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Fig. 1. Day length (a) and daily temperature (b) changes during Experiment. (1, 2, 3, 4,5, 6, 7, 8,9, 10, 11 and

12 represent planting date 4 December 2012, 8 January 2013, 7 February 2013, 10 March 2013, 7 April 2013, 8

May 2013, 10 June 2013, 5 July 2013, 16 August 2013, 10 September 2013, 13 October 2013and 6 November

2013, respectively. Range specified by each arrow indicates the growth duration at each planting date

Yo



YA Oliese o o,lats A(.s_ 5 S e (011 2 pole 4"

U el 5y YY U Y T b o4l ),
BY Sladles § 6 b yaliw 31 o, VP B Y o jalin
U0 e dp b S,y b Slidles & 51 s, YA
S ey L S 5 58 S ey 5l 5 555 AF

J}JJ})\?UY C_,.&‘JJ:

5 e oo b Sy S il

o3ls OLES Y Jgds jo slS Szl s el o
L sl 1 sy sl ST 5 Sl . ok
5oy B oS SS9, YV 5 F 5 4 O e

A BF a8l B ghamy 51 FY 5 O3 5a

CalS slag b o f.cfcu,\,‘,.:utgﬁ Jsb ke 5 ST ¢ fold =) Jgul

Table 1. Minimum, maximum and average development duration of wheat cultivars in planting dates
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Table 2. Estimation of coefficient of variation (CV), root mean square of error (RMSE), coefficient
of determination (R?) and correlation coefficient (r) for Beta model of wheat cultivars. R?is relationship
between seedling emergence rate and temperature and r is relationship between observed and predicted

days to seedling emergence

C"“f (o

Wheat c&ltivars N CV (%) RMSE R? r atse b+se
Morvarid 48 21.06 2.27 0.83 091 1.45+0.68  0.83+0.05
Tajan 48 21.36 2.46 0.82 090 1.48+0.76  0.83+0.05
Koohdasht 48 24.38 2.90 0.80 0.89 0.63+0.91  0.92+0.06
Darya 48 23.94 2.84 0.78 0.88 1.26x091  0.86+0.06
Gonbad 48 23.77 2.76 0.81 090 0.96+0.84  0.89+0.06
N-87-20 48 24.82 2.86 0.82 090 0.18+0.86  0.98+0.06
Arta 48 22.05 2.70 0.82 090 1.17+0.84  0.88+0.05
N-87-19 48 24.33 2.86 0.81 0.89 0.70+0.88  0.92+0.06
Total data 384 23.04 2.68 0.81 0.81 0.96+0.29  0.89+0.02

S oy 0SS o 5 53 53—y W (1 (RD) e b 5 (RMISE) st Sl o 5 ibs 5 ¥ gt
e 3555 dsb s les b 8 pale S dasly 4y b o RZ 0k 651 3 555 Jsb s Les b 8,48l b e
Gl ol s iy 5 0 oalice 8,48l b 55,y o alasly a0 Loy o (1) Sran
Table 3. Root mean square error (RMSE) and coefficient of determination (R?) for beta-quadratic function
describing the relationship between development rates toward stem elongation with temperature and photoperiod
of wheat cultivars. R? is relationship between stem elongation rate with temperature and photoperiod and r is
relationship between observed and predicted stem elongation

Wheat cultivars piS ol N CV (%) RMSE R? r atse btse

Morvarid L ls e 48 5.07 2.56 0.99 0.99 0.89+0.84- 1.00+0.01
Tajan o 48 8.43 4.22 0.96 0.98 3.96+1.39" 0.91+0.02
Koohdasht Cbda S 48 6.96 2.70 0.98 0.99 -4.56+1.72 1.10+0.03
Darya Lys 44 9.86 5.01 0.97 0.98 -2.47+1.60 1.05+0.02
Gonbad g 48 6.78 3.26 0.98 0.99 -4.25+1.76 1.10+0.03
N-87-20 N-87-20 48 8.62 4.26 0.97 0.98 -1.00+1.31 1.00+0.02
Arta 6,7 48 11.32 5.96 0.95 0.97 -6.21+2.15" 1.06+0.03
N-87-19 N-87-19 48 7.13 3.92 0.98 0.99 -3.21+1.88 0.85+0.03
Total data s osls IS 380 12.47 6.32 0.94 0.97 0.79+0.72 1.00+0.01

(A3 65 oz mbaws 53) B gl ) 58 sl o Ul ime ol (g1l o
*: Significant difference from 0 for a and significant difference from 1 for b (P < 0.01)
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Fig. 2. The beta function for description the development rate to temperature

(the curve was plotted with parameters estimation of wheat cultivars)
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Fig. 3. Beta-quadratic Function for describe response development rate to photoperiod

(the curves were plotted with parameter estimation of wheat cultivars)

uw\,af.\_ftu,\ﬁds_a)‘@uuouﬂ
> .(Soltani and Maddah, 2013; Soltani et al., 2013)
o plo] Sladles 4 4 ¢ L SSM-Wheat JAs
(Mirdavardost, 2007; Soltani and Maddah, 2013;
Ol w5l J=8 sla g, sl Soltani et al., 2013)
5555k an 8 S 28l ado o 5l dm
A 53 685 555 Ik mls s it ol

s as

EITREE S USPERVICIER§ - S

O Ol s (.,\_;f el s ) slales
(Mirdavardost, 2007; Soltani and Maddah, 2013;
sles J.»\_& Jl.g.v\f «Lales ¢ Soltani et al., 2013)
a3 % 9 YA o sliel s Carw 5 O gllas sy
O Ads b e s ol ol 3\;6’.51..«
Celw VY js Joe ol ys il w59, Js—b

