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Introduction 
 

Rice, being one of the most important cereal 

crops of India and Asia, is cultivated as pure 

culture mainly in Kharif. The crop is 

cultivated in large area but is characterized by 

very low productivity due to lack of high 

yielding varieties adapted to different seasons 

and agronomic conditions at different parts of 

country. As we know, yield is a complex end 

product of a number of components most of 

which are under polygenic control. So, all 

changes in yield must be accompanied by 

changes in one or more of the components as 
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The present investigation was carried out during kharif 2017-2018, at Main Rice Research 

Centre farm, Navsari Agricultural University, Navsari. The experimental material for 

present investigation comprised of Six generations viz., P1, P2, F1, F2, BC1 and BC2 of 

following four crosses were involved eight diversified cultivars of rice (Oryza sativa L.) 

were used to study the genetic analysis of quantitative and qualitative traits. The results of 

the scaling tests revealed that the additive-dominance model was inadequate for all of the 

characters evaluated in all of the four crosses, suggested the existence of epistasis in the 

inheritance of these characters. On the basis of six parameter model, main effect viz., mean 

(m), additive (d) and dominance (h) and all three digenic interactions viz., additive x 

additive (i), additive x dominance (j) and dominance x dominance (l) were significant for 

days to 50% flowering in cross 2 (GNR-3 X IET-25446) and cross 3 (GNR-5 X IET-

25471), for days to maturity in cross 2 (GNR-3 X IET-25446), for plant height in cross 2 

(GNR-3 X IET-25446), for grain yield per plant in cross 4 (IET-15429 X IET-25453), for 

harvest index in cross 2 (GNR-3 X IET-25446), cross 3 (GNR-5 X IET-25471) and cross 4 

(IET-15429 X IET-25453), for amylose content in cross 1 (NAUR-1 X IET-25457), for 

zinc content in cross 1 (NAUR-1 X IET-25457), for leaf area in cross 3 and for 

chlorophyll content in cross 3 (GNR-5 X IET-25471) indicated that involvement of 

additive, dominance as well as epistasis interaction for controlling this trait. The duplicate 

epistasis was observed in almost all traits except grains per panicle in cross 2 (GNR-3 X 

IET-25446), making it difficult to fix genotypes with increased level of character 

manifestation because the opposite effect of one parameter would be cancelled out by the 

negative effect of another parameter. 
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have been pointed out by Grafius (1959). The 

ultimate goal of any plant breeding 

programme is to develop improved genotypes 

which are better than their existing ones in 

one or more traits which producing the 

economic yield. The enhancement of mineral 

nutrients in rice is today’s vital need to reduce 

malnutrition/anemic conditions in poor people 

of the world. Sufficient understanding of the 

inheritance of quantitative traits and 

information about heritability of grain yield, 

its components and quality traits are essential 

to develop an efficient breeding strategy. 

 

Plant breeder is primarily concerned with 

improvement of traits directly or indirectly 

related to economic values. These traits are 

generally quantitative in nature and governed 

by number of genes each having small effect 

acting in cumulative manner such genes are 

called polygene (Mather, 1943). The 

knowledge of gene action helps in the 

selection of parents for use in hybridization 

programmes and also in the choice of 

appropriate breeding procedure for the genetic 

improvement of various characters.  

 

Generation mean analysis is a useful 

technique in plant breeding for estimating 

main gene effects (additive and dominance) 

and their digenic (additive x additive, additive 

x dominance and dominance x dominance) 

interactions responsible for 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. 

Considering the fact that grain yield and 

quality traits of rice are the most important 

complex traits and that their improvement is 

the most frequent goal of rice breeding 

programs in the world. 

