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Morphological and Agronomic Characterization of Sesame (Sesamum indicum L.) Germplasm for Breeding Potential and Genetic Diversity Assessment

ABSTRACT
Sesame (Sesamum indicum L.) is a crucial oilseed crop in Bangladesh, valued for its high-quality oil and adaptability to diverse environments. This study aimed to characterize 30 sesame germplasm accessions using DUS descriptors to assess genetic diversity. The research was conducted at Bangladesh Agricultural University, focusing on qualitative and quantitative traits. Significant variation was observed in traits such as plant growth habit (93.33% indeterminate), leaf characteristics (70% green leaf color), and capsule morphology (70% narrow-oblong shape). The quantitative traits revealed a range of plant height from 108.00 cm (BD-6995) to 153.33 cm (BD-6990), with an average of 126.83 cm. Seed yield per plant varied from 2.97 g (BD-6995) to 57.71 g (BD-6979), with an average of 13.09 g. Cluster analysis grouped the germplasm into five distinct clusters, with Kalotil, BD-6979, and BD-6981 standing out for high yield, large seed size, and favorable capsule characteristics. Kalotil exhibited the highest number of capsules (137 per plant) and seeds per capsule (85.67). These findings provide valuable insights for sesame breeding programs e.g., suitability for hybridization, emphasizing genetic diversity for future crop improvement. The study supports sustainable agricultural development by enhancing the conservation and utilization of sesame germplasm in Bangladesh. Additionally, findings results would be a useful piece in the future to include molecular markers based induvial genotype investigation for detailed characterization of sesame germplasm.
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1. INTRODUCTION
Sesame (Sesamum indicum L.) is one of the most ancient oilseed crops, valued for its high-quality oil and rich nutritional content and resilience to drought and heat, making it vital for food, health, and livelihood security in many tropical and subtropical regions (Prasad, 2002). In Bangladesh, sesame plays a crucial role in the agricultural economy as a high-value, short-duration crop well-suited to marginal environments and cropping system intensification for both domestic use and export, yet national yields remain constrained by narrow genetic bases and suboptimal cultivar adaptation. The genetic diversity of sesame germplasm is essential for crop improvement, as it provides a reservoir of traits that can be used to develop superior varieties with improved yield, quality, and stress tolerance.
Morphological characterization is a fundamental step in the evaluation of genetic diversity in plant germplasm. It allows for the identification of phenotypic traits that can be associated with specific environmental adaptations, disease resistance, or other desirable agronomic characteristics. In Bangladesh, the diversity of sesame germplasm has not been fully explored, leaving a significant gap in the understanding of the crop's genetic resources.
The assessment of genetic diversity through morphological characterization is a crucial step in harnessing the potential of sesame for crop improvement programs (Pandey et al., 2015). It enables the identification of traits related to yield, quality, and environmental adaptability. The use of DUS (Distinctiveness, Uniformity, and Stability) descriptors, a standardized framework for plant variety characterization, allows for a detailed and systematic evaluation of phenotypic traits (Kwon et al., 2005). DUS descriptors provide a reliable method to differentiate between germplasm accessions and are vital for breeders to select varieties with desirable agronomic traits. According to the International Union for Protection of New Plant Varieties (UPOV), new characteristics for varietal characterization must be clearly defined, standardized, minimally influenced by the environment, and accessible to breeders at reasonable costs. Morphological characterization requires thorough documentation of plant and seed traits, which is currently lacking in sesame.
In Bangladesh, the lack of comprehensive morphological studies on sesame germplasm accessions limits the effective utilization of this genetic resource. This study aims to fill that gap by employing DUS descriptors to characterize a range of sesame germplasm accessions. The findings will contribute to the understanding of sesame’s genetic diversity, which is essential for developing improved varieties with better yield, quality, and resistance to biotic and abiotic stresses. This research will support sustainable agricultural development by enhancing the conservation and utilization of sesame germplasm in Bangladesh.
2. MATERIALS AND METHODS
The thirty (30) sesame germplasm (Table 1) were characterized in the plant breeding experimental field of Bangladesh Agricultural University a laid out in a randomized block design (RCBD) with three replications during kharif 2020. The qualitative traits viz plant growth habit, stem hairiness, leaf color, leaf shape and capsule morphology were visually observed (Table 2) whereas quantative characters i.e., plant height, internode length, number of primary branches, leaf dimensions, petiole length, number of capsules per plant, seed weight, and seed yield per plant were measured using standard agronomic techniques (Table 3 & 4). The DUS descriptors were utilized for detailed description, emphasizing on the distinctness, uniformity and stability of the sesame accessions. The data was analyzed by ANOVA (p ≤ 0.05) as well as the hierarchical and non-hierarchical cluster analysis using SPSS 16. The germplasm was classified into five clusters using cluster analysis considering qualitative and quantitative characters whose results are shown in Figure 1 and presented in Table 5. Selection of germplasm with the best agronomic habits for sesame breeding programs, aiming to increase grain yield, seed size and capsule appearance would be a desirable procedure in sesame cultivar improvement.
Table 1. List of Sesame germplasm

