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ABSTRACT

Genetic variability, phenotypic and genotypic coefficients of variation, heritability and genetic advance for eight

traits related to yield, its attributing traits and oil content in 120 restorer lines of sunflower was studied. The analysis

of variance revealed highly significant differences for all the characters among the restorer lines. The magnitude of

differences between phenotypic coefficients of variation (PCV) and genotypic coefficients of variation (GCV) was

relatively low for all the traits, indicating less environmental influence. The estimates of GCV and PCV were high for

seed yield plant-1, head diameter, 100 seed weight and plant height. High heritability in broad sense estimates

(>90%) were recorded for all the traits under study indicating, the predominance of additive gene action and selection

of genotypes based on these characters would be more effective for target plant selection in early generation.

Majority of the restorer lines were multi headed, early flowering with medium plant height, small head diameter and

medium volume weight. Among various restorer lines studied the promising restorer lines (K-3, C-18, G-17-1, N-16,

M-19-1, B-21-1, D-11 and C-30) were selected in comparison with checks based on the presence of high seed yield

plant-1 and oil content. These selected lines can be promoted in future hybridization program to achieve desired

segregants or can be used as parental lines to develop sunflower hybrids with high seed yield and oil content.
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SUNFLOWER represents the second most important
crop based on hybrid breeding after maize. It is

mainly used for its seed oil with up to 12 per cent of
the global production of vegetable oils worldwide.
Sunflower takes position number four after palm oil,
soybean and canola oil (Rauf et al., 2020). Apart from
its use for human nutrition, sunflower oil has a number
of industrial applications as basic component for
polymer synthesis, biofuel, emulsifier or lubricants
(Dimitrijevic et al., 2017). Sunflower oil is considered
as premium quality oil and standard sunflower oil is
usually composed of polyunsaturated linoleic acid (18:2)
and monosaturated oleic acid (18:1) in ratios of
70:20 per cent. Although the content of these two fatty
acids could vary due to the effect of the environment,
it is typical for sunflower oil that they jointly make about
90 per cent of the total fatty acid content in the oil. In
a lower percentage, there are also unsaturated palmitic
(16:0) and stearic acids (18:0), which together make
up 5 - 15 per cent of fatty acids. Similar oil composition

has been reported for some Argentinian populations
of wild H. annuus (Cantamutto et al., 2010).

Seed yield remains the most important objective of
sunflower breeding, selection for higher seed yield and
its attributing traits should begin during inbred line
creation by defining the effects of heterosis and
analyzing and evaluating the correlations among them
to develop a productive hybrid with the desired traits.
Therefore, the selection of high-yielding restorer lines
in sunflower is an important prerequisite (Mascagni
et al., 2018).

Understanding the nature and magnitude of genetic
variation governing the inheritance of relatively
quantitative traits like yield and its attributing traits and
oil content in sunflower restorer gene pool is essential.
Plant breeder has to analyze certain genetic variability
parameters like genetic coefficient of variation (GCV),
phenotypic coefficient of variation (PCV), Heritability
and genetic advance (GA) of various economic
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TABLE 1

ANOVA for yield and yield attributing traits of sunflower restorer lines

Source of variation
Mean Sum Squares (MSS)

CV (%)
Replications Treatments Block Error

Degrees of freedom (d.f) 1 119 9 110 -

Days to Fifty percent 0.504 16.521 ** 0.226 0.117 5.027
Flowering (Days)

