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Abstract

 

-

 

The aim of this study was to determine relationship 
oil yield and yield components and to show efficiency of 
components on oil yield by using statistical procedures under 
rainfed conditions

 

in

 

safflower (Carthamus tinctures

 

L.). Data 
of

 

oil

 

yield and yield components over the two years in the 
study were evaluated by statistical procedures; correlation and 
path analysis, regression analysis (multiple linear regression 
and best subsets regression), factor analysis,

 

principal 
component analysis and cluster analysis. Results in this study 
revealed that hhigh

 

yielding new cultivars are evaluated, 
selected by using various yield components such as seed 
yield per capitalism, thousand kernel weight, oil content, yield 
per

 

plant are getting used more and more for high grain/oil 
yield and for resistance to drought conditions.
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I.

 

Introduction

 

eing an oil seed crop, safflower (Carthamus 
tinctures

 

L.)

 

is known as drought tolerant plant 
and is grown wide semiarid climates in the world 

(Christos and Seoul’s, 2008). Due to deeper roots, this 
crop could be tolerant to water stress could join rotation 
with other crops and these phenomena

 

make

 

this crop 
drought tolerant (Usual

 

et al., 2006). Safflower has been 
cultivated in the world for its oil content that is rich in 
polyunsaturated fatty acids playing important role to 
decrease blood cholesterol level (Bayar

 

and Turgot, 
1999). Moreover, this

 

crop has about 75% linoleum

 

acid, 
higher than corn, soybean, cottonseed, peanut or olive 
oils. This crop is therefore used first of all for edible oil 
products such as salad oils and soft margarines. High-
quality oil feature makes safflower an important crop for 
vegetable oil (Conge

 

et al., 2007).

 

The need of new cultivars having higher oil 
quality/content of oil leads to the objective of safflower 
breeding programs to develop new cultivars having 
higher oil quality/content, greater yielding ability and 
eventually resistance to drought and diseases 
(Volkmann

 

and Raj can, 2009). Grain yield and oil 
quality/content are important characters and subject to 
many variables affecting plant growth. Increasing 
genetic association between agronomic and quality 

characters could improve the efficiency of breeding 
programs by determining and effectively using markers 
in selection of safflower genotypes (Volkmann and Raj 
can, 2009).   

Grain yield and naturally oil yield per plant in 
safflower are in general under effect of some  
components (the number of capitulate per plant, seed 
yield per capitalism, 1000 seed yield and seed yield per 
plant) that seem to be important elements for breeding 
programs (Aslant et al., 2008; Bonham et al., 2011). 
Usual (2006) stated that under rained conditions some 
components (seed yield per plant, oil content and 1000 
seed weight) have been evaluated by several 
researchers and are considered as important measures 
for oil yield per plant. Several researchers evaluated 
components affecting oil yield per plant and plant 
adaptations for semi arid climatic conditions and 
drought stress may cause a reduction in certain 
components but particularly in seed yield per plant and 
seed oil content (Yılmazlar, 2008, Sade et al., 2012).  

In addition, there are various statistical 
techniques covering correlation and path analysis, 
multiple linear regression, Factor Analysis, Principal 
component analysis, Best subsets regression and 
cluster analysis to evaluate yield and yield components 
for breeding programs (Massmart et al., 1997; Oldsmar, 
1999; Slavonic et al., 2004; Skis et al., 2006). Correlation 
and path analyses are important procedures to examine 
dependent variable, and direct and indirect contribution 
of components and both correlation and path analyses 
could successfully be used in breeding programs 
(Massmart et al., 1997; Oldsmar, 1999; Hilt runner et al., 
2007). Regression analyses, including multiple linear 
regression, best subsets regression are efficiently used 
in modeling crop yield analyses (Oldsmar, 1999; Skis et 
al., 2006). Principal component and factor analyses are 
multivariate statistical techniques for analyzing and 
making simplification in complex plant data sets 
(Slavonic et al., 2004).The characteristic of this statistical 
technique is to transform variables correlated in to 
simplified variables and to show features of components 
(Oldsmar, 1999). Cluster analysis is often used to reveal 
characteristics of components and classify components 
in to distinct groups and subgroups in the 
characteristics of similarity and dissimilarity levels (Otto, 
1999; Beltane and Ojai, 2007). This study was carried 
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out to help breeders, researching to reveal main 
components and their influences on oil yield per plant 
and plant productivity. The aim of this study was to 
determine relationship oil yield per plant and yield 
components and to show efficiency of components on 
oil yield per plant by using statistical procedures under 
rained conditions.  

