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ABSTRACT
The current trial was conducted in the field area of  Plant of Breeding and Genetics, University 
of Agriculture, Faisalabad, Punjab, Pakistan during 2018-19. Total five female lines (PBG-
101,102,103,104 and105) were crossed with three testers (PBG-106,107 and 108) to produce 
fifteen crosses. The female lines were crossed for production of hybrids in first season. Then 
these sunflower hybrids with their parents were sown in randomized complete block design 
(RCBD) using three replications in subsequent season for checking their performance. Then 
combining ability (GCA and SCA) of different yield contributing and quality related traits was 
checked. Among the lines (PBG-105) had shown highly considerable negative GCA for plant 
height, PBG-103 had shown the significant general combining ability (GCA) for head diameter, 
PBG-104 had shown the highest GCA effect for total achene yield/plant, PBG-104 had maximum 
oil content. Among the selected testers PBG-106 had highly considerable GCA for head 
diameter, PBG-108 had the highest GCA effect for oil contents and PBG-107 had maximum GCA 
for protein contents. Among the crosses PBG-101×PBG-107 had shown the highest negative 
specific compbining ability (SCA) for plant height (-15.71 cm), PBG-101×PBG-108 had shown 
the highest SCA for stem girth (0.42 cm), PBG-104×PBG-108 had shown the highest SCA 
for head diameter (1.29 cm) PBG-103× PBG-107 had shown the highest SCA for oil contents 
(1.63%) and PBG-104×PBG-108 had shown the highest SCA for protein contents (1.22%). 
Hybrids showing better results would be used for improvement of local hybrids .
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INTRODUCTION
Sunflower (Helianthus annuus) has prominent position 
among oilseed crops. It was introduced by early 
Spanish in 1510 in Europe and gained fame like an 
ornamental plant. Sunflower is ranked 4th in the world 
as a source of  edible oil (Padmavathi et `al., 2020). 
Various type of vitamins like A, B, C and K are also 
present in sunflower oil (Gossal et al., 1988). In 
sunflower fatty acid profile, poly-unsaturated fats (oleic 
and linoleic acid) are present in huge amount. High 
level of poly-unsaturated fats can play role in regulating 
large level of cholesterol in human body (Ummalyma et 
al., 2019). sunflower play a vital role to minimize the 
difference between production and consumption of 
edible oil (Khan et al., 2003). Sunflower also provides 
nicotinic acid, phosphorus and calcium (Thomas and 
Gebhardt, 2010). Sunflower also provides seeds have 
characteristics of high quantity of linoleic acid than other 
oilseed crops (Calamai et al., 2018). Unfortunately, 
sunflower yield as compared to other countries is 
less in Pakistan. Therefore, sunflower seed imported 
from other countries that is not adopted our local 

environment. Because of the adaptation problems, 
we get low yield (Khokkhar et al., 2006; Gomes et al., 
2013). Now main purpose of breeding is to introduce 
hybrids which are good in yield. Pakistan imports a 
large amount of its edible oil because its production 
is not enough in the country to fulfill its needs. During 
2017 the import bill was 320.893billion (US$3.063 
billion) (GoP, 2018). Its demand is increasing rapidly 
with the increasing population in the country. The gap 
could be reduced by production of new local good 
hybrids, increas its area under cultivation and by 
increasing the seed and oil quality. In this scenario, the 
main aim of present research was to study combining 
ability for the improvement of morphological and other 
qualitative traits.

MATERIALS AND METHODS
The experimental material consisted of five lines (PBG-
101, PBG-102, PBG-103, PBG-104, PBG-105), three 
testers (PBG-106, PBG-107, PBG-108) and their 
crosses. By crossing lines under line x tester fashion, 
the breeding material was developed during February-
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June 2018. The hybrids and parental lines were sown 
in the field in next autumn season for further evaluation 
during September 2018 to February 2019. The 
parental and crossed seeds planted with 75 cm row to 
row and 25cm plant to plant distance. All the cultural 
and agronomic practices were implemented evenly 
from sowing to harvesting. Pre and post harvested 
traits data were recorded. Average 5 plants data of 
every genotype calculated from each replication. 
The data obtained from F1 hybrids related to plant 
height, stem girth, 100 achene weight, head diameter, 
Achene yield/plant, protein and oil contents. The Near 
Infrared Reflectance Spectroscopy (NIRS) was used 
for checking the qualitative characters. Analysis of 
variance techniques were applied to determine the 
variances among entries (Steel et al., 1997). The data 
were then subjected to line x tester analysis to evaluate 
the effects of GCA and SCA (Kempthorne, 1957).

