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Unveiling the Genetic Variability and Diversity in Rice Germplasm of Chhattisgarh based on the Phenological Traits and Grain Quality Parameters
ABSTRACT

The foundation of crop improvement program lies in genetic diversity and variability which enable breeders to develop superior and desirable varieties. In this study, 50 rice germplasm accessions and seven check varieties (Dagaddesi, RRF 127, RRF 140, IR 64 Drought (DRR42), MTU 1010, Annada and Swarna) were evaluated at Indira Gandhi Krishi Vishwavidyalaya, Raipur, during the Kharif season 2021 to determine the available genetic variability and diversity based on the 19 qualitative descriptor traits and 17 quantitative traits. Analysis of variance revealed significant variation among the genotypes for all the studied quantitative traits. The traits number of effective tillers/ plants, number of filled grains/ panicle, biological yield, harvest index (%), and grain yield / plant have shown higher estimates of PCV, GCV, heritability, and genetic advance, indicating the presence of additive gene action and scope for their direct selection. Further, grain yield exhibited a strong positive correlation with days to 50% flowering, number of effective tillers, biological yield, filled grains per panicle, spikelet fertility percentage, paddy L/B ratio and brown rice L/B ratio, suggesting their importance in yield improvement. In addition, Agglomerative hierarchical cluster analysis grouped all the genotypes into seven clusters with a 63% dissimilarity index, with clusters II, IV, and VI identified as the most divergent and valuable for further hybridization to get promising segregants. The outcomes of the present study provide a strong foundation for developing improved rice cultivars by leveraging promising genotypes and key trait associations, opening new avenues for enhancing rice productivity and sustainability.
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INTRODUCTION 

Rice is an important cereal crop as it provides calories for millions of people and serve as staple food for more than two third of the world’s human population. Currently, China (145.9 MMT) followed by India (136 MMT) are the leading producer of the rice in the world (Anonymous, 2022a). Increasing human population and changing climatic scenario creates pressure to increase the rice production over 40% by 2030 and 70% by 2050.  Chhattisgarh, commonly known as “Rice bowl of India” occupies an area about 3.89 million hectares for rice cultivation with a productivity of 3212 kg/ha (Anonymous, 2022b).  Chhattisgarh, India is traditionally rich in rice biodiversity, including the wild ancestors which are excellent reservoir of useful genes. Currently, more than 23250 rice accessions have been conserved at Indira Gandhi Krishi Vishwavidyalaya, Raipur, India. These genetic resources should be exploited efficiently in breeding programmes to develop varieties for high yield potential, better grain quality, and tolerant to biotic and abiotic stresses. 
Genetic evaluation and characterization of germplasm is crucial for creating genetic database for its further utilization in genetic improvement programme. It also provides identification marks for selecting specific strains. Further, the genetic improvement primarily depends on the magnitude of genetic variability and diversity exist among the genotypes. Hence these parameters are valuable for the breeders in revealing appropriate donors for crop improvement programme. Attributes such as the GCV, PCV, heritability, and genetic advance are convenient biometric aspects for evaluating genetic variability and adaptability. Diversity analysis is a tool that helps to divide germplasms into several clusters based on their similar performance in various characteristics. Thousands of significant novel genes / traits with economic value remain undiscovered in rice germplasm lines. Further, broader genetic base among the parental lines produces high heterotic and desirable transgressive segregants in segregating generations (Ogunbayo et al., 2005; Bajracharya et al., 2006; Barry et al., 2007). Therefore, diversity among the genotypes need to be explored to face current and future challenges in rice breeding programs.
Correlation studies further optimize breeding efforts by identifying relationships between traits, enabling the simultaneous improvement of multiple characteristics and ensuring a more efficient approach to crop development. Together, these factors empower breeders to create robust, high-performing, and adaptive crops capable of meeting both current and future agricultural demands. Therefore, the present study was conducted to characterize rice germplasm based on agro-morphological and quantitative traits, to determine the pattern of genetic diversity and variability contributing parameters, to study the relationship as well as selection of potential genotypes to facilitate the choice of genotype for varietal improvement programme.
MATERIALS AND METHODS
Experimental materials and details
The research materials, consisted of 50 germplasm accessions of rice along with 7 checks namely Dagad-desi, RRF 127, RRF 140, IR 64 Drought (DRR42), MTU 1010, Annada and Swarna. The study was carried out in Kharif season 2021 at Research cum Instructional Farm, Department of Genetics and Plant Breeding, College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh, India. All the genotypes were planted by following the randomized complete block design with two replications. Recommended dose of fertilizers and manures were applied to the soil and standard agronomic practices were adopted for normal crop growth. 
Phenological traits and grain quality characterization
The observations were recorded on five randomly selected plants in each replication on various agro-morphological traits viz. days to 50% flowering, plant height, panicle length, number of effective tillers/ plants, number of filled grains/ panicle, number of unfilled grains/panicles, spikelet fertility percent,100 seed weight, biological yield, harvest index, grain yield /plant, paddy length, paddy breadth, paddy L/B ratio, brown rice length, brown rice breadth, brown rice L/B ratio. Qualitative traits were recorded in terms of coleoptile colour, early plant vigour, basal leaf sheath color, leaf blade color, leaf Auricle, ligule shape, stigma color, panicle exertion, panicle type, flag leaf angle, awning, leaf senescence, aroma, hull color, kernel color, sterile lemma color, apiculus color and threshability.
Statistical analysis

The observations recorded for various agro-morphological and grain quality traits were subjected to statistical analysis by applying statistical software like XLSTAT ver 66 19.03, IASRI online software and MS-Excel 2010. Estimation of GCV and PCV values, broad sense heritability (%), Genetic advance and Genetic advance as % of mean was done by following the standard formulae (Johnson et al., 1955; Comstock and Robinson, 1952). Agglomerative Hierarchical Cluster analysis was performed using Ward algorithm and and Euclidean distance by using XLSTAT 2021 software.
RESULTS AND DISCUSSION

Characterization of germplasm lines for qualitative characters based on the DUS guidelines
The Distinctness, Uniformity, and Stability (DUS) test was conducted to characterize 19 different qualitative morphological traits in all the 57 rice genotypes and the outcomes of frequency distribution and percentage values are presented in Table 1. The findings revealed that no variation was observed among the germplasm accessions for the trait leaf: shape of ligule, which is consistent with the findings of Sarawgi et al., 2013. Moderate variations were found among genotypes for traits such as coleoptile color, basal leaf sheath color, leaf blade color, stigma color, hull color, kernel color, and apiculus color. On the other hand, traits exhibiting high variation among the experimental materials included early plant vigor, leaf pubescence, auricle color, flag leaf angle, panicle exertion, panicle type, awning, leaf senescence, aroma, sterile lemma color, and threshability which are corroborated with the findings of Umarani et al., 2017. These results highlight the degree of diversity among the studied rice genotypes and provide valuable insights into their qualitative characterization.

