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Abstract

The present investigation was undertaken with a view to estimate extent of heterosis, per se performance,
combining ability, genotype x environment interactions and stability parameters in sunflower. The
experimental material comprised of diverse 3 CMS lines and 14 testers crossed in line x tester mating
design to obtain 42 Fis. The resultant hybrids along with their parents and 3 checks were evaluated in
randomized block design with three replications for combining ability. The results revealed that the
magnitude of SCA variance was higher as compared to GCA for all the characters indicated the
predominance of non-additive gene inheritance of most of the traits. The line CMS-17A and the testers
HAM-183, 3376-R, IB-19 x R-274, KOP -1 x RHA-856, KOP-I x 15 NB-7, R-348 x R-274 and RHA-
6D-1 x R-272-4 were found good general combiners for head diameter, per cent seed filling and seed
yield per plant. The best crosses based on the heterosis, SCA effects and per se performance the crosses
CMS-17A x (RHA-6D-1 x R-272-4), CMS-234A x (R-348 x R-274), CMS-234A x (KOP-I x RHA-856),
ND-2A x (RHA-6D-1 x R-272-4) and CMS-17A x 3376-R posses good seed yield per plant over best
checks DRSH-1, KBSH-44 and Phule raviraj. These crosses can be used for further heterosis breeding
programme and needs to be evaluating for genotype x environment interactions.

Keywords: combining ability, heterosis, sunflower, yield

Introduction

Sunflower (Helianthus annuus L.) is the fourth important oilseed crop in the world next to
soybean, groundnut and rapeseed. It belongs to the genus Helianthus, family Asteraceae, tribe
Heliantheae, sub-tribe Helianthae which includes 20 genera with 400 sub-species, originated in
USA (Heiser, 1978) [, It has 2n=34 and cross pollinated in nature. Sunflower, being a highly
cross-pollinated crop is ideally suited for exploitation of heterosis. Commercial exploitation of
heterosis has been possible using cytoplasmic male sterility- restorer system. However,
commercial cultivation in India started with open pollinated varieties like EC 68414
(Peredovik), EC 68415 (Armaviriski, 3497) and Morden (Cermianka-66). Heterosis breeding
has evolved successfully in sunflower breeding ever since the discovery of first cytoplasmic
male sterility (CMS) source by Leclercq (1969) 4 from the interspecific cross H. petiolaris
Nutt, x H. annuus and fertility restoration by Kinman (1970) [ that gave the required
momentum for commercial hybrid seed production in sunflower using CMS source.

In heterosis breeding, the selection of parents or inbreds with good combining ability is very
important in producing superior hybrids. The estimation of general combining ability (GCA)
and specific combining ability (SCA) helps in identifying the potential parents in the
production of superior hybrids for seed yield and oil content. It is useful in knowing the type
of gene action controlling various characters and development of suitable breeding strategies.
The line x tester analysis (Kempthorne, 1957) [l is one of the simplest and efficient method of
evaluating large number of inbreds for combining ability and per se performance.

To initiate hybrid breeding programme it is prerequisite to develop inbred lines with good
combining ability. Information on GCA of lines to be used as parents as well as on their
specific combining ability would be of immense value in formulating efficient breeding
strategy Vikas et al., (2015) %, Combining ability study elucidates the nature and magnitude
of gene action involved in the inheritance of character by providing the information on the two
components of variance viz; additive genetic variance and dominance variance, which are
important to decide upon the parents and crosses to be selected for eventual success. Thus, this
investigation was undertaken to determine magnitude of heterosis for yield and other
guantitative traits and general and specific combining ability effects using L x T mating
design.
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Materials and Methods

The crossing programme was undertaken during kharif 2016
by adopting line x tester mating design consisted 3 lines
(CMS-17A, CMS-234A and ND-2A) and 14 testers {HAM-
183, IB-19, IB-2M, PISF-110-8-1, 3376-R, (IB-19 x R274),
(KOP-1 x RHA-856), (KOP-I x 15 NB-7), (P-356 x R-274),
(R-296 x 15 NB-7), (R-348 x R-274), (RHA-6D-1 x R-272-
4), (15 NB-7 x HRA-5) (15 NB-7 x R-35)}. The resultant 42
hybrids along with their 17 parents and three checks viz;
DRSH-1, KBSH-44 and Phule raviraj were evaluated in
randomized block design with three replication at Botany
Instructional Farm, Department of Plant Breeding and
Genetics, Rajasthan College of Agriculture, MPUAT,
Udaipur during rabi 2016-17. Observations were recorded in
each entries on randomly selected ten plants for twelve
characters viz; days to 50 per cent flowering, days to
physiological maturity, plant height (cm), head diameter (cm),
per cent seed filling, seed yield per plant (g), 100 grain
weight, volume weight (g/100 ml), hull content (%), oil
content (%), biological yield per plant (g) and harvest index
(%).

Results and Discussion

Presence of genetic variability is the basic requirement for
developing high vyielding and better adapted hybrids in
sunflower. However, in present investigation mean sum of
squares due to lines were significant for head diameter, per
cent seed filling, seed yield per plant, 100 grain weight,
volume weight, oil content and biological yield per plant
indicated considerable amount of variation existing for these
traits among female lines which can be exploited for
combining ability analysis. The sum of squares due to testers
were significant for head diameter, per cent seed filling, seed
yield per plant, 100 grain weight, volume weight, hull content
and oil content. The analysis of variance due to line x tester
were highly significant for most of the traits except days to
physiological maturity suggesting contribution of SCA effects
towards variation among the crosses.

General combining ability (GCA) and specific combining
ability (SCA) effects

Line x tester analysis can evaluate more number of genotypes
as compared to diallel and partial diallel mating design. This
technique can be used even when the inbred lines have self-
incompatibility and male sterility where diallel crosses
entirely fail to such abnormal conditions. The success of any
breeding programme largely depends on selection of suitable
parental lines. Information regarding different types of gene
action, relative magnitude of genetic variance and combining
ability estimates are important genetic parameters for the
improvement of sunflower Sher et al., (2009) 8. The
presence of non-additive genetic variances and effects,
presumably dominant genes are the primary justification for
initiating the hybrid development programme in sunflower.
Higher GCA effects are more desirable for self-pollinated
crops and varieties released as pure lines while, SCA is more
important for the production of hybrids in cross pollinated
crops (Hallaur and Miranda, 1986) [). The magnitude of SCA
variance was greater than GCA variance for most of the traits
except oil content indicating predominance of non-additive
variance controlling the expression of these traits. Similar
results were reported by Madhavilatha et al., (2005) 161 and
Longanthan and Gopalan (2006) [*°],

General combining ability (GCA) effects

The estimates of GCA effects of parents are the important
criteria because parents with high mean value may not
necessarily be able to transmit their superior traits to their
progenies. The line CMS-17A might be considered the best
general combiner for plant height (shorter), head diameter, per
cent seed filling, seed yield per plant, 100 grain weight,
volume weight, hull content and biological yield per plant,
CMS-234A for days to 50 per cent flowering and days to
physiological maturity, oil content per cent and harvest index
per cent.

