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Table 1- Mean monthly meteorological parameters of experimental area during growing period

of corn hybrids
e axye
e e i Cugb, o Cagb, o o
ol e Jslas ST il T Sa
olo ] Radiation . ) . LiRes JriqRe ;

Month wind  (Mam2q?l) ~Minrelative Max relative ) Rainfall

velocity humidity humidity Min Max (mm)

(ms?) (%) %) Temp.  Temp.
() ()

g3, May 8.4 111 45.2 245 191 325 16.0

NEyes June 7.9 125 30.2 16.4 23.1 36.5 0.0

P July 79 139 26.5 138 22.7 36.5 0.0

813 yo August 7.4 136 26.1 133 226 370 0.0

s9ses  September 75 12.7 345 19.0 175 315 0.0

Sialejl Joee S Sleonds 5 (Soid by Shs -Y Joo=
Table 2- Physical and chemical properties of experimental area soil

s ash 28 Cusb,

PO w s s o . il S

calan T oske Oiors BB s B el b abadi
Gos o i ; - g5 e o ) SO

<l S S 40 S| Organic I
- ; ; =) .

I?;r])qt; Texture EC pH matter Tﬁaj Avai ; ale  Ava K| le =2 e
(dsr) e eom (pm)  InFC Moo
@@ in PWP

(%)

0-30  Silt-sand 24 8.2 0.2 0.06 18 187 145 71

0395 955 5 okl slayles J""L v &8 ol Slas Luib)ly 4555 -F Jouar

Table 3- Analysis of variance of corn hybrids traits as affected by irrigation and N fertilizer

treatments
. MS @iz o (il
Ol i @alo I3l a0 : —
SOV df ails o yShos 59l gm 0 ySlos ol Gpan o)
Grain yield Biological yield Water use efficiency
4155 Block 2 20565774** 1317496** 69**
s Ll Irrigation (1) 2 90484709** 284350701** 130**
a s Error a 4 5906297 911245 7.3
o395 Nitrogen (N) 3 12189532%* 35455574** 23.5%*
359 555% 6 bl 1XN 6 3418720** 15805896** 3.5*
b sl Error b 18 1031216 3339937 29
w5, Hybrid (H) 2 34793830** 101557122** 80*
2% ST IxH 4 3148881** 1159147 3.9*
o8 3% 0y 59 i NXH 6 1494179* 2918458 ™ 22"
IXNxH ns ns
P i 12 946386* 1012614 2.1
2 X (39 r=% 5\
b 57 s Error 48 517460 2376408 17
&y g 6 CV (%) - 129 11.2 14.2

do,0 ) g oo 00 Jlasl mhaw )8 o pies lo pire 1l o Ay =a

ns, *, and **= not significant, significant at P level of 0.05 and 0.01, respectively
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Table 4- Mean comparison of measured traits of corn hybrids as affected by irrigation and
N fertilizer interaction effect

SC 704 hybrid ZP 677 hybrid DC 370 hybrid

S )Sloc S ySloc @b S ySloc 3 Sloc @b S ySloc S ySloc @b

T T R R i
Treatment G_raln Blol_oglcal WUE Gral n BIO|'OgI ca WUE Gral n Blol_oglcal WUE
yield yield (kg.m?) yield yield (kg.m) yield yield (kg.m?)
(kg.ha™) (kg.ha?) ' (kg.ha?) (kg.ha™) ' (kg.ha?) (kg.ha?) )

LN 6144abc  13265dc 6.68c 5734dc 12564hc 6.23d 3707c 9577¢c 5.45e
1N1
LN 8600ab  17833abc 9.35b 8767a 17998a 953cd  5329abc  14305ab 7.84e
1IN2
NS 899%a 18433ab 9.78b 9293a 18942a 10.10bcd  6229ab 15230ab 9.16cde
NS 9707a 19120a 10.54ab 9333a 18180a 10.14bcd  6656a 16189 9.79cde
LN, 5943abc  12253cd 11.00ab  4544cd 10160bcd 8.41cd 3153c 8760cd 7.17e
LN 74453b 14870cd 13.79a  6042bcd  13526hc 11.19bc 4600c 12296bc 10.45b
2IN2
LN 7696ab 16571bc 14.25a  7251abc 14882b 13.43a 5033bc 12636bc 11.44b
2IN3
LN 8573ab 16750bc 15.88a 7520ab 14722b 13.93a 5213bc 13830b 11.85b
2IN4
L.N 2667c 9190d 7.41bc 2747d 9167d 7.63d 2233c 7670cde 6.98e
3IN1
1N, 3941bc 11260cd 10.95ab  4215cd 10923bcd 11.71bc 3577c 10540bcd  11.18ab
1:Ns 4053bc 12430cd 11.26ab 4631c 12696bc 12.86b 3962c 11490bcd 12.38a
I.N 4149bc 13200cd 11.53ab  4188cd 11900bc 11.63b 4167c 11513bcd 13.02a
3IN4

