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Introduction

Sorghum (Sorghum bicolor L.) belongs to the cereal family and was domesticated at the same time as other cereals
around three thousand years ago. Sorghum is the fifth most important cereal in the world after wheat, rice, corn and
barley. Crop modeling is one of the branches of agriculture and crop physiology that has been around for 40 years
and the development of powerful and efficient computers has played a major role in the development of this field.
SSM model is a simple simulator to estimate the yield of different crops and the effects of climate change. This
model requires limited input and easily accessible information. The above model has been evaluated for more than
30 Iranian crop species using various evaluation parameters. Evaluation of SSM_iSorghum model to predict
different stages of phenology and yield of grain sorghum under temperate humid climate conditions in Gorgan.

Materials and methods

SSM-Sorghum is a model to simulate sorghum crop phenology, growth and yield formation. The model was
derived from SSM-Wheat model described by Soltani and Sinclair (2013). The sorghum model structure is the same
as that wheat model except for phenology submodel. Phenology submodel is based on Alagarswamy and Ritchie
(1990) with some modifications. The growth and development of sorghum were simulated using the
SSM_iSorghum model based on meteorological data of Gorgan city during the years 2010 to 2011, including
minimum and maximum temperature, amount of sunlight and rainfall on Kimia cultivar using different scenarios.
For model input parameters including meteorological data, soil properties, crop management (using the values
obtained from field experiments of 2010-2011 in the research farm of Gorgan Agricultural Research Station) was
used. These experiments were performed under favorable agronomic conditions. Experiments at four different
densities (17, 21, 28 and 35 plants/m?) and five different planting dates (May 10 and May 15" of 2010, May 10™"
and May 15™ and June 15 2011) during two growing years in total with 20 different scenarios were performed.

Results and Discussion
The results showed that model predicted day from planting to emergence, day from planting to ripening, harvest
index, biological yield and grain yield with high accuracy (R2=0.91-0.94%). In using the models to predict the
performance, it has been reported that the value of the explanation coefficient should be more than 60%, which is a
condition in this model. Regarding the 1:1 line between the observed yield and the simulated yield, it was found that
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values are in the range of 15% up and down the 1: 1 line. So the model has a suitable simulation of Gorgan
conditions for grain yield.

Conclusion
Evaluation of SSM-Sorghum model showed that this model simulates phenological stages, including harvest

index, leaf area index, and biological yield with different planting dates and different densities with appropriate
accuracy in Gorgan climatic conditions. Most of the points were in the reliable range (£ 15%) of the 1:1 line, which
indicates an accurate estimate of the model parameters or confirms the simulation efficiency of the model process
steps. Therefore, this model can be used in farm management planning including selection of appropriate planting
date and appropriate density. Although the model well simulates the phenology , it seems necessary to retest the
accuracy of the model with data from various experiments and to use it in the equations if the results of this study
are confirmed. Obviously, models are effective when used by analyzing physiological and ecological conditions and
based on experiments and experimental measurements of the system.
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Table2- Needed input parameters for model (Soltani & Sinclair, 2012)

oonldl g owliilgd glaodly (i) el )y Unit uslg
Weather and climate data Parameter (abbreviation)
Wljgy slod ySlas g 42>
Maximum daily temperature (TMAX) Degree celsius (°C)
&ljey slod Jils gk 45 )3

Minimum daily temperature (TMIN)

aljg) saudyos S

Degree celsius (°C)

390 2 @reye J93 95w

Solar radiation (SRAD) uj.m? day
aljgy SW)b Fake
Daily rainfall (RAIN) mm
S gl Sy
Soil characteristics
PN
3,5 asly
Albedo (SALB)
. 3,5 sy
Drainage factor (DRAINF)
Sk dall 3 Cugby (oo S J——
Volumetric soil water content at drained upper limit(IDUL)
5 byl dai )3 Cagb) (e S cmem-t
Volumetric soil water content at crop lower limit(ILL)
gl dai > Cog) o> juS cmem-t
Volumetric soil water content at saturation(ISAT)
Sk SUo a)LoJ}
3l asly
Curve number (CN)
=l ey
Agronomic management
= & Day of year since the 1% Januar
Sowing date (PDOY) yory y
Sl
. Plant per square meter
Density (DEN)

Cusls gBge > SB- Cash

mm

Initial soil water in sowing time (ISW)

Sl pbel sl SB Gy LB O S

— 3,8 sely
Irrigation threshold level (IRGLVL)
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Table 2- The values of the parameters used in the model SSM-iSorghum- parameters simulate for Sorghum (Soltani &

