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Over the years, the cultivation of sunflower has emerged as a popular cash crop and the area under it has increased during the
last decade in Pakistan because of its profitability than other competing crops. Besides, this crop needs little water, while its
harvesting time is short and it can easily be cultivated between two major crops. The present study was conducted to assess
the genetic potential of sunflower accessions for achene yield, achene weight and achene oil contents. The breeding material
consisted of more than 102 sunflower accessions out of which 9 were selected. Morphological, quality and yield related traits
recorded were; achene yield per plant, 1000 achene weight, oil contents, head diameter, leaf area, plant height, number of
leaves per plant, days to 50% flowering, days taken to maturity, days to complete flowering, intermodal length, stem girth,

palmitic acid, stearic acid, oleic acid, linoleic acid and protein contents.
Keywords: Sunflower, pyramiding, heterosis, combining ability, achene yield, oil contents.

INTRODUCTION

Sunflower hybrids having higher genetic potential for
achene yield and oil contents are required to fulfill the gap
between supply and demand of vegetable oil all over the
world. Like other cross pollinated crops sunflower hybrids
are popular due to high yield and uniformity. The foremost
prerequisite of hybrid development is the manifestation of
heterosis (Skoric et al., 2000; Hladni et al., 2007). It is vital
to find out the best parents with good combining abilities for
hybridization and superior combinations among them
(Gangappa et al., 1997). Higher general combining ability
(GCA) effects show additive gene effects whereas higher
specific combining ability (SCA) effects indicate dominance
gene effects. Epistatic effect may also be found due to the
non-significant of GCA and SCA effects (Fehr, 1993).

Important traits which directly contribute towards achene
yield are plant height, 1000 achene weight, head diameter,
days to 50% flowering and days taken to maturity (Kaya et
al., 2006; Mijic et al., 2006; Machikowa and Saetang, 2008).
Short statured plants having thick stems enhance crop stand
and promote stability and increase number of plants per
hectare (Suzer and Atakisi, 1993). Hybrids having shorter
plant height have same vyield potential as compared to
regular height hybrids (Schneiter, 1992; Velasco et al.,
2003a) and are impervious to lodging and stalk breaking
(Fick et al., 1985). Number of leaves per plant, days taken to
50% flowering and days taken to maturity are also important
factors for achene yield (Ghaffari et al., 2011; Jockovic et
al., 2012). The objective of this study was to develop

hybrids of sunflower having high achene yield with higher
oil contents percentage by pyramiding the studied traits
through classical breeding. The effect of general combining
abilities of inbred lines and specific combining abilities of F;
hybrids, heterosis, heterobeltiosis, commercial heterosis,
correlations and path-coefficient analysis were performed.

MATERIALS AND METHODS

The research work was conducted in the research area of the
Department of Plant Breeding and Genetics, University of
Agriculture, Faisalabad, situated in the rolling flat plains of
North East Punjab. It is between longitudes 73°-06 east,
latitude 30°-26 north and altitude is 184.4 m. It possesses
loamy soil in field with the 0.53% organic content. Total 102
accessions were sown in field in triplicated randomized
complete block design having row to row and plant to plant
distances 75 and 25 cm, respectively. Screening was done
for high achene vyield, weight and oil contents. The breeding
materials were selected on the basis of the highest
performance. The total selected populations consisted of 9
lines, three for each of high achene yield (), 1000 achene
weight (W) and achene oil contents (O). Data regarding
other yield attributed traits such as; plant height, head
diameter, days taken to 50% flowering, number of leaves per
plant, days taken to maturity, leaf area, days taken to
complete flowering, internodal length, stem girth, achene oil
profile (oleic acid, linoleic acid and linolenic acid) and
protein contents were also measured. The fatty acid profile
and protein contents were measured by NIR (System 6500,
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Software: WINISS-Version 1.02A). The selected 9 lines
were sown in the field as crossing block and crossing was
done in line x tester fashion (Kempthorne, 1957) of (Y13 X
W), (Y13 X O13) and (Wis x Oi3) generating 27 F
hybrids. The highest performing F1 hybrids were taken into
account for double crosses to pyramid Y, W and O traits
through controlled pollinations. The genetic materials were
used for genetic variability following Steel et al. (1997),
genetic analysis i.e., general combining ability (GCA) and
specific combining ability and heterosis analysis.

