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Abstract: Sunflower (Helianthus annuus L.) is an important oilseed crop that contributes a major share in edible oil 
production globally because it is short duration crop, tolerant to drought and high in oil contents and yield potential. 
Present review described the importance of studying genetic variability and heritability of various traits among 
sunflower accessions in to improve its agronomic performance. Moreover, the objective of this review was to define 
relationship among various traits and direct and indirect effects of these traits on achene yield. That could help us in 
formulation of principles for the assortment of high yielding sunflower genotypes in forthcoming breeding program. 
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Introduction 

Helianthus annuus L. (Sunflower) belongs to 
the family Asteraceae. It contains 65 species in it 14 
of which are annual plants. Eastern North America is 
reported as its origin. Apparently, it was 
domesticated around 3000 B.C. by Native 
Americans. The sunflower was introduced to Russian 
Federation in late 1800s where it became a food crop 
and significant improvement was brought in the way 
of its cultivation by Russian farmers. Since 3000 B.C. 
throughout the world it is used as ornamental plant, 
alimentary, feedstock, medicinal, decorations, dyes, 
fodder and body painting. Edible oil is one of the 
basic food requirements and important component of 
diet for the human beings. Pakistan is world’s fourth 
largest consumer of the vegetable oil.  The acute 
shortage of edible oil in the country is increasing 
every year with increasing population growth. 
Pakistan faces severe shortage of edible oil, and 
spends a big amount of foreign exchange on its 
import annually to meet the local demand. Total 
demand of edible oil during 2012-13 was 3.069 
million tones; whereas local production of edible oil 
in the country was 0.567 million tons and 2.502 
million tons edible oil was imported spending 
241.936 billion rupees (Pakistan economic survey, 
2013-14). This data indicates a big gap in production 
and consumption that may be bridged by increasing 
the area under oilseed crops and improving genetic 
potential of traditional and non-traditional oilseed 
crops. Sunflower is grown mostly as a source of 
vegetable oil and proteins in many countries 
including Pakistan (Hu et al., 2010). Genetic 
variability provides the plant breeders an opportunity 
for selecting higher yielding crop genotypes (Ali et 
al., 2013; Ali et al., 2012; Ali et al., 2014; Azam et 

al., 2014; Jahangir et al., 2014; Anwar et al., 2013; 
Muhammad et al., 2013; Zameer et al., 2015) and 
considered as 2nd important edible oilseed crop 
following soybean globally (Paniego et al., 2002). In 
Pakistan 0.7 million hectares area is under sunflower 
cultivation and contributes to 144 thousand tons of 
edible oil, 22% of the local oil production (Pakistan 
economic survey, 2013-14). 
Genetic variability and combining ability 

Hussain et al. (2000) determined the significant 
variation in CMS lines, restorer lines and test crosses 
for oil content. Minimum level of variation was 
observed in restorer lines and maximum variation in 
test crosses for oil content. The better parent heterotic 
effects were shown in maximum number of test 
crosses for seed yield and SCA effects contributed a 
major role in the performance of better quality test 
crosses. It was also determined that early flowering, 
small headed, shorter and rapid growing crosses had 
heavy seeds. Nehru et al. (2000) evaluated three 
restorer lines (HA 234B, No. 61 and KBSH-1) and 
forty-eight inbred sunflower lines and their 144 F1 
hybrids. 81 hybrids showed positive heterosis over 
better parent for seed yield and 42 hybrids showed 
positive heterosis for oil content. The hybrid BLC-
5R-2-7-3 × HA 234B had maximum oil yield. The 
line HA 234B has good potential for seed yield and 
oil content so it should be used for future breeding 
program. Petch, (2000) conducted an experiment in 
which different sunflower hybrids were evaluated 
against water stress in growth chamber. It was found 
that decrease in photosynthesis rate, root length and 
area, chlorophyll content, stomatal conductance, leaf 
area, transpiration rate, and dry matter accumulation 
exhibited dynamic metabolism disturbances of 
sunflower hybrids grown under severe water stress, 
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but no significant difference was observed between 
the two hybrids under study. 

