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ABSTRACT
Aim
The aim of the study to evaluate genetic variability in order to identify promising genotypes for selection and future breeding programmes.
Study Design:
The study was carried out in a randomized complete block design (RCBD)with three replications.
Place and Duration of Study:
The experiment was conducted at research farm, Department of Vegetable Science, Dr. YS Parmar University of Horticulture and Forestry, Nauni, Solan, Himachal Pradesh, during Rabi season 2022-2023.
Methodology:
Twenty-six pea genotypes, along with one check variety (Pb-89), were evaluated for yield and key horticultural traits. Standard agronomic practices were applied uniformly. Estimates of genetic variability, heritability and genetic gain were calculated for different horticultural traits. Correlation analysis determined relationships among traits, while path coefficient analysis assessed direct and indirect effects on yield. 
Results:
Wide variability was observed among genotypes. UHF Pea-67, UHF Pea-68, UHF Pea-79 and Pb-89 showed superior performance in yield and associated traits. In Pod yield per plant and number of green pods per plant high genetic variability, heritability and genetic gain was observed indicating strong potential for selection. Green pod yield per plant showed positive, significant correlations with number of green pods, pod length, pod width, weight of 100 pods, shelling percentage, harvest duration and days to marketable maturity. Path analysis revealed  that number of green pods per plant, pod width, pod length, days to marketable maturity, shelling percentage  and plant height which exerted the highest direct positive effects on yields. High heritability values coupled with high genetic gain has been observed for pod yield per plant (97.64% and 64.80%) and number of green pods per plant (85.33% and 54.28%), respectively which was showed the presence of additive genes which would be effective for better selection.
Conclusions: Genotypes UHF Pea-67, UHF Pea-68, UHF Pea-79 and Pb-89 emerged as promising genotypes for yield and yield related traits, these genotypes can be used further in  breeding programmes. 
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INTRODUCTION
Garden pea (Pisum sativum L.) is an important vegetable crop belongs to the family Leguminosae. Peas are rich in proteins, vitamins, minerals and dietary fibers, making them a key component of human diets worldwide. Additionally, peas possess noteworthy processing capabilities, contributing to their wide use in various food products and thus also having high economic importance.  Despite their immense value, the productivity of peas remains low, particularly in off-season varieties. This presents a challenge for farmers and researchers alike, necessitating efforts to improve yield and adaptability through genetic evaluation and breeding programs.
Pea production plays a crucial role in food security, farming practices and environmental sustainability. As a nutrient-dense leguminous crop, peas are known to have a protein content ranging from 15.5% to 39.7% (Davies et al., 1985). They are also rich in phytonutrients, antioxidants and essential vitamins, while being low in calories and free from cholesterol. These qualities make peas an excellent choice for promoting health and well-being. The inclusion of peas in crop rotations also contributes to soil fertility by fixing atmospheric nitrogen, thereby reducing the need for synthetic fertilizers and supporting sustainable agricultural practices.
However, one of the main limitations in improving pea productivity is the lack of genetic diversity among pea genotypes for economically important traits. Primary goal of any crop improvement programme is to enhance the crop performance in varying degree of environments as crop performance is not only depends on a single factor, crop performance can get affected by both i.e., environment and G × E interactions (Bocianowski et al., 2019; Yadav et al., 2025). Genetic variability can be utilized effectively through selection and it mainly depends on factors such as heritability, genetic advance and correlations among different traits (Latha et al., 2024; Yadav et al., 2025). Genetic evaluation is important in identifying such plants which having desirable characteristics such as higher yields and  wider adaptability etc., these genotypes can further helps the breeder in crop improvement programs and can be directly released as variety if these varieties having characteristics of consumer preference. Germplasm act as an important source when there is less variability among exciting genotypes and therefore germplasm can effectively serves as the raw material needed for selecting superior genotypes in crop improvement programs. 
Therefore, this study was planned to estimate the extent of genetic variability and to analyze the correlations between different traits, apart from that path analysis was also done to identify the most influential traits affecting yield and yield contributing traits. Ultimately, this will help bridge the gap between current productivity levels and the potential yield of pea crops, ensuring sustainable crop improvement and better food security.
MATERIALS AND METHODS
The experiment was carried out during Rabi, 2022-2023 at Research Farm, Department of Vegetable Science, Dr. Yashwant Singh Parmar University of Horticulture and Forestry, Nauni, Solan, Himachal Pradesh. The experimental site is located at an altitude of about 1276 m above mean sea level, lying between 30° 52'30" N latitude and 77° 11’30" E longitude under sub- humid, sub-temperate and mid hill zone of Himachal Pradesh, India. The experimental material comprised of 26 genotypes of pea including the check variety Pb-89, which were evaluated for testing the performance of each genotype for yield and other important horticultural traits. The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications at a spacing of 60 cm × 7.5 cm with a plot size of 1.8 m × 1.2 m. Ten competing plants from each entry across the replications were chosen at random and observations were recorded for thirteen quantitative traits viz. days to 50 per cent flowering, node at which 1st flower appear, no. of green pods per plant, pod length (cm), pod width (cm), no. of seeds per pod, plant height (cm), shelling percentage (%), TSS (Brix), days to marketable maturity, harvest duration (days), weight of 100 pods (g), pod yield per plant (g). The data were statistically analyzed using standard statistical procedures for randomized complete block design (Gomez and Gomez 1984). The data collected on different quantitative traits were processed for the analysis of variance as suggested by Panse and Sukhatme (1985). Coefficients of variability were estimated as per formula given by Burton and De Vane (1953). Heritability in broad sense was calculated as per formula given by Burton and De Vane (1953) and Allard (1960). The expected genetic advance resulting from selection of five percent superior individuals was calculated as per Allard (1960).Genetic gain expressed as per cent ratio of genetic advance and population mean was calculated by the method given by Johanson et al. (1955). The genotypic and phenotypic correlation coefficient was calculated as per Al- Jibouri et al. (1958) by using analysis of variance and covariance matrix in which total variability had been split into replications, genotypes and errors. Dewey and Lu (1959) method was used to work out the direct and indirect paths.
Table 1. Climate data 2022 and 2023
	Month
	Temperature (˚C)
	Relative Humidity (%)
	Total Rainfall (mm)

