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[bookmark: _Hlk207021872]Genetic Variability, Heritability, and Genetic Advance for Early Seedling Vigour Traits Under Laboratory Conditions in Rice (Oryza sativa L.) Genotypes under Wet Direct Seeded Conditions	Comment by Gedifew Gebrie: It needs some sort of modification as: “Genetic Variability, Heritability, and Genetic Advance for Early Seedling Vigour Traits in Rice (Oryza sativa L.) under Wet Direct-Seeded Conditions”

Abstract	Comment by Gedifew Gebrie: It is better to indicate the statistical software and the experimental design used for data analysis



Early seedling vigour (ESV) is a critical trait in rice, particularly under wet direct-seeded cultivation systems, as it promotes rapid crop establishment, suppresses weed competition, and improves resource use efficiency. Understanding the genetic basis of ESV traits is essential for identifying potential genotypes suitable for direct-seeded rice (DSR) cultivation. The present study was undertaken to evaluate genetic variability, heritability, and genetic advance for ten early seedling vigour traits under controlled laboratory conditions using 64 diverse rice genotypes. Laboratory experiments were conducted during rabi 2024-2025 at Sri Venkateswara Agricultural College, Tirupati,Andhra Pradesh, India. The ten traits studied include First count of germination, final count of germination, rate of germination, root length, shoot length, seedling length, root to shoot ratio, seedling dry weight, seedling vigour index 1 and seedling vigour index 2. Statistical analysis indicated significant genetic variability among genotypes for all traits. High heritability coupled with genetic advance were observed for first count of germination , final count of germination, root length, shoot length, seedling length, root to shoot ratio, seedling dry weight, seedling vigour index I and seedling vigour index II, indicating predominance of additive gene action and suggesting these traits can be effectively improved through direct selection. Genotypes such as NLR 3091, NLR 3118, NLR 3367, and NLR 3773 consistently exhibited superior performance for multiple ESV traits and may serve as valuable genetic resources in breeding programs targeting direct-seeded rice systems.The findings highlight the importance of selecting  traits with high heritability and genetic advance to enhance genetic gain and  yield potential under DSR conditions. 
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Introduction	Comment by Gedifew Gebrie: All the literatures need in-text citation.  What is the practical trends and status of direct seeding methods of rice cultivation in the study area?
Rice (Oryza sativa L., 2n=24), a member of the Poaceae family, is the most significant global food crop, providing 23% of calories and supporting over half the world’s population as a staple food and primary income source, especially in Asia and Africa (citation?). With a global cultivation area of 162 million hectares and a production of 535 million tonnes, rice is crucial for food security, particularly in popular countries like India, where it is grown on 47.7 million hectares. Traditional rice cultivation through transplanting is labor-intensive and water-demanding, prompting a shift toward direct seeding methods, which are less laborious, more water-efficient, and increasingly popular in Asia (citation?). Direct seeding includes wet, dry, and water DSR, each suited to different resource availabilities and management practices. In the context of DSR, early seedling vigour (ESV) has emerged as a vital trait, as it ensures rapid and uniform seedling emergence, better early biomass accumulation, and enhanced competitiveness against weeds. Evaluating ESV traits under controlled laboratory conditions allows precise screening of genotypes for traits such as germination percentage, seedling length, root-to-shoot ratio, and seedling vigour indices. These traits are critical indicators of early growth potential under stress-prone field conditions typical of DSR systems. Assessment of genetic variability, heritability, and genetic advance under laboratory settings provides insights into the genetic control of ESV traits. Traits with high heritability and genetic advance are largely governed by additive gene action and are more amenable to selection in breeding programs. As the global population is projected to reach 9.3 billion by 2050, enhancing early crop establishment through improved ESV traits will be pivotal for sustainable rice intensification (Citation?). Therefore, integrating laboratory-based screening with breeding strategies can accelerate the development of climate-resilient, high-yielding rice varieties suited for direct-seeded cultivation systems. 
Material and Methods
Experimental design and Plant mMaterials: The experimental material consisted of 64 rice genotypes (59 + five checks comprising of advanced breeding lines (progenies obtained from crosses involving parents suitable for DSR conditions), released varieties and checks were tested under------experimental design. Five check varieties viz., NLR 34449, NLR 40024, NLR 3354, Shabhagidhan and Varalu were selected and tested, which were known for their suitability under DSR conditions. The experiment was conducted during Rabi, 2024-2025 at Sri Venkateswara Agricultural College, Acharya N. G. Ranga Agricultural University, Tirupati, Andhra Pradesh situated in the Southern Agro-climatic Zone of Andhra Pradesh, India located at an altitude of 182.9m above from mean sea level, at 13° N latitude and 79° E longitude.
Data collection ????? 
Statistical analysis: The collected  data were analysedanalyzed using R programming software. Genetic parameters like phenotypic variance, genotypic variance, error variance, genotypic coefficient of variance (GCV), phenotypic coefficient of variance (PCV), heritability (h2 ) and genetic advance (GA) were calculated by adopting the following formula..	Comment by Gedifew Gebrie: Which data were collected and subjected to statistical analysis. It should be clearly indicated and discussed before talking about Methods of statistical analysis. 	Comment by Gedifew Gebrie: It is better to use GAM instead of GA, as indicated and explained by different authors in different experiment (ttps://doi.org/10.1155/2020/2195797, https://doi.org/10.1016/j.heliyon.2021.e07939, https://doi.org/10.20546/ijcmas.2017.610.200, https://doi.org/10.3389/fpls.2022.987985, e.t.c.) 
Estimation of genotypic and phenotypic variances 
Genotypic and phenotypic variances were estimated according to the formula given by Johnson et al. (1955) as indicated by Equation 1 and Equation 2 respectively.
Equation 1
Where, GMS = genotypic mean square
 EMS = error mean square
 r = number of replication
Phenotypic variance (σp2) = σg2 + σe2 ----------------------Equation 2
σg2 = Genotypic variance
Estimation of heritability 
Heritability in broad sense (h2 b) was estimated according to the formula suggested by Johnson et al. (1955 (Equation 3).
Broad sense Heritability [h2(b)] = [image: ]x 100-----------------------Equation 3
Heritability was classified as low (below 30%), medium, (30- 60%) and high (above 60%) as suggested by Johnson et al. (1955).

