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Interactive impact of water and nitrogen on group yield of
spring wheat and use of water and nitrogen in Shiyang River Basin

LIU Xiao-gang,ZHANG Fu-cang, TIAN Yu-feng,LLI Zhi-jun

(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry of
Education, Northwest A& F University ,Yangling s Shaanzxi 712100, China)

Abstract: [Objective)] This study was to explore the best coupling form of water and nitrogen in arid
areas of northwest China. [Method]) Field experiment was conducted in the oasis region of Shiyang River
basin. The interactive impact of water and nitrogen on group yield of spring wheat and use of water and ni-
trogen was investigated. [Result] Nitrogen rate and irrigation in jointing and heading stage impacted on
spring wheat yield remarkably. With nitrogen rate (168 kg/hm?) ,irrigation (90 mm) in jointing stage,and
irrigation (70 mm) in heading stage,spring wheat production was higher. The impact of water and nitrogen
on dry matter accumulation was similar to the impact on grain yield, but the impact of irrigation in heading
stage on dry matter accumulation was not distinct. Higher harvest index could be got with nitrogen rate
(224 kg/hm?*) ,irrigation (50 mm) in heading and filling stage. Higher grain yield should be guaranteed,
when enhancing the harvest index. WUE achieved 2. 424 kg/m® and yield reduced by 45% when the irriga-
tion in tillering and filling stage both were 30 mm. The impact of nitrogen rate on nitrogen accumulation of

grain yield and dry matter was significant;nitrogen accumulation of grain came to maximum when nitrogen
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rate (168 kg/hm?) and irrigation (90 mm) were applied. [Conclusion) The optimal model of irrigation and

nitrogen rate of spring wheat in Shiyang River Basin presents nitrogen rate 168 kg/hm?”,irrigation 90 mm

in jointing stage and irrigation 60 mm in tillering,heading and filling stage.

Key words: spring wheat;interactive impact of water and nitrogen;harvest index; water use efficiency;

nitrogen accumulation;wheat yield; Shiyang River Basin
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IS 2007-04-07 76 A 5 4l oK 2% A7 3 30 37t 4k
b5 A4 251 AR B 0 (37°57' 207N, 102°5050"E)
7. I AL T A B VDS 2%, R MR B 1 i
TR X b A B ST R AT T R XSS L
% 1581 m, ZAEFHFEKEAL 164. 4 mm A4, +
oA KRR AR E T A E L 32
g/cm®, HI ] K % 36. 58 % (K FH & /K ), 1 T /K
HEVRIK 25~30 m, AR 3 K R AI, HERLBE 1
7 5~8 mg/kg, ML & K 4~8 g/kg. -4 pH
H29 8. 2.0 4LJE 0. 71 g/L, MR T & &
0 1.2~5.6 g/kg. HEWBAKIE R HL T K,

B INZE SRR R Y R R s AP K R 15 S, ik
56 15 it S 4k 43 BE DT 4R T 300 il A0 A SR A 1
Kok & 5 AN R, H bl Al R R Al (224
kg/hm?) . F & (168 kg/hm*) K& (112 kg/hm?*) .
FRIRA (56 kg/hm®) 4 7K 5 /K E #l ik 90.70,50
30 mm 4 ASKF, KR ZE K IERLHS
Lis (4°) iR B 51k 1 iR .
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Table 1 L, (4°) factors and levels of orthogonal design of interactive impact of water and
nitrogen on spring wheat in Shiyang River Basin
Kl & Factor [l & Factor

b 3 i/ WE K %€ %l /mm Irrigation amount Ak B it A/ WE 7K %€ &l /mm Irrigation amount
Treatment (kg - hm™D el KW mEW  gon | Trement GeehmtD g R BN MR
Nitrogen rate Tiller Jointing Heading  Filling Nitrogen rate Tiller  Jointing Heading  Filling

