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Abstract

The present investigation was conducted to access genetic variability, trait association and their contribution to grain yield in rice under saline
condition. A total of 24 rice genotype including 4 check varieties CSR23, CSR36, CSR10 and NDR 2008 were evaluated during the kharif season
of 2022 in a randomized block design (RBD) with 3 replications. Observation was recorded for 13 agronomic traits including flowering time,
plant height, yield components and grain yield per plant. High phenotypic and genotypic coefficient of variation was observed for flag leaf
area and grains per panicle indicating substantial variability among the genotype. High heritability coupled with high genetic advance was
recorded for days to 50 % flowering, days to maturity, grains per panicle and number of fertile spikelets per panicle suggesting the
predominance of additive gene action. Grain yield per plant showed a significant positive correlation with harvest index and productive tillers.
Path coefficient analysis revealed that harvest index and biological yield per plant exerted the highest positive direct effects on grain yield.
Cluster analysis based on Mahalanobis D? statistics, grouped the 24 genotypes into 5 distinct clusters indicating considerable genetic
divergent. The results suggested that traits such as harvest index, biological yield and grain per panicle could be effective selection criteria for
improving rice yield under saline environment.
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Introduction yield, as direct selection for yield under complex environmental
condition may be misleading. The correlation coefficient assists to
determine the way of various traits relate to grain yield. Breeders can
choose genotypes possessing sets of desired qualities by studying
associations among various traits. Salinity is one of the serious
abiotic stresses limiting rice productivity worldwide, rice is generally
considered moderately sensitive to salinity particularly during the
seedling and reproductive stages. Several studies have reported
significant reduction in plant growth, spikelet fertility and grain yield
under saline condition. Previous investigations have highlighted the
importance of traits such as harvest index, biological yield and
productive tillers in improving yield under salt stress. Genetic
variability and trait association studies under saline environment
provide useful information for identifying tolerant genotype and
important selection criteria. Therefore, evaluation of rice germplasm
under saline condition is essential to identify promising genotypes
and traits for breeding salt tolerant varieties. Despite extensive
research on salinity stress in rice, limited information is available
regarding the combined evaluation of genetic variability, trait
association and genetic divergent among rice genotype undersaline
conditions. Understanding the relationship among yield
component and their direct and indirect contribution to grain yield

As the primary source of calories for over half of the world's
population, rice is the most significant staple food crop. In addition
to serving as a basic good and the main source of nutrition for over
half of the world's population, rice has a significant impact on global
concerns including food security and development. Total cropped
area under rice cultivation is 164.19 million hectares, while
production is projected at 511.7 million tons (1). India had an
approximately 45 million hectares of land for cultivation of rice.
India is expected to produce a record 127.93 million tons of rice in
2021-22 (1, 2). Salinity is one of the major abiotic stresses that
greatly affect growth and productivity of plants. As salt accumulates
in the soil in some inland and coastal saline tracts, more and more
land is becoming unusable every year. The effects of salinity are
particularly noticeable on one-third of the world's irrigated land.
The area under problem soil has increased from 220 lakh hectares
to 243 lakh hectares, comprising of alkali soils- 37.0 lakh hectares,
saline soil including coastal saline area account of 27.0 lakh
hectares and acid soil 179.0 lakh hectares (3). As such, about 4 lakh
hectares is annually increasing under such soil. Successful selection
in crop breeding depends on a clear understanding of genetic
variability and the association of morpho-agronomic traits with grain
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is essential for effective selection in breeding program targeting
salinity tolerance. Therefore, the present study was undertaken to
assess genetic variability, correlation and path coefficient analysis
and genetic divergent among rice genotype grown under saline
condition in order to identify important traits and promising
genotypes forimprovingyield under saline stress.

The present investigation was undertaken with the following
objectives:

1. To estimate genetic variability, heritability and genetic advance
foryield and its contributing traits in rice under saline conditions.

2. To study the association among yield and yield component traits
through correlation and path correlation analysis.

3.To assess genetic divergent among rice genotype using
Mahalanobis D? cluster analysis for identification of suitable
parentsin breeding program.

