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Association of traits and Path coefficient Analysis for yield and its components in Soybean (Glycine max L.) genotypes.
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ABSTRACT

	The experiment was conducted to study and evaluate correlation and path coefficient analysis among various traits and their direct as well as indirect contributions to yield, with the objective of identifying key characters that can serve as effective selection criteria for genetic improvement in Soybean. Genotypes were sown in Randomized Block Design with three replications at ZARS, Ganeshkhind, Pune, during kharif, 2024. Forty genotypes were evaluated for twelve different characters, showed high significance for days to 50 per cent flowering, days to maturity, plant height, plant spread, primary branches per plant, secondary branches per plant, number of pods per plant, number of seeds per pod, 100-seed weight, protein content, oil content and seed yield per plant. All the characters had positive significant correlation with seed yield per plant except 100-seed weight, protein content and oil content were negatively correlated with seed yield. Number of pods per plant had the highest positive direct effect on seed yield followed by 100-seed weight, seeds per pod, oil content, plant height, primary branches per plant, secondary branches per plant and days to 50 per cent flowering which can be used for improving seed yield in soybean.  Remaining characters such as plant spread, protein content and days to maturity showed negative direct effect with the seed yield.
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INTRODUCTION

Soybean (Glycine max L. Merrill) is a major oilseed crop in India, predominantly grown in Madhya Pradesh, Maharashtra, and Rajasthan, which together account for more than 85% of the country's total soybean area and production (ICAR-IISR, 2023). Among these, Madhya Pradesh ranks first in both area and production, often referred to as the "Soy State of India." As per the Ministry of Agriculture & Farmers Welfare (2023) in India soybean is cultivated on approximately 12.5 million hectares with an average productivity of about 1.1 tonnes per hectare. In Maharashtra soybean is grown on 5.09 million hectares with the production of 6.61 million tonnes (Maharashtra State — Third Advance Estimates of Area & Production 2023–24). Despite fluctuations in yield due to climatic variability and management practices, soybean remains essential for its multiple uses. It is a rich source of vegetable protein and oil, widely utilized in food products, animal feed, and industrial goods. Furthermore, being a leguminous crop, soybean contributes to soil fertility by fixing atmospheric nitrogen, making it valuable in sustainable farming systems. To satisfy the rising demands of future consumers, the development of soybean genotypes with superior yield potential is essential. The final yield, however, is chiefly influenced by the collective contribution of its individual yield-related traits.
The correlation coefficient provides the linkage between one or more traits influenced by several genes. An assessment of the genotypic conjugation between characters is contributed by genotypic correlation coefficients. Wright (1921) proposed the path-coefficient analysis method of splitting the connection into direct and indirect effects, which yields valuable data on the relative merits of features in the selection criterion.

2. material and methods 

In the present investigation forty genotypes were obtained from Agricultural research Station, Kasbe Digraj, Sangli and Agharkar Research Institute, Pune. All the diverse genotypes were evaluated at ZARS Geneshkhind, Pune in Randomized Block Design (RBD) with three replications during kharif, 2024. Each genotype were grown in a single row of 4m with spacing of 45 x 5 cm. Five plants were randomly selected for data collection. To enhance yield potential, it is essential to understand the relationships among different yield-contributing traits. Correlation analysis helps determine the strength and direction of association between traits, whereas path coefficient analysis partitions these correlations into direct and indirect effects, thereby offering insight into the relative importance of individual traits in influencing seed yield (Wright, 1921; Dewey & Lu, 1959). These statistical tools are crucial for formulating effective selection strategies in breeding programs aimed at improving soybean productivity.

