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Abstract

Sesame is one of the most important oilseed crops in the tropical and subtropical
regions of the world. Despite its importance, sesame Yyield in Nigeria is poor due to
lack of improved and high yielding varieties. The aim of the work was to study
genetic  diversity in  some  agro-morphological  traits of  sesame
germplasm. Germplasm exploration was carried out using systematic survey from
October 2022 to September 2023 in different sites across Nasarawa State. One
hundred and twenty (122) germplasm was collected and evaluated in an incomplete
randomized block design with 3 replications at the Faculty of Agriculture, Federal
University Lafia, during October 2023 under irrigation. Data was collected on plant
height (cm), number of primary branches (NBR), number of Capsules per plant and
seed yield per plant (g), Analysis of variance revealed significant (p < 0.01) variation
among the 122 genotypes for all the traits studied. Partitioning the significant
variations into variance components showed that genotypic variance range from 0.92
for SYP to 287.34 for PHT. The genotypic effects have significant contribution to the
phenotypic variation in all traits. The magnitude of the genotypic variance component
resulted in high heritability estimates for PHT and CAP. Biplot PCA on agro-
morphological traits displayed three principal components that contributed for
71.38% variations. Cluster analysis grouped the collected germplasm into three main
clusters. The phenotypic diversity observed in this study may be exploited in the
selection of parental lines for hybridization when breeding sesame for high seed
yield.
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Introduction

Sesame (Sesamum indicum L.; 2n = 2x = 26) belongs
to the family Pedaliaceae. It is a predominantly self-
pollinating crop. Sesame seed oil and derived products
serve the food, feed, and cosmetics industry globally.
Sesame has higher seed oil content ranging from 40%
to 60% when compared to soybean (~20%), rapeseed
(~40%), sunflower (~45%), and groundnut (45-56%)
[1]. Sesame oil comprises about 85% unsaturated and
15% saturated fatty acids [1]. The unsaturated fatty
acids include linoleic acid (~46%) and oleic acid
(~38%), while the saturated fatty acids are palmitic acid
(~12%) and stearic acid (~4%) [2]. The higher quantity
of unsaturated fatty acids present in sesame oil has
human health benefits believed to minimize the risks of
cardiovascular diseases, cancer, brain, and liver damage
[3]. Sesame is widely traded in local, regional, and
international markets [4]. A global total of 2.4 million
tons of sesame grain was traded in 2020 with a
monetary value of 3.2 trillion USD. Likewise, sesame
consumption is steadily increasing due to high demands
related to its unique nutritional values such as higher
contents of vitamins (e.g., A and E), minerals, fiber,
desirable fatty acids, carbohydrate (~13.5%), and
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protein (~24%) [4]. Furthermore, population pressure,
urbanization, and the changing lifestyle have increased
the global demand for sesame products [4].

