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Introduction 
 

Rice (Oryza sativa L.) is the staple food of 

more than half of the world population. It is 

the dominant and only suitable crop in the 

rainfed and lowland areas of India. 

Submergence stress is a major constraint to 

rice production in areas of high rainfall and it 

adversely affects farmers living on 10-15 

million hectares of rainfed lowland rice in 

South and Southeast Asia (Neeraja et al., 

2007). To meet the demand of the ever 

increasing global population, greater 

production of rice is needed from this flood 

prone ecosystem. According to the estimate of 

World Bank (World Bank, 2008), flood 
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Phenotypic screening during kharif 2015 and evaluation of Sub1 introgressed lines in 

Ranjit and Bahadur for submergence tolerance was done with the 35 genotypes. Out of 35 

genotypes 32 were Sub1 introgressed BC2F3 lines (24 BC2F3 lines of the cross -Ranjit x 

Swarna-Sub1and 8 BC2F3 lines of the cross -Bahadur x Swarna-Sub1) with three parents 

i.e. Ranjit, Bahadur, and Swarna-Sub1. The phenotypic screening of genotypes showed 

that all Sub1 introgressed lines had significantly higher survival rates as compared with the 

original recipient parents whereas less change in plant height was observed. The Sub1 

introgressed lines in BC2F3 generation showed lesser elongation during submergence as 

compared to the parents and the susceptible check IR42. The analysis of variance revealed 

the existence of significant variation among the genotypes for grain yield and all other 

morpho-physiological quantitative traits. High estimates of genotypic and phenotypic 

variation in case of morphological characters like stem thickness, panicle number per plant 

indicated that selection would be effective for these characters. Amongst all the morpho-

physiological quantitative traits, high heritability (>80) with high genetic advance (>20) as 

percent of mean estimates were recorded for leaf length of blade, stem thickness, leaf 

width of blade, grain weight of 1000 fully developed grains and grain width. The high 

estimates of heritability for these characters also indicated considerable genetic variation 

and lower influence of environment in the expression of these characters. High genetic 

advance coupled with high heritability estimates indicates that these traits are apparently 

controlled by additive genes. Thus these traits deserve top most priority in selection. 
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affected areas increased to 40 million hectares 

from 19 million hectares within one decade in 

India. Short-term submergence regularly 

affects over 20 million ha of rice in the tropic 

(Mackill et al., 2012). 

 

Assam is one of the major rice growing states 

in the country and Sali rice is grown as rainfed 

crop and it occupies around 1.8 million 

hectares. Around 0.5 million hectares Sali rice 

growing areas are chronically affected by 

flood. Flood is the major problem in the state, 

which affect all the three classes of rice. Sali 

rice is damaged in its vegetative stage due to 

inundation of low lying areas. Nearly 4 lakh 

hectares rice is chronically flood prone and the 

flood affected area is around 10 lakh hectares. 

Submergence due to inundation causes 

mortality of tillers and the extent of yield loss 

depends on the intensity and the duration of 

flood. Hence, sustainable and permanent 

solutions are needed to overcome this 

problem. One of the most promising solutions 

is to develop high yielding varieties that are 

submergence tolerant and that are more likely 

to be rapidly adopted by farmers in the target 

regions (Septiningsih et al., 2009). 

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). All these 

studies have used the landrace FR13A (Nandi 

et al., 1997; Xu and Mackill, 1996) which is 

one of the most submergence-tolerant donor 

varieties. Swarna-Sub1 as well as other Sub1 

introgressed varieties such as Samba Mahsuri-

Sub1, IR 64-Sub1, BR 11-Sub1, CR 1009-

Sub1and TDK-Sub1 is not adopted by the 

farmers of the state as they prefer the 

agronomic qualities of the variety Ranjit and 

Bahadur. Ranjit and Bahdur (semi-tall 

varieties) are the most popular varieties of 

Assam and they cover about 65 per cent of 

Sali rice growing areas in the state. However, 

these varieties are not tolerant to 

submergence. Thus, development of Sub1 

QTL introgressed submergence tolerant 

version of these varieties i.e. Ranjit-Sub1 and 

Bahadur-Sub1 will definitely help the farmers 

of the flood prone areas of Assam. Hence, the 

present investigation has been undertaken with 

the objective phenotypic screening and 

evaluation of Sub1 introgressed lines for 

submergence tolerance. 