RESULTS AND DISCUSSION

Analysis of variance (ANOVA)
Sunflower yield can significantly increase only by the 
cultivation of the best yielding hybrids. Then selection 
of these required hybrids can only be possible when 
potential female line crossed with males. The presence 
of genetic variability is basically required for production 
of high yielding hybrids. The results of mean values of 
variance related to 7 under studied traits were shown 
in Table 1. The table showed highly considerable 
variations for all traits of the genotype under study. The 
variations among parents showed considerable results 
for traits. The significant variations were also shown 
by the crosses except oil contents. The differences 
between parents and crosses showed  considerable 
variations for all traits. The lines also showed the 
significant variations except stem girth, protein and 
oil contents, whereas testers showed the significant 
variation except achene yield/plant, oil contents and 
100 achene weight. The interaction of line × testers 
showed the significant variations between each other 
except the 100 achene weight. Similar results for 
interaction among the genotypes for traits related to 
yield were recorded by Bakht et al. (2006); Gvozdenovic 
et al. (2005); Hladni et al. (2006); Habib et al. (2007); 
Binodhet et al. (2008) and Punitha et al. (2010).

Performance of lines, testers and their crosses
The best inbred are considered which have masking 
effect due to dominant alleles. Therefore, actual 
lines performance should be checked only by using 
testers which are poor in performance. The results 
related to mean performance of 7 traits of sunflower 
are presented in Table 3(a) and 3(b). The lowest 
plant height (136.22 cm) was observed in the PBG-

105 lines. The cross PBG-101×PBG-107 had shown 
the lowest plant height (163.65 cm). The highest stem 
girth (4.52 cm) was observed in the PBG-105 line 
whereas tester PBG-106 was at top with stem girth 
(4.32 cm). However, the crosses PBG-105×PBG-108 
showed maximum stem girth (5.36 cm), followed by 
cross PBG-103×PBG-107 (5.35 cm). The PBG-101 
line had the maximum head diameter (15.15 cm) and 
tester PBG-106 was at top which showed significant 
variations. The cross PBG-103×PBG-106 was at top 
with regarding to head diameter (20.69 cm). The line 
PBG-101 was at top with respect to 100-achene weight 
(4.38 g) and tester PBG-107 was at top (3.57 g). The 
cross PBG-101×PBG-106 was at top pertaining to 
100-achene weight (5.22 g). The line PBG-104 was at 
top with respect to achene yield/plant (55.71 g) and 
tester PBG-106 was at top (30.68 g) regarding this 
trait. The cross PBG-104×PBG-106 was overall at 
top among all the crosses and showed considerable 
variations from the other crosses with regarding to 
total achene yield/plant (114.67 g). The line PBG-
102 was at top pertaining to oil contents (37.48%). 
However, cross PBG-105×PBG-108 was at top with 
regarding to oil contents (44.18%). The line PBG-101 
showed maximum protein contents (21.07%), while 
the tester PBG-107 was at top. However, cross PBG-
104×PBG-108 was at top  pertaining to protein content 
(30.36%). Similar results were observed by Mohan and 
Seetharam (2005) and Arshad et al. (2013) which were 
related to yield and quality.

General combining ability effects (GCA)
The desirable hybrids were usually required in the 
breeding program. For this purpose, the basic need 
is to select the GCA effects for the different lines 
and testers. In this experiment 8 plants were used to 
evaluate the best parent and results are shown in the 
Table 2. The different magnitude with different trend of 
GCA effects were studied among the lines and testers 
for plant height (PH = cm), stem girth (SG = cm), Head 
diameter (HD = cm), 100 achene wiehgt (HAW = g), 
achene yield plant per plant (AYP = g), oil content 
(OC = %) and protein content (PC = %). The highly 
considerable and negative GCA had been shown by line 
PBG-105 (-13.19). The line PBG-105 shown the highly 
considerable GCA for head diameter which was 1.04 
cm and PBG-103 line also showed the considerable 
results for head diameter (0.52 cm). The line (PBG-
101) showed the significant result for the 100-achene 
weight (0.14 g). The line (PBG-104) had shown the 
highly considerable results for the achene yield/plant 
(10.57 cm). The highly considerable and positive result 
were shown by line PBG-104 and PBG-105 for the oil 
content which were 0.76 and 0.53%, respectively. 
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Among three testers PBG-107 showed the 
considerable and negative GCA for plant height (-6.73 
cm) and the tester PBG-108 showed the significant 
with negative result for this trait (-4.54 cm). The tester 
PBG-107 showed the considerable stem girth (0.17 
cm). The tester PBG-106 showed the highly positive 
considerable results for the head diameter (0.76 cm). 

