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ABSTRACT
            Rice (Oryza sativa L.) is one of the major cereal food crops for more than fifty per cent of the world population. Grain yield in rice is a quantitatively inherited trait and involves interaction of several components. Selection of superior genotypes based on yield is difficult due to the multiple phenotypic interaction of plant in which the component characters are interdependent and are governed by a greater number of genes. The present study was undertaken to assess the correlation and path coefficient analysis that existed among thirty five rice genotypes with nine yield and its component traits. Genotypic correlation studies for morphological characters revealed that single plant yield showed positive and significant correlation with plant height (0.46), thousand grain weight (0.45), days to fifty per cent flowering (0.26) and panicle length (0.23). Studies on path coefficient analysis for quantitative traits using genotypic correlation revealed that the direct effects on single plant yield was exhibited by thousand grain weight (0.40) followed by grain breadth (0.39), panicle length (0.34), number of productive tillers (0.34), plant height (0.33), number of grains per panicle (0.27), grain length (0.01) and days to fifty per cent flowering (-0.09). Thus, traits thousand grain weight, days to fifty per cent flowering, grain breadth and panicle length should be given more importance for enhancing grain yield under rainfed rice ecosystem.
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INTRODUCTION
             Rice (Oryza sativa L.) is an important staple food sustaining more than half of the world’s population and hence, is referred to as “Global Grain” (Prasad et al., 2018). Globally it is cultivated over 167 million hectares with the production of 780 million tonnes (FAOSTAT, 2017). Selection of superior genotypes based on yield is difficult due to multiple phenotypic intervention along with greater effect of genes. An idea on the extent of association between traits conferring higher yield will be much helpful to decide upon the traits to be given importance in selection process. A positive association between traits warrants the simultaneous improvement of both the traits while restricting selection to any one of the associated traits. On the other hand, a negative relationship between two traits necessitates equal weightage to be given on both the traits during selection. Inter relationship of traits directed towards seed yield concerned with correlation and path coefficient analysis shedding part of light on suitable selection of traits controlling yield improvement. At genetic level, a positive correlation occurs due to coupling phase of linkage and negative correlation arises due to repulsion phase of linkage of genes controlling two different traits (Nadarajan and Gunasekaran, 2008). Path analysis has been used to organize the relationship between predictor variables and response variables. The advantage of path analysis is that it permits the partitioning of the correlation coefficient into its components-one component being the path coefficient (or standardized partial regression coefficient) that measures the direct effect of a predictor variable upon its response variables, the second component being the indirect effect(s) of a predictor variable on the response variable through other predictor variables (Deway and Lu, 1959). Path coefficient analysis plant breeders in identifying traits on which selection pressure should be given for improving yield. With these points in view, the present study was framed to study the relationship between yield related traits under rainfed rice ecosystem. 
                                                 MATERIALS AND METHODS
             The experimental material comprised with thirty-five rice genotypes which were evaluated in a randomized block design with three replications at the Plant Breeding Experimental farm, Annamalai University, Tamil Nadu, India during Rabi season of 2022-23. The recommended agronomic practices followed to raise good crop stand. The data were recorded on ten randomly selected plants from each replication for various quantitative traits studied were viz, plant height, number of productive tillers per plant, panicle length, days to fifty per cent flowering, number of grains per panicle, thousand grain weight, grain length, grain breadth and single plant yield. The genotypic correlation coefficients between yield and yield components as well as among the yield components were worked out. From the analysis of variance and covariance tables, the corresponding genotypic variances and covariances were calculated by using the mean square values and mean sum of products as suggested by Al-Jibouri et al. (1958). 
Correlation
The genotypic correlation between yield and its component traits were worked out as per the methods suggested by Johnson et al. (1955).

Genotypic correlation coefficient = rg(xy) = 
Where
rg(xy)	=	Genotypic correlation coefficient
COVG(xy)	=	genotypic covariance between ‘x’ and ‘y’
(σ2gx)	=	genotypic variance of the trait ‘x’
(σ2gy)	=	genotypic variance of the trait ‘y’
x	=	dependent variable x
y              	=	independent variable y.
The phenotypic correlation between yield and its component traits were worked out as per the methods suggested by Johnson et al. (1955).

Phenotypic correlation coefficient = rp(xy) = 
Where
rp(xy)	=	Phenotypic correlation coefficient
COVp(xy)	=	Phenotypic covariance between ‘x’ and ‘y’
(σ2px)	=	Phenotypic variance of the trait ‘x’
(σ2py)         = 	Phenotypic variance of the trait ‘y’
x                 = 	dependent variable x
y                = 	independent variable y.
 
