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Abstract: There is considerable shortage of edible oil in Pakistan because the local production doesn’t meet
the requirements. So the domestic production should be improved to fulfill the demand of the time by enhancing
the genetic potential of oilseed crops. The main objective of the current research was to examine general
combining ability (GCA) and specific combining ability (SCA) that would be helpful in future breeding programs
and  to  develop  high  yielding  hybrids of sunflower. The 15 parent lines consisted of 10 females (lines) and
5 males (testers), obtained from the Department of Plant Breeding and Genetics, University of Agriculture,
Faisalabad, were crossed using line × tester mating system in a randomized complete block design (RCBD) with
three replicates. The breeding material was evaluated for all traits, viz. plant height, leaf area, internodal length,
number of leaves per plant, stem girth, head diameter, days to 50% flowering, days to maturity, 100-achene
weight, achene yield per plant and achene oil contents. Among the lines B2.1, 135 and A5.3 and among the
testers line 90 were found to be the best general combiners for most of the yield and related traits. Six crosses
out of fifty namely A10.11×C2.11, A5.3×A2.25, A5.3×line 90, C2.25×B11.11, A5.3×A10.23 and B2.1×B11.11 were
found to be the best as they had high SCA effects for most of the plant traits. Among all the crosses,
A10.11×C2.11 was found to be the best cross and it can be used as a high yielding hybrid. The interaction term
i.e., line × tester was also significant for all the traits studied. Estimation of variances due to GCA and SCA and
their ratio revealed predominance of non-additive type of gene action in these traits which can be exploited for
the development of new hybrids with improved yield and its related traits.
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INTRODUCTION and erucic acid contents, their oil cannot be used more

The economy of Pakistan at present, has been So it can’t be used as a regular cooking oil [1,2].
overburdened with millions of dollars that are spent on To tackle these problems, we should move towards
the import of main food items. Edible oil is the second non-conventional oilseed crops that are soybean,
largest import commodity that marks Pakistan as the 3rd safflower and sunflower [5]. Safflower and soybean
biggest importer of edible oil in the world [3]. Total contribute very less (less than 1%) whereas, sunflower
availability of edible oil from all sources was estimated at contributed 16% towards edible oil production [7].
2.325 million tons during 2013-14. Local production was Sunflower (Helianthus annuus L.) is the fourth
0.606 million tons whereas, 1.719 million tons of edible oil largest source of vegetable oil at the world level after
valued at Rs. 148.63 billion (US$ 1.43 billion) has been soybean, palm and rapeseed. Sunflower oil traditionally
imported which is a huge amount affecting Pakistan’s been found as a high quality product in the world oil
economy (7).In the total local production, cotton seed market. It is extensively grown in Russia, China, France,
shares about 71% whereas, mustard and rapeseed share USA, Spain, Argentina and India. It is taking major
about 11% in the total national edible oil production [6]. position in the oilseed economy both at global and
Unfortunately, due to presence of high glucosinolates national  level. Now it is grown on over 21 million hectares

than  5%  for   blending   in the   manufacture   of  ghee.
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worldwide [16]. Presence of genetic variability is tested as variance according to Steel et al. (1997) [20]. Data were
a mandatory step for  the  development  of  high  yielding further analyzed for general and specific combining
and better adapted hybrids. To develop the genetic abilities following Line × Tester analysis given by
variability for selection of superior genotypes, it is Kempthorne (1957) [10]. The significance of GCA and
necessary to identify superior parents for hybridization SCA effects were estimated at the 0.05 and 0.01 levels
[4].  Hybrids  of sunflower could be bred as more uniform, using the t-test.
self-fertile, vigorous and diseases resistant [10]. One of
the important steps in the development of hybrid is RESULTS AND DISCUSSION
assessing inbred lines for specific combining ability
(SCA) and general combining ability (GCA). One of the Mean squares depicted highly significant differences
most efficient methods among all, for examining large among lines for all the traits except for stem  girth  and
number of inbred lines, is the line × tester analysis, which 100-achene weight (Table 1). Testers presented significant
provides information of GCA and SCA effects for differences for all the traits except stem girth. However,
knowing the genetic base of important traits of plant [11]. highly significant (P<0.01) differences were displayed by
A role is played by both additive and non-additive line×tester interaction for all traits, except 100-achene
components of genetic variance in the inheritance of seed weight. Lines exhibited significant differences for all the
yield [15]. Based on the combining ability analysis of characters, except for 100-achene weight and oil contents.
different characters, higher SCA values refer to dominant Line × Tester interaction was significant for all the
gene effects and higher GCA effects indicate a greater role characters except 100-achene weight. Parents vs crosses
of additive gene effects controlling these characters. If were significant for most of the characters, except days to
both the GCA and SCA values are not significant, maturity, internodal length, 100-achene weight and achene
epistatic gene effects share an important role in yield per plant. This showed that variability is present in
determining these characters. the genotypes for yield and its related traits, so these may

