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Abstract  Article Info 

Genetic variability among plants of a population is a precondition for a successful crop 

improvement strategy. Sunflower is an important oil crop to humans primarily for edible oil, and 

other purposes. Sunflower improvement showed a significant change from the past to the present 

to become one of the most significant oil crops. Considerable improvement has been made in oil-

type sunflower from domestication to sophisticated research findings in its breeding, and 

genetics. Recently sunflower research has advanced to biotechnological tools of CRISPR-Cas9 

techniques with different approaches contributing to modern breeding and genetics to change the 

genetic constitution and phenotypic structure of sunflower. So far sunflower improvement work 

and evaluating the genetic variability and associated studies are the basis for sunflower breeding 

for future improvement works. A review of studies done by scholars on genetic variability and 

morphological characterization of cultivated oil-type sunflower for economically important traits 

is the target and motivation of this paper. 
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Introduction 

 
The fourth important oilseed crop, sunflower, belongs to 

the Asteraceae family (Heiser, 1978; Hu et al., 2010). 

Sunflower is a high-quality and nutritional edible 

premium oil adopted and accepted worldwide. Genetic 

variability is a prerequisite to embarking on any breeding 

program and the presence of basic information on 

genetic variability is important to plan breeding strategy 

and make effective selection for desirable traits. 

Variations are very precious for any breeding program 

(Hussain et al., 2015) as the success of a breeding 

program mainly relies upon the extent of variation 

present in a genotype for yield and its contributing traits 

(Qamar et al., 2015). According to Sowmya et al., 

(2010), genetic variability present in a population can be 

used effectively as the gene pool of breeding programs 

managed well. Thus, during selection for yield, more 

consideration has to be given to those attributes with low 

environmental variability. Yield being a complex 

character is collectively influenced by various 

component traits that are polygenically inherited (Cooper 

et al., 2005; Falconer, 1989; Falconer, 1996). Heritability 

estimations are key to determining the relative heritable 

portion in variation and thus help plant breeders in 

selecting the elite inbred from a diverse population. 

During selection, it’s important to consider heritability, 

genetic gain, and also genetic advance for the total 

existing genetic variability in a population (Allard, 

1999). It’s important to show the real correlation of 

economic yield with other related traits to support the 

selection efficiency using association. Path coefficient 
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analysis facilitates the partitioning of correlation 

coefficients into the direct and indirect effects of 

economic traits on achene yield. So, the coefficients of 

variation expressed at phenotypic and genotypic levels 

are used to compare the variability observed among 

different characters. A significant source of variation has 

been reported by different scholars for achene yield and 

the number of seeds per head and yield components 

(Virupakshappa and Sindagi, 1988; Zain, 2015). 

Therefore, improvement in yield cannot be achieved 

through simple phenotypic selection because of its 

polygenic nature and low heritability estimates. High 

heritability is needed to execute an effective selection 

scheme for the trait of interest. Heritability along with 

genetic advance is more reliable than heritability alone 

(Johnson et al., 1955). Understanding the association of 

traits and variability among genotypes helps the breeders 

formulate effective selection procedures and identify 

traits that may help for the indirect selection of grain and 

oil yield. So, Genetic improvement of existing cultivars 

cannot be made without access to new germplasms for 

introgression. The success story of any breeding program 

shows the existence of sufficient genetic variability and 

divergent genotypes to work effectively in selection or 

hybridization. So, the objective of this paper is to review 

important scholarly works about these aspects of 

sunflower has been discussed here under the following 

heads. 

 

Literature Review 

 

Sunflower Genetic Variability 
 

Multivariate analysis has been considered an important 

means of measuring the degree of genetic divergence 

(Rao, 1952). Genotypes from different localities are 

generally included in the hybridization programs 

assuming genetic diversity and greater likelihood of 

recovering promising segregates. However, according to 

Murthy and Anand's (1966) report, there is no 

parallelism between geographical and genetic diversity. 

Genetic variability is the most important feature of any 

base population. Genetic variability is the tendency of 

individual genetic characteristics in a population to vary 

from one another and the potential of a genotype to 

change or deviate when exposed to environmental or 

genetic factors. Genetic variability in population is the 

prerequisite for response to selection in any crop 

improvement program. Hence the estimates of genetic 

variability are of immense value in identifying the 

superior genotypes. The magnitude of variability present 

in a gene pool of a crop species is of utmost importance 

to plant breeders for starting a sensible plant breeding 

program. Researchers globally collect germplasm from 

various Agro-climatic regions and evaluate and 

characterize them to generate genetic variability. Both 

genetic and environmental factors contribute to variation 

among individuals (George, 2002). According to Siva 

Subramanian and Menon (1973), genotypic coefficients 

of variance (GCV) and phenotypic coefficients of 

variance (PCV) Values of any genetic variability study 

greater than 20% are high, less than 10% are low and 

between 10 % and 20 % are medium.  

 

According to Sujatha et al., (2002), fifty-one inbreed 

lines with three sunflower genotypes showed significant 

variation for quantitative traits. Similarly, Seneviratne et 

al., (2003) studied 200 sunflower lines and reported a 

high PCV and GCV for plant height, head diameter, 

number of days to 50 % flowering, number of days to 

maturity, 100-seed weight, seed yield, and oil yield. 

According to Rajeswari (2004), 16 sunflower genotypes 

were evaluated using 10 morphological characters that 

showed significant differences and also had high PCV 

and GCV for major traits of interest. Also, a genetic 

variability study done by Khan et al., (2007) for 

important agro-morphological characters using 32 

genotypes showed a significant difference in all 

characters except days to maturity and GCV was low in 

all the studied characters but high heritability coupled 

with genetic advance of mean were recorded for Seed 

yield per plant. Inversely, Arshad et al., (2007) reported 

high heritability for days to flower initiation, completion, 

and plant height, while head diameter and seed yield had 

low heritability.  

