Genetic Divergence and Character Association Studies for Yield and Yield Attributing Traits in Aromatic Rice (Oryza sativa L.)

Abstract
Thirty-five aromatic rice (Oryza sativa L.) genotypes, including standard checks, were assessed in a randomized block design at CSAUAT, Kanpur, Uttar Pradesh, with the aim of investigating genetic variability, trait association, and divergence for yield and related attributes. Significant differences among genotypes were observed for all the traits studied which indicates the presence of  adequate genetic variability. For most of the traits, the phenotypic coefficients of variation were higher than the genotypic coefficients of variation. High heritability along with high genetic advance was recorded for important yield components such as the number of panicles per meter square, productive tillers per plant, panicle length, and grain yield, indicating the effectiveness of selection. The correlation analysis showed that grain yield is strongly positively associated with panicle length, panicles per meter square, biological yield, and straw yield. From the path coefficient analysis, it was concluded that biological yield and harvest index have the largest direct positive effects on grain yield. Cluster analysis divided the genotypes into five distinct clusters; Clusters II and V showed maximum divergence and thus hold prospects for heterotic crosses. The genetic divergence analysis has identified RGL7040 (MTU RM 428-1-1-1), R-ASG-2019-36, Shobhini (NC), Ketkijoha (QC), and SRB-25-32-1-1 as promising parents for the breeding program aimed at improving yield and adaptability in the Kanpur region.
1. Introduction
Rice is one of the major staple crops around the world which is consumed by about 50% of the global population. It provides about 20% of the calorific needs of human population due to which it is designated as a valuable crop for global food security [1]. It is cultivated globally in an acreage of about 169 million hectares and has a production of 799.8 million tonnes from the cultivated area [2]. However, 90% of the world rice production is concentrated in the Asia and the Pacific regions which constitutes about 60% of the global population [3]. India is one of the leading producers of rice with a production of about 206 million tonnes from a cultivated area of about 47 million hectares [2]. Uttar Pradesh is the second largest producer of rice, closely following the Telangana state with a production of about 16 million tonnes from an acreage of 5.77 million hectares [4].
India is home to diverse rice accessions, which also includes the aromatic rice germplasms along with the non-aromatic types. The aromatic rice/ Scented Rice was generally cultivated in the eastern part of India viz. West Bengal, Odisha, Uttar Pradesh and Assam [5]. The Aromatic rice is generally preferred by consumers and farmers alike due to its distinctive aroma, superior cooking quality and premium market price. It has been found that 2-acetyl-1-pyrroline along with alkanals, alk-2-enals, 4-dienals, 2-pentylfuran and other aromatic compounds are responsible for its unique distinctive flavour and aroma [6]. The Aromatic rice genotypes were grown traditionally as landraces and had a significant contribution in enhancing the export earnings and farmer income, but low yield potential along with lodging issues has been the bottleneck in promoting its production [7]. Thus, development of modern high yielding aromatic rice cultivars has become the need of the hour.







The Central plain zones of Uttar Pradesh, India (Kanpur) are characterized by Semi-arid sub- tropical climate with variable rainfall, high temperature during the reproductive stage and fluctuating soil fertility [8 & 9]. The aromatic rice cultivars show a high Genotype × Environment interaction as a result of which the genotypes show differential performance over locations. Thus, it is necessary to evaluate the genetic variability in the agro-ecological conditions of Kanpur for identification of aromatic rice genotypes which are adaptable and high-yielding in this region.
For any aromatic rice breeding program to be successful, knowledge about genetic variability in the germplasm is a necessary pre-requisite. Thus, to ascertain the presence the heritable variation in the germplasm for selection to be effective, estimation of phenotypic and genotypic coefficients of variation (PCV and GCV), heritability and genetic advance as percent of mean is done [10]. Since, Grain yield in rice is a complex trait that is controlled by multiple yield attributing traits, the direct selection for improvement of grain yield is ineffective [11]. Thus, correlation studies can help in discerning the nature and degree of relationships between yield and its component traits in the agro-ecological conditions of Central plain zones of Kanpur. The path coefficient analysis is also an important statistical technique that can split up correlation coefficients to direct and indirect effects, thus enabling identification of traits that have maximum direct influence on grain yield under Kanpur conditions [12].
For selection of diverse parental lines for usage in hybridization programs, the estimation of genetic diversity among aromatic rice germplasms is necessary. By using Mahalanobis D2 statistics, various aromatic rice lines can be grouped into distinct clusters based on multiple traits simultaneously [13]. The diversity analysis is crucial for improvement of aromatic rice since it has a narrow genetic base and location-specific adaptation is crucial.
Keeping in view the above facts, the present experiment was undertaken to analyze the genetic variability, character association, path analysis and genetic divergence among 35 aromatic rice germplasms evaluated under the agro-climatic conditions of Kanpur, Uttar Pradesh. The investigation will find various key yield-contributing traits and genetically diverse, adaptable genotypes that could be useful in aromatic rice improvement programmes related to the central plains of Uttar Pradesh.
2. Materials and Methods
2.1. Experimental Site and location
The present experiment was carried out at the Crop Research Farm (CRF), Nawabganj, Chandra Shekhar Azad University of Agriculture and Technology (CSAUAT), Kanpur, Uttar Pradesh during the Kharif, 2024. Kanpur falls within the central region of Uttar Pradesh and is situated within the zone of the upper Indo-Gangetic plain of India. Precisely, the geospatial coordinates are 26°29′35″ N latitude and 80°16′25″ E longitude, with an elevation of approximately 125.9 meters above mean sea level. It has a semi-arid, subtropical climate typical of North India, characterized by hot summers, a rainy season due to the southwest monsoon, and cool winters. The city is situated on the right bank of the River Ganga, whose presence substantially affects the agro-ecological conditions in the area.
The weather data during the Kharif season, 2024 on an SMW (Standard Metrological Week) basis was collected from the Agro-Meteorological Observatory, CSAUAT,Kanpur. The maximum and minimum temperatures, maximum and minimum relative humidity, total weekly rainfall, pan evaporation, wind speed, and bright sunshine hours were recorded. The weekly trend of these agro-meteorological variables during the crop growth period (SMW 27–49) has been shown in Figure 1.
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Figure 1. Agro-metrological conditions during kharif season (2024).
2.2. Plant Materials
The experimental material consisted of 35 aromatic rice (Oryza sativa L.) genotypes were sourced from AICRP Rice, Department of Genetics and Plant Breeding. The germplasm panel consisted of improved breeding lines, mutants, pure-line selections, and check varieties that collectively represent a broad spectrum of genetic diversity for yield and yield-related traits. The germplasms varied in pedigree, origin, and type of grain. Table 1 depicts the list of genotypes used in this experiment, including the combination of crosses and grain type.
Table 1. List of aromatic rice germplasms used in the present investigation.
	S.No.
	Name of the entry
	Pedigree
	Grain type

