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Abstract; Scientific irrigation scheduling is essential for agricultural production in arid and semi-arid regions. Located in
the northwest arid region, the Heihe River is the second largest inland (terminal lake) river in China and faces increasing
competition for water between the middle reach agricultural irrigation and lower reach ecosystem services. In this study, we
use the Decision Support for Agro-technology Transfer ( DSSAT) model to simulate the growth of four main crops: maize,
wheat, rape seed and potato in the middle reaches of the Heihe River Basin. We first compared the temporal differences
between the water demands of the four crops and the precipitation during the growing season as well as the differences
between the crop water demands and the current irrigation scheduling. Subsequently, we explored multiple irrigation
scheduling combinations during the growth period to optimize irrigation scheduling of the four crops. Finally, we calculated
the water saving potential under the optimal irrigation scheduling. Results show after calibration and validation with in situ
observations, the DSSAT model has better simulation performance for the four crops in the study region. The standardized
root mean square error (nRMSE) of the crop yields is less than 15.0% , and the coefficient of determination (R*) is above

0.65. The annual average water deficit of the four crops ranged from 122.5 to 367.0 mm during the growth season. By
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adopting the optimal irrigation scheduling, the water use efficiency of maize, wheat, rape seed, and potato could be
improved by 54.8%, 25.0%, 18.3% and 51.3%, respectively, and the variation of the simulated crop yield was all lower
than 5.0% , achieving both high yield and water conservation. If the optimal irrigation scheduling is applied in the study
area, potential water saving could reach to 8.1x10° m” annually in the middle reaches, which could be used to support

downstream ecological protection.

Key Words: DSSAT model; the middle reaches of the Heihe River Basin; irrigation schedule; potentially reduced

water amount
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Table 1 Crop planting composition of the middle reaches of Heihe River Basin in 2017
F K Maize /NZ Wheat 3% Rape seed 43 Potato 411 Summation
47.7% 13.3% 6.8% 7.7% 75.5%
2017 ARCHN A SR AR 4 ) B DR AR Y R ARG

99° 100° 101°E

>»z
1
40°N

39°
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L REuA A
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1 HRREER
Fig.1 Map of the study area
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100 mm, 4 NN HEZK E B KK E e 6, B T 25.50,75,100,125 150,175,200 ,225 250,275 ,
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Table 2 Design of irrigation schedules

(a) XK /NF Maize and wheat

HEIKE ] Trrigation date B E W FRAE B/ T FEII) Grain filling
TEWEE R Irigation quota/mm 25.50.75.100 25.50.75.100 25.50.75.100 25.50.75.100
(b) h3¢ . 5442 Rape seed and potato

FEK Y Trrigation date Wi E FAEW ¥ A M/ HEZER K T

TR EH Tirigation quota/mm 50,100,125 50,100,125 50,100,125

M E. Emergence stage, 8173 J. Jointing stage, FFAEH] F: Flowering stage ( EK) , #HE T. Tassel stage (/NZ) ,#E3K I G. Grain filling
stage; A M. Maturity stage (JH38) , B K T. Tuber growth stage ( H44%)

1.5 K EITHE
FEIRAT 07K T G55 T3 b it i 3 9 DU A VR P SIEA 71 7K TR TR o) 88 A L 300 B T o ) 1 K
sa(Xe) .
W= PA (6)
A w Rl BATKE (m?) PR EY R AU KR (m’/hm?®)  ACHVEYFME AL (hm?)

2 HREHSH

2.1 AR IE 5 %HE

BEFE 2009 A S EHE X DU FVED) SRS EUEIA TR HE, 3 3 AR B R ED AL SR A A, Hrp
T ShFhZ%L P1 PS5 PHINT, /N (R B4 PS5 G3 PHINT Jy 2009 4F A= 5 W WL 75 kL 45 4 Y 4R S R 53t
FARE . RIS S EM-FL SDFDUR ,PODUR & 44 UL B8 L a2, H A VR A BE S H0ME L)L B AR U
GLUE A I it

