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Abstract   

The rice panicle, a pivotal reproductive structure, signifies the transition 

from vegetative to reproductive growth in plants. Comprising components 

such as the rachis, primary and secondary branches, seed quantities and 

branch lengths, panicle architecture profoundly influences grain produc-

tion. This study delves into the diversity of panicle architecture traits and 

scrutinizes variability parameters across 69 distinct rice genotypes. Our 

findings underscore substantial variations in panicle architecture traits 

among genotypes. Particularly noteworthy are traits with the highest coeffi-

cient of variation (CV%), encompassing the count of secondary branches, 

single plant yield, productive tillers per plant, seeds per secondary branch 

and panicle weight. Correlation analysis reveals robust positive connections 

between panicle weight, the number of filled grains per panicle, 1000-grain 

weight and single plant yield. The number of secondary branches exhibits 

the most substantial phenotypic coefficient of variation (PCV%) at 47.14%, 

accompanied by a genotypic coefficient of variation (GCV%) of 43.57%. 

Traits such as days to 50% flowering, plant height and number of filled 

grains per panicle manifest high heritability (97.04%, 91.24% and 76.22% 

respectively) and notable genetic advancement (23.11%, 39.62% and 

47.49%). The principal component analysis identifies the primary compo-

nent (PC1) as the principal contributor to variance. Biplot analysis accentu-

ates positive correlations between attributes like the number of filled grains 

per panicle, panicle length, plant height, primary branch count, panicle 

weight, seeds per primary branch and the number of secondary branches 

with single plant yield. By employing Mahalanobis D2 statistics, the classifi-

cation of genotypes into 6 distinct clusters reveals clusters III and IV as    

distinguished by their significant inter-cluster and intra-cluster distances. 

This comprehensive analysis unveils the potential for harnessing panicle 

architecture traits to enhance grain production and advances our compre-

hension of intricate relationships within diverse rice genotypes.   
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Cluster analysis; correlation; heritability; panicle structure; principal component 
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Introduction   

Rice (Oryza sativa L.) is a semi-aquatic grass species cultivated globally. In 

India, the crop is referred to as "dhanya", symbolizing "the subsistence of 
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the human race" (1). It covers 11% of the world's arable 

land and occupies approximately 30% of the area            

allocated for grain crops. Recent research suggests an  

anticipated 12% increase in the global population. Conse-

quently, meeting the escalating demand for rice necessi-

tates boosting productivity by at least 13% and increasing 

rice production by 500 million metric tonnes (2).  

 The inflorescence of rice is known as panicle.       

Panicle production initiates when the plant transitions 

from vegetative to reproductive growth (3). The shoot   

apical meristem of rice transforms into an inflorescence 

meristem, which further develops into a primary branch 

meristem before undergoing abortion during the repro-

ductive growth phase. Successive formation of secondary 

branch meristems on the main branch occurs, which then 

differentiate into spikelet branch meristems and lateral 

spikelet meristems. Concurrently, the top of the primary 

branch meristem divides into a terminal spikelet meri-

stem. These developmental processes collectively contrib-

ute to the formation of the essential structure of the rice 

panicle (4). The panicle comprises various components 

including the rachis, primary branches, secondary branch-

es (5), as well as other factors such as the number of seeds 

per panicle, seeds per primary and secondary branches, 

length of primary and secondary branches and panicle 

length – all of which constitute the panicle architecture. 

 In rice, the panicle architecture has been the main 

focus of high-yield breeding (5, 6). The primary rachis pro-

duces the primary branch, which further branches into the 

secondary branches. This panicle branching determines 

the grain count per panicle (4). Grain number and grain 

weight, oftern referred to as 2Gs, represents 2 complex 

traits controlled by numerous quantitative trait loci 

(QTLs), playing a pivotal role in enhancing rice yield (7). 

The length of the panicle, the number of primary branches 

and secondary branches, and the number of spikelets or 

grains are all quantitative aspects of panicle architecture 

that have an impact on crop yield (8). Over the last 22 

years, a multitude of genes involved in panicle develop-

ment have been identified and functionally characterized. 

