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i E: [Ba)] REREAKAEER, MTREFHBETTRIEXFPHRE FEFLNELSG SRR,
[FR] XRERKRRSAERAE 2 NEE, BRAKSANALAFTHRELK (0) . HFHE Lk D) | dfk
I 1ok (12) L T A AR AL 10k (13) , T . AR A B L 10k (14) , 3 R B E A 75 kg/hm?
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pRE 2 —BTEL SRR, hEXNE. HEK
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Folv =g g fE =R 213 UL, fEEE It
LAWK REESERENERY. NEEIEDE
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BRI R B ok, TR R e i BT
Ul g2, RIEIAE 7 BN BUZ St &N E IR I B
K, HEKRRZ RN BE%ERESEER, RH
LR WK 55 B SRR e i £ . Sharma
£ BT i 45 3 76 - 5A 48 o 19 0 e K VR B R % 0 35 4R
/N2 HsiaoPARF L 2 1, 1R K4 5 RS T
181 - 39K 43 ) A% A R AN R
Saeidi 2Tt R BIMER WIEM 2 25 o AR B A
TG B 240 7 EE A, [RIIR L 36 O 1 TR AL 4t
LD o 3 K BT 50 9 A /N 32 R S 1 7= K 43 ]
FHRCR R B SR AL T RS2 FER S SR, 33| T
FE K BURE & N 1R W 7 5 7K 0 FR LB R 202 DA S
A /INFETT DA B 5 K B 0 7K 43 RN RN e P 4% 1
CUIN ) AR H AT AE /N KRR T A R
BT, ETEAN [F) B AL R BEAT #h 70 VE IR RF 7002
I T A [V R K P RO AR [ E A R B R 5 5
UL ke 0 5 e i R0 1 TF 5 45 ) — ot S B R 78 3
R VB & RUSE T 1 e /K IR B RS e, DR 902 X )
DA X I 1 6 v 4 [X 4% /) 2 080 7 K AR A —
LS

1 MR5REE

1.1 ik S

KA “OME 22 57 AR RBEREF, Z RO
B, ke YiEEEE, rEEREIEGR, AR,
MR, HRAECRNR R, PUERAE T — K. BEE YT
BRI, FETS. EA5e. R MR IR, gtk
WU, MR .
1.2 R XER

IS T 2017—2018 4E7E P AL A MR AL K 2= 1 K
VEWRIE S (108D5'E, 3424'N, ik 521 m) K
HHAT, ZHIX G RO R R A L, (AR
+, W¥EHT 0~20 cm HHEZ LAY EN 11.17
g/kg. &% &N 0.95 g/kg. AL E N 13.67 mg/kg
HIE G BB N 183.20 mg/kg, AR EN 23.10
mg/kg. 1 m & 2K H R ZR N 21%~23%, 14
FEZRECN 85% (FJLUFRERFKEIH)
1.3 Rt

AR R A R &R e RN IX A it X5
ORI FIRAE, S EE 3 MES, #HAKN
SONBERE, RS H K, 0N 10
(EAEBTYAREAR) 11 CRIEEHRTAK) 12 (HEE
AR 13 (FEFR T AR A |« 14 (FEK
FTHA . PR A A K, KB KR,
52

MR B A RIEHEZEA 75 kg/hm? (F1) , e
B a4 150 kg/hm?® (F2) , i 2E % 300 kg/hm?
(F3) , HARAH K 1. ZACABEAL S AN RE (N
46.4%) . LBERRES (P,Os 16%) , &AL 15
8% (P,0s) 110 kg/hm?, ZFIEHBEAELINE L
TERFHLAT — R M o 3B /N X B 3.7 m, K 3.75 m,
AR 13.875 m?, FEAMRK /N X Z B4 1 m e
YRS AT, LA GAHAR /N X 2 (B A B . T
2017 4% 10 H 20 B, RANURIER, #HFEh
225 kglhm3 1E4/N A AR KB B R I 45 1) % HE
P U, HLAh B BRI 2 R RO KT SIRAHIE],
FF 2018 4F 6 H 4 HSk. #EKAIERAH T EZA4 7
JKEE 75 mm~Hi 5 2 IREEK Z (B BTN &, 2018 4F 3
H 22 H 2 Fi B R E3E 42.9 mm, 4R35 1K 32.1 mm,
2018 £ 3 H 22 H—4 H 18 HF¥M &3t 52.3 mm, #i
FEMIHE/KIL 22.7 mm, 2018 4E 4 H 18—5 f 16 H %
M EFLTE 47.5 mm, BAJHREK 275 mm. &4 F
B R 1R AN SR L 1 B
%1 TERIEAE T 6942 # M E
Table 1 The amount of supplementary irrigation under

