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.

ABSTRACT
The correlation between plant dry pod yield and other traits like number of pegs, number of pods and fresh pod yield per plant was found to be significantly positive in 30 groundnut genotypes studied under a randomized block design in triplicates. Thus, these traits might be used as the basis for the selection of genotypes that can produce high pod yield. The same time, in path coefficient analysis indicated the real (true) correlation of number of pods per plant and fresh pod yield per plant with dry pod yield per plant by connecting significant positive association and positive direct effect which implied a very high positive direct contribution. Hence, direct selection of the quantitative traits (i.e., number of pods per plant and fresh pod yield per plant) would be more effective in the simultaneous improvement of dry pod yield in groundnut breeding programs. 
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INTRODUCTON
“Groundnut (Arachis hypogaea L.) is a plant that belongs to the sub-family, Papilionaceae, which is a part of the family Leguminosae. Groundnuts are the sixth most critical oilseed crop globally” (Peanut, 2008; Yenagi & Sugandhi, 2024). Groundnut is considered a food crop with high energy content owing to its rich nutrients and vitamins. In fact, groundnuts are composed of 48-50 per cent of fats which are mainly comprised of the equally healthy mono- and polyunsaturated fatty acids. The groundnut has become the main oilseed crop of India and the most lucrative agricultural export commodity. Groundnut, in India, is mostly grown in one of the three seasons (kharif, rabi, and summer) but almost 80 per cent of both the annual area and production are from the kharif crop (June-October). The groundnut is an important oilseed crop used for both oil extraction and human food, and the demand for groundnut kernels for the table purpose has risen in the domestic as well as foreign markets. 

According to the FAOSTAT (2019) report, groundnut cultivation worldwide occupies an area of 29.59 million hectares with a total output of 48.75 million metric tons and an average yield of 1.64 metric t/ha. Over one hundred countries have groundnut production on their agricultural land. India holds the second position in terms of output. Gujarat is the leading state producing groundnuts in India. The area under groundnut cultivation in Gujarat is 2.06 million hectares, which is around 40.53% of the total production of groundnuts in India (PJTSAU, 2020). The export of 6.6 LMT of groundnut kernel from India brought the revenue of 5096.39 crores in the year 2019-20.
“As a result, guaranteeing food and nutritional security is not a simple task. Therefore, the selection of yield component characters such as; number of pegs per plant, number of pods per plant, seeds weight, number of filled pods per plant, and number of unfilled pods per plant, has the potential to lead to very significant effective improvement in yield. These traits are responsible for the change in yield magnitude as well as in the direction of yield. One character's change causes a series of changes in the other characters due to their interdependence. Therefore, correlation studies are very essential in any selection program as they reveal the degree and direction of relationship between two or more component traits. The correlation that is seen between yield and its component character results from the total of both direct and indirect effects of the component characters through other yield attributes on correlation coefficients. Therefore, path coefficient analysis is required in such situations for critical evaluation of the correlation since many characters can affect one trait. Therefore, correlation and path analysis together can provide a clearer picture of the inter-character relationship in terms of cause and effect” (Singh and Chaudhary, 1977). Based on the above factors, the path analysis for 13 characters with yield was conducted to provide necessary information regarding the direct and indirect contribution of different yield components to yield and to develop a strong background for selection in groundnut.

MATERIALS AND METHODS
The genetic divergence studies used as experimental material 30 genotypes of Groundnut that were diverse and from different breeding programs. The Agricultural Research Station, Kadiri (Andhra Pradesh) provided the material for the study. The field study was performed at the Centurion University Agricultural College Farm, Bhagusala, Paralakhemundi, Odisha. The study was organized using a randomized block design consisting of three replications. Every genotype was sown in three rows, each measuring 3 meters in length, with a spacing of 22.5 cm between rows and 10 cm between plants within the row. For each treatment and each replication, ten randomly selected plants were monitored. The plants were picked from the row's center, excluding the edge plants. The crop from the plot was harvested at maturity. Data were collected for traits such as days until 50% flowering, days to maturity, plant height (cm), number of primary branches per plant, number of secondary branches per plant, number of pegs per plant, number of pods per plant, number of filled pods per plant, number of unfilled pods per plant, fresh pod yield per plant (g), dry pod yield per plant (g), weight of 100 pods (g), weight of 100 seeds (g), oil content (%), and protein content (%). The average data were used for calculating the correlation coefficient and conducting path analysis as per Falconer (1964) and Dewey and Lu (1959), respectively.

