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Introduction

Wheat (Triticum aestivum L.) is one of the most important and widely consumed crops in the world. Changing
the density towards an optimal density can alter the ratio of soil evaporation to plant transpiration in such a way that
water use efficiency improves. One of the branches of crop science and crop physiology is crop modeling.
Quantifying the growth and development of a crop in response to environmental conditions in a system is called
modeling, which helps the user make better decisions about crop management. One of the simple models of crops is
the SSM model, which provides a simple simulation for estimating yield and phenological stages of various crops.
Models have the ability to be used with physiological and ecological analysis based on research and empirical
observations. The aim of this experiment is to evaluate the SSM-Wheat model under different density conditions
and late-season drought stress.

Materials and Methods

This experiment was conducted in the cropping year 2021-2022 at the Gorgan Agricultural Research Station.
The factorial experiment included factors such as plant density at six levels (200, 250, 300, 350, 400, and 450 seeds
per square meter) and genotype at six levels (N-93-9, Taktaz, Araz, Arman, Kalateh, and Tirgan). In this study, the
SSM-Wheat model was used to simulate the growth and development of bread wheat. The meteorological data file,
including precipitation, total sunshine hours, average relative humidity, average temperature, and average maximum
temperature, was collected daily and defined in the model. The parameters related to soil characteristics were
considered from the base data of the model. To evaluate the model, the coefficient of determination (R2), root mean
square error (RMSE), normalized root mean square error (nRMSE), and the 1:1 line were used.
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Results and Discussion

The results of the model, using statistics based on the differences between simulated and observed values,
including the coefficient of determination, root mean square error, normalized root mean square error, and the 1:1
line, showed that the model was able to accurately estimate the main phenological stages of days to emergence, days
to flowering, and days to physiological maturity. The highest coefficient of determination was obtained for days to
emergence, days to physiological maturity, and days to flowering, at 0.97, 0.77, and 0.71, respectively. The root
mean square error (RMSE) for these traits was 2.8, 4.9, and 8.8, respectively. However, the traits "days to tillering"
and "days to stem elongation™ were estimated with lower accuracy, with a coefficient of determination and RMSE of
0.44 and 15.2 for days to tillering, and 0.17 and 6.8 for days to stem elongation, respectively. The results suggest
that with an increase in maximum, minimum, and average temperature, and annual precipitation, the number of days
required to reach each phenological stage decreases, which is logical. The maximum and minimum model-predicted
values for grain yield were 410.4 and 547.6 grams per square meter, respectively, with a mean of 467.8 grams per
square meter. The coefficient of determination and root mean square error for grain yield were 0.63 and 35.3,
respectively. The distribution of simulated and observed points for the main phenological stages of days to
emergence, days to flowering, and days to physiological maturity, as well as grain yield, fell within the 1:1 line
range, indicating the model's high accuracy in predicting yield.

Conclusion

In general, the results showed that the SSM-Wheat model was useful in simulating the main stages of wheat
phenology and its performance under different conditions in different cultivars. The evaluation of the model using
statistical indices of the coefficient of determination and root mean square error also confirmed the model's strength.
Overall, the present study confirmed that SSM-Wheat is a simple, robust, and transparent model suitable for
agricultural applications aimed at improving technical decision-making in crop management. In general, according
to the results obtained for the SSM-Wheat model, it can be used for correct management in terms of the density and
suitable cultivars of wheat cultivation in the field and its performance analysis in Gonbad Kavus weather conditions.
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Table 3- Meteorological statistics of Gonbad Agricultural Research Station in the experiment year (2021-2022)

el s oSS

(mm) Precipitation Total sunshine Min.‘—::(%) tﬁr::g'_’&(l?é) Average. Max.

(hours)hours temp. (C)

M;‘;th 2021-2022 2021-2022 2021-2022 2021-2022 2021-2022
NL:;J\I/ | 235 182.4 68 134 196
D);'C 128 176.1 64 135 206
J‘;; 36.9 168.0 68 10.1 16.1
F“gé’ 61.1 201.0 65 95 16.2
J;‘l 709 1265 76 121 17.4
‘Z};ﬁrﬁ 11.9 1736 69 155 22.1
TA“;;)' 87.6 1475 74 19.9 257
e 2.2 334.0 53 26.3 3438
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Table 4- Mathematical and statistical parameters related to the various traits studied by the model and field experiments

o Joloo ASlas il ST sl yialsl
Parameter Min Max Mean Statistical parameters
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Observed Predicted Observed Predicted Observed Predicted
b jaw B 5
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ey b )
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o8yl U 59,
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stemming
@i b g,
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Days to
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Sy B )
Sojelgn b
Days to 138 155 183 173 165.7 164.1 0.77 4.9 3
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maturity
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Fig. 1- Simulated versus measured days to emergence (a) and tillering (b) of bread wheat genotypes
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Dotted line is 1:1 line and dashed lines are + 20% discrepancy lines.

5Ua;;.u@ﬂmﬁg)g‘wﬁp‘ml)&ba.ﬂwa Sajed 938 Sase,
T g ¥ oWV s ol oy sld e il b oslesas S Sy b i3y 3o saasly sl
SSM-wheat Jis 45 cl opl Sk &S (F Jods) A duslre 4 59, VO (Sl o YAY B YA palie I (glodgazme 45 ds)yio



VEF Hle doylods AV ol ((6559LiS (wlbisd pgo 4y p25

ey Jioe odd ot polie JBlis g S iees 9 25
g Uad Slaye (10hee o s el (S)bs 4 09 @pepie
YOI XI5 1l iy oaJloys (sl Slayo Silin i
L SSM-wheat Jue s 0 L a5 (F Jgan) del Cawd 4 V/0
URZ e 3 g Cwl 03903 ‘S)L»M I) )9§J4o J>‘/~o P &by
JS) ayla 1,8 V:) bas Y0zl 5 b j0 laesly ST a8 055

(0
90 — ,
£ g | 7102.55-0.241x sid .. »
Sc 80 F R=017 7 e somn
®.8 CVv=8.60,-"
s 75t -
g% RMSEZ6 )
88 OF - a o
8% e -7 Pt
8 _/’ /’,
S 60 //
55 |
50 1 Z 1
50 55 60 65 70 75 80 85 90

Observed daysto stem elongation

IV 0y jo ooy ST g atih Caw (pl 3)50 30 w95 b))

dily o ySlac

ashy 3)_§lo.c O A ldo 4y ]o9_g).a d)Lo] L;Lm)b Ao o

53 ok gy a5, Slas g (glae e slainles] 5 sdalcssa
1) g w45 30 |y gl bl Jte 45 sl s e
Jolis g Slis b coipay glasyie Gladss ol zols s

é))n).uo ))\GV\/; u:i:l,\fogé:)n)m Bel f)f '/F\FsY‘VV/\ J.)l:w

Predicted days tostem heading

140

b g
y =129.33-0.191x .
130 L
rR2=016 -7
120 | cv=1629 .-
RMSE=20." .
110 F PR ool A 4 -7
e T —<Z
100 .° o
9 |
80 u’ 1
80 100 120

Observed days to stemheading

o sy 2ol Jlia 15 Gl 055 Slocs (b) osebis (@) 5, e U, 05 ot o - S5
Fig. 2- Simulated versus measured days to stem elongation (a) and tillering (b) of bread wheat genotypes
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Fig. 3- Simulated versus measured days to anthesis (a) and physiological maturity (b) of bread wheat

genotypes
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