



Studies on character association among Yield Components in elite Rice (Oryza sativa L.) germplasm
ABSTRACT

The present investigation was conducted at the experimental farm of Rice and Wheat Research Centre, Malan during Kharif, 2022. Experimental material comprising 40 elite rice (Oryza sativa L.) genotypes including three checks were evaluated in Randomized Block Design in three replications. Data was recorded on days to 50% flowering (DFF), days to 75% maturity (DSM), plant height (PH), panicle length (PL), total tillers per  plant (TTPL), spikelet per  panicle (SPP), grains per  panicle (GPP), grain yield per  plant (GYPP) and grain yield per plot (GYPPlot). Significant genotypic differences were existed among the genotypes. Grain yield per plant exhibited significant positive correlation with spikelet per panicle and grains per panicle. While negative and significant correlation was observed with DFF. Path coefficient studies revealed that significant and positive direct effect of grains per panicles with grain yield is due to its own direct effect while significant and positive effect of spikelet per panicle on grain yield was indirect via other traits which includes grains per panicle followed by PL, DFF and TTPL.
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1. INTRODUCTION

Rice (Oryza sativa L.) belongs to the Poaceae family and the Orazoidea subfamily. The genus Oryza include several species and out of which, only two are domesticated i.e., Oryza sativa, an Asian species and Oryza glaberrima, an African species (Vaughan et al. 2003). Oryza glaberrima has been grown in West Africa for the past 3500 years, while Oryza sativa is grown all over the world. Three subspecies of the sativa rice includes indica, japonica and javanica, which are frequently recognised. The first evidence of rice cultivation dates back to 5000 BC in tropical Asia, although it later spread to temperate areas as well (Choi and Jung, 2018). It has the largest global production and is regarded as one of the most important cereal crops, as well as the staple food for more than half of the world's population (Jiang et al. 2013). Rice is consumed by more than half of the world's population, mostly in underdeveloped countries. It is anticipated that the global population will expand by around two billion people over the next two decades, with over half of this increase occurring in developing nations where rice is the primary meal.

Asia produces and consumes more than 90% of the world's rice, hence referred to as the "Rice Basket" of the globe. In India too it is one of the most significant staple foods and according to USDA, India is the second largest producer of the rice in the world after China with the total production of 225.00 million metric tonnes. Area wise, India accounts first position with total area of 51.42 million ha with average productivity of 4.37 tonnes/ha (Anonymous 2024-25). Rice is grown as both rabi as well as kharif crop which accounts for 35% and 65% of the total production, respectively. Dhan, Jiri and Bhatta are the other names for rice in many parts of the country.
Rice is one of the principal crops of Himachal Pradesh grown in almost all the districts occupying an average area of 67,300 ha and production of 0.130 million metric tons production with average yield of 1.93 metric tons per ha (Anonymous 2024-25). Lots of landraces are grown in Himachal Pradesh which includes Jattoo, Matali, Laldhan, Deval, Chohartu and Sukaradhan etc. Among them, Himalayan red rice, also known as RED PEARLS of the Himalayas, has created a name for itself in the international market due to its long and thin features. The present study includes some elite germplasm of Himachal Pradesh including red, white and scented rices (Kaushik et al. 2014).

