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SUMMARY 

 
An experiment was conducted to determine the mode of inheritance of submergence tolerance in six basic 

generations viz., P1, P2, F1, F2, B1, B2 of cross HUR-105 x Swarna Sub1. The chi-square values for F2, B1 and BC2 

populations were 1.5, 0.33 and 0.05 respectively, showing non-significant at 5% level of significance indicating the 

observed data are in accordance with the expected data and following Mendelian pattern of inheritance to 

submergence tolerance. The ratio showed in different generation for tolerant and susceptible plants are showing the 

dominance pattern of inheritance for submergence tolerance gene. The scales A, B, C and D were found significant 

for most of the traits under both the conditions indicating presence of epistasis. Plant height, panicle length, panicle 

weight, spikelets per panicle, test weight, yield per plant and amylose content, ‘h’ and ‘l’ gene effect displayed 

opposite signs under irrigated condition, indicating duplicate epistasis. Productive tillers per plant, flowering time, 

maturity and gel consistency showed complementary epistasis. The additive genetic variance was predominant in all 

the traits except test weight under normal irrigated condition while under stress condition, except for test weight and 

panicle weight, explaining that it is associated with homozygosity and hence it is fixable in nature and selection for 

these traits will be very effective components in cross HUR-105 x Swarna-Sub1. 

 

Key words: Inheritance, submergence, gene action, component of variances 

 

Key findings: The gene action for submergence tolerance and yield attributing traits indicating additive, 

dominance and epistatic genetic components are important for the expression of traits and gives valuable 

information for researchers to planning and design the appropriate breeding procedure to develop high 

yielding rice submergence tolerance varieties with desirable yield and yield related traits. 
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INTRODUCTION 

 

Rice, Oryza sativa L., (2n = 24) an important 

cereal, belonging to the family Graminae and 

subfamily Oryzoideae is the staple food for half 

of the world’s population and 90% of it is being 

produced and consumed in Asia. Rice is grown 

especially in the large areas of Asia, Latin 

America and Africa that are characterized by a 

semitropical climate with alternating rainy and 

dry seasons. Rice yields remain low (0.5–2.5 t 

ha
-1

) and unstable due to two perennial natural 
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problems: drought and flooding (IRRI, 2009, 

2010). Among the several biotic and abiotic 

stresses affecting rice production, submergence 

has been identified as the third most important 

constraint for higher rice productivity causes 

total yield loss (Sarkar et al., 2006). Prolonged 

submergence is a major constraint to rice 

production, affecting over 15 M ha in South and 

South East Asia and causing an annual yield loss 

of over US$ 600 million (Singh et al., 2009). 

Flooding is a serious constraint to rice plant 

growth and survival in rainfed lowland and deep 

water areas because it results in partial or 

complete submergence of the plant. The average 

rice productivity of submergence-prone areas in 

eastern India is 0.5 - 0.8 t ha
−1

, whereas it is 

about 2.0 t ha
−1

 for favorable rainfed lowlands, 

being much lower than the input-intensive 

irrigated system (5.0 t ha
−1

). However, these 

flood-prone ecosystems have enormous potential 

for more food production to meet the ever 

increasing demands for rice supply because of 

the predominance of good soils and freshwater 

resources (Ismail et al., 2013).  

Submergence tolerance is controlled by 

a single major quantitative trait locus (QTL) on 

chromosome 9, along with a number of minor 

QTLs (Xu and Mackill, 1996; Nandi et al., 

1997; Toojinda et al., 2003). FR13A, which is 

one of the most submergence-tolerant donor 

variety. The major QTL, named Sub1, with a 

LOD score of 36 and an R
2
 value of 69% (Xu 

and Mackill, 1996), provides tolerance to 

complete submergence for up to 2 weeks. Sub1 

gene enables rice to survive and more 

importantly, recover after flooding (Mackill et 

al., 2012). The varieties with Sub1 gene showed 

a yield advantage of 1 to 1.3 t/ha over the 

original varieties following submergence for a 

few days up to 18 days (Neeraja et al., 2007; 

