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Abstract

The experiment was carried out during summer and kharif 2018-19 at Main Rice Research Centre,
Navsari Agricultural University, Navsari. Six diversified elite lines of rice (IET-24772, IET-24783,
GNR-2, GNR-3, GR-11 and GR-15) were used to study five generations (P1, P2, F1, F2 and F3) analysis
of quantitative and qualitative traits for eleven characters. The results of additive - dominance model
from the scaling tests showed that for all eleven characters evaluated in all the three crosses were
inadequate, suggested the existence of epistasis interaction in the inheritance of these characters. On the
basis of five parameters model, significant main effects viz., mean (m), additive (d) and dominance (h)
and two digenic interactions additive x additive (i) and dominance x dominance (l) were recorded for
days to flowering in all the three crosses; days to maturity, grain per panicle and amylose content in
cross-1 (IET-24772 x IET-24783) and cross-1I (GNR-2 x GNR-3); plant height, 100 grain weight, L:B
ratio and protein content in cross-11 (GNR-2 x GNR-3) and cross-11l (GR-11 x GR-15); productive tillers
per plant and straw yield per plant in cross-l (IET-24772 x IET-24783); for grain yield per plant in cross-
I (IET-24772 x |ET-24783) and cross-11l (GR-11 x GR-15) indicated the involvement of additive,
dominance as well as epistasis interaction for controlling these traits. The duplicate epistasis was
recorded for days to flowering, days to maturity, productive tillers per plant and 100 grain weight all the
three crosses; plant height in cross-1 (IET-24772 x IET-24783); grain per panicle and grain yield per
plant in cross-1 (IET-24772 x IET-24783) and cross-111 (GR-11 x GR-15); L:B ratio in cross-11 (GNR-2 x
GNR-3) and cross-111; straw yield per plant, protein content and amylose content in cross-1 (IET-24772 x
IET-24783) and cross-11 (GNR-2 x GNR-3).

Keywords: Five generation analysis, scaling test, rice, additive dominance model

Introduction

Rice (Oryza sativa L.), the most important agronomical crop, occupies the enviable position
around the world. Being a major cereal crop, nutritionally it is one of the world’s most
important staple foods, with greater portion of the world’s population dependant on it for a
significant proportion of their caloric intake in the rate of 20 per cent daily calories. India is the
largest rice cultivator which accounts for almost thirty per cent rice area of the world’s. India
is the largest rice growing country, while China is the largest producer of rice.

The world population is expected to reach 8.27 billion by 2030 demanding an increased rice
production of 771 million tonnes (Badawi, 2014) 2. Traits which are directly or indirectly
related to economic value are prime concerned for plant breeders which helps in the
improvement of those such traits that are generally quantitative in nature and controlled by
several number of genes each having small effect acting in cumulative manner, such genes are
called polygene (Mather, 1943) [, The gene action knowledge provides wider prospective in
selection of parents for use in hybridization programmes.

Phenotypic performances based on measurements of quantitative traits, generation mean
analysis plays important role as one of the quantitative biometric method. For estimating gene
effects generation mean analysis provides useful information regarding (additive and
dominance) and their digenic (additive x additive and dominance x dominance) interactions in
plant breeding for studying inheritance of quantitative traits. It helps us in understanding the
performance of the parents used in crosses and potential of crosses to be used either for
heterosis exploitation or pedigree selection.

Materials and Methods
Six diversified elite lines of rice (IET-24772, IET-24783, GNR-2, GNR-3, GR-11 and GR-15)
comprised as experimental material selected on the basis of their variation in morphological
characters.
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The three crosses (IET-24772 x IET-24783, GNR-2 x GNR-3
and GR-11 x GR-15) obtained by crossing of six diverse
parents during summer-2018 at Main Rice Research Centre,
Navsari Agricultural University, Navsari. FiS were produced
during summer-2018. Selfing of Fis was done in the kharif-
2018 to get F2s. Fss were produced during summer-2019. The
evaluation trial was conducted with all five generations of
three crosses along with standard check GNR-7 in kharif-
2019 at Main Rice Research Centre, Navsari Agricultural
University, Navsari. Five generations (P, P2, F1, F> and F3) of
each of the three crosses were sown during kharif-2019 in
compact family block design with three replications. Each
three crosses consisting of five generations were randomly
allotted to each plot. Each plot consisted of two rows of
parents and F;s, thirty rows of the F, and fifteen rows of the
Fs generations of each cross. Twenty plants were planted in
each row.