different nitrogen fertilizer treatment

AbE §#E 7K &/mm Irrigation volume
Treatments 577} Jointing  #iFHH Heading /%24 Maturing
Fl 0 0 0
10 F2 0 0 0
F3 0 0 0
Fl 321 0 0
11 F2 321 0 0
F3 321 0 0
Fl 0 22.7 0
2 F2 0 227 0
F3 0 22.7 0
Fl 321 22.7 0
13 F2 321 22.7 0
F3 321 22.7 0
Fl 321 22.7 275
14 F2 321 22.7 275
F3 321 22.7 275

1.4 BURERMIK 75 3%

NI TRIARFR BOR e 2 70 Al & R4
AEE AN 1k, BEKE I 1 IR

KN I KRR A 5
cm L4GECE, 20cm N 12, WlE 1 m LR S
KE, FHEFEIE, e AR RN E I K&
FEMT fa BEZKHT S i .
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Fig.1 Rainfall and temperature during the whole
growth period of winter wheat

TEA/NEBERI AN UE 1 m? (94N,
WiE 1 m® B, TRRE. PR,

AN A A T S B RE K R K P 4 32X
T

ET,=P+I+ AW-R-D+K, L

K ET, NEVIREKE (mm) 3 P RENESEE
W E (mm) 5 | REEKE (mm) 5 AW N#EEF
SR 1m L2 R KEZZ (mm) 5 R AHE
KA (mm) , RGP LHRZR, MR A D
NHIEEZBIRE (mm) ;s K A R KHME & (mm) .
ARG X T K BEVRZ) 50 m, i K A 28 AN
A /NFZ IR 43 R ke TR AR i B AR A S B
FeoKkE, HHAN:
WUE=Y/(10ET,), (2)

X WUE AERNERDFIHZCE (kgim®) 5 Y N
KONENPRIPE R (kg/hm?)  ET. NVEYD AL & W1
KE (mm)
1.5 BURAIE SR

K H Excel 2007 a5 i b #1A0 ) &, FIH SPSS
20.0 A EAT BEME M.

2 BRSO

2.1 FEPKFAEXZ/NEFKERE M
2017—2018 E&/NFE A4 E IR A FEKE A H
TXHEYIFE K E R AR 2 FioR . 7EAH [F 20086 A
2T, FAEREKERIGIEYFKEEER M, K
JESEAE T, (EVFEKEFTF A: 14 BE>I13 IhBE>12
AEFESI1 AEFE>10 ABE; RS MEVIFREKERET
e 14 JEFE>13 AhFE>12 AbFES10 A EES1L kb3 AR
X NEWREKEHER e 14 WbE>I13 AbFE>IL 4b
HE>12 Ab3E>10 abBE. W FRFE LR, KA
(P4 /N REZK BB 38, AN TR RUIE S 1 T K Ak 3
IR 4 1.03%~18.50% . 1.76%~25.60%

5.70%~25.74% . S AERI TR P IS I 7 VEPRt 338 it K
BRI, ECR G G 7 A R IR o) RS
fE F310 AbFER S H — N K LIRKIr PEZS 128.84
mm, 7€ F114 4B T fe/N 38K 50 JFE 2N 75.09 mme.

22 TRAKRRET LN EL4 T MIEKE

Table 2 Water consumption of winter wheat under different

irrigation and nitrogen treatments mm
AbF K E
Treatments ! ' T FEE SWS ETa
F110 0 176.02 118.82ab=8.53 294.84948.53
F1l1 321 176.02 89.76def+7.12 297.88g47.12
F1  FLI2 227 176.02  102.18bcde4.48 300.9fg-4.48
F113 548  176.02  94.59cdef3.84  325.41bcde+3.84
Fll14 823  176.02 75.09f+1.45 333.41abcd+1.45
F210 0 176.02 124.88ab=3.69 300.9fg-£3.69
F211 321 176.02 89.96def+2.31 298.08g+2.31
F2  F212 227 176.02 123.94ab+2.03  322.66cdef+2.03
F213 548  176.02  112.97abci539  343.79ab=5.39
F214 823  176.02 84.1ef40.46 342.42abc0.46
F310 0 176.02 128.84a0.47 304.86efg=40.47
F3l1 321  176.02  103.03bcde#0.69  311.15defg0.69
F3  F3I2 227  176.02  106.52abcd+1.34  305.24efg+1.34
F313 548  176.02  104.2bcde#0.94  335.02abc0.94
F314 823  176.02  91.02cdef+0.46 349.34a:40.46

