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ABSTRACT

Increasing seed and ail yieldsis the top priority of most sunflower breeding programs. Getting benefit from use of heterosisis
the main purpose in sunflower hybrid breeding. The objectives of this study were to determine performance of sunflower
varieties and to measure the vigor of sunflower hybrids. In 2014-15 and 2015-16, sunflower hybrids were evaluated for four
important yield components, yield performance, standard and regular heterosis, and heterobeltiosis, in West Bengal agro
climatic conditions. Based on observations in this research, Heterobeltiosis for seed yield ranged between 36.0 and 94per cent
in 2015-16 and 40.2-104per cent in the year-2014-15 respectively. The standard heterosis for seed yield range from -8.8 to
25.9per cent. Based on observations in this research, seed yield of hybrids, the maximum hybrid vigor (heterobeltiosis) was
measured in the PET-2-7-1A X EC-601751, CMS-103A X EC-623023, respectively as heterosis 94.5 and 89 per cent in 2015-
16 and 104 and 102 per cent, respectively in the 2014-15 growing season. Negative heterotic values for hull rate are preferred
by sunflower breeders. Maximum negative values of standard heterosis for hull rate, both in 2014-15 and in 2015-16 (-12.9%
and -11.9%, respectively), were registered in 852A X EC-623016(-16%) and PET-89-1A X EC-601878 (-15.7) in 2015-16.
Lower hull rate in the aforementioned crosses was accompanied by higher heterobeltiosis and regular heterosis values for this
trait too. Sandard heterotic values measured in the hybrids for low hull content were recorded in the hybrids CMS-103 AX EC-
601878(-26%) and PET-89-1A X EC-601878(-19%), respectively. Heterosis for oil yield was as high as this for seed yield,
especially in 2014-15. The values of heterobeltiosis for seed yield was changed between 40 and 105 per cent, The values of
heterobeltiosis and standard heterosis changed between 36 and 94 per cent, and -8.8 to 25.9 per cent.respectively in the year
2015-16. Maximum values of 86.55 and 85 per cent for heterobeltiosis were recorded for ail yield in PET-2-7-1A XEC-601751
in 2015-16. The maximum standard heterosis (31.2%) was registered in the cross CMS-853 A X EC-623027 (M) followed by
PET-2-7-1A XEC-601751(29.6%) and CMS-853 AX EC 623023(23.9%) respectively in the growing season of 2015-16.Among
inbred lines, the female 853A,CMS-852-A and the male EC-623027 and EC-601878 exhibited higher hybrid vigor than the
others.
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Sunflower (Helianthus annuus L.) is grown
worldwide, mostly as a source of vegetable oil and
proteins. In India, sunflower is cultivated in an area of
0.7 million hawith atotal productivity of 0.50 million
tones (Padmaiah et.al.,2015) and with an average
productivity of 713kg ha' (Anonymous, 2016) and in
West Bengal the sunflower has enormous potentiality to
growninrabi season by replacing mustard (Dutta,2015).
The main objectives of sunflower breeding programs
arethe development of productive F1 hybridswith high
seed and oil yield. Sunflower oil yield is determined as
the product of seed yield per unit area and the oil
percentage in grains. Therefore, consideration of both
componentsisimportant when breeding for high oil yield
(Fick and Miller, 1997).

Seed oil and hull content arethe main characteristics
determining oil yield in sunflower. Oil content is a
quantitatively inherited trait and it varies considerably
depending on cultivar and also environmental effects
(Miller, 1987). There is a negative correlation between
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hull and ail contents of seed. Miller and Fick (1997)
indicated that most of the increase in seed oil from past
sunflower breeding and sel ection resulted from decreases
in hull percentage of seed.

After thediscovery of the cytoplasamic male sterility
(CMS) lines (Leclercqg in 1969) and fertility restorer
genesby Kinman in 1970 which shifted theinterest from
population breeding to heterosis breeding. Heterosis of
sunflower has been exploited only over the past few
decades. Hybrid sunflower became a reality with the
discovery of cytoplasmic malesterility and effectivemale
fertility restoration system during 1970. Pathak et al.
(1983) detected negative increases in oil content of
sunflower hybrids and they concluded that the reasons
for that were possibly overdominance effects of the genes
conferring low oil content and the same frequencies of
these genes in hybrids and their parents. Heterosis,
defined asthe unusual growth and yield of heterozygous
hybridsfrom two lessvigorous homozygous parents, has
been explored during last 70 years. Heterosis can be



