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Introduction

Maize (Zea mays L.) is one of the most important cereals after wheat and rice in the tropical and temperate
regions of the world. Also, its mean production is 8 ton ha™. Moreover, the total area of under cultivation is
132572 hectares in Iran. Crop simulation models can play an important role in improving agricultural production
systems in many developing countries. Crop models can simulate plant growth processes and grain yield instead
of conducting several years of field experiments. On the other hands, crop simulation models should be
calibrated and evaluated with independent data sets under different climatic conditions. Therefore, the purpose of
this research was evaluation of the APSIM model for simulation of growth, development and yield of maize
hybrids in Kerman province under different amounts of nitrogen.

Materials and Methods

The APSIM model was calibrated and validated using measured data from a two-year field experiment
conducted in the 2014 and 2015 growing seasons. The experiment was a factorial arrangement based on a
randomized complete block design (RCBD) with three replications conducted at Kerman province in lIran. Four
nitrogen rates (0 (control), 92, 220 and 368 kg ha™) and two maize hybrids (KSC 704 and Maxima) were
included in the study. Moreover, inputs of APSIM model were climatic, soil, plant and management data. In
order to calibrate the APSIM model, the data of field experiment in the first year (2014) (including flowering
date, physiological maturity date, leaf area index, biological yield and grain yield) were included. Moreover,
Data from the second experiment (2015) were used to validate the model.

Results and Discussion

Our results showed that APSIM model accurately predicted phenology (nRMSE=4.5%). But the APSIM
model did not capture the effect of nitrogen stress on phenology. At the evaluation step, the model couldn’t
accurately predict the maximum leaf area index (nRMSE=26 and 18% for SC 704 and Maxima hybrids,
respectively) which led to overestimate of the results. The nRMSE values for the biological yield of SC 704 and
Maxima hybrids were 13.9% and 5.7%, respectively. Furthermore, the values of Wilmot agreement index (d) for
these SC 704 (0.95) and Maxima (0.99) indicated a close agreement between the field-measured and simulated
values. Furthermore, the nRMSE for grain yield simulation of SC 704 and Maxima hybrids were 13.2 and 11.9
percentage, respectively, revealed that the model accurately simulated the grain yield of maize hybrids.
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Conclusion

The evaluation of the APSIM model with the experimental data revealed that the model predicted grain yield,
biological yield, days to flowering and maturity of maize hybrids reasonably well. This indicates that the model
could be applied for assessing various management practices in maize agro-ecosystems under all parts of the
semi-arid regions which has the similar characteristics to the study location. On the other hands, the APSIM
model couldn’t predict the effect of different nitrogen levels on phenology.
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Table 1- Soil characteristics of Shahid Zande Rouh research station in Kerman in 2014 and 2015.
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Table 2- Mean monthly values of maximum and minimum temperature and mean temperature, solar radiation and
precipitation for the months of May to October in Kerman during 2014 and 2015 (crop growth period: May 3 to September
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(2015) yya£
May cuiges)! 0.1 25.742 22.5 135 31.4
June sh 5 31.144 26.3 16.8 35.8
July s 27.500 26.7 18.7 34.7
August sl . 27.711 24.7 14.9 34.5
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Table 3- Calibration of some soil parameters required by APSIM model to simulate the growth and yield of maize hybrids
under different amounts of nitrogen.

Quves VIR BYLILTY {{SG&. BYLILrY ).-PG&. BYEEN
(Modified 34 (Default aJqf Bl ek (Default 4y Bl yueS (Default 4yl
(Modified (Modified
values) values) values) values)
values) values)
(em) SE ¥ e 30-60 15-30 0-15
Soil depth
BD L o 'y
(BP) sl cogaze 0y 1.40 1.42 1.62 1.60 152 150
(g cm™)
(AIr-Dry) il 0.29 0.31 0.26 0.24 0.15 0.16
(mm mm™)
Ol ) (5585 ol >
(ol (sl oy B 0.29 0.29 0.29 0.29 0.29 0.29
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1 0.59 0.56 0.58 0.57 0.59 0.6
(mm mm™)
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Table 4- The values of the genetic coefficients used to simulate the growth and yield of the two hybrids KSC and Maxima
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1- Normalized root mean square error
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Table 5- Observed and simulated values and evaluation parameters of APSIM model for flowering date of maize hybrids
(KSC 704 and Maxima) under different amounts of nitrogen (0, 92 and 368 kg ha™*) during evaluation (1394) stage of APSIM

model
(YY9€) oo lis! Evaluation (Y¥4£) e, lis!
& pd Evaluation (2015) (2015)
(Hybrid)  .2° CRM nRMSE b 3w sadioanbie
index by )