3. results and discussion

The correlation determines the inter-relationship between the various traits along with seed yield per plant. The genotypic coefficient of correlation is related to the inherent correlation present among the different characters. It is the most important component as it can be effectively used for crop improvement. The phenotypic correlation has influence of environment. The higher the value of phenotypic correlation indicates the influence by environmental on the characters which is not useful for the selection. The higher phenotypic correlation coefficient was recorded than the genotypic correlation coefficient due to environmental effect. Similar results were recorded by Malik et al. (2007), Mahbub et al. (2016), Mesfin et al. (2018), Kumar et al. (2020). 
Table 1. provides an overview of the relationship between seed yield and yield-related traits. It indicated that number of pods per plant (0.8446), plant spread (0.6891), primary branches per plant (0.5667), secondary branches per plant (0.5541), days to maturity (0.4778), days to 50 per cent flowering (0.4305), seed per pod (0.4260), plant height (0.3650) were significantly and positively correlated with seed yield per plant at genotypic level. Similar results were recorded for number pods per plant, days to maturity and days to 50 per cent flowering by Mukhekar et al. (2004); Akram et al. (2016) number of branches per plant, pod length, number of pods per plant, number of seeds per plant and 100-seed weight; Guleria et al. (2019) also found similar results for the characters plant height, number of clusters per plant, number of pods per plant, number of seeds per pod and 100-seed weight; Berhanu et al. (2021) observed primary branches per plant, number of pods per plant, number of seeds per pod and plant height; Patil et al. (2024) recorded similar findings for the days to maturity, plant height, number of primary branches per plant, number of pods per plant, number of seeds per pod, 100-seed weight.	Comment by MYKOH M: Delete the hyphen	Comment by MYKOH M: Delete the hyphen
100 seed weight (-0.1788) was negative but non-significantly correlated with seed yield per plant. Banerjee et al. (2023) for plant height. The oil content (-0.3491) and protein content (-0.2779) characters were negative but significantly correlated with seed yield. Similar findings were recorded by Akram et al. (2016) for first flowering, days to 50 per cent flowering, days to maturity, plant height and the number of seeds per pod; Guleria et al. (2019) for days to 50 per cent flowering, number of secondary branches per plant, pod length and 100-seed weight. 	Comment by MYKOH M: Delete the hyphen
At the genotypic level, the correlation between yield components presented in table 1. 
Days to 50 per cent flowering character was significantly and positively correlated with, plant spread (0.4703), seeds per pod (0.7393), days to maturity (0.4786), no. of pods per plant (0.3524), primary branches per plant (0.1991). However, it was negatively significantly correlated with 100-seed weight (-0.2175), oil content (-0.2999). It showed positive but non-significant correlation with plant height (0.0372) and secondary branches per plant (0.1327). It was negative but non-significant with protein content (-0.1702). 	Comment by MYKOH M: 
Days to maturity showed significant and positive correlation with plant height (0.2033), plant spread (0.4658), primary branches per plant (0.2326), secondary branches per plant (0.2652), no. of pods per plant (0.4602), seeds per pod (0.3605). It showed that positive and non-significant correlation with protein content (0.0042). Additionally, it showed negative and non-significant correlation with oil content (-0.0414) and negative but significant correlation with 100-seed weight (-0.2132). 	Comment by MYKOH M: Delete the hyphen
Plant height showed positive but significant correlation with plant spread (0.7691), primary branches per plant (0.6167), secondary branches per plant (0.3948), pods per plant (0.3166) and oil content (0.3570). Whereas, positive but non-significant with seeds per pod (0.0661). Also, negative but non-significant correlation with 100-seed weight (-0.0345) and protein content (-0.0081). Plant spread showed positive and significant correlation with primary branches per plant (0.6793), secondary branches per plant (0.6419), no. pods per plant (0.5886), seeds per pod (0.4483). It was positively non-significantly correlated with oil content (0.0945). While it showed negatively significant correlation with 100-seed weight (-0.1182) and negatively non-significant correlation with protein content (-0.0550).	Comment by MYKOH M: Delete the hyphen	Comment by MYKOH M: Delete the hyphen
Primary branches per plant was positively and significantly correlated with number of secondary branches per plant (0.5352), no. of pods per plant (0.4519), seeds per pod (0.2036) and positively non-significant with oil content (0.0732). It showed negative but non-significant correlation with 100-seed weight (-0.0790), protein content (-0.0816).  Secondary branches per plant observed to be positive significant correlation with no. of pods per plant (0.5611), seeds per pod (0.3345), protein content (0.2380). While, oil content (0.091) was positive but non-significantly correlated. Additionally, 100-seed weight (-0.2946) was negative but non-significantly correlated.	Comment by MYKOH M: Delete the hyphen	Comment by MYKOH M: Delete the hyphen
Number of pods per plant showed positive but significant correlation with seeds per pod (0.2234) and negative but significantly correlated with 100-seed weight (-0.6350). Whereas, negative but non-significantly correlated with protein content (-0.0106) and oil content (-0.1454). Number of seed per pod recorded negative but significant correlation with oil content (-0.3980). Whereas, it showed positive and non-significant correlation with protein content (0.0666) and negative but non-significant correlation with 100-seed weight (-0.1102)	Comment by MYKOH M: Delete the hyphen	Comment by MYKOH M: Delete the hyphen
100-seed weight has negatively significant correlation with protein content (-0.4721) and negatively non-significant correlation with oil content (-0.1716). Protein content showed positive and significant correlation with oil content (0.4966).
Inter relationship between the quantitative traits were explained by the correlation analysis used for crop improvement programme.Genetic correlation plays very important role in breeding for crop improvement.
Selection of characters having positive correlation with other characters suggested to be highly benefited for improving yield in soybean. In present investigation characters such as days to 50 per cent flowering, days to maturity, plant height, plant spread, primary branches per plant, secondary branches per plant, no. of pods per plant and seeds per pod were showed highly significant positive correlation with seed yield.
Path analysis is the statistical method which helps in examining and testing the direct as well as indirect relationship between different variables. When one variable is associated with another variable is direct association, while one variable is associated with another variable via third variable is indirect effect. Path analysis helps in determining the yield contributing characters and therefore it is very useful in indirect selection. Path analysis provides some confidence in the selection strategies used for a particular scenario and clarifies inherent character of observed correlations. Dewey and Lu, (1959) method of path analysis was used for determining the direct and indirect effects on yield and yield contributing characters. Selection for crop improvement strategies was fully based on the correlation coefficient and path’s direct as well as indirect effects. Direct positive direct effect is very much beneficial for the selection of useful genotypes, while indirect effect can be used if the correlation is negative or minimal.





