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ABSTRACT

The present investigation in rice (Oryza sativa L.) was undertaken to study the magnitude of gene action in two
cross combinations for eleven yield and twelve quality traits deploying generation mean analysis following six
parameter model for parents (P

1
 and P

2
), F

1
, F

2
, BC

1
 and BC

2
 generations during three crop seasons. The results

of the scaling tests revealed that the additive-dominance model was inadequate for all of the characters evaluated
in both the crosses suggested the existence of epistasis in the inheritance of these characters. Mean values of
both the crosses revealed significant for most of the traits except effective bearing tillers per plant,  SCMR,
harvest index, kernel length and kernel L/B ratio in the cross BPT 5204 x IR 64. Major contribution of duplicate
epistasis was revealed by the two crosses, for most of the characters. Few traits revealed complementary epistasis
in both the crosses. The present study demonstrates the importance of additive, dominance and epistatic gene
effects for the inheritance of almost all the yield as well as quality characters studied.
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INTRODUCTION

Rice, a major staple food crop feeds more than half of
the world's population and employs millions of people.
Globally rice crop is planted in about 160 mha. Area
with a production of 493 mt of milled rice. In India rice
plays a major role in diet, economy, employment, culture
and history. It is the staple food for more than 65% of
the Indian population contributing about 40% of the total
food grain production, thus playing a pivotal role in the
food and livelihood security of the people. At the
estimated population in India is 13.8 billion and the
estimated rice production should be around 135-140
million tons by 2020. Thus takes a quite challenging
and the options available are very limited in view of
plateauing trend of yield in high productivity areas and
to address various challenges like decreasing and
degrading land and scarcity of labour and land. Hence,

there is an urgent need to develop rice technologies
that will result in higher yield. The choice of an effective
rice breeding approach to select for a particular
characteristic depends substantially on the knowledge
of the gene genetic system contributing the characters.
Genetic improvement depends primarily on the
effectiveness of selection among the progenies that
differ in genetic value. The additive, dominance effects
and their interactions are known as gene actions and
are closely associated with the breeding value.

Generation mean analysis is used to estimate
the gene actions controlling the quantitative traits and
determining the components contributes to a better
understanding of the action of genes involved in the
expression of the characters. Hence, the present study
was formulated to study the additive, dominant effects
and also its interaction effects for yield and cooking
quality traits in rice to study the inheritance of traits
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and the nature of the epistatic gene effects.

MATERIAL AND METHODS

The experiment was conducted at Agricultural Research
Station, Nellore, Andhra Pradesh from 2014-2017 rabi
season. Geographically, the research farm was located
at 14027´ N latitude and 79059´ E longitudes, at an
elevation of 20 m above mean sea level. The
experimental material comprised of 4 parents viz., RNR
2465, NLR 145, BPT 5204 and IR 64. By using these
four parents two different crosses were made viz.,
RNR 2465 x NLR 145 and BPT 5204 x IR 64. Six
generations viz., P

1
, P

2
, F

1
, F

2
, BC

1
 and BC

2
 of the

above crosses were made and used to study the genetic
analysis of quantitative and qualitative traits. The
material was planted with a spacing of 20 x 15 cm and
all the recommended agronomic practices were
followed to raise a good crop. Observations were
recorded on five randomly selected plants in each P

1
,

P
2
 and F

1
, 10 plants each in BC

1
 and BC

2
, 20 plants in

F
2
 generation for different yield and qualitative traits

viz., days to 50% flowering, days to maturity, plant
height, panicle length, effective bearing tillers per plant,
number of filled grains per panicle, number of unfilled
grain per panicle, test weight, SCMR, harvest index,
grain yield per plant, kernal length, kernel breadth, kernel
L/B ratio, hulling %, milling %, head rice recovery,
water uptake, volume expansion ratio, kernel elongation
ratio, alkali spreading value, gel consistency and amylose
content. The mean values was computed for all the six
generations for each cross. The generation mean
analysis was carried out following the methodology of
Hayman (1958) using six generations to estimate the
gene effects viz., mean (m), Additive effect (d),
dominance effect (h), additive x additive (dxd),
dominance x dominance (hxh) and additive x dominance
(dxh) interaction effect.