Achieving higher commercial yield the basic objective for
most of the breeding programmes in any of the crop plants,
however, per cent seed filling and head size play major role in
sunflower. Among the testers, HAM-183, 3376-R, 1B-19 x R-
274, KOP -l x RHA-856, KOP-I x 15 NB-7, R-348 x R-274
and RHA-6D-1 x R-272-4 were found good general
combiners for head diameter, per cent seed filling and seed
yield per plant whereas, I1B-19, PISF-110-8-1, IB-19 x R-274,
RHA-6D-1 x R-272-4, 15 NB-7 x HRA-5 and 15 NB-7 x R-
356 may be selected as a donor for oil content per cent. The
tester P-356 X R-274 exhibited negative desirable GCA
effects for days to 50 per cent flowering and days to
physiological maturity (Table 2) indicating the importance of
additive gene action advocating both these characters. Similar
results were also reported by Sawargaonkar and Ghodke
(2008) 1 and Neelima and Paremshwarappa (2009) 71,
Whereas, Tavde et al., (2009) observed that no parents were
found to contain all favourable or unfavourable genes for all
the characters as in the case of present study. Therefore, for
improvement in specific character, the parents showing high
GCA in desirable direction can be used as good donors for
improvement of those characters. Hence, based on GCA
effects CMS-17A, CMS-234A, HAM-183, IB-19 x R-274,
3376-R and RHA-6D-1 x R-272-4 can be considered as
superior parents for future breeding purposes.

Specific combining ability (SCA) effects

In contrast to GCA effects being attributed to additive genetic
effects, SCA denotes dominance and epistatic gene effects.
The results of SCA effects of crosses (Table 3) depicted that
CMS-17A x (RHA-6D-1 x R-272-4), CMS-234A x (KOP-1 x
RHA-856), CMS-234A x (R-348 x R-274), ND-2A x PISF-
110-8-1, ND-2A x (15 NB-7 x R-356), and ND-2A x (RHA-
6D-1 x R-272-4) were recorded good combination for seed
yield per plant, where as CMS-17A x (R-296 x 15 NB-7),
CMS-183 x HAM-183, CMS-234A x (P-356 x R-274), ND-
2A x IB-2M, and ND-A x (KOP-1 x RHA-856) for oil content
per cent. These crosses expressed relatively higher positive
SCA effects indicating of dominant and over dominant effect.
These results are in agreement with the reports of Karasu et
al., (2010) 9, Sharma et al., (2013) % and Kulkarni and
Supriya (2017) [*3 for seed yield and Kang et al., (2013) for
oil content. The hybrids which expressed negative SCA
effects for days to 50 per cent flowering and days to maturity
contribute favourable additive genes for earliness (Patil et al.,
2017) 19, Out of 42 crosses only two crosses CMS-17A x IB-
2M and CMS-234A x (RHA-6D-1 x R-272-4) exhibited
higher negative SCA effects for days to 50 per cent flowering
and days to physiological maturity. However, five crosses
namely CMS-17A x (KOP-I x 15 NB-7), CMS-17A x (P-356
x R-274), CMS-234A x 3376-R, ND-2A x HAM-183 and
ND-2A x (KOP-I x RHA-856) depicted significantly negative
SCA effects for plant height. Results indicated that these
crosses possess dominant or over dominant type of genes with
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decreasing effect hence may be exploited for reduced number
of days to flowering and plant height (Table 3). Similar result
was observed by Kulkarni and Supriya (2017) %1 for days to
50% maturity and plant height.

Parents are classified as high or good, medium or average and
low or poor combiners on the basis of their GCA effects
(Table 5). Parents with desirable and significant GCA effects
were considered high or good combiners while parents
showing non-significant estimates but in desirable direction
were classified as average or medium combiners. Poor or low
combiners had undesirable GCA effects. The estimates of
SCA effects revealed that, none of the cross recorded higher
SCA effect for all the traits. The cross CMS-234A x (KOP-I x
R-356) recorded significant positive SCA effects for seed
yield per plant, head diameter, per cent seed filling and 100
grain weight. In above listed traits the high x low GCA cross
combination of parents was observed to be desirable cross
combinations, indicating the predominance of non-additive
gene action. Similar results were also reported by Ashok et al.
(2000) ™M, Radhika et al. (2001) 24, Sharma et al. (2003) 2],
Parameswarippa et al. (2004) [8], Reddy and Madhavilatha
(2005) ['81 and Tavde et al. (2009).

Contribution of lines, testers and line x tester interactions
to total variance

As far as the proportionate contribution towards expression of
these traits are concerned the analysis revealed that the
contribution of tester was higher than line for all the
characters except for biological yield (Table 1). The line x
tester interaction was higher than their parents for days to 50
per cent flowering, days to physiological maturity, plant
height, biological yield and harvest index which showed
preponderance of dominant genes for these traits

Heterosis

Heterosis is the measure of deviation of progeny means from
parental means. For exploitation of hybrid vigour, high degree
of heterosis for yield and its components is a prerequisite in
crop improvement programme. The negative heterosis is also
important for characters viz; flowering, maturity and plant
height in sunflower. In the present investigation two types of
heterosis viz; heterobeltiosis or better parent heterosis and
standard or economic heterosis have been studied. Major
objectives of the present study were to identify promising
hybrids which may give high degree of useful (economic)
heterosis.

The variation for days to 50 per cent flowering ranged from
73 days in CMS-234A x (P-356 x R-274) to 90 days in (Phule
raviraj) and for days to physiological maturity ranged from
111 days in CMS-234 x (RHA-6D-1 x R-272-4) to 124 days
in CMS-17A x (KOP-I x RHA-856). Out of forty two crosses,
fourteen and four crosses recorded negatively significant
standard heterosis over the best check DRSH-1 in days to 50
per cent flowering and days to physiological maturity,
respectively. Among them three crosses viz; CMS-234A x (P-
356 x R-274), ND-2A x (15 NB-7 x R-356) and CMS-234 x
(RHA-6D-1 x R-272-4) depicted highly significant standard
heterosis in negative direction. In sunflower dwarf to medium
tall plant is required because tall plants are prone to lodging
therefore, negative heterosis in this case is desirable. In the
present investigation, none of the cross showed negative
heterobeltiosis; whereas, 40 crosses recorded significant
positive heterobeltiosis. The highest positive significant
heterobeltiosis 88.16 per cent was observed in the cross ND-
2A x (P-356 x R-274). Out of forty two crosses, 13 crosses

manifested negatively significant standard heterosis over the
best check DRSH-1; among them two crosses viz; ND-2A x
(RHA-6D-1 x R-272-4) and CMS-17A x (KOP-1 x RHA-856)
recorded negative standard heterosis (-17.22, -10.48) coupled
with significant positive seed vyield per plant. The
predominance of the tallness over dwarfness indicates tallness
to be dominant character as reported by Patil et al., (2017) [*9
and Vikas et al., (2015) %, However, Habib et al., (2009) [?6]
reported dominance of negative heterosis for plant height.
Lager head size is a desired trait to affect more yields in
sunflower crop. In the present study 19 crosses exhibited
significantly  positive  heterobeltiosis. The maximum
heterobeltiosis percentage (48.29, 45.21, 44.90 and 42.87 %)
for head diameter was depicted by the crosses CMS-17A X
3376-R, CMS-17A x (15 NB-7 x HRA-5), CMS-17-A x (IB-
19 x R-274) and CMS-17A x (R-296 x 15 NB-7). The
positive and significant standard heterosis were manifested in
four cross combinations viz; CMS-17A x 3376-R, ND-2A x
(RHA-6D-1 x R-272-4), CMS-17A x (15 NB-7 x HRA-5) and
CMS-17-A x (IB-19 x R-274) with the values of 11.37, 9.52,
9.05 and 8.82 respectively for head diameter. Habib et al.,
(2005) I8 and Patil et al., (2017) [ also found high positive
heterosis for head diameter. Percent filled seeds in sunflower
were positively correlated with seed yield. Total 14 crosses
manifested positive heterosis over the better parent value.
Considering the economic heterosis, none of the hybrids
depicted positive significant heterosis in seed filling percent.
The cross CMS-234A x (P-356 x R-274) (-21.15 %) and
CMS-17A x (R-296 x 15 NB-7) (14.27 %) exhibited the
minimum and maximum heterobeltiosis, respectively.
However, the cross 234A x (P-356 x R-274) (-31.27 %) and
CMS-17A x 3376-R (0.76) exhibited the minimum and
maximum standard heterosis, respectively.

