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ABSTRACT

Principal component and correlation analysis was carried out in 15 rice genotypes for eight variables at
Regional Agricultural Research Station, PJTAU, Polasa, Jagtial, Telangana. ANOVA indicated
significant variation for all the traits studied. PCA analysis revealed that first three principal components
(PC, PC2 and PC3) were accounted for 80% of total variation, of which PC1 contributed highest
(36.78%) followed by PC2 (28.87%) and PC3 (14.65%). The traits, test weight (0.530) and yield (0.395)
exhibited highest positive loadings on PC1 indicating the major contribution of these traits towards
variation in PC1. Biplot shows the high correlation of yield with important yield attributing traits like test
weight and panicle length as yield registered acute angle with both. The variable test weight exhibited
highest vector length indicating its predominant contribution towards total variance followed by yield,
head rice recovery and number of grains per panicle. The genotypes, G6, G4, G7, G5 and G12 with high
PC scores and high yield were found desirable. Correlation analysis indicated the strong association of
yield with test weight followed by panicle length which are important yield attributing characters. Yield
exhibited strong and significant negative correlation with days to 50% flowering indicating the scope for

development of high yielding early maturing varieties.
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Introduction

Rice is one of the important cereal crops feeds
about two third of world’s population and contributing
up to 50% of the daily caloric intake for Asian
populations. The aspect of increase of rice area has its
limitations like limited irrigation sources, market
facilities, reluctant of farmers to shift from cultivating
traditional crops etc. High yielding varieties plays a
crucial in rising the food production to meet the
requirements of growing population. It is crucial to
take the sustainability of food systems into account,
especially better utilizing rice production in order to
feed 10 billion people in 2050 (Saha et al., 2021).
Parents are very important in development of high
yielding varieties or hybrids and various breeding
techniques like D” analysis, multivariate analysis,
principal component analysis, estimation of general
combining ability helps in choosing the appropriate
parents for the development of varieties or hybrids of
interest. Principal component analysis is one of the

effective breeding techniques that minimizes the huge
data and transform it into few variables retaining the
maximum available variability. It is an orthogonal
transformation process that transforms a collection of
characters with potentially correlated values into a set
of observations with linearly uncorrelated characters
(Mohan et al., 2015 and Alshugeairy et al, 2023).
Yield is a complex trait which in turn depends on other
yield contributing characters. In rice, 1000 grain
weight, number of grains per panicle, panicle length
and number of productive tillers per plant are the traits
that contribute directly for yield enhancement. The
other characters like plant height, biomass, leaf area
also plays a role in increasing the yield. Breeder must
have the knowledge about the type of correlation
between the yield and its important contributing traits
to select the trait of interest in segregating generations
for further improvement. The present investigation is
aimed at selection of desirable parents through PCA
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analysis and finding the traits having significant
correlation with yield in desirable direction.

Materials and Methods

The present investigation was carried out at
Regional Agricultural Research Station, Polasa, Jagtial,
Telangana located at 18° 50° 20.24” N latitude,
78"56°54.20” E longitude and 249 m above mean sea
level. The experimental material constitutes 15 rice
genotypes (Table 1.). The experiment was conducted
during kharif, 2022 with plot size of 10.32 m” per each
entry in three replications. The spacing adapted was 15
x 15 cm between the rows and between the plants
within the row. Standard recommended package of
practices were adapted during the crop season to raise
the healthy crop. Data on various morphological, yield
and quality traits was recorded. Days to 50% flowering
and yield were recorded on plot basis in each
replication. 5 random plants in each replication per
entry were used to record plant height, panicle length
and effective bearing tillers/m”. Random seed sample
from each entry in each replication was used to record
the test weight, number of grains per panicle and head
rice recovery. Analysis of variance (ANOVA) for the
randomized complete block design was computed
using the method of Panse and Sukhatme (1967).
Correlation coefficients were calculated using
Pearson’s simple correlations and path analysis was
computed using the method suggested by Dewey and
Lu (1959). Principal component analysis (PCA) was
used to identify characters mainly contributing to the
variation among the genotypes tested. PCA was done
using quantitative traits that are correlated by
converting them into uncorrelated traits known as PCs
(Johnson and Wichern, 1988). Principal components
were computed using R software (Version 4.3.2),
derived from the mean values of eight characters
across the 15 rice genotypes.

Results and Discussion

Analysis of Variance (Table 2) revealed
significant variation among the genotypes for all the
characters studied emphasizing much scope for these
traits for further improvement.

