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Deciphering Genetic Variability and Yield Determinants in Groundnut [Arachis hypogaea (L.)] Using Correlation and Path Coefficient Analysis 

	Abstract 	Comment by hp: Write abstract properly
Aims: To investigation the variability, correlation coefficient and path coefficient analysis for yield and its components traits for selecting better yield improvement.
Study design:  Randomized block Design.
Place and Duration of Study:  RARI, Durgapura, Jaipur, during the kharif 2024.
Methodology: The original material for this research included 25 groundnut genotypes, with three check varieties. The genotypes were sown on 5th July during the Kharif 2024 season. Each of the genotypes was sown in five continuous rows within a plot measuring 5.0 × 2.25 m², maintaining an inter-row spacing of 45 x 15 cm. Observations were recorded on thirteen traits. Statistical methods use for calculating GCV, PCV, Heritability genetic advance, correlation and path analysis. 
Results: Analysis of variance reveled that there was a significant variation among genotypes for all traits. PCV values marginally surpassed GCV values, indicating low environmental influence. High PCV were noted for the number of pods per plant and number of branches per plant, even though high GCV were observed number of pods per plant. High heritability observed 100-seed weight, days to initiation of pegging,, oil content, days to 50% flowering, protein content, number of pods per plant. Dry pod yield per plant showed strong, highly significant genotypic correlations with kernel yield per plant, number of branches per plant, number of pods per plant, and 100-seed weight. Path analysis brought to light shelling exhibited maximum direct effect on dry pods yield per plant, thereafter protein content, oil content, number of branches per plant, days to 50 per cent flowering, cholorophyll content, kernel yield per plant, and days to maturity. 
Conclusion: The traits such as number of pods per plant, number of branches per plant, 100-seed weight,kernel yield per plant revealed high GCV,PCV,Heritability and also positive associate with dry pods yield per plant. These end points pinpointed high potential traits and genotypes for yield improvement in groundnut.
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1. INTRODUCTION 
The cultivated groundnut [Arachis hypogaea (L.)] is an annual legume with cleistogamous flowers which make it a highly self-pollinated crop. It is a segmental allotetraploid (2n = 4x = 40), belonging to the family Fabaceae and sub-family Papilionaceae. It is presumed that groundnut derived from in South America and was domesticated in the Paraguayan valleys (Sree et al., 2024).  It is widely grown in the tropics and subtropics region of the world. It is grown as a principal crop, an intercrop or a combination of crops. Taxonomically, groundnut can be classified into two subspecies (hypogaea and fastigiata), which mainly vary in their branching pattern. Both subspecies are again divided into two botanical forms. Sub-species hypogaea is classified into var. hypogaea (Virginia) and var. hirsute, although sub-species fastigiata is divided into var. fastigiata (Valencia) and var. vulgaris (Spanish) (Neeharika, 2022). 	Comment by hp: Italic font
Peanut is a major oilseed crop in India, ranking first in cultivated area and second in production thereafter soybean. Globally, in 2023–24, groundnut covered 32.7 million hectares with a total production of 54.31 million tonnes and an mean yield of 1648 kg ha⁻¹ (FAOSTAT, 2024). China oversees global production (19.27 million tonnes), thereafter India (10.30 million tonnes), in contrast the USA ranks first in productivity (4469.26 kg ha⁻¹). In India, the groundnut occupied 4.88 million hectares with a production of 10.289 million tonnes and a productivity of 1847 kg ha⁻¹ during 2023–24. Gujarat, Rajasthan, Tamil Nadu, Andhra Pradesh, Karnataka, and Maharashtra together contribute to ~90% of the national groundnut area. In Rajasthan, groundnut was grown on 0.86 million hectares having a production of 2.127 million tonnes, on the other hand Gujarat led in both area and production, ranking second in productivity thereafter Rajasthan (Groundnut Outlook, 2025). 
The core prerequisite for any plant breeding method to derive a improved cultivar is genetic variability (Tesfaye, 2021). A hindrance to groundnut improvement is the polyploidy and limited genetic diversity of core attributes (Janila et al., 2013). Genetic variability can be determined via attributes such as genotypic coefficient of variation, phenotypic coefficient of variation, and heritability projections. Combining them with genetic advances as a percentage of the mean improves prediction and identifies features for transformation (Vinithashri et al., 2019). For groundnut genotypes to be developed with high yields, it is fundamental to grasp the correlation between yield-related features and yield (Abady et al., 2019). The yield of groundnut pods per plant had a beneficial alignment with the following parameters: kernel number, pod number, kernel weight, harvest index, and shelling %. Leveraging this data, breeding groundnuts could create more robust screening parameters (Abady et al., 2019). 	Comment by hp: Italic font
Clear insights into the contribution of individual component traits influencing a complex character—such as kernel yield—can be obtained through correlation analysis and path coefficient methodology (Ashutosh et al., 2016). The correlation coefficients between yield-related attributes and kernel yield, along with the relative importance of their direct and indirect effects, are essential for strategic crop improvement aimed at enhancing yield potential.
Accordingly, the present investigation was undertaken to analyse the association between kernel yield and its contributing traits, to explore the interrelationships among these attributes, and to assess their relative significance. This approach facilitates the identification of key traits that can be prioritized in breeding programs to achieve augmented production.
2. MATERIALS AND METHODS 
2.1 Experimental site and location 
The ongoing study was conducted at the experimental field of the All India Coordinated Research Project (AICRP) on Groundnut, situated within the Rajasthan Agricultural Research Institute (RARI), Durgapura, Jaipur. Geographically, the site lies in the Semi-Arid Eastern Plain Zone (Agro-climatic Zone III-A) of Rajasthan, positioned at 26°51′ N latitude and 75°47′ E longitude, with an elevation of approximately 390 meters above mean sea level.
2.2 Climate and weather conditions                   
In the 2024–25 crop season, the trial farm was watered with 1372.7 mm of rain in total. During the crop development stage, the highest and lowest temperatures were 31.9°C and 19.6°C, respectively. Relative humidity had a wide range of values, with 93.6% as the maximum and 29.0% as the minimum, respectively.
2.3 Experimental materials 
The original material for this research included 25 groundnut genotypes including’s three check varieties, i.e., the ones that have been used for comparison, which have been maintained under the AICRP on groundnut at the Rajasthan Agricultural Research Institute, Durgapura, Jaipur. Table 1 presents the complete set of genotypes along with the checks employed in the study.
Table 1.  Name of Groundnut genotypes (along with their source)
	S.No.
	Genotype
	Source
	S.No.
	Genotype
	Source

