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SUMMARY

Ar1 investigation was undertaken to assess the magnitude and direction of
combining ability of six c],'toplasmic male sterile lines and twelve fertility
restorer lines in sunflower. The study revealed that the parental lines RHA-
99RTNBr, RHA-284, RFIA-299 and CMS-BO2 possessed genes for earliness.
The hybrid CMS-852 x RFIA-99RTNBr was found to be the best combination
for days to 50 per cent flowering. The lines CMS-2O7 and CMS-8S2 and the
testers RFIA-6D-5-3-6 and RF{A-2l4Br appear to trarlsrnit genes for higher seed
yield and hence they are suggested for utilization in hybridization programme
to obtain better yields. The hybrids CMS-3O2 x RFIA-273 and CMS-234 x RHA-
284 were found to be the best combinations for seed yield and oil content,
respectively. All the characters were found to be under control ofboth additive
and non-additive gene action with the predomiance of the latter.

Kew words: Sunflower, combining ability, line x tester.

INTRODUCTION

Sunflower is one of the most important oilseed crops of India. It is also a crop
in which heterosis is exploited for better seed and oil yield. The value of hybrids
and the importance of heterosis breeding was recognized very early in sunflower.
The discovery of cytoplasmic male sterility (Leclercq, 1966) in France and fertility
restoration (Kinman, l97O) in USA has provided the required break through for
heterosis breeding in sunflower. As a result, plant breeders have extensively used
and exploited heterosis to improve seed and oil yield in sunflower. Hybrids are gen-
erally more vigorous, uniform, self fertile and also resistant to important foliar dis-
eases (Seetharam, 19BO). In a systematic breeding programme it is essential to
identi$r superior parents for hybridization and crosses to expand the variability res-
ervoir for selection of superior genotypes. Combining ability analysis helps the
breeder in selecting desirable parents and provides information on the relative
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importance of GCA and SCA for interpreting the genetic basis of important traits. In
the present study an attempt was made to assess the combining ability and gene
action governing the quantitative traits in sunflower for six cytoplasmic lines and
twelve fertility restorer lines by employing line x tester analysis.

MATERIALS AND METHODS

Six cytoplasmic male sterile lines and l2 fertility restorer lines were mated in
line x tester fashior-r to generate 72 single cross hybrids. These crosses along with
their l5 parents were grown in randomized block design with three replications.
The experiment was conducted at GKVK campus, university of Agricultural Sci-
ence, Bangalore. The crossing was carried out during kharif lg94 and the evalua-
tion of the crosses and their parents was done during summer lggs. Each entry
was grown in a single row of 3 m length with a spacing of 6o cm between rows and
3o cm between plants in row. Fertilizers were applied at the rate of 60:90:60 NpK
kg/ha. A standard package of practices was followed for raising the crop. observa-
tions were recorded on five randomly selected plants in each tretment of all replica-
tions for ten quantitative traits, days to 50 per cent flowering, plant height, stem
girth, head diameter, days to maturity, loo-seed weight, per cent seed filling, oil
content, seed yield and oil yield. Mean values of the ten characters for different
entries were subjected to line x tester analysis (Kempthorne, lgsz) to estimate gen-
eral combining ability (GcA), specific combining ability (scA) effects and their
respective variances.

RESULTS AND DISCUSSION

Analysis of variance (Table l) indicated that the lines, testers and line x testers
exhibited significant differences among themseves for all the characters except for
per cent seed filling in lines and seed yield/ha in testers. Further, crosses were also
found to be significantly different from each other for all the characters. It could be
because of the diverse nature of testers and the significant interacition between
lines and testers.

The estimates of GCA and SCA effects of l8 parents and Z2 hybrids, respec-
tively, for ten quantitative charactes are furnished in Table 2. Days to 5o per cent
flowering, oil content and seed yield are of much practical significance in sunflower.
Therefore, the discussion in this study centers mainly around theses characters.
The lines CMS-SO2 and RHA-99RTNBr, RHA-284 and RFIA-299 among cytoplasmic
male sterile (CMS) lines and restorer lines, respectively, exhibited significant GCA
effects for days to 50 per cent flowering in the desirable direction (negative direc-
tion). Among the testers, the line RHA-99RTNBr exhibited significant GCA effects
for per cent seed filling and oil content also. This indicates that this particular line
seemed to posses decreasing alleles for days to 50 per cent flowering and increasing

75
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alleles with additive effects for per cent seed filling and oil content. Significant GCA
effects for days to 5o per cent flowering, per cent seed filling and oil content had
also been reported (Tuberose et al., l9B2). with respect to plant height, three cMS
lines viz., cMS-2o7, cMS-852, and cMS-234, and two testers, RI-IA-6D-l and RF{A-
6D-5-3-6 re$istered signilïcant postive GCA effects. Further, the lines CMS-2OZ and
CMS-852, appeared to possess favorable alleles with additive effect for stem diame-
ter, head diameter, days to maturity and seed yield/ha also, as evident from signifi-
cant positive GCA effects of these two lines for the above traits. The restorer line
6D-l manifested significant GCA effects for stem diameter, days to maturity and oil
content also.