Among 42 crosses, 11 crosses exhibited highly significant
positive economic heterosis over the best check KBSH-44.
The maximum standard heterosis percentage for seed yield
per plant was manifested by the crosses CMS-17A x 3376-R,
CMS-17A x (RHA-6D-1 x R-272-4), CMS-17-A x (IB-19 x
R-274) and CMS-17A x HAM-183 with a value of 31.46%,
25.34%, 19.23% and 17.15%, respectively. The positive and
highly significant heterobeltiosis was manifested by 29 cross
combinations. The crosses viz; CMS-17A x 3376-R, CMS-
17A x (RHA-6D-1 x R-272-4), CMS-17-A x (IB-19 x R-274)
and CMS-17A x HAM-183 showed highest heterobeltiosis
with the values of 78.22%, 69.91%, 61.63% and 58.82%
respectively for seed yield per plant (Table 4a). The presence
of non-additive type of gene action in determining seed yield
per plant has been reported by Sawargaonkar and Ghodke
(2008) 241, Sujata and Reddy (2009) [?8], Datta et al. (2011) B,
Rathi et al. (2016) 2 and Dhootmal (2017) Fl. Heterosis
studies for 100 grain weight revealed that 14 cross
combinations showed positive economic heterosis over the
best check Phule raviraj. The cross combinations CMS-17A x
3376-R, CMS-17A x (RHA-6D-1 x R-272-4), CMS-17A X
HAM-183 and CMS-234A x (KOP-I x RHA-856) displayed
the highest economic heterosis percentages (30.25, 24.76,
20.88 and 20.23) for 100 grain weight. Whereas, positive and
significant heterobeltiosis (54.74, 48.16 and 41.91 %) was
observed in the crosses, CMS-234A x (KOP-lI x RHA-856),
CMS-17A x 3376-R and CMS-17A x (RHA-6D-1 x R-272-
4), respectively. Similar conclusion has been drawn by Karasu
et al. (2010) (291,

High volume weight is having direct relation to increase the
weight of seed. Among 42 crosses only one cross CMS-17A x
(RHA-6D-1 x R-272-4) exhibited positive significant (7.11%)
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economic heterosis over the best check Phule raviraj.
However, 21 crosses depicted positive and significant
heterobeltiosis for volume weight. Harvest index is directly
correlated with the seed yield. In present study 18 crosses
manifested significant positive heterobeltiosis and 10 crosses
depicted significant positive economic heterosis for harvest
index. The highest economic heterosis for harvest index
showed by the crosses CMS-234A x 3376R (38.71%) and
CMS-17A x (RHA-6D-1 x R-272-4) (32.25%). A similar
finding on significant heterosis for this trait was reported by
Singh and Dhiraj Kumar (2017).

Low hull content in seed is having direct relation to increase
the oil content per cent. The desirable negative heterosis was
manifested by the crosses viz; CMS-234A x (P-356 x R-274)
(-36.74), CMS-234A x (15 NB-7 x R-356) (-21.49), CMS-
234A x (RHA-6D-1 x R-272-4) (-20.25) and CMS-234A x
PISF-110-8-1 (-14.70) over the best check DRSH-1. In any
oilseed crop, oil is an ultimate and the most important
economic end product. In present investigation highest values

of heterobeltiosis was 9.11 per cent {CMS-17A x (IB-19 xR-
274)} followed by 7.73 per cent (ND-2A x 1B-19) and 7.64
per cent {ND-2A x (IB-19 x R-274)}. Out of 42 crosses, 9
crosses recorded significant positive economic heterosis for
oil per cent. The highest significant positive economic
heterosis showed by CMS-234A x PISF-110-8-1 (13.25)
followed by CMS-234A x (15 NB-7 x R-356) (10.24) for oil
content (Table 4b). Such type of high heterosis for oil content
was reported by Dudhe et al. (2009) 1 and Chandra et al.
(2013) [,

Based on the per se performance, SCA effects and extent of
heterosis, five best crosses viz; CMS-17A x (RHA-6D-1 x R-
272-4), CMS-234A x (R-348 x R-274), CMS-234A x (KOP-I
X RHA-856), ND-2A x (RHA-6D-1 x R-272-4) and CMS-
17A x 3376-R posses good seed yield per plant over best
check Phule raviraj. (Table 6). These better performing
crosses can be used for exploiting hybrid vigour and need to
be evaluated for stability parameter.

Table 1: Analysis of variance for twelve characters of sunflower

S Daysto 50| Days to Plant Head Seed |Seed yield 109 Seed Hull Qil Biological | Harvest

ource of O - . - grain | volume - -

R d.f| per cent |physiological | height |diameter| filling | per plant . - content |content| yield per | index
variation " o ering | maturity | (em) | (cm) | (%) @ | Weiant | weight | =\ oy | plant(g) | (%)
(@) _|(g/100 ml)

Replications| 2 14.28 34.89 16.11 0.56 2.86 1.70 0.05 5.59 0.74 0.28 5.85 0.51
Parents(P) 16| 1191 15.26 672.46** | 15.84** | 97.02** | 65.83** | 0.45** | 29.71** | 64.74** |21.62**| 1003.43** | 31.75**
Pérr%r;tsse\sls 1| 78.56* 79.61 68910.95**| 897.36** |356.34**|6238.76**| 52.52** | 912.02** |539.44**|64.78**| 30500.05** (946.72**

