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ABSTRACT 


	Aims: The objective is to evaluate the degree of genetic variability, heritability and genetic advancement for soybean yield and traits that contribute to yield.
Study design: The investigation was carried out in an augmented design along with three checks repeated across eight blocks.
Place and Duration of Study: In Rabi 2024, the experiment was carried out at the Agricultural and Horticultural Research Station in Kathalagere.
Methodology: Nine characteristics including days to 50% flowering, days to maturity, plant height, number of branches per plant, number of pods per plant, number of seeds per pod, 100 seed weight, seed yield per plant and seed yield per hectare, were assessed for 112 soybean germplasm lines and three checks. Analysis of variance, phenotypic and genotypic coefficients of variation (PCV and GCV), heritability and genetic advance as per cent of mean (GAM) were estimated. Data was recorded and statistical analysis was carried out using R software.
Results: The analysis of variance revealed the presence of significant differences among germplasm lines for all traits studied. Traits such as number of branches per plant, number of pods per plant, seed yield per plant and seed yield per hectare exhibited high genotypic (GCV) and phenotypic coefficients of variation (PCV) along with high heritability coupled with high genetic advance as percentage of mean. 
Conclusion:  The study's findings demonstrate that yield improvement initiatives could give priority to characteristics such as the quantity of branches, pods per plant, and seed yield per plant and seed Yield per hectare in breeding programme.
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1. INTRODUCTION	

Soybean (Glycine max L. Merrill) is considered a miracle crop due to of its extraordinary qualities. In East and Southeast Asia, it is primarily grown for food, feed and medicine. About 38–42% high-quality protein, 6% ash, 29% carbohydrate and 17–24% oil, comprising 85% polyunsaturated fatty acids with two essential fatty acids. Soybean (2n=40) belongs to the Leguminosae family and is believed to have originated in northeastern China and distributed in the USA, Brazil, Argentina, China and India (Pawar et al. 2020).

It is primarily grown in the United States, Brazil, China, Argentina and India, with a yield of 13.98 million tonnes and a productivity of 1158 kg/ha. It is cultivated on 12.07 million hectares in India.  Madhya Pradesh, Maharashtra, Rajasthan, Andhra Pradesh, Karnataka and Gujarat are the states in India that produce the most soybean. In Karnataka, soybean take up 0.40 million hectares of land, yield 0.38 million tonnes and have a productivity of 950 kg per hectare.  The northern Karnataka districts of Belgaum, Bidar, Dharwad, Haveri, Kalburgi and Bagalkot, which make up 95% of the state's total land area, are the main locations for soybean cultivation (Anonymous, 2024).

Information about genetic variability, genetic parameters and their application that helps breeders make reliable selection decisions is essential to the ongoing improvement of soybean. Heritability and genetic advancement are crucial genetic parameters that help plant breeders choose the most effective breeding plan. Thus, the goal of the current study was to calculate the genetic advance as a percentage of the mean, heritability (h2bs), phenotypic coefficient of variance (PCV) and genotypic coefficient of variance (GCV).

2. material and methods 

2.1 Experimental site
The experiment was carried out at the Agricultural and Horticultural Research Station in Kathalagere during Rabi 2024.

2.2 Experimental material
The experimental material comprised 112 soybean germplasm lines along with three checks (DSB-34, DSB-21 and JS-335). The AICRP on soybean at the Zonal Agricultural Research Station, University of Agricultural Sciences, GKVK, Bangalore, provided the germplasm lines.

2.3 Experimental design 
The experiment was laid out in an augmented design with three checks repeated across eight blocks.

2.4 Planting and Management

Every genotype was cultivated in rows that were 4 meters long and 1.5 meters wide, with a 30-cm gap between rows and a 10-cm gap between plants. To grow the crop, the suggested set of procedures was adhered to.

2.5 Observations recorded

Observations were recorded on five randomly selected plants in each genotype for the traits days to 50% flowering, days to maturity, plant height (cm), number of branches per plant, number of pods per plants, number of seeds per pod, 100 seed weight (g), seed yield per plant (g) and seed yield (kg ha⁻¹).
2.6 Statistical analysis
For statistical analysis, the mean of the observations made on the five plants were taken into account.  Federer's (1961) Augmented Design was used to analyze the data.  The analysis of variance (ANOVA) was performed using the mean values from the germplasm lines. R software was used to conduct the variability analysis. The formula proposed by Burton and DeVane (Burton and DeVane 1953) was used to calculate PCV and GCV. The formula proposed by Lush (1949) was used to calculate heritability in a broad sense. The formula proposed by Johnson et al. (1955) was used to study genetic advancement.