1 224 90 90 90 90 9 112 90 50 30 70

2 224 70 70 70 70 10 112 70 30 50 90

3 224 50 50 50 50 11 112 50 90 70 30

4 224 30 30 30 30 12 112 30 70 90 50

5 168 90 70 50 30 13 56 90 30 70 50

6 168 70 90 30 50 14 56 70 50 90 30

7 168 50 30 90 70 15 56 50 70 30 90

8 168 30 50 70 90 16 56 30 90 50 70

YR P E A 3 LAt 48 /N IX . /NIX
ARVGTT 1) DU TR N X AR 15 m® . AU i H
PREF AR — VA . BEAE L i BRI 5 . 45 S IS AT

R B MR — YR 38 2 U . it R 150 kg/hm® i
FA . 04-04 FEFRL07-15 W gk . T KK B R
JEA HK DOACKE B K e . #7254 5 W R
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Fig. 1 Rainfall,reference crop evapotranspiration (ET0) and irrigation time in growth period
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Table 2 Interactive impact of water and nitrogen on yield and use of water and nitrogen
b . F%/,z ?%Eﬁ?@fggﬁ%/ e B4 7J<§7\7F'JFH§£$/ ﬁ?%?%ﬁ:ﬁz/ ﬁ*ﬁﬁ?@%?ﬂ/
Treatment g+ hm?) (kg « hm™?%) Harvest index (kg * m™— %) (kg « hm™?%) (kg « hm—?)
Yield Dry matter WUE Total nitrogen Grain nitrogen
1 5 447,70 13 510. 62 0.403 1.513 229. 25 134.08
2 4 956. 30 11 685. 25 0.424 1.770 217.35 120. 35
3 3 590. 40 7 033. 89 0.510 1.795 124.07 87.48
4 2 956. 20 6 554. 67 0.451 2.464 120. 30 74. 84
5 4 635. 90 10 023. 99 0.462 1.932 163.05 114,12
6 4 887.90 11 150. 88 0.438 2.037 179. 24 120. 50
7 4 349.70 11 060. 88 0. 390 1.812 174.03 105. 62
8 4 556.70 10 766. 04 0.423 1. 899 173. 65 109. 68
9 3 960. 90 8 990. 92 0.441 1. 650 128.76 92.67
10 3 663.00 8 030. 97 0. 456 1.526 120. 24 84.53
11 4.723.20 9 812. 83 0.481 1.968 134. 37 108. 38
12 4 117,50 8 955. 56 0. 460 1.716 122. 63 95. 83
13 3 560. 40 7 427.78 0.479 1. 484 80. 47 60. 21
14 3 811.50 8 053. 94 0.473 1.588 97. 40 62. 34
15 4 068.90 8 759. 30 0.465 1. 695 101. 84 65.97
16 4 272.30 8 745. 20 0.489 1. 780 112. 23 83.23

T RPN 3 A EE T I{E . Note:

The data in table were the averages of 3 repeated experiments.
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HH 2% 2 AI L AR B 1 /N2 7 A e AR B 2 3K
Z Kb PR A B EAG AR B 1Ry 54.27% . FEEE
72 (B R AL HD 1 40T 4 BT ET 4 A ALY
ANFZ PR AT K R S R A R OC, U BT KR
D REART SR 3 A RO 5 e N 2 X 5 3 1Y
W % 3 B Ak AR Ak o 6 T 8 KR B e RN DR IE 5
XN MR EERNE, Y2EaEKREE R
240 mm. (HAE A B W K 553 B AS [R] B £5 4k 3
AINFZ 7 A AN (] A e KT A 3 Y 7 A
e s 4 607,550 kg/hm?  IRA K Z  FRALA 4L 3
(77 AR o UK 7 R Y 85, 300, BTN
TEAN A AL B X K o3 () BURAR FE R R . Se it o0 i 45
RGR 3, ORYL, A& KR XS /N 7= 2 50 (1 K/
FEIUA BT I K > it R > i R D E K > 4 BE
S1E 7K > R HE K L YT R K R 7 Y 5
M) 34 ) B S = KT ot A A R K R R A B
K HRRBEX R AR E, RS HE
AHTR] K ST 7 i 11 S44E L 45 6 7 22 00 B 45 SR T
AR A - A 168 kg/hm? , 35 75 199 71 4ih 7 19
K420 90 mm Fl 70 mm,

2.2 KEEEWNENEZTURERENZ M

T B A = R I s . R 2]
LA LN TR R R KA 4 T
it SR fe /N AR B T RN A4 B 2. 06 55 7E A
T M ER R 90 mm [k 30 mm, H Y
BB TRE 45. 7%, Ul B 7 AUIE 4 R 5E R 1 A5 1
T K o e G B TN E T R R
FEREK BB 240 mm B, A &AL 38 /N 22 T ) Jo
SRR e R AR A 3 0 /0N o R AR A B 1 e /N
04 VHE R A ORI G A R T R A B B 1 T K
FERAN R I /N T o R & A 22 5, Hohh
AL B 1) i 25 oI R A R0 Ak B ) i 22 i K, 316 P
KEAX TR BRBAHB WL EIER. GitssR
(R 3HFE D BIR, K WEX/NE TR
i K /MR TR S+ it G e > BT 0 K > il R A
K > 5 K > 43 BE S K L v e R R TS
IV K 6 T 9 i R RRAG R  GA S OK O, AT
EXTHF RO 3 255 R 3 R OR R K F
2 LA I 5 SR T A AR AT e K T W i B R R R
FHA A (168 kg/hm®) 4k 57 557K (90 mm) 1% 4b 34