 

According to Khan et al., (2007), PCV was higher than 

the genotypic coefficient of variation for all the traits of 

interest. High heritability estimates were observed for oil 

content, 1000-seed weight, days to maturity, and plant 

height, while seed yield, number of seeds per head, and 

days to flowering depicted low heritability values. High 

genetic advance was recorded on plant height, number of 

seeds per head, seed yield, and oil yield as well. A 

similar study done by Arshad et al., (2010) revealed high 

heritability associated with high genetic advance for days 

to flower initiation, days to maturity, plant height, and 

seed yield while the characters having low heritability 

were head diameter and seed yield. A similar study done 

by two scholars reported genetic variability studies in 27 

sunflower genotypes, 26 germplasm lines and one check, 

high heritability with high genetic advance was recorded 

for the number of unfilled seeds per head, seed yield per 

plant, plant height, and 100-seed weight, while high 
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heritability along with low genetic advance was observed 

for oil content, days to 50%flowering, hull content and 

days to maturity. Also, high values of PCV and GCV 

were observed for the number of unfilled seeds per head, 

seed yield per plant, plant height, 100-seed weight, and 

number of filled seeds per head (Kalukhe et al., 2010; 

Khoufi et al., 2013). 

 

Tyagi et al., (2010) evaluated twenty-two sunflower 

genotypes for different quantitative traits of interest and 

highly significant differences were observed among the 

genotypes for all traits considered. A slight increase of 

genotypic correlation coefficients over the corresponding 

phenotypic correlation coefficients was observed for all 

the character combinations. Similarly, Makane et al., 

(2011) evaluated 79 recombinant lines of, Morden and 

EC-68415, sunflower varieties for nine quantitative 

traits, and considerable variability was noticed for days 

to maturity, plant height, test weight, and seed yield per 

plant. Also, high GCV was observed for hull content, 

seed yield per plant, plant height, test weight, and oil 

content. The genetic advance expressed as a percent of 

mean was high for hull content, seed yield per plant, and 

plant height, whereas it was moderate for test weight, oil 

content, and head diameter and low for days to maturity 

and days to 50% flowering. High heritability was 

recorded for plant height and hull content, followed by 

seed yield per plant, oil content, and test weight, and 

moderate for head diameter and days to maturity. Also, 

this study confirmed high genotypic and phenotypic 

variances for seed yield, plant height, and oil content. 

High heritability and genetic advance were recorded for 

oil content and seed yield whereas plant height and 

capitulum diameter exhibited low genetic advance.  

 

Ten genotypes of sunflower evaluated for different 

agronomical and seed quality characters showed highly 

significant differences observed for all the characters. 

Plant height, oil content, protein content, and seed yield 

per head showed high heritability with moderate genetic 

advance (Hassan et al., 2012). This study was also 

confirmed by Iqbal et al., (2013). A diversity study done 

using 18 sunflower inbred lines involving alloplasmic 

CMS lines, conventional CMS, and restorer lines using 

twenty traits showed significant variability among the 

germplasm lines (Tyagi et al., 2013; Madhavilatha et al., 

2017). Recently similar findings also reported by Abu 

(2019) and Lagiso et al., (2021), 25 sunflower 

genotypes, were evaluated for Agro-morphological traits 

of interest and reported highly significant to significant 

differences for all characters except petiole length, stem 

diameter, and ray floret number. Additionally, the 

authors reported high GCV and PCV values were 

recorded for oil yield and seed yield per hectare and also 

GCV was low for all traits except oil yield and number 

of seeds per plant which showed medium GCV. 

 

Heritability (H
2
), Genetic Advance, and Genetic 

Advance of Mean 

 

Heritability represents the ratio between genetic and all 

factors (including non-genetic ones) that influence the 

variability (Bernardo, 2002). Heritability estimates aid in 

determining the relative amount of heritable portion in 

variation and thus help plant breeders in selecting the 

elite inbreds from a diverse population. Phenotypic and 

genotypic variance, heritability along genetic advance 

have been used to assess the magnitude of variance in 

sunflower breeding material. Heritability percentage 

estimates from total genetic variance without taking into 

consideration the components of genetic variance are 

referred to as heritability in the broad sense because it 

estimate heritability based on all genetic effects. 

Heritability expressed as a percentage of the additive 

component of variance is referred to as narrow sense 

heritability. It indicates the effectiveness with which the 

selection of phenotypes can be based on phenotypic 

performance. If heritability were 100% then phenotypic 

performance would be a perfect indication of genotypic 

value. The response of selection for qualitative 

characteristics is directly proportional to the function of 

its heritability and its genetic variance Johnson et al., 

(1955). To start an efficient breeding program 

heritability estimation and genetic advances are core and 

basic (Atta et al., 2008). Genetic advance alone also has 

some gaps to show the expected selection impact 

because it indicates the magnitude of genetic gain from a 

selection (Hamdi et al., 2003). Heritability value alone 

may not give a clue of breeding value but heritability 

with genetic advance is more effective and reliable in 

depicting the cumulative effect of selection 

(Ramanjinappa et al., 2011).  

 

Heritable variation cannot be determined with the high 

genetic coefficient of variation alone and for greater 

heritability, the heritability estimates as well as the 

genetic advance are essential. At the gene level, broad 

sense heritability is the proportion of the total variance 

that is attributable to the average effects of genes and this 

is what determines the degree of resemblance between 

relatives. Heritability of a trait does not depend only on 

genetic factors; it also depends on the environmental 

effects to which an individual is subjected (Falconer, 

1996). Less genetic gain is expected through selection in 
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characters depicting high heritability estimates with low 

genetic advance while considerable genetic gain is 

expected through selection for traits possessing high 

GCV, moderate heritability, and high genetic advance 

(Patil et al., 1996).  

 

According to Johnson et al., (1955), heritability values of 

more than 60% are regarded as high whereas, values less 

than 30% are considered to be low and values between 

30% and 60% are to be moderate. Johnson et al., (1955) 

also predicted genetic advance as the percent of the mean 

(GAM) was categorized as high (>20%), moderate (10-

20%) and low (0-10). 

 

Taking into consideration the importance of heritability, 

different workers estimated heritability in sunflower. 

