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SUMMARY

Generation mean analysis of eight quantitative traits: days to 50 percent
flowering, plant height. stem diameter, head diameter, percent seed set, seed
yield/plant, 100 seed weight and oil content in sunflower revealed that all are
predominantly under the control of dominant gene effect. Also, digenic epi-
static genetic effect were also found to be important in the inheritance of these
traits. Therefore, appropriate breeding methods such as reciprocal recurrent
selection and biparental mating methods would be needed to improve these
traits.
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INTRODUCTION

In India, sunflower is one of the most important and popular oilsed crops in
which heterosis is being exploited to the maximum extent. As a result, many high
yielding hybrids were developed and released for commercial cultivation. However.
there is a considerable need to further enhance crop productivity. A crop improve-
ment program in any crop depends upon information sush as nature of gene action
and choice of suitable breeding method and sunflower is no exception. Several bio-
metrical methods have been designed to assess the breeding behaviour of inbreds
for polygenic traits such as factorial methods, diallel analysis (Hayman, 1958 and
Jinks, 1954) and generation mean analysis (Jinks and Jones, 1958; Hayman, 1958
and Gamble, 1962). However, the traits like yield and its components are groverned
by polygenes with complex gene action, and hence understanding the nature and
magnitude of gene action helps in selection of an appropriate breeding method.
Therefore, in the present investigated the estimation of gene action using generation
means will be used. This method not only provides the estimates of additive and
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dominance gene effect but also provides the estimates of magnitude of all three
types of digenic epistatic gene effects. additive x additive, additive x dominance and
dominance x dominance gene effect. Using such estimates, appropriate breeding
procedure can be designed to improve different traits of the sunflower crop.

MATERIALS AND METHODS

The material used for this study comprised of parents (P} and P,) and their F,
Fy. By (F] x Py) and By (F) x Py) generations of two crosses, CMS-234 x RHA-274
and CMS-234 x RHA-6D-1, designed as cross-1 and cross-2, respectively. The By,
B; and Fj generations were synthesized using F; and parents of the two crosses
during 1993-94. The six generations of both crosses were evaluated by following
randomized block design in three replications during kharif 1994 at GKVK Cam-
pus, University of Agricultural Sciences, Bangalore. The parents and F, were sown
in three row plots three meter long, B; and By in five row plots three meter long,
and Fy in ten-row plots three meter long. A spacing of 60 em between rows and 30
cm between plants within row was maintaned. Fertilizers were applied at the rate of
60N:90P:60K kg/ha. Recomended cultural practices were followed to raise the crop.
Observations were recorded for: days to 50 percent flowering, plant height, stem
diameter. head diameter, percent seed set, seed yield/plant. 100-seed weight and oil
content on ten randomly selected plants in each replication for Py, P, and F;. Simi-
lar observations were recorded by using 50 plants in each replication for B; and B,
and 100 randomly chosen plants per replication in Fy. The data were subjected to
six-generation mean analysis (Jinks and Jones, 1958). The regular notations used
to calculate various gene effect in this study were used (Hayman, 1958). Analysis of
variance was also estimated (Panse and Sukhatme, 1961).

RESULTS AND DISCUSSION

The mean, standard error of mean and variance of two parents and four gener-
ation (F,, Fo. B} and Bj) of the two sunflower crosses, CMS-234 x RHA-274 and
CMS-234A x RHA-6D-1, for the respective eight characters is presented in Table 1.
It was observed that the hybrids completed flowering earlier than both parents in
both crosses. The hybrids exibited superiority over the parents for the rest of the
caracters in both crosses, except for percent seed set. The cross CMS-234 x RHA-
6D-1 was intermediate to both parents with respect to percent seed set, while the
other cross, CMS-234 x RHA-274, was inferior to both parents.

Analysis of variance (Table 2) indicated that the three parents involved in both
crosses were significantly different for all the characters, except for head diameter and
percent seed set. The two crosses were found to be significant from each other for all
the characters, except 100-seed weight. Among the segregating generations, the Fy, gen-
erations of both crosses were found to be highly variable for all the characters except
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plant height and percent seed set: whereas, the backecross generations of the two
crosses significantly differed from each other for all the characters studied.