Singh et al., 2009; Mackill et al., 2012; Singh et 

al., 2013). Swarna-Sub1 yields twice that of 

Swarna without Sub1 with about 15 days of 

submergence. The Sub1 QTL for submergence 

tolerance is being transferred into ten locally 

adapted popular rice varieties possessing either 

intolerant allele or absence of the Sub1A gene 

(Singh et al., 2016). Therefore, in this study an 

attempt has been made to estimate the 

inheritance of various kinds of gene effects and 

their importance in the control of grain yield and 

its component characters in submergence 

tolerant rice. Grain yield is a complex polygenic 

trait and is dependent on the combination of its 

component traits viz., number of filled grains, 

test grain weight, panicle length, panicle weight 

and effective tillers per plant. The information 

about the nature and magnitude of gene action 

prevailing in the breeding material would be a 

valuable tool for selecting breeding procedure 

and hence to achieve the desired genetic 

improvement through correlated response of 

selection. 

 

 

MATERIALS AND METHODS 

 

Plant material and experimental plan 

 

The two indica rice varieties HUR-105 (Malviya 

Dhan-105) and Swarna-Sub1 were used in this 

study in which HUR-105 is most widely grown 

in North East India owing to its high yielding, 

semi dwarf, medium duration, with grain 

quality, but submergence intolerant and Swarna-

Sub1 is a submergence tolerant variety. The 

crosses were made in kharif 2009 between 

HUR-105 x Swarna-Sub1 to raise the F1. In the 

next, off season at ICAR-NRRI, Cuttack the F1 

were backcrossed with recurrent parent (P1) and 

donor parent (P2) to generate B1 and B2 

population. In kharif 2010 the BC1 plants were 

backcrossed to have the BC2 plants. Six 

generations, namely, P1, P2, F1, F2, B1 and B2 

along with BC2 were raised in a complete 

randomized block design in both normal 

irrigated and submerged condition, with three 

replications at Agricultural Research Farm, 

Institute of Agricultural Sciences, Banaras 

Hindu University, Varanasi, India during kharif 

2011. Twenty-one days old seedlings were 

transplanted in separate plot size 3 × 1 m with 

spacing 20 × 15 cm apart. The recommended 

packages of practices were followed to raise 

healthy crops. Submergence screening was 

performed in controlled conditions that allow 

flooding with water depth of 1.0 meters for a 

period of 15 days. The plants were de-

submerged and the survival of plants was scored 

after 20 days of recovery following the 

procedure of Pamplona et al. (2007). 
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Table 1. Estimation of variance components for eleven traits in submergence tolerant rice. 

Traits VE VP VG VA VD 

Condition N S N S N S N S N S 

Productive tillers per 

plant 

1.08 2.13 9.25 5.91 8.16 3.78 14.86 9.81 -6.70 -6.03 

Plant height 7.47 12.69 39.70 3.77 32.22 -8.92 66.40 3.83 -34.18 -12.76 

Flowering time 4.08 2.03 2.68 8.31 -1.39 6.27 2.21 5.91 -3.60 0.36 

Maturity 2.07 1.93 1.56 21.79 -0.50 19.86 0.65 28.54 -1.15 -8.68 

Panicle length 0.53 0.78 0.17 2.72 -0.35 1.93 0.08 2.80 -0.43 -0.87 

Panicle weight 0.06 0.02 0.29 0.08 0.23 -0.01 0.20 -0.20 0.03 0.19 

Spikelet per panicle 14.29 26.20 102.64 145.28 88.34 119.07 190.17 233.76 -101.82 -114.68 

Test weight 0.43 0.18 0.22 0.23 -0.21 0.05 -1.21 -0.42 0.99 0.47 

Yield per plant 1.43 0.35 2.25 0.22 0.82 -0.12 3.23 0.32 -2.40 -0.45 

Amylose content 0.64 0.38 4.96 2.72 4.31 2.33 4.60 3.19 -0.29 -0.85 

Gel consistency 10.94 0.24 27.11 8.43 16.17 8.19 46.37 7.47 -30.20 0.72 

 

