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Abstract

Rice, often termed the golden cereal, sustains billions globally but faces submergence as a significant constraint in
semi deep and deep-water ecosystems in India. The primary aim of this study was to evaluate the genetic potential of
yield and yield-contributing traits in the cross ASD 16 x BIL of CO 51 Sub1 (12 x 9-7-6-12-3-45) across the F, and F,
generations. The research revealed a wide range of variation for all traits in both generations. Specifically, positively
skewed and platykurtic curves were observed for the number of productive tillers per plant and the number of chaffy
grains per panicle, indicating the influence of a large number of genes with dominance-based gene interaction on these
traits. The study also found highly significant correlation and regression coefficients for all recorded traits. Interestingly,
while broad sense heritability showed high values for certain traits, narrow sense heritability percentages were only
moderate for the same traits. Thus, focusing on selecting individuals based on narrow sense heritability would be more
effective in improving those traits, as it targets the genetic variation that can be passed on to future generations.
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INTRODUCTION

Rice, is a critically important crop on a global scale,
ranking just behind wheat in overall production (Ali et
al., 2023). Major global rice production, amounting to
89.9%, takes place in Asia, with China as the leading
producer, followed by India, Bangladesh, Indonesia, and
Vietnam (FAO, 2021). Out of the 42 biotic and abiotic
stresses that impact rice production, submergence
is regarded as the third most significant constraint to
achieve higher productivity in eastern India (Setter et al.,
1997). Excessive flooding not only poses risks to human
life but also plays a crucial role in aggravating poverty
among marginalized communities. Designing crops that
can tolerate submergence stress is crucial to address
this issue. Marker-assisted selection (MAS) has been
successfully used for introgression of flood tolerance

genes (Sub17) in several mega varieties of rice. The
availability of elite lines containing heritable target genes
and the assessment of introgressed gene stability under
various conditions have enabled a more effective approach
to submergence tolerance breeding in rice, requiring
early-generation selection for high yield along with the
target quantitative trait loci (QTL). Yield depends on many
components, mostly under polygenic control, so changes
in yield involve related component changes (Grafius,
1959;Solanke et al., 2023). The ultimate aim of every plant
breeding program is to produce improved genotypes that
outperform the existing ones in one or more traits, leading
to higher economic yields. The success and effectiveness
of a breeding program depend on the genetic information
that regulates the inheritance of the traits being studied
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(Riyanto et al., 2023). Heritability, a concept introduced by
SewallWrightand Ronald Fishernearly acenturyago, plays
a crucial role in the response to selection in evolutionary
biology and agriculture, as well as in predicting disease
risk in medicine; however, it can vary within a population
due to changes in measurement methods, environmental
conditions, migration, selection pressures, and inbreeding
effects (Nyquist and Baker, 1991;Visscher et al., 2008).
Heritability estimates provide valuable guidance to plant
breeders, allowing them to understand the extent to which
variation in traits is influenced by genetics or specifically
by additive genetic effects. Broad sense heritability reflects
the proportion of variation that can be inherited, while
the Narrow sense heritability, represents the portion of
genetic variation that can be fixed in pure lines. The most
prevalent biometrical genetics approach for calculating
heritability is PO regression. In the current study, parent-
offspring regression analysis was utilized to assess the
association and heritability of variables influencing yield
in the early segregating population of rice introgressed
with Sub1 QTL.

