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Assessment of genetic diversity for seed vigor traits in rice
(Oryza sativa L.) through principal component and cluster
analysis

Shruti Kumari, S. K. Chakrabarty* and Debashis Paul

Abstract

Seed vigor, an important characteristic of seed quality attributes, determines the rate of early, rapid, uniform germination, emergence
and growth of strong seedling in any environmental condition. In the present set of experiment, 44 rice (Oryza sativa L.) varieties were
assessed for different seed vigor component traits. For evaluation of these traits, basic statistics, correlation, principal component (PC) and
cluster analysis were carried out to obtain genetic diversity for seed vigor traits and early seedling vigor among rice varieties specifically
to select the best varieties and important seed vigor traits for its possible use in future rice breeding programme. The estimation of
descriptive statistics of 20 quantitative seed vigor-related traits indicated existence of variability among the varieties. The 44 varieties
were grouped into five clusters on the basis of average linkage and dendogram. Varieties in Cluster | are considered to possess very
high vigor traits and cluster IV with least seed vigor traits. Principal component (PC) analysis showed first 5 PCs having Eigen value
>1 explaining 77.01% of the total variation with different seed vigor traits. In the biplot analysis between PCs 1 and 2, the varieties
remained scattered in all four quadrants, showing large genetic variation in quantitative traits. Seed vigor index-l, seed vigor index-Il,
seed dry weight, shoot length, reserve mobilization, germination percentage, dehydrogenase, mean germination rate, germination
speed, and mean germination time contributed to high variability among the varieties. The seed vigor traits were positively correlated
with germination percentage, shoot length, seedling dry weight, speed of germination, mean germination rate, reserve mobilization,
superoxide dismutase, dehydrogenase and alpha-amylase. The positive correlation among these seed vigor-contributing traits suggested
that these characteristics are important for direct selection of high seed vigor varieties and early emergence.
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Introduction

Rice (OryzasativaL.) is one of the important and the second
largest food grain crops grown in the world both in terms of
areaand production. The success of every crop’s germination,
growth, and final yield depends largely on the quality of the
seeds used to grow the crop. Seed quality is defined as a
seed’s viability and vigor that enables the emergence and
establishment of normal seedlings under a wide range of
environments (Hilhorst and Koornneef 2007). Seed vigor has
been known as a complex characteristic affected by many
factors, such as the genetic background and environmental
factors during seed development and storage stages
(Sun et al. 2007). In rice, seed vigor is a critical factor in
determining the success of crop production, especially
under adverse environmental conditions. Several factors
such as seed size, weight, shape, color, and physiological
status influence seed vigor in rice. Therefore, understanding
the genetic and environmental factors that influence seed
vigor traits can help in developing improved cultivars with
high seed vigor. Reddy et al. (1996) studied the relationship

between seed vigor, seedling length and initial germination
of rice varieties. The results showed that seedling length,
early seedling vigor, speed of germination and dry matter
production decrease with decreasing initial germination
percentage. The cultivars with high seed vigor are desirable
forfarmers to get optimum stand establishment under sub-
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optimal field conditions. Seed vigor has been shown to be
a varietal attribute and its expression is affected by many
factors, such as the genetic background, environmental
factors during seed development, and storage stages (Sun
et al. 2007). Seed with high vigor may significantly improve
the speed and uniformity of seed germination, the final
percentage of seedling emergence, good crop performance,
and even high yield under different conditions (Foolad et
al. 2007). Some biochemical factors, such as the activity of
certain enzymes (e.g: a-amylase and glutamine synthetase)
and such processes as oxidative phosphorylation, protein,
RNA and DNA synthesis and ATP content, show high activity
in high-vigor cultivars (Ching 1982). The lower productivity
level may be due to a shortage of water, land, labour and
other resources to produce higher yields in addition to the
stresses created by changing climate scenario (Singh et al.
2013). Various environmental and genetic factors influence
the seed biochemical traits, such as CAT, POD and SOD
(Shruti et al. 2023). Given these limitations, direct seeding
is considered to be a viable option to maintain and increase
the productivity level of rice under any stressed situations.

