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Abstract | Exploiting the variation among crops and their genotypes is very essential for low-input sustainable agriculture.
This study was conducted to evaluate the variability among sesame genotypes for yield and oil-related traits. The research
was carried out at the Experimental Fields of Oilseeds Research Institute, Agriculture Research Center, Tandojam, Sindh,
during the Kharif-2023. The experiment was laid-out in a randomized complete block design with three replications. Seven
different sesame genotypes, viz. ARS-I (white), Tandojam-1, K-3, Irani, S-04, TS-5, and S-17 (Check variety) were
involved for screening in relation to eleven selected parameters. The mean squares from ANOVA were significant for all
the parameters. The genotypes ARS-1 (white) displayed the highest germination (%) after seven days, plant population per
plot, plant height (cm), number of branches per plant and 1000-seed weight. The genotype Tandojam-1 showed minimum
days to first flowering, days to 90% maturity and maximum number of branches per plant, 1000-seed weight, seed yield (g
per plot and kg ha!) and oil content (%). The genotype S-4 displayed maximum plant population (per ha), plant height (cm),
number of capsules per plant, seed yield (g per plot and kg ha!). The correlation coefficient revealed that seed yield was
positive related to its contributing traits. Heritability in broad sense estimated high heritability, less influenced by
environment was observed for all the studied material which exhibited that characters should be improved through selection
program. We conclude that ARS-1 (white) and Tandojam-1 proved to be the better candidates for further breeding,
hybridization and selection programs to develop new varieties.
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Introduction In Pakistan, sesame is grown as a rain crop and an
irrigated crop in around 65 districts. It grows in
Sesame (Sesc.zmum. indicum L.) islone. of the crucial and Baluchistan, NWFP, Sindh, and Punjab province. The
the most ancient oilseed crops. Itis w@ely grown across yield and oil production from sesame has been fluctuating
the globe, generally common in tropical to temperate over the past few years in Pakistan (GoP, 2025). This may
parts of the world (Khuntia et al., 2024). ) be associated with sesame notwithstanding nutrient
Sesame seeds provide ~63% oil and 25% protein and depletion and declining yields due to inadequate fertilizer
contain a considerable quantity of oleic and linoleic acids application and decreased soil fertility (organic matter).

and a remarkable antioxidant effect that resists oxidation
(Abate & Firew, 2015).

Consuming sesame seeds provides calcium,
potassium, methionine, and tryptophan. The biggest

Applying compost-whether in combination with or
without artificial fertilizer-is regarded as a sustainable
agricultural production strategy (Noor & Shahzad, 2020).
Other management practices also contribute to increased

number of antioxidants is found in sesame oil, which also plant growth and oil content as observed in the case of
includes a number of fatty acids, including 43% oleic acid variable yield and oil content of sunflower as influenced
and 7% stearic acid, linoleic acid (35%) and palmitic acid by row spacing (Odho et al., 2024), potassium nutrition

(11%) (Yogranjan et al., 2015).
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(Chhajro et al., 2014) and 4R phosphorus management
(Arain et al., 2025).

In addition to management practices, the application
of natural growth promoters has also been found essential
for improved plant growth (Rind et al., 2024). This
clarifies that other than nutrient deficiencies, several
other factors play meaningful roles in increased or
reduced plant growth.

Sesame cultivation has a long history, particularly in
tropical regions where it has been grown since ancient
times. In recent years, attention has turned to the potential
of sesame seed oil for biodiesel production as an
alternative energy source.

To enhance its utilization, further exploration of the
ethno-botanical and medicinal properties of this highly
nutritious and economically important oilseed is essential
(Wacal et al., 2024).

Due to the changing climate, various unfavorable
environmental conditions have arisen (Jamali & Zia-ul-
hassan, 2025), while it is reported that sesame is known
to be among moderately sensitive crops when exposed to
salinity stress (Sridhar et al., 2025).

This indicates that regular monitoring of salinity and
quality of growing medium and irrigation water becomes
necessary for optimum crop output (Tareen et al., 2025).

Landraces of traditional sesame, together with
associated wild species, constitute the foundation of
agricultural production and a valuable source of genetic
variety for breeders.

Choosing  high-yielding varieties with more
adaptability will aid in boosting output on a local and
international level. However, a crop's performance is
influenced by a variety of elements, including the climate,
nutrients, water availability, pests and diseases, intra- and
inter-specific competition, socio-cultural and
socioeconomic factors, and so on (Rauf et al., 2024).

