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

.
ABSTRACT
	To validate the laboratory determined LD₅₀ doses of EMS and SA, through estimating germination % and seedling survival % responses in two mungbean (Vigna radiata L.) genotypes i.e., Pusa 1031 and Pusa 1431 were evaluated under field conditions. A randomised block design (RBD) with two genotypes × two mutagens × three replications were used. 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. 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. Germination percentages ranged from 49.33% to 53.87%, while seedling survival varied between 46.93% to 52.00%, with Pusa 1031 exhibiting slightly greater tolerance than Pusa 1431. Both EMS and SA treatments produced values clustering around the expected 50% lethality threshold, confirming the accuracy and biological validity of the LD₅₀ doses. Graphical trends further supported the consistency of LD₅₀ induced reductions. The validated LD₅₀ doses of EMS and SA consistently produced the expected median lethality in the M₁ generation, confirming their suitability for initiating a mutation breeding programme in mungbean. These results provide a strong foundation for progressing to M₂ generation screening for beneficial mutations.
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1. INTRODUCTION
		Mungbean (Vigna radiata L.) a widely cultivated pulse crop, valued for its high nutritional content and adaptability to regions with short 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). 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 Methane Sulfonate (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). 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. In recent years, mutation breeding has gained renewed attention because it complements modern breeding methods such as marker-assisted selection, speed breeding, and genomic-assisted trait discovery. Chemical mutagens like ethyl methanesulfonate (EMS) and sodium azide (SA) remain preferred agents, owing to their high mutagenic efficiency, reproducibility, and ability to create a wide range of point mutations valuable for forward-genetics studies (Chen et al., 2023; Subramaniam and Kumar, 2023). However, the effectiveness of these mutagens depends heavily on identifying a dose that induces substantial genetic changes without causing excessive lethality, which has been demonstrated by dose–response studies assessing survival, seedling vigor, and mutation frequency (Li et al., 2024; Abdelhameed, et al., 2024).
		Although LD₅₀ values can be initially estimated from laboratory studies through germination assays or seedling bioassays, field-level validation is essential to determine whether these doses perform similarly under natural growing conditions. Indeed, dose-optimization studies with Ethyl Methane Sulfonate (EMS) in Proso millet (Panicum miliaceum) demonstrated that germination-paper, tray-based and field trials yielded different survival and growth outcomes, the field method produced more reliable LD₅₀/GR₅₀ values when compared with paper or tray based assays (Francis et al., 2022). Likewise, in Foxtail millet (Setaria italica), EMS treatments produced markedly different seedling-survival, injury and maturity values under field conditions than in controlled germination tests, highlighting the influence of environmental and soil factors (Author et al., 2021). Field validation helps capture the influence of environmental variables such as soil moisture, microbial interactions, temperature fluctuations, and genotype-specific physiological responses all of which can significantly affect survival and mutation expression due to altered stress, microbial dynamics and rhizosphere effects under real soil conditions (Pantigoso et al., 2022; Copeland et al., 2025).By validating LD₅₀ values for EMS and SA in two contrasting mungbean genotypes under field conditions, this study not only strengthens the scientific reliability of earlier laboratory findings but also provides a foundational framework for large-scale mutation breeding in mungbean. The outcomes of such validation will guide subsequent M₂ screening efforts, allow efficient identification of beneficial mutations, and ensure greater reproducibility of mutagenesis protocols across different environments and genetic backgrounds. 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.
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 Methane Sulfonate (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 of 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.
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 LD50 concentrations of EMS and SA indicated that germination and seedling survival remained close to the expected 50% lethality threshold, suggesting that the pre-established LD₂₀ doses behaved consistently under field conditions. 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. Under SA treatment, 195 seeds germinated in Pusa 1031 (52.00%) whereas 185 in Pusa 1431 (49.33%). Seedling survival followed a similar trend. 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%). 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. This consistency between expected lethality thresholds and observed field performance reinforces that the chosen LD₅₀ doses are suitable for generating a viable mutant population without excessive mortality. Similar studies, such as the EMS-treated populations in mungbean reported by Varadaraju et al. (2017), also observed acceptable germination and seedling survival at their calculated LD₅₀ concentrations, supporting the practicality of such doses for mutation breeding in mungbean. Likewise, Wani et al. (2024) documented comparable LD₅₀-aligned reductions in germination and early seedling vigor in mungbean under EMS treatment, further validating the reliability of using lethality-based dose optimization in legume mutagenesis. Additionally, Kumar and Sharma (2024) demonstrated that LD₅₀-range EMS doses produced stable chlorophyll and macro-mutations without causing excessive mortality, reinforcing the suitability of LD₅₀ as an effective benchmark in establishing mutant populations across mungbean genotypes.
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 consistent reductions in seed germination under EMS and SA LD50 treatments, closely aligning with the anticipated ~50% lethality 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).  A similar trend was observed under SA LD₅₀, where Pusa 1431 recorded 185 germinated seeds (49.33%) and Pusa 1031 showed 195 germinated seeds (52.00%). These patterns indicate that germination values were driven towards the LD50 threshold due to the relatively uniform mutagenic pressure by both mutagens. The reliability of the applied LD50 doses is further supported by the germination trends illustrated in Figure 1, which closely mirror these observations. Comparable LD₅₀- related reductions in germination have also been documented in mungbean by Sofia et al. (2023), and Wani and Kozgar (2011). These consistent reductions at LD₅₀ reaffirm that EMS and SA doses were appropriately standardized to induce sufficient physiological stress while maintaining viable seedling numbers. These consistent reductions at LD₅₀ reaffirm that EMS and SA doses were appropriately standardized to induce sufficient physiological stress while maintaining viable seedling numbers. A similar LD₅₀ dependent decline in germination was also reported by Anusheela Varadaraju et al. (2017), who demonstrated that EMS concentrations aligned with LD₅₀ estimates produced stable mutant populations suitable for downstream genetic screening.

