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ABSTRACT 
 

In the present investigation, a mapping population consisting of 189 lines derived from an inter sub-
specific cross between an indica cultivar, ‘Samba Mahsuri’ and a tropical japonica accession, ‘Cuba 
65’ was investigated to assess the trait contribution to variability employing principal component 
analysis (PCA). The study aimed at determination of inter-relationships among various yield 
attributing traits vis-à-vis individuals of the mapping population.  Out of eleven principal 
components (PC), first four PCs exhibited Eigen value more than one accounting to a total of 
68.73% cumulative variance among the characters. The first PC accounted for the highest 
variability (PC1 31.6%) to the total variability, followed by 14.51% (PC2), 12.69% (PC3) and 9.91% 
(PC4). The highest positive Eigen value observed for the tiller number (0.33) and panicle number 
(0.32) in PC1 indicated their pronounced effect in the overall variation in the population. The 
analysis revealed the traits that contribute maximum for the variation. PCA also revealed negligible 
effect of days to fifty percent flowering, grain size and spikelet fertility to the variability in the 
mapping population. Although all the studied traits except grain size showed significant positive 
association with grain yield; negative correlation was observed between some of the component 
traits. Panicle weight, thousand grain weight and grain number showed negative association with 
tiller number and panicle number. The latter two traits contributed to the maximum variability in the 
population. The trait associations identified in the present investigation will help in determining the 
selection criteria to be adopted in the development of high yielding cultivars involving indica/tropical 
japonica populations. 
 

 

Keywords: Eigen value; inter sub-specific cross; variability; cumulative variance. 
 

1. INTRODUCTION 
 
“Rice (Oryza sativa L.) cultivated globally, holds 
significant importance as a primary cereal crop, 
and a crucial staple food for one-third of the 
world's population. Among the leading rice-
producing nations, India earmarked 44 million 
hectares to rice cultivation and yields 121.46 
million tonnes” (Ministry of Agriculture and 
Farmers Welfare, Government of India, 2020-
21). “In recent decades, there has been a 
significant decrease in the amount of arable land 
available per person, posing a major challenge 
for meeting the food needs of a growing 
population in the future. Therefore, rice 
production must be boosted through further 
increases in the maximum attainable yield per 
unit land area, namely, yield potential. To 
address the global rice deficit, it will be 
necessary to utilize traits with high-yield  
potential to develop high-yield rice production 
systems. In the last 50 years, there has been a 
significant improvement in the yield of rice 
varieties which was achieved through the 
development of semi-dwarf varieties and the 
utilization of heterosis. These factors have 
played a crucial role in ensuring global                       
food security” [1]. However, “it has been 
observed that there has been a stagnation in the 
yield potential of semi-dwarf indica inbred             
rice varieties in the tropics since the release of 
IR8” [2]. 

“Insufficient genetic diversity has been identified 
as a major reason for the yield limitation in rice, a 
problem that has been present for almost two 
decades. As yield is a complex quantitative trait 
controlled by a polygenic gene action, to 
enhance the yield potential, a broad range of 
germplasms needs to be utilized to gather 
beneficial alleles of important genes for each 
yield-related trait in breeding efforts” [3]. The two 
sub-species exhibit distinct morphological and 
physiological characteristics that are linked to 
their adaptation to different latitudes and altitudes 
[4]. “Broadening the genetic base of elite indica 
cultivars with introgression of ideal new plant 
type traits from tropical japonica germplasm is 
essential in view of the stagnant yield levels of 
indica cultivars” [5]. Because of reproductive 
isolation between the indica and japonica 
subspecies, they carry different favourable 
alleles of some yield-related genes [6]. It has 
also been observed that derivatives of indica 
/japonica cross have higher yield vigour than 
either Indica /Indica or Japonica /Japonica. 
Therefore, one of the strategies being considered 
to further boost the yield potential of rice involves 
creating inter-subspecific (indica/japonica) 
hybrids. Moreover, the evaluation of genetic 
diversity is important to know the source of 
genes for a particular trait within the available 
germplasm. 
 