MATERIALS AND METHODS

The current study aimed to assess the genetic potential
for yield and yield contributing traits of the cross ASD 16
x BIL of CO 51 Sub1 (12 x 9-7-6-12-3-45) in the F, and F,
generations during the Kuruvai season (Jun.-Sept. 2022)
and from December 2022 to the middle of May 2023 at
Paddy Breeding Station, AC&RI, Coimbatore, Tamil Nadu,
India. Cultural practices and plant protection techniques
were implemented as needed. ASD 16, a well-known
rice cultivar in Tamil Nadu and other southern regions of
India, served as the female parent and possesses short
bold grains, moderate tillering capacity, and resistance
to blast disease but is susceptible to submergence. The
donor parent for the introgression of Sub?7 QTL was
the Backcross Inbred Line of CO 51 Sub1 (12 x 9-7-6-
12-3-45) (Viswabharathy et al., 2023). Progenies from
F, underwent foreground selection for Sub7 QTL, and
31 positive plants for Sub7 QTL along with good yield
performance were selected for further analysis in the F,
generation. Twelve biometrical traits viz., Days to fifty
per cent flowering (days); Plant height (cm); Number of
productive tillers per panicle; Panicle length (cm); Flag
leaf length (cm); Number of filled grains per panicle;
Number of chaffy grains per panicle; Spikelet fertility
(%); Single plant yield (g); Hundred seed weight (g);
Grain length (mm) and Grain width (mm) were recorded
on five plants, and their average values were used for
subsequent analysis, including PCV, GCV, broad sense
heritability, Genetic advance percent of mean, skewness,
kurtosis, intergenerational correlation, and parent-progeny
regression, employing Microsoft Excel and R software for
data processing and graphing.

Narrow sense heritability (Smith and Kinman, 1965)

bya  regression coefficient of F, progeny means on
F, parental values for respective characters

[, . . . .
xy Intergenerational correlation coefficient

Taype between the parent “x” and its offspring “y

RESULTS AND DISCUSSION

Wide variation in segregating generations enables the
selection of superior rice genotypes with desirable traits
such as earliness, reduced plant height to avoid lodging,
high tillering capacity, and high single plant yield. A total
of 31 plants, which exhibited positivity for the Sub1 QTL
and displayed better agronomic performance compared
to the parental lines, were selfed, and forwarded to the F,
generation as 31 distinct families. For the parental lines and
31 progenies in F, and F, generations, the mean, range,
and critical difference for the various characteristics were
tabulated (Table 1 and Table 2). In both the F, and F,
generations, a broad range of variation was observed. In
the F, generation, the duration from sowing to fifty percent
flowering ranged from 75 to 107 days, with an average
of 92 days. Plant height varied from 83 to 110 cm, with a
mean value of 101.14 cm, and the hundred-seed weight
ranged from 0.787 to 2.272 g. In the F, generation, plant
height ranged from 79 cm to 110 cm, while spikelet fertility
percentage ranged from 63% to 99%, with an average of
87%. Furthermore, in the F, generation, the average plant
height and the number of filled grains per panicle closely
resembled those of the donor parent, and the average
value of panicle length and flag leaf length was similar to
the mean values of both parental lines.

The traits, namely number of productive tillers per plant,
number of filled grains per panicle and number of chaffy
grains per panicle, exhibited high phenotypic coefficient
of variation (PCV) and high genotypic coefficient of
variation (GCV) in both the generations (Table 3).
Additionally, flag leaf length displayed high PCV and
GCV in the F, generation alone. These results indicate
significant phenotypic diversity and genetic variability in
these traits, emphasizing their potential as target traits for
selection and improvement in breeding programs. Similar
observations were made by Renuprasath et al., (2023)
concerning traits related to drought tolerance and their
contribution to yield. Similarly, Manojkumar et al., (2022)
and Swapnil et al., (2020) reported comparable findings
for yield-contributing traits in intraspecific crosses in rice.
In the F, generation alone, number of productive tillers
per plant, flag leaf length, number of filled grains per
panicle, spikelet fertility, and single plant yield exhibited
high heritability and genetic advance. Given their strong
heritability and genetic advances, these traits can be
effectively prioritized in selection and breeding programs
to enhance desirable characteristics in rice cultivars. The
findings of Renuprasath et al., (2023), Manojkumar et al.,
(2022), Swapnil et al., (2020), Singh et al., (2020) and
Lingaiah (2018) were consistent with each other.
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Table 1. Performance of yield and its associated traits in F, progenies