About 70% of the world’s sesame seed is processed to
produce food oil, while the seedcake left after oil
processing is used to prepare livestock meals [4]. The
global annual human consumption of sesame is about
65% and 35% in the form of processed food oil and
grain, respectively [5]. In 2020, world sesame grain
production was 7.25 million tons [6]. Sudan is the
largest sesame grain-producing country with 1.52
million tons per annum, followed by China (0.89
million tons), Myanmar (0.74 million tons), the United
Republic of Tanzania (0.71 million tons), India (0.65
million tons), Nigeria (0.49 million tons), Burkina Faso
(0.27 million tons), and Ethiopia (0.26 million tons) [6].
The actual mean seed yield of sesame in sub-Saharan
Africa is <0.6 tons ha'), which is far below the
attainable yield of the crop, reaching up to 4.00 tons ha’
1) [6]. Relatively higher sesame seed yield productivity
is reported in Lebanon (3.29 tons ha™), Jordan (2.38
tons ha™) Israel (2.04 tons ha), China (1.62 tons ha™),
Tajikistan (1.59 tons ha™), and Uzbekistan (1.52 tons
ha™) [6].
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The low yield level in sub-Saharan Africa is attributable
to the use of unimproved traditional varieties or
landraces. Moreover, sesame Yields are hindered by the
indeterminate growth habit of some varieties, capsule
shattering, and excessive seed loss pre- and post-harvest
[7]. Nearly all the global sesame varieties are prone to
capsule shattering, and they are not suitable for
machine harvesting [4], a pre-harvest yield loss of 50%
in some sesame varieties due to capsule shattering.
Hence, manual sesame harvesting is the method of
choice globally, which significantly increases the
production and market costs of the produce [4, 8].
Genetic erosion has been very fast in recent years due
to rapid modernization of the society and genetic
diversity has been replaced by introduction of few high
yielding varieties. Farmers are leaving their own
traditional varieties and growing the improved cultures
thereby many of the landraces have become extinct.
The need for both in situ and ex situ conservation is
now felt as the sesame cultivation in the country is
largely affected by extreme natural calamities after
rapid climate change, through an erratic monsoon.
Earlier the biggest challenge was flood, but
subsequently other factors like salinity after frequent,
temperature rise and drought like situation in many
parts of the country have put the challenge before
sesame researchers to incorporate these genetic factors
in the plant. Although many sesame germplasm are
conserved in the world gene bank but information on
germplasm is not complete. Germplasm without
characterization and evaluation data cannot be utilized
for crop improvement programme. Hence a systematic
characterization, evaluation and documentation of
important traits against each germplasm required to be
done for its better utilization by the breeder.

One of the key objectives of the Faculty of Agriculture
of is the acquisition of new germplasm and evaluation
of existing germplasm collections for used in crop-
improvement research and development. For any
germplasm to be used, it must be shown to be useful. A
component of this objective is to broaden the
germplasm resources of plants to ensure maximum
genetic diversity for improved productivity through
collection, classification, evaluation, preservation, and
distribution of plant germplasm and assess its potential
for meeting agricultural needs. Significant progress on
the evaluation, enhancement, and genetic analysis of
the sesame germplasm collection will impact essentially
all aspects of sesame research, development, and
production. One approach to assembling a gene pool is
to collect material from diverse geographic origins,
with a concentration of accessions from the presumed
centers of diversity in individual samples.
Representative samples from the complete geographic
range of the sesame can help to ensure conservation of
co-adapted gene complexes. Identification of new
diverse sources will help in better utilization of
germplasm in the breeding programmes, aimed at
producing agronomically superior cultivars with broad
genetic base. The objective of the sesame germplasm
collection mission was to capture maximum variability
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of sesame germplasm within the state and to meet the
need of breeders trying to identify genotypes with high
seed yield and quality to include in the breeding
programmes to develop sesame varieties for use by
farmers in the savannah agro-ecologies of Nigeria.

Materials and Methods

Germplasm exploration was carried out using a
systematic survey (random sampling method) from
October 2022 through to September 2023 in different
sites across Nasarawa State. The team comprised of the
Principal Investigator, 2 technical staff and a Driver
who discussed with the local farmers and identify the
most important sesame-growing region in the local
government areas of the state. The team surveyed door-
to-door, fields in collecting the sesame germplasm.
Collection for each sample was tagged and packaged
separately. The locations of the collection sites were
identified using Global Positioning System (GPS). Each
germplasm collected was properly dried cleaned and
dispatched as voucher sample in medium term storage
for future references. The sole objective of
exploration/research  was to  document  the
morphological/genetic characterization and evaluation
of collected accessions so as to identify the best
available local sesame germplasm that can adapt to the
moisture stress conditions as well as to standardize the
suitable high yielding germplasm for sesame cultivation
in the state.