Plant Height (cm) 8.971 351.459 ** 1.32 1.318 11.274

Head Diameter (cm) 0.817 9.119 ** 0.211 0.223 21.852

Stem Girth (cm) 0.004 0.072 ** 0.003 0.004 10.991

Seed Yield Plant-1 (g) 0.196 15.339 ** 0.182 0.070 24.466

Volume Weight (g/100 ml) 0.717 16.876 ** 0.527 0.535 7.806

100 Seed weight (g) 0.037 0.849 ** 0.080 0.045 17.484

Oil Content (%) 0.140 9.809 ** 0.505 0.498 6.696

** Significant at 1per cent level

important quantitative traits to plan future crop
improvement programs. Heritability is the heritable
portion of phenotypic variance and is a good index of
the transmission of the characters from parents to
offspring (Falconer, 1981). Genetic advance is also of
considerable importance because it indicates the
magnitude of the expected genetic gain from one cycle
of selection (Hamdi et al., 1992). The analysis of
genetic variability in sunflower restorer lines based on
seed yield and oil content plays an important role in
plant breeding to select valuable genetic resources to
be utilized later in breeding programmes to achieve
superior combining ability that plant breeders look for
when trying to obtain high yielding hybrid combinations,
hence with this background the present investigation
was undertaken to study the genetic variability,
heritability and genetic advance in restorer lines of
sunflower and also to select the promising restorer lines
based on yield plant-1 and oil content.

MATERIAL AND METHODS

A field experiment was conducted with 120 restorer
lines of sunflower, in alpha lattice design in 12 blocks
with 10 restorer lines each in a block with two
replications during kharif 2019 at Zonal Agriculture
Research Station (ZARS), GKVK, Bengaluru,

Karnataka. Each restorer line was sown in a single
row of three-meter length with a row spacing of 60
cm and 30 cm between plants within a row. Five
representative plants for each restorer line in each
replication were randomly selected to record
observations on days to fifty per cent flowering (DFF),
plant height (PH), head diameter (HD), stem girth (SG),
seed yield per plant (SYP), volume weight (VW), 100
seed weight (100 SW) and oil content (OC).

The mean of the 120 restorer lines was analyzed
statistically by the method outlined by Ostle (1966).
The analysis of variance for different characters was
carried out in order to assess the genetic variability
among genotypes. The level of significance was tested
at 5 and 1 per cent using F table values given by Fisher
and Yates (1963). Both phenotypic and genotypic
coefficient of variability for all characters as estimated
using the formula of Burton and De Vane (1953). The
broad sense heritability (h2) was estimated for all
characters as the ratio of genotypic variance to the
total or phenotypic variance as suggested by Lush
(1949). Genetic advance for each character was
estimated by using the formula of Johnson et al. (1955).
Genetic advance as per cent mean was categorized
as suggested by Johnson et al. (1955).

Mysore J. Agric. Sci., 55 (4) : 371-377  (2021) M. S. UMAR FAROOQ et al.
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RESULTS AND DISCUSSION

The mean sum of squares for eight characters in 120
genotypes under study is presented in Table 1. Analysis
of variance revealed highly significant differences
among restorer lines for all the characters under study
indicating the presence of adequate variability among
the restorer lines.

The estimates of mean, range, phenotypic and
genotypic coefficients of variation, heritability and
genetic advance in per cent of mean for the respective
characters were estimated (Table 2). A wide range of
variation was observed in the restorer lines of
sunflower for all the yield, its attributing traits and also
in oil content. However, widest range of variability was
recorded for plant height (92.5 - 142.5 cm) followed
by days to fifty per cent flowering (52 - 68 days)
andseed yield per plant (5.8 - 19.2 g), while it was
lowest in the case of stem girth (1.32 - 2.3 cm) and
100-seed weight (2.16 - 5.2 g). Similar results were
also reported by Ramya et al. (2019), Singh et al.
(2019) and Dudhe et al. (2020).

The estimates of Phenotypic Coefficient of Variation
were slightly higher than their corresponding Genotypic
Coefficient of Variation (Fig. 1) for all the traits under
this study indicating the less influence of environment

on expression of these traits. The traits with almost
equal value of PCV and GCV can be considered as
stable. The phenotypic and genotypic variances
measure the magnitude of variation arising out of
differences in phenotypic and genotypic values. The
genotypic estimates of variability (Vg) and GCV are
the most consequential parameters that avails in the
quantification of the contribution of the genotype to
the expression of a particular character and gives clue
to compare the genetic variability for different
characters. This gives scope for selection of plants
which contribute for better yield attributing traits
(Bharath et al., 2020).

