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ABSTRACT
The present investigation of 30 groundnut genotypes were used to study the association and path analysis and the results revealed that a significant positive correlation was established between dry pod yield per plant with number of pegs per plant, number pods per plant and fresh pod yield per plant. Therefore, these characters could be used as criteria for selection of genotypes with high pod yield. Simultaneously,  in path coefficient analysis showed the true relationship of number of pods per plant and fresh pod yield  per plant  with dry pod yield per plant by establishing significant positive association and positive direct effect indicated a high positive direct contribution. Therefore, direct selection of quantitative traits (i.e., number of pods per plant and fresh pod yield per plant) would be more effective in simultaneous improvement of dry pod yield in groundnut breeding programs.  
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INTRODUCTON
Groundnut (Arachis hypogaea L.) is a member of the sub-family, Papilionaceae of the family Leguminosae. Groundnut is the sixth most important oilseed crop in the world (Peanut, 2008). Nowadays groundnut is considered to be a high energy food crop due to rich in rich nutrients and vitamins. Groundnuts contain 48-50 per cent of fats consisting mostly of mono- and polyunsaturated fatty acids. Groundnut is a major oilseed crop of India and also an important agricultural export commodity. In India, though groundnut is cultivated in one or more seasons (kharif, rabi and summer) nearly 80 per cent of the annual acreage and production comes from the kharif crop (june-october). Groundnut is an important oilseed crop that is used for the dual purpose for extraction of edible oil well as kernels are used for direct consumption. As a result, the demand for groundnut kernel for table purpose has increased in domestic as well as in the foreign market. 
As per FAOSTAT (2019) the worldwide groundnut is grown in 29.59 million hectares with a total production of 48.75 million metric tons and average productivity of 1.64 metric t/ha. Worldwide groundnut is grown in over 112 countries. India has occupied a 2nd position in term of production. Gujarat is the top state by groundnut production in India. As groundnut production in Gujarat covers an area of 2.06 million hectare that account for 40.53 per cent of India's groundnut production (PJTSAU, 2020). India is exporting 6.6 LMT of groundnut kernel which generated revenue of 5096.39 crores in 2019-20.
Hence ensuring food and nutritional security is a challenging task. Thus, effective improvement in yield may be brought about through selection of yield component characters viz; 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,  dry pod yield per plant and  seeds weight. These traits play an important role in modification of yield as a whole in magnitude as well as in direction. The change in one character brings about a series of changes in the other characters, since they are interrelated. Therefore, the correlation studies are of considerable importance in any selection programme as they provide degree and direction of relationship between two or more component traits. The observed correlation between yield and its component character is the net result of direct and indirect effects of the component characters through other yield attributes on correlation coefficients need to be split into direct and indirect effects using path coefficient analysis for critical evaluation as many characters affect a given trait. Thus, the correlation and path analysis in combination can give a better insight into cause and effect relationship between different pairs of characters (Singh and Chaudhary, 1977). Considering the above aspects, path analysis for 13 characters with yield was computed to furnish information on direct and indirect contribution of various yield components to yield and to formulate a sound basis for selection in Ground nut.


MATERIALS AND METHODS
The experimental material for the genetic divergence studies comprised of 30 diverse genotypes of Groundnut derived from various breeding programmes. The material was made available for study by Agricultural Research Station, Kadiri (Andhra Pradesh). Field study was conducted at Centurion University Agricultural College Farm, Bhagusala, Paralakhemundi, Odisha. The experiment was laid out in a randomized block design replicated thrice. Each genotype was sown in three rows of three meter length with a spacing of 22.5cm between the rows and 10cm within the row. Observations were recorded on ten randomly selected plants in each treatment and in each replication. The plants were selected from the middle of the row excluding the border plants. The crop was harvested at maturity stage on plot basis. Data was collected for characters like days to 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), 100 pods weight (g), 100 seeds weight (g), oil content (%) and protein content (%). The mean data was utilized for estimation of correlation coefficient and path analysis as per   Falconer (1964) and Dewey and Lu (1959),  respectively.
RESULTS AND DISCUSSION
Correlation analysis
The phenotypic and genotypic correlation coefficients estimated for morphological and maturity parameters of 30 groundnut genotypes presented in table: 1. The dry pod yield per plant (DPY/P) exhibited positively significant correlation with number of pegs per plant (0.392**, 0.642**), number of pods per plant (0.814**, 0.839**), number of filled pods per plant (0.965**, 0.9912**) and fresh pod yield per plant (0.999**, 0.999**) at both genotypic and phenotypic level respectively and significantly positive association was recorded  with plant height (0.261*) and number of unfilled pods per plant (0.258*) at genotypic level only. Further, dry pod yield per plant showed positive but non-significant correlation with days to maturity (0.076, 0.094) and 100 kernels weight (0.030, 0.037) at both genotypic and phenotypic level. However, dry pod yield per plant displayed significantly negative correlation with 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 genotypic and phenotypic level respectively and significant negative association was observed with days to 50% flowering (-0.120) at genotypic level only. The significant correlation indicates that there is strong association between various traits and dry pod yield per plant.
