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ABSTRACT

Early seedling vigour, a key trait in rice cultivation, significantly impacts plant establishment, growth
and yield. The study applies path analysis to assess various rice traits and their direct and indirect
contributions to early seedling vigour aiming to enhance breeding strategies for resilient rice
varieties. A total of 168 rice genotypes from the 3K rice panel were evaluated for early seedling
vigour traits under laboratory conditions. Key traits measured included germination percentage,

*Corresponding author: E-mail: rakshithaveerabhadrappa58533@gmail.com;

Cite as: V., Rakshitha, J. Suresh, C. Narendra Reddy, and Channappa Gireesh. 2024. “Character Association and Path
Coefficient Analysis for Early Seedling Vigour Traits in Rice (Oryza Sativa L.)”. PLANT CELL BIOTECHNOLOGY AND
MOLECULAR BIOLOGY 25 (9-10):57-64. https://doi.org/10.56557/pcbmb/2024/v25i9-108810.


https://doi.org/10.56557/pcbmb/2024/v25i9-108810
https://prh.ikprress.org/review-history/12307

Rakshitha et al.; Plant Cell Biotech. Mol. Biol., vol. 25, no. 9-10, pp. 57-64, 2024; Article no.PCBMB.12307

direct seeded condition.

seedling length, shoot length, root length, total fresh weight and total dry weight at 7 days after
keeping for germination. Correlation studies showed germination percentage, seedling length,
shoot length, root length, total fresh weight and total dry weight traits had significantly positive
relationships with seedling vigour indices | and 1. Path coefficient analysis identified positive direct
effect on seedling vigour index | was exerted by germination percentage, seedling length, root
length, shoot length and total dry weight and negative direct effect by total fresh weight. In case of
Seedling vigour index Il, positive direct effect was exerted via germination percentage, shoot length
and total dry weight and negative direct effect via seedling length, root length and total fresh weight.
Path results highlighted that, total dry weight as the most crucial trait with the highest positive
effects on seedling vigour index II. Our findings indicate that selecting for these traits can effectively
improve early seedling vigour in rice hybrids, aiding in the development of superior rice varieties for

Keywords: 3k RGP; early seedling vigour; correlation; path analysis; direct-seeded rice.

1. INTRODUCTION

Rice (Oryza sativa L.) is the main cereal for
carbohydrate source across all Asian developing
countries which provide about 23% of global
caloric intake [1,2]. Rice is consumed as the
primary source of food in the globe which
provides food and livelihood security to nearly
half (about 3.5 billion) of the world’s population
[3]. It is normally grown in the semiaquatic
environments and transplanting has been the
predominant method. The future threat to natural
resources, rising labor shortages, declining
arable lands, increasing prices of fertilizer and
pesticide inputs, energy scarcity and changing
climatic conditions are the major factors
contributing to the decrease in rice production
[4]. To overcome these constraints, the most
promising strategy would be shifting from the
conventional puddled transplanted rice system to
direct-seeded rice technology [5]. This along
with improvement in seedling vigour not only
enhances the crop yield but can also improve the
crop resilience against the changing climatic
conditions and the biotic impediments to rice
yields [6]. However, breeding for improvement in
seedling vigour remains a challenge in rice
research [7]. So, there is a need to transform
traditional rice transplantng to a more
sustainable approach, such as direct-seeded rice
(DSR).

Early seedling vigour is a critical trait in DSR
cultivation, influencing establishment, growth and
yield potential. Understanding the genetic and
physiological factors that underpin early seedling
vigour can enhance breeding strategies aimed at
developing resilient and high-performing rice
varieties. Correlation coefficient is a statistical
measure of degree (strength) and direction of
relationship between two or more variables. The
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study of correlations may help the plant breeder
to know how the improvement of one character
will bring simultaneous improvement in other
characters. These studies assess how various
factors, such as germination rate, root
development and seedling growth, correlate with
overall plant health and productivity [8]. By
analyzing these correlations, one can identify key
traits that contribute to robust seedling vigour,
thereby improving crop early establishment and
yield stability.

Path analysis, a statistical technique used to
describe the directed dependencies among a set
of variables, is invaluable in understanding the
complex relationships  between  different
agronomic traits in rice. By partitioning the
correlation coefficients into direct and indirect
effects, path analysis helps identify key traits that
directly influence vyield and other important
characteristics [9]. This method is particularly
useful in rice breeding programs, where
understanding these relationships can lead to the
selection of superior genotypes with desirable
traits. This study aims to apply path analysis to
various rice traits to unravel their direct and
indirect contributions to yield, providing insights
for more effective breeding strategies.

2. MATERIALS AND METHODS

The experimental sample consisted of 168 rice
genotypes from the 3k rice genome panel,
sourced from the ICAR-Indian Institute of Rice
Research in Rajendranagar, Hyderabad. These
genotypes were tested for early seedling vigour
traits using the paper towel method [10] under
laboratory conditions. The seeds were pre
washed and then transferred to paper towels for
germination at a room temperature of 25 °C with
a relative humidity of 75-80% as a standard
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procedure. The experiment was carried out in a
completely randomized design with two
replications. Observations were made on the 7t
day for traits including germination percentage,
seedling length, shoot length, root length, total
fresh weight, total dry weight, seedling vigour
index-1 (SVI-1) and seedling vigour index-1l (SVI-
).