“Principal Component Analysis (PCA) is a widely 
recognized and powerful multivariate statistical 
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method that compresses, reduces and 
transforms data. PCA reduces data with a large 
number of correlated variables into a much 
smaller set of new variables through a linear 
combination of the original variables capturing 
most of the variation present in the data” [7]. It is 
used in data analysis to identify the minimum 
number of components that can explain the 
maximum variability from the total variability [8]. 
PCA is also employed to rank genotypes based 
on their principal component scores. These 
components are typically derived from either the 
correlation matrix or the covariance matrix. The 
eigen value of a specific principal component 
represents the amount of variation in traits that 
this principal component explains, which is of 
great importance in breeding programs. Given 
the significance of PCA, the present investigation 
was conducted on mapping population derived 
from the inter sub-specific cross between ‘Samba 
Mahsuri’ an elite indica cultivar and ‘Cuba 65’ a 
tropical japonica accession, to identify the 
quantitative traits responsible for variations 
among the lines in the population. 
 

2. MATERIALS AND METHODS 
 

The experiment was carried out using a bi-
parental mapping population consisting of 189 
lines derived from the cross between ‘Samba 
Mahsuri’, an elite indica cultivar, widely grown in 
the southern states of India and ‘Cuba65’, a 
tropical japonica accession identified to be a 
novel source with thick and strong culm, heavy 
panicles and high yield [5,9,10]. The 
experimental material was sown in a raised bed 
nursery and 25-day-old seedlings were 
transplanted to the main field. The experiment 
was conducted in an augmented block design 
(ABD) with seven blocks. The mapping 
population along with the four checks viz., 
‘Samba Mahsuri’-P1, ‘Cuba65’-P2, ‘Swarna’, an 
elite high-yielding indica cultivar and ‘Lima’, an 
indica accession from rice 3K genome with 
strong culm, [10,11] was planted at the research 
farm, ICAR-Indian Institute of Rice Research, 
(ICAR-IIRR) Hyderabad during kharif-2023 with 
a spacing of 20 x 15 cm. Lines of the mapping 
population were planted only once while the 
checks were replicated in each block. 
Recommended agronomic practices were 
followed for good crop maintenance. 
Observations on 11 yield contributing traits viz., 
days to 50% flowering (DFF), plant height (PH) 
in centimetres, panicle length (PL) in 
centimetres, tiller number (TN), number of 
panicle bearing tillers or panicle number (PN), 
grain number per panicle (GN), grain yield (GY) 

per plant in grams, panicle weight (PW) in 
grams, thousand grain weight or test weight 
(TW) in grams, spikelet fertility in % (SF) and 
grain size in terms of length/breadth ratio (LBR) 
were recorded. PCA was used to identify the 
traits with a maximum contribution to the 
variation in the population. The mean data of 11 
yield and yield-related traits was used for 
principal component analysis and the scree plot 
and biplots were constructed using R Studio 
(version 4.3.2.). 
 

3. RESULTS AND DISCUSSION 
 

PCA is a well-known method of dimension 
reduction that can be used to reduce a large set 
of variables to a small set that still contains most 
of the information in the large set. The result of 
the PCA explained the genetic diversity of the 
genotypes. In the present PCA, a total of 11 
principal components (PCs) were extracted, 
equivalent to the number of traits studied and it 
revealed the four most informative PCs with 
eigen values more than one which accounted for 
68.73% cumulative variance (Table 1). However, 
more than 50 % of the variance in the population 
was explained by the first three major PCs (PC1 
31.6%; PC2-14.51%; and PC3-12.69%). Similar 
to our present findings, first three PCs captured 
maximum variability in a set of introgression lines 
derived from multi-parent crossing involving 
marker assisted forward breeding [7] and in a 
diverse collection of indica and tropical japonica 
genotypes [12]. 
 