The tester PBG-108 showed the significant result 
for the oil content (0.41%). The PBG-107 showed 
considerable results for protein contents (0.43%). 
Investigation like this was also done by Kang et al. 
(2013); Amin and Mehrdad (2014); Cheres et al. (2000) 
and Mayor et al. (2006).

Table 1. Mean square values from ANOVA of morphological and other characters in sunflower

 SOV Traits
df PH SG HD HAW AYP OC PC

Rep 2 285.03* 0.023 0.06 0.03 11.14 10.59 2.55*
Genotype 22 1035.16** 0.62** 34.83** 0.97** 2638.1** 38.97** 55.79**
Crosses (C) 14 544.47** 0.31** 5.32** 0.04* 229.8** 5.89 4.72**
Line (L) 4 737.15** 0.04 9.67** 0.06* 336.06** 4.01 1.03
Test (T) 2 1447.15** 0.60** 7.66** 0.02 73.50 5.29 6.66**
LXT 8 222.47** 0.37** 2.55** 0.03 215.75** 6.99** 6.09**
Parent (P) 7 1173.36** 0.20* 19.63** 0.26** 455.39** 12.54** 3.23**
P vs C 1 6937.31** 7.93** 554.43** 19.06** 5163** 687.0** 1138.66**

PH = Plant height (cm),SG = Stem girth (cm), HD = Head diameter (cm), HAW = 100- achene weight (g), AYP = Achene yield/plant (g),
 OC = Oil contents (%), PC = Protein content (%)

PH = Plant height (cm),SG = Stem girth (cm), HD = Head diameter (cm), HAW = 100- achene weight (g), AYP = Achene yield/plant (g),
OC = Oil contents (%), PC = Protein content (%), *Significant,  **Highly signficiant

Table 2. General combining ability (GCA) of sunflower selected lines and testers

Parent Lines Testers
PBG-101 PBG-102 PBG-103 PBG-104 PBG-105 PBG-106 PBG-107 PBG-108

PH (cm) 4.17 11.47 ** -2.16 -0.29 -13.19 ** 11.27 ** -6.73 ** -4.54 *
SG -0.01 -0.05 -0.05 -0.02 0.13 -0.22 ** 0.17 * 0.05
HD (cm) -1.67 ** 0.32 0.52 * -0.21 1.04 ** 0.76 ** -0.09 -0.67 **
HAW (g) 0.14 * -0.01 0.00 -0.03 -0.09 0.04 -0.01 -0.04
AYP (g) -5.26 * -1.21 -2.09 10.57 ** -2.02 -2.50 0.78 1.72
OC (%) -0.71 ** 0.08 -0.65 * 0.76 ** 0.53 * 0.27 -0.68 ** 0.41 *
PC (%) 0.02 0.03 -0.57 * 0.31 0.21 -0.77 ** 0.43 * 0.33

PH = Plant height (cm),SG = Stem girth (cm), HD = Head diameter (cm), HAW = 100- achene weight (g), AYP = Achene yield/plant (g),
OC = Oil contents (%), PC = Protein content (%), *Significant,  **Highly signficiant
Table 3 (a). Mean performance of lines and testers

Parameter
Lines Testers

PBG-101 PBG-102 PBG-103 PBG-104 PBG-105 PBG-106 PBG-107 PBG-108
PH (cm) 171.81 190.28 174.72 176.33 136.22 143.13 151.01 143.46
SG 4.19 4.2 4.13 4.36 4.52 4.32 3.81 3.77
HD (cm) 15.15 13.48 14.28 14.26 14.6 10.25 8.8 9.59
HAW (g) 4.38 4.13 3.83 3.85 3.73 3.53 3.57 3.57
AYP (g) 35.7 48.01 53.68 55.71 48.24 30.68 25.44 26.53
OC (%) 35.96 37.48 34.66 34.07 35.49 30.96 36.41 36.74
PC (%) 21.07 20.96 20.49 20.4 20.48 18.48 19.28 18.59

