



Correlation and Path Coefficient Analysis in White Fruited Brinjal Genotypes
Abstract


The present investigation was carried out at three different locations for eleven genotypes during Summer and Rainy seasons of 2023. The transplanting was performed during Summer and Rainy seasons at each location creating six environments. Understanding the nature of relationships among yield and yield contributing traits is essential for identifying effective selection criteria to enhance fruit yield. Correlation analysis revealed that fruit yield per plant was positively and significantly associated with number of fruits per plant, fruit length, and fruit length:breadth ratio, while it was negatively correlated with days to 50% flowering, days to first picking, and fruit breadth. Path coefficient analysis further confirmed that the number of fruits per plant had the highest positive direct effect on yield, followed by fruit weight and number of leaves per plant. Traits such as fruit volume, fruit flesh density, and days to first picking exhibited negative direct effects on yield, though some contributed positively through indirect effects. These findings highlight the importance of early flowering, fruit number, and optimal fruit shape in yield improvement. The study provides valuable insights for breeders aiming to develop high-yielding white fruited brinjal varieties through effective trait selection and improvement strategies.

Key words: Character association; Correlation coefficient; Path coefficient.
Introduction

“Brinjal (Solanum melongena L.), commonly known as eggplant, is a significant solanaceous vegetable crop grown widely in tropical and subtropical regions. It is valued not only for its culinary versatility and for nutritive content being rich in vitamins, minerals, and antioxidants but for its economic importance to small and marginal farmers” (Singh et al. 2014). Among the various morphological types, white brinjal has gained attention due to their unique appearance, consumer preference in specific regions and potential health benefits, including their traditionally acknowledged medicinal properties (Roychowdhury and Tah 2011). “In crop improvement programs, understanding the nature and extent of genetic variability and the relationship between yield and its component traits is crucial for effective selection and breeding strategies. Correlation analysis helps identify the degree and direction of association among traits, which is essential for predicting the performance of complex traits like yield” (Demir et al. 2010). However, correlation alone may not provide a complete picture due to indirect effects among traits. Therefore, path coefficient analysis, which partitions the correlation coefficients into direct and indirect effects, offers deeper insights into the causal relationships among yield components. Despite the availability of numerous brinjal genotypes, limited studies have focused on the genetic interrelationship and yield-contributing traits in white fruited genotypes. This study aims to fill that gap by evaluating the correlation and path coefficients among key agronomic traits to aid in the selection of superior genotypes for yield improvement.
Materials and methods
The present investigation was carried out during Summer and Rainy seasons of 2023. Multi-location trails were conducted at three different locations viz. Research Farm of Department of Vegetable Science, Dr YSP UHF Nauni, Solan (HP), Research Farm of Department of Vegetable Science, COH&F Neri, Hamirpur (HP) and RHR&TS Jachh, Kangra (HP) during Summer and Rainy seasons of 2023. 

The experiment was laid out in randomized complete block design (RCBD) comprised of 11 genotypes of whit brinjal with three replications at a spacing of 60 cm × 45 cm. The standard cultural practices for raising a healthy crop of brinjal as recommended in the “Package of Practices” for Vegetable Crops, published by the Directorate of Extension Education, YSPUHF, Nauni, Solan (HP) was followed during the course of investigation. Observations were recorded on days to 50 per cent flowering, days to first picking, number of fruits per plant, fruit length (cm), fruit breadth (cm), fruit length: breadth ratio, fruit weight (g), fruit volume (cc), fruit flesh density (g/cc), Number of branches per plant, plant height (cm), plant spread (cm), fruit yield per plant (g) and projected fruit yield per hectare (q). The data recorded was analyzed by using MS-Excel & OPSTAT. The data was subjected to analysis of variance at 5 per cent level of significance for Randomized Complete Block Design (Factorial).

