



Genotypic and Phenotypic connotation among Yield Components in Red Rice (Oryza sativa L.) Genotypes of Himachal Pradesh

ABSTRACT

The study was conducted at the experimental farm of Rice and Wheat Research Centre, Malan during Kharif, 2021. Experimental material consist of 43 germplasm lines of red rice (Oryza sativa L.) sourced from various districts of Himachal Pradesh. Significant genotypic differences were existed among the genotypes. Correlation coefficients were computed for grain yield per plant (g), days to 50% flowering and days to 75% maturity, plant height (cm), flag leaf length (cm), flag leaf width (cm), total tillers per plant, effective tillers per plant, spikelets per panicle, 1000-seed weight (g), grain length [L] (mm), grain breadth [B] (mm), L:B ratio, biological yield per plant (g) and harvest index (%). The results revealed that grain yield per plant was positively and significantly correlated with days to 50 per cent flowering, days to 75 per cent maturity, plant height, flag leaf length, total tillers per plant, effective tillers per plant, spikelet per panicle, 1000 grain weight, grain length, L:B ratio, biological yield per plant and harvest index at phenotypic level as well as at genotypic level indicating that selection through these traits would be effective. At phenotypic level, biological yield per plant had the highest positive direct effect on grain yield per plant followed by harvest index, flag leaf length, spikelet per panicle, days to 50 per cent flowering, total tillers per plant, 1000 grain weight, grain breadth, plant height and L:B ratio. Thus they can be considered for direct selection for high grain yield.
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1. INTRODUCTION

Rice (Oryza sativa L.), belonging to the Poaceae family, is one of the world’s most important staple crops, grown in 115 countries and feeding over half of the global population. India has the largest area under rice cultivation and ranks second in production after China. Due to its adaptability, rice is grown across a wide range of geographical and climatic regions (Yadav et al. 2013). It is primarily grown in tropical and subtropical regions with ample water supply and warm temperatures. Asia’s cultivated rice likely originated in South and Southeast Asia, with India being a center of rich rice diversity, including wild progenitors (Singh et al. 2001). According to USDA (2024-25), rice is grown on 168 million ha globally, producing 533.8 million metric tons with a productivity of 4.63 t/ha. In India, the area is 51.42 million ha, with a production of 225 million metric tons and 4.37 t/ha productivity (Anonymous 2024-25). 

Red rice is a variety of rice that gets its distinctive reddish-brown colour from a pigment called anthocyanin found in the bran layer. Red rice is highly nutritious and offers several health benefits. It is rich in essential minerals such as iron, zinc, and magnesium, along with vitamin B6, which contribute to overall metabolic and immune health. Its high fibre content aids in digestion and promotes a healthy gut. Red rice also contains powerful antioxidants, particularly anthocyanins, which help reduce inflammation and protect the body from oxidative stress. Regular consumption of red rice is known to support heart health, regulate cholesterol levels, and assist in weight management, making it a valuable addition to a balanced diet. It is often consumed in its unpolished or partially polished form, which retains most of its nutrients. Red rice is traditionally grown and consumed in Southeast Asia, Bhutan, China, Sri Lanka, and some parts of Africa and Europe. In many countries, red rice is valued for its health benefits- it has a low glycemic index and helps manage cholesterol, digestion, and blood sugar. Demand for red rice is increasing in health-conscious global markets as an organic and superfood option. In some regions, red rice also has cultural and ritual significance. India is home to a variety of indigenous red rice types, many of which are linked to traditional farming and local food cultures.

Himachal Pradesh, with its varied agro-climatic conditions, supports the cultivation of traditional and aromatic red rice varieties, especially in low-lying valleys and mid-hill areas. Districts like Kangra, Mandi, and Una are known for red rice cultivation. Local red rice varieties are grown using traditional farming methods, often without synthetic fertilizers or pesticides. Red rice from Himachal is known for its taste, aroma, and nutritional value. It is often sold in local markets, and there's growing interest in promoting it as an organic niche product. Plays a role in local food security and biodiversity conservation.