Phenotyping of the collection

One hundred and twenty germplasm collected was
collected and evaluated in two replicated trials at the
Faculty of Agriculture, Federal University of Lafia,
during October 2023 under irrigation. Experiment was
laid out in an incomplete randomized block design.
Healthy and bold seed of sesame were sown with a seed
rate of 20-25 kg/ha and spacing of 20 cm x25 cm.
Recommended dose of fertilizer viz. 120-60-40 kg NPK
ha™ (100% RDF) were applied through DAP and MOP.
Morpho-agronomic characters for both vegetative at
harvest and reproductive stages were recorded over five
randomly selected plants and subjected to the statistical
analysis (ANOVA). Data was standardized for the traits
to a mean of zero and a standard deviation of one for
multivariate analysis. Principal Component Analysis
was performed using the standardized data with a
covariance matrix in SAS. The linear effect model for
ANOVA for the traits with one location was as follows:

Yik = H+a; + B + e 1

The means of significant different traits (p <0.05)
among the sesame germplasm was separated using the
Fisher’s protected least significance difference test.
Variability analysis

Variability parameters, including heritability, genotypic
coefficient of variance (GCV), phenotypic coefficients
of variation (PCV), genotypic and phenotypic
variances, were calculated using formulas proposed by
Singh and Chaudhary [9] as follows:




Q

The genotypic variance was calculated as:
, MSG - MSE
o, =—

g r

where 092 stands for genotypic variance, MSG refers to

@)

the mean squares for genotypes, MSE stands for the
mean sum of squares for error, and r refers to the
number of replications.

The phenotypic variance was calculated as:

: = (3)

Where O'é stands for phenotypic variance and 0'92 for

2 2
c,=0,+0,

environmental variance, which is equal to the mean
squared error
Genotypic and phenotypic coefficients of variance were

calculated as:
2 2
VO-Q VGP

GCV = and PCV = x100 4)

In the above equations, GCV stands for genotypic
coefficient of variance, PCV stands for phenotypic

coefficient of variance, O'é stands for phenotypic

. 2 . . v -
variance, o g stands for genotypic variance, and X is

the mean of the population.

Broad-sense heritability for all the traits was measured
as:

2
9

2
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In the above equation, Hb is broad-sense heritability,
o
variance. Heritability was calculated by adjusting the
scale to below 30% as low, 30-60% as moderate, and
greater than 60% as high, as aligning with Kehie et al.
[10].

Hb = x 100 (5)

is genotypic variance, and O'; is phenotypic

Rank summation index

The rank summation index (RSI) a selection index that
ranks genetic materials for traits by adding the ranks of
each trait's genetic materials was used in selecting 25
best germplasm. The formula for the RSI as presented
by Mulamba and Mock [11] is as follows:

I =Zn:rank(xi) (6)
i=1

Principal component analysis

Contribution of each trait to the total variability was
determined through principal component analysis
(PCA) based on a correlation matrix of all variables,
and principal components with Eigen values > 1.0 was
selected. To assess extent of relatedness among the okra
accessions, a cluster analysis using Ward’s minimum
variance method by accession was conducted to
generate a dendrogram using PROC CLUSTER and
PROC TREE [12].

472

La{l’m Journal of Scientific & Industrial Research, 3(1)

Results and Discussion

Analysis of variance of agronomic traits

The estimated components of variance and their effects
on phenotypic variation are shown in Table 1. The
analysis of variance revealed significant (p < 0.01)
variation among the 122 genotypes for all the traits
studied. Portioning the significant variation into
variance components showed that genotypic variance

(ag) range from 0.92 for SYP to 287.34 for PHT. The

genotypic effect has a significant contribution to the
phenotypic variation in all traits. The magnitude of the
variance component ng resulted in high heritability
Hb estimates for PHT and CAP, which were greater
than 60%. The o)
phenotypic coefficient of variability (PCV) were

slightly higher than genetic variance (agz) and

phenotypic variance and

genotypic coefficient of variance (GCV) for all traits,
confirming the influence of environment on the
expression of these characters. The difference between
PCV and GCV was relatively high for the traits NBR,
CAP and SYD, suggesting that the environment
substantially influences these traits. Smaller differences
between PCV and GCV were noted for PHT and DFF,
showing that these traits were less influenced by
environment, so that phenotypic selection can be
reliably and effectively practiced for improving these
traits. In the present study, GCV, PCV and Hb, showed
a considerable amount of variation, indicating that there
is enough scope for the selection of the desired
germplasm based on agronomic traits (Table 2). The
best 25 germplasm were identified using Rank
Summation Index (RSI) based on all the morphological
traits used in this study (Table 3).