Table 3: Scaling tests for the eight characters in sunflower crosses

Se.No Character S
A B C

1. Days to flowering C-1 5.72%*% 6.42** 6.74**
c-2 -5.54** -7.59** -10.46**

2. Plant height C-1 21.27%* 33.03** 45.27**
c-2 40.83** 15.41** 29.04**

3. Stem diameter C-1 -0.46** 0.15 -0.21
c-2 0.09 -0.39 4.85%*

4. Head diameter C-1 -0.41 4.41** 1.94
c-2 3.83** -0.39 4.85**

5. Percent seed set C-1 8.14** 16.17** -1.30
c-2 9.94** 13.33** -8.84

6. Seed yield per plant C-1 11.15%* -4.48 -16.28**
Cc-2 -0.78 -12.16** -18.06**

7. 100-seed weight C-1 -1.24** -1.77%* -2.39**
c-2 0.92** -0.86** 0.11

8. Qil content C-1 -1.99* 12.92** -2.40
c-2 7.97** -9.04** 4.48**

**n<0.01 C-1 - CMS-234 x RHA-274

* p<0.05 C-2 - CMS-234 x 6D-1

Scaling tests (Table 3) revealed that there is no reason to belive that only addi-
tive-dominance model is adequate in explaning the inheritance of all characters as
evident from significance of at least one the three scales. This indicated the involve-
ment of other parameters, such as digenic epistatic gene effects, in the inheritance
of these traits. Hence, perfect fit solution was used to estimate the magnitude and
direction of digenic epistatic effects (Jinks and Jones, 1958). It could be noticed
from the gene effects (Table 4) that in the case of the cross-1. both the main genetic
effects (additive and dominance) and epistatic genetic effects (additive x additive
and dominance x dominance) were involved in the inheritance of days to flowering.
Estimates of dominance and dominance x dominance genetic effects observed in the
negative direction suggested that the alleles for earliness were more frequent and
dominant over the alleles for lateness. Although the estimates of both dominance
(h) and dominance x dominance (1) gene effects are in the same direction, all genes
for this character complement each other and it could be responsible for the earli-
ness of the hybrid. In cross-2, a significant additive x additive genetic interaction
effect in negative direction was recorded despite a non-significant additive genetic
effect indicating favorable epistasis among the alleles with additive effects at differ-
ent loci controlling this character. In addition, this trait also sems to be controlled
by dominance and dominance-based gene interaction (dominance x dominance)
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with a greater magnitude than that of additive x additive interaction effects.Thus,
days to flowering appeared to be controlled by both additive and dominant genes
with a preponderance of dominant gene action. Similar results were also reported
(Alba et al., 1985); while additive genes govering this trait were reported by Beretta
el al.. 1985. Therefore, reciprocal recurrent selection will be more useful for
improving this trait as it would exploit both additive and dominance genetic effects.

In both crosses plant height was observed to be predominantly controlled by
dominant gene action as evident by the greater magnitude of dominant gene effects
compared eith additive gene effects. Further it was noticed that dominance x domi-
nance epistatic gene effect was also important in the inheritance of this trait in both
crosses. The results obtained on sunflower by other workers are in accordance with
the results of the present study (Lay and Khan, 1985; Singh et al., 1989 and Miller
and Hammond, 1991).

Both additive and dominant gene effects were equally important in the inherit-
ance of stem diameter in cross-1. The negative alleles were found to be more fre-
quent than positive alleles as indicated by the estimate of additive gene effects in the
negative direction. In contrast to this, positive alleles for stem diameter were found
to be more frequent than negative alleles in cross-2.

Predominance of non-fixable genetic effects, dominance and dominance-based
epistatic gene effects (additive x dominance and dominance x dominance) were
noticed for head diameter in both crosses. However, the preponderance of the addi-
tive gene action for this trait in sunflower was reported by Singh et al.. 1989.

Non-fixable genetic effects (dominance and dominance x dominance) were
found to be prevalent in govering percent seed set. Although the fixable main genetic
effects (additive) was non-significant, a significant and higher magnitude of additive
x additive gene effects was noted which could have resulted from a favorable inter-
action among the genes controlling this trait.

