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FOod STudies, WOFOST) 454 H A e Fl b 345 &
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X35 R A6 AIE o« RAUURIE 9 o B R A
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WK
1.3 IEHIFERRE
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Table 1 The simulation scenarios of autumn irrigation
setting during 2000—2010

AR E FKbe H AR BeE/K B/mm
Simulation scenarios setting Autumn irrigation date Autumn irrigation amount
LA, 5 Basic scenario 10416 H 150
% H— Scenario 1 10 H 16 H 120
%5t — Scenario 2 10 H 16 H 90
%% = Scenario 3 9H30H 150
1 50 Scenario 4 9H30H 120
#4541 Scenario 5 9H30H 90
5575 Scenario 6 1nALA 150
%31 Scenario 7 1WHLH 120
1% 5% J\ Scenario 8 1nWHALH 90

2 ZREDH

2.1 ARIMFRIER THENEKTEEN
2.1.1 wFIE R E ST

T EREX A FEFGAA T 2000—2010 FH/NFE
B WP BRI —E 2R (B 1) . 2004 45 FKHet
R FANER WP S54b T s K, FIMEE ] 1.47
kg/m®, 1 2010 4E ¥4k T MG AR B KT, R
20 0.80 kg/m®. AR HEX 4 B K B2 AT &, B
REAXTBARMER N, ARG RN WP
FEAMRFRAE 1.11~1.33 kg/m®; [ 7K B RH 8 & FOAF 4y
W, F/NFEH) WP UEEAFHEAE 1.20~1.37 kgim® (]
D o BAKIME, ARG 2000—2010 45/
% (24T WP {75 1.21~1.28 kg/m®, 431 9
H 30 H#E/K 90 mm 1Rk peti s, HNE M ZHF
WP A5, SR 11 A 1 H#E7K 150 mm FIFK
G, N 285 WP /)

T I bl A HE DXOZ A SRR e xR AR /N I WP T
H1, TERSALLN Be A 2005 4EAT 2007 4, RA 9 H 30
H¥#E7K 120 mm MK EE /N Z R WP s, AHEL
FEARNTE B NENIFE WP 43R 741 2.33%F1
4.32%; 2008 4F-F1 2009 K 9 H 30 [H#7K 150 mm
IR R o TR /N I WP s, FHELREAE St/
F T WP 434 1 20 1.91%41 2.07%; HA4E
PyMIEIR A 9 H 30 H#E/K 90 mm [k pemsi s /N
[ WP AHXT B ey, AH ECREACS St /N2 (1) 735 WP 3
WHRE T4 3.14%~10.07% (£ 2) . % LBk, 7
2000—2010 /8], LA EB/INE WP Ny B iR, HEHE
DX IZ A Fr e Ak peA sk 4 k. Hd 9 H 30
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H 7K 90 mm FRIAK Beibt xU7E 2 B0 h ¥ R B EL AR,
Xt B K E AT B AR 4 (2005, 2007 ZEF1 2009

) AR SRR I [E] AR RR /K 28 120~150 mm

BONEHE
k2 RBEIARERXTADETFH WP TR

Table 2 Differences in spring wheat WP between the different autumn irrigation %
= =< N e B — .#:i':l':‘ .#:i':l' .:FI':.' ‘#gg ,:kg
4 Year 15555 (i mf ] /J\f ﬁ/J\ (] /J\-ﬁ lEBwA 15 /;\jb i3 VAN
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8

2000 3.66 5.04 3.75 5.56 8.89 -2.59 1.46 6.09
2001 2.03 2.15 2.40 2.79 3.14 0.15 1.19 2.31
2002 2.61 3.06 3.74 4.65 6.13 -2.00 0.54 3.42
2003 3.19 3.97 5.08 6.53 9.13 -4.17 -0.11 454
2004 2.67 2.04 3.63 2.68 411 -0.26 1.24 2.34
2005 1.54 0.91 1.71 2.33 1.30 1.57 1.41 1.09
2006 5.70 5.43 3.51 8.25 10.07 -2.46 3.98 8.35
2007 2.83 1.50 3.82 4.32 3.99 -1.13 0.80 157
2008 1.48 0.18 1.91 1.75 0.43 1.08 1.17 -0.06
2009 1.82 0.52 2.07 2.01 0.75 1.16 1.65 0.40
2010 6.30 321 4.43 7.33 9.67 -3.81 4.04 6.68
PHME 291 2.45 3.23 418 4,95 -0.99 1.46 3.10

