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Correlation and Path Coefficient Analysis of Yield and Its Contributing Traits in Red Rice (Oryza sativa L.)


ABSTRACT
Aims: This study was conducted to examine the relationship and degree of connection between grain yield and its various components and to determine the main traits that affect grain yield in red rice (Oryza sativa L.) using correlation and path coefficient analysis.
Study design: A Randomized Block Design (RBD) with three replications was used and the experiment was carried out during a single cropping season.
Place and Duration of Study: The experiment was conducted during kharif-2024 at the Main Rice Research Centre, Navsari Agricultural University, Navsari, Gujarat, India.
Methodology: We looked at forty different types of red rice to see how they differed in sixteen different agro-morphological and biochemical traits. We looked at how traits were related to each other by calculating the genotypic and phenotypic correlation coefficients with grain yield per plant. Path coefficient analysis was used to break down the observed correlations into direct and indirect effects. This helped to identify traits that really affect grain yield.
Results: Grain yield per plant showed very strong and positive correlations with straw yield per plant and harvest index at both the genotypic and phenotypic levels (rg = 0.837 and 0.863; rp = 0.505 and 0.793, respectively). This shows that they play a big role in improving yield. There were also positive correlations between productive tillers per plant, 100-grain weight and zinc content. This suggests that it is possible to improve both yield and nutritional quality at the same time. Path coefficient analysis showed that the harvest index had the biggest positive direct effect on grain yield. The straw yield per plant, the length/breadth ratio and the kernel breadth were next. On the other hand, traits like kernel length and plant height had negative direct effects on grain yield, even though they had positive indirect effects through other traits. This suggests that directly selecting for these traits may not be the best way to increase yield.
Conclusion: The study clearly shows that the harvest index and straw yield per plant are the two most important factors that affect the grain yield of red rice. These can be used as reliable selection criteria. Focusing on traits that have strong positive direct effects would make it easier to choose the best red rice breeding programs for improving yield.
Keywords: Yield components, Trait association, Direct and indirect effects, Nutritional traits, Zinc content and Selection indices
1. INTRODUCTION
Rice (Oryza sativa L.) is one of the most important cereal crops globally and serves as the primary staple food for a large proportion of the population, particularly in Asia (FAO, 2023). Among the different rice types, red rice has gained increasing attention due to its characteristic anthocyanin pigmentation, superior nutritional attributes and adaptability to diverse agro-ecological conditions (Sahu et al., 2020; Rathna et al., 2019). In addition to its nutritional and functional value, red rice represents an important genetic resource for crop improvement. However, despite these advantages, red rice generally exhibits lower yield potential compared to improved white rice varieties, largely due to limited systematic breeding efforts and its cultivation under marginal or rainfed environments (Bouis, 2003; Singh et al., 2005). Therefore, enhancing grain yield without compromising its nutritional quality remains a key breeding objective in red rice.
To improve the yield of genetically diverse rice, you need to know how the traits that make up the yield affect it. While analysis of variance is useful for confirming the existence of genetic variability, it does not elucidate the interactions between individual traits that influence yield performance, as previously demonstrated in rice by Chacko et al. (2023). In this context, correlation analysis is important because it measures the strength and direction of the relationships between grain yield and related traits. This helps find traits that are linked to better yield potential (Galton, 1889; Fisher, 1918). However, correlation coefficients alone may be misleading, as they do not distinguish whether a trait contributes directly to yield or indirectly through other characters.
Path coefficient analysis, initially introduced by Dewey and Lu (1959), overcomes the shortcomings of simple correlation analysis by delineating correlation coefficients into direct and indirect components, thus facilitating a more precise assessment of the individual traits' contributions to grain yield. Previous research on rice has identified substantial correlations between grain yield and traits including productive tillers per plant, panicle length, grain weight and harvest index (Indrasari et al., 2009; Kumar et al., 2018; Mahalakshmi et al., 2024; Chacko et al., 2023; Hyndhavi et al., 2025). However, the relative impact of these traits may differ based on the genetic background and crop variety. 
While information exists for rice broadly, research that combines genotypic and phenotypic correlation with path coefficient analysis in red rice, especially concerning nutritional traits, is still scarce. Recent studies have nonetheless underscored significant genetic variability and the efficacy of selection in enhancing yield and grain quality traits in rice (Hyndhavi et al., 2025). Given the distinct genetic background and economic importance of red rice, understanding the direct and indirect contribution of agro-morphological and biochemical traits to grain yield is essential for effective selection and breeding strategies.
Consequently, the current study was conducted to assess the genotypic and phenotypic correlations between grain yield and its associated agro-morphological and biochemical traits in red rice genotypes. We used path coefficient analysis to find traits that have strong direct and indirect effects on grain yield. with the objective of defining reliable selection indices for yield improvement under rainfed conditions.
2. MATERIALS AND METHODS
The experiment was conducted during the kharif-2024 season at the Main Rice Research Centre, Navsari Agricultural University (NAU), Navsari, Gujarat, India (20°37′ N latitude and 72°54′ E longitude; 11.98 m above mean sea level). The experimental site falls under the humid tropical climate of South Gujarat and receives the majority of its rainfall from the south-west monsoon during June to September. During the cropping season, the region experiences an average rainfall of about 1200-1400 mm, with mean temperatures ranging from 25 to 34°C and relative humidity between 70 and 85%. The experimental field is characterized by medium-black clay loam soil with a pH of 7.5-7.8, good water-holding capacity and medium to poor drainage, which is typical of rice-growing areas of the region.
The plant material consisted of forty red rice genotypes sourced from the Main Rice Research Centre, NAU, Navsari. These genotypes had different genetic backgrounds and showed enough variation in agro-morphological and grain quality traits to be good for correlation and path coefficient analysis.