 

Materials and Methods 
 

The material comprising of eight genetically 

diverse parents of rice (NAUR-1, IET-25457, 

GNR-3, IET-25446, GNR-5, IET-25471, IET-

15429 and IET-25453) selected on the basis 

of their geographic origin and variation in 

morphological characters and based on their 

mineral nutrient content. four crosses 

(NAUR-1 X IET-25457, GNR-3 X IET-

25446, GNR-5 X IET-25471 and IET-15429 

X IET-25453) obtained by crossing of eight 

diverse parents during Kharif-2016 at Main 

Rice Research Centre farm, Navsari 

Agricultural University, Navsari. Back 

crossing was done in summer-2016-17 with 

its respective parents. Selfing of F1s was done 

in the same season (summer- 2016-17) to get 

F2s. The evaluation trial was conducted in 

Kharif- 2017-18 at Main Rice Research 

Centre farm, Navsari Agricultural University, 

Navsari. The experimental material consisting 

of six generations (P1, P2, F1, F2, BC1 and 

BC2) of each of the four crosses were sown 

during Kharif-2017-18 in compact family 

block design with three replications. Each 

replication was divided in four compact 

blocks. Each four crosses consisting of six 

generations were randomly allotted to each 

plot within a block. Each plot consisted of one 

row of parents and F1s, two rows of the 

backcrosses and four rows of the F2 

generations of each cross. Inter and intra row 

spacing was 20 cm and 15 cm respectively. 

The experiment was surrounded by four guard 

rows to avoid damage and border effects.  

 

Results and Discussion 
 

In the present investigation, all the four 

scaling tests (A, B, C and D) were highly 

significant for all the characters under study, 

indicating inadequacy of additive-dominance 

model to explain the inheritance of yield and 

it’s contributing traits characters. 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), 

additive x dominance (j) and dominance x 

dominance (l) interactions are presented in 
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tables 1 and 2 respectively. On the basis of 

individual scaling test A, B, C and D the 

additive-dominance model was found 

inadequate for description of variation in 

generation mean for all the traits of all the 

four crosses, either the entire four or any 

three, two or one individual scaling test (out 

of A, B C and D) were found significant 

which indicated the presence of digenic 

interaction which implies that the additive-

dominance model is inadequate. This 

indicated that the genetic variation could not 

be described to additive and dominance effect 

alone but epistasis also plays a major role. 

When the simple additive-dominance model 

failed to explain the variation among the 

generation means, a six parameter model 

involving three digenic interaction parameters 

proposed by Hayman (1958) was applied. 

 

The highly significant mean values from the 

generation mean analysis in all the crosses 

showed that the six generation differed from 

each other and these all studied traits are 

quantitatively inherited. The additive (d) 

effect found significant and positive in cross 1 

for productive tillers per plant, grains per 

panicle, 100 seed weight, grain yield per 

plant, kernel L:B ratio; in case of cross 2 for 

plant height, productive tillers per plant, 

grains per panicle, 100 seed weight, grain 

yield per plant, harvest index, kernel L:B 

ratio; in case of cross 4 for days to maturity, 

plant height, grains per panicle, 100 seed 

weight, grain yield per plant, harvest index, 

kernel L:B ratio. 

 

Similarly, the additive (d) effect found 

significant and negative for cross 1 in days to 

maturity; in case of cross 2 for days to 50% 

flowering, days to maturity; in case of cross 3 

for days to 50% flowering, days to maturity, 

plant height, straw yield per plant. 

 

The additive component of variation can be 

exploited by simple pedigree selection. Mass 

selection for several early generation aimed at 

the improvement of heterozygous population 

by modifying the frequencies of desirable 

genes followed by single plant selection in the 

resulting material would be cheapest and 

quickest procedure. However, the presence of 

non-fixable (h, j and l) component together 

with duplicate type of epistasis may cause 

delay in the improvement in this trait through 

selection in early generations. Under this 

situation, progeny could be achieved and the 

selection is delayed to later generations. 

These results are in agreement with those 

obtained by Nayak et al., (2007), Roy and 

Senapati (2011), Samak et al., (2011), 

Srivastav et al., (2012), Chamundeswari et 

al., (2013), Gnanamalar and Vivekanandan 

(2013), Kiani et al., (2013), Yadav et al., 

(2013), Mohamed et al., (2014), Montazeri et 

al., (2014), Shahid et al., (2014), Patel et al., 

(2015), Rani et al., (2015), Sultana et al., 

(2016) and Kumar et al., (2017) for days to 

50% flowering, days to maturity, plant height, 

productive tillers per plant and harvest index.  

