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ABSTRACT

Keywords The present research work comprises twenty one genotypes of sesame were evaluated in a

randomized complete block design (RCBD) with three replications at Agricultural
Sesame, PCA, Research Station, Navgaon (Alwar) during Kharif 2019. The presence of genetic
Genetic diversity, divergence among these lines was observed by Mahalanobis’s D? statistic. All the accesses

Genotypes, Inter
cluster distance,
Intra cluster

were grouped into five distinct clusters. The highest number of genotypes appeared in
cluster | (14) followed by cluster Il (3) and cluster Il (2) while the lowest numbers of
entries were reported in cluster IV (1) & V (1). Principal component analysis (PCA)

distance indicated that the three principal components (PC1 to PC3) showed 67.43 per cent of the
Article Info total variability. The first principal component had high positive loading for seed yield per
plant, capsules bearing length and seeds per capsule which contributed more to the
Accepted: diversity. The second principal component had high loading for days to maturity, number
04 December 2020 of primary branches per plant and 1000-seed weight. The genotypes viz., RT-346, GT-10
Available Online: and EC-351880 were identified as the most diverse genotypes, based on component scores
10 January 2021 and these genotypes could be utilized as parents in hybridization programme.
Introduction insecticides because of its stability, anti-

bacterial, anti-viral, anti-fungal and anti-
Sesame is one of the most ancient oilseed  oxidant properties (Pornparn et al., 2009).
crop and called queen of oilseed crops due to
its stabilized keeping quality contributed by  Tanzania produces highest production of
high degree of resistance to oxidation and  sesame (14.6%) of the world followed by
rancidity (Bedigian and Harlan, 1986) and Myanmar (12.78%) and India (12.4%). In
nearly 73% of the oil is used for edible India, the productivity is very low particularly
purposes and preferred for cooking due to in Rajasthan. The major reasons for low
zero cholesterol, 8.3% for hydrogenization ~ productivity are lack of fast-adapting
and 4.2% for industrial purposes in the  cultivars, capsule shattering, uneven ripening,
manufacture of paints, pharmaceuticals and poor crop stand establishment, lower fertilizer
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responses, profuse branching, low harvest
index, indeterminate growth habit and
susceptibility to diseases (Tripathy et al.,
2019).

Sesame has been treated as less input
intensive crop, the role of breeding improved
varieties has been considered as a promising
approach. Variability in terms of genetic
divergence for agronomic traits is the key
component of breeding programme for
broadening the gene pool of sesame. Genetic
distance estimates can be estimated by
different methods i.e. principal component
analysis (PCA), cluster analysis and
discriminate analysis. Principal Component
Analysis (PCA) analyzes a data in which
observations are described by several inter-
correlated quantitative dependent variables
(Abdi and Williams, 2010) while, cluster
analysis is a convenient method for
identifying homogenous groups of objects
called clusters. It is particularly useful in
characterizing individual accessions, to detect
duplications of genetic materials in
germplasm collections, and as a general guide
in selecting parents for crossing in breeding
programs.

To boost the yield potential and genetic gain
under low or no input condition, it is
necessary to explore the existing genetic
diversity. The present study was carried out to
ascertain the nature and magnitude of genetic
divergence among 21 sesame genotypes and
to select better accessions for sesame
improvement programme.

Materials and Methods

Twenty one sesame genotypes were grown in
a randomized block design (RBD) with three
replications during Kharif seasons 2019 at
Agricultural Research Station, Navgaon
(Alwar) with standard cultural practices. Each
plot consists of five rows of 4 m length and
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30 cm apart. The experimental area occupied
was quite uniform with respect to topography
and fertility. The Agriculture Research
Station, Navgaon-Alwar is situated at North
East Corner of Rajasthan between 76°7°-28°2
N latitude. The average rainfall of the zone is
500 mm. The crop was grown under normal
crop season. Ten quantitative characters i.e.
days to 50 per cent flowering, days to
maturity, plant height (cm), number of
primary branches per plant, number of
capsules per plant, capsules bearing length
(cm), number seeds per capsule, 1000-seed
weight, harvest index and seed yield per plant
(g) were taken. The data collected were
subjected to multivariate analysis utilizing
Mahalanobis D? statistic as suggested by
Mahalanobis (1936) and Rao (1952) using
statistical software TNAUSTAT. Accessions
were grouped into five clusters following
Tocher’s method as suggested by Rao (1952).
The necessity of the principal component
analysis (PCA) for measuring the degree of
divergence has been established by SPSS 16.0
version.

Results and Discussion

In present investigation, the analysis of
variation found considerable level of
variability among different genotypes of
sesame for all the characters (Table 1). The
largest coefficient of variation was observed
for harvest index (11.41%), number of
capsules per plant (11.24%) and seed vyield
per plant (10.54%). The variation was found
low for days to 50% flowering and days to
maturity. This variability among the sesame
genotypes could attribute to the inherent
genetic differences or adaptation to local
environmental condition.