£33 FEREMEERMSHE

Table 3 Parameter values of genetic varieties of major crops

E K Maize /N# Wheat

WIS HL Genetic parameter K0fE Value WIS HL Genetic parameter ¥l Value

TR BERUE P (C - d) 240 TR R B PIV (d) 42.0

ST W US4 P2 0.300 JCJH U R KL PID (%/h) 100.0

22 2 AR P5 (C - d) 480 HERM AR PS (C - d) 515.0

HMRISTEREAL G2 500 FRARE Gl (#/g) 1.7

WRTEAPRE KR G3 (mg Kt d7!) 5 FREFPR B ' G2 (mg) 44.0

HH B HE %0 PHINT (°C - d) 38 AR SRR B G3 (g) 2.00
I RI B S AL PHINT (C - d) 100

H2% Rape seed LA BE Potato

HAEZHL Genetic parameter HAH Value BAESB Genelic parameter BUH Value

BT AE R [E] EM-FL (d) 30 MY REE G2 (em®> m™2 d™!) 2300

WIAEENE 1 kPRI ] FL-SD (d) 19 WEH KR G3 (g- R d7) 25

55 1 AR A ] SD-PM (d) 36.5 etk Kt #84 PD 0.6

F RO WTPSD (g) 0.003 JGJH I R AL P2 0.9

JEAZ I ] SDFDUR (d) 15 LB BUR AL TC (d) 17.5

A SR BRI ] PODUR (d) 10

R 4 NRGEAFRG POV EY) 2 A T ] P e UME S S INE A 22 5 U, A5 OR 3R], DSSAT AL Xt Y ol
VERIFEAR AL 5 S A — BOPE s W B A S T BB IR 257 3 d Z N, IR 2575 5 d 2
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W, H nRMSE KT 10% ; TURMEY) = it (AL IE 45 5 2 B BT ™ it 5 5000 7™ it 1) 1% 25 R /)y, nRMSE 4351 4
1.20% .1.35% .3.20% F1 9.44% , A% 1E45 FARLT-

2 S PURME AL, i 5 S LA Sk, o oK N E OSSR BB A SRRy
2005—2017 4F (B2 2009 AL IEARGY) 3 A BRI M IX Rk [0 o2 2, 50 4 1) 94 7= i S0 0k s 2, B0 E 4F 103
R 2011—2017 4F, 2550, SE 18] (U AP VEY) 7= B P E 225050508 0.69 .0.66,0.80.0.72, %K F 0.65 46
TESE ST | e BASADL P i 5 S = i aR B T A i 1) — B0tk P oKk /NEE T SRAEARL B Y nRMSE B 53
1R 3.27% ,2.31% 1 7.37% KT 10% , SR BN 12 19 nRMSE 24 12.37% , R WIHAU T P AV EY) 1 7~
AR 2L,

F4 2009 & EFE AT IEH A S R P BASIUE S W ME RO Gt b

Table 4 Statistical comparison of the simulated and observed values of flowering and maturity phases and yields of four crops in the study area
in 2009

e R i

VeI Flowering period/ ( DAP) Maturity phases/ ( DAP) Yield/ (kg/hm?)
Crops SHIE S W SPIE  SONE W% L S W

sfiiﬁed Mtiiﬁd nRMSE E::r sjifiiﬁd M/::sljl{red nRMSE éz ﬁiﬁid Mt;)si{red nRMSE Eﬁ
FK Maize 52 52 0 0 105 103 1.94% 2 8255 8355 1.20% -100
/NFE Wheat 82 84 238% -2 112 112 0 0 8505 8392 1.35% 113
iH3E Rape seed 42 41 2.44% 1 114 113 0.85% 1 6565 6782 3.20% =217
LA Potato 44 41 7.31% 3 131 126 3.97% 5 12775 11673 9.44% 1102

DAP . G 1) K4L Day After Planting

ZZHL % (ET: Evapotranspiration) &R AEVEY A K B /KB FER RSz — , IR il w H H R 28808
SRFEAEAEY TG K, R BRRE X R K AR i sl W0 28 40 UL A5 1153 i 28 & 5 2009 4F DSSAT 457
B oK FHZE B R DA T LA IAIE . S5 3RUn1E 3 iR, i Jesg 2500 0.69 , #7524 0.25 mm/d, 141
BN FRAE B BEZEHIEL R 500 mm A A7, 315 HoAth 2= 35 R R) 7 35 H 35 00 12 b X R ORZE BN
/R

25 1 RW] DSSAT AR FET] i b DX U b 3= BEAAE Y W40 9] | 7™ o R Z8 B 38 P EA 7R A8 dul, ELAE
PG 3 4 ve ELA e T 5, m AR M X VR K R 7 B A5 R At mT S8 B A4
2.2 BUKESHR KA

5 7y 2011—2017 4EPUFPPERIBOK RIS R . 7T LU R ETE AR R A0 A B 3 i Bk B A7 AE
BR2ER, 2011—2017 1K H7E 72 0 HE R 45 10 T B Z8 JUE A T 470.0—506.3 mm, $K 55T 274.4—
404.7 mm, VYRR E N 367.0 mm /N FEEAS A 7 N BOK &4 T 200.0—326.3 mm, P-4 6K 5y 254.0
mm ; {128 H A B P25 80K 2R 213.3 mm, DS B HUK S 122.5 mm, 55 FEH AREM T %
Hi X ARAE P K i AR R, VT 2 (R B il X AR A 7 (R BB S,

R5 2011—2017 FAEMFEEE SEHKEE mm
Table 5 Crop evapotranspiration and water shortage from 2011 to 2017