	Sl.  No.
	Name
	Collectors Number
	Sl.  No.
	Name
	Collectors Number

	1
	BD-6987
	FI-01
	16
	BD-6979
	FI-15

	2
	BD-6988
	FI-02
	17
	BD-6972
	FI-16

	3
	BD-6989
	FI-03
	18
	BD-6978
	FI-17

	4
	BD-6995
	FI-04
	19
	Binatil-3
	FI-18

	5
	BD-6983
	FI-05
	20
	BD-6993
	FI-19

	6
	BD-6986
	FI-06
	21
	BD-6994
	FI-20

	7
	Kalotil*
	F-03
	22
	BD-6991
	FI-21

	8
	BD-6984
	FI-07
	23
	BD-6992
	FI-22

	9
	BD-6971
	FI-08
	24
	BD-6990
	FI-23

	10
	BD-6970
	FI-09
	25
	BD-6980
	FI-24

	11
	BD-6968
	FI-10
	26
	BD-6966
	FI-25

	12
	BD-6962
	FI-11
	27
	BD-6964
	FI-26

	13
	BD-6982
	FI-12
	28
	BD-6985
	FI-27

	14
	Binatil-2
	FI-13
	29
	Binatil-4
	FI-28

	15
	BD-6981
	FI-14
	30
	Sadatil*
	F-04


*Indicate collected germplasm 


3. RESULTS
3.1 Qualitative Descriptor
The results revealed significant variation across nearly all recorded characters. The qualitative variations of different sesame germplasm are summarized in Table 2. Among the germplasm, 93.33% were indeterminate and 6.67% determinate. As for plant growth habit, 53.33% were erect, 26.67% semi-erect and 6.67% prostrate. In relation to stem hairiness, 3.33% of cuttings had a glabrous stem, 50% weak, 36.67% medium and 10% strong. The hairiness of the stems was basal (50%) and top (50%).
Leaf traits also exhibited considerable variability among the germplasms. Regarding leaf color, 70% was green, 23.33% had a greenish-yellow cast and 6.67% had a greenish-purple cast. hairiness, 2 germplasm were glabrous, 1 exhibited strong hairiness, 63.33% had weak hairiness, and 26.67% had medium hairiness. Lanceolate was the most common leaf shape, which appeared in 90% of germplasm, and one of which even including a pair of leaf lobes. The leaf angle was diverse, 17 germplasm had acute, 10 had flat and 3 drooping angles. The basal leaf margin of all germplasm was completely. Petiole colour showed variability, out of 30 germplasm 14 had green petioles, 13 with greenish-purple and 3 with purple. The majority of the germplasm (66.67%) produced one flower per axil, while 33.33% had two flowers. Inflorescence development included 16 germplasm with small extra-floral, 5 with rudimentary extra-floral, 5 with medium, and 4 with large extra-floral growth.

For capsule traits, 21 germplasm had 4 locules, 5 showed eight and 4 had five locules per capsule. Capsule shapes varied, with 23 germplasms having narrow-oblong and 7 broad-oblong capsules. In terms of capsule arrangement, 26 and 4 germplasm had the monocapsular and dicapsular seed arrangement, respectively. Shape of the capsules also differed, 13 germplasm having short, 4 medium and 1 long bent capsule. Hairiness was recorded in 50% germplasm with straw colour, while brown/tan colour in dry capsules was observed 46.67%.

The plants showed six different seed coat colors after sun drying and at maturity: cream (3.33%), medium brown (6.67%), tan (13.33%), grey (26.67%), dull black (36.67%) and bright black (13, 33%).


Table 2. The qualitative descriptors for individual sesame germplasm
	Sl. No.
	Character and
time of recording
	State of characters
	No. of germplasm
	Germplasm
(serial no. in Table 1)
	Frequency (%)

	1
	Plant growth type
	Indeterminate (1)
	28
	1,2,3,5,6,7,8,9,10,11,12,13,14,15,17,18,19,20,21,22,23,24,25,26,27,28,29,30
	93.33

	
	
	Determinate (2)
	2
	4,16
	6.67

	2
	Plant growth habit
	Prostrate (1)
	6
	15,16,17,27,28,30
	20.00

	
	
	Semi-erect (2)
	8
	4,7,8,12.14,18,19,26
	26.67

	
	
	Erect (3)
	16
	1,2,3,5,6,9,10,11,13,20,21,22,23,24,
2529
	53.33

	3
	Stem hairiness
	Glabrous (0)
	1
	10
	3.33

	
	
	Weak or sparse (3)
	15
	2,3,4,6,11,12,13,16,17,18,19,23,25,
27, 29,
	50.00

	
	
	Medium (5)
	11
	1,5,7,8,9,15,21,22,24,28,30
	36.67

	
	
	Strong (7)
	3
	14,20,26
	10.00

	4
	Branching pattern
	Basal branching (1)
	15
	7,8,9,10, 11,15,16,18,20,21, 22,23,24,28,30
	50.00

	
	