	1
	BRR 0293
	Katarni × Rajendra Sweta
	MS

	2
	Loktimachi Mutant-9
	Mutant of Loktimachi
	SB

	3
	R 2397-156-1-128-1
	MTU 1010 × Indira Sugandhit Dhan-1
	MS

	4
	CRAC-3995-48-4
	Doubled haploid of BS6444G
	MS

	5
	Shobhini (NC)
	ADT 43 × Jeeragasamba
	MS

	6
	IET 31909 (R2356-218-98-1)
	Swarna × Badshabhog Sel.1
	MS

	7
	BRR 0294
	Katarni × Rajendra Sweta
	MS

	8
	L-910
	Pure-line selection of Lalpari
	MS

	9
	Badshabhog Sel.1 (ZC)
	Selection from Badshabhog
	SS

	10
	RNR 31245
	R 341-55-2-1-R-1 × SN 1509
	LS

	11
	SRB-16-35-1
	Shobhini × Muhulakochi
	MS

	12
	CRD Buna Kalanamak-120
	Natural mutant of Pusa CRD KN-2
	MS

	13
	KUPTB-TRV-EBC-14
	Selection from Early Biryani Cheera
	MB

	14
	RGL 7038 (MTU RM 428-53-1-1)
	MTU 1262 × MTU 1075
	SS/MS

	15
	Dubraj Sel.1 (QC)
	Mutant of Mai Dubraj
	MS

	16
	BRR 0295
	BPT 5204 × Pusa Sugandh-5
	MS

	17
	Ramjeera Mutant-10
	Mutant of Ramjeera
	SS

	18
	VB Badshabhog Mut-38
	Badshabhog mutant
	SS

	19
	CR 4448-3
	Pure-line selection from Gobindabhog
	SB

	20
	Ketkijoha (QC)
	Savitri × Badshabhog
	MS

	21
	SRB-18-40-1-2
	Sugandha Samba × WGL-14
	SS

	22
	RP 6200-84 RIL-MCM-3
	Swarna × Chittimuthyalu
	MB



	23
	NDR 2023-12-34
	HUR-36 × Pusa Basmati-1
	LS

	24
	Kumdhaphool Mutant-4
	Mutant of Kumdhaphool
	SB

	25
	RNR 15435 (Check)
	RNR 17818 × Vasumathi
	LS

	26
	BRR-2277
	Taroari Basmati Dwarf Mutant-2 × MTU 7029
	MS

	27
	R-ASG-2019-36
	Selection from IC-0462698
	SB

	28
	RNR 41782
	RNR 15435 × SN-370
	ELS

	29
	SRB-25-32-1-1
	Sugandha Samba × Ganjekalli
	MS

	30
	Sarju-52 (LC)
	TN-1 × Kashi
	LS

	31
	NDR 2023-11-AR-152-CP-152
	Rajendra Mahsuri × Sukha Dhan-5
	LS

	32
	RGL 7040 (MTU RM 428-1-1-1)
	MTU 1262 × MTU 1075
	SS

	33
	CR 4448-5
	Pure-line selection from Gobindabhog
	SB

	34
	ORB-4-KM-2
	Mutant of Kalikati
	SS

	35
	MTU 1010
	Krishnaveni × IR-64
	MS


MS = Medium Slender, LS = Long Slender, SB = Short Bold, SS = Short Slender, MB = Medium Bold, ELS
= Extra Long Slender, LC = Local Check, QC = Quality Check, NC = National Check, ZC = Zonal Check.
2.3. Experimental Design and Layout
The experiment was set up in randomized block design with three replications. Each genotype was grown with a spacing of 20 × 15 cm in 10m2 plot size. Seed was sown in the nursery bed on 2nd July, 2024 and was transplanted to the field on 8th December, 2024 after 25 DAS. A recommended fertilizer dose of 120:60:40 kg N: P₂O₅: K₂O per hectare was applied for the crop. At the time of transplanting, entire dose of phosphorus and potassium, along with half of recommended dose of nitrogen, was incorporated basally. The remaining dose of nitrogen was applied in two equal splits at maximum tillering stage (30 DAT) and at panicle initiation/boot leaf stage (60 DAT). All other agronomic and plant protection measures were conducted uniformly to ensure a healthy crop stand.
2.4. Observation Recorded
Observations were taken for the following ten quantitative traits: days to 50% flowering, days to maturity, plant height (cm), number of productive tillers per plant, number of panicles per meter square, panicle length (cm), biological yield per plot (kg), grain yield per plot (kg), straw yield per plot (kg), and harvest index (%). Data was collected from five randomly selected plants within each plot that were averaged and used for statistical analysis, with the exception of yield traits, which were recorded on a plot basis.
2.5. Statistical Analysis
Analysis of variance was carried out to test the significance of variation among genotypes as described by [14]. The phenotypic and genotypic coefficients of variation were estimated to assess the magnitude of variability as described by [15]. Broad-sense heritability and genetic advance as a percentage of the mean were computed to describe the nature and magnitude of heritable variation as per the methods suggested by [16] and correlation coefficients among yield and its component traits as per methods described by [17].
Path coefficient analysis was done to estimate the direct and indirect effects of component traits on grain yield as described by [18]. The genetic divergence among the aromatic rice germplasm was worked out using Mahalanobis D² statistics as suggested by [19], and genotypes were cluster-formed based on their divergence.

