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CORRELATION AND PATH COEFFICIENT ANALYSIS STUDIES IN HYBRID RICE
ABSTRACT

Understanding the relationship between yield and its contributing characteristics is a fundamental and first step in determining plant selection recommendations. Path coefficient analysis, which divides overall correlation into direct and indirect effects, aids in selection. In view of the aforementioned, an experiment was conducted utilising simple coefficient correlation to assess the direct and indirect impacts of yield contributing features on grain yield. The correlation coefficients and path analysis for grain yield and yield traits indicated that, among the characters studied, panicle weight, number of productive tillers per plant, number of filled grains per panicle, spikelet fertility percentage, 1000-grain weight played greater role in realizing higher yields.  
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INTRODUCTION

Rice is the staple meal of a majority of the Indian people and it holds a prominent place in Indian agriculture and the Indian economy and one of the most important food crops worldwide (Chen et al., 2023). Especially, in Asia, where 60% of the world's population resides, grows and consumes more than 90% of the world's rice (Khush, 2005). To feed the world's ever growing population, the world's rice production objective for 2030 is 771.02 million tonnes (Alexandratos and Bruinsma, 2012), the overall rice production needs to be increased to meet rising domestic demand (Jamal et al., 2023). Correlation studies simply assess the relationships between yield and other characteristics. Correlation between various traits is extremely valuable since it demonstrates the extent to which distinct plant characteristics are connected with economic productivity (Ahsan et al., 2008). Phenotypic correlation reflects the degree to which two qualities are genetically connected, whereas genotypic correlation expresses the extent to which two traits are genetically associated (Pavlov et al., 2015). In a crop breeding programme, both genotypic and phenotypic correlations within and between pairs of agronomic variables give opportunities for indirect selection (Muhammad & Muhammad, 2001).

In crop breeding, path coefficient analysis has been widely used to identify components with significant effects on yield for potential use as selection criteria (Mohammadi et al., 2003) and to ascertain the nature of the relationship between grain yield (the response variable) and its contributing variables (the predictor variables).
MATERIAL AND METHODS

In order to examine the correlation and path coefficient analysis of 67 genotypes (48 hybrids, 16 parents, 4 Lines, 12 Testers, and 3 checks), the current study was conducted. The experiment was conducted at three locations viz., ICAR-Indian Institute of Rice Research (ICAR-IIRR), Rajendranagar, Regional Agricultural Research Station, Warangal and Regional Sugarcane and Rice Research Station, Rudrur in Rabi, 2016-17. Based on the data collected on 67 genotypes (48 hybrids, 16 parents, and three checks), an analysis of character association was conducted in order to evaluate the link between yield and its constituent parts and gain insight into the reasons for increased yield in hybrids.
RESULTS AND DISCUSSION

Planning an effective yield selection criterion requires an understanding of how various component characteristics relate to one another and to yield. Because of its relationship to other characters, the overall correlation between yield and component characters may occasionally be deceptive, estimating something incorrectly or overstating it. As a result, indirect selection through correlated response might not always be successful. Wright's (1921) division of the total correlation into direct and indirect effects of cause would provide a more meaningful interpretation of the cause of association between the independent variables, such as yield components, and the dependent variable, yield, when multiple characters are influencing a single character. This sort of data will be useful in developing the selection criteria that will directly result in an overall increase in yield.
Correlation/Character Association