Results and Discussion

All the five generations viz., P1, P2, F1, F2 and Fs with their
mean values for eleven different characters of all the three
crosses viz., cross-1 (IET-24772 x IET-24783), cross-11 (GNR-
2 X GNR-3) and cross-1ll (GR-11 x GR-15) were first
subjected to simple scaling tests (C and D). The adequacy of
additive-dominance model was more precisely tested by joint
scaling test (Cavalli, 1952) Il which effectively combines the
whole set of simple scaling tests. The application of
individual scaling tests C and D of Mather (1949) I showed
that additive-dominance model was found inadequate for all
the eleven traits viz., days to flowering, days to maturity, plant
height, productive tillers per plant, grains per panicle, 100
grain weight, grain yield per plant, straw yield per plant, L:B
ratio, protein content and amylose content indicated presence
of greater amount of epistasis for different characters in most
of the crosses (Table 1 to Table 3).

The values for individual scaling tests and estimates of mean
(m), additive gene effect (d), dominance gene effect (h) and
epistatic interactions viz., additive x additive (i), and
dominance x dominance (I) interactions are presented in table
1,2 and 3 respectively. Presence of epistasis was revealed
from the individual scaling tests C and D the for all the traits
in almost all the crosses. This indicated that the genetic
variation could not be described to additive and dominance
effect alone but epistasis also plays a major role.

Five parameters model result revealed that in addition to the
significance of mean (m), additive (d) dominance (h) effects
and the two digenic interactions additive x additive (i) and
dominance x dominance (I) were significant for days to
flowering in cross-1, cross-1l and cross-111; days to maturity,
grain per panicle and amylose content in cross-l and cross-II;
plant height, 100 grain weight, L:B ratio and protein content
in cross-11 and cross-111; productive tillers per plant and straw
yield per plant in cross-I; and grain yield per plant in cross-I
and cross-111. Same results were obtained by Nayak et al.
(2007) B1, Singh et al. (2007) !, Roy and Senapati (2011) [/,
Samak et al. (2011) B, Kiani et al. (2013) ), Montazeri et al.
(2014) %1, Shahid et al. (2014) 41, Patel et al. (2015) 2, Rani
et al. (2015) [*31 Sultana et al. (2016) 4l and Kumar et al.
(2017) 1251,

The highly significant mean values in all the crosses from the
estimation of generation mean analysis showed that the five
generation differed from each other and these all studied traits
are quantitatively inherited. The additive (d) gene effect found
significant and positive in cross-1l and cross-11l in days to
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flowering, cross-11 in days to maturity, productive tillers per
plant and grain per panicle, cross-1 and cross-111 in plant
height and amylose content (%), cross-I in 100 grain weight,
all the three cross in L:B ratio, cross-1 and cross-1l in protein
content (%).

Similarly, significantly negative additive (d) effect were
found in cross-1 in days to flowering and days to maturity;
cross-11 in plant height and amylose content; cross-1 and
cross-111 in productive tillers per plant, grain per panicle and
grain yield per plant, cross-1l and cross-11l in 100 grain
weight, cross-1 and cross-11 in straw yield per plant and cross-
Il in protein content (%). Simple pedigree selection can be
employed to exploit additive component of variation. Mass
selection in addition to single plant selection helps in
changing the frequencies of desirable genes in heterozygous
population. Non-fixable (h and I) component together with
duplicate type of epistasis interfere with the improvement in
the traits so selection is delayed to later generations. Nayak et
al. (2007) B1, Singh et al. (2007) 1, Roy and Senapati (2011)
[l Samak et al. (2011) ], Kiani et al. (2013) 1, Montazeri et
al. (2014) 19, Shahid et al. (2014) M, Patel et al. (2015) 122,
Rani et al. (2015) [*¥], Sultana et al. (2016) I and Kumar et
al. (2017) [*1 were agreement with these results.