3. results and discussion

3.1 Analysis of Variance
There was enough genetic variability in the evaluated germplasm lines (Table 1) to allow for selection and genetic improvement. The analysis of variance (ANOVA) showed significant differences among the 112 soybean germplasm lines for days to 50% flowering, days to maturity, plant height, number of branches per plant, number of pods per plant, number of seeds per pod, 100 seed weight, seed yield per plant and seed yield per hectare. These findings supported those of Chandrawat et al. (2017), Joshi et al. (2018) and Koraddi and Baswaraja (2019).

3.2 Phenotypic and Genotypic Coefficient of Variation
The estimates for phenotypic coefficients of variation (PCV) were higher than those for genotypic coefficients of variation (GCV) across all studied characters, indicating a minimal environmental impact. This trend aligns with previous findings by Neelima et al. (2018), Koraddi and Basavaraja et al. (2019) and Kuswantoro et al. (2022), who similarly noted a higher PCV compared to GCV in soybean.
The PCV and GCV estimates for the soybean germplasm lines studied were fairly high for the number of branches per plant (25.44 and 23.62), number of pods per plant (22.22 and 21.06), number of seeds per pod (33.12 and 31.44), seed yield per hectare (23.10 and 20.31) and the seed yield per plant (28.11 and 27.36). Moderate GCV and PCV values were also found for days to 50% flowering (19.71 and 18.64), 100 seed weight (19.54 and 19.50) and plant height (16.80 and 16.44). Days to maturity had low PCV values (8.28 and 6.92). These results closely aligned with the findings of Sureshrao et al. (2014), Chandrawat et al. (2017), Neelima et al. (2018), Guleria et al. (2019) and Koraddi and Basavaraja (2019).
3.3 Heritability (h2bs) and Genetic Advance as Per cent of Mean (GAM)
Genotypic coefficient of variation measures the extent of genetic variability for a trait but does not assess the amount of genetic variation which is heritable. Heritability estimates were high for all the characters. The heritability estimates along with genetic advance can be useful to predict the effect of selection in selection programmes. The characters number of branches per plant (86.20% and 45.24%), number of pods per plant (89.88% and 41.20%), 100 seed weight (91.60% and 40.15%), seed yield per plant (94.80% and 54.96%), days to 50% flowering (89.47% and 36.38%), plant height (95.77% and 33.18%) and seed yield per hectare (92.31% and 50.52%) showed high heritability coupled with high genetic advance as per cent of mean (Table 2 and Fig. 1) indicating the lesser influence of environments in expression of characters and prevalence of additive gene action in their inheritance, since are amenable for simple selection. The results are in conformity with the findings of Aditya et al. (2011), Naik et al. (2016), Nayana et al. (2020), Pawar et al. (2020) and Bairagi et al. (2023).
Table 1. Analysis of variance for yield and yield attributing characters in soybean
	Source 
	d.f
	DFF
	DM
	PH
	NBPP
	NPP
	NSPP
	SW
	SYPP
	SYPH

	Block
	7
	1.37
	10.08
	14.55
	0.18
	1.37
	0.06
	0.28
	0.02
	2139.88

	Genotypes + Checks 
	114
	67.35**
	46.09**
	42.62**
	2.33**
	75.02**
	1.10**
	0.61**
	3.97**
	440872.25**

	Genotypes
	111
	67.86**
	44.95**
	43.19**
	1.83**
	73.66**
	0.92**
	0.59**
	3.86**
	428640.34**

	Checks
	2
	54.14**
	32.09
	9.23
	13.73**
	46.01*
	0.04
	0.61*
	3.66**
	406301.79**

	Checks vs Genotypes
	1
	36.75*
	200.42**
	45.89*
	34.30**
	283.86**
	23.06**
	3.29**
	16.82**
	1867755.17**

	Error
	14
	7.63
	13.48
	3.23
	0.25
	7.45
	0.09
	0.13
	0.20
	22314.65


* Significant at 5% level, ** Significant at 1% level, d.f- degrees of freedom, DFF- Days to 50% per cent flowering, DM- Days to maturity, PH- Plant height, NBPP- Number of branches per plant, NPP- Number of pods per plant, NSPP- Number of seeds per pod, SW- 100 hundred seed weight, SYPH- Seed yield per hectare