Table 1. Frequency distribution for 19 morphological traits in rice germplasm

	S.No
	Characteristics
	Category
	Number of

accessions
	Frequency

(%)

	1
	Coleoptile color
	Colorless
	0
	0%

	
	
	Green
	56
	98%

	
	
	Purple
	1
	2%

	2
	Early plant vigour
	Poor
	30
	53%

	
	
	Good
	16
	28%

	
	
	Very good
	11
	19%

	3
	Basel leaf: sheath color
	Green
	42
	74%

	
	
	Light purple
	4
	7%

	
	
	Purple
	11
	19%

	
	
	Uniform purple
	0
	0%

	4
	Leaf blade color
	Light green
	38
	67%

	
	
	Green
	0
	0%

	
	
	Dark green
	3
	5%

	
	
	Purple tips
	2
	3%

	
	
	Purple margin
	14
	25%

	
	
	Purple blotch
	0
	0%

	
	
	Purple
	0
	0%

	5
	Leaf pubescence
	Glabrous
	1
	2%

	
	
	Intermediate
	27
	47%

	
	
	Pubescent
	29
	51%

	6
	Auricle color
	Green
	45
	79%

	
	
	Purple
	8
	14%

	
	
	Light purple
	4
	7%

	7
	Ligule shape
	Truncate
	0
	0%

	
	
	Acute
	0
	0%

	
	
	Split
	57
	100%

	8
	Stigma color
	White
	29
	51%

	
	
	Light green
	0
	0%

	
	
	Yellow
	6
	11%

	
	
	Light purple
	2
	3%

	
	
	Purple
	20
	35%

	9
	Panicle exertion
	Partly Exertion
	22
	38%

	
	
	Mostly exertion
	13
	23%

	
	
	Well exertion
	22
	39%

	10
	Panicle type
	Erect
	16
	28%

	
	
	Semi-erect
	26
	46%

	
	
	open
	15
	26%

	11
	Flag leaf angle
	Erect
	18
	31%

	
	
	Semi-erect
	34
	60%

	
	
	Horizontal
	4
	7%

	
	
	Drooping
	1
	2%

	12
	Awning
	Present
	8
	14%

	
	
	Absent
	49
	86%

	13
	Leaf senescence
	Early
	21
	37%

	
	
	Medium
	20
	35%

	
	
	Late
	16
	28%

	14
	Aroma
	Present
	1
	2%

	
	
	Absent
	56
	98%

	15
	Hull color
	Straw
	44
	77%

	
	
	Gold
	0
	0%

	
	
	Gold furrow on straw
	6
	11%

	
	
	Brown Furrow on straw
	2
	3%

	
	
	Purple
	0
	0%

	
	
	Purple furrow on straw
	3
	5%

	
	
	Brown
	2
	4%

	
	
	Black
	0
	0%

	16
	Kernel color
	White
	16
	28%

	
	
	Light brown
	6
	11%

	
	
	Variegated brown
	23
	40%

	
	
	Dark brown
	3
	5%

	
	
	Light red
	0
	0%

	
	
	Red
	5
	9%

	
	
	Variegated purple
	0
	0%

	
	
	Purple
	0
	0%

	
	
	Dark purple
	0
	0%

	
	
	Brown
	4
	7%

	17
	Sterile lemma color
	Straw
	43
	75%

	
	
	Gold
	12
	21%

	
	
	Red
	1
	2%

	
	
	Purple
	1
	2%

	18
	Apiculus color
	Yellowish white
	33
	58%

	
	
	Yellowish brown
	0
	0%

	
	
	Brown
	0
	0%

	
	
	Reddish brown
	0
	0%

	
	
	Light red
	0
	0%

	
	
	Red
	4
	7%

	
	
	Light Purple
	0
	0%

	
	
	Purple
	20
	35%

	
	
	Black
	0
	0%

	19
	Threshability
	Easy
	51
	89%

	
	
	Intermediate
	5
	9%

	
	
	Difficult
	1
	2%


Genetic variation among the rice germplasm lines for grain yield and quality traits 
Analysis of variance revealed significant variation among the genotypes for all the studied quantitative traits. The differences among the germplasm for all the studied characters were highly significant (p<0.01), likely due to the diverse experimental material used in this study (Table 2). The high variability observed in the experimental material increases the likelihood of producing desirable recombinants in successive generations (Roy & Shill, 2020). 