 

Observation recorded 

 

The phenotypic traits were assessed on each 

individual entry in the segregating generations 

and observations were recorded for eleven 

quantitative traits viz., number of productive 

tillers per plant (PTP), plant height (PH), 

flowering time (DF), maturity (DM), panicle 

length (PL), panicle weight (PW), spikelet per 

panicle (SSP), test weight (TW), grain yield per 

plant (YPP), amylose content, and gel 

consistency (Table 1). Ten plants from both 

parents, 20 plants from F1, B1 and B2 and 400 

plants from F2 generation per replication were 

randomly selected and tagged for observing the 

traits under normal irrigated and stress 

condition. 

 

Statistical analysis 
 

Analysis of variance was carried out by 

following the procedure of complete randomized 

block design analysis described by Panse and 

Sukhatme (1967), for all six generations. The 

inheritance pattern and distribution of frequency 

for submergence tolerance was carried out by χ
2
 

test. The means were computed for each 

generation of P1, P2, F1, F2, B1 and B2. The 

variance and corresponding standard errors of 

the means were computed from the deviations of 

the individual values from the pooled mean for 

each of the generation in each cross. The 

generation mean analysis was performed 

according to Hayman (1958) and Jinks and 

Jones (1958) for the estimation of genetic 

components of variation, epistasis model and 

gene effects in two steps (i) testing for epistasis 

to determine the presence or absence of 

interallelic interaction through scaling test and 

(ii) estimation of gene effects, variances and the 

type of epistasis involved. 

 Scaling test for A, B, C and D scales as 

suggested by Hayman and Mather (1955) and 

Mather and Jinks (1971) was applied to test the 

adequacy of simple additive-dominance model. 

Utilizing the means of different generations, the 

values of A, B, C and D scales were calculated. 

The standard errors of A, B, C and D were 

obtained as square root of the variances VA, VB, 

VC and VD, respectively and utilized for testing 

the significance of the deviations of the 

respective scales from zero. To test the 

significance of the scales, the ‘Student’s t’ 

values for each of these quantities were 

calculated. The significance of the scales was 

evaluated using calculated P values for 

respective calculated ‘t’ values. To tests the 

adequacy of additive-dominance model using a 

χ2 test, Joint scaling test (Cavalli, 1952) was 

conducted which combines several scaling test 

into one. The generation means were analysed 

by the method suggested by Hayman (1958) to 

provide information on the inheritance of 

observed traits. The generation means were used 

to estimate the six genetic parameters viz., m, d, 

h, i, j and l of digenic interaction model 

representing mean, additive genetic effect, 

dominance genetic effect, additive × additive 

gene interaction effect, additive × dominance 

interaction effect and dominance × dominance 

gene effects, respectively assuming that no 

linkage and no higher order gene interaction 
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exists. Considering the generation means as 

reference values, the six genetic parameters were 

calculated. The least squares computation 

method was used for arriving at different gene 

effects. 

 

 

RESULT AND DISCUSSION 

 

Analysis of variance 

 

The analysis of variance was performed for the 

generation of specific cross under irrigated and 

submerged conditions as well as pooled analysis 

performed. Results showed significant 

differences for most of the traits in pooled as 

well as individual irrigated and stress conditions. 

It is evident from the analysis of variance that 

the lines showed significant difference for most 

of the traits except days to flowering, maturity 

and panicle weight in pooled analysis. Under 

normal irrigated conditions, there was no 

significant difference for the traits except 

flowering time, maturity, panicle weight, 

amylose content and gel consistency, but under 

stress condition, productive tillers per plant, 

flowering time, maturity and panicle weight 

were found to be non-significant (Table 2). The 

significant difference in rice lines for yield traits 

were also reported by Singh et al. (2007). 

 

Scaling and joint scaling tests 

 

Scaling and joint scaling tests were performed to 

understand the adequacy of simple additive-

dominance model. Further, joint scaling test was 

adapted to fit the data to three parameter model 

to estimate mean (m), additive gene effects (d) 

and dominant gene effects (h) and to evaluate 

adequacy of simple additive-dominance model. 

