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TITLE: ESTIMATION OF GENETIC PARAMETERS FOR YIELD, 

YIELD COMPONENTS AND SOME PHENOLOGICAL 
CHARACTERS IN SUNFLOWER THROUGH LINE X 
TESTER ANALYSIS. 

 
  The development of the F1 hybrids in major food crops and methods of 

hybrid seed production are imperative for achieving the important breeding goals. Thus 
evolving high yielding and better quality varieties play a decisive role in crop 
improvement programmes. Sunflower is also a crop in which genetic variance could be 
exploited considerably for higher seed and oil yields in the form of F1 hybrids.  The best 
F1 hybrids, however can obtained by crossing of parents with good general and specific 
combiners and having high proportions of additive, dominance or complementary 
epistatic genes for the favourable expression of the seed yield, yield components and oil 
yields. Major improvement in sunflower breeding requires the urgency in evolving the 
heterotic hybrids which can best be achieved by tapping combining ability and heterotic 
vigour of F1 hybrids developed from crossing of genetically diverse female lines with 
male restorers. The sunflower hybrids are considered more stable, uniform in plant stand, 
highly self-fertile, highly productive in terms of seed yield and oil content, earlier in 
maturity, resistant to lodging and diseases. The present studies were carried-out at 
experimental field of Oil Seeds Section Agriculture Research Institute, Tandojam from 
2008 to 2010. Six lines T-4-0319, PAC-0505, HO-I,  Hysun-33, Peshawar-93 and CMS-
03 and three testers PAC-0306, PAC-64-A-93 and SF-187 were crossed in a line x tester 
mating design, thus 18 cross combinations were developed for evaluation and genetic 
analysis of seed germination percentage, days to initial flowering, days to 75% flowering, 
days to maturity, number of leaves plant-1, plant height, head diameter, number of seeds 
plant-1, 1000-achene weight, seed yield plant-1, seed yield kg ha-1, oil content and oil yield 
kg ha-1. The analysis of variance revealed significant differences among the parents, 
crosses and parents vs. crosses for phenological, seed yield and oil traits in F1 and F2 
hybrids. The significance of mean squares of parents vs. crosses observed for all the 
studied traits demonstrated the scope of heterosis breeding in sunflower hybrids while the 
significant differences between lines x tester interactions indicated the importance of 
specific combining ability (SCA) of the hybrids which demonstrated the importance 
dominance or non-additive variances and genes involved in the expression of studied 
traits. The significant mean squares due to lines and testers both determine the general 
combining ability (GCA) revealed the prevalence of additive variances for the studied 
traits. Significant genetic variability among the plant traits is particularly useful because 
variations in these traits would allow further improvement in sunflower yield and quality 
traits. The major role of dominant genes was very obvious because the ratio of σ2 SCA/ 
σ2 GCA was  higher and degree of dominance (σ2D/ σ2A) being greater than unity. These 
results indicated the preponderance of dominant gene action suggesting the feasibility of 



 xi

hybrid crop development. General combining ability estimates revealed that CMS lines 
HO-I, T-4-0319 and PAC-0505 whereas tester parents PAC-0306 and  PAC-64-A-93  
were  found as the best general combiners for early maturity, yield and oil traits, hence 
these parents may be preferred for hybridization programmes so as to develop hybrids 
and synthetics varieties. Specific combining ability and heterotic effects are very 
important estimates for determining the suitability of F1 hybrid crop development. The 
hybrids T-4-0319 x SF-187, HO-I x PAC-arg-0306, Peshawar-93 x SF-187 manifested 
higher positive SCA and heterotic effects for seed and oil yields while gave negative but 
desirable SCA effects for phenological traits and plant height. The hybrids which 
manifested best specific combining ability is attributable to dominant or over-dominant  
type of genes, hence are desirable for the exploitation of hybrid crop development or 
selection of transgressive segregants in later generations of selection. The heritability 
estimates are generally low to moderate which is due to greater portion of dominant 
variances and dominant genes against the additive variances. These results suggested that 
selection for such traits may be exercised in later filial generations while giving the 
opportunity of recombination to occur between desirable genes. Generally,  correlation 
results suggested that  leaves plant-1, head diameter and 1000-achene weight have shown 
strong associations with seed and oil yields, hence leaves plant-1,  head diameter and 
1000-achene weight may be used as the most reliable  selection criteria to improve oil 
content and seed yield in sunflower breeding programmes. 
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CHAPTER-I 

 
INTRODUCTION  

 

 

  Sunflower (Helianthus annuus L.) is considered as one of the most 

essential oil seed crops which has served tremendously to meet the challenges of 

nutritional requirements to the human population being a viable source of edible oil since 

many decades.  It most likely originated in the South Western America or in Mexico. It 

gives higher yields in the soil rich in organic matter, deep with good water holding 

capacity. Sunflower can be grown on any kind of  soil from sandy soils to clay with 

heavy structure and good drainage. The weight of 1000-seed ranges from 70 to 200g. The 

oily varieties have rather smaller seeds with high oil content while the bolder seeds or nut 

varieties have bolder seeds but less oil content. The ratio of hull in sunflower is 35% 

while the ratio of kernel is 65%. The oil ratio of husked seed is 45 to 55% while the 

kernel or nut oil ratio is 65 to 70%. The oil of sunflower is used in meals, salads, frying 

and canned fish. It is also used for dye and soap industry. It is very nutritional for animals 

because sunflower meal  provides 20% oil protein. Due to  high oil content of 65-70% , 

sunflower is considered a  an essential oil seed crops in the world. Sunflower oil stands at 

top amongst the vegetable oils chosen for its superiority. Thus, it is cultivated in many 

countries of the world including Pakistan. 

 
  Sunflower oil is  considered as 4th chief source of vegetable oil. Only four 

countries of the world like Russian, India, Ukraine and Argentina add more than 50% of 

production with regard to world’s production of sunflower (USDA, 2014). According to 
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USDA data, world sunflower production, which was estimated at 32.14 million tons in 

2009/10 season reached to 40.6 million tons in 2011/12 season and then decreased to 36.9 

million tons in 2012/13 season. The estimated production of sunflower for the year 

2013/14 is at 42.7 million tons with an important increase of 6.3 million-tons (USDA, 

2014).  

 

  In Pakistan, it is planted on  small acreage of about 0.201 million hectares 

in all four provinces. Its production is around 0.249 million tons with 1240 kg ha-1 (GOP, 

2014). Many oilseed crops are grown in Pakistan to be used as vegetable oil, yet 

sunflower is the third largest oil seed crop produced in Pakistan. Sunflower contains and 

produces high quality edible oil and can be grown under different ecological conditions 

due to its high adaptation ability (Bakht et al., 2010). Its productivity in Pakistan is much 

lower than the world average. Thus, in present days, it received a great attention of 

breeders for genetic improvement as it has shown greater production potential under 

varying environments. Pakistan is a major importer of oilseeds and cooking oils because 

local production of edible oils meets only about 24% of the whole requirement. Pakistani 

oilseed production consists of cotton seed, sunflower seed, and rapeseed production. During 

the year 2013-14, oil production is estimated at 1.31 million metric tons,  which about 4% 

greater than the fiscal year’s forecast of 1.26 million metric tons. Cooking oil imports are 

estimated at a  maximum level  of  2.44 million metric tons with an increase of  6% 

compared to years 2012-13 due to record oil consumption (USDA, 2014). Oilseed 

utilization will persist to be more in years to come due to Pakistan’s high population growth 

rate. Since 2005, the Government of Pakistan (GOP) has implemented a liberal import policy 

for oilseeds so as  to meet the country’s increasing consumption needs. The oilseed crushing 
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industry, the main beneficiary of these policies has enhanced its efficiency by renewing older 

machinery and installing high-technology extraction equipment (USDA, Foreign 

Agriculture Service, 2014). 

 
  At the time of seed development (spring crop), sunflower favorably 

produces high oil contents (Kaleem et al., 2010) than the season with elevated 

temperatures and low relative humidity at the time of pollination (autumn season). High 

temperatures also affect pollen vigor, causing poor pollination, produces less weight and 

infertile achene, ultimately leading to head infertility and low achene’s yield (Omidi et 

al., 2010). While, breeding sunflower for  higher seed and oil yield production, it is 

essential to identify morph-physiological traits, which are easier to measure and also 

express high relationship with seed yield, therefore  such  characters may be adopted as 

prospective selection criterion in breeding programmes (Hladni et al., 2008). Research 

for genetic improvement of sunflower is in progress for more than 3-decades and the 

objectives in sunflower breeding are to evolve  highly productive hybrids with high oil 

yields and disease combating (Dudhe et al., 2009). 

 
  Sunflower achene yield is polygenetically inherited character which is 

highly  affected by the environmental factors. However, yield is also dependent upon the 

genetic potential of a cultivar and contributions of other yield components such as achene 

weight, seeds head-1 and head diameter which also play significant role in improving the 

seed yield. Sunflower breeders pay a lot of attention to these components  alongwith seed 

yield while evaluating experimental hybrids.  

Today, the scope of sunflower hybrids is decisive for increasing seed 

yield, development of new gene pools and enhancing genetic biodiversity. In this contest, 
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new superior inbreds are almost needed. Plant breeders are able to follow two possible 

strategies to increase seed yield in sunflower. One option would be the development of 

hybrids that are disease and insect resistant. This type of strategy is called elimination of 

defectives or defensive breeding. However, this strategy does not always lead to an 

increase in yield production. The most commonly used option is to simply select hybrids 

with increased seed and oil yields. The genetic constitution of inbreds involved in hybrids 

largely depends as how the gene loci segregate during the successive generations of 

inbreeding and there is virtually nothing that breeders can do to change such type of 

natural phenomena. It is however possible to calculate the genetic differences between 

inbred lines through the study of genetic distance among inbreds (Falconer and Mackay, 

1996). 

 
The choice of parents for hybridization and obtaining maximum oil 

content may be based on dominant and over-dominant type of genes with the parental 

lines having high explicit combining ability in the hybrid combinations or with other 

parental lines. Oil content is expected to improve if male and female parents have high 

specific combining ability (Bagiu, 2007). For the last few years, the yield improvement in 

sunflower varieties has not been substantial due to narrow genetic base of the germplasm 

being used, which has been considered the major weakness/constraint in the development 

of ideal higher yielding hybrids. 

 
For the development of superior sunflower inbreds and eventually hybrids, 

they are recently designed with model plant structure that could produce higher plants in 

a piece of land, hence increased yields may be obtained with rigorous agronomic 
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practices. Female maintainer inbred lines are usually derived from the open-pollinated 

varieties from Russia.  Restorer groups, which are acquired from crossing of wild annual 

sunflower species with domesticated sunflower lines, are uniquely obtained from USA. 

These lines tend to be good sources for disease resistance and fertility restorer genes. 

Romanian and South African female lines (which include CMS lines) are used 

throughout the sunflower hybrid industry. The Argentinian INTA (El-Instituto National-

de-Tecnología Agropecuaria) group makes up the fourth group which also developed 

some potential female lines (Miller, 1999). 

 
  In sunflower breeding, seed yield being complex and polygenically 

controlled trait is yet susceptible to environmental fluctuations. In a well organized 

breeding programme, it is important to recognize better parents for crossing so as to 

inflate the genetic variation for isolation of finer genotypes (Inamullah et al., 2006). 

Further, such inbreds  may facilitate  for the development of superior hybrids, synthetics 

and composites varieties. The economic importance of many wild germplasm of 

sunflower still  needs to be  exploited for more information regarding the acclimatization 

of sunflower species (Dempewolf et al., 2008). 

 
  Major improvement in sunflower requires the urgency in evolving a 

heterotic hybrid that is achieved by tapping the excellent combining ability of inbred 

parents and heterotic vigour available in the genetically diverse parental female lines and 

male restorers. Estimation  of combining aptitude  of parents/inbreds for fundamental 

productivity traits like oil content, seed and oil yield is pre-requisite for developing 

promising sunflower hybrids (Volotovich et al., 2008). Line x tester analysis is one of the 
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mating designs that efficiently evaluates the combining ability effects of genotypes and 

also provides knowledge concerning genetic mechanisms advocating multigenic traits. 

Knowledge of general  combining ability (GCA) and specific combining ability (SCA) of 

inbreds for yield and yield attributing traits has developed into progressively more 

valuable to plant breeders in making the preference for selecting parents for the evolving 

superior hybrids in numerous  plant species (Kempthorne, 1957).  

 
  Combining ability estimates and positive heterotic effects are useful 

genetic parameters for sunflower breeders who are involved in developing better achene 

and oil yielding ability of local hybrids with better oil quality.  Thus, it is necessary to 

generate useful breeding material and develop potential hybrids of sunflower. Sunflower 

hybrids are more consistent in performance, highly fertile, produce high seed yield 

production and  are more homogeneous in maturity (Sujatha and Chikkdevaiah, 2002; 

Kaya and Atakisi, 2004). Diseases resistance  of has also increased the importance of 

hybrid varieties. The expression of vigour in sunflower hybrids depends upon the 

combining ability of their parents (Kadkol et al., 1984). Kaya and Atakisi (2004) stated 

that potential hybrids can be obtained by crossing CMS inbreds and restorer lines having 

high general and explicit combining ability estimates. General and specific combining 

abilities alongwith genes having various economic characters are being predicted by 

many researchers (Bajaj et al., 1997; Orthegon-Morales et al., 1992; Hladni et al., 2006). 

Over dominance gene action is reported for plant height, head diameter, oil content, 100-

seed weight and seed and oil yields (Gangappa et al., 1997). Nonetheless, additive gene 

action for these characters has also been  noted by Singh et al. (1989). Higher estimates 

of general and  specific combining ability indicated that additive and  dominant gene 
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effects were more important for oil content (Bedov, 1985). Similar magnitude of additive 

and dominant gene effects was observed for oil yields also (El-Hity, 1992). Desirable 

negative GCA and SCA effects were reported for plant height and short duration growth 

period (Khan et al., 2008c; Ghaffari et al., 2011) and also some researchers like Khan et 

al. (2009a) and Karasu et al. (2010 ) reported considerable positive GCA and SCA 

effects for oil content, seed yield and yield associated traits. 

 
  Heterosis  breeding plays a prominent responsibility in improving crop 

production and quality of oil so as to nourish the overwhelming human population, 

specially in developing world. The development of  hybrids in important food crops and 

procedures of hybrid seed production are imperative for obtaining above goal. For 

improving yield and developing high yielding varieties play a decisive role and these 

varieties display heterosis in all aspects against their inbred parents or competing 

varieties. Sunflower is also a crop in which heterosis could be exploited considerably for 

higher seed and oil yields. More controversial is the role of over-dominance gene action 

in the manifestation of heterosis. Genetically, however the best F1 hybrids can obtained 

from crosses of parents having a high proportion of additive, dominance or 

complementary epistatic genes for the favourable expression of main yield components. 

The heterosis in sunflower is achieved to  greater part, through  the use of single cross 

hybrids which is obtained by crossing cytoplasmic male sterile lines with fertility restorer 

males which  have acquired high fertility restorer genes (Hladni, 2010). Hladni et al., 

(2007) reported the magnitude of hybrid vigour in sunflower  was highly associated with 

genetic diversity between the parental lines. The magnitude of heterosis will depend in 

the dispersion of the favourable dominant and epistatic genes among the parents. The 
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term often causes argument, specially in discerning breeding of domestic animals, 

because it is occasionally supposed that all cross-pollinated plants are genetically 

superior to their parents; this may be fact only in assured  conditions when a hybrid is 

found to be better to its parents which is called as heterosis. Anwar-ul-Haq et al. (2006) 

reported heterosis in oil content (48.53%) and observed few hybrids with better 

heterobeltiotic values for yield and yield attributing traits. The percent of heterosis and 

heterobeltiosis of 109.0 to 218%  were recorded for seed yield in sunflower (Abdullah et 

al., 2010).  

 
  Inbreeding disparity refers to the decrease in the fitness and productivity 

of progenies produced by consanguineous mating and the harmful effects of inbreeding 

have been established since more than a century (Darwin, 1876). The effects of 

inbreeding depression is especially  important for more endangered and extremely 

vulnerable species (Frankham et al., 2003). Through environment endanger and other 

human-caused changes, many species of plants now survive in very little and remote 

populations. The negative effects of inbreeding have been observed in both out-crossing 

and self-bred species for different plant traits (Charlesworth and Charlesworth, 1987; 

Keller and Waller, 2002). The reduction in fitness is considered to be caused by an 

increase in homozygosity across the genome, which results in the expression of recessive 

lethal genes, a theory termed as  the ‘partial dominance hypothesis and a reduction in 

heterozygotes for loci exhibiting unconditional heterozygote advantage, a theory termed 

as over-dominance hypothesis (Charlesworth & Willis, 2009). In plants without 

gametophytic self-incompatibility genes, fewer seeds formed in inbred flowers is 

frequently owing to  deleterious recessives genes (Keller and Waller, 2002). Ahmad et al. 

http://en.wikipedia.org/wiki/Domestic_animal
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(2005) observed heterotic effects in F1 hybrids and also inbreeding depression in F2 

population for better understanding the plant behavior in hybrid and selfed conditions. 

 
  Heritability is generally defined as the ratio of genetic variation in plant’s 

phenotype which is the reflection of genetic changes among plants and remaining part of 

variation is by and large attributable to environmental factors. Studies on heritability 

normally estimate the comparative role of genetic and environmental factors for a 

specific character. Heritability determines the ratio between genetic  and non-genetic 

ones which affect the variability (Fick and Miller, 1997; Bernardo, 2002). Knowing the 

knowledge of genetic variation and genetic dissimilarities exist within populations are 

valuable for the efficient use of germplasm in breeding programmes (Safavi et al., 2010). 

 
  Selections based on correlation only without considering interactions 

among yield components may mislead plant breeders to achieve their main breeding 

goals. Hence, it is important to predict phenotypic correlations between two variables. 

For efficient selection programme, interrelationship between yield and its components is 

inevitable because it determines mutual association of plant characters and is used to 

find-out the degree of relationship between various plant characters for which selection 

can be relied upon for genetic improvement of yield and its components. Sunflower 

breeders observed variable  correlations (Teklewold et al., 2000; Khan, 2001; Kaya and 

Atakisi, 2003; Yasin and Singh 2010). Many researchers examined the relationship 

among yield components generally using correlation and path analysis and concluded that 

selection for grain yield in sunflower is largely dependent on 1000 seed weight, head 

diameter and early maturity (Sridhar et al., 2005; Farhatullah & Khalil 2006; Goksoy & 
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Turan, 2007 and Amorim et al., 2008). However, plant height was also indicated as 

valuable yield component (Dagustu, 2002; Kaya & Atakisi, 2003; Kaya et al., 2003; 

Hladni et al., 2004; Dusanic et al., 2004 and Kaya et al., 2005). The present study was 

conducted with the following objectives. 

 
 

 OBJECTIVES 

 
1. To estimate general and specific combining ability of lines, testers and F1 hybrids for 

phenological,  seed yield and  oil traits. 
 
2. To identify potential sunflower hybrids for main agronomic characters. 

3. To determine the performance of hybrids with respect to heterotic effects in F1 and 
inbreeding depression in F2 hybrids of sunflower. 

 
4. To estimate correlations between phenological, seed yield and oil traits. 

5. To determine heritability estimates for various traits.  
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CHAPTER-II 

 

REVIW OF LITERATURE 

 
 

General and specific combining ability 

 
 
Plant breeder can take benefit of the knowledge on combining ability of 

high yielding parents to be used  for hybrid development. Therefore, specific combining 

ability (SCA) is important for selection of suitable parents for hybridization and 

identification of promising hybrids  for further breeding programmes. Combining ability 

analysis is of special importance in cross pollinated crops like sunflower as it also helps 

in identifying potential inbred lines to be used for the development of hybrids or 

composite varieties. Sprague and Tatum (1942) defined general combining ability (GCA) 

as an average performance of lines in series of hybrid combinations and specific 

combining ability is defined as the performance of certain inbred lines in specific hybrid 

combinations. The analysis of GCA and SCA are also useful in knowing the type of gene 

action controlling various characters and also for designing suitable breeding strategies. 

 
  The line x tester analysis developed by Kempthorne (1957) is one of the 

simplest and efficient statistical procedure for evaluating huge number of inbreds for 

combining aptitude with other inbreds and per se  hybrid performance. Sunflower inbred 

lines are grouped as restorers/males/pollinators and cytoplasmic male sterile (CMS) 

female lines, these inbreds fit  very well in measuring combining ability of inbred lines 

and hybrids. Tavade et al. (2009) gave an idea of using 10 restorer lines with broad 
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genetic base to obtain reliable information required to design efficient breeding 

programme for rapid crop improvement. It is also observed that restorer lines which had 

higher GCA values than CMS lines for some important yield characters can be superior 

restorer lines for further breeding programmes. Laureti and Gatto (2001), Latha et al. 

(2004), Hladni et al. (2007) and Hladni et al. (2011) recorded significant differences 

among the female lines, restorer male and their F1 hybrids for seed  head-1 and 100-seed 

weight. 

 
   In a well organized breeding scheme, it is necessary to recognize superior 

parents for crossing and  hybrids to increase the genetic diversity for selection of better 

genotypes (Inamullah et al., 2006b). Many scientists succeeded in identifying potential 

parents for developing sunflower hybrids in achieving high yield performance in 

breeding programmes (Kaya and Atakisi, 2004; Hladni et al., 2005). Line x tester 

analysis is also useful in understanding the type of gene action advocating various yield 

traits so as to develop suitable breeding strategy (Babu, 2007 and Karasu et al., 2010). 

Some researchers found that general combining ability played an important role in 

determining yield components (Sindagi et al., 1979). However, Hladni et al. (2008) 

obtained high yielding and stable hybrids those were characterized with changed plant 

architecture and noted their ability to increase plant stand on  per unit land area. 

 
  Genotypes are considered superior which prove to be good donors and 

better combiners for desirable plant traits. From breeding point of view, SCA represents 

both dominance and epistatic gene action. previous researchers observed that SCA 

inflicted  greater effect than GCA in expressing grain yield (Shekar et al., 1998; Laureti 
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and Gatto, 2001). Ortegon-Morales and Escobedo-Mendoza (1993) and Skoric et al. 

(2000) indicated that GCA  effects are important genetic parameters for appraisal of 

inbred lines and testers in sunflower breeding programmes. Manivaran and Ganesan 

(2001) identified parents for their combining ability in both directions as being good 

general and good specific combiners. For days to 50% flowering, parents and crosses 

were identified with significant general and specific combining ability effects (Devaraj, 

1996 and Thakare et al., 1999).  

 
  Kristin et al. (2006) noted that seed germination and dormancy were 

affected in sunflower with wild species hybridization in both laboratory and in field 

experiments. Hybridization increased seed germination and decreased dormancy of  nine 

wild populations and most of their hybrids had higher germination percentage than the 

wild species of the same population. Hybrids produced by three different lines differed in 

germination and their germination rankings across populations. Differences in relative 

germination of wild and hybrid seeds indicated that the effect of germination on 

introgression will likely vary by population in part and also by initial levels of dormancy 

in the populations. 

 
  Identification of inbreds with positive GCA were noted as good general 

combiners for seed yield, oil content, head diameter and plant height for further 

hybridization and development of potential breeding material (Singh and Singh, 2000 and 

Sakthivel, 2003). Bhat et al. (2000) observed inbred X-13 as a good general combiner for 

seed yield, oil content, head diameter and plant height, while the hybrid CMS 234A x M-

2-1 was the best specific combiner for seed yield, oil content, plant height and leaf area. 
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Shekar et al. (2000) observed that three female parents viz., HA-234, HA-338, HA-851 

and testers RHA-274, MR-1 and RHA-83R6 displayed significant GCA for seed yield 

plant-1, 100-achene weight, plant height, days to maturity, days taken to 50% flowering, 

oil content, head diameter and stem girth and for some other yield components. Singh and 

Singh (2000) observed that the hybrid CMS 234A x M-2-1 was the best specific 

combiner for seed yield and  the high SCA hybrids also involved at least one high or 

medium general combiner parents. Shekar et al. (2000) elucidated that cross 

combinations like CMS-338  x RHA-297 and CMS-338 x RHA-274 were the best 

specific combiners for days to maturity and days to 50% flowering, respectively, whereas 

CMS-851 x RR-1 and CMS-234 x RHA-83R6 were the best specific combiners for seed 

yield  plant-1 and oil content, respectively. 

 
  Some  hybrids displayed appreciably higher seed yield and morphological 

traits such as plant height, leaf area, leaf area index, stem diameter and days to maturity 

as compared to other hybrids and also exhibited higher yield traits such as head diameter, 

1000-achene weight, seeds head-1 and harvest index over  standard (Reddy et al., 2002). 

Higher specific combining ability effects of cross CMS 6A x GP 270 was recorded for oil 

content followed by CMS-6A x RHA-272 (Sakthivel, 2003).  

 
  Goksoy and Turan (2004) observed that the parental lines CMS 234-A and 

CMS-CO-4-A recorded positive general combining ability for seed yield, oil content and 

100-seed weight while CMS 234-A also exhibited desirable general combining ability 

estimate for days to 50% flowering. Their results suggested that hybrids CMS191 x 
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RHA723, CMS191 x RHA892, CMS381 x RHA684 and CMS461 x RHA684 may be 

regarded as promising hybrids for grain yield and yield traits. 

 
  Parameswari et al. (2004) observed that inbred line RHA-857 displayed 

low to moderate general combining ability for days to 50% flowering, head diameter, 

stem girth, 100-seed weight, oil content and seed yield plant-1 while the lines RHA-298, 

RHA 293 and RHA-586 exhibited positive general combining ability for oil content. 

From hybrids evaluated, CMS SUF 11 A x RHA 274, CMS 234 A x RHA 297, CMS CO 

4 A x RHA 586, CMS WGA x RHA 857 and CMS CO 4 A x RHA 297 were promising 

in terms of per se  hybrid performance, specific combining ability and heterotic estimates 

for  yield production. 

 
  Two  cytoplasmic sterile lines  and two restorer recorded higher seed and 

oil yields however, restorers 2644-R and 2280-R and female lines HA89-A and BAH-8-

A exhibited the highest GCA estimates for oil percentage (Kaya, 2005a). Jan et al. 

(2005a) observed that inbred lines TF-1, ARI, TF-4 and TF-335 were the best general 

combiners for most of the characters examined. Reddy and Latha (2005) observed that 

the line DCMS-18 was the best general combiner for seed yield plant-1, head diameter 

and test weight whereas among the testers, DSI 9, DSI 15 and DRS 18 were good general 

combiners for seed yield plant-1 only. Among  the crosses, hybrids DCMS-11 x DRS-3, 

DCMS-18 x DSI-9, DCMS-18 x DSI-15, DCMS-25 x DRS-3, DCMS-32 x DSI-76 and 

DCMS-32 x DRS-18 were found as the  best combinations for seed yield plant-1. 
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  Jan et al. (2006) while evaluating inbred lines found that TF-1 was the 

best general combiner for head size and 100-achene weight yet inbred line ARI was the 

best general combiner for the achene yield plant-1 and achene’s yield in kg ha-1, TF-4 was 

the best combiner for numbers of seeds plant-1.  Among the hybrids, TF-335 x PESH was 

consistent with high SCA for head size and seed yield in kg ha-1 and TF-335 x TF-11 

exhibited high reciprocal effect for seed yield plant-1 and 100-achene weight. 

 
  Hladni et al. (2006) observed that  some lines exhibited significantly 

positive GCA values for oil content where as one hybrid manifested significantly positive 

SCA value for oil content.  Shankar et al. (2007) found that line ARM-243B was good 

general combiner for seed yield, oil content, oil yield, head diameter, number of filled 

seeds head-1 and 100-seed weight whereas two restorers were observed as good male 

parents for seed and oil yields. The hybrid PF-400A x P-356R was found as a promising 

hybrid for seed yield, oil yield, early maturity, head diameter, stem diameter, number of 

filed seeds head-1, seed filling percent and 100-seed weight. Babu (2007)  carried-out line 

x tester analysis  and found that female lines RHA-851-A, and CMS-234-A  and males 

RHA-265 and 6-D-1P-2  were identified as potential parents based on their GCA effects 

which could be utilized in heterosis breeding with respect to oil quality while RHA-851-

A and RHA-265 were found as good  general combiners being suitable for hybridization 

and selection programmes. 

 
Turkec and Goksoy (2006) noted that  five hybrids  gave highest seed 

yields while one hybrid expressed significant specific combining ability effects for seed 

yield. Gowtham (2006) found that the hybrids viz., VRF x NDOL-2) x 6-D-1, CMS234A 
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x RHA-857 and 4546A x NDOL-3 x RHA-265 performed better over locations and 

seasons to confirm their potentiality for the exploitation of heterosis and their use in 

commercial cultivation. The best cross combinations for seed yield (kg ha-1) was DSF-

15A × R-298 and for oil content was 4546A × NDOL-3 ×6-D-1) with high SCA effects. 

For oil quality, hybrids RHA 851A RHA 265 was found to be good  specific combiners 

(Babu, 2007). 

 
  Kumar (2007) found significantly positive SCA effects for the crosses 

(CMS-VRF x NDOL-2) x 6 D-1 Br, (CMS-851A x NDOL-2) x RHA-857-Br and (CMS-

VRF x DSF-2) x RHA-857 NB for traits like seed yield and oil content. Balu and  

Ibrahim (2008) conducted line x tester analysis and found that among the hybrids 

evaluated, 821A x CO 4, 351A x Morden, 852A x RHA278, 351 A x RRI, 821 A x 

RHA299, 852 A x Morden and 821 A x 6D-1 exhibited high  per se performance and 

high specific combining ability for yield and yield components. Khan et al. (2008c) 

observed that some hybrids gave substantial specific combining ability estimates for seed 

yield. While three  hybrid combinations manifested higher specific combining ability 

effects for seed yield only. 

 
  The hybrid OS-1 A x OS-6 displayed highest SCA effects for grain yield 

as well as for oil content and oil yield as reported by Mijic et al. (2008). Sawargaonkar 

and Ghodke (2008) suggested that the crosses which exhibit higher performance per se, 

high heterosis, high SCA and GCA in both or at least in one of the parents in cross were 

J/6 x NDR-1 for seed yield, 6D-IR x DMLT-1Y for oil content, NDR-1 x LR-451 for 

head diameter, NDR-856 x 6D-1R for pollen productivity and MR-1 x NDR-1 for dwarf 
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plants may be recommended for transgressive segregation to evolve superior restorer 

lines and hybrids.  

 
  The majority of the hybrids showing positive SCA effects mainly involved 

parents with positive combining ability for seed yield plant-1, besides associated with 

desirable SCA effects for other component traits, especially for head diameter, number of 

filled seeds head-1, plant height, pollen production crosses, 100-seeds weight, oil content, 

yet ten crosses recorded significantly negative SCA effects (Sawargaonkar and Ghodke, 

2009). 

 
  Among the hybrids evaluated, 298R x ID-3/147R was  found  as the best 

for seed yield plant-1 and 274R x BC-3-IR for oil content and the parental genotype ID-

3/147R used in majority of hybrids indicated its potentiality in transferring advantageous  

traits to their progenies (Tavade et al., 2009). Khan et al. (2009a)  recorded higher 

estimates of both GCA and SCA from line TS-18 which was good general combiner for 

days to first flowering and plant height and line TS-17 for days to 100% flowering and 

days to maturity proved as best  general combiner. Among the RF lines, R-25 gave good 

performance for days to first flowering, days to  complete flowering, and days to maturity 

whereas from testers, 291RGI proved as a best combiner for plant height. Among the 

hybrids, TS-335 x TR-9 was good specific combiner for days to first flowering, TS-18 x 

R-25 for days to 100 % flowering and days to maturity. For plant height, high SCA was 

scored by TS-18 x 291-RGI hence these hybrids were recommended for cultivation and 

also for evaluation in national uniformity yield trials. Kamati (2009) recorded high GCA 

effect of testers ARM 240 (Br) and DRSI 635, while female lines PET 2-7-1A and CMS 



 19 

17A and hybrids PET 2-7-1A x 6D-1, PET 2-7-1A x ARM 244 (Br), PET 2-7-1A x ARM 

240 (Br) proved as good performing with high SCA effects, thus these were identified as 

promising hybrids based on the parental performance. 

 
   Thombre et al. (2007) estimated GCA effects of nine characters and the 

lines CMS-234-B and CMS-207-B were regarded as good general combiners for seed 

yield while among the testers, LTR-DMLT-1 (Y) 22; LTRR-1-856II and LTR-17-B were 

good general combiners for seed yield plant-1. Among the hybrids, the best performance 

for seed yield and SCA effects were manifested  by CMS-234A x LTRR-1-822 which out 

yielded all the check hybrids. 

 
  Patil et al. (2007) evaluated some interspecific derivatives and estimated 

general  combining ability effects of female lines CMS-336A and CMS-240A and noted 

that these lines produced superior hybrids and could be used in future breeding 

programmes while good combining testers like ID-5016, ID-5020 and ID-1020 may be 

used in developing synthetic varieties. The hybrids CMS-240A x ID-5016, CMS-60A x 

ID-5020 and CMS-336A x ID-1020 were the best specific combiners for yield and yield-

attributing traits. Further evaluation of such hybrids would be meaningful in identifying 

superior hybrids better than those presently available for cultivation.  

 
  Binodh et al. (2008) reported that CMS line 234-A and testers CSFI 5014 

and CSFI 5414 were good general combines for seed yield, oil content and oil yield. The 

hybrid  234-A x CSFI-5014 however was good performing as per se for seed yield, oil 

yield, 1000-seed weight, head diameter and earliness (days to 50% flowering). The 

hybrid CSFH-6008 (234-A x CSFI-5014) showed significantly positive SCA effects for 
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seed yield, oil yield and oil content and exhibited additive x additive type of gene action 

for these traits. The hybrids 234-A x CSFI-5418, CSFH-6021 (851-A x CSFI 5434) and 

CSFH-6025 (851-A x CSFI-5414) were identified as good specific combiners for most of 

the yield components and oil content, yet exhibited additive x dominance type of gene 

action which indicated that these hybrids could successfully be exploited for heterosis in 

sunflower breeding programmes.  

 
  Hladni et al. (2008) evaluated seven genetically distant cytoplasmic sterile 

lines and three  fertility restorers, through line x tester method. General combining ability 

values were highly significant for petiole length and leaf area plant-1. The maximum 

contribution to the manifestation of  petiole length was about 50% while leaf area was 

57% in the female lines. Line NS-NDF, which expressed negative GCA values was a 

good general combiner for reduced plant height. 

 
  Khan et al. (2008c) evaluated the performance of CMS lines TS-18 and 

TS-335 and R lines TR-5 and TR-13. Their results revealed that restorer lines were good 

for majority of the characters as compared to cytoplasmic sterile lines. Both male sterile 

lines and restorers,  however were good general combiners for all the traits studied at two 

sites. Some four superior F1 hybrids displayed greater specific combining ability 

estimates for achene yield while four crosses manifested higher specific combining 

ability for grain yield and yield  traits. 

 
  Rezaizad and Farrokhi (2008) evaluated hybrids three potential hybrids 

and found that those hybrids gave maximum seed yield with 4471.0, 4274.0 and 4131.0 

kg ha-1, respectively. While restorer and female inbreds exhibited highest general 
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combining ability for seed yield. Their results by and large indicated that male pollinators 

can play important role to produce hybrid cultivars and  both male and female parents 

were superior for the development of potential hybrids. 

 
   Mijic et al. (2008) found that OS-1 line manifested the highest GCA 

effects for grain yield, oil content and oil yield while OS-1A x OS-5B was the best hybrid 

for commercial production. Tavade et al. (2009) observed that among ten restorer lines, 

one was identified as a best general combiner for seed yield  plant-1 and oil content, while 

one from hybrids was identified as the best cross combination for seed yield plant-1 and 

one for oil content only. Yet, an other hybrid gave promising seed yield along with its 

other contributing traits in addition to oil content. One parental genotype which was used 

in majority of the hybrids revealed its potentiality to transmit favourable traits to their 

progeny. 

 
  Yamanura et al. (2009) observed that the  two female parents and  four 

pollinators were known as better combiners for grain yield plant-1 while two hybrids 

expressed higher SCA effects for seed yield in sesame crop. Likewise, Karasu et al. 

(2010) identified some parents which demonstrated superior general combining ability, 

however parental lines cms10 and RF-10 proved to be good general combiners by having 

highest positive GCA effects seed yield with some yield attributing traits. 

 
  Ambati (2010) evaluated the crosses along with their parents and checks 

for fertility restoration ability of male parents, their heterotic effects and combining 

ability in sunflower. The differential restoration behavior of pollen parents established the 

diversity among the five CMS lines. Among known six fertility restorer lines, 24 male 
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parents evaluated  were noted as common restorers  parents for both PET-1 and PET-2-7-

1-A cytoplasmic male sterile lines and  maintainers CMS-300-2A and PET-2-7-1A, 

respectively. For the heterosis and combining ability studies, 60 hybrids were selected 

based on fertility restoration and mean seed yield. The hybrids PET-2-7-1A x ARM-250, 

DSF-15-A x RHA-95-C-1 and PET-2-7-1A x DRM-29-4 were found showing significant 

and positive standard heterosis for seed yield, oil content and some other economically 

useful characters in sunflower. The CMS source PET-2-7-1A and conventional female 

line CMS-17-A and the males ARM-250 and DRM-29-4 were found to be the good 

general combiners, thus offered  good scope for the improvement of inbred lines for seed 

yield and its attributing traits. Most of the hybrids showing high SCA effects were 

observed as a result of low x low or high x low cross combinations indicating the effect 

of favourable complementary alleles. 

 
  Tan (2010)  found highly significant GCA effects for achene yield,  seed 

index, days taken to flowering and physiological maturity, plant height, head diameter, 

oil content and hull percentage, while SCA effects were less important for majority of 

above characters. On the basis of general combining ability effects of the first and second 

cropping seasons, the inbred lines 0043cms, 0046cms, 0195cms, 0583cms, 0704cms and 

restorers 708-Rf, 845-Rf, 951-Rf, and 1097-Rf expressed favourable GCA effects. 

therefore were measured as better general combiners for majority of the characters. 

Hence such hybrids may be exploited for evolving potential hybrids and synthetics 

varieties in sunflower breeding programmes. 

 



 23 

  Mohanasundaram et al. (2010) attempted crosses between twenty four 

inbred lines with two testers in line x tester mating design for estimating the combining 

ability for seed yield in sunflower. Three CMS lines were considered as superior parents 

by recording high per se performance with significantly positive general combining 

ability effect for seed yield plant-1. While evaluating 48 hybrids, three hybrids were 

regarded as potential hybrids by displaying high per se performance and high SCA 

effects for achene-yield plant-1. 