LB ¥ N5 =1016 120 mm 1016 90 mm

1 . 0930 150 mm 0930 120 mm 0930 90 mm

11101 90 mm
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m1101 150 mm lIlOl 120 mm
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
F4rYears
B 1 RREAEREXT A& E69-F3 WP

Fig. 1 Average spring wheat WP under different
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2.1.2 =R R E ST

T X AN ARG T BN WP R I H —
JE S A e, BAR T Al 0, ARIBKEEB
/NFE WP 5 ey A X 32 AR RS B bR S
I m] DX R F A0 i B ARSI R B, WP I
DX 32 B A AR T X AR i L R R
RUREER B (B 2) o FF3E X KR 2 B H T AR
M, RAME9H 30 Hi#EK 90 mm Rk FEAE R,
F/INZ 1) WP AT RO AR . 7ERE 1T B RIAUER 5 T
KEB B SR AAEAE 11 A 1 H#E/K 120 mm IRk
B, FANEN WP M R (E2) .

138

BINEER I S kgm™)
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(b) 10 1 16 [, 120 mm

AN HPR G771/ (kgent®)
.47 ~ 1.00 B 1 .24 ~ 1.57
C91.01~ 1,15 WM 1.58 ~2.48

km CI1.16 ~ 1.23 O

(c)10 A 16 H, 90 mm
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(d)9 H 30 H, 150 mm

AN TR G327 S3i (kg m ™)
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e C1.19 ~ 1.27 Ok

()9 H 30 H, 120 mm

NP IR A7 17 (kg™
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o5 R i e
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(@11 A1 H, 150 mm

NGB i (kg m ™)

N (0.46 ~0.98 B 1.24 ~ 1.37

7099~ 1.14 W | .38 ~2.56
—km 115 ~ 1.23 T3k

(h)y11 A1 H, 120 mm
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1,02 ~ 1.14 W 1.42 ~ 2.57
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11 H1H, 90mm
B 2 RRAGEBRE T A DE-F¥% WP &= B9 H
Fig. 2 Spatial distribution of spring wheat WP under

different autumn irrigation modes
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Fig.3 Annual average spring wheat WP under different autumn
irrigation modes in the Hetao Irrigation District
BTSSR, K EREX 5 MR XA
% B B#HL A AT SR, il A XA
FERK G R FEANER WP, LAFR/NE WP s ik
PR, HETTRAE | /N2 P S A T 25 e B XA XS
EE PR, REY, EAES NTEEXE
INFE AR WP 294 1.15 kg/m®,  HrhbidR 5 i &
Mot AN ER WP AN B S, AR
1.23~1.31 kg/m®, M S Hi 5 A i Ak Pe o TN
(¥ WP AR B, FEARFRE 0.97~1.09 kg/m® (&
3) o EXFREE A, HRSHEXKH 9 H 30 H
BEK 90 mm UK, FH/INER WP AL T8
K, BEsE 1.31 kg/m?, RS DB 9 H 30
H#EK 120 mm BB AN BONE R (R 4) .
MIELFEARS 5, K 9 H 30 H#E/K 90 mm [ Rk e
3, DUERJE I IRV IX R B A R R A R
FNEM WP 2B T4 3.88%. 14.24%. 1.91%
H110.36%, 1K 9 H 30 Hi#E/K 120 mm KRk B
X, BOENHHH EFRANER WP IS 74
1.18% (R 3) . BIAM T, H/NFZHR—MREEZMT,
BT KA R SRS AF R AR U E X B i
B X IR BEK S A oA gl R RK )
I IE) 8 A R BT 2 4ER 9 H 30 Ho
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Table 3 Differences in spring wheat WP between the different autumn irrigation and basic scenarios in the Hetao Irrigation District %

-~ i MR LA S i 7 X Fi B L b R TEREX
Dengkou Hangjinhouqi Linhe Wuyuan Waulatgiangi Hetao Irrigation District
1 £t — Scenariol 0.42 1.24 9.83 0.77 5.42 3.54
%5 — Scenario2 -0.67 -0.56 12.87 0.31 397 3.18
%45 = Scenario3 0.75 1.50 9.67 0.79 5.50 3.64
1% 5t P9 Scenariod 1.18 2.35 12.09 1.35 7.74 4.94
1% 5t 1 Scenario5 0.11 3.88 14.24 191 10.36 6.10
15t/ Scenariob -2.52 2.21 2.77 -0.76 -1.62 -0.87
1 5t-4 Scenario? 0.03 -0.27 7.16 0.20 2.94 2.01
%5t /\ Scenario8 -1.10 2.01 11.30 1.03 7.59 417