The success from hybridization programme is
expected from the combination of genetically
diverse parents which have role in the
heterotic expression and segregation potential
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of crosses (Tripathy et al., 2016). In the
present study, 21 genotypes were grouped
into five clusters based on Tocher’s method
(Table 2) on the basis of genetic diversity as
measured by Mahalanobis D?-values.

Out of these, cluster | was the largest cluster
comprising of 14 genotypes followed by
cluster Il consisting of 3 genotypes and
cluster 11 including two genotypes. Rest two
clusters were monogenotypic suggesting the
existence of high degree of heterogeneity

of different genotypes is imperative important
for breeding program since, it clearly
indicates the significance of a given character
in any group.

The dendrogram also observed the relative
magnitude of resemblance among the
different clusters (Fig. 1). This supports the
findings of Parameswarappa et al., (2010) and
Ahadu (2012) though the number of clusters
differed depending on the number of
genotypes and characters studied.

among the genotypes. This type of grouping

Table.1 Variations in quantitative traits of 21 genotypes of sesame

Characters Mean * Coefficient of Range
S.Em. variance (%) = Minimum | Maximum

Days to 50% flowering 52.68+0.99 3.25 49.00 56.33
Days to maturity 88.33+0.87 1.70 84.00 92.33
Plant height (cm) 96.37+5.15 9.25 82.67 114.33
Number of primary branches 3.97+0.22 9.80 2.27 4.86
per plant

Number of capsules per plant 38.22+2.48 11.24 24.00 50.58
Capsules bearing length (cm) 38.03+2.16 9.84 23.87 46.58
Seeds per capsule 46.32+2.42 9.04 33.33 62.50
1000-seed weight (g) 2.81+0.13 8.07 2.11 3.33
Harvest index 21.96£1.45 11.41 16.34 27.05
Seed yield per plant (g) 3.03+£0.18 10.54 2.32 4.59

Table.2 Clustering of 21 genotypes for various characters in sesame

Clusters Number of Composition of cluster
genotypes

I 14 ES-22, ES-322,ES-237, ES-384-1-84, EC-362405,
EC-351880, ES-26, ES-45. EC-370959, EC-359002,
GT-3, ES-307, GT-10 and Pragati

1 3 ES-231-3-84, RT-346 and ES-46

i 2 ES-264 and TKG-22

v 1 RT-351

Vv 1 MT-175
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Table.3 Intra and inter cluster average distances among clusters of sesame genotypes following
Tochers method

Clusters
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Table.6 Factor loadings of nine characters with respect to different PC’s (Principal components)

Fig.1 Dendrogram based on 10 characters observed in sesame genotypes
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Fig.2 Scree plot showing the Eigen value variation for ten quantitative traits of sesame
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Fig.3 Genotypes plotted for PC 1 and PC 2
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DF-Days to 50%flowering, DM-Days to maturity, PH-Plant height (cm), Pbr-Number of primary branches/plant,
CAP- Number of capsules/plant, CAPL-capsules bearing length, SC-Number of seeds per capsule, TW-1000-seed
weight (g), HI- Harvest index and SY-Seed yield per plant (g).

Inter and intra cluster D? values were worked
out from divergence analysis (Table 3) and
revealed that the inter cluster distances were
greater than the intra cluster distances
indicating wider genetic diversity among the
genotypes of different groups. An assessment
of cluster showed that clusters were
heterogeneous within themselves and between
each other based on major character. The intra
cluster distance ranged from 0.00 to 34.27 and
the inter cluster distance ranged from 42.77 to
155.73, indicating that the selected genotypes
were highly divergent. Maximum inter cluster
divergence was observed between clusters 1V
and V (155.73) followed by clusters Il and V
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(129.32) indicating greater the distance
between two clusters, wider the genetic
diversity among the genotypes and good
recombinants can be realized by mating
between the genotypes, RT-351, ES-231-3-
84, RT-346, ES-46 and MT-175 in a definite
fashion. The lowest inter cluster divergence
(42.77) was noticed between cluster | and Il
indicating that the genotypes included in them
were closely related and hence, may not be
emphasized upon to be used in hybridization
programme. Accessions falling under distant
clusters could be hybridized to get the higher
heterotic responses. Crosses involving parents
belonging to the most divergent clusters
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would be expected to manifest maximum
heterosis and wide variability of genetic
architecture. Similar results were obtained by
Hika et al., (2015) and Dash et al., (2018).
Such grouping of genotypes from different
genetic origin may be attributed to the
unidirectional selection practiced by the
breeder in a particular location (Singh and
Bains, 1968). Murty and Arunachalam (1966)
have reported that genetic drift and selection,
both natural and artificial in different
environments could cause greater diversity
among genotypes than geographic distances.
Probably due to above two factors, the
genotypes originating from the different
crosses have been clustered together.