Descriptive parameters of the genotypes are presented in Table 3. In terms of plant height, IC218643 was the tallest rice germplasm (193.26 cm), while Swarna recorded the shortest height (99.15 cm). Regarding flowering duration, IC207230 and IC218800 exhibited the latest flowering (110 days), whereas IC461762X was the earliest to flower (95.50 days). This early flowering germplasm could serve as a valuable donor for developing short-duration rice varieties. The longest panicle (32.46 cm) was observed in IC458083, while IC125891 had the shortest (22.21 cm), reflecting the genetic diversity among the germplasm. Similar variations were reported by Haque (2013) and Khanam (2018). Effective tiller number (ETN) plays a crucial role in determining rice yield. In this study, Swarna exhibited the highest number of effective tillers (12.66), whereas IC554862 had the lowest (2.16). Among the studied accessions, IC218800 had the highest number of filled grains per panicle (220.83), while IC390558 recorded the lowest (29.33), consistent with findings from Saha (2019). Spikelet fertility percentage influences grain yield, with reduced fertility often leading to lower productivity. The lowest spikelet fertility (35.98%) was observed in IC390558, while the highest (90.87%) was recorded in IC379436. This variation may be due to differences in heat stress resistance among accessions. Seed weight also impacts grain yield, with IC124828 showing the highest 100-seed weight (2.90 g) and IC218800 the lowest (1.33 g). Grain yield per plant is the primary goal of rice production. The highest grain yield per plant was recorded in IC460497 (22.50 g), while IC377446 had the lowest (10.30 g). 
Market value and consumer preference for rice are largely determined by grain shape and appearance, particularly grain length, grain breadth, and the length-to-breadth ratio (Tan et al., 2000). Long and slender grains are preferred in India (Juliano & Villareal, 1993; Unnevehr et al., 1992). The studied rice accessions exhibited considerable variation in brown rice length (ranging from 4.55 cm in IC214151 to 7.35 cm in IC379436 and IC386452) and in length-to-breadth ratio (from 1.85 in IC214151 to 3.58 in IC386452). Such variability provides valuable opportunities for breeding programs aimed at developing varieties tailored to different market preferences (Koutroubas et al., 2004). The findings of this study will be useful in screening desirable genotypes for future crop improvement research. 

Table  2. Analysis of variance for grain yield and its contributing traits in rice germplasm accessions.

	
	Mean sum of squares

	Characters
	     Replication        (d.f.=1)
	Treatment (d.f.= 56)
	Error (d.f.= 56)

	Days to 50% flowering

	7.890
	65.12**
	2.913

	Plant height (cm)
	21.520
	1102.59**
	6.274

	Panicle length (cm)
	5.530
	12.39**
	1.654

	Number of effective tillers per plant

	2.150
	5.52**
	1.322

	Number of filled grains per panicle
	8.610
	3374.14**
	2.682

	Number of unfilled grains per panicle
	2.250
	1087.07**
	2.277

	Spikelet fertility percent (%)

	0.110
	283.02**
	0.633

	100 seed weight (g)
	0.140
	0.24**
	0.035

	Biological yield (g)
	7.790
	296.11**
	4.266

	Harvest index (%)
	89.820
	194.66**
	27.278

	Paddy length (mm)
	0.040
	0.87**
	0.011

	Paddy breadth (mm)
	0.030
	0.17**
	0.008

	Paddy L/B ratio
	0.020
	0.39**
	0.013

	Brown rice length (mm)
	0.040
	0.52**
	0.012

	Brown rice breadth (mm)
	0.040
	0.11**
	0.010

	Brown rice L/B ratio
	0.010
	0.32**
	0.016

	Grain yield per plant(g)

	14.670
	18.67**
	3.672


Note -: *Significant at 5% level, ** Significant at 1% level
Estimation of genetic variability parameters for yield and quality traits

The genetic parameters, including genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability, and genetic advance, are presented in Table 3. The estimates of PCV were consistently higher than those of GCV. The difference between GCV and PCV was nominal, indicating that environmental influence on trait expression is very less (Chandra & Pradhan, 2003; Karad & Pol, 2008; Madhubabu et al., 2017). Higher estimates of GCV and PCV were particularly noted for the number of effective tillers/ plants, number of filled grains/ panicle, biological yield, harvest index (%), and grain yield / plant. These outcomes are consistent with the reports of Khatun et al., (2015) and Shaikh et al., (2017). Selection of genotypes for these traits would be beneficial for genetic improvement.

Similarly, all traits exhibited high heritability estimates (>60%) in the broad sense in the study. Interestingly, high heritability coupled with high genetic advance as % of mean was observed for several traits, including the plant height, number of effective tillers, number of unfilled grains per panicle, number of filled grains per panicle, biological yield, harvest index, spikelet fertility percentage, grain yield per plant, brown rice length-to-breadth (L/B) ratio, paddy L/B ratio, 100-seed weight, and paddy breadth. This suggests that these traits are primarily governed by additive gene action, making simple selection an effective breeding strategy for their improvement. A comparatively high heritability coupled with high genetic advance for grain yield per plant and associated traits were also reported by Chaudhary et al., (2004); Sinha et al., (2004), Ram et al., (2017) and Shaikh et al., (2017). These findings provide valuable understandings into the genetic variability, heritability, and selection potential of key traits which would facilitate for future rice breeding and improvement programs.
Table 3. Estimation of genetic parameters for yield and it’s attributing traits

	S. No.
	Characters
	Mean
	Range
	CV%
	Coefficient of variation
	h2
	GA % of mean

	
	
	
	Min.
	Max.
	
	PCV
	GCV
	
	

