Original Research Article
Definition of selection criterion in a subset of 3k panel of rice using correlation and path coefficient analysis.
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Abstract 

	Aims: Examining the genetic variability and the relationships between yield and its contributing traits in rice genotypes can enhance the potential for identifying superior lines capable of meeting the growing need for higher grain production and nutritional value. This study focused on assessing the correlation and path coefficients among rice germplasm lines to identify effective selection indicators that could support the development of high-yielding varieties.
Study design:  The subset of 3k Panel was evaluated in augmented design with ten blocks.
Place and Duration of Study: The experiment was conducted during late Rabi-2021 at AICRP on Sunflower, ZARS, University of Agricultural Sciences, GKVK, Bangalore. 
Methodology: A total of 200 rice germplasm lines belong to 3K RGP along with five checks (Swarna sub-1, Sahyadri Jalamukthi, Jyothi and Sahyadri Jyothi) were evaluated for ten yield and yield related traits at ZAHRS Shivamogga, Karnataka, during summer 2024 and AHRS Kathalagere, Davanagere, Karnataka during Kharif 2024. The matrix of phenotypic correlations was estimated and analyzed into direct and indirect effects through path coefficient analysis.
Results: Single plant yield was positively associated with number of productive tillers (r = 0.57***), number of tillers per plant (r = 0.57***), thousand grain weight ((r = 0.47**), number of spikelets per plant (r = –0.42***), spikelet fertility (r = –0.42***) and panicle length (r = 0.33***). A significant negative correlation was observed between single plant yield and plant height (r = -0.22**). Path coefficient analysis revealed that strong positive direct effect on single plant yield by number of tillers (0.51), panicle length (0.247), thousand grain weight (0.239) and spikelet fertility (0.155).
Conclusion: Overall, these findings indicate that the positively significant association of the traits with yield, and their direct and indirect effects helps in making selection criterion to be used for selection of superior germplasm lines for further crop improvement.
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1. INTRODUCTION 
Rice (Oryza sativa L.) is a major starchy cereal and an essential part of the human diet, especially in Asia. It provides the primary source of nourishment for nearly half of the global population, supplying about 40–80% of daily calories in many Asian nations, where it is typically eaten in 2–3 meals each day. In addition to its dietary significance, rice also serves as an important means of livelihood for millions of small and marginal farmers. Historical findings indicate that rice cultivation in India dates back to around 1500–1000 B.C., underscoring its long association with the region. Culturally, rice holds a special place in Indian traditions, rituals, and festivals and is symbolically linked to the goddess Annapoorneshwari, who represents food and prosperity (Vijay and Roy, 2013).
Globally, rice ranks as the third most important cereal crop after maize and wheat. It is cultivated on nearly 165.47 million hectares, producing around 515.82 million metric tonnes of milled rice, of which more than 90% is consumed directly as food (Anon., 2024a). The average annual global per capita consumption is estimated at 53.9 kg (Anon., 2024b). China stands as the largest consumer, with 154.99 million metric tonnes, exceeding its domestic production of 145.95 million metric tonnes. India is the second-largest producer, harvesting 135.76 million metric tonnes from 47.83 million hectares, and also leads global rice exports, followed by Thailand and Vietnam (Anon., 2024a; Anon., 2024c). Despite high production, rice demand in Asia continues to grow, accounting for nearly 90% of global consumption. Projections indicate that worldwide rice demand could reach about 650 million tonnes by 2050 (Chukwu et al., 2019). In Chukwu et al., 2019India, rising population levels mean that rice output must increase to roughly 121.2 million tonnes by 2030.
Yield and its contributing traits are intricate/correlated in nature, as they involve several interrelated components (Al Galib et al., 2025). Their expression is often influenced by how these traits interact with grain yield, which can complicate interpretation (Howlader et al. 2025). Applying path coefficient analysis helps partition correlation values into direct and indirect influences. Hence, path analysis, which separates the overall correlation into its causal components, has been widely used and documented (Islam et al., 2025). Plant breeders frequently rely on path analysis to pinpoint key traits that can serve as effective selection criteria for enhancing crop productivity (Saleh et al., 2020).
The aims of the present study were to: (i) explore the relationships among various agronomic traits in a subset of 3k panel to support new cultivar development, (ii) evaluate the direct and indirect contributions of specific agronomic traits to grain yield, (iii) establish reliable selection indices for yield improvement.
2. material and methods
2.1 Experimental material and location
The experimental material used was comprised of a subset of 200 diverse rice accessions of 3k panel obtained from Division of Crop Improvement, ICAR-CSSRI, Karnal, Haryana. Subset comprised of indica (135), aus (26), trophical (18), aro (8), japonica (6), temperate (5) and admixture (2) rice accessions. Five checks namely, Swarna sub-1, Sahyadri Jalamukthi, Jyothi, Sahyadri Jyothi (Advanced breeding line of Tunga × Jyothi, present in varietal release pipeline) and Sahyadri Kempumukthi. The experiment was laid out for evaluation of yield and yield related traits in two environments viz., Environment-1; ZAHRS Shivamogga, Karnataka, during summer 2024 and Environment-2; AHRS Kathalagere, Davanagere, Karnataka during Kharif 2024.