 
  Chandra et al. (2011) determined general combining ability effects of  

parents from combined analysis and their results suggested that from the two cytoplasmic 

sterile lines and from testers, three male pollinators were characterized as  high general 

combiners for seed yield and yield components. Considering the estimates of SCA, five 

hybrids viz., CMS-89A x Rf-834-1, CMS-17A x Rf-341, CMS-243A x Rf 298, CMS-

238A x Rf-3376 and CMS-852A x Rf-649 were acknowledged as promising for seed 

yield and other yield  traits. 

 
  Hladni et al. (2011) observed preponderance of general combining ability 

effects  of number of seed head-1 and  weight of 100-seeds. Highly significant positive 

GCA estimates were exhibited by CMS line NS-GS-5 for the above characters. Hybrid 

NS-GS-5 x RHA-RPL- 2/1, nonetheless manifested the highest significant SCA value. 

The major part in the inheritance of seeds head-1 and 100-seed weight was played by non-

additive variance that was established by the ratio of GCA and SCA. Though testers 

showed  maximum average input in the expression of seeds head-1  of approximately 

56%,  yet for 100-seed weight, more contribution  76% was paid by the CMS line.  
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  Ahmad et al. (2011) reported that  four CMS lines expressed significant 

general combining ability effects for days to flowering, maturity and  seed yield plant-1. 

While two  testers, were  found as good general combiners for days to flowering, days to 

maturity, plant height, leaf area, head diameter, 100-achene weight, and seed yield    

plant-1. They suggested that these lines could be exploited for sunflower hybrid 

development in future breeding programmes. 

 

  Karasu et al. (2010) reported that four  hybrids proved as promising 

hybrids in terms of seed yield based on their performance. Whereas  Prakash et al. (2010) 

evaluated 35 hybrids and noted that  at least four were superior on the basis of  high per 

se performance and significant SCA effects for green fodder yield plant-1 in Sorghum. 

Restorer line “RF-21” and CMS line “CMS-356” showed prominent effect on their 

corresponding hybrids. While hybrid RF-023 x CMS-078 was recognized as superior 

early maturing hybrid with high oil content and yield as observed by Ghaffari et al. 

(2011). 

 
  Machikowa et al. (2011) used half diallel design to describe qualitative as 

well as quantitative traits. General combining ability and specific combining ability  

effects were estimated for seed yield, head diameter, 1000-seed weight, plant height and 

oil content. Inbred line 5-A exhibited the highest GCA effects for yield and oil content, 

followed by the line 2A. These two inbred lines exhibited good potential for their use as 

parents for hybrid crop development. 

 
  Andarkhor et al. (2012) evaluated single cross combinations along with 

their parents and two checks in incomplete block design. The testers RF-081-25 and Rf-
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81-30 manifested significantly positive general combining ability effects for grain yield 

and 1000-seed weight respectively whereas restorer Rf-131 with significantly negative 

GCA effect for plant height was considered as a good general combiner. Other lines like 

AF80-488 and AF80-488 were good combiners for grain yield and 1000-seed weight 

respectively. The hybrids such as AF80-460 x Rf-81-25 and AF-8-6937 x Rf81-30 

recorded significantly positive SCA effects for grain yield, oil content and oil yield. 

 
  Ciric et al. (2012) studied combining ability for plant height and head 

diameter of ten  CMS lines, three testers and 15 F1 hybrids evaluated via line x tester 

method. Significant variances were observed among females, male pollinators and their 

progenies. The maximum mean for plant height was recorded  in one line (198.0cm) and 

in one  hybrid (239.00cm), and minimum average in line PL-DI-13 (79.67cm) and  two 

hybrids.  

 
  Siddiqi et al. (2012) evaluated male, female lines  of sunflowers and their 

hybrids for yield  and oil traits. Higher amount of  genetic variability was recorded for all 

the traits studied. Higher seed yield  of 1.2 tons ha-1 was achieved from one hybrid as 

compared to parental lines. From the hybrids examined, highest seed yield was recorded 

by TS-7 x TR-6023 while lowest  by TS-11 x SMTR-17. Maximum oil content of 42% 

was obtained from TR-120 and minimum of 35% from TR-6023. In case of hybrids, 

highest oil content  of 49% was recorded by hybrid TS-7 x TR-6023 and  lowest of  31% 

by TS-11 x TR-120. 

 
Ciric et al. (2013) evaluated eight  females, three pollinators and their 24 

F1 progenies through line x tester analysis. Substantial differences were found among 
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females, pollinators and F1 hybrids. Results further indicated that two lines were 

identified as good general combiners for days to 58 and 65 flowering, respectively. For 

the expression of plant height, best combiners with desirable plant height were recorded 

by PD-02  and PD-03. For head diameter,  the lines PD-052 and MA-057 were identified 

as good combiners. Variances due to SCA were  quite greater than GCA for all the traits. 

Female lines played a major role in the manifestation of the analysed characters\, 

however dominant genes profound for most of the evaluated, which inferred that they 

could be improved through heterosis breeding. 

 
Andarkhor et al. (2013)  carried-out line x tester investigation which 

revealed significant differences among the genotypes yet parents, hybrids and lines also 

indicated significant differences for all the traits except seed thickness. Most of the lines 

and testers with significant positive GCA effects for seed yield also recorded significant 

positive GCA effects for oil yield. The hybrid AF-6937 x RF81-30 showed significant 

positive specific combining ability (SCA) effects for seed width, seed yield and oil yield. 

While other two hybrids revealed significant positive specific combining ability effects 

for seed yield and oil yield. Thus the importance of  dominant genes in these two hybrids 

was apparent. Therefore, for improving these traits, hybrid  breeding method will be the 

choice method. 

 
Kang et al. (2013) reported that the lines G-93 and G-79  expressed highly 

significant GCA effects for days to flowering, days to maturity, head diameter, 100-seed 

weight, seed yield plant-1 and oil contents, therefore  they  were  marked as good general 

combiners. Among testers, A-85 displayed highly significant GCA effects for days to 
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flowering, days to maturity, 100-seed weight, seed yield plant-1 and oil contents whereas 

A-5 was best general combiner for days to flowering, days to maturity,  seed yield plant-1 

and oil contents. The hybrid G-65×A-85 revealed highest SCA effects for days to 50% 

flowering, days to maturity, head diameter, 100-achene weight, seed yield  plant-1 and oil 

contents. The analysis of variance indicated that the entries examined were significantly 

different for all the traits  at 1 and 5% probability levels. 

 
Khandagale et al. (2014) reported significant differences among the 

genotype viz. parents and hybrids. The  variances due to specific combining ability 

(SCA) were greater than general combining ability (GCA) for all the traits except head 

diameter which indicated that non-additive gene action imposed a greater effect on head 

diameter. The parents CMS-850 A, CMS-234 A and R-363 were considered as superior 

parents with respect to seed yield and oil content. The  hybrids CMS-850 A x R- 363 and 

CMS-89-1A x R-351 were regarded as the most promising hybrids since they recorded 

high per se performance and significant GCA and SCA effects as well as for majority of 

the characters studied. 

 
Saleem-U-ddin et al. (2014) conducted combining ability studies for 

morphological traits such as days to flower initiation, days to 100% flowering, maturity, 

plant tallness, head width and seed yield plant-1. The results revealed that GCA and SCA 

variances and lines x testers interactions were significant, however the magnitude of 

GCAs’ from CMS lines and restorers were higher than the SCA suggesting predominance 

of additive genes advocating  all the  above traits. Among the lines, CMS-HA-54 and in 

testers, RHP-71 by expressing maximum GCA effects were considered as the best 
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general combiners for almost all the characters indicating the predominance of more 

additive genes present in the parents, hence may serve as potential parents for 

hybridization  so as  to improve the characters studied. Among the F1 hybrids, CMS HA-

99 x RHP-76 and CMS HA-101 x RHP-73 were found as the best specific combiners for 

head or capitulum and seed yield.  

 
Additive and non-additive gene actions 

 
  The significance of combining ability studies depend on the appraisal of 

parental lines and their F1 hybrids showing significant additive and non-additive effects 

with respect to important traits. In sunflower, some research findings suggested the 

importance of both additive and non-additive genetic variances for yield and other traits 

(Kaya and Atakisi, 2004; Mijic et al., 2008). Whereas, Mohanasundaram et al. (2010) 

observed  predominance of non-additive genetic variances for days to 50 % flowering, 

days to maturity, plant height, head diameter, 100-seed weight and seed yield plant-1. 

Chandra et al. (2011) reported predominance of non-additive gene action for all these 

characters nonetheless additive gene action  was prominent for oil content. Additive 

variances were greater than non-additive variances for yield, head diameter and oil 

content was reported by Machikowa et al. (2011). 

 
Some researchers believe that additive gene effects are important for some 

yield traits like 100-seed weight (Ortis et al., 2005; Karasu et al., 2010);  seed yield  

plant-1 ( Shekar et al., 2000; Goksoy et al., 2002a ); oil content and oil yield (Mijic et al., 

2008; Ghaffari et al., 2011); number of seeds head-1 (Karasu et al., 2010) and seed yield 

kg ha-1(Mijic et al., 2008 and Karasu et al., 2010).  
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  Khan et al. (2008c) suggested that ratio of GCA and SCA being greater 

than 1.0 revealed predominance of non-additive genes; on the contrary, Karasu et al. 

(2010) note that ratios of GCA: SCA variances were lower than unity for plant tallness 

and head width in two years of study for number of grains head-1, 1000-seed weight and 

seed yield and suggested that non-additive effects were more effective than other types of 

genetic effects. Ghaffari et al. (2011) observed that seed yield and plant height are 

governed by dominant effects mainly by complete dominant genes.  

 
 Heterosis estimates 

 
  The utilization of heterosis played a vital role in  crop species , thus lead to 

the widespread use of  hybrids in several field  and horticultural crop plants. Heterosis 

breeding is useful in improving crop production and quality so as to give food to the 

increasingly human population, predominantly in developing countries of the world. For 

developing hybrid crops in the world particularly in food crops requires exploitation of 

appropriate method for hybrid seed production to achieve this ambition. Sunflower is also 

a crop in which heterosis could be exploited considerably for better seed and oil yield 

productions. 

 
  In sunflower breeding, several researchers have observed mid and high 

parent heterotic effects for oil quality and seed yield  (Khalil et al., 2000; Flagella et al., 

2002; Khan et al., 2008a and Aslam et al., 2010). Thirty one hybrids were characterized 

promising over the better parent for oil yield. However in order to increase heterotic 

effects for grain yield and oil yield and other direct and indirect yield components, it is 

imperative to increase the genetic variability of existing breeding stock (Skoric et al., 
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2007). Alone (2003) recorded the highest heterosis  of 59.25%  over the better parent for 

yield plant-1 in hybrid 270A x Modern which was followed by 290A x RHA-265 with 

55.15% heterosis. The later cross also showed a good amount of heterobeltiosis for other 

characters such as number of seeds head-1 and head diameter. The increased heterosis for 

yield plant-1 was parallel with increase in heterosis for head diameter and seeds head-1. 

 
  Heterosis and heterobeltiosis were estimated for yield and five other 

characters such as days to initial flowering, days to complete flowering, days to maturity, 

plant height and head diameter. Two hybrids CMS-232 x RHA-299 and HO-IA x RHP44 

surpassed their male and female parents and the rest of the hybrids for above cited traits. 

However, significant  and positive heterobeltiosis was found for days to initial flowering, 

followed by days to complete flowering and head diameter. It was suggested that F1 

hybrids CMS-232 x RHA-299 and HO-IA x RHP-44 may be included in the future 

breeding programme for  hybrid sunflower development (Jarwar et al., 2004).  

 
  Parameswari et al. (2004) evaluated heterosis for yield and yield related 

traits  i.e. days to 50% flowering, plant height, head diameter, 100-seed weight and oil 

content in hybrids CMS SUF 11 A x RHA274, CNS 234 A x RHA 297, CMS CO A x 

RHS 586, CMS WGA x RHA 857 and CMS CO 4 A x RHA 297. Their results suggested 

these hybrids expressed better per se performance, specific combining ability and 

heterosis for seed yield. Goksoy and Turan (2004) also observed  higher amounts of 

heterosis and heterobeltiosis which ranged from -8.4 to +16.3%  and -21.3 to +3.4% 

respectively for plant height; 46.3 to 82.3% and 20.3 to 48.3% for head diameter; -14.8 to 

+52.6% and -16.5 to +46.9% for number of seeds head-1; -3.3 to +42.7 and -19.0 to 
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+21.0% for 1000-seed weight and from 19.8-98.1 to 4.6-89.8% for seed yield. Hladni et 

al. (2005) also observed heterosis values for seed yield plant-1 that were positive and 

highly significant relative to both the parental averages and the better parent values. The 

results of their studies support the development of new high yielding and stable 

sunflower hybrids based on interspecific hybridization. Kaya (2005a) elucidated heterosis 

studies on main seed yield components of hybrids and parental lines and observed 

increase in F1 hybrids ranging from 37 to 245 kg ha-1 in seed yield  from 18 to 119 kg ha-1 

in oil yield and 38 and 51 % in oil content. The highest heterosis (288%) and 

heterobeltiosis (98%) were found in oil yield while the highest standard heterosis of 21%  

was computed for seed yield.  

 
  Kaya (2005b) observed the highest heterosis and heterobeltiosis for oil 

yield and seed yield. Pahlavani et al. (2006) estimated heterosis and inbreeding 

depression for germination % in all crosses that varied from -7.4 to 9.7% and -4.4 to 

4.3% respectively. These estimates ranged from -10.4 to 41.9% and -10.4 to 24.5% for 

rate of germination, yet F1 hybrid seed was superior to their parents in terms of 

germination percent and length of seedling roots in safflower. Premalatha et al. (2006) 

recorded that the cross CSV 15 x SPV gave maximum grain yield with 90.0, 87 and 

33.0% heterosis over the mid parent, better parent and standard check respectively. This 

cross was found to be superior for days to 50 percent flowering, plant height, grains per 

panicle and grain yield plant-1.  

 
  Gowtham  (2006)  exploited heterosis over mid parent, better parent and 

standard check and noted higher magnitude of average heterosis (42.83% kg ha-1) for 
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seed yield followed by oil yield (38.13% kg ha-1) and achene yield plant-1 (21.99% g). 

Majority of the hybrids, nevertheless exhibited negative heterosis for days to 50% 

flowering and days to maturity. The magnitude of heterosis varied from studies to studies 

and from character to character and it was the highest for head diameter and lowest for 

achene yield ha-1, however no cross combination was consistent in heterosis for all the 

characters studied. Jan et al. (2005b) and Anwar-ul-Haq et al. (2006) found that cross 

ORI-1 x RL-110 gave maximum increase for seed yield plant-1 while  hybrid ORI-2 x V-

214 produced taller plants,  took 82 days for flower initiation and 86.3 days to flower 

completion. The same hybrid excelled in head diameter and leaves plant-1. The cross 

ORI-1 x RL-110 also recorded 48.53% oil contents and other hybrid ORI-43 x RL-84 

gave maximum 100-seed weight (6.04g). 

 
Habib et al. (2006) observed that the hybrid ORI-3 x RL-84 expressed  

highest heterosis and heterobeltiosis and gave increase over mid and better parents for 

100-achene weight. While the highest positive heterosis and heterobeltiosis for oil 

content was exhibited by hybrid ORI-6 x RL-27 and ORI-47 x RL-69, respectively. The 

hybrids ORI-29 x RL-84 and ORI-3 x RL-77 showed maximum edges for head diameter 

over mid and better parents, respectively. While, ORI-20 x RL-77 exhibited highest 

positive heterosis and heterobeltiosis values for plant height; ORI-3 x RL-77 expressed 

highest positive heterosis over mid and better parents for both number of seeds  head-1 

and oil yield. Loganathan and  Gopalan (2006) observed that  seven hybrids CO 3 x 

exhibited significantly superior seed yield over standard parent, hence were 

recommended for commercial exploitation of sunflower hybrids. 
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Habib et al. (2007a) noted that hybrid ORI-20 x RL-77 gave maximum 

increases over mid and better parents for flowering period, yet maximum decrease over 

mid and better parent for days to maturity was recorded by the hybrids ORI-20 x RL-27 

and ORI-6 x RL-46, respectively. The hybrid ORI-20 x RL-77 showed highest positive 

heterosis and heterobeltiosis values for plant height. The highest positive heterosis over 

mid and better parent for seed yield was demonstrated by the cross ORI-3 x RL-77 in 

sunflower. Patil et al. (2007) observed that the hybrids CMS 240A x ID 5016, CMS 60A 

x ID 5020 and CMS 336A x ID 1020 were the best specific combiners for seed yield and 

yield contributing characters. They suggested that further evaluation of these hybrids, 

would be helpful in identifying superior hybrids, performing better than their respective 

parents. 

 
  Hladni et al. (2007b) observed positive and highly significant heterosis as 

compared to parental average as well as better parent for seed yield. Less amount of 

heterosis was found for seed number head-1 relative to parental average and better parent. 

For 1000-seed weight, the heterotic effects ranged  from 26.5% to 48.8% relative to 

parental average while -42.4% to 30.9% against better parent. They suggested that 

sunflower hybrid selection based on interspecific hybridization may be successful in 

developing high-yielding  hybrid varieties. 

 
   Habib et al. (2007a) observed maximum heterosis and heterobeltiosis for 

days to flower initiation in hybrids ORI-6 x RL-69 and ORI-6 x RL-77, respectively. The 

cross combination ORI-20 x RL-77 also exhibited maximum increase over mid and better 

parents for flowering period. The maximum decrease over mid- and better parents for 
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days to maturity was however showed by the crosses ORI-20 x RL-27 and ORI-6 x RL-

46, respectively. The hybrid ORI-20 x RL-77 also showed the highest positive heterosis 

and heterobeltiosis values for plant height and seed yield. The hybrids CMS 234A x I-98 

and CMS 852A x I-98 exceeded the standard controls KBSH-1 and KBSH-44 for oil 

content and oil yields as noted by Yogeesh et al. (2007). 

 
  Babu (2007) presented higher magnitudes of average heterosis for seed 

yield plant-1 (45.99%) followed by seed yield Kg ha-1 (45.05%). Maximum value of 

standard heterosis for seed yield was recorded by VRF × NDOL-2 × 6-D-1P-2. Majority 

of the hybrids, however exhibited negative heterosis for days to 50% flowering and days 

to maturity. Among the parents, RHA 265 and hybrids 4546A × NDOL-3 and hybrid 

VRF × NDOL-2 × 6-D-1 recorded higher heterosis for oil quality. 

 
  Balu and Ibrahim (2008) evaluated hybrids under rain fed conditions and 

observed that crosses 821A x CO 4, 351A x Morden, 852A x RHA278, 351 A x RRI, 821 

A x RHA299, 852 A x Morden and 821 A x 6D-1 exhibited high per se performance, 

specific combining ability and useful heterosis for yield and yield traits thus these crosses 

can be exploited for sunflower cultivation under rainfed conditions. Patil et al. (2008) 

noted general occurrence of heterosis for almost all the studied characters and observed 

that particularly one best hybrid manifested highest heterosis, heterobeltiosis and 

standard heterosis for seed yield plant-1 and yield contributing traits like head diameter, 

filled seeds plant-1 and oil content. They suggested that sat least four superior hybrids 

identified in their studies need  further attention and exploitation for future sunflower 

breeding programmes. 
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  Khan et al. (2008a)  noted that hybrid  one hybrid showed highest positive 

mid and high parent heterotic effects for seed yield kg ha-1; one for harvest index and one 

expressed highest negative mid and better parent heterosis for moisture content while one 

exhibited highest positive mid and better parent heterotic effects for oil content. Based on 

mean performance, and mid and better parent heterotic effects for seed yield and oil 

traits, parents of these three hybrids are suggested to be added in sunflower  hybrid 

breeding programmes. 

 
  Khan et al. (2008c) found some best hybrids for early flowering; early 

maturity;  higher 1000-seed weight;  more seeds plant-1; greater oil contents and higher 

seed yield. At Mansehra some hybrids  were identified advantageous heterosis for days to 

flowering; for days to maturity; 1000 seed weight; seeds plant-1;  oil contents and seed 

yield in Kg ha-1. Most of the hybrids exhibited positive heterosis for all the traits 

however, some of the crosses depicted negative but desirable heterosis for days to 

flowering and  days to maturity  which were recommended for commercial  cultivation 

and further plant breeding  programmes. 

 
  Kamati (2009) observed maximum average heterosis for seed yield plant-1 

(57.58%), test weight (27.12%), head diameter (23.47%) and plant height (11.35%). 

However, for days to 50% flowering and days to maturity, the hybrids recorded negative 

average heterosis in desirable direction. Karasu et al. (2010) identified some promising 

hybrids for seed yield as their heterosis and heterobeltiosis varied from 110 to 218% 

respectively.  
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  Abdullah et al. (2010) observed significant heterosis and heterobeltiosis 

values  in some hybrids for 1000-achenes weight and seed yield. In general, heterosis 

values were high for plant height, head diameter and seeds head-1, whereas heterobeltiosis 

values were not significant for some characters. The range of heterosis among the hybrids 

varied from 12 to 26% for plant height; 26 to 58% for head diameter; 26 to 135% for 

number of seeds head-1; 80 to 173% for 1000-seed weight and 110 to 218% for seed 

yield. Very interestingly, all the hybrids exhibited heterotic effects over 100% for 1000-

seed weight and seed yield. 

 
Inbreeding depression 

 
  The decrease in fitness and productivity due to the effects of inbreeding 

depression is a subject of major evolutionary importance. In heterosis breeding, as far as 

its genetics is concerned, it should not be dissociated from its complementary 

phenomenon of inbreeding depression. The first findings on heterosis and inbreeding 

depression in sunflower were published by many earlier researchers. Study of inbreeding 

depression is of  prime significance because it may lead to under estimate the selective 

effect of inbreeding in natural populations and understanding the evolution of mating 

systems. Nevertheless, the possibility that stressful conditions could enhance inbreeding 

depression which remains subject of debate because of contradictory results (Norman et 

al., 1995). Field experiments generally integrate a complexity mixture of abiotic and 

biotic factors, that are not clearly defined and therefore it is difficult to separate their 

effects  from inbreeding depression. 

 

http://www.nature.com/hdy/journal/v85/n3/full/6887590a.html
http://www.nature.com/hdy/journal/v85/n3/full/6887590a.html
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  Chaudhary and Anand (1984) observed inbreeding depression from  F1 to 

the F2 generations  which was observed as 9.96% for days to flowering and 68.71% for 

head diameter and eight best F1 hybrids with minimum inbreeding depression were also 

identified. Significant differences in mean values for all the above traits were found in the 

F1 and F2 generations  as reported by Hladni et al. (2003). Bajaj et al. (2003) estimated 

inbreeding depression in sunflower and observed significantly high inbreeding depression 

of 49.81% for seed yield plant-1  whereas very low magnitude of inbreeding depression of 

5.79% was recorded for days to maturity. 

 
  Ahmed et al. (2005) recorded heterosis and inbreeding depression where 

significant genetic differences were observed among the parents and their F1 and F2 

population for all the studied characters. Leaves plant-1 showed low level of heterosis in 

F1 hybrids (-0.9 to 22.2%) whereas the effect of inbreeding depression in F2 population 

was comparatively high (1.1 to 22.2%) for this character. The parent RHA-822 proved 

itself to be good general combiner by making higher contribution towards heterosis both 

in F1 and F2 populations. On the contrary, Reddy et al. (2006) showed significant genetic 

differences among the parents and their F1 hybrids and F2 populations for all the 

characters under study. The hybrid ARG x RHA 587 however recorded minimum 

negative heterobeltiosis and inbreeding depression. It was concluded from their study that 

RES 834-1, RHA 587 and PARRUN-1329 were chosen as potential parents to cross with 

other lines in further breeding programmes. 

 
  Joseph et al. (2006) found that the average yield of one F1 hybrid was 16% 

higher  than that of the highest yielding parent whereas the averages yield of another F1  
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hybrid was 5% greater than the highest yielding parent. These results suggested that first 

hybrid sowed noteworthy inbreeding depression when regressed on percentage 

inbreeding which is obvious evidence of dominance genetic role for yield in soybean. 

The  presence of heterotic effects may be the evidence that favourable gene combinations 

are possible and the extent of yield heterosis may be a useful criterion for selection 

among bi-parental crosses. 

 
  Skoric et al. (2007) pointed out that the work on heterosis and inbreeding 

depression in sunflower has been taking place for over 80 years. Observations were taken 

for agronomical traits in the F1 and F2 generations for investigating heterosis in seed 

yield, oil yield and yield components. They suggested that, it is necessary to increase the 

genetic variability of pre-breeding material, so as to achieve improved efficacy at the 

inbreeding stage. The exiting of genetic variability in cultivated sunflower made it 

possible to develop hybrids with a genetic potential for seed yield of over 6.0 tons ha-1 

and seed oil content of over 55%. 

 
  Kant and Srivastava (2012) recorded the extent of heterosis over mid 

parent, better and  standard parent (NDU1) as well as inbreeding depression in F2 

generation. Eight genotypes were used to produce six crosses viz.; NDU 97-10 × IPU 98, 

NDU 99-2 × IPU 981, Shekhar 1 × KU 300, Shekhar 1 × KU 300, Uttara × NDU 1 and 

Uttara × KU 321 and their F2 populations. Positive and highly significant standard 

heterosis for seed yield plant-1 was registered in all the six crosses. Most heterotic crosses 

for yield were exhibited by NDU 99-2 × IPU 981, Shekhar 1 × KU 300 and Uttara × 

NDU-1. Nonetheless, all these hybrids also registered highly significant inbreeding 
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depression for yield during both crop seasons. Negative and significant standard 

heterosis, heterobeltiosis, mid parent heterosis and inbreeding depression were recorded 

for days to 50% flowering and days to maturity. 

 
Heritability estimates 

 
In  sunflower plant population, obviously plants differ in head diameter, 

plant height, leaves per plant, seeds head-1, 1000-achene weight, etc. These variations in 

quantitative traits are partly attributable to the environmental factors and partly by the 

genetic influence. For sunflower breeders, it is very important to know the genetic 

variance which is due to additive genes. Thus, heritability is defined as the degree of 

genetic variance which is transmittable from parents to the progeny is referred as 

heritability. Traditionally two types of heritability are studied, these are narrow sense and 

broad sense. The broad sense heritability is of less practical importance to crop breeders 

because it can not exactly define the breeding value of parents or populations. On the 

other hand, narrow sense heritability determines as how much of the phenotypic 

appearance of plants is the exact reflection of their genetic value. Alga and Fernandez 

(1997) reported narrow sense heritability estimates for various traits as 65% for yield; 

80% for seeds head-1; 84% for seed weight; 81% for head diameter; 72% for oil content 

and 94% for days to bloom. 

  Khan et al. (2007) observed high heritability estimates for oil content, 

seed weight, days to maturity and plant height while seed yield, seeds plant-1 and days to 

flowering expressed low heritability estimates. High heritability was allied with high 

genetic gains for plant height, seeds plant-1, seed yield and oil yield kg ha-1 making these 
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characters valuable to breeders. Achene yield exhibited highly high and positive 

association with plant height, seeds plant-1, oil content, 1000-seed weight and oil yield. 

 
  Khan et al. (2008b) noted high heritability estimates for 1000-seed weight, 

seeds plant-1, oil content and seed yield. On the basis of  hybrid performance,  four  were 

recommended for commercial cultivation and their further use in plant breeding 

programs. Bisne et al. (2009)  observed high genotypic and phenotypic coefficient of 

variations expressed by harvest index, total number of filled spikelets per panicle, 100-

grain weight and spikelet fertility percentage. High heritability coupled with high genetic 

advances were exhibited by harvest index, total number of chaffy spikelets per panicle, 

grain yield  plant-1, total number of filled spikelets panicle-1 and spikelet fertility 

percentage , thus selection would be effective for these characters. 

 
  Iqbal et al. (2009) carried-out research pertaining to the genetic 

architecture and the effect of various quantitative traits on oil contents in sunflower under 

water stress conditions at reproductive stage in ten accessions.  High heritability in broad 

sense was recorded for oil content followed by seed yield plant-1 with fair amount  of 

genetic gains suggesting the involvement additive gene  in the inheritance of such traits. 

Leaf area exhibited the maximum value of genetic advance with mild heritability. Plant 

height showed positive and significant genotypic correlation with leaf area and seed 

yield. Likewise, leaves plant-1 displayed positive and significant association with leaf 

area and oil contents at genotypic level. The characters like stem diameter, head diameter, 

whorls head-1 and fertile whorls head-1 demonstrated positive and significant genotypic 

and phenotypic relationship between them. The number of whorls head-1 showed positive 



 41 

genetic association with oil contents while oil contents were negative associated with 

1000-achene weight. These studies indicated that the selection of  such traits which are 

positively associated with oil contents and displayed positive direct and indirect 

influences on it could be an efficient selection criteria for improving oil contents in 

sunflower. 

 
  Safavi et al. (2011) estimated heritability and genetic variability 

parameters and relationship among seven morpho-yield traits studied on 36 lines of 

sunflower under water stress conditions. Analysis of variance showed that genotypes 

statistically differed for all the traits studied. Genotypic and phenotypic coefficients of 

variations were high for seed yield (SY), head diameter (HD), thousand kernel weight 

(TKW) and leaf number (LN). High heritability estimates for days to physiological 

maturity (DM), seed yield (SY) and days to start flowering (DSF) were recorded. High 

genetic gains were also observed for SY, HD and TKW. Correlation analysis showed that 

HD was significantly  and positively correlated with TKW. High heritability estimates 

associated with high genetic advances as percent mean  were obtained  for  SY, DM and 

HD. 

 
  Nasreen et al. (2011)  studied sunflower hybrids with maximum yield 

potential  for yield  and its components including head diameter, 1000-seed weight, yield 

in kg ha-1, harvest index, moisture factor and leaf area. A low to high level of genetic 

variability was noted among the hybrids for all the characters as revealed by the analysis 

of variance. The highest heterotic value for  seed yields kg ha-1 were observed in two 

super hybrids. The yield performance of hybrids was evaluated on the basis of genetic 
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distance between the two parental lines. For yield and yield components, the greatest 

genetic distance was revealed by dissimilarity coefficient  was recorded in the hybrids 

which manifested maximum heterosis. The maximum genetic diversity in these hybrids 

for seed yield and yield components existed. Such studies could be utilized in varietal 

improvement programmes through exploitation of heterosis breeding. 

 
  Attia et al. (2012) examined the phenotypic and genotypic  coefficients of 

variability and noted that both were high in extent for seed yield plant-1, 100-seed weight, 

seed yield and oil yield while correlations were low in degree for other traits. Genetic 

advances were relatively high for some traits and low for the others.  Heritability in broad 

sense were found to be high in magnitude for most of the studied traits yet heritability in 

narrow sense was found to be very low in these traits. The values of correlation 

coefficient between the important economic characters were found to be positive and 

highly significant. From such results, it could be concluded that the progenies of the cross 

A33 x R10 were the potential hybrids for earliness and the crosses A10 x R10, A10 x R1 

and A10 x R5 were the best hybrids for seed and oil yield feddan-1 hence these crosses 

could be used as a good hybrids for cultivation  and  further breeding programmes. 

 
  Singh et al. (2012)  found elevated heritability  that was associated with 

high genetic advances for 1000-seed weight, seed yield plant-1 and plant height. The 

magnitude of high heritability and genetic advances indicated that improvement in such 

characters could be feasible through selection. Significant and positive heterosis over mid 

parent was registered for plant height, secondary branches per plant, seed yield plant-1 in 

all crosses. However, significant positive heterobeltiosis was observed for seed yield 
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plant-1 and plant height and secondary branches  plant-1 in crosses-I, II and III  and ranged 

from 1.01% in cross-I to 24.77% in cross-III.  

 
Seyed et al. (2013)  studied combining ability and heritability of yield and 

yield components in Helianthus annuus L. by  using line x tester analysis. Low narrow 

sense heritability  estimates were observed  for  seed yield and  oil yield which indicated 

the importance of  dominant and epistatic gene effects for these traits. 

 
Correlations 

 
  Seed yield in sunflower is a complex character because it is expressed 

with the involvement of many yield traits and their interactions with the environment. It 

would be more consequential if the configuration of yield was probed through 

quantitative genetic approaches. Thus, it is indispensable to assess the mutual relationship 

between various plant traits and determine the component characters on which selection 

can be predicted for genetic improvement in yield and other important traits. Genotypic 

and phenotypic associations determine the magnitude of  association between various  

traits. Thus, it is  helpful to rely upon selection methods required to  balance the differing 

characters affecting the primary characters. Correlation studies also help to improve 

different characters simultaneously (Sujatha  and Nadaf, 2013). 

 

The correlation is one of the most common and most useful statistics used 

in plant breeding programmes. A correlation  determines as how far two variables are 

associated with each other. Correlation analysis contributes to the understanding of 

critically important variables on which others depend. The correlation studies actually 

reduce the chance of uncertainty. The predictions based on correlation analysis are likely 
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to be  closer  to reality. Several researchers observed different types of correlations 

among  seed yield, oil content and yield components. Seed yield was significantly and 

positively correlated with head diameter and 100-seed weight as reported by 

Lakshminarayana et al. (2004) and Sujatha and  Nadaf  (2013); seed yield was negatively 

correlated with days to flowering and days to maturity (Manjula, 1997); days to flowering  

was significantly and positively correlated with plant height (Sathish, 1995 and Manjula, 

1997); days to flowering showed negative and significant correlations with head diameter 

and test weight (Patil, 1993; Sujatha and  Nadaf, 2013);  days to flower initiation and 

days to flower completion were negatively correlated with oil yield (Habibullah et al., 

2007); plant height expressed positive correlation with maturity (Anandha et al.,  2010) 

and  head diameter recorded positive and significant correlation with seed yield per plant 

and test weight (Anandhan et al.,  2010; Sujatha and  Nadaf, 2013). Plant height 

exhibited negative and significant correlation with head diameter (Sujatha and  Nadaf, 

2013). From the above results, it may be concluded that differential associations were 

observed among various plant traits. Due to the presence of significant and negative 

association of plant height with head diameter and existence of non significant 

association between head diameter and yield plant-1, it may be inferred that, the early and 

dwarf genotypes can be developed with high seed yield. The characters days to maturity, 

100-seed weight and head diameter were considered as important selection indices for 

seed yield improvement (Sujatha and  Nadaf,  2013). Cosge and Bayraktar (2004) 

divulged positive correlations between seed yield, stalk yield, head diameter, plant 

height, 1000-seed weight, seed yield and head diameter. Vidhyavathi et al. (2005) 
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observed  that seed yield plant-1 was significantly and positively correlated with head 

diameter followed by plant height.  

 
  Farhatullah et al. (2006) reported that the grain yield and seeds plant-1 

were positively associated with head diameter, plant height and oil content at genotypic 

and phenotypic levels. The plant population m-2, maturity, plant height, head diameter, 

seeds plant-1, 1000-seed weight and oil content showed positive direct effect on grain 

yield. However, leaves plant-1 and days to flowering showed negative direct effects on 

grain yield. The most prominent characters that affected the grain yield in sunflower were 

head diameter, seeds plant-1 and 1000-seed weight, which may notably be considered in 

sunflower breeding programmes. 

 
  Arshad et al. (2007)  noted that maturity exhibited positive correlation 

with head diameter but negative association with seed yield. However, seed yield showed 

highly positive genotypic correlation with oil contents but non-significantly correlated 

with 100-seed weight. Oil contents recorded negative association with flower initiation, 

completion and plant height but significantly positively correlated with seed yield. The 

direct effects of days to flower initiation, plant height and head diameter were observed 

on seed yield while remaining characters exhibited negative direct effects. Cluster 

diagram by using Ward’s procedure indicated that three clusters at 50% linkage distance 

revealed that hybrids in cluster II were short cycle, high yielding having  more 100-seed 

weight and oil content. Therefore, it was recommended that such hybrids could be 

exploited under highly diversified  environments for more reliable results. 
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  Machikowa and Saetang (2008) observed that seed yield was highly 

associated with head diameter and plant height. Nonetheless, seed yield was also 

positively related with seeds formed and 100-achene weight. A highly negative 

correlation was recorded between days to flower and oil content. Significantly positive 

associations were noted between seeds set and seeds head-1, head diameter and 100-seed 

weight and between seeds head-1 and oil content. The head diameter showed the 

maximum positive direct influence on seed yield followed by plant height. The results 

obtained from correlation and path analyses revealed that the efficiency of selection for 

seed yield in sunflower can be augmented through selection for head diameter and plant 

height. 

 
  Manivannan et al. (2008) studied individual varieties and hybrids and 

determined simple correlation among yield components and observed that seed yield, 

100-seed weight were important selection indices for oil yield improvement in either 

varieties or hybrids.  While head weight proved as a selection criteria for improvement of 

seed and oil yield in hybrids only. Similarly, oil content was considered as an important 

selection index for oil yield improvement in varieties. Their results suggested that 

correlation analysis from pooled data of varieties and hybrids may provide ambiguous 

direction thus can have negative impact on the yield improvement programmes. Hence,  

it is desirable to compute separate correlation analyses for varieties and hybrids to 

identify effective selection criteria to  improve characters of sunflower. 

 
  Khan et al. (2009b) worked-out simple correlations and found that days to 

maturity was positively linked with days to first flowering, days to complete flowering 
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and stem girth,  while plant height  was correlated with stem girth, leaves plant-1, days to 

first flowering and days to complete flowering. Results revealed that in order to develop 

sunflower hybrids with early maturity and a short stature, focus may be given to select 

parents having maximum stem girth, more number of leaves, greater leaf area and  take 

minimum days to maturity. 

 
  Ilahi et al. (2009) worked-out correlations among the yield traits and 

observed that seed weight head-1 showed significantly positive 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. Head diameter had the highest direct 

effect on seed weight head-1,  while 100-achene weight had high indirect effects on seed 

weight head-1 and head diameter. They suggested that stem diameter at base, head 

diameter and 100-achene weight can be used as indirect selection criteria for the 

improvement of seed yield in sunflower. 

 
Kaya et al. (2009) elucidated the relationship between seed yield and other 

important yield components including plant height, 1000-seed weight and head diameter 

and noted that these traits were positively associated with sunflower yield. However, 

maturity of hybrids also played significant role in determining seed yield in sunflower. 

