Cereal Research
Vol. 14, No. 4, Winter 2025 (379-395)

doi: 10.22124/CR.2025.28834.1842
Uni i f Guil
e e pISSN: 2252-0163  eISSN: 2538-6115

RESEARCH PAPER OPEN ACCESS

Parameterization and evaluation of SSM-iCrop model for predicting
growth and development, grain yield, accumulation and concentration of
nitrogen in wheat

Arezo Abidi'*, Afshin Soltani>* and Ebrahim Zeinali®

1. Ph. D. Student, Department of Agronomy, Faculty of Plant Production, Gorgan University of Agricultural
Science and Natural Resources, Gorgan, Iran (" Corresponding author: arezooabidi @ gmail.com)
2. Professor, Department of Agronomy, Faculty of Plant Production, Gorgan University of Agricultural Science
and Natural Resources, Gorgan, Iran (" Corresponding author: afshin.soltani @ gmail.com)
3. Associate Professor, Department of Agronomy, Faculty of Plant Production, Gorgan University of
Agricultural Science and Natural Resources, Gorgan, Iran

Comprehensive abstract

Introduction

Wheat is one of the most important crops in Iran, with national food security heavily dependent on
products derived from wheat grain flour. To comprehensively study growth, development, and
nitrogen dynamics in crops, extensive field experiments across diverse climatic regions and time
periods are required; however, conducting such experiments is challenging, time-intensive, and costly.
Crop simulation models offer a way to reduce the time and expenses associated with field experiments.
This study aims to parameterize and evaluate the SSM-iCrop model for predicting key phenological
stages, leaf area, biological and grain yield and nitrogen dynamics in wheat in Iran. To date, this model
has not been parameterized or evaluated for simulating nitrogen accumulation and concentration in
wheat in Iran.

Materials and methods

In this study, the SSM-iCrop simulation model was employed to parameterize and evaluate to
predict various phenological stages, node number, leaf area, biological and grain yield, nitrogen
accumulation in above-ground biomass and grain, and grain nitrogen concentration in wheat across
different regions in Iran by using data collected from the results of studies conducted in different years
and regions by other researchers. To evaluate the ability of the model in predicting the aforementioned
traits, statistical indicators including root mean square error (RMSE), correlation coefficient (r) and
coefficient of variation (CV) were calculated between observed and simulated values. Additionally,
1:1 lines with +20% difference were drawn to show the deviation of the simulated data against the
observed data.

Research findings

The findings indicated that the SSM-iCrop model accurately predicted various phenological stages,
including the number of days to emergence, tillering, stem elongation, heading, and physiological
maturity (r = 0.99, CV = 7.8%). The model also performed well in predicting the number of nodes on
the main stem (r = 0.88, CV = 11.3%), maximum leaf area index at anthesis (r = 0.88, CV = 17.8%),
biological yield (r = 0.79, CV = 11.3%), grain yield (r = 0.84, CV = 12.6%), nitrogen accumulation in
the above-ground biomass (r = 0.84, CV = 12.7%), grain nitrogen accumulation (r = 0.8, CV = 16.4%),
and grain nitrogen concentration (r = 0.66, CV = 11.3%).
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Conclusion

Given the high predictive accuracy of the SSM-iCrop model, it can be used for a range of purposes,
including improving crop management, analysing growth and yield, estimating potential yield,
assessing yield gaps, and examining the impacts of climate change on wheat.
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Table 1. SSM-iCrop parameters estimated for wheat in Iran

Parameter Abbreviation  Value Reference
Phenology
Base temperature for development (°C) TBD 0 Soltani et al. (2013)
Optimum temperature for development (°C) TP1D 27.5 Soltani et al. (2013)
Ceiling temperature for development (°C) TCD 40 Soltani et al. (2013)
Vernalization sensitivity coefficient Vsen 0.00089" Parameterization
or 0.0015™
Critical photoperiod (h) cpp 21 Soltani et al. (2013)
Photoperiod sensitivity coefficient ppsen 0.001467 Parameterization
Biological days from sowing to emergence (Biological day) bdSOWEMR 3.5 Parameterization
Biological days from emergence to first-tiller (Biological day) bdEMRTIL 5 Parameterization
Biological days from first-tiller to first-node (stem-elongation) (Biological day) bdTILSEL 11.5 Parameterization
Biological days from first-node to booting (ligule of flag leaf visible) (Biological day) bdSELBOT 7 Parameterization
Biological days from booting to ear emergence (Biological day) bdBOTEAR 3 Parameterization
Biological days from ear emergence to anthesis (Biological day) bdEARANT 8 Parameterization
Biological days from anthesis to physiological maturity (Biological day) bdANTPM 34 Parameterization
Biological days from physiological maturity to harvest maturity (Biological day) bdPMHM 8 Parameterization
Leaf area development and senescence
Phyllochron, the accumulated thermal time required for the successive leaves’ appearance in the main stem (°C.Leaf!) Phyl 95 Parameterization
A coefficient (constant) in the power relationship between plant leaf area and mainstem node number PLACON 1 Soltani et al. (2013)
A coefficient (exponent) in the power relationship between plant leaf area and main stem node number (For 300 Plants .m?)  PLAPOW 2.4336 Parameterization
Specific leaf area (m>.g!) SLA 0.021 Soltani et al. (2013)
Low temperature/freezing threshold for leaf death (°C) FrzTh -5 Soltani et al. (2013)
Fraction leaf destruction below the critical by each degree centigrade (m?.m2) FrzZLDR 0.01 Soltani et al. (2013)
Heat threshold temperature for leaf senescence (°C) HeatTH 30 Soltani et al. (2013)
Relative increase in leaf senescence rate per each degree above heat threshold (°C) HtLDR 0.1 Soltani et al. (2013)
Dry mass accumulation
Base temperature for dry matter production (°C) TBRUE 0 Soltani et al. (2013)
Lower optimum temperature for dry matter production (°C) TP1RUE 15 Soltani et al. (2013)
Upper optimum temperature for dry matter production (°C) TP2RUE 22 Soltani et al. (2013)
Ceiling temperature for dry matter production (°C) TCRUE 35 Soltani et al. (2013)
Extinction coefficient for photosynthetically active radiation KPAR 0.65 Soltani et al. (2013)
Radiation use efficiency under optimal growth conditions (g. MJ") IRUE 242 Parameterization
A coefficient that describes RUE response to CO; in a curvinial response. CO2RES 0.8 Soltani et al. (2013)
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Dry mass partitioning
Partitioning coefficient to leaves during the main phase of leaf area development at lower levels of total crop mass (g g™')
Partitioning coefficient to leaves during the main phase of leaf area development at higher levels of total crop mass (g.g™)
Total crop mass when leaf partitioning coefficient turns from FLF1A to FLFIB (g.g")
Partitioning coefficient to leaves from termination leaf growth on mainstem to beginning seed growth (g g™