S. No. Pr‘llant FS DFF PH NPT PL FLL FG CG SF SPY GL GW  HSw
0.
1 5 HETERO 102 104 24 25.2 21.6 241 28 89.59  52.81 7.77 2.1 1.892
2 6 HOMO 7 94 15 22.3 30 104 38 73.24  22.98 7.8 2.5 1.836
3 9 HOMO 86 103 20 24 23.4 162 57 7397 4932 7.37 26 2272
4 10 HETERO 102 102 20 25.5 26 207 13 94.09 4883 693 213 1.928
5 12 HETERO 85 100 24 26.8 31 231 19 92.4 57.4 7.87 2.3 1.788
6 16 HETERO 107 103 22 215 225 193 8 96.02  53.52 7.4 227 1824
7 21 HOMO 102 105 21 263 235 202 30 87.07 62.08 7.53 23 1.918
8 22 HETERO 75 92.3 13 22.3 23.6 158 69 69.6 2547  1.77 2 1.646
9 27  HOMO 102 98 33 23 29 139 72 65.88 6798 737 213 1.82
10 32 HETERO 106  100.3 16 23 22 190 24 96 59.83 8.03 227 216
1 46 HOMO 75 83 15 19 18 53 15 77.94 3.23 7.63 227 0.787
12 52  HOMO 80 100 13 23 24.5 196 40 83.05 4273 7.9 227 2102
13 67 HOMO 90 106 16 25 23 256 35 87.97 6271 7.6 237 2017
14 68 HETERO 81 102 20 22.9 25.1 202 28 87.83 5578 6.83 233 2.049
15 69 HOMO 82 95 12 21.4 21.5 219 35 86.22 3207 6.63 243 1.95
16 70  HOMO 102 103 16 271 29.6 318 10 96.95  48.11 7.63 243 1.854
17 74  HOMO 104 106 14 22.2 28 141 73 65.89 2142 7.33 24 1.456

18 78 HOMO 103  103.4 17 25 23.8 232 36 86.57  38.85 7.7 2.4 1.912
19 84  HETERO 96 107 23 26 30 270 32 89.4 64.15 7.5 213  1.778
20 85 HETERO 93 99 18 26.5 33 155 22 87.57 5549 7.4 227 2.008
21 86 HETERO 98 110 19 17.5 33 171 12 93.44 5954 713 237 2.005
22 100 HOMO 99 102 24 24.5 22 304 14 95.6 47.14 7.4 2.07 1.638
23 117  HETERO 86 101 24 23.7 27.6 284 26 91.61 66.39 6.97 24 2139
24 119 HETERO 86 104 18 24.5 26 267 52 83.7 56.86 7.23 227 1.902
25 122 HOMO 89 100 20 24.5 34 268 49 84.54 6068 7.33 223 1.7637
26 143 HETERO 98 101 24 23.5 25 195 32 85.9 53.51 6.93 213 1.8457
27 147 HETERO 99 104 15 25 22.6 230 18 92.74  58.39 7.3 2.33  1.8371
28 148 HETERO 98 101.4 17 25.5 35 296 32 90.24 5596 7.34 244 1.5856
29 150 HETERO 89 101 22 25.6 28 259 30 89.62 5724 717 22 20248

30 153 HETERO 86 100 15 23.3 22 173 8 95.58  59.06 7.4 2.33 2.0824
31 162 HETERO 100 105 12 22.5 22.7 238 24 90.84  41.01 756 241 2.039
Range 75 - 83 - 12— 175- 18- 53- 8-73 65.88- 3.23- 6.63- 2-  0.787 -
107 110 33 271 35 318 96.95 67.98 8.03 26 2272
Mean 92.84 101.14 18.77 23.78 26.03 21142 31.65 86.49 49.66 7.41 2.29 1.87
Standard Error 1.75 0.90 0.84 0.38 0.77 10.83 3.24 1.57 2.69 0.06 0.02 0.05
CD (P=0.05) 3.57 183 172 0.78 158 2211 6.62 3.21 5.50 0.12 0.05 0.10
CD (P =0.01) 4.80 247 231 105 213 29.78 8.91 4.32 7.41 0.16  0.07 0.13
ASD 16 81 106.6 122 265 29.74 2122 322 86.82 4316 727 276 24614
12 x 9-7-6-12-3-45 98 100 30 22.2 242 122 20 92.42 44 7.5 223 1.742