In general, no single line or tester expressed significant GCA effect for all the
characters. For example, the lines CMS-2O7, CMS-8S2, RHA-6D-l, RFIA-99RTBr
and RHA-17 for stem diameter; cMS-207, cMS-85 I, cMS-8s2 and RIIA-6D-5-3-6
for head diameter; CMS-207, CMS-852, RFIA-6D-1, RHA-17, Rt{A-223 and RHA-
298 for days to maturity; cMS-2o7, RI-IA-6D-5-3-6, RIjA-lz and RHA-273 for loo-
seed weight and CMS-4OO and RFIA-99RTNBr for per cent seed Ïïlling manifested
significant GCA effects.

The lines CMS-207 and CMS-852 which recorded highest GCA effects for seed
yield seemed to possess unfavorable alleles for oil content as evident form the sig-
nificant negative GCA effects exhibited by these lines for oil content. The lines CMS-
4ooRHA-6D- l, RHA-99RTBr and ggRTNBr appear to combine favorably for oil con-
tent as revealed from their significant positive GCS effect. Oil yeld is the function of
both seed yield and oil content. In this regard, although, the lines cMS-8s2, RI{A-
6D-5-3-6 and RHA-2l4Br which did not possess favorable genes for oil content, by
virtue of their good combining ability for seed yield, expressed a fairly high magni-
tude of GCA effects for oil yield. Significant postive GCA effect for oil yield has been
reported by earlier workers (Kadkol et al., IgB4.).

Among 72 hybrids, only two, CMS-852 x RFIA-99RTNBr and CMS-207 x RHA-
273, expressed significant negative scA effects for days to 50 per cent flowering. of
the parental lines involved in the former combination, cMS-852 had significant
positive GCA effect; whereas RHA-99RTNBr had significant negative GCA effects; in
spite of the GCA effects of these two parental lines in opposite direction, the signifi-
cant SCA effects of this combination in the desirable direction may be due to a high
frequency of dominant alleles for earliness. Both parental lines in the latter combi-
nation did not seem to possess favorable genes for earliness. The negative scA
effects of this combination may be attributed to the favorable epistatic interaciton of
genes from these two lines.

Only three hybrids, CMS-2O7 x ggRTNBr, CMS-2OZ x 2t4Br and CMS 3O2 x
RI-IA-273, recorded significant positive SCA effects for seed yield. In addition, these
hybrids have exhibited significant positive SCA effects for several other traits also.
For example, the hybrid cMS-2o7 x RFIA-99RTNBr for plant height and head diam-
eter; cMS-207 xRHA-2l4Br for 1OO-seed weight and oil yield and cMS-302 x RFLA-

8l
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273 for days to 50 per cent flowering, stem dimeter, head diameter and oil yield.

The hybrids cMS-2o7 x RFIA-284, CMS-234 x RFIA-284 and CMS-85 I x RFIA-

ggRTNBr were found best specilic combinations for oil content as evident from

their significant positive SCA effects.

The parental lines RHA-99RTNBr, RF{A-284, RHA-299 and CMS-302 were

found to possess genes for earliness as evident from their significant negative GCA

effects for days to 5O per cent flowerin$. The hybrid CMS-852 x RHA-99RTNBr was

adjudged to be the best specific combination for earliness. The lines CMS-2O7 and

cMD-852 and the testers RHA-6D-5-3-6 and RHA-2l4Br appeared to transmit

additive genes for higher seed yield in their progenies and hence could be used as

parents advantageously in hybridization programmes to obtain better yields' The

combination CMS-302 x RFIA-273 registered the highest positive SCA effect for seed

yield. The parental lines cMS-400, RFIA-6D-1, RHA-99RTBr and RHA-99RTNBr

were found to inherit genes for higher oil content. The hybrid CMS-234 x RFIA-284

was found to be the best as it expressed the highest positive SCA effect for oil con-

tent.