Multiple selection criteria are crucial to identify
favourable genotypes with compatible trait combinations.
Correlation studies reveal trait relationships guiding
strategies for concurrent trait improvement. Genetic
diversity assessment among the genotypes facilitates the
generation of superior recombinants. (Basavaraj. et al.
2022). On the other hand principal component analysis is
to reduce the dimension of data. Watson and Eyzaguirre
(2002) reported that PCA of morphological characterization
results could identify a few key or minimum descriptors that
effectively account for the majority of the diversity observed,
saving time and effort for future characterization efforts.
Principal Component Analysis (PCA) and Cluster Analysis
(CA) are two popular multivariate statistical techniques used
to identify the underlying patterns and relationships among
variables in a dataset. PCA effectively quantifies genetic
divergence among germplasm lines (Beena et al. 2020). On
the other hand, CA is a non-parametric method that groups
similar observations into clusters based on their distance or
similarity measures. For instance, a study by Li et al. (2020)
used PCA and CA to investigate the genetic variation and
relationship among different seed vigor traits in rice. The
study found that seed size, weight, and germination rate
were the most important variables that contributed to
the variation in seed vigor traits, and that different rice
varieties exhibited distinct patterns of seed vigor traits. So,
these techniques can help breeders to identify the most
important factors that influence seed vigor, and develop
effective strategies forimproving seed vigor inrice cultivars.
Therefore, the present study was carried out to evaluate the
genetic diversity among rice varieties specifically for seed
vigor traits to select the best genotype that can be exploited
in rice breeding.

Material and methods

Seed materials

The seeds of 44 Indian rice varieties were used in this
study (Table 1). The seeds of all 44 varieties were produced
following the recommended package of practices in the
field at ICAR-Indian Agricultural Research Institute, New
Delhi during kharif, 2020.

Recording of data

Observations were recorded in the laboratory of the
Division of Seed Science and Technology for different seed
vigor characters which is categorized in three different
classes such as seed vigor traits, membrane functions and
antioxidant activities during early germination stage. Seed
vigor trait comprises of test weight (TW), moisture content
(MCQ)(ISTA 1985), root length (RL), shoot length (SL), seedling
dry weight (SDW), germination percentage (GP) (ISTA rules
2021), speed of germination (SOG) (Maguire 1962), seed
vigor index-1 (SVI) (Abdul Baki and Anderson 1973) and seed
vigor index-Il (SVII) (Abdul Baki and Anderson 1973), mean
germination time (MGT) (Nicholas and Heydecker 1968),
mean germination rate (MGR), and reserve mobilization
(RM) (Soltani et al. 2006). One (1) gram of seed samples were
taken to conduct membrane functions traits comprising of
electrical conductivity (EC) (AOSA 1983) and water-soluble
sugar (WSS) (Dubois et al.1956). Antioxidant enzymes like
catalase (CAT) (Aebi 1984), peroxidase (POD) (Castillo et al.
1984) and superoxide dismutase (SOD) (Dhindsa et al.1981),
dehydrogenase(Kittock and Law 1968), hydrogen peroxide
(H,0,) (Mukhejee and Choudhari 1983) and alpha-amylase
(Jones and Varner 1967) were also conducted on 1gram of
rice seed sample by following the standard protocol.

Statistical analysis

The data were subjected to correlation analysis, principal
component analysis (PCA) and cluster analysis using
statistical software packages of SAS 9.2. The correlation
coefficient was calculated for all seed vigor and its related
traits using Pearson’s correlation coefficient. Cluster analysis
was performed using average linkage clustering while
Ward's method developed a tree diagram based on squared
Euclidian distances. The first two principal components
(PC, & PC,/ Dim1& Dim2/Component 1& Component 2)
were plotted against each other to find out the patterns of
variability among genotypes and characters using SAS 9.2
software (SAS Institute 1996).