HE.
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Table 3 Table of intuitive analysis of yield and the use of water and nitrogen

K% s + ¥ 5 [ EE iR K43 F % AR BEHE FRLE R
Factor Yield Dry matter Harvest index WUE Total nitrogen Grain nitrogen
jii 7 & Nitrogen rate 679. 275 2 526. 389 0.048 0.283 74.757 36. 250
SrEEMABE K Tiller irrigation 425. 440 1232.958 0.015 0. 320 18.181 9. 376
WATHIRE K Jointing irrigation 1 200. 340 2 513.807 0.018 0.088 40.012 30. 247
i FE 993 /K Heading irrigation 480. 565 1 959. 235 0.048 0.304 25.929 10. 973
HES WA HE K Filling irrigation 402. 265 1 655. 375 0.036 0. 330 31. 490 10. 548

2.3 KAEEMEXWNEHNEZWIRIEH KRG

WCARF8 B2 A5 T e by b A ) 7 i [ R 7 i )
SRR . TERTA A B, A BR 3 Y /N 22 WAk 45 4L
KR 0,510, 43 A JEAb B 1 FIALEE 7 49 1. 27 i
1. 3148 i BH 1R /K i 280 Ak B /N 22 A ) 2 7 i LR
B AR VA AR GE b 1) R 5 7% o DR LG I A48 BSOAH X
AR . HIT T3 BT AT AL 4575 09 00 T K S /N A2 7
SR A B A B 7 H TR A3 BE R AR Y K
SRS T AE Sl R RN R I K R 2 LRI T
KR o, T BEAIR T ISC3R A8 8. et A it (3
3R D RIR A P Z /N 22 WK R £ 52 e R/
MRUR g« it 280 et = b Bk 1) 3 K > B SR I K > 41
$91 9 K = 43 BRIV K, HG v it R0 B A R 0 o K R
ST K WA A8 B i B 3 LA R EE N R
AN G5 E i A TR K R R RE K

I HEAT A 6] K S B /Y 22 LG AT R IR A e R
AR R AL BEZH 5 1 0 - it A 224 keg/hm? , il
IR S 0 23 S HE K 50 mm,
2.4 KXBEEMNFMNEKRSFIALEH M
K3 FHIRECR e 25 45 B B AR K IR 5 4 )™ 1
MERR . R 2 AT AR B 4 /N 7= 5 F )
Jit SR AR f /0N o (H B JHE K R AR AT Y 28 5F 7 i R
H2.464 kg/m’, ZALEL 1 AIALH 14 B 1. 63 FI
L6 1A% ik 1 W 7 A1 UK AR B A A1) T 42
fe /N R M ARCR T AR B 1 il TR AL . =
BUNAEZ B IR A A IE L AR T R A B AT A
TR R R T 288 AR S K X /N 22
7R W S R AR R 4R T AR K A B S BT
FREERIK 23 M R ROCRBAR . AR 9 2 B O 240
mm 5 AR B /N2 7 35K 3 R RCR O 1. 920
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kg/m® SRR A A AR AL A A B 1. 12 A0 1. 17 £,
o AL R /I8 22 7K 4 R P 803 30 A b LA 3 AR
0.034 kg/m’,iX FEJE i AL B 1 7K 43R AR
RATE. Goitah I (% 3 Mk ORI, & HE X/
32 7K 43 R FH 2005 ) 52 i R B AR Uk Sy« Y I MR K >
3 BE S VE 7K > Jh 3 B UK > it R > 4R I OK

X 1 B A T b DX A K L A R T R
K3 R A5CR, vt S L B U0 R K ORI 2 4
IKOF 7K G ) FH 358036 14 5 i 3K . 2 7K H A R 3R S g
ENTE ORI T E S SIS T A b1
ARATF IR KK 3 R R 0 b B A5 07 A it L it 168
kg/hm’® , J& 7 HIHEIK 30 mm, I HIHEK 30 mm,