Crosses |41 38.28** 29.41 445.89** | 21.29** |168.84**| 123.96** | 2.02** | 63.48** | 41.46** |16.73**| 1245.52** |157.59**
Line effect | 2 29.06 30.53 314.98 | 52.32** | 389.52* | 480.88** | 9.01** | 174.48* | 36.36 |33.52**| 9623.83** | 412.54
Tester effect| 13| 25.17 19.23 629.65 32.84* |295.20**| 167.44* | 2.60* 91.27* | 77.88** |38.10**| 524.37 172.08
Line x 26| 45.54** 34.42 364.07** | 13.14** | 88.68** | 74.78** | 1.19** | 41.04** | 23.64** | 4.76** | 961.60** [130.74**
Tester effect
Error (116 11.54 21.71 98.42** 0.97 10.68 7.23 0.04 2.86 3.08 0.71 38.53 6.44
Estimates
Var. GCA 0.62 0.13 14.67* 1.64** | 13.01** | 12.43** | 0.23** 5.1%* 2.12*%* | 1,38** | 197.48** | 11.22**
Var. SCA 11.34** 4.24 88.56** | 4.06** | 26.01** | 22.52** | 0.39** | 12.73** | 6.86** | 1.35** | 307.7** |41.44**
Var. GCA
Nar. SCA 0.06 0.04 0.17 0.41 0.51 0.56 0.59 0.41 0.31 1.03 0.65 0.28
Contribution % of
Lines 371 5.07 3.45 1199 [ 11.26 18.93 | 21.79 | 13.41 4.28 9.78 37.7 12.77
Testers 20.86 20.73 44.78 48.9 55.44 42.83 40.9 45.6 5956 | 72.21 13.35 34.63
#'er;f:r’s‘ 75.45 74.21 51.78 | 39.43 | 3331 | 3826 | 002 | 4101 | 3617 | 1803 | 4896 | 5261
*Significant at 5% level and **significant at 1% level
Table 2: Estimates of general combining ability effects of lines and testers for seed yield and its component traits in sunflower
Daysto 50| Daysto Plant Head Seed .Slged 100 grain| volume Hull Oil Bl.o:gglcal Harvest
Sources per cent |physiological| height | diameter | filling ylelarﬁer weight | weight | content | content y'elarf)ter index
flowering | maturity | (cm) | (cm) (%) p(g) @ |@1o0oml| @) | (@) p(g) (%)
Lines
CMS-17A 0.96 0.98 -3.16*%*| 1.29** | 3.49** | 3.89** | 0.53** 2.29** 1.00** | -0.87** | 14.18** -1.01*
CMS-234A -0.49 -0.47 1.45 -0.62** | -2,11** | -2.19** | -0.28** | -1.58** | -0.83** | 0.91** | -15.93** | 3.51**
ND-2A -0.47 -0.52 1.71 -0.67** | -1.38** | -1.70** | -0.25** | -0.71** -0.16 -0.03 1.75 -2.49**
SE for lines 0.52 0.72 1.53 0.15 0.50 0.41 0.03 0.26 0.27 0.13 0.96 0.39
CD at 5% 1.04 1.43 3.04 0.30 1.00 0.82 0.06 0.52 0.54 0.26 1.91 0.78
CD at 1% 1.38 1.90 4.04 0.40 1.33 1.09 0.08 0.69 0.71 0.34 2.53 1.03
Testers
HAM-183 -0.26 -0.87** 7.63* 0.75* 5.15%* | 2.89** | 0.18** | 5.18** 1.19* | -0.27 9.34** -1.08
1B-19 0.52 -0.54 1.16 -0.97** | -6.84** | -4.40** | -0.21** | -3.71** | 3.58** | 0.68* 11.40** -7.79**
1B-2M 1.18 0.13 -10.66**| -3.13** |-10.34**| -7.41** | -1.13** | -3.77** -0.70 |-1.04**| -15.15** -1.30
PISF-110-8-1 -0.71 1.35 3.51 -0.34** -0.77 0.36 -0.07 0.53 0.04 3.44** 1.73 -0.56
3376-R -0.60 -0.54 11.44**| 2.09** | 5.32** | 5.69** | 0.58** 2.58** 5.75** 0.47 -2.37 6.50**

(1B-19 x R274) -0.60 -0.32 8.50* 1.48** 4.07** | 2.98** | 0.46** 1.86** -0.19 0.56* -6.41** 4.33**

(Kopég’é)RHA' 2.86* 246 | 375 | 080* | 044 | 249%* | 054** | 047 |-425%|-149%*| 470¢ | 0.79
(K?\IPB'_'7’; 151 218 213 | 619 | 159%* | 5.02%* | 3.80** | 031%* | 224* | 007 | -038 | -385 | 436%*
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(P-356 X R274)] 338" | 2007 | 032 | <177 | 641" | -354%* | 0.46** | -0.86 | -559** | 030 | 829 | -3.98
(R-296 ;‘)15 NBY 137 008 | 179 | 052 | 414 | 054 | 038%* | -112¢ | -024 |-517%*| 346 -0.97
(R348 x R-274)] 082 0217 | 331 | 203 | 5.06* | 2.86%* | 0.23** | 2.45%* | 003 |-155°*| 146 | 3.00%*
(RHA;ZE_);’% XR1 153 102 [10.82%4 177%% | 4.97%* | 418 | 037** | 2.81%% | 201%* | 182 | -7.08%* | 5.86**
(l|_5”:’{\f_-57)x 1.19 1.02 849 | -1.01%* | -1.88 |-3.87*%|-020%* | -1.10 | 0.66 | 1.02%* | 530% |-5.36%
(15 '\'3267) xRl g 254%% 16284 -3.82%% | -7.03%% | -6.58%% | 0.88%* | -6.63%% | -3.12%% | 221%% | 7.90%* | -3.82%*
SEfor testers | 1.13 155 331 | 033 | 109 | 089 | 006 | 056 | 058 | 028 2.07 0.85
CD at5% 2.25 3.09 658 | 065 | 217 | 178 | 012 | 112 | 116 | 056 212 1.68
CDat 1% 2.99 2.09 872 | 087 | 287 | 236 | 017 | 149 | 154 | 074 5.46 2.23

*Significant at 5% level and **significant at 1% level

Table 3: Estimates of specific combining ability effects of crosses for seed yield and its component traits in sunflower

Crosses DFF | DPM | PH HD SF_|[SYPP| TW | VW | HC | OC | BYPP HI
(CMS-17A x HAM-183) 126 | 101 | 364 | 050 | 0.32 | 221 |0.48**| -1.71 | 147 | 0.22 | -2.23 2.51
(CMS-17A x 1B-19) 4.15* | 2.68 | 3.68 |2.29**|5.40**| -3.5* |0.58**|5.23**|-5.06**| -0.08 | 2.97 | 4.52**
(CMS-17A x I1B2M) -5.51** -5.65* | 4.82 | -1.10 |-6.03** -0.79 |]-0.32**| -0.03 | -0.61 |-1.02*| 7.13* |-4.36**
(CMS-17A x PISF-110-8-1) -3.29 | -1.87 | 0.92 |-2.37**|-9.59**| -3.04* |-0.33**|3.32**| -0.25 | -0.27 |-27.70**| 1.96
(CMS-17A x 3376-R) -1.73 | -1.98 | 12.67* | 0.81 | 2.01 | 2.60 |0.57**|-2.38*| -1.26 | 0.04 | 4.54 0.63
{CMS-17A x (1B-19 x R-274)} -2.73 | -054 | -589 | 098 | -042 | -122 | 0.09 | 0.79 | 0.67 | 0.87 2.95 0.80

{CMS-17A x (KOP-I x RHA-856)} 181 | 234 | 599 |-2.10**-6.15**| -2.06 [-1.01**| -1.39 | 0.14 |-1.28** 6.39 |-6.78**

{CMS-17A x (KOP-I x 15 NB-7)} 148 | 1.01 |-11.51*)| -0.90 | -0.31 | 1.20 |-0.54**| -1.94 | 1.87 | 0.21 | -0.16 | -1.55

{CMS-17A x (P-356 x R-274)} 1.04 | -0.42 |-18.37**|-2.00**| 3.76* | -0.06 |-0.52**|-4.56**| -0.27 | -0.19 |25.61** | -9.03**
{CMS-17A x (R-296 x 15 NB-7)} 137 | 0.12 | -10.13 |1.67**| 181 | 2.61 | 0.18 |4.03**| -0.48 |1.60**| 2.77 0.68
{CMS-17A x (R-348 x R-274)} -251 | -231 | 144 |-1.20*| -0.81 | -1.15 [-0.36**|-4.76**| -0.47 | 0.41 | 540 |-5.78**