RESULTS AND DISCUSSION
Correlation analysis
The phenotypic and genotypic correlation coefficients for the 30 groundnut genotypes are provided in table 1. The dry pod yield per plant (DPY/P) showed a strong correlation with the number of pegs per plant (0.392**, 0.642**), the number of pods per plant (0.814**, 0.839**), the number of filled pods per plant (0.965**, 0.9912**), and the fresh pod yield per plant (0.999**, 0.999**) at both levels of significance and also recorded a significantly positive association with plant height (0.261*) and unfilled pods per plant (0.258*) only at the genotypic level. Moreover, dry pod yield per plant had a positive but non-significant correlation with days to maturity (0.076, 0.094) and 100 kernels weight (0.030, 0.037) at both levels of significance. On the contrary, dry pod yield per plant showed highly significant negative correlation with the number of primary branches per plant (-0.355, -0.483), oil content (-0.246, -0.299), and protein content (-0.406, -0.430) at both levels of significance and significant negative association with days to 50% flowering (-0.120) at the genotypic level only. The significant correlation indicates that there is a strong association between various traits and dry pod yield per plant.
For the plant breeder, it is a major advantage to have a positive correlation among the desirable traits, because it means the traits can be improved easily and concurrently (Hampannavar 2018). Likewise, Kadam et al., (2018) and Pappy Reddy et al., (2023) have reported “results for the parameters of number of pegs per plant, number of pods per plant, and number of filled pods per plant and fresh pod yield per plant that all had significant positive relationships with dry pod yield per plant”. This was the case with Reddy et al., (2017); “DPY/P had a significantly positive correlation with number of pods per plant”. In addition, Jahanzaib et al., (2020) quoted such an example before where DPY/P was strongly positively correlated to plant height while at the same time negatively correlating strongly with the number of primary branches per plant. The findings of Hampannavar et al., (2018), Kalyani Kumari and Sasidharan (2020), Jay Kumar Gurjar et al., (2025) support this view because the DPY/P was positively and significantly correlated with the number of filled pods per plant and at the same time had a positive non-significant correlation with days to maturity. However, as John et al., (2005) also pointed out, oil content had an inverse relationship with DPY/P.
Path coefficient analysis 
It was noticed that the effects of the genetic pathway were more pronounced than those of the phenotype. The correlation among various characters is important for the selection program. Nevertheless, the correlation coefficients only show the level of association between the two characters, which are in fact the results of the interplay among different plant features. Still, a dependent character is the result of the interaction of many component characters that are mutually associated, and a change in any of the components will affect the whole network of cause-and-effect system. In this research, “path coefficient analysis was performed at both the phenotypic and genotypic levels, where dry pod yield was considered as a dependent character and the traits as independent characters. Each component has two path actions, direct and indirect effect on dry pod yield per plant. Both the phenotypic and genotypic correlations were divided into direct and indirect effects on dry pod yield per plant, and the data were presented in table: 2 (phenotypic and genotypic level)” (Manogna & Krishnam, 2022). Path coefficient analysis is a statistical tool that was introduced by Wright in 1921. The analysis considers the cause-and-effect relationship among the variables and helps to partition the association into direct and indirect effects through other independent variables, which is a unique feature of this method. The path coefficient analysis also indicates the extent of the effect of the causal factors involved. In the studies of path coefficient analysis carried out at the genotypic level, it was found that the number of pods per plant had a significant positive direct impact on dry pod yield per plant, followed by fresh pod yield per plant and the number of secondary branches per plant.
According to Ladole et al., (2009), the yield of fresh pods per plant exerted the strongest positive direct effect, while the weight of 100 seeds and oil content showed a positive but almost non-existent indirect effect and a negative but almost non-existent indirect effect, respectively, on dry pod yield per plant. Similarly, Shankar et al., (2018), Pappy Reddy et al., (2023), Wadekar et al., (2025), and Jay Kumar et al., (2025) reported that “the number of pods per plant had the greatest positive direct effect; however, the number of filled and unfilled pods per plant had large negative direct effects on the dry pod yield per plant instead”. “Meanwhile, the factors of maturity duration, primary branches per plant, and 100 seed weight had a very small positive direct effect on dry pod yield per plant. The negative and negligible direct effects observed on dry pod yield per plant were attributed to traits such as plant height, days to 50% flowering, number of pegs per plant, number of filled and unfilled pods per plant, oil content, and protein content. In line with the above-mentioned results”, Reddy et al., (2017) and Jay Kumar et al., (2025) has reported that “both oil and protein contents traits had negative impacts on dry pod yield per plant. The influence of the main stems quantity per plant on the yield of dry pods was almost negligible”. Kalyani Kumari and Sasidharan (2020) and Wadekar et al., (2025) also supported the same findings. The plant height, the maturation time, the flowering period, the yield of filled and unfilled pods per plant had negative indirect effects on the dry pod yield through the 100 seed weight. Besides, Zaman et al., (2010) and Vadala Ram et al., (2025) corroborated this too. 
The path analysis indicated that the number of pods per plant and fresh pod yield per plant had a very strong direct impact on dry pod yield per plant, and their correlation was also significantly positive with dry pod yield per plant. To elucidate the trial between the various traits, path analysis was employed at both genotypic and phenotypic levels to assess the direct and indirect effects of the major quantitative traits on yield separately. The effects were termed as negligible when the values were in the range of 0.00-0.09, low for 0.10-0.19, moderate for 0.20-0.29, high for 0.30-0.99, and very high for values over 1.00 (Lenka and Mishra, 1973). Therefore, the selection for these morphological traits (number of pods per plant and fresh pod yield per plant) affecting yield would be the most effective method in laying a foundation for enhancing dry pod yield in future breeding programs.
CONCLUSION
[bookmark: _GoBack]The findings of the current study revealed that the dry pod yield per plant showed a positive correlation with the number of pegs per plant, the count of filled pods per plant, the total number of pods per plant, the fresh pod yield per plant, among others. These characteristics created extremely favorable connections that could be advantageous and ought to form the foundation of selection in breeding initiatives. The path coefficients for dry pod yield per plant showed a notably strong positive direct effect on the number of pods per plant and fresh pod yield. The number of secondary branches per plant was linked to a smaller positive direct effect on dry pod yield. The traits of days to maturity, days to 50% flowering, plant height, the count of primary branches per plant, hundred kernel weight, oil content, and protein content exerted a minor direct effect on the dry pod yield per plant. Path coefficient analysis indicated that the number of pods per plant and fresh pod yield per plant exerted strong positive direct effects on dry pod yield per plant, with significant positive correlations between them and dry pod yield per plant. Consequently, directly targeting these yield-associated morphological characteristics (number of pods per plant and fresh pod yield per plant) would improve the concurrent advancement of dry pod yield in groundnut breeding programs
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Table 1. Phenotypic (rp ) and Genotypic (rg ) correlations among dry pod yield and yield contributing characters in Ground nut (Arachis hypogaea L.)
	S.No
	 Character
	 
