


Original Research Article 

Estimation of Correlation and Path Coefficient Analysis in Selected Okra Genotypes


ABSTRACT
The study was conducted on thirty genotypes of okra to determine the nature of association among different yield attributes and their direct and indirect contribution towards yield. The experiment was designed in randomized block design with three replications at the Vegetable Research Farm, CCS HAU, Hisar, Haryana, India during Kharif 2021.  In almost all the traits the estimate of genotypic correlation coefficients was higher than phenotypic correlation coefficients, thus demonstrating a strong inherent association between various traits. Yield per plant showed significant positive correlation with plant height (0.63, 0.43), branches per plant (0.66, 0.33), petiole length (0.56, 0.42), fruit length (0.75, 0.43), fruit diameter (0.34, 0.20NS), whereas significant negative correlation with days taken to 50% flowering (-0.82, -0.60), inter-nodal length (-0.67, -0.49), first fruit node (-0.63, -0.47), at both genotypic and phenotypic levels respectively. Results from path coefficients analysis showed that highest positive direct effect towards yield per plant was contributed by fruit length (0.76) followed by branches per plant (0.25) and fruits per plant (0.19). However, highest negative direct effect towards yield per plant was indicated by days taken to 50% flowering (-1.1) followed by plant height (-0.99), inter-nodal length (-0.56), fruit weight (-0.41), petiole length (-0.22) and fruit diameter (-0.15). The observations from analysis depicted that plant height had a positive indirect effect on yield per plant via days taken to 50% flowering (0.84), first fruit node (0.51) and negative indirect effect via branches per plant (-0.77), fruits per plant (-0.77), fruit length (-0.60) and fruit diameter (-0.56). These important traits may be viewed in selection programme for the further improvement of okra.
1. INTRODUCTION
The Malvaceae family includes okra (Abelmoschus esculentus (L.) Moench), which is commonly grown in tropical and sub-tropical regions of the world [1]. Okra originated in Ethiopia, Sudan, and Northeast Africa, and it is now widely distributed many other countries of the world [2]. The chromosome numbers of cultivated okra vary significantly, but the most frequently observed chromosome number is 2n = 130. Fresh and immature fruit of okra is used as vegetable. It is a cost-effective and necessary vegetable crop grown for its high nutritive value, marketability, and medicinal value. Fat, carbohydrates, fibre, calcium, phosphorus, iron, iodine, magnesium, and vitamins C, A, and B are all found in significant amounts in okra [3]. It also contains iodine, which can be used to treat goiter, as well as other nutritional benefits [4]. Okra is a heat and drought tolerant crop [5]. It is sensitive to cold and cannot tolerate low temperatures. The monthly mean optimum temperature ranges for okra growth, flowering, and pod development is reported to be between 21-30 0C, while the minimum and maximum temperatures of this plant were 18 0C and 35 0C, respectively. The main aim of any breeding program is to produce large yield. To select an efficient breeding method, it is important to have an enough knowledge of yields and yield components traits and their relationship with quantitative traits. Yield is a complex character resulting from multiplicative interactions of various yield-attributing traits. Therefore, association studies between yields with other traits will be important for breeders to plan the hybridization program and to evaluate the individual plants in segregating generations [6]. Correlation analysis helps in identifying the trait that would result in enhancing the desirably associated trait [7]. The genotypic correlation coefficients measure the genotypic association between different characters, whereas phenotypic correlation takes into account both genotypic and environmental influences [8]. Path analysis divides the correlation coefficient into measures of direct and indirect effects, providing an understanding of the direct and indirect contribution of each trait to yield [9]. Considering the importance of the above mentioned points, the present investigation aims to study the association among traits and the direct and indirect effects of some important yield components on fruit yield in okra genotypes by adopting path analysis. It is possible to select for such a character in order to increase yield if there is a correlation or character association between yield and a trait that is caused by the trait's direct effect [10].
2. MATERIAL AND METHOD
The experiment was conducted at Research Farm of the Department of Vegetable Science, CCS Haryana Agricultural University, Hisar which is located in the subtropics at 290 10' North latitude and 750 46' East longitude, during kharif 2021. Thirty genotypes were evaluated in field experiment. The experiment was designed as Randomized Block Design (RBD) with three replications. The planting distance was 60 cm × 30cm (60cm between rows and 30cm within row). Observations were recorded for quantitative characters. Five randomly chosen plants from each genotype and replication were used to collect the data. Observations recorded were plant height, branches per plant, days to 50% flowering, inter-nodal length (cm), first fruit node, fruit length (cm), fruit diameter (cm), fruit weight (g), fruits per plant, fruit yield per plant (g). The collected data were statistically analysed to determine path analysis (direct effect and indirect effect), genotypic and phenotypic correlation, and phenotypic correlation was utilised to determine path coefficient analysis. Correlation coefficients were calculated using the variance and covariance components, as proposed by [11]. Path coefficient analysis was performed using genotypic correlation values of yield components which was illustrated by [10].