	
	Max
	Min
	Mean
	
	

	November, 2022
	24.10
	6.40
	15.25
	54.25
	2.40

	December, 2022
	21.70
	2.53
	12.10
	51.03
	0.00

	January, 2023
	18.75
	2.85
	10.85
	61.24
	39.20

	February, 2023
	22.78
	5.56
	14.70
	52.48
	7.20

	March, 2023
	23.58
	8.04
	15.85
	63.77
	130.6

	April, 2023
	26.62
	10.51
	18.55
	51.14
	114.3


.
Source: Metrological Observatory, Department of Environmental Science, Dr YS Parmar University of Horticulture and Forestry, Nauni, Solan HP 173 230
RESULTS AND DISSCUSION
Mean performance of different traits



Twenty- six genotypes of pea were evaluated for thirteen different traits. The variability of 50 percent flowering ranged from 65.36- 98.56 days with a mean of 83.14 days, for node at which first flower appear 8.04-16.33with a mean of11.05, for number of green pods per plant 12.27- 29.6 with a mean of 16.71, for pod length 6.65- 9.75 cm with a mean of 8.35 cm whereas pod width ranged from 1.03- 1.45 cm with a mean of 1.17 cm, for number of seeds per pod 5.61- 

	Genotypes
	X1
	X2
	X3
	X4
	X5
	X6
	X7
	X8
	X9
	X10
	X11
	X12
	X13

	1. UHF Pea- 56
	90.16
	10.40
	15.95
	7.80
	1.27
	5.63
	81.47
	35.92
	11.04
	131.32
	22.05
	397.92
	64.55

	[bookmark: RANGE!A3]2. UHF Pea- 57
	80.16
	9.40
	13.72
	8.13
	1.09
	6.36
	67.13
	39.42
	12.07
	134.78
	24.81
	390.83
	60.12