	DM
	DFF
	PH
	NPB
	NSB
	NPEP
	NPOP
	NFP
	NUFP
	FPY
	HSW
	OC
	PC
	DPY

	1
	DM
	rp
	1.000
	-0.074
	-0.248  *
	-0.148
	-0.225  *
	-0.112
	-0.193
	0.005
	-0.390 ***
	0.074
	-0.029
	-0.183
	-0.052
	0.076

	
	
	rg
	1.000
	-0.093
	-0.455 ***
	-0.167
	-0.247 *
	-0.176
	-0.202 *
	0.020
	-0.439 ***
	0.092
	-0.034
	-0.188
	-0.067
	0.094

	2
	DFF
	rp
	 
	1.000
	-0.064
	0.270  **
	0.160
	-0.135
	-0.139
	-0.097
	-0.127
	-0.120
	-0.162
	-0.268 *
	0.201
	-0.120

	
	
	rg
	 
	1.000
	-0.217 *
	0.349 ***
	0.194
	-0.214 *
	-0.189
	-0.180
	-0.121
	-0.224 *
	-0.178
	-0.303 ***
	0.254 *
	-0.221 *

	3
	PH
	rp
	 
	 
	1.000
	-0.135
	0.137
	0.109
	0.231  *
	0.143
	0.240  *
	0.115
	-0.143
	0.126
	-0.089
	0.114

	
	
	rg
	 
	 
	1.000
	-0.410 ***
	0.330 ***
	0.253 *
	0.489 ***
	0.262 *
	0.610 ***
	0.261 *
	-0.310***
	0.218 *
	0.120
	0.261 *

	4
	NPB
	rp
	 
	 
	 
	1.000
	0.419 ***
	0.030
	-0.311**
	-0.400 ***
	-0.010
	-0.356 ***
	0.122
	0.015
	-0.009
	-0.355 ***

	
	
	rg
	 
	 
	 
	1.000
	0.485 ***
	-0.020
	-0.381 ***
	-0.509 ***
	-0.031
	-0.485 ***
	0.187
	0.023
	0.012
	-0.483 ***

	5
	NSB
	rp
	 
	 
	 
	 
	1.000
	0.342 ***
	0.052
	-0.113
	0.275  **
	-0.134
	-0.291 **
	0.011
	-0.130
	-0.131