Shekar et al. (2000) studied combining ability 
of  important yield components in sunflower parents 
and hybrids for days to 50% flowering, plant height, 
days to maturity, seed yield per plant, head size, 100 
seed weight and oil content and reported additive 
gene action governing there traits. The best general 
combining ability for seed yield per plant, head 
diameter, 100 seed weight, oil content was shown by 
testers RHA-83R6 and RHA-345. The best hybrid 
combinations were CMS-338 × RHA-297, CMS-338 
× RHA-274, CMS-234 × RHA-83R6 and CMS-
851×RR-1 for days to 50% flowering, days to 
maturity, oil content and seed yield per plant 
respectively. Skoric et al. (2000) found that the 
significant heterotic effects were observed of various 
intensity levels. Regarding to the general combining 
ability (GCA) significant differences were observed 
among A-tester lines and Rf-lines. Some lines 
showed positive and negative highly significant 
general combining ability. For the inheritance of 
parameters both additive and non-additive genes 
were responsible. The maximum contribution to the 
expression of the parameters was due to A-testers. 
Tahir and Mehdi (2001) concluded that head 
diameter, 100-achene weight and seed yield per plant 
were reduced under water stress. Moreover, 
Significant but negative correlations of head diameter 
with fresh root and shoot weight were observed under 
water stress. Positive and significant correlation was 
perceived between dry shoot weight and seed yield 
per plant under water stress conditions. 

Dasgustu (2002) showed that seed yield per 
plant was significantly and positively correlated with 
plant height and 1000 seed weight. Path coefficient 
analysis indicated that number of seeds per head, 
followed by 1000 seed weight were the most 
important traits for seed yield per plant. Khan et al. 
(2002) conducted an experiment to evaluate the 
morphological response of different wheat genotypes 
under water deficit condition. They found that most 
of the seedling traits were positively correlated to 
each other. However, root/shoot ratio and dry 
root/shoot weight was negatively correlated. 
Furthermore, no significant relation was found 
between emergence rate index and root/shoot ratio. 
Matsui and Singh (2002) conducted and experiment 
in which two cowpea genotypes T96D-604 (drought 
tolerant) and TVu7778 (drought susceptible) were 
evaluated under water stress condition. It was found 
that the root dry matter per leaf area, which indicated 
the capacity to absorb water, of IT96D-604 was 
significantly higher than that of TVu7778. However, 
the centers of root length density and root dry matter 
of both varieties moved downwards significantly 

under water-stress conditions compared with those of 
the well-watered condition. 

Tahir et al. (2002) observed highest correlation 
of seed yield with number of filled seeds per plant, 
followed by seed filling percentage and head 
diameter in different sunflower accessions. They 
conclude that head diameter, 1000-seed weight and 
number of filled seeds per plant were important 
characters to improve seed yield. De-Figueiredo et al. 
(2003) conducted an experiment to evaluate the 
response of environmental stress on emergence of 
sunflower, maize and soybean seeds. Water stress 
was applied at levels of -1.1; -1.2; and 0.6 MPa. The 
result showed that high temperature was one of the 
most critical factors to which seed was exposed and 
seedling emergence depended upon the 
environmental stress. Rauf et al. (2008) studied 
combining ability effects of sunflower under 
moisture stress at seedling stage. They reported that 
large germplasm may be screened using seedling 
traits as the rapid and reliable method. Combining 
ability of seedling traits such as root length, shoot 
length root weight and shoot weight was reported. 
Genetic variation decreased among breeding lines 
and indicated their differences in moisture sensitivity 
and variability was low over environments, but high 
within environment. Additive genetic variability was 
noted under moisture stress. 
Path coefficient and correlation 