In the current research study, parents and hybrids be exploited in the hybrid breeding program of sunflower.
were evaluated by line × tester design. GCA and SCA Significant differences in parents vs crosses indicated the
were  estimated  to  identify  superior sunflower presence of heterosis in the crosses that may be
genotypes for early maturity, high achene yield and oil manifested for the development of high yielding
contents. sunflower hybrids. Significant differences have also been

MATERIALS AND METHODS (1,11) for achene yield and its components. Non-

The 15 parental genotypes of sunflower consisted of days to maturity, plant height, head diameter and seed
10 lines and 5 testers, obtained from the Department of yield have also been reported by many investigators
Plant Breeding and Genetics, University of Agriculture, [5,8,16,19].
Faisalabad. Lines were selected on the basis of their Variances due to SCA were higher than the variances
diverse origin. Lines and testers were crossed through due to GCA for all the traits studied (Table 1). Magnitude
controlled pollination in a line × tester fashion during of GCA and SCA variances revealed that the non-additive
summer, 2013. In this way, 50 crosses were developed for effects of genes were higher than additive effects for all
further study. The seeds of 50 crosses and their 15 the traits studied. Non additive gene action is also
parents were planted in the field during spring 2013, revealed by the degree of dominance which is greater than
following a randomized complete block design with three unity for all characters except days to maturity and head
replications. The seeds were sown in rows keeping 25 cm diameter. All the traits would be able to utilize the
plant to plant and 75 cm row to row distance. All the heterotic effects of their genotypes which are in
agronomic and cultural practices were performed agreement with the findings of Shankar et al. (2007) [17].
uniformly from sowing till harvest. Ten plants of each Dominant gene effects were reported for number of leaves
entry in each replicate were taken at random and data were per plant, days to 50% flowering and head diameter by
recorded for plant height, leaf area, internodal length, Naik et al. (1999), Skoric et al. (2000), Sarfraz et al. 2014ab
number of leaves per plant, stem girth, head diameter, and Marinkovic et al. (2000) [14,15,16,17,18,19]. Over
days to 50% flowering, days to maturity, 100-achene dominance effects for leafarea, plant height and 100-
weight, achene yield per plant and achene oil contents. achene weight were also reported by  Naik et al. (1999)
The data recorded were subjected to the analysis of and Skoric et al. (2000) [15,18].

reported by early researchers among sunflower genotypes

significant mean square values for L × T interaction in
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Table 1: Mean squares from ANOVAs of studied traits of 65 sunflower genotypes. 