Genotypic Coeffient of Variation (%) and
phenotypic Coefficient of Variation (%)

Fig.1 : Graphical representation of Phenotypic Coefficient of
Variation(PCV) per cent and Genotypic Coefficient

of Variation (GCV) per cent

             Phenotypic Coefficient of Variation (%)

             Genotypic Coeffient of Variation (%)
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Character Mean
Standard
Error of
Mean

Range
Coefficient of variation %

Low High
Genotypic
Coefficient
of Variation

Phenotypic
Coefficient
of Variation

Heritability
(%)

Genetic
Advance

as Mean (%)

TABLE 2

Mean performance and genetic variability of sunflower restorer lines for yield and its attributing traits

Days to Fifty per cent 57.276 0.355 52 68 5.001 5.039 98.486 10.223
Flowering (Days)

Plant Height (cm) 117.571 1.148 92.5 142.5 11.254 11.296 99.253 23.096

Head Diameter (cm) 9.873 0.472 5.00 14.5 21.360 21.888 95.234 42.939

Stem Girth (cm) 1.775 0.068 1.32 2.3 10.317 11.013 87.752 19.909

Seed Yield Plant-1 (g) 11.325 0.281 5.8 19.2 24.411 24.537 98.975 50.028

Volume Weight (g/100ml) 37.727 0.732 31 44.3 7.576 7.821 93.852 15.120

100 Seed weight (g) 3.823 0.219 2.16 5.2 16.546 17.512 89.276 32.206

Oil Content 33.835 0.706 28.31 41.11 6.378 6.711 90.328 12.487



374

T
he

 M
ys

or
e 

Jo
ur

na
l 

of
 A

gr
ic

ul
tu

ra
l 

Sc
ie

nc
es

TABLE 3

Grouping of sunflower restorer lines on the basis
of quantitative characters

Days to 50% Early (<60) 93 77.5
flowering (days) Medium (60-75) 27 22.5

Late (>75) 0 0
Veryshort (<80) 0 0

Short (80-110) 38 31.6

Plant height (cm) Medium (111-140) 78 65

Tall (141-170) 04 3.4

Verytall (>170) 0 0

Small (<12) 104 86.6

Head diameter (cm) Medium (13-20) 16 13.4

Large (>20) 0 0

Low (<35) 22 18.3

Volume Weight Medium (35-40) 59 49.1

(g/100ml) High (>40) 39 32.6

Low (<4) 67 55.8

100 Seed weight (g) Medium (4-6) 53 44.2

High (>6) 0 0

Oil content (%) Low (<35) 85 70.8
Medium (35-40) 32 26.6
High (40-43) 03 2.6
Very high (>43) 00 0

Seed yield per Low (<35) 120 100
Plant (g) Medium (35-40) 0 0

High (40-50) 0 0
Very high (>45) 0 0

The estimates of heritability in broad sense (h2) and
Genetic Advance as per cent of Mean (GAM) were
presented in Table 2 and Fig.  2. High heritability in
broad sense estimates (>90%) were recorded for all
the characters under study indicating, characters are
least influenced by environment and selection for
improvement is rewarding. The highest heritability in
this study was observed in plant height (99.25%)
followed by seed yield per plant (98.97%) and days to
fifty per cent flowering (98.48 %). High heritability
estimates indicated a high response to selection for
these traits; the high heritability and genetic advance
values have explained the predominance of additive
gene action and selection for these traits can be carried
in early generations. Therefore, selection of genotypes
based on these characters would be more effective to
be successful for target plant selection and these
findings were also reported earlier by Lakshman
et al. (2021), Riaz et al. (2019) and Hasan et al.
(2020). Heritability is a measure of the extent of
phenotypic variation caused by the action of genes and
high heritability estimates indicates a high response to
selection for these traits; the high heritability and genetic
advance values have explained the predominance of
additive gene action and selection for these traits can
be carried in early generations. Therefore, selection
of restorer lines based on these characters would be

more effective to be successful for target plant
selection and these findings are in accordance with
the findings of Mangin et al. (2017) and Ankesh et al.
(2019).