[bookmark: _Hlk205721357]Table 1. Genotypic correlation coefficients of 11 characters of 40 genotypes of soybean on seed yield.
	[bookmark: _Hlk205720554]Sr.
No.
	Days to
50 per
cent
flowering
(No.)
	Days to
maturity
(No.)
	Plant
Height
(cm)
	Plant
Spread
(cm)
	Primary
branches
per plant
(No.)
	Secondary
branches
per plant
(No.)
	Pods per 
plant
(No.)
	Seeds
Per
pod
(No.)
	100-
seed 
weight
(g)
	Protein
Content
(%)
	Oil
Content
(%)
	Seed
Yield
per
plant
(g)

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1.
	1
	0.4786**
	0.0372
	0.4703**
	0.1991*
	0.1327
	0.3524**
	0.7393**
	-0.2175*
	-0.1702
	-0.2999**
	0.4305**

	2.
	
	1
	0.2033*
	0.4658**
	0.2326*
	0.2652**
	0.4602**
	0.3605**
	-0.2132*
	0.0042
	-0.0414
	0.4778**

	3.
	
	
	1
	0.7691**
	0.6167**
	0.3948**
	0.3166**
	0.0661
	-0.0345
	-0.0081
	0.3570**
	0.3650**

	4.
	
	
	
	1
	0.6793**
	0.6419**
	0.5886**
	0.4483**
	-0.1182
	-0.0550
	0.0945
	0.6891**

	5.
	
	
	
	
	1
	0.5352**
	0.4519**
	0.2036*
	-0.0790**
	-0.0816
	0.0732
	0.5667**

	6.
	