SOV df D50 F DTM PH LA IL NLP SG HD 100-AW AYP OC%

Replicates 2 4.8* 4.8* 0.6 3.2* 61.4** 0.1 11.4** 0.9 1.9 0.2 0.1

genotypes 64 13** 13.57** 42.35** 1798.59** 1958** 8.43** 70.63** 4.13** 43.35** 0.7 218**

Parents 14 11** 11.57** 78.84** 1698.61** 2425** 3.92** 88.59** 3.844** 25.34** 0.2 234**

Crosses 49 13** 13.68** 32.78** 1797.85** 9942** 9.88** 37.52** 3.76** 38.99** 0.9 218**

Parents vs Crosses 1 36** 36.33** 0.4 3234.61** 4265** 0.1 1441.8** 26.33** 509.00** 0.4 1.6

Lines 9 16** 16.86** 57.14** 2956.57** 7829** 13.37** 99.05** 5.69** 23.63** 0.4 191**

Testers 4 3.5** 3.51** 142** 930** 2230** 20.28** 18.05** 1.1 28.01** 5.01** 503**

Line × Tester 36 14** 14.01** 14.50** 1604.54** 9098** 7.86** 24.3** 3.56** 44.05** 0.6 193**

Error 128 0.9 0.9 0.9 2.9 21.3 0.3 7.1 0.2 0.5 0.3 1.1

gca 1.36 3.79 15.1 265 0.39 1.52 0.16 -0.81 0.09 6.85 0.182

sca 14.3 14.2 1603 9091 7.84 21.9 4.84 43.9 0.57 193 2.812

sca/ gca 10.5 3.74 106 34.3 19.7 14.4 28.5 -54.2 6.11 28.2 11.22 2

( 2D/ 2A) 2-Jan 2.62 0.93 26.6 8.57 4.92 3.6 7.13 -13.5 1.53 7.05 15.6

Significant at 0.05 level.

Significant at 0.01 level.**

SOV: Source of variance; df: Degree of freedom; D50%F = days to 50% flowering, DTM = days to maturity, PH = plant height, LA = leaf area, IL = internodal

length, NLP = number of leaves plant-1, SG = stem girth, HD = head diameter, AYP = achene yield plant-1, 100-AW = 100 achene weight and OC = Oil

content

Table 2: General combining ability effects of sunflower lines and testers for yield and its components.

DT50%F DTM PH LA IL SG HD NLP 100-AW AYP OC

Lines

A2.2 0.4 1.7** 12** 17.7** -0.6** -0.5** 1.0** -5.3** 0.2** -4.1** 0.6**

A5.3 0.2 0.9** -15** -23** 0 0 -0.7** 2.1** 0.2** 7.2** 0.8**

A10.11 1.0** -1** 17.4** 2.1 -0.4** 0.1** 0.7** 1.9** -0.01 -3.5** 1.2**

B2.1 -0.4 -4** 10.3** 5.0** 0.1* 0.3** 1.6** -3.6** -0.1** 2.5** -0.5**

C2.15 -1.2 -0.5 -8.4** 25.6** -1.7** -1.2** -2.2** 0.2 0.3** -2.4** -0.9**

C2.17 1.8** 0.5 -2.1** 7.0** -1.0** 0.4** 0.9** 0.2 0.1 -0.5** -0.7**

C2.25 -0.4 1.4** -21** -50** 0.9** -0.1 -1.5** 2.3** 0.01 1.0** -0.4**

C2.27 1.0** 0.4 16.6** 11.3** 1.0** 0.7** -0.1 2.2** -0.2** 3.4** 0.04

C3.3 -0.6* -1** 3.7** -12** 1.3** -0.5** -0.8** 0.4 -0.2** -3.1** 0.4**

Line 135 -1.6** 2.7** -12** 17.6** 0.4** 0.8** 1.0** -0.4 -0.2** -0.4** 0.08

Standard error (lines) 0.3 0.2 0.4 1.2 0.4 0.05 0.2 0.7 0.03 0.3 0.5

Testers -0.5** -1** -0.8* -13** -0.8** 0.1* 0.2 0.4 0.6** -1.7* -0.5*

A2.25

A10.23 -0.1 3.3** -9.0** 35.5** -0.6** 0.2** -0.2 0.01 0.1** 4.1** 0.8**

B11.11 0.1 -1** 2.0** -9.7** 0.1** 0.2** 1.2** 0.02 0.1** 0.1** 0.03

C2.11 0.2 1.1** 1.7** 19.9** -0.01 -0.2** 0.3* 0.8 -0.2** -6.0** 0.4**

Line 90 0.4* -1** 6.0** -32** 1.3** -0.2** -1.4** -1.3* -0.5** 3.5** 0.06

Standard error 0.2 0.2 0.3 0.8 0.03 0.03 0.1 0.5 0.02 0.2 0.1

Significant at 0.05 level. Significant at 0.01 level.**

DT50%F  = days  to  50%  flowering,  DTM = days to maturity, PH = plant height, LA = leaf area, IL = internodal length, NLP = no. of leaves plant-1,