	1
	RG 624
	RARI, Durgapura
	14
	RG 653
	RARI, Durgapura

	2
	RG 628
	RARI, Durgapura
	15
	RG 656
	RARI, Durgapura

	3
	RG 633 
	RARI, Durgapura
	16
	RG 657
	RARI, Durgapura

	4
	RG 632
	RARI, Durgapura
	17
	RG 658
	RARI, Durgapura

	5
	RG 615-3
	RARI, Durgapura
	18
	RG 659
	RARI, Durgapura

	6
	RG 617
	RARI, Durgapura
	19
	RG 660 
	RARI, Durgapura

	7
	RG 622
	RARI, Durgapura
	20
	RG 661
	RARI, Durgapura

	8
	RG 652
	RARI, Durgapura
	21
	RG 662
	RARI, Durgapura

	9
	RG 622-5
	RARI, Durgapura
	22
	ICRISAT-44 
	ICRISAT, Hyderabad

	10
	RG 650 
	RARI, Durgapura
	23
	RG 638*
	RARI, Durgapura

	11
	RG 622-1
	RARI, Durgapura
	24
	RG 425*
	RARI, Durgapura

	12
	RG 636
	RARI, Durgapura
	25
	RG 559-3*
	RARI, Durgapura

	13
	RG 646
	RARI, Durgapura
	
	
	