	Top branching (2)
	15
	1,2,3,4,5,6, 12,13,14,17,19,25,26,27,29
	50.00

	Leaf characters

	5
	Leaf color
	Green (1)
	21
	1,6,7,8,9,10,11,12,15,16,19,21,22,23,24,25,26,27,28,29,30
	70.00

	
	
	Green with yellowish cast ( 2)
	7
	2,3,4,5,13,14,17
	23.33

	
	
	Green with purple cast (4 )
	2
	18,20
	6.67

	6
	Leaf hairiness
	Glabrous (0)
	2
	4,23
	6.67

	
	
	Weak or sparse (3)
	19
	1,3,5,6,8.9.12,13,15,16,17,18,19,20,
22,25,27, 29,30,
	63.33

	
	
	Medium (5)
	8
	2,7,10,14,21,24,26,28
	26.67

	
	
	Strong (7)
	1
	11,
	3.33

	7
	Leaf shape
	Linear (1)
	2
	20,23
	6.67

	
	
	Lanceolate (2)
	27
	1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,19,21,22,24,25,26,27,28,29,30
	90.00

	
	
	Eliptic (3)
	1
	5,
	3.33

	8
	Basal  leaf  margin
	Entire (1)
	30
	All
	100.00

	
	
	Serrate (2)
	
	
	0.00

	9
	Lobe incision of basal leaf
	Absent (0)
	29
	1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
16,17,19,20, 21,22,23,24,25,26,27,28,29,30
	96.67

	
	
	Weak (3)
	1
	18
	3.33

	10
	Leaf angle to main stem
	Acute (1)
	17
	1,2,3,4, 6, 7,8,9,10,11,12,17, 23,24,25,30
	56.67

	
	
	Horizontal (2)
	10
	5,13,14, 16,18, 20, 21,22,28,30
	33.33

	
	
	Drooping (3)
	3
	15,19,29
	10.00

	11
	Petiole Color
	Green (1)
	14
	1,2,3,4, 5,6,7,8,9,18,27,28,29,30
	46.67

	
	
	Greenish purple (2)
	13
	13,14,15,16,17,19,20,21,22,23,24,
25,26
	43.33

	
	
	Purple (3)
	3
	10,11,12,
	10.00

	12
	Petiole hairiness
	Weak or sparse (3)
	17
	2,3,6,8,9,10,12,13,14,15,17,18, 19,20,21,28, 29 30
	56.67

	
	
	Medium (5)
	12
	1,4,5,7,11,16,22,23,24,25,26,27,
	40.00

	
	
	Strong or profuse (7)
	1
	19,
	3.33

	Inflorescence characters

	13
	Number of flowers per axil
	One (1)
	20
	1,2,3,6,7,8,9,10,12,13,14,15,17,18,
19,20,21,28, 29, 30,
	66.67

	
	
	More than one (2)
	10
	4,5,11,16,22,23,24,25,26,27,
	33.33

	14
	Extra floral nectar development
	Rudimentary (1)
	5
	2,9,11,16,17,
	16.67

	
	
	Small (2)
	16
	3,5,12,18, 19,21,22,23,24,25,26,27,28,29,30
	53.33

	
	
	Medium (3)
	5
	1,4,10,13,14, 20,
	16.67

	
	
	Large (4)
	4
	6,7,8,15,
	13.33

	Capsule character

	15

	Number of  locules per capsule
	Four (1)
	21
	1,2,4,6,7,8,10,11,14,15,16,17,18,20,
21,22,27,28,29,30
	70.00

	
	
	Eight (3)
	5
	5,9,23,24,25,
	16.67

	
	
	Mix (4)
	4
	3,12,19,26,
	13.33

	16
	Bicarpellate capsule shape
	Narrow oblong (2)
	23
	1,2,3,4,5,6,7,8,10,11,12,13,14,15,16,18,19,20,22,23,24,28,30
	76.67

	
	
	Broad oblong (3)
	7
	9,17,21,25,26,27,29
	23.33

	17
	Capsule arrangement
	Monocapsular (1)
	26
	1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,17,16,18,20,21, 22,23,24,28,29,30
	86.67

	
	
	Multi capsuler (2)
	4
	19,25,26,27
	13.33

	18
	Capsule hairiness
	Weak or sparse (3)
	21
	1,4,5,6,7,8,9,10,13,14,15,16,17,19,21,22,23,27,28,29
	70.00

	
	
	Medium (5)
	6
	2,3,11,12, 20,25,30
	20.00

	
	
	Strong (7)
	3
	18, 24,26
	10.00

	19
	Shape of capsule hair
	Short and strait (1)
	19
	1,2,4,5,6,7,8,9,10,13,14,16,21,22,23,24,26,28,30
	63.33

	
	
	Medium &strait (2)
	8
	3,11,12,15,17,20,25,27
	26.67

	
	