Genes like Short Panicle 1 (Sp1), Direct and Erect Panicle 2 

(DEP2) and Direct and Erect Panicle 3 (DEP 3) affect the 

panicle length (8), the genes OsSPL14, Aberrant Spikelet 

and Panicle 1 (ASP1), Aberrant Panicle Organization 1 

(APO1) control branch number (9). Undulate Rachis -1 (Ur1) 

which is a dominant gene governs the development of pri-

mary branches and secondary branches (10). Enhancing 

grain number per panicle is influenced by genes such as 

grain number 1 a (Gn1a), grain number per panicle 1 

(GNP1) (11), grain length and awn development (GAD1) 

(12), awn 1(An1) (13) and plant architecture and yield 1 

(PAY1) (14). Moreover, the gene regulator of grain number1 

(RGN1) orchestrates both grain number and shape (4). 

 Various studies have identified simple sequence 

repeats (SSR) markers corresponding to different panicle 

architecture traits. For instance, a study by (15) Reported 

ten SSR markers associated with the Panicle Length, situ-

ated on chromosomes 2, 3, 5, 6, 8 and 9, derived from a 

natural population in East and Southeast Asia. Likewise, 

other markers like RM5833 and RM5707 located on chro-

mosome 2 have been associated with erect panicles (16), 

RM7329 on chromosome 6 linked with the secondary 

branching (10), marker RM413 present in chromosome 5 

associated with the number of spikelets per panicle (17), 

RM3430 on the chromosome 6 associated with primary 

branching (18) and marker RM140 located on the chromo-

some 1 are linked with the short panicle trait (19). 

 Small regulatory molecules known as phytohor-

mones have an impact on almost every aspect of plant 

growth and development. Among these hormones, such as 

cytokinins, auxins and gibberellins, they collectively or-

chestrate the emergence and growth of rice inflores-

cences. These hormonal cues are particularly critical for 

rice yield attributes due to their intricate interplay and 

cross-talk (20). For instance, cytokinin, a plant hormone, 

controls both primary branch number and the grain num-

ber (21), as well as length of the panicle (22-24). Auxin con-

trols the branching in rice panicles (25) and gibberellins 

play a major role in controlling the panicle size (26). The 

objective of this study is to conduct a comprehensive ex-

ploration of the variation in panicle architecture traits 

across traditional and adaptable rice varieties. The ulti-

mate aim is to identify optimal candidates among these 

lines, which can then be strategically integrated into forth-

coming rice breeding programmes. This integration is an-

ticipated to effectively enhance the crop's yield potential 

for the future.   

Materials and Methods 

Plant Material        

The genetic material for this study comprised 69 

germplasm lines sourced from various regions of southern 

India. These lines include both landraces and varieties 

(Supplementary Table S1). 

Field trial        

The experimental study was conducted at the South farm 
of Karunya Institute of Technology and Sciences in         

Coimbatore during the Kharif and Rabi season of the year 

2022. The genotypes were grown in 3 replications using a 

randomized block design (RBD) with a spacing of 20 × 20 

centimeters, covering a total field area of 7840.8 sq ft. The 

crop was cultivated following the recommended crop 

management practices, which include appropriate irriga-

tion, fertilizer and pesticide usage. 

Phenotyping of the germplasm lines         

Phenotyping for all the accessions was performed  manu-

ally. The plants were marked after being randomly select-

ed. A total of 13 quantitative morphological traits related 

to panicle architecture and other relevant morphological 

traits were measured. These includes duration for 50% 

flowering (days), plant height (cm), number of productive 

tillers, panicle length (cm), number of primary branches, 

number of secondary branches, number of seeds per pri-

mary branch, number of seeds per secondary branch as 

well as yield- related traits such as panicle weight (g), num-

ber of filled grains, spikelet fertility %, grain weight per 

thousand grains (g) and single plant yield (g). 
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Statistical analysis         

The mean data collection from the 2 seasons were subject-

ed to statistical analysis using STAR (Statistical Tool for 

Agricultural Research) version 2.0.1, developed by the IRRI 

(International Rice Research Institute) and R package 

(https://cran.r-project.org/) version 4.2.2. Various statisti-

cal analyses were conducted, including Analysis of vari-

ance (ANOVA), correlation, variability analysis phenotypic 

variance (PV), genotypic variance (GV), environmental vari-

ance (EV), phenotypic coefficient of variation (PCV), geno-

typic coefficient of variation (GCV), Environmental coeffi-

cient of variation (ECV), heritability (H2), genetic advance 

(GA) and grand average mean (GAM), principal component 

analysis (PCA) and cluster analysis.   

