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Optimized agronomic measures for water-saving and high-yielding of
spring wheat in Hetao irrigation district

LI Xiao-juan, GUAN Wen-wen, ZHANG Yong-ping, WANG Li-xue
(Agricultural College , Inner Mongolia Agricultural University , Hohhot , Inner Mongolia 010019, China)

Abstract: Based on quadratic regression orthogonal design of four factors method, This study established a quadratic

polynomial regressionmodel for major agronomic practices of spring wheat in Inner Mongolia Hetao irrigation district. The

results showed that effects of four agronomic measures on yield were in the order of sowing density > amount of phosphorus

fertilizer > nitrogen rate > irrigation quantity, and those on water use efficiency were irrigation quantity > sowing density >

nitrogen rate > amount of phosphorus fertilizer. The optimizing combination agronomic measures for spring wheat in Hetao

irrigation district are proposed as follows: seedling density 6.675 ~7.171 x 10* plants* hm~2, phosphorus rate (P,0s)

147.0 ~ 175.5 kg*hm ™2, nitrogen rate (pure N) of jointing stage 164.5 ~ 186.6 kg*hm ™2, irrigation amount at joint-

ing and heading stage 909.7 ~ 963.0 m*+hm~2. Collectively, these combined measures can achieve the target yield of

spring wheat over 7 500 kg*hm~? and water use efficiency above 1.6 kgm™3.
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FURIT, B N AR T AL K i 2 S5 AR 2
SRS /N P R oY O A R AR E e E
RZRIRT Fe /L2 1R B B B R SR g e,
IR N ANRIA A8t Xt /N2 7t KR o3 R FH AR
LEARW AT MR ILARGE . AWTE B 1 AT A A
/N2 A e HE BB SR A b, TR AT BT 5
TR RIRE R B N K E O T KR N 7
FK 73 R ABCR I 255 RO, 52 B4R Hh R /N A
SRR AR 2R &, S
DX T /INAE K R AR R AR R AR AR

U bbRH

1.1 RIEXHR

RIETF 2012 41 2013 4E43- 5517 P9 52 17 B 2
IR T KRR 2700 5 BT W S S 6 ks 1 S Bl B R
e HL AT I XA F L LR T EE N JE Rk
PET5 T 25, RAT B, BEKH D, 78 &5
S AE[E K B 136 ~ 225 mm, &L A 1992 ~
3305 mm, CFRH 117 ~ 150 d, BEGS256 0 1 ek
REHE J1 k. A WL 26.08 g« kg™ !, Wil fift A 34. 17

mg'kg_l,i%%l@i 48.40 mg - kg_l, AL 187. 00
mg‘kg_l,pH {8 7.90, HJEE AL HET o0 33
TlAE 1 Jg A HLJGE 22.98 g« kg™ ', B i & 70. 56
mg-kg ™, B ACHE 21.57 mg- kg™, BALHR 134. 56
mg- kg™, pH {H 7.92,
1.2 RIiEIt

2012 4F I i A i (N) IR #E &L (P) A
HEU(D) JEKEB (D4 THRE, FARE S5 4K
S-SR DY PR 2 ALK R IE AR B (1/2) T
1T R A, H g K S S SEBRE LR 1 A
320 M/ AR M E R RO 4 5. R
FHBEHLIXZHHES T, BT 3 ¥, 38 51 ANKER /N X, A7)
AN 21 m? 471 15 emo AR AL KSR K
JENE R FD— U, ZEAER Y AL, A KB
Jitio VK AT SRR TT AR A T, e 45 B
Jit [7i) 385 3 /N A2 R H

2013 4F: 5 2012 AF IR IR B A ] . HUHs
FEAHT 0" K- SEBR B AE 2012 4F X 1 FicfE LAtk |
BN 75 J7 - hm ™2, H At G B 2K OF- 1) S B R AR I HE
B

#®1 MERRHAFIREFEZET(1/2)58(2012 F)
Table 1 The quadratic regression orthogonal design of four factors and five levels(2012)