	1
	Days to 50% flowering

	99.14
	90.50
	110.00
	1.72
	5.88
	5.62
	91.43

	11.81

	2
	Plant height (cm)
	164.56
	99.15
	193.26
	1.52
	14.30
	14.22
	98.76

	29.14

	3
	Panicle length (cm)
	26.83
	22.21
	32.46
	4.79
	9.86
	8.62
	76.38

	15.52

	4
	Number of effective tillers per plant

	4.19
	2.16
	12.66
	27.39
	44.11
	34.57
	61.43

	55.82

	5
	Number of filled grains per panicle
	120.46
	29.33
	220.83
	1.35
	34.11
	34.08
	99.83

	70.15

	6
	Number of unfilled grains per panicle
	51.15
	11.66
	132.16
	2.94
	45.62
	45.52
	99.56

	93.56

	7
	Spikelet fertility percent (%)

	69.86
	35.98
	90.87
	1.13
	17.02
	16.98
	99.55

	34.92

	8
	100 seed weight (g)
	2.20
	1.33
	2.90
	8.43
	16.91
	14.67
	75.31

	26.23

	9
	Biological yield (g)
	39.57
	22.83
	68.50
	5.22
	30.97
	30.53
	97.15

	61.99

	10
	Harvest index (%)
	36.84
	21.51
	68.98
	14.17
	28.59
	24.83
	75.41

	44.42

	11
	Paddy length (mm)
	8.27
	6.45
	9.85
	1.27
	8.01
	7.91
	97.49

	16.09

	12
	Paddy breadth (mm)
	2.64
	2.05
	3.35
	3.43
	11.14
	10.60
	90.49

	20.77

	13
	Paddy L/B ratio
	3.16
	2.16
	4.19
	3.61
	14.32
	13.82
	93.15

	27.48

	14
	Brown rice length (mm)
	6.26
	4.55
	7.35
	1.76
	8.25
	8.05
	95.40

	16.21

	15
	Brown rice breadth (mm)
	2.29
	1.75
	2.80
	4.41
	10.85
	9.92
	83.46

	18.67

	16
	Brown rice L/B ratio
	2.76
	1.85
	3.58
	4.55
	15.04
	14.29
	90.23

	27.96

	17
	Grain yield per plant(g)

	13.80
	10.30
	22.50
	13.88
	24.23
	20.86
	67.20

	33.53


Character association between yield and yield contributing traits

The correlation coefficient analysis revealed that the genotypic correlation coefficients for all the studied traits were higher than their corresponding phenotypic correlation coefficients (Table 4), suggesting that environmental factors modify trait associations at the phenotypic level. A positive and significant correlation of grain yield was observed with days to 50% flowering, number of effective tillers, biological yield, filled grains per panicle, spikelet fertility percentage, paddy L/B ratio and brown rice L/B ratio. Consequently, selecting for these traits would be beneficial for yield improvement. Since positive correlations among desirable traits are favorable, simultaneous selection can enhance multiple traits effectively.

Conversely, grain yield exhibited a negative and significant correlation with paddy breadth, brown rice breadth and plant height, suggesting that direct selection for these traits may not be effective. To overcome these negative associations, an appropriate breeding strategy such as crossing programs and mutation breeding may be employed for further genetic improvement of rice genotypes. These outcomes are consistent with the report of Chakraborty et al. (2010), Oladosu et al. (2018), Mishra & Verma (2002), Choudhary & Motiramani (2003), Verma & Shrivastava (2004) and Gyawali et al. (2018). Correlation analysis facilitates breeders in understanding the relationships between yield and its components, and thus assisting in effective selection for genetic improvement.

To further dissect these relationships, correlation coefficients between yield and its components were partitioned into direct and indirect effects using genotypic path coefficient analysis, with grain yield considered the dependent variable and all other traits as independent variables (Table 5). The path coefficient analysis of 17 studied traits revealed that grain yield was most directly influenced by paddy L/B ratio (24.562), paddy breadth (22.422), brown rice length (6.902), biological yield (3.861), brown rice breadth (3.704), harvest index (2.917), spikelet fertility percentage (1.520), panicle length (1.439), and number of effective tillers per plant (0.814). The positive direct effect of the number of effective tillers per plant on grain yield is in agreement with the findings of Manonmani & Ranganathan (2006), Ravindra Babu et al. (2012), Naseem et al. (2014), and Sarawgi et al. (2015), Agbo & Obi (2005) and Nithya et al. (2020). Furthermore, findings from Surek & Beser (2003) and Rai et al. (2014) support the significant positive direct effects of harvest index and biological yield on grain yield. The direct positive contribution of panicle length is consistent with the results of Selvaraj et al. (2011) and Ravindra Babu et al. (2012). Since these traits are showing highest positive direct effects on grain yield hence maximum priority should be given on these traits for improving the grain yield potential. 

Characters such as biological yield, harvest index, spikelet fertility percentage, panicle length, and the number of effective tillers per plant exhibited a positive correlation along with direct positive effects on grain yield. This indicates a true relationship with grain yield, suggesting that direct selection for these traits will be effective in improving grain yield. The magnitude of residual effects at the genotypic level was found to be 0.463, indicating that 53.7% of the variability in grain yield was accounted for by the studied traits. This suggests that additional traits should be included in future studies to further explain the remaining variability and provide a more comprehensive understanding of the genetic factors influencing grain yield.

Table 4. Estimation of phenotypic and genotypic correlation coefficient for yield and it’s contributing traits
	Traits
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	2 G

   P
	0.076

0.070
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3 G

   P
	0.047

0.033
	0.440**

0.399**
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4 G

   P
	0.025

-0.039
	-0.625**

-0.486**
	-0.410**

-0.226*
	
	
	
	
	
	
	
	
	
	
	
	
	

	5 G

   P
	0.510**

0.488**
	0.079

0.076
	0.014

0.018
	-0.048

-0.039
	
	
	
	
	
	
	
	
	
	
	
	

	6 G

   P
	0.202*

0.191*
	0.246**

0.245**
	0.052

0.044
	-0.284**

-0.218*
	0.074

0.074
	
	
	
	
	
	
	
	
	
	
	

	7 G

   P
	0.196*

0.190*
	-0.158

-0.157
	-0.028

-0.017
	0.218*

0.171
	0.541**

0.540**
	-0.730**

-0.730**
	
	
	
	
	
	
	
	
	
	

	8 G

   P
	-0.307**

-0.289**
	0.110

0.099
	0.358**

0.271**
	-0.036

-0.072
	-0.400**

-0.345**
	-0.269**

-0.234*
	-0.046

-0.040
	
	
	
	
	
	
	
	
	

	9 G

   P
	0.323**

0.324**
	0.230*

0.227*
	0.053

0.045
	-0.141

-0.117
	0.450**

0.444**
	-0.025

-0.025
	0.291**

0.287**
	0.007

-0.003
	
	
	
	
	
	
	
	

	10 G

    P
	-0.089

-0.069
	-0.618**

-0.531**
	-0.144

-0.126
	0.424**

0.278**
	-0.148

-0.132
	-0.059

-0.045
	-0.054

-0.056
	-0.061

-0.128
	-0.716**

-0.613**
	
	
	
	
	
	
	

	11 G

    P
	-0.182

-0.166
	0.034

0.031
	0.238*

0.185*
	-0.039

-0.059
	-0.447**

-0.443**
	0.083

0.081
	-0.330**

-0.327**
	0.472**

0.400**
	-0.196*

-0.183
	0.150

0.132
	
	
	
	
	
	

	12 G

    P
	-0.195*

-0.146
	0.428**

0.407**
	0.198*

0.153
	-0.213*

-0.168
	-0.244**

-0.231*
	-0.036

-0.036
	-0.111

-0.102
	0.591**

0.494**
	0.051

0.060
	-0.375**

-0.326**
	-0.152

-0.127
	
	
	