3.	RESULT AND DISCUSSION
3.1 Correlation coefficients analysis
Correlation coefficients were worked out at phenotypic and genotypic levels to estimate the degree of association among various characters. The results of correlation analysis have been presented in Table 1. In almost all the traits the estimate of genotypic correlation coefficients was higher than phenotypic correlation coefficients, thus demonstrating a strong inherent association between various traits. The findings were in accordance with [12,13,14]
Yield per plant showed significant positive correlation with plant height (0.63, 0.43), branches per plant (0.66, 0.33), petiole length (0.56, 0.42), fruit length (0.75, 0.43), fruit diameter (0.34, 0.20NS), whereas significant negative correlation with days taken to 50% flowering (-0.82, -0.60), inter-nodal length (-0.67, -0.49), first fruit node (-0.63, -0.47), at both genotypic and phenotypic levels respectively. The results obtained from study are in confirmation with [15,5, 16]. The most negative correlation was observed for the character’s days taken to 50% flowering and inter-nodal length; these results are in confirmation with [17].
 Fruits per plant exhibited significant positive association with plant height (90.77, 0.40), branches per plant (0.50, 0.17), petiole length (0.77, 0.40), fruit length 90.56, 0.37), yield per plant (0.90, 0.38); Significant, negative correlations expressed with days taken to 50% flowering (–0.85, -0.38), inter-nodal length (-0.87, -0.46), first fruit node (-0.55, -0.36), at both genotypic and phenotypic levels, respectively. Fruits per plant positively correlated with branches per plant; confirmation with [18].	
Fruit length has depicted positive and significant correlation with plant height (0.61, 0.44), branches per plant (0.49, 0.38), petiole length (0.61, 0.44), fruits per plant (0.56, 0.37), yield per plant 90.75, 0.43) and significant negative correlation with days taken to 50% flowering (-0.44, -0.28), inter-nodal length (-0.64, -0.45), first fruit node (-0.47, -0.36), fruit diameter (-0.28, -0.11), at both genotypic and phenotypic levels respectively. Fruit length was positively correlated with plant height; confirmation with [19,20]. Fruit diameter exhibited significant positive correlation plant height (0.56, 0.37), branches per plant (0.60, 0.27), petiole length (0.40, 0.22) and significant, negative correlation with days taken to 50% flowering (-0.49, -0.29), first fruit node (-0.31, -0.21) and fruit length (-0.28, -0.11), at both genotypic and phenotypic levels respectively. 
Plant height exhibited significant positive correlation with branches per plant (0.78, 0.49), petiole length (0.61, 0.52) fruit length (0.61, 0.44), fruit diameter (0.56, 0.37), fruits per plant (0.77, 0.40), yield per plant (0.63, 0.43); Significant, negative correlation with days taken to 50% flowering (-0.84, -0.62), inter-nodal length (-0.70, -0.44) and first fruit node (-0.51, -0.41) at genotypic and phenotypic levels respectively. The results obtained from study are in confirmation with [5,21]. 
 Branches per plant exhibited significant positive correlation with plant height (0.78, 0.49), petiole length (0.67, 0.46), fruit length (0.49, 0.38), fruit diameter (0.60, 0.27), fruits per plant (0.50, 0.17NS), yield per plant (0.66, 0.33); Significantly negative correlated with days to 50% flowering (-0.79, -0.47) and inter-nodal length (-0.66, -0.30), at genotypic and phenotypic levels respectively. Similar results are also reported by [22,23].
Days taken to 50% flowering exhibited significant positive correlation with inter-nodal length (0.73, 0.35), first fruit node (0.64, 0.45); significant positive correlated with plant height (-0.84, -0.62), branches per plant (-0.79, -0.49), petiole length (-0.47, -0.44), fruit length (-0.44, -0.28), fruit diameter (-0.49, -0.29), fruits per plant (-0.85, -0.38) and yield per plant (-0.82, -0.60), at both genotypic and phenotypic levels respectively. 
Inter-nodal length indicated significant positive relationship with days taken to 50% flowering (0.73, 0.35), first fruit node (0.01, 0.35) and significant negative correlation with plant height (-0.70, -0.44), branches per plant (-0.66, -0.30), petiole length (-0.85, -0.47), fruit length (-0.64, -0.45), fruit diameter (-0.71, 0.33), fruits per plant (-0.87, -0.46) and yield per plant (-0.67, -0.49), at both genotypic and phenotypic levels respectively. Inter-nodal length and first fruit node are positively correlated with days to 50% flowering; confirmation with [24,25]. Inter-nodal length was negatively correlated with yield per plant as, [17].
Table 1: Genotypic (above diagonal) and phenotypic correlation coefficients (below diagonal) among different characters in okra
	Characters
	PH (cm)
	BPP
	DFF
	PL (cm)
	INL (cm)
	FFN
	FL (cm)
	FD (cm)
	FW (g)
	FPP