x4 BNEBEFETNKEFANFTESHN

Table 4 Intuitive analysis of yield and the use of water and nitrogen
stz 3 =T 0 A =
g PERRCBE g gt | omA o JERRBEqng g
ariation SE-J5 F Variation S5 A F
Ttem o DF MS Ttem w DF MS
source SS source SS
it L A it R A
Nitrogen 985 500 3 492 750 7.628 Nitrogen 0. 220 3 0. 110 5. 604
rate rate
7K Tiller 423 414 3 211 707 3.277 7K Tiller 0. 224 3 0.112 5. 690
irrigation KA FI irrigation
B e WO
. i LES .
7K Jointing 33153 3 657 659  25. 66 7K Jointing 0. 0. 3 0.0 0. 566
Yield K Jointi 15 318 1657 25. 662 WUE K Jointi 22 1
irrigation irrigation
it EiiR R Ul
7K Heading 770 905 3 385 452 5. 967 7K Heading 0.193 3 0. 096 4. 897
irrigation irrigation
HE K N 1)
7K Filling 564 487 3 282 244 4. 369 7K Filling 0. 236 3 0.118 5.991
irrigation irrigation
Nitrogen 13 784 373 3 6 892 187  6.605 Nitrogen 16 207 3 8 104 12. 820
rate rate
43 BE W) 9 5y BE I
7K Tiller 3699 013 3 1849 507 1.722 JK Tiller 1480 3 740 1.171
irrigation irrigation
TR g ol BE g
Dry matter  jk Jointing 15 743 254 3 7871627 7.318 FBE K Jointing 4051 3 2 025 3.204
irrigation Nitrogen irrigation
i 0 aceurnulation i e gy i
7K Heading 9 749 452 3 4 874 726 4. 675 7K Heading 2 064 3 1032 1. 632
irrigation irrigation
K HE IR )
7K Filling 9 866 020 3 4933 010  4.707 JK Filling 3492 3 1 746 2.762
irrigation irrigation
Jti L it 2
Nitrogen 0. 005 3 0. 002 9. 200 Nitrogen 4 489.673 3 2233.980 12. 690
rate rate
43 BE ) 5y BE 1
JK Tiller 0.001 3 0. 000 1.129 JK Tiller 232.729 3 862. 560 0. 658
irrigation R irrigation
1o N e e 2 L e it
Llﬂlljﬂu?i ¥ 00 e YT SRR )
'arvest JK Jointing 0. 001 3 0. 000 1. 183 Grain 7K Jointing 2 105. 957 3 237.565 5.952
index irrigation nitrogen irrigation
i 4 i BE I
7K Heading 0. 005 3 0.002 8. 855 7K Heading 364. 126 3 120. 630 1. 029
irrigation irrigation
T 30 I
7K Filling 0. 004 3 0.002 8. 400 7K Filling 337.500 3 355. 575 0. 954
irrigation irrigation

1 (Note) : Fo.05(3,5)=5.41,F; 41 (3,5)=12. 06,
KEEMENENEZEKREEZRRENZ N
2 G RRY] A AL B 1 WO AN
KA R BRER K Z4H 3 M 41
1. 850 1. 91 %, lb b3 2 & 11. 90 kg/hm*, % &
L PR IR K Ak B AR K b BRI T AR A
B T AR BB, B EH A 240 mm B, A

2.5

I7] it K - 114 /0 22 R R R B B AR DL o SR A B
RAREAL B Z R A P /N . G o i &
R 3 MR Ol 4 I Z XN EZ R A R R
) 2 W A R O < il R > 9T SR UK >

JYEE 7 = Foh B 0T 7 = 0 BE U A, HL it 2R
R R AR R A B R . 0 il A AT
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ZH R R4S R AR R 0 A B

B RN 224 kg/hm’ X BEWIHEHR AR RS
it 28 S AE AR OG

2.6 KEEEWNENEFHNAZERENF N

T2EEWER A1 MNER R A E BB E
BRI AL PR 4 FALFE 13 49 1. 79 A1 2. 19 £,
o 2 A B 2N AR i B OFF R TR 20t 5 4 R IR 6L
1 FAED 1 AR fR g B K R 0. 403 ~0. 510, 4b 3
3R NE U R FE RO AL B 1 AkbBE 2, 3 A] BE 2
TAEAK SR TR ST AR AR R 1 L
B mE A D8 /0N . 7EE B 2 A 240 mm By BT A 4 3R
o, R EAL B N AR A R B E B R OR L RA
WEFRR 2 FHR AL H /N X H/NE A R B
IR E B UV AR B S A S E
G, GEitorpr 2 3 (3R 3 Mk 4) R, & B & Xt
INZZFERL R ZR R AR 5 e R/ IMR YR O e A B >
P17 1 T 7K > e el 9 K > R I K > 4y BE I
7K FE it R A N R 3R R R R ) A A B KL 3K
T K A e G AR R R R W, B R
7 43 AT 0 A ARV A Xt /N 22 7 R e e L BT L
FEXT R R R BRI 52 7 I EE SR W 2 . 45
G 2 I RAE R T SRR R R R AR B Y
AbFREAH 5 N K < Tl A i 168 kg/hm? , 3k 5 9 K &
90 mm, X id WP T I K AL B AT DA AR A5 A K
() A W 7= i AE I AS BB 4 s /K L R R 0%