SG = stem girth, HD = head diameter, AYP = achene yield plant-1, 100-AW = 100 achene weight and OC = Oil contents
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Table 3: Specific combining ability effects of 50 sunflower crosses for yield and related traits.

Crosses DT50%F DTM PH LA IL SG HD NLP 100AW AYP OC

A2.2 × A2.25 1.3** -4.7** 6.9** 42.4** -0.9** 0.9** 0.03 -0.7 -0.6** -4.6** 0.9**
A2.2 × A10.23 0.5 -1.4** 24.7** -15.7** -1.8** 0.8** 3.5** -1.1 -0.1* 3.3** 0.9**
A2.2 × B11.11 -1.3** -1.8** -18.2** -20.5** -1.5** 0.9** 1.1** -0.7 0.3** -4.7** -1.8**
A2.2 × C2.11 -1.9* 0.5 -23.8** 1.5 -1.3** -1.1** 1.7** -4.7** 0.2** -11.9** -1.5**
A2.2 × Line 90 -0.8 -2.8** 30.9** 31.7** -0.2* -0.5** -5.4** -0.2 0.3** -1.9** -0.3**
A5.3 × A2.25 -2.9** -2.7** 27.0** -30.6** 1.4** -0.2* -2.7** 0.1 0.7** -5.7** 1.8**
A5.3 × A10.23 1.1* 0.3 -1.6 13.6** 0.9 -0.5** 2.3** 2.4 -0.7** 6.7** 0.8**
A5.3 × B11.11 -1.3* -0.6 10.9** -29.6** 1.4** 0.3** 2.2** 0.2 -0.7** -0.3 -0.05
A5.3 × C2.11 -1.7* 3.6** -25.7** -5.6* 0.3** -1.4** 1.9** 2.7 0.3** 0.7 -0.8**
A5.3 × Line 90 0.3 0.5 -31.9** 13.7** 2.5** 0.6** -4.6** 2.2 0.3** 17.7** -0.1
A10.11 × A2.25 0.9* -2.9** 6.6** -88.4** -1.9** 1.3** 0.2 -1.3 0.7** -4.4** -2.2**
A10.11×A10.23 2.1** 0.3 -18.5** -95.3** -0.6** 0.08 -1.5** -1.6 0.7** 4.2** 2.3**
A10.11 B11.11 -0.7 0.9 38.9** 128.2** 1.9** -0.8** -6.0** 0.5 -0.2** -3.3** 0.5**
A10.11×C2.11 -0.3 0.3 -13.9** 26.8** -1.6** 0.8** 1.9** 6.2** -0.3** 11.8** 0.7**
A10.11×Line90 -1.5** 0.3 14.1** 4.1 0.9** -0.7** -6.4** -0.2 0.006 9.1** -1.2**
B2.1 × A2.25 -3.5** 1.7** -29.5** -23.3** 0.4** -0.1 0.7 0.5 -0.4** -9.5** -2**
B2.1 × A10.23 0.7 -0.5 -8.1** 61.8** 3.2** 1.0** 4.2** -2.1 -0.2** 5.9** 0.8**
B2.1 × B11.11 -3.3** 1.5** 0.4 0.3 0.6** 0.5** 2.3** -1.8 0.4** -1.7** 1.2**
B2.1 × C2.11 -0.8 -0.9 32.4** -17.1** 1.3** -1.4** 2.3** -0.8 -0.2** -3.2** 1.4**
B2.1 × Line 90 -1.8* -0.7 -21.5** 2.9 -3** -0.8** 2.4** 0.8 -0.4** -8.4** 0.2**
C2.15 × A2.25 -2.8** -2.5** -9.1** -6.4* 3.1** -0.4** -3.8** -4.8** 0.02 -4.2** -1.6**
C2.15×A10.23 0.9 1 -8.6** -27.7** 0.8** -1.7** 2.4** 2.5 0.001 7.6** -0.1
C2.15×B11.11 1.1** -2.4** -0.5 -14.6** 0.9** 0.9** -1.9** 0.5 0.3** 6.3** 0.8**