 

Results  

All the statistical analyses performed in this research were 

centered on the mean performance of genotype, which 

was derived from the collected data. The results of the 

analysis of variance conducted for the 13 traits related to 

panicle and yield exhibited significant variations among 

the 69 genotypes, indicating diversity among these geno-

types across all the assessed characteristics 

(Supplementary Table S2). Descriptive statistics (Mean, 

minimum, maximum, standard error of difference, coeffi-

cient of variation and critical difference) were calculated 

and are summarized in Table 1. Additionally, Fig. 1A pro-

vides a visualization of the different types of panicle ob-

served during the course of this study. 

Character Minimum Maximum Range Mean 
Standard error 

difference     
(SE(d)) 

Coefficient of 
variation (CV%) 

Critical differ-
ence (CD) at 5% 

Days to 50% flowering (Days) 90.00 134.00 44.00 107.22 1.38 10.68 2.57 

Plant height (cm) 64.83 135.33 70.50 97.31 2.46 21.02 2.50 

Number of productive tillers 
per plant (Nos) 3.00 17.33 14.33 6.98 0.32 37.93 5.24 

Panicle length (cm) 14.67 32.33 17.66 20.78 0.42 16.81 3.80 

Number of primary branches 
(Nos) 5.00 13.00 8.00 7.90 0.19 19.92 1.10 

Number of secondary branch-
es (Nos) 6.00 38.00 32.00 18.03 0.97 44.79 1.28 

Number of seeds per Primary 
branch (Nos) 6.25 21.86 15.61 13.62 0.45 27.28 23.82 

Number of seeds per second-
ary branch (Nos) 3.16 17.13 13.97 6.80 0.30 37.03 3.21 

Panicle weight (g) 1.15 3.81 2.66 2.34 0.08 28.79 1.36 

Number of filled grains per 
panicle (Nos) 70.00 183.33 113.33 121.15 3.34 22.90 3.86 

Spikelet fertility percentage 
(%) 57.89 95.00 37.11 81.97 1.00 10.18 2.57 

1000 grain weight (g) 13.26 36.20 22.94 21.65 0.65 24.79 2.50 

Single plant yield (g) 5.83 30.08 24.25 18.18 0.87 39.70 5.24 

Table 1. Descriptive statistics of panicle architecture and yield attributing traits among 69 rice genotypes  

Fig. 1. A- Panicle architecture trait variations observed in Karthika- Open panicle type, Kothamali samba – Open panicle type, KRG 4- Intermediate panicle type, 
KRG 9 – Compact panicle type, KRG 17- Loose panicle type, KRG 64- Loose panicle type. B- Frequency distribution of panicle architecture and yield attributing 
traits among 69 rice genotypes. C- Box plot of the panicle architecture and yield attributing traits among 69 rice genotypes.  
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 The trait, number of filled grains per panicle, dis-

played the highest mean value of 121.15, encompassing a 

range from 70.00 to 183.33. Following closely, “days to 

50% flowering” exhibited  a mean of 107.22 within a range 

of 90.00 to 134.00. The mean for “plant height” was the 

highest amongst the measured traits, with a value of 97.31, 

spanning from 64.83 to 135.33. Additionly, the trait 

“spikelet fertility” demonstrated a mean value of 81.97, 

ranging from 57.89 % to 95.00 %. The extent of variations 

amongst the genotypes across 3 replications was present-

ed through frequency distribution charts depicting panicle 

architecture and yield-attributing traits across 69 rice   

genotypes (Fig. 1B). Within the studied genotypes, the  

coefficient of variation (CV%) ranges from 10.18% to 

44.79%. Notably, the highest CV% was exhibited by the 

number of secondary branches (44.79), followed by single 

plant yield (39.70%), number of productive tillers per plant 

(37.93%), Number of seeds per secondary branch (37.03%) 

and panicle weight (28.79%), while the lowest CV% was 

observed in spikelet fertility % (10.18%) (Table 1). 