Hassan et al., (2012) conducted heritability studies on 10 

genotypes of sunflower and reported high heritability 

with moderate genetic advance for plant height, oil 

content, protein content, and achene weight per head. 

Similarly, Iqbal et al., (2013) estimated the heritability 

and genetic advance in 10 genotypes of sunflower and 

reported moderate heritability with high genetic advance 

as a percent of the mean for total leaf area and achene 

weight. Premnath et al., (2014) reported high heritability 

and high genetic advance as a percent of the mean for 

plant height, head diameter, and seed yield per plant in 

two back cross populations of sunflower. 

 

Correlation and Path Analysis 
 

In plants, the dynamics of many important physiological 

and biochemical processes are often influenced by 

multiple interacting factors. To resolve the biological 

complexity, plant geneticists need to estimate the relative 

strengths of competing causes of biological phenomena. 

The advantage of path analysis in plant breeding was 

demonstrated by Dewey and Lu (1959) which allows 

partitioning of the correlation coefficient into its 

components.  

 

One component of the path coefficient analysis is the 

standardized partial regression coefficient that measures 

the direct influence of an independent variable upon its 

dependent variable whereas another component is the 

indirect effects of an independent variable on the 

dependent variable through the independent variables. If 

the correlation between dependent and independent 

variables is due to the direct effects of the character, it 

reflects a true relationship between them, and selection 

can be practiced for such a character to improve the 

dependent variable. But if the association is mainly 

through indirect effects of the characters via another 

component characters, the breeder has to select for the 

later one through which the indirect effect is exerted on 

the ultimate dependent character such as seed yield. 

 

Rao et al., (1952) found a positive correlation between 

seed yield per plant with head diameter and the number 

of achenes per head. Subsequently, path coefficient 

analysis revealed that achenes per head had the greatest 

direct effect on achene yield. On the other hand, the 

author reported that harvest index had the greatest 

positive direct effect on achene yield, through plant 

height and total dry-matter content and concluded that 

early selection for days to maturity could be based on 

days to flower bud appearance and days to 50%-disc 

floret opening. Similar results were reported on the 

maximum direct effect of the number of seeds per head, 

100-seed weight, seed yield per plant, oil yield, plant 

height, head diameter, and seed filling percentage (Nehru 

et al., 2003; Sridhar et al., 2005; Vidhyavathi et al., 

2005). 

 

Farhatullah et al., (2006) investigated the inter-

relationships among studied traits at both genotypic as 

well phenotypic levels and showed that seed yield was 

positively correlated with plant height, head diameter, 

and oil content. The number of seeds per head showed a 

significant and positive association with seed yield. Days 

to maturity, plant height, head diameter, number of seeds 

per head, 1000-seed weight, and oil content showed a 

positive direct effect on seed yield whereas the number 

of leaves per plant and days to flowering had negative 

direct effects on seed yield. According to Arshad et al., 

(2007), the positive direct effects on seed yield through 

days to flower initiation, plant height, and head diameter, 

and the other traits of interest exhibited negative direct 

effects. Days to flower initiation and plant height on seed 

yield showed the highest direct effect. Similarly, 

Amorim et al., (2008) studied 14 genotypes and reported 

significant positive correlations were observed between 

seed yield, head diameter, and weight of 1000 seeds. The 

head diameter and weight of 1000 seeds showed positive 

direct effects on seed yield. 

 

Based on the study results obtained from 118 sunflower 

hybrids conducted in dry and rainy seasons, Kaya et al., 

(2008) concluded that 1000-seed weight had the 

maximum contribution towards higher yield followed by 

head diameter and plant height. Similarly, Iqbal et al., 

(2009) reported that stem diameter exerted a positive 

direct effect on oil content under restricted water 

conditions. Similarly, Sowmya et al., (2010) also 
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reported that days to 50% flowering, days to maturity, 

plant height, head diameter, seed filling percentage, 100-

seed weight, and oil content were positively and 

significantly correlated with seed yield per plant. Yasin 

et al., (2010) computed correlation and path coefficient 

analysis for 24 genotypes of sunflower, and found that 

yield per plant had a highly significant and positive 

correlation with the number of seeds per head, head 

diameter, and 1000-seed weight at both genotypic and 

phenotypic level. Path coefficient analysis revealed that 

the number of seeds per head, thousand seed weight, and 

head diameter had high positive direct effects on seed 

yield per plant. But Darvishzadeh et al., (2011) reported 

that only head diameter was positively associated with 

seed yield per plant under well-watered, and water-

stressed conditions and interestingly, head diameter and 

number of seeds per head had also positive direct effects 

on seed yield per plant in both the conditions. Similar 

findings also reported that seed yield was positively and 

significantly linked to hundred-seed weight, seeds per 

head, head diameter, stem diameter, and plant height, 

and the results of path coefficient analysis depicted that 

hundred-seed weight, head diameter, and seed number 

per head had positive direct effects on seed yield 

(Kholghi et al., 2011 & Patil, 2011). 

 

Another study was done by Neelima et al., (2012) 

correlation between seed yield and its component traits 

revealed that the number of seeds per head, hundred seed 

weight, head diameter, and seed filling percentage had a 

highly significant positive effect on seed yield and 

component traits. The number of seeds per head, seed 

filling percentage, hull content, and plant height 

influenced the seed yield directly whereas hundred seed 

weight influence was indirectly through the number of 

seeds per head and seed filling percentage. The 

maximum indirect contribution for most of the studied 

traits was through the number of seeds per head. 

Similarly, Iqbal et al., (2013) noted that the number of 

leaves, stem diameter, head diameter, and oil content 

showed a positive direct effect on seed yield and head 

diameter. Also, Rao (2013) revealed a higher magnitude 

of a positive direct effect of number of filled seeds per 

head, followed by hundred seed weight and plant height 

on seed yield. Interestingly, days to maturity showed a 

direct positive effect on seed yield, but an indirect effect 

through plant height, number of filled seeds, and hundred 

seed weight was also noticed. In contrast, days to 50% 

flowering and oil content showed negative direct effects 

on seed yield. Similar findings also reported by Zia et al., 

(2013) showed that harvest index, hundred seed weight, 

and head diameter had significant positive correlations 

with seed yield per plant. The highest direct effects were 

recorded for head diameter, hundred seed weight, and 

harvest index, respectively. The highest indirect effects 

were recorded for filled seed percentage and 100-seed 

weight via harvest index. 