Materials and Methods

The present investigation was evaluated with 24 genotypes
including 4 check varieties viz., CSR23, CSR36, CSR10 and NDR 2008
in randomized block design (RBD) with 3 replications at Genetics
and Plant Breeding Farm, Acharya Narendra Deva University of
Agriculture and Technology, Kumarganj, Ayodhya (26.47° N latitude
and 81.85° E longitude) during the kharif season 2022. The
experimental soil was sandy loam with saline characteristics having
an electrical conductivity of 4.3 dSm™ and ESP of 23 (4). Soil salinity
was measured using a digjtal conductivity meter following the
standard method (5). The salinity conditions were naturally
occurring in the experimental field rather than artificially imposed,
Rice is more sensitive to salinity during the seedling and
reproductive stages and therefore the crop experienced natural
salinity stress throughout the growing period under field
conditions. Each salinity level is comparable to those commonly
found in salt affected rice growing regions of Uttar Pradesh. The
experimental material exhibited a wide spectrum of variation for
agronomical and morphological characters with diverse genetic
background and reported performance under saline environments.
The checks used in the experiment were well adopted varieties of
the saline region. The details of these genotypes/ lines presented in
Table 1. Each genotype was planted with a spacing of 20 cm
between rows and 15 cm between plants with plot size 3 x 2 m
consisting of 10 rows per plot. The recommended cultural
approaches will be used to develop a healthy normal crop.
Recommended agronomic practices for rice cultivation in saline soil
were followed fertiliser was applied at the recommended dose of
120:60:40 kg N: P,Og: K,0 per hectare and nitrogen (N) was applied
in 3 splits: basal, tillering and panicle initiation stages. Standard
irrigation and weed management practices were followed to
maintain uniform crop growth. We omit the border rows to lessen
the border impact and 5 randomly selected plants from each plot
were tagged for recording observations on 13 traits. However, days
to 50 % flowering and days to maturity were recorded on a plot
basis as the plants within each plot were grown under uniform field
conditions. The other observations, however, are made on a plant-
by-plant basis viz., plant height (cm), number of productive tillers/
plants, panicle length (cm), grains/ panicle, flag leaf area (cm?),
number of fertile spikelets/panicle, spikelets fertility (%), biological
yield/plant (g), harvest index (%), 1000-grain weight (g) and grain
yield/plant (g).

2

The mean data were subjected to analysis of variance
(ANOVA) following the RBD (6). Heritability (7), genetic advance (8),
correlation coefficients (9), path-coefficient analysis (10), genetic
divergence analysis (11) were estimated. All statistical analysis were
carried out using R statistical software (version 4.2.2).

The variability for different characters was estimated (12),
the phenotypic coefficient of variation (PCV) and genotypic
coefficient of variation (GCV) was computed as,

Ve Phenotypic standard deviation (o,)

x 100
Mean (X)
Genotypic standard deviation (o,
GCV = P (4 x 100
Mean (X)

Heritability in broad sense (h?) was calculated using the formula

(13) oig o'g

h*b= or
o’g+ 0%

x 100

0—2
where, P

0’g=Genotypic variance
0p =Phenotypic variance
o%e=Environmental variance

Genetic advance (GA) was estimated (14),
0-2

GA (%) =

x K x 02 p
a’p
Where,
K=Selection differential at 5 % selection intensity (2.06).
Genetic advance as per cent of mean was calculated as follow:

Genetic advance

GA (%) = %100

X
Where, x =Grand mean of character under consideration

The simple correlation between different characters at genotype (g)
and phenotype (p) level were estimated as follow (9):

Correlation coefficient (r) between characterxand y,

COny
r=

~/ Var.xxVar.y

ry = Correlation coefficient between characterxand y

Where

Cov xy =Covariance between characterxand y
Var.x=Variance for x character
Var. y=Variance for y character

The significance of correlation coefficient was tested by
comparing at an appropriate level of significance. The significance
value (r) at (n-2) d.f.,where ‘n’ is number of varieties.

The significance of phenotypic correlation coefficient was
tested against (n - 2) d.f. at 5 and 1 % probability level, where ‘n’ is
the number of genotypes on which observation was recorded. The
significance of environmental correlation coefficient was tested
againsterrord.f.-1at5and 1% probability level.

Path-coefficient was carried out and the grain yield was
assumed to be dependent variable (effect) which was influenced by
all the 13 characters, the independent variables (causes), directly as
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well as indirectly through other characters (10). The variation in
grain yield unexplained by the 13 causes was presumed to be
contributed by a residual factor (x) which is uncorrelated with other
factors. Path-coefficients were estimated by solving the following
simultaneous equations indicating the basic relationship between
correlation and path-coefficient. The equations used are as follows:

12
Tiy = Py +Z'"UPU
=1

The above equation can be written in the form of matrix.
[A1x12] = [leu] [C1x12]

Fori=1,2,....12.

Where,
Ais columnvector of correlation rj,
Bis the correlation matrix of r;
Cisthe column vector of direct effects, Pj,
Residual factor was calculated as follows:
Po=]1-R?
Where,
R*= zJ Piyliy

The ry’s i.e., r2 to iy denote correlation between all possible
characters and Py, to Py, denotes direct effect of various characters
on charactery.

ry=Correlation coefficient between i and y characters.

py=Directeffect of i"characterony.

Results and Discussion
Analysis of variance

The analysis of variance for RBD revealed highly significant
differences among the 24 genotypes for all the characters studied,
indicating the presence of considerable genetic variability among
the genotypes (Table 1). The mean square due to replication were
non-significant for most of the trait except days to 50 % flowering,
plant height, panicle length, grains per panicle, flag leaf area and
number of fertile spikelets per panicle.