Estimation of genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) 
Values of Genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) values were estimated according to the formula given by Burton and De Vane (1953) and Singh and Chaudhury (1985) as mentioned under Equation 4 and Equation 5, respectively.
GCV (%) = [image: ]x 100----------------Equation 4
PCV (%) = [image: ]x 100-----------------Equation 5
Where, GCV and PCV values were categorized as low (<10%), moderate (10-20%) and high (>20%) (Sivasubramanian and Madhavamenon, 1973). 

Estimation of genetic advance (GA) and Genetic advance as percent of mean (GAM)
Genetic advance (Equation 6) was estimated following the formula given by Johnson et al. (1955)
GA =  ----------------------------Equation 6
Where, K= Selection differential, the value of which is 2.06 at 5% selection intensity 
σp = Phenotypic standard deviation

Estimation of genetic advance as percentage of mean, GA (%) 
GA (%) was calculated (Equation 6) by the formula of Comstock and Robinson (1952) as follows
GAM = [image: ] x 100 -------------------------------Equation 7
GAM (%) was categorized as low (0-10%), moderate (10-20%) and high (≥ 20%) a given by Johnson et al. (1955) and Falconer and Mackay (1996).

Results and Discussion
The present study revealed considerable genetic variability for early seedling vigour (ESV) traits in rice, as it was evident from the estimates of genotypic and phenotypic coefficients of variation (GCV and PCV), heritability, and genetic advance (Table 1). First count of germination exhibited moderate variability (GCV 13.75%, PCV 13.90%), very high heritability (97.83%), and high genetic advance as percent of mean (28.02%), indicating that the trait is under strong genetic control and can be improved through selection, which aligns with findings by Barik et al. (2019), Srilakshmi et al. (2018), and Sadana et al. (2022). Final count of germination also showed similar trends, with moderate variability (GCV 10.88%, PCV 11.00%), high heritability (97.81%), and genetic advance of 22.16%, suggesting reliable improvement through phenotypic selection, consistent with reports by Barik et al. (2019). Rate of germination exhibited low variability (GCV 4.57%, PCV 4.95%), comparatively lower heritability (85.48%), and low genetic advance (8.72%), indicating relatively higher environmental influence on this trait, thus limiting its improvement through direct selection—similar observations were reported by Pallavi et al. (2021). In contrast, root length recorded high variability (GCV 20.10%, PCV 20.33%), very high heritability (97.78%), and high genetic advance as percent of mean (40.96%), confirming strong additive gene control and the effectiveness of selection, as also observed by Pallavi et al. (2021) and Sadana et al. (2023). Shoot length displayed moderate variability (GCV 17.68%, PCV 18.05%), high heritability (95.90%), and high genetic advance (35.68%), indicating its potential for improvement, in line with findings of Suroora et al. (2023). Seedling length showed similar trends with moderate variability (GCV 16.31%, PCV 16.44%), very high heritability (98.37%), and substantial genetic advance (33.33%), suggesting additive gene action and supporting the findings of Sadana et al. (2022). Root to shoot ratio recorded moderate variability (GCV 20.48%, PCV 21.44%), high heritability (91.26%), and high genetic advance (40.31%), indicating strong genetic control, which is supported by Pallavi et al. (2021) and Chowdary (2023). Seedling dry weight exhibited moderate GCV and PCV (17.88% and 18.18%, respectively), very high heritability (96.81%), and high genetic advance (36.25%), highlighting its potential as a selection trait, consistent with the reports of Srilakshmi et al. (2018) and Sadana et al. (2022). Seedling vigour index I recorded the highest heritability (98.86%) among all traits, along with high GCV (22.73%) and genetic advance as percent of mean (46.56%), demonstrating excellent scope for selection, in agreement with Suroora et al. (2023). Similarly, seedling vigour index II showed high genetic variability (GCV 21.46%, PCV 21.73%), very high heritability (97.49%), and high genetic advance (43.65%), suggesting this trait is governed by additive gene action and can be improved through direct selection—also supported by Akshitha et al. (2020) and Suroora et al. (2023). Overall, the high heritability combined with high genetic advance in most traits confirms the predominance of additive gene effects and underscores the effectiveness of direct selection in rice breeding programs aimed at enhancing early seedling vigour. These results are consistent with previous studies and reinforce the importance of prioritizing ESV traits with strong genetic control to improve crop establishment under direct-seeded rice conditions.	Comment by Gedifew Gebrie: Instead, it is better to compare heritability with Genetic advance as percent of the mean (GAM) because it is a more reliable index for understanding the effectiveness of selection in improving the traits.