C2.15 × C2.11 0.5* 0.3 15.2** -16.3** 0.9** -0.9** 0.1 -3.2* 0.5** -0.3 0.1
C2.15×Line 90 0.3 1.4* -37.5** -55** -0.7** -0.7** 2.9** 1.4 -0.4** -2.1** 0.5**
C2.17 × A2.25 1.3* 0.8 19.1** 70.5** -0.3** -0.2* -0.7 -0.8 -0.5** 14.4** 0.8**
C2.17 × A10.23 -2.5** -1.5** 15.6** 7.7* -3.0** 1.1** -1.8** 0.8 0.2** -5.9** 0.7**
C2.17 × B11.11 -2.9* 0.5 -2.5* 10.9** 0.1 0.2* 2.2** 2.2 0.02 -7.5** -1.5**
C2.17 × C2.11 0.7* -2.2** -17.7** 49.6** -1.6** 1.7** 1.8** 0.8 0.02 -6.9** -1.2**
C2.17 × Line 90 2.7** 0.3 26.3** -18.3** 0.2* 0.2* -1.3** 0.5 -0.1* -1 -0.4**
C2.25 × A2.25 -1.4** 0.4 14.5** -29.9** -0.6** -1.5** 2.9** 1.1 -0.1 -2.0** 1.9**
C2.25 × A10.23 -3.2** -3.1** -24.0** 92** 0.9** -0.6** -7.1** -0.5 -0.8** -13.5** 0.7**
C2.25 × B11.11 -3.0** -1.7** -12.7** -55.4** -1.4** 0.2* 3.2** -1.9 0.03 -0.1 -0.04
C2.25 × C2.11 -1.6** -1.1* 9.4** 22.2** 2.0** 1.2** -4.4** 0.3 -0.1* -1.4* -0.6**
C2.25 × Line 90 2.2** -2.4** -16** 34.7** -1.5** 0.03 4.9** -3.9* 0.01 -0.8 -0.2
C2.27 × A2.25 0.2* 0.7 10** -62** 0.1 -0.5** -0.8* 2.9 0.03 -2.5** -2.5**
C2.27 × A10.23 0.4 1.4* -17** -5.8* 0.3** -0.2* -2.0** -1 0.5** 1.1 2.8**
C2.27 × B11.11 -2.0** 1.1 -16.5** -33.6** -1.3** 0.2 1.3** -0.9 -0.1 6.5** 0.6**
C2.27 × C2.11 -3.6** -3.0** 13** -32.3** 0.4** 0.3** -0.8 1.2 0.2** 12.0** 0.9**
C2.27 × Line 90 -1.4* 1.9** 39.6** 70.1** 1.3** 0.7** 2.7** 2.7 0.4** 0.8 -1.4**
C3.3 × A2.25 1.4* 0.3 -18.9** 82.3** 0.4** -0.7** 0.6 5.8** 0.04 14.8** -2.3**
C3.3 × A10.23 -0.4 3.2** 26.9** 47.3** 0.7** 1.4** 2.6** 0.8 0.1* -1.3* 0.5**
C3.3 × B11.11 -2.2** 0.2 -6.9** -37.6** 0.9** -1.3** 3.7** 1.5 -0.4** 1.5* 1.9**
C3.3 × C2.11 -3.2** 0.1 12.3** -34.2** 0.5** 0.1 0.6 1.5 -0.3** 1.3* 1.3**
C3.3 × Line 90 -1.0* -3.5** 8.5** -15.5** 1.5** 1.9** 4.0** 3 0.1* -3.8** 0.3**
Line135 × A2.25 -1.0* -0.4 -26.7** 45.4** -1.6** 1.1** 3.5** -2.7 0.1 3.4** -1.7**
Line135×A10.23 0.2 0.6 11.6** -77.6** -0.6** -1.4** -2.6** -0.1 0.3** -8.1** -0.1
Line135×B11.11 2.8** -2.4** 7.5** 52.2** -0.5** -1.4** -8.0** 0.2 0.4** 3.1** 0.8**
Line 135×C2.11 -2.6** -3.4** -1.9 5.5* -0.4** 0.9** -5.3** -3.9* -0.3** -1.9** 0.1
Line135×Line90 -0.6 -1.6** -12.4** -67.9** -1.0** -0.6** 0.9* -6.1** -0.1* -9.0** 0.6**
S.E(SCA) 1.3 0.8 1 2.7 0.1 0.1 0.4 1.5 0.1 0.6 0.07