{CMS-17A x (RHA-6D-1 x R-272-4)} | 3.48 | 3.46 |17.85**| -0.01 | 1.93 |5.50**|0.49**| 1.89 | 2.00 | 0.69 |-17.26**|10.09**

{CMS-17A x (15 NB-7 x HRA-5)} | 3.15 | 3.79 | -7.68 |3.50**|6.24**| 1.06 |0.83** |4.87**|3.15"*| -0.94 | 6.38 | 4.75**

{CMS-17A x (15 NB-7 x R-356)} | -1.9 | -1.65 | 2.55 | -0.04 | 1.83 |-3.30% | -0.15 |-3.34** -0.94 | -0.26 |-16.80** 1.54

(CMS-234A x HAM-183) 2.04 | 1.80 | 11.47* |-1.25%| 1.95 | -1.82 |-0.36**| 0.04 | 1.83 |2.04**| 8.36* |-5.07**
(CMS-234A x IB-19) -2.73 | -153 | 217 | -0.68 | -2.25 | -0.88 | -0.02 | 0.90 | 1.62 | -0.08 |28.30**| -9.31**
(CMS-234A x 1B2M) 4.27**] 346 | -525 | -0.21 | 143 | 0.93 | -0.01 | -0.01 |-2.62* | -0.91 |-20.04**| 7.96**

(CMS-234A x PISF-110-8-1) 3.15 | 3.24 1.14 |1.96**|9.41**| -0.06 |0.86**|-4.84**| -0.84 | 0.79 6.88 0.46
(CMS-234A x 3376-R) 2.04 | 0.80 |-11.77*|1.29**| 3.05 | 1.07 | 0.03 | 1.02 | 142 | -0.23 | -7.73* | 7.31**

{CMS-234A x (IB-19 x R-274)} 271 | 191 | 119 |-1.81** -2.01 |-3.74*| -0.02 | 2.85* | 0.60 |-1.12*| 2.75 |-5.29**

{CMS-234A x (KOP-I x RHA-856)} | -1.73 | -1.53 | 11.31 |2.78**|7.27**|5.46**|0.90**| 0.39 | 0.78 | -0.08 | 4.05 -2.73

{CMS-234A x (KOP-I x 15 NB-7)} -173 | -219 | 277 | 037 | -1.75 | 0.62 | -0.01 | 0.91 | -0.23 |-1.18* | 9.49** | 7.58**

{CMS-234A x (P-356 x R-274)} -5.50**| -3.31 | 0.61 | -0.04 |-9.46** 1.30 | -0.20 | 1.66 |-3.22** 1.21* |-23.38**| 3.30*

{CMS-234A x (R-296 x 15 NB-7)} 0.15 | -0.08 | -1.90 | 0.85 | 1.87 | 2.38 | 0.27* | -0.71 [4.29**|-2.23**| -3.48 1.06

{CMS-234A x (R-348 x R-274)} 093 | 213 | 3.20 |1.75**| 3.55 |5.22**| 0.28* |3.36**| 1.60 | 0.92 [10.41**|-12.69**

{CMS-234A x (RHA-6D-1 x R-272-4)} |-8.39**|-7.75**| -7.48 |-2.76**|-6.01**|-7.18**|-0.85**|-4.12**|-4.82**| -0.44 |14.57**| 2.85

{CMS-234A x (15NB-7x HRA-5)} | -1.39 | -1.75 | 0.60 | -0.61 | -2.42 | -0.53 |-0.21*| 0.09 |-0.265| 0.32 |-13.70** 1.28

{CMS-234A x (15 NB-7 x R-356)} |6.15**| 4.80 | -8.08 |-1.64*|-4.64*|-3.45*|-0.66**| -1.59 | -0.14 | 0.98 |-16.51**| 2.56

(ND-2A x HAM-183) -3.31 | -2.81 |-15.11**| 0.74 | -2.28 | 0.18 | -0.12 | 1.67 |-3.30**]-2.26**| -6.12 | 4.79**
(ND-2A x 1B-19) -142 | -1.15 | -5.85 |-1.60**| -3.15 | -3.58* |-0.55**|-6.14**|3.38** | 0.16 |-31.28**| -3.61*
(ND-2A x I1B2M) 124 | 218 | 042 | 1.32* | 460* | 2.29 [0.33**| 0.05 |3.23**|1.94**|12.90**| -2.43

(ND-2A x PISF-110-8-1) 013 | -1.37 | -2.07 | 041 | 0.17 | 3.43* |-0.53** 1.52 | 1.09 | -0.51 [20.82** | -7.94**
(ND-2A x 3376-R) -0.31 | 1.18 | -0.89 | -2.10 |-5.07**|-6.45**-0.60**| 1.35 | -0.15 | 0.18 | 3.18 | 4.49**
{ND-2A x (IB-19 x R-274)} 002 | -137 | 470 | 0.83 | 243 | 1.82 | -0.07 |-3.65**| -1.27 | 0.25 | -5.71 | 3.54*
{ND-2A x (KOP-I x RHA-856)} -0.08 | -0.81 |-17.30** -0.67 | -1.11 | 051 | 0.10 | 1.00 | -0.92 |1.37**|-10.45**| 4.28**
{ND-2A x (KOP-I x 15 NB-7)} 024 | 118 | 874 | 052 | 207 | 0.63 |0.54**| 1.02 | -1.63 | 0.96 | -9.32* | 145
{ND-2A x (P-356 x R-274)} 4.46* | 3.73 |17.75**|2.04**|5.69**| 3.08 |0.72**| 2.90* |3.49**|-1.02*| -2.23 |-3.98**
{ND-2A x (R-296 x 15 NB-7)} -1.53 | -0.04 | 12.03* |-2.52**| -3.68 |-4.10**|-0.46**|-3.31**|-3.81**| 0.62 | 0.70 | 4.72**
{ND-2A x (R-348 x R-274)} 157 | 0.18 | -465 | -054 | -2.74 | -0.92 | 0.08 | 1.40 | -1.12 |-1.34**|-15.82**| 2.57
{ND-2A x (RHA-6D-1 x R-272-4)} | 491* | 4.29 | -10.37 |2.77**| 4.07* | 3.62* |0.35**| 2.20 |2.82**| -0.25 | 2.69 |-7.61**
{ND-2A x (15 NB-7 x HRA-5)} -1.75 | -2.04 | 7.08 |-2.89**| -3.81* |-7.05**|-0.61**|-4.96**|-2.89**| 0.61 | 7.31* | -2.83
{ND-2A x (15 NB-7 x R-356)} -4.19*| -3.15 | 552 [1.69**| 2.80 |6.52**|0.81**|4.94**| 1.09 | -0.72 |33.32**| 2.07
CD at 5% 148 | 203 | 2.03 | 043 | 142 | 1.17 | 0.08 | 0.73 | 0.76 | 0.37 2.70 -2.73
CD at 1% 277 | 380 | 3.80 |0.804| 266 |2195| 0.15 | 1.38 | 143 | 0.69 | 5.06 1.10