Table 1: Mean square analysis for some

morphological traits of sesame germplasm collection

evaluated in Nasarawa state evaluated in 2023
Sources of Mean squares

variation Df PHT (cm) NBR CAP DFF SYP(g)
Replication 2  4829.10 9131 65723 0.865 0.089
Genotype 121 1665.90** 12.38** 947.6** 16.39** 3.808**
Error 242 287.30 458 2480 0417 0.095
CV (%) 15.07 2241  28.82 1.87 0.94
Maximum 211.00 20.00 157.00 42.00 34.67
Minimum 50.00 0.00 0.00 23.00 18.76
Mean 11251 3.43 2288 3458 11251
SEm 112.50 3.43 2288 34.58 5.77
CD (5%) 9.79 1.24 9.73 1.10 1.60
CD (1%) 27.26 3.44 27.11 3.07 4.56




Alhassan et al. (2025). Phenotypic diversity & performance for some agronomic characters in sesame...
e ——

Table 2: Estimates of variance components,
phenotypic, genotypic coefficient of variation and
heritability of 122 germplasm collection evaluated in
Nasarawa state evaluated in 2023

Variance components

V GCV ECV Hb

TS gl op oy G 8 %) ()
PHT (cm) 35.93 287.34 45953 2429 19.05 15.07 61.53
NBR 458 260 718 7816 47.05 62.40 36.25
CAP 284.01 221.20 505.22 98.23 65.00 73.65 43.78
DFF 365 1316 161 11.85 10.49 552 78.28
SYP (9) 061 031 092 240 140 33.72

Table 3: Performances using Rank Summation
Index for selection the best 25 genotypes based on
five important traits of sesame grown in Lafia,
2023/24 dry seasons

Rank Summation Index

Genotype 5+ cm) NBR CAP DFF SyP(g) 2K
CHI00L 3 3 18 1 11 1
T70 2 4 2 2 1 2
T114 13 3 5 9 14 3
T46 26 27 8 29 18 4
T40 8 5 13 71 9 5
T51 1 % 1 2 15 6
T58 4 51 9 36 12 7
T25 31 18 6 54 1 8
T19 25 9 20 61 25 9
T120 7 1 10 111 33 10
T59 5 25 30 70 65 11
T62 9 61 53 7 20 12
T17 35 10 34 52 47 13
T77 12 33 12 79 17 14
T50 27 84 16 12 67 15
T105 40 2 3 100 45 16
T43 30 43 51 23 28 17
T21 38 39 2 5 57 18
T39 18 17 7 107 78 19
T32 47 28 43 32 24 20
172 33 3 63 17 61 21
T37 44 13 8 16 13 22
T65 20 3 19 87 67 23
T102 23 3% 66 40 56 24
T44 24 7 45 89 16 25

Table 4: Rotated component matrix for different
traits of sesame genotypes grown in Lafia, 2023/24
dry seasons

PC axis

Parameter —p~ PC2 PC3 PC4

SD 1.3496 1.0168 0.8433 0.6584
PV 0.4553 0.2585 0.1778 0.1084
CP 0.4553 0.7138 0.8916 1.0000

Eigenvectors

PHT (cm) -0.6020018 0.2038833 0.072616 0.67615289
NO BRCH 0.49390317 -0.25086175 -0.8274553 0.09190087
NO CAP  -0.62535822 -0.47846681 0.268579 -0.72844723
D50F -0.05079961 0.94304981 0.3230175 0.06112396
SYP (g) 0.55066133 -0.4374555 -0.0937031 -0.07059953