3. Results and Discussion
3.1. Analysis of Variance (ANOVA)
ANOVA for the randomized block design for 35 aromatic rice genotypes revealed highly significant differences (p < 0.01) among genotypes for all the ten quantitative traits comprising days to 50% flowering, days to maturity, plant height, panicle length, panicles per meter square, productive tillers per plant, harvest index, straw yield, biological yield, and grain yield (Table 2). In addition, the mean squares due to blocks were significant for all the traits, indicating that environmental heterogeneity among the plots was sizeable and was effectively overcome through replication. The high variation among the check varieties further established differential performance under Kanpur’s agro-climatic conditions. Collectively, the results depict substantial genetic variation among the aromatic rice genotypes, thus providing a sound platform for selection and hybridization programs with an aim to achieve better yield and other attributes.
Table 2. Analysis of variance (ANOVA) for 10 characters in 35 aromatic rice genotypes

	Character
	Replication (df = 2)
	Treatment (df = 34)
	Error (df = 68)
	Total (df = 104)

	Days to 50% flowering
	8.64
	13.06 **
	2.25
	5.91

	Days to maturity
	6.41
	17.62 **
	4.43
	8.78

	Plant height (cm)
	83.87
	564.51 **
	29.49
	205.44

	Panicle length (cm)
	1.97
	38.60 **
	2.36
	14.20

	No. of panicles/m²
	204.16
	12561.53 **
	203.66
	4243.74

	No. of productive tillers/plant
	1.83
	28.71 **
	1.04
	10.10

	Harvest index (%)
	0.94
	5.20 **
	2.83
	3.57

	Straw yield/plot (kg)
	0.01
	8.74 **
	0.75
	3.35

	Biological yield/plot (kg)
	0.38
	14.99 **
	0.90
	5.50

	Grain yield/plot (kg)
	0.008
	1.072 **
	0.043
	0.378


Note: ** Significant at 1% level of significance.
3.2. Mean Performance of Genotypes
Substantial variability was observed across all the traits when mean performance was observed for 35 genotypes, including five checks (Table 3). The days to 50% flowering (DFF) ranged from 65.00 days (Shobhini, IET 31909) to 74.00 days (RGL7040), with an overall mean of
68.81 days. The potential early flowering lines like Shobhini, IET 31909, Ketkijoha (QC) and RNR 31245 could be used for targeting programs for developing short duration aromatic rice varieties. Days to Maturity (DM) varied from 103.33 days representing CRAC-3995-48-4, to
112.67 days for R-ASG-2019-36, with an average of 107.99 days. The genotypes such as CRAC-3995-48-4, SARJU-52 (LC), and SRB-18-40-1-2 may be considered early-maturing, while late-maturing varieties may be used to take advantage of a long grain-filling period as a means of improving yield. The plant height (PH) varied between 75.70 cm (KUPTB-TRV- EBC-14) and 135.60 cm (ORB-4-KM-2) with a mean of 102.06 cm. Dwarfing genotypes, especially KUPTB-TRV-EBC-14, SRB-18-40-1-2, and Dubraj Sel.1 (QC), are desirable for lodging resistance, whereas taller ones may help in producing more biomass and straw yield. Panicle length (PL) in the aromatic rice accessions ranged between 15.70 cm (NDR 2023-12- 34) and 33.07 cm (RGL7040), with a mean of 23.46 cm. RGL7040, R-ASG-2019-36, SRB-
25-32-1-1, and Shobhini had long panicles, which is directly associated with numbers of grains per panicle, thus improving grain yield. The panicles per m² (PPMS) ranged from 176.00 for Dubraj Sel.1 to 449.00 in RGL7040, with an average of 255.97 panicles per m². RGL7040, R- ASG-2019-36, and SRB-25-32-1-1 showed the highest panicle density, indicating thereby that these genotypes have the potential to contribute to increasing the yield. PTPP (Productive tillers per plant) varied from 8.33 (BRR-2277) to 22.33 (Shobhini) with a mean of 12.94.

Comparatively higher numbers of tillers were recorded for the genotypes Shobhini, SRB-25- 32-1-1-1, R-ASG-2019-36, and RGL7040, which may lead to increased grain yield by increasing the size of the sink. GYPP (Grain yield per Plot) varied from 2.43 kg in the case of SRB-16-35-1-1 to 5.21 kg for the genotype RGL7040, while its average was 3.73 kg. The top- yielding genotypes were RGL7040, Ketkijoha, Shobhini, CR4448-5, and SRB-25-32-1-1-1, which show promise as breeding material for aromatic rice varieties with high yield potential. Straw yield per plot (SYPP) varied from 8.07 kg recorded for CR 4448-3 to 15.91 kg for Ketkijoha QC, averaging 11.38 kg. High straw-yielding genotypes include Ketkijoha QC, RGL7040, and Shobhini. These varieties could cater as dual-purpose varieties where straw is a major by-product. The biological yield per plot (BYPP) ranged between 11.08 kg for the variety RGL 7040 and 20.90 kg for SRB-16-35-1-1, with the average of 15.11 kg. High biological yield, as determined in SRB-16-35-1-1, Ketkijoha, and Shobhini, suggested efficient biomass accumulation and thus an important factor in yield stability. Harvest index (HI) ranged from 21.01% for Dubraj Sel.1 QC to 27.44% for Kumdhaphool Mutant-4, with a mean of 24.70%. Genotypes like Kumdhaphool Mutant-4, NDR 2023-11-AR 152-CP-152, and ORB- 4-KM-2 had high HI which suggested efficient partitioning of biomass into grains and thus are potential candidates for yield enhancement.
3.3. Genetic Variability Parameters: PCV, GCV, Heritability and Genetic Advance
Various estimates of phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability in broad sense (h²bs), and genetic advance as percentage of mean (GA%) for the observed ten quantitative traits are being shown in table 4. As suggested by Sivasubramanian and Madhavamenon (1973), the PCV and GCV values were classified as low (<10%), moderate (10–20%) and high (>20%). The PCV and GCV was high (>20%) for traits such as number of panicles per m² (PCV: 25.69%, GCV: 25.07%) and number of productive tillers per plant (PCV: 24.76%, GCV: 23.47%). This indicated that variability was high for all these traits. However, moderate PCV and GCV was observed for grain yield per plot (PCV: 16.65%, GCV: 15.71%), plant height (PCV: 14.13%, GCV: 13.09%), panicle length (PCV: 16.2%, GCV: 14.82%), straw yield per plot (PCV: 16.24%, GCV: 14.34%) and biological yield per plot (PCV: 15.66%, GCV: 14.35%). This suggested that there was moderate amount of variability for these traits, but there is ample scope for selection as far as these traits are concerned. In contrast, low PCV and GCV was observed for days to 50% flowering (PCV: 3.52%, GCV: 2.76%), days to maturity (PCV: 2.75%, GCV: 1.94%) and harvest index (PCV: 7.70%, GCV: 3.60%) that indicated low genetic variability for these traits as a result, selection may be ineffective.
The broad sense heritability for the ten quantitative traits varied from 21.84% to 95.29%. High heritability was observed for traits such as number of panicles per m² (95.29%), productive tillers per plant (89.87%), grain yield per plot (88.95%), plant height (85.81%), panicle length (83.65%), biological yield per plot (83.95%) and Straw Yield per plot (78.04%). Moderate heritability was observed for days to 50% flowering (61.62%) and Days to maturity (49.81%) while low heritability was observed for Harvest index (21.84%). The traits with high to moderate heritability are governed by genetic factors, thus selection might be effective. Genetic advance as percent of mean (GA%) ranged from 2.82% to 50.42%. High GA% was observed for all the traits except for days to 50% flowering (4.46%), days to maturity (2.82%) and harvest Index (3.46%). This indicates that almost all the traits were predominantly governed by additive gene action.
In the present investigation, panicles per meter square, productive tillers per plant, and grain yield per plot had high PCV, GCV, heritability, and genetic advance % (GA%), indicating that these traits are controlled by additive gene action with less environmental interference. Hence,