	Long and bent (3)
	3
	18.19,20, 29
	10.00

	20
	Color of dry capsule
	(Green) 1
	1
	7
	3.33

	
	
	Straw or Yellow (2)
	15
	2,5,6,8,9,10,11,16,17,16,17,20,21,22,23,24,25,
	50.00

	
	
	Brown /tan (3)
	14
	1,3,4,12,13,14,15,18,19,26,27,28,29,30
	46.67

	21
	Type of capsule beak
	Short (1)
	1
	1,2,5,6,7,10,22,23,24,28
	3.33

	
	
	Long (2)
	4
	8,11,21,28
	13.33

	
	
	Curved (3)
	16
	3,4,9,12,13,14,15,16,17,18,19,20,25,26,27,29,30
	53.33

	22
	Seed coat color
	Cream (2)
	1
	30
	3.33

	
	
	Medium brown (5)
	2
	5,12
	6.67

	
	
	Tan (8)
	4
	2,16,17,28
	13.33

	
	
	Grey (10)
	8
	1,4,6,8,19,24,26,29
	26.67

	
	
	Dull black (11)
	11
	7,10,13,14,15,18,20,21,23,25,27,
	36.67

	
	
	Bright black (12)
	4
	3,9,11,22
	13.33



3.2 Quantitative Descriptor
The quantitative variations of 16 descriptors in sesame are presented in Table 3 & 4. The highest plant height was observed in BD-6990 (153.33 cm), while the lowest was recorded in BD-6995 (108.00 cm). Internode length ranged from 8.33 cm (BD-6971) to 18 cm (BD-6987), with an average of 13.50 cm. The number of primary branches varied from 2 (BD-6995) to 7 (Kalotil). The length and width of basal leaves ranged from 4.50 to 15.33 cm and 1.17 to 7.50 cm, respectively. For the top leaf, the length ranged from 3.33 to 7.67 cm, and the width ranged from 0.23 to 1.00 cm.

The highest petiole length of the basal leaf (7.67 cm) was found in BD-6968, while BD-6988 produced the shortest petiole length (3.17 cm), with an average of 4.30 cm. The germplasm exhibited a range of 40.33 days (BD-6964) to 49.33 days (Sadatil) for 50% flowering.

The maximum number of capsules per plant (137) was observed in the landrace Kalotil, while the minimum (19) was found in BD-6962. The variation in capsule number per plant may be attributed to differences in the number of inflorescences per plant and the shattering tendency. The mean capsule length ranged from 20.67 mm (BD-6966) to 29.33 mm (BD-6979), while the mean capsule width ranged from 5.33 mm (BD-6995) to 11.33 mm (BD-6983).

The number of seeds per capsule ranged from 23 (Binatil-2) to 85.67 (Kalotil), with an average of 46 seeds per capsule. Seed weight per 100 seeds ranged from 0.13 g (BD-6978) to 0.90 g (BD-6970), with an average of 0.14 g. The yield per plant varied from 2.97 g (BD-6995) to 57.71 g (BD-6979), with BD-6979 exhibiting the highest yield and BD-6995 the lowest. The low yield in BD-6995 could be due to inherent characteristics of the germplasm.

The maximum coefficient of variation (CV) was observed in petiole length of the top leaf (19.15%), followed by width of the top leaf (18.76%), seeds per capsule (16.72%), number of primary branches and length of basal leaf (14.63%), mean capsule width (13.93%), petiole length of the basal leaf (13.58%), width of basal leaf (13.11%), length of top leaf (7.34%), number of capsules per plant (7.15%), 100-seed weight (6.82%), mean capsule length (6.59%), internode length (6.34%), plant height (3.80%), and seed yield per plant (1.44%).

Breeding objectives in sesame have focused on several traits, including seed size, shape, coat color, and oil content. Specifically, color is an important trait for physiological needs, as it plays a crucial role in the development of various plant parts. The type of color may adapt the plant part for a specific function (Ram, 2011). Additionally, these characteristics are essential attributes of food quality, often serving as indicators of acceptance.

Table 3. Quantitative variation of different descriptors in Sesame
	Sl.#
	Name of descriptor
	Range
	Mean
	SD
	CV (%)