	3. UHF Pea- 58
	79.70
	10.40
	16.17
	8.22
	1.14
	5.73
	76.25
	38.52
	11.8
	131.18
	20.26
	373.24
	67.45

	4.  UHF Pea- 59
	65.36
	8.04
	20.99
	8.73
	1.29
	6.17
	75.96
	36.28
	14.09
	128.23
	23.78
	407.21
	83.62

	5. UHF Pea- 60
	73.10
	11.43
	14.12
	8.06
	1.18
	7.74
	65.52
	37.91
	15.13
	127.43
	24.62
	419.58
	61.65

	[bookmark: RANGE!A7]6. UHF Pea- 61
	78.80
	10.43
	14.43
	8.43
	1.22
	6.87
	70.8
	31.54
	15.67
	127.28
	21.93
	390.72
	62.17

	7. UHF Pea- 62
	76.61
	10.63
	12.59
	8.33
	1.32
	7.48
	83.47
	37.61
	12.9
	128.35
	24.22
	398.00
	63.3

	8.  UHF Pea- 63
	83.95
	11.53
	12.27
	9.08
	1.16
	7.71
	77.48
	43.12
	14.12
	129.47
	22.68
	417.33
	57.66

	9.  UHF Pea- 64
	77.80
	9.27
	17.10
	8.34
	1.20
	5.61
	74.89
	42.82
	12.86
	135.99
	22.68
	401.06
	74.25

	10.  UHF Pea- 65
	76.63
	8.38
	12.41
	7.29
	1.22
	5.76
	62.55
	45.93
	14.37
	132.31
	21.01
	409.98
	61.1

	[bookmark: RANGE!A12]11.  UHF Pea- 66
	80.14
	9.24
	13.08
	6.65
	1.19
	7.7
	71.59
	45.66
	12.98
	137.94
	22.28
	418.47
	61.19

	12.  UHF Pea- 67
	82.70
	10.63
	29.60
	9.75
	1.45
	11.39
	82.58
	50.55
	15.22
	141.88
	29.89
	509.97
	150.13

	13.  UHF Pea- 68
	78.94
	11.19
	[bookmark: RANGE!D14]27.91
	9.43
	1.30
	10.52
	79.89
	48.59
	16.09
	136.53
	26.97
	492.21
	132.6

	[bookmark: RANGE!A15]14.  UHF Pea- 69
	86.83
	9.50
	12.83
	8.48
	1.20
	7.42
	82.24
	45.65
	17.11
	126.81
	21.28
	454.06
	65.98

	[bookmark: RANGE!A16]15.  UHF Pea- 70
	88.16
	10.73
	15.78
	8.64
	1.14
	8.32
	66.94
	44.63
	13.27
	128.82
	20.67
	379.3
	67.514

	[bookmark: RANGE!A17]16.  UHF Pea- 71
	77.54
	12.53
	17.67
	8.29
	1.12
	7.12
	58.18
	41.89
	16.12
	127.75
	24.75
	449.17
	82.2

	17.  UHF Pea- 72
	95.36
	14.20
	17.72
	7.53
	1.03
	7.47
	63.37
	42.71
	17.48
	128.81
	20.21
	427.06
	83.63

	[bookmark: RANGE!A19]18.  UHF Pea- 73
	86.22
	10.63
	18.51
	8.16
	1.11
	7.38
	66.05
	44.76
	15.73
	130.04
	23.49
	405.69
	78.56

	19.  UHF Pea- 74
	75.25
	12.43
	12.79
	8.62
	1.09
	6.57
	67.72
	41.3
	14.4
	127.84
	23.33
	405.69
	64.42

	[bookmark: RANGE!A21]20.  UHF Pea- 75
	96.44
	16.33
	13.21
	7.79
	1.04
	5.75
	109.47
	39.47
	14.6
	123.01
	20.36
	382.46
	60.54

	[bookmark: RANGE!A22]21.  UHF Pea- 76
	88.83
	10.03
	13.22
	9.14
	1.03
	7.75
	63.91
	43.59
	13.52
	126.86
	22.45
	452.75
	64.07