Path Coefficient Analysis
Path coefficient analysis was carried out separately by using the correlation coefficient to know the direct and indirect effects of the components on yield as suggested by Wright (1921) and illustrated by Dewey and Lu (1959).
Path coefficients were obtained by solving the simultaneous equations, which express the basic relationship between correlation and path coefficients. The equations were as follows.
r1y=P1y+r12P2y+r13P3y+.....+r1 8P8y
r2y=r21P1y+P2y+r23P3y+.....+r2 8P8y
r3y=r31P1y+r23P2y+P3y+.....+r1 8P8y
..............................................
..............................................
r8y=r1 8P1y+r2 8 P2y+r3 8P3y+.....+r7 8P7 8 +P8y
Where,
r1y to r8y denotes the correlation coefficients between independent characters 
1 to 8 and dependent character ‘y’, r1 to r7 8 denotes correlation coefficients between all possible combinations of independent characters. P1y to P8y denotes the direct effects of characters to 1 to 8 on character y.
The direct and indirect effects are rated as follows by Lenka and Mishra (1973).
	Values of direct and indirect effects
	Rate/Scale

	0.00-0.09
	Negligible

	0.10-0.19
	Low

	0.20-0.29
	Moderate

	0.30-1.00
	High

	More than 1.00
	Very High







RESULTS AND DISCUSSION
Association studies
The association analysis revealed the positive or negative effects of different traits to the yield. The genotypic correlations between traits indicated the direction and magnitude of correlated responses to selection, the relative efficiency of indirect selection and permit calculation of optimal multiple trait selection indices (Falconer, 1967). The estimates of simple correlation coefficients (genotypic and phenotypic) computed between nine quantitative traits under study are presented in Table 1, 2 and graphically represented in Figure 1. Genotypic correlations were higher than phenotypic ones in magnitude for all the characters. The characters had showed negative correlation at both genotypic and phenotypic levels.
Correlation studies
Genotypic correlation studies for morphological characters revealed that single plant yield had showed positive and significant correlation with plant height (0.46), thousand grain weight (0.45), days to fifty per cent flowering (0.26) and panicle length (0.23). Although, Plant height showed positively significant correlation with panicle length (0.24), days to fifty per cent flowering (0.65), thousand grain weight (0.52), grain breadth (0.25) and single plant yield (0.46). Negative correlation was exhibited by panicle length with number of grains per panicle (-0.03). These were in agreement with the findings of Tamilarasan et al. (2018) and Sabesan et al. (2010). Plant height (0.46) and panicle length (0.23) showed positive and significant correlation with single plant yield to emerge as most important associates of grain yield in rice which is in conformity with the findings of Kumar et al. (2018) and Vanisri et al. (2020).
Path Analysis
  The direct effect of various characters on single plant yield at genotypic level is represented in Table 3. The highest positive direct effect on single plant yield was exhibited by thousand grain weight (0.40) followed by grain breadth (0.39), while the negative direct effect on single plant yield was shown by days to fifty percent flowering (-0.09). The direct effects of remaining five characters were number of productive tillers (0.34), panicle length (0.34), plant height (0.33), number of grains per panicle (0.27) and grain length (0.01). The indirect effect of various characters on single plant yield at genotypic level is represented in Table 3 and Figure 2. Path coefficient analysis in the present study thus identified that plant height (0.33), panicle length (0.34) and number of grains per panicle (0.27) exhibited direct positive effect on yield, suggesting selection for these traits would help in improving seed yield                 ( Vanisri et al.2020).

CONCLUSION
             Selection of superior genotypes based on yield is difficult due to the integrated structure of plant in which the component characters are interdependent and are governed by a large number of genes. A positive association between traits warrants the simultaneous improvement of both the traits while restricting selection to any one of the associated traits. Thus identified traits such as thousand grain weight, days to fifty per cent flowering, grain breadth and panicle length should be given more importance for enhancing grain yield under rainfed rice ecosystem from this study.
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Table 1.
[bookmark: Correlation] Genotypic Correlation among various biometric traits in rice genotypes

	
	PH
	NPT
	PL
	DFF
	NGP
	TGW
	GL
	GB
	SPY

	PH
	1.00
	-0.19*
	0.24*
	0.65**
	-0.50**
	0.52**
	0.18
	0.25*
	0.46**

	NPT
	
	1.00
	-0.10
	-0.12
	-0.19
	-0.01
	-0.12
	-0.42**
	0.04

	PL
	
	
	1.00
	0.35**
	-0.03
	-0.09
	-0.08
	-0.21*
	0.23*

	DFF
	
	
	