considered as one of the most important contributions
of the genetics to agriculture, with large consequences
on agricultura yields. Farmersgenerally prefer hybrids
developed by utilizing heterosis to cultivars and grow
them on large areas. Sunflower hybrids predominate the
sunflower productions in Turkey and rest in the world
(Kaya, 2004). Although the hybrid vigor can begenerally
defined as the superiority of individuals from the F1
generation in relation to their parents, it can also be
considered as the superiority of new hybrids over
currently grown commercial hybrids. Thisphenomenon
has been analyzed for many different traits of sunflower.
Researchers have observed considerable increases of
heterosis for seed and oil yield and oil content in
sunflower. Reddy et al. (2009) measured heterosisrates
higher than 100% and heterobeltiosis rates higher than
10% in sunflower hybrids. Girirgj and Virupakshappa
(1992) and Virupakshappa et. al. (1997) observed that
the hybrid vigor for sunflower seed yield remained at
thesamelevel in different environments. Thisstudy was
conducted to determine sunflower parents and hybrids
with the highest potential and hybrid vigor for seed and
oil yields and hull and oil contents.

MATERIALS AND METHODS

The present experiment was started in 2014-15 with
aimed to (i) Breeding and Evaluate the performance of
the sunflower hybrids in respect to yield and yield
component and (ii) To identify the superior sunflower
hybrids suitable for the rabi-summer season in West
Bengal agro-climatic condition. The objective(s) of the
present study was identify the Standard (economic)
heterotic combinations, and not to concentrate the study
the Heterobeltiosis.

The present experiment which was carried out during
rabi season, 2015-16 and 2016-17 &t research farm under
AICRP Sunflower, Nimpith Centre. A total of 18
sunflower hybrids were evaluated including the three
National check hybrids, KBSH-44, LSFH-171 and
DRSH-1 in a Randomized complete block design with
three replications. The plot size was 4.5 x 3.0 m. The
area representing the medium to high soil salinity (EC
2.0-3.0dSYm) throughout the sunflower growing season.
The soil texture was clay loam in “On station” and
“MLT" plots. Threeirrigationswere provided during the
cropping period. Onefoliar spray wasgiven with Boron
(@ 2g lit™. of water inray floret stage. Therow plot?
were five in number with a row spacing of 60 cm and
plant to the plant was 30 cm. A uniform dose of fertilizer
@80kgN,40KgP,0, and 40 kg K,O ha' was applied.
The germinated seed of sunflower used as the planting
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meaterials and one per hill were maintained throughout
the cropping period. The data was recorded in ten
randomly selected plants from each plot of all
replications on thefollowing charactersviz., daysto 50%
flowering, daysto maturity, plant height at harvest (cm),
head diameter plant™ (cm), seed weight head? (g), 100-
seed weight (g), husk weight(g) and hull content
(%),volume weight (seed weight in gram per 100 ml)
and oil content(%). The seed yield (kg ha?), oail
percentage and oil yield (kg ha?) were estimated on a
plot basis. The mean values were subjected to statistical
analysis.

The magnitude of relative heterosis, heterobeltiosis
and standard heterosis were estimated to facilitate the
exploitation of hybrid vigor through heterosis breeding.
The % heterosis was cal culated from the formula:

% heterosis (HTS)=100 x (F1-MP) / MP, where F1
isthe hybrid progeny and MPisthe " mid-parent” or the
average of the parents (P1+P2) / 2.

The % heterobeltiosis was calculated from the
formula: % heterobeltiosis (HTB) = 100 x (F1-HP) /
HP, where heterobeltiosis is the parent with highest
phenotypic expression.

The standard heterosis was calculated from the
formula: % standard heterosis (SHS) =100 x(F1-SA) /
%1

where SA is the average of commercia standard
hybridsviz. of LSFH-171 or KBSH-53 or DRSH-1

Commercial standard checks were LSFH-171 or
DRSH-1 asregistered National check sunflower hybrids
in Indiaby ICAR-110OR, Hyderabad.

RESULTSAND DISCUSSION

Seed yield is an exceedingly complex quantitative
trait in sunflower, whose control involves a series of
genes, because practically al traits have someinfluence,
toalarge or small measure, on the seed yield. However,
heterosis occurred practically for al traitswith different
magnitudes. The highest positive heterosis observed for
seed yield was explained by the sum of favorable values
of heterosis for the different traits correlated with seed
yield.

Maximum hybrid vigor (heterobeltiosis) was
measured in the PET-2-7-1A XEC-601751, CMS-103A
X EC-623023, CMS-10A X EC-623023 and CMS-103
A X EC-601878 respectively asheterosis94.5, 89, 88.7
and 87.7 per cent in 2015-16 and 104,102, 95 and 94
per cent respectively in the 2014-15 growing season.
The lowest heterobeltiosis for seed yield was 36.7 and
40.5 per cent respectively were observed in the CMS-
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207A X EC-623016 and 853A XEC-601725 in the
2015-16 growing season. (Table 1). The evaluation of
hybrids for heterosis breeding based on standard
heterosis led to the identification of different sets of
hybrids. Therefore, the evaluation of hybrids based on
all three criteriawould be more meaningful. Viewed from
thisangle, thefollowing hybridswere considered as best:
Heterobeltiosis for seed yield ranged between 36.0 and
94% coupled with significant from 36.6-94.9% (2015-
16) and 40.2-104% in the year-2014-15 respectively.
Thestandard heterosisfor seed yield range-8.8 to 25.9%.