	1
	Plant height (cm)
	108.00-153.33
	126.83
	12.14
	3.80

	2
	Internodes length (cm)
	8.33-18.00
	13.50
	2.12
	6.40

	3
	No. of primary branch
	2.00-7.00
	4.00
	1.35
	14.63

	4
	Length of basal leaf (cm)
	4.50-15.33
	8.25
	2.14
	14.63

	5
	Width of basal leaf (cm)
	1.17-7.50
	1.88
	1.38
	13.11

	6
	Length of top leaf (cm)
	3.33-7.67
	4.30
	1.01
	7.34

	7
	Width of top leaf (cm)
	0.23-1.00
	0.48
	0.20
	18.76

	8
	Petiole length of basal leaf (cm)
	3.17-7.67
	4.30
	0.99
	13.58

	9
	Petiole length of top leaf (cm)
	0.13-1.13
	0.37
	0.24
	19.15

	10
	Days to fifty % flowering
	40.33-49.33
	45.67
	1.86
	1.96

	11
	Number of capsules per plant
	19-137
	48.83
	28.06
	7.15

	12
	Mean capsule length (mm)
	20.67-29.33
	25.67
	2.39
	6.59

	13
	Mean capsule width (mm)
	5.33-11.33
	6.67
	1.46
	13.93

	14
	Seeds per capsule
	23.00-85.67
	46.00
	17.31
	16.72

	15
	100 seed weight (g)
	0.13-0.90
	0.20
	0.138325
	6.82

	16
	Seed yield per plant (g)
	2.97-57.71
	13.09
	12.38027
	1.44





Table 4. Listing Quantitative characters in sesame
	Name
	Plant height (cm)
	Internode length (cm)
	Number     of primary branch
	Length of basal leaf (cm)
	Width of basal leaf (cm)
	Length of top leaf (cm)
	Width of top leaf (cm)
	Petiole length of basal leaf (mm)
	Petiole length of top leaf (mm)
	Number of capsules per plant