The choice and development of premium, high-
yielding cultivars to increase output will be aided by the
genetic variety in germplasm. It is essential to examine
genetic characteristics such as genotypic and phenotypic
variances, heritability (broad sense), and genetic
advancement when examining variability with regard to
quantitative traits.

When predicting gain under selection, high
heritability estimates combined with a strong genetic
advance are typically more useful than heritability
estimates alone (Farrah et al., 2023).

In the light of the background discussed above, a
field experiment was conducted to evaluate the genetic
variability among seven sesame genotypes with respect
to their yield and oil-related traits and heritability and
correlations among the studied parameters to identify
promising genotypes for potential use in future breeding
programs.

Materials and Methods

The research was carried out at the Experimental area of
Oilseeds Research Institute, Agriculture Research Center
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(ARC), Tandojam, Sindh, during the Kharif season 2023.
The experiment was laid-out in a Randomized Complete
Block Design (RCBD), repeated thrice.

Genotypes: In total, seven genotypes were involved in
this significant study, viz. ARS-I(white), Tandojam-1, K-
3, Irani, S-04, TS-5, S-17 (Check variety).

Parameters recorded: Selected important parameters of
sesame genotypes were recorded for screening purpose.
Germination (%) after seven days, days to first flowering,
days to (90%) maturity, plant population plot!, plant
height (cm), number of branches plant’!, number of
capsules plant!, 1000-seed weight (g), seed yield plot™!
(g), and seed yield (kg ha™).

Chemical analysis: Seed oil content was analyzed using
Soxhlet apparatus following Folch et al. (1957).
Statistical analysis: The analysis of variance (ANOVA)
was determined according to Gomez and Gomez (1984).
While the broad-sense heritability was determined
according to Falconer (1989). Correlation coefficient was
worked after Snedecor and Cochran (1980).

Results

Analysis of variance: Mean squares from ANOVA are
presented in Table 1, expressing that genotypes were
highly significant (P<0.01) for all the studied parameters
except for oil content, which was found significant
(P<0.05) only.

Mean performance: The highest germination % after
seven days (GP) of sesame was observed in top two
genotypes ARS-1 (81.33), & K-3 (83.66), while in
Tandojam-1 (74.33), followed by IRANI (57.00)
observed lowest germination % of sesame.

Days to first flowering (DFF) was observed
minimum in two genotypes, Tandojam-1 (40.45) & K-3
(39.15) produced minimum first flowering days and S-4
(43.51) displaced maximum days fallowed by S-17 check
(43.84).

The genotype Tandojam-1 took minimum maturity
days (DM) (109.54) followed by IRANI (107.26) among
selected genotypes. While S-17 check (114.80), & TS-5
(115.58) showed the maximum maturity days.

The maximum plant population in plot”! showed in
two genotypes ARS-1 (white) (75.00), & S-04 (77.00).
While the minimum plant population genotypes are S-17
(check) (69.00), & TS-5 (68.33).

The tallest plant height (PH) was recorded in ARS-1
(white) (137.90), & S-4 (134.20). Whereas the shortest
plant height was observed in Tandojam-1 (102.07) & K-
3(99.27).

Maximum number of branches plant!' (NBP) was
obtained in ARS-1 (white) (6.33) and Tandojam-1 (8.66).
While the lowest number of branches plant™! (NBP) were
found in IRANI (4.00) & S-17 check (4.00) (Table 2a).

The optimum number of capsules plant™ (NCP) was
observed in S-04 (178.33) & S-4 (178.67). While in ARS-
1 (white) (105.33) & IRANI (150.67). An inferior
number of unfilled grain panicle’! was observed.
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Table 1. Mean squares from ANOVA for yield and oil related traits in sesame genotypes

Lakho et al.

Parameters Replication (DF.2) Genotype (DF.6) Error (DF.12)
Germination % after seven days 27.19 235.49%* 4.96
Days to first flowering 0.30 9.34%* 0.52
Days to 90 % maturity 0.28 25.71%* 0.61
Plant population plot™! 49.47 30.93%* 10.86
Plant height (cm) 13.07 731.67** 22.59
Number of branches plant™! 0.04 8.09%* 1.38
Number of capsules plant! 70.86 2031.10** 80.52
1000 seed weight (g) 0.04 0.58%* 0.06
Seed yield plot (g) 546.50 21028.30** 569.40
Seed yield kg (ha™) 673.20 25908.60** 702.40
Oil content (%) 0.84 19.10%* 0.23