Correlation Analysis

The correlations between all characters under study, at genotypic, phenotypic and environmental level were estimated as per the method described by Al-Jibouri et al. (1958). The characters which were showing non-significant difference ANOVA were not taken for studying correlation.
List 1-
	Source of variation
	Degree of freedom
	Mean sum of square
	Mean sum of square
	Variation ratio (F – value)

	
	
	X
	Y
	
	

	Replications (r)
	(r-1)
	
	
	
	

	Genotypes (g)
	(g-1)
	Mg X
	Mg Y
	Mg XY=MP1
	MP1/MP2

	Error (e)
	(r-1)(g-1)
	Me X
	Me Y
	Me XY=MP2
	


Environmental covariance (VeXY)  =

MP2

Genotypic covariance (VgXY)         =

(MP1-MP2)/r

Phenotypic covariance (VpXY)        =           VgXY + VeXY

Where,


VeXY

=
Environmental covariance between X and Y


VgXY

=
Genotypic covariance between X and Y


VpXY

=
Phenotypic covariance between X and Y

Coefficients of correlation:

1.
Phenotypic correlation between characters X and Y:

rp  = [image: image2.png]VXY
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2.
Genotypic correlation between characters X and Y:


rg  = [image: image4.png]VXY
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3.
Environmental correlation between characters X and Y:


re  = [image: image6.png]Vexy

VeXxVeY




VpXY, VgXY and VeXY denotes phenotypic, genotypic and environmental covariances between characters X and Y, respectively. 

VpX, VgX, VeX denotes phenotypic, genotypic and environmental covariances between characters X, whereas, VpY, VgY, VeY denotes phenotypic, genotypic and environmental variances between characters Y.

Path Coefficient Analysis


The following formula was used for calculating path coefficient analysis suggested by Dewey and Lu (1959). The path coefficient was obtained by the simultaneous selection of following equations, which express the basic relationship between genotypic correction (r) and path coefficient (P)


r14 = P14 + r12 P24 + r13 P34

r24 = r21 P14 + P24 + r23 P34 


r34 = r31P14 + P32 + r24 P34

Where r14, r24 and r34 were genotypic correlation of components characters with yield (dependent variable) and r13, r23 and r24 were genotypic correlations among the component characters (independent variable) and r12 P24, r13 P34, r21 P14, r31 P14 and r24 P34 indirect effects.

The direct effects were calculated by the following set of equations:


P14 = C11 r14 + C12 r24 + C13 r34

P24 = C31r14 + C32 r32 + C23 r34

P34 = C31 r14 + C32 r32 + C24 r34


Where C11, C12, C23 and C33 were constants and P14, P24 and P34 were the estimates of direct effects. 

Residual effect: It measures the role of other possible independent variables which were not included in the study on dependent variable. The residual effect was estimated with the help of direct effect and simple correction coefficient as given below:


I = P2x4 + P214 + P224 + P234 + 2P14r12P34 + 2P24r22P34
Results and discussion
Correlation analysis 

Correlation describes the degree and direction of association between two or more parameters under study. It measures the mutual relationships between different plant traits and determines the component characters on which selection can be based for improvement in yield. To initiate a successful breeding program and produce high yielding varieties, it is necessary to understand the plant traits association and genetic variation. Plant traits are often influenced by other characteristics and the expression of one trait might affect the expression of another trait. 

Yield is a complex character formed by interactions between multiple characters and their environments. The effectiveness of a breeding programme depends on the association between yield and other component characters. The more directly a character is associated with desired yield, the more successful the selections programme. To define an ideal plant type, it is important to understand the association among yield and other characteristics and their relationship with one another. This information can be gathered through both direct and indirect selection. 


The perusal of data in respect to genotypic and phenotypic correlation coefficients is presented in tables-1. The analytical data of correlation coefficient extrapolated that magnitudes of genotypic correlation coefficient were higher than the phenotypic correlation coefficients. This might be due to masking effect of environment influence in the total expression of the genotypes. Most important trait fruit yield per plant was significantly and positively correlated with fruit length (0.48, 0.47), number of fruits per plant (0.93, 0.92) and fruit length: breadth ratio (0.39, 0.38) whereas, it showed significant negative correlation with days to 50 per cent flowering (-0.62, -0.59), days to first picking (-0.63, -0.62) and fruit breadth (-0.46, -045) at genotypic and phenotypic level, respectively.