Results and discussion

The estimation of descriptive statistics viz., maximum,
minimum, mean, Standard Deviation (SD) and Variance
(V) for the measured 20 quantitative traits indicated the
existence of diversity among the genotypes are shown in
(Table 2). Among all the traits investigated, seed vigor index-
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Table 2. Estimates of basic statistics for 20 quantitative traits in 44 varieties of rice
Trait (unit) Mean Min.-Max. Range Variance SD
Test weight(g) 22.7 12.0-28.3 16.3 0.14 0.37
Moisture content (%) 9.88 8.26-11.28 3.02 0.32 0.56
Root length(cm) 22.39 8.78-29.77 20.99 20.35 4.51
Shoot length (cm) 12.15 6.93-16.78 9.85 5.81 2.41
Seedling dry weight (mg) 0.056 0.019-0.081 0.06 0.00017 0.01
Germination (%) 86.06 23-100 77 523.41 22.88
Seed vigor index-| 3074.06 377.04-4367 3989.96 1147804.48 1071.36
Seed Vigor index-I| 5.26 0.45-8.11 7.66 3.74 1.93
Speed of germination 12.75 8.15-15.85 7.71 533 2.31
Mean germination time (d) 5.28 2.54-6.88 4.34 1.88 1.36
Mean germination rate 0.25 0.15-0.40 0.25 0.005 0.07
Reserve mobilization 0.08 0.038-0.091 0.054 0.0002 0.02
Electrical conductivity (uS/cm/g) 17.52 10.09-36.29 26.20 48.88 6.99
Water soluble sugars (ug/ml) 43.21 16.5-82 65.50 271.79 16.49
Catalase (uM/min/gFW) 0.019 0.003-0.061 0.058 0.00017 0.0129
Peroxidase (UM/min/gFW) 0.009 0.001-0.037 0.036 0.00009 0.0097
Super oxide dismutase (uM/min/gFW) 128.8 14.35-198.85 184.50 2641.32 51.39
Dehydrogenase (OD-g~-m™") 0.07 0.006-0.116 0.110 0.0008 0.03
Hydrogen peroxide (H,0, um/qg) 0.83 0.246-1.773 1.53 0.17 0.41
Alpha amylase (mg/mL/ g) 0.64 0.516-0.964 0.45 0.007 0.08

|, superoxide dismutase, germination (%), root length, water-
soluble sugars and electrical conductivity recorded higher
variation in mean, range, variance and standard deviation
among the varieties. The lowest variation in mean, range,
variance and standard deviation was found in seed dry
weight, germination time, germination rate, dehydrogenase
and alpha-amylase activity. Results of the study revealed that
there is a large quantity of variability for seed vigor traits in
rice varieties. Thus, genetic diversity analysis aids parent
selection, maintains and utilizes desirable variations, and
enhances insights into crop evolutionary patternin breeding
programme (Bollinedi et al 2020).

Cluster analysis classifies the varieties into different
clusters based on their similarity features on seed vigor
traits. Based on average linkage and dendrogram (Fig. 1)
44 varieties were clustered into five groups considering
all 20 seed vigor-related parameters. The cluster analysis
sequestrates 44 varieties into five clusters that exhibit high
similarity within a cluster and high differences between
clusters (Table 3).

The distribution pattern of all the varieties into five
clusters (Table 3) showed the presence of considerable
genetic diversity among the varieties for most of the traits
under consideration. The distribution of varieties in the
different clusters suggests that there are different levels of
performance in seed vigor-related traits among the varieties

and can be used to identify and select high-performing
varieties. The results of this study are consistent with
previous research that has shown the presence of genetic
diversity in rice varieties for seed vigor traits (Kumar et al.
2015; Reddy et al. 2017). The use of cluster analysis to identify
groups of similar varieties has been widely used in plant
breeding and genetics research (Singh et al. 2018; Sahoo et
al. 2020). The presence of significant genetic diversity among
the varieties suggests the potential of seed vigor traits for
genetic improvement.