The hybrid showing positive and significant dominance (h)
effects for days to flowering in cross-111, plant height in all the
three crosses, productive tillers per plant in cross-I11, grain per
panicle in cross-1l and cross-111, 100 grain weight and L:B
ratio cross-11, grain yield per plant in cross-l1 and cross-Il,
protein content in cross-111, amylose content in all the three
crosses. Same results were obtained by Nayak et al. (2007) P,
Singh et al. (2007) 11, Roy and Senapati (2011) I", Samak et
al. (2011) ®1, Rani et al. (2015) ™1 and Sultana et al. (2016)
[14]

Significantly negative dominance (h) effect were observed for
days to flowering and protein content in cross-I and cross-II,
days for maturity in all the three crosses; productive tillers per
plant and grain per panicle and straw yield per plant in cross-
I; 100 grain weight and grain yield per plant and L:B ratio in
cross-111, respectively.

The result shows that dominance effect plays a major role in
the expression of most of the characters taken under study as
the magnitude of dominance (h) component was higher than
that of additive (d) effect. Non-conventional breeding
procedure might be adopted for the exploitation of dominance
effect (Gamble, 1962) (61,

Considering the contribution of epistasis gene effect,
dominance x dominance (I) interaction had enhancing impact
as compared to additive x additive (i) in case of days to
flowering, productive tillers per plant and grain per panicle in
cross-1 and cross-11, days to maturity and protein content in all
the three crosses, straw yield per plant in cross-I; plant height
and grain yield per plant in cross-Il and cross-I11; 100 grain
weight and amylose content in cross-1l1 and L:B ratio in
cross-1 and cross-11l. The positive sign of dominance x
dominance (I) component in these crosses indicates their
enhancing impact in the expression of that character in all
three crosses of rice.

The dominance x dominance (l) effect was recorded to be
significantly negative for days to flowering in cross-I11; plant
height and grain yield per plant in cross-I; productive tillers
per plant in cross-111; 100 grain weight and amylose content in
cross-1 and cross-11; L:B ratio in cross-11 respectively.

The additive x additive (i) interaction showed significantly
positive value in case of days to flowering in cross-11 and
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cross-111; days to maturity, grain per panicle, protein content
in cross-11; plant height in cross-1 and cross-111; grain yield
per plant and 100 grain weight in cross-l; L:B ratio and
amylose content in all the three crosses. Cyclic method of
breeding can be employed in these crosses in which desirable
recombinants are selected and intercrossed.

The additive x additive (i) interaction showed significantly
negative value in case of days to flowering, days to maturity,
and grain per panicle in cross-I; plant height in cross-Il;
productive tillers per plant and straw yield per plant in cross-I
and cross-11; 100 grain weight and grain yield per plant in
cross-Il and cross-11l and protein content in cross-lll,
respectively.

Estimate of additive (d) and dominance (h) component varied
from cross to cross and character to character. The significant
additive and additive x additive epistasis in the present study
was observed in days to flowering, plant height, 100 grain
weight, L:B ratio and amylose content in all the three crosses;
days to maturity, productive tillers per plant, grain per panicle
and straw yield per plant in cross-1 and cross-1l; protein
content in cross-1l and cross-111 and grain yield per plant in
cross-1 and cross-111. Same results were obtained by Nayak et
al. (2007) B! for grains per panicle and 100 grain weight;
Singh et al. (2007) !, Roy and Senapati (2011) ['l, Samak et
al. (2011) B, Kiani et al. (2013) P! for grains per panicle and
100 grain weight; Montazeri et al. (2014) 19, Shahid et al.
(2014) 24, Patel et al. (2015) [*? for grains per panicle, 100
grain weight, L:B ratio; Rani et al. (2015) %1, Sultana et al.
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(2016) ™4 for grains per panicle, 100 grain weight and L:B
ratio and Kumar et al. (2017) 3! for L:B ratio.

