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Twelve sunflower genotypes viz. A-43, A-75, A-88, A-132, A-133, A-185, G-33, G-46, G-51, G-68, G-100 and 
HBRS-1 were grown in the research field of the Department of Plant Breeding and Genetics, University of 
Agriculture, Faisalabad, during the year, 2005 following a triplicate randomized complete block design lay out. 
Variability among these genotypes was assessed for plant height (cm), number of leaves per plant, internodal 
length (cm), stem diameter at base (mm), head diameter (cm), head type, 100-Achene weight (g), achene weight 
per head (g) and oil contents (%). Genotypic and phenotypic correlations among these traits and their direct and 
indirect effects on achene weight per head were estimated. The genotypes were significantly different for all the 
traits studied. The genotype HBRS-1 had the best performance for most of the characters under discussion. 
Achene weight per head had positive and significant genotypic and phenotypic correlations with plant height, 
internodal length and head diameter. The correlations of 100-achene weight with stem diameter and head 
diameter were also positive and significant at both phenotypic and genotypic levels. Internodal length followed by 
stem diameter at base and head diameter had the highest direct effects on achene weight per head. 100-achene 
weight had high indirect effects on achene weight per head via stem diameter and head diameter. Stem diameter 
at base, head diameter and 100-achene weight can be used as indirect selection criteria for the improvement of 
achene yield. 
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INTRODUCTION 
 
Pakistan has always remained dependent on the 
import of edible oil to meet its domestic requirements. 
The per capita consumption of edible oil is around 15 
Kg. Total consumption is around 3.00 million tons. 
Local production is between 0.6-0.8 million tons 
(Janmohammed, 2008). Pakistan is producing about 
one third of its edible oil requirements and the rest is 
met through import against billions of rupees each 
year.  
Around 187.1 million tones of edible oil at a cost of Rs 
109 billion was imported during 2007-08, while oil 
seeds costing Rs 28 billion were also imported during 
the same period (Altaf, 2009). Substantial amount of 
our valued foreign exchange is spent on importing 
edible oil, which not only brings hardship to the people 
but also burdens the national economy. The locally 
produced edible oil fulfills only 29% of the domestic 
requirements. 63% of the local production is 
contributed by cotton that is basically grown for fibre.  
The production of edible oil in the country can be 
increased by (a) increasing area under oilseed crops, 
(b) introducing new oilseed crops, and (c) improving 
the genetic potential of the existing oilseed crops. Area 
under cultivation cannot be increased due to limited 
land resources and competition with the other crops in 
the same season. Therefore, the solution left is the 
introduction of new oilseed crops and genetic 
improvement of the existing ones.  

Sunflower is an important oilseed crop with a short 
maturity period (90 to 110 days) and is easily 
adjustable in our cropping pattern without influencing 
the cash crops like cotton, rice and wheat. Its seed 
contains high oil content ranging from 25 to 48% 
(Weiss, 1983) and is rich in protein i.e. 23 % 
(Vranceanu et al., 1987). Furthermore, sunflower oil 
contains fat-soluble vitamins A, B, E and K, well for 
heart patients. (Evertt et al., 1987; Gossal et al., 1988). 
For every 100 pounds of sunflower achene, 35% of 
high protein meal is also produced (Michael and Jeri, 
2004). So it can also be used as birdseed and livestock 
feed etc. (Robert et al. 1993). Therefore, it has a great 
potential to bridge the gap between consumption and 
production of edible oil in the country. 
The soil and climatic conditions of the country are 
highly favourable for sunflower. It is being cultivated on 
1124 thousand acres, producing 696 thousand tons of 
seed and 264 thousand tons of edible oil (Govt. of 
Pakistan, 2007-08). 72156 metric tons of sunflower 
seed is imported (Janmohammed, 2008) which is too 
much expensive, leading to the increased cost of 
production and thus pushing the farmers away from its 
cultivation. Furthermore, imported genotypes have not 
been developed for ecological conditions of Pakistan, 
so have adaptability problems like diseases/insect 
pest. The situation necessitates the development of 
local hybrids and varieties to reduce the import bills 
and threats to the local ecology.  
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Genetic variability is the main tool of plant breeder to 
start any breeding programme. Presence of genetic 
variability is assessed as a first step for the 
development of high yielding and better-adapted 
varieties/hybrids. Correlation coefficient analysis 
measures the mutual relationship among various plant 
characters and determines the component characters 
on which selection can be based for improvement in 
yield. Path coefficient analysis is a powerful statistical 
technique which provides means to quantify the 
interrelationship of different yield components and also 
indicates whether the influence is directly reflected in 
seed yield or takes some other pathway for ultimate 
effect and also help in partitioning the genetic 
correlation coefficients into its direct and indirect 
effects, so that the contribution of each causal variable 
to the resultant variable can be estimated.  The 
research work presented in the paper was planned to 

assess the genetic variability in sunflower genotypes 
for achene yield and its components. This study also 
aimed at the estimation of association among various 
plant traits at phenotypic and genotypic levels; and 
also to find out direct and indirect effects of these traits 
on achene yield. 
 