Chi square test was conducted to evaluate the 

goodness of fit of this model. 

The scaling test showed all A, B, C and 

D scales were significant for panicle length and 

grain yield per plant indicating presence of 

epistasis. All the traits related to yield in both 

irrigated and submergence conditions in the 

present study were significant in either one of 

the scales or in combination representing the 

existence of epistatic interactions between the 

genes involved. The scaling test in irrigated 

condition showed significant for productive 

tillers per plant, plant height, days to flowering 

time, maturity, panicle length, test weight, yield 

per plant and gel consistency for Scale A, for 

Scale B all the trait except plant height and test 

weight showed significant result, for Scale C all 

traits were showed significant result and for 

Scale D days to flowering time, maturity, 

panicle length, panicle weight, spikelets per 

panicle, test weight, yield per plant and amylose 

content showed significant result. While in 

submergence condition, the scaling test showed 

significant for productive tiller per plant, plant 

height, maturity, panicle length, yield per plant 

and amylose content for Scale A, for B, C and 

Scale D all the traits except flowering time 

showed significant result (Table 3). 

Further, joint scaling test in irrigated 

condition for cross HUR105 x Swarna-Sub1, the 

chi square value of nine traits viz., productive 

tiller per plant, plant height, flowering time, 

maturity, panicle length, panicle weight, 

spikelets per panicle, amylose content and gel 

consistency were not significant indicating the 

absence of digenic nonallelic interaction. The 

adequacy of simple additive-dominance model 

suggests nonallelic interaction effect (epistasis) 

is absent and generation means depends only on 

additive-dominance effect of the gene. Chi 

square values were significant for remaining two 

traits in the present study indicating the data 

does not fit into simple additive-dominance 

model. In submergence condition, the chi square 

values for four traits viz., flowering time, 

maturity, spikelets per panicle and amylose 

content were non-significant indicating the 

absence of digenic nonallelic interaction. The 

adequacy of simple additive-dominance model 

suggests nonallelic interaction effect (epistasis) 

is absent and generation means depends only on 

additive-dominance effect of the gene. Chi-

square values were significant for remaining 

seven traits in this study indicating the data does 

not fit into simple additive-dominance model. 

The role of epistatic interactions was identified 

by lack of goodness of fit into three parameter 

models and the data was further subjected to six 

parameter models. 
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Table 2. ANOVA for individual environment for all eleven traits in submergence rice HUR 105- Sub1. 

** and *: Significant at 1 and 5 per cent level, respectively; ***: Significant at 0.01; N: Normal Irrigated condition; S: Stress submergence condition 

 

 

Table 3. Scaling tests and estimate of genetic parameters for all eleven traits in submergence rice. 
Traits 

 

Scaling test Joint Scaling test 

Scale A Scale B Scale C Scale D m d H χ2 

N S N S N S N S N S N S N S N S 

Productive tillers per plant 1.33** -3.27*** -4.89 *** -1.74*** -3.72 ** 4.51*** -0.12 4.78 

*** 

14.75 7.45 2.89 -1.26 4.24 1.75 1.37 9.49 

** 
Plant height 4.22*** 8.00 *** -0.56 -6.42*** 8.13 ** 54.03*** 2.22 26.22 *** 91.97 83.44 8.45 17.71 2.95 -0.56 0.93 149.63 *** 

Flowering time 6.00*** 0.33 5.00 
*** 

0.33 13.00*** 3.33* 1.00 ** 1.33 103.20 121.88 -0.74 -1.98 1.81 1.49 2.99 6.75 

Maturity 4.55*** 4.33 *** 1.33 ** 4.00*** 11.20*** 3.00 2.67 *** -2.67 * 134.46 149.76 1.14 -1.98 0.55 2.93 0.26 0.06 

Panicle length 2.88*** -6.69 *** 3.11 *** -1.94*** 5.07 *** 2.58*** -0.48*** 5.56 *** 22.44 19.69 -0.24 -1.74 2.82 2.41 0.80 68.31 
*** 