II. MATERIALS AND METHODS 

This study was carried out in research area of 
Central Research Institute for Field Crops in Hayman-
Ankara (320 51 E; 390 57 N; 860 m above sea 
level)/Turkey in 2010 and 2011 years. Soil characteristics 
in research area had lime-loamy soil structure, having 
7.19 pH, 0.037 % salt, 1.30 % organic matter and 2.48 % 
lime.  Hayman-Ankara/turkey where the trials were 
performed has a typical steppe climate with high 
temperature differences between day and night. 
Summers are dry and winters are relatively rainy. Total 
rainfall in 2010 and 2011 (379,9 mm and 401,5 mm, 
respectively) were lower than long-term years rainfall 
(402,1 mm). In 2010 period, total rainfall (March-
September) was 176 mm so doing 213.2 mm in 2011 
period. Rainfall in tailoring stage (in May), important for 
yield, was 22 mm in 2010 and 86 mm in 2011 period. 
Besides, mean temperatures in 2010 and 2011 (11.8oC 
and 10,5oC, respectively) were lower than long-term-
years temperature (12.0oC).  

Dancer (spineless), Remzibey (spiny), Yen ice 

and Shiva (spineless) cultivars and TAEK-sulk line 
(spiny) were used in trial as plant materials. Yen ice, 
Dancer and Remzibey cultivars were developed at 
Translational Zone Agricultural Research Institute in 
Turkey. Shiva cultivar was obtained from Tajikistan. 
TAEK-sulk pure line was developed at The Turkish 
Atomic Energy Authority by mutation. Field experiments 
in 2010 and 2011 growing seasons were conducted with 
four replications as ‘Randomized Complete Block 
Design’ in Ankara-Turkey ecological conditions. The 
cultivars and pure line (Dancer, Remzibey, Yenice, Shiva 

and pure line TAEK-sulk) were randomized into plots. 
Seeds were sown with 30 cm row spacing on plots of 6 
m2 harvest area (1.20 m width x 5 m length) on 25 March 
2010 and 28 March 2011. After intra-row spacing was 
stabilized at 10 cm by thinning in both first and second 
years (Kızıl vet ark. 1999). Weed controls were made by 
means of manual weeding in rows. A total of 50 kg ha-

1of P2O5 and 40 kg ha-1of nitrogen were applied with 
sowing and 20 kg ha-1of nitrogen was applied as a top 
dressing at the beginning of stem elongation. On 10 
September and 17 September at full maturity of the 
seeds plant harvests were made in 2010 and 2011, 
respectively. Thirty plants per plot were selected as 
randomly and made by hand. Seeds obtained from 
these plants were used for experiments. For all statistical 
analyses, SAS and Minitab 15 package programs were 

used. Means of data taken from oil yield per plant and 
yield components during crop growing periods of 2010 
and 2011 years are given in Table 1. 

Data of oil yield per plant and yield components 
for the two years in the study were evaluated by 
statistical procedures; correlation and path analysis, 
regression analysis (multiple linear regression and best 
subsets regression), factor analysis, principal 
component analysis and cluster analysis. 

III. Result and Discussion 

Minimum, maximum, mean and standard 
deviation of all characters in safflower (Carthamus 
tinctures L.) cultivars is shown in Table 2. 

Correlation and path analyses between oil yield 
per plant and yield components and relationship 
between oil yield per plant and yield components are 
given Table 3 and Figure 1. Correlations close to 1 
denotes that almost positive/similar results are taken 
from two variables and value close to -1 show that 
results in two characters are so opposite/dissimilar. 
Value close to zero also assign that two characters are 
so independent from each other (Ozdamar, 1999).  

