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Abstract

The present study aimed to determine the nature and extent of genetic divergence for agro-morphological and quality
traits amongst advanced breeding lines of rice utilizing multivariate techniques. Based on the inter se D? values,
breeding lines were grouped into six non-overlapping clusters, indicating presence of diversity amongst the lines.
Cluster | and Cluster Il were found to be the largest clusters consisting of 14 and 9 genotypes, respectively, while, the
remaining four clusters were mono-genotypic. The maximum inter-cluster distance was observed between cluster I
and VI, while the maximum intra-cluster distance was recorded for cluster Il. Breeding lines present in cluster Il were
observed to have highest cluster means for traits viz., plant height, total number of tillers per plant, amylose content,
grain yield per plant and grain yield per plot indicating its superiority over rest of the clusters. Traits including grain yield
per plot, grain yield per plant, days to maturity, 1000-grain weight, total number of tillers per plant and panicle length
were observed to be the major contributors to genetic divergence. Principal component analysis extracted six principal
components of which first five components viz., PC-I to PC-IV had eigen scores greater than one. This suggested
that traits within these axis were of importance. Principal component analysis revealed that the traits viz., number of
effective tillers per plant, grain yield per plot, plant height, panicle length and days to 50 per cent flowering contributed
maximum towards genetic diversity.
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and productivity of 5186 thousand quintals and 21.74
quintals per hectare respectively (Anonymous, 2022).

Rice (Oryza sativa L.) is the principal cereal crop, next
to wheat in terms of global cultivated area. It is the

staple food of more than half of the world’s population. In
addition to calories, rice is a good source of magnesium,
phosphorus, manganese, selenium, iron, folic acid,
thiamine and niacin; butitis low in fibre and fat (Fukagawa
and Ziska, 2019). In India, rice is cultivated over an area
of about 45.07 million hectares with production and
productivity of 122.27 million tonnes and 2.71 tonnes per
hectare respectively (Anonymous, 2022), while in the
Union Territory of Jammu and Kashmir, it is cultivated
over an area of 267.58 thousand hectares with production

Rice is unique in terms of variability and adaptability
having multitude of forms of cultivated and wild relatives
and which is cultivated from sea level to higher elevations
in hills. The availability of significant genetic diversity
in the parents is the most important pre-requisite for
hybridization and a successful breeding programme
which in turn helps in developing improved rice varieties
having production potential and adapted to various agro-
climatic situations. A quantitative assessment of genetic
diversity directs breeders in selection of suitable parents
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to get preferred recombinants in segregating generations.
Hybrids with high heterosis are typically derived from
parental genotypes differing in common ancestry,
ecotype, geographic origin, and so on. Morphological,
biochemical and DNA markers can be used to assess
genetic diversity within breeding populations. However,
traditionally it is assessed using the D? approach based on
morphological features. This approach gives a measure of
the proportional contribution of different traits to diversity
both within and across clusters and genotypes selected
from highly divergent clusters are likely to yield heterotic
hybrids and considerable heterogeneity in segregating
generations. While D? analysis provides the inter se
genetic distance between any two genotypes, clustering
by Tocher’s method groups the genotypes into various
clusters so that genotypes belonging to different clusters
could be attributed to be diverse in nature. Present study
attempted to quantify the genetic diversity among 27
advanced breeding lines of rice for agro-morphological
and quality traits using D?statistics (Mahalanobis, 1928),
identify promising parents for hybridization and to have
insight into the traits of importance based on principal
component analysis.

Twenty seven advanced and stable breeding lines of rice
available with the Division of Plant Breeding and Genetics
were evaluated for agro-morphological and quality traits
so as to assess diversity among them for planning a
hybridization programme. Experimental material was
evaluated in Randomized Complete Block Design with
three replications at Research Farm of the Division of
Plant Breeding and Genetics, Faculty of Agriculture,
SKUAST-J, Main Campus, Chatha, Jammu during kharif
2020. The average rainfall recorded was rainfall.6 mm
while, minimum and maximum temperatures ranged
from 9.20°C (November) to 36.90°C (March and June).
All the recommended cultural practices were followed as
per schedule to provide a favorable environment for crop
growth. Observations on different  agro-morphological
and quality characteristics viz., plant height (cm), total
number of tillers per plant, number of effective tillers per
plant, panicle length (cm), 1000- grain weight (g) and

grain yield per plant (g) were recorded on five random
plants from each replication, while observations viz., days
to 50 per cent flowering, days to maturity and grain yield
per plot (kg) were taken on plot basis. Grains of each line
were dehulled for grain quality assessment such as length
and breadth of kernel, length-breadth ratio and amylose
content respectively.