Principal Component Analysis

The independent effects of each of eight
characters studied in fifteen genotypes were
determined by principal component analysis. Eigen
values are generally employed to establish the number
of factors to retain. If eigen value is less than one, it
indicates that the explanatory efficacy of the principal
component is inferior to average explanatory efficacy
of the original variables (Jadhav et al, 2023). The
principal components having eigen values greater than
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one were considered as significant. The traits with high
eigen value on PC1 are generally considered as key
contributors to the total variance. In the present
investigation, out of eight principal components the
first three PCs (PC, PC2 and PC3) exhibited eigen
values more than one (Table 3) and accounted for 80%
of total variation, of which PC1 contributed highest
(36.78%) followed by PC2 (28.87%) and PC3
(14.65%). Percent of variance contributed by each PC
was observed to decrease gradually from PC1 to PCS8,
in turn cumulative frequency was increased. Scree plot
(Fig 1) showed the percent of explained variance
contributed by each of eight principal components i.e.
PC1 (36.78%) to PC8 (0.3%) and clearly indicating
that, maximum amount of total variation present in the
experimental material is represented by PC1, PC2 and
PC3. Highest contribution by PCI suggests that
selecting genotypes based on their scores on PC1 will
be useful in improving the traits such as test weight,
yield and panicle length which are important yield
attributing characters. Desirable genotypes are those
which are having favourable combinations of
important yield contributing traits. Hence, breeders
should focus on these traits with high scores on PCl1
that holds maximum portion of total variability.

Individual trait PC scores (Table 3) represents the
contribution of each character towards total genetic
variation present in 15 rice genotypes. The positive and
negative loadings of each individual trait on PCs
indicate its influence on variability, association with
principal component and impact on genotype
performance (Sruthi et al., 2024). The traits, test
weight (0.530) and yield (0.395) exhibited highest
positive loadings on PC1 indicating the major
contribution of these traits towards variation in PCI.
Palaniyappan et al. (2023), Vaidya et al. (2024) and
Sruthi et al. (2024) reported similar findings of high
positive loadings for test weight and yield on principal
components. Whereas, days to 50% flowering (-0.477),
head rice recovery (-0.361), number of grains per
panicle (-0.343) and plant height (-0.179) with negative
loadings contributed less for total variation in PCI.
Sruthi et al. (2024), Sandhya et al. (2022) and
Christina et al. (2021) reported similar results for one
or other traits. In PC2, panicle length (0.549), plant
height (0.466), yield (0.413), head rice recovery
(0.360) and number of grains per panicle (0.197)
recorded positive loadings shows the importance of
these traits in enhancing yield and yield contributing
traits, whereas, effective bearing tillers/m> (-0.370),
days to 50% flowering (-0.052) and test weight (-
0.032) exhibited negative influence in PC2. In PC3,
only number of grains per panicle (0.594) was
observed to be contributor towards total variation and
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remaining all the viz., effective bearing tillers/m2 (-
0.497), days to 50% flowering (-0.388), plant height (-
0.313), test weight (-0.300), panicle length (-0.180),
head rice recovery (-0.140) and yield (-0.087)
contributed in negative direction towards variation.

The biplot (Fig. 2) helps in understanding the
association among the traits and identifying the better
performing genotypes for the particular trait. It also
gives the nature and distribution of variability
exhibited by both the characters and genotypes and
helps to determine the trait profile towards particular
genotype (Yan and Kang, 2002). The angle between
the characters determines the type of correlation
existing between those traits. Yan and Tinkers (2006)
also reported acute angle between two traits indicated
the positive correlation between those traits, whereas
obtuse angle between the traits revealed negative
correlation of those traits. Yield was found to be highly
correlated with important yield attributing traits like
test weight and panicle length as yield registered acute
angle with both, whereas, remaining traits exhibited
negative correlation with yield. Similarly, when the
correlation between grain parameters like test weight
and number of grains per panicles was observed, a high
negative correlation was noticed between them,
indicating that fine grain varieties accommodated more
number of grains per panicle compared to coarse grain
rice cultures. It was also observed from the biplot that,
head rice recovery which is very important quality
parameter has exhibited high positive correlation with
number of grains per panicle indicating high head rice
recovery in case of fine grain varieties and low in
coarse varieties. The length of each trait vector also
gives the amount of contribution of that particular trait
towards total divergence. In the present study, highest
vector length was exhibited by test weight indicating
its predominant contribution for total variance
followed by yield, head rice recovery and number of
grains per panicle. The genotypes that are present close
to the trait vector of the same quadrant would be the
best performing for those traits. The phenotypic
expression of each genotype was explained through the
principal component (PC) scores, as delineated in the
Table 4. Thus, the genotypes, G6, G4, G7, G5 and G12
with high PC scores and yield performance were found
to be desirable for the traits yield and test weight
whereas, G1, G2, G8 and G10 were designated as
undesirable which also confirmed by the biplot.
According to Singh and Chaudhary (1977), high values
for variables within a specific genotype are represented
by a correspondingly high PC score attributed to that
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genotype within the associated component. The highest
PC scores of positive values >1.5 in each PC could be
used them as selection indices (Das et al. 2024).