*Check
2.4 Experimental details 
To carry out the current study, the experimental material was made up of the 25 groundnut genotypes created at the Rajasthan Agricultural Research Institute (RARI), Durgapura, under Sri Karan Narendra Agriculture University, Jobner. The genotypes were sown on 5th July during the Kharif 2024 season. Each of the genotypes was sown in five continuous rows within a plot measuring 5.0 × 2.25 m², maintaining an R X P spacin of 45 x 15 cm. The experimental layout followed a Randomized Block Design (RBD) with three replications per sowing date, conducted at RARI, Durgapura. A crop with all the necessary agronomic practices was used for the experiment.	Comment by hp: Correct the spelling
2.5 Observations recorded
Observations were recorded on thirteen traits encompassing yield, physiological, and quality parameters. These included: days to 50% flowering, days to initiation of pegging, number of branches per plant, number of pods per plant, days to maturity, dry pod yield per plant (g), kernel yield per plant (g), sound mature kernel (%), shelling percentage (%), 100-seed weight (g), chlorophyll content (mg/g), protein content (%), and oil content (%). For each genotype, data on these traits were collected from five randomly selected plants per replication, except for the phenological traits, namely days to 50% flowering, days to initiation of pegging, and days to maturity, which were aggregated for each plot.
2.6 Statistical analysis 
Variance analysis (ANOVA) was performed following the methodology outlined by Panse and Sukhatme (1985). Phenotypic and genotypic coefficients of variation were computed using the formula proposed by Burton (1952). Broad-sense heritability (h²bs) was estimated in accordance with the procedure described by Burton and De Vane (1953), while genetic advance was calculated using the approach suggested by Johnson et al. (1955). Additionally, the predicted genetic advance, expressed as a percentage of the mean, was determined with reference to Johnson et al. (1955). Correlation coefficients were derived based on the method of Singh and Chaudhary (1979), and path coefficient analysis was conducted using the technique developed by Dewey and Lu (1959).
3. RESULTS AND DISCUSSION 
3.1 Analysis of variance
Analysis of variance (ANOVA) for all thirteen characters studied among twenty-five genotypes of groundnut presented that the mean sum of squares of genotypes was markedly significant for all the characters and exhibited a wide range of genetic variation across genotypes. This suggests that there is a substantial prospect for the selection of superior genotypes for improving the dry pods yield of groundnut. Parallel trends were mentioned by Narasimhulu et al. (2012), Chavadhari et al. (2017), and Poojitha et al. (2024). Availability of pronounced variability in the material handled by the plant breeders is an immensely crucial determinant of breeding programme efficacy (Table 2).	Comment by hp: Italic font
	RARI, Durgapura 2024

	source
	df
	Days to 50 % flowering
	Days to initiation of pegging
	No. of branches per Plant

	No. of pods per plant

	Days to maturity

	Dry pod yield per plant

	Kernel yield per plant (g)


	Replication
	2
	0.17
	0.17
	0.44
	21.61
	0.05
	21.18*
	7.03

	Genotypes
	24
	1.70**
	1.70**
	7.52**
	75.67**
	4.41**
	49.83**
	25.29**

	Error
	48
	0.13
	0.13
	1.90
	6.93
	1.59
	8.92
	4.13

	
	
	

	source
	df
	Sound mature kernel (%)
	Shelling (%)

	100-Seed Weight (g)

	Chlorophyll content (mg/g)
	Protein content (%)
	Oil content (%)
	

	Replication
	2
	31.95*
	25.06*
	12.93
	0.01
	0.49
	0.17
	

	Genotypes
	24
	66.59**
	20.61**
	146.85**
	0.02**
	3.42**
	2.72**
	

	Error
	48
	11.87
	8.37
	15.64
	0.008
	0.27
	0.33
	



Table 2.  Mean squares for various characters in 25 genotypes of groundnut at RARI, Durgapura during Kharif 2024

*, ** Significant at 5%, and 1% level of significance, respectively
3.2 Mean performance 
On the basis of mean performance values, several genotypes viz., RG 653 (34.77), RG 615-3 (32.27), RG 636 (31.22), RG 650 (30.63), RG 659 (29.16), RG 632 (28.94), RG 658 (28.06), RG 656 (26.10), RG 622 (26.07), RG 657 (25.57), and RG 622-1 (25.21) were give high dry pods yield per plant over the best check i.e., RG 559-3 (24.62) indicating these genotypes can be further exploited for hybridization programme to achieve higher groundnut yield. RG 628 (26.00), RG 615-3 (26.00), RG 617 (26.00), RG 636 (26.00), RG 646 (26.00), RG 661 (26.00), RG 663 (26.00), RG 559-3 (26.00) found earliest in terms of days to 50 per cent of flowering. As per their mean performance in genotypes RG 628 (32.00), RG 636 (32.00), RG 661 (32.00), RG 663 (32.00), RG 559-3 (32.00), the earliest in terms of days to initiation of pegging. Whereas genotypes RG 624 (123.33) were found to be early maturing, which can be used as a donor in developing early maturity varieties. The genotypes having a greater number of branches per plant were RG 615-3 (13.67), RG 653 (13.13), RG 636 (12.60) and a greater number of pods per plant were found in RG 653 (35.47), RG 615-3 (27.93), RG 632 (25.00), and RG 636 (24.73). Genotypes viz., RG 653 (26.69), followed by RG 659 (23.23), RG 636 (22.23), and RG 615-3 (22.07), were found to have the maximum kernel yield per plant. The maximum number of sound mature kernels was observed in genotypes RG 425 (90.36), followed by RG 659 (90.31), RG 657 (88.56). Genotypes viz., RG 659 (74.49) followed by RG 663 (72.89), RG 632 (72.28), and ICRISAT 44 (71.46) were found to have the maximum shelling. Genotypes such as RG 661 (81.95), followed by RG 656 (68.55), RG 559-3 (67.96) showed significantly higher mean value of 100-seed weight. The highest 100-seed weight is an important and desirable trait for seed yield enhancement. The maximum per cent of chlorophyll content was observed in genotypes RG 661 (4.52), RG 425 (4.50), and RG 657 (4.49). Genotypes viz., RG 632 (26.66), followed by RG 646 (26.40), RG 628 (26.31), RG 425 (26.31), were found to have the maximum protein content. Maximum oil content was observed in genotypes RG 660 (52.08), followed by RG 657 (51.24), ICRISAT 44 (51.12), and RG 559-3 (51.11) (Table 3).

