Iranian Journal of Field Crops Research
Homepage: https://jcesc.um.ac.ir il

Research Article
Vol. 24, No. 2, Summer 2026, p. 263-280

Calibration and Validation of SSM-iCrop2 Model for Simulating the Growth
and Yield of Lentil (Lens culinaris Medik.)

Z. Amanit, F. Mondani®@**, M. Ghobadi®*

1- Department of Plant Production and Genetics, Razi University, Kermanshah, Iran
(*- Corresponding author's Email: f.mondani@razi.ac.ir)

Received: 16 July 2025 How to cite this artic_le: ) ) _ o
Revised: 25 October 2025 Amam, Z., Mondan_l, F., & Ghobadi, M. (2026). Callbratl(_)n and vallqmlqn of SS_M—
Acce ted' 29 October 2025 iCrop2 model for Simulating the growth and yield of lentil (Lens culinaris Medik.).
CCELE 23 s Iranian Journal of Field Crops Research, 24(2), 263-280. (In Persian with English
Available Online: 02 December abstract)

2025 https://doi.org/10.22067/jcesc.2025.94482.1417

Introduction

Lentil is the third most important legume in the cold-season legume family. Legumes, as the second most
important food source after cereals, account for about 613000 hectares of the annual cultivated area of crops in
Iran. In terms of cultivated area, lentil is in third place among legumes after chickpeas and beans, and the
provinces of Hamedan, Lorestan, Kerman, Fars and Bushehr are the main centers of production of this plant.
Crop growth simulation models can play an important role in allowing farmers and planners to make decisions
about the feasibility of systems (crops and technologies). These useful tools greatly facilitate the optimization of
crop production and management strategies. Crop growth models also provide a useful tool in researches to
simulate potential growth and yield. The aim of this study was to calibrate and validate the SSM-iCrop2 model
for simulation of growth and yield of lentil in order to investigate the effect of sowing date and different
irrigation under Kermanshah and Azna regions using the sub models associated with phenology, dry matter
production and distribution and the changes in leaf area.

Materials and Methods

This study was conducted at Agricultural and Natural Resources, Razi University and in a leading farmer's
farm in the Azna region. The SSM-iCrop2 model was used. This model has been tested and proved for a wide
range of crops. This model requires limited and easily available input information. In order to collect the
necessary information for model calibration and evaluation, experiments were conducted using a split factorial
design with three replications in 2022 and 2023. In this way, one experiment was conducted to extract the
parameters required for model calibration under the Kermanshah region in 2022, and then two other experiments
were conducted to extract the information required to model validation under the Kermanshah and Azna regions
in 2023. Treatments included supplementary irrigation (no irrigation, one irrigation at flowering stage, and two
irrigations at flowering and seed filling stages) as the main factor, sowing date (February 17, March 21, March
20 for Kermanshah, March 6, 16, and 24 for Azna), and cultivar (Bile Savar, Kimia, and Gachsaran) as
secondary factors. Measured data of phenological development stages and grain yield were used to evaluate the
model. Model evaluation indices included linear regression fitting between observed and simulated data and their
comparison with the slope of the 1:1 line, root mean square error (RMSE), normalized root mean square error
(nNRMSE), mean error of approximation (MBE), and Wilmot's agreement index (d).

Results and Discussion
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The model calibration results indicated appropriate accuracy of the plant parameter values used in the model
structure, which led to very accurate prediction of growth and yield characteristics. The evaluation results
showed acceptable accuracy of SSM-iCrop2 in simulating the process of changes in developmental stages and
grain yield of cultivars in the studied treatments. The RMSE value of the developmental stage from sowing to
physiological maturity in Kermanshah for the cultivars Bileh Savar, Kimia and Gachsaran was 2.5, 2.5 and 3.4
days, respectively, and in Azna it was 12.9, 12.5 and 11.8 days, respectively. The RMSE value of grain yield in
Kermanshah ranged from 1.4 to 2.15 and from 4 to 7 g m2 in Azna. Several studies have been conducted on the
evaluation of the SSM-iCrop2 model in simulating grain yield in different crops. Among them is the research on
soybean by Nehbandani et al. (2015), who reported satisfactory results regarding the model evaluation. They
stated that this model can be used to determine the most suitable sowing and harvesting dates, grain yield, and
other phenological stages of soybean.

Conclusion

The results indicated that the SSM-iCrop2 model accurately estimated the phenological development and
grain yield of lentil cultivars. Despite variations in sowing dates and irrigation regimes, the model successfully
simulated lentil growth and yield using a relatively small number of input parameters. Model evaluation
demonstrated that SSM-iCrop2 can accurately simulate the developmental stages and grain yield of lentil in the
Kermanshah and Azna regions. Based on these findings, the model is suitable for predicting lentil growth and
yield and can be applied to studies assessing lentil performance under diverse climatic conditions and
management practices.
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Table 1- Soil physical and chemical traits in the region of experiment
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DUL: volumetric soil water content at drained upper limit, SAT: volumetric soil water content at saturation, CN: curve number, LL: soil
water content in soil layer L at lower limit of plant and DRAINF: drainage factor
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Figure 1- Average of minimum and maximum monthly temperatures and cumulative precipitation during the lentil growing
season in Kermanshah and Azna
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Table 2- Characteristics of the studied cultivars
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Figure 2- The results of calibration: comparison of simulated and measured values of number of days from sowing to anthesis

date and to physiological maturity (A: Kimiya, B: Bilehsavar, C: Gachsaran), grain yield and total dry weight of lentil
cultivars (D: Kimiya, E: Bilehsavar, F: Gachsaran) in different sowing dates and different irrigation
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Figure 3— Regression analysis between simulated and measured values of phenological stages (days from planting to
flowering and days from planting to physiological maturity), as well as the evaluation results of the SSM-iCrop2 model

indices under different planting dates and irrigation treatments in the climatic conditions of Kermanshah. A: Kimiya
cultivar, B: Bilihsavar cultivar and C: Gachsaran cultivar.
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Figure 4— Regression analysis between simulated and measured values of phenological stages (days from planting to
flowering and days from planting to physiological maturity), as well as the evaluation results of the SSM-iCrop2 model

indices under different planting dates and irrigation treatments in the climatic conditions of Azna. A: Belehsavar cultivar, B:
Kimiya cultivar and C: Gachsaran cultivar
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Figure 5- Regression analysis between simulated and measured values of lentil grain yield and the results of SSM iCrop2
model evaluation indices in Kermanshah climatic conditions. A, B and C: Belehsavar under different irrigation treatment

conditions and sowing dates. D, E and F: Kimiya cultivar under different irrigation treatment conditions and sowing dates.
G, H and I: Gachsaran cultivar under different irrigation treatment conditions and sowing dates
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Figure 6- Regression analysis between simulated and measured values of lentil grain yield and the results of SSM iCrop2
model evaluation indices in Azna climatic conditions. A, B and C: Belehsavar cultivar under different irrigation treatment

conditions and sowing dates. D, E and F: Kimiya cultivar under different irrigation treatment conditions and sowing dates.
G, H and I: Gachsaran cultivar under different irrigation treatment conditions and sowing dates
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