RESULTS AND DISCUSSION

Mean performance of the six generations viz., P
1
, P

2
,

F
1
, F

2
, BC

1
 and BC

2
 for all the characters studied in

two crosses are presented in Table 1. The estimated
mean effect (m) parameter which reflects the
contribution due to the overall mean plus the locus
effects and interaction of the fixed loci were found to
be significant for most of the characters studied in the
two crosses. Similar results were reported by Jhansi et

al. (2015) and Prabhu et al. (2017). The average
performance of the six generations of both the crosses
shown existence of sustainable variability in the
population for all the 23 characters studied.

In this study F
1
 shows better performance than

both the parents for the traits viz., effective bearing
tillers per plant, number of filled grains per plant, SCMR,
grain yield in both the crosses studied. Superiority of
F

1
 was observed for head rice recovery, volume

expansion ratio in the cross RNR 2465 x NLR 145
while, harvest index, kernel L/B ratio, hulling%, water
uptake and kernel elongation ratio in the cross BPT
5204 x IR 64 indicating that the presence of dominant
gene effects in hybrids of the two crosses. The F

1
s

with average performance over the two parents of that
particular cross represented the presence of a trial
dominance.

The performance of the F
2
 declined for the

characters viz., ear bearing tillers per plant, number of
filled grains per panicle, harvest index, SCMR, Grain
yield per plant, head rice recovery, kernel elongation
ratio, gel consistency and alkali spreading value in both
the crosses studied indicating the presence of dominance
and epistatic interactions in both the crosses. BC

1

performed better than the BC
2
 in both the crosses for

filled grains per panicle, hulling % and alkali spreading
value whereas, for harvest index both the crosses
showed more or less similar value of BC

1
 and BC

2
.

The results of scaling tests i.e., A, B, C and D
(Table 2) revealed that the calculated values  of at least
any one of the scaling tests found significant for almost
all the characters studied in both the crosses indicating
the presence of non-allelic gene interactions. The
estimated value of various types of gene effects and
interaction effects governing the traits viz., d (additive),
h (dominance), i (additive x additive), l (dominance x
dominance) and j (additive x dominance) are presented
in the Table 2. In both the crosses for most of the traits,
the additive x dominance (j) interaction effect was non-
significant in nature. These results indicated that high
degree of inbreeding depression for most of the traits
and revealed that predominant role of non additive gene
action which includes both dominance as well as
epistatic interactions.

A perusal of gene effects in generation mean
analysis revealed the presence of significant proportion
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of epistatic effects besides the major components viz.,
additive (d) and dominance (h) for important yield and
quality attributes. Partitioning of variance indicated that
the mean vales (m) for gene effects were highly
significant in both the hybrids for all the characters
except effective bearing tillers per plant, SCMR, harvest
index, kernel length and kernel L/B ratio in the cross
BPT 5204 x IR 64.

Additive gene component was significant in
both the hybrids for most of the characters except plant
height in both the crosses, kernel length and milling %
in the cross RNR 2465 x NLR 145, ear bearing tillers
per plant, SCMR, water uptake and kernel elongation
ratio in the cross BPT 5204 x IR 64 suggesting the
importance of additive gene effects in the expression
of these traits and simple selection would be useful for
improvement of these traits. Similar results were
reported by Kumar et al. (2007) for days to maturity,
Yadav et al. (2013) for test weight and Nayak et al.
(2007) for kernel elongation ratio in rice.

Positive sign of additive gene effects 'd'
indicates that the high yielding (P

1
) parent showed the

highest number of genes for increasing the yield and
negative sign for 'h' demonstrated that the dominance
was towards the male parent (P

2
) of the respective

hybrids.

Dominance (h) component was significant in
both the hybrids for majority of the traits except ear
bearing tillers per plant, kernel length, kernel breadth
and kernel elongation ratio in RNR 2465 x NLR 145
and in BPT 5204 x IR 64, number of unfilled grains per
panicle, test weight and head rice recovery. It was
noticed that in general, higher magnitude of negative
dominance gene effects were recorded in both the
hybrids as compared to additive gene effects with
negative sign in the hybrids for all the traits indicated
the dominance of decreaser alleles in the inheritance
of the traits and therefore, selection would be effective
only at later generations. Among the interaction effects
additive × additive (i) type of epistasis was significant
and important in both the hybrids for maximum number
of characters. But these are mostly with negative sign
indicating little scope of improvement through simple
pedigree selection except kernel elongation ratio, water
uptake, kernel L/B ratio and SCMR which were
common in both the crosses having positive significant

axa effects. The additive x dominance (j) type of
interaction was non significant in all the traits in the
hybrids studied. The non allelic epistatic interactions
were observed by Jhansi and Satyanarayana (2015)
for gel consistency and Mahalingam and Nadarajan
(2013) for hulling % in rice.

