


Evaluation of Seedling Traits in M1 Generation of Sesame (Sesamum Indicum L.) under Laboratory Conditions

ABSTRACT
The present study evaluated the impact of gamma irradiation on germination and seedling growth parameters in two sesame (Sesamum indicum L.) varieties, G. Til 2 and G. Til 6. Seeds were exposed to gamma-ray doses ranging from 250 to 550 Gy, with untreated seeds serving as control. Results showed a progressive decline in germination percentage, root length, shoot length, seedling fresh weight, seedling dry weight, and vigour indices as radiation dose increased. Among all treatments, 250 Gy exhibited the least adverse effects and least reduction in germination and stronger seedling growth in both varieties. The values recorded for all traits in the treated populations remained consistently lower than those of the untreated control. Higher doses, particularly 500 and 550 Gy, significantly reduced all growth traits, indicating severe physiological damage. The findings suggest that 250 Gy is the most suitable dose for inducing genetic variability while preserving seedling viability in sesame.
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1.  INTRODUCTION
Sesame (Sesamum indicum L., 2n = 26) is a very ancient oilseed crop grown next to groundnut, rapeseed and mustard in India. It belongs to the order Lamiales, family Pedaliaceae. It is basically considered a crop of tropical and sub-tropical regions, but it has also spread to the temperate parts of the world. Africa has been considered to be the primary centre of origin of sesame and it spread early through West Asia to India, China and Japan, which themselves became secondary distribution centres (Weiss, 1983). Sesame is a self-pollinated crop with an average cross-pollination to the extent of 4 to 5 per cent. However, the amount of outcrossing ranges from 0 to 50 per cent depending upon the pressure of pollinating agents, whereas wind plays no part in natural cross-pollination. Sesame is one of the oldest oilseed crops from which oil was extracted by the ancient Hindus, which was used for certain ritual purposes (Weiss, 1983). 
World sesame seed production is estimated at around 4.8 million tonnes, with countries, viz., Myanmar, India, China, Tanzania, Sudan, Ethiopia, Nigeria, Burkina Faso, Uganda and Niger account for over 80% of the production (Anon., 2023a). In 2023-24, India produced an estimated 850 thousand tonnes of sesame. India ranks third in sesame production in the world (Anon., 2023b). Gujarat produced an estimated 133885 metric tonnes of sesame in 2023-24. In Gujarat major sesame-producing districts are Junagadh (26994 ton), Surendranagar (25189 ton), Morbi (17915 ton) and Amreli (9170 ton) (Anon., 2023c).
Mutation breeding is an unavoidable method to rectify specific defects by creating desirable genetic variation using chemical or physical mutagens (Chaudhary et al., 2019). Alpha, beta, protons, neutrons, gamma rays, and X-rays are examples of ionizing radiations. Because of their shorter wavelength and higher penetration capacity, gamma rays are frequently used for mutation research (Khin, 2006). Moreover, chemical mutagens such as sodium azide, N-Ethyl-N-nitroso Urea (ENU), and Ethyl Methane Sulphonate (EMS) exhibit both beneficial and detrimental effects on the populations that have undergone mutations (Mohd-Yusoff et al., 2015). A popular mutagen for mutant breeding that pairs with T rather than C is called EMS. According to Rafi et al. (2016), the mispairing causes deletions and rearrangements in addition to G/C to A/T transitions. Induced mutations with ionizing radiation and chemical mutagens offer desired phenotypic as well as genotypic effects, which can be further harnessed through recombination breeding or as such (Flibotte et al., 2010). 
Gamma rays are an ionizing physical mutagen that can cause mutations in plants. Gamma-ray irradiation is one way to increase the genetic variability of plants. Changes in the quantitative traits of plants and chromosomes are more affected by macro mutation brought on by high doses of gamma-ray irradiation than by micro mutation or moderate levels of the radiation. To produce genetic diversity, mutagenic therapy can induce mutations in plant reproductive organs such as seeds, stem cuttings, pollen, roots, rhizomes, tissue culture and others.
2. MATERIALS AND METHODS
Gujarat Til 2 and Gujarat Til 6 are two different varieties of sesame (Sesamum indicum L.) that were chosen for mutagenic treatment. For this investigation, pure seeds of two varieties were acquired from the Junagadh Agricultural University, Agricultural Research Station in Amreli. For various mutagenic treatments, one physical mutagen, gamma rays was used. Seeds were sent to the Bhabha Atomic Research Centre (BARC) in Trombay, Mumbai, to be treated with gamma rays. There, they received acute dosages of 250, 300, 350, 400, 450, 500, and 550 Gy. As a control, a set of unirradiated seeds from the same batch of types was used. A germination test was carried out in laboratory conditions. In order to study the effect of different doses of mutagens on germination and seedling growth, about 100 seeds of each dose along with both controls, were taken for germination testing with three replications. The observations were recorded after 7 days on germination percent, root length (cm), shoot length (cm), Seedling fresh weight (g), Seedling dry weight (g), Seed vigour index (mass), Seed vigour index (length).
2.1 Standard Germination Test 
Germinated seeds were counted from the third to the seventh day. The emergence of cotyledonary leaf was taken as an indication of germination. Germination percentage was worked out in each treatment in each genotype separately.