	22.  UHF Pea- 77
	87.80
	13.21
	13.86
	8.24
	1.05
	6.92
	76.69
	47.24
	13.33
	124.78
	23.84
	419.45
	61.25

	23.  UHF Pea- 78
	92.47
	10.63
	13.79
	8.32
	1.06
	6.18
	126.22
	46.89
	14.63
	127.71
	23.16
	385.09
	63.11

	24.  UHF Pea- 79
	81.80
	11.67
	25.84
	8.90
	1.23
	8.08
	59.42
	48.31
	17.06
	126.62
	26.11
	486.12
	114.07

	25.  SolanNirog
	98.56
	11.18
	15.96
	7.44
	1.12
	7.6
	81.51
	44.34
	14.15
	135.56
	24.81
	424.69
	73.1

	26. Pb-89 (Check)
	82.43
	13.27
	23.00
	9.25
	1.30
	11.21
	89.75
	48.24
	14.22
	141.6
	27.72
	477.25
	119.83

	Mean
	83.14
	11.05
	[bookmark: RANGE!D28]16.71
	8.35
	1.17
	7.4
	76.19
	42.8
	14.38
	130.73
	23.43
	422.13
	76.85

	Range
	65.36- 98.56
	8.04-16.33
	[bookmark: RANGE!D29]12.27- 29.60
	7.29- 9.75
	1.09- 1.45
	5.61- 11.39
	59.42- 126.22
	31.54-50.55
	11.04- 17.48
	123.01-141.88
	20.21-29.89
	373.24- 509.97
	57.66- 150.13

	SE ± (m)
	1.18
	0.14
	1.14
	0.13
	0.03
	0.11
	0.59
	0.72
	0.22
	0.94
	0.76
	4.45
	2.19

	CD(0.05)
	3.38
	0.41
	3.25
	0.37
	0.11
	0.32
	1.7
	2.06
	0.65
	2.69
	2.19
	12.34
	6.25



Table 2.Mean performance of pea genotypes for X1- Days to 50 per cent flowering, X2- Node at which first flower appear, X3- No. of green pods per plant, X4- Pod length(cm), X5- Pod width(cm), X6- Number of seeds per pod, X7- Plant height(cm), X8- Shelling percentage, X9- TSS(˚B), X10- Days to marketable maturity, X11- Harvest duration(days), X12- Weight of 100 pods(g), X13- Pod yield per plant (g)


11.39 with a mean of 7.40, for plant height 58.18- 126.22 cm with a mean of 76.19 cm, for shelling percentage 31.54- 50.55 per cent with a mean of 42.80 per cent, for TSS 11.04-17.48 ˚B with a mean of 14.38˚B, for days to marketable maturity 123.01-141.88 days with a mean of 130.73 days, for harvest duration 20.21-29.89 days with a mean of 23.43 days. Similarly, weight of 100 pods varied from 373.24- 509.97 g with a mean of 422.13 g. Significant differences were observed for pod yield per plant among different genotypes which varied from 57.66- 150.13 g with a mean of 76.85 g. The maximum pod yield per plant was observed for the genotype UHF Pea- 67 (150.13 g). The check variety Pb- 89 recorded 119.83 g for pod yield per plant and genotype UHF Pea- 67, UHF Pea- 68 were reported for more pod yield per plant than check variety Pb- 89. These genotypes also performed well for number of pods per plant, pod length, pod width, number of seeds per pod, shelling percentage, days to marketable maturity, harvest duration and weight of 100 pods (as shown in Table 2) Nawab et al. (2008), Kumar et al. (2015), Katoch et al. (2016), Singh and Dhall (2018) reported significant difference in the mean performance of genotypes for green pod yield per plant.
PARAMETERS OF VARIABILITY
Coefficient of Variability
Variability in genotypes is essential for an efficient breeding effort. All the traits that were being studied showed a large range of variation. It is observed that the phenotypic coefficient of variation (PCV) was higher than the genotypic coefficient of variation (GCV) which showed that the genotypes were least affected by environment and the variations among genotypes were due to genetic factors. Pod yield per plant had the highest PCV (32.21%) and GCV (31.83%) amongst all the characters. Similar results were also reported earlier by Lal et al. (2011), Pal and Singh (2013), Kumar et al. (2015), Katoch et al. (2016), Ali et al. (2018) and Kaur et al. (2018).This study reported low, medium, and high PCV and GCV values, demonstrating how the coefficient of variability varied in magnitude from character to character and pointing to a wide range of germplasm variety.High heritability was observed for the traits viz. plant height, number of seeds per pod, node at which first flower appear, pod yield per plant, weight of 100 pods, TSS, days to 50 per cent flowering, shelling percentage, pod length, days to marketable maturity and number of green pods per plant (shown in Table 3).Yumkhaibham et al. (2019) also reported high heritability for pod weight.