Based on the data recorded on 67 genotypes (48 hybrids, 16 parents, and three checks), an analysis of character association was conducted in order to evaluate the link between yield and its components and to gain insight into the reasons for greater yield in hybrids. The results were depicted in table.1
The panicle length, panicle weight, total number of tillers per plant, productive number of tillers per plant, number of filled grains per panicle, spikelet fertility (%), and 1000 grain weight all significantly positively correlated with the grain production per plant. Similar kind of observation were reported by Abdul Fiyaz et al. (2011), Selvaraj et al. (2011) and Rafii et al. (2014) for plant height; Rajamadhan et al. (2011), Bhadru et al. (2012) and Ravindra Babu et al. (2012) for number of productive tillers per plant; Pankaj Garge et al. (2010), Padmaja et al. (2011), Gulzar et al. (2012) and Zulqarnain et al. (2012) for number of filled grains per panicle. Hence, these qualities had a positive correlation with grain yield and were generally favourably interrelated, they might be regarded as selection factors for increased yield.
According to studies by Krishnaveni and Shobha Rani (2006), Krishna et al. (2008), and Venkanna et al. (2014), the character days to 50% flowering and days to maturity expressed significant negative significant association with grain yield per plant, panicle length, panicle weight, number of total tillers per plant, number of productive tillers per plant, number of filled grains per panicle, and 1000 grain weight. Reduced blooming time led to longer panicles and more full grains per panicle, which indirectly increased the amount of grain produced per plant.
Plant height and panicle length as well as the total number of tillers per plant showed a positive and significant link. It was suggested that increasing plant height might improve rice output potential. Therefore, it would be wiser to focus on producing semi-tall cultivars with robust culm rather than dwarf variants. Plant height and grain yield were found to positively correlate, according to studies by Krishna Naik et al. (2005), Panwar and Mashiat Ali (2007), and Krishna et al. (2008).
It was shown that the number of productive tillers per plant showed a strong positive correlation with the 1000 grain weight, the number of filled grains per panicle, and the grain yield per plant. A high correlation was found between the number of productive tillers per plant and the amount of grain produced by each plant, according to studies by Pankaj Garge et al. (2010), Padmaja et al. (2011), Rajamadhan et al. (2011), Bhadru et al. (2012), and Ravindra Babu et al. (2012). A favourable correlation was also observed by Sharma and Sharma (2007) and Krishna et al. (2008) between the quantity of filled grains per panicle and the number of productive tillers per plant.
With panicle length the number of filled grains per panicle, the number of productive tillers per plant, the number of panicle weight, the number of 1000 grain weight, and the number of grains produced per plant were all significantly positively correlated. Similar findings were published by earlier researchers Yadav et al. (2010), Rajamadhan et al. (2011), and Bhadru et al. (2012). Given that it showed a significant and positive correlation with both 1000 grain weight and grain yield per plant, as well as a negative correlation with days to maturity, the trait number of filled grains per panicle is thought to be crucial for achieving high yields (Nandan et al. 2010).
It was discovered that there was a positive and substantial correlation between the trait spikelet fertility (%) and grain production per plant. Additionally, a significant correlation was seen between panicle weight and 1000 grain weight. There was a significant correlation found between the number of filled grains per panicle, grain production per plant, and 1000 grain weight.
From the study it was concluded that there is change in the association between different yield components, number of filled grains per panicle and number of productive tillers per plant are very crucial for higher yields, as they exhibited significant positive correlations with grain yield per plant. The other important traits to be considered are plant height and panicle length. Many times, in rice, semi tall plant types (110-115 cm) with sturdy culm (non- lodging) would yield better than the dwarf ones.

Path Coefficient Analysis

The direct and indirect impacts of yield attributing features over locations were evaluated using the data acquired on 67 genotypes (48 hybrids and their 16 parents with three checks). The findings are shown in Table 2 & Fig. 1 & 2.