Number of branches per plant was found to be significant positively correlated with fruit flesh density (0.37, 0.36) and significant negatively associated with days to 50 per cent flowering (-0.58, -0.56) and days to first flowering (-0.64, -0.63) at genotypic and phenotypic level, respectively. Plant height showed significant and positive correlation with fruit breadth (0.62, 0.61), fruit weight (0.64, 0.63) and fruit volume (0.70, 0.69) whereas, it showed significant and negative correlation with fruit length: breadth ratio (-0.48, -0.48) and fruit flesh density (-0.70, -0.69).


Number of fruits per plant had positive significant correlation with fruit length (0.57, 0.56), fruit length: breadth ratio (0.60, 0.59), fruit flesh density (0.39, 0.38) and fruit yield per plant (0.93, 0.92) and was found to be negatively correlated with days to 50 per cent flowering (-0.64, -0.63), days to first flowering (-0.71, -0.69) and fruit weight (-0.70, 0.69).


Plant spread had significant positive correlation with days to first picking (0.35, 0.34), fruit breadth (0.59, 0.58), fruit weight (0.68, 0.67), fruit volume (0.73, 0.72) and plant height (0.90, 0.89) and significant negative correlation with fruit length: breadth ratio (-0.45, -0.44) and fruit flesh density (-0.71, -0.70).  


Fruit flesh density was found to be significantly and positively associated with number of fruits per plant (0.39, 0.38), fruit length (0.48, 0.47) and fruit length: breadth ratio (0.72, 0.71). Fruit volume had significant positive association with days to 50 per cent flowering (0.56, 0.55), days to first picking (0.69, 0.68), fruit breadth (0.87, 0.86) and fruit weight (0.96, 0.95) while it showed significant negative correlation with number of fruits per plant (-0.60, -0.59), fruit length (-0.46, -0.45) and fruit length: breadth ratio (-0.71, -0.70). Fruit weight had significant positive correlation with days to 50 per cent flowering (0.46, 0.45), days to first picking (0.63, 0.61) and fruit breadth (0.84, 0.83) whereas it showed negative correlation with number of fruits per plant (-0.70, -0.69), fruit length (-0.42, -0.41) and fruit length: breadth ratio (-0.67, -0.66).


Fruit breadth showed significant positive association with days to 50 per cent flowering (0.54, 0.52), days to first picking (0.59, 0.57) while it had negative correlation with number of fruits per plant (-0.70, -0.69) and fruit length (-078, -0.76) at genotypic and phenotypic level, respectively. Fruit length was found to be significantly and positively associated with number of fruits per plant (0.57, 0.56). Days to first flowering had positive correlation with days to 50 per cent flowering. 


The computation of correlation analysis extrapolated that number of fruits per plant, fruit length and fruit length: breadth ratio were significantly contributing characters towards fruit yield. Although days to 50% flowering and days to first picking also played significant role in contributing to fruit yield but the direction was negative. It indicated that the early maturing genotype could prove better yielders, because early flowering enhanced the harvest duration. The results of present study for correlation analysis are in accordance with the findings of Tiwari et al. (2017), Dasmohapatra and Sharma (2018), Jhangta et al. (2017), Ahmad et al. (2013), Kumar and Arumugam (2013) and Verma et al, (2023).