	1.00
	-0.26**
	0.30**
	-0.08
	0.02
	0.26**

	NGP
	
	
	
	
	1.00
	-0.33**
	-0.33**
	-0.18
	-0.15

	TGW
	
	
	
	
	
	1.00
	-0.002
	0.07
	0.45**

	GL
	
	
	
	
	
	
	1.00
	0.29**
	0.04

	GB
	
	
	
	
	
	
	
	1.00
	0.24*

	SPY
	
	
	
	
	
	
	
	
	1.00


PH – Plant height; NPT - Number of productive tillers; PL - Panicle length; DFF - Days to fifty per cent flowering;  NGP - Number of filled grains per panicle; TGW - Thousand grain weight; GL - Grain length; GB - Grain breadth; SPY - Single plant yield












Table 2. 
[bookmark: Phenotypic]Phenotypic Correlation among various biometric traits in rice genotypes
	
	PH
	NPT
	PL
	DFF
	NGP
	TGW
	GL
	GB
	SPY

	PH
	1.00
	-0.18
	0.23*
	0.64**
	-0.49**
	0.51**
	0.17
	0.25*
	0.45**

	NPT
	
	1.00
	-0.09
	-0.12
	-0.18
	-0.01
	-0.12
	-0.41**
	0.05

	PL
	
	
	1.00
	0.33**
	-0.02
	-0.08
	-0.08
	-0.20*
	0.23*

	DFF
	
	
	
	1.00
	-0.26**
	0.30**
	-0.08
	0.02
	0.25**

	NGP
	
	
	
	
	1.00
	-0.33**
	-0.33**
	-0.18
	-0.15

	TGW
	
	
	
	
	
	1.00
	-0.003
	0.07
	0.45**

	GL
	
	
	
	
	
	
	1.00
	0.28**
	0.04

	GB
	
	
	
	
	
	
	
	1.00
	0.24*

	SPY
	
	
	
	
	
	
	
	
	1.00


PH – Plant height; NPT - Number of productive tillers; PL - Panicle length; DFF - Days to fifty per cent flowering;  NGP - Number of filled grains per panicle; TGW - Thousand grain weight; GL - Grain length; GB - Grain breadth; SPY - Single plant yield56













Table 3.  
[bookmark: Bold]Direct (Bold diagonal figures) and indirect effects of biometric traits on single plant yield at genotypic level
	
	PH
	NPT
	PL
	DFF
	NGP
	TGW
	GL
	GB
	SPY

	PH
	0.33
	-0.07
	0.08
	-0.06
	-0.13
	0.21
	0.002
	0.10
	0.46

	NPT
	-0.06
	0.34
	-0.03
	0.01
	-0.05
	-0.01
	-0.002
	-0.16
	0.04

	PL
	0.08
	-0.03
	0.34
	-0.03
	-0.01
	-0.04
	-0.001
	-0.08
	0.23

	DFF
	0.21
	-0.04
	0.12
	-0.09
	-0.07
	0.12
	-0.001
	0.007
	0.26

	NGP
	-0.16
	-0.06
	-0.01
	0.02
	0.27
	-0.13
	-0.01
	-0.07
	-0.15

	TGW
	0.17
	-0.01
	-0.03
	-0.03
	-0.09
	0.40
	-0.00003
	0.03
	0.45

	GL
	0.06
	-0.04
	-0.03
	0.01
	-0.09
	-0.001
	0.01
	0.11
	0.04

	GB
	0.08
	-0.14
	-0.07
	-0.002
	-0.05
	0.03
	0.004
	0.39
	0.24


Residual effect= 0.55
PH – Plant height; NPT - Number of productive tillers; PL - Panicle length; DFF - Days to fifty per cent flowering;  NGP - Number of filled grains per panicle; TGW - Thousand grain weight; GL - Grain length; GB - Grain breadth; SPY - Single plant yield
60










Table 4. 
[bookmark: diagonal]Direct (Bold diagonal figures) and indirect effects of biometric traits on single plant yield at phenotypic level
	