2.2 EXPERIMENTAL DESIGN AND LAYOUT
The nursery was established by sowing the seeds of accessions from the association panel. After 25 days, seedlings were manually transplanted into the main field, placing one seedling per hill. The experiment followed an augmented design with ten blocks, each consisting of 20 test entries and five check varieties. Transplanting was done with a spacing of 25 cm between rows and 15 cm between individual plants. Standard agronomic practices and recommended fertilizer doses were followed to ensure healthy crop growth.  
2.3 Data collection
Days to 50% flowering were recorded as the number of days from sowing until half of the plants in each accession had their first flower open. The average value of five randomly selected plants were taken for calculation of nine yield related traits, such as plant height, number of tillers per plant, number of productive tillers per plant, panicle length, number of spikelets per panicle, spikelet fertility, test weight and single plant yield. Grain length to breadth ratio was assessed using rice analyser.
2.4 Statistical analyses
By ensuring the existence of variability in the population, correlation coefficients were calculated using R programme (Version 4.5.1) and he path coefficient analysis was carried out in Opstat using the pooled blup values of both the environments.
3. results and discussion
3.1.  ASSOCIATION AMONG THE MORPHOLOGICAL TRAITS
Understanding the associations among yield and quality traits is essential for achieving simultaneous improvement in both. Correlation analysis offers an useful insights into the type and strength of relationships among different characters. Examining genetic correlations further clarifies the degree to which these traits are governed by genetic factors, helping breeders design more efficient selection approaches for crop enhancement. The correlations between yield-related and quality traits, along with their connections to grain yield per plant and to one another, are represented in figure 1.
The correlation analysis indicated a significant positive association between single plant yield with number of productive tillers (r = 0.57***), number of tillers per plant (r = 0.57***), thousand grain weight ((r = 0.47**), number of spikelets per plant (r = –0.42***), spikelet fertility (r = –0.42***) and panicle length (r = 0.33***). A significant negative correlation was observed between single plant yield and plant height (r = -0.22**) (Fig. 1). Whereas, single plant yield showed non signification positive correlation with length to breadth ratio (0.10) and days to fifty percent flowering (0.11).
In similar with our study, Rajasekar et al (2021), Anshori et al. (2022), Jangala et al. (2022), Al Galib. (2025), Islam et al. (2025) and Prasad et al. (2025) found positive significant association between single plant yield with number of tillers per plant. Rajasekar et al. (2021), Anshori et al. (2022), Faysal et al. (2022), Jangala et al. (2022), Maneesha et al. (2024), Bist et al (2025), Islam et al. (2025) and Prasad et al. (2025) observed the strong positive association of yield with number of productive tillers. Thousand grain weight was strongly positively correlated with yield, reported by Saleh et al. (2020), Rajasekar et al. (2021), Faysal et al. (2022), Jangala et al. (2022), Shrivastav and Verma (2023), Maneesha et al. (2024), Islam et al. (2025), Prasad et al. (2025). Shrivastav and Verma (2023) observed positive association of number of spikelets per plant with yield. Jangala et al. (2022), Shrivastav and Verma (2023), and Prasad et al. (2025) recorded positive association of yield with spikelet fertility. Similarly, association of yield with panicle length reported by Asante et al. (2019), Rajasekar et al. (2021), Faysal et al. (2022), Jangala et al. (2022), Shrivastav and Verma (2023), Maneesha et al. (2024), Bist et al (2025) and Islam et al. (2025). In contrast to our study, Asante et al. (2019), Faysal et al. (2022), Shrivastav and Verma (2023) and Prasad et al. (2025) found positive association of plant height with the yield. In contrast to the no significant association of yield with length to breadth ratio found in our study, Shrivastav and Verma (2023) and Maneesha et al. (2024) recorded positive significant association. Similarly, in contrast to our results with respect to association of yield with days to fifty percent flowering, Asante et al. (2019) and Jangala et al. (2022) observed positive significant association and Shrivastav and Verma (2023) and Prasad et al. (2025) found negative significant association.
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Figure. 1: Correlation coefficients for yield and yield related traits in rice
(Where, DFF= Days to fifty percent flowering, LBR= Length to breadth ratio of grain, NT= Number of tillers per plant, NPT= Number of productive tillers per plant, SPY= Single plant yield, NSPP= Number of spikelets per plant, TW= Thousand grain weight, SF= Spikelet fertility, PL Panicle length)