Gill et al. (2003) derived information on 
correlations among various traits of 45 sunflower 
genotypes grown over four environments. Oil yield 
per plant had the highest correlations with seed yield 
per plant followed 100-seed weight plant height and 
percent oil contents. Path coefficient analysis 
revealed that selection for any trait would influence 
oil yield plant through seed yield per plant. Khan et 
al. 2003; Abbas et al., 2014; Ali et al., 2014abc and 
Tariq et al., 2014 reported the variability and 
correlations of grain yield with different traits like 
plant height, head diameter, 100-grain weight and oil 
contents in sunflower hybrids developed at NARC, 
Islamabad, Pakistan. Highly significant differences 
were observed among the hybrid for all traits studied 
except oil contents. Grain yield was non-significantly 
correlated with plant height and oil contents. Bosnjak 
(2004) analyzed water availability over a period of 39 
years and found drought to be a predominant feature 
in summer, the results of which up to 50% yield 
losses in   sunflower that could have been obtained in 
irrigated conditions. He also predicted that severe 
droughts may be expected in the future with global 
climatic changes. Dusanic et al. (2004) observed that 
positive correlations existed between 1000-seed mass 
and seed yield. While direct effects of the other traits 
were low and their high total effects were masked by 
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the indirect effects of the 1000-seed mass and 
number of filled seeds. Seed yield is a complex trait 
which is influenced by a large number of factors 
which act individually or jointly. It is therefore 
important to study relationships between the various 
traits and seed yield. 

Goksoy et al. (2004) studied the relation 
between yield and irrigation water applied at different 
growth periods to understand and govern the most 
perilous periods for sunflower. Therefore, it was 
observed that HFM (heading, flowering and milking) 
irrigation was the best choice for maximum yield 
under the local conditions, but these irrigation 
patterns must be re-considered in regions where 
water resources were more inadequate. It was 
suggested that in case of more limited irrigation, the 
limitation of irrigation water at the flowering stage 
should be avoided Habib (2004) evaluated forty S1 
families obtained from a random mating population 
of sunflower of different seedling traits. Phenotypic 
and genotypic coefficients of variation were high for 
root/shoot ratio, dry root weight, fresh root weight 
and fresh shoot weight. The seedlings which took 
more time to emerge were vigorous for most of traits 
except fresh shoot length. Root traits exhibit strong 
and positive genotypic and phenotypic correlation 
with other traits. Turhan and Ayaz (2004) evaluated 
eighteen early maturing hybrids of sunflower 
(Helianthus annuus L.) in a field experiment to judge 
the degree of variation in different quantitative 
characters. For all the 9 traits examined hybrids show 
significant differences. Physiological characters 
showed very low quantity of genetic advance but 
heritability and genetics progress were superior for 
all character. 

Kaya et al. (2005) evaluated treated seeds 
(control, KNO3 and hydropriming) of sunflower 
cultivar at germination and seedling growth for 
tolerance to salt (NaCl) and drought conditions. 
Results revealed germination delay in both solutions. 
Germination, root and shoot length were higher but 
mean germination time and abnormal germination 
percentage were lower in NaCl. Inhibition of 
germination at same water potential of NaCl resulted 
from osmotic effects rather than salt toxicity. 
Hydropriming increased germination and seedling 
growth under salt and drought stress. Farratullah et 
al. (2006) concluded that seed yield was a 
quantitative character and dependent on its own 
component characters in sunflower. Such 
interdependence of contributing characters, as well as 
the characters of economic significance often deludes 
and thus makes correlation coefficient by and large 
variable during selection particularly in sunflower. 

Habib et al. (2006) conducted an experiment 
comprising of 104 sunflower genotypes to study 