SD = Standard deviation; PV = Proportion of variance; CP =
Cumulative Proportion
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Results for PCA (Table 4) revealed that the first
principal component (PC1) was mostly related with
yield traits such as seed yield, number of primary
branches per plant and number of capsules per plant.
The second principal component (PC2) was dominated
by traits such as plant height and number of days to
50% flowering while PC3 was associated with days to
50% flowering. On the basis of PCA, most of the
important yield attributing and quality traits were
present in PC1, PC2 and PC3. Baraki et al. evaluated
13 sesame genotypes and reported that out of eight, first
three PCs accounted for 88.49% of the total variance
and these three PCs were considered as significant [13].
PCA-biplot based on agro morphological traits
displayed three principal components that contributed
for 71.38% to the overall phenotypic variability among
the sesame collections (Fig 2). In particular, the PC1
explained 45.53% of total variation, where NBR and
DFF appeared those mainly involved. The PC2
accounted for 25.80% of total variation and the traits
involved were PLH and CAP (Table 4). The first two
PCs were able to distinguish the sesame collection
according to their major contributing traits. Genetic
dissimilarity was calculated from agro-morphologic
data by cluster analysis based on Euclidean distance
and Ward’s method. Cluster analysis grouped the 122
sesame germplasm into three main clusters with
distinguished genetic profiles (Fig. 1). The first
enclosed the 3 early maturing (DFF), tall (PHT) and
highest yielding genotypes (T70, T5land T120). The
second cluster grouped 18 landraces with higher SYD
and high NBR. The third and last cluster was mainly
composed of high SYD, NBR and CAP with 100
sesame genotypes.

A SRS
A33RER LLre8s
% Koo
20BN SR
Q2B LA
"’/00’2,3}3 ’\'\&’n_,
N2, N SR o
7020, Vo
&3 B
TP, o
85 %00
” 6>, ,‘h’l
728 o
7.?;9 “?-f"b
<
;;56 1%
e %
T85 132
e v
1
T 01
T109 T102
TT‘E T43
Tie o2
4 rrsﬁ
A
183 54
) sy
1,‘93 706
picet r,.)éo
AN h\ _ g 7,
e v 0
RN 73,
5 aod
AP 276
A A%
80of eICy
RN \ AT
0 AT
oN LA
L, ) 444"?9%%,
SRpEeEeday et

Figure 1: Phylogenetic relationship of the Sesame
Germplasms




Q

La{l’ta Journal of Scientific & Industrial Research, 3(1)

PCA - Biplot
4- I D50F
|
]
T93 T18  T76 T118,Th4 1120
T8 TI7 T41 T48 '
T107-F106;923~\\T104 15
—aF 5.J53 of o cos2
- P l . T“. I?fc'mgn T105
= T82 -'.'I1 [
$ 'rs ™20 ,"[ 075
g 112 TIMIIE ol 40 75
< 0-ry1g 752 -, A A LT R e i it NOTAP- ============= 050
£ 103 o199 .T?:,:Tz? Jiaa iw[} ‘\\'[36 -
B ot a6 s LN N0 121 T46 > 170 0.25
12" 183 T26 725 @ S\TOANLTZT01 & 1O pLHT(cm) ot
97 133 T57e %o 169 \168 T42 o -T32 T30 T58
2. T63 o134 o | Tib voe T37 750 T72 ~T102 -
r3g / TIp8 T”MTﬂz 62 T87 T
47 GLD004 135 129 CHI001
]
1
1 51
1 L ]
4= ] | ' )
2 0 2 4
Dim1 (45.5%)

Figure 2: Principal component analysis of sesame genotypes and their traits (the codes for genotypes and

traits are as described in Table 4)

As the magnitude of diversity and availability of plant
resources are vital for crop improvement [14],
estimation of genetic diversity and relationships
between crop germplasm is the key step [15] and the
loss of genetic diversity is a major danger for the
survival and breeding of crop species [16]. The primary
breeding objectives for sesame, which are tightly linked
to human needs, are increasing the seed yield,
improving the morphological architecture of the plants,
tolerance to biotic and abiotic stresses, indehiscent
capsules, and improving oil quality.