Path coefficient analysis

Correlation coefficient study only reveals the essence of the association, it does not provide a realistic estimate of the relative effect of each component character on fruit yield because a parameter may not be directly associated with fruit yield but may influence it through other traits. As a result, understanding the direct and indirect effects of yield components is of the utmost importance when selecting appropriate genotypes to increase fruit yield. The path coefficient analysis provides insight into the cause-and-effect relationships between the different traits and is essential in finding the degree of the relationship between yield and the traits that influence yield (Singh et al. 2024). Examining the direct effects of various traits on fruit yield per plant as well as their indirect effects through other component traits is made possible by path coefficient analysis. Thus, the direct and indirect effect calculations are used to determine the yield components. The path coefficient is a useful tool for splitting the direct and indirect effects of independent traits on the dependent trait. Path analysis is a valuable tool for analyzing specific forces that lead to correlations and determining the relative importance of each trait.
A perusal of values of path coefficient analysis presented in table 2 extrapolated that the highest magnitude of positive direct effect on fruit yield per plant was exerted by number of fruits per plant (1.091) followed by fruit weight (0.336), number of leaves per plant (0.177), plant height (0.102), fruit breadth (0.092), days to 50 per cent flowering (0.042), plant spread (0.040) and fruit length: breadth ratio. These characteristics can be used directly for improvement of brinjal crop as they have a significant positive effect on fruit yield per plant, whereas negative direct effect on fruit yield per plant was exerted by fruit length (-0.042), number of branches per plant (-0.134), days to first picking (-0.166), fruit flesh density (-0.407) and fruit volume (-0.464). 

Fruit length: breadth ratio exhibited higher magnitude of positive indirect effect on fruit yield per plant via number of fruits per plant (0.660), fruit volume (0.330), days to first picking (0.064), number of leaves per plant (0.019) and days to 50 per cent flowering. Fruit length imposed maximum positive indirect effect on fruit yield per plant via number of fruits per plant (0.620), fruit volume (0.278) and fruit length: breadth ratio (0.047). Fruit breadth had maximum positive indirect effect on fruit yield per plant via fruit flesh density (0.336) and fruit weight (0.282).

Fruit weight imposed maximum positive indirect effect on fruit yield via fruit flesh density (0.326). Fruit volume exhibited positive indirect effect via fruit flesh density (0.376) and fruit weight (0.323). Fruit flesh density exhibited maximum positive indirect effect via fruit volume (0.429) and number of fruits per plant (0.427). Number of leaves per plant had positive indirect effect via number of fruits per plant (0.224). Plant height had maximum positive indirect effect via fruit flesh density (0.286) and fruit weight (0.215). Plat spread had maximum positive indirect effect via fruit flesh density (0.289) and fruit weight (0.227). Number of branches per plant exhibited maximum positive indirect effect on fruit yield per plant via number of fruits per plant (0.312), fruit volume (0.157) and days to first picking (0.100). The residual effect was determined to be 0.00039 at the genotypic level. The results are in accordance with the findings of Patel et al. (2017), Sujin et al. (2017), Kumar et al. (2021), Dhaka and Soni (2022), Sakriya et al. (2022) and Gangadhara et al (2023).

Conclusion

The study on white fruited brinjal genotypes revealed significant genetic variability among key yield and yield-contributing traits. Correlation analysis showed that fruit yield per plant had a strong positive association with number of fruits per plant, fruit length, and fruit length:breadth ratio, while traits like days to 50% flowering and days to first picking were negatively correlated. Path coefficient analysis confirmed that number of fruits per plant had the highest positive direct effect on yield, followed by fruit weight and number of leaves per plant. Negative direct effects were observed for traits such as fruit volume, fruit flesh density, and days to first picking. These findings indicate that early maturity, increased fruit number, and optimal fruit shape and weight are critical for enhancing yield. Selecting genotypes with these traits can significantly improve breeding outcomes. The study provides valuable insight into trait interrelationships and can guide selection strategies in white fruited brinjal breeding programs.
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Table 1: Genotypic and Phenotypic coefficients of correlation among different traits in white fruited brinjal genotypes
	
	
	DFPF
	DFP
	NFPP
	FL
	FB
	FLBR
	FW
	FV
	FFD
	NLPP
	PH
	PS
	NBPP
	FYPP

	DFPF
	G
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	P
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	

	DFP


	G
	0.96*
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	
	P
	0.95*
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	NFPP
	G
	-0.64*
	-0.71*
	1.00
	
	
	
	
	
	
	
	
	
	
	

	
	P
	-0.63*
	-0.69*
	1.00
	
	
	
	
	
	
	
	
	