Jiti 6 (N) Tt e (P) FEAHE(D) WK E WD)
Nitrogen rate(N) The amount of phosphorus(P) Basic seedling density(D) Irrigation quantity(1)
Fbr FhrE bR bR
i R st s i i R
Code val Actual value Code val Actual value Code val Actual value Code val Actual value
ode value (4 N, keg-hm~2) ode value (P,05, ke hm~2) ode value (10" hm~2) e value /(o - hm2)
-1.3640 48 -1.3748 46.5 -1.3640 396 -1.3897 588
-1 75 -1 75 -1 450 -1 675
0 150 0 150 0 600 0 900
1 225 1 225 1 750 1 1125
1.3897 253.5 1.4032 255 1.3897 808.5 1.3897 1212

1.3 MEmMBRFE

1.3.1 Z3EARSEE /DLW S DEFR
WO, FH 88 5 64 (TDR ) 3% 282 08I0 45 3 55
SEFR/N XA K AR, B 20 em )2 28K
— U, IR EE 1.6 mo WOIR IS 76 B )42 4 3 1
B30 20 em )2 PR THURE U 3845 8, SR FH A
FH 7K 531 5 R TS [ b R AR B K AR o

ETa = P + [ - AW

K, ETa R/NEAEF AEK & (mm) , GG ZE
i S AR AR M R 2K % & P O AE IR =
(mm); 1 AAEBHNHEBRE (mm) ;AW H/NEAETE
WP 3K AR Ak, BPRE A AT I K S5k
WG I K E 25 H . K E W o= 0. 1k,

Kb WAARRRE 200K & (mm) 5 r 0 35655
K (%) ;0 HEEFIRE (g em™) ;o HHJZIR
B (em) ;0.1 M#05E R EL
1.3.2 FAZM = NG FE 2R X
TEHCIL Y 2m? x 2 B A5, BRAMISCAR , 5 T B kL
[ B 7 45 B0 A /N X B BCELA AR R 50 em i
RIREEBCH MU= N, AT 5, B R s An A TG L F
B AR NEE AN NS R AR e B
LA TR E A5 i A R o
1.4 EESITHH

FrA R B0 B 202K F Excel (2003) F1 SPSS(19)
BAFHATGA 31T o
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R2 MERRKFIREFERET(1/2) 4555 KFRMEX R (2012 §)
Table 2 Comparison of coded values and actual values of quadratic regression orthogonal design(1/2)(2012)
BT HBE Design matrix A Fertilizer rate
SRR BEAER
S =S LT =) MEAE N W P05 Seedling Irrigation
Number Treatment N p D I Nitrogen The amount density quantity
rate(N) of phosphoru  /(10*+hm~2) /(m’hm™2)
/(kg*hm~=?)  /(kg-hm~?)
1 N4PyDyly 1 1 1 1 225 225 750 1125
2 N,Py D1, 1 1 -1 -1 225 225 450 675
3 N,P,Ds1, 1 -1 1 -1 225 75 750 675
4 N,P,D, 1 1 -1 -1 1 225 75 450 1125
5 NPy D41, -1 1 1 -1 75 225 750 675
6 N,P,D, 1y -1 1 -1 1 75 225 450 1125
7 N,P,Dyly -1 -1 1 1 75 75 750 1125
8 N,P,D, 1, -1 -1 -1 -1 75 75 450 675
9 NiP;Dslg -1.3640 0 0 0 48 150 600 900
10 NsP;D; 15 1.3897 0 0 0 253.5 150 600 900
11 N;P, D15 0 -1.3748 0 0 150 46.5 600 900
12 N;PsD; 15 0 1.4032 0 0 150 255 600 900
13 N;P;D, I3 0 0 —-1.3640 0 150 150 396 900
14 N;P; D513 0 0 1.3897 0 150 150 808.5 900
15 N;P;D;1, 0 0 0 —-1.3897 150 150 600 588
16 N;P;D;15 0 0 0 1.3897 150 150 600 1212
17 N;P;D; 15 0 0 0 0 150 150 600 900