Table 3 and Figure 1 show that significant and 
positive relationship between oil yield per plant and 
capitalism yield, thousand kernel weight, yield per plant; 
significant and negative relationship between oil yield 
per plant and hull content. Path analysis is also a useful 
analysis to understand formation dependent variable 
and the effect of independent variables on dependent 
variable (Kang, 1990). In path analysis, direct and 
indirect effects of components having significant 
correlation in oil yield per plant per plant were 
considered (Table 3). Results revealed that capitalism 

yield (-0.1186 and 8.0866%) and thousand kernel weight 
(-0.2983 and 14.2114%) had negative direct effects, 
positive direct effects were taken from hull content 
(0.1151 and 8.7204%) and (0.1194 and 6.9851%). 
Nevertheless, the highest indirect effects were 
determined via capitalism number, capitalism yield, 

thousand kernel weight, yield per plant and hull content 
and these can considered as important characters. 
Studies emphasized that owing significant and positive 
relationship with oil or plant grain yield; capitalism 

number, capitalism yield, thousand kernel weights, 
could safely be used breeding programs (Badoglio et 
al., 2006). Sandal (1988) pointed out that oil yield per 
plant under rained climatic conditions was determined 
by capitalism number, capitalism yield, thousand kernel 
weight. 

Multiple linear regression analysis, given in 
Table 4, explains the regression coefficients, the 
probability of the variables on estimation of oil yield per 
plant in safflower (Carthamus tinctures L.).  

T-test showed that capitalism yield and seed 
yield per plant had significant effect in oil yield per plant. 

© 2013  Global Journals Inc.  (US)
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This formula show 95.8 variation in variables and the 
remaining 4.2 % assign residual effects. Yield estimation 
Formula is also shown below: 
Oil yield per Plant (Ŷ)  = - 2.71 - 0.00615 Plant Height + 
0.0055 Branch Number - 0.0478 Capitalism Number + 
0.068 Capitalism Yield - 0.0183 Thousand Kernel Weight 
+ 0.400 Yield per Plant + 0.0309 Hull Content + 0.0598 
Oil Content  

These results show that capitalism yield and 
yield per plant are important variables and should be 
used in bread wheat breeding programs. Regression 
analysis is the better way to make crop yield/oil yield per 
plant prediction (Bonham et al., 2011) and linear 
regression model is one of best method to determine 
crop yield/oil yield per plant in safflower (Carthamus 
tinctures L.) (Badoglio et al., 2006).  

Best subsets regression determines the best-
fitting regression models, constructed with the predictor 
characters specified. Best subsets regression is an 
important analysis to clarify models achieving targets 
with as less predictors as possible. Subset models 
could easily guess the regression coefficients and 
predict future responses with smaller variance than the 
full model using all predictors (Press and Wilson, 1978). 
The model with the highest adjusted R, low Mallows’ 
value and the lowest S value is assumed as the best 
model for determination of best characters (Bonham et 
al., 2011). 

Table 6 shows best subset regression 
explaining the best predictor characters. With 99.7 
adjusted R2, 3.2 Mallows’ values variable 5 including 
plant height, capitalism yield, thousand kernel weight, 
and yield per plant, hull content and oil content 
appeared the best predictors and could be used for in 
safflower (Carthamus tinctures L.) breeding programs. 
Best subset regression is widely used to determine best 
subsets and to describe dependent variables (Press 
and Wilson, 1978; Sachem et al., 2007) such as oil yield 
per plant. 

Principal component analysis is so common 
procedure to alter observed and correlated variables to 
linearly uncorrelated variables by using orthogonal 
transformation. This analysis is a linear transformation, 
shifting the data to a new coordinate system that the 
greatest variance (called the first principal component), 
the second greatest variance on the second coordinate, 
then so. (Crosse et al., 1991; Potgieter et al., 2002).  

Principal component analysis in Table 7 and 
relatively ballot analysis of safflower (Carthamus 
tinctures L.) show that decrease in Eigen values is 
associated with increase of component numbers and 
maximum component number is determined at three 
factors.  