3.3 Genetic variability parameters
3.3.1 Phenotypic coefficient of variation (PCV)
In this investigation, the scale of PCV was slightly higher than the GCV values, which indicates the minor effect of the environmental factors on the characters' articulation (Table 4). High phenotypic coefficient of variation (PCV) was assessed for the number of pods per plant (27.72%) and the number of branches per plant (20.71%), showing closely aligned variation patterns in these traits reported by Sravanti et al. (2024) and Mane et al. (2024). Moderate PCV values for dry pod yield per plant (18.83%), kernel yield per plant (17.87%), and 100‑kernel weight (15.72%) are reflecting the moderate degree of phenotypic variation documented by Mane et al. (2024). Finally, low PCV observed for sound mature kernel (6.64%), shelling (5.12%), protein content (4.41%), days to initiation of pegging (3.12), days to 50 per cent flowering (3.01%), oil content (2.25%), chlorophyll content (1.35%)and days to maturity (1.27%) are in line observed low variability in these traits noted by Salunke et al. (2020) and Savaliya et al. (2009).
3.3.2 Genotypic coefficient of variation (GCV)
A high genotypic coefficient of variation (GCV) was observed for the number of pods per plant (24.29%). This is substantiated by Rajput et al. (2024), as documented by the highest GCV for pods per plant. A moderate genotypic coefficient of variation (GCV) was noted characteristics for dry pod yield per plant (14.64%), number of branches per plant (14.57%), 100-kernel weight (14.93%), and kernel yield per plant (14.19%), which is consistent with the moderate PCV documented by Mane et al. (2024). 







	Genotypes
	Days to 50 per cent flowering
	Days to initiation of pegging
	Number of branches/plant
	Number of pod / plant
	Days to maturity
	Dry pod yield/plant
	Kernel yield/plant (g)
	Sound mature kernel (%)
	Shelling (%)
	100-Seed Weight (g)
	Chlorophyll content (mg/g)
	Protein (%)
	Oil (%)

