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Figure 1- Variation of the net assimilation rate in different safflower cultivars on (a) first, (b) second and (c) third sowing.
411, SI, ES and SF, respectively, are representing 411, Sina, Local Esfahan, and Sofeh cultivars. O represents the observed

values and P indicates the line is fitted to the observed values.
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Table 1- The estimated coefficients of the logistic model, including time of maximum net assimilation rate (tm) and fixed

coefficients (a and c) and exponential model including the net assimilation rate (b) and constant (a) for safflower cultivars in
different sowing dates. CL indicates the confidence limit of 95% for parameters estimation
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Table 2- The estimated coefficients of the logistic model, including time of maximum net assimilation rate (tm) and fixed
coefficients (a and c) and exponential model including the net assimilation rate (b) and constant (a) for total safflower
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cultivars in different sowing dates. CL indicates the confidence limit of 95% for parameters estimation

(Third) ps.s

Logestic
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0.1660 (0.128; 0.193)
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Logestic
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Exponential

- 5.660 (576.6 ; 744.4)
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Figure 2- Variation of leaf area ratio in different safflower cultivars on (a) first, (b) second and (c) third sowing. 411, SI, ES
and SF, respectively, are representing 411, Sina, Local Esfahan, and Sofeh cultivars. O represents the observed values and P

.indicates the line is fitted to the observed values
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Table 3- The estimated coefficients of the exponential model including the constant (a) and the decrease rate of leaf area
ration (b) for safflower cultivars in different sowing dates. CL indicates the confidence limit of 95% for parameters

estimation.
Clls &,6 ™) a(CL) b (CL)
Sowing date Cultivar
Jsl 1Y 689.3 (411.2;967.4)  -0.046 (-0.056 ; -0.036)
First 411
(T 823.6 (621.5;1025.7) -0.051 (-0.057 ; -0.045)
Sina
ool oo 617.3(505.4;729.2) -0.044 (-0.048 ; -0.039)
Local Esfahan
dbo 579.1 (464.2 ;694.0)  -0.044 (-0.049 ; -0.039)
Sofeh
pod 1Y 312.9 (84.94;540.9) -0.033 (-0.055; -0.012)
Second 411
[ 351.8(175.7;527.9)  -0.037 (-0.053; -0.022)
Sina
ol Ll 311.0v(160.0 ; 462.0)  -0.034 (-0.048; -0.019)
Local Esfahan
dbo 315.4 (161.1;469.6)  -0.034 (-0.049; -0.020)
Sofeh
pow 1Y 517.8(230.9;804.7) -0.048 (-0.064 ; -0.032)
Third 411
(T 401.6 (147.4;655.7)  -0.045 (-0.063; -0.027)
Sina
ool oo 315.5(105.7;525.2)  -0.036 (-0.054; -0.018)
Local Esfahan
dio 517.1(230.8 ;803.3) -0.047 (-0.063 ; -0.031)
Sofeh

SR 7, 50 o8 ) gg0x0 (615 (1) ol o b 9 (B) S 5 ek s (BN ek yaw Jolidh (lod Joto el b (o —€ Jgo

il oo B piolyl 35973 (5150 w0 3 A0 ylisobs! dgus (CL wiisee

Table 4- The estimated coefficients of the exponential model including the constant (a) the decrease rate of leaf area ratio (b)
for total safflower cultivars in different sowing dates. CL indicates the confidence limit of 95% for parameters estimation

sl o,

Sowing date a(Ch) b(Ch
Jsl 668.6 (536.5;800.6) -0.046 (-0.051 ; -0.041)
First
pgd 320.5(147.7;493.3) -0.034 (-0.051;-0.018)
Second
pow 430.5(218.4;642.6) -0.044 (-0.058 ;-0.030)

Third
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Figure 3- Variation of the relative growth rate in different safflower cultivars on (a) first, (b) second and (c) third sowing.
411, SI, ES and SF, respectively, are representing 411, Sina, Local Esfahan, and Sofeh cultivars. O represents the observed
values and P indicates the line is fitted to the observed values
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Table 5- The estimated coefficients of the Gompertz model, including maximum relative growth rate (RGR,,,,,), time to half
maximum relative growth rate (tm) and constant (k) for safflower cultivars in different the sowing dates. CL indicates the
confidence limit of 95% for parameters estimation