Despite its nutritional superiority and cultural value, red rice suffers from low productivity, longer maturity duration, and poor market linkage, which restrict its large-scale cultivation and commercial viability. To address these challenges, genetic improvement of red rice varieties is crucial. This improvement must focus on enhancing yield, agronomic performance, and nutritional traits simultaneously. However, yield is a complex quantitative trait, influenced by a combination of multiple morphological and physiological characteristics. To dissect these complex relationships, correlation and path coefficient analysis serve as powerful statistical tools in plant breeding programs.

Correlation analysis helps determine the degree and direction of association between grain yield and its contributing traits such as plant height, tiller number, panicle length, grain number per panicle, and 1000-grain weight. A significant positive correlation suggests that selecting for a particular trait will likely improve yield. Seed yield is within great influence of environmental conditions, has complex mode of inheritance and 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). Study of yield components and their inter-relationship along with yield and their direct and indirect contributions towards yield is of immense importance. The phenotype of a plant is the result of interaction of a large number of factors. Hence, the final yield is the sum total of effects of several component factors. Therefore, it is important to know the extent and nature of inter-relationship between seed yield and its contributing traits and also among themselves, to identify traits for increasing the efficiency of both direct and indirect selection for yield improvement.
Path coefficient analysis, an extension of correlation analysis, further breaks down the correlation into direct and indirect effects (Wright 1921; Dewey and Lu 1959), helping identify the most influential traits that directly contribute to yield. When a dependent character like yield is to be improved, which is governed by many independent traits through direct or indirect effects of other traits, then sometimes even character showing significant correlation with the yield may not be considered for improvement as its correlation with yield may be due to the indirect effects of this trait through other traits. Thus, it is always more appropriate to split the correlation value into direct and indirect effects through path coefficient analysis. Path coefficient analysis provides better means for selection by resolving the correlation coefficient of yield and its components into direct and indirect effects.

The application of these methods in red rice improvement helps in developing efficient selection indices, which guide breeders in choosing the most promising genotypes. This becomes essential in breeding programs aiming to combine high yield potential with desirable grain quality and nutritional attributes. Hence, red rice holds immense potential as a nutrient-rich and climate-resilient crop, but its broader adoption requires focused breeding interventions. Employing correlation and path analysis enables a data-driven approach to identify key traits for improvement, thus facilitating the development of high-yielding, nutritionally superior red rice varieties suited to diverse agro-ecological zones.

2. MATERIAL AND METHODS

2.1 Experimental site
The present investigation was carried out at the experimental farm of Rice and Wheat Research Center, Malan during the Kharif 2021. The farm is situated in the mid-hill zone (Zone-II) of Himachal Pradesh, 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. The area had a humid sub-temperate climate with high rainfall (2500 mm/annum). It is 950 metres above mean sea level here. 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 39 red rice and 2 white rice genotypes along with two checks namely HPR-2720 and HPR-2795 sourced from various districts of Himachal Pradesh. These genotypes and checks were assessed for 15 different agro-morphological characters which include twelve quantitative and 6 quality traits in Randomized Complete Block Design during Kharif, 2021. 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/ha, respectively, with full dose of P and K and 1/3rd of N at the time of last weeding, 1/3rd 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 ten quantitative traits viz., plant height (cm), flag leaf length (cm), flag leaf width (cm), total tillers per plant, effective tillers per plant, spikelets per panicle, 1000-seed weight (g), biological yield per plant (g), harvest index (%) and grain yield per plant (g). For three qualitative traits viz., grain length [L] (mm), grain breadth [B] (mm) and L:B ratio observation was recorded on the bases of five de-husked grains of each genotype from the bulk produce of each replication and the data was tabulated. 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 grain 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 among different traits is generally due to the presence of linkage and pleotropic effect of different genes. Environment plays an important role in the development of phenotypic correlation (Ali et al., 2009). In some cases, environment affects both the traits simultaneously in same direction or some time in different directions. Phenotypic correlation is the net result of genetic and environmental correlation. The dual nature of phenotypic correlation makes it clear that the magnitude of genetic correlation cannot be determined from phenotypic correlation. In this study, the estimates of phenotypic correlation coefficient as well as genotypic correlation coefficient were computed for different yield and its component traits to determine the traits on which selection can be emphasized (Table 1 and Table 2). The magnitude of genotypic correlation was more than the phenotypic ones depicting strong inherent relationship between the traits. The grain yield per plant positively and significantly correlated with days to 50 per cent flowering, days to 75 per cent maturity, plant height, flag leaf length, total tillers per plant, effective tillers per plant, spikelet per panicle, 1000 grain weight, grain length, L:B ratio, biological yield per plant and harvest index at phenotypic level as well as at genotypic level indicating that selection through these traits would be effective.