	RG 624
	27.33
	34.33
	9.47
	21.40
	123.33
	24.04
	16.17
	76.90
	64.29
	46.53
	4.44
	25.32
	49.61

	RG 628
	26.00
	32.00
	9.60
	16.27
	125.33
	22.90
	17.25
	79.26
	68.08
	60.81
	4.46
	26.31
	49.12

	RG 633
	28.00
	35.00
	8.53
	18.13
	128.33
	22.87
	17.20
	72.69
	63.97
	55.12
	4.44
	23.69
	47.85

	RG 632
	27.33
	33.67
	9.00
	25.00
	124.00
	28.94
	21.43
	83.82
	72.28
	65.86
	4.44
	26.66
	49.47

	RG 615-3
	26.00
	33.00
	13.67
	27.93
	126.33
	32.27
	22.07
	77.27
	68.03
	67.10
	4.42
	25.13
	49.62

	RG 617
	26.00
	33.00
	10.20
	16.53
	126.67
	23.31
	17.72
	73.32
	68.68
	52.43
	4.40
	25.69
	47.93

	RG 622
	27.00
	34.00
	8.93
	18.67
	124.33
	26.07
	19.51
	80.99
	68.03
	63.12
	4.42
	25.48
	49.29

	RG 652
	29.00
	36.00
	8.13
	17.87
	124.67
	22.56
	17.06
	83.25
	64.95
	44.89
	4.43
	25.56
	48.35

	RG 622-5
	27.33
	34.00
	9.67
	17.27
	125.67
	22.92
	17.89
	84.98
	67.64
	59.14
	4.42
	23.92
	49.46

	RG 650
	27.00
	33.00
	10.40
	23.93
	125.00
	30.63
	21.40
	85.10
	69.20
	65.03
	4.47
	23.66
	49.49

	RG 622-1
	27.00
	33.00
	9.00
	19.87
	126.00
	25.21
	14.97
	82.36
	64.84
	57.03
	4.46
	25.32
	49.60

	RG 636
	26.00
	32.00
	12.60
	24.73
	125.00
	31.22
	22.23
	81.98
	67.00
	66.21
	4.43
	26.14
	49.87

	RG 646
	26.00
	33.00
	9.00
	21.53
	125.33
	21.02
	15.22
	87.45
	69.97
	49.99
	4.45
	26.40
	50.27

	RG 653
	27.33
	34.33
	13.13
	35.47
	125.00
	34.77
	26.69
	82.33
	70.07
	55.74
	4.47
	25.38
	50.60

	RG 656
	27.00
	33.00
	8.87
	16.87
	125.00
	26.10
	19.33
	87.37
	68.65
	68.55
	4.47
	26.26
	50.28

	RG 657
	27.00
	34.00
	7.93
	16.20
	127.67
	25.57
	19.50
	88.56
	69.94
	59.92
	4.49
	23.46
	51.24

	RG 658
	27.33
	33.00
	9.40
	15.47
	125.00
	28.06
	20.25
	81.85
	67.50
	67.39
	4.45
	25.34
	49.97

	RG 659
	26.33
	33.33
	9.27
	23.73
	126.00
	29.16
	23.23
	90.31
	74.49
	57.48
	4.43
	25.27
	50.65

	RG 660
	27.00
	33.00
	8.33
	14.20
	125.00
	21.76
	16.52
	84.46
	69.32
	64.02
	4.41
	23.74
	52.08

	RG 661
	26.00
	32.00
	8.33
	13.87
	126.33
	23.86
	18.32
	84.97
	69.09
	81.95
	4.52
	25.54
	49.86

	RG 663
	26.00
	32.00
	7.47
	16.20
	124.67
	22.76
	18.04
	80.82
	72.89
	58.53
	4.28
	25.50
	49.88

	ICRISAT-44
	27.00
	33.00
	8.80
	22.53
	126.67
	20.08
	16.18
	85.17
	71.46
	46.88
	4.40
	23.82
	51.12

	RG 638
	27.00
	34.00
	8.13
	17.73
	124.00
	21.51
	16.16
	76.89
	69.75
	48.52
	4.39
	23.74
	49.24

	RG 425
	27.33
	33.00
	7.93
	15.27
	127.00
	18.36
	14.69
	90.36
	71.33
	46.74
	4.50
	26.31
	48.14

	RG 559-3
	26.00
	32.00
	8.80
	15.93
	124.00
	24.62
	18.85
	85.09
	70.36
	67.96
	4.41
	26.25
	51.11

	Mean
	26.85
	33.31
	9.38
	19.70
	125.45
	25.22
	18.72
	82.70
	68.87
	59.08
	4.44
	25.20
	49.76

	S.Em.+
	0.21
	0.21
	0.80
	1.52
	0.73
	1.72
	1.17
	1.99
	1.67
	1.68
	0.03
	0.30
	0.29

	CD at 5%
	0.60
	0.59
	2.27
	4.32
	2.07
	9.90
	3.34
	5.66
	4.75
	4.77
	0.08
	0.84
	0.82

	CD at 1%
	0.79
	0.79
	3.02
	5.77
	2.77
	6.54
	4.45
	7.55
	6.34
	6.37
	0.11
	1.12
	1.09

