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ABSTRACT
An experiment was conducted to assess genetic variability parameters with 45 genotypes of soybean [Glycine max (L.) Merrill] at Experimental Farm, Main Oilseeds Research Station, Junagadh Agricultural University, Junagadh during kharif-2024 in a randomized block design with three replications. High genotypic and phenotypic coefficient of variation were observed for seed yield per plant, followed by harvest index, biological yield per plant, number of pods per cluster and number of primary branches per plant. While the number of primary branches per plant, the number of pods per cluster, seed yield per plant, biological yield per plant, harvest index, the number of pods per plant, number of clusters per plant, number of seeds per pod and 100-seed weight exhibited high heritability along with moderate to high genetic advance as a percent of the mean.
Key-words: Variability, Heritability, GCV, PCV, Genetic advance.

1.  INRTODUCTION
“Soybean [Glycine max (L.) Merrill] is often designated as ‘Golden Bean’, ‘Wonder crop’ and ‘Poor man’s meat and has become the miracle crop of the 21st century, because it not only improves agriculture but also supports industries. Soybean is a cultivated diploid crop with a chromosome number of 2n = 40. Soybean [Glycine max (L.) Merrill] originated from its wild ancestor Glycine ussuriensis, which is presently known as Glycine soja.” (Dupare et al., 2008).
	 Regarding oil production, soybean is the world's most important oil-seed crop. As the primary source of dietary protein, soybean produces two to three times higher protein than pulse crops. In addition to having a high production potential (40-45 q/ha), “soybeans are a triple-benefit crop that also yields high-quality protein (40%), high amount of essential amino acids (except methionine and cysteine), cholesterol-free oil (20%) rich in polyunsaturated fatty acids, particularly omega-6 and omega-3 fatty acids, 6–7% total minerals, 5–6% crude fibre and 17–19% carbohydrates”. (Chauhan et al., 2002).
	“It has become a major source of edible vegetable oil and protein for feed and food supplements in the world. It is also an excellent source of good quality unsaturated fatty acids (about 85%) and is very high in essential fatty acids such as oleic acid (23%), linoleic acid (53%) and linolenic acid (7%)” (Fehr et al., 1992). “It is one of the best and cheapest sources of high-quality vegetable protein, calcium, phosphorus, iron and vitamin A. Unlike most of the vegetable proteins which are deficient in supplying all the essential amino acids (EAAs), the soy protein stands out by supplying all ten EAAs, including lysine. Therefore, soya foods not only provide a source of nutritionally balanced protein, but are also rich in phytochemicals with proven benefits to prevent heart diseases, cancers, osteoporosis, diabetes and other chronic human diseases. The upsurge of interest in soybeans is due to the presence of “isoflavones”, which have been shown to inhibit the growth of cancerous cells, bone resorption and reduce the level of cholesterol” (Smith and Ann, 2001). 
Yield is the most complex quantitative trait in any crop species, representing the cumulative effect and interaction of several yield component traits, such as seed weight and seed number per unit area. Soybean, in particular, exhibits significant variability in these traits due to both genetic diversity and environmental influence. The primary objective of this research is to estimate the genetic and phenotypic variability of yield and its major components in soybean using parameters such as the phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability, and genetic advance. By determining the nature and magnitude of these parameters, the study aims to identify key traits with high genetic potential and formulate an efficient breeding program for maximized yield improvement in soybean.
2. MATERIALS AND METHODS
Field work was carried out with forty-five genotypes of soybean in a randomized block design with three replications at the Experimental Farm of “Main Oilseeds Research Station” Junagadh Agricultural University, Junagadh during Kharif- 2024. while laboratory work for estimation of oil content was carried out at the Nuclear Magnetic Resonance (NMR) laboratory, Department of MORS, JAU, Junagadh. Observations for all 14 characters were recorded on five competitive plants, chosen at random from each plot (except for days to 50% flowering, days to maturity, 100-seed weight and oil content which observations were recorded on plot basis) viz., number of primary branches per plan, plant height, number of pods per plant, number of clusters per plant, number of pods per cluster, pod length, number of seeds per pod, seed yield per plant, biological yield per plant and harvest index. Analysis of variance for Randomized Block Design (RBD) was performed as per Panse and Sukhatme (1995). Phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were calculated as per the formula suggested by Burton (1952). Heritability and genetic advance were estimated using the formula suggested by Allard (1960).


