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1,2 1,2 1,2 A 5p 1,2 v 1,2
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(LPEIARAMRBI L K 22K R 5 a5 TR 22 B, BRVE #i% 712100;
2GR MBF K2 R AR K + TR E i S SR =, B0 #9% 712100)

 E NN AquaCrop A ZE X HH X th & Al T K RENERANE HEZETREFRER S EEAKTT
A KFATENIEIE R ARBEOHEAFARTT IHFRETERUR 1 HEREXT ZEX =B ALA
RN EARRAE, %R KW AquaCrop HA T R FHBENX PR FREREEAXTFTEZERFERAY
BOHAMNN RS LN R E RB(R) A F RIEZ (RMSE) v 3 77 AR 1% 2 (NRMSE) fF & 38 3
(d) Pt E R B (Eyg) 27 4 0.919.0.249 t - hm™ 4.112.,0.977 1 0.915; % T3 B3 £ 4 & A DUE 5 L 8y
R* RMSE NRMSE .d #1 E 4% 5] % 0.860.0.977 t - hm™ ,6.407.,0.933 #1 0.694, F| Ak & E A 5 7T REK A 3
AR BEAEEEET I AERERXNE TR EMAPF AR ENENEE, REENERR I ERAEEF K
WA, BBy T S2 Al A A AR B, 5 R R 4R AL Ay A b T BE A b L A R RGE R TR, B E 4 T R
A, e i A B R AT BOE PR E A K A B T AR AR 4R B E K 60 mm, 88 3T 4 50% K HER TR BEARAEAR T T
AR AR K B o 4 A K 60 mm, T 3K AR R A K A B AR

KR B F K ;AquaCrop B A, & KB B X P H X
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Growth simulation and optimization of irrigation scheme for
summer maize using AquaCrop model

CHEN Chao-fei'?, LIU Shuang-huan"?, GUO Da-xin"?, XU Fang-ping'*>, MA Xiao-yi"’
(1.College of Water Resources and Architectural Engineering , Northwest A&F University , Yangling , Shaanxi 712100, China ;
2.Key Laboratory for Agricultural Soil and Water Engineering in Arid Area of Ministry of Education, Northwest
A & F University , Yangling , Shaanxi 712100, China )

Abstract: In order to evaluate the suitability of the AquaCrop model in the Guanzhong area and explore the
best irrigation scheme, the model was used to simulate and validate the growth of summer maize under different irri-
gation and nitrogen levels. Then,we used the calibrated model to study the changes of summer maize yield and wa-
ter use efficiency under 11 kinds of irrigation scenarios under three precipitation types. The results showed that the
AquaCrop model well predicted the summer maize grain yield and biomass under different irrigation and nitrogen
levels in Guanzhong. The coefficient of determination(R*) , root mean square error( RUSE) , normalized root mean
square error( NRMSE) , consistency(d) and model efficiency(E,;) between the simulated and observed values of
yield were 0.919,0.249 t - hm™*,4.112,0.977 and 0.915 for all treatments, respectively; As for biomass, R’
RMSE ,NRMSE ,d and E between the simulated and observed values were 0.860,0.977 t - hm™>,6.407,0.933 and
0.694 for all treatments,respectively. Then using the calibrated model to study the changes of summer maize yield
and water use efficiency in 11 kinds of irrigation scenarios under three precipitation types. Based on the simulation

results and combined with the physiological water requirement of summer maize, the water requirements during the
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jointing and tasseling stages should be emphasized. Optimized irrigation scheme for different precipitation year are;

if we can guarantee good seedling emergence, irrigation is not needed during the wet year; in the normal year, 60

mm can be irrigated during the jointing period; in the dry year, 60 mm of irrigation water should be applied during

jointing and tasseling. These schemes will guarantee the stable production and high yield.

Keywords: summer maize; AquaCrop model; growth simulation; irrigation optimization; Guanzhong region
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Fig.1 Meteorological data of summer maize growth period in Wugong County from 2016 to 2017



5 3 3]