 

Materials and Methods 

 

The present study was undertaken with the 

aim of evaluation of Sub1 introgressed lines 

for submergence tolerance in Ranjit and 

Bahadur. Ranjit and Bahadur are popular rice 

varieties of Assam covering more than 60 

percent area during kharif. Field experiments 

were conducted during Sali/Kharif 2015 at 

Regional Agriculture Research Station 

(RARS), Assam Agricultural University, 

Titabar, Assam, India. The experimental 

material comprised of 32 Sub1 introgressed 

BC2F3 lines (24 Sub1 introgressed lines in 

Ranjit background and 8 Sub1 introgressed 

lines in Bahadur background). Rice genotypes 

having tolerance to submergence namely 

Swarna-Sub1and FR13A were used as 

resistant check variety and Swarna, Ranjit, 

Bahadur and IR42 were used as susceptible 

check variety in phenotypic screening.  

 

Screening for submergence tolerance 

 

Phenotyping of the 32 Sub1 fixed lines for 

submergence tolerance were carried out 

during Sali/Kharif 2015 (Table 1). Phenotypic 

screening was carried out in phenotypic tank 

of dimension (10.0m X 10.0m X 2.0 m).The 

seeds of the Sub1 introgressed lines along with 

the checks were sown into the tank. The 10 

days old seedlings were then submerged for 

12 days and water level was maintained at 1.1 

m. Desubmergence was carried out after 12 

days and the genotypes were assessed on the 

basis of survival percentage and plant height 

(elongation ability). 
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Evaluation of Sub1 introgressed lines 

 

The lines were evaluated on the basis of yield 

and other morpho-physiological quantitative 

characters by using experimental design RBD 

(Table 2). The mean values of the 

observations recorded for 38 genotypes using 

CRD experimental design were subjected to 

the statistical and biometrical analyses. The 

partitioning of the total variance assignable to 

different sources was done according to 

Fisher’s method. Genetic parameters were 

estimated for each character from ANOVA. 

The mean data for each of the eleven morpho-

physiological characters were subjected to 

analysis of variance by following randomized 

block design. Genetic parameters were 

estimated for each character from ANOVA. 

Genotypic variances (σ²g), phenotypic 

variance (σ²p) and environmental variance 

(σ²e) were computed according to Burton and 

Devane (Burton and Devane, 1953). 

Genotypic coefficient of variation (GCV) and 

phenotypic coefficient of variation (PCV) 

were estimated from these variances in terms 

of standard deviation as percentage of the 

grand mean. Heritability (h
2
) in broad sense 

was calculated following Allard (Allard, 

1960). Expected genetic advance for each 

character was calculated by using the formula 

suggested by Hanson (Hanson et al., 1956). 

 

Results and Discussion 

 

Phenotyping 

 

The phenotypic screening of the 32 genotypes 

along with resistant check verities i.e. Swarna-

Sub1 and FR13A and susceptible check 

varieties i.e. Swarna, Ranjit, Bahadur and 

IR42 have shown that all Sub1 introgressed 

lines had significantly higher survival rates as 

compared with the original recipient parents 

and less change in plant height was observed. 

Further it was observed that the Sub1 

introgressed lines in BC2F3 generation showed 

lesser elongation during submergence 

compared to the parents and the susceptible 

check IR42. The Sub1 introgressed lines have 

shown survival rate in between the range 78-

92 percent whereas the susceptible cultivars 

showed 0-24 percent and resistant check 

cultivars showed survival percentage in the 

range of 83-91 (Table 3). The plant height 

before survival in Sub1 introgressed lines 

rages from 19-28 percent whereas plant height 

after survival in Sub1 introgressed lines ranges 

from 22-34 percent. In case of resistant check 

variety the plant height before survival rages 

from 20-34 and plant height after survival 

ranges from 26-40 (Fig. 2). In susceptible 

check cultivars the plant height before survival 

was recorded in the range of 20-23 and plant 

height after survival was found 0-38. The 

Sub1 introgressed lines have shown elongation 

rate (plant height) in between the ranges 7.40 -

32.00 percent whereas the susceptible 

cultivars showed 0-65.21 percent and in 

resistant check cultivars it was found in range 

of 17.64-30 percent. Based on the observed 

data the CD value for survival percentage was 

found to be 4.12 and for percentage change in 

plant height was 2.33 at 5 percent probability 

level. 