	
	
	
	
	1
	0.5611**
	0.3345**
	-0.2946**
	0.2380*
	0.0391
	0.5541**

	7.
	
	
	
	
	
	
	1
	0.2234*
	-0.6350**
	-0.0106
	-0.1454
	0.8446**

	8.
	
	
	
	
	
	
	
	1
	-0.1102
	0.0666
	-0.3980**
	0.4260**

	9.
	
	
	
	
	
	
	
	
	1
	-0.4721**
	-0.1716
	-0.1788

	10.
	
	
	
	
	
	
	
	
	
	1
	0.4966**
	-0.2779**

	11.
	
	
	
	
	
	
	
	
	
	
	1
	-0.3491**



*, ** Significant at 5 per cent and 1 per cent level respectively.

Table 2. showed the direct as well as indirect relationship between each character towards the seed yield per plant. For path analysis genotypic correlation coefficient was considered.
Most of the characters showed positive direct effect. Number of pods per plant (0.9835) had the highest positive direct influence on seed yield followed by 100-seed weight (0.7065), seeds per pod (0.3925), oil content (0.1371), plant height (0.1193), primary branches per plant (0.0926), secondary branches per plant (0.0291), days to 50 per cent flowering (0.0111). Remaining characters showed negative direct effect with the seed yield such as plant spread (-0.3945) followed by protein content (-0.0423) and days to maturity (-0.0088).	Comment by MYKOH M: Delete the hyphen

Out of eleven characters eight characters were showed significant positive influence on seed yield per plant. Number of pods per plant, 100-seed weight, seeds per pod, oil content, plant height, primary branches per plant, secondary branches per plant, days to 50 per cent flowering indicated a true relation between yield and its components. This indicated that the selection for these characters help in crop improvement.  Arshad et al. (2006) recorded the highest direct effect by pods per plant followed by pod length. Nagarajan et al. (2015) reported similar results on seed yield by number of pods per plant and 100-seed weight respectively. Berhanu et al. (2021) recorded similar results for 100-seeds weight followed by plant height and number of pods per plant. The characters viz, plant spread (-0.3945), protein content (-0.0423), days to maturity (-0.0088) had negative direct effect. Barpanda et al. (2024) recorded negative direct effect for days to maturity on seed yield per plant. Patil et al. (2024) observed similar results for days to 50 per cent flowering.	Comment by MYKOH M: Delete were to have characters showed	Comment by MYKOH M: Delete the hyphen	Comment by MYKOH M: Delete the hyphen	Comment by MYKOH M: Delete the hyphen

Residual effect is the unexplained portion of correlation between the variables has not which variables taken into consideration. In present analysis residual effect was low (0.0665) indicating the traits which are considered under investigation are responsible for variability in seed yield of soybean. Similar results were reported by Bisinotto et al. (2017), Mehra et al. (2020) and Buva et al. (2020).
Based on present study, the most important parameters for selection of a plant variety for getting higher performance were number of pods per plant, 100-seed weight, seeds per pod, oil content, plant height, primary branches per plant, secondary branches per plant and days to 50 per cent flowering. 	Comment by MYKOH M: Delete the hyphen
	Comment by MYKOH M: Close the gap, percent is one word

During the present investigation, it was found that days to 50 per cent flowering, days to maturity, plant height, plant spread, primary branches per plant, secondary branches per plant, number of pods per plant, seeds per pod were highly significant positive correlation with the seed yield per plant. It was because of indirect effects of all the traits. Whereas, 100-seed weight had negative non-significant correlation. While, protein content and oil content had negative but significant correlation with the seed yield.	Comment by MYKOH M: Close the gap, percent is one word
	Comment by MYKOH M: Delete the hyphen
	Comment by MYKOH M: 
Days to 50 per cent flowering (0.4305) showed significant and positive correlation with seed yield per plant.  The positive indirect effect was showed by days to maturity, plant height, plant spread, primary branches per plant, secondary branches per plant, number. of pods per plant and seeds per pod. While, negative indirect effect via. 100-seed weight, protein content and oil content.	Comment by MYKOH M: Delete the hyphen

