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Validation of estimated median lethal dose (LD₅₀) estimates for of EMS and SA in M₁ generation populations of mungbean (Vigna radiata L.) genotypes

.
ABSTRACT
Aim: To validatethe  laboratory-determined LD₅₀ doses of EMS and SA ,by assessing germination and seedling survival responses in of  two mungbean (Vigna radiata L.) genotypes, Pusa 1031 and Pusa 1431, were evaluated under field conditions.
Study Design: A randomised block design (RBD) with two genotypes × two mutagens × three replications were used.
Place and Duration of Study: The experiment was conducted at the Institutional farm, College of Post Graduate Studies in Agricultural Sciences, Central Agricultural University, Umiam (Meghalaya), during pre-kharif 2023.
Methodology: Seeds of Pusa 1031 and Pusa 1431 were treated with predetermined LD₅₀ concentrations of EMS and SA. For each genotype, mutagen combination, 375 seeds were sown to assess germination at 10 days after sowing (DAS) and seedling survival at 30 DAS. Observations were compared to evaluate whether the field responses matched the expected ~50% lethality threshold.
Results: Germination percentages ranged from 49.33% to 53.87%, while seedling survival varied betweenranged from 46.93% to 52.00%, with Pusa 1031 exhibitingshowing slightly greaterhigher tolerance than Pusa 1431. Both EMS and SA treatments produced values clustering around the expected 50% lethality thresholdlevel, confirming the accuracy and biological validity of the LD₅₀ doses. Graphical trendspatterns further supported the consistency of LD₅₀-induced reductions.
Conclusion: The validated LD₅₀ doses of EMS and SA consistentlyreliably produced the expected median lethality in the M₁ generation, confirmingdemonstrating their suitability for initiatingestablishing a mutation breeding programme in mungbean. These resultsfindings provide a strong foundationbaseline for progressingadvancing to M₂ generation screening for beneficial mutations.
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1. INTRODUCTION
		Mungbean (Vigna radiata L.) a widely cultivatedpopular pulse crop, is valued for its high nutritional content and adaptability to regions with short growing seasonswidely grown for its nutritional value, particularly in areas with limited growing seasons. Despite its importance, genetic improvement in mungbean remains constrained by a narrow gene pool and limited natural variability, making substantial progress through conventional breeding approaches challenging (Kumar et al., 2021). Despite its significance, mungbean genetic improvement is limited by a small gene pool and low natural variability, making it challenging to achieve significant genetic improvements by traditional breeding alone (Kumar, et al., 2021). Mutation breeding has emerged as an effective strategy to overcome this limitation by generating novel genetic variability that can be exploited for developing improved cultivars. Ethyl methanesulfonate (EMS) and sodium azide (SA) are among the most commonly used chemical mutagens because, at appropriate dosages, they efficiently induce point mutations without causing extensive genomic damage (Wani et al., 2011). Determining the median lethal dose (LD₅₀)—the dose at which approximately 50% mortality occurs is essential for the success of mutation breeding, as it balances the need for sufficient mutational events with acceptable levels of plant survival (Rajarajan et al., 2014).Mutation breeding has become a potent tactic to get over this restriction by producing new genetic diversity that breeders can utilise to create better cultivars. Ethyl Methane Sulfonate (EMS) and Sodium Azide (SA) are two chemical mutagens that are frequently utilised because, when exposed at the right dosage, they efficiently create point mutations without seriously harming the genome (Wani, et al., 2011). Finding a median lethal dose (LD50), or the dose at which about 50% mortality occurs, is crucial for the effectiveness of mutation breeding because it strikes a compromise between producing enough mutational events and preserving plant viability (Rajarajan et al., 2014). Validating LD₅₀ under field conditions in the M₁ generation is crucial to ensure that laboratory-estimated lethal doses accurately reflect plant performance in real environments, including survival, growth, and yield traits. Such validation accounts for genotype-specific sensitivity and environmental interactions, thereby strengthening the practical reliability of mutagenesis protocols. Therefore, the present study aims to validate the LD₅₀ doses of EMS and SA previously reported by Ali et al. (2024) by evaluating their effects on germination, survival, plant height, and seed yield in the M₁ generation of two mungbean genotypes, Pusa 1031 and Pusa 1431. Field-based confirmation of laboratory-derived LD₅₀ values will contribute to establishing robust and dependable mutagenesis protocols for mungbean improvement.Validating LD₅₀ in the M₁ generation under field conditions ascertains the correlation between calculated lethal dosages and actual survival, growth, and yield characteristics. This validation considers not only the mutagen's impact but also genotype sensitivity and environmental interactions, enhancing the practical implementation of mutagenesis in breeding programs. Therefore, aim of this experiment is  to validate the LD₅₀ doses of EMS and SA previously reported by Ali et al. (2024) by evaluating their impact on germination, survival, plant height, and seed yield in the M₁ generation of Pusa 1031 and Pusa 1431. The field-based confirmation of laboratory-derived LD₅₀ values is intended to support reliable mutagenesis protocols for mungbean breeding.
2. Materials and Methods
2.1 Plant Material and Mutagen Treatments
		Two mungbean (Vigna radiata L.) genotypes, Pusa 1031 and Pusa 1431, were examined in this study. The LD₅₀ values of the mutagens Ethyl methanesulfonate (EMS) and sodium azide (SA) for both genotypes were adopted from Ali et al. (2024), who previously standardized the dose response relationship under laboratory conditions. Based on these LD₅₀ values, 375 seeds of each genotype were treated separately with EMS-LD₅₀ and SA-LD₅₀ concentrations following the same treatment protocols described in Ali et al. (2024). According to their findings, the LD₅₀ for Pusa 1031 was 58.81 mM (EMS) and 0.047 mM (SA), while Pusa 1431 exhibited LD₅₀ values of 33.16 mM (EMS) and 0.047 mM (SA). Following the standardised procedures outlined by Ali et al. (2024), 375 seeds per genotype were treated independently with EMS-LD50 and SA-LD50 using these confirmed LD₅₀ dosages. Both the genotypes untreated seeds were used as controls.