K Maize /NZE Wheat iH3E Rape seed Y Potato
\ . L gt -
B e e T e e 5T chem omer YT e gew O
ET ET ET ET ET ET ET ET

shortage shortage shortage shortage
2011 470.0 65.3 404.7 435.5 162.6 272.9 437.7 165.1 272.6 379.5 299.8 79.7
2012 476.5 127.5 349.0 425.5 191.2 2343 437.8 214.4 223.4 378.9 267.5 111.4
2013 480.6 140.3 340.3 398.5 138.4 260.1 328.3 228.0 100.3 400.7 312.0 88.7
2014 485.2 111.4 373.8 433.9 155.4 278.5 414.4 194.8 219.6 402.2 237.4 164.8
2015 506.3 105.2 401.1 425.7 99.4 326.3 393.9 207.0 186.9 401.4 220.0 181.4
2016 498.0 72.6 425.4 4327 232.7 200.0 453.6 163.4 290.2 366.8 256.3 110.5
2017 496.4 222.0 274.4 447.2 241.2 206.0 4717.6 271.5 200.1 366.5 245.9 120.6
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Fig.2 The fitting curve of the simulated yield and measured yield of different crops
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A = A i AR R KRR — 8, (EAT DA /D b
A RS BT K SR R AR K TSR IR R 2 ol
23 HEMEN TR g
VT B 0 25 A WE R ) B2 2 7 T 3] DSSAT #5EAY . |
0 2 4 6 8

FRBLLPURRE P 4 R G L, FErh oK /INAE SR
P[] R 2005—2017 4, Th 8% S8y 50 I 9% ) ¢ Je A
AR [E] R 2011—2017 4F, F-LRG 5 IBMEY = &, B
S 7K K 4301 R 355023 = A TR 2R 08 T o 3 AT 4
Ve, 6 S EATHEWE il B 5 AL B 1) VE IR AL A
., AT LA 3 J0 1 2 5 A 3 2 25 R) 43 A B AR AR 3
K225, PUATHEEH R R Bk NG e 4R )
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B3 2009 FERKAZRAERLSRIERBEEFENNER L
te&

Fig.3 Comparison of the simulated daily evapotranspiration and
observed evapotranspiration by eddy correlation flux tower in

corn fields in 2009
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Fig.4 Distribution of water consumption and effective rainfall during the growth period of four crops in the study area in 2017

SETEE R T KRR AN S EEIR B AEANIR I DT S b HEWE S X i S K o R AR 5
Ay EY ) WUE JERBUEY G K G AR FHBE 1, WUE [R5 5 26 B 1 0 %5 A BIR /I W U8 A ) R 8 ol
TEWE 7 ZERHU R, KRR B A B BT 3 T AR 3 I ) 34 5 S AT e Ik, W K E A3 S 75,100
100,100 mm A BP0 (B i i, 5 S A E I 25 A B =i+, T WUE (R 2.17 kg/m’ iK% T 45
0, B 5 WUE (9 {E A P REHE /K B 34 R & ARk, DLIERL 5 A8 R % S U0 aff 7. 1 At = R FE D i 18
TR AKE 7 %8, WA 6,

e 6 A IATREWE 2 50 KR T MRS R g, 25 AR 7R v T, A (R AL
PR PR SR T 5.0% , F W TRRE S AT I ) BE XA E Y i AN AR ) E B R EE T
FRVEI 07K 53 R AR A AR KRR B B4 0, S B TR K = 7= ) B s .

2.4 HUEHET

W 6 Fros , ETAT WKBERE IR, Bk /NFZE TS A S A AT HE R B 43 0] 1Y UK 52503750
15001500 m*/hm?, LA 2017 4243 FP i Va4 BRA T AIAR 10 ARLC L SR (51) , 0 3 A v e 7 3uk 524 1924 08 Wk o 2 ] il
I 2 8.1x10° m® (7K BE R i, AR Z L X AL T 2 K 4% 43 /K O e 8 v T Tl 2 0 SCIk T AT, K 2 Xt
UK T AR SR U TR MR KA R TS SR AR R B R

R 6 TRIEMIMITERS TKERZIERLE

Table 6 Comparison of simulation results of current irrigation and water-saving irrigation for different crops

[T KRR — —

(RIS Crop Yield/ (kg/hm?) WUE/ (kg/m?) HET K i FHEETR B
Water saved/ Cultivated area/ Water saved/
Crops AT K AT oK K (mz/hmz) ( 103hm2) w3
WA WA WA WA HArL