Yield formation
Fraction crop mass at the beginning of seed growth which is translocatable to grains (g.g™")
Grain conversion coefficient (g.g™")
The rate of linear increase in harvest index during effective grain filling period (g g!' d!)
A turning point in relationship between PDHI and crop dry mass at beginning grain filling (g.m)
A turning point in relationship between PDHI and crop dry mass at beginning grain filling (g.m%)
A turning point in relationship between PDHI and crop dry mass at beginning grain filling (g.m%)
A turning point in relationship between PDHI and crop dry mass at beginning grain filling (g.m?)

Water relations
Initial depth of roots at emergence or beginning leaf growth (mm)
Maximum effective depth of water extraction from soil (mm)
Potential daily increase (growth) in root depth (mm.d™!)
Transpiration efficiency coefficient (Pa)
FTSW™" threshold when dry matter production starts to decline
FTSW threshold when leaf area development starts to decline
A coefficient that specifies acceleration or retardation in development in response to water deficit

Plant nitrogen budget
Specific leaf nitrogen in green leaves (target) (g N m2)
Specific leaf nitrogen in senesced leaves (minimum) (g N m2)
Stem nitrogen concentration in green stems (target) (g N g'!)
Stem nitrogen concentration in senesced stems before beginning of seed growth (minimum) (g N.g™")
Stem nitrogen concentration in senesced stems after beginning of seed growth (minimum) (g N.g"!)
Grain nitrogen concentration (minimum)
Grain nitrogen concentration (maximum)
Maximum rate of nitrogen uptake (g N.m™2.d"!)

FLF1A
FLF1B
WTOPL
FLF2

FRTRL
GCF
PDHI
WDHI1
WDHI2
WDHI3
WDHI4

iDEPORT
MEED
GRTDP
TEC
WSSG
WSSL
WSSD

SLNG
SLNS
SNCG
SNCS1
SNCS2
GNCmin
GNCmax
MXNUP

0.6
0.3
160
0.1

0.22

0.019

600
1200
3200

200
1000
30
5.8
0.3
0.4
0.5

1.8
0.4
0.019
0.0095
0.0022
0.016
0.035
0.6

Soltani et al. (2013)
Soltani et al. (2013)
Soltani et al. (2013)
Soltani et al. (2013)

Parameterization

Soltani et al. (2013)
Parameterization

Soltani et al. (2013)
Soltani et al. (2013)
Soltani et al. (2013)
Soltani et al. (2013)

Soltani et al. (2013)
Soltani et al. (2013)
Soltani et al. (2013)
Soltani et al. (2013)
Soltani et al. (2013)
Soltani et al. (2013)
Soltani et al. (2013)

Parameterization
Parameterization
Parameterization
Parameterization
Parameterization
Soltani et al. (2013)
Soltani et al. (2013)
Parameterization

“and ** Vernalization sensitivity coefficient for the cultivar estimated for regions with mild and cold winters respectively.
sksk . . .
FTSW, fraction transpirable soil water.
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Table 2. Experiments used for parameterization and evaluation of SSM-iCrop model

Abbreviation in the

Reference Treatments Description of treatments ~ Location .
figures of this study
Bakhshandeh ez al. Cultivar 5 bread wheat cultivars Gorgan, Golestan BA
(2011) province
Khalilzadeh et al. Cultivar 20 bread wheat cultivars ~ Parsabad, Ardabil KH
(2011) Nitrogen fertilizer 2 levels of 0-200 kg N/ha  province
Arab Ameri et al. Cultivar 4 bread wheat cultivars Gorgan, Golestan AR
(2012) Planting date 6 levels province
Ghanbari et al. (2014) Irrigation 4 levels Bojnourd, North GH
Nitrogen fertilizer 4 levels of 0-250 kg N/ha  Khorasan province
Naderi et al. (2000) Cultivar 12 bread wheat cultivars ~ Ahvaz, Khuzestan NA
Nitrogen fertilizer 4 levels of 0-150 kg N/ha  province
Yousefidaz et al. (2014)  Nitrogen fertilizer 4 levels of 0-250 kg N/ha  Gorgan, Golestan Y1
(1st year) Nitrogen fertilization 12 patterns province
Pattern
Yousefidaz et al. (2014)  Nitrogen fertilizer 4 levels of 0-180 kg N/ha  Gorgan, Golestan Y2

(2nd year)
Pattern

Nitrogen fertilization 12 patterns

province)
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Figure 1. Observed and simulated values of days to different phenological stages (emergence, tillering, stem

elongation, booting, heading, anthesis, physiological maturity, and full maturity). Dashed lines show +20% range
compared to 1:1 line (solid line).
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