In cluster analysis, a constellation plot is a graphical
representation that helps visualize the clustering structure
and relationships among the clusters. It is a scatter plot
where each point represents an observation or data point,
and different colors or symbols indicate the clusters. In this
constellation plot cluster | and Il have more similarity and
hence present in one side and cluster Ill, IV and V having
more similarity present in another side (Fig. 2). Therefore, the
varieties present in cluster | and Il are similar and different
from those of cluster Ill, IV, and V for these 20 seed vigor
traits.

Principal component analysis for seed vigor traits
It is difficult to understand the reason for variability
for seed vigor traits in the large sets of varieties under
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Fig. 1. The dendrogram of rice varieties resulting from cluster analysis
using Ward methods based on standardized data of all 20 seed vigor
traits

Fig. 2. Constellation plot of 44 varieties of rice

different maturity groups. The principal component
analysis is conventionally used for extraction of features or
characteristics for better understanding and implementation
of cluster analysis. It also measures the importance and
contribution of each component to the total variance.
PCA can be used for the measurement of the independent
impact of a particular trait on the number of components
extracted is equal to the number of variables being analyzed.
So the PCA grouped the 20 vigor-related parameters into
20 components, accounting for the entire (100%) variability
among the varieties. But, according to Chatfield and Collins
(1980), components with an eigenvalue of <1 should be
eliminated so that only a few key components can be dealt
with. Eigenvalue >1 is considered significant, determining
a minimum of 10% of the variation. Trait with superior
Eigenvalue is considered as best attribute in principal
components. In this study, principal factor analysis identified

five principal components with eigenvalue of more than one
(>1), explaining about 77.01% of the total variability among
the 44 varieties by considering all 20 seed vigor-related
parameters. The remaining 15 components contributed
only 22.99% towards the total variability among the varieties
studied (Table 5). PCq has an eigenvalue of 9.759 which is
the maximum and accounted for 48.79% of the variation.
This represents several seed vigor traits viz., seed vigor
index-1, seed vigor index-Il, germination percentage, shoot
length, mean germination time, reserve mobilization, and
dehydrogenase activity and indicated that those were
important contributing variables for the variation among
the varieties. For instance, a study by Yohane et al. (2020)
found that the first principal component accounted for
the most significant proportion of variation in seed traits
of pigeon pea. Similarly, a study by Ghafoor et al. (2001)
reported that the first principal component explained the
highest proportion of variation in wheat yield traits. Chozin
(2007), Mujaju and Chakuya (2008) and Ali et al. (2011)
reported the important contribution of the first PC in total
variability while studying different traits. The results were
found to be in accordance with the studies on seed and
seedling vigor traits, including relative stage of seedling
development (Namuco et al. 2009), relative seedling growth
rate measured as dry weight accumulation, seedling survival
(Farooq et al. 2006) and seed response to stress (Rajjou et
al. 2012). The remaining traits viz.,, mean germination rate,
electrical conductivity, water-soluble sugars, peroxidase,
and hydrogen peroxidase, contributed negatively. PC> has
an eigenvalue of 1.77, accounting for 8.87% of the variation.
The PCy is related to variability in the varieties due to test
weight having positive factor loading value, root length,
and hydrogen peroxide contributed negatively. Similarly,
PC3 expressed loading value for variation among varieties
resulting from moisture content, and alpha-amylase,
catalase, and peroxidase were negatively contributed.
PC4 was related to variability among rice varieties due to
the negative contribution of moisture content, electrical
conductivity, water-soluble sugars, peroxidase, and
superoxide dismutase, and similarly, PCs estimated variation
among the varieties mainly for alpha-amylase, electrical
conductivity, and water-soluble sugars and negative
contribution to moisture content and hydrogen peroxide.