Since nearly half of the world's population depends on rice for their food, increasing rice productivity is one of the important issues. During its domestication and genetic development, in agriculture rice underwent extensive selection. Additionally, modern rice improvement programmes continuously rely on the selection of desirable traits under extremely controlled conditions to achieve an ideotype, which exacerbates the shrinkage of the cultivar gene pool (McCouch et al. 2004). Exploitation of local landraces and germplasm which are reservoirs of diverse genes, can overcome this limitation. Landraces are traditionally cultivated, have been developed over generations with special features over wild relatives and serve as a treasure trove of useful genes. They have played a very important role in the local food security and sustainable development of agriculture (Shengxiang et al. 2002). To offer information for plant breeding programmes, agro-morphological characterization of germplasm is essential (Lin 1991). Characterization should eventually result in a method of gathering and keeping important information that can be quickly recalled, shared with others and used to design breeding programmes.
Grain yield is a critical characteristic in breeding programs, but its complexity arises from its interactions with various traits. Therefore, it becomes crucial to comprehend the relationship between different traits and grain yield. Correlation studies are valuable tools for assessing the relationship and level of association between two variables. They have multiple applications, including indirect selection in breeding programs and gaining insights into how improvements in one trait, such as yield component, can affect other traits simultaneously. Path analysis is a powerful tool in plant breeding, providing a systematic framework to unravel the complex relationships between traits and identify the key factors influencing their expression (Wright 1921; Dewey and Lu 1959). By enabling breeders to understand the genetic and environmental pathways that shape trait variation, path analysis assists in the development of improved plant varieties that meet the demands of modern agriculture and contribute to sustainable food production. If selection is made to improve the specific trait under study, correlation and path provides the strong platform. The application of these methods in rice improvement helps in developing efficient selection indices, which guide breeders in choosing the most promising genotypes. 

2. MATERIAL AND METHODS
2.1 Experimental site
The present investigation was carried out during Kharif 2022 at the experimental farm of Rice and Wheat Research Center, Malan. Geographically, the farm is located at 3201'N latitude and 76020'E longitude, 5 km from the well-known Chamunda Temple, in the lap of the majestic Dhauladhar range of the North Western Himalayas representing the mid-hill zone (Zone-II) of Himachal Pradesh. It is 950 metres above mean sea level, had a humid sub-temperate climate with high rainfall (2500 mm per annum). Agro-climatically, research station falls under the sub temperate humid zone of Himachal Pradesh which was characterized by mild summers and cool winters. During crop growing season (June, 2021 to October, 2021), the weekly minimum and maximum temperature ranged between 32.4ºC and 18ºC, respectively. The mean weekly meteorological observations of the season recorded at meteorological observatory of RWRC, Malan, CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur. 
2.2 Experimental details
The experimental material for the present study comprised of 40 elite rice genotypes which included red rice, white rice and aromatic rice also along with three checks HPR-2880, Kasturi and HPR-2720. These genotypes and checks were assessed for ten different quantitative traits in Randomized Complete Block Design (RBD) with three replications during Kharif, 2022. Nursery bed was prepared by raising soil up to 5-10 cm from the field surfaces. Nurseries were raised by taking seed in three rows for each accession. Twenty-seven days old seedling was subsequently transplanted in to the field in Randomized Block Design. Each entry was raised in plot size of 4m × 0.4m with row to row and plant to plant spacing of 20 cm and 15 cm, respectively (having 2 rows per genotype) in 3 replications. Gap filling was done within a week in order to maintain uniform plant population. The NPK fertilizer was applied @ 90:40:40 kg per ha, respectively, with full dose of P and K and 1 per 3rd of N at the time of last weeding, 1 per 3rd of N at 30 days after transplanting and remaining at 45 days after transplanting. The standard agronomic practices were adopted for normal crop growth. 
2.3 Observations recorded
Observations were recorded on the basis of five randomly selected plants for each genotype in each replication for eight quantitative traits viz., plant height (cm), panicle length (cm), total tillers per plant, spikelets per panicle, grains per panicle, 1000-grain weight (g), grain yield per plant (g) and grain yield per plot (g). The data from the selected five plants was used to calculate the average. For phenological traits viz., days to 50% flowering and days to 75% maturity data was recorded on the plot basis.
2.4 Statistical analysis
For computing phenotypic, genotypic and environmental correlation coefficients, analysis of co-variance was carried out in all possible pairs of combinations of the characters following Al-Jibouri et al. (1958) and Dewey and Lu (1959). Path coefficient is a standardized partial regression coefficient, which permits the partitioning of the correlation coefficients into direct and indirect effects. The genotypic correlation coefficients and phenotypic correlation coefficients were used in finding out their direct and indirect contribution towards yield per plant as proposed by Wright (1921). The path coefficient analysis of important component quality traits with grain yield was carried out by following Dewey and Lu (1959).
3. RESULTS AND DISCUSSION