   Table 1: List of 45 genotypes used in experimental study.
	Sr. No.
	Name of Genotypes
	Sr. No.
	Name of Genotypes

	1.
	AS-27 
	24.
	AS-147

	2.
	AS-30
	25.
	AS-148

	3.
	AS- 47
	26.
	AS-149

	4.
	AS-48
	27.
	AS-150

	5.
	AS-84
	28.
	AS-151

	6.
	AS-89
	29.
	AS-152

	7.
	AS-90
	30.
	AS-153

	8.
	AS-95
	31.
	AS-154

	9.
	AS-98
	32.
	AS-155

	10.
	AS-101
	33.
	AS-156

	11.
	AS-116
	34.
	AS-157

	12.
	AS-124 
	35.
	AS-158

	13.
	AS- 132 
	36.
	AS-159

	14.
	AS-133 
	37.
	AS-160

	15.
	AS-134
	38.
	AS-161

	16.
	AS-138 
	39.
	AS-162

	17.
	AS-140
	40.
	AS-163

	18.
	AS-141
	41.
	AS-164

	19.
	AS-142
	42.
	AS-165

	20.
	AS-143
	43.
	AS-166

	21.
	AS-144
	44.
	G Soy-4

	22.
	AS-145
	45.
	JS 20-34

	23.
	AS-146
	-



3. RESULTS AND DISCUSSION
3.1 Analysis of Variance (ANOVA)
           The analysis of variance, as presented in Table 2, revealed that mean squares due to genotypes were highly significant for all 14 characters, indicating varietal differences for all the characters studied. Such variability is a critical prerequisite for the success of selection in crop improvement programs, as it reflects inherent differences in the genetic makeup of the varieties.
           These results were corroborated with earlier results of a wide range of variation in soybean, which were reported by Kumari et al. (2022); Bairagi et al. (2023); Suresha et al. (2024), and Patel et al. (2025), indicating the presence of sufficient variability among the evaluated genotypes for the traits under consideration.
3.2 Mean, Range and Variability Performance of Soybean Genotypes
	The GCV and PCV of 14 traits of soybean were presented in Table 3 and Fig. 1. The maximum GCV and PCV was observed in for seed yield per plant (30.44 %, 32.59%) followed by harvest index (26.09 %, 28.31%), biological yield per plant (24.50 %, 26.98%), number of primary branches per plant (21.58%, 22.77%) and number of pods per cluster (20.08 %, 20.27%). PCV is slightly higher than GCV, it indicates that the observed variability in the trait is due to genetic factors with a relatively small influence of environmental factors. This close similarity between PCV and GCV suggests that the environment has only a minor role in affecting the expression of the trait, making the trait more reliably inherited and greater emphasis should be placed on them in selection and breeding programs.	
[bookmark: _GoBack]These results are in accordance with results reported by Patel et al. (2025) for “seed yield per plant, number of primary branches per plant, biological yield per plant, days to maturity, days to 50% flowering and oil content”. Bairagi et al. (2023) for “the number of pods per cluster, number of primary branches per plant and plant height”. Nayana and Fakrudin (2020), reported on number of clusters per plant, the number of seeds per pod, 100-seed weight and number of branches per plant. Kumari et al. (2022) observed for seed yield per plant, biological yield per plant, plant height, 100-seed weight, days to maturity, days to 50% flowering, oil content, number of pods per plant, number of pods per cluster and harvest index. 
3.3 Heritability and Genetic Advance



High heritability estimates were observed for all the characters viz. days to maturity (91.87%), number of  primary branches per plant ( 89.87%), number of pods per plant (88.80%), seed yield per plant (86.98%), oil content (86.24%), harvest index (84.95%), number of seeds per pod (83.27%), biological yield per plant (82.53%), plant height (82.38%), 100-seed weight (80.82%), number of clusters per plant (79.74%), number of pods per cluster (71.13%) and days to 50% flowering (70.00%), except pod length (59.90%) which having moderate heritability. That traits indicate that these traits are predominantly controlled by genetic factors with limited environmental influence suggests that selection based on these traits would be effective and reliable for genetic improvement in breeding programs. 



Table 2: Analysis of variance (mean square) for various characters in soybean
	Source
	d.f.
	Days to 50% flowering
	Days to maturity
	Number of primary branches per plant
	Plant height (cm)
	Number of pods per plant
	Number of clusters per plant
	Number of pods per cluster

	Replications
	2
	4.896
	6.540
	0.090
	8.128
	3.394
	0.057
	0.008

	Genotypes
	44
	20.549**
	129.700**
	1.794**
	75.929**
	139.348**
	28.425**
	0.746**

	Error
	88
	2.547
	3.714
	0.064
	5.053
	5.622
	2.218
	0.088



	Source
	d.f.
	Pod length (cm)
	Number of seeds per pod
	Seed yield per plant (g)
	100-seed weight (g)
	Biological yield per plant (g)
	Harvest index (%)
	Oil content (%)