Significant at 0.05 level. Significant at 0.01 level.**

DT50%F  =  days  to  50%  flowering,  DTM = days to maturity, PH = plant height, LA = leaf area, IL = internodal length, NLP = no. of leaves plant-1,
SG = stem girth, HD = head diameter, AYP = achene yield plant-1, 100-AW = 100 achene weight and OC = Oil contents
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The combining ability analysis showed variable and  60 %  of  traits,  respectively.  High  SCA  effects
direction and magnitude of general combining ability were due to high × low, low × high and low × low
(GCA) effects (Table 2) among lines and testers. combining lines × testers which further determine the
Accession B2.1 was found best general combiner among operation of non-additive gene action for the characters
the female parents for yield and yield components as it under study.
had significant and positive GCA effects for most of the Significant and negative SCA effects have been
characters.  Accessions Line135 and A5.3 were also good illustrated by the hybrids (Table 3); C2.27 × C2.11, B2.1 ×
general combiners for some important yield and related B11.11, A2.2 × A2.25, A5.3 × C2.11 and C3.3 × Line 90 for
traits. Among the testers, accession Line90 had days to flowering and days to maturity. These traits also
significant  and  positive  GCA  effects  for  most  of  the indicated non-additive gene action due to high × low, low
traits  and  proved  a  good   general   combiner  among × high and low × low so, heterosis breeding may be
the testers. It is obvious from these results that these rewarded. These results were in accordance with the
parental  lines  can  be  used  in the development of research work of Bajaj et al. (1997) [4,18,19].
hybrids   for   higher   yield   which   can   grow  rapidly Hybrid combinations (Table 3) like C2.27 × Line 90,
and establish a good stand. These results were in A10.11 × B11.11, C2.25 × A10.23, A10.11 × C2.11 and B2.1
accordance   with  the   findings   of   Shankar   et  al. × A10.23 showed the highest significant SCA effects for
(2007) [17]. Large leaf area and maximum numbers of all the lodging resistance traits under study viz plant
leaves  per  plant,  less  internodal  length and short height, leaf area, number of leaves per plant and
stature  is prerequisite for lodging resistant and high internodal length. For stem girth, C3.3 × Line 90 followed
yielding  hybrid  progeny.  All  the  lines  showed by C2.25 × C2.11 hybrids depicted considerable
extremely significant GCA effects for days to maturity performance.
except  C2.15,  C2.17  and  C2.27,  while  all the lines For 100-achene weight, hybrids; A10.11 × A10.23 and
showed   momentous   GCA   results   for   plant  height A5.3 × A2.25 and for achene yield per plant,  hybrids;
and achene yield per plant. These results are in A5.3 × Line 90, C3.3 × A2.25 and C2.17 × A2.25 depicted
accordance with the finding of Goksoy et al. (2000) [6]. highly significant SCA effects. These results are in
So, careful selection criteria should be implemented for accordance with the findings of Lande et al. (1997) and
plant height and days to maturity. Lines showed Lokendra et al. (1997) [12,13,18]. They reported additive
significant results for head diameter, However, these gene effects for leaf area and plant height. Hybrids
results do not match with the findings of Kaya and progeny; C2.27×A10.23 followed by A10.11×A10.23 and
Atakisi (2004) [8]. Testers (Table  2)  demonstrated  highly C2.25 × A2.25 demonstrated highly significant SCA
significant GCA effects for all the traits  under  study effects for oil content.
except days to 50% flowering and number of  leaves  per
plant. These results are in accordance with the  findings CONCLUSION
of Shankar et al. (2007) [17,19]. The  general  criteria  for
testing the GCA performance of lines can be judged by It is concluded from the above research study that
using testers with low yield performance and non- adequate genetic variability has been found in the
significant traits. The parents, that showed good GCA for breeding material which can be introduced in further
economic qualities can be used in hybridization programs breeding programs. According to SCA and GCA
extensively. variances, this character has been under the control of