Analysis of Variance (ANOVA) was conducted as per
RCBD following Panse and Sukhatme (1967). Wilk’s
criterion was assessed before undertaking the analysis of
diversity. Genetic diversity was determined by employing
the D? statistic given by Mahalanobis (1928) and clustering
of genotypes was done following Tocher’'s method as
described by Rao (1952). Principal component analysis
was done by the method explained by Harman (1976).

ANOVA (Table 1) revealed presence of significant genetic
variability in the set of 27 advanced breeding lines for all
the agro-morphological and quality traits. The presence
of considerable amount of genetic variation within the
advanced breeding lines might be due to the inherent
differences in the parents. The findings of Sarwar et al.
(2015); Konate et al.(2016) and Dhakal et al.(2021) are
also in agreement with the findings of the present study.

On the basis of clustering pattern as revealed by Tocher’s
method (Rao, 1952) the 27 entries were grouped into six
non-overlapping clusters (Table 2 and Fig. 1) indicating
the presence of considerable amount of genetic diversity
among the advanced breeding lines of rice. Similar
clustering pattern was also reported by Manohara and
Singh, (2013); Dubey et al. (2018); Ranjith et al. (2018)
and Lakshmi et al. (2022). The diversity pattern revealed
that out of the six clusters, the first two clusters were
multi-genotypic consisting of 14 and nine genotypes
respectively, while rest of the four clusters were mono-
genotypic. The maximum number of lines were reported in
clusters (I and I1). On the other hand, it was also observed
that some of the advanced breeding lines originating
from a single source were dispersed through multiple
clusters indicating the presence of a significant amount

Table 1. Analysis of variance for agro-morphological and quality traits in advanced breeding lines of rice

Source Degrees Daysto PH Total Number DTM PL 1000 Kernel Kernel L/B Amylose Grain Grain
of of 50% (cm) number of (cm) grain length breadth ratio content yield yield
variation freedomflowering of tillerseffective weight (mm) (mm) (%) per  per
(no) per tillers (9) plant plot
plant  per (9) (kg)
plant
Replication 2 17416 197.05 9.32 569 81230 17.40 60.15 16.75 037 230 0.80 33.38 0.30
:?;ee‘;di“g 26 140.73" 370.99" 33.67" 25.14" 131.37" 22.36" 12.88" 574" 022" 085 58.80" 41.67" 0.36"
Error 52 3723 2182 460 3.78 4338 397 410 203 009 046 008 9.02 0.07
** and * represents significance level at 1 % and 5 %

* PH: Plant height, DTM: Days to Maturity, PL: Panicle length
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Table 2. Allocation of experimental material in various clusters