	
	

	13 G

    P
	0.078

0.049
	-0.318**

-0.309**
	-0.017

-0.020
	0.138

0.108
	-0.038

-0.038
	0.079

0.078
	-0.095

-0.095
	-0.161

-0.156
	-0.115

-0.114
	0.357**

0.312**
	0.668**

0.639**
	-0.830**

-0.833**
	
	
	
	

	14 G

    P
	-0.144

-0.126
	-0.055

-0.056
	0.228*

0.178
	-0.027

-0.047
	-0.368**

-0.360**
	0.046

0.045
	-0.275**

-0.270**
	0.527**

0.449
	-0.129

-0.120
	0.159

0.166
	0.872**

0.864**
	-0.230*

-0.186*
	0.659**

0.609**
	
	
	

	15 G

    P
	-0.211*

-0.137
	0.451**

0.414**
	0.203*

0.153
	-0.255**

-0.117
	-0.187*

-0.172
	0.005

0.006
	-0.114

-0.104
	0.528**

0.383**
	-0.077

-0.056
	-0.238*

-0.152
	-0.179

0.158
	0.844**

0.814**
	-0.749**

-0.727**
	-0.227*

-0.170
	
	

	16 G

    P
	0.085

0.047
	-0.361**

-0.346**
	-0.010

-0.008
	0.160

0.055
	-0.067

-0.064
	0.017

0.016
	-0.068

-0.065
	-0.071

-0.043
	-0.008

-0.016
	0.249**

0.213*
	0.614**

0.584**
	-0.729**

-0.715**
	0.905**

0.884**
	0.719**

0.666**
	-0.836**

-0.837**
	

	17 G

    P
	0.286**

0.272**
	-0.295**

-0.235*

	-0.050

-0.058
	0.220*

0.090
	0.471**

0.382**
	-0.081

-0.061
	0.351**

0.281**
	-0.074

-0.144
	0.707**

0.610**
	-0.048

0.213*
	-0.101

-0.061
	-0.372**

-0.283**
	0.254**

0.204*
	-0.034

0.011
	-0.402**

-0.250**
	0.275**

0.213*


Note -: *Significant at 5% level, ** Significant at 1% level

Table 5. Direct and indirect effects of yield components on grain yield
	Traits
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	1
	-1.415
	-0.049
	0.067
	0.021
	-0.633
	-0.227
	0.298
	3.137
	1.246
	-0.260
	2.408
	-4.370
	1.921
	-0.996
	-0.781
	-0.081
	0.286**

	2
	-0.108
	-0.645
	0.634
	-0.509
	-0.099
	-0.278
	-0.241
	-1.126
	0.887
	-1.803
	-0.445
	9.603
	-7.804
	-0.380
	1.672
	0.344
	-0.295**

	3
	-0.066
	-0.284
	1.439
	-0.333
	-0.017
	-0.059
	-0.043
	-3.660
	0.206
	-0.419
	-3.148
	4.431
	-0.429
	1.572
	0.751
	0.010
	-0.05

	4
	-0.036
	0.403
	-0.590
	0.814
	0.059
	0.320
	0.331
	0.369
	-0.544
	1.238
	0.511
	-4.768
	3.401
	-0.190
	-0.945
	-0.153
	0.220*

	5
	-0.721
	-0.051
	0.020
	-0.039
	-1.242
	-0.084
	0.822
	4.095
	1.738
	-0.431
	5.926
	-5.474
	-0.923
	-2.536
	-0.692
	0.064
	0.471**

	6
	-0.285
	-0.159
	0.075
	-0.231
	-0.092
	-1.127
	-1.109
	2.756
	-0.098
	-0.172
	-1.094
	-0.812
	1.949
	0.316
	0.018
	-0.017
	-0.081

	7
	-0.277
	0.102
	-0.041
	0.177
	-0.672
	0.823
	1.520
	0.470
	1.125
	-0.158
	4.372
	-2.499
	-2.341
	-1.895
	-0.421
	0.065
	0.351**

	8
	0.434
	-0.071
	0.515
	-0.029
	0.497
	0.304
	-0.070
	-10.225
	0.029
	-0.179
	-6.252
	13.259
	-3.946
	3.635
	1.956
	0.067
	-0.074

	9
	-0.456
	-0.148
	0.077
	-0.115
	-0.559
	0.028
	0.443
	-0.076
	3.861
	-2.088
	2.595
	1.145
	-2.834
	-0.890
	-0.284
	0.007
	0.707**

	10
	0.126
	0.399
	-0.207
	0.345
	0.184
	0.066
	-0.082
	0.627
	-2.764
	2.917
	-1.993
	-8.413
	8.766
	1.100
	-0.882
	-0.238
	-0.048

	11
	0.257
	-0.022
	0.342
	-0.031
	0.556
	-0.093
	-0.502
	-4.828
	-0.757
	0.439
	-13.242
	-3.399
	16.409
	6.019
	-0.665
	-0.586
	-0.101

	12
	0.276
	-0.276
	0.284
	-0.173
	0.303
	0.041
	-0.169
	-6.047
	0.197
	-1.095
	2.007
	22.422
	-20.378
	-1.587
	3.127
	0.696
	-0.372**

	13
	-0.111
	0.205
	-0.025
	0.113
	0.047
	-0.089
	-0.145
	1.643
	-0.445
	1.041
	-8.847
	-18.603
	24.562
	4.548
	-2.774
	-0.864
	0.254**

	14
	0.204
	0.036
	0.328
	-0.022
	0.457
	-0.052
	-0.417
	-5.386
	-0.498
	0.465
	-11.548
	-5.157
	16.185
	6.902
	-0.842
	-0.686
	-0.034

	15
	0.298
	-0.291
	0.292
	-0.208
	0.232
	-0.006
	-0.173
	-5.399
	-0.296
	-0.695
	2.376
	18.929
	-18.394
	-1.569
	3.704
	0.798
	-0.402**

	16
	-0.121
	0.233
	-0.015
	0.131
	0.083
	-0.020
	-0.103
	0.722
	-0.030
	0.726
	-8.125
	-16.336
	22.217
	4.963
	-3.095
	-0.955
	0.275**