The cluster mean values were calculated over
genotypes for ten  agro-morphological
characters including seed vyield per plant in
sesame, which revealed that a wide range of
variation (Table 4) existed among clusters.
The genotype viz., RT-351 in cluster IV had
maximum cluster mean values for the
characters seed vyield per plant (4.59 g),
harvest index (26.17), capsule bearing length
(44.16 cm), short plant height (94.0 cm), early
flowering (49 days) and early maturity (84.0
days) and genotypes viz., ES-264 and TKG-
22 in cluster 111 had maximum mean for seeds
per capsule (57.95). These genotypes may be
important for further breeding program to
increase seed yield meanwhile cluster | could
serve as a parent material in the improvement
of capsule number as it possess highest
capsule number than any other cluster. The
variation observed in cluster mean also points
to the degree of variability by Veni et al.,
(2008) and Peluzio et al., (2012).

The characters contributing maximum to
divergence needs greater emphasis for
deciding on the clusters for the purpose of
selection of parents in the respective cluster
for hybridization. Out of ten characters
studied, five characters namely 1000-seed
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weight (20%) followed by harvest index
(16.67%), seed vyield per plant (14.29%),
number of primary branches per plant
(12.38%) and number of capsules per plant
(10.95%) contributed 74.29% towards total
divergence (Table 4). Therefore, these
characters should be given importance during
selection of parents for hybridization and also
in the follow-up selection of segregating
populations. Similar observation was reported
by Abate and Mekbib (2015) and Kiranmayi
et al., (2016). Thus, contribution of characters
to divergence depends on the number of
characters studied and the influence of the
environment on the expression of characters.

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 (Jolliffie, 1986). Only the first 3 PCs
showed Eigen values more than one, and they
cumulatively explained 67.48% variability
(Table 5). The first PC explained 35.29 per
cent of the total variation, and the remaining 2
PCs explained 18.96 and 13.23 per cent
variation, respectively. The first one absorbed
and accounted for maximum proportion of
total variability in the set of all PCs and the
remaining ones accounted for progressively
lesser and lesser amount of variation. Similar
result has been reported earlier by Singh et
al., (2018) in sesame. Eigen values of 10
principal components are shown within the
scree plot (Fig. 2).

The analysis without rotation of axes failed to
load all the variables signifying that it could
not offer much information regarding the idea
of correlation between the variables and the
principal components. Varimax Rotation was
applied and this resulted in loading of all the
variables on different principal components.
Factors’ loadings of different variables thus
obtained are presented in Table 6. It revealed
that the first principal component (PC1)
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which accounted for the highest variation
(35.29%) was mostly related traits are seed
yield per plant, capsules bearing length and
seeds per capsule. The second principal
component (PC2) was dominated by traits
viz., days to maturity, number of primary
branches per plant and 1000-seed weight
while, PC3 consisted mainly of plant height
and harvest index. Similar results were
reported by Shim et al., (2016) and Singh et
al., (2018).

In present investigation the results of
hierarchical cluster analysis and PCA
confirmed the findings of each other.

Principal factor scores (PF scores) for all the
21 genotypes were estimated for all the three
PCs. These scores may be utilized to
construct precise selection indices based on
variability exhibited by each of the principal
factor. The genotypes were plotted for PC1
and PC2 which together explained 67.48 per
cent variability and included the major seed
yield characters (Fig. 3 & 4). Positive side of
PC1 indicated the genotypes giving high seed
yield per plant and number of seeds per
capsule which were indicative as 2 (RT-351),
3 (TKG-22), 14 (ES-264) and 17 (ES-384-1-
84). Similarly, positive values of PC 2 were 8
(ES-22), 10 (ES-45), 11 (ES-46), 12 (ES-231-
3-84), 13 (ES-237), 15 (ES-307), 18 (ES-
359002), 20 (EC-370959) and 21 (EC-
362405) and these genotypes were combining
for early maturing and number of primary
branches per plant. The genotypes 1 (RT-
346), 5 (GT-10) and 19 (EC-351880) scored
high and positively both for PC1 and PC2 i.e.
the genotypes giving number of capsules per
plant, 1000-seed weight, harvest index and
capsules  bearing  length  contributing
characters. These studies also suggest that it
was possible to reduce large number of
variables into only three principal factors and
identify different lines better for different
combinations of characters. Hence, indirect
selection for seed yield based on component
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traits may lead to create better genetic
recombinants for improving yield and yield
attributing characters in sesame.
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