Cluster Number of  Description of advanced breeding lines
Number advanced
breeding lines
SJR-103-2-2, SJIR-103-2-2, SJR-103-4-1, SJR-103-4-1, SJR-108-1-2,
14 SJR-120-2-1, SJR-121-2-2, SIR-121-6-1, SUR-122-1-1, SIR-122-2-1,
SJR-123-2-1, SJR-103-2-3, SJR-92-2-1, SIR-82-2-3
I 9 SJR92-2-2, SJR-98-2-1, SUR-121-5-1, SUR-49-1-1-2, SIR-81-1-1, SIR-76-1-1, SUR-74-1-1, SIR-
102-4-1, SJR-72-1-1
] 1 SJR-49-1-1-2
[\ 1 SJR-82-4-1
V 1 SJR-121-6-2
\| 1 SJR-123-2-2
1 Cluster SIR-122-1-1 : : ’ : : : :
SIR-122-2-1 h : ; : : . :
SIR-92-2-1 1 ‘ ‘ i i i
SIR-103-2-2 e i ; ;
SIR-123-2-1 : : ; '
SIR-121-6.2 i i i :
SIR-103-2.2 i i : :
SIR-108-1-2 e : : ; : ; :
SIR-103-4-1 : i ; ; ; ;
SIR-103-2:3 ! ; : : : :
SIR-82-2.3 =t : : : : ' :
STR-120.2.] ==t ! ! i i i i
SIR-103-4-1 ; : ; ; : i
SIR-121.2-2 e
2 Cluster SIR-49-1-1-2 : : : : : :
SIR-72-1-1 : : : : : 5
SIR-81-1-1 : : : : : :
SIR-103-4-1 ; ; ; : . :
SIR-121-5-1 ! : : :
SIR-9222 i i ' i i i
STR-76-1-] et : : :
SIR.98-2.1 ; : :
SIR-74-1-1 ; ; : : ; :
3 Cluster SIR-49-1-1-2 e ; ; ; : : :
4 Cluster SIR-82-4-1 : : : : : :
5 Cluster SIR-121.6.2 = : ; : . ' :
6 Cluster SIR-123-2.0 = : : : : , :

10 20

30 40 50 60

Fig. 1. Clustering behaviour among advanced breeding lines (Tocher’s method)

of diversity within the segregants. The diversity among
the advanced breeding lines of common origin may arise
due to diversity of parents and selection pattern. The
maximum inter-cluster distances (Table 3 and Fig. 2)
were reported between cluster Il and cluster VI (42.41),
indicating the presence of highly diverse breeding lines in
both the clusters, while a minimum inter-cluster distance
was recorded between cluster Ill and cluster V (10.35)

indicating genotypes in these clusters are relatively
less diverse. The maximum intra-cluster distance was
reported for cluster 1l (15.98) indicating the presence of
a significant amount of diversity among the genotypes in
this cluster. The advanced breeding lines of rice belonging
to the most diverse clusters based inter-cluster distances
can be utilized as parents in hybridization programmes
to get a wide range of variability, transgressive
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Table 3. Intra (diagonal) and inter cluster distances

Cluster | Il I v Vv Vi
| 10.60 17.66 14.97 13.50 15.59 21.52
Il 15.89 28.12 27.88 30.60 42.41
] 0.00 12.71 10.35 21.81
v 0.00 14.60 24.71
\ 0.00 10.69
VI 0.00
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Fig. 2. Mahalanobis euclidean distance (Not to the scale)

segregants and desirable heterotic combinations. A
similar recommendation was also proposed by Murthy
and Arunachalam (1996) and Rahman, (1997). While
selecting the parents for the hybridization programme
based on the genetic distance, per se performance
should not be overlooked. Cluster means for various traits
are presented in (Table 4). The maximum cluster mean
for characters viz., plant height (127.36), total number
of tillers per plant (15.44), grain yield per plant (24.18)
and grain yield per plot (1.78), were reported in cluster I,
reflecting its superiority over rest of the clusters. Further
perusal of experimental findings confirmed that traits
viz., grain yield per plot, grain yield per plant, 1000 grain
weight, days to maturity, total number of tillers per plant

and panicle length contributed maximum toward genetic
divergence (Table 5). The contribution of these traits in
total towards genetic divergence is 84.92 %. The traits
contributing maximum towards genetic divergence (D?
value) need to be given top priority during selection and
hybridization programmes (De et al., 1988).