Correlation studies

Correlation analysis is an important part in plant
breeding which gives the positive or negative
association between the traits of interest and helps in
identifying the group of desirable traits towards which
the selection could be practiced for obtaining the
genotypes with high yield and quality. Pearson’s
correlation analysis (Fig 3) shows the strong
correlation of yield with test weight followed by
panicle length which are important yield attributing
characters. Saketh et al. (2023), Barde et al. (2024) and
Reddy et al (2024) also reported significant
association of test weight and panicle length with grain
yield suggesting direct selection for these traits to
improve the yield. Yield exhibited strong and
significant negative correlation with days to 50%
flowering indicating the scope for development of high
yielding early maturing varieties with the present
experimental material. Prashanth et al. (2024) and
Kalpande et al. (2024) also revealed the same findings
from their research ie negative and significant
correlation of yield with flowering duration.
Interestingly, head rice recovery recorded strong
negative correlation with test weight suggesting the
scope for development of fine grain varieties with high
head rice recovery. The significant and high negative
correlation between test weight and number of grains
per panicle revealed that selection for high grain
number could results in development of fine grain
cultures and low grain number for coarse varieties.

Conclusion

Out of 8 principal components, the first three PCs
(PC, PC2 and PC3) exhibited eigen values more than
one and accounted for 80% of total variation.
Maximum amount of total variation present in 15 rice
genotypes is represented by PC1, PC2 and PC3. Test
weight (0.530) and yield (0.395) with highest positive
loadings on PC1 were identified as major contributors
for total variation of PC1 which also exhibited highest
vector lengths on biplot. From the present study, Go6,
G4, G7, G5 and G112 were identified as desirable
genotypes and G1, G2, G8 and G10 as undesirable.
Yield registered strong positive correlation with test
weight and panicle length and negative correlation with
days to 50% flowering.
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Table 1: Details of the 15 rice genotypes

Entry designation Entry name Grain type Maturity group
Gl KNM 12472 Medium slender Long
G2 BPT 5204 Medium slender Long
G3 KNM 12469 Medium slender Long
G4 JGL 38206 Long slender Early
G5 MTU 1001 Medium bold Medium
G6 RNR 31753 Long slender Early
G7 JGL 38889 Long slender Early
G8 JGL 11470 Short slender Medium
G9 JGL 38903 Short slender Medium
G10 HMT SONA Short slender Medium
Gl11 KNM 12510 Short slender Medium
G12 WGL 1380 Medium slender Medium
G13 KRISHNA Medium slender Medium
Gl14 WGL 1590 Medium slender Medium
G15 RNR 35197 Medium slender Medium
Table 2: Analysis of variance (ANOVA) for 8 characters in 15 rice genotypes
Source of Degrees Days to Effec'tive Plant Panicle Test Numl{er H?ad Seed
variation of S0 % !)earlngz height length weight of grains rice yield
freedom | flowering | tillers/m /panicles | recovery
Replication 2 3.62%* 3238.3 10.60 3.26 2.79%* 212.3 14.27 634492
Treatments 14 215.26%* 2716.9% 376.41%% | 11.84%* | 82.925%*% | 7343.6*%* | 119.69** | 6060407**
Error 28 0.075 986.5 7.50 1.13 0.378 631.9 11.975 468032
CD (5%) 0.456 52.53 4.58 1.78 1.027 42.041 5.787 1144.217

Table 3: Eigen values, percentage of variance and cumulative variance of first three principal components of rice.

Principal components PC1 PC2 PC3
Eigen value 2.942 2.309 1.172
Percentage of variance 36.783 28.865 14.651
Cumulative percentage 36.783 65.648 80.000
Individual characters PC score
Days to 50% flowering -0.477 -0.052 -0.388
Effective bearing tillers/m” -0.230 -0.370 -0.497
Plant height -0.179 0.466 -0.313
Panicle length 0.045 0.549 -0.180
Test weight 0.530 -0.032 -0.300
Number of grains/panicles -0.343 0.197 0.594
Head rice recovery -0.361 0.360 -0.140
Seed yield 0.395 0.413 -0.087
Table 4: PC scores of 15 rice genotypes in first three principal components
Entry Name Designation Seed yield (kg/ha) PC1 PC2 PC3
KNM 12472 Gl 5152 -2.259 -0.0585 -1.176
BPT 5204 G2 4390 -0.856 -2.653 -0.533
KNM 12469 G3 5446 -2.432 0.789 -1.852
JGL 38206 G4 7526 2.656 0.656 -0.081
MTU 1001 G5 6990 1.216 -0.833 -2.214
RNR 31753 G6 7277 3.051 -0.238 -0.199
JGL 38889 G7 8815 2.361 0.588 0.162
Local Check G8 3934 -1.682 -0.009 1.386
JGL 38903 G9 6570 -1.385 1.168 0.859
HMT Sona G10 4096 -0.197 -3.884 1.163
KNM 12510 Gl1 6925 -0.999 1.459 1.007
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WGL 1380 G12 7674 0.164 2.040 -0.269
Krishna G13 6550 0.322 0.120 0.466
WGL 1590 Gl4 6699 -0.203 0.361 0.328
RNR 35197 Gl15 6854 0.244 0.494 0.954

Scree plot
36.8%

Percentage of explained variances

Dimensions

Fig. 1: Scree plot illustrating percentage of variance explained by 8 principal components

PCA - Biplot
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Fig. 2: Biplot explaining the distribution of 15 rice genotypes and contribution of 8 variables in

first two principal components
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