Table 2. Mean, range and genetic variability parameters for yield and yield attributing traits in soybean germplasm lines
	Traits
	Range
	Mean
	Co-efficient of variation (%)
	h2 bs (%)
	GAM (%)

	
	Min
	Max
	
	GCV
	PCV
	
	

	[bookmark: _Hlk172642790]DFF
	34.00
	55.00
	43.19
	18.64
	19.71
	[bookmark: _Hlk205885554]89.47
	[bookmark: _Hlk205885580]36.38

	DM
	78.00
	93.00
	81.01
	6.92
	8.28
	70.02
	11.95

	PH
	[bookmark: _Hlk206062973]30.39
	[bookmark: _Hlk206062993]66.62
	52.02
	16.44
	16.80
	[bookmark: _Hlk206063129]95.77
	33.18

	NBPP
	2.00
	8.00
	5.32
	23.62
	25.44
	86.20
	45.24

	[bookmark: _Hlk208585613]NPP
	[bookmark: _Hlk206165327]24.00
	[bookmark: _Hlk206165334]62.00
	[bookmark: _Hlk206165318]38.63
	[bookmark: _Hlk206165405]21.06
	[bookmark: _Hlk206165416]22.22
	[bookmark: _Hlk206165379]89.88
	[bookmark: _Hlk206165392]41.20

	NSPP
	1.00
	3.00
	2.60
	31.44
	33.12
	47.42
	 18.51

	SW
	7.3
	10.7
	9.37
	19.50
	19.54
	91.60
	40.15

	SYPP
	3.20
	11.48
	6.99
	27.36
	28.11
	94.80
	54.96

	SYPH
	1067
	3825
	2329.53
	20.31
	23.10
	92.31
	50.52



DFF- Days to 50% per cent flowering, DM- Days to maturity, PH- Plant height, NBPP- Number of branches per plant, NPP- Number of pods per plant, NSPP- Number of seeds per pod, SW- 100 hundred seed weight, SYPH- Seed yield per hectare



Fig. 1. Pattern of GCV, PCV, Heritability and Genetic advance as percent of mean (GAM) for various traits in soybean germplasm lines 

DFF- Days to 50% percent flowering, DM- Days to maturity, PH- Plant height, NBPP- Number of branches per plant, NPP- Number of pods per plant, NSPP- Number of seeds per pod, SW- 100 hundred seed weight, SYPH- Seed yield per hectare


4. ConclusioN

The yield and related traits of the soybean germplasm used in this investigation varied significantly. For seed yield per plant, seed yield per hectare, number of seeds per pod, number of pods per plant and number of branches per plant, high percentages of both genotypic and phenotypic coefficients of variance (PCV and GCV) were noted. A high genotypic coefficient of variation indicates that there is a lot of variability in the population and that there are chances for trait selection to improve genetics. The traits days to 50% flowering, plant height, number of branches per plant, number of pods per plant, seeds yield per plant, seed yield per hectare and 100-seed weight have all shown high heritability and high genetic advancement as a percentage of mean, indicating that these traits are controlled by fixable additive gene effects. Direct selection for seed yield may work well in these circumstances.

Competing interests

Authors have declared that no competing interests exist.

References
ADITYA, J. P., BHARTIYA, P., & BHARTIYA, A. (2011). Genetic variability, heritability and character association for yield and component characters in soybean (Glycine max (L.) Merrill). Journal of Central European Agriculture,12(1), 27-34.
ANONYMOUS, 2024, Area, production and productivity of soybean, http://www.usda.gov.
BAIRAGI, V., MISHRA, S., SEN, R., DIXIT, S., & TYAGI, D. B. (2023). Assessment of Genetic Variability in Soybean (Glycine max L. Merrill). Biological Forum - An International Journal, 15(5), 258-263.
[bookmark: _Hlk209693615]Bangar, N. D., Mukhekar, G. R., Lad, D. B., & Mukhekar, D. G. (2003). Genetic variability, correlation and regression studies in soybean. J. Mah. Agric. Uni., 28(3): 320-321.
BURTON, G. W., & DEVANE, E. M. (1953). Estimating heritability in tall fescue (Festuca circunclinaceae) from replicated clonal material. Agron. J., 45, 478-481.
Chandel, K. K., Patel, N. B., & Kulkarni, G.U. (2013). Genetic divergence studies in soybean (Glycine max (l.) Merrill.). Society For Sci. Dev. In Agric. and Tech, 645-649.