Classification and characterization of all 120 sunflower
restorer lines into different categories of quantitative
traits was done (Table 3). The restorer line B-22
exhibited late maturity (68 days), while G-40-2
exhibited the highest plant height (142.5 cm). Among
the entire population, around 65 per cent were found
with medium height (111-140 cm) and 77.5 per cent of
population showed early flowering (<60 days). Around
86.6 per cent of the population exhibited smaller head
diameter (<12), where as the highest head diameter
was exhibited by the restorer line J-3 (14.5 cm).
Encheva et al. (2010) and Onemli and Gucer (2010)

                           Heritibility
                            Genetic advance as mean (%)

Fig. 2 : Graphical representation of Heritability (h2) and
Genetic Advance as Mean (%)

Heritability and Genetic Advance as Mean (%)
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reported significant differences in plant height, head
diameter and period of flowering in sunflower restorer
lines. The highest 100 seed weight was exhibited by
L-23 (5.2 cm), while 44.2 per cent of the population
possessed medium seed weight (2.16-5.12) and the
restorer line M-19-1 exhibited the highest oil content
(41.11). The restorer lines which have high seed weight
and oil content are categorized as potential lines

TABLE 4 (a)

Selection of top five promising sunflower restorer lines based on seed yield per plant

K-3 19.1 59 127 11 2.25 39.63 5.05 32.86

C-18 18.4 55 126 13 2.14 38.16 4.55 34.32

G-17-1 18.3 62 139 13 2.06 38.45 4.09 37.75

N-16 17.8 58 121.2 10 2.11 35.23 3.54 38.92

M-19-1 17.5 58 130.5 11 1.55 35.87 5.01 41.11

RHA-95-C-1 (Check-1) 12.17 68 111 12.4 1.24 42.57 4.23 35.56

RHA-6D-1 (Check-2) 12.75 65 145 15.2 2.36 40.58 3.89 37.02

S. Em ± 0.281

CD at P=0.05 5.40

CD at P=0.01 7.22

Restorer Line
Seed
yield

plant-1 (g)

Days to
50%

flowering

Plant
height (cm)

Head
diameter

(cm)

Stem
Girth (cm)

Volume
weight

(g/100ml)

100
seed

weight (g)

Oil
Content (%)

TABLE 4 (B)

Selection of top five promising sunflower restorer lines based on oil content

M-19-1 41.11 58 130.5 11 1.55 35.87 5.01 17.5

B-21-1 40.11 55 127.5 9 1.78 36.97 4.16 12.46

N-16 38.92 58 121.2 10 2.11 35.23 3.54 17.8

D-11 38.89 54 122.5 9 1.86 43.14 3.54 13

C-30 38.26 54 126 13 2.13 37.65 3.71 17.54

RHA-95-C-1 (Check-1) 35.56 68 111 12.4 1.24 42.57 4.23 12.17

RHA-6D-1 (Check-2) 37.02 65 145 15.2 2.36 40.58 3.89 12.75

S. Em± 0.706

CD at P=0.05 4.23

CD at P=0.01 6.19

Restorer Line
Seed
yield

plant-1 (g)

Days to
50%

flowering

Plant
height (cm)

Head
diameter

(cm)

Stem
Girth (cm)

Volume
weight

(g/100ml)

100
seed

weight (g)

Oil
Content (%)

because seed weight is one of important considerable
yield component (Dehkhoda et al., 2013 and Ion
et al., 2015).

Based on the above studies five promising restorer
lines were selected from 120 restorer lines comparing
with checks based on the presence of high seed yield
per plant (Table 4a) and high oil content (Table 4b).