	CV (%)
	1.35
	1.08
	14.71
	13.36
	1.01
	11.84
	10.86
	4.17
	4.20
	4.92
	1.09
	2.04
	1.00


Tables 3.  Mean table of all 13 character of groundnut genotypes

In contrast, lower GCV was noted for sound mature kernel (5.16%), protein content (3.91%), shelling percentage (2.93%), days to initiation of pegging (2.92%), days to 50 per cent flowering (2.69%), oil content (2.02%), chlorophyll content (0.80%), and days to maturity (0.77%), are in line with previously observed low variability in these traits noted by Salunke et al. (2020) and Savaliya et al. (2009).
3.3.3 Heritability
High heritability demonstrates trait stability and inheritance from parent to offspring.  High heritability was evaluated for agronomic traits such as 100-seed weight (90.20%), days to initiation of pegging (87.93%), oil content (80.25%), days to 50 per cent flowering (79.85%), protein content (78.66%), and number of pods per plant (76.78%) find similar result was founds in Kumar et al. (2023). and moderate heritability was screened for phenotypic attributes like, kernel yield per plant (63.05%), sound mature kernel (60.57%), and dry pods yield per plant (60.45%), showing moderate heritability was found in Hampannavar et al. (2018).  Traits such as number of branches per plant (49.54%), days to maturity (37.07%), chlorophyll content (34.76%), and shelling (32.73%) showed relatively lower heritability, indicating more environmental influence on their expression. Being similar, low heritability values were observed in Korale et al. (2021).
3.3.4 Genetic advance and Genetic advance as per cent mean 
Genetic advance was used to measure the expected gain and find the truly associated traits for yield improvement through selection. Genetic advance as per cent of the mean expresses the genetic advance relative to the mean value of the traits. The highest genetic advance was observed for 100‑seed weight (17.25%), indicating strong potential for improvement in this trait. High genetic advance as per cent mean was also noted for number of pods per plant (43.85%), 100-seed weight (29.21%), dry pods yield per plant (23.45%), kernel yield per plant (23.21%), and number of branches per plant (21.13%), following closely suggesting effective selection opportunities these findings align closely with those reported by Kumar et al. (2024), reinforcing the consistency of trait associations across genotypic evaluations. Low genetic advance was collected for sound mature kernel (8.28%), protein content (7.14%), days to initiation of pegging (5.64%), days to 50 per cent flowering (4.95%), and oil content (3.72%), shelling (3.46%), chlorophyll content (0.97%), and days to maturity (0.97%), implying narrow focus for improvement through selection similar results found in Nagaveni K and Khan (2019).Fig.  1.  Graphical representation of Genetic Variability Parameters of twenty-five groundnut genotypes.




Fig. 1. Graphical representation of Genetic Variability Parameters of twenty-five groundnut genotypes


	S.No.
	Characters
	Range
	Mean
	Genotypic coefficient of variation (%)
	Phenotypic coefficient of variation (%)
	Heritability (broad sense) %
	Genetic advance
	Genetic advance as per cent of mean

	
	
	Min.
	Max.
	
	
	
	
	
	

	1. 
	Days to 50 per cent flowering
	26.00
	29.00
	26.85
	2.69
	3.01
	79.85
	1.33
	4.95

	2. 
	Days to initiation of pegging
	32.00
	36.00
	33.31
	2.92
	3.12
	87.93
	1.88
	5.64

	3. 
	Number of branches per plant
	7.47
	13.67
	9.38
	14.57
	20.71
	49.54
	1.98
	21.13

	4. 
	Number of pod per plant
	13.87
	35.47
	19.70
	24.29
	27.72
	76.78
	8.64
	43.85

	5. 
	Days to maturity
	123.33
	128.33
	125.45
	0.77
	1.27
	37.07
	1.22
	0.97

	6. 
	Dry pods yield per plant (g)
	18.36
	34.77
	25.22
	14.64
	18.83
	60.45
	5.91
	23.45

	7. 
	Kernel yield per plant (g)
	14.69
	26.69
	18.72
	14.19
	17.87
	63.05
	4.34
	23.21

	8. 
	Sound mature kernel (%)
	72.69
	90.36
	82.70
	5.16
	6.64
	60.57
	6.85
	8.28

	9. 
	Shelling (%)
	63.97
	74.49
	68.87
	2.93
	5.12
	32.73
	2.38
	3.46

	10. 
	100-seed weight (g)
	44.89
	81.95
	59.08
	14.93
	15.72
	90.20
	17.25
	29.21

	11. 
	Chlorophyll content (mg/g)
	4.28
	4.52
	4.44
	0.80
	1.35
	34.76
	0.04
	0.97

	12. 
	Protein content (%)
	23.46
	26.66
	25.20
	3.91
	4.41
	78.66
	1.80
	7.14

	13. 
	Oil content (%)
	47.85
	52.08
	49.76
	2.02
	2.25
	80.25
	1.85
	3.72


Table 4. Genetic variability parameters for dry pod yield and its contributing characters

[image: C:\Users\singh\OneDrive\Desktop\daigram\e2 corr.png] 3.4 Correlation coefficient analysis
Dry pod yield per plant indicated strong, highly significant genotypic correlations with kernel yield per plant (rg = 0.9205**), number of branches per plant (rg = 0.7996**), number of pods per plant (rg = 0.7440**), and 100-seed weight (rg=0.4584*). These reflect the correlation trends reported by Vekariya et al. (2011) and Rao et al. (2014), who observed similar positive and significant correlations between dry pod yield per plant, kernel yield per plant, number of pods per plant and 100-seed weight. Non-significant positive correlations with chlorophyll content (rg = 0.1970), oil content (rg = 0.2241), and protein content (rg = 0.1054), alongside negative correlations with days to maturity (rg = -0.2918), days to 50 per cent flowering (rg = -0.1493), sound mature kernel (rg = -0.1007), shelling (rg = -0.0984) and days to initiation of pegging (rg = -0.0415) also correspond with observations by Korat et al. (2010) and Zaman et al. (2011) (Table 5). 