Sinclair, 2012)
ol QD85 asly slado
Parameter Abv Unit Value
(5 o b cdlS 51 5
o e 739 bdSOWEMR  day 4
Day of planting to emergence
(29 0)90 db«;"‘ b culs )‘ 39) bdEMREJU day 20
Day from sowing to end of vegetative period
(P 4hg> £35 U 23 5y, bdEJUPNI  day 19
Day from planting to the beginning of the cluster
Day from planting to the end of growth on the main stem
S euwls
2L Sl bdTLMANT  day 12
Day from planting to flowering
Wb 28 89,0 b <8 51, bdANTBSG ~ day 18
Day from sowing to the beginning of seed growth
Day of the planting to the physiological examination
by oles b 385135 bdPMHM  day 10
Day from planting to maturity time
ok sle> TBD °C 8
Base temperature for development
39 Sl G ogllas sled TP1D °C 34
Lower optimum temperature for development
b e sl TP2D °C 37
Upper optimum temperature for development
o o Lo TCD °c 45
Ceiling temperature for development
s CPP °C 14
Critical photoperiod
RS WL“} we ppsen oC 1.75
Photoperiod sensitivity coefficient
15y gllas baylpd )3 gutinds 1 oalil S IRUE oMI 33
Radiation use efficiency under optimal growth conditions
5 S 50 03 ) oo iDEPORT ~ mm 150
Depth of root at emergence
adyy buwg SB 5l O gl sl i Ges yiShis MEED mm 1300

Maximum effective depth of water extraction from soil by roots
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Table 4- Mathematical and statistical parameters related to the various traits studied by the model and field experiments

Clo JUCIRES BEIKES Sl &bl g ol
Parameter Maximum Minimum Mean Statistical parameters
K 3
< “ < 3 \
1 ¥z o3z ¥z g% Yz oo %, %4y
= = - N L 3 n
4¢c 38 32 38 32 3= BN 3, 0 Ysg
a 3 NS a 3 w S a 3 - > hd C S 3 “
3 o Y IS 3 a ) 1= 3 o 9 e 3. 3 o ) 3 o
20 3% 320 3% 310 34 % 9 302
43
8 e B 38 g, 7 6 4 4 4.9 47 073 013 0.37

Day of planting to emergence
gy 0y90 sl b eusls’ 5l g,
Day from Sowing to end of 33 32 21 20 26 26.5 0.63 2.28 5.22
vegetative period
pI4dgS £9yd b LBl 59,
Day from p|an’[ing to the 55 53.2 38 39 449 45.70 0.50 3.19 10.19
beginning of the cluster
ABlo (g9) Sy ady bl b sl 5o,

bl 66 62 42 49 54.9 55 0.44 3.30 10.87
Day from planting to the end of

growth on the main stem
U I 3 69 69 46 50 587 626 067 418 17.49
Day from planting to flowering
b ad) g9, b a5,
Day from sowing to the beginning 87 95 64 66 75.79 81.67 0.73 4.43 19.65
of seed growth
S (S U el 5,
physiological examination
cablyy gloj b cusls jl 5,

. 7 107 117 84 83 93.14 95.88 0.91 3.58 12.83
Day from planting to maturity time
Sy ghe 20 476 480 211 225 345 352 069 023 0.48
Leaf area index
cuiby pasld 29.62 30.58 10.24 9.80 20.16 18.85 0.66 3.03 6.17
Harvest Index (%)
&»Jw)g“ 3365 2861 1162 10 2212 21.49 0.86 2.94 8.67
Biological yield (t.ha)
&l >, Shes
7.43 6.60 2.35 2.20 4.24 3.92 0.78 0.70 0.43

Grain yield (t.hat)
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Fig. 1- Observed days from planting to emergence in comparison it’s simulated (a) and days from sowing to end vegetative
period in comparison its simulated (b)

Continuous line is line 1:1 and upper and lower dashed lines are + 15%.
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Fig. 2- Observed days from the planting to the beginning of the cluster in comparison its simulated values (a) and days from
planting to the end of leaf growth on the main stem in comparison its simulated values (b)
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Continuous line is line 1:1 and upper and lower dashed lines are + 15%.
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Fig. 3- Observed days from planting to flowering in comparison its simulated values (a) and observed days from sowing to the
beginning of seed growth in comparison its simulated values (b)
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Continuous line is line 1:1 and upper and lower dashed lines are + 15%.
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Fig.4- Observed day of planting to the physiological examination in comparison its simulated values (a) and observed day
from planting harvest time in comparison its simulated values (b)

Continuous line is line 1:1 and upper and lower dashed lines are + 15%.
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Fig. 5- Observed leaf area index in comparison its simulated values (a) and observed harvest index in comparison its
simulated values (b)

Continuous line is line 1:1 and upper and lower dashed lines are + 15%.
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