Panicle weight -0.10 0.13 -

0.30*** 

-0.43*** -1.80*** 1.05*** -0.68*** 0.63 

*** 

3.67 2.78 0.17 0.11 0.55 -0.36 5.28 16.95 

*** 
Spikelet per panicle -0.93 -1.96 4.56 

*** 

16.57*** 24.60*** 27.89*** 10.59*** 6.65 * 151.25 127.38 -0.38 -10.38 19.15 17.59 0.69 1.48 

Test weight  -3.45*** 0.39 0.33 -1.27*** 1.33 *** 3.22*** 2.26 *** 2.09 
*** 

17.79 12.83 0.29 -1.24 1.43 1.44 78.12*** 34.94 
*** 

Yield per plant 1.99*** 2.65 

*** 

3.54 

*** 

-2.19*** -2.37 ** -2.75*** -3.93*** -1.63 

*** 

20.46 11.29 1.11 -0.52 3.57 -0.34 15.57*** 98.80 

*** 
Amylose content -0.37 -

0.86*** 

-1.39 

** 

-1.47*** -4.27*** -6.47*** -1.26 * -2.83 

*** 

24.56 23.99 -0.99 -2.39 -0.17 0.58 2.92 1.72 

Gel consistency -4.83*** 0.23 -6.83 *** 1.90** -8.67*** 11.73*** 1.50 4.73*** 74.68 75.93 4.18 3.72 5.82 -1.29 5.33 4.17* 

** and *: Significant at 1 and 5 per cent level, respectively; ***: Significant at 0.01; N: Normal Irrigated condition; S: Stress submergence condition 

Source of 

variation 
df 

Mean Sum of Square 

Productive 

tillers per plant 
Plant height 

Flowering 

time 
Maturity 

Panicle 

length 

Panicle 

weight 

Spikelet per 

panicle 
Test weight Yield per plant 

Amylose 

content 
Gel consistency 

  

N S N S N S N S N S N S N S N S N S N S N S 

Replicates 2 2.80 8.80 28.13 49.70** 1.70 0.70 1.20 4.70 0.70 1.20 0.20 0.04 37.30 125.10 0.20 1.60** 1.40 0.60 1.10 5.20* 16.40 9.00 
Generations 5 21.00* 5.80 105.70** 259.80*** 8.20 6.90 5.30 14.80 5.50*** 11.90** 0.30 0.08 159.20* 365.00** 2.90* 3.70*** 15.40** 5.80*** 2.20 8.00** 25.90 22.60** 

Error 10 4.30 2.30 15.80 6.00 4.30 7.30 2.50 11.70 0.50 2.00 0.20 0.08 37.20 59.40 0.80 0.20 1.90 0.33 3.30 0.80 18.20 3.70 

Total 17 9.00 4.00 43.70 85.80 5.20 6.40 3.20 11.70 2.00 4.90 0.20 0.07 73.00 157.00 1.40 1.40 5.80 2.00 2.70 3.40 20.30 9.90 
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Gene effect and component of variances 

involved 

 

It was found that in all the generations, traits 

related to yield in both irrigated and 

submergence conditions was significant in either 

one of the scales or in combination representing 

the existence of epistatic interactions between 

the genes involved (Table 4). The epistatic 

effects involved in combination of fixed and non 

fixed genes were shown to contribute to the 

genotypic mean of any population and these 

effects define specific additive × additive and 

additive × dominant epistatic components 

(Viana, 2000). Hasib et al. (2002) observed both 

additive and non-additive gene action were 

important for the expression. Digenic nonallelic 

interaction model with six parameters namely m, 

d, h, i, j and l revealed that the epistatic 

interaction model was found adequate to explain 

the gene action for the traits, productive tillers 

per plant, days to flowering time, panicle length, 

panicle weight, test weight and yield per plant in 

irrigated condition while for stress condition it is 

adequate for all traits except for flowering time, 

spikelet per plant and amylose content. The 

estimates of gene effect clearly illustrate high 

variation in the observed traits. The ‘h’ and ‘l’ 

