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INTRODUCTION

Sesame (Sesamum indicum L.) is a self pollinated crop with 2x
= 2n = 26 chromosomes. It belongs to the family Pedaliaceae,
containing 60 species organized into 16 genera (Ashri 1989;
Zhang et al., 2013). The genus comprises of 36 species
(Kobayashi, 1981) of which S.indicum is one of the oldest
oilseed crops grown in India. It has been regarded as a crop of
insignificant importance compared to other oil seed crops
like groundnut and soybeans probably due to its low harvest
index, lack of wider adaptability, susceptibility to diseases,
seed shattering at maturity, indeterminate growth habit and
non-synchronous maturity. Most of the commercial sesame
varieties grown are of indeterminate growth habit with
continuous flowering bearing dehiscent capsules (Weiss,
1971; Ashri, 1989). Development of semi shattering sesame
genotypes has not received much attention with very few
reports till date (Uzun et al., 2013). So rectification of the
defect is a way to achieve the improvement of the crop. For
this assessment of genetic diversity and effect of different traits
to yield is very important. Genetic improvement for seed yield
by selection through correlated response entailing several
contributing factors which influence seed production both
directly and indirectly will be most appropriate. Studies on
sesame genetic variability help to combine desirable genes
from genetically diverse parents through hybridization
followed by selection in segregating generations (Raghuwanshi

and Duhoon, 2005). Keeping the above points in view, this
study was carried out to recognize and categorize 35 sesame
accessions to choose germplasm with diverse agronomic
performances and yield potential with specific reference to
capsule shattering characters.

MATERIALS AND METHODS

The present investigation included 35 sesame accessions
which included 26 advanced breeding lines of diverse genetic
origin (i.e derived from different crosses) and 9 released
varieties. Of these 14 were white seeded, 10 brown seeded
and 11 were black seeded types. The crop was grown during
2015 kharif in Central Research Station, OUAT, Odisha. The
field lay out was done in randomized block design with three
replications. The average maximum and minimum temperature
during the period was 34ºC and 22.9ºC respectively. The soil
of experimental area was sandy loam with a pH of 5.5 to 6.5.
Each entry was represented by a 4 row plot of 2.0 m length
with a row-to-row spacing of 0.30 m. All the recommended
agronomic package of practices was followed during the
conduct of experiment. A total of sixteen characters for yield
and its components as well as capsule characters related to
shattering were studied. Observations were recorded on twelve
quantitative traits, viz. days to flowering, days to maturity, plant
height, number of branches per plant, number of capsules
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per plant, capsule length, capsule width at broader side,
capsule width at narrower side, number of seeds per capsule,
seed weight per capsule, 1000-seed weight and seed yield
per plant.  Observations were also recorded on four capsule
shattering related traits, viz. capsule split before drying of
capsules, capsule split after drying of capsules, capsule open
before drying of capsules and capsule open after drying of
capsules. Days to flowering, days to maturity and seed yield
were recorded on plot basis and observations on other
characters were taken from a sample of five randomly chosen
competitive plants per plot and averaged for per plant values.
Analysis of variance (ANOVA) was carried out on the basis of
replication wise plot mean values for individual characters.
The total variance was partitioned into components ascribable
to replications, genotypes and error by adopting standard
analysis of variance technique for RBD design (Panse and
Sukhatme, 1954). The phenotypic and genotypic coefficients
of variation (%) for different traits were estimated by Burton
(1968) method and heritability (in broad sense) for different
traits was estimated using the components of variance as
suggested by Hanson et al. (1956). The expected genetic
advance or genetic gain due to selection for different
quantitative traits was estimated using the formula suggested
by Johnson et al. (1955). Using the variance and covariance
components, the genotypic and phenotypic correlations
between two characters (X and Y) were computed following
Al-Jibouri et al. (1958). The path coefficients were obtained by
solving simultaneous equations which give the basic
relationship between correlations and path coefficients in a
system of correlated causes (Dewey and Lu, 1959). Genetic
divergence was computed by using Mahalanobis  generalized
distance or D2 statistic as described by Rao (1952). In all the
D2 combinations, the characters were ranked on the basis of
their contribution to D2. Grouping of genotypes into different
clusters was done according to Tocher’s method (Rao, 1952).