RESULTS AND DISCUSSION

All the accessions showed significant differences (Table 1-2)
for the achene yield, 1000 achene weight and oil contents,
suggesting that selection should be preferred in this
germplasm. Range of mean values of plant height (169 to
276 cm), achene yield per plant (31 to 70 g), oil contents
(23.99 to 52%), head diameter (16 to 23 cm), 1000 achene
weight (46 to 80 g), days to 50% flowering (44 to 58),
number of leaves per plant (16 to 28), days taken to maturity
(98 to 100), leaf area (463 to 907 cm?), days to complete
flowering (71 to 85), internodal length (4 to 7 cm) and stem
girth (3 to 5 cm) indicated that significant differences were
found among inbred lines, F1, F2 and double cross hybrids.

The combining ability analysis (Table 4-7) showed variable
direction and magnitude of general combining ability (GCA)
effects among lines and testers and specific combining
ability effects (SCA) among hybrids (Ghaffari et al., 2011).
The line A8 showed highest GCA for achene yield per plant
and 1000 achene weight, line A22 showed highest GCA for
oil contents and line A14.1 showed highest GCA for 1000
achene weight. The highest SCA was shown by crosses
ABxAl14.1, ABxAT.7 and Al4.1xA7.7 for oil contents and
the highest SCA for achene yield was shown by A8xA7.7
and A22xA2.5. It is obvious from these results that these
parental lines can be used in the development of hybrid seed
for higher yield which can grow rapidly and establish a good
stand. Most of the hybrids which made the best specific
combinations for various characters involved either one or
both of the parents with good general combining ability.
Some of the hybrids with significant and positive specific
combining ability involved the parents which were not good
combiners for the traits studied. It showed the importance of
non-additive genetic effects controlling these characters. The
hybrid combinations with high mean, with favorable SCA

estimates and involving at least one of the parents with high
GCA, would tend to increase the concentration of favorable
alleles and this is an appreciable situation to any breeder.
Most of the hybrids with high SCA effects for various
characters involved either one or both of the parents with
good general combining ability indicating the preponderance
of additive genetic effects. High SCA effects resulting from
crosses between higher general combiners can be improved
through early selection. High SCA effects resulting from low
GCA combiners suggested that such crosses may be utilized
for further improvement through single plant selection in the
later generations.

Genetic components of variability: The results were further
confirmed by computation of degree of dominance, additive
variance and dominance variances (Table 3). Average
degree of dominance (Vo2D/62A) was greater than one for
majority of the traits, while dominance variances were also
greater than the additive variances for majority of the traits
(Setty et al., 1977; Joksimovic et al., 2000). It became quite
clear that over dominance was primarily controlling majority
of the traits. Hence heterosis breeding could be effective in
exploitation of the genetic material (Hladni et al., 2007).
Heterosis manifestation: Heterosis was observed among the
hybrids over mid parent, better parents and standard hybrids
for various yield and yield related traits. The perusal of
Table 8 indicated that cross A22xA2.5 showed the highest
mid parent heterosis, cross A18.6xA2.5 showed the highest
better parent heterosis and cross A8xA7.7 showed highest
commercial heterosis for achene yield per plant. Highest mid
parent and better parent heterosis was shown by the cross
A18.6xA13.1 while cross A8xAl14.1 showed highest
commercial heterosis for 1000 achene weight. Highest mid
parent heterosis was shown by the cross A18.6xA14.1 while
cross Al18.6xA22 showed highest better parent heterosis for
oil contents. Highest commercial heterosis was shown by
A22xA2.5 for oil contents. Achene yield ranged from -26.42
to 14.21 for mid parent, -54.22 to 9.91 for better parent and
33.08 to 26.46 for commercial heterosis. Positive and
significant heterosis over mid, better and commercial was
observed for 1000 achene weight for crosses A18.6xA2.5
and A18.6xA13.1. 1000 Achene weight ranged from -2.07
to 12.16 for mid parent, -25.36 to 9.32 for better parent and -
30.44 to 7.89 for commercial heterosis. Positive and
significant heterosis over mid, better and commercial was
observed for cross A8xC2.19. Oil contents ranged from -
12.09 to 19.00 for mid parent, -30.23 to 17.21 for better
parent and 11.80 to 36.07 for commercial heterosis.