 The mean performance, shown in Supplementary 

Table S3, highlighted notable variations among different 

rice genotypes. The landrace ‘Makom’ exhibited the  high-

est plant height (135 cm), whereas the variety ‘Babtla’ 

showed the lowest plant height (64.83 cm). The variety 

‘CO51’ exhibited more productive tillers (17.33 Nos) while 

‘KRG 45’ showed less productive tillers (3.00 Nos). Moving 

to panicle architecture trait, panicle length was high in 

landrace ‘Kalasarnel’ (32.33 cm) whereas ‘KRG 24’ has a 

shorter length (14.67 cm). The landrace ‘Keerai samba’ 

displayed a larger number of primary branches (13.00 Nos) 

while ‘KRG 64’ had a smaller count (5.00 Nos). Similarly, 

the trait “number of secondary branches” indicated that 

‘KRG 2’ had more branches (38.00 Nos) and ‘ Superponni 

43’ had fewer branches (6.00 Nos). Landrace ‘Sithiraikar’ 

showcased high number of seeds per primary branch 

(21.86 Nos), while ‘Renjini’ variety exhibited a lower count 

(6.25 Nos). Likewise the landrace ‘ Mysore malli’ had more 

seeds per secondary branch and ‘IR50’ had a smaller num-

ber of seeds per secondary branch. Panicle weight was 

greater in ‘KRG 9’ (3.81 g) and lower in ‘Chinnar’ (1.15 g). 

Filled grains were more in ‘Kalasar nel’ (183.33 Nos) and 

less in ‘KRG 64’ (70.00 Nos). The spikelet fertility was great-

er in ‘Kalasar nel’ (95 %) while ‘Prathyasa’ had lower 

(57.89%). The 1000 grain weight for all the varieties ranges 

from 13.26 to 36.20 for ‘JCL nel’ and ‘KRG 30’ respectively. 

Furthermore, single plant yield was greater in 

‘Karumkuruvai’ (30.08 g) and lower in ‘KRG 24’ (5.83 g). The 

Box plots illustrates the variation present across the geno-

types for the panicle architecture and yield attributing 

traits (Fig. 1C). 

Trait association analysis         

The calculated correlation coefficient for all the analyzed 

traits are depicted in (Fig. 2A). The results exhibited nota-

ble relationships between various traits. Notably, panicle 

weight (0.42***), number of filled grains per panicle 

(0.23ns) and 1000-grain weight (0.50***) exhibited strong 

positive correlations with single plant yield. Among these 

yield-attributing traits, panicle weight displayed signifi-

cant positive correlations with plant height (0.40***) and 

panicle length (0.46***). Likewise, the number of filled 

grains per panicle displayed significantly positive correla-

tions with several other architectural traits like plant 

height (0.42***), panicle length (0.57***), number of prima-

ry branches (0.35**), number of secondary branches 

(0.29*), seeds per primary branch (0.26*) and panicle 

weight (0.54***). Yield attributing trait, 1000-grain was  

positively correlated with panicle length (0.04ns). Similar-

ly, spikelet fertility exhibited positive correlation with 

plant height (0.26*), panicle length (0.25*), seeds per sec-

ondary branch (0.29*) and filled grains per panicle 

(0.63***). Moreover, the panicle architecture trait's such as 

the number of primary branches (0.39***) and seeds per 

primary branch (0.46***) displayed positive correlations 

with the number of secondary branches. 

 Conversely, significant negative correlations were 

observed between the number of filled grains and the 

number of productive tillers (-0.25*), plant height and the 

number of productive tillers (-0.25*) and the number of 

secondary branches and seeds per secondary branch          

(-0.52***). 