 

Evaluation of Sub1 introgressed lines 
 

The evaluation of Sub1 introgressed lines was 

done with eleven quantitative characters by 

using experimental design RBD. The rice 

genotypes were distinguished from each other 

in respect of length of leaf blade (LLB) which 

ranged from 29.5 cm in Swarna-Sub1 to 61.53 

cm in E-6 genotype with a mean value 

42.11cm. The genotypes exhibited less 

variability (CV= 0.97). Leaf width (LWdB) 

ranged from 1.08 cm in Ranjit to 1.98 cm in 

genotype 1189-1 with a mean value 1.64 cm. 

The genotypes exhibited more variability 

(CV= 2.44). Stem thickness (ST), which 

ranged from 0.45 cm in W-167 to 1.56 cm in 

N-3 genotype with a mean value 0.62 cm. The 
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genotypes exhibited more variability (CV= 

9.88). Stem length (SL), which ranged from 

79.16 cm in D-160 and 130.166 cm in 1189-1 

genotype with a mean value 102.26 cm. The 

genotypes exhibited more variability 

(CV=1.14). The rice genotypes were 

distinguished from each other in respect of 

panicle number per plant (PNP), which ranged 

from 3 in N-3 and 13 in U-86 genotype with a 

mean value of 8.73. The genotypes exhibited 

more variability (CV= 14.77). Grain weight of 

1000 fully developed grains (GW) which 

ranged from 11.56 g in L-3 to 22.83 g in 

Bahadur genotype with a mean value of 17.35 

g. The genotypes exhibited more variability 

(CV= 1.54). Grain length (GL) which ranges 

from 7.19 mm in 1398-1 to 8.40 mm in 1324-

1 genotypes with a mean value of 7.76 mm. 

The genotypes exhibited variability (CV= 

2.15). Grain width (GWd) which ranged from 

1.42 mm in J-164 to 2.32 mm in the genotype 

Swarna-Sub1 with a mean value of 1.64 mm. 

The genotypes exhibited variability (CV= 

2.02). Decorticated grain length (DGL) which 

ranged from 4.77 mm in D-160 to 5.89 mm in 

N-3 genotype with a mean value 5.49 mm. 

The genotypes exhibited more variability 

(CV= 3.69). Decorticated grain width 

(DGWd) which ranged from 1.27 mm in C-

210 and D-136 to 1.92 mm in Bahadur 

genotype with a mean value 1.45 mm. The 

genotypes exhibited variability (CV= 2.35). 

Yield per plot which ranged from 3.13 kg in 

D-136 to 6.25 Kg in Bahadur. Remaining 

cultivars fell between these ranges. The 

genotypes exhibited more variability (CV= 

9.80). The significant difference was found for 

all the eleven quantitative characters under 

study. 

 

Analysis of variance for eleven morpho-

physiological characters 

 

Analysis of variance (ANOVA) for eleven 

morpho-physiological quantitative characters 

are presented in (Table 4). The results showed 

that the mean sum of squares were highly 

significant for all the characters. It means that 

there is sufficient variability among the 

different genotypes and hence desirable 

improvement can be brought through selection 

for different characters. There were significant 

differences among the genotypes for all the 

characters under study.  