gene effect displayed opposite signs for the traits 

viz., plant height, panicle weight, panicle length, 

spikelet per panicle, test weight, yield per plant 

and amylose content under irrigated condition 

and under submergence condition allthe trait 

displayed opposite sign, indicating duplicate 

epistasis. These results are consistent with the 

earlier reports of Hasib et al., (2002); Divya et 

al., (2014) for plant height, number of 

productive tillers, panicle length, flowering time, 

spikelet per panicle, test weight and yield per 

plant. 

The values of dominance (h) and 

dominance x dominance (l) interaction were in 

the same direction for traits like productive 

tillers per plant, flowering time, maturity and gel 

consistency under irrigated condition only and 

the interaction fit into complementary epistasis 

model. Under stress conditions, no traits 

suggested complementary epistasis. It was 

reported that gene effects are known to be cross 

specific and fits into complementary recessive 

epistasis for grain yield (Kumar et al., 2007). 

The sign associated with the estimates of 

additive (d) and dominance (h) indicates the 

parent that concentrates the highest number of 

genes for increasing the trait (Falconer, 1989). 

Additive effect was the only significant portion 

of gene controlling grain yield per plant of the 

rice. The positive sign in the additive gene effect 

implies that HUR-105 contributes positively to 

the trait as compared to Swarna-Sub1, and vice 

versa. The result is in conformity with the 

findings of Singh et al., (2016). For panicle 

length, panicle weight, test weight and yield per 

plant additive x additive interaction was 

observed, while dominance x dominance 

interaction was observed for productive tillers 

per plant and days to flowering under normal 

irrigated condition. 

Variance estimation using the six 

generation values revealed that variation due to 

dominant genetic effect was predominant for the 

traits under study. Estimation of variance 

components in these six generation materials 

indicates that additive variance was higher than 

dominance variance for most of the traits under 

study under both the conditions. The additive 

gene action predominated in the inheritance of 

submergence tolerance, with one major gene or 

block of genes having partial dominance was 

earlier reported by Pathan and Miah (1989). This 

gene action can be exploited through simple 

selection for the said traits. Under irrigated 

condition, variance estimates also revealed that 

degree of dominance (H/D) was more than one 

for traits like productive tillers per plant, plant 

height, days to flowering, panicle length, panicle 

weight, spikelet per panicle, amylose content 

and gel consistency while under submerged 

condition it is more than one for productive 

tillers per plant, flowering time, panicle length, 

panicle weight, spikelet per panicle, test weight, 

yield per plant and gel consistency. The trait test 

weight under irrigated condition and panicle 

weight and test weight under stress condition 

expressed higher dominance variance than 

additive variance. Similar finding was earlier 

reported by Azizi et al., (2006). It is concluded 

that these traits are governed by non additive 

gene action; it is also evident from the superior 

performance of F1s than advanced lines 

(Manickavelu et al., 2006; Saleem et al., 2010). 

The predominance of non additive gene action 
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Table 4. Estimation of gene effects based on six generation means for eleven traits in submergence tolerant rice. 

Traits M D H I j l Type of epistasis 

Condition N S N S N S N S N S N S N S 

Productive tillers per plant 16.33 *** 10.00*** 5.22 *** -1.66 *** 4.55 *** -7.50 *** 0.22 -9.54*** 3.11 -0.77 3.33 * 14.56*** C D 

Plant height 94.66 *** 92.55*** 10.03 *** 14.66 *** -1.72 -44.33*** -4.44 -52.44*** 2.39 7.22 0.78 50.88 *** - D 

Flowering time 105.00 *** 122.33*** -0.33 -2.00 *** -2.83 *** -1.66 -2.00** -2.67 0.50 ---- -9.00 *** 2.00 C - 

Maturity 135.67 *** 151.66*** 2.00 *** -2.00 ** -6.39 *** 8.16 *** -5.33*** 5.33* 1.61 0.16 -0.55 -13.66 *** - D 