 

The hybrid sowing positive and significant 

dominance (h) effects for plant height, 100 

seed weight in cross 1; in case of cross 2 for 

days to 50% flowering, days to maturity; in 

case of cross 3 for days to 50% flowering, 

days to maturity, plant height. These results 

are in agreement with those obtained by 

Nayak et al., (2007) for grains per panicle, 

Roy and Senapati (2011), Samak et al., 

(2011), Srivastav et al., (2012) for 100 seed 

weight, Chamundeswari et al., (2013) for 100 

seed weight, Gnanamalar and Vivekanandan 

(2013) for kernel L:B ratio, Kiani et al., 

(2013) for grains per panicle, 100 seed 

weight, Yadav et al., (2013), Mohamed et al., 

(2014) for 100 seed weight, straw yield per 

plant, chlorophyll content, Montazeri et al., 

(2014), Shahid et al., (2014), Patel (2015) for 

productive tillers per plant, grains per panicle, 

100 seed weight, grain yield per plant, straw 

yield per plant, harvest index, kernel L:B 
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ratio, Rani et al., (2015), Sultana et al., (2016) 

for grains per panicle,100 seed weight, kernel 

L:B ratio and Kumar et al., (2017) for kernel 

L:B ratio. 

 

Significant and negative dominance (h) effect 

was observed for grains per panicle and 

harvest index in cross 1; in case of cross 2 

plant height, grain yield per plant, harvest 

index; in case of cross 3 productive tillers per 

plant, 100 seed weight, harvest index; in case 

of cross 4 productive tillers per plant, grain 

yield per plant and harvest index, 

respectively. 

 

The magnitude of dominance (h) component 

was higher than that of additive (d) effect, 

suggesting greater importance of dominance 

effect in the expression of all the studied 

characters. For the exploitation of dominance 

effect non-conventional breeding procedure 

might be adopted. Epistasis gene effects are 

known to contribute a sizable part of variation 

in the genetic makeup of character which 

shows higher estimate of dominance effects 

(Gamble, 1962). In the present investigation 

also, high estimate of dominance (h) effect for 

above traits were associated with significant 

epistasis interaction in the respective crosses.  

 

Considering the contribution of epistasis gene 

effect for any character in relation to 

magnitude, dominance x dominance (l) 

interaction had enhancing effect as compare 

to additive x additive (i) and additive x 

dominance (j) in the expression of days to 50 

% flowering in cross 1; for days to maturity in 

cross 1; for plant height in cross 2; for 

productive tillers per plant in cross 2, cross 3 

and cross 4; for grains per panicle in all 

crosses; for 100 seed weight in all crosses 

except cross 1; for grain yield per plant in all 

crosses; for straw yield per plant in all 

crosses; for harvest index in all crosses; for 

kernel L:B ratio in all crosses. Non fixable 

gene effect were important in the expression 

of these traits in these crosses could be 

exploited by bi-parental mating of recurrent 

selection or the use of population 

improvement concept as an alternative to 

conventional method. 

 

The sign of dominance x dominance (l) effect 

was negative for plant height, in cross 1; days 

to 50% flowering, days to maturity, straw 

yield per plant in cross 2; days to 50% 

flowering and days to maturity, straw yield 

per plant in cross 3; days to 50% flowering, 

straw yield per plant in cross 4 indicating 

their reducing effect in the expression of these 

characters, while negative sign of dominance 

x dominance (l) component for days to 50% 

flowering and days to maturity in cross 2 and 

cross 3; days to 50% flowering in cross 4 

suggesting the beneficial effect for early 

flowering and maturity of this crop. The sign 

of dominance x dominance (l) component was 

positive in the other character indicating their 

enhancing effect in the expression of that 

character in all four crosses of rice. 

