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Path Coefficient Analysis for the Yield Components of Spring Safflower Cultivars
(Carthamus tinctorius L.) in Iran under Different Nitrogen Levels
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Abstract: In order to determine the  relationships  among  yield  and  yield  components  in  safflower
(Carthamus tinctorius L.) an experiment was conducted at experimental farm of Kerman University of Iran
during 2005-2006. Experimental treatments were four nitrogen levels (0, 50, 75 and 100 kg ha ) and five safflower1

cultivars (Isfahan, Rayen, Kerman, IL and PI). Correlation and path coefficient analysis were showed that
significant correlation exists between seed yield and number of heads per plant (r = 0.933*) and number of
secondary branches (r = 0.912 ). According to path coefficient analysis, there was strong positive direct effect*

of the number of heads per plant on the seed yield per plant. 
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INTRODUCTION negative effects on yield. In the present study the path

Oilseed crops are the main sources of edible oils. tested for their response to nitrogen fertilization.
Because of increasing demand for edible oils, oilseed
crops production need to be increased through both MATERIALS AND METHODS
increasing the land area under cultivation and increasing
the yield per unit of land area [1]. As arable land through This  study  was  carried  out  at  Experimental Farm
out the world is decreasing, increasing yield within the of Research Station of Agricultural College of Shahid
available land is possible through selecting high yielding Bahonar University of Kerman in 2005- 2006. The soil was
cultivars and better crop management practices, as well. sandy-loam (sand:silt:clay 65:20:15) with low organic
Safflower is one of the important oilseed crops cultivated matter  (15%)  and  organic  nitrogen  content  (0.05%).
under dry land conditions and is tolerant to drought and The K, P and Organic Ca contents  were  198,  12.8  and
salt stresses. Iran was traced back to the origins of 0.49 ppm, respectively with soil pH 7.5, EC 2.46 and ESP
safflower [1]. Path coefficient analysis showed that the 21. In this study split plot design arranged in randomized
number of heads per plant and number of seeds per head complete blocks with three replications. Five spring
are the most important traits determining yield in safflower safflower cultivars (Isfahan, Rayen, Kerman, IL and PI)
lines [2, 3]. Ehdai and Noormohammadi [4] evaluated yield were  sown  at  four  different  nitrogen  levels  (0,  50,  75,
and its components in two safflower genotypes. They 100 kg ha ). Each plot was sown 4 plant lines in 1th May.
found significant positive correlation between seed yield Each plot had four rows with five meter long and tow
and seed number per head, 1000 - seed weight and oil meter wide. Characters were examined on twenty plants
content. Omidi Tabrizi et al. [5] have reported similar randomly selected in the mid – rows of plots. During seed
results in new spiny safflower genotypes and concluded filling stage, number of leaves per plant, specific leaf area
that increasing oil yield is primarily associated with (SLA), protein and chlorophyll contents of leaves were
increasing seed yield, which was affected by biomass and measured.  After  harvesting the following parameters
number of heads per plant. Patil et al. [6, 7] reported that were investigated: seed yield and dry weight per plant,
the head weight per plant and seed weight per plant had number of heads per plant, number of seeds per head,
the most direct and indirect effects on yield, respectively. number of primary and secondary branches per plant,
Nie et al. [8] demonstrated that seed weight per plant and plant height, stem diameter and fertility percentage were
number of unfertilized heads per plant had positive and also  determined. After stepwise regression, five variables

coefficient analysis of 5 safflower cultivars in Iran was
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Fig. 1: Path analysis diagram
Y= depended variable, x - x = independed variables, P  = direct effects, r = correlation1 5 ij ij

Fig. 2: Path analysis diagram in safflower species
X = number of heads per plant, X = number of seeds per head, X = Plant dry weight1 2 3

Y= yield of single plant, P= direct effects, U= Residue effects

were included in the path coefficient analysis. The nature obtained  by  Tuncturk  and  Ciftci  [1],  Nie  et  al.  [8],
of the causal system is represented diagrammatically in Zheng et al [11] and Pandia et al [12]. The number of
Figure 1. In the Path diagram the double arrowed lines secondary branches per plant had the least direct effect
indicate mutual association as measured by correlation (0.167) on yield; while the secondary branches per plant
coefficients, rij and the single arrowed lines represent had the most indirect positive effect (0.854) via the
direct  influence  as measured by path coefficients, pij. number of heads per plant on the yield (Table 1). This
The X variable consists of all residual factors that result is acceptable because the number of secondary
influenced seed yield. Path coefficient analysis was branches has a positive significant correlation (0.990 )
performed using PATH 2 program. SPSS program was with the number of heads per plant (Table 3). The number
used for stepwise regression and phenotypic correlations of  seeds  per  head  had  a   significant   negative   effect
between examined characters. (-0.231) on single plant yield (Table 1). This effect can be