Days to 50 per cent flowering showed significant and positive correlation with plant height at genotypic level only while it was significant and positively correlated with days to 75 per cent maturity, flag leaf length, L:B ratio and biological yield per plant at both phenotypic as well as genotypic levels. On the other hand, it was recorded to be significantly and negatively correlated with grain breadth at both phenotypic as well as genotypic levels. Days to 75 per cent maturity exhibited significant and positive correlation with flag leaf length, grain length, L:B ratio and biological yield per plant at both phenotypic as well as genotypic levels. It was significantly and positively correlated with plant height and total tillers per plant while, significantly but negatively correlated with grain breadth at genotypic level only. Significant positive association was observed for plant height with harvest index at genotypic level only, while it was significant and positively associated with flag leaf length, flag leaf width, grain length, L:B ratio, biological yield per plant at both phenotypic as well as genotypic levels. Flag leaf length showed significant and positive correlation with 1000 grain weight and L:B ratio at genotypic level only, while it showed significant and positive correlation with total tillers per plant, effective tillers per plant, grain length, biological yield per plant and harvest index at both phenotypic and genotypic levels. Flag leaf width exhibited significant and negative correlation with biological yield per plant at genotypic level only, while   significant and negative correlation with total tillers per plant, effective tillers per plant and grain breadth at both phenotypic and genotypic levels.

Total tillers per plant was significant and positively correlated with effective tillers per plant, grain length, L:B ratio, biological yield per plant and harvest index at both phenotypic as well as genotypic levels. Similarly, effective tillers per plant showed significant and positive correlation with spikelets per panicle, grain length, L:B ratio, biological yield per plant and harvest index at both phenotypic as well as genotypic levels. Spikelets per panicle was significant and positively correlated with 1000 grain weight, grain length and harvest index at both phenotypic as well as genotypic levels. Thousand grain weight exhibited significant and positive correlation with grain length and harvest index at both phenotypic as well as genotypic levels. Significant positive association was observed for grain length with L:B ratio, biological yield per plant and harvest index at both phenotypic as well as genotypic levels. Significant negative association was observed for grain breadth with L:B ratio at phenotypic level and biological yield per plant at genotypic level. L:B ratio showed significant positive association with harvest index and biological yield per plant. Biological yield per plant in turn showed significant positive association with harvest index. 

	TABLE 1: Estimates of phenotypic correlation coefficients among various yield, yield components and grain quality traits in rice genotypes

	
	Days to 75% maturity
	Plant height
	Flag leaf length
	Flag leaf width
	Total tillers per plant
	Effective tillers per plant
	Spikelet per panicle
	1000 grain weight
	Grain length
	Grain breadth
	L:B ratio
	Biological yield per plant
	Harvest index
	Grain yield per plant

	Days to 50% flowering
	0.799*
	0.158 
	0.292*
	-0.049 
	0.035 
	0.017 
	-0.011 
	-0.078 
	0.086 
	-0.268 *
	0.203*
	0.357 *
	0.030 
	0.276 *

	Days to 75% maturity
	
	0.116 
	0.300*
	-0.008 
	0.159 
	0.149 
	0.109 
	0.019 
	0.186*
	-0.164 
	0.212*
	0.415 *
	0.136 
	0.370 *

	Plant height
	
	
	0.445 *
	0.224*
	-0.100 
	-0.063 
	-0.030 
	0.124 
	0.220*
	-0.086 
	0.210*
	0.192*
	0.125 
	0.224*

	Flag leaf length
	
	
	
	0.087 
	0.204*
	0.227 *
	0.060 
	0.131 
	0.216*
	-0.068 
	0.153 
	0.340 *
	0.348 *
	0.470 *

	Flag leaf width
	
	
	
	
	-0.293 *
	-0.295 *
	0.100 
	-0.072 
	-0.077 
	-0.174*
	0.066 
	-0.145 
	-0.043 
	-0.114 

	Total tillers per plant
	
	
	
	
	