Cuils &,U

o)

RGR 5 (CL) t, (CL) k (CL)
Sowing date Cultivar
Js 1) 0.517 (0.136; 0.178)  61.70 (58.83 ;64.57)  -0.075 (-0.098; -0.052)
First 411

Lo 0.149 (0.128 ;0.170)  61.08 (58.23;63.92)  -0.095 (-0.133 ; -0.057)

Sina
ool e 0.169 (0.136 ;0.203) 58.53 (54.89;62.184) -0.094 (-0.143 ; -0.045)

Local Esfahan

dao 0.157 (0.136;0.176)  61.70 (58.83 ;64.57)  -0.075 (-0.098; -0.052)

Sofeh
pgd a1l 0.148 (0.127;0.168)  53.43 (50.40 ; 56.45)  -0.069 (-0.088 ; -0.049)

Second
Sina 0.087 (0.069 ;0.106) 61.45(56.86 ; 66.039) -0.159 (-0.304 ; -0.013)
Local Esfahan 0.211(0.193 ;0.229)  49.85(48.40;51.29) -0.116 (-0.147 ; -0.086)
Sofeh 0.153(0.139;0.167)  54.86 (52.90 ; 56.82)  -0.076 (-0.091 ; -0.059)
pow a1l 0.230 (0.201; 0.260)  52.22 (50.17 ;54.27)  -0.134 (-0.188 ; -0.08)
Third

Sina 0.220 (0.188;0.253)  54.19 (51.85;56.53)  -0.128 (-0.189 ; -0.068)
Local Esfahan 0.192 (0.156; 0.228)  54.52 (51.42;57.63) -.0112(-0.172;-0.051)
Sofeh 0.251(0.156; 0.288) 54.78 (52.54;57.02)  -0.145 (-0.172 ; -0.067)

9 (f) o iy S s $S T s & oty U (o (RGR pay) (omnund Sy a8 gt $5T0 Jolhd 55 308 Juto ] s oo =1 Jguin
il o B iolyb 3911 (51 wuo 1330 liseb! dgus (CL .cilisio (gl e ,U 1> ol £g0m0 51y (k) Cul cu oo

Table 6- The estimated coefficients of the Gompertz model, including maximum relative growth rate (RGR ,,,,), time to half-
maximum relative growth rate (tm) and constant (k) for total safflower cultivars in different the sowing dates. CL indicates
the confidence limit of 95% for parameters estimation

Cuils &9,U

RGR . (CL) 1, (CL) k (CL)
Sowing date
Jsl 0.159 (0.146; -.171) 60.67 (59.12; 62.23) -0.083 (-0.099; -0.067)
First
pod 0.146 (0.116; 0.177) 54.60 (50.42; 58.78) -0.092 (-0.143; -0.40)
Second
pows 0.223 (0.199; 0.247) 53.96 (52.28; 55.63) -0.130 (-0.775; -0.086)

Third
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Figure 4- Variation of the leaf area duration in different safflower cultivars on (a) first, (b) second and (c) third sowing. 411,

SL ES and SF, respectively, are representing 411, Sina, Local Esfahan, and Sofeh cultivars. O represents the observed values
and P indicates the line is fitted to the observed values
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Table 7- The estimated coefficients of the logistic model, including time of maximum leaf area duration (tm) and fixed

coefficients (a and c) for safflower cultivars in different the sowing dates. CL indicates the confidence limit of 95% for
parameters estimations