Residual are 0.463
“1=Days to 50% flowering, 2=Plant height(cm), 3=Panicle length(cm), 4=Number of effective tillers per plant, 5=Number of filled grains per panicle, 6=Number of unfilled grains per panicle, 7=Spikelet fertility percent(%), 8=100seed weight(g), 9=Biological yield(g), 10=harvest index(%), 11=Paddy length(mm), 12=Paddy breadth(mm), 13=Paddy L/B ratio, 14=Brown rice length(mm), 15=Brown rice breadth(mm), 16=Brown rice L/B ratio , 17= Grain yield per plant.
Genetic Diversity among the Rice Germplasm Line through Agglomerative Cluster analysis
The clustering technique is employed to determine the ideal parents for exploitation of heterotic gain. The analysis performed using the Ward method and Euclidean distance grouped the 57 germplasm accessions into seven distinct clusters. The clustering pattern of all 57 germplasm accessions is presented in Table 6. Among these clusters, Cluster I contained the highest number of genotypes (35) followed by Cluster VI (8) and Cluster VII (4) whereas Clusters II, III, and V, each represented by 3 genotypes. Cluster IV has single genotype which is lowest among all. The substantial amount of genetic variation was expressed by the clusters having maximum number of genotypes, whereas, minimum amount of genetic diversity was suggested by clusters having fewer number of genotypes (Awad-Allah et al., 2022 and Rathan et al., 2020).
The highest intra-cluster distance was recorded in Cluster I (34.44), which also contained the largest number of genotypes, followed by Cluster II (30.692) and Cluster VI (29.37), indicating significant genetic variability within these clusters. On the other hand, the maximum inter-cluster distance was observed between Cluster IV and Cluster VII (172.97), followed by Cluster III and Cluster IV (137.29), Cluster VI and Cluster VII (133.69), Cluster II and Cluster IV (121.02). These high inter-cluster distances indicate substantial genetic diversity between the genotypes of these clusters (Table 7). Therefore, it is suggested that diverse genotypes from these groups, along with other desirable traits, should be utilized in hybridization program for enhancing the yield and grain quality traits of rice. 
The cluster mean values for each of the seventeen studied traits are presented in Table 8. The average values of number of filled grains per panicle, harvest index, grain yield per plant, and the number of effective tillers per plant were higher in the genetic material designated as cluster IV; early maturity, spikelet fertility percentage, biological yield, and panicle length were highest in cluster VI, while highest mean values for brown rice length, paddy L/B ratio, and brown rice L/B ratio was observed in Cluster II. These findings offer essential insights for choosing most suitable genotypes for different attributes for yield and quality improvement in breeding programs. Thus, this study offers a valuable knowledge that might be exploited to create variation in the other rice breeding initiatives (Thang, 2022). The dendrogram formed through agglomerative cluster analysis revealed overall 63% dissimilarity index among these clusters, highlighting significant genetic divergence among the germplasm accessions (Fig.1). This clustering pattern underscores the potential for selecting genetically diverse parents from distant clusters to develop improved rice varieties with desirable agronomic and quality traits.

Table 6. Grouping of rice germplasm line based on the cluster analysis
	Cluster number
	Number of germplasm
	Name of germplasm accession

	I

	35


	Dagad Desi, IC464685, IC115819, IC377446, IC114017, IC214097, IC379627, IC461349, IC387810, IC207746, IC115470, IC463263,   IC323723,
IC378565, IC214151, IC460367X, IC252219, IC124828, IC134486, IC379436, IC386019, IC115406, IC125891, IC389372, IC377256, IC458407X, IC460497, IC465229, IC376499, IC218643, IC207230, IC126121, IC218644, IC464276, IC514539

	II
	3
	RRF 127, RRF 140, IC386452

	III
	3
	IR 64 Drought(DRR 42), MTU 1010, Annada

	IV
	1
	Swarna

	V
	3
	IC135204, IC462995, IC554862

	VI
	8
	IC435122, IC258783, IC594031, IC216848, IC218800, IC114210,

	
	
	IC459860, IC125725

	VII
	4
	IC390558, IC458083, IC125403, IC461762X


Table  7.  Average intra and inter-cluster distance among the rice germplasm
	Class
	I
	II
	III
	IV
	V
	VI
	VII

	I
	34.447
	73.061
	85.747
	118.032
	65.858
	69.176
	66.541

	II
	73.061
	30.692
	47.225
	121.020
	98.231
	118.962
	79.000

	III
	85.747
	47.225
	20.979
	137.296
	132.351
	128.278
	96.279

	IV
	118.032
	121.020
	137.296
	0.000
	130.086
	82.701
	172.971

	V
	65.858
	98.231
	132.351
	130.086
	20.583
	95.670
	82.811

	VI
	69.176
	118.962
	128.278
	82.701
	95.670
	29.377
	133.698

	VII
	66.541
	79.000
	96.279
	172.971
	82.811
	133.698
	23.494


Table  8. Cluster mean for seventeen quantitative traits of rice germplasm
	Class
	I
	II
	III
	IV
	V
	VI
	VII