	0.942 *
	0.144 
	0.040 
	0.566 *
	0.062 
	0.269 *
	0.585 *
	0.494 *
	0.672 *

	Effective tillers per plant
	
	
	
	
	
	
	0.194*
	0.096 
	0.585 *
	0.050 
	0.291 *
	0.563 *
	0.506 *
	0.664 *

	Spikelet per panicle
	
	
	
	
	
	
	
	0.266 *
	0.270 *
	0.023 
	0.159 
	-0.044 
	0.308 *
	0.176*

	1000 grain weight
	
	
	
	
	
	
	
	
	0.253 *
	0.124 
	0.089 
	0.077 
	0.284 *
	0.236 *

	Grain length
	
	
	
	
	
	
	
	
	
	-0.130 
	0.748 *
	0.536 *
	0.554 *
	0.676 *

	Grain breadth
	
	
	
	
	
	
	
	
	
	
	-0.722 *
	-0.154 
	-0.002 
	-0.100 

	L:B ratio
	
	
	
	
	
	
	
	
	
	
	
	0.410 *
	0.324 *
	0.456 *

	Biological yield per plant
	
	
	
	
	
	
	
	
	
	
	
	
	0.247 *
	0.814 *

	Harvest index
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.755 *


*Significance at P≤0.05

	TABLE 2: Estimates of genotypic correlation coefficients among various yield, yield components and grain quality traits in rice genotypes

	
	Days to 75% maturity
	Plant height
	Flag leaf length
	Flag leaf width
	Total tillers per plant
	Effective tillers per plant
	Spikelet per panicle
	1000 grain weight
	Grain length
	Grain breadth
	L:B ratio
	Biological yield per plant
	Harvest index
	Grain yield per plant

	Days to 50% flowering
	0.859*
	0.204*
	0.345*
	-0.084
	0.042
	0.016
	-0.012
	-0.084
	0.084
	-0.285*
	0.212*
	0.438*
	0.030
	0.308*

	Days to 75% maturity
	
	0.215*
	0.363*
	-0.016
	0.180*
	0.170
	0.114
	0.009
	0.210*
	-0.186*
	0.241*
	0.577*
	0.153
	0.447*

	Plant height
	
	
	0.528*
	0.388*
	-0.104
	-0.080
	-0.039
	0.148
	0.249*
	-0.100
	0.243*
	0.223*
	0.264*
	0.298*

	Flag leaf length
	
	
	
	0.035
	0.238*
	0.269*
	0.070
	0.174*
	0.253*
	-0.079
	0.182*
	0.450*
	0.487*
	0.563*

	Flag leaf width
	
	
	
	
	-0.423*
	-0.426*
	0.148
	-0.108
	-0.112
	-0.188*
	0.048
	-0.207*
	0.025
	-0.112

	Total tillers per plant
	
	
	
	
	
	0.984*
	0.152
	0.043
	0.583*
	0.079
	0.270*
	0.697*
	0.599*
	0.713*

	Effective tillers per plant
	
	
	
	
	
	
	0.202*
	0.108
	0.615*
	0.052
	0.312*
	0.703*
	0.655*
	0.747*

	Spikelet per panicle
	
	
	
	
	
	
	
	0.275*
	0.277*
	0.025
	0.164
	-0.039
	0.394*
	0.197*

	1000 grain weight
	
	
	
	
	
	
	
	
	0.269*
	0.120
	0.108
	0.111
	0.373*
	0.269*

	Grain length
	
	
	
	
	
	
	
	
	
	-0.129
	0.755*
	0.626*
	0.658*
	0.705*

	Grain breadth
	
	
	
	
	
	
	
	
	
	
	-0.714*
	-0.176*
	-0.008
	-0.106

	L:B ratio
	
	
	
	
	
	
	
	
	
	
	
	0.477*
	0.390*
	0.478*

	Biological yield per plant
	
	
	
	
	
	
	
	
	
	
	