The estimates of mean, range, PCV, GCV, heritability and
genetic advance as percent of mean for yield and yield contributing
traits were presented in Table 2. A wide range of variability was
observed among the genotypes for several traits. The highest of
variability was recorded for number of fertile spikelets per panicle
(74.566-162.230), whereas the lowest range was observed for a
number of productive tillers per plant (Fig. 1)

Coefficient of variation

For all characteristics, the magnitude of PCV was greater than GCV.
There was a wide range of phenotypic and genotypic coefficients of
variability found. The high magnitude (> 20 %) of PCV along with
GCV was observed for flag leaf area (30.07) and PCV (> 20 %) was
observed for grains per panicle (22.82), number of fertile spikelets/
panicle (22.13) (15-21). Moderate estimates of PCV along with GCV
(20-10 %) were recorded for number of productive tillers per plant
(16.92) (22), harvest index (15.22), biological yield per plant (12.81)
and days to 50 % flowering (11.47) and PCV (20-10 %) were
recorded for grain yield per plant (12.38) and GCV (20-10 %) were
recorded for grains per panicle (18.45), number of fertile spikelets
per panicle (17.75). Low estimates (< 10 %) of PCV and GCV were

recorded for days to maturity (9.66) (22) spikelet fertility (9.17), 1000-
grain weight (8.70), panicle length (8.48) and GCV (< 10 %) were
recorded for plant height (9.94) and grain yield per plant.

Heritability and genetic advance

The estimates of heritability in broad sense (h2 bs) varied between
97.8 % in case of days to 50 % flowering to 28 % in case 1000-grain
weight (g) (Table 2). The high estimate of heritability in broad sense
was recorded in days to 50 % flowering (97.8 %) (15, 23, 24). The
moderate estimate of heritability in broad sense was observed for
plant height (76.7 %). The low estimate of heritability in broad sense
were recorded for grains per panicle (65.3 %) followed by number of
fertile spikelets per panicle (644 %), biological yield per plant
(62.7 %). The high value of genetic advance in percentage of mean
observed for flag leaf area (30.95 %), followed by grains per panicle
(30.70 %) (15, 17, 19, 24-27) while 1000-grain weight (5.023 %) had
lowest value for this parameter.

High heritability coupled with high genetic advance were
recorded for days to 50 % flowering, days to maturity, grains per
panicle, plant height, number of fertile spikelets per panicle and
biological yield per plant demonstrating that the reported
heritability was the result of additive gene effects, hence selection
would be beneficial for these traits. However, high heritability
coupled with moderate genetic advance as per cent of mean were
observed for traits panicle length, flag leaf area indicating the role of
additive and non- additive gene effects for the characters. Further,
the information on genetic variation along with heritability and
genetic advance estimates has been reported to give a better idea
about the efficiency of selection.

Correlation analysis

Both phenotypic and genotypic calculation were estimated.
However, the traits observed at the phenotypic level were largely
similar to those at the genotypic level (Table 3). Therefore,
phenotypic correlation was primarily discussed as they represent
the combined influence of genetic and environmental effects
(Table4).

Table 1. Genotype included in the study along with check in salinity

. Source
Sl No. Germplasm lines (Material received)
1 NVSR 6489 CRS Masodha
2 RNR 28361 CRS Masodha
3 NVSR 6526 CRS Masodha
4 KPS 6343 CRS Masodha
5 CSR 103-10-2 CRS Masodha
6 RP 6684-CGR 13 CRS Masodha
7 CSR 141-11-107 CRS Masodha
8 RP Bio 4919-NSR 85 CRS Masodha
9 CSR116-10-2 CRS Masodha
10 RP 6682-CSR 11 CRS Masodha
11 CSR 104-10-2 CRS Masodha
12 NVSR 6494 CRS Masodha
13 IIRRH 163 CRS Masodha
14 RNR 29325 CRS Masodha
15 CSAR 9-29-2021 CRS Masodha
16 CSR 141-11-112 CRS Masodha
17 RP 6688-16-397 CRS Masodha
18 FL 478 CRS Masodha
19 RP 6711-MS-SS-20-2-9-5-23-6-1 CRS Masodha
20 Pusa 44 CRS Masodha
. L. Name of check
Sl. No. Name of check varieties varieties
1 NDR 2008 CRS Masodha
2. CSR 36 CRS Masodha
3. CSR23 CRS Masodha
4 CSR10 CRS Masodha
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Fig. 1. Scott-knot test grouping in alternate colour for observations under research.
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Table 4. Estimates of phenotypic correlation coefficient between different characters in rice under saline conditions

Grain yield/
plant

1000-grain
weight

Biological Harvestindex
yield/plant (%)

spikelet

No. of fertile
spikelets /panicle fertility (%)

Panicle length . . Flag leaf area
(cm) Grain/ panicle (cm?)

No. of
productive
tillers /plant

Plant
height
(cm)

Days to
maturity

Traits

-0.04
-0.04

-0.08

0.18

0.15
0.03

-0.268*
-0.23
-0.01

0.23
0.23
0.15

0.18
0.22
0.18

0.15
0.232*
0.12

0.22
0.260"

0.22
0.235*
0.404**

0.09
0.04
-0.02

0.13

0.07

0.965**

Days to 50 % flowering

Days to maturity
Plant height (cm)
No. of productive

tillers /plant

0.05

0.09

0.18

0.253*

0.1

0.03

0.21

-0.08

-0.09

0.1

-0.08

0.06

0.19
0.11
0.06

0.14
0.19
0.261*

0.252*
-0.06
-0.15

-0.17
0.17
0.22

0.240"
0.285"
-0.08

0.268" 0.236"
0.909**

0.388**

0.337**

Panicle length (cm)

Grain/ panicle

0.402**

Flag leaf area (cm?)