According to results, variables could be 
grouped in three components and these components 
account for 93.6% of the total variation of oil yield per 
plant of safflower (Carthamus tinctures L.). PC1 

correlated with capitalism yield, thousand kernel weight, 
and oil content.  Besides, PC2 correlated with yield per 
plant. PC3 correlated with plant height. PC1, PC2 and 
PC3 account for 53.8%, 80.9 and 93.6% of the variation 
in oil yield per plant (Table 7 and Figure 2). So, 
capitalism yield, thousand kernel weight, oil content, 
yield per plant and plant height showed up to be 
important characters for oil yield of safflower (Carthamus 
tinctures L.). Studies revealed that correlation between 
oil yield per plant and capitalism yield, thousand kernel 
weight, oil content, yield per plant and plant height 
(Badoglio et al., 2006). 

Factor analysis describes variance among 
observed, correlated variables for potentially lower 
number of unobserved variables. Factor analysis seeks 
joint variations related to unobserved latent variables. 
The observed variables are modeled as linear 
combinations of the potential factors, plus "error" terms 
(Harmon, 1976; Joreskog, 1977; Anderson, 1984). 
Factor analysis of characters in safflower (Carthamus 
tinctures L.) is given in Table 8.  Factor analysis revealed 
that factor variances in Factor I, Factor II Factor III and 
Communality were 45.00, 27.30, 12.60 and 84.90%, 
respectively. According to results, yield per plant in 
Factor I, thousand kernel weight in Factor II and plant 
height in Factor III seemed important characters on oil 
yield per plant. As a result of factor analysis yield per 
plant, thousand kernel weight and plant height are 
important components in oil yield per plant. Oil yield per 
plant is important character and should be taken into 
consideration on selection of genotypes in breeding 
programs (Knowles, 1982). Besides seed yield and oil 
content are both efficient characters for oil yield per 
plant (Volkmann and Raj can, 2009).  It was stressed 
that capitalism yield, yield per plant, thousand kernel 
weight and oil content had significant correlation with oil 
yield per plant (Golparvar, 2011, Behnam et al., 2011). 

Cluster technique is an agglomerative 
hierarchical method that begins with all variables 
separate, each forming its own cluster (Milligan, 1980; 
Murphy et al., 1986; Martin et al., 1995).  In this study 
cluster analysis and den do gram are given in Table 9 
and Figure 3. In cluster analysis, distance of each 
variable related to the others are calculated and groups 
observed are established by agglomeration process in 
which all variables start individually in one’s group. 
Groups closed to each other gradually merged until all 
variables come to a single group. Repeated splitting of 
groups result in all evaluated variables being in groups 
of their own. For quantitative characters, cluster 
numbers are chosen from hierarchical analysis (Martin 
et al., 1995). Table 9 and Figure 3 denotes that both 
similarity level and cluster number increase. In distance 
of 70.1 % and similarity level of 88.33 %, all variables 
could be agglomerated in four clusters.  

Cluster I includes plant height, while branch 
number and capitalism number belonged to Cluster II. 
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Cluster III constituted of oil yield per plant, capitalism 
yield, thousand kernel yield, oil content and yield per 
plant; hull content appeared in Cluster IV. 

Cluster analysis showed that, capitalism yield, 
thousand kernel yield, oil content and yield per plant 
could be considered as important characters for high oil 
yielding genotypes in safflower (Carthamus tinctures L.) 
breeding programs. 

Results of explained the effect of oil yield 
components are given in Table 10. Results in this study 
revealed that capitalism yield, thousand kernel weight, 
yield per plant and oil content are most important 
characteristics and they are highly effective in grain yield 
(Table 10). Safflower (Carthamus tinctures L.) breeding 
programs have been carried out all around the world. 
High yielding new cultivars are evaluated, selected by 
using various yield components such as capitalism 
yield, thousand kernel weight, oil content, yield per plant 
are getting used more and more for high grain/oil yield 
and for resistance to drought conditions. 
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Table

 

1 :  Means of data from oil yield per plant and yield components during on safflower (Carthamus tinctures L.) 
in crop growing periods of 2010 and 2011 years 

 
Pl.He.