The duplicate epistasis was observed for all the three crosses
in days to flowering, days to maturity, productive tillers per
plant and 100 grain weight; plant height in cross-I; grain per
panicle and grain yield per plant in cross-1 and cross-111; L:B
ratio in cross-11 and cross-111; straw yield per plant, protein
content and amylose content in cross-1 and cross-l,
respectively; respectively. These results are an agreement
with Nayak et al. (2007) B, Singh et al. (2007) !, Roy and
Senapati (2011) 1, Samak et al. (2011) ©], Kiani et al. (2013)
1 Montazeri et al. (2014) %, Shahid et al. (2014) 41, Patel et
al. (2015) 21, Rani et al. (2015) 2%, Sultana et al. (2016) and
Kumar et al.(2017) 1 while Samak et al. (2011) © for protein
content and amylose content.

The similar sign of dominance (h) and dominance X
dominance (I) parameter indicates the involvement of
complementary epistasis in the expression of a trait. This type
of significant epistasis was observed in plant height in cross-11
and cross-111; grain per panicle and grain yield per plant in
cross-11; L:B ratio in cross-1; protein content and amylose
content in cross-111.

In most of the characters main gene effect and duplicate
epistasis were involved. This suggests the need of specific
breeding procedure such as intermating of most desirable
segregants followed by selfing and selecting superior
genotypes coupled with progeny testing to exploit the
population under study.

Table 1: Estimation of scaling tests and gene effects for days to flowering, days to maturity, plant height (cm) and productive tillers per plant

Gene effect
Scaling test Five parameter model Three parameter model , o
Crosses C ‘ D M ‘ [dj ‘ [ﬁ] [f] [f] m | [d1 [A] yat2d.f. | Types of epistasis
Days to flowering
[ 3.50* | 11.82* | 90.73** |-1.88*|-5.47*|-11.06*| 11.08* | - - - 276.41* D
Il 1.16 | 8.12* | 99.38** | 6.95* | -2.00*| 8.67* | 9.27* - - - 157.51* D
Il 9.40* | -6.47* | 101.22** | 5,55* | 8.73* | 16.98* | -21.16* | - - - 92.29* D
Days to maturity
[ 1.13 |11.92*%| 120.90** | -3.11* | -4.27* | -13.99* | 14.38* | - - - 263.59* D
Il 2.6* | 11.29*| 124.55** | 5.85* |-2.78*| 4.60* | 11.59* | - - - 340.74* D
1l 4.2* |10.13*| 124.05** | 2.85* | -6.07*| -0.35 | 7.91* - - - 232.85* D
Plant height (cm)
[ 0.40 | -2.01* | 135.32** | 1.01* | 0.42 | 3.44* | -3.21* | - - - 18.41* D
Il -9.60* | -1.81* | 117.84** | -4.31*| 2.79* | -9.02* | 10.37* | - - - 215.12* C
1l -15.5* | -8.37* | 120.48** | 2.15* | 1.48* | 7.29* | 9.50* - - - 451.76* C
Productive tillers per plant
[ -1.93*| 2.09* | 9.10** |-1.28*|-0.97*| -4.28* | 5.37* - - - 56.72* D
1] -4.70*| 1.43 9.13** | 0.31* | -0.35 | -1.10* | 8.17* - - - 176.44* D
1l 3.13* | -0.88* | 9.63** |-0.76*| 1.34* | -0.42 | -5.35* | - - - 61.40* D