) ) (%0) Simulated Observed
s s NO kg ha* 66 87
'KSU:: ); J504'““’-~ 0.33 0185  11.17 N92 kg ha 66 80
( ) N368 kg ha™ 66 76
sl NO kg ha* 64 82
Mo 0.34  0.165 9.95 N92 kg ha™* 64 74
(Maxima) N368 kg ha™ 64 74

Sgabg 38155 sl D-INdeX wiile Bl s CRM (Jloy slas @layyo (pSke )i NRMSE
NRMSE: Normalized root mean square error, CRM: Residual coefficient, D-index: Wilmot agreement index
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Table 6- Observed and simulated values and evaluation parameters of APSIM model for physiological maturity of maize
hybrids (KSC 704 and Maxima) under different amounts of nitrogen (0, 92 and 368 kg ha™) during evaluation (1394) stage of

APSIM model
(WYAE) (L) Evaluation (2015) (V¥A£) xiws,bis!
A R Evaluation(2015)
(Hybrid) . D CRM  nRMSE & e sanlise
) ) (%) (Simulated) 54 (Observed) aui
NO kg
ot 123 135
VYolSSe 509 008 514 N2k 123 134
(KSC 704) ha
N368
kg ha 123 136
NO kg
ot 121 130
toeSe 04 004 279  N92kg 121 125
(Maxima) ha
N368
g ha 121 125

Sigebrg 38155 Lasls D-indeX wile 3L cops CRM (Jlboy (slas Slape :S5ke ,ds NRMSE
NRMSE: normalized root mean square error, CRM: residual coefficient, D-index: Wilmot agreement index
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Figure 1- Evaluation of observed LAI (point) and simulated (line) of KSC 704 hybrid under different amounts of nitrogen
(N1, N2 and N3 0, 92 and 368 kg ha™, respectively) using APSIM model in 2015



Yvo

e G118 D 0y o 93 0 Shos g god iy (53 Lwdud 51 APSIM o jlaiel i 9 (Suily oyl 0p g 0015 (g0

(LoSlo 9 Vo £ (IS USians) ©,3 (Sl o bt S 2 g 23S (g )3 APSIM Juto 3,S0es (0l5,1 (51 el )b -V Jgoa
IFAL Jlw 45 (LUK )3 0,59k YA 9 AY o) 459y Bliske pdlie il Co
Table 7- Performance evaluation parameters of APSIM model in simulating maximum LAI of maize hybrids (KSC 704 and
Maxima) under the different amounts of nitrogen (0, 92 and 368 kg ha™) during 2015

Evaluation (2015)(YY4£) v ,lis!

(Hybrid) 4 ys
il D-index () CRM () nRMSE (%)
(KSC 704)V-¥ LulS St 0.66 -0.24 25.87
(Maxima) leSl 0.73 -0.22 175

Sgabg 38155 el D-INdeX wsile Bl s CRM (Jloy slas @layye (1Ske )i NRMSE
NRMSE: normalized root mean square error, CRM: residual coefficient, D-index: Wilmot agreement index
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Figure 2- Evaluation of observed biological yield (point) and simulated (line) of KSC 704 hybrid under different amounts of
nitrogen (N1, N2 and N3 0, 92 and 368 kg ha*, respectively) using APSIM model in 2015
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Table 8- Performance evaluation parameters of APSIM model in simulating biological yield of maize hybrids (KSC 704 and
Maxima) under the different amounts of nitrogen (0, 92 and 368 kg ha™) during evaluation (2015) stages.
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NRMSE: normalized root mean square error, CRM: residual coefficient, D-index: Wilmot agreement index
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Figure 3- Comparison of observed and simulated total biomass using APSIM model for KSC 704 (a) and Maxima (b) hybrids
under different amounts of nitrogen (0, 92 and 368 kg ha™) during 2015 (Evaluation) year. Continuous line: 1 tol line; dashed

line: regression line.
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Table 9- Performance evaluation parameters of APSIM model in simulating grain yield of maize hybrids (KSC 704 and
Maxima) under the different amounts of nitrogen (0, 92 and 368 kg ha™) during evaluation (2015) stage.
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NRMSE: normalized root mean square error, CRM: residual coefficient, D-index: Wilmot agreement index
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Figure 4- Comparison of observed and simulated grain yield of KSC 704 and Maxima hybrid using independent two set data
(Choukan, 2013; Rafiee Manesh et al., 2010) and under different amounts of nitrogen (0, 92 and 368 kg ha™*) during 2015
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