	
	
	rg
	 
	 
	 
	 
	1.000
	0.470 ***
	0.054
	-0.131
	0.301***
	-0.158
	-0.319***
	0.008
	-0.146
	-0.155

	6
	NPEP
	rp
	 
	 
	 
	 
	 
	1.000
	0.563   ***
	0.426  ***
	0.470 ***
	0.390 ***
	-0.151
	-0.155
	-0.238  *
	0.392 ***

	
	
	rg
	 
	 
	 
	 
	 
	1.000
	0.830 ***
	0.683 ***
	0.687 ***
	0.637 ***
	-0.171
	-0.235 *
	-0.348 ***
	0.642 ***

	7
	NPOP
	rp
	 
	 
	 
	 
	 
	 
	1.000
	0.868  ***
	0.664  ***
	0.812 ***
	-0.038
	-0.096
	-0.297 **
	0.814 ***

	
	
	rg
	 
	 
	 
	 
	 
	 
	1.000
	0.885 ***
	0.737 ***
	0.838***
	-0.043
	-0.109
	-0.305 ***
	0.839 ***

	8
	NFP
	rp
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.206
	0.965 ***
	-0.030
	-0.262 *
	-0.356 ***
	0.965 ***

	
	
	rg
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.339 ***
	0.991 ***
	-0.039
	-0.320 ***
	-0.364 ***
	0.991 ***

	9
	NUFP
	rp
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.148
	-0.029
	0.204
	-0.050
	0.150

	
	
	rg
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.256 *
	-0.031
	0.243 *
	-0.089
	0.258 *

	10
	FPY
	rp
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.030
	-0.246 *
	-0.404 ***
	0.999 ***

	
	
	rg
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.035
	-0.300 ***
	-0.428 ***
	0.992 ***

	11
	HSW
	rp
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.225  *
	-0.163
	0.030

	
	
	rg
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.234 *
	-0.188
	0.037

	12
	OC
	rp
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.089
	-0.246 *

	
	
	rg
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.095
	-0.299 **

	13
	PC
	rp
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.406 ***

	
	
	rg
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.430 ***


* Significant at 5% level                          ** Significant at 1% level                              rp: phenotypic level                                      rp: genotypic level
Table 2.Phenotypic (P) and genotypic (G) path coefficient estimates of dry pod yield per plant and its yield components in (Arachis hypogaea L.).
	S.No
	Characters
	 
	DM
	DFF
	PH
	NPB
	NSB
	NPEP
	NPOP
	NFP
	NUFP
	FPY
	HSW
	OC
	PC

	1
 
	DM
	P
	0.004
	-0.000
	-0.001
	-0.001
	-0.001
	-0.001
	-0.001
	0.000
	-0.002
	0.000
	-0.000
	-0.001
	-0.000

	
	
	G
	0.032
	-0.003
	-0.014
	-0.005
	-0.008
	-0.006
	-0.006
	0.001
	-0.014
	0.002
	-0.001
	-0.006
	-0.002

	2
 
	DFF
	P
	-0.000
	0.005
	-0.000
	0.000
	0.000
	-0.000
	-0.000
	-0.000
	-0.000
	-0.000
	-0.000
	-0.000
	0.000

	
	
	G
	0.009
	-0.094
	0.020
	-0.032
	-0.018
	0.020
	0.018
	0.017
	0.011
	0.021
	0.017
	0.029
	-0.024

	3
 
	PH
	P
	0.000
	0.0001
	-0.001
	0.000
	-0.000
	-0.000
	-0.000
	-0.000
	-0.000
	-0.000
	0.000
	-0.000
	0.000

	
	
	G
	0.018
	0.009
	-0.040
	0.017
	-0.013
	-0.010
	-0.020
	-0.010
	-0.025
	-0.011
	0.013
	-0.009
	-0.005

	4
 
	NPB
	P
	-0.000
	0.000
	-0.000
	0.001
	0.000
	0.000
	-0.000
	-0.000
	0.000
	-0.000
	0.000
	0.000
	0.000

	
	
	G
	-0.010
	0.021
	-0.025
	0.061
	0.029
	-0.001
	-0.023
	-0.031
	-0.002
	-0.030
	0.012
	0.001
	0.001

	5
 
	NSB
	P
	-0.005
	0.000
	0.000
	0.001
	0.003
	0.001
	0.000
	-0.000
	0.001
	-0.000
	-0.001
	0.000
	-0.000

	
	