	
	

	FL
	G
	-0.28
	-0.28
	0.57*
	1.00
	
	
	
	
	
	
	
	
	
	

	
	P
	-0.28
	-0.28
	0.56*
	1.00
	
	
	
	
	
	
	
	
	
	

	FB
	G
	0.54*
	0.59*
	-0.70*
	-0.78*
	1.00
	
	
	
	
	
	
	
	
	

	
	P
	0.52*
	0.57*
	-0.69*
	-0.76*
	1.00
	
	
	
	
	
	
	
	
	

	FLBR
	G
	-0.36*
	-0.39*
	0.60*
	0.92*
	-0.94*
	1.00
	
	
	
	
	
	
	
	

	
	P
	-0.35*
	-0.38*
	0.59*
	0.91*
	-0.94*
	1.00
	
	
	
	
	
	
	
	

	FW
	G
	0.46*
	0.63*
	-0.70*
	-0.42*
	0.84*
	-0.67*
	1.00
	
	
	
	
	
	
	

	
	P
	0.45*
	0.61*
	-0.69*
	-0.41*
	0.83*
	-0.66*
	1.00
	
	
	
	
	
	
	

	FV
	G
	0.56*
	0.69*
	-0.60*
	-0.46*
	0.87*
	-0.71*
	0.96*
	1.00
	
	
	
	
	
	

	
	P
	0.55*
	0.68*
	-0.59*
	-0.45*
	0.86*
	-0.69*
	0.95*
	1.00
	
	
	
	
	
	

	FFD
	G
	-0.56*
	-0.64*
	0.39*
	0.48*
	-0.82*
	0.72*
	-0.80*
	-0.93*
	1.00
	
	
	
	
	

	
	P
	-0.55*
	-0.63*
	0.38*
	0.47*
	-0.81*
	0.71*
	-0.79*
	-0.92*
	1.00
	
	
	
	
	

	NLPP
	G
	-0.19
	-0.09
	0.20
	0.10
	-0.11
	0.10
	0.01
	0.05
	0.05
	1.00
	
	
	
	

	
	P
	-0.18
	-0.09
	0.20
	0.10
	-0.10
	0.10
	0.01
	0.05
	0.05
	1.00
	
	
	
	

	PH
	G
	0.26
	0.27
	-0.13
	-0.13
	0.62*
	-0.48*
	0.64*
	0.70*
	-0.70*
	0.21
	1.00
	
	
	

	
	P
	0.25
	0.27
	-0.13
	-0.14
	0.61*
	-0.48*
	0.63*
	0.69*
	-0.69*
	0.20
	1.00
	
	
	

	PS
	G
	0.31
	0.35*
	-0.21
	-0.17
	0.59*
	-0.45*
	0.68*
	0.73*
	-0.71*
	0.08
	0.90*
	1.00
	
	

	
	P
	0.30
	0.34*
	-0.21
	-0.16
	0.58*
	-0.44*
	0.67*
	0.72*
	-0.70*
	0.08
	0.89*
	1.00
	
	

	NBPP
	G
	-0.58*
	-0.64*
	0.28
	-0.13
	-0.17
	-0.02
	-0.29
	-0.34
	0.37*
	0.35
	0.06
	0.10
	1.00
	

	
	P
	-0.56*
	-0.63*
	0.28
	-0.13
	-0.16
	-0.02
	-0.29
	-0.33
	0.36*
	0.32
	0.06
	0.09
	1.00
	

	FYPP
	G
	-0.61*
	-063*
	0.93*
	0.48*
	-0.46*
	0.39*
	-0.44*
	-0.32
	0.10
	0.24
	0.17
	0.07
	0.23
	1.00

	
	P
	-0.59*
	-0.62*
	0.92*
	0.47*
	-0.45*
	0.38*
	-0.43*
	-0.32
	0.10
	0.24
	0.17
	0.07
	0.22
	1.00


* Significant at 5% level of significance
DFPF- Days to 50% flowering, DFP- Days to first picking, NFPP- Number of fruits per plant, FL- Fruit length, FB- Fruit breadth,  FLBR- Fruit length: breadth ratio, FW- Fruit weight, FV- Fruit volume, FFD- Fruit flesh density, NLPP- Number of leaves per plant, PH- Plant Height, Plant Spread, NBPP- Number of branches per plant, FYPP- Fruit yield per plant      
	