 

The additive x additive (i) interaction had 

greater effect as compare to additive x 

dominance (j) and dominance x dominance (l) 

effect in the expression of days to 50% 

flowering in cross 2, cross 3 and cross 4; for 

days to maturity in cross 2, cross 3 and cross 

4; for plant height in cross 1 and cross 3; for 

productive tillers per plant in cross 1; for 100 

seed weight in cross 1. This indicated better 

response to selection pressure in population 

for these characters. In these crosses, 

improvement could be made by cyclic method 

of breeding in which desirable recombinants 

are selected and intercrossed to pool the 

favorable genes for synthesizing the elite 

population. 

 

Estimate of additive (d) and dominance (h) 

component varied from cross to cross and 

character to character. The variable 

expression of gene effect in different crosses 
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might be due to the genetic makeup of a 

particular cross and the effect of 

environmental condition on the expression of 

different traits. As in the present study, the 

significance additive and additive x additive 

epistasis was observed in cross 2 and 3 for 

days to 50% flowering; in cross 2, cross 3 and 

cross 4 for days to maturity; in cross 2 and 3 

for plant height; in cross 2 for productive 

tillers per plant; in cross 1 for grains per 

panicle; in cross 1 for 100 seed weight; in 

cross 2 and cross 4 for grain yield per plant; 

in cross 2, 3 and cross 4 for harvest index.  

 

Table.1 Scaling test for yield and its contributing characters aromatic  

in Rice (as per Mather, 1949) 

 
 

 I II III IV 

Days to 50 % flowering 

A -3.40* ± 1.61 -1.13 ± 1.65 -1.13 ± 1.87 4.80* ± 2.13 

B -9.07** ± 2.41 4.67** ± 1.45 6.27** ± 1.74 0.20 ± 2.06 

C -5.07 ± 3.47 -6.00* ± 2.57 -7.87* ± 3.14 -1.93 ± 3.24 

D 3.70* ± 1.77 -4.77** ± 1.17 -6.5** ± 1.30 -3.47* ± 1.74 

days to maturity  

A -7.33** ± 2.45 -0.20 ± 2.22 3.53 ± 2.36 5.80** ± 1.97 

B -6.67** ± 2.54 6.53** ± 1.99 8.53** ± 2.06 -2.87 ± 1.96 

C -11.87** ± 4.07 -9.00** ± 3.25 -8.67* ± 3.83 -3.53 ± 3.00 

D 1.07 ± 2.07 -7.67** ± 1.67 -10.37** ± 1.69 -3.23* ± 1.60 

plant height (cm) 

A -8.00 ± 5.67 5.13 ± 5.92 -24.67** ± 5.48 11.27* ± 5.33 

B -3.60 ± 6.06 -13.33 ± 7.50 6.53 ± 5.45 -11.73* ± 5.55 

C -32.47** ± 9.67 35.87** ± 11.2 -43.00** ± 9.88 3.67 ± 9.15 

D -10.43* ± 4.59 22.03** ± 6.41 -12.43** ± 3.97 2.07 ± 4.03 

Productive tillers per plant 

A 1.47* ± 0.67 -0.87 ± 0.73 -0.07 ± 0.68 -2.33** ± 0.62 

B -1.47* ± 0.62 -1.67* ± 0.76 1.00 ± 0.81 -1.47* ± 0.69 

C -0.40 ± 1.03 0.27 ± 1.28 3.60** ± 1.25 0.73 ± 1.05 

D -0.20 ± 0.49 1.40* ± 0.56 1.33* ± 0.57 2.27** ± 0.49 

grains per panicle 

A -40.74** ± 13.23 -17.93* ± 7.25 -29.35** ± 5.88 -14.44* ± 6.19 

B -41.29** ± 12.25 -18.87** ± 6.58 -12.49 ± 6.57 -29.71** ± 5.96 

C -26.96 ± 22.42 -35.35** ± 12.80 -27.09* ± 10.79 -38.65** ± 10.00 

D 27.54** ± 10.26 0.73 ± 4.93 7.37 ± 4.97 2.75 ± 4.36 

*, ** Significant at 5% and 1% levels, respectively 

I: NAUR-1 X IET-25457, II: GNR-3 X IET-25446,  

III: GNR-5 X IET-25471, IV: IET-15429 X IET-25453 
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 I II III IV 

100 seed weight (g) 