	G
	-0.031
	0.024
	0.041
	0.061
	0.125
	0.059
	0.007
	-0.016
	0.037
	-0.020
	-0.040
	0.001
	-0.018

	6
 
	NPEP
	P
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.0001
	0.000
	0.000
	0.000
	0.000
	-0.000

	
	
	G
	0.048
	0.058
	-0.069
	0.005
	-0.128
	-0.271
	-0.225
	-0.185
	-0.186
	-0.173
	0.047
	0.064
	0.095

	7
 
	NPOP
	P
	-0.420
	-0.302
	0.502
	-0.676
	0.114
	1.223
	2.169
	1.884
	1.441
	1.763
	-0.083
	-0.210
	-0.646

	
	
	G
	-0.241
	-0.226
	0.584
	-0.456
	0.065
	0.991
	1.194
	1.057
	0.880
	1.001
	-0.052
	-0.131
	-0.365

	8
 
	NFP
	P
	-0.008
	0.161
	-0.237
	0.661
	0.188
	-0.702
	-1.431
	-1.648
	-0.340
	-1.591
	0.050
	0.432
	0.588

	
	
	G
	-0.004
	0.030
	-0.045
	0.087
	0.022
	-0.117
	-0.151
	-0.171
	-0.058
	-0.169
	0.007
	0.055
	0.062

	9
 
	NUFP
	P
	0.427
	0.140
	-0.263
	0.011
	-0.302
	-0.515
	-0.728
	-0.226
	-1.096
	-0.162
	0.032
	-0.224
	0.0550

	
	
	G
	0.221
	0.061
	-0.307
	0.016
	-0.152
	-0.346
	-0.372
	-0.171
	-0.504
	-0.129
	0.016
	-0.123
	0.045

	10
 
	FPY
	P
	0.074
	-0.119
	0.114
	-0.353
	-0.133
	0.386
	0.804
	0.955
	0.1464
	0.989
	0.030
	-0.244
	-0.400

	
	
	G
	0.046
	-0.110
	0.128
	-0.238
	-0.078
	0.313
	0.411
	0.486
	0.126
	0.490
	0.018
	-0.147
	-0.210

	11
 
	HSW
	P
	0.000
	-0.000
	-0.000
	0.000
	-0.001
	-0.000
	-0.000
	-0.000
	0.000
	0.000
	0.002
	0.000
	-0.000

	
	
	G
	-0.000
	-0.002
	-0.003
	0.002
	-0.003
	-0.002
	-0.000
	-0.000
	-0.000
	0.000
	0.009
	0.002
	-0.002

	12
 
	OC
	P
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	
	
	G
	0.007
	0.011
	-0.008
	-0.001
	-0.000
	0.009
	0.004
	0.012
	-0.009
	0.011
	-0.009
	-0.037
	0.004

	13
 
	PC
	P
	0.000
	-0.001
	0.000
	0.000
	0.000
	0.001
	0.001
	0.001
	0.000
	0.001
	0.000
	0.000
	-0.002

	
	
	G
	0.001
	-0.003
	-0.001
	-0.000
	0.002
	0.004
	0.0035
	0.004
	0.001
	0.005
	0.002
	0.001
	-0.011

	 
14
 
 
	DPY
	P
	0.095
	-0.222
	0.261
	-0.484**
	-0.155
	0.643**
	0.839**
	0.991**
	0.258
	0.999**
	0.037
	-0.299**
	-0.431**

	
	
	R2
	0.003
	0.021
	-0.011
	-0.030
	-0.020
	-0.174
	1.002
	-0.169
	-0.130
	0.490
	0.000
	0.011
	0.005

	
	
	G
	0.076
	-0.120
	0.114
	-0.355**
	-0.132
	0.393**
	0.814**
	0.966**
	0.151
	0.999**
	0.031
	-0.246
	-0.407**

	
	
	R2
	0.000
	-0.000
	-0.000
	-0.000
	-0.000
	0.000
	1.767
	-1.591
	-0.165
	0.989
	0.000
	0.000
	0.001


* Significant at 5% level      ** Significant at 1% level     Diagonal values indicate direct effects      Residual effect at phenotypic level=0.017      Residual effect at genotypic level= 0.031
DFF=Days to 50 per cent flowering, DM=Days to Maturity, PH=Plant height (cm), NPB=Number of primary branches/plant, NSB=Number of secondary branches/plant, NPEP= Number of pegs/plant, NPOP=Number of pods/plant, NEP=Number of filled pods/plant, NUFP=Number of unfilled pods/plant, FPY=Fresh pod yield/plant, DPY/P=Dry pod yield/plant, HPW=100 Pods weight, HSW=100 Seeds weight, OC=Oil content (%) and PC=Protein content (%)