These findings suggest that certain seed vigor traits, such
as germination percentage and shoot length, are important
contributors to the overall variability in rice varieties. Other
variables, such as moisture content and peroxidase, have a
negative impact on this variability. Previous studies have
shown the importance of seed vigor traits in determining
overall crop performance and yield (Finch-Savage et al.
2021; Li et al. 2019). The first component can be expected
to account for a large amount of the total variance. PCq
has a maximum variability of 48.80% of the total variation
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Table 3. Distribution of 44 varieties of rice into five clusters

Cluster  Cluster size Name of variety
(No. of variety)
21 JD-6, VL Dhan-221, VL Dhan-81, Pusa-
33, Vandana, Satyabhama, Bidhan
Gontra-2, Satabdi, Jaya, IR-64, CRD-
300, Ranikajar, Remaya, Poornima,
Pant Dhan 11, JD-13, Govind, IR688 97
B, Rasi, Annada and Jyoti.
Il 8 Pusa 834, Surajone, NDR 97, Ravi,
Lochit, PNR-381, Pant Dhan-12, and
Vikramarya
1] 6 MTU1010, Krishnaveni, Swarna,
Shyamala, Mandyavijaya, and
Dudheswar
v 3 Kranti, Basmati-370, and CRD-204
Vv 6 Indira Sugandhit, Falguna, Budiluchai,

Naveen, Vasumati, and Salivahana

for seed vigor traits, PC2 loaded with 8.88% of the total
variability and PC3, PC4, and PCg contributed 7.33,6.77,and
5.24% of the total variability, respectively. This method has
been widely used in various fields, including agriculture,
to analyze complex datasets and identify the underlying
patterns or factors contributing to variability. PCA has also
been found to be effective in identifying the mostimportant
traits and help in the selection of desirable traits for crop
improvement (Cullis et al. 2006; Langewisch et al. 2017).
Hence, varieties and traits selected from this component
(PCq) will be useful in crop improvement for improving the
traits (Talekar et. al. 2022).

Contribution (%) of seed vigor-related parameters
towards variability among the varieties

Seed vigor is an essential trait that determines the
performance of seeds under various environmental
conditions. The vigor of seeds depends on various
physiological and biochemical factors, and the parameters
identified in this study can be used to assess seed vigor
accurately. Through PCq/Dim~ it was found that out of 20
seed vigor-related parameters, ten parameters contributed
a higher proportion of variability among the genotypes,
and the remaining contributed low (Fig. 3). These high vigor
parameters can be used to assess the seed vigor accurately
and select high-vigor genotypes. The findings of this
study are similar with previous studies that reported the
importance of seed vigor index-|, seed vigor index-ll, seed
dry weight, germination percentage, and mean germination
rate in determining the seed vigor (Baskin and Baskin2014;
Farooq et al. 2016). The seed vigor-related parameters that
contributed less to the variability were moisture content,
water-soluble sugars, root length, test weight, electrical
conductivity, catalase, peroxidase, superoxide dismutase,
hydrogen peroxide, and alpha-amylase (Fig. 3). Similarly,

Contribution of variables to Dim-1

L5 :i$ = |

Hnm
£z i 8 h a3 B & -

£ = s L 1 X

SVI = Seed vigor index |, GP = Germination percentage, SVII = Seed
vigorindex I, RM = Reserve mobilization, DH = Dehydrogenase, MGR =
Mean germination rate, SOG = Speed of germination, SL=Shoot length,
MGT = Mean germination time, SDW = Seedling dry weight, RL = Root
length, H,0, = Hydrogen peroxide, SOD = Super oxide dismutase, TW
= Test weight, AA = alpha amylase, EC = Electrical conductivity, WSS
= Water soluble sugars, CAT = Catalase, MC = Moisture content and
POD = Peroxidase

Contributors (%)

Fig. 3. Contribution (%) of seed vigor related parameters towards
variability among the varieties

seed producers can use these parameters to assess the
quality of seeds and ensure that only high-quality seeds
reach the market. Moreover, the parameters identified in
this study can also be used to study seed vigor's genetic
and physiological basis and identify the molecular markers
associated with this trait. So PCA analysis was conducted
to identify a few key traits that accounted for the larger
variability.