direct selection for these traits would be highly effective in aromatic rice improvement programs. Traits like plant height, panicle length, straw yield, and biological yield showed high heritability with moderate to high GA%, indicating that these characteristics are responsive to selection with partial environmental influence. Conversely, days to maturity and harvest index showed low heritability and low genetic advance, suggesting that these traits are mostly governed by non-additive gene action with high environmental influence, making direct selection less effective for these traits. Comparable findings have also been reported by several workers [20, 21 and 22].
3.4. Correlation coefficient analysis
The phenotypic and genotypic correlation coefficient analysis  presented in Table 5 revealed that generally the genotypic correlation coefficients were higher than the corresponding phenotypic correlations, suggesting that there were strong inherent genetic associations between traits which were masked at phenotypic level due to environmental interaction with genotypes. This shows that phenotypic performance- based selection will definitely be effective even though genetic relationships are pronounced at the genotypic level. Highly significant and positive genotypic association of grain yield per plot with panicle length (rg = 0.622**), number of panicles per m² (rg = 0.700**), number of productive tillers per plant (rg = 0.568**), harvest index (rg = 0.519**), straw yield per plot (rg = 0.933**) and biological yield per plot (rg = 0.976**) was observed. At the phenotypic level, a similar but comparatively lower trends were observed. Grain yield per plot showed significant positive associations with panicle length (rp = 0.547**), number of panicles per m² (rp = 0.652**), productive tillers per plant (rp = 0.539**), harvest index (rp = 0.378**), straw yield (rp = 0.843**) and biological yield (rp = 0.893**). The days to 50% flowering had a negative significant correlation with productive tillers per plant (rp= -0.260**, rg = −0.352**), this means that the earlier flowering genotypes tend to have higher tillering capacity. A similar negative relationship was observed at the phenotypic level. Panicle length was highly and positively correlated with most of the yield-contributing traits, especially number of panicles per m² (rp=0.684**, rg=0.755**), productive tillers per plant(rp=0.567**, rg=0.634**), Harvest Index (rp=0.261**, rg=0.509**), Straw yield per plot (rp=0.393**,rg=0.489**), biological yield per plot (rp=0.449**,rg=0.543**) and grain yield, both at the phenotypic and genotypic levels. Straw yield and biological yield showed very strong positive correlations with grain yield at the level of both phenotype and genotype, expressing shared dependence on overall biomass production. These results generally aligned with the studies of several workers [23, 24 and 25].
3.5. Path Coefficient Analysis
The results of genotypic and phenotypic path coefficient analysis for various traits on grain yield have been shown in Table 6 and Table 7. At genotypic level, highest positive direct effect on grain yield per plot was observed for biological yield per plot (0.9126). This indicated that biomass production is positively associated with grain yield. Selecting for this trait might improve grain yield. A moderate positive direct effect on grain yield per plot was observed for Harvest index (0.2322) while it indirectly affected grain yield through biological yield per plot (0.2926). Among various yield-attributing traits, Panicle length showed positive direct effect (0.0184) and indirect effect through biological yield per plot (0.4958). Similarly, number of panicles per m² also has positive indirect effect on grain yield via biological yield per plot (0.5635), despite having a small negative direct effect. In contrast, plant height (-0.0012) and days to maturity (-0.0209) had limited direct contribution to grain yield improvement as evidenced by their negative direct effects.