* = Significant at 5% probability level
** = Highly significant at 1% probability level

Table 2a. Mean performance of sesame genotypes for yield and oil related traits

Geronpes Germ;r:;lltgzrii 2(l%) after Dgys to 'ﬁrst Days to ?0% Plant popﬁlation Plant height Number. of kzranches
ys owering maturity plot (cm) plant

ARS-1 (White) 81.33 42.79 113.43 75.00 137.90 6.33

Tandojam-1 74.33 40.45 109.54 71.00 102.07 8.66

K-3 83.66 39.15 111.55 74.33 99.27 5.00

IRANI 57.00 42.88 107.26 72.00 108.70 4.00

S-04 80.66 43.51 112.09 77.00 134.20 6.33

TS-5 75.33 40.95 115.58 68.33 120.73 6.33

S-17 (Check) 75.33 43.84 114.80 69.00 128.50 4.00

LSD at 5% 3.96 1.28 1.39 5.86 8.45 2.09

The 1000-seed weight (SW) ARS-1 (white) (4.00),
& Tandojam-1 (4.40) genotypes produced highest seed
index among selected genotypes and minimum recorded
in K-3 (3.34) & IRANI (3.14). Maximum seed yield plot
! (SYP) was obtained in Tandojam-1 (962.00) & S-4
(841.67), while minimum seed yield plot"! was found in
K-3 (710.33) & Irani (729.67). Maximum seed yield (kg
ha!) (SYKG) was obtained in Tandojam-1 (1068.30) &
S-4 (934.70), while minimum seed yield (kg ha') was
found in K-3 (789.00) & Irani (810.30). The maximum
oil content (%) found in two genotypes Tandojam-1
(50.52) & TS-5 (48.55), while the minimum oil content

(%) was found in S-4 (43.88) & S-17 check (43.96)
(Table 2b).

Correlation coefficient

Germination (%) after seven days: Germination (%)
(GP) exhibit positive significant association with days to
90 (%) maturity (DM) (0.62**), 1000-seed weight (SW)
(0.68**), and seed yield (kg ha') (SYKG) (0.62**).

The GP was found non-significant in terms of its
relationship with days to first flowering (DFF) (-0.26NS),
plant population plot! (0.18 5), plant height (PH) (0.26
NS), branches plant! (NBP) (0.26 M%), capsules plant’!
(NCP) (0.02M9), seed yield plot™ (g) SYP (0.06 M), and
oil content (%) OC (-0.23 M%),

Table 2b. Mean performance of sesame genotypes for yield and oil related traits

Genotypes Number. of capsules plant’! 1000 Seed weight (g) Seed yield (g plot™) Seed yield (kg ha™) Oil content (%)
ARS-1 (White) 105.33 4.00 767.67 852.70 48.49
Tandojam-1 175.00 4.40 962.00 1068.30 50.52
K-3 168.67 3.34 710.33 789.00 45.71
IRANI 150.67 3.14 729.67 810.30 47.73
S-04 178.67 3.99 841.67 934.70 43.88
TS-5 157.33 3.47 807.00 896.00 48.55
S-17 (Check) 178.33 3.61 795.33 883.30 43.96
LSD at 5% 15.96 0.44 42.44 47.14 0.87
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Table 3. Correlation Coefficient (r) of sesame genotypes for yield and oil related traits
Germination Days to Days to Plant Plant Numfber Nun}ber 100(()1_ Seed Sieeig
Traits (%) after first 90% papulation  height ° N see yield (g yie
seven days flowering  maturity plot™ (cm) JECIES  GEpeiles Wl plot™) gim
plant™! plant™! (2) D)
Days to first flowering -0.26
Days to 90 % maturity 0.62%* 0.07N8
Plant papulation plot 0.18NS 0.16N8 -0.19%8
Plant height (cm) 0.26N8 0.70%* 0.52%* 0.61**
Number of branches 026 0228 003 0028 004
plant
Number of capsules 0.02 043%  046% 011N 035N 004
plant
1000- seed weight (g) 0.68** 0.12N8 0.01N8 0.50% 02128 0.64** 0.01N8
Seed yield (g plot™) 0.06NS -0.01N8 -0.45* -0.04N8 0.56* 0.69** 0.63** 0.72%%*
Seed yield (kg ha™) 0.62%* -0.01N8 -0.03N8 -0.44* -0.10™8 0.69** 0.30N 0.72%* 0.74%*
Oil content (%) -0.23 N8 -0.41* -0.28N8 -0.16N8 -0.44** 0.50* -0.41* 0.28NS 0.54* 0.56*