Based on the average values of thetwo years, 853A
crossesamong the femalelines, followed by CM S-852-
A, CMS-103-A, PET-2-7-1A, PET-89-1A and CMS
207-A were best female parents regarding the regular
heterosisfor seed yield. Thelines EC-623027 followed
by EC-601878, EC-623023 and EC-601751, were best
restorers. Regarding heterobeltiosis, 853A,CM S-852-A,
CMS-103-A,PET-2-7-1A, PET-89-1A were best female
parents and EC-623027, EC-601878, EC-623023 and
EC-601751were best male parents. The values of
heterosisin sunflower arehighly variablefor thedifferent
agronomic traits, especially for seed yield. Positive
heterosisfor thistrait has been maintained from -20.9to
21.2 per cent. High heterosis values for sunflower seed
yield, similar to those obtained in this research, were
reported by Girirgj and Virupakshappa (1992). Heterosis
for oil yield wasashigh asthisfor seed yield, especially
in 2014-15. The values of heterobeltiosisfor seed yield
was changed between 40 and 105 per cent. The values
of heterobeltiosis and standard heterosis changed
between 36 and 94, and -8.8t0 25.9 per cent respectively
intheyear 2015-16 (Table 2). Maximum values of 86.55
and 85 per cent for heterobeltiosis were recorded for
oil yieldin PET-2-7-1A XEC-601751, 10A XEC-623023
followed by CMS-103 A X EC-601878(76.5%), CMS-
207A X EC-601878(73.2%) and PET-2-7-1A X EC-
601878(73.1%) in 2015-16. The maximum standard
heterosis (31.2%) was registered in the cross CM S-853
A X EC-623027 (M) followed by PET-2-7-1A XEC-
601751(29.6%), CMS-853 AX EC 623023(23.9%),
CMS-207A X EC-601878(22.8%) CMS-103 A X EC-
601878 (22.1%), CM S-852A X EC-601751(20.4%) and
PET-2-7-1A X EC-601878 (20.1%) respectively in the
growing season of 2015-16. Recently high heterotic
hybridsfor seed yield were also reported by Chandraet
al. (2013), Thombare et al. (2007)

Based on the calculated values for 2015-16,
maximum heterobeltiosis values were found in the
crosses of 853A-A crosses among the female lines,
followed by CMS-852-A, CMS-103-A,PET-2-7-1A,
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PET-89-1A and CM S-207-A crosses. The crosses of EC-
623027 exhibited highest positive heterotic values over
better parent, followed by EC-601878, EC-623023, EC-
601751, EC-601725, EC-623021and EC-623016
crosses.Among therestorer lines, the maximum regular
heterosis in 2015-16 was determined in EC-601878
hybrids followed by EC-623027, EC-623021, EC-
601751 and EC-601725. The maximum heterobeltiosis
for il yield was registered in EC-601878 cross hybrids
(100%), followed by EC-623027 EC-601751, EC-
601725 and EC-623023 respectively. Based on the
valuesfor thetwo years, thecrosses 853-A x EC-623027,
PET-2-7-1A XEC-601751, 853-A x EC-623023, CMS-
207A X EC-601878, PET-2-7-1A X EC-601878, CMS-
852AX EC-601751 and CMS-103A X EC-623023
respectively fromthefemales853-A and 852-A and the
males EC-601778,EC-623023 and Ec-601751
respectively showed higher standard heterosis for oil
yield than the other crosses.

The crosses had higher heterosisvaluesfor seed and
oil yieldsin 2014-15 than in 2015-16. The main reason
for the low yields in 2014-15 was a long drought
(including high salinity throughout the growing season)
that continued for a better part of the sunflower
vegetation period. The heterosisvaluesfor the measured
traitswerehigher in 2014-15, indicating that the climatic
conditionsin 2014-15 acted in a positive way, alowing
abetter expression of the potentials of the hybridswith
regards to plant development. These highly heterotic
crosses from 2014-15, involving highly significant x
highly significant combiners, exhibited considerable
additive genetic variance, which can be exploited for
developing high yielding pure lines through progeny
selection. The similar type of findings also reported by
Patil et al. (2012), Jondhale, et al.(2012).