	DFPF
	DFP
	NFPP
	FL
	FB
	FLBR
	FW
	FV
	FFD
	NLPP
	PH
	PS
	NBPP
	rg with FYPP

	DFPF
	0.042
	-0.159
	-0.702
	0.012
	0.049
	-0.013
	0.157
	-0.260
	0.227
	-0.034
	0.026
	0.013
	0.078
	-0.606*

	DFP
	0.040
	-0.166
	-0.77
	0.012
	0.054
	-0.014
	0.211
	-0.322
	0.260
	-0.017
	0.027
	0.014
	0.086
	-0.631*

	NFPP
	-0.027
	0.118
	1.091
	-0.023
	-0.064
	0.023
	-0.024
	0.278
	-0.159
	0.036
	-0.014
	-0.007
	0.018
	0.931*

	FL
	-0.012
	0.047
	0.620
	-0.042
	-0.072
	0.034
	-0.142
	0.216
	-0.193
	0.018
	-0.014
	-0.007
	0.018
	0.479*

	FB
	0.023
	-0.097
	-0.766
	0.033
	0.092
	-0.035
	0.282
	-0.404
	0.336
	-0.019
	0.063
	0.024
	0.023
	-0.459*

	FLBR
	0.015
	0.064
	0.660
	-0.038
	-0.086
	0.037
	-0.225
	0.330
	-0.293
	0.019
	-0.049
	-0.018
	0.003
	0.393*

	FW
	0.019
	-0.104
	-0.766
	0.018
	0.078
	-0.02
	0.336
	-0.446
	0.326
	0.002
	0.065
	0.027
	0.039
	-0.437*

	FV
	0.023
	-0.115
	-0.655
	0.019
	0.080
	-0.027
	0.323
	-0.464
	0.376
	0.009
	0.071
	0.029
	0.045
	-0.324

	FFD
	-0.023
	0.106
	0.427
	-0.019
	-0.076
	0.027
	-0.269
	0.429
	-0.407
	0.008
	-0.072
	-0.029
	-0.051
	0.105

	NLPP
	-0.008
	0.016
	0.224
	-0.004
	-0.010
	0.004
	0.004
	-0.023
	-0.019
	0.177
	0.021
	0.003
	-0.044
	0.245

	PH
	0.011
	-0.045
	-0.148
	0.006
	0.057
	-0.018
	0.215
	-0.325
	0.286
	0.037
	0.102
	0.036
	-0.008
	0.170

	PS
	0.013
	-0.057
	-0.225
	0.007
	0.055
	-0.017
	0.227
	-0.340
	0.289
	0.013
	0.092
	0.040
	-0.014
	0.066

	NBPP
	-0.024
	0.10
	0.312
	0.006
	-0.016
	-0.001
	-0.097
	0.157
	-0.152
	0.057
	0.006
	0.004
	-0.134
	0.231

	Residual effect =  0.00039
	
	
	
	
	
	
	
	
	
	
	


Table-2: Estimates of direct and indirect effects of different traits on fruit yield per plant of white fruited brinjal genotypes

	DFPF
	Days to 50% flowering
	DFP
	DFF:- Days to first picking

	NFPP
	 Number of fruits per plant
	FL
	FL:- fruit length

	FB
	 Fruit Breadth
	FLBR
	FLBR:- Fruit length breadth ratio

	FW
	FW:- Fruit weight
	FV
	FV:- Fruit Volume

	FFD
	Fruit flesh density
	NLPP
	NLPP:- Number of leaves per plant

	PH
	PH:- Plant height
	PS
	PS:- Plant Spread

	NBPP
	Number of branches per plant
	FYPP
	FYPP:- Fruit yield per plant
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