Conventional breeding approaches mainly involve the
existence of wild relatives, elite cultivars, and landraces
to enable the assortment of superior lines for quality
enhancement. Genetic differences examined using
morphological markers are also an essential tool among
sesame genotypes. A few investigations dependent on
morphological markers have shown the presence of
high genetic diversity in sesame populations [17]. As
part of broadening the genetic base of sesame
(Sesamum indicum L.) in Nigeria through germplasm
enhancement, a selection was made of 25 of the most
diverse and unadapted parental lines, including one
accession of the wild species S. mulayanum, and these
will be intercrossed in various combinations to
maximize genetic diversity and to develop locally
adapted pools of genetic resources.

A perusal of the results revealed that for all the
characters phenotypic coefficient of variation (PCV)
were significantly higher than the genotypic coefficient
of variation (GCV) and there were narrow differences
in their values. This implies that expression of character
is mainly governed by the genotypes itself along with a
meager effect of environment. High heritability
estimates coupled with high genetic advance was
observed for seed yield per plant and plant height,
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indicating greater role of additive gene effects on the
expression of these traits which could be easy targets
for phenotypic selection and consequently, may be
improved genetically via simple plant selection
methods.

Variability measures in terms of genotypic coefficient
of variation (GCV) and phenotypic coefficient of
variation (PCV) help us to evaluate the contribution of
genetic and environmental factors. The phenotypic
character, days to 50% flowering showed a moderate
GCV and PCV as also reported by some workers [18,
19]. However, the same trait recorded highest
heritability and similar observations were also made by
Kiruthika et al. [20]. In contrast, number of capsules
recorded low GCV and high PCV with low heritability
as that of many workers [21, 22]. Plant height exhibited
moderate GCV and PCV with high heritability in this
study as observed by earlier studies [23].

Morphological traits were subjected to the environment
influence as well as natural and human selection [24].
The high variability among days to 50% and seed yield,
which are related to sesame adaptation to the
environment, suggested that the collections were
adapted to a large range of environments supported also
by alternative agronomic practices in different growing
regions. Thus, our results are in agreement with a
previous report on Algerian maize landraces, which
pointed out that even though the landraces originated
from subtropical regions, they showed adaptation to
both sub-humid and dry continental environments [25].
Significant correlations among agro-morphological
traits were identified, representing a useful tool for
directing breeding programs (data not shown).
However, environment plays also a pivotal role,
affecting concurrently the traits in the same or opposite
direction.
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The principal component analysis (PCA) was
performed to cluster the 122 germplasm based on
discriminant morphological traits. According to
Clifford and Stephenson, the first three principal
components included the overall phenotypic variation,
taken into account discriminant traits able to distinguish
germplasm [26]. Among them, days to flowering,
number of branches and yield per capsule well as were
highly significant for clustering sesame germplasm.
Our results are also in agreement with Rahul et al. [27],
which reported days to 50% flowering number of
primary branches and seed yield as the most important
traits for grouping sesame germplasm. Cluster as well
as PCA analyses were not able to distinguish
germplasm from the same geographic origin being
dispersed in different clusters. Similar results were
already reported by some researchers, which observed a
lack of relationship between clustering and landraces
geographic origin [28, 29]. Finally, it is noteworthy that
landraces from dry, of poor soil and highly radiated
environments origin showed adaptation traits as
shortness and early flowering, considered important
sources of gene diversity for developing drought
tolerant genotypes [30].

Conclusion

The present study provides initial results from the 122
sesame germplasm collections and clears a path to
develop improved varieties of sesame. The variation
within germplasm provides a breeding resource pool for
use in controlled crossing to develop ideotype varieties
with desirable phenotypic traits. Genetic evaluation of
crop germplasm is vital for the identification of
potential parents and important traits of interest to be
use in crop breeding. This study using quantitative traits
revealed important genetic variability among the 122
germplasm.Genotype grouping and principal
component analysis confirmed this important genetic
variability. These indigenous sesame germplasm should
be properly conserved; they should considered sesame
improvement for adaptation, increased seed yield with
improved oil quality.
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