-GS oG "
B T ™) t,, (CL) a(CL) ¢ (CL)
Sowing date Cultivar
First J ¥y 59.62 (57.56; 61.68) 0.133(0.108; 0157) 804.0 (682.2;925.7)
411
s 60.52 (58.46; 62.59)  0.129 (0.106; 0.152) 807.0 (688.5 ; 925.6)
Sina
Sl e 61.07 (59.03;63.10)  0.133(0.110; 0.157)  1026.5 (874.6 ; 1178.5)
Local Esfahan
dbo 61.68 (59.64 ;63.72)  0.132(0.109; 0.155) 685.0 (584.1;785.8)
Sofeh
Second pg> 411 49.90 (47.84;51.96)  0.168 (0.128; 0.208) 429.1 (345.3;512.9)
Sina 50.54 (48.25;52.82)  0.144 (0.111;.178)  476.9 (387.6 ; 566.1)
Local Esfahan  51.62(49.32;53.92)  0.168(0.123;0.212)  483.1 (378.3 ; 587.9)
Sofeh 51.27 (48.84;53.70)  0.127(0.099; 0.155)  435.6 (358.4; 512.8)
Third pgu 411 49.30 (39.08; 59.53)  0.121 (-0.003; 0.245) 118.3 (23.96; 212.6)
Sina 49.63 (38.70; 60.57)  0.118 (-0.012; 0.247)  135.5 (20.46; 250.5)
Local Esfahan  50.24 (38.32;62.16)  0.113 (-0.023; 0.250)  187.8 (14.48 ; 361.1)
Sofeh 50.65 (40.13;61.17)  0.199 (-0.011; 0.249)  165.9 (26.56 ; 305.2)

&0 3 e8] ggomme Sl (€ 9) Gl cul 5o g (tn) S 2 o ol5> ST £989 (loj Jolud Siaed Joo caal p (o —A Jgi
il oo B golyl 39T 9 (51 Mo 1330 ylisebs] 3gus :CL .ilisee sACulS
Table 8- The estimated coefficients of the logistic model, including time of maximum leaf area duration (tm) and fixed

coefficients (a and c) for total safflower cultivars in different the sowing dates. CL indicates the confidence limit of 95% for
parameters estimations

Cuils &b
Sowing date

tn (CL)

a (CL)

¢ (CL)

First J)  60.71(58.66;62.75) 0.132(0.108;0.155) 830.6(707.8;953.4)
Second pgs  50.80 (48.83;52.76)  0.152(0.120;0.184)  453.8 (377.2;530.5)
Third sy 50.03(39.07:60.98)  0.117 (-0.013; 0.248)  151.8 (21.78; 8.281)
500 1 ¥ =12212x+21.435 500 Ty =-15.387x+ 552,57
‘i — 500 - R=0,772 - \1 500 4 R*=0403 4
3 5 400 . > £ 00 | .,
2= 3z
Tg 00 25 300 4
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Figure 5- Relation grain yield with maximum leaf area duration and maximum net assimilation rate during growing season.

Maximum value of leaf area duration (m? d°!)
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Table 9- Analysis of variance (sum of squares) for grain yield on different sowing dates and safflower cultivars

et 2o LRSS als 3,Shos
Source of variance Degree of Freedom Grain yield
",’“ ) 3 12617.66™
Replication
“‘“L{ &b 2 553440.03"
Sowing date
~ 3 19273.42"
Cultivar
phpedlS &0 6 56326.6"
Sowing date*Cultivar
ks 33 4614.4
Error
S e 20.58

Coefficient of variation

b xe M| pie 5 2o )5S oty gaw 50 Jb gre iy 4™ g7 E
*, ** and ns; Significant at the 5%, 1%, and non- significant, respectively.
(@205 33 055) s 3, 8hos Cduo (51 408 9 Condl U alito 13T (61 (piloo duulio =Y+ Jgut>
Table 10- Comparison of the interaction between planting date and cultivars for grain yield (g m)

P Jol cwols' &b P93 CedlS’ g, U P CudlS )b
Cultivar First sowing date  Second sowing date  Third sowing date
1) 501.40" 160.40° 82.31a
411
Lo 384.73 171.67% 117.64*
Sina
Olao! o 419.16™ 169.26" 92.22°
Local Esfahan
dbo 292.2¢ 157.51* 108.04"
Sofeh
oSile 399.37° 164.71° 100.05°
mean

W)l b e gl do 3y Jleis ] a3 s S yide B S Blas )b & oo Kb gt b
In each column, means that have at least one common letter are not significantly different at the 5% level.