0.09

0.238*

-0.07

0.17

-0.02

No. of fertile spikelets /

panicle

-0.05 -0.05

0.05

-0.11

spikelet fertility (%)

0.21
0.617**

0.415**

-0.626**

Biological yield/plant

-0.18

Harvest index (%)

0.22

1000-grain weight

*Significant at 5 % level; **Significant at 1 % level.

8

The estimates of phenotypic correlation coefficient between
different characters are shown in Table 3. A perusal of these results
revealed that the grain yield per plant exhibited highly significant and
positive correlation for harvest index (0.617) followed by number of
productive tillers per plant (0.253) (28-32) and however, grain yield
per plant was shown to be, nonsignificant and negatively
associated with spikelet fertility (-0.052) followed by days to 50 %
flowering (-0.038) and days to maturity (-0.036) (33-36). Studies on
inter-character associations for the yield component traits revealed
significant and positive association of 1000-grain weight exhibit
significant and positive correlation for biological yield per plant
(0.415) (35) followed by flag leaf area (0.261) and number of fertile
spikelets per panicle (0.238). Harvest index exhibits significant and
positive correlation for panicle length (0.252) (36, 37). Biological
yield per plant showed non-significant and positive correlation for
flag leaf area (0.222) (38) followed by number of productive tillers
per plant (0.208), number of fertile spikelets per panicle (0.166).
Spikelet fertility exhibits significant and positive correlation for
grains/panicle (0.285) (39, 40) and panicle length (0.240). Number of
fertile spikelets per panicle showed significant and positive
correlation for grains/panicle (0.909) (23) followed by flag leaf area
(0.402), panicle length (0.236). Flag leaf area exhibits significant and
positive correlation for grains/panicle (0.388) (41) followed by
panicle length (0.268), days to maturity (0.232). Grains/panicle
exhibits significant and positive correlation for panicle length (0.337)
(42) followed by days to maturity (0.260). Panicle length showed
significant and positive correlation for plant height (0.404) (43) and
days to maturity (0.235). Number of productive tillers per plant
exhibits non-significant and positive correlation for days to 50 %
flowering (0.092) and days to maturity (0.043). Plant height exhibits
nons-significant and positive correlation for days to 50 % flowering
(0.130) and days to maturity (0.043). Days to maturity exhibits
significant and positive correlation for days to 50 % flowering (0.965)
and the heatmap of character association is shown in Fig. 2.
However, their significant and positive correlation with grain yield
per plant suggested the necessity for careful selection of these
features when enhancing grain yield.

Path coefficient analysis

In order to determine the direct and indirect impacts of various
characters on seed yield per plant, the path coefficient analysis was
conducted utilising the genotypic and phenotypic correlation
coefficients between 13 characters. The estimations of the
phenotypic and genotypic levels of the direct and indirect effects of
various characteristics on seed yield per plant are shown in Table 5.
It showed that the highest positive direct effects on grain yield per
plant were exerted by harvest index (1.20), followed by biological
yield per plant (0.96), panicle length (0.0485) (28, 33, 44-46).
However, negative direct effects on grain yield per plant were
exerted by days to maturity -0.0.91, number of fertile spikelets per
panicle (-0.056), spikelet fertility -0.40 and number of productive
tillers / plant (-0.003) (47). The positive indirect effects on grain yield /
plant via harvest index (0.617), further supported by the indirect
effect through 1000-grain weight via biological yield per plant
(0.399), panicle length via harvest index (0.302), days to 50 %
flowering via harvest index (0.215), flag leaf area via biological yield
per plant (0.213), number of productive tillers per plant via
biological yield per plant (0.199), days to maturity via harvest index
(0.176) and number of fertile spikelets per panicle (0.159) (48).
However, negative direct effects on grain yield per plant were
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Fig. 2. Representation of heatmap for correlation coefficient between different characters in rice under saline conditions.

DF: days to 50 % flowering; DM: days to maturity; PH: plant height; NT: No. of productive tillers per plant; GP: grains per panicle; FLA: flag leaf
area; NFSP: No. of fertile spikelet per panicle; SF: spikelets fertility; BY: biological yield per plant; Hl; harvest index; TW: test weight; GY: grain
yield per plant.
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Table 5. Direct and indirect effects (phenotypic path coefficients) of yield and yield components on grain yield in rice
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-0.036
0.048
0.253*
0.191
0.109
0.062

0
0.0023
0.0027
0.0036

0.1763
0.0393
0.0367
0.3024
-0.066
-0.1765
-0.087
0.0632
-0.7524
1.2024
-0.2108

-0.217
-0.0111
0.1999
-0.1621
0.1588
0.2136
0.1599
-0.1081
0.9609
-0.6013
0.3992

-0.0092
-0.0061
0.0033
-0.0098
-0.0116
0.0031
0.0006
-0.0407
0.0046
-0.0021
0.0021

-0.0124
-0.0099
0.0053
-0.0134
-0.0514
-0.0227
-0.0565
0.0009
-0.0094
0.0041
-0.0134