[bookmark: _GoBack]Conclusion
The present investigation demonstrated substantial genetic variability among rice genotypes for all ten early seedling vigour (ESV) traits under laboratory conditions. High estimates of heritability coupled with high genetic advance for traits such as root length, shoot length, seedling length, seedling dry weight, and seedling vigour indices I and II indicate that these traits are predominantly governed by additive gene action and can be effectively improved through direct selection. Traits like rate of germination, which exhibited lower genetic advance despite high heritability, suggest the influence of non-additive gene action or environmental effects, and may require alternative breeding approaches.
The superior performance of genotypes such as NLR 3091, NLR 3118, NLR 3367, and NLR 3773 across multiple ESV traits highlights their potential as promising genetic resources for breeding programs aimed at enhancing seedling vigour under direct-seeded rice systems. The findings underscore the importance of incorporating ESV traits with high heritability and genetic gain into selection strategies to accelerate breeding progress and ensure robust early crop establishment—an essential requirement for successful direct-seeded rice cultivation.







Table 1-Estimation of genetic parameters for early seedling vigour traits under laboratory conditions in rice
	S.No.
	Character
	Mean
	Range
	Variance
	 Coefficient of variation
	Heritability 
	Genetic advance
	Genetic advance as percent of mean

	
	
	
	Max
	Min
	Genotypic
	Phenotypic
	Genotypic
	Phenotypic
	
	
	

	1
	FR
	83.3936
	99.33
	61.59
	131.573
	134.4934
	13.7547
	13.9065
	97.83
	23.3713
	28.0253

	2
	FN
	87.381
	99.50
	68.42
	90.4047
	92.425
	10.8812
	11.0022
	97.81
	19.3715
	22.169

	3
	RG
	95.1927
	99.91
	85.21
	19.0008
	22.2274
	4.5791
	4.9527
	85.48
	8.3022
	8.7215

	4
	RL
	14.9162
	21.79
	7.64
	8.9968
	9.2013
	20.1088
	20.3361
	97.78
	6.1099
	40.9616

	5
	SL
	8.0753
	11.22
	4.29
	2.0398
	2.1269
	17.6862
	18.0599
	95.9
	2.8813
	35.6804

	6
	SDL
	22.9915
	31.13
	11.99
	14.0675
	14.3006
	16.3133
	16.4479
	98.37
	7.6631
	33.3302

	7
	RTS
	1.8868
	2.58
	0.89
	0.1494
	0.1637
	20.4861
	21.4441
	91.26
	0.7607
	40.3178

	8
	SDDW
	6.8
	9.45
	3.54
	1.4796
	1.5284
	17.8882
	18.1808
	96.81
	2.4654
	36.2561

	9
	SV I
	2021.8218
	3076.68
	953.46
	211285.6049
	213727.239
	22.7348
	22.8658
	98.86
	941.4715
	46.5655

	10
	SV II
	595.0448
	905.17
	282.94
	16308.8721
	16729.2106
	21.4616
	21.7364
	97.49
	259.7487
	43.652


Note: FR - First count of germination (%), FN - Final count of germination (%), RG - Rate of germination, RL - Root length (cm), SL - Shoot length (cm), SDL - Seedling length (cm), RTS - Root to shoot ratio, SDDW - Seedling dry weight (mg), SV I- Seedling vigour index I, SV II- Seedling vigour index II


,
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