DFF: Days to fifty percent flowering, PH: Plant height, NPT: Number of productive tillers per plant, PL: Panicle length, FLL: Flag leaf
length, FG: Number of filled grains per plant, CG: Chaffy grains per panicle, SF: Spikelet fertility percentage, HGW: Hundred seed
weight, SPY: Grain yield per plant, GL: Grain length, GW: Grain width.
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Table 2. Performance of yield and its associated traits in F, progenies

S. Family DFF PH NPT PL FLL FLW FG CG SF SPY GL GW HSwW
No. No.

1 5 97 99.8 233 24.2 22 1.1 236.3 27.6 90.6 544 7.8 2 1.9
2 6 75 96.6 14.4 22.8 29.6 1.2 99.7 36.3 76.4 235 78 25 19
3 9 83 105.2 20.2 25 22.6 1.3 161.8 57 73 497 74 26 22
4 10 105 97 20.5 251 26.1 1.3 203.7 13.3 91.2 47.6 7 2.1 2
5 12 89 95.5 234 26.1 31.6 1.2 222.2 19.4 90.3 583 7.8 22 1.9
6 16 104 99.6 215 20.7 223 1.2 1944 7.8 93.7 559 72 24 1.8
7 21 99 108.6 20.5 26.4 23.6 1.2 192.9 30.3 90.3 605 77 24 1.9
8 22 75 89.6 12.4 22.9 241 1.2 155.9 70.2 70.6 249 74 2 1.6
9 27 105 100.6 315 22.3 29.9 1.4 135.8 69.5 64.9 663 71 22 1.8
10 32 102 98.6 15.4 21.9 21.6 1 188.3 24 100.6 61 78 22 22
1 46 75 79.2 14.9 18.8 18.2 0.9 55.2 15.7 81.5 333 76 23 08
12 52 76 97.7 13.3 21.9 23.7 1.1 190.9 38.8 82.2 438 76 23 22
13 67 90 104.2 16.5 24.3 23 1.2 258.6 33.6 89.1 619 74 24 1.9
14 68 80 105.1 20.2 22.6 25.6 1 208.1 26.7 88.1 542 71 24 21
15 69 84 99.4 12.6 20.7 21 1 223.8 33.7 85.7 335 67 25 2
16 70 98 102.3 16.1 28 30.1 1.3 308.5 9.9 98.6 492 77 25 19
17 74 99 105.5 14.6 213 29.3 1.1 138.7 714 63.2 21 74 24 1.4
18 78 101 99.7 17.5 24.2 24.4 1.3 231.8 36.5 84.4 404 78 24 2
19 84 95 108.6 23.1 26.6 30.5 1.4 283.2 33.2 87.2 642 71 21 1.8
20 85 88 95.9 18.5 27.5 34.6 1.3 158.1 21.3 89.3 545 73 22 21

21 86 103 110.3 19.4 171 32.2 1.2 171.2 1.4 89.4 615 75 23 2
22 100 100 99.1 23.7 24.8 22.8 1.1 290 14.2 91.8 454 76 2 1.6
23 17 88 101.1 24.2 23.8 26.2 1.1 292.8 26 94.8 684 69 25 22
24 119 88 103 18.7 23.4 26.4 1 274.7 51.7 80.2 566 75 22 2
25 122 86 102.9 20.7 24.3 33.3 1.1 274.7 51 87.8 589 71 22 1.7
26 143 97 98.2 23.2 23.5 25.9 1 189 33.5 89.2 514 6.9 2 1.8
27 147 100 105.7 15.3 24.4 22.2 1 237.6 18.2 94.3 602 74 24 1.9
29 148 98 103.2 17.2 26.6 35.1 1.1 291.3 325 87.4 584 74 24 1.6
29 150 87 98.1 21.8 25.7 28.3 1.2 261.3 28.6 86.1 59 72 23 1.9

30 153 82 99.6 151 22.6 21 1.1 178.2 8 100 58.1 77 24 21
31 162 100 105.2 12.2 21.8 22 1.1 249.7 23.9 91.7 406 7.7 25 21
Range 75 - 79.2 - 122- 171- 182- 09- 55.2 - 7.8- 63.2 - 21- 6.7-782-26 0.8-

105 110.3 315 28 35.1 1.4 308.5 71.4 100.6 68.4 2.2
Mean 91.90 10049 18.77 2359 26.10 1.15 21156 31.46 86.57 4986 7.41 230 1.88