	PH (cm)
	1.00
	0.49**
	-0.62**
	0.52**
	-0.44**
	-0.41**
	0.44**
	0.37**
	-0.01NS
	0.40**

	BPP
	0.78**
	1.00 
	-0.47**
	0.46**
	-0.30**
	-0.33**
	0.38**
	0.27*
	0.14NS
	0.17NS

	DFF
	-0.84**
	-0.79**
	1.00 
	-0.44**
	0.35**
	0.45**
	-0.28**
	-0.29**
	-0.16NS
	-0.38**

	PL (cm)
	0.61**
	0.67**
	-0.47**
	1.00 
	-0.47*
	-0.35*
	0.44**
	0.22*
	0.05NS
	0.40**

	INL (cm)
	-0.70**
	-0.66**
	0.73**
	-0.85**
	1.00 
	0.35**
	-0.45**
	-0.33**
	-0.18NS
	-0.46**

	FFN
	-0.51**
	-0.48**
	0.64**
	-0.45*
	0.61**
	1.00 
	-0.36**
	-0.21*
	-0.15NS
	-0.36**

	FL (cm)
	0.61**
	0.49*
	-0.44**
	0.61**
	-0.64**
	-0.47**
	1.00 
	0.11NS
	0.06NS
	0.37*

	FD (cm)
	0.56**
	0.60**
	-0.49*
	0.40**
	-0.71**
	-0.31**
	0.28**
	1.00 
	0.10NS
	0.09NS

	FW (g)
	0.03NS
	0.31**
	-0.15NS
	0.07NS
	-0.47*
	-0.24*
	0.22*
	0.33**
	1.00 
	0.07NS

	FPP
	0.77**
	0.50**
	-0.85**
	0.77**
	-0.87**
	-0.55**
	0.56**
	0.17NS
	-0.11NS
	1.00 


PH-Plant height, BPP - Branches per plant, DFF- Days to 50% flowering, PL- Petiole length, INL- Inter-nodal length, FFN- First fruit node, FL- Fruit length, FD- Fruit diameter, FW- Fruit weight, FPP- Fruits per plant
3.2 Path coefficients analysis 
The path coefficients were computed using the corresponding values of genotypic correlation coefficients, by taking the yield as dependent variable and rest all the characters as independent variable to evaluate and quantify direct as well as indirect effects of contributing characters on yield. The resulted values of path coefficients analysis are depicted in Table 2.
3.2.1 Direct effects
Results from path coefficients analysis showed that highest positive direct effect towards yield per plant was contributed by fruit length (0.76) followed by branches per plant (0.25) and fruits per plant (0.19). However, highest negative direct effect towards yield per plant was indicated by days taken to 50% flowering (-1.1) followed by plant height (-0.99), inter-nodal length (-0.56), fruit weight (-0.41), petiole length (-0.22) and fruit diameter (-0.15). Number of fruits per plant had positive direct effect on yield per plant. These results are in confirmation with result of [26, 27, 28]. Fruit per plant had positive direct effect via branches per plant, fruit length, fruit diameter. These results are in confirmation with [28]. Branches per plant had positive direct effect on yield per plant. Similar type of association was reported by [29]. Inter-nodal length showed negative direct effect on fruit yield per plant; confirmation with [30]. Fruit length had positive direct effect on fruit yield per plant. Confirmation with the results of; [25, 31].
3.2.2 Indirect effects 
The observations from analysis depicted that plant height had a positive indirect effect on yield per plant via days taken to 50% flowering (0.84), first fruit node (0.51) and negative indirect effect via branches per plant (-0.77), fruits per plant (-0.77), fruit length (-0.60) and fruit diameter (-0.56). Branches per plant had a positive indirect effect on yield per plant via branches per plant (0.25), plant height (0.15), fruit length (0.12), fruit diameter (0.15), fruit yield per plant and negative indirect effect via days taken to 50% flowering (-0.20) and inter-nodal length (-0.17). Days taken to 50% flowering had a positive indirect effect on yield per plant via plant height (1.00), branches per plant (0.94), fruits per plant (1.01), fruit diameter (0.58), fruit length (0.52) and negative indirect effect via inter-nodal length (-0.86) and first fruit node (-0.76). Similarly, petiole length had a positive indirect effect on yield per plant via days taken to 50% flowering (0.10), inter-nodal length (0.19) and negative indirect effect via fruits per plant (-0.17), branches per plant (-0.15), fruit length (-0.13) and plant height (-0.13). Inter-nodal length had a positive indirect effect on yield per plant via fruits per plant (0.49), fruit diameter (0.40), plant height (0.39), branches per plant (0.37), fruit length (0.36) and negative direct effect via days taken to 50% flowering (-0.41) and first fruit node (-0.34). First fruit node had positive indirect effect on yield per plant via inter-nodal length (0.05) and negative indirect effect via fruits per plant (-0.05), branches per plant (-0.04), plant height (-0.04) and fruit diameter (-0.03). First length had positive indirect effect on yield per plant via plant height (0.46), fruits per plant (0.43), branches per plant (0.37), fruit diameter (0.21), fruit weight (0.16) and negative indirect effect via inter-nodal length (-0.49), first fruit node (-0.36) and days taken to 50% flowering (-0.33). Fruit diameter had positive indirect effect on yield per plant via inter-nodal length (0.11) and negative indirect effect via plant height (-0.08), branches per plant (-0.09), fruit weight (-0.05), fruit length (-0.04) and fruits per plant (-0.02). Fruit weight had positive indirect effect on yield per plant via first fruit node (0.09), days taken to 50% flowering (0.06), yield per plant (0.04) and negative direct effect via branches per plant (-0.12) and fruit diameter (-0.13). Fruits per plant had positive indirect effect on yield per plant via days taken to 50% flowering (0.16), inter-nodal length (0.16)), first fruit node (0.10), fruit weight (0.02) and negative indirect effect via plant height (-0.14), fruit length (-0.10), branches per plant (-0.09) and fruit diameter (-0.03). Branches per plant had negative indirect effect via fruit length and fruit diameter; confirmation with [32]. Inter-nodal length had positive indirect effect via fruit diameter, number of fruits per plant: confirmation with [33]. The indirect negative effect of trait was also observed via fruit length. Similar type of result was confirmed by [31]. First fruit node had negative indirect effect was through fruit length. These results were also similar to [34] . 