Table 1. Mean squares associated with achene yield, 1000 achene weight and oil contents.

S.0.v DF Achene Yield 1000 Achene Weight Oil Contents
Replication 2 15.78 28.55 33.48
Genotype 101 176.42** 344.83** 11.72**
Error 202 18.58 5.22 3.21

* = Significant at 5 % probability level; ** = Significant at 1 % probability level
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Table 3. Estimates of additive variance, dominance variance and degree of dominance in sunflower accessions
Genetic Components

Traits o’A o’D (6°D/6?A) *
AYx1000AW AYxOIL 1000AWxOIL AYx1000AW AYxOIL 1000AWxOIL AYx1000AW AYxOIL 1000AWxOIL

PH 110.08 315.79 28.35 182.51 111.96 99.44 0.77 1.67 0.53
AW 6.92 2.85 5.87 4.80 2.60 4.80 1.20 1.04 1.10
LA 1410.85 -68.21 287.65 4966.49 3503.96 900.81 0.53 0.13 0.56
DF50% 5.82 4.29 4.09 3.69 2.80 4.33 1.25 1.23 0.97
HD 0.93 0.66 0.56 1.95 1.85 2.08 0.69 0.59 0.51
AY 28.3 4.93 1.7 3.84 3.10 1.87 1.28 1.26 0.95
ocC 6.54 -1520.15 14 1.79 4.09 2.86 191 1.35 0.69
NL 2.94 -0.26 1.65 2.26 1.36 4.73 1.14 0.43 0.59
DM -0.67 7.29 1.94 0.63 0.96 1.05 1.03 2.75 1.35
DCF 8.59 9.44 10.01 2.73 0.52 1.30 1.77 4.26 2.77
IL 0.14 -0.03 -0.02 0.34 0.30 0.39 0.64 0.31 0.22
SG 0 0 0 0.14 0.11 0.22 0.17 0.17 0.03
PA 0.04 0.29 0.1 0.07 0.05 0.09 0.75 2.40 1.05
SA 0.01 0 0.03 0.03 0.03 0.03 0.57 0.51 1.00
OA 1.75 0.91 0.36 1.74 5.02 5.14 1.00 0.42 0.26
LinA 2.21 1.3 451 4.69 4.66 6.41 0.68 0.52 0.83
P 3.9 2.39 0.13 1.95 0.66 0.92 1.41 1.90 0.37

o’A=Dominance Variance, o?’D=Additive Variance, PH=Plant Height, AW=1000 Achene Weight, LA=Leaf Area,
DF50%=Days taken to 50% flowering. HD=Head diameter, AY=Achene yield per plant, OC=0il contents, NL=Number of
leaves per plant, DM=Days taken to maturity, DCF=Days taken to complete flowering, IL=Internodal length, SG=Stem
Girth, PA=Palmitic acid, SA=Stearic acid, OA=0leic acid, LinA=Linoleic acid and P=Protein

Table 4. Estimation of general combining ability effects of sunflower crosses AY 1000 X AW for yield and related

traits
GCA effects

Traits AYx1000AW AYxQOil 1000AWXQil

A8 A10.11 Al8.6 A8 Al10.11 Al8.6 Al4.1l C2.19 A22
PH -13.62**  -11.20** 24.83**  -11.37** -15.71** 27.08**  -12.42** -2.31 14.74**
AW 3.18** 0.26 -3.443** 2.86** -0.05 -2.80 2.24** -3.9%* 1.65**
LA -74.28*%*  -71.26**  1455** -88.06 -45.459** 133.57**  49.10** 15.46**  -64.57**
DF50% 2.23%* 0.37 -2.59** 2.10%* 0.24 -2.34** 2.70%* 1.03 -3.73**
HD -1.85%* 1.33** 0.52 -1.74%* 1.27** 0.46 0.06 -2.12%* 2.06**
AY 3.33** 1.84** -5.17** 2.47** -1.30 -1.17 1.59* -1.38 -0.21
ocC 0.33 -3.40%* 3.06** 0.33 -3.40 3.06 0.76 -2.67** 1.90**
NL 0.62 0.88 -1.50* 0.27 1.07* -1.35% 0.23 -3.89** 3.65**
DM 2.03** -0.89 -1.14 2.49** 0.57 -3.0%* -2.14%* 0.90 1.24
DCF 2.63** 0.32 -2.96%* 2.68** 0.37 -3.0%* 2.53** -2.07** -0.46
IL -1.07** 0.48** 0.58** -0.85** 0.37* 0.47* -1.07** 0.50** 0.57**
SG 0.34** -0.02 -0.32** 0.33** 0.05 -0.38** 0.44** -0.81** 0.37**
PA 0.28** -0.36** 0.08** 0.39** -0.04 -0.35%* 0.04 -0.53** 0.49**
SA 0.31** -0.01 -0.29** 0.30** -0.12** -0.17** 0.27** -0.31** 0.03
OA 2.16%* -2.34** 0.18 2.05%* -1.11** -0.93** 1.69** -2.43** 0.74**
LinA 0.53* -2.74%* 2.21** 0.42 -2.52%* 2.10** 1.42%* -4.60** 3.17**
P 0.58** -2.21%* 1.62** -1.11%* -0.36* 1.48** 0.25 -1.81** 1.55