3.1 Correlation Coefficient Analysis

Correlation studies are valuable tools for assessing the relationship and level of association between two variables. They have multiple applications, including indirect selection in breeding programs and gaining insights into how improvements in one trait, such as yield component, can affect other traits simultaneously. Grain yield is a critical characteristic in breeding programs, but its complexity arises from its interactions with various traits. Therefore, it becomes crucial to comprehend the relationship between different traits and grain yield. Utilizing simple correlation studies can be beneficial in identifying the indirect impact of various traits on grain yield. Seed yield is within great influence of environmental conditions and has complex mode of inheritance with low heritability (Bocanski et al. 2010). On the contrary most of the yield components are less complex and because of this by using some other trait which is highly correlated with seed yield and has higher heritability, should make the selection of the best progenies more reliable (Vasic et al. 2001; Bekavac et al. 2007; 2008).
The expression of a plant's characteristics, known as its phenotype, is influenced by numerous factors that interact with each other. Consequently, the overall yield is determined by the combined effects of multiple component factors. It is therefore crucial to understand the magnitude and nature of the interrelationships between seed yield and its contributing traits, as well as the relationships among the traits themselves. This knowledge enables the identification of traits that can enhance the effectiveness of both direct and indirect selection methods for improving yield. In this study, the estimation of both genotypic and phenotypic correlation coefficients among yield and its components was conducted and the results are presented in Table 1.

Perusal of result revealed that grain yield per plant had a positive and significant correlation with spikelets per panicle and grains per panicle at both genotypic and phenotypic levels. While days to 50% flowering was significantly but negatively correlated with grain yield per plant. Grains per panicle was found to be positively and significantly correlated with panicle length and spikelet per panicle but negatively correlated with total tillers per plant at both genotypic as well as phenotypic level. Thousand grain weight was significant but negatively correlated with spikelet per panicles and grains per panicle at both genotypic and phenotypic level, while it was significantly but negatively correlated with panicle length at genotypic level only. Spikelets per panicle was significantly but negatively correlated with panicle length at both genotypic as well as phenotypic level and significantly but negatively correlated with total tillers per plant at both genotypic as well as phenotypic level. Total tillers per plant was significantly but negatively correlated plant height and panicle length at both genotypic and phenotypic levels. On the other hand, panicle length was positively and significantly correlated with days to 50% flowering and plant height at both genotypic and phenotypic level. Plant height was significantly but negatively correlated with days to 50% flowering and days to 75% maturity at both genotypic and phenotypic level. While days to 75% maturity was positively and significantly correlated with days to 50% flowering at both genotypic and phenotypic level. 
Similar observation of positive correlation between spikelets per panicle and grain yield per plant were reported by Puren (2017). Sinha and Mishra (2013) also reported high correlation between days to 50% flowering and days to 75% maturity. Faysal et al. (2022) reported similar findings for grain yield per plant and grains per panicle. The result of panicle length exhibited positive and significant correlations with days to 50% flowering and plant height, are supported by the findings of Chowdhury et al. (2023). Lakshmi et al. (2014) and Belete et al. (2022) also reported significant and negative correlation between 1000- grain weight and grains per panicle. Augustina et al. (2013) also reported similar findings for grain yield and days to 50% flowering that is their significant but negatively correlation with each other, for grains per panicle which was significant but negatively correlated with total tillers per plant and grain yield per plant which was found positively and significant correlated with grains per panicle.

Table 1: Genotypic and Phenotypic correlation coefficients among yield and yield related traits  

	
	
	Days to 75% maturity
	Plant height
	Panicle length
	Total tillers/ plant
	Spikelets/ panicle
	Grains per/ panicle
	1000-grain weigth
	Grain yield/ plant

	Days to 50% flowering
	(P)
	0.916*
	-0.293*
	0.192*
	-0.023
	-0.053
	-0.027
	-0.176
	-0.234*

	
	(G)
	0.932*
	-0.331*
	0.264*
	-0.026
	-0.045
	-0.015
	-0.172
	-0.275*

	Days to 75% maturity
	(P)
	
	-0.186*
	0.111
	-0.041
	-0.076
	-0.057
	-0.102
	-0.117

	
	(G)
	