Table 2: Path coefficients analysis (direct and indirect effect) for different characters in okra 
	Characters
	PH (cm)
	BPP
	DFF
	PL (cm)
	INL (cm)
	FFN
	FL (cm)
	FD (cm)
	FW (g)
	FPP

	PH (cm)
	-0.99
	0.20
	1.00
	-0.13
	0.39
	-0.04
	0.46
	-0.08
	-0.01
	-0.14

	BPP
	-0.77
	0.25
	0.94
	-0.15
	0.37
	-0.04
	0.37
	-0.09
	-0.12
	-0.09

	D50%F
	0.84
	-0.20
	-1.18
	0.10
	-0.41
	0.06
	-0.33
	0.07
	0.06
	0.16

	PL (cm)
	-0.61
	0.17
	0.56
	-0.22
	0.48
	-0.04
	0.47
	-0.06
	-0.03
	-0.14

	INL (cm)
	0.70
	-0.17
	-0.86
	0.19
	-0.56
	0.05
	-0.49
	0.11
	0.19
	0.16

	FFN
	0.51
	-0.12
	-0.76
	0.10
	-0.34
	0.09
	-0.36
	0.04
	0.09
	0.10

	FL (cm)
	-0.60
	0.12
	0.52
	-0.13
	0.36
	-0.04
	0.76
	-0.04
	-0.09
	-0.10

	FD (cm)
	-0.56
	0.15
	0.58
	-0.08
	0.40
	-0.03
	0.21
	-0.15
	-0.13
	-0.03

	FW (g)
	-0.03
	0.08
	0.18
	-0.01
	0.26
	-0.02
	0.16
	-0.05
	-0.41
	0.02

	FPP
	0.77
	0.13
	1.01
	-0.17
	0.49
	-0.05
	0.43
	-0.02
	0.04
	0.19


PH-Plant height, BPP - Branches per plant, DFF- Days to 50% flowering, PL- Petiole length, INL- Inter-nodal length, FFN- First fruit node, FL- Fruit length, FD- Fruit diameter, FW- Fruit weight, FPP- Fruits per plant
4. CONCLUSION
For most of the characters studied, genotypic correlation coefficient estimates were higher than phenotypic correlation coefficient estimates. The fruit yield per plant (g) depicts a significantly positive correlation with number of branches per plant, plant height, petiole length, fruit length, fruit diameter and number of fruits per, which indicated that selection of plants may be done based on these traits per plant. Highest positive direct effect towards yield per plant was attributed by branches per plant (0.25), fruit length (0.76) and first fruit node (0.09). Days taken to 50% flowering had a positive indirect effect on yield per plant mainly via fruits per plant (0.16). The total number of fruits per plant, fruit length, fruit weight, branches per plant and inter-nodal length proved to be the most propitious characters influencing the yield directly as well as indirectly.
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