Principal component or canonical root analysis revealed
the genetic divergence in advanced breeding lines
of rice. The cumulative variance of 81.24 per cent
(Table 6 and Fig. 3 ) was depicted by the first five
vectors with eigen value greater than one, suggesting
that identified agro-morphological and quality traits within
the axis demonstrated potential effect on the development
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Table 4. Cluster means among agro-morphological and quality traits

Cluster No. Days to PH Total No.of DTM PL 1000 Kernel Kernel L/B Amylose Grain Grain
50% (cm) No. of effective (cm) grain length breadth ratio (%) yield yield

flowering tillers tillers weight (mm) (mm) per per

per per plant (9) plant plot

plant (@) (kg)

Cluster | 93.83 113.86 1254 11.22 133.07 27.26 2754 1006 231 6.03 19.05 23.18 1.68

Cluster 2 92.78 127.36 1544 13.41 135.00 28.35 2825 9.58 2.21 585 2402 2418 1.78

Cluster 3 85.67 100.56 8.40 6.33  131.67 2277 2277 9.61 1.84 558 2231 18.79 1.25

Cluster 4 106.33 10459 11.27 10.27 142,67 29.33 23.33 1004 205 6.04 1923 21.74 1.65

Cluster 5 91.00 97.02 13.53 1237 125.00 2530 2827 11.00 200 650 2125 1855 1.73

Cluster 6 95.00 9475 1280 14.33 123.00 23.21 2853 8.60 223 542 2001 2215 1.69

Table 5. Contribution by individual trait towards total genetic divergence
Agro-morphological and quality traits Times ranked 1= Contribution towards

genetic divergence
Days to 50 % flowering 1 0.28 %
PH (cm) 1 1.98 %
Total number of tillers per plant 35 9.97 %
Number of effective tillers per plant 5 1.42 %
DTM 36 10.26 %
PL (cm) 29 8.26 %
1000 grain weight (g) 55 15.67 %
Kernel length (mm) 18 513 %
Kernel Breadth (mm) 17 4.84 %
L/B ratio 8 2.28%
Amylose (%) 6 1.15%
Grain yield per plant (g) 63 17.95 %
Grain yield per plot (kg) 75 20.81 %

Table 6. Contribution of first six component axis to total genetic variation in advanced breeding lines
Agro-morphological and quality traits PC-l PC-lI PC-lil PC-IV PC-v PC-VI
Days to 50 percent flowering 0.21 0.32 0.25 0.26 0.13 0.62
PH (cm) -0.37 0.37 -0.15 -0.01 0.18 0.28
Total number of tillers per plant 0.26 -0.17 -0.37 0.07 0.58 0.02
Number of effective tillers per plant 0.45 -0.16 -0.09 -0.23 0.08 0.36
DTM 0.21 0.2 0.31 0.05 0.45 -0.51
PL(cm) -0.23 0.16 0.55 -0.29 -0.04 0.04
1000 grain weight (g) 0.15 0.1 -0.29 -0.63 -0.29 0.005
Kernel length (mm) 0.03 -0.41 0.35 -0.29 0.18 -0.04
Kernel breadth (mm) 0.35 0.35 0.02 0.17 -0.2 -0.13
L/B ratio 0.13 -0.45 0.33 0.14 -0.15 0.26
Grain yield per plant (g) 0.22 0.31 0.15 -0.44 0.22 0.07
Grain yield per plot (Kg) 0.45 0.1 0.08 0.16 -0.38 -0.18
Eigene value (Root) 3.21 2.33 1.87 1.26 1.06 0.71
Variance (%) 26.75 19.49 15.6 10.55 8.89 5.93
Cummulative variance (%) 26.75 46.25 61.85 72.41 81.3 87.24

* PH: Plant height, DTM: Days to Maturity, PL: Panicle length
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18
PCA Score Il