Both additive and dominant gene action were involved in the inheritance of 100-
seed weight. However, dominant gene action was found to be prevalent as revealed
from the greater magnitude of dominant gene effects than additive gene effects in
both crosses. Since both dominant and dominance x dominance gene effects are in
the same direction, it follows that dominance at individual loci complement each
other resulting in an increased manifestation of this trait in the F), Fy, B; and By
generation.

Seed yield per plant also appeared to be predominatly under control of domi-
nant gene effects in both crosses as seen in 100-seed weight. Further, in cross-1,
the magnitude of the fixable component of genetic effects (additive and additive x
additive) was considerably higher than in cross-2, thus indicating the involvement
of both fixable and non-fixable genetic effects. These results are in accordance with
the earlier findings of Pathak et al.. 1985. In contrast to this, additive genes
govering this trait have also been reported (Sheriff and Appadurai, 1985 and Singh
et al., 1989). However, in cross-2, the magnitude of fixable component of gene effect
was not that pronounced. Therefore, the parents of the cross-1 could be improved
by following reciprocal recurrent selection which exploits both additive and non-
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additive gene effects or through biparental mating method. The parents of cross-2
could be improved through recurent selection for specific combining ability which
exploits non-additive gene effects.

Involvement of both additive and dominance gene effect was found to be respon-
sible for the intheritance of oil content in cross-1. However, additive gene effects in
the negative direction suggested that the genes responsible for lower oil content
seemed to be more frequent. In spite of this, the higher magnitude of dominant gene
effects than additive gene effects indicated the predominance of dominant gene
action. Dominant gene action govering this trait in sunflower has been reported by
Ananda Rao. 1979. Hence, recurrent selection for specific combining ability would
be an appropriate breeding method to improve this trait. In contrast to cross-1, fix-
able effects of genes seemed to control the inheritance of oil content in cross-2. Sim-
ilar findings have been reported by Sundhakar, 1979. Breeding methods such as
mass selection or recurrent selection for general combining ability or biparental
mating would lead to the accumulation of favorable alleles controlling this trait.

Thus. it can be concluded that merely the additive-dominance model was not
adequate in explaining the differences between various generation means. In addi-
tion to the prevalence of dominance gene effect, digenic epistatic effects were also
found to be important in the inheritance of all the characters studied.
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ARQUITECTURA GENETICA DEL RENDIMIENTO Y SUS
ATRIBUTOS EN GIRASOL (Helianthus annuus L.)

RESUMEN

El andlisis de generaciones medias de ocho caracteres cuantitativos: dias
a 50% floracion, altura de planta, didmetro del tallo, didametro del capitulo,
porcentaje de semilla llena, rendimiento por planta, peso de 100 semillas, y
contenido de aceite en girasol revel6 que todos ellos estan predominantemente
bajo control de efectos génicos dominantes. También fueron encontrados
importantes. en la herencia de estos caracteres, los efectos genéticos epistati-
cos digénicos. Por tanto métodos de mejora apropiados tales como la seleccién
recurrente reciproca y cruces biparentales serian necesarios para mejorar
estos caracteres.

FACTEURS GENETIQUES CONTRO1ANT LE RENDEMENT
ET SES COMPOSANTES CHEZ LE TOURNESOL
(Helianthus annuus L.)

RESUME

L'analyse des valeurs moyennes de huit variables quantitatives: nombre
de jours a 50% de floraison, hauteur de la plante, diamétre de la tige, pour-
centage de fructification, production de grains par plante, poids de 100 grains
et teneur en huile du tournesol révélent qu'elles vent principalement contrélées
par des génes a effets dominants. De méme, les effets génétiques €pistasiques
bi-factoriels se révélent importants dans le contréle de 'hérédité de ces cara-
ctéres. Par conséquent, des méthodes d'amélioration appropriées telles que la
sélection récurrente réciproque et les méthodes de reproduction bi-parentales
seraient nécessaires pour améliorer ces caractéristiques.
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