	BD-6987
	124.67
	18.00
	3.33
	4.50
	1.17
	3.83
	0.47
	3.83
	0.43
	103.33

	BD-6988
	137.67
	13.67
	5.00
	7.73
	1.77
	3.33
	0.50
	3.17
	0.13
	54.67

	BD-6989
	133.00
	13.67
	3.00
	7.00
	1.40
	3.77
	0.23
	3.77
	0.13
	35.33

	BD-6995
	108.00
	11.67
	2.00
	6.83
	1.47
	3.67
	0.43
	3.67
	0.13
	20.00

	BD-6983
	125.67
	13.67
	3.67
	6.17
	1.83
	4.33
	0.67
	4.00
	0.67
	38.00

	BD-6986
	142.00
	16.67
	5.67
	6.00
	1.60
	4.07
	0.43
	4.07
	0.33
	66.33

	Kalotil
	119.67
	10.33
	7.00
	11.27
	4.47
	6.00
	0.80
	5.20
	0.67
	137.00

	BD-6984
	112.33
	11.33
	4.67
	7.10
	1.33
	4.67
	0.53
	4.63
	0.33
	41.33

	BD-6971
	134.67
	8.33
	6.00
	7.33
	1.33
	5.00
	0.50
	4.87
	0.47
	76.00

	BD-6970
	133.67
	16.67
	4.00
	8.67
	1.67
	6.57
	0.70
	6.67
	0.80
	51.33

	BD-6968
	152.00
	17.33
	6.67
	10.33
	3.57
	7.67
	1.00
	7.67
	0.90
	87.33

	BD-6962
	118.00
	11.00
	4.00
	7.67
	1.30
	4.57
	0.30
	4.73
	0.33
	19.00

	BD-6982
	116.67
	14.00
	4.00
	8.07
	1.43
	3.67
	0.33
	3.67
	0.23
	20.00

	Binatil-2
	114.00
	14.33
	3.00
	7.83
	1.57
	3.80
	0.33
	3.80
	0.50
	36.00

	BD-6981
	134.00
	12.33
	7.00
	12.33
	2.23
	6.73
	0.83
	6.73
	1.13
	110.33

	BD-6979
	126.00
	12.33
	5.00
	15.33
	5.67
	4.83
	0.50
	4.93
	0.33
	97.67

	BD-6972
	133.33
	12.00
	3.67
	10.17
	2.40
	5.03
	0.67
	5.03
	0.37
	36.67

	BD-6978
	124.67
	14.67
	3.67
	9.83
	2.90
	5.20
	0.67
	5.20
	0.73
	46.33

	Binatil-3
	122.33
	14.67
	3.33
	7.67
	2.40
	3.80
	0.70
	5.03
	0.73
	43.33

	BD-6993
	143.00
	14.00
	4.33
	7.50
	7.50
	3.83
	1.00
	3.80
	0.60
	72.00

	BD-6994
	136.00
	12.67
	6.33
	7.50
	1.50
	4.07
	0.37
	4.07
	0.33
	68.33

	BD-6991
	140.00
	12.67
	6.33
	11.00
	2.83
	4.83
	0.33
	4.83
	0.27
	75.33

	BD-6992
	125.33
	12.33
	4.67
	11.00
	2.83
	3.87
	0.33
	4.07
	0.27
	39.33

	BD-6990
	153.33
	11.67
	6.00
	8.97
	1.87
	4.63
	0.43
	4.63
	0.33
	53.67

	BD-6980
	110.67
	11.33
	3.00
	10.07
	2.90
	4.87
	0.47
	4.87
	0.40
	43.33

	BD-6966
	134.67
	11.33
	4.00
	8.33
	2.43
	4.27
	0.43
	4.27
	0.50
	44.33

	BD-6964
	142.00
	14.33
	4.00
	8.27
	2.33
	4.17
	0.60
	4.17
	0.33
	39.00

	BD-6985
	127.67
	14.00
	3.33
	8.23
	1.90
	4.00
	0.47
	4.00
	0.37
	55.67

	Binatil-4
	110.33
	13.33
	3.00
	8.50
	1.77
	3.80
	0.67
	4.33
	0.30
	40.33

	Sadatil
	117.67
	14.33
	4.00
	9.50
	1.93
	4.47
	0.47
	4.17
	0.37
	55.67

	MX
	153.33
	18.00
	7.00
	15.33
	7.50
	7.67
	1.00
	7.67
	1.13
	137.00

	MIN
	108.00
	8.33
	2.00
	4.50
	1.17
	3.33
	0.23
	3.17
	0.13
	19.00

	MEAN
	126.83
	13.50
	4.00
	8.25
	1.88
	4.30
	0.48
	4.30
	0.37
	48.83

	SD
	12.1353
	2.123998
	1.3547
	2.141
	1.384
	1.01
	0.1965
	0.985
	0.237
	28.06



Table 5. Quantitative characters in sesame (Cont’d)
	Name
	Yield/ m-2 (g)
	100 Seed weight (g)
	Mean capsule length (mm)
	Mean capsule width (mm)
	Seeds/ capsule
	Days to fifty % flowering

	BD-6987
	12.92
	0.16
	29.33
	9.00
	38.33
	46

	BD-6988
	15.77
	0.14
	29.33
	9.67
	46.00
	48

	BD-6989
	15.65
	0.15
	23.33
	6.00
	50.33
	46

	BD-6995
	2.97
	0.16
	26.33
	5.33
	57.67
	45

	BD-6983
	8.83
	0.23
	24.33
	11.33
	33.33
	43

	BD-6986
	15.75
	0.24
	27.00
	6.00
	46.00
	48

	Kalotil
	32.95
	0.16
	29.00
	6.33
	85.67
	45.67

	BD-6984
	9.52
	0.16
	29.00
	6.00
	30.67
	47

	BD-6971
	8.24
	0.18
	26.00
	6.67
	25.00
	45

	BD-6970
	7.76
	0.9
	28.67
	7.67
	23.00
	47

	BD-6968
	24.84
	0.16
	26.67
	5.67
	24.33
	47

	BD-6962
	10.01
	0.24
	24.67
	5.67
	26.67
	44

	BD-6982
	12.73
	0.22
	26.00
	5.67
	28.33
	44

	Binatil-2
	8.25
	0.23
	24.67
	7.33
	23.33
	43

	BD-6981
	45.19
	0.3
	25.67
	7.67
	74.00
	47

	BD-6979
	57.71
	0.28
	29.33
	6.00
	58.67
	45

	BD-6972
	38.24
	0.25
	26.67
	6.33
	52.33
	46

	BD-6978
	30.98
	0.13
	25.00
	7.00
	67.00
	43

	Binatil-3
	17.17
	0.16
	25.67
	7.67
	67.67
	45

	BD-6993
	16.01
	0.24
	22.00
	7.67
	66.67
	43

	BD-6994
	14.26
	0.2
	22.00
	6.67
	48.33
	45

	BD-6991
	16.60
	0.21
	24.67
	8.33
	47.67
	46

	BD-6992
	6.20
	0.17
	26.33
	7.67
	29.33
	45.67

	BD-6990
	10.11
	0.14
	22.00
	10.00
	31.00
	47

	BD-6980
	10.82
	0.17
	25.00
	5.33
	31.00
	44

	BD-6966
	13.25
	0.19
	20.67
	7.00
	46.67
	44

	BD-6964
	9.02
	0.23
	22.33
	6.00
	46.00
	40.33

	BD-6985
	8.78
	0.31
	24.33
	7.00
	42.00
	45.67

	Binatil-4
	11.91
	0.35
	24.67
	6.67
	69.33
	45.67

	Sadatil
	15.77
	0.18
	25.67
	5.67
	61.67
	49.33

	MX
	57.71
	0.90
	29.33
	11.33
	85.67
	49.33

	MIN
	2.97
	0.13
	20.67
	5.33
	23.00
	40.33

	MEAN
	13.09
	0.20
	25.67
	6.67
	46.00
	45.67

	SD
	12.38
	0.138
	2.3949
	1.46
	17.31
	1.864




Table 6.  Distribution of germplasm in different nonhierarchical clusters of Sesame
	Name of cluster
	No. of germplasm
	Germplasm with their code number

	Cluster-Ⅰ
	08
	BD-6962, BD-6982, BD-6983, BD-6992, BD-6984, BD-6980, Binatil-2, BD-6995

	Cluster-Ⅱ
	08
	Binatil-3, Binatil-4, Sadatil, BD-6978, BD-6966, BD-6964, BD-6989, BD-6972

	Cluster-Ⅲ
	09
	BD-6986, BD-6994, BD-6991, BD-6988, BD-6985, BD-6993, BD-6970, BD-6990, BD-6971

	Cluster-Ⅳ
	02
	BD-6987, BD-6968

	Cluster-Ⅴ
	03
	BD-6981, BD-6979, Kalotil

	Total
	30
	




Hierarchical cluster analysis using UPGMA among the 30-sesame germplasm is shown in Figure 1. The 30 germplasm were grouped into 5 non-hierarchical clusters (Table 6). The number of germplasms in each cluster ranged from 2 (Cluster IV) to 9 (Cluster III). Kalotil was classified into Cluster V.