The experiment was set up in a Randomised Block Design (RBD) with three copies. We planted each genotype in plots with 20 cm between rows and 15 cm between plants. During the entire growth period of the crop, all recommended agronomic and plant protection practices were followed.
We wrote down what we saw about sixteen agro-morphological and biochemical traits. Using the method of Lowry et al. (1951), proteins were mixed with alkaline copper reagent and Folin-Ciocalteu reagent to make a blue complex that was measured spectrophotometrically. We used a standard colorimetric method based on iodine binding to figure out how much amylose there was. We used the dry ashing method to figure out how much zinc there was and then we used Atomic Emission Spectrophotometry to figure out how much there was.

We calculated genotypic and phenotypic correlation coefficients using the method described by Miller et al. (1958). Estimates of correlation were derived utilising standard statistical formulas as specified in the corresponding methodology. We used the method described by Dewey and Lu (1959) to split correlation coefficients into direct and indirect effects. The extent of these effects was assessed utilising the classification scale introduced by Lenka and Mishra (1973). We used R software (in the RStudio environment) for all of the statistical analyses and Microsoft Excel for gathering and processing the data.
3. RESULTS AND DISCUSSION
3.1 Correlation Analysis
Analysis of correlation among sixteen agro-morphological and biochemical characters showed significant relationships with the grain yield per plant (Tables 1 and 2). In general, the genetic correlation coefficients were found to be larger than the phenotypic estimates, which revealed less effect of the environment and stronger genetic associations.
At the genotypic level (Table 1), grain yield per plant showed a highly significant and strong positive relationship with straw yield per plant (rg = 0.837) and harvest index (rg = 0.863). The phenotypic correlation values for these traits were also positive and highly significant (rp = 0.505 and 0.793, respectively; Table 2), indicating that these traits can be efficiently used for the improvement of grain yield through both phenotypic and genotypic selection.

Further, the positive genotypic correlations for grain yield per plant were observed with the following characters: productive tillers per plant (rg = 0.034), 100-grain weight (rg = 0.236) and zinc content (rg = 0.205) (Table 1). Although the values of these correlations were relatively smaller than the previous ones, still they followed a similar trend at the phenotypic level (Table 2).
Conversely, the genic correlations for grain yield per plant were negatively related to kernel breadth (rg = −0.333) and plant height (rg = −0.167) (Table 1), suggesting that direct selection for these traits could negatively impact grain yield performance.

Comparable positive associations of grain yield with harvest index, straw yield per plant and productive tillers per plant have been reported earlier in rice by Babu et al. (2012), Ratna et al. (2015), Priyanka et al. (2016), Jangala et al. (2022), Kewat and Singh (2025) and Mahalakshmi et al. (2024), thereby supporting the reliability of the present findings.
3.2 Path Coefficient Analysis

To understand the cause-effect relationships between grain yield and its associated traits, path coefficient analysis was also performed along with correlation analysis (Table 3). The result showed that harvest index had the highest positive direct effect on grain yield per plant (0.628), followed by straw yield per plant (0.572), length/breadth ratio (0.220) and kernel breadth (0.166). The intensity of these direct effects showed that there would be a direct increase in grain yield if there were increases in these traits.