2 RS0
2.1 AEKRZHENHAKENEFEREMHE
;A

AR ZHETEAE BT, Ff /N i 22 U 7 i 2 B
MR 2 (R 3.3 4) 0 WIAMER/NE RS ™ 1Y
DA AESEACH BT AC FIE K AR B] (17 /N IX) 2R B
TRy, HABAL A 22 5 = i W AR T AL B

1% 3.3 4 AT L, 2012 4F il 35 AR 1 40088 in 2037
T AR R N, 2013 AF M LA HOA B — 2
{E)m , BEBCR BN T et % 30 1 2013 4R it
AR AR Vi R o I B8 2t R e R R UK
TR/ I, TR I Tt S 0 7K 1 o P S
i R il A K E Bl — e R s BEEOT
URREAR . AT UL, 1 K AR PF R 4 i B A 1 e R it
W MR 7K A B B 2 P, AR A A e R AR Y
TRIE. TEASER VT K HEM AT, /N A2 BTk
W A P A 3 R T S 5 S it e I
AE AR, R RO R BN 2 H . AR
A AL BT, TR DL A Ak PR
VO] TSR AEALAR DL R4, GRUE T RFRIE B R & 1Y
BIREOR AT TR S, ML s sl A, T
KL FRAR . BEE SEAS B ORI KB o, ToRE Y

EREE R A RN A 05 R %
D T TCA IR B o 2 B2 R 3 OB Wi st 22 5 B
He 0 it o i R B T ()3 OB R, B AR
RS KB R E K Ab R ) B, LA K
AR B AR AR Y B K

FHIC 3 A2 W], AN R A 24 i Ak BT 57 T AR
RS T i B W IEAR DG . U G A
B AR AR KSR T B NS AR AT 7 1 B
TE it
2.2 MKEBNEGEERZHESFTENXR

DIt (X)) FIIEHE R (X)) EARET B X;) .
MK (X,) R ZHE o R s &, o a5 Rl
LN RV E v R AT E o TR E VAN SR & N
HOE AR EARIGIEE S P 5O R BB A

Y = 513.7 + 8.06X, + 12.00X, — 0.26X5 + 12.27X,
- 8.36X,X; — 18.71X,X, + 12.06X5X, — 6.85X,% -
9.67X,%> - 20.32X5% — 5.74X,> (2012 %)

Y =530.9 +8.06X, +0.52X, + 4.86X5 + 6.72X,
—6.56X,X; — 3.66X,X, — 3.39X;X, - 14.54X,%> -
10.42X,% - 16.63X5% - 16.33X,> (2013 4)

Hrp Y g, X, = 1.2.3.4 430 Ay i & i it i
i SRR K 4 TR 25 i 0 g A
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*3 ARAREHEHETHAENENTEREHMREZE (2012 £)

Table 3 The yield and its component factors of water — saving spring wheat under different agronomic measures (2012)

Wk HE HRME SN FHE " \ 2t
Qb Spike Spike Effective Ineffective Grain . i%*iﬁ .. & Economic
Treatment length width spikelet spikelet weight Grain nu.mbcr Spike num%)fr output
/em /em per spike per spike /g per spike /(10*bm %) /(kg*hm=?)
1 7.9 1.2 9.9 1.9 41.8 ¢ 24.3 de 877.5 ab 7254.0 ¢
2 8.4 1.4 10.9 2.3 42.3¢ 27.7 be 837.4b 7772.1 b
3 7.9 1.3 10.9 3.0 41.3 ¢ 25.4d 833.1b 6525.0 e
4 8.0 1.5 1.1 1.8 37.4e 29.3b 832.2b 7192.8 cd
5 7.3 1.4 11.0 2.2 419 ¢ 273 ¢ 855.0 b 6985.5 d
6 7.9 1.3 12.0 1.9 40.4d 31.2a 812.5b 7032.0 cd
7 7.8 1.3 11.0 2.7 42.9 a 25.5cd 891.0 ab 7632.0 b
8 6.6 1.4 9.1 2.6 41.6 cd 26.6 cd 848.9 b 6525.0 e
9 7.2 1.2 11.2 3.0 40.4 d 25.1d 840.0 b 7102.5 cd
10 7.2 1.4 9.7 2.5 42.5¢ 27.1 cd 866.2 ab 7719.0 b
11 7.1 1.2 9.6 2.7 40.6d 24.5 de 843.5b 6985.5 d
12 6.8 1.2 9.2 3.5 40.9d 26.9 cd 869.2 ab 7672.5 b
13 8.2 1.4 12.1 1.4 43.0a 32.1a 690.0 ¢ 7009.9 d
14 7.1 1.3 9.7 3.1 41.1d 2.1e 915.3 a 7047.6 cd
15 8.1 1.1 9.0 2.5 43.7 a 23.2 e 829.5b 7254.0 ¢
16 7.0 1.3 9.9 2.9 41.7 ¢ 27.2 ed 847.5b 7630.5 b
17 8.5 1.4 11.7 1.9 42.8b 26.9 cod 865.9 ab 8128.5 a
R 0.289 0.064 0.062 -0.073 0.219 0.148 0.716" —