Panicle length 23.93 *** 21.11*** 0.11 -3.77 *** 3.42 *** -9.16 *** 0.97 *** -11.11*** -0.11 -2.37 -6.97*** 19.67 *** D D 

Panicle weight 3.58 *** 2.64*** 0.36 *** 0.14 * 1.88 *** -1.38 *** 1.36 *** -1.26*** 0.14 0.29 -0.88 * 1.47 *** D D 

Spikelet per panicle 165.78 *** 142.33*** -2.54 *** -18.22 *** -3.89 3.51 -21.18 *** -13.32* -2.77 -9.27 17.55 *** -1.24 -- -- 

Test weight 18.94 *** 14.19*** -1.33*** -0.55 *** -2.61 *** -2.69 *** -4.52 *** -4.11*** -1.88 0.81 7.64 *** 5.01 *** D D 

Yield per plant 20.50 *** 10.73*** 1.63*** 0.47 *** 11.24 *** 4.78 *** 7.86 *** 3.26*** -0.77 2.40 -13.47 *** -3.77 *** D D 

Amylose content 23.55 *** 22.89*** -0.53 * -1.91 *** 2.41 * 4.72 *** 2.52 * 4.16*** 0.52 0.27 -0.79 -1.89 -- -- 

Gel consistency 77.33 *** 78.12*** 4.16*** 2.85 *** 0.33 -10.79 *** -3.00 -9.52*** 1.00 -0.80 14.66 *** 7.32 *** -- D 

** and *: Significant at 1 and 5 per cent level, respectively; ***: Significant at 0.01; N: Normal Irrigated condition; S: Stress submergence condition 
 

 

Table 5. Genetics of submergence tolerance. 

Treatment 
Plants 

transplanted 
Plants survived 

% survival 

(Observed) 

expected (Plant 

survival) 
X

2
 cal X

2
 tab (0.05) D.F. 

Mendelian data 

ratio 

HUR 105 50 10 20 0 -- -- -- -- 

Swarna-Sub1 50 49 98 50 -- -- -- all 

F1 26 23 88.47 26 0.35 -- -- all 

F2 50 30 60 37.5 1.5 3.841 1 3:1 

BC1 24 10 41.67 12 0.33 3.841 1 1:1 

B2 26 24 92.3 26 0.16 -- -- all 

BC2 42 20 47.62 21 0.05 3.85 1 1:1 
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for these traits under study indicated that 

improvement of these traits could be possible 

through heterosis breeding. To obtain better 

genotypes through recombination breeding, 

hybridization followed by selection at later 

generations is suggested for exploiting 

dominance gene action. The additive genetic 

variance was predominant in all the traits except 

test weight under irrigated condition, and under 

stress except for test weight and panicle weight, 

explaining that it is associated with 

homozygosity and hence it is fixable in nature 

and selection for these traits will be very 

effective in the cross HUR-105 x Swarna-Sub1. 

The calculated chi square value for F2, B1 and 

BC2 were less than the tabulated chi square 

value which indicate that observed data are in 

accordance with expected ratio and follow 

Mendelian pattern of inheritance to the 

submergence tolerance. In F1 and B2 generation 

tolerance phenotype is observed which indicate 

the presence of dominance gene for the 

submergence tolerance (Table 5). 

 

 

CONCLUSION 

 

Dominance gene effects played major role in 

controlling the genetic variance in most of the 

traits studied. However, additive gene effects 

were also found to be important for inheritance 

of panicle length, panicle weight, test weight and 

yield per plant. Biparental mating might be 

useful in exploiting both additive and non-

additive gene actions to obtain desirable 

recombinants. The characters for which additive 

and dominance gene actions were observed 

recurrent selection breeding techniques may be 

appropriate. With regard to the negative values 

observed in most cases either with main effects 

[d] and [h] or epistatic interaction effects ([i], [j] 

and [l]), these might indicate that preponderance 

was towards the less value trait and alleles 

responsible for less value of traits were over 

dominant over the alleles controlling high 

values. 
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