Fig. 2.  Heatmap showing genotypic correlation coefficients among yield and associated traits in Groundnut



	
Characters
	r
	Days to 50
per cent
flowering
	Days to initiation of pegging
	Number of branches per plant
	Number of pod per plant
	Days to maturity
	Kernel yield per plant (g)
	Sound mature kernel (%)
	Shelling  (%)
	100-seed weight (g)
	Chlorophyll content (mg/g)
	Protein content (%)
	Oil content (%)
	Dry pods yield per plant (g)

	Days to 50 per cent flowering
	g
	1.000
	0.8609 **
	-0.3343
	0.0004
	-0.0306
	-0.1465
	-0.0082
	-0.5223 **
	-0.4426 *
	0.2453
	-0.3327
	-0.3028
	-0.1493

	Days to initiation of pegging
	g
	
	1.000
	-0.1331
	0.2016
	0.0224
	-0.0257
	-0.2257
	-0.5234 **
	-0.5517 **
	0.1157
	-0.3735
	-0.3322
	-0.0415

	Number of branches per plant
	g
	
	
	1.000
	0.8086 **
	-0.0137
	0.6943 **
	-0.3806
	-0.2748
	0.1968
	0.0628
	0.1590
	0.0575
	0.7996 **

	Number of pod per plant
	g
	
	
	
	1.000
	-0.1730
	0.6859 **
	-0.1057
	0.1065
	-0.1560
	-0.0546
	0.0663
	0.1506
	0.7440**

	Days to maturity
	g
	
	
	
	
	1.000
	-0.2356
	0.0648
	-0.1026
	-0.1088
	0.5491 **
	-0.4807 *
	-0.2615
	-0.2918

	Kernel yield per plant (g)
	g
	
	
	
	
	
	1.000
	0.0206
	0.2233
	0.4280 *
	0.0997
	0.0720
	0.2864
	0.9205 **

	Sound mature kernel (%)
	g
	
	
	
	
	
	
	1.000
	0.5498 **
	0.1408
	0.4800 *
	0.1420
	0.5908 **
	-0.1007

	Shelling (%)
	g
	
	
	
	
	
	
	
	1.000
	0.0831
	-0.3351
	0.1518
	0.5916 **
	-0.0984

	100-seed weight (g)
	g
	
	
	
	
	
	
	
	
	1.000
	0.3160
	0.1552
	0.3237
	0.4584 *

	Chlorophyll content (mg/g)
	g
	
	
	
	
	
	
	
	
	
	1.000
	0.1664
	-0.1021
	0.1970

	Protein content (%)
	g
	
	
	
	
	
	
	
	
	
	
	1.000
	-0.2298
	0.1054

	Oil content (%)
	g
	
	
	
	
	
	
	
	
	
	
	
	1.000
	0.2241

	Dry pods yield per plant (g)
	g
	
	
	
	
	
	
	
	
	
	
	
	
	1.000


Table 5. Genotypic (rg) correlation coefficients among 13 characters in 25 genotypes



3.5 Path coefficient analysis 
[image: C:\Users\singh\OneDrive\Desktop\path diagram.png]In this study at the genotypic level, shelling (0.9299) reflected maximum direct effect on dry pods yield per plant, thereafter protein content (0.9274), oil content (0.8941), number of branches per plant (0.8074), days to 50 per cent flowering (0.7026), cholorophyll content (0.4107), kernel yield per plant (0.3276), and days to maturity (0.0441), which also had significant and positive correlation with dry pods yield per plant distinct from days to 50 per cent flowering, days to maturity, shelling, chlorophyll content, protein content, and oil content. These results aligned with previous findings regarding oil content, Bera and Das (2000), Ravindra et al. (2020) days to 50 per cent flowering, Shinde et al. (2018) protein content Ajith et al. (2023), chlorophyll content, Meena and Singh (2021) number of branches per plant, shelling, Deshmukh et al. (2020) Choudhary et al. (2013). kernel yield per plant, days to maturity, Kumari et al. (2022)  (Table 6). Character like sound mature kernel (-0.9807) was a negative direct effect on dry pods yield per plant, followed by number of pods per plant (-0.9776), days to initiation of pegging (-0.5649) and 100-seed weight (-0.3064). It’s also reported by Mukesh et al. (2017).

