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Summary

Correlation and path coeffi  cient analyses were studied on three diverse genotypes of 
sunfl ower in order to understand the relationship and contribution on eight charac-
ters towards the seed yield. Th e seed yield exhibits highly signifi cant and positive cor-
relation with plant height, oil yield and total number of seeds per head. Days to full 
fl owering and head diameter showed signifi cant and negative relation with seed yield. 
Path coeffi  cient analysis revealed that total number of seeds per head had the highest 
and positive direct eff ect on seed yield. On the other hand, days to full fl owering and 
head diameter showed the highest and negative direct eff ect on seed yield. Hence, the 
study revealed the importance of total number of seeds per head, days to full fl ower-
ing and head diameter as indirect selection criteria for genetic improvement of seed 
yield in sunfl ower breeding programs especially in early generations.
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Introduction
Th e abundant food value of oily sunfl ower seeds as the rich-

est sources of vegetable oil and protein production in nature 
has drawn the attention of most developed industrial countries 
to produce these plants. Sunfl ower as one of the major sources 
of vegetable oil is of special importance throughout the world 
(Arshi, 1992).

Th e selection of one desirable planting arrangement and 
suitable density for sunfl ower cultivars provides an ideal com-
bination of environmental conditions to achieve the highest 
yield (Jannati, 2002).

Taghdiri et al. (2006) have suggested that the number of plants 
is the main and eff ective factor in creating seed yield. Since the 
most of sunfl ower agronomic cultivars have only one head per 
plant, the plant density should cause the yield to increase until 
it doesn’t aff ect the total number of seeds per head and weight 
of 1000-seeds (Robinson et al., 1980; Holt and Zenter, 1985).

Th e study of correlation between seed yield and yield com-
ponents and other important agronomic traits is very important 
to choose the desirable cultivars. Th e analysis of indices allows 
the direct eff ects of each trait on seed yield to be separated from 
indirect eff ects existing in mutual relations of diff erent traits 
(Mokhtassi Bidgoli et al., 2006). 

Th e results obtained by Teklewold et al. (2006) showed that 
the head diameter had the highest direct eff ect on seed yield and 
also the seed fi lling percentage and plant height had the highest 
indirect eff ect on seed yield through head diameter. 

Earlier in sunfl ower, Punia and Gill (1994), Shankar et al. 
(2006) and Farratullah et al. (2006) applied path coeffi  cient by 
partitioning the genotypic correlations into direct and indirect 
eff ects of the traits. Moreover, other researchers (Arshad et al., 
2004 and 2006; Ghafoor and Ahmad, 2005) have used these 
techniques along with diversity study for investigating genetic 
parameters.

Th e present study was conducted in order to investigate the 
relationship among seed yield and its components as well as to 
determine the best indirect selection criteria to improve seed 
yield in sunfl ower genotypes.

Materials and methods
Th e research was carried out at agricultural experiment sta-

tion in Kabootar Abad, Isfahan during agronomic year of 2009. 
Th is station is located 25 km northeast of Isfahan (32 53’ N, 51 
38’ E and 1620 meter above sea level). Th is location is a arid and 
warm area (according to the Koppen climate classifi cation) char-
acterized by warm and dry summers (Khajepour and Seyyedi, 
2001). Th e long-term (30 years) mean annual rainfall and tem-
perature of area was 121.1 mm and 33.4 centigrade degrees, re-
spectively. Th e experiment was a split factorial in a randomized 
complete block with three replications. In this research, one-row 
cultivation with 60 cm row spacing and two-row cultivation with 
75 cm row spacing were considered as main plot and the com-
bination of Master, Lakumka and Hisun 36 cultivars together 
with the plant density of 8, 10 and 12 plants per square meter 
considered as subplot. 

In order to obtain the intended densities in one-row culti-
vation, the plant spacing of 21, 17 and 15 cm were chosen in the 
middle of 60 cm beds. In two-row cultivation the plant spacing 
of 33, 26.5 and 22 cm were chosen in both sides of 75 cm beds 
like the farmers’ procedure. Each subplot included 4 planting 
lines with 5 meters in length. 