	Replications
	2
	0.237*
	0.005
	0.957
	1.725*
	16.033*
	     178.420**
	     0.011

	Genotypes
	44
	0.276**
	0.296**
	2.411**
	5.360**
	55.647**
	     342.901**
	0.118**

	Error
	88
	0.050
	0.018
	0.589
	0.392
	3.672
	19.117
	     0.005


*, ** Significant at 5% and 1% levels, respectively
Table 3: Phenotypic range, coefficient of range, phenotypic and genotypic coefficients of variation, heritability(b.s.), genetic advance and genetic advance expressed as percentage of mean for various characters in soybean
	Sr. No.
	Characters
	Phenotypic range
	Coefficient of range (%)
	Mean ± S.E.
	 PCV (%)
	 GCV (%)
	Heritability in the broad sense (%)
	Genetic advance
	G. A. expressed as per cent of mean

	1
	Days to 50% flowering
	37.33-50.33
	14.83
	42.60 ± 0.91
	6.14
	5.74
	70.00
	5.04
	11.82

	2
	Days to maturity
	87.66-112.66
	12.48
	99.96 ± 1.10
	6.78
	6.48
	91.87
	13.34
	13.34

	3
	No. of primary branches per plant
	2.13-5.06
	40.75
	  3.51 ± 0.14
	22.77
	21.58
	89.87
	1.56
	44.44

	4
	Plant height (cm)
	16.43-42.76
	44.48
	32.22 ± 1.28
	16.61
	15.08
	82.38
	10.01
	31.07

	5
	No. of pods per plant 
	23.53-58.93
	42.92
	37.41 ± 1.35
	18.93
	17.84
	88.80
	13.75
	36.75

	6
	No. of clusters per plant
	11.4-24.80
	37.01
	16.32 ± 0.85
	20.27
	18.10
	79.74
	5.43
	33.31

	7
	No. of pods per cluster
	1.23-3.59
	48.96
	  2.33 ± 0.17
	23.81
	20.08
	71.13
	0.81
	34.89

	8
	Pod length (cm)
	2.96-4.26
	18.00
	 3.56 ± 0.12
	9.95
	7.70
	59.90
	0.43
	12.28

	9
	No. of seeds per pod
	2.00-3.06
	20.94
	 2.62 ± 0.07
	12.72
	11.61
	83.27
	0.57
	21.83

	10
	Seed yield per plant (g)
	3.58-13.36
	57.73
	 6.52 ± 0.43
	32.59
	30.44
	86.98
	4.09
	62.79

	11
	100-seed weight (g)
	8.46-14.64
	26.75
	10.99 ± 0.35
	13.02
	11.70
	80.82
	2.38
	21.67