Mysore J. Agric. Sci., 55 (4) : 371-377  (2021) M. S. UMAR FAROOQ et al.
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The restorer lines K-3 (19.1 g), C-18 (18.4 g), G-17-1
(18.3 g), N-16 (17.8 g) and M-19-1 (17.5 g) are the
promising restorer lines selected based on high seed
yield per plant, while the restorer lines M-19-1
(41.11 %), B-21-1 (40.11 %), N-16 (38.92 %), D-11
(38.92 %) and C-30 (38.26 %) are the promising
restorer lines selected based on high oil content
whereas M-19-1 and N-16 are the promising restorer
lines in terms of both seed yield per plant (17.5g and
17.8 g, respectively) and oil content (41.11 and 38.92,
respectively).

In the present investigation, useful variation among 120
multi-headed sunflower restorer lines were observed
for yield, its attributing traits and oil content. Hence,
these lines can be utilized in crossing programs to
develop sunflower hybrids with desirable combination
of traits in them. The promising restorer lines selected
from this study with high seed yield plant-1 and oil
content can be used in future hybridization program to
achieve desired segregants or can be used as parental
lines to develop sunflower hybrids with high seed yield
and oil content. These lines should be confirmed in
further studies across the locations as they could serve
as valuable genetic stock for sunflower breeding
programme.

REFERENCES

ANKESH, K., SHANTHALA, J. AND SAVITHRAMMA, D. L., 2019,

Genetic divergence and association  analysis for yield

and yield related traits among F
4
 and F

5
 recombinant

inbred lines (RILs) of green gram (Vigna radiata L,).

Mysore J. Agric. Sci., 53 (1) : 32 - 36.

BHARATH, K. P. J. AND SAVITHRAMMA, D. L., 2020, Genetic

variability for physiological traits and pod yield in

Groundnut (Arachis hypogaea L.) RILs under different

water stress conditions. Mysore J. Agric. Sci.,

54 (4) : 90 - 96.

BURTON, G. W. AND DEVANE, E. M., 1953, Estimating  heritability

in fescue from replicated clonal material.  Agron. J., 45 :

478 - 481.

CANTAMUTTO, M., ALVAREZ, D., PRESOTTO, A., FERNANDEZ

MORONI, I., SEILER, G. AND POVERENE, M., 2010, Seed

morphology and oil composition of wild 

Helianthus  annuus from Argentina. In Proceedings of

the 17th   International Sunflower Conference, Cordoba,

Spain, pp : 703 - 708.

DEHKHODA, A., NADERIDARBAGHSHAHI, M., REZAEI, A. AND

MAJDNASIRI, B., 2013, Effect of water deficiency  stress

on yield and yield component of sunflower  cultivars in

Isfahan. Intl. J. Farming All Sci., 2 (S2)  :  1319 - 1324.

DIMITRIJEVIC, A., IVANA, DRAGANA, M., SANDRA, C. AND

ZVONIMIR, SAKAC, 2017, Oleic acid variation and  marker-

assisted detection of pervenets mutation in high-and

low-oleic sunflower cross. Crop breed appl biotechnol.,

17 : 235 - 241.

DUDHE, M. Y., MULPURI, S., MEENA, H. P., AJJANAVARA, R. R.,

KODEBOYINA, V. S. AND ADALA, V. R., 2020,  Genetic

variability, diversity and identification of  trait-specific

accessions from the conserved  sunflower germplasm

for exploitation in the breeding programme.

Agric. Res., 9 (1) : 9 - 22.

ENCHEVA, J., CHRISTOV, M. AND SHINDROVA, P., 2010,

Developing mutant sunflower (Helianthus annuus L.)

by combined use of classical method with induced

mutagenesis and embryo culture method.   Bul. J. Agric.

Sci., 14 : 397 - 404.

FALCONER, D. S., 1981, Introduction to quantitative genetics.