0.0034
0.0017
0.0015
0.0039
0.0056
0.0145
0.0058
-0.0011
0.0032
-0.0021
0.0038

0.0086
0.006
-0.0026

0.0114
0.0196
0.0031
0.0485
0.0164

-0.0002
0.0001
-0.0039

0.0002
0.0023

-0.0091
-0.0006
-0.0004
-0.0021
-0.0024
-0.0021

0.0191
0.0026
0.0018
0.0043
0.0043
0.0031
0.0035
0.0046
-0.0053
0.0036
-0.0015

Days to maturity
Plant height (cm)

0
0.0009
0.0004
0.0003
0.0004
0.0003

No. of productive tillers /plant

Panicle length (cm)

0.0112
0.0332
0.0129
0.0302
0.0095
0.0055
-0.0018

-0.0002
0.0003
-0.0004
0.0004
0.0003
-0.0008
-0.0001
-0.0004

0.005
0.0068
0.0062
-0.0014
0.0109
-0.0046
0.0262

Grain/ panicle

0.013
0.0115
0.0116
-0.0082
0.0122
0.0068

Flag leaf area (cm?)

0.089
-0.052
0.214

-0.002

-0.002

0.002
-0.0013

No. of fertile spikelets /panicle

spikelet fertility (%)

0
0.0001
0.0002

Biological yield/plant

0.617**

Harvest index (%)

0.224

0.0064

0

1000-grain weight

0.151; *Significant at 5 % level; ** Significant at 1 % level.

Diagonal values indicate direct effect; Residual effect
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exerted by spikelet fertility (-0.052), days to 50 % flowering (-0.038),
days to maturity (-0.036) further supported by the indirect effect
through biological yield per plant via harvest index (-0.752), harvest
index via biological yield per plant (-0.601), days to 50 % flowering
via biological yield per plant (-0.257) and days to maturity via
biological yield per plant (-0.217). The remaining estimates of the
indirect effects in the analysis were too low to be considered. The
estimates of residual effect were very low (0.151) indicating that the
traits include in the analysis explained a major proportion of the
variability in grain yield. The relatively low residual value suggests
that the selected characters were adequate in explaining the
variation in grainyield under saline condition.

Genetic divergence

On the basis of 13 qualitative and quantitative characteristics, the
Mahalanobis D? cluster analysis was used to investigate the genetic
divergence present among 24 rice germplasm collections as shown
in (Table 6). The pseudo-ftest showed that grouping the 24
genotypes into 5 groups was appropriate. As a result, 24 genotypes
were included in the group and splitinto 5 distinct clusters. Cluster |,
which contains 10 genotypes, followed by cluster Il and cluster IIl
have 5 genotypes in each cluster (Fig. 3). The lowest number of
genotypes observed in cluster IV and clusterV having 2 genotypes in
each cluster. The highest intra cluster distance observed in cluster IV
(215.37) and lowest intra cluster distance recorded in cluster IIl
(55.11) (Fig. 4). The maximum inter cluster distance were recorded
between cluster IV and cluster V (1519.35) and minimum inter
cluster distance observed between cluster | and cluster Il (86.755).
Genotypes with significantly varied mean performance for various
characters were divided into different clusters based on the intra-
cluster group means of 5 clusters (Fig. 5).

For hybridisation, when selecting different parents.
Furthermore, the mean genotype performance for various
characteristics as well as the inter-cluster distances should be
considered. It is possible to choose lines as parents from different
clusters with good mean performance in the desired directions for
different attribute.

Breeder implication

The strong positive direct effect of harvest index and biological yield
on grain yield suggests that these traits should be given greater
emphasis in selection program aimed at improving rice
productivity under saline environment. Genotypes belonging to
widely separate clusters with superior mean performance may
serve as potential parent for hybridisation to exploit maximum
genetic variability.

Table 6. Estimation of intra cluster and inter clusters distance in rice
genotypes

Cluster Clusterl Clusterll Clusterlll Cluster IV ClusterV

| 59.609 86.755 92.659 272.121  689.584
1] 55.291 130.924 239.387  880.264
1] 55.115 435329  449.376
v 215.373 1519.357
Vv 116.974
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Fig. 5. Ward’s minimum variance dendrogram of 24 rice genotypes based on Mahalnobis Euclidean? distance.

Conclusion

The investigation presents several key findings and inferences
regarding the genetic diversity and vyield potential of 24 rice
germplasm collections. The main findings of the study are
summarised as follows:

Genetic diversity

The study found a high degree of genetic variability among the rice
germplasm for various traits, as indicated by broad variance ranges
and significant differences in mean performance among genotypes.

Promising genotypes

The genotype CSAR 23 exhibited the highest grain yield per plant
19.16 g. Other notable genotypes included:

o RNR 28361 for days to 50 % flowering (70 days) and days to
maturity (96.66 days).

o NVSR 6489 for plant height (87.30 cm).
¢ lIRRH 163 (hybrid) for number of productive tillers per plant (14.4).
© CSR 141-11-107 for panicle length (26.60 cm).

o CSR 36 for grains per panicle (135.56) and number of fertile
spikelets per panicle (162.23).

o KPS 6343 for flag leaf area (43.64 cm?).

o NVSR 6526 for spikelet fertility (86.08 %).

© CSAR 141-11-112 for biological yield per plant (49.29 g).
© NDR 2008 for harvest index (49.23 %).