	12
	Biological yield per plant (g)
	9.78-27.13
	47.00
	16.98 ± 1.09
	26.98
	24.50
	82.53
	7.78
	45.81

	13
	Harvest index (%)
	18.48-56.30
	50.57
	39.81 ± 2.49
	28.31
	26.09
	84.95
	19.72
	49.53

	14
	Oil content (%)
	18.75-19.48
	1.90
	19.20 ± 0.04
	1.07
	1.00
	86.24
	0.36
	1.91





Figure 1: Graphical representation of GCV and PCV for 14 characters in soybean 
             Figure 2: Graphical representation of heritability and G.A. as % of mean for 14 characters in soybean
	The estimates of genetic advance expressed as per cent of mean (Table 3) were found high for seed yield per plant (62.79%), harvest index (49.53%), biological yield per plant (45.81%), number of primary branches per plant (44.44%), number of pods per plant (36.75%), number of pods per cluster (34.89%), number of clusters per plant (33.31%), plant height (31.07%), number of seeds per pod (21.83 %) and 100-seed weight (21.67%). While moderate genetic advance was expressed as per cent of mean recorded for days to maturity (13.34%), pod length (12.28%) and days to 50% flowering (11.82%), on the other hand, oil content (1.91%) showed the lowest genetic advance expressed as per cent of mean. The trait with high genetic advance indicates that these traits are likely controlled by additive gene action and can be effectively improved through direct phenotypic selection. While for the moderate and low genetic advance both additive and non-additive gene action and thus require careful selection strategies over successive generations.
[bookmark: _Hlk199684398]	In the present investigation, the estimates of high heritability coupled with high genetic advance expressed as a percentage of the mean were observed for number of branches per plant, number of pods per cluster, the seed yield per plant, biological yield per plant and harvest index. This suggests the predominance of additive gene action governing these traits, making them highly responsive to direct selection. Therefore, these characters hold significant potential for genetic improvement through conventional breeding methods.
	These results are in accordance with results reported by Patel et al. (2025) for “days to maturity, number of branches per plant, number of pods per plant, seed yield per plant, plant height, 100-seed weight, biological yield per plant, number of seeds per pod and number of clusters per plant”. Kumari et al. (2022) observed “the traits viz., number of branches per plant, number of pods per plant, seed yield per plant, plant height, harvest index, 100-seed weight, biological yield per plant, oil content and days to 50% flowering”. Bairagi et al. (2023) reported “the number of branches per plant, number of pods per plant, seed yield per plant, plant height, harvest index, 100-seed weight and number of clusters per plant”.
4. CONCLUSION
[bookmark: _Hlk204003461][bookmark: _Hlk209007716]            The experimental design revealed statistically significant variations across all the characters under study suggests the sufficient amount of variation present among the genotypes used for the experimental study. Based on mean performance, genotypes such as AS-116, AS-84, AS-101, and AS-90 exhibited high seed yield per plant making them promising genotypes for selection and further utilization in crop improvement programs. Among the traits studied, seed yield per plant followed by harvest index, biological yield per plant, number of primary branches per plant and number of pods per cluster, exhibited the highest values for both genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV). Moreover, PCV is slightly higher than GCV, indicates variability is primarily governed by genetic factors, with a limited contribution from environmental influences. Furthermore, high heritability estimates coupled with high genetic advance were observed for traits such as number of branches per plant, number of pods per cluster, seed yield per plant, biological yield per plant, and harvest index. This indicates that additive gene action has a strong influence, making these traits suitable to improvement through direct selection in conventional breeding. The study confirms significant genetic variability and strong additive gene effects in major productivity traits. This highlights that these promising genotypes can be successfully improved by selecting them directly in breeding programs.
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 (PCV %)	Days to 50% flowering	Days to maturity	No. of branches per plant	Plant height (cm)	No. of pods per plant 	No. of clusters per plant	No. of pods per cluster	Pod length (cm)	No. of seeds per pod	Seed yield per plant (g)	100-seed weight (g)	Biological yield per plant (g)	Harvest index (%)	Oil content (%)	6.14	6.7830000000000004	22.77	16.61	18.93	20.27	23.81	9.9499999999999993	12.72	32.590000000000003	13.02	26.98	28.31	1.07	(GCV %)	Days to 50% flowering	Days to maturity	No. of branches per plant	Plant height (cm)	No. of pods per plant 	No. of clusters per plant	No. of pods per cluster	Pod length (cm)	No. of seeds per pod	Seed yield per plant (g)	100-seed weight (g)	Biological yield per plant (g)	Harvest index (%)	Oil content (%)	5.74	6.48	21.58	15.08	17.84	18.100000000000001	20.079999999999998	7.7	11.61	30.44	11.7	24.5	26.09	1	Column1	Days to 50% flowering	Days to maturity	No. of branches per plant	Plant height (cm)	No. of pods per plant 	No. of clusters per plant	No. of pods per cluster	Pod length (cm)	No. of seeds per pod	Seed yield per plant (g)	100-seed weight (g)	Biological yield per plant (g)	Harvest index (%)	Oil content (%)	



Heritability in broad sense (%)	Days to 50% flowering	Days to maturity	No. of branches per plant	Plant height (cm)	No. of pods per plant 	No. of clusters per plant	No. of pods per cluster	Pod length (cm)	No. of seeds per pod	Seed yield per plant (g)	100-seed weight (g)	Biological yield per plant (g)	Harvest index (%)	Oil content (%)	70	91.87	89.87	82.38	88.8	79.739999999999995	71.13	59.9	83.27	86.98	80.819999999999993	82.53	84.95	86.24	G.A. as % of mean	Days to 50% flowering	Days to maturity	No. of branches per plant	Plant height (cm)	No. of pods per plant 	No. of clusters per plant	No. of pods per cluster	Pod length (cm)	No. of seeds per pod	Seed yield per plant (g)	100-seed weight (g)	Biological yield per plant (g)	Harvest index (%)	Oil content (%)	11.82	13.34	44.44	31.07	36.75	33.31	34.89	12.28	21.83	62.79	21.67	45.81	49.53	1.91	Column1	Days to 50% flowering	Days to maturity	No. of branches per plant	Plant height (cm)	No. of pods per plant 	No. of clusters per plant	No. of pods per cluster	Pod length (cm)	No. of seeds per pod	Seed yield per plant (g)	100-seed weight (g)	Biological yield per plant (g)	Harvest index (%)	Oil content (%)	