RESULTS AND DISCUSSION

The analysis of variance and F-test revealed highly significant
differences among the genotypes for all sixteen characters
(Table 1). This indicates the presence of wide genetic variability
among the genotypes. The variation of different traits under
study revealed the measure of free variability in the population
of different genotype, which would reflect the unforeseen
impact of potential variability on yield. High values of PCV
and GCV were noted for capsule number per plant, split of
capsule before drying, opening of capsule before drying and
seed yield per plot. None of the reports indicated higher values
of PCV and GCV simultaneously for the traits stated above
except for capsule number per plant. However, higher value
of both PCV and GCV for number of primary branches was
reported by Chandra Mohan (2011) and Ahadu (2012);
capsules per plant by Chowdhary et al. (2010), seeds per
capsule by Parameswarappa et al. (2009), Ahadu (2012) and
Gadisa et al. (2015). For all characters, PCV was higher than
GCV. Similar type of results is reported by Sengupta and Dutta
(2004). This implies that these characters had interacted with
the environment to some extent for their expression.

In the present study heritability was higher (>80%) in all the
16 characters studied. High heritability for one or more
characters was also reported by Tripathi et al. (2013) and
Bharathi et al. (2014). But, contradictory results have been
found in some cases, which might be due to the number of
genotypes studied, variability present in the population and
the type of environment in which the varieties were evaluated.
The genetic gain (as percentage of mean) was higher for
capsules per plant, splitting and opening of capsules before
drying and seed yield, thus points to the predominance of
additive effects and can be taken as unit characters for effective
selection. Low genetic advance for days to flowering was
reported by Babu et al. (2005) and seeds per capsule by Reddy

Table 1:  Genetic parameters for seed yield and its components  and some capsule shattering  related characters in sesame

Characters          Range Mean SE Coefficient Coefficients of Heritability Genetic
of      variability (broad advance
variation sense) as percen

Minimum Maximum (CV %) GCV PCV h2 % tage of
mean
(gam)

DF 33.33 42.67 37.74 0.502 2.34 6.63 6.77 96.02 11.44
DM 70 87 78.55 0.595 1.33 6.82 6.86 98.75 11.93
B/P 2 6 3.98 0.281 12.39 29.95 30.79 94.61 51.28
C/P 13.33 75 26.96 1.904 12.54 48.08 48.62 97.78 83.67
PH 69 150.7 114.56 5.925 9.09 16.37 17.19 90.68 27.44
CL 1.84 2.88 2.44 1.102 7.35 9.53 10.43 83.45 15.32
CW-1 5.38 9.35 7.253 0.076 1.84 12.03 12.08 99.23 21.1
CW-2 3.98 7.82 6.105 0.15 4.33 14.35 14.57 97.06 24.88
CS-1 0 1.99 0.71 0.048 11.88 88.34 88.6 99.4 155.01
CS-2 0.84 2.99 2.17 0.054 4.35 17.96 18.14 98.09 31.31
CO-1 0 1.5 0.44 0.08 32.44 94.23 96.08 96.2 162.67
CO-2 0.82 2.69 1.66 0.083 8.84 33.07 33.46 97.68 57.53
SN/C 27.2 68.2 49.05 0.687 9.63 21.21 21.93 93.57 36.11
SW/C 0.1 0.34 0.197 0.008 7.5 28.19 28.52 97.69 49.04
TSW 1.7 4.13 2.867 0.06 3.7 17.85 17.97 98.59 31.19
SY/P 0.07 0.32 0.137 0.01 12.88 42.21 42.86 96.99 73.17

DF (Days to Flowering), DM (Days to maturity), B/P(Branches per plant), C/P(Capsules per plant), PH(Plant height), CL(Capsule length), CW-1(Capsule Width at Broader Side), CW-
2(Capsule Width at narrower  Side), CS-1(Capsule split before drying), CS-2(Capsule split after drying), CO-1(Capsule Open Before drying), CO-2(Capsule split after drying), SN/C (Seed
number per capsule),  SW/C (Seed weight per capsule), TSW(Thousand seed weight), SY/P(Seed yield per plot)
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et al. (2001). A high heritability coupled with high genetic
advance was found in capsules per plant, capsule split and
open before drying and seed yield per plot, which indicated
the presence of additive gene effects for these characters.
Similar reports of high heritability coupled with high genetic
advance for one or more character has been reported (Yirgalem
et al., 2012; Mahmoud and Zeinab, 2015). This indicates that
the selection in the desired direction will be quite effective for
these four traits.