*Significant at 5% level and **significant at 1% level

Table 4a: Estimates of heterosis (%) over better parent (BP) and standard heterosis (SH) over respective check in sunflower

DFF DPM PH HD SF SYPP
BP [ SH [ BP [ SH [ BP [ SH | BP [ SH | BP | SH | BP | SH
(CMS-17A x HAM-183) 241 | 078 | 0.85 | 0.00 |37.42**| -0.31 [35.79**| 1.98 [13.65**| -1.31 |58.82**|17.15**
(CMS-17A X IB-19) 6.83**| 350 | 254 | 1.68 |17.11**| -4.25 [36.32**| 2.38 | 4.81* |-8.99** [45.31**| 7.19
(CMS-17A X IB2M) -4.02 [-7.00%* | -3.95 |-4.76* | 8.55* |-10.78** 555 |-29.07**-14.33**-25.61** 11.34* [-17.87**
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(CMS-17A x PISF-110-8-1) -3.61 |-6.61**| 0.28 | -0.56 | 62.93**| -4.49 5.87 |-20.49**| -6.63** |-18.92**|17.30**|-13.48**
(CMS-17A x 3376-R) -2.39 | -4.67* | -1.97 | -2.24 |62.43***| 7.56* |48.29**|11.37**| 7.65** | 0.76 [78.22**|31.46**
{CMS-17A x (IB-19 x R-274)} -2.81 | -5.84* | 0.00 | -0.84 |35.91**| -5.62 |44.90**| 8.82** |11.31**| -3.34 [61.63**|19.23**

{CMS-17A x (KOP-1 x RHA-856)} [6.83**| 3.50 |4.80* | 3.92 |62.10**| -5.84 |16.52**|-12.50** -5.30* |-13.75**|28.88**| -4.93
{CMS-17A x (KOP-1 x 15 NB-7)} 5.62* | 233 | 3.39 | 2.52 |18.84**|-10.48**31.58**| -1.19 [12.35**| -2.17 |50.91**|11.32**

{CMS-17A x (P-356 X R-274)} -1.61 | -4.67* | -1.41 | -2.24 [40.01** |-18.67**| -2.01 |-26.41** 3.26 |-10.34**| 12.67* |-16.89**
{CMS-17A x (R-296 x 15 NB-7)} 1.20 | -1.95 | 0.00 | -0.84 |24.18** |-14.52**|42.87**| 7.30* |14.27**| -0.78 |49.94**| 10.60*
{CMS-17A x (R-348 x R-274)} -2.81 | -5.84* | -1.41 | -2.24 | 24.57**| -8.35* |32.56**| -0.45 |12.09**| -2.67 [36.42**| 0.63

{CMS-17A x (RHA-6D-1 x R-272-4)} |7.23**| 3.89 | 3.93 | 3.64 [33.31**| -2.90 [39.61**| 4.84 |12.39**| 0.29 |69.91**|25.34**
{CMS-17TA X (15NB-7xHRA-5)} |4.74*| 311 | 3.63 | 3.92 |26.65**| -6.72 [45.21**| 9.05** | -0.52 | -2.55 |55.21**|14.49**
{CMS-17A x (15 NB-7 x R-356)} -3.98 |-6.23** | -4.18 | -3.64 [42.35** |-15.63**| -2.76 |-26.97** -1.17 |-14.18** 6.33 |-21.56**

(CMS-234A x HAM-183) 412 | -156 | 2.01 | -0.56 |40.03**| 7.31* | 7.37 |-18.70** 8.16** |-5.73** |23.26**| -0.52*
(CMS-234A x I1B-19) -2.43 |-6.23**| -1.70 | -3.08 [19.44**| -2.35 | -1.27 |-25.24**-12.50**|-23.73**| -2.94 |-28.75**
(CMS-234A x IB2M) 6.45%*| 2.72 | 5.22* | 1.68 | 4.47 |-14.13**-13.89**|-34.80**|-12.27**|-23.54**| -12.48* |-35.76™**

(CMS-234A x PISF-110-8-1) 282 | -0.78 | 3.68 | 2.52 |28.49**| -1.53 |23.23**| -6.69* |10.12**| -4.02 |34.52**| -1.26
(CMS-234A x 3376-R) 0.40 | -1.95 | -0.84 | -1.12 [24.49**| -4.60 |36.45**| 3.32 223 | -4.31* |48.71**| 9.16*

{CMS-234A x (IB-19 x R-274)} 7.63**| -1.17 | 469 | 0.00 [32.52**| 1.55 | 8.61* [-17.76** 1.72 |-11.34**15.06** |-15.54**
{CMS-234A x (KOP-I x RHA-856)} | 2.87 | -2.33 | 1.72 | -0.56 |30.81**| 0.25 |37.86**| 4.39 4.26 | -5.05* |49.20**| 9.52*
{CMS-234A x (KOP-1 x 15 NB-7)} 1.63 | -3.11 | 1.73 | -1.40 |31.93**| 1.10 |25.84**| -4.71 3.26  |-10.00**36.23**| 0.00

{CMS-234A x (P-356 x R-274)}  |-8.68**|-14.01**| -2.33 |-5.88* | 25.00** | -4.21 | -2.36 [-26.07**|-21.15**|-31.27**| 11.75* |-17.97**
{CMS-234A x (R-296 x 15 NB-7)} | -0.81 | -5.06* | -0.57 | -2.24 | 21.80** | -6.66 |21.41**| -8.07* | 6.77** |-6.94** |30.72**| -4.04

{CMS-234A x (R-348 x R-274)} 1.64 | -3.50 | 4.07 | 0.28 |24.68**| -4.45 |39.38**| 554 |10.10**| -4.04 |49.69**| 9.88*

{CMS-234A x (RHA-6D-1 x R-272-4)} |-6.58**|-11.67**|-6.74**|-7.00**| 10.13* |-15.60**| 3.73 |-21.45**| -4.49 [-14.77** 8.94 |-20.04**
{CMS-234A x (15 NB-7 x HRA-5)} | -2.37 | -3.89 | -2.23 | -1.96 |32.04**| 1.18 -0.97 |-25.01**|-16.72**|-18.43** 3.79 |-23.81**
{CMS-234A x (15 NB-7 x R-356)} 398 | 156 | 0.00 | 056 | 5.28 |-19.32**|-29.67**|-46.75**|-16.95**|-27.61**|-16.89**|-38.99**

(ND-2A x HAM-183) -2.47 |-7.78**| -2.01 | -4.48 | 25.68**| -8.82* | 6.90 | -7.75* | -0.63 |-9.62**|13.11**| -2.34
(ND-2A x 1B-19) -0.81 | -4.67* | -1.42 | -2.80 [13.61**| -7.11* |-19.77**-30.76**|-16.35**|-23.92**|-21.44**|-32.17**
(ND-2A x 1B2M) 282 | -0.78 | 3.46 | 0.56 | 8.90* |-10.50**|-14.70**|-26.39**|-11.15**|-19.20**| -12.49* |-24.44**

(ND-2A x PISF-110-8-1) -0.81 | -4.28 | -0.28 | -1.40 |64.88**| -3.35 | -2.40 |-15.78** -4.87* |-13.49**/15.40**| -0.36
(ND-2A x 3376-R) -2.39 | -4.67* | -0.56 | -0.84 |54.38**| 2.23 -2.95 |-16.25**| -6.55** |-12.54** 1.14 |-12.67**
{ND-2A x (IB-19 x R-274)} 1.65 | -4.28 | 0.00 | -2.80 [49.56**| 3.86 |12.25**| -3.13 3.82 [-5.58**|18.52**| 2.34