Fig. 2. A- Correlplot of panicle architecture and yield attributing traits in 69 rice genotypes. B-PCA biplot between PC1 and PC2.  

https://plantsciencetoday.online
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Variability analysis        

The variability analysis results (PV, GV, EV, PCV, GCV, ECV, 

H2, GA and GAM) were calculated for the 13 quantitative 

traits (Table 2). The findings unveiled that the phenotypic 

variance (PV) is greater than genotypic variance (GV) for all 

the examined parameters. Similarly, PCV is greater than 

GCV, suggesting a minor impact of environmental factors 

on the studied traits. Notably, traits such as plant height, 

number of productive tillers, number of primary branches, 

number of secondary branches, number of seeds per pri-

mary branch, number of seeds per secondary branch, pan-

icle weight, number of filled grains, 1000 grain weight and 

single plant yield exhibited elevated PCV and GCV. Despite 

the PCV and GCV values for traits like number of produc-

tive tillers and panicle weight, these traits demonstrated 

substantial environment influence, indicated by ECV val-

ues of 25.54% and 33.87% respectively, rendering them 

less reliable. Furthermore, the traits days to 50% flower-

ing, panicle length and spikelet fertility showed moderate 

PCV and GCV. The highest PCV% and GCV% were found in 

the number of secondary branches (47.14% and 43.57%) 

and the lowest (Moderate) in spikelet fertility (10.37% and 

10.09%).  

 All the traits showed a high broad-sense heritability. 
The highest heritability was observed in 1000 grain weight 

(97.59%) while the lowest was in panicle weight (28.04%). 

The trait days to 50% flowering show higher heritability 

(97.04) and genetic advance (23.11), followed by plant 

height exhibiting higher heritability (91.24) and genetic 

advance (39.62), and the trait number of filled grains also 

exhibited high heritability (76.22%) and genetic advance 

(47.49%). These finding suggests that the observed herita-

bility is likely attributed to additive gene effects indicating 

that selection based on these traits could yield effective 

results. The GAM% ranges from 20.20%, (lowest in the case 

of spikelet fertility %) to 82.94% (highest in the number of 

secondary branches). 

Principal component analysis (PCA)        

The phenotypic variation in 13 architecture traits was ex-

amined by principal component analysis (PCA). The 3 prin-

cipal components (PC) exhibiting eigenvalues 3.23, 1.91 

and 1.72 respectively, exhibited more variation among the 

69 genotypes (Supplementary Table S4). The PC1 displays 

24.92% of the total variation, the highest variation was 

observed in the number of filled grains per panicle (0.47), 

followed by panicle length (0.38), panicle weight (0.38) and 

plant height (0.35). These characteristics contribute signifi-

cantly to the variance and account for the majority of the 

variability. The PC2 expound 14.74% of the variation and is 

driven by traits like spikelet fertility % (0.43), number of 

seeds per secondary branch (0.40) and panicle weight 

(0.38), which exhibits higher degree of variations within 

the datasets. The PC3 described 13.24% of the variation 

and is characterized by traits such as single plant yield 

(0.52), number of productive tillers per plant (0.49) and 

number of seeds per secondary branch (0.34) (Table 3). 

Therefore, it was obvious that PC1 exhibits the greatest 

degree of variance compared to other PCs (Fig. 2B). 

 According to the results obtained from the PCA 

analysis, several genotypes displayed superior perfor-

mance in various traits. For instance, KRG 16, KRG 30 and 

Kullakar stood out in terms of the single plant yield trait. 

KRG 20 and KRG 14 exhibited better performance for the 

trait of 50% days to flowering. Illupaipoo Samba and 

Kullakar showed notable performance in the number of 

productive tillers trait. Traits like filled grains per panicle, 

panicle length and plant height were better exhibited by 

KRG 50 and TPS 3.The trait number of primary branches 

was excelled by LLR, Keerai samba, Kullakar, JCL nel and 

Kottaram samba genotypes, whereas KRG 45 and Poongar 

performed well in the number of seeds per primary branch 

trait. JCL nel showcased superior performance in the num-

ber of secondary branch trait. For the trait seeds per sec-

ondary branch, the genotypes KRG 20, Vallan samba and 

Character PV GV EV PCV% GCV% ECV% H2 GA GA % of 
Mean 

Days to 50% flowering (Days) 133.68 129.72 3.95 10.78 10.62 1.85 97.04 23.11 21.56 

Plant height (cm) 444.29 405.35 38.94 21.66 20.69 6.41 91.24 39.62 40.71 

Number of productive tillers per plant (Nos) 9.13 5.95 3.18 43.28 34.94 25.54 65.17 4.06 58.11 