The phenotypic path analysis largely mirrored the pattern observed for the genotypic analysis, though effects were comparatively reduced due to environmental influence. Biological yield per plot again contributed most substantially to grain yield, showing a high positive phenotypic correlation with grain yield (r = 0.893**), mainly for its indirect effects.
Straw yield per plot was highly positively associated with grain yield, having a correlation coefficient of r = 0.843**, though its direct effect was negative and merely expressed through its high positive indirect effect via biological yield (0.9168). Panicle length (0.0084) and number of panicles per meter square (0.006) were also significantly and positively phenotypically correlated with grain yield, r = 0.652** and 0.539**, respectively, supported by positive direct effects and substantive indirect contributions via biological yield. Plant height was positively associated with grain yield (r = 0.547**), largely because of its indirect effect through biological yield (0.4113). Harvest index had a negative direct effect, but its correlation with grain yield remained strongly positive (r = 0.843**) due to its large indirect contribution through biological yield (0.8726). The same phenological traits appeared to have little or no direct effect on grain yield time after time. The low residual effect of 0.00424 at the phenotypic level confirms that the selected traits adequately explained the variation observed in grain yield. Thus, it is evident that biological yield per plot is the major trait determining the grain yield per plot, followed by panicle length, number of panicles per m², productive tillers per plant, and harvest index. These traits had a strong direct/indirect effect on yield, thus selection for these traits might simultaneously improve grain yield. Similar results were observed earlier by several workers [26, 27 and 28].
3.6. Genetic Divergence Analysis
For testing the genetic divergence among 35 rice genotypes, non-hierarchical Euclidean clustering based on Mahalanobis D² statistics was employed. The genotypes were grouped into five distinct clusters showing variable genetic diversity within the aromatic rice germplasm (Table 8). As far as clustering pattern is concerned, Cluster III (n=11) had the highest number of genotypes (IET 31909, BRR 0294, RNR 31245, KUPTB-TRV-EBC-14, RGL7038,
Ramjeera Mutant-10, CR 4448-3, Kumdha phool Mutant-4, RNR 15435, NDR 2023-11-AR 152-CP-152, and MTU 1010, followed by Cluster II with n=10 (BRR 0293, CRAC-3995-48- 4, SRB-16-35-1-1, CRD Buna Kalanamak 120, Dubraj Sel.1, BRR 0295, SRB-18-40-1-2, RP
6200-84 RIL-MCM 3, NDR 2023-12-34, and SARJU-52) and Cluster IV with n=7 (Loktimachi Mutant-9, L:910, 5109, VB Badsha bhog Mut 38, BRR-2277, RNR 41782, and ORB-4-KM-2) indicating high genetic similarity among the genotypes in their respective clusters. Cluster I was comprised of five genotypes (R 2397-156-1-128-1, Shobhini,  Ketkijoha, SRB-25-32-1-1, and CR4448-5), while Cluster V contained only two genotypes (R-ASG-2019-36 and RGL7040). This is indicative of a different genetic makeup from the rest of the tested material. The observed uneven distribution across various clusters indicates differential genetic divergence emanating from varying parental lineages and histories of selection. The inclusion of check varieties and elite lines across clusters suggested that genetic divergence was not strictly related to geographic origin but also associated with genetic composition and trait expression in the particular environment. Previous studies have also reported similar results in rice [29, 30 and 31].
Estimates of average intra- and inter-cluster distances are presented in Table 9. In general, the intra-cluster distances were lower than the inter-cluster distances, indicating homogeneity among genotypes within the same cluster. For cluster-wise consideration, Cluster V revealed the highest intra-cluster distance (2.420), followed by Cluster II (2.275) and Cluster I (2.245), showing comparatively greater variability within the cluster. The lowest intra-cluster distance was found in Cluster IV (1.928), representing the closest genetic similarity among the

constituent genotypes. Inter-cluster distances showed significant genetic divergence between clusters. The maximum distances were observed between Cluster II and Cluster V (6.513), followed by Cluster IV and Cluster V (5.814) and Cluster III and Cluster V (5.771). This pattern suggests that genotypes from Cluster V are the most genetically divergent from those of Clusters II, III, and IV. On the other hand, the minimum distance was between Cluster III and Cluster IV, which was 1.934, therefore showing a closer genetic affinity between these two clusters. Considering the inter-cluster distances, hybridization with genotypes from widely separated clusters, particularly between Cluster V and Cluster II or IV, might produce more heterosis and wider segregation in subsequent generations, providing better opportunities for the selection of superior recombinants. These findings aligned with previous studies on rice [32, 33 and 34].
Table 11 illustrates the proportional contribution of different characters to total genetic divergence. Of the ten quantitative traits studied, harvest index contributed maximum to total divergence, with a contribution of 13.13%, followed by days to maturity, which accounted for 12.49%, days to 50% flowering for 11.73%, and grain yield per plot for 11.69%. These are the most important characters contributing to genetic divergence among the rice genotypes studied. The contributions were moderate for straw yield per plot (10.21%), panicle length (9.59%), number of productive tillers per plant (8.64%), biological yield per plot (8.38%), and plant height (8.19%). On the other hand, the number of panicles per meter square contributed the least to total divergence (5.94%). Relatively high contributions by yield-related and phenological traits underline their importance in increasing the genetic diversity and indicate that such characters deserve priority while selecting parental lines for hybridization programs. The findings aligned with the studies by various researchers working on rice [30, 35].
4. Conclusion
From the present experiment, it was observed that substantial amount of genetic variability was present among the 35 aromatic rice genotypes for yield and yield-attributing traits, thus providing ample scope for effective selection and genetic improvement. The PCV for all traits were comparably higher than GCV, thus indicating the influence of environmental factors on these traits, but the differences were low suggesting pre-dominance of genetic control for these traits. High heritability with high genetic advance as percent of mean was reported for number of panicles per meter square, number of productive tillers per plant, panicle length, grain yield, biological yield, and plant height, thus implying the predominance of additive gene action and the effectiveness of direct selection for these traits. The correlation studies at phenotypic and genotypic levels revealed that panicle length, panicles per meter square, productive tillers per plant, harvest index, biological yield, and straw yield were positively and significantly associated with grain yield, thus identifying these variables as major yield-contributing traits. Path coefficient analysis also revealed that biological yield and harvest index showed strong positive direct effects on grain yield, suggesting that simultaneous selection for the two components will bring about an effective improvement in yield potential. Analysis of genetic divergence grouped all the genotypes into five distinct clusters and the maximum inter-cluster distance was recorded between cluster II and cluster V, indicating that genotypes of these clusters are genetically diverse and can be utilized as parents in hybridization programs to produce desirable recombinants. In this study, promising genotypes were identified in RGL7040 (MTU RM 428-1-1-1), R-ASG-2019-36, Shobhini (NC), Ketkijoha (QC), SRB-25-32-1-1, and CR4448-5, based on superior mean performance, genetic divergence, and favourable association with grain yield. These genotypes could act as potential donors in future rice breeding programs with respect to yield enhancement and genetic diversification.