PH=Plant height, AW=1000 Achene weight AY=Achene yield per plant, LA=Leaf area, DF50%=Days taken to 50%
flowering, HD=Head diameter, OC=Qil contents, NL=Number of leaves per plant, DM=Days taken to maturity, DCF=Days
taken to complete flowering, IL=Internodal length, SG=Stem Girth, PA=Palmitic acid, SA=Stearic acid, OA=0Oleic acid,
LinA=Linoleic acid, P=Protein
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Table 5.
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Estimation of specific combining ability effects of sunflower crosses AY 1000 X AW for yield and related
traits.

Traits

A8XA14.1 A8XC2.19 A8XA22 Al0.11XAl14.1 A10.11XC2.19 A10.11XA22 A18.6XAl4.1 A18.6XC2.19 Al18.6XA22

PH
AW
LA
DF50%
HD
AY
ocC
NL
DM
DCF
IL
SG
PA
SA
OA
LinA
P

6.67* -3.05 -3.61 -14.67** 7.44% 7.22* 8.00* -4.39 -3.61
-1.51* 2.13**  -0.623 -0.51 1.46 -0.95 2.02** -3.60** 1.58*
-13.39*  -11.95 25.35**  25.46** 25.24** -50.70**  -12.064* -13.28* 25.35**

-1.44 2.00* -0.55 -0.44 1.34 -0.89 1.89 -3.34** 1.45
0.68 -1.47* 0.79 -0.50 0.57 -0.06 -0.17 0.90 -0.73
-2.39**  3.90** -1.50 -1.39 3.24** -1.84 3.79** -7.14** 3.31**
1.13 -0.28 -0.84 -3.60** 191 1.69 2.46* -1.62 -0.84
-1.37 131 0.05 0.17 1.19 -1.36 1.20 -2.50* 1.30
-0.10 0.33 -0.22 -1.12 0.67 0.44 1.22 -1.00 -0.22
-1.60* 231 071 -0.60 1.65* -1.04 2.20%* -3.96** 1.76*
0.19 -0.53* 0.34 -0.08* 0.41 -0.32 -0.10 0.12 -0.01
-0.33**  0.06 -0.04 0.06 -0.12 0.05 -0.08 0.25* -0.03
-0.07 0.14* -0.80 0.13* -0.28** 0.24* -0.17** 0.14**  -0.06
-0.04 0.08 -0.05 -0.03 0.09 -0.04 0.05 -0.17** 0.09*
-0.45 -0.38 0.46 0.74** 0.86** -1.79** -0.44 -0.48* 0.89**
-0.54 1.02* -0.51 1.09* -2.05** 1.02* -0.51 1.019* -0.51
-0.61**  1.52** -0.66** 1.93** -2.64** 1.33** -0.78** 1.32**  -0.56**

PH=Plant height, AW=1000 Achene weight AY=Achene yield per plant, LA=Leaf area, DF50%=Days taken to 50%
flowering, HD=Head diameter, OC=0il contents, NL=Number of leaves per plant, DM=Days taken to maturity, DCF=Days
taken to complete flowering, IL=Internodal length, SG=Stem Girth, PA=Palmitic acid, SA=Stearic acid, OA=0Oleic acid,
LinA=Linoleic acid, P=Protein

Table 6. Estimation of specific combining ability effects of sunflower crosses AYxOIL for yield and related traits.