(OS31s (yg03D) 95l o y0 B Jlail el 10 (6,10 sire IS ailie B9, (slls slapSilo
Means followed by the same letter have not significant difference at p<0.05 (Duncan test)
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Table 5- Some crop parameters related to different phenological stages of corn hybrids
applied in AquaCrop model (Hsiao et al., 2009; Heng et al., 2009)

SC 704 hybrid  ZP 677 hybrid DC 370 hybrid

»LS o515 Plant density (plant.m?) 6.5 6.5 6.5

(225 Sloj 51 59, ohasd) (K fglgsd J>1 e
Phenological stages (days from planting)

b e Emergence 6 6 6

SISl aslw iudgy 43STa> Maximum canopy cover 57 73 65
215 Flowering 62 74 72

PO Ay Gus ySTa> Maximum rooting depth 76 86 90

315l ali iudigs (s £9,40 Start canopy cover senescence 84 99 98
S9599 5d 5wy Physiological maturity 98 117 118

3l aglw iuligs yiSTas Maximum canopy cover (%) 90 95 93
SRS Ay Gos ySTa> Maximum rooting depth (cm) 150 175 180
&2 o cblo y jas-Li Reference harvest index (%) 43 48 48

Jow lawgs (g 5lwads s gllas 2o )0 5 5,5 a1 oas sdaliv g ool (53lwancds ails 5 Slas —F J9uz
Table 6- Simulated and observed grain yield of corn hybrids and deviation percentage for
model simulation

SC 704 hybrid ZP 677 hybrid DC 370 hybrid
o e SIS e I L
Treatment (%)* Simulated  Observed (%)% Simulated  Observed (%)* Simulated  Observed
(kg.ha™) (kg.ha™) (kg.ha™) (kg.ha™) (kg.ha™) (kg.ha™)
LN, 3 5968 6144 7 5358 5734 -12 4162 3707
LN, 7 8009 8600 1 8678 8767 -16 6184 5329
INs -7 9603 8994 2 9115 9293 -8 6719 6229
NG -5 10164 9707 -4 9743 9333 -5 6962 6656
LN, 23 4599 5943 2 2455 4544 -17 3678 3153
LN, 26 5502 7445 1 5960 6042 8 4211 4600
1N 22 5999 7696 16 6063 7251 3 4900 5033
INa 22 6707 8573 18 6191 7520 17 4311 5213
1N, 14 2306 2667 -9 3003 2747 3 2156 2233
1N, -20 4715 3941 -21 5101 4215 -5 3743 3577
1:Ns -30 5086 4053 -14 5062 4631 4 3807 3962
1:Na -30 5403 4149 -28 5359 4188 8 3816 4167

* Deviation (%) = (Simulated — observed) x 100/observed.
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Figure 1- Smulated and observed grain yield of corn hybrids during model calibration
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Joe (somiwly al> o 50 @33 a8, oals (g3lwand 5 0ad (g S ol (So5edgm o Slee - S
Figure 2- Smulated and observed biological yield of corn hybrids during model

calibration
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Figure 3- Smulated and observed water use efficiency of corn hybrids during model
calibration
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Table 7- Simulated and observed biological yield of corn hybrids and deviation percentage
for model simulation

SC 704 hybrid ZP 677 hybrid DC 370 hybrid
Gilwamd  evalin G R Gilwamd  evalin
e ; ) T ; ) e ; )
Treatment  Deviation o o Deviation oo oo Deviation o o

%)* Simulated  Observed %) Simulated Observed %)* Simulated  Observed
(%) 1 1 (%) 1 1 (%) 1 1
(kg.ha™) (kg.ha™) (kg.ha™) (kg.ha™) (kg.ha™) (kg.ha™)

11Ny -8 14377 13265 0 12578 12564 -10 10575 9577
11N, 4 17155 17833 4 17323 17998 5 13535 14305
11N3 -5 19281 18433 4 18176 18942 6 14247 15230
11N4 -7 20405 19120 -7 19429 18180 9 14753 16189
15Ny 17 10221 12253 -2 10406 10160 6 8199 8760
12N> 25 11116 14870 12 11915 13526 27 8959 12296
12N3 27 12115 16571 19 12127 14882 21 9955 12636
12N4 27 12216 16750 16 12358 14722 28 9986 13830
13N -6 9746 9190 -2 9350 9167 9 7006 7670
13N, 10 10129 11260 5 10409 10923 25 7953 10540
13N3 14 10663 12430 17 10514 12696 30 8095 11490
13N4 17 10907 13200 10 10708 11900 23 8915 11513

e bgs (5luotd (o sllas 000 5 03 ol oads caalie 5 oud (iluand ol Grae LIS A Joux
Table 8- Simulated and observed WUE of corn hybrids and deviation percentage for model

simulation
SC 704 hybrid ZP 677 hybrid DC 370 hybrid
Silwamd  evalin G R Silwamd  evalin
e ; ) T ; - e ; )
Treatment  Deviation o o Deviation o o Deviation o o