In respect of most of the character pairs, genotypic correlations
were higher than phenotypic correlations (Table 2). In case of
genotypic correlation, highest positive significant association
(0.957) was found between capsule per plant and seed yield
per plot whereas lowest positive significant association (0.335)
was found between seed number per capsule and capsule
opening before drying. In case of phenotypic correlation,
highest positive significant association (0.933) was found
between seed yield per plot and capsule per plant whereas
lowest positive significant association (0.349) was found
between seed weight per capsule and capsule length. This
indicates that the environmental cause of correlation has
affected the genetic cause, thereby reducing the use of
genotypic correlation in crop improvement program. Days to
flowering showed positive association with days to maturity,
plant height, capsule breadth and seed number per capsule.
Similar results were reported by Solanki and Gupta (2003).
Seed yield showed a highly significant and positive correlation
with number of capsules per plant, branches per plant, capsule
length, seed weight per capsule and number of seeds per
capsule. Similar results were obtained by Siddiqui et al. (2005),
Sumathi et al. (2007), Yirgalem et al. (2012), Shekhawat et al.
(2013) and Mahmoud and Zeinab (2015) in sesame.  These
results are in parallel with the research findings of Thakur et
al. (2015) in greengram and Khan et al. (2015) in cowpea.

The cause and relationship between seed yield and other 11
characters were investigated both at phenotypic and genotypic
level. It was found that seed yield was very much influenced
by capsules per plant, 1000-seed weight, branches per plant,
days to maturity, capsule width and seed weight per capsule.
The highest positive direct effect on seed yield per plot was
exhibited by capsules per plant (0.735) followed by 1000-
seed weight (0.267) and capsule width at narrower side (Table
3). The positive direct effect of one or more of these characters
was reported by Renuka et al. (2011), and Shekhawat et al.
(2013). It is evident from both direct and indirect effects of the
component characters at phenotypic and genotypic levels
that selection would be more effective when based on
characters like capsule per plant, capsule width at narrower
side and 1000-seed weight.

The grouping of the 35 genotypes by the Tocher’s optimization
criterion formed eight conglomerates (Table 4). Cluster I was
the largest with 14 genotypes followed by cluster II with 8
genotypes. Cluster IV showed the maximum intra-cluster
distance (D2=247.89). The average inter-cluster distance
varied from 299.29 (between cluster II and VI) to 1622.41
(between cluster V and VII).  Relative contribution of different
characters to total divergence (Table 5) revealed that capsule
width at broader side has the highest (22.44%) contribution
to total divergence followed by seed yield (12.67%) and leastTa
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by capsule length (1.43%). Crosses between genotypes of
cluster V with genotypes of cluster VII may give rise to high
yielding segregants (Shekhawat et al., 2014).  It is also observed
that the clustering pattern of genotypes did not show any
parallelism with their genetic origin. Such grouping of
genotypes from different genetic origin may be attributed to
the unidirectional selection practiced by the breeder in a
particular location. However Murty and Arunachalam (1996)
have reported that genetic drift and selection, both natural
and artificial in different environments could cause greater
diversity among genotypes than geographic distances.