MATERIALS AND METHODS 
 
Twelve sunflower genotypes viz. A-43, A-75, A-88, A-
132, A-133, A-185, G-33, G-46, G-51, G-68, G-100 
and HBRS-1 were sown in the experimental area of the 
Department of Plant Breeding and Genetics, University 
of Agriculture, Faisalabad in 2005. Experiment was laid 
out following a Randomized Complete Block Design 
with three replications. Row to row distance was 
maintained 75 cm and plant to plant 30 cm. All 
recommended agronomic and cultural operations were 
followed uniformly for all the genotypes in each 
replication. 
At maturity, ten plants of each genotype were taken 
randomly from each replication and data were 
recorded on plant height (cm), stem diameter at base 
(mm), internodal length (cm), number of leaves per 

plant, head diameter (cm), achene weight per head (g), 
100-achene weights (g) and achene oil contents (%). 
The data collected were subjected to the analysis of 
variance following Steel and Torrie (1997) to estimate 
variability among the genotypes for the traits under 
study. Genotypic and phenotypic correlation 
coefficients were estimated among the traits following 
Kown and Torrie (1964). Direct and indirect effects of 
various traits on achene weight per head were 
computed according to the method given by Dewey 
and Lu (1959). 
 
RESULTS AND DISCUSSION 
 
Presence of genetic variability in the breeding material 
is a pre-requisite for any breeding programme for crop 
improvement. The mean squares from analysis of 
variance (Table 1) indicated highly significant 

differences among the genotypes for all the traits. This 
suggests the presence of sufficient genetic variability in 
the breeding material for the traits under study. 
Variability for these traits in sunflower has also been 
reported by many researchers (Sujatha et al. 2002; 
Nehru and Manjunath 2003; Ozer et al. 2003; Rao et 
al. 2003). The comparison of mean performance of the 
genotypes under study (Table 2) revealed that plant 
height, number of leaves per plant, internodal length, 
stem diameter at base, head diameter, 100-achene 
weight, achene weight per head and oil contents 
ranged from 127.9-254.6 cm, 11-16, 6.27-9.73 cm, 
8.47-11.30 cm, 13.90-18.57 cm, 4.57-7.13 g, 40.50-
70.10 g and 7.33-43.33 %, respectively. The breeding 
material used in the present study had better 
performance for plant height, 100-achene weight, 
achene weight per head and showed comparable 
performance for head diameter and oil contents 
compared to the ranges reported in the literature i.e. 
78.76-174.3 cm for plant height (Gurbuz and Arsalan 
1993; Hussain et al. 1994; Hussain et al. 1995), 3.33-
5.88 g for 100-achene weight (Hussain et al. 1994; 
Hussain et al. 1995), 24.60-42.24 g for achene weight 
per head (Hussain et al. 1994), 8.75-19.62 cm for head 

Table 1. Mean squares from the analysis of variance for various plant traits among 12 genotypes of 
sunflower 

SOV DF PH NLP IL SD HD HAW AWH OC 
Genotypes 11 37.78** 9.09** 2.07** 2.56** 5.05** 1.69** 191.11** 52.44**

Replications   2 11.00 7.00 0.25 0.78 2.07 0.05   72.36   6.43 
Error 22 72.62 2.76 0.09 0.19 0.78 0.07   48.27   2.69 

* * = Significant at 0.01 probability level,  SOV = Source of variance DF = Degree of freedom, PH = Plant height, 
NLP = No. of leaves per plant, IL = Internodal length, SD = Stem dia. at base HD = Head diameter, 
HAW = 100-Achene weight, AWH = Achene weight per head, OC= Oil contents
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diameter (Gurbuz and Arsalan 1993; Hussain et al. 
1994; Hussain et al. 1995), 33.20-43.73 % for oil 
contents (Gurbuz and Arsalan1993; Hussain et al. 
1995). The variability in the breeding material used in 
the present study can be exploited for the improvement 
of sunflower for higher achene yield.  
The genotype HBRS-I had the best performance for 
plant height, stem diameter at base, head diameter, 
100-achene weight, achene weight per head and oil 
content. This genotype also had the highest 
percentage of droopy type heads. Genotype G-46 also 
had good results for plant height, internodal length, 
stem diameter at base, 100-achene weight, and 

achene weight per head. A-185 and A-132 were also 
found as good performing genotypes for number of 
leaves per plant, head diameter and achene weight per 
head (Table 2). These genotypes can be used as 
parents in the hybridization programmes for the 
development of high yielding sunflower hybrids.  
Plant height, internodal length and head diameter had 
positive and significant correlation with achene weight 
per head at both genotypic and phenotypic levels 
(Table 3). The correlations of 100-achene weight with 
stem diameter and head diameter were also positive 
and significant. Nirmala et al. (1999), Ashoke et al. 
(2000), Dagustu (2002), Gill et al. (2003), Mahmood 