T RO RIS IR S 25 AR R AL, "RR SRR B B K (P <0.05) s RFV B A R NE PR R 22 Sk B B35 K

o TlAs

Note: R, correlation coefficient of yield characters and WUE; * , significant level (P <0.05) . Different lowercase letters in the same column mean signif-

icant difference. The same below.

R4 FRRKEHBLETHAENENTEREMBEER (2013 £)

Table 4 The yield and its component factors of water — saving spring wheat under different agronomic measures(2013)

oSS 5L A RUNE o/ N TR . Y
LB Spike Spike Effective Ineffective Grain f{ﬁ*v@( . i Economic
Treatment length width spikelet spikelet weight Grain nu.mber Spike numf)fr output

/cm /em per spike per spike /g per spike /(10" hm™) /(kg+hm=2)
1 9.6 1.9 12.7 1.8 42.9 ab 27.4 be 774.0 ab 7285.5 ed
2 9.1 1.9 13.6 1.8 43.0 ab 30.5 ab 658.7 d 6969.0 d
3 9.2 1.9 13.5 2.0 43.6 ab 26.1c¢ 777.0 ab 7485.0 ¢
4 9.4 2.1 13.9 1.4 40.4 b 31.5 ab 672.0d 7120.7 d
5 9.0 1.7 14.3 1.3 43.3 ab 32.0a 748.5 b 7137.0 d
6 9.5 2.1 13.8 2.2 42.9 ab 31.3 ab 646.2 d 6946.2 d
7 9.0 2.0 13.2 1.8 43.9 a 28.5 be 754.5 b 7478.5 ¢
8 9.5 2.1 13.7 2.2 42.8 ab 25.7¢ 669.0 d 6548.7 e
9 9.0 1.9 12.5 2.0 43.1 ab 27.3 be 724.5 be 7254.0 cd
10 9.5 2.0 12.9 1.6 41.0b 28.3 bhe 743.7b 7731.0 be
11 9.2 1.9 12.8 1.9 43.0 ab 27.8 be 744.0 b 7468.5 ¢
12 9.3 1.9 12.6 2.4 43.6 ab 28.8b 793.5 a 7737.7 be
13 9.8 2.0 14.2 1.8 43.8 a 32.9a 652.0 d 7792.5 b
14 8.7 1.9 13.0 2.2 41.9 ab 27.9 be 800.2 a 7092.3 d
15 9.2 1.9 12.5 1.8 42.5 ab 27.8 be 706.5 ¢ 7252.7 cd
16 8.9 1.9 13.1 1.9 41.5 ab 29.1b 729.0 be 7615.4 be
17 9.4 2.1 13.7 1.8 43.7 ab 28.2 be 790.5 a 8191.2 a
18 8.4 1.6 12.2 1.5 40.3 b 24.8 ¢ 645.7 d 6187.8f
R 0.444 0.378 0.141 -0.095 0.444 0.298 0.575" —
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T B DR 28 A0 T 2 PR SR T DY A R it
X R R MR/ I D « F Aof s JEE > LR > it
U > KA X bR T R SR T DR SR R )
B, SRAF VT RAR /N2 S B H A = i A A 24 it
HETTRGRS), AL WA B IE 2 kA X

