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Simulation of Effects of Different Water and Fertilizer Treatments on
Maize Growth with AquaCrop in Hetao Irrigated Area
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Abstract: In order to explore the water-fertilizer management strategy suitable for maize growth in the Hetao
Irrigation District, Inner Mongolia, this study conducted a field experiment with different irrigation and fer-
tilization levels. After the calibration and validationby observed data, the AquaCrop model was used to simu-
late the variation pattern of corn yield and water use efficiency (WUE) under different irrigation and fertiliza-
tion levels. The results indicated: (1) The R?* values of simulated and measured canopy coverage and biomass
were 0.74 ~ 0.99 and 0.87 ~ 0.99, respectively, during model calibration and validation. The NRMSE val-
ues ranged from 4.55% to 12.32% and 5.77% to 27.07%, respectively, while the E ys ranged from 0.90 to
0.99 and 0.85 to 0.99 respectively. The R? values between the simulated and measured output values were
0.99 and 0.97, respectively, and NRMSE were 4.59% and 3.42% , and E vs were 0.95 and 0.97, respectively.
The R? between the simulated and measured WUE were 0.81 and 0.86, respectively, and NRMSE were
6.75% and 13.85% , and E ys were 0.96 and 0.83, respectively, indicating that AquaCrop model had a good
applicability in the Hetao Irrigation District. (2) The verified model was used to simulate the effects of irriga-
tion changes on maize yield and WUE at different fertilization levels. The results showed that when irrigation

rate reached 270 mm and continued to increase, the maize yield and WUE remained basically unchanged or
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even decreased. (3) With stable yield and high efficiency as the target, under the medium fertilization, the optimal

corn yield and WUE were given at 270 mm of irrigation. Therefore, we recommend 270 mm irrigation, 375 kg/hm®

fertilizing as the best combination to ensure the stable-yield and high-efficiency in the studied area.

Keywords: irrigation; fertilization; maize; AquaCrop model; water and fertilizer use efficiency
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HIE Y6  11238.78 10813.00 099 459 0.95 30.68 30.57 0.81 6.75  0.96

Y7 12853.28 11895.00 30.83 31.58

YS  13218.99  12586.00 31.64 33.41

Y9 12949.70  12359.00 30.49 32.81

CK  13781.85 13288.05 25.89 25.93

Y1 7667.42  7801.00 18.82 15.80

Y2 8831.14  8956.00 23.93 20.80

Y3 9480.39  9729.00 23.84 26.60

Y4 9091.88  8695.00 22.45 25.50

Y5 9691.02  9487.00 24.41 27.50
Lhana Y6 10994.13  10786.00 0.97 3.42 0.97 24.81 25.90 0.86 13.85 0.83

Y7 12086.97 11584.00 26.40 30.60

YS  13292.66  13851.00 28.59 32.90

Y9  13165.34  12531.00 27.03 31.90

CK  13978.15 14235.00 26.65 29.90

2.3 ET AquaCrop REEXKEETEMASFIA
OV i)
I A 1 Ak 2 %0, 3 3t AquaCrop #5581 B 4 AR
HE | F B T A A 9 7K AR X 3 0K 7 i K 43

FIRCRR S, & 4 T, oK 7 4 F K 23 R HT
AR P B RE K S 1 S S R B S 2 . YK
K 270 mm J5 , ARSI FE K AN 2l RK 2y
AR A BT, — 38 LA QR4 A AL B 2 A BRI
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o5 35 4%

e, A 4T LA ARIEAKCE R, K 7= 5 Rk 4y
TR FH AR 359 WA 358 ARG T+ A R s A Ak B, L7 G R 7K S
A TE K AL B 7 TR OR B 2 - 27K OF (12 226,65~
13 307.85 kg/hm*) . B T AT £ K K 53 H
R v v T Ak B 2 b B RS 7 g AL U H
BB K 270 mm S #E BRI AC 414
3 W