Vigour indices are calculated using the following
formulae:

SVI-I= Germination Percent x Seedling Length
(cm)

SVI-lI= Germination Percent x Seedling Dry
Weight (g)

Statistical analyses for these traits were

conducted using Singh and Chaudhary [11] for
correlation coefficients and Dewey and Lu [12]
for path analysis using R studio and SPSS
statistical software.

3. RESULTS AND DISCUSSION

The comprehensive analysis of trait association
and path analysis was performed for early
seedling vigour traits using suitable statistical
software to understand the relations among
various vigour component traits. The outcomes
of correlation study and path analysis are
presented below.

3.1 Correlation Studies

Among the early seedling vigour traits studied
(Table 1: Fig. 1), Seedling vigour index | (SVI-I)
showed highest significant positive correlation
with seedling length followed by total dry weight,
total fresh weight, root length, shoot length and
germination percentage. Similarly, Seedling
vigour index 1l (SVI-II) had highest significant
positive correlation with total dry weight followed
by seedling length, total fresh weight, root length,
germination percentage and shoot length. In
case of both vigour indices seedling length, total
fresh weight and total dry weight were the key
traits. Similar results were reported earlier by
Bharamappanavara et al. [13] in their correlation
studies. Coming to inter trait association among
other traits, seedling length had a highest
significant positive correlation with SVI | followed
by SVI I, total dry weight, total fresh weight,
shoot length, root length and germination
percentage. This could be due to the involvement
of seedling length in estimation vigour index
(SVI-l) and its influence of bringing out the high
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vigour. As seedling vigour refers to robust growth
of the plant, thus seedling length having
significant association with vigour indices is one
of the vital factors. Total dry weight exhibited
highest significant positive correlation with SVI I
followed by SVI I, seedling length, total fresh
weight, root length, shoot length and germination
percentage. Many other studies focusing on early
vigour such as Cui et al. [14] Bordoloi and Sarma
[15] and Jan and Kashyap [16] have reported
significant positive correlations among the traits
discussed above. Total fresh weight displayed a
highest significant positive correlation with total
dry weight followed by SVI Il, SVI |, seedling
length, shoot length, root length and germination
percentage. Our studies corroborate the earlier
findings of Bharamappanavara et al. [13] who
observed the positive correlations among
seedling vigour traits studied through paper towel
method. Root length exhibited a highest
significant positive correlation with SVI | followed
by seedling length, SVI II, total dry weight, total
fresh weight, germination percentage and shoot
length. Shoot length exhibited a highest
significant positive correlation with seedling
length followed by SVI I, total fresh weight, total
dry weight, SVI Il, germination percentage and
root length. Germination percentage showed a
highest significant positive correlation with SVI I,
followed by SVI I, seedling length, total dry
weight, root length, total fresh weight, and shoot
length. Similar results were observed by Barik et
al. [17] and Jan and Kashyap [16] in their
studies. Barik et al. [17] investigated seedling
vigour and its component traits under anaerobic
conditions, revealing key trait associations that
influence seedling vigour under flooding stress.
Association results from the aforementioned
study provides a comparative basis, linking their
findings on anaerobic stress to the practical
needs of direct-seeding techniques. This
approach helps to contextualize our results within
established research, bridging the gap between
anaerobic germination studies and direct-seeding
practices and guiding the development of more
resilient rice varieties. The observed results also
showed consistent,  significantly  positive
associations among the studied traits, suggesting
common genetic control. This is often might be
due to genetic linkage, where traits controlled by
closely linked genes are co-inherited or
pleiotropy, where a single gene influences
multiple traits. Shared physiological pathways,
such as those regulating growth hormones, also
contribute to these correlations by affecting
multiple aspects of plant development
simultaneously. These findings suggest that
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genetic factors influencing one trait can also
affect others, revealing significant genetic
correlations. This understanding is vital for
deciphering the genetic mechanisms underlying
early seedling vigour in rice. The consistent
positive correlations indicate that these traits may
collectively serve as effective indicators for
evaluating seedling vigour, thereby assisting in
the selection and improvement of rice varieties.

3.2 Path Coefficient Analysis

In this study, seedling vigour indices were treated
as dependent variables, while germination
percentage, seedling length, shoot length, root
length, total fresh weight, and total dry weight
served as independent variables. The residual
effects of these independent variables, which
have a minor impact on seedling vigour, are
detailed in Tables 2 and 3.

Perusal of Table 2 revealed that highest direct
effect on seedling vigour index | was exhibited by
seedling length (0.338), root length (0.331),
shoot length (0.306), germination percentage
(0.151) and total dry weight (0.087). Positive
direct effect of these traits on seedling vigour
index | indicates their importance in determining
this complex character and therefore should be
given preference for the improvement of this trait.