Standard Error  1.75 1.07 0.79 0.44 0.80 0.02 10.93 3.21 1.64 270 0.06 0.03 0.05
CD (P=0.05) 3.57 2.18 1.62 0.90 1.64 0.05 22.32 6.55 3.35 551 0.11 0.06 0.10
CD(P=0.01) 4.80 2.93 2.18 1.21 2.21 0.06 30.06 8.82 4.51 742 015 0.08 0.14
ASD16 83 101.8 12.8 25.4 31.2 1.2 222.6 33.4 83 444 71 27 24

12 x 9-7-6-12- 101 102.1 29.6 22.4 23 1.4 121.4 20.9 93.2 425 78 21 1.7
3-45

DFF: Days to fifty percent flowering, PH: Plant height, NPT: Number of productive tillers per plant, PL: Panicle length, FLL: Flag leaf
length, FG: Number of filled grains per plant, CG: Chaffy grains per panicle, SF: Spikelet fertility percentage, HSW: Hundred grain
weight, SPY: Grain yield per plant, GL: Grain length, GW: Grain width.
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Table 3. Genetic variability analysis for biometrical traits in F,and F, generation

Characters F, generation F, generation

PCV  GCV  Heritabilty nGAM PCV  GCV  Heritability GAM
Days to fifty percent flowering 9.18 8.96 95.28 18.03 10.58 10.44 97.36 5.46
Plant height (cm) 7.38 6.76 84.03 12.77  5.90 5.45 85.22 9.08
Number of productive tillers per plant 32.27 31.66 96.26 64 2349 22.88 94.86 10.41
Panicle length (cm) 9.076 8.497 87.64 16.38 10.39 7.83 56.76 12.89
Flag leaf length (cm) 57.48 55.06 98.52 34.67 17.13 16.30 90.54 13.51
Number of filled grains per panicle 26.95 26.87 87.38 55.18 28.76 28.74 99.85 5.35
Number of chaffy grains per panicle 66.26 65.94 47.03 39.19 56.79 56.26 98.15 37.92
Spikelet fertility (%) 9.85 9.85 94.93 20.29 10.55 10.40 97.24 5.32
Single plant yield (g) 4572  45.71 90.96 94.14 30.15 29.93 98.58 13.03

The F, generation exhibited positive skewness for the
number of productive tillers per panicle (0.82), flag leaf
length (0.51), flag leaf width (0.17), and the number of
chaffy grains per panicle (0.92) (Table 4). Conversely,
negative skewness was evident for days to fifty percent
flowering (-0.37), plant height (-1.70), panicle length
(-1.00), the number of filled grains per panicle (-0.44),
single plant yield (-1.46), grain length (-0.36), grain
width (-0.13), and hundred seed weight (-2.27). In the F,
generation, negative skewness was observed for days to
fifty percent flowering (-0.42), plant height (-1.47), panicle
length (-0.50), the number of filled grains per panicle
(-0.48), spikelet fertility (-1.04), single plant yield (-1.47),
grain length (-0.34), grain width (-0.18), and hundred seed
weight (-2.20). Additionally, positive skewness was seen
for the number of productive tillers per panicle (0.61), flag
leaf length (0.46), flag leaf width (0.21), and the number
of chaffy grains per panicle (0.90). In the F, generation
(Fig. 1), a leptokurtic curve was observed for plant
height (5.03), the number of productive tillers per panicle
(1.19), panicle length (1.55), single plant yield (1.98), and
hundred seed weight (8.27), whereas a platykurtic curve
was observed for days to fifty percent flowering (-1.14),
flag leaf length (-0.59), flag leaf width (-0.59), the number
of filled grains per panicle (0.28), the number of chaffy
grains per panicle (0.35), spikelet fertility (0.48), grain
length (-0.11), and grain width (-0.13). In the F, generation
(Fig. 2), the traits plant height (4.66), single plant yield
(2.01), and hundred seed weight showed a leptokurtic
curve, and the number of filled grains per panicle (0.02)
showed a mesokurtic curve. Additionally, a platykurtic
curve was observed for days to fifty percent flowering
(-1.11), the number of productive tillers per panicle (0.65),
panicle length (0.52), flag leaf length (-0.77), flag leaf
width (-0.51), the number of chaffy grains per panicle
(0.26), spikelet fertility (0.99), grain length (-0.93), and
grain width (-0.45).