 

Extent of genetic variation for eleven 

morpho-physiological characters  
 

The estimates of genotypic and phenotypic 

variances, heritability, genotypic and 

phenotypic coefficients of variations, genetic 

advance as a percentage of mean and expected 

genetic advance at 5 percent selection 

intensity are presented in (Table 5). In case of 

morpho-physiological characters a comparison 

of the genotypic and phenotypic variances of 

the characters clearly revealed that there was a 

close correspondence between the two 

estimates for all the characters. A better 

comparison of the extent of genetic variation 

in the traits could be made from the estimates 

of genotypic and phenotypic coefficients of 

variations. The GCV estimate for yield was 

found to be 13.57 percent which were 

moderate. The maximum GCV was reflected 

for stem thickness (30.07) followed by panicle 

number per plant (20.44) (Fig. 1). The lowest 

GCV was reflected for grain length (4.30) 

followed by decorticated grain length (4.73) 

and stem length (9.32). Rest of the characters 

exhibited moderate GCV. For these characters 

GCV estimates had a close correspondence 

with PCV estimates along with their high 

heritability estimates. Highest heritability with 

genetic advance was observed for leaf length 

of blade (99.76, 41.13), stem thickness (89.74, 

58.69), leaf width of blade (97.16, 32.44), 

grain weight of 1000 fully developed grains 

(98.83, 28.97) and grain width (97.22, 23.12) 

(Fig. 2). High heritability with moderate 

genetic advance was observed for the traits 

like stem length (98.51, 19.06) and 
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decorticated grain width (95.58, 20.44). 

Moderate heritability with low genetic 

advance was observed for the traits like grain 

length (79.95, 7.93), and decorticated grain 

length (62.26, 7.69). Moderate heritability 

with high genetic advance was observed for 

the traits like yield (65.79, 22.67) and panicle 

number per plant (65.79, 34.14). The genetic 

advance as percentage of mean was observed 

at 5% selection intensity. 

 

Fig.1 Genetic variability parameters (Mean, GCV, PCV) of eleven quantitative morpho-

physiological characters viz. Leaf Length of blade (LLB), Leaf width of blade (LWdB), Stem 

thickness (ST), Stem length (SL), Panicle number per plant (PNPP), Grain weight of 1000 fully 

developed grains (GW), Grain length (GL), Grain width (GWd), Decorticated grain length 

(DGL), Decorticated grain width (DGWd), Yield 

 

 
 

Fig.2 Genetic variability parameters (h
2

 bs, GA (% of mean) of eleven quantitative morpho-

physiological characters viz. Leaf Length of blade (LLB), Leaf width of blade (LWdB), Stem 

thickness (ST), Stem length (SL), Panicle number per plant (PNPP), Grain weight of 1000 fully 

developed grains (GW), Grain length (GL), Grain width (GWd), Decorticated grain length 

(DGL), Decorticated grain width (DGWd), Yield 
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Table.1 List of genotypes used in the present study 

 

Plant material Genotypes 

Resistant check variety Swarna-Sub1, FR13A  

Susceptible check 

variety 

IR 42, Swarna, Ranjit, Bahadur 

Test entries Y-374, C-210, 1160-2, Y-219, N-6, S-4, 1160-1, N-9, 1316-2, W-

167, J-329, C-376, Y-350, L-2, C-196, U-86, N-3, J-164, L-3, D-

160, C-367, Z-1, E-6, D-65, Z-8, D-136, A-193, 1241-1, 1189-1, 

1324-1, 1398-1, 1384-1. 

 

Table.2 List of quantitative morpho-physiological characters used in evaluation of Sub1 

introgressed lines 

 

Sl. 

No 

Morpho-physiological 

quantitative characters 

Sl. 

No 

Morpho-physiological quantitative 

characters 

1. Leaf length of blade (cm) 8. Grain width (mm). 

2. Leaf width of blade (cm). 9. Decorticated grain length (mm). 

3. Stem thickness (cm). 10. Decorticated grain width (mm). 

4. Stem length (cm). 11. Yield 

5. Panicle no per plant. 6. Grain weight of 1000 fully developed 

grains (gm). 