2nd edition. Oliver and Boyd, Edinburg, London.

FISHER, R. A. AND YATES, F., 1963, Statistical tables for

biological, agricultural and medical research.  Oliver and

Boyd, London.

HAMDI., A., 1992, Heritability and combining ability of root

characters in lentil. Egyptian J. Agric. Res., 70 (1) :

247 - 255.

HASAN, E. U., KHAN, A. F., HABIB, S., SADAQAT, H. A. AND

BASRA, S. M. A., 2020, Genetic diversity of  sunflower

genotypes under drought stress by principal

component analysis. Genetika, 52 (1) :  29 - 41.

ION, V., DICU, G., BASA, AG., DUMBRAVA, M., TEMOCICO, G.,

EPURE, LI AND STATE, D., 2015, Sunflower yield  and yield

component under different sowing  condition. Agric.

Agricult. Sci. Procedia., 6 : 44 - 51.

JOHNSON, H. W., ROBINSON, H. F. AND COMSTOCK, R. E.,  1955,

Estimates of genetic and environmental  variability of

soybeans. Agron. J., 47 : 314 - 318.

Mysore J. Agric. Sci., 55 (4) : 371-377  (2021) M. S. UMAR FAROOQ et al.



377

T
he

 M
ys

or
e 

Jo
ur

na
l 

of
 A

gr
ic

ul
tu

ra
l 

Sc
ie

nc
es

LAKSHMAN, S. S., CHAKRABORTY, N. R., DEBNATH, S. AND KANT,

A., 2021, Genetic variability, character  association and

divergence studies in sunflower  (Helianthus annuus

L.) for improvement in oil yield. Afr. J. Biol. Sci., 

3 (1) : 129 - 145.

MANGIN, B., POUILLY, N., BONIFACE, M. C., LANGLADE, N. B.,

VINCOURT, P., VEAR, F. AND MUNOS, S., 2017,  Molecular

diversity of sunflower populations maintained as

genetic resources is affected by multiplication processes

and breeding for major traits. Theor. Appl. Genet., 130

(6) : 1099 - 1112.

MASCAGNI, F., VANGELISTI, A., GIORDANI, T., CAVALLINI,  A.

AND NATALI, 2018, Specific LTR- Retrotransposons show

copy number variations between wild and cultivated

sunflowers. Genes., 9 : 433.

ONEMLI, F. AND GUCER, T., 2010, The characterization of some

wild species of Helianthus for some  morphological traits.

Helia., 33 (53) : 17 - 24.

RAMYA, K. T. AND SUJATHA, M., 2019, Agromorphological

and molecular analysis discloses wide genetic  variability

in sunflower breeding lines from USDA, USA.

RAUF, S., ORTIZ, R., SHEHZAD, M., HAIDER, W. AND AHMED,  I.,

2020, The exploitation of sunflower (Helianthus  annuus

L.) seed and other parts for human   nutrition, medicine

and the industry. Helia., 43 (73) : 67 - 184.

RIAZ, A., TAHIR, M. H. N., RIZWAN, M., FIAZ, S., CHACHAR, S.,

RAZZAQ, K., RIAZ, B. AND SADIA, H.,  2019, Developing a

selection criterion using  correlation and path coefficient

analysis in sunflower (Helianthus annuus   L.). Helia., 42

(70) :  85 - 99.

SINGH, V. K., SHEORAN, R. K., CHANDER, S. AND SHARMA,  B.,

2019, Genetic variability, evaluation and  characterization

of sunflower (Helianthus annuus L.) germplasm.

Bangladesh. J. Bot., 48 (2) : 253 - 263.

(Received : August 2021   Accepted : October 2021)

Mysore J. Agric. Sci., 55 (4) : 371-377  (2021) M. S. UMAR FAROOQ et al.


	2. MJAS Cover 55 (4).pdf
	Page 1

	3. MJAS Text 55 (4).pdf
	1. Contents.pdf


