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Abstract

Introduction

Background: Crop simulation models provide the possibility to study the effect of agronomic
management practices on agricultural production activities in a given location. The models are
mechanistic and process-oriented that are able to simulate different agricultural systems
(including arid and semi-arid areas such as Iran) through different sub-models (biological,
environmental, managerial, and economic sub-models) connected with the main engine of the
models. The APSIM-Barley model can be used to evaluate the management practices on barley
crop. The current research was carried out to evaluate the APSIM-Barley model in relation to
simulating the growth, development, and yield of three barley cultivars (Azaran, Jolgeh, and
Bahman) under different conditions of nitrogen and irrigation supplies.

Materials and methods

In order to evaluate the APSIM-Barley model regarding simulating and quantifying the
phenological stages, biomass, and grain yield of different barley cultivars, some independent
experiment datasets were used. For crop model calibration, an experiment was conducted in a
factorial split plot design at the Agricultural Research Center of Hamedan in 2019. The main
factor consisted of three irrigation levels (30-40, 60-70, and 90-100% of the field capacity) and
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sub-factors included cultivar levels (Azran, Jolgeh, and Bahman as early, mid, and late cultivars,
respectively) and three nitrogen levels (zero, medium, and optimum). For model validation,
another series of independent datasets in different years consisting of published articles and
research projects were used. For assessing the efficiency of the crop model and comparing the
simulated and measured values, R2, nRMSE, d-index, and MBE indices were used and OriginPro
software was considerd for all statistical analysis and drawing of figures.

Results and Discussion

The simulation results of APSIM-Barley model in the calibration step showed that NnRMSE for
days to flowering and maturity was 2.43 and 2.4%, respectively. Also, under full water and
nitrogen conditions, NRMSE for the leaf area index of Azaran, Jolgeh and Bahman cultivars was
13.5, 14.1, and 10.7%, respectively, and under severe water and nitrogen stresses, it was 16.5,
18.6, and 26.5% respectively. At this step, and nRMSE and d-index for biomass and grain yield
were 24.9% and 0.98 and 15.2% and 0.96, respectively. In model validation step, nRMSE, d-
index, R?, MBE were 15.02%, 0.96, 0.82 and 0.34 t ha™%, respectively, for grain yield.

Conclusion

In general, the results showed that the APSIM-Barley model was able to simulate the growth,
development, and grain yield of different barley cultivars with acceptable accuracy under
different water and nitrogen management conditions in different years and regions. Therefore, the
APSIM-Barley model can be used as a reliable tool in future studies such as climate change
assessment, yield gap analysis, agricultural zoning, and etc. by other researchers.
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Table 1. Physical and chemical characteristi

cs of the tested soil in Hamedan city for model

calibration.
depth Bulk Organi EC Total
of goil Sand Silt Clay density Ca?bon PH (dSm nitrogen Potassiun)q Phosphourus
1 -1 1
0-30 4475 265 2875 155 047 8 113 004 471 35
30-60  4o75 26 3125 15 043 7.30 1 0.03 447 29
60-90 49 26 25 1.58 0.38 8 0.9 0.03 411 27

Table 2. The amount of genetic coefficients of each cultivar obtained through model recalibration.

Cultivar
Coefficients Unit
Bahman Jolgeh Azaran
Thermal time accumulation from 550 470 500 -Cd
flowering to start of grain filling
Number of grain per stem 55 34 30 _
Grain growth rate i
0.0010 0.0010 0.0015 mg kernel~d
Sensitivity coefficient to
photoperiod 4 3.1 15 -
Sensitivity coefficient vernalization 2 1.5 15 -
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Figure 1. Calibration of leaf area index trend in different cultivars under 3 level irrigation
treatments and zero nitrogen level. a: Azaran cultivar; b: Jolgeh cultivar; c: Bahman cultivar; 11, 12,
and 13 show 30-40, 60-70, and 90-100% of the field capacity, repectively; N1: zero nitrogen level,;
NRMSE: normalized root mean squared error; d-index: The Willmott index of agreement; n:
number of observations.
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Figure 2. Calibration results for days to flowering, days to maturity, biomass, and grain yield.
NRMSE: normalized root mean squared error; d-index: The Willmott index of agreement; MBE:

mean bias error; n: number of observations.
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Figure 3. Calibration of soil moisture content at a depth of 0-30 cm in two cropping years 2007-2008
(a) and 2008-2009 (b)) Sadeghi and Kazemini, 2011). nRMSE: normalized root mean squared error;
d-index: The Willmott index of agreement; MBE: mean bias error; n: number of observations.
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and early-maturity cultivars) under normal and water and nitrogen conditions across various years.
NRMSE: normalized root mean squared error; d-index: The Willmott index of agreement; R%
Coefficient of determination; n: number of observations (10; 37)
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