	Days to 50% flowering
	98.88


	95.16
	98.66
	102.00
	102.16
	102.81
	94.37

	Plant height(cm)
	172.70
	112.06
	109.73
	99.15
	176.44
	164.64
	181.06

	Panicle length(cm)
	26.805


	25.71
	25.40
	22.76
	27.56
	27.83
	27.44

	Number of effective tillers per plant
	3.99


	3.77
	7.50
	12.66
	3.55
	3.62
	3.29

	Number of filled grains per panicle
	117.38


	85.05
	71.00
	202.00
	129.77
	182.47
	60.04

	Number of unfilled grains per   panicle
	49.15


	55.27
	17.33
	48.00
	111.22
	40.39
	68.62

	Spikelet fertility

percent
	70.79


	59.82
	80.08
	80.79
	53.94
	82.49
	45.16

	100 seed weight(g)
	2.26
	2.23
	2.35
	1.61
	1.92
	2.04
	2.24

	Biological yield(g)
	38.57
	29.46
	38.40
	26.00
	35.00
	53.53
	35.66

	Harvest index (%)
	35.23
	54.05
	45.73
	66.58
	38.16
	31.34
	33.92

	Paddy length(mm)
	8.22


	8.66
	8.53
	7.40
	8.71
	7.96
	8.68

	Paddy breadth(mm)
	2.72


	2.36
	2.51
	2.20
	2.51
	2.48
	2.80

	Paddy L/B ratio
	3.05
	3.66
	3.41
	3.36
	3.46
	3.25
	3.13

	Brown rice length(mm)
	6.21


	6.65
	6.63
	5.75
	6.46
	6.07
	6.52

	Brown rice breadth(mm)
	2.36


	2.05
	2.15
	2.05
	2.25
	2.12
	2.42

	Brown rice L/B

ratio
	2.65


	3.24
	3.11
	2.81
	2.89
	2.89
	2.70

	Grain yield per plant
	13.01
	15.21
	16.41
	17.15
	13.06
	16.68
	11.62


 SHAPE  \* MERGEFORMAT 
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Fig. 1. Agglomerative Hierarchical Cluster Analysis based Dendrogram

Systematic evaluation and characterization of rice germplasm line are essential for identifying valuable donor traits and preserving unique rice varieties. The outcomes of the present study provide a strong foundation for developing improved rice cultivars by leveraging promising genotypes and key trait associations, opening new avenues for enhancing rice productivity and sustainability. 
References:
1. Agbo, C.U. and Obi, I.U. 2005. Yield and yield component analysis of twelve upland rice genotypes. J. Agric. Food Environ. Extens. 4(1): 29-33.

2. Anonymous. 2022a. Foreign Agricultural Service/Global Market Analysis, USDA, World Agriculture Production.

3. Anonymous. 2022b. Directorate of Agriculture, Government of Chhattisgarh.

4. Awad-Allah M. M. A., Shafie W. W. M., Alsubeie M. S., Alatawi A., Safhi F. A., Alshamrani S. M., Albalawi D. A., Al-Amrah H., Alshehri D., Alshegaihi R. M., Basahi M. A. and Masrahi A. S.2022. Utilization of genetic resources, genetic diversity and genetic variability for selecting new restorer lines of rice (Oryza sativa L.). Genes. 13(12): 2227.
5. Bajracharya, J., Steele, K.A., Jarvis, D.I., Sttapit, B.R. and Witcombe, J.R. 2006. Rice land race diversity in Nepal variability of agro-morphological traits and SSR markers in land races from a high attitude site. Field Crop Research, 95: 327-335.

6. Barry, M.B., Pham, J.L. Noyer, J.L., Billot, C., Courtis, B. and Ahmadi, N. 2007. Genetic diversity of two cultivated rice species (O. sativa and O. glaberrima) in Maritime Guinea: Evidence for interspecific recombination. Euphytica, 154: 127-137.

7. Chakraborty, S., Das, P.K., Guha, B., Sarmah, K.K. and Barman, B. 2010. Quantitative genetic analysis for yield and yield components in boro rice (Oryza sativa L.). Not. Sci. Biol., 2(1): 117-120.

8. Chandra, R. and Pradhan, S. K. 2003. Analysis of genetic variability, heritability and genetic advance for yield and yield components in low land rice. Indian
9. J. Plant Genetic Resources, 16(3): 182-183.
10. Chaudhary, M. and Motiramani, N. K. 2003. Variability and association among yield attributes and grain quality in traditional aromatic rice accessions. Crop Imp. 30(1):84-90.

11. Choudhary, M., Sarawgi, A.K. and Motiramani, N.K. 2004. Genetic variability of quality, yield and yield attributing traits in aromatic rice (Oryza sativa L.). Adv. Pl. Sci. 19(2): 484:90.

12. Comstock, R., Robinson, H. and Gowen, J. 1952. Estimation of average dominance of genes, Heterosis, 494–516.

13. Haque, S., Pradhan, S. K., Anandan A. and Singh, O. N. 2014. Morphometric Diversity Studies in Rice Genotypes for Yield and Yield Attributing Characters under Drought. The International Journal of Science & Technoledge. 2(8): 139-142.

14. IRRI. 2013. Standard evaluation system for rice (SES). International Rice Research Institute, Manila, Philippines, 5, 1-55

15. Johnson, H.W., Robinson, H.F. and Comstock, R.E. 1955. Estimation of genetic and environmental variability in soybeans. Agron. J. 47:314–318.

16. Juliano, B.O. and Villareal, C.P. 1993. Grain Quality Evaluation of World Rices. International Rice Research Institute, Manila, Philippines

17. Karad, S.R. and Pol, K. M. 2008. Genetic divergence of traditional rice germplasm accessions International-Journal of Agricultural Sciences, 4(2): 663-666.

18. Khanam, A.A.2018. Characterization and comparative assessment of ten advanced lines of Aus rice (Oryza sativa L.). MS Thesis. Dhaka: Sher-E-Bangla Agricultural University.

19. Khatun, T.M., Mohamed, M.H., Mohd, R.Y., Wong, M.Y., Faezah, M.L and Jannatul, F. 2015. Genetic variation, heritability and diversity analysis of upland rice (Oryza sativa L.) genotypes based on quantitative traits. BioMed Research International. 10: 1-7

20. Koutroubas, Spyridon & Mazzini, F & Pons, B & Ntanos, D.A. 2004. Grain quality variation and relationships with morpho-physiological traits in rice (Oryza sativa L.) genetic resources in Europe. Field Crops Research. 86: 115-130.

21. Gyawali, S., Poudel, A. and Poudel, S., 2018. Genetic Variability and Association in Different Rice Genotypes in Mid- Hill of Western Nepal. Acta Scientific Agriculture 2 (9) : 69-76.
22. Laza, M.R.C., Peng, S.B., Akita, S.G., Saka, H. 2004. Effect of panicle size on grain yield of IRRI-released indica Rice cultivars in the wet season. Plant Prod. Sci. 7: 271–276

23. Liu, K.; Zhang, K.; Zhang, Y.; Cui, J.; Li, Z.; Huang, J.; Li, S.; Zhang, J.; Deng, S.; Zhang, Y. 2024. Optimizing the Total Spikelets Increased Grain Yield in Rice. Agronomy. 14(1): 152

24. Madhubabu, P., Suman, K., Rathod, R., Fiyaz, R.A., Rao, D.S., Sudhakar, P. and Neeraja,C.N. 2017. Evaluation of Grain Yield, Quality and Nutrients Content in Four Rice (Oryza sativa L.) Genotypes. Current Journal of Applied Science and Technology.22(1) : 1-12.