Selection criteria   for   the   identification of non-additive gene action. Further analysis discovered
desirable  hybrids  with  the  characters  like;   days to that over-dominance gene action controlled these plant
50% flowering,  days  to  maturity  for  early maturity, characters. Hence to improve yield and related traits,
plant height, leaf area, number of leaves per plant and heterosis breeding is suggested for using these sunflower
internodal length for lodging resistance, heat diameter, breeding materials. Among the lines, B2.1, Line135 and
100-achene weight and achene yield per plant for A5.3 showed highest GCA effects and considered to be
economic  yield  and  oil  content   for   oil  percentage good general combiners for almost 80% of traits under
must  be  taken  under  consideration  as   the  objectives study. These lines can be helpful if considered in future
of the present study. Cross combinations (Table 3); heterosis breeding programs. Line90 and A2.25 found to
A10.11 × C2.11 and B2.1 × B11.11 showed tremendous be good general combiner testers. Cross combinations;
SCA  effects  for  more  than  80%  parameters  under A10.11 × C2.11 and B2.1 × B11.11 showed tremendous
study, while A5.3 × A2.25 and A5.3 × Line 90 depicted SCA performance for more than 80% of parameters under
extremely significant  SCA  effects  for  more  than  70% study.
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Finally, it is concluded that non-additive type of 9. Kempthorne, O., 1957. Introduction to genetic
gene action was found for all of the plant characters, statistics. John Wiley and Sons, New York, USA.
which can be desirable for heterosis breeding and may be 10. Lande, S.S., D.G. Weginwar, M.C. Patel, A.R. Imbore
exploited in hybrid seed production. and P.W. Khorgade. 1997. Gene action, combining

ACKNOWLEDGMENT (Helianthus annuus L.) through line × tester

I record my profound gratification with  intense 11. Lokendra, K., M. Singh, R.K. Sheoran and L. Kumar,
sense of gratefulness to my ever affectionate supervisor, 1997. Inheritance of achene yield  and  its
Dr. Hafeez Ahmad Sadaqat, Professor, Department of components in a sunflower population. J. Oilseeds
Plant Breeding and Genetics, University of Agriculture, Res., 14: 168-171.
Faisalabad for his guidance, moral support and 12. Marinkovic, R., D. Skoric, B. Dozet and D. Jovanovic,
encouragement with professional  competencies during 2000. Effect of PET1 and ANN5 cytoplasms on some
my studies and research. quantitative traits in sunflower lines and hybrids.

I acknowledge the spiritual inspiration  of my Helia, 23(32): 73-86.
adoring father, Aleemud din Umer (Late) who had always 13. Naik, V.R., S.R. Hiremath and J.K. Girira, 1999. Gene
encouraged me throughout his life and gave me the action  in  sunflower.  Karnataka.  J.  Agric.  Sci.,
strength to withstand every difficulty of life. 12(1-4): 43-47.