SV 3 595 8 555 b o Cumlas o b 5 UL

(a8l B ot ¢ gm0l e cOMS o B S1ST 51 5L 5500 s ) Sy 3l 55T 5 —F U
Sy 5505 Sy b Slidlos § ¢ Slidles b b yaliw b yalin U st ¢ gt b o480
oS 5l 53 obls b S5 g 8

Table 4. Estimation of biological days from planting to emergence (VE), emergence to tillering (TL), tillering to

stem elongation (SE), stem elongation to booting (BT), booting to heading (SPE), heading to anthesis (AN),

anthesis to physiological maturity (PM) and physiological maturity to harvest maturity (HM) of wheat cultivars

Wheat cultivars piS o5 VE TL SE BT SPE AN PM HM

Morvarid A,le,.  7.92 79cd 8.9a 5.7ba 34a 69a 225ba 6.3a
Tajan s 6.2a 7.8ed 9.2a 5.5ba 35a 6.6a 224ba 6.9a
Kohdasht ada 6.2a 9.9a 9.5a 4.7b 3728 69a 24.5a 6.8a
Darya L,s 6.4a 8.8a 10.4a 5.1ba 3.6a 5.7a 24.8a 7.0a
Gonbad & 6.2a 8.7ch 9.8a 5.9a 36a 7.0a 23.8a 6.7a
N-87-20 N-87-20 6.0a 8.5chd 9.8a 5.2ba 33a 6.1la 244a 7.1a
Arta G,7 6.6a 6.5cbd 9.7a 4.7b 3.3a 5.8a 22.0ba 6.6a
N-87-19 N-87-19 6.2a 7.0fe 94a 5.2b 3.2a 6.8a 21.1b 7.1a
Total data besls | 6.2  *B.1 9.6™ 5.2*% 34m  6.5™ 23.2*% 6.8™
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Means in each column followed Dy similar letter(s) are not significantly different at 5% probability level,

using LSD test. ns: not significant
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Table 5. The number of biological day to require from planting to emergence (VE), emergence to tillering (TL),

tillering to stem elongation (SE), stem elongation to booting (BT), booting to heading (SPE), heading to anthesis

(AN) and anthesis to physiological maturity (PM) in SSM-wheat model in four wheat cultivars

Wheat cultivars ~ ,u8.50 VE  TL SE BT SPE AN PM
Zagros 55 4 55 804 7 2 7 34
Tajan o 4 55 12.67 6 2 8 34
Kohdasht Cida S 4 5.5 8.71 6 2 9 33
Shirodi (859 4 5.5 8.71 6 2 9 33
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Fig. 4. Simulated and observed days to anthesis and maturity of wheat cultivars. Range if 18% of discrepancy

between simulated and measured has shown by dashed lines. Solid line is 1:1 line
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Estimation of phenological parameters in SSM-Wheat model for bread wheat
(Triticum aestivum L..) genotypes in Golestan province of Iran

Panahi, M. H.1, A. Soltani?, E. Zeinali®, M. Kalateh Arabi* and
A. R. Nehbandani®

ABSTRACT
Panahi, M. H., A. Soltani, E. Zeinali, M. Kalateh Arabi and A. R. Nehbandani. 2020. Estimation of phenological
parameters in SSM-Wheat model for bread wheat (Triticum aestivum L.) genotypes in Golestan province of Iran. Iranian
Journal of Crop Sciences. 21(4): 302-314. (In Persian).

To estimate required parameters of phenology sub-model in SSM-Wheat model (cardinal temperatures,
critical photoperiods and photoperiod sensitivity coefficient) and to determine of the biological day for eight
bread wheat genotypes (Morvarid, Tajan, Kohdasht, Darya, Gonbad, Arta, N-87-20 and N-87-19) in Golestan
province of Iran in 12 sowing dates, an experiment was carried out using randomized complete block design
with four replications during 2012 and 2013 cropping cycles. Beta-quadratic model was used to explain the
relation of stem elongation rate of the wheat genotypes in response to temperature and photoperiod. The bread
wheat genotypes did not have significant differences in critical photoperiod and cardinal temperature. However,
they were significantly differ for biological day and photoperiod sensitive coefficient. Therefore, cardinal
temperatures including; base, optimum and ceiling temperatures were used in 0, 28 and 40 °C, respectively, for
all of genotypes in the model. In addition, the critical photoperiod fixed on 21 hours in this model. Coefficient of
sensitivity to photoperiod varied from0.00272 to 0.0091 for genotypes. The bread wheat genotypes did not show
significant differences in terms of biological days (bd) in phenological stages including; sowing to emergence
(6.2 bd), tillering to stem elongation (7.9 bd), booting to heading (3.4 bd), heading to anthesis (6.4 bd) and
physiological maturity to harvest maturity (6.8 bd). However, significant differences observed in phenological
stages emergence to tillering (6.5-8.8 bd), stem elongation to booting (4.7-5.9 bd) and anthesis to physiological
maturity (21.1-24.8 bd) among genotypes. Model evaluation indicated that root mean square error for biological
days to anthesis and days to physiological maturity was 7.7 (with coefficient of variation 10.3%) and 1.7 (with
coefficient of variation 2.5%), respectively. Therefore, parameters of cardinal temperatures, critical
photoperiods, photoperiod sensitivity coefficient and biological day were estimated reasonably for bread wheat
genotypes of Golestan province.

Key words: Biological day, Cardinal temperature, Critical photoperiod, Sowing date and Wheat.
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