hm?, X — 45 S 5% B s CK
1B 9 K i R 9 AR A /N I AR K TP
T T 2™ KRR, S — 2 M K B, BE#& T3 4k # Fig. 3 Winter wheat yield of each treatment

P T K B 1 — 2B g/, L a L AH R 2 6950.00 kg/hm?,

PE— B EE T KR SR MM E Y LR, 5 CKABML, T1, T2, T3AF & /NE ™ B AH#
1o R B2 43 391 R -0.65% % 19.46% . Hor, T3 AL = AR T CK AR, — 5 1 vT 58 2 th T T3 b 3 (14
KSR D, ME LA A A /N TR K OB K A I TR SR B N s S5 — D, T T3 b b i +
FAFAEXT R 2E, FHETUE H RN R, XA 2B RS T AA/NE AR IR R,
FE — 7 70 [ Y 3G 0 K R AT DR BE A /N P i AR . AR SEBR A, REARAE M RS L R
B 5 A Je & /N T K AR SR I, Bl A b e WK, USSR & /N E = ke, A
W, T A A M X, R o A R R SR A B, USRI A IR K S R B i 2k K
w1
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o]
[

33 AEEALGENRAEMTHELNEKRKSF AR
RWRMm  AWFGEE A S0 T1. T2, T3 H1 CK 4b 2 py Fp
AN T) 0 VR SR, TR A S BT TR R A R R AT
HKESZ/NERGRHBRZ WAL LR, 4K
ANTFIAE BT A /N ARGy FURCR A B, AR, T, T2,
T3 Kb BT A9 4E 4 K 43 R R0 43 510 4 22.31 kg/(hm’ mm) |

]
(=}
T

W
T

W
T

KA kgl - mm)
>

19.93 kg/(hm?-mm) 1 19.50 kg/(hm*-mm) , #8 3 #& F CK 0 -~ = e
A FE R 19 15.89 kg/(hm®-mm) o 3 —Z5 5L 01, BEJR 5 b ARIALHA
. o IS a - B4 AR AR BE TR A /N A2 oK 3 i B8O 1 0
T AR BB 6 A R B A/ K R RCR W e et
Fig. 4 Water use efficiency of winter wheat under differ-
KB PRI 3%

HARM S, TIRHE FHK RS SRR, 28T

22.31 kg/(hm?*+mm), X EEG 35T HAG L KR, & BRI L T/NE A KT ER, B4
HET AR XK FIFR A R, M2 T /KA FIFACRE . MELZ T, T2 T3 b P 5 ARV K 3 A 2l
B A FI R RAR AL K o HRER T, T2, T3ALFRAN CKALIE, % BRAL S8 MENE ) 4 /IN32 7K 43 1) AL
R 3 AL T IR 45 b T T E R R R AN K R . i R, TL. T2, T3AbFRAL CK AR FEK
O FIRZCR S IR T 40.40% . 25.42% F122.72% . 3% Je: R A& Ge ke )7 X R AK 28 & s le ik gk,
FECE BRI BRI TR K 380 s 55— D5, AR Ge e R AR A O S SRS MERE L, X DA 2 /AR R
SRS K A3 BT 2R 01X — 25 S FE A UE B 1 R s T 3 R AR A R e A /N2 K AR B R O T )
PR3 DR B HIEK , ZEAR RRAS IR R B Ml K % S K o I AR

4 g

ARG AE RS I T R G T, LA/ NE AR S, 8 i I A/ F2 R TR A B B B - HE K
SR A DL . PR BRI R A, TR BRI K 5 T & BB I BUE AR 28 & . FEK
i VEY) RECKeh sl AR A B Al 00, BIFST T I 0 45 1l T T T 2R G 4 A& /N R KR B 1 R
ARG ST, FELSEIS LR ILA

(DFETL. T2, T3M CKAF T, &/NE2EFMH FHZE L8037 mm/d. 037 mm/d.
0.33 mm/d f10.55 mm/d, T1. T2HIT3AbPEEE CKALPEH A /NAZ H - IR ] 28 & 50 FE D80 7249 0.2 mm/d, i
PEE TR HE DD T K RN ZE K, INA/NZ A E B IIFEK R A, T1. T2F T3 A /NE 4
A B BIFEK B3 CKAR BRI T 15.00%~19.14% , BT 1R i BE A X R ot 14 IPE 7K 40 THFE

(2) bt 2 /N B W BERHEDE, 056 A A0 B Keb L 35 FAO-S6 fEFR H I A — B, ek
Ko, AR AA KRGS, T1. T2, T3 & CK AN Keb {43510 0.15, 0.12, 0.12#10.16, 0.81,
0.81. 0.76 #110.84, LI 0.41, 0.42. 0.48 F10.47, AW 58I T BAE Y Z B0 2 19 Keb {4 1t 22 3 X
A& /INFEFE K A A BIF 9 RN K Al B B 18 AR .

(3) 5L G me AR LY, B ¥ T i R v T AN, R L B = T Gk 19.46% .
I ) 7 T 78 R A A K AR T T VR K A R AR, T T2 R T3 Ab FREE CK Ak H K 43 1) R 4y
KT 22.72%~40.40% ,  JE R 45 1T 8 U 2 AR AE H 1 A& /N A2 K a3 R R Oy TR 35 4

A SCEARGE T RV A b T R X A N FE K R R R, H TR SRR BRI, A SO
VA He L5 M T R E R AT U0 X b . PR HORE I R R R B RVE IR, 6 R R R R G 2
HE 7 b 20— 5 B AR AR L B Bl AR, LA S e 4 il A A AL 290 2~3 4, Dl A 1 A
FERB M A MR HRME N, BRI R RV R A BRI J AR HE T K BRI
ATHRRSER, BESCER AR sk A = 5 A S E Bbr, BV LARXKERE LS, T2
KV RATOI R ESR , Ry Kk (0 % S sk ) &
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Abstract: Agricultural irrigation consumes a large amount of water. Popularizing and applying high-efficiency water-
saving irrigation technologies in farmland construction is key to addressing water resource shortages. This paper took
winter wheat in North China as a case study and, based on subsurface drip irrigation technology and membrane regu-
lation techniques, analyzed the effect of membrane-regulated subsurface drip irrigation technology on water consump-
tion and yield of winter wheat. The results show that compared to traditional border irrigation, the evaporation inten-
sity of winter wheat plants under membrane-regulated subsurface drip irrigation technology remains a relatively low
level in the entire growth period, and the daily average evaporation intensity reduces by 32.73% to 40.00%, the
water consumption reduces by 15.00% to 19.14%, the yield of winter wheat increases by up to 19.46%, and the
water use efficiency improves by 22.72% to 40.40%. Additionally, the basal crop coefficient (Keb) of winter wheat
shows a trend of increasing first and then decreasing under membrane-regulated subsurface drip irrigation technology
as the growth stage progresses, and this trend is generally consistent with the change tendency recommended by FAO-
56. Membrane-regulated subsurface drip irrigation technology has significant water-saving and yield-increasing
effects, meeting the requirements of the national water-saving initiative. The technology can provide new insights into
agricultural water resource management in the Xiong'an New Area and the Hebei Plain region.

Keywords: membrane-regulated subsurface drip irrigation technology; winter wheat; water consumption pattern;

crop yield; water use efficiency
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