[image: ]

Fig.1. UPGMA dendrogram among 30 germplasm of sesame showing five clusters of sesame germplasm based on quantitative traits

Based on the cluster analysis of qualitative and quantitative characters, the following germplasm may be selected for various breeding objectives: Kalotil, BD-6979, BD-6981, BD-6987, BD-6972, BD-6978, BD-6970, BD-6985, BD-6988, and BD-6984. For elongated capsules, BD-6987, BD-6988, Kalotil, and BD-6984 would be ideal candidates. For a maximum number of seeds per plant, Kalotil, BD-6979, BD-6981, and BD-6987 would be selected. Germplasm with bold seeds, including BD-6970, BD-6972, BD-6979, BD-6981, and BD-6985, would be useful for breeding. For higher yield, Kalotil, BD-6979, BD-6981, BD-6972, and BD-6978 should be selected. Considering all characters, Kalotil, BD-6979, and BD-6981 are recommended for varietal development. Further research is needed for sesame breeders to optimize these selections.
4. DISCUSSION
4.1 Qualitative Descriptor

The study presented significant qualitative variation among the 30-sesame germplasm reflect a broad genetic diversity, highlighting traits that can be selectively targeted in breeding programs to develop varieties with specific, desirable characteristics. For instance, most of the germplasm exhibited an indeterminate growth habit (93.33%), which could be valuable for environments where extended growing seasons are possible, as indeterminate plants continue to produce until unfavorable conditions halt growth (Cagirgan et al., 2009; Uzun et al., 2013). Similarly, the erect and semi-erect plant habits, found in 53.33% and 26.67% of the germplasm, respectively, offer advantages in planting density and ease of harvesting compared to prostrate types (Poehlman & Sleper, 1995).
Stem hairiness, varying from weak to strong, was present in 96.67% of the germplasm, while only 3.33% were glabrous. This variation in stem hairiness could play a role in pest and disease resistance, as trichomes can deter insect herbivory and reduce pathogen attachment (Mauricio, 1998). Leaf characteristics also showed significant diversity, particularly in color and shape, where most germplasm had green leaves (70%) with some displaying a yellowish or purple cast, possibly indicating genetic variations linked to pigment-related genes affecting stress tolerance (Wei et al., 2015). Most germplasm (90%) exhibited a lanceolate leaf shape, which can influence light interception and photosynthesis efficiency, impacting overall plant productivity (Otto et al., 2025).
In the reproductive traits, 66.67% of the germplasm produced one flower per axil, a characteristic that can impact yield by regulating the number of capsules formed per plant. Variability in floral characteristics, such as the presence of small to large extra-floral developments, indicates adaptive differences potentially linked to pollinator attraction and defense mechanisms against herbivores (Singh et al., 2024). Capsule characteristics also varied widely, with 70% of germplasm producing narrow oblong capsules, while the rest displayed broad oblong shapes. These morphological differences may affect seed protection and ease of harvesting.
Seed coat color, another critical trait for both market preferences and adaptability, varied across six distinct shades, with dull black being the most common (36.67%). Seed coat color can impact seed longevity and resistance to environmental stresses (Sarita et al., 2013). The diversity in color could be leveraged to create varieties that meet consumer preferences and adapt to different storage and environmental conditions.
Overall, the qualitative descriptors revealed extensive variability within the germplasm, offering substantial opportunities for breeding programs focused on developing improved sesame varieties. The selection of specific traits such as plant habit, leaf shape, and capsule size could yield sesame varieties optimized for yield, pest resistance, and market appeal (Poehlman & Sleper, 1995). Further research could explore the underlying genetic basis of these traits to enhance breeding strategies and varietal development in sesame.
4.2 Quantitative Descriptor
The quantitative traits observed among the 30-sesame germplasm demonstrate considerable variability, providing valuable insights for breeding and selection. Plant height, for instance, ranged from 108 cm to 153.33 cm, with BD-6990 achieving the highest growth. Variability in plant height is crucial, as it can impact photosynthetic efficiency and yield potential, with taller plants often associated with enhanced light capture and biomass accumulation (Ashraf et al., 2015). The length of internodes, ranging from 8.33 cm to 18 cm, also influences plant structure and branching, which are essential for optimizing space utilization and promoting more effective flowering and seed production (Peng et al., 2025).
Leaf characteristics, including basal and top leaf dimensions, showed significant variation, suggesting diverse adaptability among the germplasm to environmental conditions (Akram et al., 2023). The basal leaf width and petiole length were highly variable, with petiole length of top leaf showing the highest coefficient of variation (19.15%). This diversity is essential for developing cultivars suitable for different climates, as leaf size and petiole length affect transpiration rates and water use efficiency, key factors for growth under water-limited conditions (Blum, 2009).