	
	0.568*
	0.906*

	Harvest index
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.857*


*Significance at P≤0.05

The results are supported by the findings of Aditya and Bhartiya (2013), Jambhulkar and Bose (2014) and Kumar (2015), Alagappan and Bhardwaj (2022). Kishore et al. (2018) also observed positive correlation of grain yield with harvest index, biological yield per plant and plant height, while positive association between grain yield per plant with plant height and grain length was also reported by Archana et al. (2018). Thongbam et al. (2010) and Sinha et al. (2015) reported that grain length was significant and positively correlated with L:B ratio while L:B ratio was negatively correlated with grain breadth. Sinha and Mishra (2013) reported high correlation between days to 50 per cent flowering and days to 75 per cent maturity. Sanghera et al. (2013) reported significantly positive correlation between the number of tillers per plant and grain yield. Ahmad et al. (2015) reported negative association between plant height and the number of tillers per plant. Bagudam et al. (2018) showed positive correlation between days to 50 per cent flowering and grain yield per plant as reported in present study. Positive correlation between spikelets per panicle and grain yield was reported by Puren (2017). 

3.2 Path Coefficient Analysis 
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 which is not provided by such studies as these estimates provide nature and magnitude but not its cause. Path coefficient (Wright 1921; Dewey and Lu 1959) under such circumstances plays an important role in partitioning the correlations into direct and indirect effects of a specific causal factor. Correlation gives only the relation between two variables whereas path analysis allows to separate the direct effect and their indirect effects through other attributes by partitioning the correlations. When a dependent character like yield is to be improved, which is governed by many independent traits through direct or indirect effects of other traits, then sometimes even character showing significant correlation with the yield may not be considered for improvement as its correlation with yield may be due to the indirect effects of this trait through other traits. Thus, it is always more appropriate to split the correlation value into direct and indirect effects through path coefficient analysis. 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 3 and Table 4.

3..2.1 Direct and Indirect Effects of Component traits on grain yield per plant 
Grain yield is considered as the artefact of all the contributory traits (days to 50% flowering, days to 75% maturity, plant height, flag leaf length, flag leaf width, total tillers per plant, effective tillers per plant, spikelets per panicle, 1000-seed weight, grain length, grain breadth, L:B ratio, biological yield per plant and harvest index), 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.

3.2.1.1
Estimates of direct effect

A residual effect of 0.00760 and 0.00149 at both phenotypic as well as genotypic level respectively, showed high contribution towards variability in grain yield per plant by the character chosen for study. At both phenotypic as well as genotypic level 12 traits viz., days to 50 per cent flowering, days to 75 per cent maturity, plant height, flag leaf width, total tillers per plant, effective tillers per plant, spikelets per panicle, 1000 grain weight, grain length, L:B ratio, biological yield per plant and harvest index exhibited significant positive correlation with grain yield per plant. At phenotypic level, biological yield per plant (0.670) had the highest positive direct effect on grain yield per plant followed by harvest index (0.577), flag leaf length (0.038), spikelet per panicle (0.032), days to 50 per cent flowering (0.026), total tillers per plant (0.026), 1000 grain weight (0.014), grain breadth (0.012), plant height (0.009) and L:B ratio (0.009). Thus they can be considered for direct selection for high grain yield. At genotypic level, biological yield per plant (0.695) followed by harvest index (0.486), spikelets per panicle (0.062), flag leaf length (0.039), days to 50 per cent flowering (0.026), grain breadth (0.023), plant height (0.017) and L:B ratio (0.011). Thus they can be considered for direct selection for high grain yield. Similar positive effect on grain yield with harvest index and days to 50 per cent flowering were reported by Kishore et al. (2018). On the other hand, positive direct effect of grain breadth, L:B ratio on grain yield was reported by Archana et al. (2018). Aditya and Bhartiya (2013) observed positive impact of days to 50 per cent flowering, days to 75 per cent maturity, plant height, tillers per plant, flag leaf length, 1000 grain weight and grain length on grain yield.