% 4 2000—2010 F £ # XA T A A& WP RAHEF A EEK

mm

Table 4 The suggested autumn irrigation mode based on optimal spring wheat WP in the Hetao Irrigation District during 2000—2010

[GARE= U JE 1 e iy X TRE L R T X

A Dengkou Hangjihouqi Linhe Wuyuan Wulategiangi Hetao Irrigation District
YRS npw w0 MW E@L MR EsL MW EEL B EE 1 A
2000 0930 90 0930 90 0930 90 0930 90 0930 90 0930 90

2001 0930 120 0930 90 0930 90 1101 150 0930 90 0930 90

2002 0930 90 0930 90 0930 90 0930 90 0930 90 0930 90

2003 0930 90 0930 90 0930 90 1101 150 0930 90 0930 90

2004 1016 150 1016 150 0930 90 0930 120 0930 90 0930 90

2005 1101 150 0930 120 0930 120 1101 150 0930 120 0930 120
2006 0930 120 0930 120 0930 90 1101 150 0930 90 0930 90

2007 0930 150 0930 90 0930 120 0930 120 0930 120 0930 120
2008 0930 150 0930 90 0930 150 1016 90 0930 150 0930 150
2009 0930 150 1016 150 0930 150 1016 90 0930 150 0930 150
2010 1016 150 0930 90 0930 120 0930 90 0930 90 0930 90

Fi 0930 120 0930 90 0930 90 0930 90 0930 90

2.2 LURS WP A BFriIRiRERIES

S NV a S e N K v R 7\ =l N DS
2000—2010 4FEREX F/ N FE KA N RV F 257
B WP B2 (A AT T 0. SRR, R
MIAKREES, BB X /N 27750 4 385
kg/hm?, WP 4y 1.22 kg/m® (£ 5) . H/NEEH
E M X AR ERS B WA R . IR X
PRANTLR B EE, Ik F) 4 461~5 912 kg/hm?, A
X AR P b X 3 B Ay A TR I T X 3 5 B P g
HBFN 5 R R AT R X, PP ECN 2 026~3 810
kg/hm® (& 4 (a) ) o F/INEE WP B X 3 2
FEFPERE O B BUER R AN R B X, WP &
| 1.27~2.40 kg/m®, WP BHEH X (K140 A7 577 R IEA
REE—3% (E4 (b)) .
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FHECIE A 5, SRAHEE AR R R X
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et e HE N A e e, L n
REGHE MUER S IR i iR] X A6 AR TR
AR (B5 (a) ) . Ay, FNFER WP
RO, BRI L X 3 B A TR RS B
BUAR I T X R 3B T B 2R B A0 2 o A i e
PEERHLIX (B 5 (b) ) o BRI, WEX B —Fig
BN FZAE T SRR = TR e B R =
I i % DR IE VE [X 76 15 48 — 58 B e /K & 1 R PR 1)
FEERA WP 475 FTde e .
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g s T3
£ nafinias o

/NS A (kg-hm 2)
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13037 ~ 3810 M 5225 ~ 5912
13811 ~ 4460 T3 i

@) i

Y Lo #flﬁ‘lfﬁﬁw W i}

BNV A S kg m ™)
0,50 ~ 1.09 B9 | 42 ~ 1.67
91,10 ~ 1.26 W 1.68 ~ 2.61

km C11.27 ~ 141 COHEkHb

(b) KABEFT)