Table 3(b). Mean performance of crosses

Cross Parameter
PH SG HD HAW AYP OC PC

PBG-101 × PBG-106 201.98 4.36 17.93 5.22 75.38 41.52 26.9
PBG-101 × PBG-107 163.65 4.91 17.43 4.97 101.67 41.27 28.98
PBG-101 × PBG-108 192.66 5.34 15.13 5 100.98 40.63 29.68
PBG-102 × PBG-106 206.67 4.8 19.74 5.06 92.45 43.82 26.57
PBG-102 × PBG-107 190.07 4.79 18.24 4.89 93.56 39.6 29.3
PBG-102 × PBG-108 183.44 4.86 18.49 4.79 104.18 42.36 29.72
PBG-103 × PBG-106 191.68 4.6 20.69 4.96 98.81 40.83 27.37
PBG-103 × PBG-107 176.15 5.35 18.48 4.97 94.85 42.14 29.36
PBG-103 × PBG-108 171.46 4.54 17.89 4.85 93.88 40.62 27.06
PBG-104 × PBG-106 191.32 4.95 18.25 4.77 114.67 43.61 28.7
PBG-104 × PBG-107 181.99 5.11 17.71 4.99 108.51 40.7 27.35
PBG-104 × PBG-108 171.58 4.51 18.92 4.93 102.34 43.5 30.36
PBG-105 × PBG-106 174.32 4.56 19.68 4.85 95.88 40.82 29.11
PBG-105 × PBG-107 164.11 5.08 20.21 4.78 94.99 42.13 29.68
PBG-105 × PBG-108 167.78 5.36 18.75 4.88 96.89 44.18 27.33

PH = Plant height (cm),SG = Stem girth (cm), HD = Head diameter (cm), HAW = 100- achene weight (g), AYP = Achene yield/plant (g),
OC = Oil contents (%), PC = Protein content (%)
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Specific combining ability effects (SCA)
All the effect of SCA were given in the Table 4. The 
hybrid PBG-101 × PBG-107 showed the highly 
considerable and negative SCA effect for plant height 
(-15.71%). The highly significant result was shown by 
the cross PBG-101 × PBG-108 for stem girth (0.42%). 
The crosses PBG-103 × PBG-107, PBG-104 × PBG-
106 and PBG-105 × PBG-108 showed positive results 
regarding stem girth (SG) which were 0.35, 0.31 and 
0.31 cm, respectively. The cross PBG-104 × PBG-108 
showed highly considerable result for head diameter 
(1.29). The crosses PBG-103 × PBG-106 and PBG-
105 × PBG-107 showed positive result about head 
diameter which were 0.91 and 0.75 cm, respectively. 
The crosses PBG-104 × PBG-106 and PBG-101 × 
PBG-107 were shown positive results for the achene 
yield plant-1 (8.66 and 8.22 g, respectively). The 
crosses PBG-103 × PBG-107, PBG-102 × PBG-106 
and PBG-105 × PBG-108 shown the highly significant 
results i.e. 1.63, 1.62 and 1.39%, respectively for oil 
contents. The crosses PBG-104 × PBG-108 and PBG-
105 × PBG-106 showed the highly considerable and 
positive results 1.22 and 1.17%, respectively for the 
protein contents. The crosses PBG-103 × PBG-107 
and PBG-102 × PBG-108 were shown the positive 
results for protein contents which were 0.99 and 0.86 
%, respectively. Similar, investigation were also done 
by the Arshad et al. (2019); Sujatha and Reddy (2009) 
and Khan et al. (2009).

Genetic variances
The plant traits which showed the considerable 
genetic variability basically used for the improvement 
in sunflower yield. The main contribution of dominant 
alleles were only confirmed by SCA variances over 
GCA variance. Variance which was due to GCA and 
SCA, GCA/SCA ratio, SCA variances, additive and 
dominance variance for the different morphological 
and qualitative traits in sunflower were shown in Table 
5. Dominance variance was having great importance 
which was due to the SCA effect for the development 
of desired hybrids. Dominance gene action which was 
due to the predominance was testified by SCA:GCA 
ratio.
SCA variance which was superior to GCA variance 
was contributed for gene action (non-additive type) for 
the desired traits. Non-additive type predominance of 
gene action was reported when SCA/GCA ratio more 
than one including traits like plant height (4.42 cm), 
head diameter (7.53 cm), achene yield/plant (117.52 
g) and 100 achene weight (17 g). Dominant genes had 
more effect rather than recessive gene, if SCA was 
more than GCA for the expression of characters. On 
the other side, if GCA effects more then it showed gene 
action which was additive type. Stem girth (-47.22 cm), 
oil contents (-55.81%), protein contents (-38.72%). 
Stem girth, Oil contents and Protein contents were 
shown this ratio less than one which presented the 
additive gene action. The traits were shown the over 

Table 4. Specific combining ability (SCA) effects of 15 sunflower crosses for morphological and quality traits

