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Simulation model of spring safflower by temperature and day length
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ABSTRACT

In order to estimating model and considering day length and temperature development stages the growth period and
plant development rate and role of factors and equations to estimate development stages, an experiment was
conducted in two years, 2011 and 2012 in Isfahan. A split plot layout with randomized complete block design with 3
replications was used. The planting dates in 2011 were 5th May, 21th May, 5th Jun, 21th Jun, 5th July, 21th July, and
in 2012 were 5th Mar, 21th Mar, 5th Apr, 21th Apr, 5th May, 21th May, 5th Jun and 21th Jun. Isfahan-14 and 1L111
were used, which were late maturity and early maturity, respectively. Meteorological data in two years included daily
maximum, minimum and mean temperatures and the mean of each temperature variable considered for period length.
The results showed that duration of all three development stages were reduced as planting was delayed. From
emerging to maturity in two cultivars, mean temperature explained the most part of variation. From emerging to 10
percentage of flowering DL® and from segmented stage to maturity, DL® explained most part of variation for two
cultivars. It can be concluded that lines showed the same reactions to day length and variables, and day length play an
important role on changes of development stages, but the rate of these factors were different.

Keywords: Development stage, simulation, spring safflower, temperature.
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Table 2. Correlation coefficients from emergence to
maturity in two safflower lines and each line

individually
Day and night temperature
Average Average Da
maximgm minimgm Average Ieng)t/h
Total lines
Tmin 0.972"
Tmean 0.994™ 0.992™
Day length 0.134 0.352 0.238

Period length  -0.699™ -0.722" -0.7157 -0.192

Isfahan-14 line

Tmin 0.971"

Tmean 0.994™ 0.992"

Day length 0.125 0.351 0.233

Period length -0.726™ -0.741™ -0.739” -0.174
1L111 line

Tmin 0.974™

Tmean 0.994™ 0.993"

Day length 0.143 0.354 0.243

Period length  -0.721" -0.750™ -0.739™ -0.207
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Table 1. Average of period length, temperature and

day length from emergence to maturity in Safflower by
year and planting date

Planting date Period length  Temperature  Day length
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ICLINESRVERRS
** Significant at 1% probability level.
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Table 3. Stepwise regression analysis results for

estimating the progress rate of emergence to maturity
in Isfahan-14 safflower line

(Day) (C9) (Hours)

2011
5 May 88 25.40 14.31
21 May 82 26.76 14.26
5 June 88 27.15 13.98
21 June 83 26.95 13.72
6 July 92 24.67 13.19
22 July 97 27.89 12.70

2012
5 March 96 18.21 13.75
20 March 97 20.97 14.04
3 April 102 23.52 14.20
18 April 94 24.41 14.29
4 May 93 25.82 14.28
20 May 83 26.83 14.26
4 June 88 27.44 13.96
20 June 83 27.28 13.74

Input Model Partial Regression
variable! R? R?>  coefficient
Period length
Intercept - - 49.7065
Tmin* 0.665" 0.665 -3*10°
DL x Tmax 0.735™ 0.070  0.1356
Development rate
Intercept - - 0.0156
Tmin* 0.659™ 0659  4*10°®
DL x Tmax 0.725" 0.065 -15*10°
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1. Tmax, Tmin and DL are average of maximum temperatures,
average of minimum temperatures and day length, respectively.
** Significant at 1% probability level.
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Table 5. Average of period length, temperature and
day length from ten percent of flowering to maturity
in Safflower by year and planting date
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Table 4. Stepwise regression analysis results for
estimating the progress rate of emergence to maturity
in IL111 safflower line

Input Model Partial Regression
variable® R? R?  coefficient

Planting Period Temperature Day length
date length (9] (Hours)
(Day)
2011
5 May 30 27.38 14.10
21 May 29 28.39 13.88
5 June 34 27.07 13.38
21 June 29 25.05 12.99
6 July 39 21.16 11.90
22 July 37 17.34 11.74
2012
5 March 11 26.10 14.55
20 March 18 28.83 14.50
3 April 28 29.72 14.34
18 April 31 29.31 14.25
4 May 34 28.70 14.04
20 May 30 27.52 13.89
4 June 34 26.02 13.35
20 June 30 24.93 13.02

Period length

Intercept - - 44,7113

Tmin* 0.712" 0.7112 -37*10°

DL x Tmax 0.802™ 0.090 0.1418
Development rate

Intercept - - 0.0169

Tmin* 0.719™ 0.719  5*10%

DL x Tmax 0.812" 0.093 -17*10°
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1. Tmax, Tmin and DL are average of maximum temperatures,
average of minimum temperatures and day length, respectively.
** Significant at 1% probability level.
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Table 7. Stepwise regression analysis results for

estimating the progress rate of ten percent of
flowering to maturity in Isfahan-14 safflower line
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Table 6. Correlation coefficients from ten percent of

flowering to maturity in two safflower lines and each
line individually

Day and night temperature

Input Model Partial Regression
variable! R? R?  coefficient

Period length

Intercept - - 17.3450
Tmax® 0.817" 0.817  0.0077
Tmax-Tmin  0.851" 0.033  -1.4120
Tmax 0.86™ 0.008 25825
DL? x Tmean? 0.870™ 0010 -7x10*
Development rate
Intercept - - -0.0246
DL® 0.277" 0.277 -16x10®
Tmax? 0.832" 0.555 -55x10°
DL?xTmean®> 0.904™ 0.072  15x107