Although kernel breadth had a negative correlation with grain yield (Table 3), the positive direct effect (0.166) indicates that the negative correlation is mainly due to unfavourable indirect effects mediated by important yield contributing traits like harvest index and straw yield per plant. Productive tillers per plant (direct effect = 0.019) and grains per panicle (direct effect = 0.0057) had a positive contribution to grain yield, mainly due to their favourable indirect effects on important yield components.
On the other hand, kernel length (-0.1561), plant height (-0.035) and protein content (-0.0095) had negative direct effects on grain yield, suggesting that direct selection for these traits may not be desirable unless they have positive effects on grain yield through indirect effects.



The residual effect of the path analysis was considerably small (0.002), which revealed that the traits used in this study contributed to the major variation in the observed grain yield per plant. Similar findings highlighting the predominant role of harvest index and straw yield per plant in determining grain yield have been reported by Manohara et al. (2015), Kumar et al. (2018), Kondi et al. (2022), Varadharajan et al. (2024) and Mahalakshmi et al. (2024), which are in agreement with the present results.





	Table 1: Genotypic correlation coefficient of grain yield per plant with other characters in red rice

	
	DTF
	DTM
	PH
	PL
	PTPP
	GPP
	HGW
	SY
	HI
	KL
	KB
	L/B
	PC
	AC
	ZC
	GY

	DTF
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DTM
	0.972**
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PH
	-0.075
	-0.036
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	PL
	0.149
	0.184
	0.101
	1
	
	
	
	
	
	
	
	
	
	
	
	

	PTPP
	-0.062
	0.078
	-0.075
	0.040
	1
	
	
	
	
	
	
	
	
	
	
	

	GPP
	0.063
	0.241
	0.239
	-0.230
	0.335*
	1
	
	
	
	
	
	
	
	
	
	

	HGW
	-0.474**
	-0.344
	-0.088
	0.035
	0.255
	0.041
	1
	
	
	
	
	
	
	
	
	

	SY
	-0.272
	-0.433**
	0.029
	-0.307
	-0.041
	-0.093
	0.325*
	1
	
	
	
	
	
	
	
	

	HI
	0.188
	0.038
	-0.263
	-0.103
	0.083
	-0.138
	0.096
	0.451**
	1
	
	
	
	
	
	
	

	KL
	0.038
	-0.100
	0.208
	0.360*
	-0.249
	-0.390*
	-0.146
	0.001
	-0.334*
	1
	
	
	
	
	
	

	KB
	0.312*
	0.524**
	-0.108
	0.154
	0.146
	0.116
	-0.345*
	-0.310
	-0.278
	0.052
	1
	
	
	
	
	

	L/B
	-0.144
	-0.398*
	0.224
	0.195
	-0.315*
	-0.404**
	0.044
	0.161
	-0.120
	0.766**
	-0.592**
	1
	
	
	
	

	PC
	-0.080
	0.096
	-0.193
	0.148
	0.400*
	0.168
	-0.007
	0.021
	-0.156
	-0.058
	0.248
	-0.212
	1
	
	
	

	AC
	-0.064
	-0.014
	0.268
	-0.388*
	-0.258
	0.204
	0.189
	0.214
	-0.069
	-0.334*
	-0.468**
	0.031
	-0.310
	1
	
	

	ZC
	0.153
	0.081
	-0.044
	0.006
	0.132
	0.191
	-0.187
	0.181
	0.174
	-0.004
	0.101
	-0.078
	0.220
	-0.213
	1
	

	GY
	-0.041
	-0.224
	-0.167
	-0.233
	0.034
	-0.142
	0.236
	0.837**
	0.863**
	-0.208
	-0.333*
	0.007
	-0.079
	0.079
	0.205
	1


*, ** significant at 5% and 1% levels of significance, respectively

DTF= Days to 50% flowering, DTM= Days to maturity, PH= Plant height (cm), PL= Panicle length (cm), PTPP= Productive tillers per plant, GPP= Grains per panicle, HGW= 100 grains weight (g), GY= Grain yield per plant (g), SY= Straw yield per plant (g), HI= Harvest index (%), KL= Kernel length (mm), KB= Kernel breadth (mm), L/B= L/B ratio, PC= Protein content (%), AC= Amylose content (%) and ZC= Zn content (%)



	Table 2: Phenotypic correlation coefficient of grain yield per plant with other characters in red rice

	
	DTF
	DTM
	PH
	PL
	PTPP
	GPP
	HGW
	SY
	HI
	KL
	KB
	L/B
	PC
	AC
	ZC
	GY

	DTF
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DTM
	0.709**
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PH
	-0.067
	-0.046
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	PL
	0.131
	0.062
	0.066
	1
	
	
	