The primary goal in rice improvement is to develop new cultivars with enhanced genetic potential for higher grain yield through continuous selection and refinement of yield-related traits. The findings of this association study indicate that the number of tillers per plant, number of productive tillers per plant, thousand grain weight, number of spikelets per plant, spikelet fertility and panicle length are key contributors to yield and can serve as effective selection criteria for boosting rice grain production. However, it has to be ensured by path coefficient analysis. Hence, Path coefficient analysis was carried out to know the direct and indirect effects of different yield related traits on the yield.
3.2. PARTITIONING OF CORRELATION INTO DIRECT AND INDIRECT EFFECTS BY PATH ANALYSIS
Path coefficient analysis enables the breakdown of correlation coefficients into their direct and indirect contributions toward grain yield. This approach offers a clearer understanding of how different traits influence yield and supports the development of more effective selection strategies. Unlike simple correlation, which only expresses the degree of association between traits, path analysis identifies the factors involved and evaluates their relative importance. The method, originally introduced by Wright (1921) and later applied to crop improvement by Dewey and Lu (1959), has become an essential tool for assessing the contribution of various traits to yield in crop species. In the present study, the direct and indirect influences of nine traits on grain yield per plant were estimated and the results are summarized in Table 1.
Path coefficient analysis revealed that several traits exerted a positive direct influence on single plant yield. Notably, number of tillers (0.51), panicle length (0.247), thousand grain weight (0.239) and spikelet fertility (0.155) showed strong direct contributions. In contrast, number of spikelets per panicle (0.122) exhibited only a modest effect, while days to fifty percent flowering (0.046)) had negligible direct positive impacts on yield (Table 1). Consequently, the results suggesting that these traits should be prioritized during simultaneous selection for yield improvement in rice. These characters consistently appear as key direct determinants of grain yield. This indicates that direct selection of these traits will impact.  Similarly, strong direct effect of panicle length reported by Maneesha et al (2024)., thousand grain weight by Saleh et al (2020.), Faysal et al. (2022), Islam et al. (2025) and Vignesh et al. (2025), spikelet fertility by Singh et al. (2021) and Vignesh et al. (2025), and days to fifty percent flowering by Islam et al. (2025). In contrast to our study Rajasekar (2021) found negative strong effect of number of tillers per plant on yield. Singh et al. (2021) studied negative direct effect of panicle length. 
Negative direct effect was showed by plant height (-0.201) followed by number of productive tillers per plant (-0.077) and length to breadth ratio (-0.076). Even though number of productive tillers per plant showed significant positive correlation, it showed a strong negative direct effect. Hence, direct selection of these traits does not make any improvement in the yield. In accordance with our study, Maneesha et. al (2024) found negative direct of length to breadth ratio on yield. Maneesha et al (2024) and Islam et al (2025) observed negative direct effect of number of productive tillers per plant on yield.
A shorter duration to heading allows more time for the plant to develop additional number of tillers, number of productive tillers, number of spikelets per panicle and spikelet fertility. Whereas, increased days to fifty percent flowering plays an important role in increase the yield via increased thousand grain weight and panicle length. Likewise, the total number of tillers per plant increases yield via increase in number of spikelets per plant, spikelet fertility, panicle length and thousand grain weight.   Plant height decreases the yield by negatively affecting the number of tillers, number of spikelets per panicle, spikelet fertility. Selection for panicle length indirectly increases the number for tillers, number of spikelets per panicle, spikelet fertility, and mainly thousand grain weight. Thousand grain weight indirectly increases yield via increased number of tillers, number of spkiletes per panicle, spikelet fertility and panicle length. Any selection for these traits could contributes to other traits, ultimately boosting overall grain yield.
Path analysis revealed the residual effect of 0.40302, which is not explained. Similarly, Maneesha et al. 2024 also reported unexplained effect of 0.66 on yield and Prasad et al. 2025 recorded residual effect of 0.54.