Fig. 3.  Path diagram of showing direct and indirect effects of 12 characters on dry pod yield per plant

Table 6.  Genotypic path coefficient analysis showing direct and indirect effects of 12 characters on dry pod yield per plant 

	Characters
	Days to 50
per cent
flowering
	Days to initiation of pegging
	Number of branches per plant
	Number of pod per plant
	Days to maturity
	Kernel yield per plant (g)
	Sound mature kernel (%)
	Shelling (%)
	100-seed weight (g)
	Chlorophyll content (mg/g)
	Protein content (%)
	Oil content (%)
	Correlation with Dry pods yield per plant (g)

	Days to 50 per cent flowering
	0.7026
	-0.4863
	-0.2699
	-0.0004
	-0.0319
	-0.0480
	0.0307
	-0.0979
	0.1356
	0.3439
	-0.6413
	-0.8762
	-0.1493

	Days to initiation of pegging
	0.9267
	-0.5649
	-0.1075
	-0.1971
	0.0234
	-0.0084
	0.8466
	-0.2100
	0.1690
	0.1622
	-0.7199
	-0.9615
	-0.0415

	Number of branches per plant
	-0.9036
	0.0752
	0.8074
	-0.7905
	-0.0143
	0.2275
	0.8277
	-0.5304
	-0.0603
	0.0881
	0.3064
	0.1663
	0.7996**

	Number of pod per plant
	0.0012
	-0.1139
	0.6529
	-0.9776
	-0.1806
	0.2248
	0.3966
	0.2056
	0.0478
	-0.0766
	0.1279
	0.4359
	0.7440**

	Days to maturity
	-0.0826
	-0.0126
	-0.0111
	0.1691
	0.0441
	-0.0772
	-0.2431
	-0.1980
	0.0333
	0.7696
	-0.9265
	-0.7569
	-0.2918

	Kernel yield per plant (g)
	-0.3960
	0.0145
	0.5606
	-0.6706
	-0.2460
	0.3276
	-0.0772
	0.4311
	-0.1311
	0.1398
	0.1388
	0.8289
	0.9205**

	Sound mature kernel (%)
	-0.0221
	0.1275
	-0.3073
	0.1034
	0.0677
	0.0067
	-0.9807
	0.2610
	-0.0431
	0.6729
	0.2737
	0.8098
	-0.1007

	Shelling (%)
	-0.7115
	0.2957
	-0.2219
	-0.1042
	-0.1071
	0.0732
	-0.5621
	0.9299
	-0.0255
	-0.4698
	0.2926
	0.8123
	-0.0984

	100-seed weight (g)
	-0.5962
	0.3117
	0.1589
	0.1525
	-0.1136
	0.1402
	-0.5282
	0.1603
	-0.3064
	0.4429
	0.2992
	0.9370
	0.4584 *

	Chlorophyll content (mg/g)
	0.6642
	-0.0655
	0.0508
	0.0535
	0.5742
	0.0327
	-0.9034
	-0.6479
	-0.0970
	0.4107
	0.3213
	-0.2964
	0.1970

	Protein content (%)
	-0.8992
	0.2110
	0.1284
	-0.0649
	-0.5019
	0.0236
	-0.5327
	0.2929
	-0.0476
	0.2333
	0.9274
	-0.6649
	0.1054

	Oil content (%)
	-0.8183
	0.1877
	0.0464
	-0.1473
	-0.2731
	0.0939
	-0.9159
	0.8418
	-0.0992
	-0.1433
	-0.4428
	0.8941
	0.2241


Genotypic residual effect = 0.19

4. CONCLUSION 
The findings revealed significant genetic variability for all attributes. High genotypic variation for the number of pods per plant suggests strong genetic control. Most traits exhibiting high heritability, particularly 100-seed weight, days to initiation of pegging, oil content, days to 50 per cent flowering, protein content, and number of pods per plant, offer considerable prospect for genetic improvement through selection. Kernel yield per plant, number of branches per plant, number of pods per plant, and 100-seed weight were positively and significantly related to dry pod yield. Path coefficient analysis highlighted shelling % as the most influential character, exerting the peak direct effect on dry pod yield, with additional indirect contributions from protein content, oil content, number of branches per plant, days to 50 per cent flowering, chlorophyll content, kernel yield per plant, and days to maturity. These traits should be prioritised in selection strategies aimed at yield enhancement in groundnut breeding programs. 
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