In both the F, and F, generations, positively skewed
and platykurtic curves were observed for the number of
productive tillers per plant, indicating that it is governed

by a large number of genes with dominance-based gene
interaction. Consequently, intense selection is needed to
achieve faster genetic gains in these traits. Hosagoudar
and Shashidhar (2018) and Harijan et al., (2021) reported
similar results for days to flowering, the number of tillers,
days to maturity, and yield per plant. Additionally, Seeli et
al., (2021) observed similar findings for days to fifty percent
flowering and the number of chaffy grains per panicle.
Negatively skewed and leptokurtic curve was observed
for plant height and hundred seed weight indicating the
presence of complementary gene interaction in both F,
and F, generation.

The parent-progeny regression analysis revealed a
significant association between the ftraits in both the
F, and F, generations (Table 5 & Fig. 3), with all traits
showing highly significant regression coefficients (p <
0.01). Notably, the number of productive tillers per plant
exhibited the highest regression coefficient (1.05), followed
by the number of chaffy grains per panicle (1.00), single
plant yield (0.99), the number of filled grains per panicle
(0.98), days to fifty percent flowering (0.95), flag leaf length
(0.95), hundred seed weight (0.94), and spikelet fertility
(0.93). Similar findings have been reported in drought
studies by Seeli et al., (2021) and Blessy et al. (2022), as
well as in studies on single plant yield by Anilkumar and
Ramalingam (2011), days to 50% flowering, plant height,
and the number of productive tillers by Kavithamani et al.,
(2013), and panicle length by Lalitha et al., (2018). Higher
regression values indicate a stronger genetic influence
and less impact from environmental factors (Palanisamy,
2018). The results of this study suggest that these traits
were less affected by the environment, and that selection
based on their phenotypes in these generations was
heritable.

All the traits analyzed in this study showed highly
significant correlation coefficients. Intergenerational
correlation studies are essential in assessing the extent
to which the genetic potential of a trait is passed on to
future generations. In this research, the analysis of
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Table 4. Skewness and Kurtosis values for yield and yield contributing traits in F,and F, progenies

Traits F,generation F,generation
Skewness Kurtosis Skewness Kurtosis

DFF -0.37 -1.14 -0.42 -1.11
PH -1.70** 5.03** -1.47* 4.66**
NPT 0.82 1.19 0.61 0.65
PL -1.00* 1.55 -0.5 0.52
FLL 0.51 -0.59 0.46 -0.77
FLW 0.17 -0.54 0.21 -0.51
FG -0.44 0.28 -0.48 0.02
CG 0.92* 0.35 0.90* 0.26
SF -1.04* 0.48 -1.04* 0.99
SPY -1.46** 1.98 -1.47* 2.01**
GL -0.36 -0.11 -0.34 -0.93
GW -0.13 -0.15 -0.18 -0.45
HSW -2.27* 8.27* -2.20** 7.60**

*, ** Significant at 5% and 1% respectively. DFF: Days to fifty percent flowering, PH: Plant height, NPT: Number of productive tillers
per plant, PL: Panicle length, FLL: Flag leaf length, FG: Number of filled grains per plant, CG: Chaffy grains per panicle, SF: Spikelet
fertility percentage, HSW: Hundred grain weight, SPY: Grain yield per plant, GL: Grain length, GW: Grain width.
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Fig. 1. Continued..
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Fig. 2. Frequency distribution of biometrical traits in F, generation
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Table 5. Intergenerational correlation and regression values for the yield and yield contributing traits in F,and
F, progenies

Traits Correlation coefficient Regression coefficient Heritability
DFF 0.96** 0.95** 49.72
PH 0.89** 0.74** 42.12
NPT 0.99** 1.05** 53.08
PL 0.95** 0.84** 43.5
FLL 0.98** 0.95** 48.2
FG 0.99** 0.98** 49.54
CG 0.99** 1% 50.53
SF 0.95** 0.93** 48.8
SPY 0.99** 0.99** 49.88
GL 0.81** 0.88** 54
GW 0.93** 0.76** 40.76
HSW 0.98** 0.94** 48.26