Inferences based on the magnitude of additive
effects are not advisable, because the distribution of
positive and negative gene effects in the parents may
result in different degrees of cancellation of effects in
the expression of the generation means. Hence, the
magnitudes of additive gene effects do not necessarily
reflect the magnitude of additive variance (Mather and
Jinks, 1971). However, dominance (h) and dominance
× dominance (l) are independent of the degree of gene
distribution due to which the combined estimates of
these components could be considered to be the best
representative of sign and magnitude of individual gene
effects. So, practically these are the only components
which can safely be used to determine the type of
epistasis that may have influence on the observed
performance of generations (Mather and Jinks, 1971).
For the same reason, emphasis has been given to the
characters which were governed by such gene effects.

Dominance x dominance (l) gene effects were
significant in both the hybrids for most of the traits
except kernel length and gel consistency in both the
crosses, days to maturity, ear bearing tillers per plant,
head rice recovery, kernel elongation ratio and amylase
content with respect to the cross RNR 2465x NLR
145 and for test weight in the cross BPT 5204 x IR 64
indicating that in addition to additive and dominance
gene effects, the epistatic interaction effects were also
important in the expression of above studied characters
in rice. However, the magnitude of epistasis could be
biased by the presence of linkage especially (i) and (l)
(Kempthorne, 1957). Even though, the effect of
epistasis is basic genetic mechanism perhaps cannot
be considered as negligible. Hence, biparental mating
and recurrent selection especially reciprocal recurrent
selection in early segregating generations to break the
repulsion phase linkages.

In the present investigation, the results of
dominance (h) and dominance × dominance (l) type
interactions revealed prevalence of duplicate type of
epistasis for most of the traits in both the hybrids except

Sreelakshmi and Ramesh babuGeneration mean analysis in rice
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in RNR 2465 x NLR 145 for effective bearing tillers
per plant, grain yield, kernel length, kernel breadth and
gel consistency whereas in the cross BPT 5204 x IR
64 head rice recovery, water uptake and kernel
elongation ratio, where complementary gene action
played a vital role in the inheritance of the traits. Divya
et al. (2014) observed complementary type gene action
governing the trait grain yield in rice. It was evident
from the results that the duplicate type of epistasis was
common, except in for some characters limiting the
pace of progress through selection. Therefore, few
cycles of recurrent selection followed by pedigree
method would be effective and useful to utilize all types
of gene effects by maintaining considerable
heterozygosity through mating of selected plants in early
segregating generations. Similar results were already
reported by Chamundeswari et al. (2010) for days to
50% flowering, kernel L/B ratio, milling %, alkali
spreading value; Kumar et al., for days to maturity, test
weight, Jhansi and Satyanarayana (2015) for kernel
length and volume expansion ratio, Roy and Senapathi
(2011) for harvest index, Gnanamalar and Vivekanandan
(2013) for hulling %, Nayak et al. (2007) for head rice
recovery.

 Significance of additive components besides
duplicate epistasis indicated the scope for recovering
the transgressive plants effect for the characters
governed by non additive gene actions and epistasis
recurrent selection methods can be recommended. But
these methods have certain limitations in self pollinated
crops like rice, due to difficulty in crossing and seed
sterility. According to Bains et al. (1969), repeated back
crossing is more rewarding to pool up the desired genes
into single line. Hence biparental mating in early
generation followed by selection besides repeated back
crossing will give fruitful results.

From the foregoing discussion the following
conclusions were drawn. Significance of scaling tests
for all the characters under study suggested inadequacy
of simple additive and dominance model and presence
of non allelic gene interactions. For majority of the yield
and quality traits, additive, dominant and epistatic
interactions were found significant indicating their
complex nature of inheritance. Gamble (1962)
suggested that the inheritance of quantitative characters
become more complex. In such cases the contribution
of dominance gene action to their inheritance becomes

greater, while the contribution of additive gene action
would be greater for the characters with apparently
less complex. In both the hybrids most of the characters
showed preponderance of duplicate epistasis suggesting
that the inheritance of these traits might pose problems
in its genetic improvement. Emphasis should be given
to multiple hybrids rather than single ones to make better
use of duplicate epistasis.
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