 

According to Tyagi et al., (2013), grain yield showed a 

highly significant positive correlation with days to 50% 

flowering, days to maturity, plant height, chlorophyll 

content, oil content, and biological yield at both 

genotypic and phenotypic levels. Path coefficient 

analysis revealed the direct positive effect of the number 

of leaves per plant, hundred seed weight, chlorophyll 

content, leaf area, leaf area index, oil content, biomass 

yield, and harvest index on grain yield. Chander et al., 

(2014) reported that days to 50%flowering, days to 

maturity, plant height, head diameter, hundred seed 

weight, and oil content had significant positive 

correlations with seed yield. The maximum positive 

direct effect on seed yield was exhibited by head 

diameter, whereas plant height showed maximum 

indirect effect. However, Maria et al., (2018) reported 

that a study done on genetic variability and association of 

economic traits with seed yield using fifteen lines of 

sunflower showed high significance for all traits of 

interest. In addition to those genotypic correlations were 

higher than phenotypic correlations and also hundred 

seed weight, leaf number, leaf area, and head diameter 

had positive and highly significant genotypic correlations 

with seed yield per plot. However, the genotypic 

correlation of seed yield per plot was significantly 

negative with plant height, days to flowering, and oil 

contents. Leaf area, leaf number, hundred seed weight, 

and Oil Content showed a direct positive effect on seed 

yield per plot. Days to flowering, plant height, head 

diameter, and fatty acid profile had a negative direct 

effect on seed yield per plot.  

 

Furthermore, a recent study done by Abu (2019) and 

Lagiso et al., (2021), a genetic variability study between 

25 sunflower genotypes depicted seed yield had positive 

and significant genotypic and phenotypic correlation 

with the number of seeds per plant, yield per plant, head 

diameter and seed filling percentage. Positive and 

significant phenotypic associations were also observed 

for petiole length, plant height, and hundred seed weight. 

Positive phenotypic direct effects on seed yield per 

hectare were observed for oil yield, hundred seed weight, 

seed filling percentage, and seed yield per plant. Oil 

yield, seed filling percentage, and seed yield per plant 

gave the highest positive direct effect on seed yield 

genotypically.  
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Genetic Divergence and Cluster Analysis 
 

Genetic divergence is the relative contribution of 

different characters to differentiate among genotypes 

based on genetic distance (D
2
). D

2 
statistic helps in the 

identification of genetically divergent genotypes that 

facilitate grouping and characterization using Agro-

morphological, and molecular data. Genetic diversity 

studies have an important contribution to plant breeding 

because crosses between diverse parental lines show 

greater heterosis than crosses of closely related parents. 

Hence, it is important to identify the best parents with 

wide genetic divergence for traits of interest to obtain 

better heterotic progeny. According to Mahalanobis 

(1936); a statistical procedure ‘D2
 statistic’ is useful to 

measure the genetic divergence in a given population. It 

is a powerful tool for quantifying the degree of genetic 

divergence among parents (Sujatha et al., 2002; Punitha 

et al., 2010).  

 

A study done by Subrahmanyam et al., (2003) grouped 

85 sunflower genotypes into fifteen clusters based on 

their genetic distance. The result of this study revealed 

maximum genetic divergence exhibited by the number of 

filled seeds per head followed by hundred seed weight, 

kernel-to-hull ratio, and seed yield per plant. Similarly 

study done by Komuraiah et al., (2004) grouped the 101 

sunflower genotypes into ten clusters by basing genetic 

distance among genotypes and traits like the number of 

filled seeds, hundred seed weight, and plant height 

contributed maximum genetic divergence. Reddy et al., 

(2005) also assessed genetic divergence among 102 

genotypes and grouped them into twelve clusters based 

on genetic distances. The author also showed the 

maximum contribution was by seed yield per plant 

followed by number of leaves per plant and hundred seed 

weight. Mahalakshmi et al., (2006) reported a genetic 

divergence study using 29 sunflower genotypes that were 

grouped into seven clusters and the maximum 

contribution was by days to first flowering. Binodh et al., 

(2007) also reported genetic divergence in addition to 

cluster analysis for 24 breeding lines, which were 

grouped into ten clusters. And 13 genotypes were 

categorized under Cluster I, 3 genotypes under Cluster 

IV. The maximum contribution was by Plant height 

followed by seed yield per plant and oil content, and the 

genotypes were selected as best parents from traits of 

interest that could be intercrossed to obtain high 

heterosis. 

 

According to Kumar et al., (2008), 32 parental lines were 

clustered into eleven distinct groups. Oil content was the 

maximum contributor to genetic divergence followed by 

days to 50% flowering and days to maturity. Even 

though the number of genotypes is not satisfiable for a 

diversity study, Camarano et al., (2010) investigated 

genotypic divergence among 10 sunflower genotypes to 

identify similar and divergent groups and reported 

similar results as Kumar et al., (2008). Likewise, Punitha 

et al., (2010) reported genetic variability among 

sunflower genotypes using a few traits of interest and 

depicted the presence of considerable genetic divergence 

by grouping the genotypes into four major clusters. 

Among the investigated characters, seed yield, plant 

height, oil content, and oil yield exhibited high genetic 

divergence and identified genotypes for future breeding 

programs that could result in the development of superior 

sunflower variety. Per the above two studies, Dan et al., 

(2012) also did genetic divergence of 79 inbred lines of 

sunflower and showed the presence of substantial genetic 

diversity among studied genotypes. The maximum 

contributor for genetic divergence was oil yield per plant 

followed by plant height, hundred seed weight, head 

diameter, and seed yield per plant accordingly. Recently, 

similar results have also been reported by Reddy et al., 

(2012); Tyagi et al., (2013); Chandira et al., (2014); 

Pandya et al., (2014); Hussain et al., (2017); Abu (2019) 

and Lagiso et al., (2021) on genetic divergence of 

sunflower genotypes from different parts of the world 

based on their traits of interest and they recommended 

their best fitting clusters to get heterotic progeny for 

future breeding work. 