vE SWS ARELEEK BN R RIBAFNEG FEERIR T E 23 [F
—FEMETE 0.05 K L EREE.

Note SWS represent the consumption of soil water storage, different
lowercase in the table indicate that all the values in the same column are
significantly different at the 0.05 level.

Jite A A S VR R K B A0 - 3 K B ) TE FE AT
EIEMRR, HAEE (E 3, FER—FEAKKT T,
bEE iR BN, EYIFE KR RN, (EYrkE
IKE /N FLI0 403, {0 294.84 mm, Horpt3gEK
IPEAELLG Y 40.30%, 7E F213 AbFE FIAR] 1 MRk
FEKEN 34379 mm, o HHOK SRR G S
32.86%. HTHEEEMIEM, EVRRK BB, 6
g B A R T R R K B, IR T IR R
THFE, RN AR BRI AR, Dt
B AR AN TR K A2, R BE e K g e+
BFEKE, W KR, DU ST K e B 1.
2.2 FEPZKBAIERTZ/NE LAl BE20T

ANFEIKEALE X & /N AR TR 2 (LAD 152
W AN R AHE], FEA 2 K= LAl JeiE K
JEIR/NEEE R, B R E I LA IR,
mE 2 s
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A3 AN ERLAEFHTHREMRE

Table 3 Dry matter quality accumulation of winter wheat during the growth stages

kg/hm?

kb3 Treatments 1% 751 Seeding i Jointing Hil Y] Heading HEAZ) Filling 33 Maturing

F1I0 1452f449.11 10 714e+1 046.06 13 458ef4835.68 17 778cd=+977.45 20 540e+ 337.71
F1l1 1 675def+393.86 11 742de+l 704.69 13 858.5def+ 337.59 18 669bcd+406.54 22 348bcdeH 416.01

F1 F1I2 1 658ef+212.67 11 532de+l 466.37 13 622def4806.21 17 720cd=+1 302.02 21 403.5de4361.07
F1I3 1 820cde+107.39 12 334cde+1 630.39 14 030cdef+946.00 18 542bcd+1 393.17 23 638abcd+105.57
F114 1 684ef+132.73 12 626cd+ 172.79 14 386cedf+l 052.69 19 422abcH+ 205.42 24 596ab4512.69
F210 1 630def+237.66 11 524de+ 516.46 13 066f+1 188.18 16 626d4429.03 20 808e+1 552.19
F2I1 1 730cde+183.02 12 740cd+317.51 14 398cedf+1 094.39 17 714cd=+682.66 21 986cde+937.85

F2 F212 1 888cde+291.50 12 571cd=+466.96 14 200cdef+l 155.94 17 666cd+741.41 21 364de4912.72
F2I3 1942bcd+119.85 12 610cd+l 266.66 14 520cdef+735.43 19 047abc4978.16 24 100.5abc+1 007.17
F214 1916cde+164.02 12 530cd+672.71 15 222bcd+958.48 19 428abc4624.78 22 506bcde4722.91
F310 1 634f+145.30 12 393cde+1 368.16 15 116bcde+738.80 19 156abc4523.39 20 548e4934.62
F3I1 2 036bc+196.22 13 674bc1954.48 15 088bcde+761.51 19 804ab+1 184.63 24 940.5ab+1 831.65

F3 F312 2 181bc+78.31 13 198cd+707.55 15 703.5abc4982.63 20 133ab4566.31 22 830bcde4695.16
F313 2 178ab#63.50 14 978ab4602.51 16 302ab+1 093.12 20 154ab+1 008.02 25 368a+1 330.86
F3l14 2 538a+115.16 16 090a+1 185.66 17 178a4326.66 21 184a+1 138.21 25 474a+1 105.44

E RAAFING TR PR AL A — S BB AR 0.05 KT EZER B .