(DR A AquaCrop #5571 8 45 4 M AR $ULAS 7] 7 %
Jite AL ) B R K ORE 2 B 5 R L A W R R O,
HORLUL(E 5 92 TN Y T 8 R RE AT R R
E xs HriEYI 7 # 1R 22 NRMSE ¥ 78 1 $£ %2 {0 B Y
HEWAME R R A G TR AR KR
(A Y AT K 7 e (A ASEAEL S

(2) 38 33 434 H ) 30 56 445 4 L 45 31 T OK 7= 2 Rk
FIES 1) %50 %% i 8 K T it A A 388 i S e 14 S ek
Fagh, S B S gk A T 0 SO S o 4
Fl. AHIEGE K IR WK A KK oK i K
3 R A0 A RE R i A= 7 7 i it A Sk 1) 1 o 222 56 1
KIGHAR 3, BEKERTI/NT Y8 A3 (&
KO B 7K A3 R AR I A PR AR, 2019 4F Y8 AL # 1Y
IR R RCR AR K KA CK 2 Bl = 15.20%
15.09 % . 18.17% ; 2020 4 Y8 Kb 3 iy 7K 43 F| 200 R 43¢
K HRKRT CK 43 2 5 37.38%6,32.59%6,6.78 %, 2
AR SR AE T KR AR AR B (Y 7) R AT DL AR A8 A
5 9 AE i 25 7 1 o R 25 R TE H A 7 o X D] 9 IR
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£ 12500 ﬂ: A
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10000 |
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TP HEK 270 mm, A0 375 kg/hm?® N8 IE H T

THE R it A o B
x7 KEBEXNERFTE . KSFAKLEM
BB RHR £ 7= 189§
Gy FrR/ | KRR, R WA =T/
(kg * hm *)(kg* hm * * mm ') (kg+kg ')

Y1 7599.44e 24.73e 25.33b
Y2 7 914.41de 25.37d 21.11e
Y3 9 797.13bc 30.39d 21.77cd
Y4 8 993.53cde 24.61f 29.98b

2019 Y5 9 351.70bc 25.30d 24.94cd
Y6 11 238.78b 30.68¢ 24.98¢
Y7 12 853.28a 30.83b 42.84a
Y8 13 218.99a 31.64a 35.25a
Y9 12 949.70a 30.49a 28.78a
CK 13 781.90a 25.89a 22.97a
Y1 7667.42e 18.82e 25.56¢
Y2 8831.14e 23.93¢ 23.55d
Y3 9480.39cd 23.84cd 21.07¢
Y4 9091.88d 22.45d 30.31b

9020 Y5 9691.02¢cd 24.41b 25.84bc
Y6 10994.13¢ 24.81b 24.43d
Y7 12086.97b 26.40b 40.29a
Y8 13292.66a 28.59a 35.45a
Y9 13165.34a 27.03a 29.26b
CK 13978.15a 26.65ab 23.30e
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MK 270 mm Sk eI T A VM 2 2 s EL A4
5 [ e A 45— 3K
4 i

(1) AquaCrop K TT 1) %2 d i BE 451 3] 25 308 X 6
Pt L T L L
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(2) T K 7K 43 ) 550 3 R BB R i A= 7= 7 3 i O
K it FIES B P 5 T 2 e 3 e 4 B 44, 2019 4E T 2020
ALK 270 mm AR 375 kg/hm* & 19 Y8 4b 3
KGRI AR CK 43l 4 i 18.17%6,6.78 %6 5 IE K}
T 7= 13 34.84%0,34.27% ., FEKE AR R 270
mm , Jifi i & #5375 kg/hm?® Bt =8 L K 43 F 3R
FHE R A 7™ 1 ¥4 BT B

(3) I FH AR 1l Ak 110 55 750 2 500 A () T8 /K A it A 7K
R FORAE K AT, IR A B K 4 R R RCR
AR AR AEALZE A, WK 270 mm B, AT AR
A K 7 i FK 43 R RSCR A BRI 45 2R 5 1 A
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B 7 30 A T O DS () K R Ak B X K A A B IR Y AquaCrop 45 R A 41 319

TR o0 B 5 SR — 50, B AR B IT 22 3 X B R AR ™ = A
VB it I BE R K 270 mm, AR 375 kg/hm? .,
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