3T

JK 3 AR 235 A 1) A R R e A 2 IS A T
SEAHEAR A . AR R R KRR 20 WSS 19 1 57 B
I AR AH K I3 B A S0P S R A R R TR W RE
7 ) PR Jo R HC A PR AR AL R L (AT K o F SR
SR DN A 2 MUK R A — R . 7R AT PR R Y 2R F
B AR SR 2 BE A i UK 0 45 B B AT R A
FIR s AR R R AR AR T AT SR 4
TRE TR A B, /)N A2 AR Ml b o Y B A
B d e T 4 2R 7 AR K R R AR K Acb BB S A T
T R R TR . RARAE P 4 (e
TR KO B9 7K 70 T 280238 B A o EL G DTG 4 7
MARH . HEMEE B 240 mmo 1 45 AR AV K
SE A [R] I o A /N 22 19 7= S Rt b8 23 1 B 2
B 22 53 W0 Ul W /0N 22 16 AN [R) A 9 B 9 i K
Lo FERS 7R 3 0 SO 2 AN (] o 98 T8 I 7 AR B 4 9 5
7Kk R I B T X 7 e 9 B K R R R 23 T K L R
JK T8 JHE R A A O I E — KR B AR

WK FE B LA AE W 27 7 i Dy Bl R TG SR Bk
TR B RAR T Z AR e R IA B . =
Az 2 77 AN AR Fe W 1 2 S B e F A o 1 R
PRAIE T HL Al J2 52 30 5 WSO AR 4 85 A= 3 i, ot
PH R AR AN 1R A 0T 7K RUHE B B 7 i 5 IR
T8 B 0] 06 3 AE ARAT 5™ Sk 1 (] s WA 3R 48 4
W H K AT LA 52 B K &L R AR . K LB AR X
YEW WK BRF A —EMLEAERN, 2K S

5 W AR B X6 R0 3% 1 RS o AT BRI R A% I
R, IR 5 WA BE 9 1E 8 AR BRI AR (6 20U
BYRRE BN, AN AT R, B K S by
6B T — 2 0 R R A SRR AR 55 AR N X TR
BIHL 7055 Foe I Bl 5B SR AR AR B A
L 2 S &2 S AR T A W DA E R
PRI 4 SE A 9 O el st 300 108 7K AR B S A RE 3R A5 v 7
FAE T 7K AUR A . R A 3 30 45 S W] i, 52 1)
N BEAA T 5 K ORI A TR 3R 45 AN A TR 223145
A R R 7 H S0 6 2R IE it L il 168 ~ 224
kg/hm® , &35 W Al A K 60 ~90 mm, HA &
PR VT FE 7K BB R 7. A fE A 21 LUAE I 7K L LLK AR IR, 3F
T84 R KL R R A3 - VR A

4 45 %

AR 25 5 2 B, it R0 B AR T I i e v
K X B IX /N FE B R R R e O 168
kg/hm” \#&75 BARE /K 90 mm AH A K 70 mm, 7]
PLSRAS B ke P i . K /N T T R
FERE 1) 52 W) 5 X6 7R 7= Sk 1) 52 Wi A AL 0 kA A0
AKX H b T R A S R B, A 224
kg/hm® il 851 A0 HE 5 HE K 3 2 50 mm, 7] DL
JINFE ARAT A 1R WML AR 4 B AE AR 7 b o R R R
P& BT B 2 PR TIE K YRR . 0 BE )R
AT IK Y R 30 mm B, AT DU /N 22 3R A5 55 K
Gy FIRRCR AR DU 4 77 i g AR o il B X/ #E
Hb b P SRR R Y LR R B e L R
MK 90 mm i A i 168 kg/hm® B ¥R A FE R
R R R . O R4 358 7 o R0 B /K /R 0
A 2T 30 AR /N 22 0 S e K R SE B O i
At 168 kg/hm® , 2/ F WIHE K 4 W, 3Kk 97 1K
990 mm., 43 BER AR SR 13K 60 mm,
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