25. Manonmani, S. and Ranganathan, T.B. 2006. Path analysis in early X very early crosses of rice. Oryza, 43(1): 62-63.

26. Mishra, L.K. and Verma, R.K. 2002. Correlation and path coefficient analysis for morphological and quality traits in rice (Oryza sativa L.). Plant Archives, 2(2): 275-284

27. Naseem, I., Khan, A.S. and Akhter, M. 2014. Correlation and path coefficient studies of some yield related traits in rice (Oryza sativa L.). International Journal of Scientific and Research Publications. 4(4): 1-5.

28. Nithya, N., Beena, R., Abida, P.S., Sreekumar, J., Stephen, R., Jayalekshmi, V.G., Manju, R.V. and Viji, M.M. 2020. Genetic diversity and population structure analysis of bold type rice collection from southern India. Cereal Research Communications.48:311-328.

29. Ogunbayo, S.A., Ojo, D.K., Guei, R.G., Oyelakin, O.O. and Sanni, K.A. 2005. Phylogenetic diversity and relationships among 40 rice accessions using morphological and RAPDs techniques. African Journal of Biotechnology, 4
(11): 1234-1244.
30. Oladosu, Y., Rafii, M.Y., Magaji, V., Abdullah, N., Miah, G., Chukwu, S.C., Hussin, G., Ramli, A. and Kareem, I. 2018. Genotypic and Relationship among Yield Components in Rice under Tropical Conditions. BioMed research international.13: 1-10
31. Rai, S. K., Suresh B.G., Rai, P.K., Lavanya, G.R., Kumar, R., and Sandhya. 2014. Genetic Variability, Correlation and Path Coefficient Studies for Grain Yield and Other Yield Attributing Traits in Rice (Oryza Sativa L.).International Journal of Life Sciences Research.2 (4): 229-234

32. Ram, B.J., Babu, G.S., Lavanya, G.R., Kumar, K.M., &Spandana, B.2017. Genetic variabilityForyield attributing traits of elite rice germplasm (Oryza sativa L.).Journal of Pharmacognosy and Phytochemistry, 6(3) : 832-834.

33. Rathan N. D., Singh S. K., Singh R. K., and Singh D. K. 2020.Estimating genetic divergence in rice (Oryza sativa L.) using D2 analysis. Electronic Journal of Plant Breeding. 11(3) : 836–840.
34. Ravindra Babu, V., Shreya, K., Dangi, K. S., Usharani, G. and Siva Shankar, A. 2012. Correlation and Path Analysis Studies in popular Rice Hybrids of India. International Journal of Scientific and Research Publications. 2(3): 1-5

35. Saha, S.R., Hassan, L., Haque, M.A., Islam, M.M. and Rasel, M. 2019. Genetic variability, heritability, correlation and path analyses of yield components in traditional rice (Oryza sativa L.) landraces. Journal of Bangladesh Agricultural University, 17(1): 26-32.

36. Sarawgi, A.K., Ojha,O., Koshta, N. and Pachauri, A. 2015. Genetic divergence and association study for grain yield in rice (Oryza sativa L.) germplasm accessions. The Ecoscan. 9(2) : 217-223.

37. Sarawgi, A.K., Rao, L.V.S., Parikh, M., Sharma B. and Ojha, G.C. 2013. Assessment of Variability of Rice (Oryza sativa L.) Germplasm using Agro- morphological Characterization. Journal of Rice Reserch. 6(1) : 17-27.

38. Selvaraj, C.I., Nagarajan, P., Thiyagarajan, K., Bharathi, M. and Rabindran, R. 2011. Genetic parameters of variability, correlation and path coefficient studies for grain yield and other yield attributes among rice blast disease resistant genotypes of rice (Oryza sativa L.). African Journal of Biotechnology, 10(17): 3322-3334.

39. Shaikh, S.A. Umate. S.M, Syed, A.J., &Deosarkar , D.B. 2017. Study on Genetic Variability, Heritability and Genetic Advance in Rice (Oryza sativa L.) Genotypes. International Journal of Pure and Applied Bioscience, 5(4) : 511-515.

40. Singh, B.N., Dhua, S.R., Sahu, R.K., Patra, B.C. and Marndi, B.C. 2001. Status of rice germplasm-Its collection and conservation in India Indian J. Plant. Genet. Resour. 14: 105-106

41. Sinha, S.K., Tripathi, A.K. and Bisen, U.K. 2004. Study of Genetic variability and correlation coefficient analysis in midland landraces of rice. Ann. Agric. Res., 25(1): 1-3.

42. Surek, H. and Beser, N. 2003. Correlation and path coefficient analysis for some  yield-related traits in rice (Oryza sativa L.) under thrace conditions. Turk. J.Agric., 27: 77-83.

43. Tan, Y.-F., Xing, Y.-Z., Li, J.-X., Yu, S.-B., Xu, C.-G., Zhang, Q., et al. (2000). Genetic bases of appearance quality of rice grains in Shanyou 63, an elite rice hybrid. Theor. Appl. Genet. 101, 823–829

44. Thang N. B., Genetic divergence of cultivated rice varieties in north vietnam for grain quality traits using D2 cluster analysis, Vietnam Journal of Agricultural Sciences. (2022) 5, no. 2, 1435–1444
45. Unnevehr, L.J., Duff, B. and Juliano, B.O. 1992. Consumer demand for rice grain quality. International Rice Research Institute, Manila, The Philippines/ International Development Research Centre, Ottawa, Canada

46. Verma, O. P. and Srivastava, H. K. 2004. Productive association of quantitative traits in diverse ecotypes of rice (Oryza sativa L.). Journal of Sustainable Agriculture, 25 (2): 75-91.