Negative heterotic valuesfor hull rate are preferred
by sunflower breeders. Maximum negative values of
standard heterosis for hull rate, both in 2014-15 and in
2015-16 (-12.9% and -11.9%, respectively), were
registered in 852A X EC-623016(-16%) and PET-89-
1A X EC-601878 (-15.7) followed 103A x EC-601718
(-14.5%) for theyear 2015-16 (Table 3). Lower hull rate
in the aforementioned crosses was accompanied by
higher heterobeltiosis and regular heterosis values for
thistrait too. Usefulness of crossesin heterosis breeding
depends on their mean performance, SCA effects and
magnitude of heterosis. Regarding the value of regular
heterosis for hull rate, the most favorable performance
among the femal es was shown by 850A crosses among
the femalelines, followed by CMS-103 A and PET-89-
1A crosses. The crosses of EC-601878 followed by EC-
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623016, EC-601751,EC-601751 had thelowest heteratic
values among the restorer lines. Standard heterotic/
Economic heterotic values measured in the hybrids for
low hullcontent were recorded in the hybrids CMS-103
A X EC-601878(-26%), PET-89-1A X EC-601878(-
19%), 852A X EC-623016(-16%) and CMS-850A X
EC-601751(-13%) respectively. Lowest heterobeltiosis
valuesfor hull rate were demonstrated followed by CMS-
103 A and PET-89-1A crosses. The crosses of EC-
601718 exhibited highest negative heterotic valuesover
better parent, followed by EC-623016, EC-601751, EC-
601751 crosses. 850A, 103A and PET-89-1A crosses
had morefavorable values of standard heterosisfor hull
rate than the other crossesin the research study.

Heterosis values for oil content were low. The
average standard heterosisranged between 1.5and 11.5
per cent inthe experiment (Table4). Low heterotic values
were also observed for heterobeltiosis (between -15.3
and -0.8%). Low heterosisresults similar to these were
obtained by Pathak et. al. (1993) for sunflower oil
content. Heterotic values measured in the hybrids for
oil content were mostly negative and there was no
superiority of parents of crosses or standards. Highest
values of heterobeltiosis was recorded by in the cross
CMS-207AX EC-623027, CMS-207AX EC-
623023,CMS-207AX EC-623016,PET-2-7-1A X EC-
601878 respectively. The higher values for standard
heterosis were observed in CMS-850 A X EC-
601878(11.5%), CMS-10AX EC-623023(11.1%) PET-
89-1A X EC-601878(10.5%), PET-2-7-1A X EC-
601878(10.2%), CMS-207A X EC-601878(9.9%) and
CMS-850A X EC-623016(9.5%), CMS-10 AX EC-
623023(9.9%) and CMS-10 AX EC-623016 (8.9%)
respectively against the best national check hybrids
LSFH-171(27.3% oil), KBSH-44(25.3% oil) and
DRSH-1 (33.4% oil) respectively.

Based on average heterotic values of inbred lines,
negative results were obtained in almost all of them for
oil content. The ranking of the female lineswas CMS-
103A, CMS-850-A, and PET-89- 1A for regular heterosis
and as well as for heterobeltiosis. The ranking of the
restorer lines was EC-601718,Ec-601751 and Ec-
601725 for regular heterosisand for heterobeltiosis. Due
to adrought and salinity (Ec-2.0-3.0ds/m) that occurred
in 2014-15 and 2015-16, low oil content values were
measured in the sunflower crossesin theresearch. Most
of the crosses exhibited high heterosisespecially for seed
and oil yields. However, mean heterosis was
comparatively low for hull and oil contents. The most
favorable performance was shown for seed yield (105
% in 2014-15 and 94 % in 2015-16).
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The study on heterosisin sunflower showed that the
crosses with favorable characteristics such as oil and
seed yidlds, oil and hull contents could be bred from
correctly selected parents. Thecross 853A X EC-623027
reached the breeding aim mentioned above, especially
for high vigor in seed and ail yields. The following
crosses demonstrated high hybrid vigor and superior
performance over standard hybrids in the studied
characteristics: the cross 853-A x EC-623023, CMS-
207A X EC-601878, PET-2-7-1A X EC-601878, CMS-
852AX EC-601751for seed and oil yields, the crosses
CMS-103 A X EC-601878 and PET-89-1A X EC-
601878 for thin hull rate and high oil content. The
evaluation of inbred lines based on al three criteria of
heterosis showed that the crosses of thefemaleline 853-
A and the male line Ec-623027, reveal ed higher hybrid
vigor than the other lines regarding the characteristics
examined in thisresearch. Themaleline EC-601878and
EC-601751 withregard to all measured traits, thefemale
line 852 A,103A and P-89-1A with regard to seed and
oil yieldsand thefemalelines CM S103A and CM S-852A
with regard to high oil content and low hull rate could
be used for increasing hybrid vigor in future sunflower
breeding programs.
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