Ranking of cluster of varieties based on seed vigor

traits, membrane functions and antioxidant activities
By considering all of the above important parameters which
contributed more variability for seed vigor traits taken and
again classified these clusters or genotypes in each cluster
in the range of vigor groups i.e., very high, high, medium,
low and very low. These seed vigor-related parameters are
firstly categorized into seed physiological traits, membrane
functions, and antioxidant activities. In each cluster mean
data were taken for each parameter and compared. It was
found that in cluster 1 consisting of 21 varieties mean data
forallimportant parameters has the highest values (268.86)
as compared to another cluster and is considered a very
high vigor group and varieties present in this group are also
considered as high vigor varieties. Cluster Il consisted of
eight varieties possessing the second-highest mean (268.83)
following cluster | mean and are considered as high vigor
group and varieties present in this group are treated as high
vigor varieties. Cluster V lies in the medium vigor group
(194.72), and varieties in cluster V are considered medium
seed vigor varieties. In the low vigor group, cluster Il was
found and varieties present in cluster Il were considered
as low vigor varieties (138.21). Cluster IV was considered a
very low vigor group (47.30) with the least mean value, and
varieties present in this cluster were considered very low
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Table 4. Ranking of clusters based on mean value seed vigor traits, membrane function and antioxidant activity

Rank

Mean

Antioxidant activity

SOD

Membrane function

EC

Seed vigor trait

Cluster

AA

HM

DH

WSS

SOG MGT MGR RM

S.vli

S.vl

GP

SDW

SL

0.086 0.607 0.722 268.868 1

140.563

32.167

14.447

0.085

0.069 98.571 3704827 6.198 14430 6.572 0.153

13.531

Cluster |

0.063 97.000 3643.591 6.654 12.768 6.504 0.154 0.084 15.978 61.975 173292  0.081 0.738  0.649 268.834 2

12.975

Cluster Il

90.293 0.037 1.281 0.590 138.212 4

48.797

17.113

0.055

0.048 60.167 1825463 2867 10349 6.837 0.146

9.142

Cluster Il

60.037 0.008 1334 0.541 47.299 5

61.833

8.530 0.031 23.667 508.003 0.742  8.592 7374 0.136  0.043 28.613

Cluster IV

101.211  0.067 1.011 0.610 194.720 3

34.962

25.255

0.070

0.148

6.734

84.833  2638.627 4.783  11.380

0.056

11.053

ClusterV

Mean germination

Speed of germination, MGT =

Germination percentage, S.V.I: seed vigor index |, S.V.Il = Seed vigor index II, SOG =

Seedling dry weight, GP =

Shoot length, SDW
time, MGR: mean germination rate, RM
amylase and HM

SL=

alpha

Super oxide dismutase, DH: dehydrogenase, AA

Reserve mobilization, EC = Electrical conductivity, WSS = Water soluble sugars, SOD =

Hydrogen peroxide

vigor varieties (Table 4). This study’s findings are consistent
with previous research showing seed vigor’s importance
in crop performance and yield (Finch et al. 2016). Seed
vigor is a complex trait that is affected by various factors,
including genetics, environmental conditions, and seed
treatments (Zhao et al 2021). Therefore, it is essential to
understand the underlying mechanisms contributing to
seed vigor and identify varieties with high vigor for crop
improvement programme. High vigor varieties could lead to
increased yield and better crop performance under various
environmental conditions.