Pearson's
Correlation

-1.0 05 0.0 05

The total fresh weight (-0.049) showed direct
negative effect. Similar findings were made by
Jan and Kashyap [16] and Prasad et al. [18] in
their studies. The same way goes too for indirect
effects. Except total fresh weight the remaining
traits exhibited positive indirect effects. The
results obtained were in analogous to the
findings of Patil et al. [19] Jan and Kashyap [16]
Katiyar et al. [20] and Sadhana et al. [21].

Perusal of Table 3 revealed that highest direct
effect on seedling vigour index Il (SVI-II) was
exhibited by total dry weight (0.961) followed by
germination percentage (0.133) and shoot length
(0.005). Positive direct effect of these traits on
seedling vigour index Il indicates their
importance in determining this complex character
and therefore should be given preference for the
improvement of this trait. Jan and Kashyap [16]
observed similar results in their study. The total
fresh weight (-0.03), seedling length (-0.0025)
and root length (-0.002) showed direct negative
effect. The same way goes for indirect effects
also. Total dry weight, germination percentage
and shoot length exhibited indirect positive
effects whereas total fresh weight, seedling
length and root length the remaining traits
exhibited negative indirect effects. Similar
findings were made by Patil et al. [19] Jan and
Kashyap [16] Katiyar et al. [20] in their studies.
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Fig. 1. Depiction of correlation among seedling vigour traits
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Table 1. Genetic correlation among early seedling vigour traits at 7" day by using paper- towel method in rice

Germination Seedling Root length Shoot length Total fresh Total dry Seedling Seedling
percentage length weight weight vigour index-| vigour index-ll
Germination 1 0.664** 0.627** 0.481** 0.576** 0.658** 0.76** 0.736**
percentage
Seedling length 1 0.848* 0.826** 0.866** 0.891** 1.006** 0.898**
Root length 1 0.402** 0.724** 0.793** 0.868** 0.805**
Shoot length 1 0.727* 0.698** 0.815** 0.696**
Total fresh 1 0.884** 0.876** 0.883**
weight
Total dry 1 0.921** 1.005**
weight
Seedling vigour 1 0.915**
index-I
Seedling vigour 1
index-II
*Significant at 5% level, **Significant at 1% level
Table 2. Estimates of direct and indirect effects between seedling vigour index | and early seedling vigour traits
Traits Germination Seedling Root Shoot Total Total dry weight Seedling Vigour
percentage length Length length Fresh weight Index-I
Germination 0.151 0.225 0.207 0.147 -0.028 0.058 0.76
percentage
Seedling length 0.1 0.338 0.281 0.252 -0.042 0.075 1.004
Root length 0.094 0.287 0.331 0.122 -0.036 0.063 0.862
Shoot length 0.072 0.279 0.132 0.306 -0.035 0.062 0.816
Total fresh weight  0.087 0.292 0.241 0.22 -0.049 0.077 0.868
Total dry weight 0.101 0.29 0.241 0.217 -0.043 0.087 0.892

Residual value: 0.27
*significant at 5% level, **significant at 1% level.
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Table 3. Estimates of direct and indirect effects between seedling vigour index Il and early seedling vigour traits

Traits Germination Seedling Root Shoot Total Total dry weight Seedling Vigour
percentage Length length length Fresh weight Index-ll

Germination 0.133 -0.017 -0.001 0.002 -0.017 0.641 0.741
percentage

Seedling length 0.088 -0.025 -0.002 0.004 -0.026 0.825 0.864

Root length 0.083 -0.021 -0.002 0.002 -0.022 0.698 0.738

Shoot length 0.064 -0.021 -0.001 0.005 -0.021 0.681 0.707

Total fresh weight ~ 0.076 -0.022 -0.002 0.003 -0.03 0.847 0.874

Total dry weight 0.088 -0.021 -0.002 0.003 -0.026 0.961 1.004

Residual value: 0.31
*Significant at 5% level, **significant at 1% level.
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Path analysis indicated that total dry weight was
the most important character that had the
maximum contribution to seedling vigour index Il
(SVI-Il) as it exhibited a considerable positive
direct effects and significant correlation
coefficients on seedling vigour. It revealed total
dry weight to be effective selection criteria for
improvement of seedling vigour index Il (SVI-II).
Further, path analysis revealed the effectiveness
of direct selection for seedling length, root length
and shoot length towards improvement of early
seedling vigour for development of rice varieties.

4. CONCLUSION

According to the findings, a consistent pattern of
significantly positive associations among the
studied traits was evident. This suggests the
possibility of common genetic control influencing
these traits. Such associations imply that genetic
factors influencing one trait may concurrently
affect others, indicating potential genetic
correlations among them. The significant and
positive correlations observed between seedling
vigour index Il (SVI-ll) and traits such as
germination percentage, seedling length, root
length, shoot length, total fresh weight, and total
dry weight indicate that direct selection based on
these traits would be effective for improving early
seedling vigour in rice hybrids. Total dry weight,
in particular, emerged as a crucial trait with the
highest direct and indirect positive effects on
seedling vigour index Il (SVI-1l) and can be used
as effective selection criteria for improving
seedling vigour index Il (SVI-II). Overall, the
study highlights the importance of seedling
vigour traits in implementing direct-seeded rice in
water scarce areas.
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