The contribution of 11 yield traits to the principal 
components is presented in Table 1. The tiller 
number (0.33), panicle number (0.32) and 
length/breadth ratio (0.26) showed positive 
loading in PC1 while other traits showed negative 
loadings. In PC2, the parameters viz., test weight 
(0.01), and length/breadth ratio (0.06) showed 
positive loading and the remaining factors 
showed negative loadings. In PC3, traits like test 
weight (0.57), spikelet fertility (0.42), grain yield 
(0.26), panicle weight (0.12) and tiller number 
(0.06) showed positive loading whereas, the 
remaining traits showed negative loadings. In 
PC4 test weight (0.24), panicle length (0.25), 
panicle number (0.15), tiller number (0.11) and 
plant height (0.02) showed positive loading 
whereas, the remaining traits showed negative 
loadings (Table 2). These traits are largely 
engaged in the variance and they also carry most 
of the variability. In another study, the first three 
PCs together contributed 68.69 percent to the 
total variability and that the number of productive 
tillers per plant showed positive loading in          
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PC1 [13]. Hence, the selection of traits with high 
variability will be rewarding for future breeding 
programs. 
 

Scree plot elucidated the variation percentage 
between Eigen values and the Principal 
components (Fig. 1A). In this study, PC1 showed 
31.6 per cent variability with Eigen value of 3.47. 
From the graph, it is clear that the maximum 
variation was observed in PC1 in comparison to 
other PCs. The genotypes selected from PC1 
would be useful in breeding programs for the 
improvement of the traits contributing maximum 
variability (Fig. 1B). The biplot diagrams give the 
picture of interaction among the traits and also 
the genotypes performing better for the traits 
(Fig. 1C). The vector length of each trait depicts 
the contribution of the trait to total divergence, 
longer vector length denotes more contribution of 
concerned traits (Fig. 1D). The distribution and 
nature of diversity for genotypes and yield 
attributing quantitative traits are described in the 
biplot diagram between PC1 and PC2. The trait 
tiller number and panicle number showed 
maximum vector length indicating its contribution 
to the total divergence followed by length/breadth 
ratio. The angle between the trait vectors 
indicates the direction of association between the 
traits. An angle <90º indicates a positive 
correlation, an angle equal to 90º indicates no 
correlation and an angle >90º indicates negative 
correlation. All the studied traits except grain size 
were found to have positive association with 
grain yield, however, negative correlation was 
observed between some of the component traits. 
Out of 11 traits studied, PW, PL, GN, PH, TW, 
DFF and SF showed a positive correlation with 
grain yield per plant among which PW, PL, GN 
and PH contributed significantly to the variability 
while TW, DFF and SF contributed very less to 
the total divergence. Further TN and PN 
contributed significantly to the variability 

displaying a positive correlation with GY but 
negative correlation with PW, PL, GN and PH. 
Therefore, selection for GY based on GN, PW 
and PL would be rewarding in improving GY. The 
genotypes that are present close to a trait vector 
of the same quadrant would perform best for 
those traits.  Thus, the present study can be 
utilized to identify the variability contributing 
parameters and to select the lines to utilize them 
as donors for the improvement of traits in future 
breeding programs. 
 

Previously, the percentage of variation for the 
first three PCs (PC1, PC2, PC3) together 
accounted for 72.9 per cent of variability and the 
number of productive tillers (0.1482) and flag leaf 
length (0.1482) showed positive loading in PC1 
[14]. Another study reported that PC1 has the 
contribution from Days to 50% flowering, leaf 
length, plant height, panicle length, days to 
maturity and number of filled grains for 28.46% of 
the total variability [15]. “Further, PC 1 and PC 2 
together explained 61.2% of the total variation 
and PC 1 was related to plant height, biomass 
and grain yield while, the PC 2 was related to 
total tillers and productive tillers [16]. Additionally, 
PC1 added highly (31.848%) to the total 
variability with significant loading of days to 50% 
flowering (0.497), days to maturity (0.484) and 
ear bearing tillers (0.359) which were positively 
correlated” [13]. These findings were similar to 
our studies. The various principal components 
capture diverse aspects of variability, and the 
significant eigen values derived from our analysis 
provide valuable insights into the distinct 
contributions of different variables, aiding in a 
better understanding of the genetic foundation of 
yield traits in rice. This understanding is crucial 
for developing targeted breeding strategies 
aimed at yield improvement. The principal 
component analysis revealed distinct patterns 
and relationships among the variables.  