{ND-2A x (KOP-1 x RHA-856)} 4.92* | -0.39 | 2.29 | 0.00 [45.00**|-17.14** -2.05 [-15.48** -5.09* |-13.56**|12.90**| -2.52
{ND-2A x (KOP-1 x 15 NB-7)} 408 | -0.78 | 432 | 1.40 |39.29**| 4.92 |11.01**| -4.20 | 4.53* | -4.93* [17.38**| 1.35

{ND-2A x (P-356 x R-274)} 3.72 | -2.33 | 2.88 | 0.00 |88.16**| 6.45 -1.07 |-14.63**| -5.00* |-13.60** 2.08 |-11.86**
{ND-2A x (R-296 x 15 NB-7)} -2.85 |-7.00**| -0.57 | -2.24 [48.25**| 2.04 |-16.03**|-27.54**| -3.57 |-12.30** -7.60 |-20.22**
{ND-2A x (R-348 x R-274)} 246 | -2.72 | 1.44 | -1.40 |23.54**|-9.11**| 6.82 | -7.82* | -1.30 |-10.24** 9.57* | -5.39

{ND-2A x (RHA-6D-1 x R-272-4)} |9.88**| 3.89 3.37 | 3.08 |13.66** |-17.22**|26.91**| 9.52** | 6.92** | -2.76 |27.89**| 10.42*
{ND-2A x (15 NB-7 x HRA-5)} -2.77 | -4.28 | -251 | -2.24 [42.98**| 5.31 |-28.44**|-38.25**|-17.47**|-19.16**|-30.59**| -40.07
{ND-2A x (15 NB-7 x R-356)} -8.37**-10.51**|-6.69**|-6.16**| 50.45** |-10.83**|-16.84**|-28.24**|-10.41**|-18.52** 3.33 |-10.78*

*Significant at 5% level and **significant at 1% level

Table 4b: Estimates of heterosis (%) over better parent (BP) and standard heterosis (SH) over respective check in sunflower

T™W VW HC ocC BYPP HI
BP SH BP SH BP SH BP SH BP SH BP SH
(CMS-17A x HAM-183) 37.50**|20.88**|20.00**| 3.79 |38.73**| -0.14 | -2.58 |-4.36**|50.91**|14.25**| 4.19 | -6.94
(CMS-17A x 1B-19) 30.88**|15.06**[14.01**| -1.40 [23.10**|-11.38** 6.45** | -2.50 |16.24**|20.82**| -9.18* |-19.61**
(CMS-17A x 1B2M) -9.56** |-20.49** -2.45 |-15.63**|23.50**|-11.10**| -9.69** |-10.26**|32.83**| 0.56 |-16.47**|-26.06**
(CMS-17A x PISF-110-8-1) 13.60**| -0.13 |21.21**| 483 | -2.19 |-8.04**| -0.88 | 4.97** |11.36**|-15.69** 5.06 | -7.00
(CMS-17A x 3376-R) 48.16**|30.25**| 9.95** | -491 |17.76**| 4.87 | 6.22** | -2.72 [45.01**| 9.78** |22.54**| 8.47*

{CMS-17A x (IB-19 x R-274)} 35.07**|18.75**|17.53**| 1.64 [14.49**| -6.16* | 9.11** | -0.07 [38.28**| 4.68 [16.44**| 3.07
{CMS-17A x (KOP-1 x RHA-856)} [12.50**| -1.10 | 3.55 [-10.45**|12.85**|-18.77**| -6.15** |-12.31**|55.68** |17.86** |-17.47**|-26.95**
{CMS-17A x (KOP-1 x 15NB-7)}  |17.65**| 3.43 [10.24**| -4.66 |25.14**| -2.54 | -2.54 [-4.72**|37.61**| 4.17 | 9.37* | -3.19

{CMS-17A x (P-356 x R-274)} 0.74 |-11.44**| -7.45* |-19.96** 6.17 |-23.57** 2.96 |[-5.70**|82.96**|38.51** |-38.85**|-45.87**
{CMS-17A x (R-296 x 15 NB-7)}  |35.15**|18.81**|18.28**| 2.29 | -7.48* |-9.48** |-6.73** |-14.58**|19.67**|13.47**| -0.08 |-11.55%**

{CMS-17A x (R-348 x R-274)} 19.85**| 5.37* | 2.18 |-11.63**/30.29**| -6.21* | 0.96 |-7.53** |47.12**|11.38**| -7.62 |-18.23**

{CMS-17A x (RHA-6D-1 x R-272-4)} |41.91**|24.76** | 21.55**| 7.11** |37.22**| 3.58 2.52 | 3.07* |13.30**|-14.23**49.41**|32.25**
{CMS-17A x (15 NB-7 x HRA-5)}  |34.56**|18.29**|20.92**| 4.58 5.19 3.04 [-6.78**|-4.00**|56.39**|18.39**| -1.06 |-12.42**
{CMS-17A x (15 NB-7 x R-356)} -0.15 [-12.22**|-21.46**-32.08**| 13.02** |-18.65** -3.06* | 1.43 |12.87**|-14.55** -6.15 |-16.93**

(CMS-234A x HAM-183) 7.62** |-11.44**11.72**| -1.88 |12.13**| -4.19 | 5.48** | 6.10** |26.44**| -3.43 | -5.03 |-15.18**
(CMS-234A x IB-19) 10.93**|-12.73**-12.69**|-23.32**|19.10**| 1.77 2.07 2.67 [12.08**|16.49**|-36.37**|-44.67**
(CMS-234A x IB2M) -13.25**-30.19**|-15.66**|-25.92** -8.32* |-21.66**| -5.31** | -4.75** |-36.25**|-51.31**| 37.29** | 19.40**

(CMS-234A x PISF-110-8-1) 38.10%*| 7.30** |-17.24**|-27.31** -9.27** |-14.70**| 6.94** |13.25**|15.67**|-11.65**{16.37**| 1.19
(CMS-234A x 3376-R) 33.94**| 4.07 | 6.82* | -6.18* |20.38**| 7.21* | 1.06 1.65 | -6.52 |-28.60**59.52**|38.71**

{CMS-234A x (IB-19 x R-274)} 29.37**| 0.52 |10.18**| -3.23 | 3.69 [-11.40** -1.27 | -0.69 112 |-22.76**13.72**| -1.11
{CMS-234A x (KOP-I x RHA-856)} |54.74**|20.23**| -4.41 |-16.05**|-8.81** |-22.08**| -4.21** | -3.64* |15.84**|-11.52**|29.17**|12.32**
{CMS-234A x (KOP-1 x 15 NB-7)} [26.04**| -2.07 | 543 |-7.41**| 1.37 [-13.38** -4.15**| -3.50* |12.15**|-14.34**|21.72**| 5.84

{CMS-234A x (P-356 x R-274)} 1.75 |-20.94** -1.73 |-13.69**-25.97**|-36.74**| 2.98* | 3.59* |-12.41**-33.10**|27.84**|11.16**
{CMS-234A x (R-296 x 15 NB-7)} |28.47**| 4.72* |-9.76**|-20.74** 0.79 | -1.39 |-21.01**-20.55**|-15.06**|-19.47**|23.88**| 7.72