 

Principal Component Analysis (PCA) 
 

Principal component analysis, one of the multivariate 

analysis methods, is used to identify the most significant 

variables in the data set and is also an important tool to 

assess and evaluate genetic diversity in a population. 

Plant breeders usually apply this tool to investigate clear 

patterns of diversity in existing genotypes. According to 

Shanker et al., (2004), the potential use of PCA in a 

variety development programsis for the selection of 

superior genotypes or parents based on the most 

significant characters or traits, and exploit it in the 

planning and execution of the future breeding program 

(Pecetti and Damania, 1996; Nazir et al., 2013; Mustafa 

et al., 2015; Venujayakanth et al., 2017).  

 

Taking into account the importance of PCA, different 

scholars have done different sunflower genetic 

variability studies. Arshad et al., (2010) carried out a 

multivariate analysis of 37 sunflower hybrids for eight 

agronomic characters and observed that days to flower 
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initiation, days to flower completion, days to maturity, 

plant height and oil content contributed to PC1 while 

hundred seed weight alone contributed to PC2, and the 

first three PC accounted cumulatively 74.53% and 

separately 47.29%, 14.23% and 13.01% respectively to 

the total genetic divergence. Similarly, Kholghi et al., 

(2011) reported a study on 36 confectionary sunflower 

populations using PCA and noted a relative contribution 

of 78% of total variation by the first four components. 

Furthermore, PC1 displayed 40.2% of total variation and 

was found to be negatively associated with head 

diameter, seed yield, harvest index, stem diameter, and 

number of leaves indicating genotypes with high values 

of PC1 were noted for lower seed yield and vice versa. 

Similarly, a study done on genetic diversity using 

seventy sunflower genotypes and the results of PCA 

revealed that plant height, head diameter, hundred seed 

weight, number of seeds per head, volume weight, and 

leaf area index were the highest contributors to the 

variability and can be utilized as selection criterion 

(Zeinalzadeh-Tabrizi & Nabipour, 2005; Madhavilatha et 

al., 2017). 

 

Recently, a genetic variability study done by Hussain et 

al., (2017) showed that twenty-eight sunflower hybrids 

were grouped into two PCs with 73.7% total variability 

observed. Additionally, PC1 was the maximum 

contributor (59.7%) towards diversity, and surprisingly 

all the traits in PC1 showed positive factor loading 

except plant height, stem diameter, and days to 50% 

flowering being the most important characters in PC2. 

However, another study reported by Abu (2019) and 

Lagiso et al., (2021) with a limited number of genotypes, 

25, shows that the genotypes were grouped into five and 

four clusters which makes them moderately divergent. 

The first five and four PCs showed a contribution of 

84.72 % and 80.2 % of total variability respectively. 

Additionally, the authors suggested that during selection 

considering Oil content, thousand seed weight, seed 

filling percentage, head diameter, and seed yield as 

selection criteria is beneficial.  

 

Conclusion  
 

The edible oil scenario in Ethiopia is a major headache 

for the country. Importing oil to stabilize markets is the 

current solution, but the gap is still there. The demand 

for sunflower oil has been increasing for the last five 

years and it's mainly due to the health benefit of the oil 

quality. The limited number and low Productivity of 

released sunflower varieties are uncovered facts in the 

production system. Consequently, it becomes a challenge 

for domestic oil factories to function at their full 

potential due to raw material shortages, especially 

sunflowers. This scenario shows the need for a highly 

adapted and stable variety for wider or specific 

adaptation. So, to combat and give solution-intensive 

breeding works like genetic variability and multivariate 

analysis and GxE works highly needed from the research 

system since a pilar and starting point to develop the 

required variety and equipped well with knowledge of 

Genetic variability and character association, GxE, and 

characterization of breeding materials to best-suited traits 

of interest. Thus, why this work was initiated to give 

clues and compile work done by scholars so far on 

sunflowers, so, this review paper compiled efforts of 

research work on sunflower. Genetic variability and 

character association were reviewed and useful 

information that could be used in future development 

endeavors was organized. Finally, I would like to 

recommend the importance of Genetic variability and 

character association study in sunflower as an important 

pillar for future breeding strategy and variety 

development and also for the sunflower variety extension 

and demonstration work as a whole it’s not an option but 

mandatory to incorporate and penetrate the current 

cereal-cereal cropping pattern and meet the edible oil 

demand of upcoming the country population growth. 

 

Acknowledgments 

 

The author would like to express his thanks to the 

National High and Midland Oil Seeds Research Program 

and Holeta Agriculture Research Centre (HARC) for 

Providing all research facilities and library services to be 

successful. 

 

Conflict of interest 
 

The author declares no conflict of interest. 
 

References 
 
Abu Edeo, M. O. H. A. M. M. E. D. (2019). Genetic 

Variability And Character Association In Sunflower 

(Helianthus annus L.) Genotypes In Central 

Highlands Of Ethiopia (Doctoral Dissertation, 

Jimma University). 

Allard, R. W. (1999). Principles of plant breeding. John 

Wiley & Sons. 

Amorim, E. P., Ramos, N. P., Ungaro, M. R. G., & Kiihl, T. 

A. (2008). Correlations and path analysis in 

sunflower. Bragantia, 67(2), 307-316. 



Int.J.Curr.Res.Aca.Rev.2024; 12(5): 111-120 

  
 

118 

Arshad, M., Ilyas, M. K., & Khan, M. A. (2007). Genetic 

divergence and path coefficient analysis for seed 

yield traits in sunflower (Helianthus annuus L.) 

hybrids. Pak. J. Bot, 39(6), 2009-2015. 

Arshad, M., Khan, M. A., Jadoon, S. A., & Mohmand, A. S. 

(2010). Factor analysis in sunflower (Helianthus 

annuus L.) to investigate desirable hybrids. Pak. J. 