A -0.08 ± 0.10 0.04 ± 0.08 -0.13 ± 0.09 0.04 ± 0.08 

B -0.10 ± 0.15 -0.58** ± 0.14 0.03 ± 0.09 -0.58** ± 0.14 

C -1.01** ± 0.19 -0.47** ± 0.18 0.86** ± 0.13 -0.47** ± 0.18 

D -0.42** ± 0.10 0.04 ± 0.09 0.48** ± 0.08 0.04 ± 0.09 

Grain yield per plant (g) 

A -5.23* ± 2.34 -4.39* ± 1.96 -4.51* ± 2.26 0.30 ± 2.52 

B -5.34* ± 2.07 -6.28** ± 1.65 -0.89 ± 2.62 -5.09** ± 1.91 

C -5.45 ± 3.77 -1.72 ± 3.34 4.99 ± 4.48 9.19* ± 3.72 

D 2.56 ± 1.69 4.48* ± 1.89 5.20* ± 2.15 6.99** ± 1.69 

Straw yield per plant (g) 

A -5.87* ± 2.36 1.68 ± 3.39 3.22 ± 3.65 7.61* ± 3.06 

B -4.01 ± 2.13 10.38** ± 2.82 15.33** ± 3.64 9.53** ± 2.79 

C -2.68 ± 3.87 2.08 ± 4.81 8.79 ± 6.35 10.94* ± 4.92 

D 3.60* ± 1.81 -4.99 ± 2.75 -4.88 ± 3.00 -3.10 ± 2.36 

Harvest index (%) 

A -3.56** ± 0.90 -8.41** ± 2.54 -8.64** ± 2.43 -7.62** ± 2.55 

B -2.73** ± 0.56 -18.96** ± 2.16 -15.54** ± 2.04 -15.74** ± 1.99 

C -3.55** ± 1.15 -2.88 ± 3.94 -2.07 ± 3.67 -0.04 ± 3.45 

D 1.37* ± 0.59 12.24** ± 1.89 11.05** ± 1.73 11.66** ± 1.65 

Kernel L:B ratio 

A 0.01 ± 0.13 -0.05 ± 0.11 0.01 ± 0.11 -0.06 ± 0.10 

B -0.87** ± 0.16 -0.68** ± 0.15 -0.68** ± 0.17 -0.61** ± 0.15 

C -0.56* ± 0.23 -0.70** ± 0.21 -0.46* ± 0.23 -0.80** ± 0.21 

D 0.15 ± 0.11 0.01 ± 0.11 0.11 ± 0.10 -0.07 ± 0.11 

*, ** Significant at 5% and 1% levels, respectively 

I: NAUR-1 X IET-25457, II: GNR-3 X IET-25446,  

III: GNR-5 X IET-25471, IV: IET-15429 X IET-25453 

 

 

 

 

 

 

 

 

 

 



Int.J.Curr.Microbiol.App.Sci (2020) 9(8): 1601-1610 

 

1607 

 

Table.2 Estimation of gene effect of yield and quality traits through generation mean analysis 

 

 I II III IV 

 

Days to 50 % flowering 

m 91.72** ± 0.67 90.28** ± 0.46 90.45** ± 0.52 90.58** ± 0.62 

d -1.40 ± 1.16 -4.27** ± 0.73 -4.27** ± 0.78 2.17 ± 1.22 

h -5.63 ± 3.71 10.63** ± 2.51 12.03** ± 2.85 5.2 ± 3.63 

i -7.40* ± 3.54 9.53** ± 2.34 13.00** ± 2.60 6.93* ± 3.47 

j 2.83* ± 1.27 -2.9** ± 1.04 -3.7** ± 1.13 2.3 ± 1.34 

l 19.87** ± 5.80 -13.07** ± 3.88 -18.13** ± 4.42 -11.93* ± 5.85 

Days to maturity 

m 118.32** ± 0.76 117.23** ± 0.60 117.70** ± 0.67 119.20** ± 0.58 

d -4.23** ± 1.40 -3.73** ± 1.16 -2.70** ± 1.04 4.23** ± 1.10 

h -0.70 ± 4.35 16.23** ± 3.52 20.87** ± 3.65 5.23 ± 3.33 

i -2.13 ± 4.14 15.33** ± 3.34 20.73** ± 3.38 6.47* ± 3.19 

j -0.33 ± 1.56 -3.37* ± 1.39 -2.50 ± 1.39 4.33** ± 1.32 

l 16.13* ± 6.93 -21.67** ± 5.66 -32.80** ± 5.65 -9.40 ± 5.33 

Plant height (cm) 