	-0.214*
	0.171
	-0.042
	-0.069
	-0.044
	-0.101
	-0.136

	Plant height
	(P)
	
	
	0.412*
	-0.245*
	0.134
	0.132
	-0.046
	0.124

	
	(G)
	
	
	0.428*
	-0.312*
	0.171
	0.157
	-0.045
	0.152

	Panicle length
	(P)
	
	
	
	-0.237*
	0.193*
	0.219*
	-0.153
	0.097

	
	(G)
	
	
	
	-0.291*
	0.235*
	0.225*
	-0.183*
	0.095

	Total tillers/ plant
	(P)
	
	
	
	
	-0.292*
	-0.297*
	0.125
	0.005

	
	(G)
	
	
	
	
	-0.353*
	-0.334*
	0.125
	0.009

	Spikelets/ panicle
	(P)
	
	
	
	
	
	0.970*
	-0.372*
	0.242*

	
	(G)
	
	
	
	
	
	1.000*
	-0.444*
	0.245*

	Grains/ panicle
	(P)
	
	
	
	
	
	
	-0.412*
	0.226*

	
	(G)
	
	
	
	
	
	
	-0.458*
	0.209*

	1000-grain weigth
	(P)
	
	
	
	
	
	
	
	0.033

	
	(G)
	
	
	
	
	
	
	
	0.042


*Significance at P≤0.05

3.2 Path Coefficient Analysis 
Path analysis is a powerful tool in plant breeding, providing a systematic framework to unravel the complex relationships between traits and identify the key factors influencing their expression. By enabling breeders to understand the genetic and environmental pathways that shape trait variation, path analysis assists in the development of improved plant varieties that meet the demands of modern agriculture and contribute to sustainable food production. The correlation coefficients are quite helpful in determining the components of a complex trait like seed yield but an exact picture of the relative importance of direct and indirect influence of each component trait is provided by path coefficient (Wright 1921; Dewey and Lu 1959).  Path coefficient plays an important role in partitioning the correlations into direct and indirect effects of a specific causal factor. Path coefficient analysis provides better means for selection by resolving the correlation coefficient of yield and its components into direct and indirect effects. The present investigation was therefore, aimed to estimate the direct and indirect effects of different traits on seed yield per plant and the values are presented in Table 2.
3..2.1 Direct and Indirect Effects of Component traits on grain yield 
Grain yield is considered as the artefact of all the contributory traits (days to 50% flowering, days to 75% maturity, plant height, panicle length, total tillers per plant, spikelets per panicle, grains per panicle and 1000-grain weight), and the correlation coefficient of these contributory factors with final yield are partitioned into direct and indirect effects. These allow the separation of direct and indirect effect through other traits by allotting the correlations for better interpretation of cause and effect relationship.

The investigation aimed to estimate the direct and indirect effects of various traits on seed yield per plant (Table 2). The study revealed significant contributions to the variability in grain yield per plant by the traits under study, with residual effects of 0.00777 and 0.00080 at both the phenotypic and genotypic levels, respectively. At phenotypic level, days to 75% maturity had the highest positive direct effect on grain yield per plant followed by spikelets per panicle, panicle length, total tillers per plant, 1000-grain weight and grains per panicle. However, plant height and days to 50% flowering showed negative direct effect on grain yield per plant. At genotypic level, grains per panicle, days to 75% maturity, panicle length and 1000-grain weight showed positive direct effect toward grain yield per plant. While total tillers per plant, plant height, days to 50% flowering and spikelets per panicle had negative direct effect on grain yield per plant. 
The positive correlation of spiklets per panicle with grain yield per plant was due to its high direct effect at phenotypic level while at genotypic level it was indirectly related by grains per panicle followed by panicle length and days to 50% flowering. Whereas the correlation of grains per panicle with grain yield per plant was due to direct effect at genotypic level. The result of indirect effect by spikelet per panicle at phenotypic level were recorded. The siginificant negative correlation of days to 50 % flowering can be attributed to the high negative direct effect of the trait on grain yield.