B4 TEEREAKREENT ANEFH =2/ WP B Z R HH
Fig. 4 Spatial distribution of spring wheat yieldand WP under the suggested autumn irrigation modes in the Hetao Irrigation District

g, T T

g ety 2
# b safiioa

BN RN /%
33,02 ~ 0.00 B 10.21 ~ 34.07
£90.01 ~2.54 EW34.08 ~73.36

km 31255 ~10.20 T3

(a) 725

A NERIY =TI/ %
0,00 ~ 2.84 E9110.00 ~ 18.47
12,85 ~ 5.86 WM 18.48 ~ 85.67
km 15,87 ~ 9.99 TR HHb

(b) 7KL= J1AE 8

B5 TEEREFKEEIMLERETANLZZ/ WP TRa69 = 055
Fig.5 Change of spring wheat yield and WP under the suggested autumn irrigation modes in the Hetao Irrigation District

k5 RBEKERXT AL oy-F34 =24 WP
Table 5 Average yield and WP of spring wheat of

optimized autumn irrigation mode

HERE IR A X
Suggested autumn

g

VEE TR [X 35, L Change range
irrigation mode
Regions . .
=& Yield/ WP/ %
” . ] WP/%
(kg-hm™) Ckg:m™) Yield
[ mE=S 4359 1.28 4.96 1.18
WU I i 4812 131 3.18 3.88
9T X 4725 1.14 2.35 14.24
TRE 4252 1.26 11.63 1.91
L BRI 3781 1.09 10.21 10.36
TEHEX 4385 1.22 6.47 6.32

3%t iR
3.1 FARIREATEIXTE N WP IR

TP XA [FI RS N AR /N2 (R WP R B —
FEZETE, REX KGR ERRF 150 mm AR, 5K
GemfIalR AT 9 H 30 H, #X 5 MEEXEFNZK
WP B A FIREEE BB, TR AR e e e &= 11
H1H, BRigmXAr, Hp SR X AN WP B
DA FIRE R FRAR . AR R fREF 120 mm i, A

PR AE 56, ANFIRKERRS ) FHEX 5 MR X R/
(1) WP 36 Fri Ft s A CRFeda e, Forh KR )k
9 H 30 HEF, #EIX 5 AMifEEL X 5 /INZ 1) WP AR f i »
H 10 A 16 H, 11 A 1 B TR H/N T
WP FHIX Ao Rk B K EOREF 90 mm I, AHELHEA
55, FKpEm A 9 F 30 Hitk, #EIX 5 Mt IXEH
/NFZH WP A i s FRBERT (R 10 A 16 HE,
([T DX AN R RS R /N2 (1) WP A BT, AR
X AR E: KGN 11 A 1 HE, BRiEN
BAh, HAHX /N ) WP 6 AN [F LR (18K .

BRI, X FHRANEME, JREKEKER
4398 1504 120+ 90 mm ANARR, 5 X RK e 1]
IRAT T 9 H 30 HE— R E LIRSS m1ED
) WP, XN, UL g5 RS R IR
ST FERE, AR A R RK BRI 1] ] 2 HE (X K HhiE R
R RS 5 (1) 45 RARFE — 8. AKBerT M3 pT7E
—ERREE ERE IR AN WP 2R TR
435 B BB RS R, BRI RIS EK
R F: 87/ 11 G T R~ 11 5 T PNV 5
BFEEVINR R IR, AR TR
YIRS LB EAR, EMEYRRBK. A
FIF HAKFPIRGL .
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3.2 FERGRKEITH/NEZE WP HIS200

U DX RKBEIN [A] [ 2 9 fE4E 10 H 16 HI, 93/b
FRBEHE K B 1) 20%5K 40%, FEAHE WS AFAIFHE X F /N 2
(1) WP A frg ek AR 2 . Xl REF B TiEY
WD R K B R GE T —FREF S ENHR T
TR E I A S B AR AR v, 3T 32 B AR
oy TSR, EMR RBOK . AR T H
A KRR

ME X FKBERT [RIPERT 2 44E 9 A 30 H, KR
KELRFE 150 mm AR, EXSEEXHFENER
WP 35 BN [RIFE 2 )4 5, U Ak K 29820 20%
B 40%ET, 57T X FH 5 R 47 i AR /N2 1R WP 35 H B
7.74%~14.24% P38 K, T At X U AR R AR E
AT DLPE B AR ) TR B F ek K &, AN [R] - 458 i
M L AN [F) RO o 31X 3 B ph T e 45 0 LR
IS SIS E T R g, T R
HUAR GRS I HBIX , FEK 3 VR 25 R0 17K 20 N IS IFE]
H/DRE KR, RS RN B R AT 55,
AT e 2218 B AR JR A K M B IR, T
TR I HLIX, M E KK 3 (1R B I ) sk
ARG KB JT , RENE T I M G 5 AR 4y BE
VIR 5 AR 2y /K Aok s ) IR, AT BE A R TR
K