S5 0 ady s Ll SSTas g dild 3 Sdos e (Summod Colps =YY Joua
Table 11- Correlation coefficients between grain yield and maximum values of growth indices in safflower.
RGR NAR LAR LAD YLD

RGR 1
NAR  0.782* 1
LAR -0.552™ -0.494™ 1
LAD -0.612" -0.685" 0.673° 1
YLD -0.465" -0.635" 0.508™ 0.879*" 1

Al o Joine S 5l Ao, 5 Ko Sl st 3 o350 bine S s Ty ™

** and *, show significant levels 1 and 5%, respectively; ns shows non-significant.
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Introduction

The study of growth parameters such as net assimilation rate (NAR), leaf area ratio (LAR), relative growth
rate (RGR) and leaf area duration (LAD) are important for analyzing yield constraints. The growth parameters
can be used to understand the crop response to environmental variables during the growing season. The aims of
the present study were to 1) consider the growth indices using regression method and 2) identify relationships
between growth parameters and grain yield in different safflower cultivars and sowing dates.

Materials and Methods

A factorial experiment based on randomized complete block design with four replicates was conducted in
2012 in Research Farm of Vali-e-Asr University of Rafsanjan. The factors were included sowing dates (4 April,
25 April and 16 May) and safflower cultivars (411, Sina, Local Esfahan and Sofeh). Leaf area, leaf dry weight
and stem dry weight were measured in 7-14 days intervals during the growth season. Grain yield was
determined at the end of the growing season. The trend of variation for NAR, LAR, RGR and LAD during the
season growth was determined by the nonlinear regression method using SAS software. Finally, the correlation
between grain yield and growth parameters was identified by the PROC CORR procedure.

Results and Discussion

In all sowing dates, NAR increased to 43-53 days after sowing and then it showed a declining trend. Results
showed that there was no significant difference among cultivars in terms of the time to maximum NAR among
all sowing dates and among cultivars. As the growing season progressed, gradual increases in leaf area improved
which resulted in increasing solar radiation interception and NAR. The NAR declining trend related to
increasing leaves shading. In the first and third sowing dates, there was no significant difference in time to
achieve maximum LAI among cultivars.

The maximum LAR was obtained in early growth season and its value decreased with slope of 0.033 to 0.051
cm’ g' d"' among the cultivars and sowing dates. The rate of decreasing in LAR during growing season was the
same among all sowing dates and cultivars. In the early growing season, the value of LAR in the first and second
sowing dates was higher than third sowing date. It was probably due to high temperature effect on crop growth
duration. As the growing season progressed, LAR started to decrease due to decrease in partitioning of dry
matter to leaves. In the early growing season, the allocated dry matter to leaves were great which is resulted the
higher ratio of leaf dry matter to total dry matter (LAR). The high LAR in early growing season is due to more
interception of solar radiation by crop.

The trend of RGR during growing season was the same among all sowing dates and cultivars. The estimated
maximum RGR varied between 0.149 to 0.169 g g'l d”! for the first sowing date, 0.087 to 0.211 g g'l d! for the
second sowing date and 0.192 to 0.251 g g d” for the third sowing date. For each sowing date, the estimated
maximum RGR had no significant difference among cultivars except for the second dates. However, the value of
RGR was decreasing with progress towards the end of the growing season. The high RGR in the early growing
season was due to the rapid crop growth, the more young tissues in plant and the low initial weight.

The value of LAD had the increasing trend in the early growth season and its value started to decrease
between 50 and 62 days after sowing. In the second and third sowing dates, the maximum value of LAD
obtained earlier than the third sowing date however, the value of LAD was lower than the first sowing date. It is
probably due to decreasing the leaf area index and increasing the senesce rate in higher temperature in the last
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sowing date.

It is resulted that the highest grain yield obtained for the 411 and Local Esfahan cultivars in the first sowing
date and the significant and positive correlation between grain yield and LAD (r = 0.88, Pr < 0.01) observed
whereas the value of grain yield increased 12.2 g m™ per unit increase of LAD. Increasing the LAD increase
solar radiation interception by crops and consequently the grain yield would increase.

Generally, it is concluded that the first sowing date with the highest LAD resulted the highest yield.
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