To obtain maximum yields, oil type sunflower hybrids with higher seed weight, higher 

oil content, taller plants and bigger heads. Potential hybrids should also have earlier 

flowering and earlier maturity  which could  take  about 107 days. 
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  Mijic et al. (2009) found highly significant  and positive correlations 

between grain yield and oil yield whereas the association between grain yield and oil 

content was negative and low. A positive correlation coefficient was also estimated 

between 1000-grain weight and grain yield, and negative between 1000-grain weight and 

oil content. Grain yield and oil content exhibited strong direct effect on oil yield. 

 
  Anandhan et al. (2010) determined relationship among seed yield and its 

components viz.,  days to 50% flowering, days to maturity, plant height, head diameter, 

100-seed weight, oil content, oil yield plant-1 and seed yield plant-1. Strong positive 

association of oil yield plant-1 with days to maturity, 100-seed weight, oil content and 

seed yield plant-1 were observed. Hence simultaneous selection of these characters would 

lead towards the improvement of the oil yield plant-1 in sunflower. 

 
  Arshad et al. (2010) observed positive correlations between days to flower 

beginning,  days to flower completion, maturity and plant height. On the other hand, head 

diameter showed negative association with above traits except 100-seed weight. Seed 

yield also expressed negative relationship with oil content which suggested that break 

through in conventional or un-conventional breeding approaches can be brought to breed 

high yielding hybrids with maximum oil contents. Sowmya et al. (2010) studied 

correlation and path analysis in Helianthus annuus L. Characters like days to 50% 

flowering, days to maturity, plant height, head diameter, seed filling%, 100-seed weight, 

total dry matter  plant-1 and oil content were positively and significantly correlated with 

seed yield plant-1. From these traits, head diameter exhibited high direct effect on seed 

yield plant-1 while  other traits recorded low direct effect. Seed filling percent  and plant 
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height recorded maximum indirect effect on seed yield plant-1 through head diameter. 

The results of  present research indicated that head diameter could be given  higher 

attention for selecting of enviable genotypes with high genetic potential for yield 

production. 

 
  Yasin and Singh (2010) noted that yield in kg ha-1 revealed highly 

significant and positive correlation with seeds head-1, head diameter and 1000-seed 

weight at both genotypic and phenotypic levels, Hence, the study demonstrated the 

importance of seeds head-1, head width and 1000-seed weight as selection criteria for 

improvement of seed yield in sunflower. 

 
  Hladni et al. (2010) observed highly significant correlation between most 

of the examined traits. Highly significant negative correlations of stem diameter, leaf area 

plant-1, head diameter and 1000-achene weight with oil content have been recorded. 

While highly significant positive correlations have been established between grain yield 

with leaf area plant-1, head diameter, grains head-1 and 1000-grain weight on the other 

side. The weight of 1000-seeds showed highly significant and negative correlation with 

oil content and seed yield. The seeds head-1 also demonstrated  high  and straight effect 

on grain yield and oil content. The number of leaves plant-1  recorded a significant and 

undeviating positive effect on seed yield. The obtained results can be applied in 

sunflower breeding programmes aimed at the development of sunflower hybrids which 

mingle high genetic potentials for both seed yield and seed oil content. 
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  Darvishzadeh et al. (2011) recorded positive correlation between well 

watered and water tress conditions. Genotypic association revealed that seed yield plant-1 

was positively associated with head diameter, plant height  leaves plant-1 and seed traits 

in non-stressed conditions. While in water-drought conditions, head weight, head width 

and grains plant-1 depicted positive correlations with grain yield plant-1. These results 

indicated that selection based on these traits can be valuable in improving seed yield of 

sunflower in non-stress and  drought conditions. 

 
  Golparvar and Dehaghani (2011) studied correlation and path coefficient 

analyses on three diverse genotypes of sunflower so as  to realize the relationship and 

contribution of eight traits towards the seed yield. The seed yield manifested highly 

significant and positive correlations with plant height, oil yield and seeds head-1. Days to 

full flowering and head width showed significant but negative association with grain 

yield. This study suggested the importance of number of seeds head-1, days to full 

flowering and head diameter as indirect selection criteria for genetic improvement of seed 

yield in sunflower breeding programmes, particularly in early generations. 

 
  Kholghi et al. (2011) worked on correlation analysis and found that days 

to 50% flowering, plant height, stem diameter, head diameter, number of leaves plant-1, 

leaf length, leaf width, petiole length, seeds head-1, 100-seed weight and seed yield were 

negatively correlated. Results further revealed that seed yield per plant was positively and 

significantly correlated with 100-grain weight, head diameter, grains head-1 and plant 

height. Selection based on these traits can be efficient in increasing seed yield in 

confectionery sunflower breeding programmes. 
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  Safavi (2011) carried-out correlation analysis and found that leaf number 

plant-1 was significantly correlated with days to maturity while 1000-kernel weight was  

positively correlated with head diameter. Ahmad et al. (2012) noticed positive 

correlations among all the grain yield traits studied. Two hybrids like exhibited higher  

seed yield production and yield related characters from single and double cross hybrids. 

Their study suggested that genetic variability in  grain yield traits can be used as an 

effective selection strategy for improving yield in single and in double cross sunflower 

hybrids. 

 
Sujatha and  Nadaf (2013) carried-out correlation studies in 146 genotypes 

including 46 mutant and 100 segregants of sunflower. Observations were recorded on six 

traits viz., 50% flowering, days to maturity, plant  eight, head diameter, 100-seed weight 

and seed yield plant-1. Characters associations revealed strong positive association of 

head diameter and 100-achene weight with grain yield plant-1. Therefore simultaneous 

selection of  such traits would contribute to the improvement of seed yield plant-1. 

Association between traits indicated the need of development of early maturing and 

dwarf genotypes for improvement of seed yield  plant-1 in sunflower. 
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CHAPTER-III 
 
 

MATERIALS AND METHODS 

 

Materials 

 
Present research was laid-out at experimental field of Oil Seeds Section 

Agriculture Research Institute, Tandojam during 2008 to 2010. Six  female lines and 

three  male testers/pollinators were selected for this study. The  details of lines and testers 

are given here under: 

 

Lines (females parents) 

1) T-4-0319 

2) PAC-0505 

3) HO-I 

4) Hysun-33 

5) Peshawar-93 

6) CMS-03 

Testers (male pollinators) 

1) PAC-0306 

2) PAC-64 

3) SF-187 

 

These lines and testers are being maintained by Oil Seeds Section, Agriculture  



 53 

Cytoplasmic male sterile head   Restorer pollinator head 

 

 

 

 

 

 

 

 

 
F1 hybrid head showing early maturity 

Research Institute Tandojam. Lines and testers were developed by the organizations such 

as HO-I by Oil Seeds Section Tandojam; Peshawar-93 by Peshawar Pakistan; Hysun-33 

in Australia; SF-187 by Monsanto, USA; T-4-0319 in Australia & Argentina; PAC-0306 

in Argentina; PAC-0505 in Australia; CMS-03 in Argentina and PAC-64-A  by USA.  
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EXPERIMENTAL YEAR-I,  2008 

Crosses were attempted between six CMS lines and three testers, thus 18 

cross combinations were obtained as under:  

 
 Pattern of crossing female lines and with male testers 

Restorers (male pollinators)  Female 
lines PAC-0306 PAC-64-A SF-187 
T-4-0319 T-4-0319 x PAC-0306 T-4-0319 x PAC-64-A T-4-0319 x SF-187 

PAC-0505 PAC-0505 x  PAC-0306 PAC-0505 x PAC-64-A PAC-0505 x SF-187 

HO-I HO-I x PAC-0306 HO-I x PAC-64-A HO-I x SF-187 

Hysun-33 Hysun-33 x PAC-0306 Hysun-33 x PAC-64-A Hysun-33 x SF-187 

Peshawar-93 Peshawar-93 x PAC-0306 Peshawar-93 x PAC-64-A Peshawar-93 x SF-187 

CMS-03 CMS-03 x PAC-0306 CMS-03 x PAC-64-A CMS-03 x SF-187 

 
 
Hybridization techniques 
 
  During the spring season of 2008, all the F1s were obtained by crossing six 

cytoplasmic male sterile lines with three restorers/testers. At the time of flowering, all the 

heads of CMS lines and testers were covered with cloth bags to prevent cross-pollination 

from un-wanted source. The pollens from three fertility restorer (RF) lines were collected 

separately with the help of tissue paper by giving a gentle move to the heads for shedding 

pollen grains during morning hours (9:00 to 11:00 A.M.) and pollinated each cytoplasmic 

male sterile line individually. After pollination, the heads were re-bagged. The 

pollinations of CMS heads continued till all the florets in the capitulum showed a sign of 

drying. The heads of all the resultant eighteen hybrids were collected, dried and threshed. 

The well-filled seeds from each crossed head were separated for hybrids’ evaluation. At 

the time of maturity, the crossed heads were harvested separately and their seeds were 

stored for sowing in F1 generation.  
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EXPERIMENTAL YEAR-II, 2009 

 

Genetic analysis of parents and F1 hybrids for phenological, seed yield 
and oil traits 
 
 
  Combining ability of parents (six lines and three testers) and their F1 

hybrids was carried-out during second growing season 2009. The seed of F1 hybrids 

alongwith parents (instead of CMS, counterpart B-lines were used) were sown in a 

randomized complete block design with four replications. The data were collected 

analyzed for determining general and specific combing ability variances and their effects 

in F1s. Heritability estimates in narrow sense and  phenotypic correlations of F1 hybrids 

were also determined for  phenological, seed yield and oil traits. Each hybrid and parental 

line were sown in six-meter long rows with plant to plant distance of 30.0cm and row to 

distance of 75.0cm. A basal fertilizer dose of 120 kg nitrogen ha-1 and 60 kg phosphorus 

ha-1 were applied. Full dose of  di-ammonium phosphate (DAP) and half dose of nitrogen 

was applied at the time of sowing, while the remaining half dose of nitrogen was applied 

just before head initiation. For recording the data, ten plants were randomly tagged from 

each replication for taking phenological, seed yield and oil traits. Data were recorded at 

various growth stages from germination till plant maturity as under: 

 
1. Seed germination percentage: Hundred counted seeds were placed in germinator 

Model Seed Buro Equipment 1022 W. Jack Son BLVD. Chicago.IL60607, at 75 0F and 

22 0C. Data on germinated seeds were recorded after four days of placing the seeds in 

germinator. 

2. Days to flower initiation: Days to first flowering were recorded as the number of days 
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taken from the date of sowing till the opening of first flower in index plants. 

3. Days to 75 % flowering: Number of the days from sowing to days when 75% of 

flowers opened were recorded as days to 75% flowering.  

4. Days to maturity: Days to maturity were recorded as the number of days from the 

date of sowing to the physiological maturity of the plants in each plot. 

5. Number of leaves plant-1: Number of leaves on the stem of randomly selected ten 

plants per genotype were observed before maturity. 

6. Plant height (cm): Plant height was measured on index  plants from soil surface to the 

base of the capitulum with meter scale in cm.   

7. Head diameter (cm): Head diameters of tagged plants-1 were measured separately at 

the time of maturity.  

8. Number of seeds plant-1: Average seeds plant-1 were counted from ten randomly 

selected plants. 

9. 1000-achene weight (g): 1000-achene from index plants were taken and average seed 

index was calculated after weighing on electronic digital balance. 

10. Seed yield plant-1 (g): The dried sunflower heads from ten randomly tagged plants of 

each variety per replication were individually threshed, cleaned and weighed in grams on 

electronic digital balance. 

11. Seed yield kg ha-1: Seed yield plant-1 (g) was converted into seed yield in kilogram 

ha-1 by using following formula.   

      

 

 

 
 

 2

2
m000,10 

m sizePlot 

kgplot per  yield Seed
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12. Oil content percentage 

   

For determining oil content, the flasks were washed and dried. After that, 

200ml of petroleum spirit was poured into a quick fit round flask. Ten grams of grinded 

seed samples were placed in the thimble and were inserted in the centre of the extractor. 

The samples were heated at 600C. When the solvent was boiling, the vapours rise through 

the vertical tube into the extractor at the middle. The condensed vapours dripped into the 

thimble and filled-in the siphon tube and poured backed into the quick fit round bottom 

flask. It was then dried in the oven and cooled in desiccators and weighed using Metller 

electronic balance. 

 

100
sample (g)  weight gramTen 

flaskempty  of weight -oil flask ofweight 
  percentagecontent  Oil 


  

 

13. Oil yield kg ha-1: The oil yield kg ha-1 was calculated by using the following formula. 

 

 

Statistical analysis 

 
  The entire data were analyzed with statistical procedure of Steel and 

Torrie (1980). Combining ability estimates were determined by adopting line x tester 

analysis, a method developed by Kempthorne (1957) and adopted by Singh and 

Chaudhary (1984). The estimates of general combining ability (GCA) and specific 

100

(%)content  oil x )ha (kg yield Seed 1-
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combining ability (SCA) estimates of parents and hybrids respectively were determined 

as under: 

 
Estimation of GCA effects 

 
(a) Lines: 

 

(b) Testers: 

 

Where l  = CMS lines (female parents) 

 t = Testers (male parents) 

 r =  No. of replications 

 ×i.. =  Total of F1s  obtained from crossing ith lines with all the testers  

 ×.j. = Total of all crosses of jth male tester with all the female lines  

×… = Total of all the F1s 

 
Estimation of SCA effects 

.. . . ...ij i j
Sij

r tr lr ltr

   
     

 
Where ×ij = Total of F1 resulting from crossing ith line with jth tester. 
 
Heritability estimates (h2 % narrow sense ) 

  The narrow sense heritability was calculated as the ratio of additive 

variance over the phenotypic variance as under: 
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Phenotypic correlation 

Simple correlation coefficients were calculated after Snedecor and 

Cochran (1980) by using the following formulae: 

Correlation Coefficient (r) 
covarianceofmeanGeometric

Covariance
 

 

 

 

 

 

 

 

 

 

Where: 

X = Independent variable 

Y = Dependent variable 

N = Number of observations recorded 
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EXPERIMENTAL YEAR-III, 2010 

 
The  heterotic effects in F1s was calculated the percentage increase or 

decrease of F1s against their respective mid or better parents whereas inbreeding 

depression in F2 hybrids were estimated as the percentage increase or decrease of F2 

hybrids against their corresponding F1s. The seeds of some F1 plants bagged or selfed 

during spring 2009 were sown to grow F2 generation during 2010. The seeds of F2s were 

sown in a randomized complete block design with four replications during the third 

growing season of 2010. Similar to experiment- II, The data were recorded on 

phenological, seed yield and oil traits. The F2 hybrids and parents were sown in six-meter 

long rows with plant to plant and row to row spaces of 30.0 and 75.0cm, respectively. A 

basal fertilizer dose of 120 kg nitrogen ha-1 and 60 kg phosphorus ha-1 were applied. Full 

dose of DAP and half dose of nitrogen was applied at the time of sowing. While the 

remaining half dose of nitrogen was applied just before head initiation. For recording the 

data, ten plants were randomly tagged from each replication for phenological, seed yield 

and oil traits. Data were recorded at various stages from germination till maturity very 

similar to experiment-II. The observations were recorded for the following characters and 

the inbreeding depression was calculated with the formula  given as under. 

 
Estimation of heterosis 

   The F1 and parental data set from experimental year-II was used to 

determine heterosis. The relative heterosis and heterobeltiosis were computed using the 

formula developed by  Fehr (1987).  

Mid parent heterosis  = 1 100
F MP

MP
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Better parent heterosis (BP) = 1 100
F BP

BP


  

Inbreeding depression 
 
Inbreeding depression in F2 was calculated with formula adopted by  Baloch et al. (2002). 
 
Observed inbreeding depression (%) = 

 
Observations recorded: 

1. Seed germination (%) 

2. Days to initial flowering 

3. Days to 75% flowering 

4. Days to maturity 

5. Number of leaves plant-1 

6. Plant height (cm) 

7. Head diameter (cm) 

8. Number of seeds plant-1 

9. 1000achenes weight (g) 

10. Seed yield plant-1 (g) 

11. Seed yield  (kg ha-1) 

12. Oil content (%) 

13. Oil yield (kg ha-1) 

 

 

100
F

F-F

1

12 
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CHAPTER-IV 
 
 

RESULTS 
 

 

EXPERIMENTAL YEAR-I, 2009 

 
Genetic analysis of parents and F1 hybrids for phenological, seed yield and oil traits 
in sunflower 
 
 
Performance of sunflower genotypes 

 

  Sunflower plays a prominent role as one of the most important oil field 

crops. Firmness in performance, higher grain yield,  greater fertility, uniformity in plant 

stand and maturity and resistant to plant diseases and pests are all rewarding features of 

hybrid sunflower (Sujatha and Chikkdevaiah, 2002; Kaya & Atakisi 2004; Kaya, 2005a 

and  Jocic et al.,  2012). 

 
Presence of genetic variability is considered as a basic requirement for the 

development of high yielding and better adapted hybrids, synthetics and composites 

varieties of sunflower. Thus, it is vital to identify potential parents for hybridization and 

crosses  so as to generate genetic variability for selection of better performing genotypes. 

The data on various agronomic and quality parameters were analyzed  by the statistical 

procedure developed by Gomez and Gomez (1984) so as to determine the differences 

among the sunflower genotypes (parents and F1s) for 13 economically important traits 

studied (Tables 1 to 3). While the estimates of genetic parameters such as  genetic 

variation, combining ability, types of gene action, heritability and correlations were 
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determined for suitability of a source population in breeding programmes. The significant 

differences in mean squares of genotypes and crosses (F1 hybrids) existed for all the traits 

indicated that the data is worth for genetic analysis shown in Tables 1 to 3. The 

significance of mean squares for parents vs. crosses observed for all the studied traits 

demonstrated the scope of heterosis breeding for seed germination percentage, days to 

initial  blooming, days to 75% flowering, days to maturity, leaves plant-1, plant tallness, 

head width,  grains plant-1, 1000-achene weight, seed yield plant-1, seed yield in kg ha-1, 

oil content and oil yield in kg ha-1. The significant differences between lines x tester 

interactions indicated that specific combining ability (SCA) is important in the expression 

of traits and demonstrated the importance of dominance or non-additive variances for 

such traits. The significant mean squares due to lines and testers both determine the 

general combining ability (GCA) revealed the prevalence of additive variances for the 

studied traits. However, the mean squares from testers were higher than the lines. 

Significant genetic variability among the plant traits is particularly useful because 

variations in these traits would allow further improvement in sunflower yield and quality 

traits. The major role of dominant  gene effects were evident for all  the characters which 

can be confirmed with the higher values of SCA variances (σ2 SCA) than the GCA 

variances (σ2 GCA), the ratio of σ2 SCA/ σ2 GCA)1/2 being greater than one, and degree of 

dominance (σ2D/ σ2A) being greater than unity (Table 14). These results indicated the 

preponderance of dominant genes involved in the manifestation of studied characters and 

suggested feasibility for the exploitation of dominant genetic variation for such traits 

through heterosis breeding programmes.  

 



 

6
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Table 1. Mean squares from analysis of variance for seed germination, days to initial flowering, days to 75% flowering, days to 
maturity and number of leaves plant-1 of F1 hybrids derived from six lines and three testers of sunflower. 

 

** =Significant at 1%  probability level.  

Sources of Variation 
Degrees of 
freedom 

Seed 
germination 

Days to 
initial 

flowering 

Days to 75% 
flowering 

Days to 
maturity 

Number of 
leaves plant-1 

Replications 3 70.68 31.47 18.01 78.75 16.08 

Genotypes 26 441.34** 150.71** 107.22** 85.61** 48.33** 

Parents 8 344.09** 105.19** 104.45** 29.66** 17.36** 

Crosses 17 372.14** 179.40** 113.57** 113.46** 45.29** 

P vs C 1 2395.74** 27.19** 11.89** 59.87** 347.57** 

Lines (L) 5 524.49** 79.29** 136.15** 159.38** 29.20** 

Testers (T) 2 1510.89** 6.22** 128.66** 67.53** 264.67** 

L x T 10 68.22** 264.09** 99.27** 99.68** 9.47** 

Error 78 0.01 1.44 0.01 6.75 0.19 
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Table 2. Mean squares from analysis of variance for plant height, head diameter, number of seeds plant-1 and 1000-achene 
weight of F1  hybrids  derived from six lines and three testers  of sunflower. 

   
 

Sources of Variation Degrees of 
Freedom 

Plant height Head diameter 
Number of seeds 

plant-1 
1000-achenes weight 

Replications 3 86.42 16.08 71505.76 68.08 

Genotypes 26 3215.52** 45.61** 166119.68** 130.07** 

Parents 8 1748.37** 12.11** 148212.57** 73.20** 

Crosses 17 3950.05** 51.23** 138492.35** 118.78** 

P vs C 1 2465.78** 218.00** 640548.82** 777.03** 

Lines (L) 5 4377.07** 
 

21.61** 
 

126251.16** 77.04** 
 

Testers (T) 2 8082.63** 329.51** 365379.37** 716.27** 

L x T 10 2910.02** 10.38** 113084.78** 20.15** 

Error 78 1.09 0.08 418.41 0.08 

** =Significant at  1% probability level. 
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Table 3. Mean squares from analysis of variance for seed yield plant-1, seed yield in kg ha-1, oil content % and oil yield in kg 
ha-1 of F1 hybrids  derived from six  lines and three testers of sunflower. 

 

Sources of Variation Degrees of Freedom Seed yield plant-1 Seed yield (kg ha-1) Oil content (%) Oil yield (kg ha-1) 

Replications 3 16.08 1695.73 15.48 8650.40 

Genotypes 26 329.19** 736249.92** 149.43** 346174.68** 

Parents 8 49.19** 302753.84** 35.00** 58024.72** 

Crosses 17 385.52** 455218.20** 137.09** 275813.53** 

P vs C 1 1611.57** 8981757.77** 1274.68** 3847513.94** 

Lines  (L) 5 181.16** 196767.05** 6.54** 71400.48** 

Testers (T) 2 2322.89** 2900617.55** 1086.86** 1950484.55** 

L x T 10 100.22** 95363.91** 12.41** 43085.85** 

Error 78 0.08 2.37 0.15 53.02 

 **= Significant at  1%  probability level. 
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Mean performance of maintainer female lines and pollinator testers 
 

  In genetic terms, the best inbreds are expected to have a masking effect 

due to its desirable dominant alleles; therefore, it should not be preferred to be used as a 

potential tester. Hence, in order to obtain the real potential/performance of a line, poor 

performing testers are to be used. An inferior synthetic variety developed by crossing 

many poor lines may  also be used as potential tester. The results regarding the mean 

performance of maintainer B-lines, here after will be termed as female lines, presented in 

Table 4 indicated that T-4-0319 recorded maximum seed germination (84.00%) followed 

by HO-I (73.00%) and PAC-0505 (70.00%). The same line also has taken minimum days 

to initial flowering and days to 75% flowering (55.33 and 69.00 days respectively). 

Female line HO-I was observed as taking maximum days to initial flowering, (70.00) and 

days to maturity (95.00), while the same line recorded tallest plants measuring 195.16 cm 

and was also found as producing highest seed yield plant-1(50.00 g). The Hysun-33 

recorded maximum days to 75% flowering (76.00), gave higher number of leaves plant-1 

(24.00), produced bigger heads (22.00 cm) and gave maximum oil content (41.00%). 

Whereas CMS-03 produced  more  number of seed plant-1 (1557.12) with higher oil yield 

(641.27 kg ha-1), yet  PAC-0505 recorded bolder seeds with higher index value of 53.17g 

and gave highest seed yield (1577.79 kg ha-1) but gave minimum number of seeds plant-1 

(984.03). By and large, the lines HO-I, T-4-0319, PAC-0505 and CMS-03 performed 

very well for phenological, seed yield and oil traits, thus these lines may be utilized for 

further breeding programmes so as to develop new sunflower hybrids or composites with 

improved yield production and oil content. 
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Table 4. Mean values of lines for seed germination, days to initial flowering, days to 75% flowering, days to maturity, number 
of leaves plant-1, plant height, head diameter, number of seeds plant-1, 1000-achene weight, seed yield plant-1, seed 
yield in kg ha-1, oil content and oil yield in kg ha-1 of six female parents evaluated by line x tester analysis.  

 

Lines/female 
parents 

Seed 
germination 

(%) 

Days to 
initial 

flowering 

Days to 75% 
flowering 

Days to 
maturity 

Number of 
leaves plant-1 

Plant 
height (cm) 

Head 
diameter 

(cm) 
T-4-0319 84.00 55.33 69.00 89.33 23.00 150.18 18.00 
PAC-0505 70.00 58.00 72.00 87.15 20.00 169.33 19.00 
HO-I 73.00 70.00 75.00 95.00 21.00 195.16 18.00 
Hysun-33 67.00 66.00 76.00 91.00 24.00 170.22 22.00 
Peshawar-93 61.67 59.00 74.00 94.00 21.00 168.47 19.00 
CMS-03 63.00 67.00 73.33 89.33 19.00 175.13 18.00 
Average 69.77 62.55 73.22 90.96 21.33 171.42 19.00 
LSD (5%) 0.08 0.97 0.08 2.10 0.35 0.84 0.23 

Lines/female 
parents 

Number of 
seeds plant-1 

1000-achene 
weight (g) 

Seed yield plant-1 
(g) 

Seed yield 
(kg ha-1) 

Oil content 
(%) 

Oil yield 
(kg ha-1) 

T-4-0319 
1227.01 

50.25 44.00 1518.31 38.00 
577.01 

PAC-0505 984.03 53.17 45.00 1577.79 33.00 520.72 
HO-I 1284.45 44.11 50.00 1246.03 35.00 436.16 
Hysun-33 1356.61 51.23 49.00 1084.78 41.00 444.81 
Peshawar-93 1184.39 48.66 43.00 1313.31 40.00 525.37 
CMS-03 1557.12 46.15 46.00 1563.10 41.00 641.27 
Average 1265.60 48.93 46.17 1383.89 38.00 524.22 
LSD (5%) 16.53 0.23 0.23 1.24 0.31 5.89 
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   The most desirable tester is the one which provides maximum information 

about the performance of a line in cross combinations under different environmental 

conditions. The testers with broad genetic base involve heterogeneous cultivars or 

hybrids. Such testers are considered more desirable to determine general combining 

ability in early generations of hybrid crop development programmes.  In the present 

study, it is worth noting that among the three testers/pollinators (Table 5), their 

performance was distinguishable and more separable for the characters under study. The 

tester parent/restorer PAC-64-A gave higher seed germination (83.00%),  took minimum 

days to initial flowering (59.00), produced  more number of leaves plant-1 (22.00), 

recorded bigger heads (20.00 cm) and set more number of seeds plant-1 (1528.34). While 

SF-187 gave increased 1000-achene weight (48.17g), produced maximum seed yield 

(2049.98 kg ha-1), recorded higher oil content (40.00 %) and was best in oil yield 

production (820.99 kg ha-1). However PAC-0306 expressed reduced plant height (125.33 

cm) which is a desirable character in sunflower and is useful for the development of 

dwarf  sunflower hybrids, further more, PAC-0306 was found earlier in days to initial 

flowering (57.00 days), days to 75% flowering (62.00 days) and produced higher seed 

yield plant-1 (42.00 g).   
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Table 5. Mean values of testers for seed germination, days to initial flowering, days to 75% flowering, days to maturity 
number of leaves plant-1, plant height, head diameter, number of seeds plant-1, 1000-achenes weight, seed yield plant-1, 
seed yield in kg ha-1, oil content and oil yield in kg ha-1 of three testers evaluated by line x tester analysis. 

 

Male Parents 
(testers) 

Seed 
germination 

(%) 

Days to 
initial 

flowering 

Days to 75% 
flowering 

Days to 
maturity 

Number of 
leaves plant-1 

Plant 
height (cm) 

Head 
diameter 

(cm) 
PAC-0306 80.00 57.00 62.00 88. 86 19.00 125.33 17.00 
PAC-64-A 83.00 59.00 64.00 90.92 22.00 139.33 20.00 
SF-187 60.33 62.00 66.00 87.44 18.00 155.14 16.00 
Average 74.44 59.33 64.00 89.07 19.66 139.93 17.67 
LSD (5%) 0.06 0.69 0.05 1.49 0.25 0.60 0.16 
Male Parents 

(testers) 
Number of 

seeds plant-1 
1000-achene 

weight 
Seed yield 

plant-1 
Seed yield 
(kg ha-1) 

Oil content 
(%) 

Oil yield 
(kg ha-1) 

PAC-0306 1411.99 45.15 42.00 1314.72 36.00 473.30 
PAC-64-A 1528.34 39.22 40.00 1497.48 39.00 584.02 
SF-187 1103.26 48.17 41.00 2049.98 40.00 820.99 
Average 1347.86 44.21 41.00 1620.73 38.33 626.11 
LSD (5%) 11.69 0.17 0.17 0.88 0.22 4.16 
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Performance of F1 hybrids per se  

 
Line x tester analysis helps in selection of desirable parents and also 

appropriate breeding procedures by determining their general combining ability (GCA) 

and specific combining ability (SCA) variances and effects. This is a very good 

biometrical technique for evaluating large number of germplasm at a time, in terms of 

combining ability. It can evaluate more number of lines as compared to diallel and partial 

diallel mating designs. This technique can be used even when the inbred lines have self-

incompatibility and male sterility where diallel crosses fail to use such abnormal 

conditions. Per se F1 hybrid performance do not necessarily reveal as which parents are 

good or poor combiners. To overcome this obscurity, it is important to obtain the 

knowledge of genes functioning for various traits and the combining ability of parents. 

General combining ability is attributable to additive type of gene effects, while specific 

combining ability to non-additive type of gene actions, pre-dominantly the dominant 

types. Non-additive type of gene actions is not dependably fixable whereas additive type 

of genes, complementary or epistatic gene interactions are reliably fixable. 

 
Genetic variability, mean performance of parents and hybrids are  the most 

important criteria to determine the breeding value of progenies for selection; however the 

parents with high breeding value may not necessarily transfer such characteristics to the 

offsprings. Thus parental and hybrids’ combining abilities are best estimated in term of 

general combining ability and specific combining ability respectively. Average 

performance of 18 F1 hybrids were  observed generally  in the range of  average values of 

their parents (Tables 4, 5, 6 and 7), however some hybrids performed much better than 
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their respective parents. The hybrid HO-I x PAC-0306 recorded the highest seed 

germination (97.00 %) simultaneously took minimum days to initial flowering (50.00 

days), days to 75% flowering (61.00 days), was earlier in maturity (75.00 days), produced 

more number of leaves plant-1 (30.00), recorded medium tall  plants (115.19 cm), 

produced larger heads (27.00 cm),  recorded bolder seeds (63.00 g) with highest seed 

yield plant-1 (70.00 g) and  gave maximum seed yield (2621.41 kg ha-1), more oil percent 

(51.00%) and oil yield (1336.92 kg ha-1). While hybrid CMS-03 x PAC-0306 recorded 

highest number of seeds plant-1 (1703.17); CMS-03 x PAC-64-A took maximum days to 

75% flowering (79.00) and Hysun-33 x PAC-0306 was late in maturity (96.18 days). It is 

generally presumed that cross combinations with higher mean values, desirable SCA 

estimates and involving at least one of the parents with high GCA are suppose to enhance 

the saturation of favorable alleles to improve the targeted traits and are suitable for hybrid 

crop development. Large variation in the parental values  and hybrid performance per se 

were seen for germination percent in parents (Tables 4 & 5) and hybrids (Tables 6 & 7) 

that varied from 60.33 to 84.0 and  65.00 to 97.00%; days to initial flowering from 55.00 

to 70.00 and 52.0 to 70.00; days to 75% flowering from 62.00 to 76.0 and 61.00 to 79.00 

days; days to maturity  from 87.15 to 94.00 and 82.00 to 95.35; leaves  plant-1 from 19.00 

to 24.00 and 19.00 to 30.00; plant height  from 125.00 to 175.00 cm and 115.19 to 

219.11cm; head diameter from 16.00 to 22.00cm and 15.00 to 27.00cm; seeds plant-1 

from 984.00 to 1557.00 and 1165.72 to 1703.71; 1000-achenes weight from 39.22 to 

53.17 and 45.24 to 63.00; seed yield plant-1 40.00 to 50.00 and 41.00 to 70.00; seed yield 

kg ha-1 from 1246.03 to 2049.98 and 1620.06 to 2580.00; oil content% from 33.00 to 

41.00 and 35.00 to 51.00 and oil yield kg ha-1 from 436.16 to 820.00 and 567.02 to 
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1336.92 respectively. These results suggested that F1 hybrids gave significant increase 

over parental values, particularly in seed yield and oil traits. 
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Table 6. Mean performance of F1 hybrids per se for seed germination, days to initial flowering, days to 75% flowering, days to 
maturity, number of leaves plant-1, plant height and head diameter of eighteen crosses of sunflower derived from 
crosses of six female lines with three testers. 

 
F1 hybrids Seed 

germination 
(%) 

Days to 
initial 

flowering 

Days to 
75% 

flowering 

Days to 
maturity 

Number of 
leaves plant-1 

Plant 
height (cm) 

Head diameter 
(cm) 

 
 

T-4-0319 x PAC-0306 90.00 66.00 75.00 90.00 26.00 219.11 23.00 
T-4-0319 x PAC-64-A 87.00 54.00 64.00 92.00 27.00 215.22 24.00 
T-4-0319 x SF-187 83.00 52.00 65.00 82.00 22.00 152.45 19.00 
PAC-0505 x PAC-0306 91.00 52.00 65.00 80.00 26.00 140.00 24.00 
PAC-0505 x PAC-64-A 88.00 70.00 76.00 91.66 23.00 200.00 25.00 
PAC-0505 x SF-187 76.00 59.00 68.00 89.45 21.00 145.22 20.00 
HO-I x PAC-0306 97.00 50.00 61.00 75.00 30.00 115.19 27.00 
HO-I x PAC-64-A 95.00 55.00 67.00 85.00 28.00 150.00 25.00 
HO-I x SF-187 70.00 68.00 71.00 88.00 20.00 170.25 18.00 
Hysun-33 x PAC-0306 85.00 67.00 77.00 96.18 27.00 202.00 21.00 
Hysun-33 x PAC-64-A 87.00 64.00 77.00 91.00 28.00 195.00 26.00 
Hysun-33 x SF-187 76.00 60.00 69.00 90.33 23.00 155.23 16.00 
Peshawar-93 x PAC-0306 80.00 66.00 75.00 93.24 26.00 198. 83 23.00 
Peshawar-93 x PAC-64-A 76.00 65.00 74.33 89.33 27.00 190.00 22.00 
Peshawar-93 x SF-187 63.00 52.00 68.00 89.15 19.00 155.66 16.00 
CMS-03 x PAC-0306 77.00 61.00 75.00 92.00 24.00 125.83 21.00 
CMS-03 x PAC-64-A 77.00 58.00 79.00 95.35 24.00 195.21 24.00 
CMS-03 x SF-187 65.00 69.00 69.00 88.00 20.00 150.66 15.00 
Average 81.27 60.44 70.85 88.76 24.50 170.88 21.61 
LSD (5%) 0.14 1.68 0.13 3.64 0.60 1.46 0.40 
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Table 7. Mean performance of F1 hybrids per se for number of seeds plant-1, 1000 achenes weight, seed yield plant-1, seed yield 
kg ha-1, oil content %, oil yield kg ha-1 of eighteen F1 crosses of sunflower developed from  six lines crossed with three 
testers. 

 
F1 hybrids Number of 

seeds plant-1 
1000- achenes 

weight (g) 
Seed yield 
plant-1 (g) 

Seed yield 
(kg ha-1) 

Oil content 
(%) 

Oil yield (kg ha-1) 

T-4-0319 x PAC-0306 1404.01 59.33 60.00 2125.43 50.00 1062.72 
T-4-0319 x PAC-64-A 1393.30 52.11 54.00 2043.57 48.00 980.91 
T-4-0319 x SF-187 1426.03 48.00 42.00 1786.82 39.12 699.00 
PAC-0505 x PAC-0306 1459.43 60.00 65.00 2580.00 50.85 1311.93 
PAC-0505 x PAC-64-A 1032.66 56.21 48.00 2412.37 50.44 1216.80 
PAC-0505 x SF-187 1449.52 48.21 44.00 1634.98 37.16 607.56 
HO-I x PAC-0306 1668.19 63.00 70.00 2621.41 51.00 1336.92 
HO-I x PAC-64-A 1657.94 58.11 66.00 2422.10 50.00 1211.05 
HO-I x SF-187 1515.85 45.25 41.00 1620.06 35.00 567.02 
Hysun-33 x PAC-0306 1671.53 59.00 60.00 2088.92 48.00 1002.68 
Hysun-33 x PAC-64-A 1503.92 54.83 50.00 1962.18 45.00 882.98 
Hysun-33 x SF-187 1179.16 50.00 44.00 1641.36 39.00 640.13 
Peshawar-93 x PAC-0306 1701.61 52.14 63.00 2180.68 49.61 1081.84 
Peshawar-93 x PAC-64-A 1165.72 50.13 58.00 2285.62 50.00 1142.81 
Peshawar-93 x SF-187 1457.05 46.02 40.00 1624.22 37.00 600.96 
CMS-03 x PAC-0306 1703.17 54.23 49.00 2260.45 49.00 1107.62 
CMS-03 x PAC-64-A 1525.90 51.33 52.00 2315.35 48.00 1111.37 
CMS-03 x SF-187 1349.93 45.24 40.00 1746.71 38.00 663.75 
Average 1459.16 52.95 52.56 2075.12 45.28 957.11 
LSD (5%) 28.64 0.40 0.40 2.15 0.54 10.19 
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General combining ability (GCA) and specific combining ability (SCA) effects 
 

The acquaintance of combining ability permits the estimation of nicking 

ability among the genotypes and also helps plant breeders in understanding the nature and 

magnitude of gene actions involved in the expression of various plant traits. Its function 

is vital to decide regarding parents, hybrids and suitable breeding methods to be adopted 

for selecting enviable segregants. The general combining ability (GCA) identifies 

superior parental genotypes for hybridization and selection while specific combining 

ability (SCA) helps in the recognition of good hybrids, which may eventually direct to 

the expansion of hybrid breeding. The general combining ability is defined as an average 

performance of a line when crossed with series of other lines.  While the performance of 

specific hybrids is used to get hold of specific combining ability of the two parents when 

crossed to develop a hybrid. The combining ability effects i.e. GCA and SCA for various 

traits of sunflower are presented in Tables 8 to 13. The results are described trait wise 

hereunder: 

 

Based on combining ability analysis of different traits, higher SCA 

estimates determines the role of dominant genes whereas greater GCA effects point out a 

greater impact of  additive genes controlling various traits in plants. When the GCA and 

SCA effects are non-significant, it is assumed that epistatic genes play significant role in 

determining those traits. The hybrids with higher mean values, greater SCA estimates and 

involving at least one  parent with high GCA are considered promising with more 

favourable genes to improve the important traits in sunflower.  
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Seed germination percentage 

 
The general combining ability effects presented in Table 8 indicated that 

among the six female lines evaluated, four exhibited significantly positive GCA effects 

whereas two expressed negative effects. The line HO-I however exhibited maximum 

positive GCA effects of 6.06 followed by T-4-0319 (5.39) and PAC-0505 (3.72). High 

negative GCA effects of -8.28 were noted in both Peshawer-93 and CMS-03. Among the 

restorers/pollinators,  significantly positive GCA effects of 5.39 and 3.72 were displayed 

by PAC-0306 and PAC-64-A respectively, yet negative GCA effect of -9.11 was 

expressed by SF-187. The  SCA effects for seed germination percentage depicted in 

Table-10 indicated that F1 hybrids like T-4-0319 x SF-187 (5.44), HO-I x PAC-0306 

(4.28) and HO-I x PAC-64-A (3.94) were among the top three good performing hybrids 

expressing maximum SCA effects. Maximum negative GCA effects of -8.22, -3.39 and -

3.06 however were manifested by HO-1 x SF-187, T-4-0319 x PAC-64-A and Hysun-33 

x PAC-0306 respectively. A glance of SCA effects along with per se performance 

indicated that some hybrids which performed good as per se  also ranked similar for SCA 

effects. At least two hybrids such as HO-I x PAC-0306 and HO-I x PAC-64-A performed 

better as per se and for SCA effects as well. Such type of results indicated that selection 

of these hybrids on the basis of per se performance will be equally effective if carried-out 

on the basis of SCA effects. 
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Table 8. General combining ability (GCA) effects for seed germination, days to initial flowering, days to 75% flowering, days 
to maturity, number of leaves plant-1, plant height and head diameter of six lines of sunflower. 