Note Different lowercase in the table indicate that all the treatments in the same column are significantly different at the 0.05 level.

6 r 6 r 7 ¢
5 5 | 6
4 4t 5F
—_ _ = 4 r
Tt Tt 5
3 -
2r 4bFE Treatments: 2 r AL P Treatments: 5 L AL P Treatments:
—o—F110 —=—Fl1I1 ——F210 —=—F2I1 —e—F310 —=—F3I1
1F —A&—F112 —=m—F1I13 1t —a—F212 —=—F2I3 1L —a—F312 —m—F3I3
—&—F1l4 —a—F214 —m— F314
0 1 1 1 1 1 1 J 0 1 1 1 1 1 1 J 0 1 1 1 1 1 1 J
0321 0408 0416 0421 0428 0507 0524 0321 0408 0416 0421 0428 0507 0524 0321 0408 0416 0421 0428 0507 0524
H i Date H 34 Date F34 Date
(a) F1 (b) F2 (c) F3
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Fig.2 Dynamic changes of leaf area index under different irrigation and nitrogen treatments

FEF— A E & T, BEE KRR LA £
IS G0 5 U I I 2 e 3, PE SR T I — A
LAI R}, 7EfBE—ESR ) LAL ISR KME, BEEX
INFEHENTEAE A RS, R e A AR, iy
ARSI, FEC LAL B/ AR — 8 T
LAl Fo/NEALEESS 9 10 Ab38, FEMRARZAPET 14 b8
Rk, N 467, Eb 10 AbFEEH 52.12%, AR
T LAl RN 11 kb3, 4 4.85, L 10 43 = HH 56.45%,
EESRAE T LAl SR8 13 403854 5.79, =it 10 Ab2E
44.14% ., TEAH AR T B INRE K SR & /N
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T AR, I H R m T R, (R SE R
K RED A o it IR RS In 4 /N 22 - THI B R 44,
V- T AR i 5 o S = P MG i e A Sk 3 E %, 7 13
ARERA 14 bR K B LA NS R, IR
AR A T B I AR R AR S K TARAE &4 R 1. 7R
FAEF MR ASEA R F3 AAHESF2 AbHESFL Ab
H, AR S AR IR B R, AR AbEE
N F313, 1A% 5.79, [F—H (KA N F1I0, Y
4 3.07, b F3I3 4bFE{K 88.6%. F1 AbFH7ERER Wi
AR EOE B R, F2 F1 F3 AbFRIS 7 FFE A Jo e
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W2 BTIE R, U e IR e 08 Nt ED A
KNI T ARTE R R R RN F3 AbBE>F2 4b
HISFL AbEE, BIUMRARRE IEZEM R, EKED
EEH M.

2.3 TRIKELIENTE NETHRRFIZN

2017—2018 A/ & AFNEALTE T Hb bR
BUASEFRBE TREHES TR 10 « —K
EHRATIA AT R &N B R AR B, Jeh 2
B A/NEIR . 22, B REE, MWEXIIT
UHE FRA T A R EAE 3, MR ZE R TR E SR
T, HENK/ N, T RS R E 2K,
JIREM R, SEERA TV T L.

H# 3 AT A, F314 AH Y & i K. 18 3 Fhiis
FUK PR, 11 B 10 4b 9 111 295.5. 1 216,548 kg/hm?,
SFEHE N 2.01%. 10.56%. 4.37%, 12 tb 10 AL FEHE N
863.5. 566. 2 282 kg/hm?, ¥4 40 1.22%. 8.68%.
3.89%, I3 Lt 10 4bFE i1 3 098.1 698.4 820 kg/hm?,
SFEHE N 15.08%. 15.82%. 23.46%, 14 Eb 10 AbHH 1Y
1 4 056, 3292.5. 4926 kg/hm?, ~F-214 )11 19.75%.
8.16%. 23.97%. HK7THAFMNE 1 AT LR E S N+
R SR AR, A BT 0 E R K &= 3G
3G, FEAKARFR TP & B35 K T IR &M 18
[F]—HEAKK R, /N T W& &R & I 5 e e
AR > HH A A FE S AR AL EE, 8 B 0 U AT AR in &
/NG Shof 438K 43 IR F AT B9 I T 5 &=, RS 3 DAAE
WKMPER, A& WS KRR RN .