2.2 Root length and shoot length (cm)
The root length and shoot length of ten randomly selected seedlings were measured from the cotyledonary node to the tip of the shoot on the seventh day in centimetres and averaged.
2.3 Seed Vigour indices
Seed Vigour Index (mass) = Germination percent × Seedling dry weight (mg) 
Seed Vigour Index (length) = Germination percent × Seedling length (cm)
Statistical analysis
Statistical Analysis of data of various characters was carried out as per the Complete Randomized Design (CRD) analysis with three replications. Analysis of the variance was worked out using standard statistical procedures as described by Panse and Sukhatme (1995).
3. RESULTS AND DISCUSSION
The effects of physical mutagens on various parameters of plant growth, such as germination percent, root length (cm), shoot length (cm), Seedling fresh weight (g), Seedling dry weight (g), Seed vigour index (mass), Seed vigour index (length) in sesame are presented in Table 1.

3.1 Germination per cent
The findings of the present investigation clearly demonstrate that gamma irradiation exerted a dose-dependent inhibitory effect on seed germination in both sesame varieties. A progressive decline in germination percentage was observed as the dose of gamma rays increased, indicating heightened physiological stress at higher mutagen levels. Compared to the untreated control, all irradiated treatments recorded lower germination rates. Among the doses tested, 250 Gy exhibited the least reduction, with germination percentages of 92.67% in G. Til 2 and 95.33% in G. Til 6, suggesting that this dose was relatively mild and caused minimal detrimental effects on seed viability. In contrast, exposure to 550 Gy resulted in the most pronounced reduction in germination (65.67% and 74.33% in G. Til 2 and G. Til 6, respectively), indicating that higher doses substantially impair early seedling emergence. The marked decline in germination at higher irradiation levels may be attributed to radiation-induced physiological and cytological disturbances. Gamma rays are known to cause chromosomal aberrations, disruptions in DNA replication, and impairment in meristematic cell activity. Such damages hinder key processes involved in germination, particularly cell division and elongation in the embryonic tissues, ultimately reducing the germination capacity of seeds. Additionally, irradiation may alter membrane permeability, enzyme activity, and metabolic processes essential for the transition from dormancy to active seedling growth. Similar dose-dependent reductions in germination following gamma irradiation have been well-documented in earlier studies across various crops. Previous researchers, including Lee et al. (1986), Das and Haque (1997), Govindarasu and Rammoorthi (1998), Mensah et al. (2007), Anbarasan et al. (2015), Khin Mark et al. (2001), Uttarde et al. (2020), Raut et al. (2021), Sasane et al. (2022) and Jhar et al. (2024), also reported a consistent decline in germination percentage with increasing radiation doses. The present results are therefore in close agreement with earlier findings and confirm that higher gamma irradiation intensities adversely affect seed viability and early plant establishment in sesame.
3.2 Root length (cm)
The analysis of root length revealed significant differences between gamma-irradiated plants and the control in both sesame genotypes, indicating that root development is highly sensitive to mutagenic stress. As shown in Table 1, the maximum root length in G. Til 2 was recorded at the 250 Gy treatment (3.33 cm), which suggests that low to moderate doses of gamma radiation may exert a stimulatory or hormetic effect on early root growth. A similar trend was observed in G. Til 6, where the highest root length (2.74 cm) also occurred at 250 Gy. This indicates that, for both varieties, lower irradiation intensities may enhance root elongation by inducing mild physiological stimulation without causing critical cellular damage. However, as the radiation dose increased beyond the optimum level, a clear and consistent reduction in root length was observed. The shortest root length was recorded at the highest exposure level of 550 Gy, measuring 1.17 cm and 1.50 cm in G. Til 2 and G. Til 6, respectively. Such reductions at higher doses can be attributed to radiation-induced cellular disruptions, including chromosomal aberrations, impaired mitotic activity in root meristems, oxidative stress, and disturbances in enzymatic and hormonal pathways essential for root elongation. Gamma rays at high intensities are known to damage DNA and reduce the rate of cell division in root tip meristems, ultimately limiting root growth. These findings align closely with previous studies reporting dose-dependent declines in root length following gamma irradiation. Govindarasu and Rammoorthi (1998), Diouf et al. (2010), Boranayaka et al. (2010), Anbarasan et al. (2015), Kumari et al. (2016), Uttarde et al. (2020), Raut et al. (2021) and Jhar et al. (2024) similarly observed that while lower doses of gamma rays may occasionally promote early growth, higher doses invariably inhibit root elongation due to cumulative physiological and cytogenetic damage. The present results, therefore, confirm the general pattern that root length is negatively correlated with increasing gamma radiation dose, and that root growth serves as a reliable indicator of radiation sensitivity in sesame.
3.3 Shoot length (cm)