3.1.2 Seedling Survival at 30 DAS
		Similar to the germination response, seedling survival at 30 DAS also followed a consistent LD50 response pattern. Out of the 375 seeds sown, Pusa 1031 recorded 195 surviving seedlings (52.00%) under the EMS LD₅₀ treatment, whereas Pusa 1431 showed 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%). The slightly lower survival rate observed in Pusa 1431 under SA treatment suggests that this genotype is marginally more sensitive to SA than to EMS. Figure 2 further supports these findings, as survival rates across cluster closely around expected 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 Wani (2025) and Kumar and Sharma (2024). These observations strengthen the conclusion that the selected LD₅₀ doses delivered reliable and reproducible mutagenic pressure while maintaining sufficient viability for subsequent generation development. Indeed, earlier work in mungbean by Sundesha et al. (2021) recorded comparable reductions in both germination and seedling vigour under EMS treatments near their estimated LD₅₀, confirming that such dose regimes are effective for generating mutant populations with acceptable early-stage survival.

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
[bookmark: _Hlk192511329][bookmark: _Hlk187485061][bookmark: _Hlk194655630][bookmark: _Hlk209008097][bookmark: _Hlk213163655]		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 exhibited comparable sensitivity to EMS and SA, with although Pusa 1031 showed slightly higher tolerance overall. The strong concordance 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 advancing to M₂ generation screening, where desirable genetic variability for yield, stress tolerance, and other agronomically important traits can be effectively identified. Taken together, these results reinforce that the mutagen doses optimized under controlled conditions remained robust when tested under natural field environments, ensuring that the mutation load introduced was neither excessive nor inadequate for downstream selection. By achieving a balanced level of lethality and survivability, the study ensures that the resulting M₂ population will harbor a broad spectrum of mutations while retaining adequate plant numbers for meaningful phenotypic evaluation. This positions the breeding programme to efficiently capture novel and beneficial variants, ultimately supporting long-term genetic improvement efforts in mungbean.
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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	