 

Lines (females) 
Seed 

germination 
Days to initial 

flowering 
Days to 75% 

flowering 
Days to 

maturity 
Number of 

leaves plant-1 
Plant height 

Head 
diameter 

T-4-0319 5.39** -3.11** -2.85** -0.73 0.50** 24.76** 0.43** 

PAC-0505 3.72** -0.11 -1.18** -1.70* -1.17** -9.09** 1.18** 

HO-I 6.06** -2.78** -4.52** -6.07** 1.83** -25.69** 1.76** 

Hysun-33 1.39** 3.22** 3.48** 3.77** 1.50** 13.24** -0.57** 

Peshawar-93 -8.28** 0.56 1.59** 1.75* -0.50** 10.39** -1.24** 

CMS-03 -8.28** 2.22** 3.48** 2.98** -2.17** -13.60** -1.57** 

S.E. (gi.) 0.03 0.35 0.03 0.75 0.12 0.30 0.08 

S.E (gi-gj)  0.04 0.49 0.04 1.06 0.18 0.43 0.12 
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Table 9. General combining ability (GCA) effects for seed germination, days to initial flowering, days to 75% flowering, days 
to maturity, number of leaves plant-1, plant height and head diameter of three sunflower testers.  

 

Testers/males Seed germination 
Days to initial 

flowering 
Days to 75% 

flowering 
Days to 

maturity 
No. of leaves 

plant-1 
Plant height 

Head 
diameter 

PAC-0306 5.39** -0.11 0.48** -1.00 2.00** -4.15** 1. 60** 

PAC-64-A 3.72** 0.56* 2.04** 1.94** 1.83** 20.07** 2.64** 

SF-187 -9.11** -0.44 -2.52** -0.94 -3.83** -15.92** -4.24** 

S.E. (gi.) 0.02 0.24 0.02 0.53 0.09 0.21 0.06 

S.E (gi-gj)  0.03 0.35 0.03 0.75 0.12 0.30 0.08 
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Table 10. Specific combining ability (SCA) effects  of F1 hybrids for seed germination, days to initial flowering, days to 75% 
flowering, days to maturity, number of leaves plant-1 and plant height of eighteen crosses of sunflower derived from 
six female lines  crossed with three testers. 

 

F1 hybrids 
Seed 

germination 
Days to initial 

flowering 
Days to 75% 

flowering 
Days to 

maturity 
Number of 

leaves plant-1 
Plant height 

T-4-0319 x PAC-0306 -2.06** 8.78** 6.52** 3.00* -1.00** 27.66** 
T-4-0319 x PAC-64-A -3.39** -3.89** -6.04** 2.06 0.17 -0.44 
T-4-0319 x SF-187 5.44** -4.89** -0.48** -5.06** 0.83** -27.22** 
PAC-0505 x PAC-0306 0.61** -8.22** -5.15** -6.04** 0.67** -17.59** 
PAC-0505 x PAC-64-A -0.72** 9.11** 4.30** 2.69* -2.17** 18.19** 
PAC-0505 x SF-187 0.11* -0.89 0.85** 3.35* 1.50** -0.60 
HO-I x PAC-0306 4.28** -7.56** -5.82** -6.67** 1.67** -25.81** 
HO-I x PAC-64-A 3.94** -3.22** -1.37** 0.40 0.83** -15.22** 
HO-I x SF-187 -8.22** 10.78** 7.19** 6.27** -2.50** 41.03** 
Hysun-33 x PAC-0306 -3.06** 3.44** 2.19** 4.68** -1.00** 22.07** 
Hysun-33 x PAC-64-A 0.61** -0.22 0.63** -3.44* 0.17 -9.15** 
Hysun-33 x SF-187 2.44** -3.22** -2.82** -1.24 0.83** -12.92** 
Peshawar-93 x PAC-0306 1.61** 5.11** 2.08** 3.75* 0.00 20.93** 
Peshawar-93 x PAC-64-A -0.72** 3.44** -0.15** -3.20* 1.17** -6.29** 
Peshawar-93 x SF-187 -0.89** -8.56** -1.93** -0.55 -1.17** -9.64** 
CMS-03 x PAC-0306 -1.39** -1.56* 0.19** 1.28 -0.33 -27.26** 
CMS-03 x PAC-64-A 0.28** -5.22** 2.63** 1.50 -0.17 17.91** 
CMS-03  x SF-187 1.11** 6.78** -2.82** -2.78* 0.50* 9.35** 
S.E. (si.) 0.05 0.60 0.05 1.30 0.22 0.52 
S.E (Sij-Skr) 0.07 0.85 0.07 1.84 0.30 0.74 
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Days to initial flowering 

    
Phenological traits may be limiting factors in sunflower production. It is 

generally observed that hybrids flower later than inbred lines with some exceptions. The 

reason could be that hybrids with vigorous plant growth initiate late flowering as 

compared to inbred lines which normally tend to flower earlier than vigorous hybrids. 

Results presented in Table-8 indicated that three female lines divulged negative and other 

three explicated positive GCA effects for days to initial flowering. The lines T-4-0319, 

HO-I and PAC-0505 however displayed negative desirable GCA effects of -3.11, -2.78 

and -0.11 respectively which showed that these lines are good general combiners for days 

to initial flowering (Table-8). The undesirable maximum positive GCA effect (3.22) was 

exhibited by the female line Hysun-33. While comparing GCA effects of testers, SF-187 

and PAC-0306 recorded desirable negative GCA effects of -0.44 and -0.11 respectively, 

yet undesirable positive GCA effect of 0.56 was manifested by tester parent PAC-64-A 

for days to initial flowering (Table 9). The negative GCA effects are more important than 

the positive effects, which indicated that lines take minimum days to initial flowering. 

Testers with non-significant phenological traits and low in yield performance meet the 

general criteria for testing the general combining of the lines. The parents which were 

good general combiners for initial flowering may be comprehensively used in crossing 

programme to develop early maturing hybrids or synthetic varieties of sunflower.   

 
   Out of eighteen hybrids studied, eleven F1 hybrids except few exhibited 

significantly negative SCA effects for days to initial flowering (Table 10). Most of 

crosses involved parents which were low or average in performance may have 
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substantiated the operation of non-additive gene action in the expression of this trait. The 

F1 hybrid Peshawar-93 x SF-187 recorded highest negative specific combining ability (-

8.56) followed by PAC-0505 x PAC-0306 (-8.22). The interaction of low x low  good 

general combiner parents with low  desirable GCA  effects in both the hybrids  probably 

attributed to the expression of  additive gene action for reduced days to initial flowering.  

 
Days to 75% flowering 

 
   Minimum numbers of days to emergence and 75% flowering are preferred 

phenological traits to reduce crop growth  cycle. Thus, parents expressing negative GCA 

effects are desirable for the development of early flowering hybrids.  From six female 

lines, three showed significantly desirable negative and three recorded undesirable 

positive GCA effects for days to 75% flowering (Table 8). The line HO-I expressed 

maximum desirable negative GCA effects (-4.52) followed by T-4-0319 (-2.85) which 

proved them being good general combiners for days to 75% flowering. The tester SF-187 

presented maximum negative GCA effects (-2.52), nonetheless other two testers 

exhibited undesirable positive GCA effects for this trait (Table 9).  

 
   Decreasing effect of dominant genes may play important role in 

condensing down the number of days to 75% flowering. Thus, combining ability of 

parental lines is the decisive factor determining future value of the lines for the 

advancement of hybrids and synthetic varieties. Out of eighteen hybrids evaluated for 

SCA effects, nine of them exhibited desirable negative SCA effects. Significantly 

desirable negative SCA effects of -6.04 was manifested by the hybrid T-4-0319 x PAC-

64-A followed by HO-I x PAC-0306 (-5.82) for days to 75% flowering respectively 
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(Table 10). However other hybrids like T-4-0319 x PAC-0306, PAC-0505 x PAC-64-A 

and HO-I x SF-187 demonstrated higher positive SCA effects of 6.52, 4.30 and 7.19 

respectively which revealed that non-additive type of gene action with increasing gene 

effect in these hybrids were functioning.   

 
Days to maturity 

 
   Since sunflower responds variably to photo-period, therefore maturity date 

can be changed to a variable day length and intensity of light. Main focus in sunflower 

breeding is to develop early maturing hybrids and open pollinated cultivars for short 

growing season. Three female  lines  such as HO-I, PAC-0505 and T-4-0319 were the top  

three early maturing hybrids  by expressing desirable negative GCA effects of -6.07, -

1.70 and - 0.73 respectively were identified as desirable parents for days to maturity 

being shorter duration lines (Table-8).  Two testers /pollinators viz. PAC-0306 recorded 

high negative GCA effects (-1.00) followed by SF-187 (-0.94) for days to maturity (Table 

9). Among the eighteen F1 hybrids evaluated, eight hybrids manifested desirable negative 

SCA effects, nevertheless HO-I x PAC-0306,  PAC-0505 x PAC-0306 and  T-4-0319 x 

SF-187  expressed high desirable negative GCA effects of -6.67, -6.04  and -5.06 

respectively (Table 10). The negative effects are more preferable than the positive effects 

because earliness requires minimum days which can be achieved with negative SCA 

effects. Hybrids which expressed significant SCA effects and involved parents with high 

x high GCA effects may be desirable to fix their alleles in subsequent generations of 

selection, if  coupling phase linkages are involved.  
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Number of leaves plant-1  

 

   More number of leaves plant-1 in hybrids is widely preferable due to 

higher photosynthesis. Three lines like HO-I,  Hysun-33 and T-4-0319 were best general 

combiners for this trait because they recorded significantly positive GCA effects of 1.83, 

1.50 and 0.50 respectively (Table-8). Significant positive GCA effects are useful for the 

development of hybrids with larger leaves and stronger stems while other lines including 

PAC-0505, Peshawar-93 and CMS-03 exhibited negative  effects of -1.17, -0.50 and -

2.17 were regarded as undesirable parents for improving leaves plant-1. The close 

examination of results explicated that two pollinator parents like PAC-0306 and PAC-64-

A showed significantly positive GCA effects in the desired direction for this trait (Table 

9).  

 

From eighteen F1 hybrids, eleven of them elucidated positive SCA effects 

for leaves plant-1, however from these eleven hybrids, one manifested zero effect (Table 

10). The top three high SCA scoring hybrids nonetheless were; HO-I x PAC-0306 (1.67), 

PAC-0505 x SF-187 (1.50) and Peshawer-93 x PAC-0306 (1.17). In sunflower breeding, 

short stature, less internode length, larger leaf area and maximum number of leaves plant-

1 are prerequisite traits for high yielding and lodging resistant hybrid varieties.  

 
Plant height 

 
  The plant height was considered very important morphological trait and 

parents exhibiting negative good general combining ability are considered more desirable 

for this trait. Three lines including HO-I, CMS-03 and PAC-0505 recorded negative GCA 
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effects of -25.69, -13.60 and -9.09 respectively. While, other three lines like T-4-0319, 

Hysun-33 and Peshawar-93 showed undesirable positive GCA effects (Table 8). The 

tester parent SF-187 was found to have higher negative GCA (-15.92) effect followed by 

PAC-0306 (-4.15). Thus, these  three female lines and two male tester parents may be 

useful for the development of dwarf plant material (Table 9). 

 
    Though eleven hybrids expressed desirable negative SCA effects for plant 

height, yet three hybrids like CMS-03 x PAC-0306 (-27.26), T-4-0319 x SF-187 (-27.22) 

and HO-I x PAC-0306 (-25.81) showed highly desirable negative SCA effects. However 

other crosses like PAC-0505 x PAC-0306, HO-I x PAC-64-A, Hysun-33 x SF-187 and 

Peshawar-93 x SF-187 also appeared to be the best specific combiners with negative 

SCA estimates of -17.59,-15.22, -12.92 and -9.64 respectively. Due to frequent 

windstorms, hybrids with negative SCA effects will have shorter plant heights, therefore 

are more are preferable to resist lodging. The results suggested that the  hybrids with 

negative SCA effects could be resistant to lodging, thus their cultivation may be 

encouraged after thorough field evaluation.  

 
Head diameter 

 
   Plant breeders are always putting a lot of selection pressure on developing 

hybrids with bigger heads and such hybrids normally produce more number of seeds with 

desirable 1000-seed weight. The GCA effect of female lines for head diameter are 

presented in Table 8. The first three female lines like T-4-0319, PAC-0505 and HO-I 

exhibited moderate but significantly positive GCA effects of 0.43, 1.18 and 1.76 

respectively. The other three lines such as Hysun-33, Peshawar-93 and CMS-03 recorded 
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negative GCA effects of -0.57, -1.24 and -1.57, thus they could reduce the head diameter 

to an undesirable level while producing hybrids from these parents. Out of three, two 

pollinators, PAC-64-A recorded maximum GCA effects (2.64) followed by PAC-0306 

(1.60) hence these parents may contribute favourable genes, yet the remaining tester 

parent SF-187 displayed  highly negative (-4.24) but poor GCA effect for head diameter 

(Table 9). 

 
The SCA effects for head diameter (Table 13) revealed that twelve crosses 

manifested the SCA estimates in the range of -0.35 to -1.60 and six hybrids exhibited 

positive effects varying from 1.07 to 2.36.  The crosses, Hysun-33 x PAC-64-A (2.36), 

HO-I x PAC-0306 (2.07) and PAC-0505 x SF-187 (1.49) with positive but moderate 

SCA effect may be potential hybrids with either medium or bigger heads. The cross 

combinations involving high x high general combiners indicated that additive x additive 

gene interaction between favourable alleles contributed by two parents are considered to 

be fixable in nature. Selections in advance generations may be  exercised to obtain better 

recombinants in such cases. 

 
Number of seeds plant-1  

 

  Some inbred lines produce outstanding progenies on crossing while their 

per se performance may either be poor or good. Therefore actual parental potential can 

best be determined on the basis of combining ability and not on per se performance. Four 

female lines evaluated expressed negative GCA effects while two lines manifested 

positive GCA effects for seeds plant-1 (Table-11). The line HO-I produced highest 

desirable GCA effects of 154.83 for seeds, whereas CMS-03 with 67.17 GCA effect  
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ranked next scorer. Among three testers evaluated, only  PAC-0306 recorded positive 

GCA effect (142.16), hence remained good  general combiner for most important yield 

contributing trait while other two pollinators such as PAC-64-A and SF-187 scored 

negative GCA effects  of -79.26  and -32.71 respectively and were considered as poor 

testers for seeds plant-1 (Table 12).  

 
The range of positive and desirable SCA effects varied from 3.40 to 

198.56 in eleven out of eighteen hybrids.  While seven crosses showed negative SCA 

effects in the range of -35.24 to -209.47. The hybrids which expressed high positive SCA 

effects contained maximum dominant genes whereas the hybrids with high negative SCA 

effects revealed their recessive genes, hence not being desirable for hybrid development.  

The hybrids which scored maximum positive SCA effects however were: PAC-0505 x 

SF-187, Hysun-33 x PAC-64-A and HO-I x PAC-64-A which manifested SCA effects of 

198.56, 131.64 and 123.20 respectively.  
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Table 11. General combining ability (GCA) effects for number of seeds plant-1, 1000-achenes weight, seed yield plant-1, seed 
yield kg ha-1, oil content and oil yield kg ha-1 of six female lines of sunflower. 

 

Females/lines 
Number of 

seeds plant-1 
1000-achene 

weight 
Seed yield 

plant-1 
Seed yield 
(kg ha-1) 

Oil content 
Oil yield 
( kg ha-1) 

T-4-0319 -51.38** 0.19* -0.56** -89.85** 0.42** -42.90** 

PAC-0505 -145.29** 1.85** -0.22* 133.99** 0.86** 88.32** 

HO-I 154.83** 2.50** 6.44** 146.07** 0.05 81.22** 

Hysun-33 -7.63 1.66** -1.22** -177.64** -1.29** -115.18** 

Peshawar-93 -17.70** -3.52** 1.11** -44.95** 0.25* -15.25** 

CMS-03 67.17** -2.69** -5.56** 32.38** -0.29* 3.80 

S.E. (gi.) 5.90 0.08 0.08 0.44 0.11 2.10 

S.E (gi-gj)  8.35 0.12 0.12 0.63 0.16 2.97 
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Table 12. General combining ability (GCA) effects for number of seeds plant-1, 1000-achene weight, seed yield plant-1, seed 
yield kg ha-1, oil content % and oil yield kg ha-1  of  three sunflower testers. 

 

Testers/males 
Number of 

seeds plant-1 
 

1000-achene 
weight 

 

Seed yield 
plant-1 

 

Seed yield 
(kg ha-1) 

 

Oil content 
 

Oil yield 
(kg ha-1) 

PAC-0306 142.16** 5.00** 8.61** 234.36** 4.46** 193.5** 

PAC-64-A -79.26** 0.83** 2.11** 165.07** 3.29** 133.87** 

SF-187 -62.91** -5.83** -10.72** -399.43** -7.74** -327.38** 

S.E. (gi.) 4.18 0.06 0.06 0.31 0.08 1.49 

S.E (gi-gj)  5.90 0.08 0.08 0.44 0.11 2.10 
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Table 13. Specific combining ability (SCA) effects of F1 hybrids for head diameter, number of seed plant-1, 1000-achenes 
weight, seed yield plant-1, seed yield kg ha-1, oil content and oil yield kg ha-1 of eighteen hybrids of sunflower derived 
from crosses of six female lines with three testers. 

 

F1 hybrids 
Head 

diameter 
Number of 

seeds plant-1 
1000-achene 

weight 
Seed yield 

plant-1 
Seed yield 
(kg ha-1) 

Oil 
content 

Oil yield 
(kg ha-1) 

T-4-0319 x PAC-0306 -0.60** -145.93** 1.19** -0.61** -94.20** -0.16 -45.00** 
T-4-0319 x PAC-64-A -0.64** 64.78** -1.87** -0.11 -106.78** -0.99** -67.17** 
T-4-0319 x SF-187 1.24** 81.16** 0.69** 0.72** 200.98** 1.15** 112.17** 
PAC-0505 x PAC-0306 -0.35* 3.40 0.20 4.06** 136.53** 0.24 73.00** 
PAC-0505 x PAC-64-A -1.14** -201.96** 0.57** -6.44** 38.18** 1.00** 37.50** 
PAC-0505 x SF-187 1.49** 198.56** -0.76** 2.39** -174.71** -1.25** -110.50** 
HO-I x PAC-0306 2.07** -87.96** 2.55** 2.39** 165.86** 1.21** 105.09** 
HO-I x PAC-64-A -0.97** 123.20** 1.82** 4.89** 35.83** 1.38** 38.85** 
HO-I x SF-187 -1.10** -35.24** -4.37** -7.28** -201.70** -2.59** -143.93** 
Hysun-33 x PAC-0306 -1.60** 77.83** -0.61** 0.06 -42.93** -0.46* -32.75** 

Hysun-33 x PAC-64-A 2.36** 131.64** -0.61** -3.44** -100.38** -2.29** -92.82** 
Hysun-33 x SF-187 -0.76** -209.47** 1.22** 3.39** 143.31** 2.74** 125.58** 
Peshawar-93 x PAC-0306 1.07** 117.99** -2.29** 0.72** -83.85** -0.38 -53.54** 
Peshawar-93 x PAC-64-A -0.97** -196.48** -0.13 2.22** 90.37** 1.18** 67.07** 
Peshawar-93 x SF-187 -0.10 78.50** 2.42** -2.94** -6.52** -0.80** -13.53** 
CMS-03 x PAC-0306 -0.60** 34.68** -1.03** -6.61** -81.41** -0.46* -46.80** 
CMS-03 x PAC-64-A 1.36** 78.82** 0.23 2.89** 42.77** -0.29 16.58** 
CMS-03 x SF-187 -0.76** -113.50** 0.81** 3.72** 38.64** 0.74** 30.21** 
S.E. (si.) 0.14 10.23 0.14 0.14 0.77 0.19 3.64 
S.E. (Sij-Skr) 0.20 14.46 0.20 0.20 1.09 0.27 5.15 
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1000-achene weight 

 
The enviable performance of hybrids which involved high x low GCA 

parents may be described as an interaction between dominant alleles from good 

combiners and recessive alleles from poor combiner parents. These types of gene 

interactions would develop complementary gene  effects. The first four lines such as T-4-

0319, PAC-0505, HO-I and Hysun-33 displayed positive GCA effects of 0.19, 1.85, 2.50 

and 1.66 respectively indicated their being good general combiners. They contributed 

favourable genes hence produced large head diameter and heavier 1000-achene weight. 

However,  two other lines like Peshawar-93 and CMS-03 displayed negative GCA effects 

of -3.52 and -2.69 respectively (Table 11), hence these parents are not desirable to 

develop hybrids with increased 1000-achene weight. Among the tester parents, PAC-

0306 gave maximum positive GCA effects (5.00) followed by PAC-64-A (0.83) 

indicated their being good general combiners for improving 1000achene weight.  Tester 

SF-187 however recorded negative GCA effects (-5.83) for 1000achene weight (Table 

12) showing its poor general combining ability. 

 
    Among the eighteen F1 hybrids evaluated, eight displayed negative SCA 

effects   in the range of -0.13 to -4.37 while  desirable positive SCA effects varied  from 

0.20 to 2.55 for 1000-achene weight (Table 13). The hybrid HO-I x PAC-0306, 

nonetheless recorded highest positive SCA value (2.55) followed by Peshawar-93 x SF-

187 (2.42) and HO-I x PAC-64-A (1.82). The hybrids which involved parents with high x 

high general combiners indicated the additive x additive gene interaction between 
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favourable alleles contributed by both  the parents which are considered to be fixable in 

nature.  

 
Seed yield plant-1  

 
Seed yield being a quantitatively inherited trait is highly affected by 

abiotic factors. Achieving higher yields is dependent upon the genetic potential of lines 

involved in the crosses and the yield components like seed weight, head diameter and 

number of seeds head-1.  From six female lines, two of them such as  HO-I and Peshawar-

93 expressed superior positive GCA effects  of 6.44 and 1.11 respectively, while 

remaining four lines, T-4-0319, PAC-0505, Hysun-33 and CMS-03 reflected  inferior 

negative GCA effects of -0.56, -0.22, -1.22 and -5.56 respectively showing their poor 

combining ability for seed yield plant-1 (Table 11). PAC-0306 as a tester parent displayed 

higher positive GCA effect (8.61) followed by PAC-64-A (2.11), however SF-187 

showed maximum negative GCA effects (-10.72) for seed yield plant-1 (Table 12).  

 
From eighteen F1 hybrids examined,  eleven exhibited positive SCA 

effects varied from 0.06 to 4.89 while seven F1 hybrids  recorded negative SCA effects 

varied from -0.11 to -7.28 (Table 13). Nonetheless, hybrid HO-I x PAC-64-A was 

observed with maximum SCA effects (4.89) while PAC-0505 x PAC-0306 exhibited next 

higher SCA effect (4.06) showing their superiority for seed yield plant-1.  

 
Seed yield kg ha-1 

 
For seed yield in kg ha-1, it was noted that the parental lines HO-I, PAC-

0505 and CMS-03 recorded highly positive GCA effects (146.07, 133.99 and 32.38) 
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whereas other three female lines such as T-4-0319, Hysun-33 and peshwer-93 exhibited 

negative GCA effects of -89.85, -177.64 and -44.95 respectively suggesting that later 

hybrids are not potential hybrids for hybridization programmes to improve the seed yield 

kg ha-1 (Table 11). Tester parents viz. PAC-0306 (234.36) and PAC-64-A (165.07) were 

observed with high GCA effects indicated their superior combing ability with female 

lines (Table 12). Thus, good general combiners from lines and testers may be crossed, 

and promising hybrids could be evolved. 

 
   Specific combining ability of F1 hybrids for seed yield kg ha-1 revealed 

that nine cross combinations demonstrated positive  GCA effects and their values varied 

from 35.83 to 200.98  while other nine hybrids  gave negative GCA effects in the range 

of -6.52 to -201.07 (Table 13).  Among the eighteen crosses examined, the top three high 

scorers were like; T-4-0319 x SF-187, HO-I x PAC-0306 and Hysun-33 x SF-187 which 

recorded  substantial positive SCA effects of 200.98, 165.86 and 143.31 respectively.  

 
Oil content % 

  
Selection of potential parents based on complete genetic information and 

knowledge of combining ability leads to fruitful results in the  form of developing 

promising hybrids. The female line PAC-0505 recorded positive GCA effect of 0.86 

whereas line T-4-0319 exhibited next higher GCA effect (0.42), yet Peshawar-93 with 

0.46 GCA effects ranked at third position (Table 11). Tester parents PAC-0306 and PAC-

64-A  were found as displaying higher GCA effects of 4.46  and 3.29  respectively for oil 

content, nevertheless  SF-187 produced negative GCA effect (-7.74) for this trait (Table 

12). Among the eighteen F1 hybrids, ten cross combinations displayed negative SCA 
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effects in the range of -0.16 to -0.2.59, yet  desirable positive SCA effects of nine other 

hybrids varied from 0.24 to 2.74. The results  further suggested that positive SCA effects 

were greater than negative SCA effects in the hybrids for oil content (Table 13). The 

hybrids like Peshawar-93 x PAC-0306 and HO-I x PAC-64-A explicated higher SCA 

effects of 2.74 and 1.38 respectively. Whereas Peshawar-93 x PAC-64-A revealed SCA 

effects of 1.18 hence ranked at third good specific combiner for oil content. 

 
Oil yield kg ha-1  

 
  Selection for increased seed yield and oil yield are ultimate objectives in 

many sunflower hybrid breeding programmes. Two female lines; PAC-0505 and  HO-I 

displayed superior performance by showing substantial positive GCA effects of 88.32 

and 81.22 respectively (Table-11). However, T-4-0319, Hysun-93 and Peshawer-93 

expressed negative GCA effects, hence were poor lines for oil yield. Among the testers, 

PAC-0306 exhibited considerably high positive GCA effect (193.50) followed by PAC-

64-A (133.87) (Table 12). Hence, both pollinators are suitable for the development of 

hybrids when crossed with superior female lines. SCA ratio in F1 hybrids was 1:1, which 

means nine hybrids showed positive and nine recorded negative SCA effects for oil yield 

kg ha-1 (Table 13). Hybrid Hysun-33 x SF-187 nonetheless recorded maximum SCA 

effects (125.58) followed by T-4-0319 x SF-187 (112.17). These high SCA scoring 

hybrids may be utilized for future sunflower breeding programmes for  obtaining higher 

oil yields kg ha-1. 
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Variances due to GCA (σ2 A) and SCA (σ2 D) 

 
The mean squares due to lines and testers both determine general combing 

ability were significant for all the traits studied. Similarly the mean squares for lines x 

testers interaction which designate specific combining ability were also significant. These 

results suggested that both additive as well as dominant genes were essential for the 

manifestation of all the characters studied. However, for majority of the traits, the 

variances due to lines or testers on an average were higher than the line x tester 

interaction. The mean square values of lines and testers are not true representative of 

genetic variance i.e.  additive variances (σ2A) and dominant variances (σ2D).  The higher 

values of dominance variance (σ2D)
 
for almost all the characters revealed preponderance 

of non-additive type of genes advocating the inheritance of studied characters. 

Development of early maturing hybrids is one of the main objectives in sunflower 

breeding programmes so as to avoid yield losses. For obtaining the information on the 

nature of gene effects and their expression in terms of combining ability are important 

attributes to determine the potentiality of inbreds. At the same time, it also elucidates the 

nature of gene action involved in the inheritance of important characters. General 

combining ability (GCA) is attributable to additive gene effects and additive x additive 

epistasis which are theoretically fixable. On the other hand, specific combining ability  is 

attributable to non-additive gene action which is due to dominance or epistasis genes or 

both are non-fixable. The presence of non-additive genetic variance is the primary 

justification for initiating the hybrid  breeding programmes (Pradhan et al., 2006). 

Variances due to general and specific combining ability  in terms of additive variance (σ2 

A),  specific combining ability in terms of dominance variance (σ2 D) and degree of 
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dominance (σ2 D/ σ2 A) for various characters are shown in Table 14. It is apparent  that 

genetic variance due to specific combining ability was more important than due to 

general combining ability.  Dominant gene actions were more effective than additive 

genes respectively in F1s for seed germination (68.21 and 27.34), days to maturity (92.93 

and 1.24), plant height (2908.93 and 93.55), number of seeds plant-1 (112666.37 and 

3018.10), seed yield plant-1 (100.14 and 25.66), seed yield kg ha-1 (95361.54 and 

32367.85) and oil yield (43032.83 and 20933.18 kg ha-1) which depicted higher 

dominance variances against the additive ones. While preponderance of dominant gene 

action was further confirmed with degree of dominance (σ2D/ σ2A)1/2 being greater than 

unity (1.0) showed over dominance gene for the studied traits. The preponderance ratio of 

σ2 SCA/σ2GCA is also greater than unity which explained predominance of super-

dominant gene effects in the expression of studied traits. 
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Table 14. Estimates of genetic variances due to GCA (σ2GCA), SCA (σ2SCA), additive (σ2A), dominance (σ2D) , ratio of SCA 
to GCA (σ2SCA/σ2GCA) and degree of dominance (σ2D/ σ2A )1/2  of F1 hybrids. 

 
Parameters 

 
 

           Genetic components 

σ2GCA 
 

σ2A 
 

σ2SCA 
 

σ2D 
 

σ2 SCA/σ2 GCA 
 

(σ2 D/σ2 A)½ 
 

Seed germination  6.83 27.34 17.05 68.21 2.50 1.58 

Days to initial flowering -1.90 -7.62 65.66 262.65 -34.48 -2.13 

Days to 75% flowering 0.32 1.29 24.82 99.26 77.56 8.78 

Days to maturity 0.31 1.24 23.23 92.93 74.35 8.66 

Number of leaves plant-1 0.81 3.22 2.32 9.28 2.86 1.70 

Plant height  23.39 93.5 727.23 2908.93 31.09 5.58 

Head diameter  0.92 3.67 2.57 10.30 2.79 1.67 

No of seeds plant-1 754.53 3018.10 28166.59 112666.37 37.33 6.11 

1000-seed weight  2.22 8.87 5.18 20.07 2.33 1.50 

Seed yield plant-1  6.42 25.66 25.03 100.14 3.90 1.98 

Seed yield kg ha-1 8091.96 32367.87 23840.93 95361.54 2.95 1.72 

Oil content  2.80 11.21 3.06 12.26 1.09 1.05 

Oil yield kg ha-1 5233.29 20933.18 10758.21 43032.83 2.06 1.43 
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Proportional contribution of lines, testers and their interactions 

 
    Characteristics like phenological, seed yield and oil yield were evaluated 

through line x tester analysis shown in Table 15. A line x tester analysis of sunflower 

with 6 female lines and 3 male testers was carried-out to estimate the proportional 

contribution of lines, testers and their interactions from the total variance for different 

plant traits. The female lines contributed normal portion of variance for seed germination 

% (41.45%), days to 75% flowering (35.26%), days to maturity (41.32%), plant height 

(32.59%), and number of seeds plant-1 (25.32%), thus contributed fair amount of variance 

attributable to maternal effect. On the other hand, the testers/pollinators denoted greater 

portion of paternal effect over maternal for seed germination % (47.76%), number of 

leaves plant-1 (68.74%), head diameter (75.67%), 1000-achene weight (70.94%), seed 

yield plant-1 (70.89%), seed yield in kg ha-1 (74.96%), oil content % (93.27%) and oil 

yield in kg ha-1 (83.20%). Line x tester interactions contributed higher or about equal 

portion of genetic variance as compared to A or R lines for the traits like days to initial 

flowering (86.59%), days to 75% flowering (51.41%), days to maturity (51.68%), plant 

height (43.34%) and number of seed plant-1 (45.36%). These variances indicated that the 

traits under study were controlled by both maternal and paternal influence with both 

additive and dominant genes. 
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Table 15. Proportional contribution of lines, testers and their interaction to the total variance  in F1  hybrids for different plant 
traits of sunflower genotypes. 

 

Contribution of lines, 
testers and line x tester (%) 

Seed 
germination % 

 

Days to 
initial 

flowering 

Days to 
75% 

flowering 

Days to 
maturity 

No. of leaves 
plant-1 

Plant 
height 

Head 
diameter 

Lines 41.45 13.00 35.26 41.32 18.96 32.59 12.41 

Testers 47.76 0.41 13.33 7.00 68.74 24.07 75.67 

Line x tester 10.78 86.59 51.41 51.68 12.29 43.34 11.92 

Contribution of lines, 
testers and line x tester (%) 

Number of 
seeds plant-1 

 

1000-
achene 
weight 

Seed yield 
plant-1 

Seed yield 
(kg ha-1) 

Oil content 
Oil yield 
( kg ha-1) 

Lines 25.32 19.08 13.82 12.71 1.40 7.61 

Testers 29.31 70.94 70.89 74.96 93.27 83.20 

Line x tester 45.36 9.98 15.29 12.32 5.32 9.19 
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Heritability  estimates in narrow sense (h2%) 

 

The genetic variations  in plant traits  which are transmittable from parents 

to their progenies is generally referred as heritability. Heritability estimates remained 

variable depending upon the genetic nature of genotypes  and the traits studied. The 

heritability estimates in narrow sense for various plant traits of sunflower are depicted in 

Table 16. Generally, heritability in broad sense are calculated higher than narrow sense 

because narrow sense heritability uses only additive genetic variance as a numerator from 

total phenotypic variance. The heritability estimates in F1s varied from 1.28 to 47.68% . 

These heritability estimates are generally low which may be due to higher portion of 

dominant  variances against the additive variances. The heritability estimates for seed 

germination%  was h2 = 28.61%;  days to initial flowering (h2 = 2.77%); days to 75% 

flowering (h2 = 1.28%); days to maturity (h2 = 1.29%); number of leaves plant-1 (h2 = 

25.66%); plant height (h2 = 3.12%); head diameter (h2 = 26.23%); number of seeds plant-

1 (h2 = 2.61%); 1000-achene weight (h2 = 30.63%); seed yield plant-1 (h2 = 20.39%) and 

seed yield kg   ha-1 (h2 = 25.34%). While oil content % and oil yield in kg ha-1 estimated  

relatively  greater heritability of h2=47.68 and 32.72% respectively.  
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Table 16. Narrow sense heritability estimates of F1  hybrids for various plant traits 
of sunflower derived from crosses of six female lines with three testers. 

 

Characters σ2A σ2D σ2e Heritability 
( h2 % n.s.) 

Days to germination  27.34 68.21 0.003 28.61 

Days to initial flowering -7.62 262.65 0.360 -2.77 

Days to 75% flowering 1.29 99.26 0.003 1.28 

Days to maturity 1.24 92.93 1.690 1.29 

Number of leaves plant-1 3.22 9.28 0.048 25.66 

Plant height 93.55 2908.93 0.273 3.12 

Head diameter 3.67 10.30 0.020 26.23 

Number of seeds plant-1 3018.10 112666.37 104.600 2.61 

1000-achene weight 8.87 20.07 0.020 30.63 

Seed yield plant-1 25.66 100.14 0.020 20.39 

Seed yield (kg/ha-1) 32367.85 95361.54 0.593 25.34 

Oil content  11.21 12.26 0.038 47.68 

Oil yield (kg/ha-1) 20933.18 43032.83 13.255 32.72 
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Correlations (r) 

 
It is obvious that the aspiration of plant breeders is to know the extent of 

relationship between phenological, seed yield and its components, oil content and oil 

yields which ultimately will enhance their selection efficiency for above traits. 

Correlation coefficients (r) were calculated from F1 hybrid data presented in Table 17 for 

yield and oil traits of sunflower. Seed germination (%)  exhibited significantly positive 

correlations with number of leaves plant-1 (r= 0.73**), head diameter (r=0.69**), number 

of seeds plant-1(r=0.31*), 1000-achenes weight (r=0.65**), seed yield plant-1(r=0.68**), 

seed yield kg/ha-1(r=0.61**), oil content (r=0.61**) and oil yield kg ha-1 (r=0.60**), yet 

seed germination  was negatively associated with days to initial flowering (r=-0.28*) and 

days to maturity (r=-0.36**). However, days to initial flowering is significantly and  

positively associated with days to 75% flowering, days to maturity and plant height 

(r=0.62**, 0.47** and 0.50** respectively) while, other traits were negatively but non-

significantly associated with days to initial flowering. 