PCA plots showing relation among various seed vigor
traits in rice varieties

In a Scree plot, the eigenvalues of a correlation matrix are
plotted in descending order of magnitude to represent the
proportion of total variance in the data. When Eigenvalues
and principle component numbers were graphed, the Scree
plot was applied to explain the percentage of variation
associated with each principal component. The ideal
pattern is a steep curve followed by a bend and a straight
line. PC, showed 48.79% variability with an Eigen value of
9.75 (Fig. 4). The Eigenvalues gradually declined from PC, to
PC,, (Fig.4). Itis generally recommended to retain principal
components with eigenvalues greater than 1 because they
explain more variance than a single variable. Based on this
recommendation, we would retain only PC, and PC, as the
meaningful principal components in this analysis (Cattell
1966). These two components explain a combined 60.56%
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Fig. 4. Scree plot for eigen value and principal component of 44 rice
varieties

Fig. 5. Score plot for distribution of rice varieties for the first two
principal components based on different seed vigor traits
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Table 5. Principal component analysis for seed vigor traits in rice varieties
Traits PC, PC, PC, PC, PC,
Test Weight (g) 2.70 14.58 1.70 2.06 0.011
Moisture Content (%) -0.90 -7.79 -20.57 -11.81 -7.33
Shoot length (cm) 7.12 0.38 0.27 1.29 5.41
Root length (cm) 448 13.12 2.90 3.50 0.17
Seed Dry Weight (mg) 5.80 12.34 2.12 0.15 0.46
Germination (%) 8.86 0.14 0.99 1.56 0.15
Seed vigor index-| 9.16 0.98 1.40 1.08 0.005
Seed Vigor index-II 8.49 3.030 2.25 0.057 0.003
Speed of Germination 7.23 6.053 1.56 1.08 0.028
Mean germination time -6.94 -10.29 -2.22 -0.0218 -0.129
Mean germination rate 7.44 6.22 1.34 0.001 0.037
Reserve mobilization 835 0.088 1.174 0.047 0.231
Electrical conductivity(uS/cm/g) -2.23 -1.20 -0.015 -39 -20.11
Water soluble sugars(ug/ml) -1.221 -0.51 -0.44 -30.26 -25.78
Catalase (MM/min/gFW) 0.96 0.0023 34.38 1.171 1.30
Peroxidase (uM/min/gFW) 9.29E-05 9.90 17.14 15.70 2.57
Superoxide dismutase (uM/min/gFW) 3.59 0.025 0.078 21.006 0.062
Dehydrogenase (OD-g™-m™) 8.034 1.39 0.99 0.126 0.00031
Hydrogen peroxide (H,0, um/qg) -3.94 -11.91 -2.20 -0.142 -12.178
Alpha-Amylase (mg/mL/ g) 2.57 0.056 6.27 0.54 24.049
Eigenvalue 9.76 1.78 1.47 1.35 1.047
Variance (%) 48.80 8.88 7.33 6.77 5.24
Cumulative % of variance 48.80 57.68 65.01 71.78 77.02
- .l“ "." " : vt 1Y
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Fig. 6. Loading plot of the first two PCAs showing relation among
various seed vigor traits in rice

of the total variance in the data.

The genotypes remained scattered in all four quadrants
based on all 20 seed vigor traits in the score plot of the
first two principal components (Fig. 5). Varieties showed
large variability for seed vigor traits. The distance between
the locations of any two genotypes on the score plot is
directly proportional to the degree of difference or similarity
between the vigor in terms of major important seed vigor

Fig. 7. Biplot of the first two PCAs showing seed vigor traits and
varieties of rice

traits. So, the genotypes in PC, have vigor relatively similar
for many seed vigor attributes but differ for a few very close
to zero attributes. Identifying varieties with high seed vigor
traits is essential for ensuring successful crop establishment
and optimal plant growth. Principal component analysis
(PCA) for seed vigor traits has been previously employed in
studies on wheat (Mehra et al. 2021) and soybean (Barbosa
et al. 2013), among others, demonstrating its usefulness in
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identifying genotypic variation.