	
	
	
	
	
	
	
	
	

	PTPP
	-0.020
	0.097
	-0.030
	0.010
	1
	
	
	
	
	
	
	
	
	
	
	

	GPP
	0.046
	0.188*
	0.116
	-0.161
	0.276**
	1
	
	
	
	
	
	
	
	
	
	

	HGW
	-0.387**
	-0.263**
	0.023
	-0.009
	0.156
	0.045
	1
	
	
	
	
	
	
	
	
	

	SY
	-0.241**
	-0.122
	-0.011
	-0.171
	-0.061
	-0.058
	0.218*
	1
	
	
	
	
	
	
	
	

	HI
	0.110
	-0.185*
	-0.043
	-0.011
	0.082
	-0.046
	0.073
	-0.116
	1
	
	
	
	
	
	
	

	KL
	0.046
	-0.069
	0.074
	0.241**
	-0.128
	-0.313**
	-0.076
	-0.008
	-0.151
	1
	
	
	
	
	
	

	KB
	0.241*
	0.239
	-0.212*
	0.133
	0.069
	0.092
	-0.263*
	-0.177
	-0.128
	0.028
	1
	
	
	
	
	

	L/B
	-0.096
	-0.173
	0.180*
	0.094
	-0.144
	-0.309**
	0.064
	0.081
	-0.055
	0.734**
	-0.647**
	1
	
	
	
	

	PC
	-0.089
	0.078
	-0.087
	0.113
	0.330**
	0.166
	-0.017
	0.022
	-0.056
	-0.001
	0.159
	-0.108
	1
	
	
	

	AC
	-0.033
	-0.072
	0.162
	-0.212**
	-0.180*
	0.187*
	0.177
	0.079
	0.059
	-0.209*
	-0.333**
	0.057
	-0.270*
	1
	
	

	ZC
	0.160
	0.055
	-0.049
	0.008
	0.122
	0.179
	-0.154
	0.134
	0.105
	-0.010
	0.096
	-0.077
	0.178
	-0.185*
	1
	

	GY
	-0.049
	-0.230*
	-0.053
	-0.108
	0.037
	-0.080
	0.192
	0.505**
	0.793**
	-0.150
	-0.202*
	-0.018
	-0.029
	0.100
	0.175
	1

	*, ** significant at 5% and 1% levels of significance, respectively
DTF= Days to 50% flowering, DTM= Days to maturity, PH= Plant height (cm), PL= Panicle length (cm), PTPP= Productive tillers per plant, GPP= Grains per panicle, HGW= 100 grains weight (g), GY= Grain yield per plant (g), SY= Straw yield per plant (g), HI= Harvest index (%), KL= Kernel length (mm), KB= Kernel breadth (mm), L/B= L/B ratio, PC= Protein content (%), AC= Amylose content (%) and ZC= Zn content (%)






4. CONCLUSION
Grain yield per plant in red rice showed significant association with several important yield contributing traits. The genotypic and phenotypic correlation analysis confirmed that straw yield per plant and harvest index retain strong and highly significant positive association with grain yield, thus establishing their prime importance in grain yield expression.

[bookmark: _GoBack]The results were further confirmed by the genotypic path coefficient analysis, which showed that the largest positive direct effects on grain yield were due to harvest index and straw yield per plant. The positive effects on grain yield were also due to productive tillers per plant and grains per panicle, either through direct effects or indirect effects in favorable pathways. However, kernel length and plant height had negative direct effects on grain yield, which indicated that direct selection for these traits would not be beneficial.
T
aken together, the results from correlation and path analysis studies have identified harvest index, straw yield per plant, productive tillers per plant and grains per panicle as reliable selection criteria for increasing grain yield in red rice.
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	Table 3: Genotypic correlation coefficient of grain yield per plant with other characters in red rice

	
	DTF
	DTM
	PH
	PL
	PTPP
	GPP
	HGW
	SY
	HI
	KL
	KB
	L/B
	PC
	AC
	ZC
	GY

	DTF
	-0.047
	0.0189
	0.003
	0.003
	-0.001
	0.0004
	0.0082
	-0.155
	0.118
	-0.0059
	0.052
	-0.032
	0.0008
	-0.002
	-0.0001
	-0.041

	DTM
	-0.046
	0.0194
	0.001
	0.003
	0.001
	0.0014
	0.0059
	-0.248
	0.024
	0.0156
	0.087
	-0.088
	-0.0009
	-0.001
	0.0001
	-0.225