Traits ABXA25 ABXAT.7 ABXA13.1 A10.11XA2.5 A10.11XA7.7 A10.11XA13.1 Al18.6XA2.5 A18.6XA7.7 Al18.6XAl3.1
PH -6.75 -5.31 12.06** 12.17** 11.95** -24.13** -5.42 -6.64 12.06**
AW -1.19 1.50* -0.30 -0.19 0.83 -0.64 1.39 -2.33%* 0.94**
LA 0.37 1.82 -2.19 -0.35 -0.57 0.93 -0.02 -1.24 1.26
DF50% -1.32 1.75% -0.434 -0.32 1.09 -0.76 1.64* -2.85** 1.20
HD 0.56 -1.24* 0.67 -0.45 0.45 -0.006 -0.11 0.79 -0.67
AY -1.54 -0.09 1.64 1.75 1.53 -3.28** -0.20 -1.43 1.64
oC 1.13 -0.28 -0.84 -3.60 1.91 1.69 2.46 -1.62 -0.84
NL -0.28 0.41 -0.13 0.71 -0.24 -0.47 -0.43 -0.17 0.60
DM -1.57 2.26 -0.68 -0.57 1.59 -1.02 2.15 -3.86** 1.70
DCF -1.65* 241** -0.76 -0.65 1.74* -1.09 2.30** -4.16** 1.86*
IL -0.22 0.10 0.12 0.12 0.09 -0.21 0.09 -0.19 0.09
SG 0.03 -0.21*  -0.01 0.18* -0.01 -0.05 -0.06 0.09 0.06
PA 0.36*  -0.18** -0.17** 0.36** -0.18** -0.16** -0.72** 0.36** 0.36**
SA -0.03 -0.02 0.06 0.04 0.05 -0.13** -0.03 -0.04 0.07
OA 0.67* -0.43 -0.53 0.66* -0.42 -0.33 -1.33** 0.67* 0.56
LA -0.41 0.81 -0.40 0.84* -1.62** 0.85* -0.42 0.91* -0.40
P 1.04**  1.12** -2.08** -0.52* -0.53* 1.54** -0.522**  -0.56* 1.13**

PH=Plant height, AW=1000 Achene weight AY=Achene yield per plant, LA=Leaf area, DF50%=Days taken to 50%
flowering, HD=Head diameter, OC=Qil contents, NL=Number of leaves per plant, DM=Days taken to maturity, DCF=Days
taken to complete flowering, IL=Internodal length, SG=Stem Girth, PA=Palmitic acid, SA=Stearic acid, OA=0Oleic acid,
LinA=Linoleic acid, P=Protein
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Table 7. Estimation of specific combining ability effects of sunflower crosses 1000AW x Qil for yield and related traits.

Traits  Al14.1XA25 Al14.1XA7.7 A14.1XAl13.1 C2.19XA2.5 C2.19XA7.7 C2.19XA13.1 A22XA25 A22XA7.7 A22XAl3.1
PH 3.33 -1.38 -1.94 -7.99* 4.10 3.88 4.66 -2.7 -1.94
AW 0.94 -0.19 -0.74 -3.21%* 1.72* 1.49%* 2.27**  -152**  -0.74
LA 11.47 -5.45 -6.01 12.47* -6.12 -6.34 -23.94**  11.58 12.35**
DF50%  -1.32 1.76 -0.43 -0.32 1.09 -0.77 1.65 -2.85%* 1.2
HD -0.41 0.71 -0.3 0.38 -1.20* 0.82 0.03 0.49 -0.52
AY 0.42 0.06 -0.48 -2.17 1.19 0.97 1.75 -1.26 -0.48
oC -1.16 1.44% -0.27 0.99 -1.55* 0.55 0.16 0.1 -0.27
NL 0.33 0.10 -0.44 -2.00 111 0.89 1.67 -1.22 -0.44
DM 0.39 1.83 -2.22 -0.36 -0.58 0.94 -0.02 -1.25 1.28
DCF 1.44 -0.44 -1.00 -4.22** 2.22*%* 2.00** 2.78**  -1.7* -1