Days to first flowering: Days to first flowering showed
positive significant association with PH (0.70**), DFF
displaced negative significant correlation with NCP (-
0.43**) and OC (-0.41), DFF associate non-significant
with DM (0.07 M), PPH (0.16 ™), NBP (-0.22 NS), SW
(0.12M9), SYP (-0.01 M%) and SYKG (-0.01 NS),

Days to 90% maturity: Days to 90% maturity DM
displaced positive significant correlation with PH
(0.52*), DM displaced negative significant correlation
with NCP (-0.46*) and SYP (-0.45), DM exhibit non-
significant correlation with PPH (-0.19 N), NBP (-0.03
NS), SW (0.01 ™), SYKG (-0.03N8) and OC (-0.28 N9).
Plant population plot™': Plant population plot™! showed
significant positive correlation with PH (0.61**) and SW
(0.50*), PPH displaced negative significant correlation
with SYKG (-0.44*), PPH exhibit non-significant
correlation with NBP (0.02 M), NCP (-0.11 ™), SYP (-
0.04N%) and OC (-0.16N9).

Plant height (cm): Plant height (PH) showcased
significant positive association with SYP (0.56%),
displaced negative significant correlation with OC (-
0.44**) PH displace non-significant association with
NBP (-0.04N5), NCP (-0.35™5), SW (0.21 ) and SYKG
(-0.10N9),

Number of branches plant': NBP exhibited a highly
significant positive correlation with SW (0.64**), SYP
(0.69%*), SYKG (0.69**) and OC (0.50*), while NBP
showed non-significant correlation with NCP (0.04 NS),
Number of capsules plant': Number of capsules plant!
(NCP) showed significant positive association with SYP
(0.63**), & while displaced negative significant
correlation with OC (-0.41*), and NCP showed negative
non-significant with SW (0.01 M%) and SYKG (0.30N9).
1000-seed weight: 1000-seed weight (SW) showed
positive significant association with SYP (0.72**) and
SYKG (0.72**), SW displaced non-significant
correlation with OC (0.28 ).
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Seed yield plot! (g): Seed yield plot!' (g) was
significantly positively correlated with SYKG (0.74%%*)
and OC (0.54%).

Seed yield kg ha': SYKG displaced a significantly
positive correlation with OC (0.56*) (Table 3).
Heritability estimates in broad sense (h* b.s %) for
several traits in sesame genotypes

The heritability estimation for various traits of sesame
genotypes was designated in (Table 4). For the parameter
of germination % after seven days showed that genetic
variance (o’g= 230.53) was smaller than phonotypic
variance (o’p= 237.14), result in high heritability
estimates (h’= 97.21%).

Genetic variance (c’g= 8.82) was lower than
phenotypic variance (¢*p=9.51) in days to first flowering
and expressed high heritability (h>=92.74%). In case of
days to 90 % maturity genotypic variance (c2g= 25.43)
was lesser than phenotypic variance (c’p= 26.21) and
demonstrated high heritability estimates (h*>=97.02%).

Genetic variance (c’g= 20.07) was lower than
phenotypic variance (c’p= 34.55). In plant population
plot!, consisted high heritability (h>=58.08%). In plant
height, genotypic variance (c’g= 709.08) was lower than
phenotypic variance (c?p= 739.20) and which indicated
higher value for heritability (h>=95.92%).

Genetic variance (c’g= 6.71) lesser than phenotypic
variance (6’p=8.55) in number of branches plant' and
recorded high heritability (h?>= 78.47%). Genetic variance
(6%g=1950.58) was lesser than phenotypic variance
(6?p=2057.94) in number of capsules plant! and recorded
high heritability (h*=94.78%).

Genetic variance (c°g=0.52) was lesser than
phenotypic variance (c*p=0.60) in 1000- seed weight and
recorded high heritability (h’=86.66%). In seed yield plot”
! (g) genotypic variance (c’g= 2106.20) was lower than
phenotypic variance (o*p=2242.73) and disclose high
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Table 4. Heritability estimates in broad sense (h2b.s %) for several traits in sesame genotypes
Traits Genetic variance (0°g) Phenotypic variance (0°p) Heritability (h*b.s%)
Germination (%), after seven days 230.53 237.14 97.21
Days to first flowering 8.82 9.51 92.74
Days to 90 % maturity 25.43 26.21 97.02
Plant population plot™! 20.07 34.55 58.08
Plant height (cm) 709.08 739.2 95.92
Number of branches plant! 6.71 8.55 78.47
Number of capsules plant! 1950.58 2057.94 94.78
1000- seed weight (g) 0.52 0.6 86.66
Seed yield (g plot™) 2106.2 2242.73 93.91
Seed yield (kg ha™) 2058.9 2118.1 97.2
Oil content (%) 18.87 19.17 98.43