genetic correlation coefficients, direct and indirect 
effects of different plant traits on seed yield. The 
genetic correlation of 100-achene weight was 
positive and significant with seed yield of sunflower. 
Path analysis indicated that seed yield can be 
improved by increasing the 100-achene weight. 
Arshad et al. (2007) evaluated 20 sunflower hybrids 
for various parameters under field conditions to 
estimate genetic parameters, path analysis, 
correlation coefficient, and linkage distance. They 
observed that days to maturity had positive 
correlation with head diameter but negative 
association with seed yield. However, seed yield had 
highly positive genotypic correlation with oil 
contents but non-significant relation with 100 seed 
weight. Moreover, oil contents had negative 
association with days to flower initiation, completion 
and plant height but positive correlation with seed 
yield. Kaya et al. (2008) investigated relationship 
between seed yield and agronomic characters in 
sunflower without considering genetic effects. Oil 
content, plant height and 1000-seed weight had 
positive correlations with seed yield. A diverse 
relationship was determined between the seed yield 
of hybrid and oil contents. Results of the regression 
analysis indicated that there was a negative 
correlation between yield and oil contents and both 
levels of 40-50% oil contents increased equivalently 
after this point. Up to 70g 1000-seed weight 
sunflower seed yield increased, but hybrids sacrificed 
yield performance to get larger size seeds after this 
point. Seed yield gradually increased with increasing 
plant height demonstrated higher yield performance 
in this research. Rauf and Sadaqat (2007) reported 
that productivity of sunflower was strongly regulated 
by the availability of water and greatest yield losses 
occurred due to water shortage at flowering. 
Therefore, it is critical to manage the deleterious 
effect of drought stress at this stage.  Evolving crop 
genotypes which have enhanced drought tolerance 
are the most successful and cheapest strategy to cope 
with drought. Ahmad et al. (2009) evaluated six 
hybrids under five drought stress levels produced by 
using PEG-6000. Germination percentage, plant 
height stress index, root length stress index and dry 
matter stress index were used to evaluate the 
genotypic response to PEG induced water stress. G-
101 and 64-A-93 were drought tolerant. Dry matter 
stress index was good indicator of drought tolerance 
in sunflower. 

Vashisth and shantha (2009) proposed that if the 
seeds of flower (Helianthus annuus L.) exposed in 
batches of magnetic fields of strength and treatment 
of seed in this field increase the germination speed, 
seedling length and seedling dry weight. Exposure of 
seeds to magnetic field coat membrane integrity and 
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reduced the cellular leakage and electrical 
conductivity. Treated seeds planted in soil resulted 
higher seedling dry weight, root length, root surface 
area and root volum in 1-month-old seedling. The 
higher enzyme activity in magnetic field treated 
sunflower seeds triggering the fast germination and 
early vigour of seedling. Akram et al. (2010) 
observed considerable variations in the root, shoot 
length and biomass of different hybrids of maize at 
different salinity levels at seedling stage. The leaf 
sample was analyzed for inorganic osmolytes 
(sodium, potassium and calcium) and it was found 
that hybrid Pioneer32B33 and Pioneer30Y87 had 
high root shoot fresh weight, biomass, and high 
K+/Na+ ratio and showed best salt tolerance 
performance at all salinity levels on overall basis. 
Farhani et al. (2011) studied the effect of seed size on 
seedling vigour in sunflower. Effect of seed size was 
significant on germination whereas, non-significant 
on seedling dry weight, seedling vigour and length. 
The maximum germination percentage, seedling dry 
weight and seedling vigour were observed in types 
with small seeds but the highest seedling length was 
observed in types with large seeds. Geetha et al. 
(2012) performed an experiment using fifty genotype 
of sunflower for screening seedling traits. Two levels 
of osmotic stress were created and compared with 
control using PEG-6000. The result showed decrease 
in root length, shoots length, root/shoot ratio, 
germination percentage and seedling dry weight with 
increasing water stress. 

Hadi et al. (2012) studied the association 
between seed size and seedling growth under water 
deficit conditions.  Irrigation treatments of 60, 120 
and 180 mm were applied and seed length and width, 
seed weight, kernel weight, shell weight, dry weight 
of hypocotyls and cotyledon leave were all affected 
by water deficit. Saensee et al. (2012) performed an 
experiment to evaluate the response of different 
sunflower genotypes at seedling stage. They recorded 
the data for plant height, root length, dry matter 
contents, germination percentage and relative water 
content. They concluded that all these traits 
decreased with increase in water stress in all 
sunflower genotype. Fatemi (2014) reported that the 
successful establishment of plants largely depends on 
successful germination and also investigate the 
effects of ascorbic acid on rate, stamina index, 
hypocotyls and redical length, seedling fresh and dry 
weight of sunflower under various water potential 
induced by PEG6000. Parameter give negative 
responded with water stress. Seed priming was 
considered an appropriate tool for improving 
germination characteristics of sunflower under water 
stress. 
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