Bot, 42(6), 4393-4402. 

Atta, B. M., Haq, M. A., & Shah, T. M. (2008). Variation 

and inter-relationships of quantitative traits in 

chickpea (Cicer arietinum L.). Pakistan Journal of 

Botany, 40(2), 637-647. 

Bernardo, R. (2002). Breeding for quantitative traits in 

plants (Vol. 1, p. 369). Woodbury, MN: Stemma 

press. 

Binodh, A. K., Manivannan, N., & Varman, P. V. (2007). 

Cluster analysis of yield traits in sunflower 

(Helianthus annuus L.). Madras Agricultural 

Journal, 94(1/6), 27-31. 

Camarano, L. F., Chaves, L. J., Brasil, E. M., & Borges, E. 

(2010). Genotypic divergence among sunflower 

populations. Pesquisa Agropecuária Tropical, 40(1), 

36-44. 

Chander, S. and Sheoran, R. K. (2014). Studies on 

correlation and path coefficient analysis for seed 

yield in sunflower hybrids (Helianthus annuus L.). 

National seminar on reorientation of agricultural 

research to ensure national food security organized 

by Directorate of Research, CCS HAU, Hisar on Jan 

6-7, 2014. pp. 63. 

Chandirakala, R., & Manivannan, N. (2014). Genetic 

diversity among sunflower genotypes. Electronic 

journal of plant breeding, 5(3), 577-580. 

Cooper, M., Podlich, D. W., & Smith, O. S. (2005). Gene-

to-phenotype models and complex trait genetics. 

Australian Journal of Agricultural Research, 56(9), 

895-918. 

Dan, G., Manivannan, N. and Vindhiyavarman, P. (2012). 

Correlation study for oil yield in sunflower 

(Helianthus annuus L.). Electronic Journal of Plant 

Breeding, 3(1), pp.657-659. 

Darvishzadeh, R., Maleki, H.H. and Sarrafi, A. (2011). Path 

Analysis of the Relationships between Yield and 

Some Related Traits in Diallel Population of 

Sunflower (Helianthus annuus L.) under Well-

Watered and Water-Stressed Conditions. Australian 

Journal of Crop Science, 5(6), p.674. 

Dewey, D. R. and Lu, K. (1959). A Correlation and Path-

Coefficient Analysis of Components of Crested 

Wheatgrass Seed Production 1. Agronomy journal, 

51(9), pp.515-518. 

Falconer D S. (1989). Introduction to Quantitative Genetics. 

3
rd

 ed. Harlow, UK: Longman Scientific and 

Technical. 

Falconer, D. S. (1996). Introduction to quantitative 

genetics. Pearson Education India. 

Farhatullah, Farooq-E-Azam and Khalil, I. H. (2006). Path 

analysis coefficients of the sunflower (Helianthus 

annuus L.) hybrids. International Journal of 

Agriculture and Biology, Faisalabad, 8(5): 621-625. 

George, M. (2002). The world’s healthiest foods. The 

George Mateljan Foundation [http://www.ijab.org]. 

Hamdi A., El-Ghareib A A., Shafey S A., Ibrahim M A M. 

(2003). Genetic variability, heritability and expected 

genetic advance for earliness and seed yield from 

selection in lentil. Egypt J Agr Res 81: 125–137. 

Hassan, S. M., Iqbal, M.S., Rabbani, G. and Shabbir, G. 

(2012). Genetic variability, heritability and genetic 

advance for yield and yield components in sunflower 

(Helianthus annuus L.). Electronic Journal of Plant 

Breeding, 3(1), pp.707-710. 

Heiser, C. B., Jr. Taxonomy of Helianthus and Origin of 

Domesticated Sunflower. (1978). In: Sunflower 

Science and Technology. Agron. 19. pp. 31-53. Ed. 

Carter, J. F. 

Hu, J., Seiler, G. and Kole, C. (2010). Genetics, genomics 

and breeding of sunflower. Routledge, USA, 342. 

Hussain, F., Iqbal, J., Rafiq, M., Mehmood, Z., Ali, M. and 

Ramzan, N. (2015). Genetic Improvement In 

Linseed (Linum Usitatissimum L.) Through 

Variability Heritability and Genetic Advance. J. 

Agric. Res, 53(4). 

Hussain, F., Rafiq, M., Ghias, M., Qamar, R., Razzaq, M. 

K., Hameed, A., Habib, S. and Mustafa, H. S. B. 

(2017). Genetic diversity for seed yield and its 

components using principal component and cluster 

analysis in. Life Science Journal, 14(5). 

Iqbal, M., Ali, M. A., Amjad, A., Zulkiffal, M., Zeeshan, 

M. and Sadaqat, H. A. (2009). Genetic behavior and 

impact of various quantitative traits on oil content in 

sunflower under water stress conditions at 

productive phase. Plant Omics Journal, 2: 70-77. 

Iqbal, M., Ijaz, U., Smiullah, Iqbal, M., Mahmood, K., 

Najeebullah, M., Abdullah, Niaz, S. and Sadaqat, H. 

A. (2013). Genetic divergence and path coefficient 

analysis for yield related attributes in sunflower 

(Helianthus annuus L.) under less water conditions 

at productive phase. Plant Knowledge Journal, 2(1): 

20-23. 

Johnson, H. W., Robinson, H. F. and Comstock, R. E. 

(1955). Estimates of genetic and environmental 

variability in soybean. Agron. J., 47: 314-18. 

Kalukhe, V. K., Moon, M. K., Magar, N. M. and Patil, S. S. 

(2010). Genetic variability in sunflower (Helianthus 

annuus L.). BIOINFOLET, 7(3): 197-200. 

Kaya Y., G Evci, V Pekcan, T Gucer, S Durak, et al., 

(2008). The path analysis of yield traits in sunflower 

(Helianthus annuus L). Latv J Agron 11: 72-77.  



Int.J.Curr.Res.Aca.Rev.2024; 12(5): 111-120 

  
 

119 

Khan, H., Muhammad, S., Shah, R. and Iqbal, N. (2007). 

