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Analysis of water-saving potential of summer maize
in Ta’ e Basin based on AquaCrop model

REN Congzhe"”, FAN Wenbo'?, QIAO Changlu"*, WANG Shiwei'*, LI Shunshun'?, LIU Yu'?
(1. College of Water Conservancy & Architectural Engineering, Shihezi University, Shihezi, Xinjiang 832000, China;
2.Key Laboratory of Modern Water-Saving Irrigation of Xinjiang Production & Construction Group, Shihezi, Xinjiang 832000, China)

Abstract: Based on the AquaCrop model, combined with the measured data of summer maize in the Ta’ e Ba-
sin in 2021-2022, the conservative parameters of the model and the standard water productivity (WP ") and the
reference harvest index (HI,) of the yield module were calibrated and verified. Through the setup of a three-factor
crossover test of initial irrigation time, irrigation quota, and irrigation cycle, the yield of summer maize was simula-
ted, and the degree to which its yield and crop water use efficiency were affected by irrigation quota and initial irri-
gation time was analyzed. The optimal irrigation scheme was selected under the premise that both yield and crop wa-
ter use efficiency were higher values. Taking the actual summer maize sown area as a reference value, the summer
maize yield and total water-saving under different irrigation schemes in 2022 and the next four years were simulated
and predicted, and the water-saving potential of summer maize in Ta’ e Basin was analyzed accordingly. The results
showed that: (1) The parameter rates of the main parameters of the crop growth module, the soil water stress pa-
rameters and the yield module parameters WP " and HI, of the AquaCrop model were determined, and the final pa-
rameters of the yield module were selected as WP " =35 ¢ - m™> and HI,=43% , and the relative error values of the

yield simulations were 1.26% in 2021 and 1.07% in 2022, respectively. (2) Combined with the model simulation,
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the recommended optimal irrigation scheme is as follows; the starting irrigation time is May 20; the irrigation quota

is 470 mm; the irrigation period is 7 days; the irrigation period is 11 times; the crop water-use efficiency is 2.005

kg - m™, and the yield is 9.423 t - hm™>. (3) Taking 2022 as the current level year, the water saving can be real-

ized in the current level year and future level years (2022-2025) under the optimal irrigation scheme, and the wa-
ter saving amounts are 2.1338x10°, 2.1826x10°, 2.1992x10° m® and 2.2306x10° m’, respectively.

Keywords : summer maize; water-saving potential ; AquaCrop model; Ta’ e basin
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Table 1 ~ Simulation of different irrigation scheme settings

RO e MEREE MK KK
Initial irrigation Treatment Irrigation rrigation Irrigation
time(m—d) quota cycle frequency

Al” 380 7 11

A2 380 10 8

B1* 410 7 11

B2 410 10 8

05-20 c1- 440 7 11

c2 440 10 8

D1~ 470 7 11

D2 470 10 8

E1" 500 7 11

E2 500 10 8

al 380 7 11

a2 380 10 8

bl 410 7 11

b2 410 10 8

cl 440 7 11

05-30

c2 440 10 8

d1 470 7 11

d2 470 10 8

el 500 7 11

e2 500 10 8

TE = X BEKEG  R IR,

Note: * represents field controlled trial. The same below.
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Fig.1 Meteorological data of Ta’ e Basin in 2021 and 2022
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Table 2 Soil parameters of experimental site

i %
: (ORI
N — Vi o = o = P
+ERE e ¥ o . H )5k i Hé.'ﬁ./ki tefe /.J(E AHE Saturated
. + 45 b {2 A ik by . Wilting Saturation . .
Soil depth .. . Field . . Bulk density hydraulic
Soil texture  Sand/% Silt/ % Clay/ % . moisture moisture _3 .
/cm capacity/ % /(g+em™) conductivity
content/ % content/ % )
/(mm «d™")
0~20  #+ Loam  33.21 41.43 25.36 30.3 16.3 52.2 1.46 758.69
20~40 4+ Loam  32.52 41.06 26.42 30.8 16.5 53.4 1.55 822.96
40~60 L. 30.88 41.93 27.19 31.7 16.4 54.8 1.57 944.88
Clay loam
60~80 it 29.32 41.96 28.72 32.7 16.8 53.6 1.63 938.78
Clay loam
s
80~ 100 DL 29.87 41.09 29.04 33.1 16.8 52.4 1.59 879.28