 

Table 1. Eigen values, Percentage of variation and Cumulative percentage for principal 
components in mapping population from the cross of ‘Samba Mahsuri’ and ‘Cuba 65’ 

  
Eigen Value Variance% Cumulative Variance% 

PC 1 3.47 31.6 31.6 
PC 2 1.59 14.51 46.12 
PC 3 1.39 12.69 58.81 
PC 4 1.09 9.91 68.73 
PC 5 0.87 7.93 76.67 
PC 6 0.74 6.76 83.43 
PC 7 0.59 5.36 88.79 
PC 8 0.49 4.54 93.33 
PC 9 0.42 3.83 97.17 
PC 10 0.18 1.7 98.87 
PC 11 0.12 1.12 100 
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Table 2. Contribution of principal components to variation in mapping population from the 
cross of Samba Mahsuri and Cuba 65 

 

Trait PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10 PC 11 

DFF -0.16 -0.20 -0.51 -0.28 0.46 -0.04 -0.49 -0.24 0.22 0.07 -0.08 
PH  -0.37 -0.08 -0.03 0.02 -0.49 -0.14 -0.48 -0.08 -0.45 -0.35 0.03 
PL  -0.37 -0.09 -0.09 0.25 -0.39 0.07 -0.10 0.35 0.66 0.19 0.00 
TN  0.33 -0.53 0.06 0.11 -0.19 -0.14 0.01 -0.11 0.03 0.01 -0.71 
PN 0.32 -0.56 -0.01 0.15 -0.09 -0.14 -0.02 -0.17 0.08 0.03 0.69 
PW  -0.43 -0.19 0.12 -0.20 -0.11 0.01 0.24 -0.31 -0.24 0.69 0.00 
GY  -0.16 -0.48 0.26 -0.07 0.29 0.53 -0.08 0.47 -0.21 -0.09 0.01 
GN  -0.35 -0.23 -0.34 -0.11 0.01 -0.03 0.64 -0.09 0.07 -0.50 0.00 
SF  0.00 -0.05 0.42 -0.71 -0.07 -0.42 -0.03 0.19 0.26 -0.11 0.04 
TW  -0.24 0.01 0.57 0.24 0.20 0.13 -0.09 -0.55 0.31 -0.25 -0.02 
LBR 0.26 0.06 -0.10 -0.42 -0.42 0.66 -0.02 -0.27 0.14 -0.07 0.02 

DFF- Days to 50% flowering, PH- Plant height (cm), PL- Panicle length(cm), TN- Tiller number, PN- Panicle 
number, PW- Panicle weight(g), GY- Grain yield (g), GN- Grain number per panicle, SF- Spikelet fertility (%), TW- 

Test weight (g), LBR- Length/Breadth ratio (grain size). 

 

 
 
Fig. 1. Principal Component Analysis for yield traits among bi-parental population derived from 

the inter sub-specific cross of Samba Mahsuri (indica) and Cuba 65 (tropical japonica). A. 
contribution of individual lines B. PCA biplot depicting contribution of 11 traits to the total 

variation in the 189 lines C. Variables PCA plot and D. Scree plot for Percentage of explained 
variance of 10 PC components.  DFF- Days to 50% flowering, PH- Plant height (cm), PL- 

Panicle length (cm), TN- Tiller number, PN- Panicle number, PW- Panicle weight (g), SPY (GY)- 
Grain yield (g), GN- Grain number per panicle, SF- Spikelet fertility (%), TGW (TW)- Test weight 

(g), LBR- Length/Breadth ratio (grain size) 
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4. CONCLUSION 
 
The phenotypic value of each trait measures the 
importance and contribution of each component 
to the total variance. The tiller number, panicle 
number, test weight, grain yield and panicle 
weight are the chief contributors to genetic 
divergence in the mapping population. Grain 
size, days to fifty percent flowering and spikelet 
fertility have no significant contribution to the 
genetic variability in the population, hence 
selection for the aforesaid traits would be 
ineffective. Thus, the present study can be 
utilized to identify the parameters coming 
together in different principal components and 
contributing to variability and also to select the 
genotypes to utilize them for the improvement of 
yield traits in future breeding programs. 
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