7. Grain length (mm). 

 

Table.3 Survival percentage and percentage changes in plant height due to submergence of the 

rice cultivars after 12 days of submergence 

 

Test Entries Survival  

Percentage 

Plant Height 

Before  

Survival (cm) 

After  

Survival (cm) 

Percentage  

Change 

IR 42 0 21 - - 

FR 13A 91 34 40 17.64 

Swarna Sub1 83 20 26 30.00 

Swarna 14 20 33 65.00 

Ranjit 20 23 36 56.52 

Bahadur 24 23 38 65.21 

Y-374 83 19 23 21.05 

C-196 87 25 33 32.00 

E-6 88 25 31 24.00 

C-210 83 24 30 25.00 

U-86 85 23 28 21.73 

1189-1 90 27 31 14.81 
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1160-2 89 24 28 17.05 

N-3 78 24 31 29.16 

1324-1 87 22 28 27.27 

Y-219 83 21 27 28.57 

J-164 90 28 34 21.42 

1398-1 92 23 29 25.00 

N-6 89 24 29 20.83 

L-3 91 19 22 15.78 

D-65 88 28 33 17.85 

S-4 87 23 27 17.39 

D-160 84 26 30 15.38 

Z-8 81 22 26 18.18 

1160-1 85 26 30 14.06 

C-367 89 20 24 20.00 

D-136 90 27 29 7.40 

N-9 88 23 29 26.08 

Z-1 85 21 24 14.28 

1384-1 84 24 28 16.66 

1316-2 86 26 31 19.23 

L-2 81 22 25 13.63 

A-193 79 23 28 21.73 

W-167 88 21 23 9.52 

Y-350 81 22 24 9.09 

1241-1 82 25 33 32.00 

J-329 86 24 28 16.66 

C-376 83 22 25 13.63 

CD(0.05) 4.12  2.33 

 

Table.4 Analysis of variance (Mean squares) for eleven quantitative morpho-physiological 

characters 

 

Mean squares 

Source of 

variance 

D.F LLB LWdB ST SL PNPP GW GL GWd DGL DGWd Yield 

Replication 2 0.41 0.01** 0.01 19.84** 15.72** 0.64** 0.36** 0.02** 0.30** 0.01** 0.16 

Genotypes 34 212.85** 0.20** 0.10** 274.05** 11.23** 18.15** 0.36** 0.10** 0.24** 0.06** 1.35** 

Error 68 0.16 0.002 0.004 1.36 1.66 0.071 0.02 0.001 0.04 0.001 0.20 

*Significant at p=0.005  **Significant at p=0.001 

Leaf Length of blade (LLB), Leaf width of blade (LWdB), Stem thickness (ST), Stem length (SL), Panicle number 

per plant (PNPP), Grain weight of 1000 fully developed grains (GW), Grain length (GL), Grain width (GWd), 

Decorticated grain length (DGL), Decorticated grain width (DGWd), Yield. 

mailto:**significant@p=0.001
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Table.5 Genetic variability parameters of eleven quantitative morpho-physiological characters 

 

Characters Range Mean (σ²g) 

 

(σ
2

p) 

 

GCV 

(%) 

PCV 

(%) 

h
2

bs 

(%) 

GA (% of 

mean) Min. Max. 

LLB 29.5 61.53 42.11 70.89 71.06 19.99 20.01 99.76 41.13 

LWdB 1.08 1.98 1.64 0.06 0.07 15.97 16.20 97.16 32.44 

ST 0.45 1.56 0.62 0.03 0.039 30.07 31.74 89.74 58.69 

SL 79.16 130.16 102.2 90.89 92.26 9.32 9.39 98.51 19.06 

PNPP 3 13 8.73 3.18 4.85 20.44 25.22 65.69 34.14 

GW 11.56 22.83 17.35 6.02 6.09 14.14 14.23 98.83 28.97 

GL 7.19 8.40 7.76 0.11 0.13 4.30 4.81 79.95 7.93 

GWd 1.42 2.32 1.64 0.035 0.036 11.38 11.54 97.22 23.12 

DGL 4.77 5.89 5.49 0.06 0.10 4.73 5.99 62.26 7.69 

DGWd 1.27 1.92 1.45 0.021 0.022 10.15 10.38 95.58 20.44 

Yield 3.13 6.25 4.57 0.38 0.58 13.57 16.73 65.79 22.67 
Leaf Length of blade (LLB), Leaf width of blade (LWdB), Stem thickness (ST), Stem length (SL), Panicle number 

per plant (PNPP), Grain weight of 1000 fully developed grains (GW), Grain length (GL), Grain width (GWd), 

Decorticated grain length (DGL), Decorticated grain width (DGWd), Yield. 