m 107.78** ± 1.65 116.72** ± 2.46 101.53** ± 1.55 114.83** ± 1.49 

d 3.00 ± 3.20 11.93** ± 4.11 -10.83** ± 2.48 8.73** ± 2.70 

h 26.67** ± 9.84 -31.03* ± 13.11 27.63** ± 8.83 3.50 ± 8.77 

i 20.87* ± 9.19 -44.07** ± 12.83 24.87** ± 7.95 -4.13 ± 8.05 

j -2.20 ± 3.43 9.23* ± 4.61 -15.60** ± 2.99 11.5** ± 3.21 

l -9.27 ± 16.03 52.27** ± 19.94 -6.73 ± 14.01 4.60 ± 14.16 

Productive tillers per plant 

m 8.05** ± 0.17 8.13** ± 0.21 8.43** ± 0.21 7.68** ± 0.18 

d 1.77** ± 0.34 0.87* ± 0.37 -0.40 ± 0.37 -0.03 ± 0.34 

h 0.63 ± 1.04 -2.13 ± 1.22 -2.80* ± 1.22 -4.07** ± 1.06 

i 0.40 ± 0.97 -2.80* ± 1.11 -2.67* ± 1.13 -4.53** ± 0.99 

j 1.47** ± 0.39 0.40 ± 0.43 -0.53 ± 0.46 -0.43 ± 0.40 

l -0.40 ± 1.71 5.33** ± 1.96 1.73 ± 1.95 8.33** ± 1.73 

Grains per panicle 

m 124.57** ± 3.93 125.69** ± 1.95 132.24** ± 1.87 131.65** ± 1.62 

d 12.95* ± 6.61 11.43** ± 3.03 0.58 ± 3.27 11.35** ± 2.92 

h -45.56* ± 22.03 -3.86 ± 11.10 -3.37 ± 10.68 -0.01 ± 9.52 

i -55.07** ± 20.53 -1.45 ± 9.86 -14.75 ± 9.94 -5.49 ± 8.72 

j 0.28 ± 7.42 0.47 ± 3.60 -8.43* ± 3.62 7.63* ± 3.72 

l 137.11** ± 34.65 38.26* ± 17.63 56.59** ± 16.96 49.64** ± 15.37 
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 I II III IV 

 

100 seed weight (g) 
m 2.14** ± 0.04 2.47** ± 0.04 2.5** ± 0.03 2.07** ± 0.04 

d 0.14* ± 0.07 0.42** ± 0.06 -0.06 ± 0.05 0.42** ± 0.06 

h 0.86** ± 0.21 -0.16 ± 0.19 -0.85** ± 0.16 -0.16 ± 0.19 

i 0.84** ± 0.20 -0.07 ± 0.18 -0.96** ± 0.15 -0.07 ± 0.18 

j 0.01 ± 0.08 0.31** ± 0.08 -0.08 ± 0.06 0.31** ± 0.08 

l -0.66 ± 0.34 0.61* ± 0.30 1.07** ± 0.25 0.61* ± 0.30 

Grain yield per plant (g) 

m 21.23** ± 0.65 21.35** ± 0.75 24.4** ± 0.86 23.73** ± 0.63 

d 2.20* ± 1.07 4.59** ± 1.14 0.20 ± 1.27 2.93** ± 1.13 

h -4.29 ± 3.64 -7.98* ± 3.85 -7.24 ± 4.52 -12.99** ± 3.65 

i -5.12 ± 3.37 -8.96* ± 3.78 -10.39* ± 4.29 -13.98** ± 3.39 

j 0.05 ± 1.36 0.94 ± 1.21 -1.81 ± 1.53 2.70* ± 1.35 

l 15.68** ± 5.71 19.63** ± 5.65 15.8* ± 6.78 18.77** ± 5.86 

Straw yield per plant (g) 
m 25.57** ± 0.70 23.23** ± 1.00 26.29** ± 1.18 25.63** ± 0.90 