T, BEA B 667.5 ~717.1 J7kk - hm =2, FhiE
W (P,05)140.4 ~ 177.9 kg hm ™2, 3% 17 B8 s 4 i
(4 N)164.5 ~ 187.8 kg hm ™2, K 15 W AR 28 /K
SERII A 909.7 ~979.7 m - hm ™2, W] SE B H AR
7 500 kg*hm =24 |

x5 PARBNEXDBEFTENRUKEERAS

Table 5 The optimized combination of agronomic measures to achieve target yield of water-saving spring wheat

i S i it Fift A i FAHEL TEKER

v Target yield Nitrogen rate The amount of phosphorus Seeding density Irrigation quantity
s /(kg-hm~2) (4 N, kghm~2) (P,05,kg-hm™2) (10" hm~2) /(i +hm~2)

2012 =7500 169.7 ~ 187.8 156.7~177.9 684.3~717.1 909.7 ~979.7

2013 =7500 164.5~181.4 140.4 ~ 160.5 667.5~710.4 923.4~972.0

2.3 AEREEMEXTKENEKS T AN
PRI, AN R AC A i % /N2 Kk o F
M LB AR R (R 6. K 7)o BASR
FEPE AR N0y B O N 5 N I |
XA (WUE ) £ i it A 0156 A< 1 250 1) 48 Jon i B 48 34
R, 21t A e W R AR B R — i
WUE JFR TR AR KRR, BEE

KRB, WUE 52U TFRE A H e &
Y, ARl 2Tt AL B WUE 5 SFE/K i K i
P M SORH G, HE K S e K G R S I 1
Ao DERA BB TE /K S8 B30, Xk K B A
P, A T 0 AR K B I 3 N, WUE BT
AR, AR R E AR /INAE TR o AR
RN AR

Fo6 ARREHEETHAENEZFRKEARREKSFIRRE(2012 F)

Table 6 The water consumption and water use efficiency of water-saving spring wheat under different agronomic measures (2012)

e FEK AL AL Water composition/ (m®+hm~2) . PR . ‘ 2V fﬁﬁ WUE
Treatment 1k Kk Ak Total water confumptlon Economic }_fleld /(kgem?)
Soil water Precipitation Irrigation /(' +hm~?) /(kgrhm™?)
1 196.9 1923.0 2250.0 4369.9 de 7254.0 1.66 b
2 1847.0 1923.0 1350.0 5120.0 b 7772.1 1.52d
3 994.5 1923.0 1350.0 4267.5 de 6525.0 1.53d
4 449.6 1923.0 2250.0 4622.6 cd 7192.8 1.56 cd
5 1134.3 1923.0 1350.0 4407.3 de 6985.5 1.59 ¢
6 1053.8 1923.0 2250.0 5226.8 ab 7032.0 1.35¢
7 1130.1 1923.0 2250.0 5303.1 ab 7632.0 1.4 e
8 937.7 1923.0 1350.0 4210.7 e 6525.0 1.55 cd
9 959.9 1923.0 1800.0 4682.9 ¢ 7102.5 1.52d
10 722.8 1923.0 1800.0 4445.8 d 7719.0 1.74 ab
11 887.8 1923.0 1800.0 4610.8 cd 6985.5 1.52d
12 668.7 1923.0 1800.0 4391.7 de 7672.5 1.75 ab
13 373.3 1923.0 1800.0 4096.3 e 7009.9 1.71 b
14 963.1 1923.0 1800.0 4686.1 ¢ 7047.6 1.50d
15 952.8 1923.0 1176.0 4051.8 e 7254.0 1.79 a
16 1041.4 1923.0 2424.0 5388.4 a 7630.5 1.42 ¢
17 839.1 1923.0 1800.0 4562.1 cd 8128.5 1.78 a
R -0.443 — -0.380 -0.742"" 0.315