Table. 1: Partitioning of correlation with single plant yield into direct and indirect effects in 200 accessions of 3K RGP


	
	DFF
	PH
	NT
	NPT
	PL
	NSPP
	SF
	TW
	LBR
	R value

	DFF
	0.0460
	0.0606
	-0.0048
	-0.0057
	0.0320
	-0.0054
	-0.0225
	0.0117
	0.0462
	-0.0040

	PH
	0.0052
	-0.2010
	-0.0650
	0.0124
	0.0066
	-0.0233
	-0.2013
	0.0546
	0.0030
	0.0068

	NT
	0.0055
	0.5103
	0.5100
	-0.0742
	0.0457
	0.0276
	0.0257
	0.0088
	-0.0135
	0.0396

	NPT
	0.0032
	0.4934
	0.0294
	-0.0770
	0.0421
	-0.0767
	0.0325
	0.0235
	-0.0156
	0.0796

	PL
	0.0022
	-0.0446
	0.0181
	-0.0073
	0.2470
	0.0259
	0.0357
	0.2469
	-0.0144
	0.0362

	NSPP
	-0.0018
	0.1155
	0.1219
	-0.0185
	0.0259
	0.1220
	0.0385
	0.0525
	0.0030
	-0.0084

	SF
	0.0096
	-0.0086
	0.1509
	-0.0209
	0.1546
	0.0204
	0.1550
	0.0570
	-0.0203
	0.0816

	TW
	-0.0008
	0.0071
	0.0773
	-0.0127
	0.0649
	0.0406
	0.0528
	0.2390
	-0.0022
	0.0628

	LBR
	0.0035
	0.0906
	-0.0049
	-0.0760
	0.0412
	-0.0157
	0.0079
	0.0468
	-0.0760
	0.2390


Residual: 0.40302; Diagonal values indicate the direct effects, above and below diagonals indicate indirect effects
(Where, Where, DFF= Days to fifty percent flowering, NT= Number of tillers per plant, NPT= Number of productive tillers per plant, PL Panicle length, NSPP= Number of spikelets per plant, SF= Spikelet fertility, TW= Thousand grain weight, SPY= Single plant yield, LBR= Length to breadth ratio of grain.)











4. Conclusion
A detailed evaluation of correlation and path analyses revealed that number of tillers per plant, panicle length, spikelet fertility and the 1000-grain weight were the most influential traits contributing to rice yield and its related components. Because, single plant yield consistently showed a strong positive association with them, emerged as important attributes for enhancing grain output. Furthermore, number of productive tillers per plant also had strong positive association with yield and path analysis showed that its effect on yield was negative, but was positive via number of tillers, panicle length, spikelet fertility and thousand grain weight. These traits an serve as a selection criterion for enhancing grain yield and can be used in rice further breeding programs to accelerate the yield potential of rice varieties.
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