 
Days to 75% flowering expressed significantly positive association  with 

days to maturity (r=0.69) and plant height (r=0.66**) only and rest of the traits were non-

significantly associated with days to 75% flowering. Further more, days to maturity  was 

positively associated with plant height (r=0.59**) only, yet it was significantly and 

negatively correlated ( Fig. 1b) with 1000-achene weight, seed yield plant-1, seed yield kg 

ha-1 and oil yield kg ha-1 (r=-0.36**,-0.28*, -0.33 *and -0.26* respectively). Number of  
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Figure 1. Correlation of leaves plant-1 (a), head diameter (b) and 1000-achene 

weight (c) with other traits. 
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leaves plant-1 displayed strong associations (Fig. 1c) with head diameter (r=0.87**), 

number of seeds plant-1 (r=0.43**), 1000-achene’s weight (r=0.68**) seed yield plant-

1(r=0.83**), seed yield kg ha-1(r=0.64**), oil content % (r=0.80**) and oil yield kg ha-1 

(r=0.69**). However plant height showed positive correlation with head diameter 

(r=0.27*) and oil content % (r=0.26*) only. Plant height, nonetheless did not show 

significant relationship with number of seed plant-1, 1000-achene weight, seed yield and 

oil yield kg ha-1. The correlations in Fig.1c revealed that head diameter manifested strong 

association with 1000-achene weight, seed yield plant-1, seed yield kg ha-1, oil content 

and oil yield kg ha-1 with r= 0.65**, 0.75**, 0.66**, 0.80** and 0.70** respectively yet 

moderately associated with number of seed plant-1 (r=0.39**). 

 
The yield traits like number of seeds plant-1 exhibited significantly but 

moderate correlations with seed yield plant-1 (r=0.41**), seed yield kg ha-1 (r=0.29*), oil 

content % (r=0.40**) and oil yield kg ha-1 (r=0.33**). The 1000-achene weight recorded 

high positive associations with seed yield plant-1, seed yield kg ha-1, oil content %, and oil 

yield kg ha-1 i.e. r=0.80**, 0.71**, 0.69** and 0.71** respectively. Seed yield plant-1 had 

also expressed strong association with seed yield kg ha-1 (r=0.71**), oil content % 

(r=0.80**) and oil yield kg ha-1 (r=0.76**), whereas seed yield kg ha-1  also showed very 

strong associations with oil content % and oil yield kg ha-1 (r=0.85** and 0.94** 

respectively). The oil content presented high correlation with oil yield kg ha-1(r=0.88**). 
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Table 17. Correlations (r) among various traits in eighteen F1 hybrids of sunflower derived from crosses of six female lines 
with three testers. 

 

Characters 

Days to 
initial 

flowering 

Days to 
75% 

flowering 

Days to 
maturity 

No: Leaves 
plant-1 

Plant 
height 

Head 
diameter 

No: 
seeds 

plant-1 

1000- 
achene 
weight 

Seed 
yield 

plant-1 

Seed 
yield 

kg ha-1 

Oil 
content 

Oil yield 
kg ha-1 

Days to 
germination  

-0.28 * -0.24 -0.36 ** 0.73 ** 0.02 0.69 ** 0.31 * 0.65 ** 0.68 ** 0.61 ** 0.61 ** 0.60** 

Days to initial 
flowering 

- 0.62 ** 0.47 ** -0.21 0.50 ** -0.19 -0.17 -0.12 -0.10 -0.19 -0.08 -0.12 

Days to 75% 
flowering 

 - 0.69 ** 0.13 0.66 ** 0.19 -0.02 0.10 0.06 -0.01 0.19 0.10 

Days to maturity   - -0. 10 0.59 ** -0. 10 -0.00 -0.36 ** -0.28 * -0.33 * -0.05 -0.26 * 

Number of leaves 
plant-1  

   - 0.24 0.87 ** 0.43 ** 0.68 ** 0.83 ** 0.64 ** 0.80 ** 0.69 ** 

Plant height     - 0.27 * -0.14 0.13 0.20 0.08 0.26 * 0.09 

Head diameter      - 0.39 ** 0.65 ** 0.75 ** 0.66 ** 0.80 ** 0.70 ** 

No: seeds plant-1        - 0.14 0.41 ** 0.29 * 0.40 ** 0.33 ** 

1000-achene 
weight  

       - 0.80 ** 0.71 ** 0.69 ** 0.71 ** 

Seed yield plant-1          - 0.71 ** 0.80 ** 0.76 ** 

Seed yield  kg ha-1           - 0.85 ** 0.94 ** 

Oil content            - 0.88 ** 

Oil yield  kg ha-1             - 

**,* Significant at 1% and 5%  probability levels respectively.
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EXPERIMENTAL YEAR-II, 2010 

 
Heterosis in F1s and inbreeding depression in F2 hybrids of sunflower 

 
Plant breeders have experienced that selection for yield components only 

may not necessarily be the most efficient way to evolve sunflower varieties with 

improved performance. Studies on heterosis and inbreeding in sunflower have been 

taking place since over 80 years or even more. High heterosis for yield and its 

components in sunflower being cross pollinated crop have been reported by many 

pervious researchers. Hybrid vigour is defined as the superiority of F1 hybrids over their 

respective mid parents or better parents. The main precondition to design a model hybrid 

is to obtain parental lines possessing desirable genes  and recombine those genes in such 

a way that genes pair-up and produce superior F1 hybrids. Hybrid vigour remained a main 

driving force for the acceptance of this oilseed crop. Maturity period, stability in 

performance, plant height, leaf number, head size,  seeds head-1, 1000-achenes weight, 

seed yield, oil content, lodging resistance, all play an important role in defining optimum 

plant architecture of sunflower hybrids. Breeding for yield components and the creation 

of new sunflower ideotypes require an increased use of wild species of Helianthus in 

breeding programmes, yet combining ability between male and female inbreds is the key 

to successful development of sunflower hybrids.  

 
Contrary to superiority of F1 hybrids over the inbreds parents, the loss of 

vigour is a common phenomenon seen in the performance of F2 hybrids which is referred 

as inbreeding depression which occurs due to homozygosity. Apart from F1s, the F2s 

which have larger heterogeneity and genetic variation may result in greater range of 
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adaptation relative to their parental inbreds or F1 hybrids. It is also expected that some F2s 

might manifest superiority over their better parents when grown under stress conditions 

and can produce better combinations for yield and oil content. In some studies F2s yield 

performance was highly correlated with F1s and their parents. It is anticipated that F2 

progenies manifest only 50% of useful heterosis expressed by F1 hybrids and even less 

when heterosis is characterized in terms of higher yielding parent. Nevertheless, F2 

hybrids with lower inbreeding depression in yield and superior performance over 

cultivated cultivars have been reported in many crop species, specially in cotton. The 

existence of such populations lends credibility to use them as profitable F2 hybrids. 

Studies on inbreeding depression therefore has great advantage if  F2 hybrids with less 

inbreeding depression are identified. The information regarding heterotic effects in F1s 

and inbreeding depression in F2s for various phenological, morphological, yield and oil 

traits of sunflower are presented in Tables 16 to 18 and the results are described traitwise 

as under: The analysis of variance shown in Table 18 revealed significant differences 

among genotypes, F1 and F2 hybrids which allowed to determine the heterosis in F1s and 

inbreeding depression in F2 hybrids. The traitwise results are given hereunder: 

 
Seed germination percentage 

 
  Though  specific combining ability (SCA) do not contribute substantially 

towards the improvement of crop plants except in the situations where exploitation of 

heterosis is feasible. Best parents on hybridization are expected to generate transgressive 

segregants which could be selected as potential homozygous lines for hybrid crop 

development. The results on  the manifestation of heterosis and heterobeltiosis for seed  
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germination percentage is shown in Table 19 which revealed that all the  F1 hybrids 

manifested positive relative heterosis/mid-parent heterosis as well as better parent 

heterosis/ heterobeltiosis except that five crosses recorded negative heterobeltiosis. The 

range of mid parent heterosis was from 4.19 to 26.80% and positive heterobeltiosis from 

0.00 to 21.25%. The hybrid HO-I x PAC-0306 exhibited high mid-parent and better 

parent heterosis (26.80, and 21.25%) followed by HO-I x PAC-64-A (21.79 and 14.46%), 

PAC-0505 x PAC-0306 (21.33 and 13.75%) respectively. The results of inbreeding 

depression for seed germination indicated that thought all the eighteen F2 hybrids showed 

low to moderate inbreeding depression (Table 20), yet the minimum inbreeding 

depression was noted in  CMS-03 x PAC-64-A (-8.86%),  CMS-03 x SF-187 x (-9.02%)  

and T-4- 0319 x SF-187 (-10.84%). It is generally observed that hybrids which exhibited 

more vigour in F1 correspondingly recorded higher inbreeding depression in F2 hybrids. 

 
Days to initial flowering 

 
  The development of hybrids in major food crops and methods of 

producing hybrid seed are imperative for relying upon hybrid crops. Sunflower is also a 

crop in which heterosis could be exploited considerably for better seed and oil yield 

production. Hybrids are more vigorous, self-fertile and resistant to important foliar 

disease. Among the eighteen hybrids evaluated, ten hybrids depicted desirable negative  
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Table 18. Mean squares of F1 and F2 hybrids from analysis of variance for 
phenological, seed yield and oil traits in sunflower. 

 

Character 
Replication 

D.F.= 3 
Genotypes 
D.F.= 35 

F1s 
D.F.= 17 

F2s 
D.F.= 17 

Error 
D.F. =105 

Seed germination % 0.009 361.37** 373.77** 370.24** 0.014 

Days to initial flowering 0.025 174.78** 178.77** 181.08** 0.021 

Days to 75% flowering 0.037 110.17** 113.13** 113.69** 0.042 

Days to maturity 0.009 110.55** 114.07** 113.54** 0.028 

Number of leaves plant-1 0.009 39.85** 41.32** 40.73** 0.028 

Plant height 0.09 3838.2** 3950.3** 3951.9** 0.050 

Head diameter 0.009 50.65** 52.56** 51.71** 0.028 

Number of seeds plant-1 0.031 145542** 149828** 149819** 0.044 

1000-achene weight  0.031 115.81** 119.83** 118.60** 0.015 

Seed yield plant-1 0.100 375.87** 388.91** 384.94** 0.047 

Seed yield  kg ha-1 0.01 442190** 455222** 455169** 0.013 

Oil content  0.951 136.34** 143.28** 137.40** 0.366 

Oil yield kg ha--1 0.009 267918** 275819** 275776** 0.012 

**, * = Significant at  1% and 5% probability levels respectively. 
 
heterotic effects while rest of the eight hybrids manifested undesirable positive heterotic 

effects for days to initial flowering (Table 19). The relative  heterosis (it will be 

interchangeably be used for mid-parent heterosis)  with desirable negative values ranged 

from -1.61 to -21.26% and  desirable better parent heterosis varied from -2.86 to -

28.57%. The undesirable positive mid-parent heterosis varied from 2.40 to 19.66% and 

high parent heterosis varied from 1.52 to 18.64%.  On the basis of mid- parent heterosis 

and heterobeltiosis estimates, hybrids HO-I x PAC-0306, HO-I x PAC-64-A and 
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Peshawar-93 x SF-187 were  observed as the most desirable hybrids by expressing -

21.26, -14.73 and -14.05%  mid-parent heterosis and -28.57, -21.43 and -16.13%  better 

parent heterosis  for days to initial flowering. Among the F2 hybrids, all the progenies 

were identified expressing inbreeding depression due to heterozgygosity which ranged 

from -1.92% to -18.78% for this trait. The F2 progenies HO-I x PAC-64-A, nonetheless 

revealed maximum (-18.78%) inbreeding depression followed by HO-I x PAC-0306 (-

15.72%) and HO-I x SF-187 (-14.71%) in eighteen combinations. Further more, F2 

hybrids CMS-03 x SF-187, T-4-0319 x PAC-0306 and PAC-0505 x PAC-0306 also 

displayed high (-14.49%, 13.64% and -13.21% respectively) inbreeding depression for 

days to initial flowering (Table 20), whereas, T-4-0319 x SF-187 recorded minimum 

inbreeding depression  (-1.92%). 

 
Days to 75% flowering 

 
  For days to 75% flowering, the numbers of days were counted from 

planting to the day when last row of disc flowers opened on 75% of the plants in a plot. 

The heterotic effects regarding days to 75% flowering  presented in Table 19 revealed 

that nine hybrids recorded desirable negative heterosis (the range of relative heterosis was 

-0.96 to -10.95% and heterobeltiosis was -1.52 to -18.67%) while nine hybrids 

manifested undesirable positive mid parent heterosis ranging from 0.71 to 15.05% and 

better parent heterosis from  0.45 to 8.70%. Nonetheless, F1 hybrids like HO-I x PAC-

0306 gave the maximum relative (-10.95%) and heterobeltiosis (-18.67%) followed by 

HO-I x SF-187 with relative and heterobeltiotic effects of -3.60 and -10.67 respectively. 

The F1 hybrid T-4-0319 x PAC-0306 stood at third position for relative heterosis (-
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3.76%) and heterobeltiosis (-7.25%) for days to 75% flowering. However F1  cross 

combinations like HO-I x SF-187 and Peshawar-93 x PAC-64-A recorded minimum 

(0.71 and 0.45%) relative and better parent heterosis respectively. The inbreeding 

depression regarding days to 75% flowering depicted in Table 20 revealed that the 

desirable inbreeding depression in F2 hybrids varied from -8.66 to -25.13%. Nevertheless, 

the F2 progeny HO-I x PAC-0306 displayed highest inbreeding depression (-25.13%) 

followed by PAC-0505 x PAC-0306 (-21.54%), HO-I x PAC-64-A (-20.40%) and 

Peshawar-93 x PAC-64-A (-20.18%). However, T-4-0319 x PAC-0306, CMS-03 x SF-

187 and CMS-03 x PAC-0306 were second desirable group of F1 hybrids which 

expressed -20.00%, -19.32% and -18.67% inbreeding depression for this character . 

 
Days to maturity 

 
  The eight F1 hybrids exhibited desirable negative relative heterotic effects 

which varied from -0.44 to -18.33% while eleven F1 crosses showed negative better 

parent heterosis that varied  from -0.07 to -21.05% for the character days to maturity 

(Table 19). Where as ten F1 hybrids expressed positive relative heterosis  ranged from 

0.40 to 7.03% and seven hybrids exhibited positive better parent heterosis which varied 

from 0.75 to 5.62%. The  ratio of negative heterosis were quite higher than the positive 

heterosis over mid parents as well as better parents which indicated that hybrids could be 

obtained besides with higher seed production may also prove to be early maturing. 

Negative heterosis is more utilized than the positive heterotic effects because negative 

values are the evidence of early maturity although positive values highlights hybrids 

taking maximum days in maturity  and cause delay in ripening. Three hybrids including 
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HO-I x PAC-0306, PAC-0505 x PAC-0306 and HO-I x PAC-64-A displayed the  most 

desirable relative heterosis of -18.33, -9.10 and -8.22% and better parent heterosis of  -

21.05, -9.97 and -10.53 respectively for days to maturity.   

 
Maternal age  effect is regarded a neglected source of variation in 

inbreeding depression.  It affects wide diversity of traits in probably all taxonomic groups 

of plants and animals, thus imposes large influences on patterns of inbreeding depression. 

The F2 progenies like T-4-0319 x PAC-0306, PAC-0505 x SF-187 and HO-I x PAC-64-A 

explicated maximum (-18.22%, -21.74% and -20.00%) inbreeding depression for days to 

maturity (Table 20) however, T-4-0319 x SF-187 showed lowest (-2.44%) inbreeding 

depression among the eighteen F2 populations.  

 
Number of leaves plant-1 

    
  In crop plants, leaf is a source of food, therefore it is correctly called as 

food manufactured industry, thus maximum number of leaves plant-1 prepare maximum 

food in plants and supply that to flowers for healthy grain formation. However, more 

number of leaves plant-1 also causes delay in maturity by prolonging the vegetative 

growth but desirable number of leaves are still very important. Heterotic effects presented 

in Table 21 indicated that most of the hybrids except one exhibited a fair amount of 

heterosis. The range of relative  positive heterosis varied from 2.56 to 50.00%  and better 

parent  positive heterosis from 4.55 to 42.86%. Yet, the hybrid HO-I x PAC-0306 

explicated maximum positive relative heterosis and heterobeltiosis (50.00 and 42.86%) 

respectively followed by PAC-0505 x PAC-0306 (33.33 and 30.00%) and HO-I x PAC-

64-A (30.23 and 27.27%) for number of leaves plant-1. It is generally expected that 
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hybrids which express high heterosis in F1 also manifest high inbreeding depression due 

to loss of dominant  favourable genes  in more heterozygous condition and recovery of 

more recessive deleterious  alleles. The F2  progenies such as HO-I x PAC-0306, HO-I x 

PAC-64-A and PAC-0505 x PAC-0306 with considerably higher values of inbreeding 

depression i.e. -36.67%, -29.76% and -28.19% for number of leaves plant-1
 may not be 

the desirable ones. (Table 22). Where as the next group of hybrids like CMS-03 x PAC-

64-A, CMS-03 x SF-187 and PAC- arg-0505 x PAC-64-A also displayed fair percent of -

26.39, -25.00% and -21.74% heterosis respectively. Yet, the F2 hybrids like Hysun-33 x 

SF-187 (-7.26%) and Peshawer-93 x PAC-64-A (-6.42%) may be the most desirable in 

the sense that they recorded comparatively moderate inbreeding depression with enough 

number of leaves to be productive if  F2 hybrids are considered in sunflower breeding. 

Results further suggested that these hybrids could be utilized to develop 

homozygous/pure sunflower lines with improved number of leaves plant-1 which could be 

used as potential parents in further breeding programmes. 

 
Plant height 

 
    Negative heterosis for plant height is considered desirable in sunflower 

breeding because such hybrids would attain shorter plant height, hence they will be 

expected resistant to lodging. Ten F1 hybrids gave negative heterotic effects while
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Table 19. Heterosis expressed as percent  increase (+) or decrease of F1 hybrids over mid parent and better parent heterosis 
for seed germination %, days to initial flowering, days to 75% flowering and days to maturity of eighteen crosses 
derived from six lines and three testers of sunflower. 

 

Seed germination 
Days to initial 

flowering 
Days to 75% 

flowering 
Days to maturity 

Crosses 
MPH% BPH% MPH% BPH% MPH% BPH% MPH% BPH% 

T-4-0319 x PAC-0306 9.76 7.14 17.51 15.79 14.50 8.70 1.01 0.75 
T-4-0319 x PAC-64-A 4.19 3.57 -5.54 -8.47 -3.76 -7.25 2.48 1.97 
T-4-0319 x SF-187 15.01 -1.19 -11.36 -16.13 -3.70 -5.80 -7.23 -8.21 
PAC-0505 x PAC-0306 21.33 13.75 -9.57 -10.34 -2.99 -9.72 -9.10 -9.97 
PAC-0505 x PAC-64-A 15.03 6.02 19.66 18.64 11.76 5.56 2.94 0.81 
PAC-0505 x SF-187 16.63 8.57 -1.67 -4.84 -1.45 -5.56 2.47 2.30 
HO-I x PAC-0306 26.80 21.25 -21.26 -28.57 -10.95 -18.67 -18.33 -21.05 
HO-I x PAC-64-A 21.79 14.46 -14.73 -21.43 -3.60 -10.67 -8.22 -10.53 
HO-I x SF-187 5.00 -4.11 3.03 -2.86 0.71 -5.33 -3.53 -7.37 
Hysun-33 x PAC-0306 15.65 6.25 8.94 1.52 11.59 1.32 7.03 5.62 
Hysun-33 x PAC-64-A 16.00 4.82 2.40 -3.03 10.00 1.32 0.40 -0.07 
Hysun-33 x SF-187 19.37 13.43 -6.25 -9.09 -2.82 -9.21 1.24 -0.74 
Peshawar-93 x PAC-0306 12.94 0.00 13.79 11.86 10.29 1.35 2.09 -0.81 
Peshawar-93 x PAC-64-A 5.07 -8.43 10.17 10.17 7.73 0.45 -3.80 -4.96 
Peshawar-93 x SF-187 3.28 2.16 -14.05 -16.13 -2.86 -8.11 -1.73 -5.16 
CMS-03 x PAC-0306 7.69 -3.75 -1.61 -8.96 10.84 2.27 3.27 2.99 
CMS-03 x PAC-64-A 5.48 -7.23 -7.94 -13.43 15.05 7.73 5.80 4.87 
CMS-03 x SF-187 5.41 7.74 6.98 2.99 -0.96 -5.91 -0.44 -1.49 

MPH%= mid parent heterosis percentage, BPH%=better parent heterosis percentage 
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Table 20. Inbreeding depression for seed germination %, days to initial lowering, days to 75% flowering and days to maturity 
of eighteen crosses of sunflower derived from crosses of six female lines with three testers. 

 

Seed germination % 
Days to initial 

flowering 
Days to 75% 

flowering 
Days to maturity 

Crosses 
F1 F2 ID%* F1 F2 ID%* F1 F2 ID%* F1 F2 ID%* 

T-4-0319 x PAC-0306 90.0 70.33 -21.86 66.0 57.00 -13.64 75.0 60.00 -20.00 90.0 70.00 -22.22 
T-4-0319 x PAC-64-A 87.0 69.67 -19.92 54.0 50.00 -7.41 64.0 52.00 -18.75 92.0 75.00 -18.48 
T-4-0319 x SF-187 83.0 74.00 -10.84 52.0 51.00 -1.92 65.0 56.33 -13.34 82.0 80.00 -2.44 
PAC-0505 x PAC-0306 91.0 68.17 -25.09 52.0 45.13 -13.21 65.0 51.00 -21.54 80.0 67.00 -16.25 
PAC-0505 x PAC-64-A 88.0 77.25 -12.22 70.0 61.00 -12.86 76.0 62.00 -18.42 91.7 79.67 -13.08 
PAC-0505 x SF-187 76.0 62.14 -18.24 59.0 53.00 -10.17 68.0 59.00 -13.24 89.5 70.00 -21.74 
HO-I x PAC-0306 97.0 65.12 -32.87 50.0 42.14 -15.72 61.0 45.67 -25.13 75.0 61.33 -18.23 
HO-I x PAC-64-A 95.0 70.67 -25.61 55.0 44.67 -18.78 67.0 53.33 -20.40 85.0 68.00 -20.00 
HO-I x SF-187 70.0 54.67 -21.90 68.0 58.00 -14.71 71.0 58.33 -17.85 88.0 72.67 -17.42 
Hysun-33 x PAC-0306 85.0 76.13 -10.44 67.0 60.00 -10.45 77.0 62.67 -18.61 96.2 80.67 -16.13 
Hysun-33 x PAC-64-A 87.0 73.00 -16.09 64.0 61.00 -4.69 77.0 70.33 -8.66 91.0 76.25 -16.21 
Hysun-33 x SF-187 76.0 64.15 -15.59 60.0 54.00 -10.00 69.0 57.33 -16.91 90.3 73.00 -19.19 
Peshawar-93 x PAC-0306 80.0 70.16 -12.30 66.0 56.67 -14.14 75.0 62.00 -17.33 93.2 90.00 -3.47 
Peshawar-93 x PAC-64-A 76.0 66.18 -12.92 65.0 62.00 -4.62 74.3 59.33 -20.18 89.2 72.00 -19.30 
Peshawar-93 x SF-187 63.0 51.00 -19.05 52.0 48.00 -7.69 68.0 58.00 -14.71 89.0 78.00 -12.36 
CMS-03 x PAC-0306 77.0 62.13 -19.31 61.0 58.13 -4.70 75.0 61.00 -18.67 92.0 80.00 -13.04 
CMS-03 x PAC-64-A 77.0 70.18 -8.86 58.0 54.00 -6.90 79.0 72.00 -8.86 95.2 90.00 -5.41 
CMS-03 x SF-187 65.0 59.14 -9.02 69.0 59.00 -14.49 69.0 55.67 -19.32 88.0 77.00 -12.50 
Average 81.28 66.89 - 60.4 54.2 - 70.9 58.7 - 88.7 75.6 - 

 *ID = inbreeding depression in F2 hybrid 
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eight crosses expressed positive heterotic effects for plant height. (Table 21). The 

desirable mid-parent heterosis nonetheless ranged from -0.14 to -28.12% while better 

parent heterosis varied from -1.73 to -40.98%. Whereas the undesirable positive mid-

parent heterosis varied from 23.46 to 59.06% and better parent heterosis from 11.47 to 

45.%. In general, the heterotic effects for plant height were quite higher against  their 

respective desirable negative values. Nonetheless, the hybrids, HO-I x PAC-0306 

explicated the maximum desirable relative heterosis (-28.12%) and better parent heterosis 

(-40.98%) followed by CMS-03 x PAC-0306 which gave -16.24 and -28.15% relative 

and better parent heterosis respectively. While the F1 hybrid HO-I x PAC-64-A stood at 

third position by expressing -10.31%  relative heterosis and -23.14% better parent 

heterosis of for plant height. The  inbreeding depression for plant height varied from -

3.34% to -26.27% which is in lowest range of inbreeding depression indicated that 

heterozygosity and over dominant type of gene action were involved in F2 population. 

The high inbreeding depression however  were  recorded in  F2 hybrids HO-I x PAC-64-

A (-26.27%) HO-I x PAC-0306 (-25.58%) and PAC-0505 x PAC-0306 (-21.19%). 

Whereas, PAC-0505 x SF-187 displayed minimum (-3.34%) inbreeding depression 

among the F2 generations (Table 22). 

 
Head diameter 

 
 The bigger heads are desirable for  greater number of  seed production in 

sunflower. All the F1 hybrids demonstrated fair amount of heterosis for head diameter 

(Table 21). Except three,  fifteen F1 hybrids exhibited positive relative heterosis which 

varied from 5.88 to 54.29% while fourteen F1 crosses showed positive heterobeltiosis 
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(0.00 to 50.00%) and rest  of the hybrids showed negative heterobeltiosis. The superior F1 

hybrid was HO-I x PAC-0306 gave maximum  of  54.29 and 50.00%  as a relative and  

better parent heterosis respectively followed by PAC-0505 x PAC-0306 (33.33 and 

26.32%) and T-4-0319 x PAC-0306 (31.44 and 27.78%) respectively. Nonetheless, HO-I 

x SF-187 and PAC-0505 x SF-187 recorded minimum relative heterosis of 5.88% and 

heterobeltiosis zero. The results regarding head diameter depicted in Table 22 which 

revealed that four F2 hybrids recorded transgressive segregants hence gave no decline in 

head diameter. The  decline in head diameter due to inbreeding depression  varied from -

10.44% to -28.41% while no inbreeding depression from F1 to F2 hybrids was recorded 

by the hybrids T-4-0319 x SF-187 (+15.79%), PAC-0505 x SF-187 (+15.00%), HO-I x 

SF-187 (+7.41%) and Hysun-33 x SF-187 (+18.75%). However,  maximum inbreeding 

depression was noted in HO-1 x PAC-0306 (-28.41%) followed by HO-I x PAC-64-A (-

21.33%) and PAC-0505 x PAC-0306 (-25.00%). Other  F2 hybrids like T-4-0319 x PAC-

0306, Peshawer-93 x PAC-0306  and PAC-0505 x PAC-64-A ranked as a next group 

which displayed comparatively less inbreeding depression of -17.39, -16.0, -15-96 and -

15.79%  respectively.  

 
Number of seeds plant-1 

 
Number of seeds plant-1 is a major yield contributing trait because more 

number of seeds set on plant ultimately increases seed yield plant-1.  Most of the F1 

hybrids manifested positive heterotic effects except few which recorded negative  
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The F1 hybrids showing vigour in head diameter with more number of seeds head-1 
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heterotic effects (Table 21). The high  mid-parent heterosis  was obtained by  the hybrids 

PAC-0505 x SF-187, Peshawar-93 x PAC-0306 and Peshawar-93 x SF-187 with heterotic 

values of 38.75%, 31.06% and 27.38% while same hybrids also exhibited comparatively 

high heterobeltiotic effects of 31.25%, 20.51% and 23.02%  respectively. 

 

  However the hybrid  PAC-0505 x SF-187 recorded maximum (31.25%) 

better parent heterosis for this trait. The other combinations like HO-I x SF-187, T-4-

0319 x SF-187 and HO-I x PAC-0306 showed a fair amount of relative heterosis of 

26.97, 22.39 and 23.75% and heterobeltiosis of 18.02, 16.22 and 18.14% respectively. 

However, T-4-0319 x PAC-64-A displayed minimum positive (1.13%) mid parent 

heterosis and PAC-0306 x PAC-0505 gave  lowest (1.92%)  positive heterobeltiosis 

among the eighteen F1 hybrids. Among the F2 progenies, the hybrids like T-4-0319 x SF-

187 (+9.58%), PAC-0505 x SF-187 (+8.01%), HO-I x  SF-187 (+4.77%) and Hysun-33 x 

SF-187 (+10.22%)  exhibited no inbreeding depression rather they gave some increase in 

number of seeds plant-1 whereas as other hybrids  expressed  low to moderate inbreeding 

depression  ranging from -0.96% to -34.60% (Table 22). However, HO-I x PAC-0306 

displayed highest (-34.60%) inbreeding depression followed by PAC-0505 x PAC-0306 

(-32.72%), HO-I x PAC-64-A (-22.31%)  showing their less importance in  increasing  

number of seeds plant-1 of F2 hybrids.  

 
1000-achenes weight 

 
  Bolder seeds  are supposed to record maximum 1000-achene weight, yet it 

does not hold true may be due to less number of seeds set on such capitulum.  Heterotic 
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effects depicted in Table 21 indicated that only five FI hybrids recorded negative 

heterosis whereas as  majority of the hybrids expressed positive  relative heterosis in the 

range of 0.63 to 41.16% and heterobeltiosis  of  3.02 to 39.53%.  The magnitude of high 

positive mid-parent and better parent heterosis were much higher than their 

corresponding negative heterosis. Among the F1  hybrids,  the top three hybrids were 

noted as HO-I x PAC-0306, HO-I x PAC-64-A and T-4-0319 x PAC-0306  with relative 

heterosis of  41.16%, 39.47% and 24.38%  and heterobeltiosis  effects 39.53%, 31.74% 

and 18.07% respectively for 1000-achene weight. Hysun-33 x SF-187 showed minimum 

relative heterosis (0.63%) and Peshawar-93 x PAC-64-A recorded lowest better parent 

heterosis (3.02%) in the F1 generation. Similar to  other traits, 1000achene weight also 

displayed lower percent of inbreeding depression  ranging from -2.94 to -23.60%  (Table 

24).  The lower inbreeding depressions were observed in hybrids Hysun-33 x SF-187  (-

2.94%),  HO-I x  SF-187   (-6.62%),  PAC-0505 x SF-187 (-7.11%) and  T-4-0319 x SF-

187 (-9.10%). The maximum inbreeding depression nevertheless was noted in hybrids 

HO-I x PAC-0306, PAC-0505 x PAC-0306 and HO-I x PAC-64-A and CMS-03 x PAC-

0306 The pre-dominant role of dominant gene action was attributable to intrinsic nature 

of the parents, especially to that of PAC-0306 and PAC-64-A because high heterotic 

hybrids involved these as male parents. The high heterotic effects  was expressed by the 

hybrids like HO-I x PAC-0306 with 52.17% mid-parent heterosis followed by PAC-0505 

x PAC-0306 (49.42%) and Peshawar-93 x PAC-0306 (48.23%). Maximum 

heterobeltiosis, nonetheless was expressed by the hybrid Peshawar-93 x PAC-0306 

(46.51%) followed by PAC-0505 x PAC-0306 (44.44%) and HO-I x PAC-0306 (40.0%) 
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Table 21. Heterosis expressed as percent of percent increase (+) or decrease of F1 hybrids   over mid parent and high better 
parent for number of leaves  plant-1, plant height, head diameter, number of seed plant-1 and 1000 achene weight of 
eighteen F1 crosses derived from six lines and three testers of sunflower. 

 
Number of leaves 

plant-1 
Plant height Head diameter 

Number of seeds 
plant-1 

1000-achene 
weight F1  hybrids 

MPH% BPH% MPH% BPH% MPH% BPH% MPH% BPH% MPH% BPH% 

T-4-0319 x PAC-0306 23.81 13.04 59.06 45.90 31.43 27.78 6.40 -0.56 24.38 18.07 
T-4-0319 x PAC-64-A 20.00 17.39 48.68 43.31 26.32 20.00 1.13 -8.84 16.49 3.70 
T-4-0319 x SF-187 7.32 -4.35 -0.14 -1.73 11.76 5.56 22.39 16.22 -2.43 -4.48 
PAC-0505 x PAC-0306 33.33 30.00 -1.64 -12.13 33.33 26.32 20.77 1.92 22.05 12.85 
PAC-0505 x PAC-64-A 9.52 4.55 33.93 25.53 28.21 25.00 -17.89 -32.52 21.68 5.72 
PAC-0505 x SF-187 10.53 5.00 -10.49 -14.24 14.29 5.26 38.75 31.25 -4.83 -9.33 
HO-I x PAC-0306 50.00 42.86 -28.12 -40.98 54.29 50.00 23.75 18.14 41.16 39.53 

HO-I x PAC-64-A 30.23 27.27 -10.31 -23.14 31.58 25.00 17.82 8.34 39.47 31.74 
HO-I x SF-187 2.56 -4.76 -2.80 -12.76 5.88 0.00 26.97 18.02 -1.90 -6.00 
Hysun-33 x PAC-0306 25.58 12.50 36.69 18.67 7.69 -4.55 20.75 18.38 22.43 15.17 
Hysun-33 x PAC-64-A 21.74 16.67 25.99 14.56 23.81 18.18 4.26 -1.59 21.24 7.03 
Hysun-33 x SF-187 9.52 -4.17 -4.58 -8.81 -15.79 -27.27 -4.13 -13.08 0.63 -2.40 
Peshawar-93 x PAC-0306 30.00 23.81 34.79 17.53 27.78 21.05 31.06 20.51 11.16 7.15 
Peshawar-93 x PAC-64-A 25.58 22.73 23.46 12.78 12.82 10.00 -14.13 -23.83 14.09 3.02 

Peshawar-93 x SF-187 -2.56 -9.52 -3.80 -7.60 -8.57 -15.79 27.38 23.02 -4.92 -5.43 
CMS-03 x PAC-0306 26.32 26.32 -16.24 -28.15 20.00 16.67 14.93 9.33 18.80 17.51 
CMS-03 x PAC-64-A 17.07 9.09 24.16 11.47 26.32 20.00 -1.18 -2.05 20.25 11.22 
CMS-03 x SF-187 8.11 5.26 -8.77 -13.97 -11.76 -16.67 1.48 -13.31 -4.07 -6.08 

MPH%= mid parent heterosis percentage, BPH%=better parent heterosis percentage 
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Table 22. Inbreeding depression for number of leaves plant-1, plant height, head diameter and number of seeds plant-1 of 
eighteen crosses of sunflower derived from crosses of six female lines with three testers. 

 

No. of leaves plant-1 Plant height Head diameter Number of seeds plant-1 
Crosses 

F1 F2 ID%* F1 F2 ID%* F1 F2 ID%* F1 F2 ID%* 

T-4-0319 x PAC-0306 26.0 21.33 -17.96 219.1 197.03 -10.08 23.0 19.00 -17.39 1404.01 1133.89 -19.24 
T-4-0319 x PAC-64-A 27.0 22.67 -16.04 215.2 180.12 -16.31 24.0 20.67 -13.88 1393.30 1123.15 -19.39 
T-4-0319 x SF-187 22.0 20.33 -7.59 152.5 135.24 -11.29 19.0 22.00 +15.79 1426.03 1562.62 +9.58 
PAC-0505 x PAC-0306 26.0 18.67 -28.19 140.0 110.33 -21.19 24.0 18.00 -25.00 1459.43 981.92 -32.72 
PAC-0505 x PAC-64-A 23.0 18.00 -21.74 200.0 160.40 -19.80 25.0 21.00 -16.00 1032.66 891.86 -13.63 
PAC-0505 x SF-187 21.0 26.67 -15.86 145.2 140.37 -3.34 20.0 23.00 +15.00 1449.52 1565.67 +8.01 
HO-I x PAC-0306 30.0 19.00 -36.67 115.2 85.73 -25.58 27.0 19.33 -28.41 1668.19 1091.01 -34.60 
HO-I x PAC-64-A 28.0 19.67 -29.76 150.0 110.60 -26.27 25.0 19.67 -21.33 1657.94 1288.04 -22.31 
HO-I x SF-187 20.0 16.00 -20.00 170.3 138.30 -18.77 18.0 19.33 +7.41 1515.85 1588.17 +4.77 
Hysun-33 x PAC-0306 27.0 22.33 -17.30 202.0 170.46 -15.61 21.0 18.33 -12.70 1671.53 1327.16 -20.60 
Hysun-33 x PAC-64-A 28.0 20.67 -10.13 195.0 158.56 -18.69 26.0 22.00 -15.38 1503.92 1340.96 -10.84 
Hysun-33 x SF-187 23.0 21.33 -7.26 155.2 131.40 -15.35 16.0 19.00 +18.75 1179.16 1299.68 +10.22 
Peshawar-93 x PAC-0306 26.0 24.33 -6.42 198.0 169.23 -14.53 23.0 19.33 -15.96 1701.61 1391.20 -18.24 
Peshawar-93 x PAC-64-A 27.0 17.33 -6.19 190.0 150.57 -20.75 22.0 19.15 -12.95 1165.72 1154.54 -0.96 
Peshawar-93 x SF-187 19.0 15.33 -19.30 155.7 132.40 -14.94 16.0 14.33 -10.44 1457.05 1335.86 -8.32 
CMS-03 x PAC-0306 24.0 19.00 -20.83 125.8 110.20 -12.42 21.0 18.66 -11.14 1703.17 1498.94 -11.99 
CMS-03 x PAC-64-A 24.0 17.67 -26.39 195.2 159.33 -18.38 24.0 20.67 -13.88 1525.90 1215.00 -20.37 
CMS-03 x SF-187 20.0 15.00 -25.00 150.7 130.40 -13.45 15.0 13.00 -13.33 1349.93 1251.87 -7.26 
Average 24.50 19.74  170.8 142.82 - 21.6 19.25 - 1459.16 1280.08 - 

*ID = inbreeding depression in F2 hybrids  
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for seed yield plant-1 (Table 23). Yet,  PAC-0505 x SF-187 manifested minimum relative 

heterosis (2.33%) while Hysun-33 x PAC-64-A showed lowest heterobeltiotic effect of 

2.04% for the above cited trait.  Selfing increases homozygosity, means more gene pairs 

become identical due to their are same ancestral genes. Consequences of inbreeding 

include an increase in uniformity of offspring of inbreds through reduced variation in 

genetic material. The over all inbreeding depression in seed yield plant-1 was quite higher 

than the other traits because yield being complex trait is highly influenced by both 

genetic as well as by the environmental factors. Nonetheless, some of the hybrids such as 

Hysun-33 x SF-187  (+12.11%), HO-I x  SF-187 (10.56%), PAC-0505 x SF-187 (9.84%)  

and T-4-0319 x SF-187 (+8.74%)  recorded no inbreeding depression rather they 

demonstrated increase in  seed yield plant-1 in F2s against in F1s (Table 24).  However,  F2 

hybrids  like  HO-I x PAC-64-A (-43.94%)  followed by HO-I x PAC-0306 (-42.86%) 

and PAC-0505 x PAC-0306 (-40.51%) recorded  high inbreeding depression for the seed 

yield plant-1).  