2.4 AEREHEESHAKENEKSFAREN
PUitE 2 (X)) FhOIEBE 2 (X,) o 3% Fh 2%
(X3) JHEZK (X)) PUIUA 248 it b P o AR 5, Ky
FIFRCE (WUE) Sy H A% sR 5L, i i 2 502 vk [l )5 4y

MreEsr 7B/ /INELRA A A 5 7K 70 R ORI 5L
SERRET

WUE = 1.731 +0.055X,; + 0.03X, — 0.003X; —
0.059X, + 0.065X,X; — 0.002X,X, + 0.019X;X, —
0.049X,% — 0.045X,% - 0.06X5> — 0.06X,> (2012 4F)
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WUE = 1.745 + 0.034X, + 0.021X, + 0.005X;
~0.033X, +0.025X, X5 +0.003X, X, +0.003X; X, —
0.027X,%> - 0.099X,%> — 0.082X5%> - 0.083X,> (2013

)
Hi, X; = 1.2.3.4 050 R PP & B4
ViR K B 4 TR AR B4 2

T B DR 2RS0T T £ 114 A 3 T, DU I A 2 4 it
XK 3 I AR I ke A R B B K A > 1 b o

& > iR > VEK R X B R B AR B Y [R1E
T R H7K G I FRICR SRR E o3BT, A5 R /INAZ 3k
1515 WUE MIRAb R A8 il & £ (& 8) , BN E Ty
IKRFEBATT , BEA T E % 75 661.0 ~ 788.5 JT tk
hm 2, A IE 5 B (P,05) 147.0 ~ 175.5 kg hm ™2, i
Jiti & HE (46 N)150.9 ~ 186. 6 kg* hm~2, # /K & %
801.0~963.0 m*-hm~2, WUE "] i5%) 1.6 kg-m >4
I

®7T FRAKZHETHKENEFRKARREKSFRARE(2013 F)

Table 7 The water consumption and water use efficiency of water-saving spring wheat under different agronomic measures (2013)
e FEKALK Water composition/ (m® - hm™=?) MR K - gzglcf):; WUE
Treatment 8k Wk ok Total wate: confl;mpuon Economic {12eld (kgem?)
Soil water Precipitation Irrigation /(m’+hm™*) /(kg-hm™)
1 1122.2 1152.6 2250.0 4524.8 de 7285.5 1.61d
2 2126.8 1152.6 1350.0 4629.4 d 6969.0 1.5l e
3 2864.9 1152.6 1350.0 5367.5 ab 7485.0 1.40 e
4 1506.9 1152.6 2250.0 4909.5 ¢ 7120.7 1.45f
5 2268.1 1152.6 1350.0 4770.7 cd 7137.0 1.50 e
6 1340.8 1152.6 2250.0 4743 .4 cd 6946.2 1.46 f
7 2122.1 1152.6 2250.0 5524.6 a 7478.5 1.35f
8 2298.5 1152.6 1350.0 4801.1 ¢ 6548.7 1.36 f
9 1433.9 1152.6 1800.0 4386.5 e 7254.0 1.65 ¢
10 1497.9 1152.6 1800.0 4450.5 de 7731.0 1.74 ab
11 1552.5 1152.6 1800.0 4505.1 de 7468 .5 1.66 ¢
12 2352.3 1152.6 1800.0 5304.9 b 7737.7 1.46
13 1918.7 1152.6 1800.0 4871.3 ¢ 7792.5 1.60 d
14 1526.1 1152.6 1800.0 4478.7 de 7092.3 1.58d
15 1773.6 1152.6 1176.0 4102.2 f 7252.7 1.77 a
16 1847.1 1152.6 2424.0 5423.7 ab 7615.4 1.40 e
17 1763.1 1152.6 1800.0 4715.6 cd 8191.2 1.74 b
R -0.522 — -0.219 0.793" " 0.399