High genotypic coefficient of variation and phenotypic
coefficient of variation

High genotypic coefficient of variation (GCV) and phenotypic
coefficient of variation (PCV) for flag leaf area indicate substantial
genetic variability and suggest that this trait is less influenced by
environmental factors. This variability produce greater scope for
selection and improvement of photosynthetic efficiency, which
may ultimately enhance grain yield under saline conditions.

Heritability and genetic advance

High heritability coupled with high genetic advance (GA) for days to
50 % flowering suggests the predominance of additive gene action.
Such trait can be effectively improved through direct selection in
early generation. Early flowering genotype may also escape
prolonged exposure of saline stress, making this trait important in
breeding program targeting salt affected environments.

Character associations

The study identified significant positive correlations between grain
yield per plant and several traits, particularly harvest index (0.617),
biological yield per plant (0.96) and panicle length (0.0485). However,
grain yield was negatively associated with spikelet fertility (-0.052),
days to 50 % flowering (-0.038) and days to maturity (-0.036).

Path analysis

The path analysis revealed that the highest direct effect on grain
yield per plant was from harvest index (1.20), followed by biological
yield per plant (0.96). Negative direct effects were noted from days
to maturity (-0.091) and spikelet fertility (-0.052).

Cluster analysis

Using Mahalanobis D? cluster analysis, the 24 genotypes were
grouped into 5 clusters. Cluster I had the most genotypes (10), while
clusters IV and V had the fewest (2 each). The highest intra-cluster
distance was in cluster IV (215.37), indicating greater diversity within
that cluster, while the lowest was in cluster Ill (55.11). The maximum
inter-cluster distance was between clusters IV and V (1519.35),
suggesting significant genetic divergence.

Hybridisation potential

The findings suggest that genotypes with good mean performance
and significant genetic divergence should be selected as parents for
hybridisation programs aimed at developing high-yielding rice
varieties suitable for saline conditions.

In conclusion, the study emphasises the importance of
selecting diverse genotypes with favorable traits for breeding
programs to enhance rice yield under challenging environmental
conditions. The identified traits and their associations with yield can
guide future breeding strategies.

https://plantsciencetoday.online



https://plantsciencetoday.online

Acknowledgements

The authors are thankful to the Department of Genetics and Plant
Breeding, Acharya Narendra Deva University of Agriculture and
Technology, for providing the necessary facilities and support to
carry out this research. They also extend our thanks to our
colleagues and technical staff for their assistance during the
experiments and data collection.

Authors' contributions

AS and NY carried out conceptualisation, data curation, formal
analysis, writing original draft and review and editing. GS and SS
helped in formulation of collected data and SCV guided the entire
research. All authors have read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest: The authors declared that they have noany
conflict of interest.

Ethical issues: None

References

1. USDA. United States Department of Agriculture. Washington (DC):
USDA; 2021.

2. Ministry of Agriculture and Farmers Welfare. Third advance
estimates of principal crops for 2020-21. New Delhi: Government
of India; 2021.

3. ICAR. Area under problem soils in India. New Delhi: Indian Council
of Agricultural Research; 2010.

4.  Page AL, Miller R, Keeney DR. Methods of soil analysis. Part 2:
Chemical and microbiological properties. 1982;595. https://
doi.org/10.2134/agronmonogr9.2.2ed

5. Richards LA, editor. Diagnosis and improvement of saline and
alkali soils. 1954. https://doi.org/10.1097/00010694-195408000-
00012

6. Allard RW. Principles of plant breeding. New York: John Wiley &
Sons; 1960.

7. Robinson HF, Comstock RE, Harvey PH. Estimates of heritability
and dominance in corn. Agron J. 1949;41(8):353-9. https://
doi.org/10.2134/agronj1949.00021962004100080005x

8.  Searle SR. Phenotypic, genotypic and environmental correlations.
Biometrics. 1961;17(3):474-80. https://doi.org/10.2307/2527838

9. Dewey DR, Lu KH. Correlation and path coefficient analysis of
components of crested wheatgrass seed production. Agron J. 1959;51
(9):515-8. https://doi.org/10.2134/agronj1959.00021962005100090002x

10. Mahalanobis PC. On the generalized distance in statistics. Proc
Natl Inst Sci India. 1936;12:49-55.

11. Burton GW, DeVane EH. Estimating heritability in tall fescue from
replicated clonal material. Agron J. 1953;45:478-81. https://
doi.org/10.2134/agronj1953.00021962004500100005x

12.  Hanson CH, Robinson HF, Comstock RE. Biometrical studies of yield in
segregating populations of Korean lespedeza. Agron J. 1956;48(6):268-
72. https://doi.org/10.2134/agronj1956.00021962004800060008x

13. Johnson HW, Robinson HF, Comstock RE. Estimates of genetic
and environmental variability in soybeans. Agron J. 1955;47:314-
8. https://doi.org/10.2134/agronj1955.00021962004700070009x

14. Seyoum M, Alamerew S, Bantte K. Genetic variability, heritability
and correlation in upland Oryza sativa. J Plant Sci. 2012;7(1):13-
22. https://doi.org/10.3923/jps.2012.13.22

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

13

Rao MS, Rao S, Ahamed ML, Babu DR, Rama Rao GV. Character
association and path analysis of yield and yield component traits
in Oryza sativa L. Andhra Agric J. 2020;67(4):288-96.