The shoot length was also decreased causing seedling injury progressively with an increase in the dose of the mutagen. The highest reduced shoot length was observed in treatment 550 Gy in both varieties (1.41 cm and 1.55 cm respectively). Lower doses of mutagen exhibited higher shoot length.  The observed decline in shoot length at higher doses may be attributed to several radiation-induced effects, including disruption of DNA synthesis, inhibition of mitotic activity in shoot apical meristems, impairment of auxin-mediated shoot elongation, and increased oxidative stress. Since shoot elongation relies heavily on active cell division and expansion, any damage to meristematic tissues directly reduces growth potential. High doses of gamma rays are known to cause chromosomal abnormalities and metabolic imbalances, which cumulatively hinder vertical growth and vigour. A decreased in shoot length was observed in the present study, which was also in conformity with the observation of Govindarasu and Rammoorthi (1998), Diouf et al. (2010), Boranayaka et al. (2010), Anbarasan et al. (2015), Kumari et al. (2016), Uttarde et al. (2020), Raut et al. (2021) and Jhar et al. (2024).
3.4 Seedling fresh weight (g)
A progressive reduction in seedling fresh weight was recorded with increasing doses of gamma irradiation, indicating that higher levels of mutagenic stress adversely affect early seedling biomass accumulation in both sesame varieties. The maximum seedling fresh weight was obtained at the 250 Gy treatment, measuring 0.27 g in G. Til 2 and 0.25 g in G. Til 6. These values suggest that low to moderate doses may exert a mild stimulatory effect or cause only limited cellular disturbance, allowing seedlings to maintain relatively better growth and metabolic activity. However, at higher doses of gamma rays, particularly 550 Gy, a steep decline in fresh weight was observed, dropping to 0.14 g in G. Til 2 and 0.08 g in G. Til 6. This sharp reduction is indicative of severe physiological damage, impaired water uptake, reduced enzymatic activity, and diminished cell division, all of which restrict biomass accumulation. The observed decline can be attributed to the detrimental effects of gamma irradiation on seedling metabolism. High radiation doses are known to induce oxidative stress, disrupt membrane integrity, inhibit protein synthesis, and cause chromosomal damage, ultimately reducing the overall vigour and turgidity of seedlings. Since fresh weight is directly linked to cellular hydration, metabolic efficiency, and tissue development, radiation-induced disruptions lead to reduced biomass in a dose-dependent manner. The results of the present study align well with earlier reports. Pathirana et al. (1993) documented a similar dose-related reduction in seedling fresh weight, attributing the decline to inhibitory effects of radiation on mitotic activity and water absorption capacity. More recently, Ariharasutharsan et al. (2022) also observed that increased gamma irradiation levels significantly decreased fresh weight in young seedlings, reaffirming that higher doses negatively affect early growth and biomass formation. These consistent findings across studies further confirm that seedling fresh weight is a sensitive and reliable indicator of mutagenic stress in sesame.
3.5 Seedling dry weight (g)
There was a reduction in seedling dry weight in the treated population with an increase in doses of gamma rays. The highest seedling dry weight was observed in treatment 250 in both varieties (0.03 g). The lowest seedling dry weight was observed in treatments 500 Gy and 550 Gy gamma rays in both varieties (0.01 g).  Dry weight is a stable indicator of actual biomass produced after the removal of moisture, and it reflects the cumulative effect of cell division, nutrient assimilation, and organic matter synthesis. The substantial reduction in dry weight at higher gamma doses could be attributed to radiation-induced chromosomal damage, impaired mitotic activity, decreased photosynthetic efficiency, and disruptions in biochemical pathways essential for structural carbohydrate and protein formation. High levels of irradiation often lead to oxidative stress, which damages cellular components and decreases the overall capacity of seedlings to produce and retain dry matter. This result was supported by Ariharasutharsan et al. (2022).
3.6 Seed vigour index (mass)
In variety G. Til 2 maximum seed vigour index (mass) was found in treatment 250 Gy (2.41), and the minimum in treatment 550 Gy (0.68). Similarly, in G. Til 6 it was high in 250 Gy (2.67) and low in 550 Gy (0.72). Seed vigour index (mass) was obtained by multiplying of germination per cent by seedling dry weight. Thus, it is dependent on two variables viz., seedling dry weight and germination per cent. The germination per cent decreased with increased dose of concentration. Seedling dry weight also decreased with increased dose of concentration. So, seed vigour index (mass) was decreased with increased dose of mutagen compared to the control. These results are confirmed with Raut et al. (2021).
3.7 Seed vigour index (length)
In variety G. Til 2 maximum seed vigour index (length) was found in treatment 250 Gy (506.04), and the minimum in treatment 450 Gy 382.14). In G. Til 6, it was high in 250 Gy (522.52) and low in 500 Gy (263.53). Seed vigour index (length) was obtained by multiplying of germination per cent by seedling length. Thus, it is dependent on two variables: seedling dry weight and germination rate. The germination percentage decreased with increased dose of concentration. Seedling dry weight also decreased with increased dose of concentration. So, seed vigour index (mass) was decreased with increased dose of mutagen compared to the control. These results are confirmed with Raut et al. (2021).