CHANDRAWAT, K. S., BAIG, K. S., HASHMI, S., SARANG, D. H., KUMAR, A., & DUMAI, P. K. (2017). Study on genetic variability, heritability and genetic advance in soybean. Int. J. Pure Appl. Biosci., 5(1), 57-63.

FEDERER, W. T. (1961). Augmented designs with one-way elimination of heterogeneity. Biometrics, 17(3), 447-473.
GULERIA, H., KUMAR, P., JYOTI, B., KUMAR, A., PALIWAL, A., & PALIWAL, A. (2019). Genetic variability and correlation analysis in soybean (Glycine max (L.) Merrill) genotypes. Int. J. Chem. Stud., 7: 28-32.
JOHNSON, H. W., ROBINSON, H. F., & COMSTOCK, R. W. (1955). Estimates of genetic and environmental variability in soybeans. Agron. J., 47(7): 314-318.
JOSHI, D., PUSHPENDRA, S. K., & ADHIKARI, S. (2018). Study of genetic divergence in soybean germplasm. Chem. Sci. Rev. Lett., 7(26): 533-539.

KORADDI, S., & BASAVARAJA, G. T. (2019). Genetic variability studies on yield and yield component traits of soybean. Int. J. Curr. Microbiol. Appl. Sci., 8(2): 1269-1274.
KUSWANTORO, H., ARTARI, R., JUMAKIR, WALUY, SHOLIHN & INDIATI, S. W. (2022). Agronomic performance and genetic parameters of soybean (Glycine max (L.) Merr.) Lines in tidal swamp land. Appl. Ecol. Environ. Res., 20(2), 1413-1423.
LUSH, J. L. (1949). Inter size correlation, regression of offspring on dams as a method of estimating heritability of characters. Proc. Amer. Soc. Anim. Pro., 33(2), 293-301.
Mahbub, M. M., Mamunur, M. Rahman., Hossain, M. S., Mahmud, F., & Mir Kabir, M. M. (2015). Genetic variability, correlation and path analysis for yield and yield contributing components in soybean. American-Eurasian J. Agric & Environ. Sci., 15(2), 231-236.
NAIK, S. M., MADHUSUDAN, K., MOTAGI, B. N., NADAF, H. L., RAO, M. S. L. SUMA, M. R., GURUMUTHY, R., & BASAVARA, G. T. (2016). Genetic variability and association studies for seed yield and longevity with component traits in soybean [Glycine max (l.) Merrill]. Eco. Env. & Cons., 22, 117-122.
NAYANA, R. S., & FAKRUDIN, B. (2020). Genetic variability, heritability and correlation studies in soybean (Glycine max). Indian. J. Agric. Sci., 90(4), 704-7.
NEELIMA, G., MEHTRE, S. P., & NARKHEDE, G. W. (2018). Genetic variability, heritability and genetic advance in soybean. Int. J. Pure Appl. Biosci., 6(2), 1011-1017.
PAWAR, M. G., CHAUDHARY, S. B., PAWAR, V. S., & CHAVAN, S. B. (2020). Correlation coefficient and path analysis study in different soybean genotypes based on yield and yield contributing traits. Int. J. Curr. Microbiol. Appl. Sci., 9(9), 434-444.
SURESHRAO, S. S., SINGH, V. J., GAMPALA, S. & RANGARE, N. R. (2014). Assessment of genetic variability of the main yield related characters in soybean. Int. J. Food Agric. Vet. Sci., 4(2), 69-74.
GCV	DFF	DM	PH	NBPP	NPP	NSPP	SW	SYPP	SYPH	18.64	6.92	16.440000000000001	23.62	21.06	31.44	19.5	27.36	20.309999999999999	PCV	DFF	DM	PH	NBPP	NPP	NSPP	SW	SYPP	SYPH	19.71	8.2799999999999994	16.8	25.44	22.22	33.119999999999997	19.54	28.11	23.1	h2 bs (%)	DFF	DM	PH	NBPP	NPP	NSPP	SW	SYPP	SYPH	89.47	70.02	95.77	86.2	89.88	47.42	91.6	94.8	92.31	 GAM (%)	DFF	DM	PH	NBPP	NPP	NSPP	SW	SYPP	SYPH	36.380000000000003	11.95	33.18	45.24	41.2	18.510000000000002	40.15	54.96	50.52	