 
Seed yield kg ha-1 

 
  Eventual aim of sunflower breeding is to increase heterosis in seed yield in 

bigger land area with other economic characters. Significant and desirable  relative 

positive heterosis was observed in fourteen F1 hybrids  ranging from 0.15 to 104.74% 

while twelve hybrids manifested heterobeltiosis from 31.03 to 99.39% which revealed 

that hybrids could produce higher seed yield due to dominant genes.  Superiority of 

hybrids over open-pollinated populations in terms of uniformity, productivity, yield 

stability, oil content and tolerance to pests and diseases shifted the breeding endeavor 
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from population development to heterosis breeding. The pattern of the heterotic effects of 

seed yield plant-1 and seed yield kg ha-1 was similar (Table 23) but  heterotic values  of 

seed yield kg ha-1 were quite higher than the seed yield plant-1. Nevertheless, the top three 

hybrids were: HO-I x PAC-0306, PAC-0505 x PAC-0306 and HO-I x PAC-64-A 

expressed high relative heterosis of 104.74%, 78.39% and 76.57%  and heterobeltiosis  of 

99.39%, 63.52% and 61.75% respectively. Other hybrids including Hysun-33 x PAC-

0306, Peshawar-93 PAC-0306 and Peshawar-93 x PAC-64-A displayed moderate relative 

heterosis of 74.11, 65.96 and 62.93% and heterobeltiosis of 58.89, 65.87 and 52.63% for 

seed yield kg ha-1 respectively.  

 
Inbreeding depression can be defined as decrease in production and fitness 

of  F2 hybrids due to loss of favourable dominant genes. The harmful effects of close 

breeding are now extensively recognized. The F2 progenies like Hysun-33 x SF-187 (+ 

7.26%), HO-I x  SF-187 (+7.11%), PAC-0505 x SF-187 (+5.83%)  and T-4-0319 x SF-

187 (5.58%) recorded no inbreeding depression rather they demonstrated increase in seed 

yield  Kg ha-1 in F2s against in F1s (Table 24), hence these could be potential hybrids to 

increase seed yield kg ha-1.  The  moderate inbreeding depression was recorded by F2 

hybrids Peshawar-93 x PAC-0306 , Peshawar-93 x PAC-64-A, Hysun-33 x PAC-64-A 

with moderate declines of -25.12%, -25.981%  and -27.14%  respectively. The most 

susceptible hybrids to inbreeding depression were observed as HO-I x PAC-0306, PAC-

0505 x PAC-0306, PAC-0505 x PAC-64-A and CMS-03 x PAC-0306 with depression 

values of -47.86%, -44.87%, -41.04% and -38.97%  respectively ( Table 21).  
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Oil content %  

 
Oil content of grain can vary from 22 to 55% in sunflower and depends 

largely on hull to kernel ratio. High oil content in sunflower varieties have higher kernel 

ratio than  low oil content varieties. Oil content is a quantitative trait under the high 

influence of environment effects and it is controlled by few genes with dominant 

heterotic effects. Considerable emphasizes of sunflower breeders have been diverted to 

obtain hybrids with more oil content. In this regard until now very small  progress in 

increasing oil content is made. Oil yield is the result of grain yield and oil content of 

grain. The varieties with high oil content, flowers earlier, resistance to lodging,  biotic 

and  abiotic stresses are suitable for hybridization programmes. Sunflower cultivars with 

higher percentage of oil are needed for higher oil yield per unit area, therefore, highly 

significant and positive heterosis is desirable.   From eighteen hybrids examined, fourteen 

F1 hybrids recorded fair amount of  positive mid-parent heterosis ranging from 0.31 to 

47.40% while twelve hybrids demonstrated positive heterobeltiosis ranging from 6.38 to 

41.67, yet  other hybrids exhibited negative  relative heterosis and heterobeltiosis (Table 

23). Hybrid HO-I x PAC-0306 divulged maximum better parent heterosis (41.66%) while 

PAC-0505 x PAC-0306 exhibited highest mid-parent heterosis (47.40%) followed by 

PAC-0505 x PAC-64-A as mid and better parent heterosis (40.11% and 29.33%) 

respectively. Hence, for improved oil content,  the above hybrids  may be exploited 

further. 

 
Oil content %  is polygenic trait which is controlled by minor genes 

therefore, lowest inbreeding depression is expected. Among the F2 progenies, inbreeding 
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depression for oil content  varied from -3.81 to -20.25% (Table 25). However, the hybrids 

HO-I x SF-187 (-3.81%),  PAC-0505 x SF-187 (-4.92%) and CMS-03 x  PAC-0306 

recorded minimum inbreeding  depression for oil content.   

 
Oil yield kg ha-1  

 
  The primary goal in developing new hybrids is increasing grain yield 

alongwith oil content. Grain yield and grain oil content play a crucial role in oil yield 

production. The  results on heterosis for oil yield kg ha-1 depicted in Table 23 revealed 

that hybrids HO-I x PAC-0306 gave highest relative heterosis (194.00%) and better 

parent heterosis (182.42%) followed by PAC-0505 x PAC-0306 with relative heterosis of 

163.96% and better parent heterosis of 151.95%. Other crosses viz., HO-I x PAC-64-A 

gave fair amount of relative heterosis (137.42%) and heterobeltiosis (107.67%) followed 

by Hysun-33 x PAC-0306  with 118.42% mid parent heterosis and 111.85%  as a better 

parent heterosis.  The extent of heterotic effects for oil yield kg ha-1 were greater than 

other seed yield and oil traits which indicated that oil yield may be improved in further 

generations through simple selection or theses hybrids  may be  utilized as potential 

hybrids with improved oil yield. 

 
The results in Table 25 revealed that two F2 progenies HO-I x SF-187 

(+3.04%) and PAC-0505 x SF-187 (+0.62%) exhibited no inbreeding depression while  

low inbreeding depression was observed in   hybrid T-4-0319 x SF-187 (-4.64%) 

followed by Hysun-33 x SF-187 (-6.48%). The  high inbreeding depression  ranging from 

-16.15 to -58.08% was recorded by the other F2  hybrids for  oil yield kg ha-1.  
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Table 23. Heterosis expressed as percent of high mid parent heterosis and high better parent heterosis for seed yield plant-1, 

seed yield kg ha-1, oil content % and oil yield kg ha-1 of eighteen F1 crosses derived from six lines and three testers of 
sunflower. 

 
Seed yield plant-1 Seed yield kg ha-1 Oil content Oil yield kg ha-1 

F1 hybrids 
MPH% BPH% MPH% BPH% MPH% BPH% MPH% BPH% 

T-4-0319 x PAC-0306 39.53 36.36 50.05 39.99 35.14 31.58 102.36 84.18 
T-4-0319 x PAC-64-A 28.57 22.73 35.52 34.60 24.68 20.00 68.97 67.96 
T-4-0319 x SF-187 -1.18 -4.55 0.15 -12.84 0.31 -2.20 0.08 -14.75 
PAC-0505 x PAC-0306 49.42 44.44 78.39 63.52 47.40 41.25 163.96 151.95 
PAC-0505 x PAC-64-A 12.94 6.67 56.89 52.90 40.11 29.33 120.29 108.35 
PAC-0505 x SF-187 2.33 -2.22 -9.86 -20.24 1.81 -7.10 -9.44 -25.99 
HO-I x PAC-0306 52.17 40.00 104.74 99.39 43.66 41.67 194.00 182.47 
HO-I x PAC-64-A 46.67 32.00 76.57 61.75 35.14 28.21 137.42 107.36 
HO-I x SF-187 -9.89 -18.00 -1.70 -20.97 -6.67 -18.60 -9.79 -30.93 
Hysun-33 x PAC-0306 31.87 22.45 74.11 58.89 24.68 17.07 118.42 111.85 
Hysun-33 x PAC-64-A 12.36 2.04 51.97 31.03 12.50 9.76 71.73 51.19 
Hysun-33 x SF-187 -2.22 -10.20 4.72 -19.93 -3.70 -20.41 1.14 -22.03 
Peshawar-93 x PAC-0306 48.23 46.51 65.96 65.87 30.55 24.03 116.66 105.93 
Peshawar-93 x PAC-64-A 39.76 34.88 62.63 52.63 26.58 6.38 106.02 95.68 
Peshawar-93 x SF-187 -4.76 -6.98 -3.41 -20.77 -7.50 -21.28 -10.73 -26.80 
CMS-03 x PAC-0306 11.36 6.52 57.05 44.53 27.72 8.89 98.75 72.73 
CMS-03 x PAC-64-A 20.93 13.04 51.26 48.05 20.00 6.67 81.41 73.32 
CMS-03 x SF-187 -8.05 -13.04 -3.33 -14.79 -6.17 -15.56 -9.22 -19.15 

MPH%= mid parent heterosis percentage, BPH%=better parent heterosis percentage 
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Table 24. Inbreeding depression for 1000 achene weight, seed yield plant-1 and seed yield of eighteen hybrids of sunflower 
derived from crosses of six female lines with three testers. 

 

1000-achene weight Seed yield plant-1 Seed yield  kg ha-1 
Crosses 

F1 F2 ID%* F1 F2 ID%* F1 F2 ID%* 
T-4-0319 x PAC-0306 59.3 52.40 -11.68 60.0 39.67 -33.89 2125.43 1355.57 -36.22 
T-4-0319 x PAC-64-A 52.1 42.76 -17.94 54.0 33.00 -38.89 2043.57 1415.35 -30.74 
T-4-0319 x SF-187 48.0 43.63 -9.10 42.0 45.67 +8.74 1786.82 1886.68 +5.58 
PAC-0505 x PAC-0306 60.0 46.70 -22.17 65.0 38.67 -40.51 2580.00 1422.24 -44.87 
PAC-0505 x PAC-64-A 56.2 47.26 -15.92 48.0 38.67 -19.44 2412.37 1422.24 -41.04 
PAC-0505 x SF-187 48.2 44.77 -7.11 44.0 48.33 +9.84 1634.98 1730.35 +5.83 
HO-I x PAC-0306 63.0 48.13 -23.60 70.0 40.00 -42.86 2621.41 1366.68 -47.86 
HO-I x PAC-64-A 58.1 45.33 -21.99 66.0 37.00 -43.94 2422.10 1488.91 -38.53 
HO-I x SF-187 45.3 42.30 -6.62 41.0 54.33 +10.56 1620.06 1735.33 +7.11 
Hysun-33 x PAC-0306 59.0 50.53 -14.36 60.0 36.33 -39.45 2088.92 1422.24 -31.92 
Hysun-33 x PAC-64-A 54.8 48.16 -12.16 50.0 39.67 -20.67 1962.18 1429.64 -27.14 
Hysun-33 x SF-187 50.0 48.53 -2.93 44.0 49.33 +12.11 1641.36 1760.57 +7.26 
Peshawar-93 x PAC-0306 52.1 44.46 -14.73 63.0 43.67 -30.68 2180.68 1632.90 -25.12 
Peshawar-93 x PAC-64-A 50.1 44.80 -10.63 58.0 35.18 -39.34 2285.62 1691.79 -25.98 
Peshawar-93 x SF-187 46.0 39.26 -14.69 40.0 35.00 -12.50 1624.22 1467.77 -9.63 
CMS-03 x PAC-0306 54.2 42.33 -21.94 49.0 37.00 -24.49 2260.45 1379.56 -38.97 
CMS-03 x PAC-64-A 51.3 43.12 -15.99 52.0 37.33 -28.21 2315.35 1511.13 -34.73 
CMS-03 x SF-187 45.2 38.16 -15.65 40.0 37.00 -7.5 1746.71 1264.24 -27.62 
Average 52.9 45.2 - 52.6 40.3 - 2075.1 1521.3 - 

* ID = inbreeding depression in F2 hybrids
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Table 25. Inbreeding depression for oil content % and oil yield of eighteen hybrids of sunflower derived from crosses of six 
female lines with three testers. 

 

Oil content Oil yield kg ha-1 
F1 hybrids 

F1 F2 ID%* F1 F2 ID%* 
T-4-0319 x PAC-0306 50.00 42.67 -14.67 1062.72 578.38 -45.58 
T-4-0319 x PAC-64-A 48.00 39.00 -18.75 980.91 551.99 -43.73 
T-4-0319 x SF-187 39.12 35.33 -9.69 699.00 666.56 -4.64 
PAC-0505 x PAC-0306 50.85 38.67 -19.18 1311.93 549.98 -58.08 
PAC-0505 x PAC-64-A 50.44 36.00 -13.11 1216.80 512.01 -57.92 
PAC-0505 x SF-187 37.16 35.33 -4.92 607.56 611.33 +0.62 
HO-I x PAC-0306 51.00 40.67 -20.25 1336.92 555.83 -58.43 
HO-I x PAC-64-A 50.00 41.33 -17.34 1211.05 615.36 -49.19 
HO-I x SF-187 35.00 33.67 -3.81 567.02 584.28 +3.04 
Hysun-33 x PAC-0306 48.00 42.00 -12.50 1002.68 597.34 -40.43 
Hysun-33 x PAC-64-A 45.00 39.15 -13.00 882.98 559.71 -36.62 
Hysun-33 x SF-187 39.00 34.00 -12.82 640.13 598.59 -6.48 
Peshawar-93 x PAC-0306 49.61 43.33 -12.66 1081.84 707.54 -34.60 
Peshawar-93 x PAC-64-A 50.00 44.00 -12.00 1142.81 744.39 -34.87 
Peshawar-93 x SF-187 37.00 34.33 -7.21 600.96 503.93 -16.15 
CMS-03 x PAC-0306 49.00 45.00 -8.16 1107.62 620.80 -43.95 
CMS-03 x PAC-64-A 48.00 41.67 -13.19 1111.37 629.69 -43.34 
CMS-03 x SF-187 38.00 32.67 -14.04 663.75 412.98 -37.78 
Average 45.29 38.82 - 957.11 588.93 - 

* ID = inbreeding depression in F2 hybrids 
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CHAPTER-V 
 

DISCUSSION 
 
 

Genetic analysis of parents and F1 hybrids for phenological, seed yield 
and oil traits in sunflower 
 
 

The production of sunflower can greatly be increased through the 

cultivation of potential hybrids. The evolution of desirable hybrids can only be possible 

with the combination of  potential  female lines with  male testers. The higher advantage 

of sunflower hybrids can be  envisaged in terms of their stability, uniformity, higher seed 

yield and oil production, early maturity, strong stalk, insect-pest and disease resistance 

(Kaya and Atakisi, 2004). 

 
Mean performance of genotypes and  statistical analysis 

 
The superior  testers are likely to have a masking effect, thus might not 

correctly  establish the true potentiality of inbred female lines due to  their favourable 

alleles; therefore such tester parents are not generally preferred to be used as a potential 

tester. Hence, in order to establish  the real potential of a line, poor performing testers are 

usually used to determine combining ability of newly evolved inbreds. An inferior 

synthetic variety developed by crossing many poor lines may also serve as a potential 

tester.  Hallauer and Miranda (1986) however defined that a good tester is the one which  

provides information  that correctly classifies the relative merit of lines, maximizes the 

genetic and is simple in use. The mean performance of female lines presented in Table 4 

revealed that T-4-0319 recorded maximum seed germination, took minimum days to 
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initial flowering and days to 75%  flowering, set more  number of seeds plant-1, produced 

maximum seed yield plant-1 (50.00 g), gave higher oil yields kg ha-1. The Hysun-33 

produced higher number of leaves plant-1, gave bigger heads (22.00 cm) and extracted 

maximum oil content, yet  PAC-0505 recorded bolder seeds with higher index value and  

also gave highest seed yield kg ha-1. By and large, the lines CMS-03, Hysun-33, PAC-

0505 and T-4-0319 performed very well for phenological, seed yield and oil traits, thus 

these lines may be utilized for further breeding programmes so as to develop new 

potential sunflower hybrids or composites with improved maturity, yield production and 

oil content.  

 
The tester/pollinator parents may be pure lines/inbreds or broad based 

heterogeneous populations or existing hybrids (Hallauer and Miranda, 1986). The tester 

is considered more desirable which determines general combining ability in early 

generations of hybrid  crop development. In the present study, it is important to note the 

performance of all three testers/pollinators as  more discerning for the characters under 

study (Table-5). The tester/restorer parents PAC-64-A gave higher seed germination, 

took minimum days to initial flowering, produced  more number of leaves plant-1, 

recorded bigger heads and set more number of seeds plant-1. While SF-187 gave 

increased 1000-achene weight, gave maximum seed yield in kg ha-1, recorded higher oil 

content and  gave more oil yield  production (kg  ha-1). However, PAC-0306 produced 

desirably reduced plant height, was earlier in days to initial flowering and  days to 75% 

flowering , gave higher seed yield plant-1. Similar to our findings, Attia et al. (2012) 

observed lowest  days to first flowering, days to 50% flowering and days  to complete 

flowering. On the other hand, the parental line A3 recorded  minimum number of days to 
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physiological maturity. Siddiqi et al. (2012)  obtained maximum seed yield  of 2.8 ton ha-

1 in hybrid TS-7 x TR-6023, while minimum of 1.08 ton ha-1 from hybrid TS-11 x 

SMTR-17. Maximum oil content of was obtained from TR-120 and  minimum in TR-

6023. In case of  hybrids, maximum oil content was recorded in TS-7 x TR-6023 and 

minimum in TS-11 x TR-120. For seed yield traits, Attia et al. (2012) observed that 

parental lines recorded maximum  seeds head-1 and also heaviest seeds  while two gave 

highest number of seeds head-1 from several hybrids examined.  

 
Per se F1 hybrid performance do not necessarily reveal as which parents 

are  going to be superior or inferior combiners for crossing when hybrid varieties become 

the main objective. However some of the hybrids prove similar as per se, good general or 

specific combiners. Mean values of the 18 F1 hybrids per se were  generally within the 

range of the mean of the parents (Tables 6 and 7), however some hybrids performed 

much better than their respective parents. The hybrid HO-I x PAC-0306 recorded the 

highest seed germination  simultaneously took minimum days to initial flowering, days to 

75% flowering, was earlier in maturity, produced more number of leaves plant-1, recorded 

medium tall  plants,  produced larger heads,  formed bolder seeds with highest seed yield 

plant-1 and  gave maximum seed yield in kg ha-1 and more oil content and oil yield in kg 

ha-1. While hybrid CMS-03 x PAC-0306 recorded highest number of seeds plant-1; CMS-

03 x PAC-64-A took maximum days to 75% flowering and Hysun-33 x PAC-0306 

showed late maturity. It is generally presumed that cross combinations with higher mean 

values, favorable SCA estimates and involving at least one of the parents with higher 

GCA effects are likely to enhance the saturation of favorable alleles to improve the 

targeted traits thus are suitable for hybrid crop development. Higher variation in the 
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parental performance  and hybrids per se were seen like for germination percent in lines 

/testers and hybrids that varied from 60.33 to 84.0 and  65.00 to 97.00%; days to initial 

flowering from 55.00 to 70.00 and 52.0 to 70.00; days to 75% flowering from 62.00 to 

76.0 and 61.00 to 79.00 days; days to maturity from 87.15 to 94.00 and 82.00 to 95.35; 

leaves  plant-1 from 19.00 to 24.00 and 19.00 to 30.00; plant height from 125.00 to 175.00 

cm and 115.19 to 219.11cm; head diameter from 16.00 to 22.00cm and 15.00 to 27.00cm; 

seeds plant-1 from 984.00 to 1557.00 and 1165.72 to 1701.61; 1000-achenes weight from 

39.22 to 53.17 and 45.24 to 63.00; seed yield plant-1 40.00 to 50.00 and 41.00 to 70.00; 

seed yield kg ha-1 1246.03 to 2049.98 and 1620.06 to 2580.00; oil content% from 33.00 

to 41.00 and 35.00 to 51.00 and oil yield kg ha-1 from 436.16 to 820.00 and 567.02 to 

1336.92 respectively. These results indicated that particularly for seed yield and oil 

contents, hybrids excelled the parents to a larger extent. 

 
Line x tester analysis is powerful biometrical technique which helps in 

selection of desirable parents and appropriate breeding procedures for determining 

general combining ability (GCA) and  specific combining ability (SCA) variances and 

effects. This genetical approach is very efficient method for evaluating more number of 

germplasm at a time for combining ability. It can evaluate more number of lines as 

compared to diallel or partial diallel mating designs. This technique can be used even 

when the inbred lines have self-incompatibility and male sterility where diallel crosses 

fail to use such abnormal conditions. Line x tester analysis is used to obtain the 

information on the inheritance pattern of different traits and the combining ability of 

parents. General combining ability determines the additive type of genes whereas specific 

combining ability denotes non-additive or epistasis type of genes, particularly the 



 134 

dominant types. Non-additive type of gene actions is not reliably fixable whereas additive 

type of gene actions or complementary type of epistatic gene interactions are highly 

fixable (Iqbal et al., 2007). 

 
 Genetic variability is an important criteria for evaluation and selection; 

however the parents with high breeding value may not necessarily transmit such 

characteristics to their progenies. Thus parental and hybrids’ combining abilities are 

reliably estimated  through combining ability analysis. The analysis of variance revealed 

highly significant differences among the genotypes, parents, parent vs crosses, crosses, 

lines, testers and lines x tester interactions for all the characters studied (Tables 1 to 3) in 

F1  hybrids (Tables 1 to 3).  These results suggested the presence of substantial genetic 

variability for all the source of variations. Such results coincide with the findings of 

Chandra et al. (2011), Ciric et al. (2013), Andarkhor et al. (2013) and Kang et al. (2013). 

The significant differences in the mean squares of genotypes, parents, parent vs. crosses 

and crosses suggested that the data is worth for determining  parental performance, 

hybrid evaluation, heterotic effects, inbreeding depression and correlations while the 

significance of  lines and testers suggested that the results are suitable for  determining 

general combining ability variances and effects, specially additive type of genes (Mirarab 

and Ahmadikhah, 2010). While significant mean squares due to parent vs. crosses 

suggested the existence of heterotic effects for all the studied traits (Mirarab and 

Ahmadikhah, 2010). The significant mean squares between lines x tester interactions for 

all the traits indicated the importance of  determining specific combining ability of the 

hybrids  and provides the information for the importance of dominance or non-additive 

variances and effects. Occurrence of both additive and non-additive gene effects are 
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evident  for  phenological, yield, yield component  and oil traits in sunflower. Similar to 

present findings, Sher et al. (2009) observed that both additive and non-additive genetic 

variations  were important for morpho-yield  traits in sunflower. 

 
Significant variability in genetic  parameters and the differences in mean 

performance for seed germination percentage, days to initial flowering, days to 75% 

flowering, days to maturity, number of leaves plant-1, plant height, head diameter, 

number of seeds plant-1, 1000-achene weight, seed yield plant-1, seed yield kg ha-1, oil 

content and oil yield kg ha-1 are particularly useful because variations in these traits 

would allow breeders to bring further improvement in sunflower yield and quality traits. 

Genotypes are considered to be superior which prove as a good donor and better 

combiner for desirable plant traits from breeding point of view whereas specific 

combining ability (SCA) represents both dominance and epistasis gene actions. Some 

researchers observed that SCA is more important than general combining ability (GCA ) 

in expressing seed yield in sunflower. (Shekar et al., 1998; Laureti and Del-Gatto, 2001). 

While Ortegon-Morales and Escobedo-Mendoza (1993) and  Skoric et al. (2000)  stated 

that SCA and GCA are equally important genetic parameters and useful methods to 

evaluate inbred lines in sunflower breeding programmes. Manivaran and Ganesan (2001) 

identified parents for their combining ability in both directions i.e. GCA and SCA. For 

days to 50% flowering, parents and crosses showed significant general and specific 

combining ability effects respectively (Devaraj,  1996 and Thakare et al., 1999). Ghaffari 

et al. (2011) observed that seed yield and plant height were governed by dominant effects 

mainly by complete dominant genes. Chandra et al. (2011) reported preponderance of 

non-additive genes for phenological and yield traits while additive gene action for oil 
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content. Similar to present results, additive variances were higher than non-additive 

variances for yield, head diameter and oil content  were also reported by Machikowa et 

al. (2011). 

 
General combining ability (GCA) and specific combining ability (SCA) effects 
 

 The success of any breeding programme largely depends on selection of 

suitable parental lines. Information regarding different types of gene action, relative 

magnitude of genetic variance and combining ability estimates are important genetic 

parameters for the improvement of sunflower (Sher et al., 2009).  The presence of non-

additive genetic variances and effects, presumably dominant genes are the primary 

justification for initiating the hybrid  development programme in sunflower. In order to 

exploit maximum heterosis using the CMS system in a hybrid programme, one must 

know the combining ability of different male sterile lines with  male restorers. Combining 

ability studies revealed the importance of both additive and non-additive genetic effects 

for all the traits studied.  Kaya and Atakisi (2004) reported that superior hybrids have 

been obtained by crossing CMS inbred female and restorer lines with high general 

combining ability (GCA) and specific combining ability (SCA) values. Thus, possibility 

of utilizing integrated breeding approaches including diallel or line x tester mating 

design, pedigree or recurrent selections, etc. would be  more useful in utilizing additive as 

well as non-additive genetic variations for developing superior genotypes. Higher GCA 

effects are more desirable for self-pollinated crops  and varieties released as pure lines 

while SCA is more important for the production of hybrids in cross pollinated crops. 

Mirarab and Ahmadikhah (2010) reported that the parents which were good general 

combiners for economic traits might be extensively used in hybridization programmes to 
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identify suitable parents for crosses and  developing potential hybrids for days to 

flowering and days to maturity, plant height, number of leaves plant-1, 1000-achene 

weight and achene yield plant-1. The GCA and SCA effects of various traits are given 

hereunder: 

 
Seed germination percentage 

 
    The circumstances for seed viability and maturity, its storage, all effect 

the seed vigor, consequently  affect the seed germination percentage. Seeds developed 

under water stress, insufficient nutrients, high temperatures, etc. often outcome in light 

and shrunken seed which jointly called as poor vigour seed.  The  results of GCA effects 

indicated that among the female lines, HO-I, T-4-0319, PAC-0505 and Hysun-33  ranked 

as good general combiners with high GCA effects, whereas from tester parents, PAC-

0306 and PAC-64-A were potential general combiners with maximum GCA effects for 

seed germination (Table 9). The  high general combining ability estimates of above lines 

and testers suggested that good combiners have more favourable additive genes, hence 

may be used as potential parents for hybridization and selection programmes so as to 

extract superior inbreds or they could be used to develop potential synthetic or composite 

varieties. F1 hybrids like T-4-0319 x SF-187, HO-I x PAC-0306 and HO-I x PAC-64-A 

were among the top three supper specific combiners with high SCA effects for seed 

germination (Table 10). The  high specific combining ability  and dominant gene action 

of these hybrids suggested their potentiality in hybrid sunflower development. Kristin et 

al. (2006) noted that seed germination and dormancy were affected in sunflower with 

inclusion of wild species  in hybridization programme in both laboratory and in field 
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experiments. Hybridization increased seed germination and decreased dormancy of the 

nine wild populations and most of their hybrids had higher germination percentage than 

the wild species of the same population. 

 
Days to initial flowering  

 
  In sunflower, if flowering starts sufficiently earlier then it will leave 

enough time for  mature seed formation, hence early flowering is  useful in sunflower 

breeding programmes. Variation in days to initial flowering is particularly useful because 

it allows the development of  hybrids well adapted to specific environments or agro- 

climatic  conditions of the country (Putt, 1940).  Out of six, three female lines like  T-4-

0319, HO-I and PAC-0505 divulged maximum desirable negative GCA  effects (Table-8) 

being potential parents for the development of early  maturing varieties in terms of days 

to initial flowering. From tester parents, SF-187 produced maximum negative GCA 

effects (Table 9) showing its general combining ability. Thus potential good general 

combiners from lines and testers with additive genes may be used in hybridization 

programme for the development of superior  hybrids, composites or synthetic varieties. 

Present results are in agreement with those of Sher et al. (2009) who suggested that for 

days to first flowering, negative values of GCA and SCA are more desirable. 

 
   From F1 hybrids, Peshawar-93 x SF-187 and PAC-0505 x PAC-0306 

exhibited significantly desirable negative SCA effects for days to initial flowering (Table 

10). Such results suggested that these hybrids are best specific combiners with non-

additive genes for reducing days to initial flowering and  possess greater advantage to 

develop early maturing sunflower hybrids. Shekar et al. (2000) reported that two female 
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parents viz. HA-234, HA-338, HA-851 and three testers RHA-274, MR-1, RHA-83R6  

when crossed, they have displayed significantly negative GCA effects in hybrids for days 

to 50% flowering. Khan et al. (2009a) and Kang et al. (2013)  found that late flowering 

sunflower genotypes had shorter seed filling period, consequently gave less seed weight. 

For this characteristic, negative GCA and SCA values are preferred either for hybrid or 

synthetic variety development.  

 
Days to 75% flowering 
 
  Genetic variability in days to 75% flowering is important because plants 

which complete their 75% flowering in shorter period will be earlier maturing also. 

Parents expressing  high negative GCA effects are desirable  for hybridization to develop 

early maturing hybrids.  Female lines HO-I and T-4-0319 were best general combiners 

for days to 75%  flowering due to their  negative GCA effects  (Table 8). While the tester 

parent SF-187 was also good general combiner by manifesting desirable negative GCA 

effects for this trait because potential tester is needed for  crossing  and selection for 

earliness in flowering (Table 9). Decreasing effect of dominant genes may play important 

role  for  reducing days to 75%  flowering. Thus, combining ability of parental lines is the 

ultimate factor determining future usefulness of lines and testers for the development of 

hybrids or synthetic varieties. For specific combining ability, eighteen hybrids were 

evaluated. The F1 hybrids; T-4-0319 x PAC-64-A and HO-I x PAC-0306 expressed 

significantly negative SCA effects for days to 75% flowering (Table 10), hence such 

crosses are valuable for hybrid crop development. Goksoy and Turan (2004) have 

suggested that crosses CMS191 x RHA723, CMS191 x RHA892, CMS381 x RHA684 

and CMS461 x RHA684 with high SCA might be considered as promising hybrids in 
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terms of seed yield and yield components. Khan et al. (2009a) reported that  GCA and 

SCA of line TS-17 and tester R-25 for days to 100% flowering proved as best  general 

and specific combiners. Among their hybrids, TS-335 x TR-9 was good specific 

combiner for days to first flowering  while TS-18 x R-25 was good specific combiner for 

days to 100 % flowering.  

 
Days to maturity  

 
  Physiological maturity is the time when maximum seed dry-weight 

buildup occurs. The  sunflower growers require short duration hybrids, because such 

hybrids reduce the incidence of insect-pest and disease attack. Main focus in sunflower 

breeding is to develop early maturing hybrids or open-pollinated cultivars for short 

growing season (Kinman, 1975). Three lines like HO-I, PAC-0505 and T-4-0319 were 

best general combiners with significantly desirable negative GCA effects,  while  testers 

viz. PAC-0306 and SF-187 exhibited negative GCA effects (Table 9) suggesting 

importance of their additive genes advocating days to maturity. Similar to our findings, 

Sher et al. (2009) from line x tester analysis, involving four lines and four testers of 

sunflower observed significant variances due to GCA, thus predominantly additive gene 

action was noted  advocating days to first flowering and days to complete flowering. As 

far as F1 hybrids are concerned,  HO-I x PAC-0306 manifested maximum negative SCA 

effects followed by PAC-0505 x PAC-0306 for this character (Table 10) showing  their 

ability to contribute  favourable  dominant genes with decreasing effect for earliness in 

term days to maturity. Both the potential hybrids can be thoroughly exploited to achieve 

the desired maturity. Sakthivel (2003) reported that a hybrid, KBSH-44 displayed 

significantly higher  negative SCA effects for days to maturity while Ahmad et al. (2011) 
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noted that female lines A-1 and A-7 expressed significant general combining ability 

effects for days to flowering, days to maturity. Among the testers, A-26 and HBRS-1 

were good general combiners for days to flowering, days to maturity, plant height, head 

diameter, 100-achene weight, and seed yield per plant. They suggested that these lines 

could be exploited for hybrid development in future breeding programmes. Kang et al. 

(2013) reported that Lines G-93 and G-79 and  tester A-85 expressed highly significant  

negative GCA effects for days to maturity. The cross G-65×A-85 however expressed 

highest  negative SCA effect for days to maturity. Prominent negative GCA effects were 

observed by Saleem et al. (2014) for days to initial flower, days to complete flowering, 

days to maturity and days to plant height. 

 
Number of leaves plant-1  

 
  Positive significant GCA effects are useful for the development of hybrids 

with more number of leaves. Leaf number in hybrids depends upon the parents involved 

in the crosses. Lines like HO-I, Hysun-33 and T-4-0319 were best general combiners 

(Table 8)  with additive genes controlling number of leaves plant-1. Positive GCA effects 

are useful for the development of hybrids or composites with desirable number of leaves 

plant-1, consequently more photosynthetic activity for obtaining higher yields. The 

parents like PAC-0306 and PAC-64-A  were found  as best testers  with high positive 

GCA effects for this trait (Table 9). The overall values of the SCA effects were very low, 

yet  F1 hybrids  such as HO-I x PAC-0306 and PAC-0505 x SF-187 manifested 

significantly positive SCA effects with more favourable dominant genes, hence these 

hybrids were best specific combiners for increasing number of leave plant-1  (Table 10). 

Since the leaves are highly exposed to solar radiation owing to more photosynthesis 
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process, thus increased leaf surface results in  more productivity. Hladni et al. (2008) 

evaluated seven newly evolved and diversified  female inbred and three restorers, through 

line x tester method. They noted that GCA values were highly significant for total leaf 

area per plant, hence maximum average contribution to the expression of 57% was found 

in the female lines. Ahmad et al. (2011) observed that  three female lines and  two testers 

expressed significant general combining ability effects for leaf area. They suggested that 

these lines could be exploited for hybrid sunflower development in future breeding 

programmes. 

 
 Plant height 

 
  Recently, there is a huge interest in the development of semi-dwarf 

hybrids. In some crosses considerable plant height reduction occurs, while in other 

crosses little reduction is observed. These  interferences suggest the complex genetic 

control of plant height. Generally, hybrids are late in maturity, suggesting  that focus 

should be diverted to breeding short stature sunflower hybrids. In plant height, negative 

GCA effects are more important while taller plants are considered undesirable  due to 

their susceptibility in lodging (Turkec and Goksoy, 2006). In present studies,  female 

lines HO-I, CMS-03 and PAC-0505 were observed as good general combiners because of  

high desirable negative GCA effects with additive genes (Table 8). The pollinators SF-

187 and PAC-0306 were best testers for plant height  with significantly negative GCA 

effects (Table 9). In the situations where frequent windstorms occur, medium plant height 

is desirable to avoid lodging and above mentioned good general combiner female lines 
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may be crossed with good tester parents to develop  open-pollinated or synthetic varieties 

with desirable plant height. 

 
    Specific combining ability of hybrids in negative directions reveal that 

such hybrids may be shorter in plant height, hence resistant to lodging. The hybrids like, 

CMS-03 x PAC-0306, T-4-0319 x SF-187 and HO-I x PAC-0306 were observed as best 

specific combiners  with significantly negative SCA effects for plant height (Table-10). 

Present results are in agreement with those of Khan et al. (2009a)  who observed higher 

estimates of both GCA and SCA  for plant height.  They further observed that the 

hybrids, TS-335 x TR-9 and TS-18 x 291RGI were good specific combiners with 

desirable negative SCA  for plant height and these hybrids were recommended for 

general cultivation. Kamati (2009) recorded high GCA effects of testers ARM 240 (Br) 

and DRSI 635; female lines PET 2-7-1A and CMS 17A and SCA of hybrids PET 2-7-1A 

x 6D-1, PET 2-7-1A x ARM 244 (Br), PET 2-7-1A x ARM 240 (Br) hence such parents 

and hybrids were considered promising to develop potential hybrids or synthetic 

varieties. Ahmad et al. (2011) reported that female lines such as A-1, A-7, A-27 and A-

39 and  testers A-26 and HBRS-1 expressed significant negative general combining 

ability effects for plant height, hence they considered these parents  as good general 

combiners for plant height.  

 
Head diameter  

 
  Head diameter is a morphological trait which inflicts direct effect on 

number of seeds head-1, consequently  imposes significant effect on seed yield. This 

characteristic is under great influence of environmental factors, has low level of 
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heritability which is a limiting factor in breeding for bigger heads (Hladni et al., 2010). 

From six  female lines evaluated,  three lines like T-4-0319, PAC-0505 and HO-I and two 

pollinators, PAC-64-A and PAC-0306 with high GCA effects were  found as best general 

combiners with  predominantly additive genes for head diameter (Table 9). The hybrids, 

Hysun-33 x PAC-64-A, HO-I x PAC-0306 and PAC-0505 x SF-187 were best specific 

combiners for head diameter (Table 13).  Similar to our findings, Ahmad et al. (2011) 

found that the testers, A-26 and HBRS-1 were good general combiners for head diameter, 

100-achene weight, and seed yield plant-1. They suggested that these males along with 

potential lines could be exploited for hybrid  sunflower development in future breeding 

programmes. While Andarkhor et al. (2012) noted that the testers RF81-25 and RF81-30 

showed significantly positive general combining ability (GCA) effects for head diameter, 

grain yield and 1000 seed weight.  