Table 2: Estimation of genotypic and phenotypic path coefficients among yield and yield related traits
	
	
	DFF
	DFM
	PH
	PL
	TTPP
	SPP
	GPP
	1000-gw
	GYPPL

	DFF
	(P)
	-0.520
	0.745
	0.040
	0.047
	-0.003
	-0.014
	-0.520
	-0.009
	-0.234*

	
	(G)
	-2.846
	1.880
	0.208
	0.216
	0.002
	0.433
	-0.148
	-0.020
	-0.275**

	DFM
	(P)
	-0.952
	0.813
	0.026
	0.027
	-0.005
	-0.020
	-0.001
	-0.005
	-0.117

	
	(G)
	-2.654
	2.016
	0.134
	0.140
	0.003
	0.668
	-0.432
	-0.012
	-0.136

	PH
	(P)
	0.305
	-0.151
	-0.137
	0.101
	-0.028
	0.035
	0.002
	-0.002
	0.124

	
	(G)
	0.941
	-0.431
	-0.629
	0.351
	0.020
	-1.641
	1.547
	-0.005
	0.152

	PL
	(P)
	-0.200
	0.090
	-0.056
	0.244
	-0.027
	0.050
	0.003
	-0.008
	0.097

	
	(G)
	-0.751
	0.345
	-0.270
	0.819
	0.019
	-2.260
	2.214
	-0.021
	0.095

	TTPP
	(P)
	0.024
	-0.034
	0.034
	-0.058
	0.112
	-0.076
	-0.004
	0.007
	0.005

	
	(G)
	0.073
	-0.084
	0.196
	-0.238
	-0.066
	3.398
	-3.284
	0.014
	0.009

	SPP
	(P)
	0.055
	-0.062
	-0.062
	0.047
	-0.033
	0.305
	0.012
	-0.020
	0.242**

	
	(G)
	0.128
	-0.140
	-0.107
	0.192
	0.023
	-3.625
	3.825
	-0.051
	0.245**

	GPP
	(P)
	0.028
	-0.046
	-0.018
	0.054
	-0.033
	0.253
	0.012
	-0.022
	0.226*

	
	(G)
	0.043
	-0.089
	-0.099
	0.185
	0.022
	-3.625
	3.825
	-0.053
	0.209*

	1000-gw
	(P)
	0.183
	-0.083
	0.006
	-0.037
	0.014
	-0.097
	-0.005
	0.053
	0.033

	
	(G)
	0.491
	-0.204
	0.028
	-0.150
	-0.008
	4.275
	-4.104
	0.115
	0.042


Residual effects of 0.00777 and 0.00080 at both the phenotypic and genotypic levels.
Note - days to 50% flowering (DFF), days to 75% maturity (DSM), plant height (PH), panicle length (PL), total tillers per plant (TTPL), spikelet per panicle (SPP), 1000-grain weight (1000-gw) grains per panicle (GPP), grain yield per plant (GYPP

Results of present investigation supported by the findings of Aditya and Bhartiya (2013) where, the positive impact of days to 75 % maturity, plant height, tillers per plant, 1000 grain weight on grain yield was observed. Sarker (2020) also reported similar findings for plant height, panicle length, grains per panicle and days to 50% flowering. Faysal et al. (2022) who reported similar results for plant height, grains per panicle and 1000- grain weight. The finding of Goud et al. (2022) was in agreement with present study for days to 50% flowering, total number of tillers and panicle length. Dhurai et al. (2016) also observed positive direct effect of panicle length on grain yield of rice genotypes.

4. CONCLUSION 

In the present study with elite rice genotypes (Oryza sativa L.), grain yield was found positively and significantly correlated with spikelets per panicle and grains per panicle, which means selection through these traits would be effective. Path studies revealed that positive correlation of spiklets per panicle with grain yield per plant was due to its high direct effect at phenotypic level while at genotypic level it was indirect by grains per panicle followed by panicle length and days to 50% flowering. Whereas the correlation of grains per panicle with grain yield per plant was due to direct effect at genotypic level the result of indirect effect by spikelet per panicle at phenotypic level. These traits will be further helpful in varietal development in rice.
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