3.2.1.2
Estimation of indirect effect

The positive and significant correlation of days to 50 per cent flowering, days to 75 per cent maturity and plant height was the result of high indirect effect via biological yield per plant whereas significant positive correlation of flag leaf length, total tillers per plant, effective tillers per plant effect, grain length and L:B ratio was contributed by high indirect effect via biological yield per plan and harvest index. These findings are supported by Aditya and Bhartiya (2013) who observed strongest positive and indirect effects of grain length, L:B ratio and 1000 grain weight on grain yield. Results of Jambhulkar and Bose (2014) and Sinha and Mishra (2013) were also in accordance with the present study. The lower residual effect (0.00760 and 0.00149) at phenotypic as well as genotypic levels revealed that the characters chosen in path analysis were adequate and appropriate and indicated that most of the variation found in dependent trait was well explained by the contributing traits. Based on path analysis, it was concluded that biological yield per plant and harvest index were observed as best selection indices because of their high direct contribution towards grain yield per plant.
	TABLE 3: Estimates of direct and indirect effects on grain yield at phenotypic level for different traits

	Traits
	Days to 50% flowering
	Days to 75% maturity
	Plant height
	Flag leaf length
	Flag leaf width
	Total tillers per plant
	Effective tillers per plant
	Spikelet per panicle
	1000 grain weight
	Grain length
	Grain breadth
	L:B ratio
	Biological yield per plant
	Harvest index
	Grain yield per plant

	Days to 50% flowering
	0.026
	-0.015
	0.001
	0.011
	0.000
	0.001
	-0.001
	0.000
	-0.001
	-0.002
	-0.003
	0.002
	0.239
	0.017
	0.276*

	Days to 75% maturity
	0.021
	-0.019
	0.001
	0.012
	0.000
	0.004
	-0.005
	0.004
	0.000
	-0.005
	-0.002
	0.002
	0.278
	0.078
	0.370*

	Plant height
	0.004
	-0.002
	0.009
	0.017
	0.000
	-0.003
	0.002
	-0.001
	0.002
	-0.005
	-0.001
	0.002
	0.128
	0.072
	0.224*

	Flag leaf length
	0.008
	-0.006
	0.004
	0.038
	0.000
	0.005
	-0.007
	0.002
	0.002
	-0.005
	-0.001
	0.001
	0.228
	0.201
	0.470*

	Flag leaf width
	-0.001
	0.000
	0.002
	0.003
	-0.001
	-0.008
	0.009
	0.003
	-0.001
	0.002
	-0.002
	0.001
	-0.097
	-0.025
	-0.114

	Total tillers per plant
	0.001
	-0.003
	-0.001
	0.008
	0.000
	0.026
	-0.030
	0.005
	0.001
	-0.014
	0.001
	0.003
	0.392
	0.285
	0.672*

	Effective tillers per plant
	0.000
	-0.003
	-0.001
	0.009
	0.000
	0.024
	-0.032
	0.006
	0.001
	-0.015
	0.001
	0.003
	0.377
	0.292
	0.664*

	Spikelet per panicle
	0.000
	-0.002
	0.000
	0.002
	0.000
	0.004
	-0.006
	0.032
	0.004
	-0.007
	0.000
	0.002
	-0.029
	0.178
	0.176*

	1000 grain weight
	-0.002
	0.000
	0.001
	0.005
	0.000
	0.001
	-0.003
	0.009
	0.014
	-0.006
	0.002
	0.001
	0.052
	0.164
	0.236*

	Grain length
	0.002
	-0.004
	0.002
	0.008
	0.000
	0.015
	-0.019
	0.009
	0.003
	-0.025
	-0.002
	0.007
	0.359
	0.320
	0.676*

	Grain breadth
	-0.007
	0.003
	-0.001
	-0.003
	0.000
	0.002
	-0.002
	0.001
	0.002
	0.003
	0.012
	-0.007
	-0.103
	-0.001
	-0.100

	L:B ratio
	0.005
	-0.004
	0.002
	0.006
	0.000
	0.007
	-0.009
	0.005
	0.001
	-0.019
	-0.009
	0.009
	0.275
	0.187
	0.456*

	Biological yield per plant
	0.009
	-0.008
	0.002
	0.013
	0.000
	0.015
	-0.018
	-0.001
	0.001
	-0.013
	-0.002
	0.004
	0.670
	0.142
	0.814*

	Harvest index
	0.001
	-0.003
	0.001
	0.013
	0.000
	0.013
	-0.016
	0.010
	0.004
	-0.014
	0.000
	0.003
	0.165
	0.577
	0.755*


RESIDUAL EFFECT: 0.00760

*Significance at P≤0.05

	TABLE 4: Estimates of direct and indirect effects on grain yield at genotypic level for different traits