Fig. 3. Principal component scatter plot

of phenotype of the advanced breeding lines of rice. In the
present study, Clifford and Stephenson’s (1975) criterion
was considered which suggested that only the first three
canonical vectors or principle components play a crucial
role in depicting the patterns of genetic variations among
breeding material. Similar criteria were also adopted
by Guei et al. (2005). Results of PCA revealed that the
first three components accounted for 61.85 per cent of
total genetic variation, portraying intrinsic structure of
the variables being analysed. Similar trends in principal
components were also observed by Vishnu et al
(2014); Ravi Kumar et al. (2015) ; Gour et al. (2017) and
Sheela et al.(2020) for dissecting phenotypic variation
within a breeding population and classifying genotypes
based on potential morphological and quality traits. The
first principal component (PC-I) accounted for 26.75 per
cent of total genetic variation present with in the advanced
breeding lines of rice (Table 6). Traits such as grain yield
per plot and number of effective tillers per plant were
reported to have maximum (0.45) contribution to genetic
variation among all agro-morphological and quality traits
under investigation followed by kernel breadth (0.35),
total number of tillers per plant (0.26), grain yield per
plant (0.22) and days to maturity (0.21). However, plant
height (-0.37) and panicle length (-0.23) were reported
to contribute to total genetic variation negatively in PC-1.
The principal component second (PC-Il) was reported to
account for 19.49 per cent of total genetic variation. In
PC-II, plant height (0.37) was reported to have maximum
contribution towards genetic variation followed by kernel
breadth (0.35), days to 50 per cent flowering (0.32) and
grain yield per plant (0.31) respectively. However, traits

viz., number of effective tillers per plant (-0.16), total
number of tillers per plant (0.17), kernel length (-0.41)
and L/B ratio (-0.45) were reported to negatively add to
total genetic variation in PC- Il respectively. Principal
component third (PC-IIl) accounted for 15.60 per cent of
total genetic variation available within advanced breeding
lines. In this component, traits viz., panicle length (0.55),
kernel length (0.35), L/B ratio (0.33) and days to maturity
(0.311) were reported to have maximum contribution
towards total genetic variation. However traits viz., plant
height (-0.15), total number of tillers per plant (-0.37) and
number effective tillers per plant (-0.09) were reported to
negatively contribute to total genetic variation. The fourth
principal component was reported to account for 10.55
per cent of total genetic variation. In PC-IV traits which
were reported to share maximum contribution to total
genetic variation were, days to 50 per cent flowering (0.26)
followed by kernel breadth (0.17), grain yield per plot
(0.16) and L/B ratio (0.014). Traits viz., plant height (-0.01),
number of effective tillers per plant (-0.23), panicle length
(-0.63), kernel length (-0.29) and grain yield per plant
(-0.44). Principal component five (PC- V) was reported to
account for 8.89 per cent of total genetic variation. In this
component major contributors to total genetic variation
were total number of tillers per plant (0.58) followed by
days to maturity (0.45) and grain yield per plant (0.22).
However, ftraits viz., panicle length (-0.04), 1000 grain
weight (-0.29), kernel breadth (-0.20) and grain yield per
plot (-0.38) were reported to negatively contribute to the
genetic variation accounted by this component. Among
six principal components or vectors first five components
together were reported to account for 81.30 per cent of
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total genetic variation. Sathish and Senapati (2017) also
reported similar trends while investigating advanced
breeding lines of rice grown in low land conditions of West
Bengal. Mahendran et al. (2015) suggested that potential
morphological and quality traits which remain side by
side in various principal components and contributing
maximum towards total available genetic variation with
in breeding population have likelihood to remain together
and provide ample scope and opportunity to be utilized in
hybridization programmes.

From the foregoing discussion, it was apparent that there
is possibility for utilizing the advanced breeding lines under
study to obtain transgressive segregants and heterotic
hybrids. Parents for hybridization should be chosen from
different clusters based on their inter se distance as well
as per se performances. From the present study it was
observed that crosses between genotypes from cluster Il
and those from cluster Ill, IV, V and VI are likely to yield
high heterosis and generate potential recombinants.
Based on mean performance and their inter se distances,
the promising breeding lines identified are SJR-92-2-2,
SJR-98-2-1, SJR-121-5-1, SJR-49-1-1-2 from cluster I
for total number of tillers per plant, number of effective
tillers per plant, aroma and SJR-123-2-2 from cluster
VI for earliness and grain yield per plant respectively.
These breeding lines can be utilized in to multiple
crossing programmes to yield desirable segregants
as well as in bringing together different desirable traits
into the common genetic background. Further results of
the principal component or canonical vectors analysis
indicated the potential traits in the group of genotypes
explaining the variation were number of effective tillers
per plant, grain yield per plot, plant height, panicle length
and days to 50 per cent flowering. Consideration of these
traits will ensure efficient and goal-oriented improvement
based on the pool of genotypes under study.
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