REFERENCES A.R.G. Suman and A.V. Sridhar. 2007. Combining

1. Amin, W., Saif-ul-Malook, S. Ashraf and Amir Bibi, sunflower (Helianthus annuus L.) Indian J. Agric.
2014b. A review of screening and conventional Res., 41: 171-176.
breeding under different seed priming conditions in 15. Skoric, D., S. Jocic and I. Molnar. 2000. General
sunflower (Helianthus annus L.) Nature and Science, (GCA) and specific (SCA) combining abilities in
12: 23-37. sunflower. Zborniknaucnihradova, 6: 97-105.

2. Amin,  W.,  Saif-ul-Malook,  A.  Mumtaz,  S.  ashraf, 16. Škoriæ, D., S. Jociæ, N. Hladni and G. Vannozzi, 2007.
H.M. Ahmad, K. Hafeez , M. Sajjad and A. Bibi, An analysis of heterotic potential for agronomically1

2014a. Combining ability analysis and effect of seed important traits in sunflower (Helianthus annuus L.).
priming on seedling traits in Sunflower (Helianthus Helia, 30: 55-74.
annuus L.). Report and Opinion, 6: 19-30. 17. Steel, R.G.D., J.H. Torrie and D.A. Dicky, 1997.

3. Bajaj, R.K., K.K. Aujia and G.S. Chahal, 1997. Principles and Procedures of Statistics. A Biometrical
Combining ability studies in sunflower (Helianthus Approach. 2  ED. p. 204-227. McGraw Hill Book,
annuus L.) Crop Improvement, 24: 50-54. Tuas Basin Link, Singapore.

4. Gangappa, E., K.M. Channakrishnaiah, S. Rajesh and 18. Sarfaraz, M., Wasi-Ud-Din, Muhammad Sajjad,
M.S. Harini, 1997. Exploitation of heterosis in Muhammad  Wajid,  Muhammad  Khalid  Shabaz,
sunflower (Helianthus annuus L.) Crop  Res.  Hisar, Hafiz Mahboob Ahamed and HafizSalman Saeed.
13: 339-348. 2014. Effect of Planting Time and Nitrogen Levels on

5. Goksoy, A.T., A. Turkec and Z.M. Turan, 2000. various yield Components of Sunflower (Helianthus
Heterosis and combining ability in sunflower annus L.). Nature and Science, 12(12): 19-28. 
(Helianthus   annuus   L.)   Indian   J.   Agric.   Sci., 19. Sarfaraz, M., Wasi-Ud-Din, Saif-ul-Malook
70: 525-529. Muhammad Sajjad, Arfan Ali, Adila Iram, Ghulam

6. Govt. of Pakistan. 2012-13. Government  of  Pakistan. Mustafa, Muhammad Khalid Shabaz, Haris Ahmed,
Ministry of Food, Agriculture and Livestock,
Economic Advisor Wing, Islamabad, Pakistan.

7. Habib, H., S.S. Mehdi, A.  Rashid,  M.  Zafar  and
M.S.   Anjum,   2007.   Heterosis   and  heterobeltosis
studies for flowering traits, plant height and seed
yield in sunflower. Int. J. Agric. and Biol., 9: 355-358.

8. Kaya, Y. and I.K. Atakisi, 2004. Combining ability
analysis of some yield characters of sunflower
(Helianthus annuus L.) Helia, 27(41): 75-84.

ability in relation to heterosis in sunflower

analysis. J. of Soil and Crops, 7: 205-207.

14. Shankar,   V.,    G.    Ganesh,    M.   Ranganatha,

ability  studies  in  diverse  CMS  sources in

nd

Tahir Rahman Samiullah Jamshaid Ali Junaid Saira
Azam, Saeed Ahmad Qasrani and Qurban Ali. 2014b.
Role of nitrogen and sowing date to improve yield of
Helianthus annus L.) to improve yield and oil
contents.-An overview. Int. J. Adv. Lif. Sci. (IJALS)
7(4): 691-698.