The loading plot shows the distribution of seed vigor
traits in the first two principal components (Fig. 6).The
loading plot clearly explained the traits which contribute
variability in both positive and negative senses. Here the
traits come in the right top of PC viz, test weight, seed
dry weight, seed vigor index-l, seed vigor index-ll, reserve
mobilization, germination percent, alpha-amylase, catalase
and speed of germination have large positive loading on
PC, and moisture content has negative loading on PC.. The
maximum loading on the left of the PC, is for hydrogen
peroxide, mean germination rate, electrical conductivity,
and water-soluble sugars, which has less contribution
towards variability for seedling vigor traits. The smaller the
angle between the two traits more positively correlated
to each other and vice versa. Here test weight, seed dry
weight, seed vigor index-l, seed vigor index-ll, reserve
mobilization, germination percent, dehydrogenase, and
mean germination rate were positively correlated to each
other but mean germination time was negatively correlated
with mean germination time, hydrogen peroxide, electrical
conductivity, water-soluble sugars and moisture content
from first two principal components. It has been shown
that seed weight and vigor index are good predictors of
seedling vigor and crop establishment (Kandasamy et al.
2020). Similarly, germination percentage and speed of
germination have been identified as important traits for
evaluating seed quality (Bewley and Black 1994). Electrical
conductivity and hydrogen peroxide have also been used
as indicators of seed ageing and deterioration (Bailly 2004).
The biplot demarcated the varieties with seed vigor
traits over the four quadrants explained by the first two
principal components (Fig. 7). The varieties in the top right
quadrant were closely related to test weight, root length,
seed dry weight, seed vigor index-1, seed vigor index-II,
reserve mobilization, and catalase. The left top quadrant
consists of varieties with related to hydrogen peroxide,
mean germination rate, water-soluble sugars, and electrical
conductivity. The right bottom quadrant comprised the
varieties related to germination percentage, dehydrogenase,
speed of germination, superoxide dismutase, and mean
germination time, and the left bottom quadrant consisted
of varieties related to moisture content. Overall, the
biplot analysis provided a useful tool for visualizing the
relationships among the varieties and seed vigor traits.

Correlation is a measure of the strength of a linear
relationship between the characters. In the present
investigation seed vigor was positively correlated with
germination %, shoot length, seedling dry weight, speed of
germination, mean germination rate, reserve mobilization,
superoxide dismutase, dehydrogenase and alpha-amylase
and also negatively correlated with mean germination time,
electrical conductivity, water-soluble sugars and hydrogen

peroxide. (Table 6). Such strong positive correlations
recorded among the varieties suggest that they are heritable
and genetically controlled traits that could be transmitted
into desired varieties. Result of the correlation analysis
further showed that characters were differently associated
with each other. Adebisi (2008) pointed out that a strong
positive correlation suggests that selection for one trait
could be used to indirectly select for another character but
this can cause difficulties during selection if the association is
between desirable and undesirable traits. Seed germination,
shoot length, seedling vigor index | and I, speed of
germination, seedling dry weight, reserve mobilization,
superoxide dismutase, dehydrogenase and alpha-amylase
had good correlations with mean germination rate; hence
they are good predictors of seed emergence in rice varieties.
In general, the seed germination characters have been
shown to be an excellent predictor of field emergence and
seedling vigor (Egli et al. 1979; Adebisi et al. 2006 and Adebisi
2008) in some crop species. In rice varieties, germination-
related characters were reported to be highly significant
(Subba Rao 1996). Significant correlation among seed vigor
traits was reported by Cui et al. (2002).

Thus, the study’s results revealed a large quantity of
variability in rice varieties under study. The PC analysis,
cluster analysis and correlation coefficient in this present
experiment provided facilitation in the classification of
genotypes and identification of the subset of varieties
having quantitative differences in seed vigor-related
parameters. Various useful correlations and aforementioned
information extracted from cluster and PC analysis will be
helpful in designing crop improvement programmes to
obtain high vigor and yielding varieties in rice. PCA is also
used for the measurement of the independent impact
of a particular trait on the total variance. The dominant
characters combining in a certain principal component by
contributing to variability has a tendency to combine and
offer the possibility for its use in selection.
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