Genetic analysis of yield and some yield components 

in sunflower. Sarhad Journal of Agriculture, 23(4): 

985-990. 

Kholghi, M., Bernousi, I., Darvishzadeh, R. and Pirzad, A. 

(2011). Correlation and path-coefficient analysis of 

seed yield and yield related trait in Iranian 

confectionery sunflower populations. African 

Journal of Biotechnology, 10(61): 13058-13063. 

Khoufi S, Khamassi K, da Silva J A T, Aoun N, Rezgui S, 

Jeddi F B. (2013). Assessment of diversity of 

phonologically and morphologically related traits 

among adapted populations of sunflower (Helianthus 

annuus L.). Helia 36 (58): 29-40. 

Komuraiah, K., Reddy, S. S., Ranganatha, A. R. G. and 

Ganesh, M. (2004). Genetic divergence in the inbred 

lines of sunflower (Helianthus annuus L.). Journal 

of Oilseeds Research, 21(1): 154-155. 

Kumar, B. V. A., Parameshwarappa, K. G. and Lingaraju, 

B. S. (2008). Genetic Divergence in parental and 

inbred lines of sunflower (Helianthus annuus L.). 

Karnataka Journal of Agricultural Sciences,21(3): 

339-342. 

Lagiso, T. M., Singh, B. C. S. and Weyessa, B. (2021). 

Evaluation of sunflower (Helianthus annuus L.) 

genotypes for quantitative traits and character 

association of seed yield and yield components at 

Oromia region, Ethiopia. Euphytica, 217(2), pp.1-18.  

Madhavilatha, K., Prasad, A. V. S. and Neelima, S. (2017). 

Genetic divergence studies for yield and its attributes 

in sunflower (Helianthus annuus L.). Electronic 

Journal of Plant Breeding, 8(4), pp.1177-1182. 

Mahalakshmi, P., Vidhyavathi, R., Manivannan, N. and 

Muralidharan, V. (2006). Genetic divergence in 

sunflower. Agricultural Science Digest, 26(2): 138–
140. 

Mahalanobis P. C. (1936). On the generalized distance in 

statistics. Proceedings of National Institute of 

Sciences, India 2: 49-55. 

Makane, V. G., Shinde, C. A., Mohrir, M. N. and Majid, S. 

M. S. A. M. A. (2011). Genetic variability studies in 

new versions of sunflower (Helianthus annuus L.). 

BIOINFOLET-A Quarterly Journal of Life Sciences, 

8(1), pp.44-51. 

Maria, G., Farooq, A. K., Sajida, H., Rizwana, Q., Fida, H., 

Hafiz, S. B. M., & Muhammad, A. (2018). Genetic 

Variability Studies for Economically Important 

Traits in Sunflower (Helianthus annuus L.). Curr 

Inves Agri Curr Res 2 (2). CIACR. MS. ID, 135. 

Murthy, B. R. and Anand, I. J. (1966). Combining ability 

and genetic diversity in some varieties of Linum 

usitatissimum. Indian Journal of Genetics, 26: 21-

26. 

Mustafa, H S B. Jehanzeb F., Ejaz H., Tahira B., and Tariq 

M. (2015). Cluster and principal component analyses 

of maize accessions under normal and water stress 

conditions. J. of Agric. Sciences, 60(1): 33-48. 

Nazir, A., Farooq, J., Mahmood, A., Shahid, M., & Riaz, 

M. (2013). Estimation of genetic diversity for 

CLCuV, earliness and fiber quality traits using 

various statistical procedures in different crosses of 

Gossypium hirsutum L., 43(4). 

Neelima, S., Parameshwarappa, K. G. and Kumar, Y. P. 

(2012). Association and path analysis for seed yield 

and component characters in sunflower (Helianthus 

annuus L.) Electronic Journal of Plant Breeding, 

3(2): 716-721. 

Nehru, S. D. and Manjunath, A. (2003). Correlation and 

path analysis in sunflower (Helianthus annuus L.). 

Karnataka Journal of Agricultural Sciences, 16(1): 

39-43. 

Pandya, M. M., Patel, P. B., Narwade, A. V., and Vaidya, 

G. B. (2014). Genetic divergence studies in 

Sunflower (Helianthus annus L.), Trends in 

biosciences 7(3): 167-169. 

Patil Y B, Madalageri B B, Biradar B D, Hoshmani R M. 

(1996). Variability studies in okra 

(AbelmoschusesculentusL. Moench.) Karnataka J 

Agr Sci 9: 289–293. 

Patil, L.C. (2011). Correlation and path analysis in 

sunflower populations. Electronic Journal of Plant 

Breeding, 2(3): 442-447. 

Pecetti, L., & Damania, A. B. (1996). Geographic variation 

in tetraploid wheat (Triticum turgidum spp. 

Turgidum convar. Durum) landraces from two 

provinces in Ethiopia. Genetic Resources and Crop 

Evolution, 43(5), 395-407. 

Premnath, A., Narayana, M., Ramakrishnan, C., 

Kuppusamy, S. and Chockalingam, V. (2016). 

Mapping quantitative trait loci controlling oil 

content, oleic acid and linoleic acid content in 

sunflower (Helianthus annuus L.). Molecular 

breeding, 36(7), pp.1-7. 

Punitha, B., Vindhiyavarman, P., and Manivannan, N. 

(2010). Genetic divergence study in sunflower 

(Helianthus annuus L.). Electronic Journal of Plant 

Breeding, 1(4): 426-430. 

Qamar R, Sadaqat H A, Bibi A, Tahir M H N. (2015). 

Estimation of combining abilities for early maturity, 

yield and oil related traits in sunflower (Helianthus 

annuus L.). Int J Sci Nature 6(1): 110 -114.  

Rajeswari U. (2004). Heterosis and combing ability studies 

in the genotypes derived through interspecific 

hybridization in sunflower (Helianthus annuus L.) 

M.Sc. (Ag.) Thesis submitted to Acharya N.G. 

Ranga Agricultural University, Hyderabad. 