 
Number of seeds plant-1  

 
  Combining ability analysis is of special importance in cross-pollinated 

crops like sunflower as it helps in identifying potential inbreds. It can be used for 

producing hybrids, synthetics and composite varieties, thus helps in isolating basic 

breeding material on which the success of any breeding effort primarily depends.  Setting 

more number of seeds plant-1 due to larger head diameter results into higher grain yield 

(Zia et al., 2013).  The female lines HO-I, CMS-03 and tester parent PAC-0306 (Tables-

11 and 12) were good  general combiners with higher GCA effects for number of seeds 

plant-1. Among  the F1 hybrids, PAC-0505 x SF-187, Hysun-33 x PAC-64-A and HO-I x 

PAC-64-A were found as best specific combiners for  this trait (Tables 12 and 13). These 

results suggested that good general combiner parents and specific combiner hybrids could 
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be used for  the development of hybrids or composite varieties in sunflower. Present 

results are in consonance with the findings of Hladni et al. (2011) who observed 

preponderance of general combining ability effects for the total seed number head-1. They 

noted  that significant positive GCA value was demonstrated by A-line NS-GS-5 while 

hybrid NS-GS-5 x RHA-RPL had the highest significant SCA value.  It was stated that 

non-additive genetic variance played main role in the inheritance of the total number  of 

seed head-1 which was confirmed by the GCA/SCA ratio. Though RF-testers had the 

highest average contribution in the expression of the total seeds head-1 (56%), yet more 

contribution was rewarded by A-line NS-GS-5 (70.6%). Ahmad et al. (2011) reported 

that the testers A-26 and HBRS-1 were good general combiners for 100-achene weight 

and achene’s yield plant-1. They suggested that these lines could be exploited for hybrid 

development in future breeding programmes. Similarly, Andarkhor et al. (2012) reported 

that the testers RF81-25 and RF81-30 showed significant positive general combining 

ability (GCA) effects for head diameter, grain yield and 1000 seed weight. 

 
1000-achene weight  

 
   Bolder seeds produce higher grain yield but theoretically it is assumed that 

medium seed size with larger head diameters may produce maximum grain yield. Female 

lines like T-4-0319, PAC-0505, HO-I and Hysun-33 and  testers PAC-0306, PAC-64-A 

displayed positive GCA effects showing their good general combining ability  with more 

additive genes for 1000-achene weight (Table 11). These results suggested that all these 

good combiners may be included in breeding programmes for the development of 

varieties with improved 1000-achene weight.  
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The F1  hybrids viz. HO-I x PAC-0306, Peshawar-93x SF-187 and HO-I x 

PAC-64-A scored significantly higher GCA effects with predominantly additive genes 

for 1000-achene weight (Table 13). These combinations seem to be most potential ones 

and deserve due consideration in future breeding programmes. Our results are in 

conformity with those of  Tan  (2010)  who detected  highly significant GCA effects for 

seed yield, 1000-seed weight, days to flowering, days to physiological maturity, plant 

height, head diameter, stem diameter and oil content while  their SCA effects were non-

significant for most of these traits. Based on GCA effects in the first and second crop 

production seasons,   five CMS inbreds and four  restorers exhibited desirable GCA 

effects and were found as good general combiners for most of the traits.  They suggested 

their exploitation in  further breeding programmes for developing superior sunflower 

hybrids. Andarkhor et al. (2012) also reported that the testers RF81-25 and RF81-30 

showed significant positive general combining ability (GCA) effects for 1000-seed 

weight, while significant positive specific combining ability (SCA) was also reported by 

Andarkhor et al., (2013)  for seed width.  

 
Seed yield plant-1 
 

  Several plant traits, which contribute additively, can help efficiently in 

modifying the expression of other traits directly or indirectly. The main objective of 

sunflower breeder is to evolve high yielding varieties.  In present study, female lines HO-

I and Peshawar-93 (Table 11) and testers PAC-0306 and PAC-64-A (Table 12) scoring 

high GCA effects  with predominantly additive genes were  regarded as superior general 

combiners for seed yield plant-1.  The high general combiners can  best be exploited for 

hybridization and selection programme so as to develop hybrids, synthetics or 
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composites. High specific combining ability was noted in the F1 hybrid HO-I x PAC-64-

A  which recorded highest SCA effects followed by PAC-0505 x PAC-0306 and CMS-03 

x SF-187 (Table 13). The high specific combining ability of these hybrids may be 

attributable to their favorable dominant genes, hence they may be considered for hybrid 

crop development or extracting better segregants in later generations of selection with 

improved seed yield. Our results are in agreement with those of Binodh et al. (2008) who 

reported that CMS line 234-A and testers CSFI 5014 and CSFI 5414 were good general 

combines for seed yield plant-1. From their studies,  they noted that the hybrid CSFH 

6009 was good performing for seed yield, oil yield, 100-seed weight, head diameter  days 

to 50% flowering while hybrid 234 A x CSFI 5014 showed significantly positive SCA 

effects for seed yield, oil yield and oil content and exhibited dominant x dominant type of 

gene action. The hybrids 234-A x CSFI-5418, 851-A x CSFI-5434 and 851-A x CSFI-

5414 were identified as good specific combiners for most of the yield components and oil 

content due to expression of  additive x dominance type of gene action which indicated 

that these hybrids could successfully be utilized for exploitation of heterosis in sunflower. 

Karasu et al. (2010) identified  some  potential crosses  and based on their performance 

suggested that they might be considered as promising hybrids  for obtaining higher seed 

yield plant-1. 

 
Seed yield kg ha-1  

 
  Seed yield in sunflower and like in all other crop species is a 

quantitatively inherited trait which is highly influenced by the environmental factors. 

However, seed yield is highly dependent on the genetic potential of cultivar itself and  the 
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contributions of other yield components such as seed weight, head diameter etc. 

Sunflower breeders are therefore paying lot of attention to yield components while 

evaluating experimental hybrids. Sunflower hybrids grown in the country contain 39.0 to 

52% oil in the seed and still  can produce higher seed and oil yields. Sunflower being 

highly cross-pollinated and heterozygous possess massive variability in subsequent filial 

generations. The significantly higher GCA effects regarding the seed yield kg ha-1 in the 

present studies was noted in  lines viz. HO-I, PAC-0505 and CMS-03  (Table 11) and 

pollinators PAC-0306 and PAC-64-A (Table 12) suggested that the above line and testers 

are the best general combiners for seed yield (kg ha-1). Similar to present findings, 

Saleem et al. (2014)  observed that line CMS-HA-54 and tester RHP-71 manifested 

maximum GCA estimates for seed yield (kg ha-1) indicated the presence of additive gene 

effects, hence may serve as a potential parents for hybridization and selection 

programmes. 

 
  The SCA effects of F1 hybrids  like T-4-0319 x SF-187, HO-I x PAC-

0306 and Hysun-33 x SF-187  with higher positive SCA effects proved to be the best 

specific combiners  for hybrid crop development with higher yield in kg ha.1 (Table 13). 

These results suggested that these potential hybrids with  dominant genes may prove 

worthwhile for the development of hybrid varieties with higher seed yield. Similar to our 

results, Thombre et al. (2007) reported high positive GCA effects for nine characters and 

the lines CMS-234B and CMS-207 B and the testers, LTR-DMLT-1 (Y) 22, LTRR-1-

856II and LTR-17-B were regarded as good general combiners with predominantly 

additive genes  for seed yield per plant. Among the  F1 hybrids, the best performance for 

seed yield and SCA effects were  manifested by the hybrids CMS-234-A x LTRR-1-822 
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which out yielded all the check hybrids. Rezaizad and Farrokhi (2008) evaluated some 

hybrids combinations and found that such hybrids gave highest grain yield with 4471 and 

4131 kg ha-1, respectively. The restorer parent Rha107F81-127 and inbred line AhaF81-

120 exhibited greatest GCA effects for grain yield. Their results generally showed that 

male parents or restorers play an important role to produce hybrid cultivars in breeding 

programmes and restorer Rha107F81-12 has shown superior performance. Machikowa et 

al. (2011) estimated general combining ability and specific combining ability for seed 

yield and found that two inbred lines  exhibited the highest GCA effects for yield.  Such 

inbred lines therefore exhibited good potential for their use as parents for hybrid crop 

development. Saleem et al. (2014) evaluated 16 F1 hybrids in sunflower and noted that 

two hybrids exhibited higher SCA effects for seed yield. They further suggested that 

researchers may use such hybrids for evaluation and cultivation. 

 
Oil content (%) 

 
Sunflower is oilseed crop on account of its outstanding nutritional assets. 

Because of low saturated fatty acids,  there is an increase demand of sunflower edible 

oils. Thus, there is a  dire need to develop new sunflower hybrids  which are best suited 

to different agro-climatic regions of Pakistan with better seed yield and oil contents. The 

genetic architecture of sunflower genotypes could better serve as a source population to 

derive suitable genotypes or hybrids with desirable characters. The selection of parents, 

therefore is one of the important aspects in developing a latent hybrid based on their 

general combining ability (GCA) effects. It is also useful in understanding the type of 

gene action controlling various traits to develop suitable breeding strategy (Babu, 2007). 
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In our studies, three females lines PAC-0505, T-4-0319, HO-I and Peshawar-93  and  

testers PAC-0306 and PAC-64-A showed their superiority by expressing significantly 

positive GCA effects with additive genes, hence proved their being good general 

combiner parents for hybridization and selection programmes to develop more potential 

inbreds, hybrids or they may be intercrossed to develop  potential composites for  higher 

oil contents. Specific combining ability effects indicated that at least three hybrids, 

Peshawar-93 x PAC-0306, HO-I x PAC-64-A and HO-I x PAC-0306 with high positive 

SCA effects (Table 13) were good specific combiners with mostly dominant genes for oil 

content %, hence are suitable for the exploitation in hybrids sunflower.  Similar to present 

findings, Mijic et al. (2008) found that OS-1 line manifested highest GCA effect for oil 

content and oil yield whereas OS-1A x OS-5B was the best hybrid for commercial 

production based on its SCA effect. Tavade et al. (2009) observed that among the ten 

restorer lines, one was identified as a best general combiner for oil content, while hybrid 

one hybrid manifested high SCA for oil content. Yet an other hybrid gave a promising 

seed yield along with its contributing characters including oil content. The parental 

genotype ID-3/147-R which was involved in most of the crosses revealed its potentiality 

to transfer desirable characters in their  progenies being a good  general combiner. Kang 

et al. (2013) found that the line G-93 and G-79 also expressed highly significant GCA 

effects for oil contents and were considered as best general combiners with 

predominantly additive genes. Among testers  evaluated, two tester exhibited highly 

significant GCA effects for oil contents were best general combiners and  the cross G-65 

× A-85 revealed highest SCA effect for oil contents proved as potential hybrid.  
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Oil yield kg ha-1  

 
  Increasing oil yield in kg ha-1 is one of the most  important objectives  for 

breeding sunflower hybrids  and is equally essential in increasing the  grain yield. In the 

breeding procedures,  it is very important to know the combining abilities of inbred lines 

that are used as parents for hybrid crop development. Three lines like  PAC-0505, HO-I 

and CMS-03 and pollinators PAC-0306 and PAC-64-A with high GCA effects, showed 

themselves as best general combiners with additive genes for oil yield kg ha-1 (Table 12 

and 13). The hybrids Like Hysun-33 x SF-187,  T-4-0319 x SF-187 and T-4-0319 x 

PAC-arg-64- were  found as  three best specific combiners for oil yield kg ha-1. In 

consonance to our results, Hladni et al. (2006) noted that the lines NS-GS-4 and NS-GS-5 

showed highly significant positive GCA values for oil yield kg ha-1 whereas hybrid NS-

GS-6 x RHA-R-PL-2/1 manifested highly significant positive SCA value for oil content. 

Shankar et al. (2007) found that female line ARM-243B was good general combiner for 

seed yield, oil content, oil yield, head diameter, number of filled seeds per head and 100 

seed weight while restorer lines R 272-1 and R-17 were observed as good male parents 

for seed and oil yields. At least one hybrid was recognized as promising for seed yield, 

oil yield, early maturity, head diameter, stem diameter, number of filed seeds  head-1, 

seed filling percent and 100-seed weight. Babu (2007) from line x tester analysis found 

that  two female and  male testers were identified as potential parents based on GCA 

effects which could be utilized in heterosis breeding with respect to oil yield. Similarly, 

Patil et al. (2007) evaluated some interspecific derivatives and estimated general 

combining ability of two CMS lines and noted that such lines can produce superior 

hybrids. While good combining testers may be used in developing synthetics. Some 
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crosses were found as the best specific combiners for yield and yield contributing 

characters.  They suggested that further evaluation of these hybrids would be meaningful 

in identifying superior hybrids better than those presently available. Andarkhor et al. 

(2013) found several  lines and testers with significant positive GCA effects for oil yield 

while some hybrids  demonstrated significant positive specific combining ability (SCA) 

effects for oil yield.  

 
Variances due to GCA (σ2A) and SCA (σ2 D ) 

 
  Variances  due to  SCA (σ2 D)  were much higher than variances due to 

GCA (σ2A)  for days to initial flowering, days to maturity, plant height, number of seeds 

plant-1, seed yield plant-1, seed yield kg ha-1 and oil yield kg ha-1 . This signifies the scope 

for exploitation of heterosis or hybrid vigour for the above traits. Maximum amount of 

genetic variability was attributable to SCA variances and effects which suggested that 

non-additive or epistasis gene effects are responsible for expression of these characters. 

Therefore improvement in such traits  could  be made via heterosis breeding (Ciric et al., 

2013). 

 
The magnitude of σ2 GCA was lower than σ2 SCA in F1 generation 

presented in Table 14 which demonstrated that genetic variance due to specific 

combining ability was more important than due to general combining ability. However 

dominant gene actions were more effective than additive genes in F1s  for days to initial 

flowering, days to maturity, plant height, number of seeds plant-1, seed yield plant-1, seed 

yield kg ha-1 and oil yield kg ha-1 those traits depicted non-additive relationship 

influenced in the transmission of that characters to the hybrids . Thus non additive gene 
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actions were more effective for all these characters. Similar to present findings,  Abdullah 

et al. (2010) reported higher variances due to SCA for seed yield, head diameter and 

suggested that these characters were influenced by dominant gene actions. The results 

indicated the involvement over dominant type of genes in the expression of traits studied. 

While dominance gene action is indicated by the degree of dominance  being greater than 

unity (1.0) showed over dominance genes advocating the above traits. The ratio of σ2 

SCA/ σ2GCA is clearly greater than unity which determined predominance of super 

dominant gene effects involved in these traits. Several researcher like, Kaya and Atakisi, 

(2004); Mijic et al. (2008) and Mohanasundaram et al. (2010) reported predominance of 

non-additive genetic variances for days to 50 % flowering, days to maturity, plant height, 

head diameter, volume weight, hundred seed weight and seed yield plant-1. Chandra et al. 

(2011) reported predominance of non-additive gene action for all the characters while 

additive gene action for oil content. Additive variances were higher than non-additive 

variance for  seed yield; head diameter and oil content as reported Machikowa et al. 

(2011) and Saleem et al. (2014). 

 
Proportional contribution of lines, testers and their interactions 
 

The female lines had contributed normal effect for seed germination %, 

days to 75% flowering, days to maturity, plant height, and number of seeds plant-1, hence 

exhibited maternal influence (Table 15). While the tester parents played very important 

role towards seed germination %, number of leaves plant-1, head diameter, 1000-achene 

weight, seed yield plant-1, seed yield in kg ha-1, oil content % and oil yield kg ha-1, thus 

manifested significant paternal effect with additive genes for all these traits. Line x tester 

interactions influenced relatively less contribution as compared to A and R line, however 
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high values were revealed for days to initial flowering, days to 75% flowering, days to 

maturity, plant height and number of seeds plant-1  which showed preponderance of  

dominant genes for these traits. Ghaffari et al. (2011) observed  that the variances among 

CMS lines for studied traits were greater than  the restorer lines indicating some degrees 

of maternal effect on some traits, particularly for seed and oil yields. Variances of  lines × 

testers were not greater than variances for either CMS lines or testers for any traits which 

implied the importance of additive effect on concerned traits. While Kannababu and 

Karivaratharaju (2000) obtained significant proportional contribution of lines, testers and 

lines x testers to the total variance. The predominant maternal influence on seed quality 

was evident for its  higher percentage.  

 

Heritability estimates (h2%)  

 
Heritability estimates provide information about genetic variation and is 

useful for predicting the response to selection in the succeeding generations. Heritability 

is dependent upon the nature of gene action (Chowdhary et al., 2007). Character 

associations and heritability were also determined as they are helpful in making selection 

of superior genotypes, pointing-out the possibilities and limitations of simultaneous 

improvement of desirable characters and designing efficient future breeding programmes 

(Desalegn, 2004). Plant breeders can easily observe and measure phenotypic variation in 

plant populations, which is caused by the joint action of both genetic and environmental 

factors. Although, breeders are more interested in determining the proportion of genetic 

variation from available total phenotypic variation, because environmental effect is 

considered unimportant hence is neglected (Baloch, 2004). The accomplishment of any 
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breeding venture, therefore, depends mainly on the existence of the abundant genetic 

variability for a trait which is amenable to selection. Thus, the knowledge of degree of 

genetic variability that is transferable to the progeny referred to as heritability is of great 

importance in improving any quantitative trait. From a total genetic variability, it is again 

additive variance and additive genes which pass from one generation to next, therefore 

play an important role in selection and improving multigenic traits. A lot of work on 

genetic variability and heritability estimates has already been carried out, yet the 

differences always existed due to either material and methodology used or environments 

in which the material is tested (Baloch and Bhutto, 2003 and Baloch, 2004). Heritability 

estimates remained variable depending upon the genetic nature of genotypes  and the 

traits studied. The heritability estimates in narrow sense for various plant traits of 

sunflower are depicted in Table 23. In  crop plants, generally, heritability  estimates in 

broad sense are higher  than narrow sense because narrow sense heritability uses only 

additive genetic variance as a numerator over the total phenotypic variance. The 

heritability estimates in F1s varied from 1.28 to 47.68% . These heritability estimates are 

generally low which is due to higher portion of dominant  variances and dominant genes 

against the additive variances and additive genes influencing quantitative traits (Table 

16). The heritability estimates for seed germination%  was recorded as  h2 = 28.61%,  

days to initial flowering (h2 = 2.77%), days to 75% flowering (h2 = 1.28%), days to 

maturity (h2 = 1.29%), number of leaves plant-1 (h2 = 25.66%), plant height (h2 = 3.12%), 

head diameter (h2 = 26.23%), number of seeds plant-1 (h2 = 2.61%), 1000-achene weight 

(h2 = 30.63%), seed yield plant-1 (h2 = 20.39%) and seed yield kg ha-1 (h2 = 25.34%). 

While oil content % and oil yield kg ha-1 estimated  relatively  higher heritability of 
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h2=47.68% and 32.72%) respectively.  The lower heritability estimates for majority of the 

traits suggested that selection for such traits may be exercised in later filial generations 

while giving the opportunity to recombination between desirable genes to occur. Similar 

to our findings, Attia et al. (2012) observed low narrow sense heritability in the range of 

0.00 to 11.22%. They reported heritability for number of days to first flowering as 5.69%; 

days to 50% flowering (5.63%); days to maturity (1.22%); plant height (0.00%); head 

diameter (2.79%); number of seeds head-1 (0.19%);  seed yield plant-1 (5.63%), 100-seed 

weight (1.77%); oil 5 (11.22%); oil yield (9.46%). The low narrow sense heritability 

estimates for all the studied traits were expected due to more importance of non-additive , 

particularly dominant and over-dominant genes in the inheritance of  traits studied. These 

results are in line with those reported by  Goksoy et al. (2002); Hladni et al. (2003); Khan 

et al. (2008b) and Abou-Mowafy (2010). 

 
For oil content and oil yield relatively higher narrow sense heritability 

estimates were noted  in present studies are in consonance with Khan et al. (2007) who  

also found moderate heritability estimates  for oil content, seed weight, days to maturity 

and plant height while seed yield plant-1 and days to flowering depicted low heritability 

estimates making these characters valuable to breeders. Contrary to our findings,  Khan et 

al. (2008b) estimated high heritability for 1000-seed weight, seeds plant-1, oil content and 

seed yield in sunflower. Bisne et al. (2009) and  Nasreen et al. (2011) observed higher 

magnitude of genotypic coefficients of variability for seed yield plant-1 (g), 100-seed 

weight (g), seed yield fed-1 (Kg) and oil yield  and lower magnitudes for the other traits 

which could provide higher heritability estimates. Singh et al. (2012) recorded higher 

broad sense heritability coupled with high genetic advances for 1000-seed weight, seed 
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yield  plant-1 and plant height. The magnitude of high heritability and genetic advance 

indicated that improvement in such traits could be done through  appropriate selection 

procedure. Similar to our findings, Sayed et al. (2012) observed low narrow sense 

heritability for plant height, head diameter, life-cycle duration, grain yield, 1000-seed 

weight, oil content and oil yield indicating the importance of non-additive genetic effects, 

thus improving these traits for hybrid crop development would  be effective. 

 
Correlations  

 
  It is obvious that the aspiration of plant breeders is to know the extent of 

relationship between phenological, seed yield and its components, oil content and oil 

yields which ultimately will enhance selection efficiency for above traits. Correlation 

coefficients (r)  were calculated from F1 hybrid data presented in Table 17 for yield and 

oil traits of sunflower. Seed germination (%)  exhibited significantly positive correlations 

with number of leaves plant-1, head diameter, number of seeds plant-1, 1000-achene 

weight, seed yield plant-1, seed yield kg ha-1, oil content and oil yield kg ha-1. The 

positive association of seed germination with other traits indicated that vigour in  hybrid 

seeds  enhanced seed germination percentage which produced plants with more number 

of leaves plant-1,  bigger head diameter, higher1000- achene’s weight, more seeds plant-1 

and yield kg ha-1 and higher oil content and yield. While negative correlation of seed 

germination with days to initial flowering and days to maturity  suggested that  vigorous 

seeds produced vigorous plants which could be late in opening  to initial flower and take 

more days to maturity. Similar results were also reported by Attia et al. (2012). Positive 

and highly significant correlation coefficients were observed between number of days to 
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first flowering and number of days to 50% flowering; number of days to flowering and 

plant height However, days to initial flowering is significantly and  positively associated 

with days to 75% flowering, days to maturity and plant height. Positive associations 

between phenological traits revealed that a plant which takes less days to initial flowering 

will  also tend to take less number of days to 75% flowering. 

 
Days to 75% flowering expressed significantly positive association  with 

days to maturity and plant height only while rest were non-significantly associated with 

days to 75% flowering. Positive association of  days to 75% flowering with plant height 

indicated that longer duration plants attained taller plant heights.  For earliness traits, 

Attia et al. (2012) observed positive  and significant association  of  days to 75%  with 

days to maturity and plant height. Positive and highly significant correlations were  also 

observed between number of days to first flowering and number of days to 50% 

flowering . Further more, days to maturity  was positively associated with plant height 

only, yet significant but negatively correlated with 1000-achene weight, seed yield plant-

1, seed yield kg ha-1 and oil yield kg ha-1 (Fig. 1b). Negative association of days to 

maturity with  yield and oil traits has already been reported in many crop species. It is 

possible that early maturing plants may not complete full growth and development in 

terms of plant  and seed for obtaining higher seed yields and oil yields.  Similar to present 

results, Sujatha  and  Nadaf  (2013) reported negative correlations between days to 

flowering and seed yield plant-1. Number of leaves plant-1 displayed strong associations 

with head diameter, number of seeds plant-1, 1000-achene weight, seed yield plant-1, seed 

yield kg ha-1, oil content and oil yield kg ha-1 ( Fig. 1a). Increasing number of leaves 

plant-1 may increase yield and yield components and oil yields due to greater 



 159 

photosynthetic activity.  Present results are in close agreement with those of Hladni et al. 

(2010) who also found close association between number leaves plant-1  and seed yield. 

While Safavi et al. (2011)  and Ahmad et al. (2012)  found that number of leaves was 

positively  correlated with 1000- kernel weight, head diameter, grain yield and other yield 

related characters from single and double cross hybrids. Their study further suggested 

that diversity in grain yield characters can be used as effective selection criteria for 

improving yield in single as well as in double cross hybrids  of sunflower. 

 
Plant height showed positive correlation with head diameter and oil 

content % only. Significantly positive relationship between  head diameter and plant 

height was observed by Vidhyavathi et al. (2005) and Yalcin et al. (2009). Plant height, 

nonetheless did not show significant relationship with number of seed plant-1, 1000-

achene weight, seed yield and oil yield kg ha-1. Vigorous and taller plants may produce 

bigger heads as revealed from their positive correlations but again later plants with bigger 

heads may not necessarily give higher number of achene’s, more yield, and  higher oil 

contents. Non-significant correlations of plant height with yield and oil content traits 

indicated that plant height show little concern with other traits except head diameter. 

Present results suggested that plant height can not be used  as selection criteria to 

improve yield and oil traits. Shankar et al. (2006) also reported low correlation of plant 

height with head diameter,  oil content %, number of seed plant-1, 1000-achene weight, 

seed yield and oil yield as noted in present research. Contrary to our results, Zia et al. 

(2013) reported that taller plants produce higher oil content may be due to longer duration 

of plants. The head diameter manifested strong associations with 1000-achene weight, 

seed yield plant-1, seed yield kg ha-1, oil content and oil yield kg ha-1, yet moderately 
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associated with number of seed plant-1. Strong and positive association of head diameter 

with yield and oil related traits suggested that increased head diameter will lead to higher 

seed yields and greater oil yield.  Hence head diameter can serve as a good selection 

criteria to increase  the above  traits.  Similar to our findings, Cosge and Bayraktar (2004) 

divulged positive correlations of head diameter with seed yield, , thousand seed weight, 

and seed yield plant-1. It was concluded that number of filled seeds plant-1, head diameter 

and 1000-seed weight were important characters to improve seed yield in sunflower. 

Attia et al. (2012) and  several other researchers also reported a significant and positive 

correlation of achene yield per plant with head diameter (Tahir et al., 2002; Vidhyavathi 

et al. 2005; Sowmya et al., 2010 and Anandhan et al., 2010).  

 
The yield traits like number of seeds plant-1 exhibited significant but 

moderate correlations with seed yield plant-1, seed yield kg ha-1, oil content % and oil 

yield kg ha-1. The moderate correlations of seeds plant-1 with seed yield  and oil traits 

indicated that more number of seeds plant-1 does not guarantee for higher yield may be 

due to their less 1000-achene weight. The 1000-achene weight recorded high positive 

associations with seed yield plant-1, seed yield kg ha-1, oil content %, and oil yield kg ha-

1. The positive and strong correlations of 1000-achene  weight with yield and oil traits 

suggested that increasing seed size is the main yield component trait which can reliably 

be used to increase the above traits.  Similar to present results, positive correlations of 

1000-achene weight with head diameter,  number of seeds head-1 and seed yield were 

also reported by  Habib et al. (2007b).   
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Seed yield plant-1  had also  expressed strong associations with seed yield 

kg ha-1, oil content %, and oil yield kg ha-1, whereas seed yield kg ha-1  also showed very 

strong associations with oil content % and oil yield kg ha-1. It is very obvious from the 

correlations that increase in seed yield plant-1 will simultaneously increase oil yield in kg 

ha-1 and oil yields also. The oil content presented high correlation with oil yield kg ha-1. 

Generally, our correlation results suggested that leaves plant-1, head diameter and 1000-

achene weight have shown strong associations with seed and oil yields, hence head 

diameter and 1000-achene weight may be used as the most reliable criteria to improve oil 

content and seed yield in sunflower. Similar to present findings, Farhatullah et al. (2006) 

and Khokhar et al. (2006) observed that 1000 weight had positive association with seed 

yield plant-1, seed yield kg ha-1, oil content %, and oil yield kg ha-1
. While seed yield 

plant-1 also had strong association with seed yield kg ha-1, oil content (%) and oil yield kg 

ha-1 and seed yield kg ha-1  also showed strong association with oil content % and oil 

yield kg ha-1 and between oil content and oil yield kg ha-1. From correlation studies, 

Yalcin et al. (2009) concluded that for obtaining higher yield performance,  higher oil 

containing sunflower hybrids should have more number of leaves, larger heads, higher 

seed weight, lower husk content and shorter physiological maturity period of 107 days. 

 
Heterosis  in F1s and inbreeding depression in F2 hybrids of sunflower 

 
  Heterosis plays a major role in improving crop productivity and quality 

traits in order to feed the ever-increasing human population, particularly in developing 

countries. Developing hybrids in the world, particularly in food crops and exploitation of 

appropriate method for hybrid seed production are imperative for achieving this 
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objective. Sunflower is also a crop in which heterosis could be exploited considerably for 

better seed and oil yield productions. Contrary to heterotic effects, inbreeding depression 

is a common phenomenon in plant populations, thus it is important to ask whether 

ecological conditions can affect the magnitude of fitness of  inbreds and outcross 

individuals. Inbred offspring often have a disadvantage in fitness as compared to 

progenies derived from out-breeding. This phenomenon, known as inbreeding depression, 

is especially common in predominantly out-crossing plant species. Two genetic models 

have been proposed to account for it (a) a model in which recessive or partially dominant 

lethal or sub lethal alleles are held in equilibrium by selection (b) over-dominance model 

leads to increased homozygosity at various loci. To launch an efficient breeding 

programme, it is necessary to have better understanding of the breeding system coupled 

with statistical analysis of inheritance data. Yadav et al. (2009) very nicely presented the 

relationship between general combining ability of  parents and expression of heterosis.  

They stated that if the heterosis is manifested by the parents with high x high, low x high 

and low x low general combining ability, it suggests the involvement of additive,  

additive genes with complementary effects and over-dominant and epistasis gene 

interactions, respectively. The effects of selection and mating parameters on inbreeding 

depression are quit complex. Inbreeding depression for example is not a monotone 

function of selection intensity against homozygote. This can be illustrated for a single 

locus with two alleles by considering extreme selection intensities. If the homozygous 

disadvantage is very small, progeny produced by self-fertilization will have only a slight 

disadvantage as compared with out- crossed progeny and the resulting inbreeding 

depression is expected to be small. If on the other hand, the homozygote  disadvantage is 
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extremely large, almost all matting systems either by selfing or out-crossing, will involve 

heterozygotes. As a consequence, genotypic proportions will be similar under both types 

of mating, namely approximately 25% for each of homozygote and 50% for 

heterozygotes. In quantitative traits, inbreeding depression is quantified by the reduction 

in the mean that occur only under dominant genetic effects. In other words for traits with 

no dominance, no inbreeding depression is detected (Filho, 1999). It is therefore, 

suggested that search for parental material manifesting heterosis on crossing largely due 

to additive type of gene effects should be made. Such crosses retain vigour and even 

some times show increased vigour in subsequent generation (Mohan et al., 2012). The 

results regarding heterosis and inbreeding depression in sunflower for yield and oil traits 

are presented in Tables 19 to 25 and discussed in the following paragraphs. 

 
Seed germination percentage 

 
  The results on  the manifestation of heterosis and heterobeltiosis for seed 

germination percentage shown in Table 19 revealed that all the  F1 hybrids showed 

positive mid-parent heterosis as well as heterobeltiosis except that five crosses recorded 

negative heterobeltiosis. F1 hybrids like  HO-I x PAC-0306, HO-I x PAC-64-A and PAC-

0505 x PAC-0306 gave higher mid-parent and better parent heterosis for seed 

germination. High heterotic effects in these hybrids suggested that dominant or over-

dominant types of genes were involved for seed germination%.  The results of inbreeding 

depression for seed germination indicated that thought all the eighteen F2 hybrids showed 

low to moderate inbreeding depression (Table 20), yet the minimum inbreeding 

depression was noted in F2 progenies T-4- 0319 x SF-187, CMS-03 x SF-187 x CMS-03 
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x PAC-64-A. It is generally believed that hybrids which exhibit more vigour in F1 

correspondingly exhibit higher depression in F2 hybrids because of deterioration of 

dominant genes of F1s. The minimum depression in these hybrids may therefore be 

attributable to additive or additive x additive types genes involved for seed germination 

which showed less degradation of favourable alleles in F2 hybrids. The coupling linkages 

and occurrence of transgressive segregants might be  other explanations for less 

inbreeding  depression in such hybrids. 

 
Days to initial flowering 

 
  Sunflower is also a crop in which heterosis could be exploited 

considerably for better seed and oil yield production. Hybrids are more vigorous, self-

fertile and resistant to important foliar disease. Ten hybrids depicted  desirable negative  

heterotic effects for days to initial flowering (Table 19). The  desirable negative relative 

heterosis ranged from -1.61 to -21.26%  and  desirable negative better parent heterosis 

varied from -2.86 to -28.57%. On the basis of heterosis and heterobeltiosis, hybrids HO-I 

x PAC-0306, HO-I x PAC-64-A and Peshawar-93 x SF-187 were the most desirable 

hybrids by expressing higher mid-parent heterosis  and  better parent heterosis (Table 16). 

The high negative heterosis in F1 hybrids suggested that these hybrids involved dominant 

and over-dominant genes with  exhibited decreasing effect. Premalatha et al. (2006) and 

Khan et al. (2008a) reported that the best cross combinations  like TS-18 x TR-13 

exhibited negative heterosis (-3.06%) for early flowering and TS-18 x TR-6023 (-

37.91%) for early maturity. Among the F2 hybrids, all the progenies showed inbreeding 

depression which  ranged from -1.92% to -18.78% and such depression in F2 may due to  
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loss of heterozygosity and linkage disequilibrium.  The high inbreeding depression was 

observed in HO-I x PAC-64-A, HO-I x PAC-0306 and HO-I x SF-187 among the F2 

progenies, yet minimum inbreeding depression was noted in T-4-0319 x SF-187 for days 

to initial flowering (Table 20). The greater values of inbreeding depression revealed that 

dominant or over dominant genes with decreasing effect  advocated the expression of 

days to initial flowering, while less inbreeding depression in some  F2 hybrids may be due 

additive genes  or involvement of trangressive segregants. 

 
Days to 75% flowering 

 
For days to 75% flowering, the number of days were counted from 

planting to the day when last row of disc flowers opened on 75% of the plants.  The 

heterotic effects regarding days to 75% flowering  presented in Table 19 indicated that 

nine hybrids recorded desirable negative heterosis, yet F1 hybrids like HO-I x PAC-0306 

gave the maximum  desirable negative  relative and heterobeltiosis followed by HO-I x 

SF-187 with high relative and heterobeltiotic effects. Similar to present findings, 

Gowtham  (2006) observed that majority of hybrids exhibited negative heterosis for days 

to 50% flowering and days to maturity. The inbreeding depression regarding days to 75% 

flowering depicted in Table 20 revealed that F2 progenies like HO-I x PAC-0306 PAC-

0505 x PAC-0306, HO-I x PAC-64-A and Peshawar-93 x PAC-64-A demonstrated 

higher inbreeding depressions. If these F2 hybrids open their flower earlier and produce 

higher yields could be the desirable ones. 
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Days to maturity 

 
Grain maturity in sunflower is an important selection criteria. Since rice 

and cotton follow sunflower, therefore farmers are interested in early maturing hybrids so 

that rice and cotton could be grown well in time ( Saleem et al. 2014). The proportion of 

negative heterosis were quite higher than the positive heterosis over mid parents as well 

as better parents which indicated that  F1 hybrids could be obtained for high seed 

production and early maturity. Negative heterosis is more utilized than the positive 

heterotic effects because negative values are the evidence of early maturity although 

positive values highlights maximum days in maturity causes delay in ripening and 

maturity. Three hybrids such as HO-I x PAC-0306, PAC-0505 x PAC-0306 and HO-I x 

PAC-64-A displayed the most desirable negative relative heterosis and better parent 

heterosis of for days to maturity respectively (Table 19). The maximum decreases over 

mid and better parents for days to maturity were also reported by Habib et al. (2007a). 

Cytoplasmic genes generally represent a neglected source of variation in inbreeding 

depression. Maternal age  however affects a wide diversity of traits in probably all 

taxonomic groups  thus has the potential to be an ecologically important to influence on 

patterns. The F2 progenies like T-4-0319 x PAC-0306, PAC-0505 x SF-187 and HO-I x 

PAC-64-A explicated maximum inbreeding depression for days to maturity (Table 20) 

however, T-4-0319 x SF-187 showed  lowest inbreeding depression among the eighteen 

F2 populations evaluated.  
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Number of leaves plant-1 

 
  In crop plants,  leaf is a source of food, therefore it is correctly called  as food 

manufactured industry, thus maximum number of leaves plant-1 prepare more food in 

plants which is supplied to flowers for healthy grain formation. However more number of 

leaves plant-1 also causes delay in maturity hence may prolong the vegetative growth but 

desirable number of leaves are still very important. Heterotic effects presented in Table 

21 indicated that most of the hybrids except one exhibited a fair amount of heterosis. Yet, 

the hybrids HO-I x PAC-0306, PAC-0505 x PAC-0306 and  HO-I x PAC-64-A 

manifested maximum positive relative heterosis and heterobeltiosis  for number of leaves 

plant-1. High heterosis in above crosses may be due to accumulation of more dominant 

genes, occurrence of heterozygosity to a greater number of loci and most importantly due 

to high x high, low x high and high x high good general combiner parents. It is generally 

expected that hybrids which express high heterosis in F1 hybrids also manifest high 

inbreeding depression due to loss of favourable dominant genes, recovery of more 

recessive alleles and  loss of heterozygosity. The F2 hybrids like Hysun-33 x SF-187  and 

Peshawer-93 x PAC-64-A  may be the most desirable ones in the sense that they recorded 

comparatively moderate inbreeding depression with  enough number of leaves to be 

productive if  F2 hybrids  are to be exploited for  hybrid vigour (Table 22). Results further 

suggested that these hybrids could be utilized to develop homozygous/pure sunflower 

lines with improved number of leaves plant-1 which could be used as potential parents in 

further breeding programmes. Ahmed et al. (2005) reported  high  inbreeding depression 

for leaves plant-1 which varied from -0.9 to 22.2%. Least inbreeding depression of 1.1% 
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was recorded for BRS-1 x RHA-365, whereas HAR-5 x RHA-822 exhibited the highest 

inbreeding depression of 22.2% for this character (Sajjad et al., 2005).  

 
Plant height 

 
  Negative heterosis for plant height is considered desirable in sunflower 

breeding because such hybrids would attained shorter plant height, hence they will be 

resistant to lodging and respond better to higher doses of inputs, specially inorganic 

fertilizers. Negative desirable heterotic effects were noted in  ten F1 hybrids over mid-

parent ranging from -0.14 to -28.12%  and better parent heterosis  from -1.71 to -40.98% 

(Table 21). Similar to our findings, Jarwar et al. (2004) recorded negative heterotic 

effects for plant height while Goksoy and Turan (2004); Hladni et al. (2005) and  Kaya 

(2005a) observed both negative and positive heterosis and heterobeltiosis which ranged 

from -8.4 to +16.3% and -21.3 to +3.4% for plant height. In present studies, the positive 

mid-heterosis varied from 23.46 to 59.06 and better parent from 11.47 to 45.90%. 