 

Phenotyping and evaluation of Sub1 

introgressed lines  

 

Phenotyping 

 

The present study clearly demonstrated that 

all the Sub1 introgressed lines exhibited 

significantly higher survival rates compared 

to the parents. Further it was observed that the 

Sub1 introgressed lines in BC2F3 generation 

showed lesser elongation during submergence 

compared to the parents and the susceptible 

check IR42. The Sub1 introgressed lines have 

shown survival rate in between the range 78-

92 percent whereas the susceptible cultivars 

showed 0-24 percent and resistant check 

cultivars showed survival percentage in the 

range of 83-91 these results are in accordance 

with Iftekharuddaula et al., (2016), Singh et 

al., (2016), Jena et al., (2015) and John et al., 

(2017). The plant height before survival in 

Sub1 introgressed lines rages from 19-28 

percent whereas plant height after survival in 

Sub1 introgressed lines ranges from 22-34 

percent. In case of resistant check variety the 

plant height before survival rages from 20-34 

and plant height after survival ranges from 

26-40. In susceptible check cultivars the plant 

height before survival was recorded in the 

range of 20-23 and plant height after survival 

was found 0-38. The Sub1 introgressed lines 

have shown elongation rate in between the 

range 7.40-32.00 percent whereas the 

susceptible cultivars showed 0-65.21 percent 

and in resistant check cultivars it was found in 

range of 17.64-30 percent. The result 

corroborated with Sarkar et al., (1996), Das et 

al., (2005), Septiningsih et al., (2009), Jena et 

al., (2015) and Goswami et al., (2017). Jena 

et al., (2015) reported that in the submergence 

screening more than 75% survival rate was 

observed in the BC2F2 generation Sub1 

introgressed lines in two popular semi 

lowland rice cultivars Pooja and Pratikshya of 

Orissa. A similar study was made by 

Septiningsih et al., (2009) where it was 

observed that all mega varieties with Sub1 

introgression had a significantly higher 

survival rate than the original parents. In the 

study made by Das et al., (2005) tolerant 

genotypes were identified and key traits such 

as high levels of non-structural carbohydrates 

(NSC, starch and soluble sugars) and limited 

underwater elongation were found to be 
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associated with tolerance. According to 

Sarkar et al., (2009) the submergence 

tolerance mechanism in respect to seedling 

height, carbohydrate, chlorophyll and specific 

leaf weight (SLW) was studied in rice. 

Twenty five-day-old seedlings of five rice 

cultivars were submerged for 12 days. 

Submergence tolerant cultivars consumed 

more carbohydrates in the beginning of 

submergence to elongate the seedling height 

and later produce new carbohydrates after 

exposure of the leaves in the sunlight above 

water. Moreover, they maintained more 

chlorophyll and specific leaf weight as 

compared with susceptible cultivars during 

submergence. 

 

Evaluation of Sub1 introgressed lines 

 

Extent of genetic variation 

 

The analysis of variance revealed the 

existence of significant variation among the 

genotypes for grain yield and all other 

morpho-physiological quantitative characters. 

In case of morphological quantitative 

characters, high estimates of genotypic and 

phenotypic variation in the present study as 

revealed from the estimates of GCV and 

PCV’s for stem thickness, panicle number per 

plant indicated that selection would be 

effective for these characters. The high 

estimates (>80%) of heritability for these 

characters also indicated considerable genetic 

variation and lower influence of environment 

in the expression of these characters. These 

results were in accordance with De and Rao 

(1987), Deosarkar et al., (1989), Bai et al., 

(1992) and Ravindra Babu (1996). The 

difference between GCV and PCV values 

were relatively low in the present study, 

which indicated less influence of the 

environment for the characters. The GCV 

provides information for comparison of the 

genetic variability and indicates the validity 

of the traits for selection. However, it does 

not provide a clear picture of the extent of 

genetic gain to be achieved from selection 

unless heritable fraction of variation is known 

(Burton, 1952), indicating the importance of 

heritability estimation. Heritability in broad 

sense being the ratio of genotypic variance to 

phenotypic variance indicates the extent of 

genetic control of a given trait and thus 

reflects the efficiency of selection of the trait. 