Grain yield was directly impacted negatively by days to 50% flowering at both the genotypic (-6.6793) and phenotypic (-4.9587) levels. Plant height, panicle length, panicle weight, number of tillers per plant, number of productive tillers per plant, number of filled grains per panicle, and 1000 grain weight, at both phenotypic and genotypic levels, showed positive but low levels of indirect effects on grain yield per plant by days to 50% flowering by this trait.
According to studies by Nandan et al. (2010), Yadav et al. (2010), Padmaja et al. (2011), Seyoum et al. (2012), Pandey et al. (2012), and Yadav and Rajendra Kumar (2012), plant height exhibited a positive direct influence at genotypic level (0.0061) on grain yield. This trait also had a favourable indirect influence on grain output through genotypic levels of plant height, panicle length, panicle weight, number of tillers per plant, number of productive tillers per plant, number of filled grains per panicle, and 1000 grain weight.
Grain yield per plant was positively correlated with the number of productive tillers per plant (phenotypic and genotypic levels, respectively, 0.2828 and 0.6264). Thirumala Rao et al. (2014), Supriyo Chakraborty et al. (2010), Ravindra Babu et al. (2012), and Satish Chandra et al. (2009) all found similar results. With the exception of days to 50% blooming and days to maturity, productive tillers showed favourable indirect effects on all other yield components. Plant height, panicle length, panicle weight, number of tillers per plant, number of filled grains per panicle, spikelet fertility, and 1000 grain weight all showed positive indirect effects on grain output.
Number of filled grains per panicle had a positive direct influence on grain yield per plant at both the genotypic (0.2528) and phenotypic (0.3526) levels, suggesting a larger involvement for this factor in increased output. A number of studies have previously reported on the importance of productive tillers as yield components, including Nandeshwar et al. (2010)[30], Pankaj Garge et al. (2010), Basavaraja et al. (2011), Pandey et al. (2012), Seyoum et al. (2012), Bhadru et al. (2012), Thirumala Rao et al. (2014), and Venkanna et al. (2014).With the exception of the days to 50% blooming and days to maturity, this feature likewise showed positive impacts across all the attributes that were evaluated.

Spikelet fertility (%) is another significant feature that contributes to yield, as demonstrated by its positive direct effects on grain yield at the genotypic and phenotypic levels, respectively, of 0.0474 and 0.0681. Spikelet fertility was found to have an indirect positive impact on grain yield through the following measures: days to 50% flowering, panicle weight, number of tillers per plant, number of productive tillers per plant, number of filled grains per panicle, 1000 grain weight, and days to maturity; on the other hand, plant height and panicle length showed negative effects.
Grain yield per plant was positively impacted by the characteristic 1000 grain weight at both the phenotypic and genotypic levels (0.2157 and 0.2940). Through panicle length, panicle weight, number of tillers per plant, number of productive tillers per plant, number of filled grains per panicle, and spikelet fertility, an indirect positive influence of 1000 grain weight on grain yield was observed (Ravindra Babu et al., 2012 and Thirumala Rao et al., 2014). Conversely, days until 50% of the plants flowered, plant height, and days till maturity all had a negative indirect influence on grain output.

The number of filled grains per panicle, the number of productive tillers per plant, the 1000 grain weight, the spikelet fertility (%), the length and weight of the panicle, and the days until maturity at both the phenotypic and genotypic levels were found to have the greatest positive direct effects on grain yield by path coefficient analysis. Grain yield was shown to be negatively impacted directly at the phenotypic and genotypic levels by days to 50% blooming and plant height. The outcomes agreed with the findings of Ravindra Babu et al. (2012), Bhadru et al. (2012), Pandey et al. (2012) about the length of the panicle and the number of productive tillers per plant; Seyoum et al. (2012), Yadav and Rajendrakumar (2012), regarding the number of filled grains per panicle.
Among the yield components examined, the number of productive tillers per plant, the number of filled grains per panicle, spikelet fertility, and 1000 grain weight were determined to be the most critical ones because both the correlation coefficients and the direct effects were high with grain yield per plant, according to a critical analysis of both character association and path analysis. In addition, the length, weight, and total number of tillers per plant of the panicles were critical characteristics for a good grain yield.
CONCLUSION