	PH
	NPT
	PL
	DFF
	NGP
	TGW
	GL
	GB
	SPY

	PH
	0.32
	-0.06
	0.07
	-0.04
	-0.13
	0.20
	0.004
	0.09
	0.45

	NPT
	-0.06
	0.34
	-0.03
	0.01
	-0.05
	-0.004
	-0.002
	-0.15
	0.05

	PL
	0.07
	-0.03
	0.32
	-0.02
	-0.01
	-0.03
	-0.002
	-0.07
	0.23

	DFF
	0.20
	-0.04
	0.11
	-0.07
	-0.07
	0.12
	-0.002
	0.01
	0.25

	NGP
	-0.15
	-0.06
	-0.01
	0.02
	0.26
	-0.13
	-0.01
	-0.07
	-0.15

	TGW
	0.16
	-0.003
	-0.03
	-0.02
	-0.08
	0.40
	-0.0001
	0.03
	0.45

	GL
	0.05
	-0.04
	-0.02
	0.01
	-0.08
	-0.001
	0.02
	0.11
	0.04

	GB
	0.08
	-0.14
	-0.06
	-0.001
	-0.05
	0.03
	0.006
	0.37
	0.24


Residual effect= 0.56
PH – Plant height; NPT - Number of productive tillers; PL - Panicle length; DFF - Days to fifty per cent flowering;  NGP - Number of filled grains per panicle; TGW - Thousand grain weight; GL - Grain length; GB - Grain breadth; SPY - Single plant yield
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[bookmark: genotypic]Figure 1. Genotypic correlogram among various traits
[image: ]

PH – Plant height; 	TGW - Thousand grain weight;
NPT - Number of productive tillers; 	GL - Grain length;
PL - Panicle length; 	GB - Grain breadth;
DFF - Days to fifty per cent flowering; 	SPY - Single plant yield
NGP - Number of filled grains per panicle;






Figure 2. Graphical representation of path analysis 
among various traits

[image: ]
9: SPY (Dependent Trait) 
1,2,3,4,5,6,7,8: PH, NPT, PL, DFF, NGP, TGW, GL and GB respectively (Independent Traits)
Genotypic Correlation
PH	PH	NPT	PL	DFF	NGP	TGW	GL	GB	SPY	1	-0.1930000000000002	0.24100000000000021	0.65000000000001756	-0.49800000000000288	0.51600000000000001	0.17700000000000021	0.25	0.46	NPT	PH	NPT	PL	DFF	NGP	TGW	GL	GB	SPY	-0.1930000000000002	1	-9.5000000000000223E-2	-0.12200000000000009	-0.18900000000000144	-1.2999999999999998E-2	-0.11799999999999998	-0.41700000000000031	3.5000000000000059E-2	PL	PH	NPT	PL	DFF	NGP	TGW	GL	GB	SPY	0.24100000000000021	-9.5000000000000223E-2	1	0.34500000000000047	-2.5000000000000043E-2	-8.6000000000000063E-2	-7.5000000000000122E-2	-0.20600000000000004	0.2290000000000002	DFF	PH	NPT	PL	DFF	NGP	TGW	GL	GB	SPY	0.65000000000001756	-0.12200000000000009	0.34500000000000047	1	-0.25700000000000001	0.29800000000000032	-7.9000000000000653E-2	1.9000000000000499E-2	0.25800000000000001	NGP	PH	NPT	PL	DFF	NGP	TGW	GL	GB	SPY	-0.49800000000000288	-0.18900000000000144	-2.5000000000000043E-2	-0.25700000000000001	1	-0.33200000000000934	-0.33000000000000901	-0.17800000000000021	-0.15300000000000041	TGW	PH	NPT	PL	DFF	NGP	TGW	GL	GB	SPY	0.51600000000000001	-1.2999999999999998E-2	-8.6000000000000063E-2	0.29800000000000032	-0.33200000000000934	1	-2.0000000000000052E-3	6.9000000000000172E-2	0.45100000000000001	GL	PH	NPT	PL	DFF	NGP	TGW	GL	GB	SPY	0.17700000000000021	-0.11799999999999998	-7.5000000000000122E-2	-7.9000000000000653E-2	-0.33000000000000901	-2.0000000000000052E-3	1	0.28900000000000031	3.7000000000000074E-2	GB	PH	NPT	PL	DFF	NGP	TGW	GL	GB	SPY	0.25	-0.41700000000000031	-0.20600000000000004	1.9000000000000499E-2	-0.17800000000000021	6.9000000000000172E-2	0.28900000000000031	1	0.24200000000000021	SPY	PH	NPT	PL	DFF	NGP	TGW	GL	GB	SPY	0.46	3.5000000000000059E-2	0.2290000000000002	0.25800000000000001	-0.15300000000000041	0.45100000000000001	3.7000000000000074E-2	0.24200000000000021	1	
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