Table 3: Variance due to general and specific combining ability for the characters in sunflower

Plant height 3.36 45'71 1 : 13 59

Stemgirth OO01 0013 1:14'50

Headdiameter o.o5 049 1:990

Days to maturity O 23 6'80 1 : 29'30

Hundred seed weight O.Ol 0'2O I :28'64

Seed filling 0.14 9'72 1 : 69'48

Oil content O'21 2'78 | : 13 29

Seed yield per ha 1571 .31 62383'99 1 : 41 '12

Oil yield per ha 293.37 15551 55 1 : 53 01

Predominance of dominance gene action was evident from the ratio of GCA to

scA variances (< 1) of all the characters (Table 3). Non-additive gene action had

been reported by earlier workers (Ibrahim, 1985; Rudra Naik, 1985; Manjunath,

1986; Giriraj et aI., |987; Gupta and Sin$h, 1988). However, additive gene action

for these traits has also been reportqfl (Ananda Rao, 1979; Shankar, l9$l; Sud-

hakar ef aI., 1984; Singh et al.' l9B9).

It was interesting to note that the line cMS-207 was involved as a common

female parent in most hybrids which exhibited significant SCA effects in favorable

direction for days to 50 per cent flowering, plant height, stem diameter. head diam-

eter, days to maturity, loo-seed wei$ht, oil content, seed yield and oil yield. simi-

larly, RHA-99RTNBr was involved as male line in most hybrids which exhibited

significant SCA effects in favorable direction for days to 5O per cent flowering, plant

helght, head diameter, oil content and seed yield. From this, it could be ascertained

thai these two lines are the most versatile in their ability to combine among the

oarental lines.
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From the present study it could be concluded that the lines CMS-2O7, CMS-
852, RHA-6D-5-3-6 adn RFIA-2l4Br may be further evaluated for the confirmation
of their superiority with respect to their general combining ability for seed yield.
The lines CMS-4OO, RHA-6D-I, RHA-99RTBr and RFIA-99RTNBr are also sug-
gested for further evaluation for oil content. The hybrid CMS-3O2 x RHA-223 which
exhibited the highest SCA effect for seed yield needs to be critically evaluated over
different seasons and locations to confirm its superiority and stability.
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ETUDE DE LA VALEUR EN COMBINAISON CHDZ LE
TOURNESOL (Helianthus annuus L.)

RÉSUMÉ

Une étude a été entreprise pour préciser I'ilnportance et le sens de I'apti-
tude à la combinaison de six lignées rnâle stériles cy'toplasmiques et de douze
lignées restauratrices de tournesol. L'étude a révélé que les lignées parentales

RFIA-99RTNBr, RFIA-284, RHA-299 et CMS-302 possédaient des gèIres de pré-

cocité. L'hybride CMS-852 x RHA'99RTNBr s'est révélé ie rneilleur pour le

nombre de jours nécessaires à 5O"/o de floraison. Les lignées CMS-2O7 et CMS-

852 ainsi que les testeurs RFIA-6D-5-3-6 et RHA-2148r montrent qu'ils pos-

sèdent les gènes pour les rendements élevés en grains, ce qui permet de sug-

gérer leur utilisation dans les programmes d'arnélioration du rendement. Les

hybrides CMS-3O2 x RFIA-273 et CMS-234 x RFIA-284 correspondent respec-

tivernent aux meilleures combinaisons pour le rendernent en grains et la teneur
en huile. oû a trouvé que tous ces caractères sont à la fois sous contrôle de

gènes à effets additifs et non additifs avec une prédominance de gènes à effets

non additifs.

ESTUDIOS SOBRE APÎITUD COMBINATORIA EN GIRASOL
(Helio;nth'us trnnuus L.)

RESUMEN

Se llev6 a cabo una investigaci6n para determimar la rnagnitud y direccidn

de la aptitud combinatoria de seis lineas androestériles citoplâsmicas y doce

lineas restauradoras en girasol. El estudio revel6 que las lineas parentales

RFIA-99RTNBr, RFIA.284, RHA-299 y CMS-3o2 poseen genes para precocidad.

El hibrido cMS-852 x RHA-99RTNBr fué la mejor combinaci6n para dias

haste 5oo/o de floraci6n. Las lineas cMS-207 y CMS-852 y los probadores RHA-

6D-5-3-6 y RFIA-2l4Br parecen transmitir genes para rendinliento rnâs alto y

por tanto se sugiere su utilizaci6n para prograrnas para obtener mejores

rendimientos. Los hibridos cMS-So2 x RFIA-273 y CMS-234 x RFIA-284 fueron

las mejores combinaciones para rendimiento y contenido en aceite respecfva-

rnente. Todos los caracteres estuvieron bajo el control de accidn génica aditiva
y no aditiva con predominancia de la no aditiva.