Table 3. Mean performance of 35 aromatic rice genotypes (including checks) for yield and yield-attributing traits

	S. No.
	Genotype
	DFF
	DM
	PH
	PL
	PPMS
	PTPP
	HI
	SYPP
	BYPP
	GYPP

	1
	BRR 0293
	69.00
	106.00
	90.10
	22.43
	218.67
	10.33
	24.30
	11.25
	15.47
	3.75

	2
	Loktimachi Mutant-9
	72.00
	110.33
	109.13
	24.37
	272.33
	12.67
	23.55
	10.86
	14.20
	3.35

	3
	R 2397-156-1-128-1
	69.00
	106.67
	88.17
	24.83
	289.33
	14.80
	25.98
	13.28
	17.27
	4.48

	4
	CRAC-3995-48-4
	68.00
	103.33
	91.47
	24.27
	253.07
	11.67
	25.47
	10.81
	14.50
	3.68

	5
	Shobhini (NC)
	65.00
	108.33
	107.83
	27.60
	356.67
	22.33
	24.94
	14.34
	19.08
	4.74

	6
	IET 31909
	65.00
	108.67
	100.60
	24.33
	238.33
	13.00
	25.29
	11.55
	15.18
	3.83

	7
	BRR 0294
	68.00
	112.33
	96.17
	19.90
	200.67
	10.67
	24.48
	9.83
	13.02
	3.19

	8
	L:910
	70.00
	109.00
	120.30
	23.93
	205.67
	12.67
	24.32
	11.48
	15.16
	3.68

	9
	Badshabhog Sel.1 (ZC)
	71.00
	105.33
	104.63
	21.80
	244.00
	10.33
	24.69
	10.25
	13.60
	3.35

	10
	RNR 31245
	67.00
	109.00
	113.47
	22.60
	217.33
	13.67
	24.24
	10.14
	13.59
	3.30

	11
	SRB-16-35-1-1
	68.00
	105.00
	103.40
	17.63
	180.33
	11.33
	21.90
	8.55
	11.08
	2.43

	12
	CRD Bauna Kalanamak 120
	67.67
	106.33
	91.67
	20.63
	257.67
	12.00
	24.43
	10.71
	14.26
	3.48

	13
	KUPTB-TRV-EBC-14
	68.00
	110.00
	75.70
	23.83
	285.67
	15.67
	25.16
	11.38
	14.30
	3.60

	14
	RGL7038
	68.00
	110.67
	97.70
	23.30
	180.00
	11.67
	23.32
	10.35
	13.50
	3.16

	15
	Dubraj Sel.1 (QC)
	68.00
	107.67
	80.03
	17.47
	176.00
	10.00
	21.01
	13.26
	16.71
	3.51

	16
	BRR 0295
	71.00
	106.00
	94.63
	23.57
	190.33
	16.67
	24.09
	10.99
	14.92
	3.59

	17
	Ramjeera Mutant-10
	67.33
	106.00
	118.07
	24.63
	234.33
	15.00
	24.51
	11.61
	15.38
	3.77

	18
	VB Badshabhog Mut-38
	70.33
	108.33
	110.67
	20.67
	235.00
	12.00
	25.93
	10.63
	14.03
	3.63

	19
	CR 4448-3
	68.33
	111.33
	118.33
	22.50
	257.00
	12.00
	25.18
	8.07
	11.84
	2.98

	20
	Ketkijoha (QC)
	66.33
	105.67
	95.93
	21.37
	262.33
	14.00
	23.79
	15.91
	20.85
	4.94

	21
	SRB-18-40-1-2
	67.00
	105.00
	79.83
	24.13
	301.00
	17.00
	22.48
	12.12
	15.20
	3.41

	22
	RP 6200-84 RIL-MCM-3
	70.67
	105.67
	93.03
	24.60
	213.33
	12.67
	24.54
	9.95
	13.19
	3.24

	23
	NDR 2023-12-34
	70.67
	109.00
	90.87
	15.70
	179.67
	11.33
	24.10
	11.78
	15.52
	3.74




	24
	Kumdhaphool Mutant-4
	67.67
	111.00
	120.40
	18.20
	325.33
	12.00
	27.44
	10.37
	13.96
	3.81

	25
	RNR 15435 (Check)
	68.67
	109.00
	102.47
	23.07
	289.33
	8.67
	26.02
	11.07
	15.04
	3.91

	26
	BRR-2277
	72.67
	109.67
	86.37
	21.97
	219.33
	8.33
	25.05
	8.70
	11.33
	2.83

	27
	R-ASG-2019-36
	68.00
	112.67
	122.90
	31.10
	396.00
	17.67
	25.50
	12.37
	16.80
	4.27

	28
	RNR 41782
	70.33
	106.33
	105.40
	23.77
	225.67
	9.00
	24.95
	11.41
	15.39
	3.84

	29
	SRB-25-32-1-1
	67.00
	105.67
	102.47
	30.37
	385.50
	19.00
	26.52
	13.08
	17.45
	4.61

	30
	SARJU-52 (LC)
	70.33
	105.00
	99.10
	23.90
	239.33
	9.00
	23.87
	11.13
	14.61
	3.48

	31
	NDR 2023-11-AR-152-CP-152
	68.33
	109.00
	96.70
	23.33
	213.67
	12.00
	26.64
	10.90
	14.57
	3.88

	32
	RGL7040
	74.00
	110.67
	95.63
	33.07
	449.00
	17.00
	24.96
	15.56
	20.90
	5.21

	33
	CR4448-5
	68.33
	105.33
	118.27
	26.60
	299.00
	13.33
	25.95
	12.92
	18.04
	4.67

	34
	ORB-4-KM-2
	71.67
	110.67
	135.60
	25.83
	206.67
	11.67
	26.18
	10.92
	14.59
	3.82

	35
	MTU 1010
	66.00
	109.00
	115.00
	23.70
	261.33
	11.67
	23.84
	10.81
	14.25
	3.36

	
	Mean
	68.81
	107.99
	102.06
	23.46
	255.97
	12.94
	24.70
	11.38
	15.11
	3.73

	
	Minimum
	65.00
	103.33
	75.70
	15.70