Days to maturity (0.4778) showed positive significant correlation with seed yield per plant, through positive indirect effect via. 100-seed weight, protein content, oil content and negative indirect effect via. days to flowering, plant height, plant spread, primary branches per plant, secondary branches per plant, no. of pods per plant, no. of seeds per plant.	Comment by MYKOH M: Delete the hyphen


Table 2 Direct and indirect path effects of different characters towards seed yield at genotypic level in soybean.
	Sr.
No.
	Days to 50
per cent
flowering
(No.)
	Days to
maturity
(No.)
	Plant
height
(cm)
	Plant
spread
(cm)
	Primary
branches
per plant
(no.)
	Secondary
branches
per plant
(cm)
	No. of pods
per plant
(No.)
	Seeds
per pod
(No.)
	100-seed
weight
(g)
	Protein 
content (%)
	Oil
Content
(%)
	Seed
yield per
plant
(g)

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1.
	0.0111
	0.0053
	0.0004
	0.0052
	0.0022
	0.0015
	0.0039
	0.0082
	-0.0024
	-0.0019
	-0.0033
	0.4305**

	2.
	-0.0042
	-0.0088
	-0.0018
	-0.0041
	-0.0020
	-0.0023
	-0.0040
	-0.0032
	0.0019
	0.0000
	0.0004
	0.4778**

	3.
	0.0044
	0.0242
	0.1193
	0.0917
	0.0736
	0.0471
	0.0378
	0.0079
	-0.0041
	-0.0010
	0.0426
	0.3650**


	4.
	-0.1855
	-0.1837
	-0.3034
	-0.3945
	-0.2680
	-0.2532
	-0.2322
	-0.1768
	0.0466
	0.0217
	-0.0373
	0.6891**

	5.
	0.0184
	0.0215
	0.0571
	0.0629
	0.0926
	0.0495
	0.0418
	0.0188
	-0.0073
	-0.0075
	0.0068
	0.5667**


	6.
	0.0039
	0.0077
	0.0115
	0.0186
	0.0155
	0.0291
	0.0163
	0.0097
	-0.0086
	0.0069
	0.0011
	0.5541**

	7.
	0.4799
	0.6265
	0.4311
	0.8015
	0.6153
	0.7640
	0.9835
	0.3041
	-0.8646
	-0.0145
	-0.1979
	0.8446**

	8.
	0.2902
	0.1415
	0.0259
	0.1760
	0.0799
	0.1313
	0.0877
	0.3925
	-0.0433
	0.0261
	-0.1562
	0.4260**

	9.
	-0.1537
	-0.1506
	-0.0244
	-0.0835
	-0.0558
	-0.2081
	-0.4486
	-0.0779
	0.7065
	-0.3336
	-0.1213
	-0.1788

	10.
	0.0072
	-0.0002
	0.0003
	0.0023
	0.0034
	-0.0101
	0.0004
	-0.0028
	0.0200
	-0.0423
	-0.0210
	-0.2779**

	11.
	-0.0411
	-0.0057
	0.0489
	0.0130
	0.0100
	0.0054
	-0.0199
	-0.0546
	-0.0235
	0.0681
	0.1371
	-0.3491**


R=0.0665 (Residual effect)

[image: ]     Fig.1 Genotypical path diagram for seed yield per plant in soybean.
Plant height (0.3650) had positive significant correlation. Positive indirect effect caused by days to 50 per cent flowering, days to maturity, plant spread, primary number of branches, secondary number of branches, no. of pods per plant and no. seeds per pod and oil content. While negative indirect effect was of 100-seed weight and protein content.	Comment by MYKOH M: Close the gap, percent is one word
	Comment by MYKOH M: Delete the hyphen