IL -0.27 0.12 0.14 0.14 0.08 -0.22 0.12 -0.2 0.08
SG 0.10 -0.05 -0.041 -0.16 0.08 0.07 0.09 -0.04 -0.05
PA 0.21** -0.10** -0.11** -0.42** 0.21** 0.23** 0.22**  -0.16* -0.14
SA -0.03 -0.04 0.13* 0.14** 0.15** -0.26** -0.25** -0.027**  0.13*
OA 0.68* -0.22 -0.87** -0.89** 0.44 0.43 0.89**  -0.22 -0.92**
LA -0.71* -0.75* 1.42** 1.56** 1.48** -2.85** -0.71**  -0.75* 1.51**
P -0.14 -0.18 0.29 0.26 0.32 -0.59* -0.14 -0.12 0.23

PH=Plant height, AW=1000 Achene weight AY=Achene yield per plant, LA=Leaf area, DF50%=Days taken to 50%
flowering, HD=Head diameter, OC=Qil contents, NL=Number of leaves per plant, DM=Days taken to maturity, DCF=Days
taken to complete flowering, IL=Internodal length, SG=Stem Girth, PA=Palmitic acid, SA=Stearic acid, OA=0Oleic acid,
LinA=Linoleic acid, P=Protein

Table 8. Heterosis (%) over mid-parent (Ht), better-parent (Hp) and standard checks for achene yield, 1000 achene
weight and oil contents.

Crosses H. Hy FH-331 Crosses H. Hp FH-331 Crosses H. Hp FH-331
A8xA14.1 6.58*  -17.07**  16.44** A8xAl4.1l 473 -4.11 7.89** A8xAl4.1 11.19** 6.89 17.10**
A8xC2.19 8.55*  -19.62**  14.62** A8xC2.19 6.31* 3.20* 3.45**  A8xC2.19 15.27** 9.17* 10.91**
A8xA22 8.24*  -24.06** 11.46** AB8xA22 5.72 0.06 5.55**  A8xA22 13.30** 11.62**  16.60**
Al10.11xA14.1  10.25* -9.12* 15.70%* A10.11xAl4.1  7.49* -6.75* 5.55** Al10.11xAl14.1 -12.09** -2558** -11.80**
A10.11xC2.19 9.54*  -1505** 11.12** A10.11xC2.19  7.10* -1.73 -1.46*  A10.11xC2.19 17.25*%*  17.21** 6.21

Al10.11xA22 9.83*  -18.74** 8.27*  A10.11xA22 6.90* -4.42 1.31* A10.11xA22  15.91** 8.22 13.38**
Al18.6xAl14.1 13.09**  -1.02 12.82** Al18.6xAl4.1 9.40**  -8.43** 4.06%* A18.6xA14.1 19.00**  17.15**  26.24**
Al8.6xC2.19 -26.42** -54.22** -33.08** A18.6xC2.19 -2.07 -16.22** -15.92** Al18.6xC2.19 16.71** 8.61 14.82**
Al18.6xA22 12.93** -10.25** 4.86 Al18.6xA22 8.88** -6.13* -0.3 Al18.6xA22 17.92**  17.41**  23.02**
AB8xA2.5 5.71 -1.73 27.40%* A8xA2.5 6.05% -10.64** -17.92** AB8xA25 9.54* -8.81 29.29**
ABXAT.7 6.81* 477 32.03** A8xA7.7 7.26* -4.26 -11.12**  A8xA7.7 13.04** 3.6 23.97**
AB8xA13.1 6.85* -3.04 26.46** A8xA13.1 6.61* -2.21 -8.93**  A8xA13.1 11.73**  -1.43 26.34**
Al10.11xA2.5 8.88* 5.29 26.84** A10.11xA2.5 9.65**  -0.90 -21.79**  Al10.11xA25 14.70**  -8.45* 29.53**
Al0.11xA7.7 7.52* 5.89 29.82** A10.11xA7.7 8.23* 2.48 -17.69**  A10.11xA7.7 -10.41*  -30.23** -2.72