Int.J.Curr.Res.Aca.Rev.2024; 12(5): 111-120 

  
 

120 

Ramanjinappa V, Arunkumar K H, Hugar A, Shashibhaskar 

M S. (2011). Genetic variability in okra 

(Abelmoschus esculentus L. Moench.). Plant Arch 

11: 435–437. 

Rao, C. R. (1952). Advanced statistical methods in 

biometrical research. John Wiley and Sons, New 

York. pp. 389. 

Rao, V. T. (2013). Association analysis in sunflower 

(Helianthus annuus L.). International Journal of 

Applied Biology and Pharmaceutical Technology, 

4(1): 1-4. 

Reddy, A. V., Reddy, R. N. and Nagaraj, G. (2005). 

Genetic divergence for seed yield and its component 

traits in sunflower (Helianthus annuus L.) 

germplasm accessions. Journal of Oil seeds 

Research, 22(2): 313-316. 

Reddy, S. M., Reddy, T. D. and Dudhe, M. Y. (2012). 

Analysis of genetic diversity in germplasm 

accessions of sunflower (Helianthus annuus L.). 

Madras Agricultural Journal, 99(7-9): 457-460. 

Seneviratne K. G. S., Ganesh M., Ranganatha A. R. G. 

(2003). Effect of recurrent selection on variability 

and genetic parameters of yield attributes in 

sunflower. Annals of the Srilanka. Department of 

Agriculture 2003; 5: 227-232. 

Shanker, G. M., Vanaja, M., Maruthi, V., Reddy, P. R., & 

Murthy, N. (2004). Selection of consistent plant 

trails for sunflower growth using principal 

component analysis. 

Shivasubramanian, S. and Menon, N. (1973). Heterosis and 

inbreeding depression Genet. 17: 381-387. 

Sowmya H C., Shadakshari Y G., Pranesh K J., Srivastava 

A., Nandini B. (2010). Character association and 

path analysis in sunflower (Helianthus annuus L.). 

Ele. J Plant Breed 1(4): 828-831.  

Sowmya, H. C., Shadakshari, Y. G., Pranesh, K. J., 

Srivastava, A. and Nandini, B. (2010). Character 

association and path analysis in sunflower 

(Helianthus annuus L.). Electronic Journal of Plant 

Breeding, 1(4): 828-831. 

Sridhar R., Kuldeep J., Vishnu V R., Sudheer K. (2005). 

Character association, and path analysis in sunflower 

(Helianthus annuus L.). Crop Res 30(1): 63-67. 

Subrahmanyam, S. V. R., Kumar, S. S. and Ranganatha, A. 

R. G. (2003). Genetic divergence for seed 

parameters in sunflower (Helianthus annuus L.). 

Helia, 26(38): 73-80. 

Sujatha, H. L., Chikkadevaiah and Nandini. (2002). Genetic 

variability study in sunflower inbreds. Helia, 25, Nr. 

37.pp 93-100. 

Tyagi, S. D. and Tyagi, J. P. (2010). Correlation and path 

coefficient analysis of the components of yield in 

sunflower cultivars (Helianthus annuus L.). Indian 

Journal of Plant Genetic Resources,23(3): 321-323. 

Tyagi, V., Dhillon, S. K., Bajaj, R. K. and Kaur, J. (2013). 

Divergence and association studies in sunflower 

(Helianthus annuus L.). Helia, 36(58), pp.77-94. 

Venujayakanth, B., Dudhat, A. S., Swaminathan, B., & 

Anurag, M. L. (2017). Assessing crop genetic 

diversity using Principal component analysis: A 

Review. Trends in Biosciences, 10(2), 523-528. 

Vidhyavathi, R., Mahalakshmi, P., Manivannan, N. and 

Muralidharan, V. (2005). Correlation and path 

analysis in sunflower (Helianthus annuus L.). 

Agricultural Science Digest, 25(1): 6-10. 

Virupakshappa, K., & Sindagi, S. S. (1988). A note on 

germplasm collections in sunflower. 

Virupakshappa, K., & Sindagi, S. S. (1988). 

Characterization, evaluation and utilization of 

sunflower germplasm accessions, a catalogue; 

Project coordinating unit (sunflower). Univ. Agric. 

Sci., Bangalore, 33. 

Yasin, A. B. and Singh, S. (2010). Correlation and path 

coefficient analyses in sunflower. Journal of Plant 

Breeding and Crop Science, 2(5): 129-133. 

Zain N. (2015). Genetic variability among sunflower 

(Helianthus annuus L.) accessions for relative 

growth and seedling traits. 

Zeinalzadeh-Tabrizi, H., and M. Ghaffari. (2005). 

Evaluation of genetic diversity of sunflower 

genotypes (Helianthus annuus L.) based on 

agronomic traits using principal component analysis. 

In: Proceedings of the First International Iranian 

Congress on Biological Sciences, 14-15 December 

2005, Islamic Azad University, Karaj Branch, Iran. 

Zia, U. Z., Sadaqat, H. A., Tahir, M. H. N. and Sadia, B. 

2013.Correlation and path coefficient analysis of 

various traits in sunflower (Helianthus annuus L.). 

Journal of Global Innovation in Agricultural and 

Social Sciences, 1(1): 5-8.  

 

  

How to cite this article:  

 
Tilahun Mola. 2024. Genetic Variability and Morphological Characterization of Oil-type Sunflower (Helianthus 

annuus L.) for Economically Important Traits: An Overview. Int.J.Curr.Res.Aca.Rev. 12(5), 111-120.  

doi: https://doi.org/10.20546/ijcrar.2024.1205.012    
 

 

https://doi.org/10.20546/ijcrar.2024.1205.012

	Genetic Variability and Morphological Characterization of Oil-type Sunflower (Helianthus annuus L.) for Economically Important Traits: An Overview
	Introduction
	Literature Review
	Sunflower Genetic Variability
	Heritability (H2), Genetic Advance, and Genetic Advance of Mean
	Correlation and Path Analysis
	Genetic Divergence and Cluster Analysis
	Principal Component Analysis (PCA)
	Conclusion
	Acknowledgments
	Conﬂict of interest
	References