{CMS-234A x (R-348 x R-274)} 31.45**| 2.13 [13.51**| -0.30 |10.53**| -5.56 | -1.44 | -0.86 |16.07**|-11.35**29.33**|12.46**

{CMS-234A x (RHA-6D-1 x R-272-4)}| 6.49* |-17.26™*-8.37** |-19.26**| -6.67* |-20.25**| 4.33** | 4.95** |14.34**|-12.67** -4.43 |-16.90**
{CMS-234A x (15 NB-7 x HRA-5)} | 5.66* |-17.91** -7.25* |-18.54**| -9.56** |-11.41** 1.83 | 4.86** | -4.50 |-27.06** 8.90 | -5.31
{CMS-234A x (15 NB-7 x R-356)}  |-20.13**|-37.94**-29.13**|-37.76**| -8.12* |-21.49**| 5.36** |10.24**|-23.48**-41.56** 8.79 | -5.40
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(ND-2A x HAM-183) 13.90**|-6.27** |31.03**| 4.81 |-17.28**-16.47**|-7.47**|-9.16**| 1.37 | -0.53 | -0.10 [-10.78**
(ND-2A x 1B-19) -2.83 [-22.43**|-24.71**-39.78**| 7.41** | 8.47** | 7.73** | 0.65 |-24.41**-21.43** -3.95 |-22.86**
(ND-2A x 1B2M) -4.42 |-23.08** -4.26 |-23.42**| -4.66 | -3.72 1.43 0.79 | -3.67 | -5.47 |-17.25**-28.03**

(ND-2A x PISF-110-8-1) 1.21 |-19.20**|15.02**| -8.00** | -8.44** | -7.54** | 0.76 | 6.70** |19.21**|16.97**| -6.04 |-22.83**
(ND-2A x 3376-R) 15.38**|-7.89** |21.31**| -2.97 | 3.69 472 |715**| 011 | -0.85 | -2.71 | 1.29 |-18.66**
{ND-2A x (IB-19 x R-274)} 25.51**| 0.19 2.21 |-18.24**-15.54**-14.71**| 7.64** | 0.56 |-12.79**-14.42**|31.98**| 9.03*
{ND-2A x (KOP-I x RHA-856)} 31.82**| 5.24* | 9.91** |-12.08**|-25.64**-24.90**| 4.72** | -2.16 | -6.90* |-8.64**|18.49**| -3.07
{ND-2A x (KOP-I x 15 NB-7)} 36.84**| 9.24** |19.06**| -4.77 |-16.19**-15.36** 2.18 | -0.11 |-13.75**-15.37**/35.17**| 8.55*
{ND-2A x (P-356 x R-274)} 22.27**| -2.39 |14.95**|-8.05** |-17.23**-16.41**| 0.98 |-5.66**| 3.99 2.04 | -2.37 |-21.59*%
{ND-2A x (R-296 x 15 NB-7)} 11.82**| -8.86** | -6.65* |-25.33**|-22.59**|-21.82** -9.02** |-15.01**| 2.25 0.33 |-10.54* |-28.15**
{ND-2A x (R-348 x R-274)} 23.89**| -1.10 [21.03**| -3.19 |-12.08**-11.21**| -3.88* |-10.20**-17.55**-19.09**|32.14**| 6.12
{ND-2A x (RHA-6D-1 x R-272-4)} |33.60**| 6.66** |13.37**| -0.10 | 1.61 2.62 2.20 2.76 | -5.64 | -7.41* |27.51**| 7.97*
{ND-2A x (15 NB-7 x HRA-5)} -6.07* |-25.02**|-14.64**|-29.69**|-17.58**-16.77** -0.01 | 2.97* |10.04**| 7.97* |-37.44**|-49.76**
{ND-2A x (15 NB-7 x R-356)} 14.49**|-8.60** | 2.52 |-17.99**-17.07**-16.25** -2.00 | 2.54 |[21.85**|19.57**|-16.22**|-32.72**

*Significant at 5% level and **significant at 1% level

Table 5: Crosses exhibited maximum SCA effects, their mean performance and GCA Effects of parents of twelve characters in sunflower

Character Desirable crosses SCA effects | Mean (.BCA effects
Line Tester
CMS-234A x (RHA-6D-1 x R-272-4) -8.39 75.67 | Average | Low
DFF CMS-17A x IB-2M -5.51 79.67 Low Low
CMS-234A x (P-356 x R-274) -5.50 73.67 | Average | High
DPM CMS-234A x (RHA-6D-1 x R-272-4) -7.75 110.67 | Average Low
CMS-17A x IB-2M -5.65 113.33| Low Low
PH (cm) CMS-17A x (P-356 x R-274) -18.37 132.73 | High | Average
ND-2A x (KOP-1 x RHA-856) -17.30 135.23| Low | Average
HD (cm) CMS-17A x (15 NB-7 x HRA-5) 3.50 19.28 | High Low
CMS-234A x (KOP-I x RHA-856) 2.78 18.46 Low High
ND-2A x (RHA-6D-1 x R-272-4) 2.77 19.37 | Low High
SF (%) CMS-234A x PISF-110-8-1 9.41 86.34 Low Low
CMS-234A x (KOP-I x RHA-856) 7.27 85.41 Low | Average
SYPP (9) ND-2A x (15 NB-7 x R-356) 6.52 33.10 Low Low
CMS-17A x (RHA-6D-1 x R-272-4) 5.50 46.50 High High
CMS-234A x (KOP-1 x RHA-856) 5.46 40.63 | Low High
TW (g) CMS-234A x (KOP-1 x RHA-856) 0.90 540 | Low High
CMS-234A x PISF-110-8-1 0.86 5.53 Low Low
CMS-17A x IB-19 5.23 36.97 High Low
VW (g/100mi) ND-2A x (15 NB-7 x R-356) 4.94 3749 | Low | Low
HC (%) CMS-234A x R-296 x 15 NB-7) 4.29 35.89 Low Low
ND-2A x (P-356 x R-274) 3.49 30.42 | Low Low
OC (%) CMS-234A x HAM-183 2.04 36.58 High Low
ND-2A x IB-2M 1.94 34.70 Low Low
BYPP (g) ND-2A x (15 NB-7 x R-356) 33.32 132.10 | Average | High
CMS-234A x IB-19 28.30 128.70 | Low High
HI (%) CMS-17A x (RHA-6D-1 x R-272-4) 10.09 4722 | Low High
CMS-234A x IB-2M 7.96 44.29 High Low

GCA: General combining ability, SCA: Specific combining ability

Table 6: Best five hybrids identified on the basis of per se performance, economic heterosis and SCA effects for seed yield per plant

S. No. Crosses Per se performance | Economic heterosis (%) | SCA effects
1 CMS-17A x (RHA-6D-1 x R-272-4) 46.50** 25.34** 5.50**
2 CMS-234A x (R-348 x R-274) 40.77** 9.88* 5.22**
3 CMS-234A x (KOP-I x RHA-856) 40.63** 9.52** 5.46**
4 ND-2A x (RHA-6D-1 x R-272-4) 40.97** 10.42** 3.62*
5 CMS-17A x 3376-R 48.77** 31.46** 2.60

*, ** Significant at 5% level and 1% level of significance, respectively.
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