High heritability with high genetic advance 

was reported for the characters like grain per 

plant, 100-grain weight and grain number by 

Deo sarkar et al., (1989). High heritability 

with high genetic advance for days to 

flowering was reported by Singh et al., (1986) 

and Roy et al., (1992). 

 

For effective selection high heritability 

estimates coupled with high genetic advance 

is a better criterion as suggested by Panse et 

al., (1957). Genetic advance is dependent 

upon the heritability of trait, genetic 

variability and intensity of selection (1999). 

In the present investigation high magnitude of 

genetic advance as percent of mean (>20) 

were observed for stem thickness (58.69), leaf 

length of blade (41.13), panicle no per plant 

(34.14), leaf width of blade (32.44), grain 

weight of 1000 fully developed grains 

(28.97), grain width (23.12) and yield (22.67). 

In the present study high heritability (>80) 

with high genetic advance (>20) as percent of 

mean estimates were recorded for leaf length 

of blade, stem thickness, leaf width of blade, 

grain weight of 1000 fully developed grains 

and grain width. High genetic advance 

coupled with high heritability estimates 

indicates that these traits are governed by 

additive gene and therefore, selection based 

on phenotypic performance is likely to give 

beneficial results in improving these 

characters. These results indicated the 

involvement of increased additive gene action 

and therefore, phenotypic selection without 

progeny testing to increase the frequency of 

additive gene will be effective to a certain 
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extent. High heritability (>80) with moderate 

genetic advance (10-20) was observed for 

traits like stem length, decorticated grain 

width. Moderate heritability (60-80) with low 

genetic advance (<10) was observed for the 

traits like grain length and decorticated grain 

length whereas, moderate heritability (60-80) 

with high genetic advance (>20) was 

observed for traits like yield and panicle 

number per plant. The results corroborated 

with research conducted by Afrin et al., 

(2018). Low heritability with low genetic 

advance was not observed. This indicated that 

these characters might be under the small 

effect of control of non-additive (dominance 

and epistasis) gene action. Hence, these traits 

do not offer much scope for improvement 

through simple selection. The use of 

population improvement concept and 

intermittent biparental mating and relaxation 

of selection in segregating generations could 

help in generation of useful recombinants for 

improvement of such traits. Many workers 

emphasized the application of recurrent 

selection in addition to conventional selection 

methods in autogamous crops like rice (Singh 

and Singh, 1991). Amongst all the morpho-

physiological quantitative traits stem 

thickness and leaf length of blade was found 

to possess maximum genetic variation 

apparently controlled by additive genes. Thus 

this trait deserves top most priority in 

selection. 

 

Submergence is a recurring problem where 

short term flash flooding damages rice in the 

rice-producing rainfed lowland areas. 

Developing rice cultivars with tolerance to 

submergence with yield and quality traits 

acceptable to farmers is a feasible approach to 

address this problem. Due to the 

heterogeneity in flood prone ecosystem many 

different types of traditional rice cultivars are 

being grown by the farmers. This necessitates 

development of high yielding varieties in 

popular rice variety background that are 

submergence tolerant and are more likely to 

be rapidly adopted by farmers in the target 

regions. The present investigation was carried 

out with the objective of phenotypic screening 

and evaluation of Sub1 introgressed lines for 

submergence tolerance in popular rice 

varieties (Ranjit and Bahadur) background. 

The Sub1 introgressed lines in Ranjit and 

Bahadur background have exhibited 

expression of Sub1 in submerged condition. 

The Sub1 introgressed lines can survive for 

more than 12 days of continuous 

submergence. There were significant 

variations in the Sub1 introgressed lines and 

therefore selection will be effective for further 

improvement. 
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