O\ * Simulated Observed O\ * Simulated Observed O\ * Simulated  Observed
(%) 3 s (%) 3 3 (%) 3 3
(kgm™)  (kg.m™) (kgm”)  (kg.m) (kgm™)  (kg.m™)

11N1 3 6.49 6.68 7 5.82 6.23 -12 6.12 5.45
11N> 7 8.71 9.35 1 9.43 9.53 -20 9.39 7.84
11N3 -7 10.44 9.78 2 9.91 10.10 -8 9.88 9.16
11N, -5 11.05 10.54 -4 10.59 10.14 -5 10.24 9.79
12N1 23 852 11.00 2 8.25 841 -17 8.36 717
12N> 26 10.19 13.79 1 11.04 11.19 8 9.57 10.45
12N3 22 1111 14.25 16 11.23 13.43 3 1114 1144
12Ng 22 12.42 15.88 18 11.46 13.93 17 9.80 11.85
13N1 13 6.41 7.41 -9 8.34 7.63 3 6.74 6.98
13N2 -20 13.10 10.95 -21 14.17 11.71 -5 11.70 11.18
13Nz -30 14.68 11.26 -14 14.62 12.86 4 11.90 12.38

13N4 -30 15.01 1153 -28 14.89 11.63 8 11.93 13.02
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Table 9- Evaluation of AquaCrop model simulation for corn hybrids parameters

RS B
031d Sl _ _
s> o3l Cord oeSleady; Sl eSibe ads)
a5 .
salie TUTC e Wbole ead Jy gl
o e R? RMSE NRMSE (%)
Pmean
Ormean
DC 370 hybrid
ookl 4471 4210 0.88 514 11.76
Grainyield (kg.ha™)
Rl ot 12002 9774 0.82 1096 10.94
Biological yield (kg.ha™)
oloree S 1162 11.05 0.79 1.45 12.45
Water use efficiency (kg.m™)
ZP 677 hybrid
Goaes 6189 5811 0.93 434 7.47
Grain yield (kg.ha™)
g ot 13805 12636 0.92 850 6.81
Biological yield (kg.ha™)
wlore gl 14.33 14.43 0.92 0.92 6.4
Water use efficiency (kg.m™)
SC 704 hybrid
Geosles 6110 5865 0.80 701 1201
Grainyield (kg.ha™)
gl oSl 14583 12447 0.86 1273 9.66
Biologica yield (kg.ha™)
el Sras 28 1452 14.45 0.65 1.93 13.27

Water use efficiency (kg.m™)
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Abstract

Nowadays, crop simulation models have a key role in crop growth and yield
estimation, production planning, production economy and identifying strategies for
crops supply. In this research, AquaCrop model was calibrated and evaluated for three
corn hybrids; (DC 370, ZP 677, and SC 704) under different levels of water supply (non
stress, mid stress, and severe stress) and nitrogen rates (0, 120, 180, and 240 kg N/ha).
For model validation, normalized root mean square error (nRMSE) and determination
of coefficient (R?) were used. Result showed that the model simulated grain yield of
corn hybrids with high precison. Simulation precision decreased with increasing
drought stress. The lowest NRM SE (7.5%) and highest R? (0.93) were obtained from ZP
677 hybrid. The model ssimulated corn biologica yield with more deviation percentage
than grain yield. However, it’s variation trend due to variation in drought stress level or
nitrogen fertilizer predicted well according to field experiment. nRM SE ranged from 6.8
and 10.9, while R* varied from 0.82 to 0.92. AquaCrop model simulated the variation of
water use efficiency of corn hybrids with reasonable accuracy, so that it’s value
increased with increasing drought stress and nitrogen fertilizer application, while, model
outputs in most situations were lower than measured values. The best model validation
result (NRMSE=6.4% and R’= 0.93) obtained from ZP 677 hybrid. According to the
results were obtained, AquaCrop model can be applied with high reliability for
simulating corn yield under similar climatic regions of this experiment.

Key words. AguaCrop model, Drought stress, Simulation, Water use efficiency,
Yield.
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