FK Maize 8338 8206 1.41 2.19 54.8% 5250 120.0 8.1x10%
/NFE Wheat 8324 7805 1.66 2.09 25.0% 3750 33.5
iH3F Rape seed 5668 5581 1.35 1.59 18.3% 1500 17.1
LA Potato 12893 11378 2.15 3.25 51.3% 1500 19.4
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Fig.6 Current irrigation schedule and recommended irrigation schedule of four crops
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Wik, L SER AR, TORMEY) Y 2 AR T 577 R I e bR 4 R RS AL (R RE IR R 4, 7R
FH (] 25 F it 30 UE Y DSSAT BEHUL3% H 28 HIUR (-5 00 DU (8 5 A B0 1 — 3ok, B335 it iR 22 3L W] DSSAT
A LABCHER A E Y T K B A IE S I0TE M) 25 32 B0 T DSSAT A58 7 ST v iife b DX LA 8 4 138
P, TR IZH DXARO ATF 5T A T 58 B LS

T 36 DU PR K AT & B BT v i s DX DO R AR AR 7 A B I N AR AN R AR BE A K 4y 5 ik, HL
VEYI oK S IR AT S L DIAE S BT rp iy i X [ K /D | 78 s B, M SRR 2 S K AR A, A
PIAS AR LR I 1 FH 38 (9K 4, AT S BCHAFAE R R IR /K A B 11, 6 TR /K BB | oK 5 i S 4 F st
WXk 4 AR, P BT K AR AR, TR K s A 7 F, B 7 A BRI o 4 i A R TR
HERER ., NESSEBETARE AL, PERERNI 3 H o R Ay, /N R B AR AT — B (A
BB, DR EHREEI L RTA SR RIRIN” N 7E 3 H JL-F-3A AR 250 | [R) 28 80 AR, i 7E
W R FE K EEBERE Y EL A R AR T ok SR T K s s B A R B R

I AMEREWE AL BEACT- R [RI A B -5 [ A E K e AR VE ) 7= it 5 7K o R RS il K, B oK /D
22 Ry BT R B AR, T BRI, R B K A A A N A B, A T B B B
(4 AIK—S5 A1) HIEZERCR /NG B> AN TR, $11 TFAE e Heesie K3 R (LB
BT 6—7 H) 2 PUFEY) TR K G m ] AR R TR OGRS It R e 7 i ) R I 3 A
T 200 R RO AR Y H RSB B S OK R R I A R S — . WS R (R e R WUE 5
KBRZBEIAELIERR (B 5)  FEAERMEM AT, 755 WUE (Y H S #E KR 035 2 AT K,
YREK I KB — @ FREE T, 77 5 A PG L & AR, WUE (928 fts 22 B0 e 3G i S R n i %, 753K 6
o AR RVE T R R ok /N SRR T 2 WUE B 40 D0 A AT E IR R H 0 T 54.8% .25.0%
18.3% M1 51.3% , 230 T 15 7K 5 7= 1 H 04, X AT el R A B (L TR S % 1 L,

ARG X BRA T A PAE SR TRT P i DX U Rh 2R AR HR T AR B D0 AT R ) B2 (R A — g B e Ak
N7 4 b A8 A 25 A, T HRAEAN [ 7K SCAR B R AN [ 4 S D0 v ) B 3 A RS . VRS AL Y o 2 SR Al
AP BRI 5 22 AT T 1 K I R A SR K SR ORI R R AR K R Tk, BROLALE
W BEA , AT FPRE 25 A8 R 3% | 2 Je 15 7K 8 5 AL 77l 55 5 TGS 31 R 4 FH /K4 s 2 Br sl s 0 B Y B A 28
RBE DR T RE R T THE MV 25 o 5 Wk 2t Sl D ek 8 U, B2 v i K KSR i A 2o 280

4 ZHie

AT EET DSSAT AAUBL T 2005—2017 47 FE T rhiffp st IX DU Fh = SR AR FoK /NEE s SR
A RAFBL B T AR A S R, A AR AR M AL A B RS I U, 45 SR e W DSSAT A5 70 75 AR fff
FE X BLRE BEAR 4T, T LAVERR AL DU R EY (R KR TR A=, o % A B W K Al 2%
AT, ASREME T WUREY A A B W AN AR (K o5 i, oKk /INEE s | S8 S R Bluk =4y
B4 367.0 mm 254.0 mm 213.3 mm 122.5 mm,, FEMEIE AL R, BT HEE R B R MR 5 AR B I8
FEAE I L | AR B 1 0 S B 7K 43 55 2R o 2 A 7 A B TR L R OK /N2 A I AR I S A Ry 375
mm , HPEIAEIK 75 mm, HoAhAE B 100 mm, 03 T4 2 A4 B I M E IR 22 40 350 mm , B AV K
100 mm , HAAE T WIS 125 mm, KGO8 A0 5 A0 T I T 2 Ry FH T R 9T mp it b A 7= 78 S B 7K s Wi 2 6 [ e T
J R W2 8.1x10° m® MK U4
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