	176.00
	8.33
	21.01
	8.07
	11.08
	2.43

	
	Maximum
	74.00
	112.67
	135.60
	33.07
	449.00
	22.33
	27.44
	15.91
	20.90
	5.21

	
	SE(d)
	1.22
	1.72
	4.43
	1.25
	11.65
	0.83
	1.37
	0.71
	0.77
	0.17

	
	CD (5%)
	2.45
	3.44
	8.87
	2.51
	23.30
	1.67
	2.75
	1.41
	1.55
	0.34

	
	CV (%)
	2.18
	1.95
	5.32
	6.55
	5.58
	7.88
	6.81
	7.61
	6.27
	5.54


Note- DFF = Days to 50% flowering; DM = Days to maturity; PH = Plant height (cm); PL = Panicle length (cm); PPMS = Number of panicles per meter Square; PTPP = Number of productive tillers per plant; HI = Harvest index (%); SYPP = Straw yield per plot (kg); BYPP = Biological yield per plot (kg); GYPP = Grain yield per plot (kg).

Table 4. Estimates of phenotypic (PCV) and genotypic (GCV) coefficient of variation, heritability (broad sense) and genetic advance as percent of mean for different characters in aromatic rice.

	Character
	PCV (%)
	GCV (%)
	Heritability (h²bs, %)
	GA (% of mean)

	DFF
	3.52
	2.76
	61.62
	4.46

	DM
	2.75
	1.94
	49.81
	2.82

	PH (in cm)
	14.13
	13.09
	85.81
	24.97

	PL (in cm)
	16.20
	14.82
	83.65
	27.92

	PPMS
	25.69
	25.07
	95.29
	50.42

	PTPP
	24.76
	23.47
	89.87
	45.84

	HI (%)
	7.70
	3.60
	21.84
	3.46

	SYPP (Kg)
	16.24
	14.34
	78.04
	26.10

	BYPP (Kg)
	15.66
	14.35
	83.95
	27.08

	GYPP (Kg)
	16.65
	15.71
	88.95
	30.51


Note- DFF = Days to 50% flowering; DM = Days to maturity; PH = Plant height (cm); PL = Panicle length (cm); PPMS = Number of panicles per meter Square; PTPP = Number of productive tillers per plant; HI = Harvest index (%); SYPP = Straw yield per plot (kg); BYPP = Biological yield per plot (kg); GYPP = Grain yield per plot (kg).

Table 5. Phenotypic (rp) and Genotypic (rg) Correlation Coefficients among Yield and Yield Contributing Traits in Aromatic Rice

	Traits
	
	DFF
	DM
	PH
	PL
	PPMs
	PTPP
	HI
	SYPP
	BYPP
	GYPP

	DFF
	rp
	1.000
	0.100
	0.005
	0.099
	−0.070
	−0.260**
	−0.069
	−0.074
	−0.047
	−0.070

	
	rg
	1.000
	0.126
	−0.037
	0.071
	−0.075
	−0.352**
	0.217*
	−0.179
	−0.168
	−0.099

	DM
	rp
	
	1.000
	0.300**
	0.050
	0.138
	0.005
	0.075
	−0.087
	−0.070
	−0.034

	
	rg
	
	1.000
	0.337**
	0.096
	0.169
	0.018
	0.481**
	−0.189
	−0.166
	−0.054

	PH
	rp
	
	
	1.000
	0.226*
	0.127
	0.048
	0.249*
	−0.144
	−0.048
	0.073

	
	rg
	
	
	1.000
	0.235*
	0.131
	0.050
	0.568**
	−0.138
	−0.037
	0.098

	PL
	rp
	
	
	
	1.000
	0.684**
	0.567**
	0.261**
	0.393**
	0.449**
	0.547**

	
	rg
	
	
	
	1.000
	0.755**
	0.634**
	0.509**
	0.489**
	0.543**
	0.622**

	PPMs
	rp
	
	
	
	
	1.000
	0.612**
	0.305**
	0.498**
	0.545**
	0.652**

	
	rg
	
	
	
	
	1.000
	0.648**
	0.601**
	0.577**
	0.617**
	0.700**

	PTPP
	rp
	
	
	
	
	
	1.000
	0.092
	0.509**
	0.527**
	0.539**

	
	rg
	
	
	
	
	
	1.000
	0.172
	0.579**
	0.570**
	0.568**

	HI
	rp
	
	
	
	
	
	
	1.000
	−0.083
	−0.074
	0.378**

	
	rg
	
	
	
	
	
	
	1.000
	0.122
	0.321**
	0.519**

	SYPP
	rp
	
	
	
	
	
	
	
	1.000
	0.952**
	0.843**

	
	rg
	
	
	
	
	
	
	
	1.000
	1.004**
	0.933**

	BYPP
	rp
	
	
	
	
	
	
	
	
	1.000
	0.893**

	
	rg
	
	
	
	
	
	
	
	
	1.000
	0.976**

	GYPP
	rp
	
	
	
	
	
	
	
	
	
	1.000

	
	rg
	
	
	
	
	
	
	
	
	
	1.000


DFF = Days to 50% flowering; DM = Days to maturity; PH = Plant height; PL = Panicle length; PPMs = Number of panicles per m²; PTPP = Number of productive tillers per plant; HI = Harvest index; SYPP = Straw yield per plot; BYPP = Biological yield per plot; GYPP = Grain yield per plot.
rp = phenotypic correlation coefficient; rg = genotypic correlation coefficient; * and ** indicate significance at 5% and 1% probability levels, respectively.