Panicle length (cm) 13.90 11.35 2.54 17.94 16.21 7.67 81.71 6.27 30.19 

Number of primary branches (Nos) 4.07 1.68 2.39 25.54 16.40 19.58 41.24 1.71 21.70 

Number of secondary branches (Nos) 72.26 61.72 10.54 47.14 43.57 18.00 85.42 14.96 82.94 

Number of seeds per Primary branch (Nos) 17.49 11.95 5.54 30.71 25.39 17.29 68.33 5.89 43.23 

Number of seeds per secondary branch (Nos) 6.65 6.18 0.47 37.94 36.58 10.06 92.26 4.94 72.65 

Panicle weight (g) 0.87 0.24 0.63 39.92 21.14 33.87 28.04 0.54 23.06 

Number of filled grains per panicle (Nos) 915.06 697.42 217.64 24.97 21.80 12.18 76.22 47.49 39.20 

Spikelet fertility % 72.30 68.34 3.96 10.37 10.09 2.43 94.53 16.56 20.20 

1000 grain weight (g) 29.26 28.56 0.70 24.99 24.69 3.88 97.59 10.87 50.24 

Single plant yield (g) 55.92 50.19 5.73 41.13 38.96 13.16 89.76 13.83 76.04 

Table 2. Variability parameters of panicle architecture traits and yield attributing traits among 69 rice genotypes  

Number of replications = 3  
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KRG 65 displayed better performance. When it comes to 

panicle weight, Karumkuruvai and KRG 3 exhibited better 

performance, and for the 1000 grain weight trait, geno-

types like Kullakar, RLR, KRG 16 and KRG 30 were standout 

performers. Additionally, in terms of spikelet fertility, gen-

otypes such as KRG 22, CO53, KRG 22, Thooyamalli, KRG 63 

and Punchakayama outperformed other varieties. Overall, 

the study highlights that different rice genotypes excel in 

different traits, showcasing the genetic diversity and po-

tential for enhancing multiple aspects of rice yield and 

quality. 

 

 

Cluster Analysis        

The characteristics that contributed significantly to overall 
variance were chosen for clustering, as determined by the 
biplot of principal component analysis. 6 clusters were 
formed from the 69 genotypes using the Mahalanobis D2 
statistics (Supplementary Table S5). Among the 6 clusters, 
Cluster I have 8 genotypes, Cluster II encompasses 27 gen-
otypes, Cluster III groups 20 genotypes, Cluster IV con-
sists of 9 genotypes, Cluster includes 3 genotypes and 
Cluster VI is solitary with 2 genotypes. This indicates that 
Cluster II is the largest, followed by Cluster III, Cluster IV, 
Cluster I, Cluster V and Cluster VI. Most of the genotypes 
were grouped within Cluster II and Cluster III which may be 
due to their tight genetic associations (Fig. 3 ). 

Parameters PC 1 PC 2 PC 3 

Days to 50% flowering (Days) 0.05 0.16 -0.12 

Plant height (cm) 0.35 0.09 -0.01 

Number of productive tillers per plant (Nos) -0.13 -0.25 0.49 

Panicle length (cm) 0.38 0.12 0.08 

Number of primary branches (Nos) 0.23 0.01 -0.11 

Number of secondary branches (Nos) 0.29 -0.40 -0.43 

Number of seeds per Primary branch (Nos) 0.25 -0.28 -0.25 

Number of seeds per secondary branch (Nos) 0.00 0.40 0.34 

Panicle weight (g) 0.38 0.38 0.24 

Number of filled grains per panicle (Nos) 0.47 0.21 -0.01 

Spikelet fertility % 0.28 0.43 0.06 

1000 grain weight (g) 0.14 -0.35 0.19 

Single plant yield (g) 0.23 -0.38 0.52 

Table 3. Eigenvectors for the first three principal components of panicle architecture and yield attributing traits among 69 rice genotypes  

Fig. 3.  Dendrogram based on Mahalanobis D2 statistics among 69 rice genotypes.  

https://plantsciencetoday.online
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 The cluster means for different traits were men-

tioned in (Supplementary Table S6). The highest cluster 

means for various traits were: Cluster VI contains the high-

est cluster means for 7 traits viz., plant height (119.17), 

panicle length (28.33), number of primary branches (9.00), 

number of seeds per secondary branch (15.15), panicle 

weight (3.33), number of filled grains (180.67) and spikelet 

fertility % (94.34), followed by cluster V which includes 2 

high performing traits, number of secondary branches 

( 28.67) and number of seeds per primary branch (17.50). 