2.2 Field Establishment of the M₁ Generation
		At the Institutional Farm of the College of Post Graduate Studies in Agricultural Sciences (CPGS-AS), CAU (Imphal), Umiam, Meghalaya, during Pre-Kharif 2023, the treated and control seeds were planted to raise the M₁ generation. Three replications in a Randomised Block Design (RBD) were sown. The distance between seeds was 10 cm between plants and 30 cm between rows. Throughout the crop cycle, standard agronomic and plant protection techniques were consistently implemented.
2.3 Observations recorded
2.3.1 Number of seeds sown
For each treatment and genotype, a fixed number of 375 seeds were sown. This serves as the baseline for all subsequent percentage calculations.
2.3.2 Number of seeds germinated (10 DAS)
Germinated seedlings were counted at 10 days after sowing (DAS) for each treatment and genotype.
2.3.3 Germination percentage
Germination % was calculated using:
Germination % = No. of seeds germinated/total no. of seeds × 100
2.3.4 Seedling survival after 30 days
The number of seedlings that survived up to 30 DAS was recorded for each treatment.
2.3.5 Survival percentage
Survival % was computed using:
Survival % = Seedlings survived at 30 DAS/no of seeds germinated × 100
2.4 Statistical Analysis
		Data for each parameter i.e., No. of seeds germinated, Germination %, Seedling survival, Survival % were analyzed using simple descriptive statistics (mean values). Percentages were calculated individually for each genotype and mutagen treatment. Since the study aimed at LD₅₀ validation, the results were interpreted based on the closeness of observed germination and survival percentages to the expected ~50% lethality point, rather than through inferential statistical tests.
[bookmark: _GoBack]3. Results And Discussion 
3.1 Germination and Survival Responses of EMS and SA-treated Seeds
		The overall performance of both mungbean genotypes under the Both mungbean genotypes overall performance under LD₂₀ concentrations of EMS and SA indicatedshowed that germination and seedling survival remained close to the expected values stayed near the anticipated 50% lethality threshold, suggesting that the pre-established LD₂₀ doses behaved consistently under field conditions.in the field. The detailed germination and survival data for Pusa 1031 and Pusa 1431 are presented in Table 1. For each genotype–mutagen combination, 375 seeds were sown. Under EMS treatment, 202 seeds germinated in Pusa 1031 and 197 in Pusa 1431, corresponding to germination rates of 53.87% and 52.53%, respectively. For each genotype–mutagen combination, 375 seeds were sown, of which 202 and 197 seeds germinated under EMS treatment for Pusa 1031 and Pusa 1431, respectively, corresponding to germination rates of 53.87% and 52.53%. Under SA treatment, 195 seeds germinated in Pusa 1031 (52.00%) and 185 seeds germinated in Pusa 1431 (49.33%).  Seedling survival also followed a similar trend.pattern: Under EMS, 195 seedlings survived in Pusa 1031 (52.00%) and 189 in Pusa 1431 (50.40%). SA treatment resulted in 190 survivors in Pusa 1031 (50.67%) and 176 in Pusa 1431 (46.93%)under EMS, 195 (52.00%) and 189 (50.40%) seedlings survived in Pusa 1031 and Pusa 1431, respectively, whereas SA treatment resulted in 190 survivors (50.67%) in Pusa 1031 and 176 survivors (46.93%) in Pusa 1431. These results align closely with the observations of Ali et al. (2024), who reported comparable germination and survival percentages near the 50% threshold for EMS and SA treatments under controlled laboratory conditions in the same genotypes. The findings also corroborate the mutagenic patterns reported by Wani (2024) and Wani et al. (2014), who documented similar LD₅₀-associated reductions and mutagenic responses in mungbean.The above results are consistent with Ali et al. (2024), who also reported germination and survival rates stabilizing near 50% under EMS and SA treatments in the same mungbean genotypes under lab conditions, and align with findings of Wani (2024) and Wani et al., (2014), who demonstrated similar LD₅₀ based reductions and mutagenic behaviour in mungbean.
Table 1. Germination and seedling survival (%) of Pusa 1031 and Pusa 1431 under EMS and SA LD₅₀ treatments in the M₁ generation
	Mutagen
	Genotype
	No. of seeds sown
	No. of seeds Germinated
	Germination% at 10 days
	Seedling survival after 30 days
	Survival %