A positive correlation between desirable characters is favorable to the plant breeder because it helps in simultaneous improvement of both characters (Hampannavar 2018). Similar findings were reported by Kadam et al.,(2018) for number of pegs per plant, number of pods per plant, number of filled pods per plant and fresh pod yield per plant that showed positive significant correlation with DPY/P. These findings are in agreement with the observations of Reddy et al., (2017) wherein DPY/P had positive significant correlation with number of pods per plant. Likewise similar results were reported earlier by Jahanzaib et al., (2020) in that the DPY/P had significant positive correlation with plant height while, recording significant negative correlation with number of primary branches per plant. The results are in consonance with Hampannavar et al., (2018),  Kalyani Kumari and Sasidharan (2020) wherein  the DPY/P showed positive significant correlation with number of filled pods per plant whereas, positive non-significant correlation with days to maturity. Oil content had negative correlation with DPY/P and similar results were reported by John et al., (2005).

Path coefficient analysis 
 It was observed that genotypic path effects were higher than phenotypic. Correlation between different characters is vital in planning selection programmes. However the correlation coefficients only denote the mutual association existing between a pair of characters which themselves are the results of the interaction between various features of the plant. Nevertheless a dependent character is an interaction production of many mutually associated component characters and alteration in any component will disturb the entire network of cause-and-effect system. In this study path coefficient analysis was carried at both the phenotypic and genotypic levels considering the dry pod yield as dependent character and the attributes as independent character. Each component has two path actions, direct and indirect effect on dry pod yield per plant. Both the phenotypic and genotypic correlations were partitioned into direct and indirect effects on dry pod yield per plant and the data presented in table: 2 (phenotypic and genotypic level). The path coefficient analysis is a statistical device developed by Wright (1921). The analysis takes into consideration the cause-and-effect relationship between the variable and is exclusive in partitioning the association into direct and indirect effects through other independent variables. The path coefficient analysis also calculates the effect of causal factors involved. In the path coefficient analysis studies at genotypic level revealed that number of pods per plant exerted the highest positive direct effect on dry pod yield per plant followed by fresh pod yield per plant and number of secondary branches per plant. Ladole et al., (2009) reported fresh pod yield per plant had high positive direct effect, 100 seed weight had positively negligible direct effect on dry pod yield whereas, oil content had negatively negligible direct effect on dry pod yield per plant. Shankar et al., (2018) reported that number of pods per plant had highest positive direct effect whereas, number of filled pods per plant and number of unfilled pods per plant had high negative direct effect on dry pod yield per plant. Days to maturity, number of primary branches per plant and 100 seed weight recorded negligible, positive direct effect on dry pod yield per plant. Conversely plant height, days to 50% flowering, number of pegs/plants, number of filled pods per plant, number of unfilled pods per plant, oil content and protein content recorded negative and negligible direct effect on dry pod yield per plant. Consistent with the above findings Reddy et al., (2017) reported that the traits oil content and protein content had negative direct effect on dry pod yield per plant. Number of primary branches per plant resulted negligible direct effect on dry pod yield per plant. These results are in concurrence with the findings of Kalyani Kumari and Sasidharan (2020). Plant height, days to maturity, days to 50% flowering, number of filled pods per plant and number of unfilled pods per plant resulted with negative indirect effect on dry pod yield through 100 seed weight and the similar findings were reported by Zaman et al., (2010). 
Path coefficient analysis revealed a high positive direct contribution of number of pods per plant and fresh pod yield per plant to the dry pod yield per plant and their correlations with dry pod yield per plant were also significantly positive. In order to get a transparent picture of the inter-relationship between different characters, the direct and indirect effects of the important quantitative characters on the grain yield had worked separately using path coefficient analysis at both genotypic and phenotypic level. Direct or indirect effects were divided as, negligible when values are between 0.00 and 0.09, low when values range from 0.10 to 0.19, moderate for values between 0.20 to 0.29, high for values 0.30 to 0.99 and the values more than 1.00 are categorized as very high (Lenka and Mishra, 1973).  Therefore, direct selection based on these yield attributing morphological traits (viz., number of pods per plant and fresh pod yield per plant) would be more effective in simultaneous improvement of dry pod yield in groundnut breeding programs. 
CONCLUSION
From the present investigation, the results on character associations revealed that dry pod yield per plant showed a positively significant correlation with the number of pegs per plant, number of filled pods per plant, number of pods per plant and fresh pod yield per plant. These characters resulted in high positive associations that can be rewarded and should form the selection criteria in breeding programmes. Results on path coefficient analysis for dry pod yield per plant revealed a high positive direct effect with respect to the number of pods per plant and fresh pod yield per plant. Number of secondary branches per plant recorded lower positive direct effect on dry pod yield. The traits day to maturity, day to 50% flowering, plant height, number of primary branches per plant, hundred kernel weight, oil content and protein content resulted in a negligible direct effect on dry pod yield per plant. Path coefficient analysis revealed a high positive direct contribution of number of pods per plant and fresh pod yield per plant to the dry pod yield per plant and their correlations with dry pod yield per plant were also significantly positive. Therefore, direct selection based on these yield attributing morphological traits (number of pods per plant and fresh pod yield  per plant) would be more effective in simultaneous improvement 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 (%)