 
Br.Num.

 
Cp.Num.

 
Cp. 
Yld.

 
Th.Ke.W.

 
Yi.per 

Pl.
 

Hull 
Co.

 
Oil Co.

 
Oil Yld.

 

Yenice
 

100,75
 

5,85
 

11,70
 

0,68
 

35,92
 

7,95
 

56,82
 

25,00
 

1,98
 

Remzibey
 

78,40
 

6,60
 

12,90
 

0,80
 

37,95
 

10,30
 

51,52
 

29,20
 

3,01
 

Dinçer
 

84,90
 

5,45
 

9,60
 

0,92
 

41,46
 

8,50
 

54,05
 

28,85
 

2,46
 

Shifa
 

103,10
 

5,20
 

7,45
 

1,59
 

44,98
 

11,50
 

47,00
 

30,45
 

3,50
 

Taek
 

80,00
 

6,55
 

12,85
 

0,80
 

38,45
 

10,25
 

49,54
 

28,85
 

2,96
 

Mean
 

89,43±
 

11,69
 5,93±

 

1,44
 10,90±

 

2,78
 0,95±

 

0,36
 39,75±

 

3,54
 9,70±

 

1,63
 51,78±

 

3,66
 28,47±

 

2,01
 2,77±

 

0,61
 

Pl.
 
He : plant height, Br. Num.: number of branch per plant, Cp.

 
Num.: number of capitalism per plant, Cp. 

Old.: seed yield per capitalism, Th.
 
Key.

 
W.: thousand kernel weight, Yi.

 
per Pl.: seed yield per plant,  Hull Co.: hull 

content, Oil Co.: oil content and Oil Old.: oil yield.
 

Table 2

 

:

  

Minimum, maximum, mean and standard deviation of all characters in safflover        

                                  

(Carthamus tinctorius

 

L.) cultivars

 

Traits

 

Minimum

 

Maximum

 

Mean

 

Plant Height

 

76,73

  

109,10

  

89,43±11,09

  

Branch Number

 

4,10

  

8,10

  

5,93±1,37

  

Capitulum Number

 

6,10

  

14,30

  

10,90±2,63

  

Capitulum Yield

 

0,65

  

1,79

  

0,96±0,35

  

Thousand Kernel 
Weight

 

35,12

  

46,85

  

39,70±3,35

  

Yield per Plant

 

7,30

  

12,10

  

9,70±1,55

  

Hull Content

 

46,80

  

57,01

  

51,78±3,48

  

Oil Content

 

0,00

  

30,80

  

28,43±2,01
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Table 3 : Correlation matrix and path analysis for characters in safflower (Carthamus tinctures L. ) cultivars

Traits Oil yield 
per plant

Plant
Height

Branch
Number

Capitulum
Number

Capitulum
Yield

Thou.
Ker.We.

Yieldper
Plant

Hull 
content

Plant Height 0,055

Determination of Efficiency of Yield Components on Oil Yield Per Plant in Safflower Breeding by 
Different Statistical Methods



Plant Height

 

      0.0194

 

1.1349

 

Branch Number

 

0.0004

 

0.0248

 

Capit. Number

 

0.0970

 

5.6736

 

Capitulum Yield

 

0.0535

 

3.1332

 

Thsnd. Ke.We.

 

0.1991

 

11.6473

 

Hull Content

 

-0.0982

 

5.7486

 

Oil Content

 

-1.1220

 

65.6524

 

 
 

 

Figure

 

1

 

:

  

Relationship between oil yield per plant and yield components in safflower (Carthamus tinctures L.) 

 

Table 4 

  

:

 

The regression coefficient (b), standard error (SE), T-value and probability of the characters in estimation of 
oil yield per plant in safflower (Carthamus tinctures

 

L.)

 

   

Source

 

Deg. of Freedom

 

M.S.

