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Optimization of Maize Irrigation in Ili River Basin Based on AquaCrop Model
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Abstract: [ Objective] This study aims to evaluate the applicability of the AquaCrop model for simulating the
growth and production of maize under mulched drip irrigation in Xinjiang's Ili region, and to investigate the optimal
irrigation during the maize growth period, thereby providing a reference for farmers' irrigation decision-making to
enhance maize yield and water use efficiency. [ Methods ] Using the experimental data of maize under mulched drip
irrigation from the experimental plots in the South Bank Irrigation Area of Ili from 2020 to 2021, the AquaCrop

model was calibrated and validated. The validated model was then used to analyze the effects of three types of
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precipitation years (wet, normal, and dry years) and eight irrigation levels (ranging from 4 000 to 5 400 m*/hm?)
on maize growth, yield, and water use efficiency. [ Results] The model was calibrated and validated using field
experimental data of maize canopy cover, aboveground biomass, yield, and water use efficiency. The comparison
showed good consistency between simulated and measured values, indicating a satisfactory simulation
performance. The simulation showed that with increasing irrigation quota, maize yield exhibited a nonlinear trend
of increasing initially, then decreasing, and finally increasing again. Under the same irrigation conditions, crop
yield was significantly affected by precipitation year types. [ Conclusion] Based on simulations of 24 irrigation
scenarios and aiming for water saving and high yield, the optimal irrigation amount for maize in the Ili River region
is recommended as 4 400 m*/hm”® in wet years, which can achieve a yield of 14.33 t/hm” and a water use efficiency
of 29.73 kg/(hm?*mm). In both normal and dry years, the optimal irrigation amount is 5 400 m*/hm?, with yields
and water use efficiencies reaching 14.375 t/hm* and 29.91 kg/(hm*-mm) in normal years, and 13.458 t/hm* and
28.96 kg/(hm’-mm) in dry years, respectively. These findings provide valuable experience for applying the
AquaCrop model to simulate drip-irrigated maize in the Ili region and offer scientific guidance for achieving water-
saving and high-yield maize production under mulched drip irrigation in this region.

Keywords: AquaCrop; Ili River basin; maize; mulched drip irrigation; irrigation; water saving and yield
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Table 3 Calibration parameters of maize for AquaCrop model localization
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Fig.3 Calibration of simulated and measured maize canopy cover
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Fig.5 Calibration of simulated and measured maize aboveground biomass in 2020 and 2021
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Fig.6 Validation of simulated and measured maize aboveground biomass in 2021
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Table 4 Model validation of maize yield and water use efficiency under different treatments
- e FEh/(trhm ) KR E/ (kg-hm *mm ™)
FE M E BOUME AR 22/ % FEE R FHXF R 25/ %
2020 2020WON3 14.396 14.990 4.13 33.15 30.62 7.63
2021WON3 14.497 15.309 5.60 32.55 30.87 5.16
WIN1 12.044 11.396 5.38 32.04 30.14 6.00
WIN2 12.653 11.948 5.57 32.65 30.62 6.22
WIN3 12.706 12.887 1.42 32.71 30.89 5.57
2021 W2N1 13.073 13.304 1.76 33.07 28.42 14.06
W2N2 14.180 13.299 6.22 34.18 29.87 12.61
W2N3 14.332 15.293 6.70 34.34 30.56 11.01
W3N1 13.520 13.768 1.83 33.52 28.72 14.33
W3N2 14.589 13.339 8.58 35.59 30.16 15.25
W3N3 13.892 15.222 9.57 34.89 28.60 17.99
o 124324 TEBE = AR 7 1 Y R B B RO o R R 2

R>=0.607
15 RMSE=1.05
Pearson's =0.804

FEA 7 2/t - hm 2)

1
12 13 14 15
L= H/(t - hm 2)

BE7 202042021 FEX~EHZNESKMUE
Fig.7 Measured and simulated maize yields in 2020 and 2021
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55 %5 AquaCrop & A 17 B HE S HIE 5, 7E S g 5
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RS PR R>0.71, d>>0.94 45 RUTE 150 72 5
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Table 5 Simulated maize yield, aboveground biomass, and water use efficiency under different irrigation schemes

Fony @E OWEER/(mhm D PR/Gehm D EEAEWE/ (hm ) (;Z/”\hijm:ff/)

Gl 4000 13.652 32.950 28.46

G2 4200 13.644 32.932 29.21

G3 4400 14.321 32.976 29.43

ot G4 4600 14.333 32.954 29.73

G5 4800 13.667 32.943 28.04

G6 5000 14.291 32.877 28.12

G7 5200 14.334 32.934 28.63

G8 5400 14.350 33.148 29.57

Gl 4000 13.014 31.434 28.51

G2 4200 13.661 32.665 29.43

G3 4400 14.313 32.633 29.64

ok (\;4 4 600 14.326 32.662 29.81

G5 4800 13.657 32.656 28.14

G6 5000 14.299 32.602 29.21

G7 5200 14.323 32.656 29.76

G8 5400 14.375 32.990 29.91

Gl 4000 11.422 25.900 27.60

G2 4200 12.386 29.490 28.32

G3 4400 12.724 30.380 28.73

- (f4 4 600 13.321 30.372 28.94

G5 4800 12.692 29.436 28.16

G6 5000 13.306 30.337 28.28

G7 5200 13.311 30.349 28.81

G8 5400 13.458 30.354 28.96
181 (a) FAKEE 1307 18 (b) kA 3307 187 (0 Rk 130
17+ //29 Bt | S 2958
~16 E 216 £ ol6f g
£ st o 18% st 1285 £ st 128 &
& 14F o~ —27§ ﬁ14W27§ B 4T -27&
13k = A =oALt =
4 26% - 26% b 26%
12} E oo ROy’ ®
I A R T R R e R R R R

HEWE T & HEWE T & TEWE T %
—— R = KRS

8 FAREAARTEXRFTEMASFARENETL

Fig.8 Variations in maize yield and water use efficiency under different irrigation schemes
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