Table 4: Intra-(diagonal) and inter -cluster avrage  d2 among 35 genotypes
Cluster I II III IV V VI VII VIII (1) Genotypes in cluster

(14) (8) (4) (4) (2) (1) (1)
I 226 386.23 405.93 321.73 726.13 351.35 474.29 834.42 OSC-17,  OSC-20, OSC-28,OSC-56, OSC-96,

OSC-134, OSC-333, OSM-195, OSM-212,
OSM-221,  TKG-22,  RT-54, AMRIT, KANAK

II 192.14 318.21 617.05 639.29 299.29 684.97 430.17 OSC-26, OSC-47,OSC-79, OSC-83, OSM-152,
NIRMALA, UMA

III 152.67 767.54 326.03 365.82 909.42 811.97 OSC-21, OSC-98, OSC-366, PRACHI
IV 247.89 1149.79 622.48 557.8 1072.21 OSC-172, OSC-303, OSC-442, OSC-493
V 246.81 573.36 1622.41 1445.41 OSC-32, OSC-389
VI 0 459.72 587.45 USHA
VII 0 771.27 KALIKA
VIII 0 OSM-170

Probably due to above two factors, the genotypes originating
from the different crosses have been clustered together. The
use of genotypes from cluster V and VII as parents in a
hybridization program will give rise to high yielding segregants
possessing semi shattering capsule characters. Intercrossing
of such genotypes involved in these clusters would be useful
for generating variability for the respective characters, and
their rational improvement for increasing the seed yield per
plant. These morphological characters need to be substantiated
further with molecular markers for confirming the genetic
differences among the genotypes.
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TRAITS DF DM B/P C/P PH CL CW-1 CW-2 SN/C SW/C TSW Phenotypic
 correlation
 with seed
yield (rp)

Days to flowering (DF) -0.079 0.001 -0.036 -0.160 -0.005 -0.001 0.013 0.017 -0.001 -0.002 -0.079 -0.329
Days to maturity (DM) -0.029 0.002 -0.033 -0.275 -0.001 0.001 -0.004 0.015 0.004 0.000 -0.014 -0.332
Branches per plant (B/P) 0.025 -0.001 0.106 0.389 -0.003 0.001 -0.006 0.010 -0.028 0.003 0.079 0.576
Capsules per plant (C/P) 0.016 -0.001 0.056 0.735 -0.003 0.003 -0.002 0.031 -0.029 0.005 0.122 0.933
Plant height (PH)  (cm) -0.020 0.000 0.016 0.117 -0.019 0.001 0.008 -0.007 0.003 -0.001 -0.018 0.078
Capsule length (CL)  (cm) 0.012 0.000 0.018 0.284 -0.001 0.009 -0.014 0.053 -0.005 0.004 0.081 0.441
Capsule width at broader side (CW-1) (mm) 0.015 0.000 0.011 0.028 0.002 0.002 -0.063 0.132 -0.006 0.000 0.057 0.180
Capsule width at narrower side  (CW-2) (mm) -0.008 0.000 0.007 0.142 0.001 0.003 -0.051 0.162 -0.010 0.001 0.061 0.308
Seeds per capsule (SN/C) -0.001 0.000 0.048 0.348 0.001 0.001 -0.006 0.025 -0.062 0.005 0.040 0.398
Seed weight per capsule  (SW/C) (g) 0.011 0.000 0.031 0.299 0.002 0.003 -0.003 0.014 -0.028 0.011 0.109 0.451
1000-seed weight (TSW) (g) 0.022 0.000 0.031 0.337 0.001 0.003 -0.013 0.037 -0.009 0.005 0.267 0.680

Table 3: Direct and indirect effects of component traits on yield at the phenotypic level in sesame

Residual =0.163,R2 = 97.34%;NB: bold figures indicate direct effects

Table 5: Contribution of yield and its components to genetic
divergence
Character AverageD2 % contri

bution to
Total diver
gence

Days to flowering 16.74 3.86
Days to maturity 53.04 12.22
Branches per plant 13.13 3.03
Capsules per plant 29.83 6.87
Plant height (cm) 11.27 2.60
Capsule length (cm) 6.19 1.43
Capsule width at broader side (mm) 97.36 22.44
Capsule width at narrower side (mm) 36.10 8.32
Seeds per capsule 12.86 2.96
Seed weight per capsule (g) 48.28 11.13
1000-seed weight (g) 54.15 12.48
Seed yield per plot (kg) 54.98 12.67
TOTAL 433.93 100
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