®8 TARBMNEBKSFRAMENRURZHERAS

Table 8 The optimized combination of agronomic measures to achieve high water use efficiency of water-saving spring wheat

iy IS DS ES it L FEART R HETKE B

Y ]j‘ WUE Nitrogen rate The amount of phosphorus Seeding density Irrigation quantity
e /(kg'm™3) (4 N, kg-hm~?) (P,05,kg-hm™2) (10" hm~2) /(1 +hm=2)

2012 =1.6 150.9~179.3 158.3~175.5 688.9~722.5 801.0~954.7

2013 =1.6 163.0~186.6 147.0~161.9 661.0~788.5 911.5~963.0

ZE TR AN B KR B /N AR g e
s WUE RIPLA AR 2048 it I A e B R ss 4
L ZR A TR IR X RN K S e e —
PIPEACA R T 2y A 2L 667.5 ~717.1 1
Fk-hm ™2, FhAC B & (P,05) 147.0 ~ 175.5 kg hm~2,
ATt A (4l N)164.5 ~ 186.6 kg-hm ™2, 3k 17
S0 0 b B E K 2 AL 0l o 909. 7 ~ 963. 0
m’ - hm =2, PR AT IAF] 7 500 kg hm =2 E 7K 43
IR 1.6 kgrm LA |

3 diigHiHe

I OK 7R U B, 3 B RN 2 A A
WA KB =2 B TN KA 9 2 L TR K 4
W3 IR 550 R LB LA KRR IR K 5 2
R G — AT R R BT 5T e i 12 1) T P AR Y
B 2 A W) i 050D VR A2 R A R A
)8 106 722 it LA R T 32 185 /0 22 10 7K 43 Ak
4= 6.13-15] o (1 P T BIK A A0 [X 28 1o JLAE
HOBFST 0L T /N2 7 77 B 4 K R



140 F R A

:33%

K7, BIERK TR R IS K il b, F 2A: B K
R 2 K, &V AR 6 750 kg hm 2L I,
ST KT E e g

REL7AC T TR 2 — T B o] 1 5 i, R X /N 1 A
KRE A W SO0, (FL Gk & FEAR 248 it (R
T B THE KRB AE 55 ) 1 981 FR R F RT ak 3 R
BEARRE K LA w4 R R, & /N EE Uk
1o AR Bk A N RBER NI | AR ARFE K
AR AR R SE I, by, 48 1oy 2 T A Tt T 17
MBI 2 BRAT T K 5 7 Y S AR IR A T
SO FEA S 0 TSR IX RN K AR
et b Ar RS T AR/NE AT R KR RCR
SRR BB 28 RUIE R K I
i —x 25 mE R, B R BT LA
HE R R R R C B R D W KR NE T R
A A R, X ST AN BFR 25 A — 3, A&
WEFEE L H AR 5 F17K 53 1 S8R D SR o #T
P TR RN K E 7 g — IR A
Jiti 758 H  FEAS T B 667.5 ~ 7171 JT#k - hm =2, Rl iR
Bt (P,05)147.0 ~ 175.5 kg hm ™2, 41715 W38 it A &
(#1i N)164.5 ~ 186.6 kg hm ™2, 3515 W Il R 301 08 /K
SEHT I 909.7 ~ 963.0 m® - hm ™2, BT R A] 1k
£ 7 500 kg hm™2LA_I, KA FIHRER 1.6 kgm > Lh
o

20 42 90 AEAX, XiF A 52 0l ) 5 0 X 78 43 9
S N 7 AR B R B R R
T8 R R T A T R N
P AL AR R 15 Bt A < 4 P2 330 ~ 360 kg» hm ™2, Jifi 4
225 ~ 300 kg hm ™2, Jti#EE 135 ~ 150 kg hm =217,
Xve AL G A5 1 AR LG AR AL 4B O R o
537.0 ~553.5 Jikk - hm =2, R AE#%#£93.0 ~ 97.5 kg-
hm 2,38 A 156.0 ~ 165.0 kg-hm =218 At
BT OREE SR T AR R A S A T SRAH L, SE 4
TEETE 2% 1 1 it 280 o 2 v, T R 286 B R s ol it
Ko BE— 2D UER 32k 3 38 IR AS 1 A, I
MY KBRS IR A FARECEH |, SRR B0
HE TR WA (2 AR R & AR i, R S AR E
Je IR K AR o [RS8 A 451 ARk 4%
il P TERR, DT A AR5 4 , 7 o 9 B S e
PRI U R 63K MRFE K IS — , X /N 17K
PR B FEA A S 16 19]