Table 3. Estimates of parameters of variability for various traits in Pea genotypes


	Sr. No.
	Parameters
	Range
	Mean
	Coefficients of Variability
	Heritability (BS) (%)
	Genetic advance
	Genetic Gain (%)

	
	
	
	
	Phenotypic
	Genotypic
	
	
	

	1.
	Days to 50 per cent flowering
	65.36- 98.56
	83.14
	9.52
	9.19
	93.26
	15.20
	18.29

	2.
	Node at which first flower appear
	8.04-16.33
	11.05
	16.60
	16.44
	98.11
	3.71
	33.56

	3.
	No. of green pods per plant
	12.27- 29.6
	16.71
	30.88
	28.27
	85.33
	9.07
	54.28

	4.
	Pod length (cm)
	7.29- 9.75
	8.35
	8.60
	8.16
	90.13
	1.33
	15.97

	5.
	Pod width (cm)
	1.09- 1.45
	1.17
	10.02
	8.23
	67.46
	0.16
	13.92

	6.
	No. of seeds per pod
	5.61- 11.39
	7.40
	21.33
	21.17
	98.48
	3.20
	43.28

	7.
	Plant height (cm)
	59.42- 126.22
	76.19
	19.69
	19.64
	99.52
	30.76
	40.37

	8.
	Shelling percentage (%)
	31.54- 50.55
	42.80
	11.09
	10.70
	92.99
	9.09
	21.25

	9.
	TSS (˚B)
	11.04- 17.48
	14.38
	11.68
	11.35
	94.46
	3.27
	22.72

	10.
	Days to marketable maturity
	123.01-141.88
	130.73
	3.91
	3.71
	89.76
	9.47
	7.24

	11.
	Harvest duration (days)
	20.21-29.89
	23.43
	11.21
	9.67
	74.34
	4.02
	17.18

	12.
	Weight of 100 pods (g)
	373.24- 509.97
	422.13
	8.88
	8.70
	96.00
	74.12
	17.56

	13.
	Pod yield per plant (g)
	57.66- 150.13
	76.85
	32.21
	31.83
	97.64
	49.80
	64.80



In this study the range of genetic gain varies from 7.24-64.80 per cent for different characters.Genetic gain was found high for pod yield per plant (64.80%) and number of green pods per plant (54.28%). Kumar and Kumar (2016) & Singh et al. (2019) in their works reported high genetic gain for green pod yield per plant. Heritability encompasses both additive and non-additive gene action. Therefore, in addition to heritability, the estimation of genetic gain is crucial for efficient selection.
[bookmark: _Hlk139199172][bookmark: _Hlk159187145]In the present study, high heritability values coupled with high genetic gain was observed for pod yield per plant (97.64% and 64.80%) and number of green pods per plant (85.33% and 54.28%), respectively which was indicating the presence of additive genes which would be effective for better selection. Pal and Singh (2013) & Barcchiya et al. (2018) reported high heritability and high genetic gain for green pod yield per plant.
Correlation coefficients
Both phenotypic and genotypic data were included in the correlation study. In comparison to phenotypic correlation, the genotypic correlation coefficient was higher in all the genotypes. Correlation coefficient results showed that green pod yield per plant was positively and significantly correlated with number of green pods per plant, weight of 100 pods, harvest duration, number of seeds per pod, pod width, pod length, days to marketable maturity and shelling percentage.Gautam et al. (2017) also have the same findings, they reported that the green pod yield per plant exhibited positive and highly significant correlation with number of green pods per plant.
Path analysis
The path coefficient analysis revealed that number of green pods per plant, days to marketable maturity, node at which first flower appear, pod width, weight of 100 pods, pod length, shelling percentage, TSS, plant height showed positive direct effect on green pod yield per plant whereas harvest duration, number of seeds per pod and days to 50 per cent flowering showed negative direct effect on green pod yield per plant (shown in Table 4). Nawab et al. (2008) and Kumawat et al. (2018) also reported that number of pods per plant had positive direct effect on green pod yield per plant.