Th e traits such as days to budding, days to fl owering, days 
to 70% fl owering, days to full fl owering, days to ripening, plant 
height, head diameter, total number of seeds per head, weight of 
1000-seeds, seed yield, seed oil rate, oil yield and harvest index 
were measured. Mean values were subjected to diff erent statisti-
cal and biometrical analysis. Simple correlation coeffi  cients were 
estimated according to Pearson’s method and path coeffi  cient 
analyses were done as according to Dewey and Lu (1959). Th e 
data analysis was achieved by using SPSS16 and path2 soft wares. 

Results and discussion 
Correlation analysis (Table 1) indicated that traits: plant 

height, oil yield and total number of seeds per head has positive 
and highly signifi cant relationship with seed yield. Further, days 
to full fl owering and head diameter showed a negative relation 
with seed yield. Th e correlation of other traits with seed yield 
weren’t signifi cant (Table 1).

Th e regression analysis of seed yield as dependant variable 
according to step-wise method demonstrated that just traits such 
as total number of seeds per head and weight of 1000-seeds en-
tered to regression model and totally justifi ed 95.9% of the vari-
ation that existed in seed yield. At last, the following regression 
model was obtained for indicating the relationship between the 
seed yield and these traits as independent variables:

Seed yield = -2631.068 + 5.545 total number of seeds per head 
+ 46.323 weight of 1000-seeds
Th e path analysis for seed yield was conducted based on 

traits; days to full fl owering, plant height, head diameter and 
total number of seeds per head that have a meaningful correla-
tion with seed yield (Table 1). Among these traits, total number 
of seeds per head had the highest and positive direct eff ect on 
seed yield. Th erefore, selection for the highest amounts of total 
number of seeds per head can improve the seed yield in sunfl ower 
genotypes. Th ese results are inconsistent with the results given 
by Anwar-al hag et al. (2005) and Ghafoor and Ahmad (2005).

On the other hand, days to full fl owering and head diameter 
have a negative correlation as well as direct and negative eff ect 
on seed yield. Th us, selection for the lowest amounts of this trait 
can increase the seed yield. In other words, it is possible that the 
choice of genotype that enter the generative stage sooner and also 
terminate the fl owering stage faster, causes the plant to escape 
preventing it from encountering the heat of end of the season. 
Th is mechanism leads to enhancement of the yield in stress con-
ditions of the end of season (Richards, 1996). 

Furthermore, the smaller head diameter in these conditions 
would be followed by the fewer hollow fl oret, increasing the seed 
yield. Meanwhile, just the plant height has a direct negative eff ect 
on the seed yield. Th is negative eff ect is negligible and on the 
other hand, the indirect eff ects of this trait, especially via total 
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number of seeds per head on seed yield are positive. In this case, 
choosing the dwarf plants through increasing the total number 
of seeds per head can lead to genetic improvement the seed yield. 

Th e reason might be the better remobilization that occurs 
in dwarf sunfl ower cultivars and causes the seeds to be fi lled 
better. Although, for considering the traits such as the plant 
height as selection criteria more care must be taken. Because, if 
the plant is too dwarf, it might lead to reduction of the compe-
tition of plant to get light and other environmental parameters, 
thus the seed yield would diminish. Th erefore, it is necessary 
that the best plant height is studied more carefully. Shankar et 
al. (2006) and Sowmya et al. (2010) obtained the same results 
in sunfl ower genotypes.

Conclusion
In conclusion, the results demonstrate that effi  cacy of selec-

tion for the lowest amount of head diameter, days to full fl ower-
ing as well as dwarf genotypes to obtain the highest seed yield 
in sunfl ower genotypes. Indirect selection for these traits in 
sunfl ower as a heterogamous and free polliniferous plant can 
result in more genetic gain than the direct selection for seed yield 
per se, because the heritability of these traits is more than seed 
yield and it can be measured easily, quickly and cost eff ectively.
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