*, ** Significant at 5% and 1% respectively. DFF: Days to fifty percent flowering, PH: Plant height, NPT: Number of productive tillers
per plant, PL: Panicle length, FLL: Flag leaf length, FG: Number of filled grains per plant, CG: Chaffy grains per panicle, SF: Spikelet
fertility percentage, HSW: Hundred seed weight, SPY: Grain yield per plant, GL: Grain length, GW: Grain width.
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Fig. 3. Parent offspring regression for the quantitative traits
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Fig. 3. Continued..
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Fig. 4. Comparison of broad sense and narrow sense heritability for yield and yield contributing traits of the
cross

BS: Broad sense heritability; NS: Narrow sense heritability. DFF: Days to fifty percent flowering, PH: Plant height, NPT:
Number of productive tillers per plant, PL: Panicle length, FLL: Flag leaf length, FG: Number of filled grains per plant,
CG: Chaffy grains per panicle, SF: Spikelet fertility percentage, SPY: Grain yield per plant.

intergenerational correlation revealed strong correlations
among four traits: number of productive tillers per plant
(0.99), number of filled grains per panicle (0.99), number
of chaffy grains per panicle (0.99), and single plant yield
(0.99). Additionally, flag leaf length and hundred seed
weight exhibited a significant intergenerational correlation
of 0.98, followed by spikelet fertility (0.95) and days to fifty
percent flowering (0.96). Savitha and Kumari (2015) and
Seeli et al., (2021) reported similar positive and significant
findings for plant height, the number of filled grains per
panicle, hundred grain weight, and panicle length.
Similarly, Govintharaj et al., (2018) observed significant
correlations for the number of productive tillers, panicle
length, and single plant yield.

According to Kaler et al., (2022), traits with high broad
sense and narrow sense heritability demonstrated greater

prediction accuracy in plant breeding programs. In both
the F, and F, generations, traits such as Days to fifty per
cent flowering, plant height, number of productive tillers
per panicle, flag leaf length, number of filled grains per
panicle, spikelet fertility, and single plant yield exhibited
high broad sense heritability (Table 3). However, when
estimating narrow sense heritability using parent progeny
regression analysis, these same traits that showed high
broad sense heritability displayed only moderate narrow
sense heritability percentages (Fig. 4), specifically days
to fifty percent flowering (49.72%), plant height (42.12%),
number of productive tillers per plant (53.08%), flag leaf
length (48.20%), number of filled grains per panicle
(49.54%), spikelet fertility (48.8%), and single plant
yield (49.88%) (Fig. 4). To increase the effectiveness
of selecting traits in a breeding program, one should
consider the narrow sense heritability of the traits
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because relying solely on broad sense heritability may not
be effective. While broad sense heritability provides an
overall estimate of the genetic influence on trait variation,
encompassing both additive and non-additive genetic
effects, narrow sense heritability specifically focuses
on the additive genetic effects. These additive genetic
effects are the ones that can be reliably passed on
from parents to offspring. Traits with high narrow sense
heritability have a stronger genetic basis, making them
more predictable and responsive to selection. Therefore,
selecting individuals based on narrow sense heritability
will lead to more effective improvements in those traits,
as it targets the portion of genetic variation that can be
passed on to future generations.

Scientific evidence suggests that utilizing an improved
variety as a donor source is expected to result in a lower
incidence of undesirable linkage drag compared to using
wild or landrace varieties as donors (Das and Rao,
2015;Pradhan et al., 2015;Pradhan et al., 2016;Das et
al., 2018;Pandit et al., 2021;Barik et al., 2023). Hence,
it is of utmost importance to assess the segregating
generations resulting from these crosses to achieve
improved submergence tolerance while maintaining the
high-yield potential of the varieties. The evaluated lines
can be further advanced through backcrossing and
subsequently released as a variety in flood-prone areas
in India. Alternatively, they can be employed within a
breeding pipeline to incorporate submergence tolerance
into other prominent varieties.
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