Sandy clay
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Table 3  Localization calibration parameters of AquaCrop model
RERIRE G TEMSHUE X A S HUE
Model module Definition of crop parameters Unit Calibration parameter values
LR Base temperature C 8
J:FE(ELJ}Z Upper temperature C 30
YEH ZEL Crop coefficient 1.05
TEEJEZ K R L Canopy growth coefficient °C - d! 0.016~0.017
e K27 55 Maximum canopy cover % 90~94
2R R Canopy decline coefficient C - d! 0.012
TERP R 8 PTR A RO C . d %6
YeWt K Effective cumulative temp. from sowing to emergence
Crop growing FERR 2T AL Bt A B
- . . . . . C-d 878
Effective cumulative temp. from sowing to start of flowering
RN BT 5 28 B e A AR
p . . C-d 1486
Effective cumulative temp. from sowing to start of senescence
T 2 B o A B
. . . . . C-d 1882
Effective cumulative temp. from sowing to maturity
TR - e
Effective cumulative temp. of the flowering stage
KGR R AR A S FR 0.116
SWDT for canopy expansion-upper threshold ’
K 43 i R o
LAV KSR BT
Soil water drought SWDT f onl threshold 0.575
stress (SWDT) or canopy expansion-lower thresho
v 3ih il B ED 2 N S 2 540
Shape factor for water stress coefficient for canopy expansion ’
g FRUEK ST 71 Water productivity normalized for ET, and CO, g+ m? 35
Production SHZIAEEL Reference harvest index % 43

W 4 R WA [F) 7 s B e S 40 T 1
TR, Hoh 2021 4R 2022 4F 5 SEBRE AHXT
IR/ NP WP =33.7 g - m™ (HI, =43%
5 WP =35.0 g+ m? HI,=43% AHXF 152250 5
4.08% .1.26% 1 2.91% 1.07%, WLl A1, WP™ =
33.7¢g-m” HI,=43%Y5 WP* =35.0 g - m™ HI, =
43% FIAN B , WP ™ =35.0 g - m™> (HI,=43% A%
s AR T WP =337 g - m™* HI,=43%, A
It AquaCrop A& BY 7 55 85 B 1) bk i 7K 23 28 7 )
(WP™ ) MSHWORAE B (HI,) 73 WP™ =35.0
g+ m?> HI,=43%,

IR 2021 4EF 2022 4F B K S A 1R
AN 7 i 5 L AR TR 7 e A R AT AR o S
IE, 53] A1 B1.C1.D1 Fl E1 AR FE B 2 4 F w2
5 55 B Nt 1R AE Py de A 2 AL S BN D)
10 d A E g, B~ Ah B 13 ¥, e 9 A 27
H SRR — R 58 e 5 — UM, 45 SR &l 2~ 5 i
N RERZELE R TR S,

HE 5 AT, 5 MEBEE A T 2021 4F 5 )2 7 7
JE/) NSE . R* \RMSE 43 5|25 0.877.,0.906, 12.49,
2022 4F 2 35 BE Y NSE (R* RMSE 433124 0.859
0.886,13.59 , & Bz AR AU ] L35 g fff Hu 401 3 &

R4 FERRBIERRESER

Table 4 Production module verification and error results

PR P
Production module Production/ (t - hm™?)
o * SRR B A
WP* HI, Actual Simulated  Relative
/(g-m?) /% value value error
/(t+hm™2) /(t-hm™2) /%
31.0 41 9.579 8.761 8.54
31.0 43 9.579 8.874 7.36
33.7 41 9.579 9.072 5.29
2021
33.7 43 9.579 9.188 4.08
35.0 41 9.579 9.173 4.24
35.0 43 9.579 9.458 1.26
31.0 41 9.012 8.256 8.39
31.0 43 9.012 8.427 6.49
33.7 41 9.012 8.539 5.25
2022
33.7 43 9.012 8.750 2.91
35.0 41 9.012 8.728 3.15
35.0 43 9.012 8.916 1.07