Wl KA 3T AquaCrop A6 A B T R AR RASDL E Tk 1) P 1Ak 75

P E K A R AR 2, T RETC B7F-UL5 75 31
i 22 5 oK & JE) A K SR ARL R S OK B A
AquaCrop PR N7 - SR P P S , TR S8
a1 PR,

1.4.3 AE 588 RS Bob AR
Yo 45 2 BOR A 1 0 10 o B g AR, I —
oK I3 A7 01 2 25 WK AR B, 6 2 1 K S 8 R AL
FIZK 431 36 e 7 5% 5045 T 8 2 MO I AR A T 00k R
SCHR LAY IR(ELE B R U AT B I, R
BIAS BN FRIC TR EE | 1 B I R 45 2R P A AR T I
HIHEFE ., 2 I Vanuytrecht 2572 A 48 19 4 #E I
Fo S0 R IRE 2 A 5 B 4 b R M R
AWy B =0 R R R 2017 4R RS
Bt A TR R BT AL 45 SR 5 S 45 SR A
FEe G e 15 3 KRB 958 [ i Fh S 4, 784
RO 2,

AquaCrop A5 1 A7 B 1 2% 18 5% 43 9 1 38 5 °F
iy, TR R 2 S i B PEAG 7 V5 R 83 57 43 W 30 %)
GEL7/) qiop A R S DN DO N M S
Yt i L 228 B, , AT

stress

B

x 100% (4)

rel —
ref

X, B TR E FK S Bt 24 A5 21 6
i EFSAEY R (t - hm 7)) 3B, N AERHERA{H K
Sy A AR B AEY R (- hm ) 5B,
LR N 0% ~ 100% ,0% FnA 374 Wi i VE )
AR R, 100% FKos A 257 e, B, M B 5
RS b 2B P IR AT AR SE R % DA AR IR
Bollaafog . BRI H S RGERR Y T 4 AN ia
ZHORF IR 38 f 0 N 295K (Ks,,,, ) B
IR E (Ks o, ) , WK IIET?TT (Ksyp )
SEE RS ) 7 o HATAE, BN 3,

T KRR TEHE

Table 1  The soil properties in test area

e ‘ — \ - T mMRbkR WEAKE AR
ERRE Bk Kk FHR fuReokm  RRPAKE S IRE AR L
Soil depth . X K . X Field Wilting Bulk density
Sand/ % Silt/ % Clay/ % Soil texture Saturation/ % . . 3
/cm capacity/ % point/ % /(g-em™)
0~20 32.11 41.56 26.33 + 3 Silt 435 30.6 16.2 1.32
20~40 30.75 41.68 27.57 KL Clay silt 43.9 31.7 17.3 1.58
40~ 60 30.36 41.23 28.41 AL Clay silt 44.0 31.9 17.3 1.62
60~ 80 30.95 40.00 29.05 AL Clay silt 44.0 32.2 17.9 1.61
80~100 28.92 41.85 29.23 A+ Clay silt 44.3 32.5 17.9 1.57
F 2 AquaCrop BEIERRESH
Table 2 The calibrated parameter of maize in AquaCrop model
5 Symbol i8R Description HUH Value B Unit
Thase FLJERIRE Base temperature 3.0 <
T pper T FRIEE Upper temperature 30 C
K, VEM) 25 Crop coefficient 1.05 -
cGC Tt JZ K R AL Canopy growth coefficient 0.0084 (c-d)!
CC, i K2 75 Maximum canopy cover 94 %
cDC 2 FEWEF AL Canopy decline coefficient 0.0070 (¢ -d)!
T e &R T TR A SR Effective cumulative temp. from sowing to emergence 98 C-d
Ty, EFRN I AL A SR Effective cumulative temp. from sowing to start of flowering 1001 C-d
T... TGP BT 45 58 T 75 A 3B Effective cumulative temp. from sowing to start of senescence 1368 C-d
Tt & AN BB A BRI Effective cumulative temp. from sowing to maturity 1781 C -d
T g, FAEIWIA R Effective cumulative temp. of the flowering stage 227 C - d
wp* FREIK 4327 1 Water productivity normalized for ET, and CO, 31.0 g m?
Hi, S HZIWIRAEEL Reference harvest index 41 %
Py upper IR A3 i X )2 A K S BB SWDT for canopy expansion — upper threshold 0.12 -
P sp tover KA Wraa % e E A K5 T B SWDT for canopy expansion — lower threshold 0.58 -
P oo shp TEJZ YRR A A AR R F Shape factor for water stress coefficient for canopy expansion 2.7 -
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Table 3  The calibrated parameters of soil fertilizer stress

e T2 1 b firdii= 21 REHESS F
Calibration Calibration Result of
Crop . N
location parameter calibration
AHXS A=y 75
Relative biomass/%
T RHE R CC,
CC, under soil 85
fertility stress/%
K Small
E®S iwsIacn Canopy decline
Summer Wugong CGC Wb 5
maize county CGC reduction/%
cc, Wb
. 10
CC, reduction/%
AR
Average canopy 0.04
decline/ (% - d7")
WP b
- 41