Table 2. Mean values from analysis of variance for various traits in sunflower 

Genotypes PH NLP IL SD HD HAW AWH OC 
A-75 233.9 c 13 bcd 8.60 bcd 11.27 a 15.27 cd 6.16 cd 55.45 bc 41.00 ab 
A-132 251.6 ab 11 d 8.83 bc 10.63 abc 16.70 bc 6.50 bc 59.43 abc 39.33 bcd 
G-46 254.6 a 11 cd 8.63 bcd 11.13 ab 16.57 bc 7.13 a 65.77 ab 40.00 bcd 
A-185 242.2 abc 14 abc 8.60 bcd 10.50 abc 17.23 ab 5.96 d 65.21 ab 38.67 bcd 
A-133 238.4 abc 12 cd 9.73 a 10.00 cd 16.70 bc 6.16 cd 70.10 a 41.00 ab 
G-51 234.9 bc 15 ab 8.53 bcde   8.67 e 16.80 bc 5.40 e 55.90 bc 40.33 bc 
G-100 127.9 e 16 a 6.26 g   9.57 d 15.27 cd 5.43 e 40.50 d 40.00 bcd 
A-43 235.7 bc 14 abcd 7.96 ef 10.40 bc 14.33 d 6.06 cd 52.70 bcd 37.67 cd 
A-88 202.8 d 11 d 8.13 def 10.33 bcd 15.50 cd 5.90 d 56.37 bc 37.33 d 
G-68 240.5 abc 14 abcd 9.00 b 10.00 cd 16.23 bc 6.90 ab 50.66 cd 40.00 bcd 
HBRS-1 250.2 abc 13 bcd 7.83 f 11.30 a 18.57 a 7.10 a 62.60 abc 43.33 a 
G-33 252.8 a 13 abcd 8.30 cdef   8.47 e 13.90 d 4.56 f 53.27 bc 40.33 bc 

PH =Plant height,   NLP = No. of leaves per plant,   IL = Internodal length,   SD = Stem diameter at base, HD = Head diameter, 
HAW = 100-Achene weight,   AWH = Achene weight per head,   OC = Oil contents. 
 
Table 3. Genotypic (upper value) and phenotypic (lower value) correlation coefficients among various 

plant traits in sunflower 

Variables NLP IL SD HD HAW AWH 
PH 0.617* 

0.361 
0.795*

0.709** 
0.219 
0.186 

0.281*

0.260 
0.343 
0.314 

0.759*

0.599** 

NLP  0.643*

0.438* 
0.584*

0.393 
0.259 
0.028 

0.539* 

0.362 
0.905*

0.328 
IL   0.112 

0.086 
0.274 
0.206 

0.285 
0.284 

0.887*

0.515* 

SD    0.475 
0.343 

0.856* 

0.743** 
0.485 
0.303 

HD     0.678* 

0.559** 
0.544*

0.626** 

HAW      0.462 
0.382 

* = Significant at 0.05 probability level,  * * = Significant at 0.01 probability level,  PH = Plant height 
NLP = No. of leaves per plant,  IL = Internodal length,   SD = Stem dia. at base,   HD = Head diameter 
HAW = 100-Achene weight,   AWH = Achene weight per head
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and Mehdi (2003), Nehru and Manjunath (2003), Ozer 
et al. (2003) and  Rao et al. (2003) have also reported 
positive and significant correlations of plant height, 
internodal length, stem diameter at base, head 
diameter and 100-achene weight with achene weight 
per head. 
Path coefficient analysis (Table 4) revealed that 
internodal length followed by stem diameter at base 

and head diameter, respectively had the highest 
positive direct effects on achene weight per head. The 
highest indirect effect on achene weight per head was 
recorded from 100-achene weight via stem diameter, 
followed by plant height via internodal length. 
Furthermore, indirect effects of stem diameter and 100-
achene weight on achene weight per head via head 
diameter were also positive and high. Visic (1991), 
Alvarez et al. (1992), Marinkovic (1992), Punia and Gill 
(1994), Patil et al. (1996), Lal et al. (1997), Nirmala et 
al. (1997), El-Hosary et al. (1999), Ashoke et al. (2000) 
and Tahir et al. (2002) have also reported positive 
direct effect of internodal length followed by stem 
diameter at base and head diameter on achene weight 
per head. The results of correlation analysis and path 
analysis suggest that head diameter, 100-achene 
weight and stem diameter are the real components of 
achene yield per plant. Achene yield can be enhanced 
by improving these plant traits. Furthermore, these 
traits can also be used as indirect selection criteria for 
achene yield per plant. 
 
CONCLUSION 
 
From the present research, it is concluded that the 
breeding material used in this study has sufficient 
genetic variability that can be exploited in further 
breeding programmes. Furthermore, achene weight 
per head depends on stem diameter at base, head 
diameter and 100-achene weight. These characters 
can be used as indirect selection criteria to improve 
achene yield. 
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