Table 6. Genotypic direct and indirect effects of different characters on grain yield per plot in Aromatic rice

	Traits
	DFF
	DM
	PH
	PL
	PPMs
	PTPP
	HI
	SYPP
	BYPP
	GYPP

	DFF
	0.0069
	-0.0026
	0.0000
	0.0013
	0.0008
	-0.0080
	0.0503
	0.0054
	-0.1530
	-0.099

	DM
	0.0009
	-0.0209
	-0.0004
	0.0018
	-0.0018
	0.0004
	0.1118
	0.0057
	-0.1514
	-0.054

	PH
	-0.0003
	-0.0070
	-0.0012
	0.0043
	-0.0014
	0.0011
	0.1319
	0.0042
	-0.0335
	0.098

	PL
	0.0005
	-0.0020
	-0.0003
	0.0184
	-0.0078
	0.0144
	0.1181
	-0.0148
	0.4958
	0.622**

	PPMs
	-0.0005
	-0.0035
	-0.0002
	0.0139
	-0.0104
	0.0147
	0.1395
	-0.0174
	0.5635
	0.700**

	PTPP
	-0.0024
	-0.0004
	-0.0001
	0.0117
	-0.0067
	0.0227
	0.0400
	-0.0175
	0.5204
	0.568**

	HI
	0.0015
	-0.0101
	-0.0007
	0.0094
	-0.0062
	0.0039
	0.2322
	-0.0037
	0.2926
	0.519**

	SYPP
	-0.0012
	0.0040
	0.0002
	0.0090
	-0.0060
	0.0131
	0.0284
	-0.0302
	0.9158
	0.933**

	BYPP
	-0.0012
	0.0035
	0.0000
	0.0100
	-0.0064
	0.0129
	0.0745
	-0.0303
	0.9126
	0.976**

	Residual effect
	0.0009
	
	
	
	
	
	
	
	
	


Table 7. Phenotypic direct and indirect effects of different characters on grain yield per plot in aromatic rice

	Traits
	DFF
	DM
	PH
	PL
	PPMs
	PTPP
	HI
	SYPP
	BYPP
	GYPP

	DFF
	0.0005
	-0.0065
	0.0012
	0.0006
	0.0014
	0.0000
	0.0328
	0.0006
	-0.0644
	-0.034

	DM
	0.0000
	-0.0019
	0.0041
	0.0028
	0.0013
	0.0003
	0.1093
	0.0010
	-0.0440
	0.073

	PH
	0.0005
	-0.0003
	0.0009
	0.0123
	0.0068
	0.0040
	0.1144
	-0.0026
	0.4113
	0.547**

	PL
	-0.0004
	-0.0009
	0.0005
	0.0084
	0.0099
	0.0043
	0.1337
	-0.0033
	0.4993
	0.652**

	PPMs
	-0.0013
	0.0000
	0.0002
	0.0070
	0.0060
	0.0070
	0.0403
	-0.0034
	0.4829
	0.539**

	PTPP
	-0.0003
	-0.0005
	0.0010
	0.0032
	0.0030
	0.0007
	0.4386
	0.0006
	-0.0680
	0.378**

	HI
	-0.0004
	0.0006
	-0.0006
	0.0048
	0.0049
	0.0036
	-0.0364
	-0.0066
	0.8726
	0.843**

	SYPP
	-0.0002
	0.0005
	-0.0002
	0.0055
	0.0054
	0.0037
	-0.0325
	-0.0063
	0.9168
	0.893**

	BYPP
	0.0005
	-0.0065
	0.0012
	0.0006
	0.0014
	0.0000
	0.0328
	0.0006
	-0.0644
	-0.034

	Residual effect
	0.00424
	
	
	
	
	
	
	
	
	


DFF = Days to 50% flowering; DM = Days to maturity; PH = Plant height (cm); PL = Panicle length (cm); PPMs = Number of panicles per m²; PTPP = Productive tillers per plant; HI = Harvest index (%); SYPP = Straw yield per plot (kg); BYPP = Biological yield per plot (kg); GYPP = Grain yield per plot (kg). Bold values indicate direct effects, while non-bold values indicate indirect effects.
*, ** Significant at 5% and 1% levels, respectively.

Table 8. Clustering pattern of 35 rice genotypes based on non-hierarchical Euclidean cluster analysis

	Cluster
	Number of genotypes
	Genotypes

	I
	5
	R 2397-156-1-128-1, Shobhini (NC), Ketkijoha (QC), SRB-25-32-1-1, CR4448-5

	II
	10
	BRR 0293, CRAC-3995-48-4, SRB-16-35-1-1, CRD Buna Kalanamak 120, Dubraj Sel.1 (QC),
BRR 0295, SRB-18-40-1-2, RP 6200-84 RIL-MCM 3, NDR 2023-12-34, Sarju-52 (LC)

	
III
	
11
	IET 31909 (R2356-218-98-1), BRR 0294, RNR 31245, KUPTB-TRV-EBC-14, RGL7038
(MTU RM 428-53-1-1), Ramjeera Mutant-10, CR 4448-3, Kumdhaphool Mutant-4, RNR 15435 (Check), NDR 2023-11-AR 152-CP-152, MTU 1010

	IV
	7
	Loktimachi Mutant-9, L:910, 5109, VB Badshabhog Mut-38, BRR-2277, RNR 41782, ORB-
4-KM-2

	V
	2
	R-ASG-2019-36, RGL7040 (MTU RM 428-1-1-1)


Table 9. Estimates of average intra- and inter-cluster distances among rice genotypes

	Cluster
	I
	II
	III
	IV
	V

	I
	2.245
	4.464
	4.220
	4.764
	3.732

	II
	
	2.275
	2.367
	2.382
	6.513

	III
	
	
	2.053
	1.934
	5.771

	IV
	
	
	
	1.928
	5.814

	V
	
	
	
	
	2.420



Table 10. Contribution of different characters towards total genetic divergence in rice genotypes.

	S. No.
	Characters
	Contribution (%)

	1
	Days to 50% flowering
	11.73

	2
	Days to maturity
	12.49

	3
	Plant height (cm)
	8.19

	4
	Panicle length (cm)
	9.59

	5
	Number of panicles m⁻²
	5.94

	6
	Number of productive tillers per plant
	8.64

	7
	Harvest index (%)
	13.13

	8
	Straw yield per plot (kg)
	10.21

	9
	Biological yield per plot (kg)
	8.38

	10
	Grain yield per plot (kg)
	11.69
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