ARG S5 R AR AT %5 B i A s A
KL T X /N 25 - it
7 500 kg+hm ™2, K43 R FHRCRATIK 1.6 kgrm LA I,
e T HETEUA #0E P BUET L o B/ INE 157K
GV, INE G A AR K . TS X R /N K

w7 2 RS RCH B ST, S S BAE T HE X
/N AL BoR R R A T Ul S AT Y A
H AT DA ) /NS LSRN T] T
FOKGEIRZ A4 5, A SAF PRI K 28 K T
IKAE I Lo A ) 25 57, DRI AS I T 488 1 i R /N A2
WK I AA T 75 58 A3 L R A e v o
PRI

& % X #k:

(1] DHA WY P, e e, & 8 i s ol K W IR A0 AL i
(J]. TRXEIEEHEE,1994,8(2): 1-6.

(2] APEg B AR BT P E AR [ M] . L. iR
AR AT, 1994

(3] WZEH BRI . AN GEIHEEZ] deat: P E G

Jii 4t ,2009.
(4] KR, R4S /N K R = FgE LML AL 5T s 0l K2
H L, 1995.

[5] sk R IF 3,5 NS IR X RN E RO
P BETTFE (1] 22 A4, 2013,33(1) : 96-102.

[6] Condon A G. The effect of variation in soil water availability, vapory
pressure deficit and nitrogen nutrition on carbon isotope discrimination
in wheat water use efficiency[ J]. Australian Journal of Agricultural
Research, 1992,43(5):935-947.

[7] Caviglia O P. Effect of nitrogen supply on crop conductance, water-
and radiation-use efficiency of wheat[ J] . Field Crops Research, 2001,
69:259-266.

[8] KangS Z, Zhang L, Liang Y L, et al. Effects of limited irrigation on
yield and water use efficiency of winter wheat in the Loess Plateau of
China, Agric[J]. Water management,2002,55:203 - 216.

(9] WLZRTF, £ BE,SKHIIT, & KNEARG 20 TR ™ 5 K F
FHAMR R AR 7 ()] ARk TR, 2001,17(5) :35-38.

[10] £ #0865, T 5 K JEEx A/ NE R Y 230 5K
MR AEABTFELT] . P EAZS RO, 2003, 11(4) :92-94.

(1] Z=iaR, R B A, i, % K20 RGN IE 0 /N2 SR 8 I
SYBCRYRENE L] AR A A, 2002,17(1) : 69-75.

[12] Ehdaie B. Variation in water use efficiency and its components in
wheat.2. pot and field experiments[J]. Crop Sci., 1995,35(6):
1617-1626.

(13]  EETEHL. S T HE XA 9 ™ A 50 20 R SE <X AT 5
[D]. FFFRITERF - IS ARl K2, 2007

[14] 4@, R A& /N RIE & R R B B AR SR B LM ] L
A P E AR RS R, 2000

[15] ZERB, BB AP XS0k &/ N AR A B KA 5 R 7
i FEAR UK G R AR S R BRI (1] s BB 2 3

1998, 17(J&T) : 18-25.

[16] KA . A/ IN TR 7 R B A A D BRI S I 42 ML )
[D].dbmt: PR K2, 2004

(17]  ZEBE, R E S NS IERE X R/ NE R AR Ak 2
e BB AR PR SE L] AR 244, 1992,7(2) < 1-8.

(18] XUTEAl, medRk, 5Kk, % NS VU AR Il X RN 23 i
ASEHE 57 B R BRI TE ()] 2 e AE 241, 2003, 23

(3):90-9.

[19] 5K, EEBLE OB /NIRRT RIS A
ELI] . v el A, 2003, 36 (10) : 1143-1149.