2.4 AERIKELIESTE NEFEERKSFIBEERN
A

HE 4 Fin, BKESEREE IEMS, ik
BEHPEMACEARE .

TEF—#EAKE T, MEREENIGN, ~E2
IEADEK, ERAEL REMEA 3 FA R A ZEKT
NI AEIR T A+ e A+ D T RT DU 3
AP & 529055, 5898.10. 5905.90 kg/hm?, H.7E
RRKE T T EEERTHSE 2 MR ELHE
NHITY R, JA%) 5344.40 kg/hm?, ELAfE. AR
SIS 2.36%. 22.61%. 1EAF & E T WUE
AN, FEAKE i U (3G I WUE 24k &3, 78
A ) WUE 175 kg/m?®, @& HIAE.
I 27.74%. 6.7%. fE[F—HEEKT, EAFRE
KK, FEERIKA 10 B, (KA. e, &
TP EA Sy 3 728.00. 4 296.20. 4 448.35 kg/hm?,
HIEREKE 14 b3 FIAR| 25K, N5 290.55.
5 898.10. 5 905.90 kg/hm?, x4 41.91%.

37.29%. 32.77%. {EARACALFE 18 e I & A o 25
In&/N g, MEMEENN M, B ORI
JUHAERE N 150 kg/hm? (265, R80T 7.8 kg/hm?
Ir= g, BNFEH RN, AN DU it R 5
EVI= 8 . ANFZKEALEL R 17K R R AR (R
4) , FLI0 4bE K5 FI R kA2 1.26 kg/m®, 7K
SR FHRCE B K F211 403, 355 1.88 kg/m®,
i FLI0 4b3E T 49.21%. Jitifl &S WUE #E 35 1EAH
K, HEEMEKEAMIG, SFKEIEMHX (R5) .
76 FLAREER, 130 14 AeEEE ST 100 11, 12 b2
(P<0.05) , {H 10, 11 Al 12 kbFE 2 [6) 0B % 257,
14 553w T I3 AbBE, 7F F2 AbFE R, JAbFE 025
B, 211 A B KT AR 7E F3 AFETE,
11. 12, 14 AbFE R 2% KT 10, 13 402, {H 10, 13 Ab#E
Z TR 2 2 5o U VK e B 3 H R &/ N2 K A R
PR, (HBE A it R 0, B K & B BRI
KNFEK TR, T RS T BARMNEE 1 %, Ko
FI &%) 1.81~1.96 kg/m®.
% 4 TRK AL 2 F= WUE
Table 4 Yield and WUE of different treatments

L P KSR

Treatments Yield/ (kg hm?) WUE/ (kg m™)
F110 3728.009471.88 1.26h0.03
F1I1 3 965.509464.13 1.33h20.03
F1 F112 3842.409+17.16 1.28h20.01
F113 4927.30e115.45 1.47g40.03
F114 5 290.55¢4305.65 1.51fg=+0.09
F210 4 296.20f+137.86 1.48940.05
F211 5 377.10cd+207.66 1.88a20.07
F2 F212 5 107.20de+489.15 1.58ef0.03
F213 5 504.03¢-50.44 1.60de=0.04
F214 5898.10ab+111.78 1.67bc=0.03
F3I10 4 448 35f4267.28 1.65cd=0.09
F3I1 5 414.04¢475.39 1.86a0.03
F3 F3I12 5 259.40cd+408.12 1.84a20.12
F3I3 5 554.30bc101.15 1.66cd=0.03
F3l14 5 905.90c466.49 1.74b40.02
F {4

| 143.07 17.22

F 2.48 169.66

I*F 25.01 13.91

W AR EERIRE —FI A AL EAE P<0.05 7KF L2 BT,
Note Different letters indicate significant differences at the level of
P <0.05 for all treatments in the same column.
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A5 RRAKAEMHT 8, TERE. WUE 48 XML 47
Table 5 Correlation analysis of yield, 1000-grain weight and

WUE under different irrigation and nitrogen conditions

bz

Inedx I F SWS ETa. Yield WUE GW
| 1 -0.528*  0.877**  0.728** 0.233 0.112

F 1 -0.368 0.190 0.513 0.752** 0.127
SWS 1 0.126 -0.396 -0.578* -0.200
ET. 1 0.571* -0.05 0.016
Yield 1 0.791** 0.308
WUE 1 0.357