Abdullah et al. (2010)  observed significant heterosis among experimental hybrids varied from 

12.1 to 26.2% for plant height. The inbreeding depression for plant height varied from -

3.34% to -26.27% which is in  the lowest range of inbreeding depression indicated more 

heterozygous loci and lower degradation of dominant or over-dominant type of genes  

involved in F2 populations. The higher inbreeding depression however were  recorded in 

F2 hybrids HO-I x PAC-64-A, HO-I x PAC-0306 and PAC-0505 x PAC-0306. Whereas, 

lower inbreeding depression was noted in  PAC-0505 x SF-187 (Table 22) attributable to 

less degradation of favourable dominant genes. 
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Head diameter 

 
Head and capitulum diameter is considered as an economic agronomic 

trait. Its size in sunflower ranges from 15.0 to 30.0cm. Bigger heads are expected to set 

more number of seeds, hence contribute positively in increasing seed yield. All the F1 

hybrids demonstrated fair amount of heterosis for head diameter (Table 21). Sixteen F1 

hybrids exhibited positive relative heterosis varying from 5.88 to 54.29% while fifteen F1 

crosses showed positive heterobeltiosis (5.26 to 50.00%). The superior hybrids were HO-

I x PAC-0306, PAC-0505 x PAC-0306 and T-4-0319 x PAC-0306 which gave maximum 

relative and  better parent heterotic effects.  The high heterotic effects   of above hybrids 

may be due to additive x additive type of genes or  complementary effect of additive 

genes because such crosses involved parents with high x high, high x high and high x low 

general combiners respectively.  Parameswari et al. (2004) obtained positive heterosis for 

yield, head diameter in  five F1 hybrids and observed that those hybrids were superior in 

per se performance, specific combining ability and heterosis for seed yield. The positive 

heterosis from 25.6 to 58.3% for head diameter was reported by Abdullah et al.  (2010). 

The results  for head diameter depicted in Table 22 demonstrated that some of  the F2s  

recorded transgressive segregants hence gave no decline in head diameter.  No inbreeding 

depression from F1 to F2 hybrids was recorded in the crosses T-4-0319 x SF-187, PAC-

0505 x SF-187,  HO-I x SF-187  and Hysun-33 x SF-187. No inbreeding depression in 

these hybrids suggested that such hybrids carried most of the additive genes. Other  F2 

hybrids like T-4-0319 x PAC-0306, Peshawer-93 x PAC-0306 and PAC-0505 x PAC-64-

A ranked as a next group which displayed relatively less inbreeding depression. In 
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consonance to our findings, Sajjad et al. (2005) observed inbreeding depression from F1 

to F2 ranging from 8.7 to 48.1% head diameter. 

 
Number of seeds plant-1 

 
Number of seeds plant-1 is  a major yield contributing trait because more 

number of seeds set per plant  correspondingly increase seed yield plant-1.  Majority of the 

F1 hybrids manifested positive heterotic effects (Table 21). The high mid-parent 

heterosis, however was noted in the hybrids PAC-0505 x SF-187, Peshawar-93 x PAC-

0306 and Peshawar-93 x SF-187 with  heterotic values of 38.75%, 31.06% and 27.38% 

while same hybrids also exhibited comparatively high heterobeltiosis of 31.25%, 20.51% 

and 23.02%, respectively. However the hybrid HO-I x SF-187 recorded maximum better 

parent heterosis while other combinations T-4-0319 x SF-187 and HO-I x PAC-0306 

showed a fair amount of relative heterosis and heterobeltiosis  for seeds plant-1. In terms 

of genes responsible for heterosis in above three hybrids may be due to complementary 

effect of additive genes, dominant genes and additive x additive genes. Kaya (2005a) 

observed  high amounts of heterosis and heterobeltiosis which ranged from -16.5 to 

+46.9% for number of seeds  head-1,  while  Abdullah et al. (2010)  observed heterosis in 

the range of 25.9 to 134.7% for number of seeds head-1. Though inbreeding depression 

occurred in most of the F2 hybrids, yet some hybrids like T-4-0319 x SF-187, PAC-0505  

x SF-187, HO-I x SF-187, Hysun-33 x SF-187 and peshawer-93 x PAC-64-A gave no 

decline in seeds plant-1. No decline in F2s may be attributable to tight linkages between 

favourable genes or occurrence of transgressive segregants. 
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1000-achene weight 

 
Bolder seeds  are thought  to give maximum 1000-achene weight, 

consequently varieties produce higher yield plant-1. Heterotic effects depicted in Table 21 

indicated that majority of the F1 hybrids expressed positive  relative heterosis in the range 

of 0.63 to 41.16% and heterobeltiosis from  3.02 to 39.53%. The magnitude of high 

positive mid-parent and better parent heterosis were much higher than their 

corresponding negative heterosis. Among the F1  hybrids,  the top three hybrids were 

noted as HO-I x PAC-0306, HO-I x PAC-64-A and T-4-0319 x PAC-0306  with  high 

relative heterosis  and heterobeltiosis for 1000-achene weight. High heterosis in the 

above hybrids involved parents with high x high, high x high and low x high  GCA 

effects respectively suggested additive and complementary additive genes were 

responsible for expressing high heterotic effects in above hybrids. For 1000-seed weight, 

the heterosis values ranging from 26.5% and 48.8% relative to parental average were 

reported by Hladni et al. (2007). High percentage of heterosis in the range of 79.9 to 

173.1% for 1000 seed weight  was noted by Abdullah et al. (2010).  Similar to other 

traits, 1000-achene weight also displayed lower percent of inbreeding depression (Table 

22). The lower inbreeding depression was observed in F2 hybrids  such as Hysun-33 x 

SF-187,  HO-I x  SF-187,  PAC-0505 x SF-187 and  T-4-0319 x SF-187. Lower 

degradation of dominant genes in F2 or the involvement of  additive genes may have 

contributed  in these F2  hybrids. Other group of F2s such as  T-4-0319 x PAC-64-A, 

CMS-03 x PAC-64-A and PAC-0505 x PAC-64-A showed moderate inbreeding 

depression of -17.94, 15.99 and -15.92%, respectively. 
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Seed yield plant-1 

 
At present, the yield of sunflower reached at sluggish level. To develop 

new superior  F1 hybrids,  the patch-up of good inbreds are utmost needed. Out of 

eighteen F1 hybrids evaluated, fifteen hybrids recorded positive heterosis for seed yield 

plant-1
.  Fourteen F1 hybrids manifested positive mid parent heterosis whereas twelve 

hybrids manifested better parent  heterosis revealing that  dominant and over-dominant 

type of genes were involved in theses hybrids for the expression of seed yield plant-1. The 

high heterotic effects were exhibited by hybrids HO-I x PAC-0306 over mid-parent 

heterosis followed by PAC-0505 x PAC-0306  and Peshawar-93 x PAC-0306.  While 

maximum heterobeltiosis (46.51%), nonetheless was expressed by the hybrid Peshawar-

93 x PAC-0306 (Table 23). The high heterobeltiosis was expressed by the parents with 

high x high general combiners revealing that additive x additive genes were advocating 

the expression of hybrid vigour. Similar to present results, Hladni et al. (2007) and 

Gowtham  (2006) reported positive and highly significant heterotic values over parental 

average as well as better parents for seed yield. High range of heterosis varying from 

109.8 to 218.3% for seed yield was also observed by Abdullah et al. (2010). Selfing 

increases homozygosity, means more gene pairs become identical due to their same 

ancestral genes. The over all inbreeding depression in seed yield plant-1 was quite higher 

than the other traits because yield being complex trait is highly influenced by both 

genetic as well as environmental factors. Some of the hybrids such as Hysun-33 x SF-

187, HO-I x  SF-187, PAC-0505 x SF-187 and T-4-0319 x SF-187  however  recorded no 

inbreeding depression rather they demonstrated increase in  seed yield plant-1 in F2s 

against the F1s (Table 24). Lower inbreeding depression may be due to tight linkages 
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between favorable dominant and additive genes or occurrence of transgressive segregants 

due to higher rate of recombination between genes. However,  F2 hybrids  like  HO-I x 

PAC-64-A, HO-I x PAC-0306 and PAC-0505 x PAC-0306 recorded  high inbreeding 

depression for the seed yield    plant-1.  Our results are partially in consonance with  Bajaj 

et al. (2003)  who observed significantly higher inbreeding depression for achene’s yield 

per plant (up to 49.81%).  

 
Seed yield kg ha-1 

 
Significant and desirable positive mid-parent heterosis was observed in 

fourteen F1 hybrids, while twelve hybrids manifested heterobeltiosis revealing that 

hybrids could produce higher seed yield due to dominant genes.  Superiority of hybrids 

over open-pollinated populations in terms of uniformity, productivity, yield stability, oil 

content and tolerance to pests and diseases shifted the breeding emphasis from population 

improvement to heterosis breeding. The pattern of the heterotic effects of seed yield 

plant-1 and seed yield kg ha-1 was similar (Table 23) but  heterotic values  of seed yield  in 

kg ha-1 were quite higher than the seed yield plant-1. Significant heterosis and 

heterobeltiosis values were observed for all the experimental hybrids in terms of 1000-

seed weight and seed yield as reported by Abdullah et al. (2010).  The hybrids HO-I x 

PAC-0306, PAC-0505 x PAC-0306 and HO-I x PAC-64-A expressed high relative 

heterosis of 104.74%, 78.39% and 76.57%  and heterobeltiosis  of 99.39%, 63.52% and 

61.75% respectively.  Present results are in agreement with those of Hladni et al. (2007) 

who reported that heterotic values for seed yield were significantly positive relative to 

parental average as well as better parents. Higher magnitude of average heterosis for seed 
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yield (kg ha-1)  was also noted by Gowtham  (2006). Khan et al. (2008a) obtained highest 

positive mid and high parent heterotic effects from hybrid TS-18 x 291RGI for yield ha-1.  

Inbreeding depression can be defined as the reduction in fitness of offspring derived from 

mating between relatives as compared to offspring developed from out-crossing. The F2 

progenies like Hysun-33 x SF-187, HO-I x  SF-187, PAC-0505 x SF-187  and T-4-0319 

x SF-187 demonstrated no inbreeding depression rather they  gave enhanced seed yield  

in F2s against the F1s (Table 24), hence these could be potential  F2 hybrids to increase 

seed yield kg ha-1. The  moderate inbreeding depression was recorded by F2 hybrids  like 

Peshawar-93 x PAC-0306 , Peshawar-93 x PAC-64-A, Hysun-33 x PAC-64-A with 

moderate depression values of -25.12%, -25.981% and -27.14%  respectively. Sajid et al. 

(2005) reported least inbreeding depression of 17% was observed for HAR-5 x HAR-2, 

whereas RHA- 387 x RHA-859 showed maximum inbreeding depression of 71% for yield.  The 

most susceptible hybrids to inbreeding depression were observed as HO-I x PAC-0306, 

PAC-0505 x PAC-0306, PAC-0505 x PAC-64-A and CMS-03 x PAC-0306 with 

depression values of -47.86%, -44.87%, -41.04% and -38.97%  respectively ( Table 21). 

The high inbreeding depression in F2s may be attributable to deleterious recessive genes 

or repulsion linkage disequilibrium.   

 
Oil content %  

 
   Oil content of grain can vary from 22 to 55% in sunflower and depends on 

hull to nut ratio. High oil content of sunflower varieties have higher kernel ratio than  low 

oil content varieties. Oil content is a quantitative trait under the high influence of 

environment effects and it is controlled by few genes with dominant heterotic effects. The 
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lines with high oil content, flower earlier, resistant to lodging and biotic and  abiotic 

stresses are more suitable for hybridization programmes. Sunflower cultivars with higher 

percentage of oil are needed for higher oil yield per unit area, therefore, highly significant 

and positive heterosis is desirable. From eighteen hybrids examined, 14 F1s recorded fair 

amount of positive mid-parent heterosis while 12 hybrids demonstrated positive 

heterobeltiosis (Table 23). The hybrids such as PAC-0505 x PAC-0306, HO-I x PAC-

0306 and PAC-0505 x PAC-64-A, however divulged maximum relative and better parent 

heterosis. Hence, for improving oil content in sunflower,  the above hybrids  may be 

exploited further. Yogeesh et al. (2007) succeeded in identifying the F1 hybrids CMS 

234A x I-98 and CMS 852A x I-98  which exceeded the standard control KBSH-1 and 

KBSH-44 for oil content. Present results are in consonance with those of Kaya (2005b) 

who recorded high positive heterosis and heterobeltiosis for oil yield and seed yield over 

standard heterosis. Oil content %  is polygenic trait which is controlled by major genes 

therefore, lowest inbreeding depression may be expected. Among the F2 progenies, 

inbreeding depression for oil content varied from -3.81 to -20.25% (Table 25). However,  

the  hybrids HO-I x SF-187,  PAC-0505 x SF-187 and CMS-03 x  PAC-0306 recorded 

minimum inbreeding depression for oil content. The lowest inbreeding depression in 

these hybrids could be due to additive genes involved in the expression of oil content.  

 
Oil yield kg ha-1  

 
The major objective in developing new hybrids is increasing grain yield 

and oil content of sunflower. Grain yield and grain oil content play a central role in oil 

yield production. Plant traits like days to 50 % flowering, days to maturity, plant height, 
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100-seed weight and oil content are very important in connection with oil yield (Rao, 

2013).  The  results on heterosis for oil yield kg ha-1 depicted in Table 23 suggested  that 

hybrids HO-I x PAC-0306 and PAC-0505 x PAC-0306 gave high relative heterosis  of 

nearly 200% and better parent heterosis of 182.47% for oil yield kg ha-1. Both the hybrids 

expressing high heterosis involved the parents with high general combining ability, hence 

additive x additive genes contributed to the expression of hybrid vigour. Other crosses 

viz., HO-I x PAC-64-A also gave fair amount of relative heterosis and heterobeltiosis.  

The extent of heterotic effects for oil yield kg ha-1 were greater than other yield and oil 

traits which indicated that oil yield may be improved in further generations through 

simple selection procedures. Present results are in  accordance with those of Gowtham 

(2006) who observed heterosis over mid parent, better parent and standard check and 

noted higher magnitude of average heterosis of 38.13% in oil yield kg ha-1.  Habib et al. 

(2006) also observed high positive heterosis over mid and better parents for oil yield. 

Out-crossing individuals transmit, on average, one copy of allele  being a mother and 

another dissimilar allele being a father parent to some individuals. The results in Table 25 

revealed that two F2 progenies HO-I x SF-187 and PAC-0505 x SF-187  manifested no 

inbreeding depression while  lower inbreeding depression was observed in T-4-0319 x 

SF-187 and Hysun-33 x SF-187. By and large, high inbreeding depression  ranging from 

-16.15 to -58.08% was recorded for  oil yield in  kg ha-1. Low inbreeding depression 

some how favour the development of F2 hybrids if feasible in sunflower breeding. 
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CHAPTER-VI 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS  

 
Summary 

 
Present research carried-out at experimental field of Oil Seeds Section, 

Agriculture Research Institute, Tandojam from 2008 to 2010. Six lines T-4-0319, PAC-

0505, HO-I, Hysun-33, Peshawar-93 and CMS-03 and three testers PAC-0306, PAC-64-

A and SF-187 were used in this study.  The crosses were attempted between  six females, 

actually B-lines and  three testers, thus 18 cross combinations were obtained. The crossed 

heads from eighteen F1 hybrids were collected, dried and threshed separately. The well-

filled seeds from each cross were separated for hybrids’ evaluation. In spring season-

2009 the F1s  alongwith parents and  in spring 2010 the  F2s were grown. Genetic 

parameters such as genetic variation, combining ability, heterosis, type of gene action, 

inbreeding depression, heritability and correlations for seed germination percentage, days 

to initial flowering, days to 75% flowering, days to maturity, number of leaves plant-1, 

plant height, head diameter, number of seeds plant-1, 1000 achene weight, seed yield 

plant-1, seed yield (kg ha-1), oil content and oil yield (kg ha-1) were determined for 

suitability of parents and their hybrids in breeding programmes. The experiments were 

carried-out in randomized complete block design with four replications during 2009 & 

2010 crop seasons. 

 
  From female lines, T-4-0319 recorded maximum seed germination, took 

minimum days to initial flowering and days to 75%  flowering, set more  number of seeds 

plant-1, produced maximum seed yield plant-1 and gave higher oil yields. While female 
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line Hysun-33 produced higher number of leaves plant-1, gave bigger heads and extracted 

maximum oil content, yet  PAC-0505 recorded bolder seeds with higher index value of 

53.17g and  also recorded highest seed yield  in kg ha-1. By and large, the lines CMS-03, 

Hysun-33, PAC-0505  and T-4-0319 performed very well for phenological, yield and oil 

traits, thus these lines may be preferred for further breeding programmes so as to develop 

new potential sunflower hybrids or composite varieties with improved maturity, yield 

production and oil contents.  

 
The tester parents are considered more desirable which determine general 

combining ability in early generations of hybrid  crop development programmes. In the 

present study, it is important to note that all the three testers/pollinators were more 

discriminating and separable for the characters under study (Table 5). The tester parent 

PAC-64-A gave higher seed germination, took minimum days to initial flowering, 

produced  more number of leaves plant-1,  recorded bigger heads and set more number of 

seeds plant-1. While SF-187 gave increased 1000-achene weight, gave maximum seed 

yield (kg ha-1), recorded higher oil content and  more oil yield  production. However, 

PAC-0306 produced desirably reduced plant height, was earlier in days to initial 

flowering and  days to 75% flowering and gave higher seed yield plant-1. From the 

parental performance, it may be predicted that parents which perform well as per se will 

also perform similar with other parents in cross combinations. 

 
Hybrid performance per se do not inevitably reveal as which parents are 

excellent or poor combiners when hybrid varieties become the main objective in 

sunflower breeding programmes. However, some of the hybrids prove similar as per se 
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and good general or specific combining ability. Mean values of the 18 F1 hybrids per se 

were  generally within the limits of the mean of the parents (Tables 6 and 7), however on 

an average, the F1 hybrids performed much better than their respective parents. The 

hybrid HO-I x PAC-0306 recorded the highest seed germination, simultaneously took 

minimum days to initial and 75% flowering, was earlier in maturity, produced more 

number of leaves   plant-1, recorded medium-tall  plants,  produced bigger heads, weighed 

bolder seeds with highest seed yield plant-1, gave maximum seed yield  in kg ha-1, 

extracted  higher oil  content and oil yield (kg ha-1). Yet  hybrids CMS-03 x PAC-0306 

recorded highest number of seeds plant-1; CMS-03 x PAC-64-A took maximum days to 

75% flowering and Hysun-33 x PAC-0306 was late in maturity. It is generally presumed 

that cross combinations with higher mean values, favourable specific combining ability 

(SCA) estimates and involving at least one of the parents with high general combining 

ability are likely to enhance the concentration of favourable alleles to improve the 

targeted traits and are suitable for sunflower hybrid crop development.  

 
  Genetic variability is  the important criteria for evaluation and selection of 

breeding material, however the parents with high breeding value may not necessarily 

transmit such characteristics to their progenies. Thus parental and hybrids’ combining 

abilities may be estimated  through combining ability analysis. The analysis of variance 

revealed highly significant differences among the genotypes, parents, parent vs crosses, 

crosses, lines, testers and lines x tester interactions  in F1 and F2 hybrids for all the 

characters studied (Tables 1 to 3). These results suggested the presence of substantial 

genetic variability for all the source of variations and for all the traits. The significant 

differences in the mean squares of genotypes, parents, parent vs. crosses and crosses 
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indicated that the data is worth for determining parental performance, hybrid evaluation, 

heterotic effects, inbreeding depression, heritability estimates and correlations. The 

significance of lines, testers and their interactions indicated that the results are 

appropriate for  determining general and specific combining ability variances and effects, 

specially additive type of genes  of lines and tester inbreds. Significant mean squares due 

to parent vs. crosses  revealed that heterotic effects exist for all the traits studied. Yet, the 

significant mean squares of lines x tester interactions  indicated the importance of 

determining specific combining ability of the hybrids and  also derive the information 

regarding dominance or non-additive type of variances and effects for all the traits 

studied. Present results revealed the occurrence of both additive and non-additive gene 

effects for  phenological, yield, yield components  and oil traits in sunflower. 

 
General combining ability (GCA) analysis  revealed that among the  six 

lines evaluated, HO-I manifested maximum GCA effects for seed germination, negative 

but desirable GCA effects for days to 75% flowering and days to maturity, higher and 

significant positive GCA for leaves plant-1, desirable negative for plant height, 

significantly higher positive for seeds plant-1,  seed yield plant-1 and seed yield (kg ha-1). 

Similarly, female line T-4-0319 exhibited  desirable negative GCA effects days to initial 

flowering, yet high positive GCA effects for head diameter and 1000-achene weight 

whereas PAC-0505 manifested high positive GCA effects oil content and oil yield (kg  

ha-1).  From tester parents, PAC-0306  recorded maximum positive GCA effects for seed 

germination, negative but desirable GCA estimates for days to maturity while it exhibited 

significantly positive GCA effects for number of leaves plant-1, seeds plant-1, 1000-

achene weight, seed yield (kg ha-1), oil content and oil yield  (kg ha-1), nonetheless, PAC-
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64-A expressed high positive GCA effects for head diameter. Based on the desirable and 

high GCA effects of lines HO-I, T-4-0319 and PAC-0505 and tester parents, PAC-0306  

and  PAC-64-A  were  found as the best general combiners for majority of the traits 

studied. Hence these lines and testers may be preferred for crossing programme to 

develop potential hybrids, synthetics, composites or even extracting potential inbred 

lines. The high general combining ability of lines and testers further suggested that they 

possess additive genes which are desirable for hybridization and selection programmes. 

 
Specific combining ability effects are very important estimates for 

determining the suitability of F1 hybrids. Among the eighteen F1 crosses assessed,  hybrid 

T-4-0319 x SF-187 exhibited higher positive SCA effects  for seed germination, seed 

yield kg ha-1, also gave  negative but desirable SCA effect for plant height;  HO-I x PAC-

0306 explicated maximum but desirable negative SCA effects for days to maturity while 

high positive SCA effect for leaves plant-1 and 1000-achene weight;  Peshawar-93 x SF-

187 for  days to initial flowering; Hysun-33 x PAC-64-A  for head diameter and  Hysun-

33 x SF-187 for oil content and oil yields (kg ha-1). The hybrids which manifested best 

specific combining ability is attributable to their dominant or over-dominant types of 

gene actions and are desirable for the exploitation of hybrid crop development or 

selection of transgressive segregants from later generations of selection. 

 
 General and specific combining ability  variances  (σ2 GCA and σ2 SCA), 

ratio of SCA: GCA variances, additive variance (σ2 A), dominance variance (σ2 D) and 

degree of dominance (σ2 D/ σ2 A) for different traits revealed  that variances due to 

specific combining ability  were higher than the general combining ability and degree of 
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dominance over unity suggested  the importance of dominant genes controlling the traits 

studied. The preponderance ratio of σ2 SCA/ σ2GCA is obviously greater than unity  also 

confirmed  the involvement of  super dominant genes advocating the expression of traits 

studied. The proportional contribution of variances due to lines, testers and their 

interactions indicated that the female lines had contributed normal maternal effects for 

seed germination %, days to 75% flowering, days to maturity, plant height and number of 

seeds plant-1  while the tester  parents denoted greater portion of paternal effects from 

total variance towards seed germination %, leaves plant-1, head diameter, 1000-achene 

weight , seed yield  plant-1 , seed yield (kg ha-1), oil content (%) and oil yield (kg ha-1).  

 
The success of any breeding endeavor relies upon the  presence of the 

plentiful of genetic variability for traits to be studied and should be amenable to selection. 

Thus, the knowledge of degree of genetic variability that is transferable to the progeny is 

referred to as heritability. From a total genetic variability, it is only additive variance and 

additive genes which pass from one generation to the next. The heritability estimates in 

narrow sense for various plant traits of sunflower are depicted in Table 23. The 

heritability estimates in F1s varied from 1.28 to 47.68% . These heritability estimates are 

generally low which is due to higher portion of dominant  variances and dominant genes 

against the additive variances and additive genes influencing quantitative traits  studied. 

The heritability estimates for seed germination%  was recorded as  h2 = 28.61%;  days to 

initial flowering (h2 = 2.77%); days to 75% flowering (h2 = 1.28%); days to maturity (h2 

h2= 1.29%); number of leaves plant-1 (h2 = 25.66%); plant height (h2 = 3.12%); head 

diameter (h2 = 26.23%); number of seeds plant-1 (h2 = 2.61%); 1000-achene weight (h2 = 

30.63%); seed yield plant-1 (h2 = 20.39%) and seed yield in (kg ha-1) (h2 = 25.34%). 
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While oil content % and oil yield in (kg ha-1) estimated  relatively  higher heritability of 

h2=47.68% and 32.72%), respectively.  The lower heritability estimates for majority of 

the traits suggested that selection for such traits may be meaningful in later filial 

generations while giving the opportunity to recombination between desirable genes to 

occur.  

 
Strong correlations and higher heritability estimates of economically 

important traits are highly desirable genetic parameters in breeding and selection 

programmes . The ambition of plant breeders is to acquire the knowledge on the extent of 

relationship between phenological, seed yield and its components, oil content and oil 

yields which ultimately will enhance selection efficiency of desired traits. Correlation 

coefficients (r)  were calculated from F1 hybrid data presented in Table-24 for yield and 

oil traits in sunflower. Seed germination (%)  exhibited significantly positive correlations 

with number of leaves plant-1, head diameter, number of seeds plant-1, 1000-achene 

weight, seed yield plant-1, seed yield (kg ha-1), oil content and oil yield (kg ha-1). The 

positive association of seed germination with other traits indicated that vigour in  hybrid 

seeds  gave higher seed germination percentage which produced plants with more number 

of leaves plant-1,  bigger head diameter, higher1000- achene’s weight, more seeds plant-1 

and seed yield and higher oil content and oil yield. While negative correlation of seed 

germination with days to initial flowering and days to maturity  suggested that  vigorous 

seeds produced vigorous plants which could be late in opening  to initial flower. Highly 

significant and positive correlations were observed between number of days to first 

flowering and number of days to 50% flowering; number of days to flowering and days 

to initial flowering  were positively associated with days to 75% flowering, days to 
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maturity and plant height. Positive associations between phenological traits revealed that 

a plant which takes less days to initial flowering also tends to take less number of days to 

75% flowering. Further more, days to maturity  was positively associated with plant 

height only, yet significant but negatively correlated with 1000-achene weight, seed yield 

plant-1, seed yield (kg ha-1) and oil yield (kg ha-1). Negative association of days to 

maturity with  yield and oil traits has already been reported in many crop species. It is 

possible that early maturing plants may not complete full growth and development in 

terms of plant  and seed for obtaining higher seed yields and oil yields. 

 
Number of leaves plant-1 displayed strong associations with head diameter, 

number of seeds plant-1, 1000-achene weight, seed yield plant-1, seed yield in kg ha-1, oil 

content and oil yield in kg ha-1 (Fig. 1a).  These positive associations may be attributable 

to greater  higher photosynthesis in leaves. Plant height did not show any significant 

relationship with number of seed plant-1, 1000-achene weight, seed yield and oil yield (kg 

ha-1). Vigorous and taller plants may produce bigger heads as revealed from their positive 

correlations but again bigger heads with taller plants may not necessarily give higher 

number of seeds plant-1, more yield, and  higher oil contents. Non-significant correlations 

of plant height with yield and oil content traits indicated that plant height show little 

concern with other traits except head diameter. The head diameter manifested strong 

associations with 1000-achene weight, seed yield plant-1, seed yield (kg ha-1), oil content 

and oil yield (kg ha-1), yet moderately associated with number of seeds plant-1. High and 

positive associations of head diameter with yield and oil related traits suggested that 

increased head diameter will lead to higher seed and oil yields. Hence head diameter can 

serve as a good selection criteria to increase the above  traits.  The yield traits like 
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number of seeds plant-1 exhibited significant but moderate correlations seed yield-1, seed 

yield in kg ha-1, oil content (%) and oil yield in kg ha-1. The moderate correlations of 

seeds plant-1 with seed yield  and oil traits indicated that more number of seeds plant-1 

does not guarantee for higher yield may be due to less 1000-achene weight.  

 
The 1000-achene weight recorded high positive associations with seed 

yield plant-1, seed yield (kg ha-1), oil content (%), and oil yield (kg ha-1). The positive and 

strong correlations of 1000-achene weight with yield and oil traits suggested that 

increasing seed size is the main yield component which can reliably be used to increase 

other important traits in sunflower.  Seed yield plant-1  also  expressed strong associations 

with seed yield (kg ha-1), oil content (%), and oil yield (kg ha-1), whereas seed yield in kg 

ha-1  also showed very strong associations with oil content % and oil yield in kg ha-1. It is 

very obvious from the correlations that increase in seed yield plant-1 will lead to increase 

oil yield in kg ha-1 and oil yields also. The oil content presented high correlation with oil 

yield (kg ha-1). Generally, our correlation results suggested that leaves plant-1, head 

diameter and 1000-achene weight have shown strong associations with seed and oil 

yields, hence leaves plant-1, head diameter and 1000-achene weight may be used as the 

most reliable criteria to improve oil content and seed yield in sunflower. While seed yield 

plant-1 also  demonstrated strong association with seed yield kg ha-1, oil content (%) and 

oil yield (kg ha-1) and seed yield (kg ha-1)  also showed strong association with oil content 

% and oil yield in kg ha-1 and between oil content and oil yield in kg ha-1. 

 
Sunflower is also a crop in which heterosis is being exploited considerably 

for better seed and oil yield production. Contrary to heterotic effects, inbreeding 
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depression is common in natural plant populations, thus it is important to raise a question 

as whether environmental conditions can affect the degree of suitability of inbreds and 

outcross individuals. Inbred offspring often have a disadvantage in fitness as compared to 

progeny from out-breeding. This phenomenon known as inbreeding depression is 

especially common in predominantly out-crossing plant species like sunflower. 

 
At least two F1 hybrids, HO-I x PAC-0306 , HO-I x PAC-64-A,  (Tables 

19, 21 and 23) exhibited maximum positive relative and better parent heterosis for seed 

germination; desirable negative mid and better parent heterosis for days to initial 

flowering, days to 75% flowering and days to maturity.  The desirable positive heterotic 

effects were also manifested for number of leaves plant-1 while negative desirable 

heterosis for plant height; head diameter; seeds plant-1; 1000- achene’s weight; seed yield 

plant-1; seed yield in  kg ha-1;  oil content and oil yield in kg ha-1.  

 
Inversely to hybrid vigour, inbreeding depression can be defined as the 

decline in vigour due to homozygosity at various loci. The results of inbreeding 

depression  for phenological, seed yield and oil traits are presented in Tables 19 to 22. 

The  F2 hybrids  such as T-4- 0319 x SF-187, CMS-03 x SF-187 and CMS-03 x PAC- 64-

A recorded the minimum inbreeding depressions for seed germination. The  desirable 

high inbreeding depression was observed in  hybrids HO-I x PAC-64-A, HO-I x PAC-

0306 and HO-I x SF-187  for  days initial flowering while HO-I x PAC-0306, PAC-0505 

x PAC-0306, HO-I x PAC-64-A and Peshawar-93 x PAC-64-A  recorded  high  but 

favourable inbreeding depressions for days to 75% flowering; T-4-0319 x PAC-0306, 

PAC-0505 x SF-187 and HO-I x PAC-64-A explicated maximum but rewarding 
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inbreeding depression for days to maturity. The F2 hybrids Hysun-33 x SF-187  and 

Peshawer-93 x PAC-64-A  may be the most desirable ones in the sense that they recorded 

comparatively moderate inbreeding depression with  enough number of leaves to be 

productive if  F2 hybrids  are to be exploited for  hybrid vigour. For plant height, dwarf 

plants are considered desirable due to resistant in lodging, thus higher inbreeding 

depression in F2 hybrids HO-I x PAC-64-A, HO-I x PAC-0306 and PAC-0505 x PAC-

0306 may be  suitable if such hybrids are exploited  for heterosis in F2s.  No inbreeding 

depression from F1 to F2 hybrids was recorded in the hybrids T-4-0319 x SF-187, PAC-

0505 x SF-187, HO-I x SF-187  and Hysun-33 x SF-187 for head diameter. No 

inbreeding depression in these hybrids suggested that such hybrids carried most of the 

additive genes for head diameter. Though inbreeding depression occurred in most of the 

F2 hybrids for  seeds plant-1, yet some  of the F2 hybrids like T-4-0319 x SF-187, PAC-

0505  x SF-187, HO-I x SF-187, Hysun-33 x SF-187 and peshawer-93 x PAC-64-A gave 

no decline in seeds plant-1 of  these F2 hybrids. The lower inbreeding depression was 

observed for 1000-achene weight in F2 hybrids  such as Hysun-33 x SF-187,  HO-I x  SF-

187,  PAC-0505 x SF-187 and T-4-0319 x SF-187.   The  same hybrids  as  mentioned 

above recorded no inbreeding depression rather they demonstrated increase in  seed yield 

plant-1 and seed yield (kg ha-1)  in F2s against the F1s. No inbreeding depression may be 

due to tight linkages between favorable dominant or additive genes or  development of 

transgressive segregants in F2 hybrids.  Among the F2 progenies, inbreeding depression 

for oil content varied from -3.81 to -20.25%,  however,  the  hybrids HO-I x SF-187, 

PAC-0505 x SF-187  and CMS-03 x  PAC-0306 recorded minimum inbreeding for oil 

content.  Two F2 progenies like HO-I x SF-187 and PAC-0505 x SF-187  manifested no 
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inbreeding depression while  low inbreeding depression was observed in  T-4-0319 x SF-

187  and Hysun-33 x SF-187 for oil yield (kg ha-1) . Low inbreeding depression  for 

various traits indicated that such hybrids some how favour the  usefulness of F2 hybrids 

in sunflower. 

 
Conclusions 

Following conclusions could be drawn from the present study: 

1.  By and  large, female lines T-4-0319, Hysun-33  and PAC-0505  and pollinators SF-

187  and PAC-0306 performed very well for phenological, yield and oil traits, thus 

these lines may be utilized for further breeding programmes so as to develop new 

potential sunflower hybrids, composites  or synthetics with improved maturity, yield 

production and oil contents.  

2. The significant mean squares for genotypes, parents, crosses and parent vs. crosses 

indicated that the data is worth for determining parental performance, hybrid 

evaluation, heterotic effects, inbreeding depression, heritability estimates and 

correlations. 

3. The significant mean squares due to  lines and testers  indicated the importance of 

general combining ability variances and effects, specially additive type of genes of 

lines and tester inbreds. 

4. Significant mean squares due to parents vs. crosses revealed a good scope of heterotic 

effects  for all the traits studied. Yet, the significant mean squares of lines x tester 

interactions  indicated the importance of  specific combining ability of the hybrids 

and important role of dominant or non-additive type of variances and effects for  

phenological, yield, yield components  and oil traits in sunflower. 
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5. General combining ability estimates  revealed that female lines HO-I, T-4-0319  and  

PAC-0505 and tester parents PAC-0306  and  PAC-64-A  were  found as the best 

general combiners for  early maturity, yield and oil traits, hence these parents  with 

additive genes may be preferred for hybridization programmes so as to develop 

hybrids, synthetics and composites or extracting potential inbred lines. 

6. Specific combining ability effects are very important estimates for determining the 

suitability of F1 hybrid crop development.  From F1 hybrids evaluated, the hybrids T-

4-0319 x SF-187 exhibited higher positive SCA effects  for seed germination, seed 

yield kg ha-1, also gave desirable negative SCA effect for plant height; HO-I x PAC-

0306 explicated maximum but desirable negative SCA effects for days to maturity, 

while high positive SCA effect for leaves plant-1 and 1000-achene weight;  Peshawar-

93 x SF-187 for  days to initial flowering; Hysun-33 x PAC-64-A  for head diameter 

and  Hysun-33 x SF-187 for oil content and oil yield (kg ha-1). 

7. General and specific combining ability  variances  (σ2 GCA and σ2 SCA), ratio of 

SCA: GCA variances, magnitude of additive variance (σ2 A), dominance variance (σ2 

D) and degree of dominance (σ2 D/σ2A) for different traits revealed that variances due 

to specific combining ability were higher than the general combining ability and 

degree of dominance over unity suggested  the importance of dominant genes 

controlling the traits studied. 

8. Four hybrids  HO-I x PAC-0306,  HO-1 x PAC-64-A, PAC-0505 x PAC-0306 and 

Peshawer-93 x PAC-0306 exhibited high  positive heterotic effects for most of the 

yield and oil traits while the same hybrids manifested desirable negative heterosis for 
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phenological traits and plant height, hence above hybrids are suitable for hybrid crop 

development. 

9. The heritability estimates are generally low to moderate which is due to greater 

portion of dominant variances and dominant genes against additive ones. These 

results suggested that selection for such traits may be exercised in later filial 

generations while giving the opportunity to recombination between desirable genes to 

occur. 

10. Generally, our correlation results suggested that leaves plant-1,  head diameter and 

1000-achene weight have shown strong associations with seed and oil yields, hence 

these  traits may be used as the most reliable selection criteria to improve oil content 

and seed yield in sunflower. 

 
Recommendations 

 
1. The sunflower inbred lines like HO-I, T-4-0319, PAC-0505, PAC-0306 and PAC-

64-A  were  found as the best general combiners, hence  are the suitable parents 

for sunflower breeders and seed companies to develop potential hybrids, 

synthetics and composite varieties.  

2.  Hybrids  such as HO-I x PAC-0306,  HO-1 x PAC-64-A, PAC-0505 x PAC-0306 

and Peshawer-93 x PAC-0306 which have expressed high heterosis/vigour in F1s 

for majority of the traits may be recommended hybrid crop development in 

sunflower. 

3. Some of the hybrids like T-4-0319 x SF-187, PAC-0505  x SF-187, HO-I x SF-

187 and Hysun-33 x SF-187 and peshawer-93 x PAC-64-A which still manifested 
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hybrid vigour in F2  for yield and oil traits can be exploited further and may be 

considered for F2 sunflower hybrids  development. 
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