heritability (h*=93.91%). For the character of seed yield
kg ha! which represented genotypic variance (c’g=
2058.90) and phenotypic variance (c’p= 2118.10) which
resulted in high heritability estimates (h?=97.20%).
Genetic variance (c’g= 18.87) was lower than
phenotypic variance (c?p= 19.17) in oil content % and
expressed high heritability (h>=98.43%) (Table 4).

Discussion

In view of the increasing soil degradation, nutrient
mining (Zia-ul-hassan & Arshad, 2006; Ahmed et al.,
2024; Ameer et al, 2023), and heavy metal stresses (Bux
et al., 2022, 2023), the exploitation of variation among
crops and their genotypes for growth, yield and quality
traits is an important tool for climate-resilient, sustainable
agriculture (Nawaz et al., 2006; Zia-ul-hassan et al, 2011;
2014a,b; Suthar et al., 2018a,b; 2019; 2025).

Previous studies have reported genotypic variation
among crops and their varieties, e.g. wheat (Baloch et al.,
2012; Kubar et al., 2023; Memon et al., 2024), maize
(Nawaz et al., 2006; Rajpar et al., 2011), cotton (Zia-ul-
hassan et al., 2011; 2014a,b; Shah et al., 2014), sunflower
(Chhajro et al., 2014), and guar (Suthar et al., 2018a,b;
2019; 2025) for their significant plant traits, especially
under certain stresses to identify those genotypes that can
be ideal candidate for low-nutrient-input, climate-
resilient sustainable agriculture.

In the present study, the mean squares of seven
sesame genotypes for all quantitative traits were highly
significant (P<0.01) except for oil content which was
significant (P<0.05) only. The mean performance
according to data the average performance of sesame
characters among the seven sesame genotypes, ARS-1
(white) displayed maximum germination (%), plant
population plot™!, plant height (cm), maximum number of
branches plant! and maximum 1000-seed weight.

While Tandojam-1 showed minimum days to first
flowering, days to 90% maturity and maximum number
of branches plant!, maximum 1000-seed weight,
maximum seed yield plot! (g), seed yield (kg ha') and
maximum oil content (%). S-4 displayed maximum plant
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population plot™!, maximum plant height (cm), maximum
number of capsules plant™!, seed yield plot! (g) and seed
yield (kg ha™').

According to the findings of current study, more
selection programs should employ these genotypes.
Similar findings have been reported in various studies
have been reported previously for these traits (Dossa &
Zhang, 2019; Zhao et al., 2019). Other researchers, such
as Mahdy et al. (2021), Gedifew et al. (2023), and Saxena
and Bisen (2016) also find similar association between
the same studied characteristics/traits of sesame
genotypes.

The heritability estimation for various plant traits of
sesame genotypes (germination % after seven days, days
to first flowering, days to 90% maturity, plant population
plot!, plant height (cm), number of branches plant’,
number of branches plant!, 1000 seed weight (g), seed
yield plot! (g), seed yield kg ha’!, and oil content%)
demonstrated elevated heritability which showed that
characteristics were less affected by environment,
characters should be improved with simple selection. A
previous study on the same aspect also aligns with the
findings of our study, reporting high heritability for
various traits in sesame genotypes (Thouseem et al.,
2022). Other studies on genetic variability in sesame
genotypes also reported significant differences among
genotypes for key agronomic and yield-related traits.

The analysis of variance across multiple experiments
revealed that sesame growth traits showed high
phenotypic and genotypic coefficients of variation,
indicating substantial genetic diversity.

The correlation and path analysis was also carried
out which showed strong positive correlations of growth
traits with seed yield (Kumar et al., 2022). However,
some negative correlations have also been reported that
improvement in one trait may sometimes compromise
another (Tawir et al., 2019).

The identification of promising genotypes with
desirable trait combinations provides a valuable resource
for future breeding efforts aimed at developing new
varieties and enhancing productivity and adaptability
(Durge et al., 2022).
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Conclusion

We conclude that ARS-1 (white) and Tandojam-1 proved
to be the better candidates for further breeding,
hybridization and selection programs to develop new
varieties.
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