	EMS
	Pusa 1031
	375
	202
	53.87
	195
	52

	 
	Pusa 1431
	375
	197
	52.53
	189
	50.4

	 
	 
	 
	
	
	
	

	SA
	Pusa 1031
	375
	195
	52
	190
	50.67

	 
	Pusa 1431
	375
	185
	49.33
	176
	46.93



3.1.1 Seed Germination at 10 DAS
		Both mungbean genotypes showed clear and exhibited distinct and consistent reductions in seed germination under EMS and SA LD50 treatments, closely aligning which were comparable with the anticipated ~50% lethalitymortality level. Under EMS LD₅₀, Pusa 1031 produced 202 sprouted seeds (53.87%), while Pusa 1431 exhibited 197 germinated seeds (52.53%) out of the 375 seeds sown (Table 1). Pusa 1031 observed 202 sprouted seeds (53.87%) under EMS LD50, whereas Pusa 1431 reported 197 germinated seeds (52.53%) out of 375 seeded seeds (Table 1). A similar trend was observed under In a similar pattern SA LD₅₀, where Pusa 1431 recorded 185 germinated seeds (49.33%) and Pusa 1031 showed 195 germinated seeds (52.00%).SA LD50 showed 185 germinated seeds (49.33%) in Pusa 1431 and 195 germinated seeds (52.00%) in Pusa 1031. These patterns indicateshow that germination values were driven towards the LD50 threshold due to the relatively uniform by the almost consistent mutagenic pressure applied by both mutagens. The reliabilityThe dependability of the applied LD50 doses is further supportedvalidated by the germination trends illustratedshown in Figure 1, which closely mirror these observationssubstantially resemble these results. Comparable LD₅₀- related reductions associated declines in germination have also been documentedreported in mungbean by Sofia et al. (2023), and Wani and Kozgar (2011).