	Treatments 
	Germination percent
	Root length
	Shoot length

	
	G. Til 2
	G. Til 6
	G. Til 2
	G. Til 6
	G. Til 2
	G. Til 6

	250 Gy gamma rays
	92.67
	95.33
	3.33
	2.74
	3.18
	2.94

	300 Gy gamma rays
	89.67
	94.33
	2.73
	2.59
	2.84
	2.83

	350 Gy gamma rays
	85.33
	86.33
	2.58
	2.43
	2.69
	2.63

	400 Gy gamma rays
	81.33
	82.33
	2.29
	2.34
	2.59
	2.54

	450 Gy gamma rays
	76.67
	78.33
	2.21
	2.5
	2.46
	2.35

	500 Gy gamma rays
	75.00
	77.33
	1.92
	2.01
	2.35
	2.15

	550 Gy
	65.67
	74.33
	1.17
	1.50
	1.41
	1.55

	Control
	96.67
	96.33
	4.45
	3.47
	3.65
	3.57

	Mean 
	82.88
	92.25
	2.59
	2.42
	2.50
	2.57

	S.Em 
	1.21
	1.17
	0.10
	0.09
	0.11
	0.09

	CD at 5%
	3.64
	3.50
	0.29
	0.27
	0.34
	0.28


Table 1. Mean values of different characters in M1 generation (laboratory) with different doses of gamma rays in the varieties G.Til 2 and G.Til 6
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	Treatments 
	Seedling fresh weight (g)
	Seedling dry weight (g)
	Seed vigour index (mass)
	Seed vigour index (length)

	
	G. Til 2
	G. Til 6
	G. Til 2
	G. Til 6
	G. Til 2
	G. Til 6
	G. Til 2
	G. Til 6

	250 Gy gamma rays
	0.27
	0.25
	0.03
	0.03
	2.41
	2.67
	506.04
	522.52

	300 Gy gamma rays
	0.26
	0.24
	0.02
	0.03
	2.06
	2.45
	470.73
	518.26

	350 Gy gamma rays
	0.23
	0.22
	0.02
	0.02
	1.71
	1.98
	398.09
	497.10

	400 Gy gamma rays
	0.22
	0.18
	0.02
	0.02
	1.38
	1.87
	404.81
	410.74

	450 Gy gamma rays
	0.21
	0.15
	0.02
	0.02
	1.23
	1.39
	382.14
	352.83

	500 Gy gamma rays
	0.14
	0.10
	0.01
	0.01
	0.98
	1.06
	389.27
	263.53

	550 Gy
	0.14
	0.08
	0.01
	0.01
	0.68
	0.72
	395.40
	434.10

	Control
	0.32
	0.32
	0.03
	0.04
	2.90
	3.76
	757.28
	642.70

	Mean 
	0.22
	0.19
	0.02
	0.02
	1.67
	1.99
	462.97
	455.22

	S.Em 
	0.01
	0.01
	0.001
	0.001
	0.07
	0.08
	22.48
	21.13

	CD at 5%
	0.02
	0.02
	0.002
	0.002
	0.21
	0.23
	67.39
	63.34



4. CONCLUSION
Gamma radiation had a significant effect on germination and seedling growth of both sesame varieties (G. Til 2 and G. Til 6). Lower doses, especially 250 Gy, improved or maintained better performance for most traits, including germination, root length, shoot length, seedling weight, and vigour indices. As the gamma-ray dose increased, all growth parameters gradually decreased, with the strongest reduction observed at 550 Gy. Therefore, 250 Gy was found to be the most suitable dose for inducing variability without severely affecting seedling health in both sesame varieties.
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