GW 1

H GW AR TR . “FI*53 ARk R EUK RS HAEHTE P<0.05
M P<0.01 KTFEZE, T,

Note GW represent 1000-grain weight. * and ** indicate that water,
nitrogen, or water-nitrogen interactions are significant at P <0.05 and P <0.01

levels, respectively, same as below.
33 i
3.1 i EERFHIEE

ENE RSN NS E S A LRI 51 W
P R AL B AR R, sl e T e
FE R B KPR K 5 skon] PLR RE & /N EE TR
A B AEHTI SR BT R PR s, AN RIS KT
I 3 B A W5 [F) A 47 5 08 e B DR R 7 B 1) TR
BT N M . 5 O AR BT
FAESFAT T AN 22 B R R K AR R
17.5%, BRYUITEPOUCATE S HEK T IRCEL R, 54 m
EREHFAEH T NZTHFRRR, E4EESH
AT TR MEART TR, TREFMFT, &
FUIEZKSF A FL 88N F2 SE/K R 10 8 2] 11,
KPR RS E AT R N, X S B A
S0 BRAs I T A A B, R U 1K1
O, RIE (FL) A& e (F3) Z44FF RiEhiEK
EE R BESR T K RE 8 SN st B RF B AR R .
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Effects of Supplementary Irrigation on Biomass, WUE and Yield of
Winter Wheat under Different Nitrogen Fertilizer Conditions
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Abstract:

[ Background] There was a lack of reasonable irrigation and fertilizer management measures in

Guanzhong area of Shaanxi province, which has become a restricting factor to the development of agricultural

production in arid areas of China. [ Objective] The objective of this experiment was to optimize the schedule of

irrigation and nitrogen fertilization in agriculture, carry out the experiment of winter wheat irrigation and fertilization
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management strategy, conduct a field experiment of different nitrogen fertilizer application rates with different
irrigation amounts , measure the growth index of winter wheat, and explore the reasonable irrigation amounts and
nitrogen fertilization for high yield of winter wheat in arid years in Guanzhong, Shaanxi. [Method] Setting up two
factors including irrigation frequency and nitrogen fertilization, we compared five irrigation frequencies: no
irrigation in the whole stages (10), irrigating at the jointing stage (11), irrigating at the heading stage (12), irrigating at
the jointing stage and heading stage (I3), irrigating at the filling stage (14), and three nitrogen fertilization levels were
set (F1: 75 kg/hm? F2: 150 kg/hm? F3: 300 kg/hm?). [Result] (MThere was a significant positive correlation
between irrigation and crop water consumption on winter wheat ET, and with the increase of irrigation volume, dry
rain-fed cultivation enhanced the absorption and utilization of soil water storage, and vacated corresponding soil
water storage capacity after harvest. There was a positive effect between soil water requirement and nitrogen
fertilization, but was not significant, which slightly increased with nitrogen application. @Under the same irrigation
frequency, the aboveground dry matter quality of winter wheat showed the same regularity: high nitrogen
fertilization>middle nitrogen fertilization>low nitrogen fertilization. Increasing nitrogen fertilization can
significantly increase the dry matter weight of the crop. Under the same nitrogen fertilization, dry matter increased
with irrigation volume, and there was a significant positive effect in dry matter by irrigating winter wheat in
jointing stage. ®There was a significant effect between irrigation and yield, also a positive correlation between
irrigation and WUE, although the impact on WUE was not significant. The influence of fertilization on yield was
not significant, but there was a positive correlation, which had an extremely positive correlation on WUE. The
minimum yield was 3 728.00 kg/hm? of F110 treatment, and the maximum yield was 5 905.90 kg/hm? of F314
treatment, which was 58.42% higher than that of F110 treatment. The WUE of F211 treatment was 1.88 kg/m?, and
the yield was 5 377.1 kg/hm?, which was 48.77% higher than WUE of F110 treatment and 44.24% higher than
yield of F110 treatment. [ Conclusion]Under the arid year, nitrogen application of 150 kg/hm? and supplementary
irrigation once at jointing stage (F211) were relatively more appropriate and effective irrigation and fertilization

management measures in Guanzhong area of Shaanxi province.
Key words: irrigation; yield; WUE; biomass; winter wheat
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