WP * reduction/%

1.6  EIBE7K B ERE S

FIIH Pearson— I B S A A AL XS 1961-2017 42
FAA T WK AT 0T, 15 B8 IE AE 1990 4F
K AE 1989 4F Fil T 52 4F 1999 4F [ /K it 4 5l Ry
377.5.283.1 mm 1 207.3 mm, VEEE{E W] 3551
RS AN S 0 4 A S B A T U ) S AR AL T TE Ty
%, RIS oK i Ol H R K i R A
BN 100% , RITCAL RPN 8 5 RS Sk a8 ol
MiF:(PO) 1 /K (P1~P4) FjiE 2 /K (P5~P10),
TEIKEF 73 8 60 mm A1 120 mm , # 4= HEF 3 11
FhALHR AU T L3R 4.

2 GRS

2.1 HWEIRHELER

FIH 2017 4F R0 248 2T R U, 1A LA 4
AR AL PR R TR, 32 EE A0 AT 7e 4 HE K AL B 13
EMiFRAL B 10, A [t A KF N B E K2 55
JERHELE RN 2, 1 b ER A 4 A o 2 R an e 3,
I K A LS AN 4

2017 4540 (1) 5 J2 7 55 3 A0 1 AR )
FIRSHEIR Z SRR WL 5., FrA b3 )2 E 5%
FE) R* \RMSE F1 E 535124 0.868 ,11.83% .0.743,
W AquaCrop BB BE A2 4 S o iff b ASE 400 HH A [) 7K
RAGHE R P EZEREN ST LE, if
Ab B b A YRR R* L RMSE R E 4518 0.975
0.970 t - hm™.0.968 , % B AquaCrop 1 5 AE W% i
HOBLAEL AN [R) 7K RV G 1% et b AR ) i 1 3 A AR
it fE, PrA b BT -5 K &Y R? RMSE
E“ﬁ’jnﬂjﬂ\] 0.743 .20.1 mm .0.490, 4 AquaCrop i
RIGEAE 3 A HEM B AR A A A5 T
e KRB AR R

x4 EHGEBR AR/ mm

Table 4  Scenarios of irrigation scheme

ok Iy % AW Growth period W52 71
Irrigation T &t Hhbge bt Irrigation
scheme Emergence Jointing Tasseling  Filling amount
PO 0 0 0 0 0
P1 60 0 0 0 60
P2 0 60 0 0 60
P3 0 0 60 0 60
P4 0 0 0 60 60
P5 60 60 0 0 120
P6 60 0 60 0 120
P7 60 0 0 60 120
P8 0 60 60 0 120
P9 0 60 0 60 120
P10 0 0 60 60 120
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Fig.2 Calibration results of summer maize canopy
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Fig.3 Calibration results of summer maize aboveground biomass under full irrigation and rainfed conditions
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Fig.4 Calibration results of summer maize soil water content under full irrigation and rainfed conditions
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Table 5 Calibration error statistics of canopy coverage, biomass and soil water content under

different nitrogen and irrigation levels in 2017

52 T Canopy coverage

H: ¥ Biomass + & K Soil water content

AP - : N N ; - N ; NN
Treatment WERK Rz MR eER Bk PR ER BmRiRE TR
R? RMSE/ % E\ys R?> RMSE/(t-hm™2) Eyg R? RMSE/mm E\ys
10 0.82 12.93 0.735 0.991 1.056 0.964 0.730 20.7 0.388
3 11 0.848 12.34 0.715 0.997 0.907 0.975 0.815 15.6 0.676
N
2 0.923 15.31 0.405 0.976 1.225 0.964 0.904 11.3 0.844
3 0.916 14.26 0.551 0.993 0.847 0.982 0.944 8.5 0.909
10 0.826 12.66 0.755 0.993 1.024 0.965 0.719 22.5 0.832
5 11 0.880 11.46 0.742 0.987 0.948 0.970 0.763 21.0 0.270
N
2 0.882 12.85 0.678 0.986 0.905 0.973 0.816 18.4 0.607
3 0.927 12.72 0.667 0.989 0.770 0.982 0.838 12.0 0.723
10 0.895 9.96 0.826 0.987 1.084 0.958 0.738 29.3 0.026
11 0.867 10.80 0.786 0.998 0.597 0.988 0.785 21.4 0.178
NI
12 0.912 11.20 0.780 0.996 0.697 0.982 0.718 20.2 0.481
13 0.904 12.68 0.704 0.991 0.854 0.978 0.816 15.5 0.553
10 0.945 6.39 0.928 0.981 1.235 0.925 0.658 31.4 -0.274
11 0.899 9.28 0.776 0.963 1.377 0.917 0.652 26.6 -0.331
NO
12 0.864 11.47 0.713 0.976 0.774 0.974 0.747 16.5 0.609
13 0.929 10.23 0.721 0.972 0.880 0.960 0.783 15.1 0.644
(K Overall 0.868 11.83 0.743 0.975 0.970 0.968 0.743 20.1 0.490
8 1 (a)Y=1.0817x—0.4543 L, 207 (b) B=1.1441x—1.4489
~= R*=0.879 ~2 R*=0.873 . .
‘E E RMSE=0.297 = g 18+ RMSE=1.108 N
=<' 7T NRMSE=4.390 4 <=-3 NRMSE=6.977 ¢ /.
L3 d=0.959 =% gb d=0.904 .
27T 4 E,,=0.812 a2 E=0.502
s 2=
g =g 10
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4 E 8= 121
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Fig.5 Calibration results of yield (a) and final biomass (b) under all different