Likewise cluster IV also consists of 2 traits 1000 grain 

weight (25.12) and single plant yield (23.76) and finally, 

cluster I has highest mean value to the number of produc-

tive tillers (10.83). Thus it shows that the genotypes        

present in cluster VI “Mysore malli” and “Kalasarnel” had 

the majority of best-performing traits, followed by geno-

types present in cluster V “KRG45”, “KRG24”, and “ 

KRG30”, cluster IV with genotypes “KRG12”, “KRG5”, 

“Pisini”, “Illupaipoo samba”, “TPS3”, “Karumkuruvai”, 

“JCLNEL”, “Rakthasali” and “Kottaram samba”, and clus-

ter I with eight genotypes “CO51”, “IR50”, “KRG9”, “KRG7”, 

“KRG10”, “KRG14”, “Prathyasa” and  “Milagu samba” per-

forming better for single trait number of productive tillers. 

 The mean values of both inter and intra-cluster dis-

tance were evaluated for 6 clusters (Supplementary      
Table S7). Cluster III (45.89) displays maximum intra-

cluster distance, followed by Cluster I (41.47), cluster II 

(38.54), cluster VI (36.75), cluster V (33.38) and Cluster IV 

(32.41) showed the lowest intra-cluster distance which 

means the genotypes were closely related. Likewise, the 

inter-cluster distance between cluster III and cluster VI was 

higher, similarly, between cluster III and cluster V was 

more and the lowest inter-cluster distance is observed 

between clusters I and III. Genotype diversity increases 

with increasing inter-cluster and intra-cluster distances 

and conversely.  

 

Discussion  

Rice has a rich evolutionary divergence. There are thou-

sands of different rice types cultivated around the globe, 

with 6000 of those variations currently being raised in In-

dia (27). These different types of rice showcase substantial 

variations in panicle architecture which is the base of grain 

yield. The extent and diversity of genetic variability pre-

sent in the existing genetic stock significantly influence the 

effectiveness of any crop enhancement programme (28). 

The present study analyzed 69 rice accessions which in-

clude both the landraces and varieties. From the outcome 

of the analysis of variance, extensive variation was seen in 

all the traits for 69 genotypes, revealing that the genotypes 

of rice are highly variable. The frequency distribution de-

picted the variations of the 3 replications. Consequently, 

there is substantial potential for selecting various quanti-

tative traits to enhance rice yield-contributing attributing, 

especially panicle-related traits. Similar findings have 

been reported by other studies as well (7, 29, 30). 

 The traits like number of filled grains per panicle, 

50% days to flowering, and spikelet fertility % exhibited 

the highest mean values, with plant height also displaying 

a notable mean value. Similar results for plant height were 

also reported by (2, 31, 32). Plant height is an important 

growth parameter for any crop, as it influences or modifies 

yield-contributing traits, ultimately impacting grain pro-

duction. The box plot exhibits the variation across geno-

types in terms of panicle architecture and yield-attributing 

trait. 

 The traits namely 50% flowering (days), plant  

height (cm), number of productive tillers (Nos), panicle 

length (cm), number of primary branches (Nos), number of 

secondary branches (Nos), number of seeds per primary 

branch (Nos), number of seeds per secondary branch 

(Nos), panicle weight (g), number of filled grains (Nos), 

spikelet fertility %, grain weight per 1000 grains (g) and 

single plant yield (g) among the genotypes Makom, C051, 

Kalasarnel, Keerai samba, KRG2, Sithiraikar, Mysoremalli, 

KRG9, JCL nel, Karumkuruvai had significant difference. 

Notably, Kalasarnel outperformed the other genotypes in 

the 3 characteristics of panicle length, filled grains per 

panicle and spikelet fertility %. Therefore, these genotypes 

can be used for the selection process in crop improve-

ment. A high coefficient of variation (CV%) was exhibited 

by the number of secondary branches, a result consistent 

with previous findings (8, 33). The number of secondary 

branches is a crucial yield-contributing trait (34, 35). 