 

Fauve

 

Regression

 

8

  

0.414

  

80.97**

  

ErrorResudial

 

2

  

0.005

    

Total

 

10

      

R²: 95,8%
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Std. Error (SE)
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Yield per Plant Correlation Coefficient

Direct Effect
Path Coefficient %

-0,905**
0.1194 6.9851

Indirect Effect

Path Coefficient %
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* And **: r is significant at 5% and 1%, ns: not significant

 
 
 
 
 
 
 
 
 

Table 5

 

: 

 

Coefficient of determination (R2

 

and Adjusted R2), measure of goodness

 

of

 

prediction (Mallows’) and 
estimating the best characters by the best subsets regression analysis in safflower (Carthamus tinctures

 

L.)
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Table

 

6

 

: 

 

Eigen value of the correlation matrix for the characters in safflower (Carthamus tinctures L.) by the
                 

principal component analysis
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Thsnd Kernel Weight 1 -0.0182 0.0480 -0.38 0.740ns
Yield per Plant 1 0.3999 0.0874 4.57 0.017*
Hull Content 1 0.0309 0.0350 0.88 0.470ns
Oil Content 1 0.059 0.0472 1.27 0.333ns

Oil yield per Plant (Ŷ) = - 2.71 - 0.00615 Plant Height + 0.0055 Branch Number 

- 0.0478 Capitalism Number + 0.068 Capitalism Yield - 0.0183 Thousand Kernel Weight + 0.400 Yield per Plant + 
0.0309 Hull Content + 0.0598 Oil Content
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Figure
 
2

 
:
  
Biplot analyses of safflower (Carthamus tinctures

 
L.)

 

 

Table 7 :  Relationships of characters in safflower (Carthamus tinctures L.) by the factor analysis 

Characters Factor I Factor II Factor III Communality 
Plant Height 0,024  0,106  0,993  0,58  

Branch Number 0,205  0,301  0,060  0,65  
Capitulum Number -0,094  -0,239  -0,220  0,87  

Capitulum Yield 0,726  0,217  0,456  0,77  
Thousand Kernel 

Weight 
0,543  0,569  0,158  0,79  

Yield  per Plant 0,935  0,287  0,651  0,88  
Hull Content -0,253  -0,199  0,056  0,62  
Oil Content 0,674  0,389  -0,156  0,74  
Latent Root 2,760  1,431  1,998  6,789  

Factor Variance 
(%) 

45,00  27,30  12,60  84,90  

Characters Loading  % Total Community Suggested Factor 
Factor I   45,00  Yield  per Plant  

Branch Number 0,205      
Capitulum Yield 0,726      

Thousand Kernel 
Weight 

0,543      

Yield  per Plant 0,935      
Hull Content 0,246      

Factor II   27,30  Thousand Kernel Weight 
Branch Number 0,301      
Thousand Kernel 

Weight 
0,569      

Yield  per Plant 0,287      
Oil Content 0,389      

Factor III   12,60  Plant Height  
Plant Height 0,993      

Yield  per Plant 0,651      
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Table 8  :  Similarity and distance level of characters 

Step Clusters (No.) Similarity Level Distance Level 
 1 8  98,788  0,024  
 2 7  91,325  0,173  
 3 6  91,082  0,178  
 4 5  88,728  0,225  
 5 4  88,336  0,701  
 6 3  74,420  0,712  
 7 2  63,661  0,727  
 8 1  60,894  0,782  

 
 
 

 
 

Figure 3
 
:
  
Similarity levels of the variables

 

Table 9  :  Essential variables effective on grain yield in safflover (Carthamus tinctorius L.) 

 1 2 3 4 5 6 
Plant Height   ☺  ☺  

Branch Number       

Capitulum Number ☺      

Capitulum Yield ☺ ☺  ☺ ☺ ☺ 

Thsnd Kernel Weight ☺  ☺ ☺ ☺ ☺ 

Yield  per Plant  ☺ ☺ ☺ ☺ ☺ ☺ 

Hull Content ☺    ☺  

Oil Content    ☺ ☺ ☺ 

 
1: Correlation and path analysis, 2: multiple linear regression, 3: Factor Analysis, 4: Principal component analysis 5. 
Best subsets regression, 6: Cluster analysis. 
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