	PH
	0.004
	-0.0007
	-0.035
	0.002
	-0.001
	0.0014
	0.0015
	0.016
	-0.165
	-0.0325
	-0.018
	0.049
	0.0018
	0.009
	-0.0001
	-0.167

	PL
	-0.007
	0.0036
	-0.004
	0.018
	0.001
	-0.0013
	-0.0006
	-0.176
	-0.065
	-0.0562
	0.026
	0.043
	-0.0014
	-0.014
	0.0001
	-0.234

	PTPP
	0.003
	0.0015
	0.003
	0.001
	0.019
	0.0019
	-0.0044
	-0.023
	0.052
	0.0389
	0.024
	-0.069
	-0.0038
	-0.009
	-0.0001
	0.034

	GPP
	-0.003
	0.0047
	-0.008
	-0.004
	0.006
	0.0057
	-0.0007
	-0.053
	-0.087
	0.0609
	0.019
	-0.089
	-0.0016
	0.007
	-0.0001
	-0.142

	HGW
	0.023
	-0.0067
	0.003
	0.001
	0.005
	0.0002
	-0.0172
	0.186
	0.060
	0.0228
	-0.057
	0.010
	0.0001
	0.007
	0.0001
	0.236

	SY
	0.013
	-0.0084
	-0.001
	-0.006
	-0.001
	-0.0005
	-0.0056
	0.572
	0.284
	-0.0002
	-0.051
	0.035
	-0.0002
	0.008
	-0.0001
	0.837**

	HI
	-0.009
	0.0007
	0.009
	-0.002
	0.002
	-0.0008
	-0.0017
	0.258
	0.628
	0.0522
	-0.046
	-0.027
	0.0015
	-0.002
	-0.0001
	0.863**

	KL
	-0.002
	-0.0019
	-0.007
	0.007
	-0.005
	-0.0022
	0.0025
	0.001
	-0.210
	-0.1561
	0.009
	0.169
	0.0006
	-0.012
	-0.0001
	-0.207

	KB
	-0.015
	0.0102
	0.004
	0.003
	0.003
	0.0007
	0.0059
	-0.177
	-0.174
	-0.0081
	0.166
	-0.132
	-0.0024
	-0.017
	-0.0001
	-0.333*

	L/B
	0.007
	-0.0077
	-0.008
	0.004
	-0.006
	-0.0023
	-0.0008
	0.092
	-0.076
	-0.1198
	-0.099
	0.220
	0.0020
	0.001
	0.0001
	0.006

	PC
	0.004
	0.0019
	0.007
	0.003
	0.008
	0.0010
	0.0001
	0.012
	-0.098
	0.0091
	0.041
	-0.047
	-0.0095
	-0.011
	-0.0001
	-0.079

	AC
	0.003
	-0.0003
	-0.009
	-0.007
	-0.005
	0.0012
	-0.0033
	0.123
	-0.043
	0.0522
	-0.078
	0.007
	0.0029
	0.035
	0.0001
	0.078

	ZC
	-0.007
	0.0016
	0.002
	0.001
	0.003
	0.0011
	0.0032
	0.103
	0.109
	0.0006
	0.017
	-0.017
	-0.0021
	-0.008
	-0.0005
	0.205

	GY
	-0.047
	0.0189
	0.003
	0.003
	-0.001
	0.0004
	0.0082
	-0.155
	0.118
	-0.0059
	0.052
	-0.032
	0.0008
	-0.002
	-0.0001
	-0.041




*, ** significant at 5% and 1% levels of significance, respectively

DTF= Days to 50% flowering, DTM= Days to maturity, PH= Plant height (cm), PL= Panicle length (cm), PTPP= Productive tillers per plant, GPP= Grains per panicle, HGW= 100 grains weight (g), GY= Grain yield per plant (g), SY= Straw yield per plant (g), HI= Harvest index (%), KL= Kernel length (mm), KB= Kernel breadth (mm), L/B= L/B ratio, PC= Protein content (%), AC= Amylose content (%) and ZC= Zn content (%)


[image: ]Fig. 1 Path diagram depicting direct effects and genotypic correlation of yield attributes on grain yield per plant in red rice

DTF= Days to 50% flowering, DTM= Days to maturity, PH= Plant height (cm), PL= Panicle length (cm), PTPP= Productive tillers per plant, GPP= Grains per panicle, HGW= 100 grains weight (g), GY= Grain yield per plant (g), SY= Straw yield per plant (g), HI= Harvest index (%), KL= Kernel length (mm), KB= Kernel breadth (mm), L/B= L/B ratio, PC= Protein content (%), AC= Amylose content (%) and ZC= Zn content (%)
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