3.1.2 Seedling Survival at 30 DAS
		Similar to the germination responseto germination, seedling survival at 30 DAS also followedexhibited a consistent LD50 response pattern. Out of the 375 seeds sownseedlings initially seeded, Pusa 1031 recorded 195 surviving seedlings (52.00%) under the EMS LD₅₀ with EMS LD²¹ treatment, whereas Pusa 1431 showedrevealed 189 survivors (50.40%) (Table 1). Under SA LD₅₀, 190 seedlings (50.67%) survived in Pusa 1031, while Pusa 1431 recorded 176 surviving seedlings (46.93%).  In Pusa 1031, 190 seedlings (50.67%) and in Pusa 1431, 176 seedlings (46.93%) survived under SA LD�¹. The slightly The somewhat lower survival rate observed in Pusa 1431 under SA treatmenttreated with SA suggests that this genotype is marginally more slightly more sensitive to SA than to EMS. Figure 2 further supports these findings, as survival rates across Figure 2, showing survival rates for all treatments cluster closely around expected the anticipated 50% lethality threshold. , Similar LD₅₀-associated reductions in germination and seedling survival have also been reported in recent mutagenesis studies on mungbean and greengram by provides visual evidence for these trends. Comparable LD₅₀-associated declines in germination and survival are further supported by recent mutagenesis studies in mungbean and green gram by Wani (2025) and Kumar and Sharma (2024).


Figure 1. Germination percentage of Pusa 1031 and Pusa 1431 under EMS and SA LD₅₀ treatments in the M1 generation
		
Figure 2. Seedling survival percentage of Pusa 1031 and Pusa 1431 under EMS and SA LD₅₀ treatments at 30 DAS
4 Conclusion
		The present study successfully validated the LD₅₀ doses of EMS and SA in two mungbean genotypes by demonstrating that germination and seedling survival consistently stabilized around the expected 50% lethality threshold in the M₁ generation. Both Pusa 1031 and Pusa 1431 exhibiteddisplayed comparable sensitivity to EMS and SA, with althoughslightly Pusa 1031 showed slightly higher tolerance overallhigher tolerance observed in Pusa 1031. The strong concordance close agreement between laboratory determined and field-observed LD₅₀ responses confirms the reliability of the selected mutagen doses for establishing a mutation breeding programme. These findings provide a solid foundation for results provide a robust baseline for advancing to M₂ generation screening, where desirable genetic variability for yield, stress tolerance, and other agronomically important traits can be effectively identified.and stress-tolerant traits may be effectively identified.
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Seed Germination % after 10 Days of sowing in M1 generation 
No. of seeds sown	
Pusa 1031	Pusa 1431	Pusa 1031	Pusa 1431	EMS	SA	375	375	375	375	No. of seeds Germinated	
Pusa 1031	Pusa 1431	Pusa 1031	Pusa 1431	EMS	SA	202	197	195	185	Germination %	
Pusa 1031	Pusa 1431	Pusa 1031	Pusa 1431	EMS	SA	53.86666666666666	52.533333333333331	52	49.333333333333336	



Survival % of  Treated seeds after 30 Days of sowing in M1 generation
No. of seeds sown	
Pusa 1031	Pusa 1431	Pusa 1031	Pusa 1431	EMS	SA	375	375	375	375	seedling survival after 30 days	
Pusa 1031	Pusa 1431	Pusa 1031	Pusa 1431	EMS	SA	195	189	190	176	Survival %	
Pusa 1031	Pusa 1431	Pusa 1031	Pusa 1431	EMS	SA	52	50.4	50.666666666666671	46.93333333333333	