EIX FKBERT [REIR AR 10 H 1 H, KR
IKELREF 150 mm ALK, BRIGF X 4, HAR &
X /N () WP 35 HE BRAS [FI AR B R A, MK BRifE K
k> 20%E% 40%KT, 15 VR] X RN 5 dr A HT AR /N 22 1
WP 25 H FH 2.94%~11.30% 1384 K, 117 e 43 3l X | FE A
TRFFRRE » IX AT REZ B TR AR BERT B], 24650+
BRSO TIB RS IE], (61358 A HERIEMR AR
7 AR I AN B o AR, TEEIR KGR [ (14 [R] B
AR & AT DLE — e AR B BB ffiX — I, I
Fo2 B K B A O A P M X R B L 3 T
.

BT, I IR 220 A [E Ak et =X
THENEN WP ATV, Mg HEEX 5 Vi
BLIX DU m A EY) WPy H AR AR IE B R petial,
AT g XK 3 ) P 11 0 88 AR 5 B Xk 47 7K 38 2850 5
B H ARt T —E MRS %,

4 25 i

1) FEHEIX 2000—2010 475 /N2 B — Rl 2
5 R E BN AL AS [FLEB XA K 2R
7 A — E R LIRS o

2) s /ANER WP N E bR, 15 300 X AR
GG B AR AR 9 A 30 H.,
142

HEK 120 mm RKBEBE R AR X HEE R 45
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Simulation of Proper Autumn Irrigation Modes for
Spring Wheat in Hetao Irrigation District

XUE Jing, CHEN Junfeng, ZHENG Xiuging, LYU Zehao, LI Xugiang
(College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: [Background IThe Hetao Irrigation District (HID) is located in an arid and semi-arid region of Northwest
China. It is one of the three largest irrigation districts in China, and it is an important food production area. Irrigation

water accounts for almost 98% of total water consumption in the HID, which is a typical area where there would be

no agricultural production without irrigation because of the low precipitation levels. The Yellow River is the main
source of irrigation water for the HID, and supplied 97% of irrigation water to the HID before 2000. Long-term
excessive water diversion is because of poor management of the field irrigation and water conveyance. However,

with rapid economic development and growing demands for water, the amount of water in the Yellow River Basin
has sharply decreased, which has led to decreased allocations of water for agriculture. To attempt to match the water

demand to the reduced water supply in the Yellow River Basin, the annual amount of irrigation water from the

143
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Yellow River will be reduced from 5.581x10° m® to 4.369<10° m® for the HID in the future, according to the
irrigation management proposal from the Chinese Ministry of Water Resource. To maintain sustainable agriculture, it
is important to improve crop water productivity (WP) when there is a limited water resource. The WP is an important
indicator for evaluating water-saving irrigation practices in arid and semi-arid regions, because it reflects the
relationship between water and production. Autumn irrigation is important for sustainable development of
agriculture in the HID. The autumn irrigation area accounts for more than 75% of the cultivated land area in the HID,
and the amount of autumn irrigation water is about 1.73x10° m®, accounting for about one third of the annual
irrigation water consumption. Its purpose is to leach the soil salt and adjust the soil moisture in order to create a good
soil water and salt conditions for the next spring sowing. However, the problems of excessive irrigation and low
water utilization efficiency still exist, which not only cause the waste of water resources, but also cause the soil tidal
collapse and backwash, and promote the accumulation of salt on the soil surface. [Objective] Therefore, it is
significant to ensure crop growth and saved irrigation amount from Yellow River by adjusting autumn irrigation
mode to local conditions at the regional scale. [Method] In this study, a distributed SWAP-WOFOST model was
used to simulate the proper autumn irrigation modes for spring wheat in the HID during 2000—2010. [Result] The
results showed: in order to improve spring wheat water productivity (WP), autumn irrigation modes were
recommended. The autumn irrigation amounts were reduced compared with the basic scenario in Hangjinhougi (HH),
Linhe district (LH) and Wulategiangi (WQQ). Meanwhile, except for LH, the autumn irrigation time in other areas
were advanced to September 30th every year. The annual average yield of spring wheat was about 6.47% higher than
the basic scenario, and the annual average WP was improved about 6.32%. [ Conclusion] The numerical simulation
analysis would provide a certain reference for adjusting autumn irrigation modes to local conditions at the regional
scale.

Key words: Hetao Irrigation District; autumn irrigation modes; water productivity; spring wheat; distributed
SWAP-WOFOST model
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