Prasad KR, Radha-Krishna KV, Bhave MHV, Subba-Rao LV. Genetic
variability, heritability and genetic advance in boro Oryza sativa
germplasm. Int J Curr Microbiol Appl Sci. 2017;6(4):1261-6.
https://doi.org/10.20546/ijcmas.2017.604.153

Singh AK, Arora S, Singh YP, Verma CL, Bhardwaj AK, Sharma N.
Water use in Oryza sativa crop through different methods of
irrigation in a sodic soil. Paddy Water Environ. 2018;16(3):587-93.
https://doi.org/10.1007/s10333-018-0650-2

Singh N, Verma OP. Genetic variability and heritability under
salt stress in Oryza sativa. J Pharmacogn Phytochem. 2018;7
(3):3114-7.

Bhargava KR, Shivani D, Pushpavalli SNCVL, Sundaram RM,
Beulah P, Senguttuvel P, et al. Genetic variability, correlation and
path coefficient analysis in segregating population of Oryza
sativa. Electron J Plant Breed. 2021;12(2):549-55. https://
doi.org/10.37992/2021.1202.077

Gupta H, Purushottam GY, Yadav SK, Singh S, Kumar S. Genetic
variability, heritability and genetic advance for yield traits in
rainfed upland Oryza sativa genotypes. Pharma Innov J. 2022;11
(2):2520-4.

Singh SK, Singh CM, Lal GM. Assessment of genetic variability for
yield and its component characters in Oryza sativa. Res Plant Biol.
2011;1(4):73-6.

Akinwale MG, Gregorio G, Nwilene F, Akinyele BO, Ogunbayo SA,
Odiyi AC. Heritability and correlation coefficient analysis for yield
and its components in Oryza sativa. Afr J Plant Sci. 2011;5(3):207-
12. https://doi.org/10.3923/ijpbg.2011.224.234

Tuwar AK, Singh SK, Sharma A, Bhati PK. Appraisal of genetic
variability for yield and its component characters in Oryza sativa.
Biolife. 2013;1(3):84-9.

Sumanth V, Suresh BG, Ram BJ, Srujana G. Estimation of genetic
variability, heritability and genetic advance for grain yield
components in Oryza sativa. J Pharmacogn Phytochem. 2017;6
(4):1437-9.

Bandi HRK, Satyanarayana PV, Babu DR, Chamundeswari N, Rao
VS, Raju SK. Genetic variability estimates for yield and quality
traits in Oryza sativa. Int J Curr Microbiol Appl Sci. 2018;7(5):2018-
23.

Kurmanchali M, Kurmanchali N, Kukreti A, Sihag N, Chaudhary H,
Karnwal MK. Genetic variability, heritability and genetic advance
for yield traits in basmati Oryza sativa. Int J Chem Stud. 2019;7
(1):2486-9.

Babu VR, Shreya K, Dangi KS, Usharani G, Shankar AS. Correlation
and path analysis studies in popular Oryza sativa hybrids of India.
Int J Sci Res Publ. 2012;2(3):1-5.

Nagaraju C, Sekhar MR, Reddy KH, Sudhakar P. Correlation and
path coefficient analysis for grain yield and other traits in Oryza
sativa genotypes. Int J Appl Biol Pharm Technol. 2013;4(3):137-
42.

Prakash HP, Verma OP, Chaudhary AK, Amir M. Correlation and
path coefficient analysis in Oryza sativa for sodicity tolerance. Int
J  Curr Microbiol Appl Sci. 2018;7(7):177-87. https://
doi.org/10.20546/ijcmas.2018.707.022

Saha SR, Hassan L, Haque MA, Islam MM, Rasel M. Genetic
variability, heritability, correlation and path analysis of yield
components in rice landraces. J Bangladesh Agric Univ. 2019;17
(1):26-32. https://doi.org/10.3329/jbau.v17i1.40659

Islam SS, Nualsri C, Hasan AK. Character association and path
analysis studies in upland Oryza sativa genotypes. Res Crops.
2021;22(2):239-45. https://doi.org/10.31830/2348-7542.2021.063

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.2134/agronmonogr9.2.2ed
https://doi.org/10.2134/agronmonogr9.2.2ed
https://doi.org/10.1097/00010694-195408000-00012
https://doi.org/10.1097/00010694-195408000-00012
https://doi.org/10.2134/agronj1949.00021962004100080005x
https://doi.org/10.2134/agronj1949.00021962004100080005x
https://doi.org/10.2307/2527838
https://doi.org/10.2134/agronj1959.00021962005100090002x
https://doi.org/10.2134/agronj1953.00021962004500100005x
https://doi.org/10.2134/agronj1953.00021962004500100005x
https://doi.org/10.2134/agronj1956.00021962004800060008x
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.3923/jps.2012.13.22
https://doi.org/10.20546/ijcmas.2017.604.153
https://doi.org/10.1007/s10333-018-0650-2
https://doi.org/10.37992/2021.1202.077
https://doi.org/10.37992/2021.1202.077
https://doi.org/10.3923/ijpbg.2011.224.234
https://doi.org/10.20546/ijcmas.2018.707.022
https://doi.org/10.20546/ijcmas.2018.707.022
https://doi.org/10.3329/jbau.v17i1.40659
https://doi.org/10.31830/2348-7542.2021.063

ADDYAETAL

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Bhujel J, Sharma S, Shrestha J, Bhattarai A. Correlation and path
coefficient analysis in irrigated Oryza sativa. Farming Manage.
2018;3(1):19-22. https://doi.org/10.31830/2456-8724.2018.0001.4

Chavan BR, Dalvi W, Kunkerkar RL, Mane AV, Gokhale NB.
Correlation and path analysis in aromatic Oryza sativa genotypes.
Pharma Innov J. 2022;11(2):1704-7.