nitrogen and irrigation levels in 2017
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Table 6 Calibration results of yield and final biomass under all different nitrogen and irrigation levels in 2017
Kb ¥R P Yield/(t « hm’z) W)t Biomass/ (1t - hm’z)
ot T R I B AT R HIGBLE
Observed value Simulated value  Relative error/% Observed value Simulated value  Relative error/%
10 6.943 7.298 5.11 16.454 17.769 7.99
N3 11 7.224 7.775 7.63 17.064 18.940 10.99
12 7.533 7.796 3.49 18.043 18.997 5.29
13 7.649 7.795 1.91 18.630 18.994 1.95
10 6.672 7.137 6.97 15.650 17.377 11.04
N2 11 7.171 7.364 2.69 16.994 17.940 5.57
12 7.165 7.354 2.64 16.423 17.920 9.12
13 7.309 7.353 0.60 16.899 17.919 6.04
10 6.463 6.832 5.71 15.087 16.636 10.27
NI 11 6.986 6.908 1.12 16.058 16.830 4.81
12 7.132 6.915 3.04 15.718 16.852 7.21
13 7.158 6.914 3.41 16.451 16.850 2.43
10 5.177 5.516 6.55 12.539 13.436 7.15
NO 11 5.781 5.623 2.73 13.531 13.703 1.27
12 5.998 5.625 6.22 14.639 13.712 6.33
13 5.895 5.626 4.56 13.973 13.713 1.86
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Fig.6  Validation results of summer maize soil water content under adequate irrigation and rainfed conditions
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Table 7 Validation error statistics of soil water content under

different nitrogen and irrigation level since 2016

485 /K Soil water content

2.3 AEMEKERERRMPER
FFHRHE IS AR 3 AN [a] R /K 4F BY R AT A

[ITHEIBE 75 SR AN, B T oK™ 5K o R ISR

FULERANIE 8 9 Frvn, AFHEBETT ST MRl AR

Ik KR Sl e
Teamens POEREC ST B R HH7.899~7.998 1 - hin™? , KA REE7. 724~ 8,066
10 0.761 14.9 0.693 t - hm™?, FRAEZB7E 1.984~7.349 t - hm™*, J&7H
1 0.720 15.1 0.446 . " N
N3 2 0.780 13.9 0.729 A K T ,Tﬁ?‘%ﬂ]{’:ﬁ/ﬂ}b%ﬁ:q: B 7K 53 F1 FH AL
ig 8?;‘3) i;‘i 8;?2 RIARAAR HAIE R 2.19 kg - m B 2.21 kg - m™;
W o 0.763 15.1 0.478 SEIKAEIK AR R AEAIE A 2.50~2.72 kg - m ™ ;T
2 0.665 12.8 0.568 b 2 St SRR fi _ Lo
3 0781 12 s AR R FIBCRAAUE N 0.86~2.33 kg + m ™,
10 0.750 15.3 0.714 . .
q n 0.778 13.9 0.343 3 4F
» 0.766 13.6 0.620
13 0.742 17.8 0.632 3.1 AquaCrop #EE)iE A
10 0.623 21.6 ~0.343 - ~ . .
o b 0.615 15.5 0.434 AWFEFH AquaCrop A5 1 X 5¢ H b X B £ oK
2o s o Rt A TR R IE | S T 0K 7 B st 30 4
K Overall 0.691 15.7 0.671 FRAELE 5 S — BobE &, BLR 22 78 W] 23248
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Fig.7 Validation resulis of yield (a) and final biomass (b) under all different nitrogen and irrigation levels in 2016
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Table 8 Validation results of yield and final biomass under all different nitrogen and irrigation levels in 2016