KAEAS [FIRE R A0 T ot )22 7 25 B A8 fb st #, 5 4
LR R T 2021 4 - FRAEY i NSE R® \RMSE
435174 0.908 .0.992 . 1.062,2022 4E 4 b #BA: ¥y 1Y
NSE .R* RMSE %3514 0.96 .0.991 ,1.043 , F B %A
RURT DAEA b ASE 400 B 6 KA [7) 38 J8E 58 400 T b1
YRR AR,
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Fig.2 Canopy coverage calibration under different irrigation quotas in 2021
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Fig.3 Calibration of aboveground biomass under different irrigation quotas in 2021
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Fig.4 Canopy coverage calibration under different irrigation quotas in 2022
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Fig.5 Calibration of aboveground biomass under different irrigation quotas in 2022
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Table 5  Calibration error results of canopy coverage and aboveground biomass under different irrigation quotas
Ay Ab ¥y S Canopy cover i bR A Aboveground biomass
Year Treatment Nash 2 2 st AL P ARIR Nash 2R % SR PIrRIR 2%
NSE R? RMSE NSE R? RMSE
Al” 0.827 0.882 11.27 0.938 0.991 1.283
Bl* 0.832 0.861 11.46 0.856 0.997 1.275
2021 c1- 0.898 0.926 13.75 0.847 0.987 0.869
DI * 0.901 0.968 12.59 0.973 0.989 0.986
E1” 0.927 0.893 13.42 0.925 0.995 0.899
AR Overall 0.877 0.906 12.49 0.908 0.992 1.062
Al* 0.857 0.827 12.38 0.987 0.982 0.959
Bl* 0.834 0.885 12.58 0.928 0.988 0.892
2022 (0 0.826 0.897 12.97 0.965 0.992 1.074
D1* 0.881 0.942 15.28 0.958 0.997 1.201
El”" 0.897 0.881 14.74 0.964 0.994 1.088
AR Overall 0.859 0.886 13.59 0.96 0.991 1.043
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Table 6 Actual and simulated values and relative errors of yield and final biomass
) 7 Yield AP Biomass
GO s . 2\ e Z 1o R o\ e B i
Year Treatment  S<MIE/ (1« hm™) BHUE/ (1 - hm™) AR SEIME/ (¢ - hm™) BHE/ (1« hm™) AXTiR2E
Measured value Simulated value Relative error/% Measured value Simulated value Relative error/%
Al” 8.442 8.589 1.741 17.24 17.776 3.109
B1* 8.988 9.158 1.891 17.81 18.139 1.847
2021 c1- 9.434 9.579 1.537 20.62 20.132 -2.367
D1* 9.892 9.865 -0.273 21.78 21.297 -2.218
E1” 9.952 9.787 -1.658 21.68 21.192 -2.251
Al* 7.861 7.947 1.094 16.96 17.479 3.060
B1* 8.031 8.147 1.444 17.52 17.836 1.804
2022 (O 8.916 9.012 1.077 19.52 19.795 1.409
D1* 9.483 9.533 0.527 20.75 20.941 0.920
El” 9.252 9.402 1.621 20.40 20.837 2.142
x7 AEAERARTEERKDFIAREEMUER
Table 7 Simulation results of water use efficiency of summer maize under different irrigation schemes
BT i VB 2 A5 4 AR FRCR
b o i sl R tin Vater e i
time (m—d) Treatment Yield/(t + hm™?) Biomass/ (t « hm™2) quota/mm /(kg » m)
Al 7.861 17.482 380 2.069
A2 7.872 17.238 380 2.072
B1” 8.031 17.846 410 1.959
B2 8.047 17.794 410 1.963
cr” 8.916 19.814 440 2.026
05-20 Cc2 8.926 19.835 440 2.029
D1* 9.423 20.941 470 2.005
D2 9.262 20.583 470 1.971
El” 9.382 20.848 500 1.876
E2 9.144 20.322 500 1.829
al 7.551 16.784 380 1.987
a2 7.569 16.547 380 1.992
bl 7.709 17.133 410 1.880
b2 7.788 17.085 410 1.900
cl 8.555 19.011 440 1.944
05-30
c2 8.859 19.043 440 2.013
d1 9.125 20.154 470 1.941
d2 8.897 19.762 470 1.893
el 9.018 20.014 500 1.804
e2 8.782 19.515 500 1.756

33 AEEBARTEEKRMTKE
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Table 8 Simulation results of yield and total water saving of summer maize under different irrigation schemes

TR HATE K I ] (m—d) Lb e T K B Total water saving/ ( 10* m3)
Initial irrigation time Treatment Yield/ (10*t) N02 = 0.600 Magp3 = 0.605 Ma24 =0.610 Magps =0.615
NE 128.396 34.320 36.084 36.678 37.810
A2 128.576 34.320 36.084 36.678 37.810
B1* 131.173 32.820 34.138 34.577 35.409
B 131.434 32.820 34.138 34.577 35.409
c1* 145.628 28.740 29.626 29.921 30.475
05-20 2 145.791 28.740 29.626 29.921 30.475
DL 153.909 21.338 21.826 21.992 22.306
D2 151.279 21.338 21.826 21.992 22.306
E1* 153.239 9.524 9.686 9.740 9.841
B2 149.352 9.524 9.686 9.740 9.841
ol 123.333 34.320 36.084 36.678 37.810
2 123.627 34.320 36.084 36.678 37.810
b1 125.913 32.820 34.138 34.577 35.409
b2 127.204 32.820 34.138 34.577 35.409
ol 139.731 28.740 29.626 29.921 30.475
05-30 @2 144.697 28.740 29.626 29.921 30.475
dl 149.041 21.338 21.826 21.992 22.306
o 145.317 21.338 21.826 21.992 22.306
el 147.294 9.524 9.686 9.740 9.841
2 143.439 9.524 9.686 9.740 9.841
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