*,** significant at 5% and 1% level of significance respectively

Table 2: Estimation of scaling tests and gene effects for grain per panicle, 100 grain weight (g), grain yield per plant (g) and straw yield per

plant (g)
Gene effect
Scaling test Five parameter model Three parameter model o
Crosses C D M [d] [ﬁ] [i] | [f] m | [d1 [ﬁ] ¥2 at2 d.f. | Types of epistasis
Grain per panicle
| 1.16 | 48.44* | 245.16** | -20.88* | -10.92* | -73.87* | 63.04* | - - - 157.40* D
1l -75.13* | -19.64* | 232.50** | 25.33* | 23.94* | 51.24* |73.97*| - - - 307.40* C
1l -18.83* | -29.70* | 245.70** | -8.20* | 19.42* | 0.26 |-14.49| - - - 61.18* D
100 grain weight (g)
[ 0.34* | -0.02 | 2.42** | 0.09* | 0.06 | 0.26* |-0.49*| - - - 36.73* D
1l 0.86* | -0.13* | 2.39** | -0.78* | 0.11* | -1.33* |-1.31*| - - - 408.84* D
1l 0.30* | 1.44* | 1.88** | -0.23* | -0.72* | -1.37* | 1.52* | - - - 626.43* D
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Grain yield per plant (g)
| 1.62* | -3.93* | 15.88** | -0.90* | 3.41* | 1.08* |-7.41*| - - - 91.61* D
1 -2.76* | 2.10* | 16.31** | 0.07 1.93* | -1.71* | 6.48* | - - - 168.46* C
11 -1.08* | 1.94* | 16.94** | -1.60* | -0.88* | -4.69* | 4.03* | - - - 42.84* D
Straw yield per plant (g)
| 0.52 6.83* | 23.80** | -1.80* | -2.73* | -8.08* | 8.41* | - - - 73.93* D
1 2.34* | 4.00* | 24.58** | -1.45* | -0.16 | -5.18* | 2.21 | - - - 42.82* D
11 - - - - - - - - - - - -
*,** significant at 5% and 1% level of significance, respectively
Table 3: Estimation of scaling tests and gene effects for L:B ratio, protein content (%) and amylose content (%)
Gene effect
Scaling test Five parameter model Three parameter model
Crosses d 5 P ~ - = = ~— 2 at 2 d.f, Ty_pes (.Jf
c D M | [d] [h] i1 | m | d1 | [ epistasis
L:B ratio
[ -0.23* 0.01 2.82** 0.09* 0.02 0.14* 0.33* - - - 45.66* C
Il -0.21* | -0.33* 2.80** 0.13* 0.24* 0.45* -0.15* - - - 318.60* D
11 -0.16* 0.18* 2.83** 0.12* -0.06* 0.09* 0.47* - - - 84.35* D
Protein content (%0)
| -0.73* 0.27* 8.93** 0.10* -0.27* -0.10 1.34* - - - 81.30* D
1 -1.93* -0.41* 5.22** 1.12* -1.19* 2.19* 2.01* - - - 123.03* D
1l -2.31* | -0.94* 5.60** -0.53* 0.30* -0.82* 1.82* - - - 155.61* C
Amylose content (%)
| -2.30* -3.75* 23.21** 0.53* 2.28* 3.17* -1.93* - - - 154.63* D
Il 3.32* -3.39* | 24.35** | -0.35* 3.08* 2.10* -8.96* - - - 209.39* D
1l -3.55* | -1.05* | 24.84** 1.07* 0.09 2.26* 3.33* - - - 29.99* C
*,** significant at 5% and 1% level of significance, respectively
Conclusion 6. Singh NK, Singh PK, Singh ON, Singh S, Dwivedi JL,

Types of gene action can be employed to decide the
expression for exploiting various characters under study.
Different characters in the same cross or same character in
different crosses shows different type and magnitude of gene
effects which is necessary for handling of individual cross in
segregating populations. In the present investigation, non-
allelic (epistasis) interaction played significant role in
determining the expression of various characters which are
studied. Thus, high volume crossing like biparental and diallel
selective mating systems of breeding methods takes care of
additive and non-additive gene action which seems more
promising for various characters for their improvement under
the present investigation.

Pedigree method of selection is one of the most appropriate
methods of breeding for the improvement of the characters
which are controlled by additive gene effect. Heterosis
breeding or hybridization followed by cyclic method of
breeding can exploit both additive and non-additive gene
effects for improvements of different characters.
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