Table 4. Estimates of direct and indirect effect of different traits on pod yield per plant at genotypic level in pea genotypes

	Traits
	Days to 50 per cent flowering
	Node at which first flower appear
	No. of green pods per plant
	Pod length (cm)
	Pod width (cm)
	No. of seeds per pod
	Plant height (cm)
	Shelling percentage (%)
	TSS (ºB)
	Days to marketable maturity

	Harvest duration (days)
	Weight of 100 pods (g)
	rg* with Pod Yield per Plant

	Days to 50 per cent flowering
	-0.018
	0.073
	-0.103
	-0.018
	-0.074
	-0.001
	0.007
	0.023

	0.005

	-0.019
	0.022
	-0.004
	-0.10

	Node at which first flower appear
	-0.008
	0.149
	0.034
	0.003
	-0.059
	-0.004
	0.004
	0.007
	0.023
	-0.048
	-0.001
	0.009
	0.11

	[bookmark: _Hlk139200138]No. of green pods per plant
	0.002
	0.007
	0.688

	0.050

	0.095
	-0.018
	-0.001
	0.038
	0.027
	0.087
	-0.067

	-0.067

	0.98*

	Pod length (cm)
	0.003

	0.005
	0.416
	0.084
	0.066
	-0.015
	0.001
	0.022

	0.015
	0.019

	-0.053
	0.056
	0.62*


	Pod width (cm)
	0.009
	-0.061
	0.449

	0.038
	0.146
	-0.014
	-0.000

	0.008
	-0.001
	0.103

	-0.056

	0.052
	0.67*

	No. of seeds per pod
	-0.000
	0.024
	0.485
	0.050
	0.081
	-0.026
	-0.000
	0.049
	0.027
	0.096

	-0.067
	0.080
	0.80*

	Plant height (cm)
	-0.007
	0.035

	-0.036

	0.004

	-0.001

	0.001

	0.017

	0.008

	-0.009

	0.001
	-0.002

	-0.016
	-0.01

	Shelling percentage (%)
	-0.005
	0.013
	0.317
	0.022
	0.014
	-0.015
	0.001
	0.084

	0.024
	0.070

	-0.039
	0.065
	0.55*


	TSS ((0B)
	-0.001
	0.045

	0.251

	0.017

	-0.001
	-0.009
	-0.002

	0.027

	0.076
	-0.034
	-0.016
	0.054
	0.40*

	Days to marketable maturity 
	0.002

	-0.042
	0.359
	0.009
	0.089
	-0.014
	0.001
	0.035
	-0.015
	0.168
	-0.051
	0.042
	0.58*


	Harvest duration (days)
	0.004
	0.001
	0.539

	0.052
	0.095
	-0.020

	0.001
	0.038
	0.014

	0.100
	-0.086

	-0.086

	0.81*

	Weight of 100 pods (g)
	0.001
	0.014
	0.517
	0.047

	0.076
	-0.021
	-0.002

	0.054

	0.041
	0.070

	-0.067
	0.100
	0.83*




CONCLUSIONS
The outcomes of this study, which was conducted to evaluate genetic variability among different genotypes, showed huge amount of variability. The genotypes under study performed well in almost all important horticultural traits and many among them are remarkably different in certain characters and can be used further under study programmes. UHF Pea- 67 was found superior to the check variety in most of the characters like number of green pods per plant, pod length, pod width, number of seeds per pod, shelling percentage, days to marketable maturity, harvest duration, weight of 100 pods and pod yield per plant and also the values of phenotypic coefficient of variability were higher as compared to genotypic coefficient of variability which showed that the environment had little role in the expression of genetic relationship of the characters under study. Inshort it can be concluded that the variability studies are thus important for plant breeding programs aimed at developing new cultivars with improved characteristics, enhancing agricultural productivity, and ensuring food security in the face of changing environmental conditions and emerging pests and diseases. Moreover, genetic variability studies in plants contribute to conservation efforts by identifying and preserving genetic resources essential for maintaining biodiversity and facilitating ecosystem resilience.
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