	Traits
	Days to 50% flowering
	Days to 75% maturity
	Plant height
	Flag leaf length
	Flag leaf width
	Total tillers per plant
	Effective tillers per plant
	Spikelet per panicle
	1000 grain weight
	Grain length
	Grain breadth
	L:B ratio
	Biological yield per plant
	Harvest index
	Grain yield per plant

	Days to 50% flowering
	0.026
	-0.047
	0.003
	0.013
	0.002
	-0.001
	-0.001
	-0.001
	0.000
	-0.004
	-0.006
	0.002
	0.305
	0.015
	0.308*

	Days to 75% maturity
	0.023
	-0.055
	0.004
	0.014
	0.000
	-0.005
	-0.006
	0.007
	0.000
	-0.009
	-0.004
	0.003
	0.401
	0.074
	0.447*

	Plant height
	0.005
	-0.012
	0.017
	0.020
	-0.009
	0.003
	0.003
	-0.002
	-0.001
	-0.011
	-0.002
	0.003
	0.155
	0.128
	0.298*

	Flag leaf length
	0.009
	-0.020
	0.009
	0.039
	-0.001
	-0.007
	-0.009
	0.004
	-0.001
	-0.011
	-0.002
	0.002
	0.313
	0.237
	0.563*

	Flag leaf width
	-0.002
	0.001
	0.007
	0.001
	-0.023
	0.012
	0.014
	0.009
	0.000
	0.005
	-0.004
	0.001
	-0.144
	0.012
	-0.112

	Total tillers per plant
	0.001
	-0.010
	-0.002
	0.009
	0.010
	-0.028
	-0.032
	0.009
	0.000
	-0.025
	0.002
	0.003
	0.484
	0.291
	0.713*

	Effective tillers per plant
	0.000
	-0.009
	-0.001
	0.010
	0.010
	-0.028
	-0.032
	0.013
	0.000
	-0.026
	0.001
	0.003
	0.489
	0.318
	0.747*

	Spikelet per panicle
	0.000
	-0.006
	-0.001
	0.003
	-0.003
	-0.004
	-0.007
	0.062
	-0.001
	-0.012
	0.001
	0.002
	-0.027
	0.191
	0.197*

	1000 grain weight
	-0.002
	0.000
	0.003
	0.007
	0.003
	-0.001
	-0.004
	0.017
	-0.004
	-0.011
	0.003
	0.001
	0.077
	0.181
	0.269*

	Grain length
	0.002
	-0.012
	0.004
	0.010
	0.003
	-0.016
	-0.020
	0.017
	-0.001
	-0.042
	-0.003
	0.008
	0.435
	0.320
	0.705*

	Grain breadth
	-0.008
	0.010
	-0.002
	-0.003
	0.004
	-0.002
	-0.002
	0.002
	0.000
	0.005
	0.023
	-0.008
	-0.122
	-0.004
	-0.106

	L:B ratio
	0.006
	-0.013
	0.004
	0.007
	-0.001
	-0.008
	-0.010
	0.010
	0.000
	-0.032
	-0.016
	0.011
	0.332
	0.189
	0.478*

	Biological yield per plant
	0.012
	-0.032
	0.004
	0.017
	0.005
	-0.020
	-0.023
	-0.002
	0.000
	-0.027
	-0.004
	0.005
	0.695
	0.276
	0.906*

	Harvest index
	0.001
	-0.008
	0.005
	0.019
	-0.001
	-0.017
	-0.021
	0.024
	-0.001
	-0.028
	0.000
	0.004
	0.395
	0.486
	0.857*


RESIDUAL EFFECT: 0.00149

*Significance at P≤0.05

4. CONCLUSION 

In the present study with red rice (Oryza sativa L.), the significant positive correlation of grain yield per plant with days to 50 per cent flowering, days to 75 per cent maturity, plant height, flag leaf length, total tillers per plant, effective tillers per plant, spikelets per panicle, 1000 grain weight, grain length, L:B ratio, biological yield per plant and harvest index implying that selection for improvement of red rice genotypes for higher yield through these traits would be effective. Path studies revealed that biological yield per plant had the highest positive effect on grain yield per plant followed by harvest index, flag leaf length, spikelet per panicle, days to 50 per cent flowering and total tillers per plant revealing these are the important traits for direct selection for yield. These characters will be helpful in varietal development in red rice.
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