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ABSTRACT 

	Aims: The objective of this study was to assess the extent of genetic variability, estimate heritability and determine the potential for genetic advancement in soybean yield and its contributing traits.
Study design: The investigation was conducted using an augmented design 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: A total of nine characteristics were evaluated, 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 traits were assessed across 112 soybean germplasm lines along with three checks. Analysis included the estimation of analysis of variance, phenotypic and genotypic coefficients of variation (PCV and GCV), heritability and genetic advance as a percentage of mean (GAM). Data collection and statistical analyses were performed 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 and phenotypic coefficients of variation along with high heritability coupled with high genetic advance as percentage of mean. GCV and PCV values ranged from 6.92 to 31.44 and 8.28 to 33.12 respectively. Heritability estimates ranged from 47.42% to 95.77%, with genetic advance as percentage of mean ranging from 11.95% to 54.96%. Among the evaluated genotypes IC-24060, I-812 and IC-0243771 recorded the highest seed yield per plant.
Conclusion: The study's findings demonstrate that selection for number of branches per plant, pods per plant and seed yield traits could effectively enhance soybean productivity in breeding programs.
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1. INTRODUCTION	

“Soybean (Glycine max L. Merrill) is regarded as a miracle crop because of its exceptional qualities and versatile nature. 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. Therefore, determining the genetic advance, heritability (h2bs), phenotypic coefficient of variance (PCV) and genotypic coefficient of variance (GCV) was the aim of the current study.

2. material and methods 

2.1 Experimental site
The experiment was conducted at the Agricultural and Horticultural Research Station, Kathalagere during Rabi 2024. The soil of the experimental field was sandy loam with good drainage and the site experienced a total rainfall of 467.7 mm during August to December 2024 with October receiving the highest rainfall (261.2 mm). The average maximum and minimum temperatures during the crop growth period ranged between 21.4 to 18.3. These moderate temperature conditions with intermittent rainfall were generally favorable for soybean growth and yield performance.
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. This layout was selected since a high number of soybean genotypes were tested in addition to three replicated checks and it was impossible to fit all entries in a replicated randomized complete block design (RCBD) owing to space and resource limitations. The enhanced design facilitated environmental effect adjustment with the replicated checks, creating meaningful comparisons among unreplicated test genotypes.
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 average of observations recorded in the five plants were considered. Federer's (1961) Augmented Design was employed for data analysis. The analysis of variance (ANOVA) was conducted on the mean values of the germplasm lines. R software was employed for carrying out the variability analysis. 
The formula of Burton and DeVane (Burton and DeVane 1953) was employed to estimate PCV and GCV. 


GCV and PCV values were categorized as low, moderate and high values as suggested by Sivasubramanian and Menon (1973), which is as follows: Low (0-10%); Moderate (10-20%); High (>20%)
The formula of Lush (1949) was employed to estimate heritability in a broad sense.


Heritability was classified as low (0-30%), moderate (30.1-60%) and high (> 60%), as given by Robinson and Comstock. 
The formula of Johnson et al. (1955) was employed to investigate genetic advance as percent of mean.


Where, GA is predicted genetic advance calculated using the formula given by Johnson et al. 
         GA = h2× K × σp
Where,
h2 = heritability in broad sense 
k = selection differential
σp = phenotypic standard deviation 
The genetic advance as per cent of mean was classified as suggested by Johnson et al. as low (0-10%), moderate (10.1-20%), and high (>20%).
 

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), Tandekar et al. (2022) 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). The traits with high GCV and PCV indicate high amount of variability present with respect to these traits and there is a better scope for improving these traits.
3.3 Heritability (h2bs) and Genetic advance as percent of mean (GAM)
Genotypic coefficient of variation quantifies the degree of genetic diversity for a trait but does not evaluate the proportion of genetic variation that is inheritable. Heritability assessments were elevated for all the traits. Heritability estimates, along with genetic progress, can be helpful in anticipating the impact of selection in breeding programs. 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).
3.4 Selection of superior genotypes based on seed yield per plant
The evaluation of soybean germplasm lines for seed yield per plant revealed considerable variation among the entries. The mean seed yield per plant ranged from 8.48 g (IC-0501833) to 11.48 g (IC-24060). Among the twenty genotypes studied IC-24060, I-812 and IC-0243771 recorded the highest seed yield per plant, followed by I-987 and IC-0243776. The presence of such variation indicates the existence of sufficient genetic diversity for yield improvement. These superior lines can be considered as promising genotypes for utilization in future soybean breeding programs aimed at enhancing seed yield potential.


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 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 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 seed weight, SYPH- Seed yield per hectare

Table 3: Superior soybean genotypes identified based on seed yield per plant

	Sl. No.
	Germplasm lines
	Seed yield per plant (g)
	Sl. No.
	Germplasm lines
	Seed yield per plant (g)

	1.
	IC-24060
	11.48
	11.
	EC-0280134
	9.64

	2.
	[bookmark: _Hlk206765019]I-812
	11.32
	12.
	IC-0501301
	9.39

	3.
	IC-0243771
	10.28
	13.
	I-556
	9.31

	4.
	I-987
	9.94
	14.
	[bookmark: _Hlk206765129]IC-0501882
	9.10

	5.
	IC-0243776
	9.80
	15.
	EC-0025000
	9.08

	6.
	IC-49864
	9.72
	16.
	I-1311
	9.05

	7.
	[bookmark: _Hlk206765047]I-4
	9.68
	17.
	IC-0631007
	9.03

	8.
	EC-113396
	9.7
	18.
	EC-172662
	9.00

	9.
	I-266
	9.64
	19.
	EC-0118301
	8.67

	10.
	EC-172603
	9.65
	20.
	[bookmark: _Hlk206765157]IC-0501833
	8.48




4. ConclusioN

[bookmark: _GoBack]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. Among the evaluated germplasm, genotypes such as IC-24060, I-812 and IC-0243771 were identified as superior for seed yield indicating their potential as promising parents for yield improvement in future soybean breeding programs. Direct selection for seed yield may work well in these circumstances.
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