Al10.11xA13.1 -3.45 -10.37%*  14.73** A10.11xA13.1  8.02* 5.02 -14.63**  A10.11xA13.1 14.00** -4.84 23.86**
Al8.6xA2.5 11.31* 9.91* 24.68** A18.6xA2.5 12.16** 5.74 -24.26**  A18.6xA2.5 16.48** 1.57 36.04**
Al18.6xA7.7 8.39* 1.71 26.71** Al8.6xA7.7 2.86 1.05 -30.44**  Al18.6xA7.7 14.35** 7.21* 26.81**
Al8.6xAl13.1 10.61* 9.56* 21.96** A18.6xA13.1  10.35**  9.32** -16.83** Al18.6xA13.1 15.98** 5.55 31.41*%*
Al4.1xA2.5 7.55* -8.89* 8.97* Al4.1xA2.5 5.43 -19.73**  -593** Al14.1xA2.5 9.66* -4.44 32.13**
Al4.1xAT.7 8.75%  -12.47**  16.13** Al4.1xA7.7 6.56* -13.49**  -0.4 Al4.1xAT.7 13.02** 7.76* 27.24**
Al4.1xA13.1 8.99* -4.74 7.46* Al4.1xA13.1 5.99 -11.47%* 1.38* Al4.1xAl13.1 11.78** 2.82 29.43**
C2.19xA2.5 1.05 -22.19** 214 C2.19xA2.5 -3.63 -25.36** -25.03** C2.19xA2.5 15.13**  -7.86* 29.91**
C2.19xA7.7 9.69*  -16.33**  13.25** C2.19xA7.7 7.47* -7.03* -6.75** C2.19xA7.7 5.51 -11.41*%*  12.12**
C2.19xA13.1 10.65* -7.98* 4.60 C2.19xA13.1 7.29* -4.50 -4.23**  C2.19xAl13.1 14.48** -4.23 24.31*%*
A22xA2.5 14.21**  -9.90* 8.12* A22xA2.5 10.25** -10.85**  -4.76** A22xA2.5 16.94** 1.62 36.07**
A22xAT7.7 10.55*  -19.21**  11.10* A22xA7.7 7.70* -9.18**  -3.19** A22xA7.7 14.88** 7.26* 26.85**
A22xA13.1 13.47**  -8.63* 4.03 A22xA13.1 8.81** -5.20 0.57 A22xA13.1 16.48** 5.59 31.45**

Mid-parent heterosis=H:, Better-parent heterosis=Hy,
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Positive and significant heterosis over mid, better and
commercial was observed for crosses A8xC2.19, A8xA22,
Al8.6xA14.1, A22xAT7.7, Al8.6xA7.7, Al4.1xA7.7 and
A18.6xA22. These hybrids might act as potential source for
the improvement of sunflower hybrids for yield related
traits. The information about genetics of heterosis is helpful
in designing the breeding strategies to meet the requirements
of ever expanding population. The implication of the
proposed over dominant model would be a substantial
genetic advance in yield upon increasing the genetic
diversity of the parental breeding material. In majority of the
crosses, the expression of heterosis manifestation (mid
parent, better parent and commercial) in present breeding
material indicated over dominance type of gene action as the
genetic basis of heterosis. Pyramiding entails stacking
multiple genes leading to the simultaneous expression (Joshi
and Sharma, 2010). Gene pyramiding has been used as an
effective approach to develop a genotype/hybrid by stacking
different genes controlling the economically important traits
such as yield, quality and tolerance to abiotic stresses. It is
gaining considerable importance as it would improve the
efficiency of plant breeding leading to the development of
genetic stocks and precise development of broad spectrum
resistance capabilities.

Conclusion: On the basis of the study it is concluded that
head diameter, 1000-achene weight and days to complete
flowering can be relied upon for selection in a breeding
program for yield improvement. The lines A2.5, A8, Al4.1,
crosses (A8xAl14.1), (A8xAl13.1) and double crosses
(A8xC2.19) x (A8xA7.7), (A18.6xA14.1) x (A22xA2.5),
showed highest mean values for most of the traits.
Accessions A8, A14.1 and line A22 are found to be good
general combiners and may be used for hybrid development,
while good SCA was shown by crosses A8xAl4.1, A8x
AT.7 Al4.1xA7.7, AB8xA7.7 and A22xA2.5. Crosses
A8xA7.7 ABxAl4.1, A22xA2.5, (A8xC2.19) x (A8BxAT.7),
(A18.6xA14.1) x(A22xA2.5) were found high yielder
having high values of 1000 achene weight and oil contents
showing a pyramiding of the genes/QTLs governing the
expression of desired traits such as achene yield per, 1000
achene weight and oil contents.
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