A rigorous examination of correlation coefficients and path analysis jointly demonstrated that panicle weight, number of productive tillers per plant, number of filled grains per panicle, and 1000 grain weight were more significant factors in rice production when it came to grain yield and its constituent parts. Since there has always been a strong positive correlation between this attribute and the quantity of grains per panicle, other crucial characteristics for high grain production were panicle length and the total number of tillers per plant. In addition to this, the 1000 grain weight and spikelet fertility (%) showed favourable direct effects on the amount of grain produced per plant.
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Table: 1. Simple correlation coefficients for grain yield and yield components

	
	Days to 50% flowering
	Plant Height
(cm)
	Panicle length (cm)
	Panicle weight
	Total tillers/plant
	Productive tillers/plant
	Filled grains/panicle
	Spikelet fertility
	1000 grain weight
	Days to maturity
	Grain yield per plant

	Days to 50% flowering
	1.0000
	-0.0412
	-0.4153**
	-0.2655*
	-0.3004*
	-0.4151**
	-0.3341**
	0.0331
	-0.2551*
	0.9992**
	-0.4033**

	Plant Height (cm)
	
	1.0000
	0.4791**
	0.1835
	0.2183*
	0.0208
	0.1075
	-0.1512
	-0.0350
	-0.0358
	0.0314

	Panicle length (cm)
	
	
	1.0000
	0.3346**
	0.2681*
	0.2593*
	0.2735*
	-0.0638
	0.2425*
	-0.4101**
	0.3598**

	Panicle weight(g)
	
	
	
	1.0000
	0.4756**
	0.4577**
	0.3782**
	0.2945*
	0.2644*
	-0.2586*
	0.4473**

	Total tillers/plant
	
	
	
	
	1.0000
	0.8353**
	0.6758**
	0.1020
	0.5181**
	-0.2961*
	0.5678**

	Productive tillers/plant
	
	
	
	
	
	1.0000
	0.7913**
	0.1714
	0.4697**
	-0.4071**
	0.7349**

	Filled grains/panicle
	
	
	
	
	
	
	1.0000
	0.1672
	0.4025**
	-0.3276**
	0.7219**

	Spikelet fertility
	
	
	
	
	
	
	
	1.0000
	0.2747*
	0.0394
	0.2956*

	1000 grain weight
	
	
	
	
	
	
	
	
	1.0000
	-0.2529*
	0.5549**

	Days to maturity 
	
	
	
	
	
	
	
	
	
	1.0000
	-0.3889**

	Grain yield per plant
	
	
	
	
	
	
	
	
	
	
	1.0000


                                  *Significant at 5% level  - 0.24                                                        **Significant at 1% level – 0.31

Table 2. Phenoty Apen (P) and Genotypic (G) Path coefficient analysis of yield and yield contributing characters in hybrid rice


	
	Days to
	Plant
	Panicle
	Panicle
	
	No of
	No.of filled
	
	1000
	Days to
	Grain

	
	
	
	
	weight
	No. of tillers/
	prod.
	
	Spikelet
	
	
	Yield/

	
	50%
	Height
	Length
	
	
	
	grains/
	
	Grain
	maturity
	

	
	
	
	
	
	plant
	Tillers /
	
	fertility
	
	
	Plant (g)

	
	Flowering
	(cm)
	( cm)
	
	
	
	Panicle
	
	Weight (g)
	
	

	Character
	
	
	
	
	
	Plant
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


	
	Days to
	P
	-4.9587
	0.192
	1.9407
	1.2801
	1.4241
	1.9956
	1.6407
	-0.1375
	1.1953
	-4.9541
	-0.4142**

	50%
	
	
	
	
	
	
	
	
	
	
	
	

	
	G
	-6.6793
	0.2949
	2.9688
	1.8075
	2.1059
	2.8580
	2.2541
	-0.2622
	1.8056
	-6.6756
	-0.4219**

	
	flowering
	
	
	
	
	
	
	
	
	
	
	
	

	
	Plant
	P
	0.0027
	-0.0702
	-0.0325
	-0.012
	-0.0143
	-0.0012
	-0.007
	0.0086
	0.0025
	0.0023
	0.0297