 The correlation analysis revealed strong positive 

correlations between traits like panicle weight, number of 

filled grains per panicle and 1000-grain weight and single 

plant yield. Additionally, the number of primary branches 

and seeds per primary branch showed positive correlation 

with the number of secondary branches. These results are 

consistent with the findings of the previous studies (30, 

35).  

 Several authors have reported, the selection of the 

desired characteristics depends significantly on the varia-

tion present among the evaluated characteristics. When 

both genotypic and phenotypic variability of a trait are 

high, the selection process for that trait becomes more 

robust. A greater genetic diversity within a population en-

hances the breeder's ability to achieve desired traits        

(36-38). In this study, traits like plant height, number of 

productive tillers, number of primary branches, number of 

secondary branches, number of seeds per primary branch, 

number of seeds per secondary branch, panicle weight, 

number of filled grains, 1000 grain weight and single plant 

yield exhibited higher phenotypic and genotypic coeffi-

cients of variation (PCV and GCV). Notably, the trait 

"number of secondary branches," which significantly     

contributes to grain yield, displayed the highest PCV% and 

GCV% at 47.14% and 43.57% respectively. These findings 

indicate that these traits hold promise for crop                 

improvement. Similar conclusions have been reported in 

previous studies by (28, 29, 38). 

 Furthermore, it is worth noting that characteristics 

with high genetic advancement and substantial heritabil-

ity are particularly advantageous for crop development 

because they are less affected by environmental factors 
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(29, 39). From the results, traits such as days to 50%     

flowering, plant height and number of filled grains per 

panicle exhibited both high broad sense of heritability and 

high genetic advance. This suggests that these traits are 

well-suited for selection and subsequent crop improve-

ment efforts (40, 41). 

 Indeed, PCA effectively distills the essential factors 

and elucidates their contributions to total diversity,     

making it a useful instrument for accelerating the breeding 

programme (41, 42). In this case, the major variability is 

caused by the traits such as number of filled grains,        

panicle length, panicle weight and plant height in the PC1. 

Similar findings were also reported by (43, 44). The biplot 

diagram derived from this study explains the distribution 

and kind of variance for genotypes and quantitative     

characteristics. It shows character interactions as well as 

which genotypes are better for particular characteristics. 

The length of each vector indicates how much that charac-

teristic contributed to the total difference; the greater the 

contribution, the longer the vector length. 

 Therefore, from the results of the biplot in the 13 

characteristics, seven characters such as number of filled 

grains per panicle, panicle length, plant height, number of 

primary branches, panicle weight, seeds per primary 

branch and number of secondary branches are positively 

correlated with single plant yield. Whereas, days to 50% 

flowering, seeds per secondary branch, number of produc-

tive tillers and 1000 grain weight are negatively correlated 

with single plant yield and there is no correlation found 

between spikelet fertility and single plant yield.  

 The cluster analysis was carried out for the traits 

that showed highly significant variations in the PCA biplot. 

Therefore, the trait 50% days to flowering is excluded. The 

69 genotypes were clustered into 6 clusters. Cluster II is 

the largest, having 27 genotypes. The highest cluster mean 

values were found between different clusters for the traits. 

For the cluster distance, Cluster III shows maximum intra-

cluster distance and the inter-cluster distance between 

Cluster III and Cluster VI was higher. It was proposed to use 

distant cluster genotypes in hybridization programmes to 

acquire a broad spectrum of diversity among the segre-

gates (45). In this case, the genotypes in cluster III which 

showed high intra-cluster distance and the genotypes  

between cluster III and VI which showed high inter-cluster 

distance can be used for hybridization programmes.  

 

Conclusion   

This study highlights the potential for increasing grain 

yield by focusing on genotypes that possess a higher   

number of secondary rachis or branches. The significance 

of this finding is further underscored by the suggestion 

that exploring the genetic composition of genotypes with-

in clusters III and IV could yield valuable insights              

enhancing crop cultivation practices and ultimately im-

proving and overall crop yield.   
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