d 0.83 ± 1.14 -2.18 ± 1.88 -5.54** ± 1.85 -2.21 ± 1.53 

h -5.36 ± 3.86 9.09 ± 5.65 11.05 ± 6.37 6.35 ± 5.01 

i -7.19* ± 3.62 9.98 ± 5.49 9.77 ± 6.00 6.20 ± 4.71 

j -0.93 ± 1.39 -4.35* ± 2.09 -6.06** ± 2.31 -0.96 ± 1.84 

l 17.07** ± 6.00 -22.04* ± 8.94 -28.32** ± 9.76 -23.33** ± 7.86 

Harvest index (%) 
m 45.25** ± 0.21 48.41** ± 0.73 48.94** ± 0.66 48.58** ± 0.60 

d 0.12 ± 0.41 7.26** ± 1.20 5.32** ± 1.11 5.60** ± 1.14 

h -3.46** ± 1.25 -22.3** ± 4.01 -20.32** ± 3.68 -22.56** ± 3.52 

i -2.74* ± 1.19 -24.49** ± 3.79 -22.11** ± 3.46 -23.31** ± 3.29 

j -0.41 ± 0.49 5.27** ± 1.54 3.45* ± 1.48 4.06** ± 1.54 

l 9.03** ± 2.00 51.85** ± 6.21 46.29** ± 5.76 46.67** ± 5.70 

Kernel L:B ratio 
m 2.74** ± 0.04 2.53** ± 0.04 2.97** ± 0.04 2.29** ± 0.04 

d 0.52** ± 0.08 0.41** ± 0.07 0.29** ± 0.07 0.37** ± 0.07 

h -0.42 ± 0.24 -0.06 ± 0.23 -0.09 ± 0.22 0.16 ± 0.22 

i -0.30 ± 0.23 -0.03 ± 0.22 -0.22 ± 0.20 0.13 ± 0.21 

j 0.44** ± 0.10 0.32** ± 0.09 0.35** ± 0.08 0.28** ± 0.09 

l 1.15** ± 0.38 0.76* ± 0.36 0.89* ± 0.36 0.54 ± 0.34 

*, ** Significant at 5% and 1% levels, respectively 

I: NAUR-1 X IET-25457, II: GNR-3 X IET-25446,  

III: GNR-5 X IET-25471, IV: IET-15429 X IET-2 

 

These results are in agreement with those 

obtained by Nayak et al., (2007), Roy and 

Senapati (2011), Samak et al., (2011), 

Srivastav et al., (2012) for 100 seed weight, 

Chamundeswari et al., (2013) for 100 seed 

weight, Gnanamalar and Vivekanandan 

(2013) for kernel L:B ratio, Kiani et al., 

(2013) for grains per panicle,100 seed weight, 

Yadav et al., (2013), Mohamed et al., (2014) 

for 100 seed weight, straw yield per plant, 

Montazeri et al., (2014), Shahid et al., (2014), 

Patel (2015) for productive tillers per plant, 

grains per panicle, 100 seed weight, grain 

yield per plant, straw yield per plant, harvest 

index, kernel L:B ratio, Rani et al., (2015), 

Sultana et al., (2016) for grains per panicle, 



Int.J.Curr.Microbiol.App.Sci (2020) 9(8): 1601-1610 

 

1609 

 

100 seed weight, kernel L:B ratio and Kumar 

et al., (2017) for kernel L:B ratio. 

 

In conclusion, the characters which controlled 

by additive gene effect can be improved by 

most appropriate method of breeding would 

be pedigree method of selection. In contrast to 

it other characters were controlled by additive 

and non-additive gene effects or non-additive 

gene effects in different crosses, hence those 

could be successfully improved by heterosis 

breeding or hybridization followed by cyclic 

method of breeding keeping adequate 

population size would be more desirable for 

improvement of these traits. 
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