Kumar S, Chauhan MP, Tomar A, Kasana RK, Kumar N. Correlation
and path coefficient analysis in Oryza sativa. Pharma Innov J.
2018;7(6):20-6.

Jayasudha S, Sharma D. Genetic parameters of variability,
correlation and path coefficient in Oryza sativa. Electron J Plant
Breed. 2010;1(5):1332-8.

Sarawgi AK, Rastogi NK, Soni DK. Correlation and path analysis in
Oryza sativa accessions from Madhya Pradesh. Field Crops Res.
1997;52(1-2):161-7. https://doi.org/10.1016/S0378-4290(96)01061-1

Mishra YK, Dwivedi DK, Pramila P. Consequence of salinity on
biological yield, grain yield and harvest index in Oryza sativa L.
cultivars. Environ Ecol. 2014;32(3):964-8.

Sankar PD, Sheeba A, Anbumalarmathi J. Variability and
character association studies in Oryza sativa L. Agric Sci Dig.
2006;26(3):182-4.

Parimala K, Raju CS, Prasad AH, Kumar SS, Reddy SN. Studies on
genetic parameters, correlation and path analysis in Oryza sativa
L. J Pharmacogn Phytochem. 2020;9(1):414-7.

Yadav SPS, Mehata DK, Bhattarai S, Bhandari S, Ghimire NP, Majhi
SK, et al. Genetic variability of panicle architecture traits in
different Oryza sativa accessions under the eastern Terai
conditions of Nepal. Cogent Food Agric. 2023;9(1):223842. https://
doi.org/10.1080/23311932.2023.2238420

Pratap A, Bisen P, Loitongbam B, Singh PK. Assessment of genetic
variability for yield and yield components in Oryza sativa L.
germplasms. Int J Bio-resource Stress Manag. 2018;9(1):87-92.
https://doi.org/10.23910/IJBSM/2018.9.1.3C0818

Ratna M, Begum S, Husna A, Dey SR, Hossain MS. Correlation
and path coefficient analyses in basmati Oryza sativa.
Bangladesh J Agric Res. 2015;40(1):153-61. https://
doi.org/10.3329/bjar.v40i1.23768

Minnie CM, Reddy TD, Raju CS. Correlation and path analysis for
yield and its components in Oryza sativa L. J Res ANGRAU. 2013;41
(1):132-4.

14

44, Giri A, Saxena RR, Sahoo B, Saha S, Rawte S, Saxena RR, et al.
Correlation and path analysis for yield and attributing traits in
Oryza sativa L. Pharma Innov J. 2021;10(10):1409-12.

45.  Williams K, Mishra A, Verma A, Suresh BG, Lavanya GR. Genetic
variability and correlation studies for yield and yield related traits
in Oryza sativa L. genotypes. Int J Curr Microbiol Appl Sci. 2021;10
(1):752-64. https://doi.org/10.20546/ijcmas.2021.1001.093

46. Debnath A, Jha N, Vimal SC, Sharma P. A study under sodic soil
condition for estimation of correlation and path coefficient
analysis of Oryza sativa L. yield and its component traits. Int J
Plant Soil Sci. 2022;34(20):1210-4. https://doi.org/10.9734/
ijpss/2022/v34i2231488

47. Kishore NS, Srinivas T, Nagabhushanam U, Pallavi M, Sameera SK.
Genetic variability, correlation and path analysis for yield and
yield components in promising Oryza sativa genotypes. SAARC J
Agric. 2015;13(1):99-108. https://doi.org/10.3329/sja.v13i1.24184

48. Sofiya M, Eswaran R, Silambarasan V. Correlation and path
coefficient analysis in Oryza sativa L. genotypes under normal and
cold condition. Indian J Agric Res. 2020;54(2):237-41. https://
doi.org/10.18805/1JARe.A-5277

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.31830/2456-8724.2018.0001.4
https://doi.org/10.1016/S0378-4290(96)01061-1
https://doi.org/10.1080/23311932.2023.2238420
https://doi.org/10.1080/23311932.2023.2238420
https://doi.org/10.23910/IJBSM/2018.9.1.3C0818
https://doi.org/10.3329/bjar.v40i1.23768
https://doi.org/10.3329/bjar.v40i1.23768
https://doi.org/10.20546/ijcmas.2021.1001.093
https://doi.org/10.9734/ijpss/2022/v34i2231488
https://doi.org/10.9734/ijpss/2022/v34i2231488
https://doi.org/10.3329/sja.v13i1.24184
https://doi.org/10.18805/IJARe.A-5277
https://doi.org/10.18805/IJARe.A-5277
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