Cross Parameter
PH SG HD HAW AYP OC PC

PBG-101 × PBG-106 4.61 -0.29 0.34 0.11 -14.80 ** 0.11 -0.85 *
PBG-101 × PBG-107 -15.71 ** -0.13 0.69 -0.08 8.22 * 0.81 0.03
PBG-101 × PBG-108 11.10 * 0.42** -1.03 ** -0.03 6.58 -0.92 * 0.83
PBG-102 × PBG-106 2.01 0.20 0.16 0.10 -1.78 1.62 ** -1.19 **
PBG-102 × PBG-107 3.40 -0.20 -0.50 -0.01 -3.95 -1.65 ** 0.33
PBG-102 × PBG-108 -5.41 -0.00 0.34 -0.09 5.73 0.03 0.86 *
PBG-103 × PBG-106 0.64 -0.01 0.91 * -0.01 5.46 -0.64 0.21
PBG-103 × PBG-107 3.11 0.35 * -0.45 0.05 -1.78 1.63 ** 0.99 *
PBG-103 × PBG-108 -3.76 -0.34 * -0.46 -0.04 -3.69 -0.99 * -1.20 **
PBG-104 × PBG-106 -1.58 0.31 * -0.80 * -0.17 8.66 * 0.74 0.67
PBG-104 × PBG-107 7.09 0.08 -0.49 0.10 -0.78 -1.22 ** -1.89 **
PBG-104 × PBG-108 -5.51 -0.39 * 1.29 ** 0.07 -7.88 * 0.49 1.22 **
PBG-105 × PBG-106 -5.69 -0.22 -0.62 -0.03 2.46 -1.83 ** 1.17 **
PBG-105 × PBG-107 2.11 -0.09 0.75 * -0.05 -1.71 0.43 0.54
PBG-105 × PBG-108 3.58 0.31 * -0.13 0.08 -0.75 1.39 ** -1.71 **

Table 5. Genetic components and comparative contribution of lines, testers and their interaction total variance

Genetic components Parameter
PH SG HD HAW AYP OC PC

VAR GCA 11.3840 -0.0022 0.0976 0.0002 0.4968 -0.0386 -0.0482
VAR SCA 50.3774 0.1039 0.7357 0.0034 58.3863 2.1546 1.8666
VAR SCA/ VAR GCA 4.42 -47.22 7.53 17 117.52 -55.81 -38.72
Contribution of lines (%) 38.68 4.36 51.93 43 41.78 19.46 6.24
Contribution of testers (%) 37.97 27.37 51.93 8.35 4.57 12.82 20.14
Contribution of line × testers (%) 23.35 68.27 27.49 48.65 53.65 67.72 20.14

PH = Plant height (cm), SG = Stem girth (cm), HD = Head diameter (cm), HAW = 100- achene weight (g), AYP = Achene yield/plant (g),
OC = Oil contents (%), PC = Protein content (%)

*Significant, **Highly significant, PH = Plant height (cm), SG = Stem girth (cm), HD = Head diameter (cm),
HAW = 100- achene weight (g), AYP = Achene yield/plant (g), OC = Oil contents (%), PC = Protein content (%)
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dominance, when average dominance more than 
one. This type of gene action had earlier reported for 
different morphological and qualitative traits by Hladni 
et al. (2006). SCA more than GCA then yield related 
traits controlled by gene action non-additive type 
(Hussain et al. 1998).  Over dominance gene action 
for the traits like achene weight and plant height was 
studied by Naik et al. (1999). 

Comparative contribution of lines, testers and their 
interactions to total variance.
The present study was applied to get the proportion 
contribution for the present experiment for different 
traits.Table 5 had shown that lines had valuable role for 
traits like head diameter (51.93%), 100-achene weight 
(43%), achene yield/plant (41.48%) and plant height 
(38.68%). Testers influenced only two characters like 
head diameter (51.93%) and plant height (37.97%). 
Though, line×tester interaction was maximum for 
only four characters like stem girth (68.27%), oil 
contents (67.72%), achene yield/plant (53.65%) and 
100-achene weight (48.65%).Comparable results were 
also stated by Khan et al. (2008), Chigeza et al. (2014) 
and Kannababu and Karivaratharaju (2000).

CONCLUSION
Two lines i.e. PBG-104 and PBG-105 were shown the 
highly considerable GCA. PBG-104 had positive GCA 
for the oil contents and achene yield while PBG-105 
had negative GCA for plant height. Two testers i.e. 
PBG-106 and PBG-107 were shown the negative GCA 
for head diameter and plant height, respectively. The 
crosses PBG-103 × PBG-107, PBG-102 × PBG-106 
and PBG-105 × PBG-108 were observed best for oil 
contents. The crosses PBG-104 × PBG-108 and PBG-
105 × PBG-106 were observed best for the protein 
contents. Predominance of non-additive type gene 
action was reported when SCA/GCA ration more than 
one including traits like plant height, achene yield 
plant-1, head diameter and 100 achene weight.  
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