Avgrage Aygrage Average Day
maximum  minimum length
Total lines
Tmin 0.964"
Tmean 0.990™ 0.992™
Day length 0.854™ 0.891™ 0.901™
Period length  -0.461" -0.337 -0.397" -0.672"
Isfahan-14 line
Tmin 0.963™
Tmean 0.989™ 0.992™
Day length 0.930" 0.994™ 0.935"
Period length  -0.517 -0.399 -0.458 -0.689"
1L111 line
Tmin 0.966™
Tmean 0.990" 0.993"
Day length 0.858" 0.857" 0.865™
Period length  -0.400 -0.270 -0.332 -0.665"
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1. Tmax, Tmin and DL are average of maximum temperatures,
average of minimum temperatures and day length, respectively.
** Significant at 1% probability level.
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*and ** Significant at 5 and 1% probability levels respectively.
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Table 9. Average of period length, temperature and
day length from heading (bud stage) to maturity in
Safflower by year and planting date
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Table 8. Stepwise regression analysis results for
estimating the progress rate of ten percent of
flowering to maturity in 1IL111 safflower line

Input Model Partial Regression
variable! R? R?  coefficient
Period length
Intercept - - 79.9366
DL® 0.459" 0459 -0.0104
Tmin? 0.855" 0.396  -0.0096
T(max-min)® 0.914™ 0.058  -0.0021
DL2xTmin?  0.922" 0.008 -99x10°
Development rate

Intercept - - 1.2631
DL® 0.276™ 0.276  -78x10°
DL2xTmin?  0.931" 0.655 -85x10°
T(max-min)® 0.962" 0.031  16x10°
Tmin* 0.977" 0.014  45x107
Tmean* 0.979" 0.002 -2x107
DL2xTmax®*  0.990” 0.010 -24x10°
DL 0.992" 0.001 0.1886
DL?xTmean® 0.994" 0.001  94x10°®
T(max-min)  0.997" 0.0005 -0.1762
Tmax® 0.998" 0.001 -37x10°

Planting date Period length  Temperature  Day length

(Day) (o) (Hours)

2011
5 May 42 27.73 14.22
21 May 40 27.71 14.01
5 June 51 27.20 13.64
21 June 42 26.23 13.19
6 July 54 22.68 12.64
22 July 61 19.87 12.13

2012
5 March 28 23.45 14.49
20 March 34 26.70 1451
3 April 40 28.96 14.39
18 April 40 28.99 14.32
4 May 46 28.87 14.16
20 May 40 28.37 14
4 June 52 26.80 13.61
20 June 42 25.60 13.15
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1. Tmax, Tmin, Tmean and DL are average of maximum temperatures,
average of minimum temperatures, mean of average and average of day
and night temperatures and day length, respectively.

*, **: Significant at 5 and 1% probability levels, respectively.
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Table 10. Correlation coefficients from heading (bud stage) to maturity in two safflower lines and each line individually
Day and night temperature

Avgrage A_ve_:rage Average Day
maximum minimum length
Total lines
Tmin 0.974™
Tmean 0.992™ 0.995™
Day length 0.704™ 0.755™ 0.736™
Period length -0.385" -0.411" -0.402" -0.788"
Isfahan-14 line
Tmin 0.980™
Tmean 0.994™ 0.996™
Day length 0.758™ 0.789™ 0.779™
Period length -0.518 -0.520 0522 -0.817"
1L111 line
Tmin 0.969™
Tmean 0.991" 0.993"
Day length 0.649" 0.720" 0.692"
Period length -0.243 -0.288 -0.270  -0.7707
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*and ** Significant at 5 and 1% probability levels respectively.
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Table 11. Stepwise regression analysis results for estimating the progress rate of heading (bud stage) to maturity in
Isfahan-14 safflower line

Input Model Partial Regression
variable! R?2 R? coefficient
Period length
Intercept - - 99.6056
DL? 0.671" 0.6711 -0.0235
Tmin* 0.718" 0.0473 5x10°
Development rate
Intercept - -0.0106
DL® 0.616™ 0.6166 16x10°
DL Tmin® 0.770" 0.1541 -17x10°®
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1. Tmin and DL are average of minimum temperatures and day length, respectively.
*and ** Significant at 5 and 1% probability levels respectively.
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Table 12. Stepwise regression analysis results for estimating the progress rate of heading (bud stage) to maturity in
IL111 safflower line

Input Model Partial Regression
variable! R? R? coefficient
Period length
Intercept - - 619.4285
DL3 0.594" 0.594 0.0800
Tmin* 0.780™ 0.186 13x10°
DL 0.833" 0.053 -57.8820
Development rate
Intercept - - 0.8515
DL3 0.438"™ 0.438 0.0010
DL? 0.921" 0.026 -0.0182
Tmin* 0.935™ 0.014 22x108
Tmin 0.946" 0.011 0.0161
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1. Tmin and DL are average of minimum temperatures and day length, respectively.
*and **: Significant at 5 and 1% probability levels respectively.
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