RESULTS AND DISCUSSION number  per  head  and  the  number  of  heads  per  plant

Results of path coefficient analysis are shown in per plant the diameter of head increases and fallowing that
Table 1. Regression coefficients show that the strongest the number of seeds per head increases but increase in
variable was the number of heads per plant (p=0.836). the weight and number of seeds per head are not enough
After  that the strongest variable was the plant  dry to  compensate  the  decrease in single plant yield which
weight (p=-0.250). This result confirms the results of other is the result of decreasing in the number of heads per
researchers [1, 8-11]. The regression coefficient between plant itself. Although the plant dry weight has a direct
the variables in stepwise regression with single plant yield negative effect (-0.250) on single plant yield through the
is shown in Table 2. The results showed that plant yield number of heads per plant variable increases the single
has a positive and significant correlation with the number plant yield; because the plant dry weight is positively
of heads per plant (0.933) and the number of secondary (0.738) correlated with the number of heads per plant
branches (0.912). These results are agreement with those (Table  3).  The  sum  residue  effects  equal  to  zero and

**

explained by the negative correlation between seeds

(-0.386);  as   with  decrease   of  the  numbers  of  heads
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Table 1: Direct and indirect effects of characters on yield in path analysis

Indirect effect via charactercharacter Direct effect X X X X1 2 3 4

X -number of head per plant 0.836 ----- 0.089 -0.184 0.1651

X -number of seeds per head -0.231 -0.333 ----- -0.058 -0.0632

X -dry weight per plant -0.250 0.637 -0.054 ----- 0.1313

X -number of secondary branches 0.167 0.854 0.087 0.196 -----4

Total ----- 0.933 -0.685 0.464 0.912

Table 2: Results of stepwise regression in 4 steps

Step 1 2 3 4

Constant number -2.630 6.743 7.090 7.303
Number of head per plant 1.037 0.873 1.080 1.055
Number of seeds per head -0.359 -0.249 -0.055
Dry weight per plant -0.208 -0.222
Number of secondary branches 0.028

R %87 %99.5 %100 %1002

Table 3: Correlation coefficients between single plant yield and other traits that were measured 

Parameter 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1- yield/ plant 1
2- head/ plant 0.933* 1
3-dry weight of plant 0.464 0.738 1
4- number of seeds per head -0.685 -0.386 0.232 1
5- seed weight per head -0.835 -0.744 -0.442 0.739 1
6- plant height 0.37 -0.084 0.578 0.673 0.123 1
7- number of primary branches 0.094 0.036 -0.005 -0.211 -0.165 0.252 1
8- number of secondary branches 0.912* 0.990** 0.784 -0.375 -0.788 0.024 0.115 1
9- stem diameter 0.171 0.426 0.86 0.299 -0.366 0.851 0.327 0.532 1
10- fertility (%) -0.609 -0.648 -0.274 0.123 0.084 0.469 0.229 -0.542 0.194 1
11- number of leaves 0.271 0.305 0.492 -0.258 -0.718 0.508 0.318 0.427 0.728 0.528 1
12- specific leaf area (SLA) 0.044 0.235 0.646 0.235 -0.289 0.851 0.36 0.935* 0.371 0.371 0.734 1
13- chlorophyll 0.884* 0.748 0.153 -0.698 -0.573 -0.563 0.7 -0.109 -0.709 -0.709 0.064 -0.119 1
14- protein -0.353 0.319 -0.098 0.225 0.133 0.004 -0.337 -0.187 0.294 0.294 0.02 -0.383 -0.632 1

the determination  coefficient  equals to 99.99. This of seeds per head, dry weight per plant and number of
amount is equal to the sum of the variances and co secondary branches, respectively. These results
variances of the independent variables in the path corroborate with the path analysis and stepwise
analysis model. In comparison  with  the  results of regression reported earlier for yield parameters of
stepwise regression (Table 2) it is observed that in safflower [5, 12]. 
stepwise regression, the number of heads per plant had
the highest determination coefficient (r =0.87) and in path CONCLUSION2

analysis it has thus the highest direct effects and both
methods had the same determination coefficients. The From   a   broad   perspective,   looking   at  the
final equation of single plant yield based on four variables results from   stepwise   regression   and   path  analysis
showing in the column of four steps in Table 2 is: and based  on  the percentage of the density

Y= 7.303 + 1.05 x1- 0.05 x2 - 0.22 x3 + 0.03 x4 for   getting   highly    productive    safflower    species

In   this    equation    Y    is    the   single   plant  yield; species with the highest heads per plant in breeding
x1,  x2,  x3  and  x4 are number of heads per plant, number programs.

determination  coefficient,    we      can     suggest   that

we   should   concentrate   on   selecting   safflower
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