Reproductive traits, such as the number of capsules per plant and seeds per capsule, directly influence yield potential. Kalotil exhibited the highest number of capsules (137 per plant) and seeds per capsule (85.67), making it a promising candidate for high-yield breeding programs. In contrast, BD-6962, with only 19 capsules per plant, illustrates the genetic variability present in capsule production among germplasm, which is influenced by branching patterns and capsule retention capacity (Bhoot et al., 2019; Madhu et al., 2025). Capsule size also showed variability, with BD-6979 displaying the largest capsule length (29.33 mm), a trait that can positively impact seed count and therefore yield (Madhu et al., 2025).
Seed traits, including seed weight and coat color, are also critical for yield and market value. The 100-seed weight, ranging from 0.13 to 0.90 g, was particularly variable, suggesting opportunities to breed for larger seed size in certain germplasm, like BD-6970, which achieved the highest seed weight (0.90 g). Seed weight is known to correlate positively with overall plant yield, and larger seeds often exhibit better germination rates and early seedling vigor, critical for establishing robust crop stands (Singh et al., 2017).
Overall, yield per plant exhibited significant variability, with BD-6979 yielding 57.71 g per plant, likely due to its advantageous combination of high capsule count and large seeds. Variability in yield (coefficient of variation at 1.44%) was low compared to other traits, indicating more consistency in yield output across germplasm, possibly reflecting strong genetic control (Saha et al., 2024). Higher coefficients of variation in traits like petiole length and capsule width suggest that these are more influenced by environmental conditions, making them less reliable for selection purposes without further stabilization.
In summary, the quantitative descriptors highlight diverse genetic potential within the sesame germplasm. Traits like plant height, seed weight, and capsule count are especially valuable for breeding efforts aimed at yield optimization and environmental adaptability. Further studies could focus on understanding the genetic basis of these variations to develop high-yielding, robust sesame varieties tailored to specific growing conditions (Sala et al., 2023).
The hierarchical cluster analysis using UPGMA among 30 sesame germplasm provides valuable insights into the genetic diversity and grouping patterns based on both qualitative and quantitative traits. The formation of five clusters indicates that the germplasm exhibits a range of distinct traits that could be leveraged in selective breeding. The allocation of germplasm across clusters, with the Kalotil variety uniquely classified into Cluster V, underscores its unique genetic makeup, which may make it a strong candidate for targeted breeding objectives, particularly for traits like yield, seed size, and capsule characteristics.
Breeding objectives in sesame have traditionally focused on seed attributes (size, shape, coat color), oil content, and physiological adaptations, with color being especially critical. Color variations play an adaptive role, influencing functional aspects of plant parts and are key quality indicators that contribute to food appeal (Singh et al., 2017). These color and size-related traits not only influence consumer acceptance but are also linked to specific adaptive and physiological needs in the plant’s development.
From the cluster analysis, specific germplasm was identified as ideal candidates for selection based on their desirable agronomic traits. For instance, germplasm BD-6987, BD-6988, Kalotil, and BD-6984, characterized by elongated capsules, are suitable for breeding programs aimed at enhancing capsule structure. Additionally, Kalotil, BD-6979, BD-6981, and BD-6987 demonstrated high seed production, making them potential candidates for yield improvement. BD-6970, BD-6972, BD-6979, BD-6981, and BD-6985 showed bold seed traits, an attribute that can enhance marketability due to consumer preference for larger seeds.
Ultimately, combining traits across clusters, the germplasm Kalotil, BD-6979, and BD-6981 stand out as promising candidates for varietal development, given their high seed yield, seed size, and favorable capsule characteristics. This targeted selection approach, supported by the findings of this study, can serve as a foundation for further genetic improvement and breeding programs in sesame, aligning with previous research that emphasizes the importance of targeted trait selection to meet breeding objectives (Singh et al., 2017).
5. CONCLUSION
Wide variations were observed among the 22 qualitative traits across the sesame germplasm, including plant growth habit, stem hairiness, leaf color, leaf hairiness, capsule shape, capsule color, seed size, and seed color. Additionally, significant variability was noted among the 16 quantitative traits, such as days to 50% flowering, dimensions of basal and top leaves, and petiole length. Traits like 100-seed weight, seed yield per plant, capsules per plant, and seeds per capsule exhibited considerable differences among the germplasm. The highest coefficient of variation was found in the petiole length of the top leaf, while seed yield per plant showed the least variation. Based on these characteristics, the 30 germplasm were grouped into five clusters, allowing the identification of promising lines. Among these, germplasm such as Kalotil, BD-6979, and BD-6981 showed particularly advantageous traits, making them valuable candidates for varietal development in sesame breeding programs. Additionally, findings results would be a useful piece in the future to include molecular markers based induvial genotype investigation for detailed characterization of sesame germplasm.
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