	
	Height
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	G
	-0.0003
	0.0061
	0.0030
	0.0012
	0.0014
	0.0001
	0.0007
	-0.0011
	-0.0002
	-0.0002
	0.0368

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	(cm)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Panicle
	P
	-0.0459
	0.0544
	0.1173
	0.0354
	0.0285
	0.028
	0.0298
	-0.0072
	0.0263
	-0.0453
	0.3466**

	
	Length
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	G
	-0.0438
	0.0492
	0.0986
	0.0367
	0.0295
	0.0277
	0.0287
	-0.0071
	0.0262
	-0.0433
	0.3928**

	
	(cm)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Panicle
	P
	-0.0209
	0.0139
	0.0245
	0.0811
	0.0358
	0.0357
	0.0301
	0.0231
	0.0198
	-0.0204
	0.4408**

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	weight
	G
	-0.0269
	0.0197
	0.0371
	0.0995
	0.0511
	0.0472
	0.0382
	0.0306
	0.0286
	-0.0263
	0.4695**

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Number of
	P
	0.0328
	-0.0233
	-0.0278
	-0.0503
	-0.1142
	-0.0912
	-0.0726
	-0.0115
	-0.0551
	0.0324
	0.5433**

	
	tillers /
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	G
	0.1342
	-0.1008
	-0.1275
	-0.2185
	-0.4256
	-0.3745
	-0.3078
	-0.0446
	-0.2383
	0.1321
	0.6082**

	
	plant
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Number of
	P
	-0.1138
	0.005
	0.0675
	0.1245
	0.2259
	0.2828
	0.2145
	0.0455
	0.123
	-0.1118
	0.6998**

	
	prod.
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	G
	-0.2680
	0.0152
	0.1761
	0.2969
	0.5511
	0.6264
	0.5182
	0.1150
	0.3186
	-0.2625
	0.7741**

	
	tillers /
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Number of
	P
	-0.1167
	0.0352
	0.0896
	0.1309
	0.2241
	0.2674
	0.3526
	0.0544
	0.1348
	-0.1145
	0.7034**

	
	filled
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	G
	-0.0853
	0.0293
	0.0736
	0.0971
	0.1828
	0.2092
	0.2528
	0.0461
	0.1074
	-0.0836
	0.7256**

	
	grains/pan
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Spikelet
	P
	0.0019
	-0.0084
	-0.0042
	0.0194
	0.0068
	0.011
	0.0105
	0.0681
	0.0175
	0.0023
	0.2663**

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	fertility
	G
	0.0019
	-0.0088
	-0.0034
	0.0145
	0.0050
	0.0087
	0.0086
	0.0474
	0.0141
	0.0021
	0.3103**

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	1000
	P
	-0.052
	-0.0078
	0.0484
	0.0527
	0.1041
	0.0938
	0.0825
	0.0554
	0.2157
	-0.0515
	0.5196**

	
	Grain
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	G
	-0.0795
	-0.0102
	0.0783
	0.0844
	0.1646
	0.1495
	0.1248
	0.0873
	0.2940
	-0.0789
	0.5765**

	
	Weight (g)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Days to
	P
	4.8564
	-0.1612
	-1.8769
	-1.221
	-1.3777
	-1.9222
	-1.5777
	0.1675
	-1.1603
	4.8610
	-0.3995**

	
	maturity
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	G
	6.6252
	-0.2579
	-2.9117
	-1.7497
	-2.0576
	-2.7781
	-2.1928
	0.2990
	-1.7793
	6.6289
	-0.4073**

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	Genotypic residual effect = 0.45Phenotypic residual effect = 0.54
	
	BOLD values are direct effects
	
	
	



Fig. 1. Genotypical path diagram for grain yield per plant (g)


Fig. 2. Phenotypical path diagram for grain yield per plant (g)