Plant spread (0.6891) had positive significant correlation with seed yield. It had positive indirect effect via. 100-seed weight and protein content. Negative indirect effect caused due to days to 50 per cent flowering, days to maturity, plant height, primary branches per plant, secondary branches per plant, no. of pods per plant, no. of seeds per plant and oil content.	Comment by MYKOH M: Delete the hyphen
	Comment by MYKOH M: Close the gap, percent is one word
Primary branches per plant (0.5667) had positive but significant correlation with seed yield. Positive indirect effect was shown by days to 50 per cent flowering, days to maturity, plant height, plant spread, secondary branches per plant, no. of pods per plant and seeds per pod and oil content. Whereas, negative indirect effect by characters 100-seed weight and protein content.	Comment by MYKOH M: Delete the hyphen

Correlation between secondary branches per plant (0.5541) and seed yield was positive and significant with its positive direct effect via. days to 50 per cent flowering, days to maturity, plant height, plant spread, primary branches per plant, no. of pods per plant, no. of seeds per pod, protein content and oil content and negative indirect effect via. 100-seed weight.	Comment by MYKOH M: Close the gap, percent is one word
	Comment by MYKOH M: Delete the hyphen
No. of pods per plant (0.8446) had positive significant correlation with seed yield. The positive indirect effect was primarily caused by days to 50 per cent flowering, days to maturity, plant height, plant spread, primary branches per plant, secondary branches per plant, no. of seeds per pod, whereas, negative indirect effect caused by 100-seed weight, protein content and oil content.	Comment by MYKOH M: Close the gap, percent is one word
	Comment by MYKOH M: Delete the hyphen
No. of seeds per pod (0.4260) showed positive but significant correlation with seed yield. Positive indirect effect via. days to 50 per cent flowering, days to maturity, plant height, plant spread, primary branches per plant, secondary branches per plant, no. of pods per plant, and protein content. Negative indirect effect caused by 100-seed weight and oil content.	Comment by MYKOH M: Close the gap, percent is one word
	Comment by MYKOH M: c
Correlation between 100-seed weight (-0.1788) and seed yield per plant was negative but non-significant. It showed negative indirect effect via days to 50 per cent flowering, days to maturity, plant height, plant spread, primary branches per plant, secondary branches per plant, no. of pods per plant, no. of seeds per pod, protein content and oil content.	Comment by MYKOH M: Close the gap, percent is one word

	Comment by MYKOH M: Close the gap, percent is one word


Protein content (-0.2779) had negative and significant correlation with seed yield. It showed positive indirect effect through days to 50 per cent flowering, plant height, plant spread, primary branches per plant, no. of pods per plant, 100-seed weight. And negative indirect effect via. days to maturity, secondary branches per plant, no. of seeds per pod and oil content.	Comment by MYKOH M: Close the gap, percent is one word

	Comment by MYKOH M: Delete the hyphen
Correlation between oil content (-0.3491) and seed yield per plant was negative but significant, with its positive indirect effect via. plant height, plant spread, primary branches per plant, secondary branches per plant, protein content and negative indirect effect via days to 50 per cent flowering, days to maturity, no. of pods per plant, no. of seeds per pod and 100-seed weight. 
Residual effect is the unexplained portion of correlation between the variables which has not taken into consideration. In present analysis residual effect was low (0.0665) indicating the traits which are considered under investigation are responsible for variability in seed yield of soybean. Similar results were reported by Bisinotto et al. (2017), Mehra et al. (2020) and Bhuva et al. (2020).

4. Conclusion

The seed yield recorded high significant and positive correlation with days to 50 per cent flowering, days to maturity, plant height, plant spread, primary branches per plant, secondary branches per plant, number of pods per plant and number of seed per pod except 100-seed weight, protein content and oil content. It showed negative correlation with seed yield per plant. The highest positive direct effect was observed by number of pods per plant. Based on the path analysis the main yield contributing traits are number of pods per plant, secondary branches per plant, primary branches per plant and plant spread. Thus, for crop improvement one must select plant with more number of pods per plant, secondary branches per plant, primary branches per plant and plant spread.	Comment by MYKOH M: Close the gap, percent is one word

	Comment by MYKOH M: Delete the hyphen
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