75 Yield/(t - hm™2)

A4 Biomass/ (t - hm™2)

A i Bl HiA Wi Bl H R
Observed value Simulated value  Relative error/% Observed value Simulated value  Relative error/%
10 5.969 5.714 4.27 15.921 14.002 12.05
N3 11 6.426 6.688 4.08 16.636 16.280 2.14
12 7.021 7.314 4.17 16.925 17.764 4.96
13 7.146 7.344 2.77 17.264 17.866 3.49
10 5.617 5.461 2.78 14.345 13.355 6.90
N2 11 6.443 6.243 3.10 16.750 15.196 9.28
12 6.924 6.740 2.66 17.041 16.372 3.93
13 7.034 6.760 3.90 16.652 16.446 1.24
10 5.443 5.269 3.20 13.177 12.846 2.51
NI 1 6.148 5.893 4.15 16.142 14.333 11.21
2 6.583 6.292 4.42 16.490 15.284 7.31
13 6.748 6.299 6.65 15.623 15.325 1.91
10 4.396 4.669 6.21 12.063 11.320 6.16
NO 11 4.731 4.999 5.66 12.956 12.122 6.44
12 5.015 5.176 3.21 12.942 12.581 2.79
13 5.248 5.169 1.51 13.035 12.581 3.48
or ~ -
8'(3) A I B I I e
a2 20 AL dl 21 AL 4 AE Ul 7 o 2.5T
NN EEETEEMREBILNIEE ] 1 T e b e
=5l 21 dF 48 9.8 A8 A8 A& A8 20 4F 3 Al 721 A8 48 1B & E 8 B 1
s Ml dl df 28 A8 AR AR AR AR 48 IF 2= 0 | JH B dE B 1RIRI BRI
ﬂﬁ“z LR RRoR RS %OS IRILIRIRIRIRIRIRIR]
A8 948 9418 28 948 48 48 A8 94F 948 98 S A& A8 AE 28 418 A8 218 48 948 48 98
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St

#E /K J7 % Irrigation scheme
M 1E 4 Wet year
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Fig.8 Simulated yield (a) and WUE (b) in different irrigation schemes under wet, normal and dry year
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Yy 5 S0 M E AR AR R R DR 0.784  BEALNS
7 BRSORA T % A= it ORI, B S AR W5
SESRAAL, Abedinpour 257 R T AR [F K A A

T 50T B FKR = A KoK A 01 AR AR
fiF, Horp =8 R*} 0.96 ,RMSE 4 0.1 t - hm™ | E N
0.98; 4=t R* 5 0.9, RMSE 4 0.75 t « hm™ | E
490.95, Ran %1 BUR R 7 BA AT iR R K &
JE7E w5 B BUE 5 SEIIE Y R*2H 0.818 ,RMSE A
12.9% ,E s} 0.811; /L5 R 0.929, RMSE
1.972 t - hm™ E\ 4 0.903; 3 &K E R4 0.736,
RMSE 4 33.1% ,E ] 0.364, 1X$8#R %] AquaCrop
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Table 9 Simulated yield and WUE in different irrigation schemes under wet, normal and dry year
HRIES Feht Yield/(t - hm™) IRAIFUIFHBCE WUE/ (kg - m™)

Irrigation scheme HEIEAE Wet year  SF7KAF: Normal year  T-F24F Dry year HEIEAE Wet year  SF7KAFE Normal year  T-524F Dry year

PO 7.902 7.724 1.985 2.19 2.61 0.90

P1 7.899 7.837 1.984 2.19 2.50 0.86

P2 7.998 8.066 5.749 2.21 2.72 2.05

P3 7.903 7.770 6.618 2.19 2.63 2.23

P4 7.902 7.724 4.926 2.19 2.61 1.86

P5 7.998 8.170 5.765 2.21 2.61 1.98

P6 7.901 7.878 6.629 2.19 2.52 2.15

pP7 7.899 7.837 4.911 2.19 2.50 1.79

P8 7.998 8.064 7.349 2.21 2.72 2.33

P9 7.998 8.066 6.637 2.21 2.72 2.23

P10 7.903 7.770 6.888 2.19 2.63 2.26
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ToA KA kit 5 K AE 4 A A A R K Ry
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