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Abstract: This study was conducted to evaluate the genetic variability and relationship among 17 yield and yield-related traits in 

40 rice genotypes, including 4 standard check varieties at S.G. College of Agriculture and Research Station, Jagdalpur, C.G. The 

analysis of genetic variability revealed that PCV values were found to be slightly higher than the GCV values, moderate PCV and 

GCV values were observed in number of effective tillers, number of filled grains per panicle and grain yield. Traits like number 

of effective tillers per plant and number of filled grains per panicle showed high heritability coupled with high genetic advance as 
percent of mean. In cluster analysis, 40 genotypes were grouped into 5 clusters in which the maximum intra-cluster distance was 

recorded for cluster V and maximum inter-cluster distance was found between I & II. The maximum value for inter-cluster 

distance indicates high divergence of genotypes from these clusters. Hence these yield-related traits could be used for selection to 

improve the genetic potential for rice yield improvement. 
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INTRODUCTION 

 

ice (Oryza sativa L.) is a monocot plant belongs to 

the family Poaceae (2n=24) and the                  genus Oryzae. 

Rice is the primary staple food for more than half the 

world’s population. Asia, Sub-Saharan Africa and 

South America are the largest consuming regions in the 

world. Rice is one of the chief grains of India. India is 

one of the leading producers of this crop. In India, rice 

cultivation is grown in area 47.83 million hectares, 

achieving a record production of 135.75 million tonnes 

and an estimated productivity of 2,838 kg per hectare 

for the 2022-23 period. Traditionally, rice breeders are 

concentrated on breeding for high yield. In recent 

decades as living conditions are being steadily 

improved human demand for high quality rice is 

continuously on increase which entailed in 

incorporation of preferred grain quality features as the 

most important objective next to enhancement in yield. 

In addition, the yield of grain is affected by the 

different yield contributing characteristics which are 

interrelated and strongly influenced by environmental 

conditions (Prasad et al., 2001). 

The genetic improvement of any breeding population 

mainly depends upon the amount of genetic variability 

present. Heritability of a genetic trait is important in 

determining the response to selection. In a similar 

manner high genetic advance coupled with high 

heritability offers the most effective condition for 

selection of a specific character (Islam et al., 2016). To 

understand the genetic variability of yield contributing 

attributes, relationship among them and their relation 

with yield are necessary to execute any breeding 

programme (Singh et al., 2014). The success of any 

plant breeding programme depends largely on the 

existence of diversity among genotypes (Beevi and 

Venkatesan, 2015). 

Accurate assessment of the level and pattern of genetic 

diversity is of great importance for crop breeding. 

Genetic diversity is the pre-requisite for any crop 

improvement programme because it helps in the 

development of superior recombinants . 

 

MATERIALS AND METHODS  

 

A total of 40 rice genotypes and 4 check varieties – IR 

64, MTU1010, IGKV R1 and IGKV R2 were used in 
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this study. These genotypes were evaluated using 

randomized block design at the Research cum 

Instructional Farm of S.G. College of Agriculture and 

Research Station, Jagdalpur (C.G.). The plants were 

spaced 20 cm apart in rows and 15 cm apart between 

them. Individual plots of 2m x 5m = 10m
2
 (Gross Plot 

Size) and 1.6m x 4.8m = 7.68m
2
 (Net Plot Size) were 

used to sow the crop. Standard cultural practices and 

management techniques were followed to grow the 

crop. 6 quality and 11 quantitative traits were recorded 

i.e. days to 50% flowering, plant height (cm), flag leaf 

length (cm), flag leaf breadth (cm), number of effective 

tillers per plant, number of filled grains per panicle, 

panicle length (cm), grain length (mm), grain breadth 

(mm), kernel length (mm), kernel breadth (mm), grain 

L/B ratio, kernel L/B ratio, test weight (g), biological 

yield (q/ha), grain yield (q/ha) and harvest index (%). 

Analysis of variance (ANOVA) was performed and 

genotypic and phenotypic coefficients of variation, 

heritability and genetic advance as a percentage of the 

mean were calculated following the procedures of 

Burton and Devane (1953). Cluster analysis among all 

the characters were assessed according to the method 

of Mahalanobis D
2 

concept as described by Rao (1952). 

 

RESULTS AND DISCUSSION  

 

The analysis of variance of all the 17 traits revealed 

significant differences across the 40 genotypes, 

indicating variation in all the characters examined. 

Genetic variability, heritability and genetic advance 

PCV values were slightly higher than GCV values, 

suggested that environmental factors influence the 

characters expression. PCV values ranged from 2.00% 

(days to 50% flowering) to 14.53% (number of filled 

grains per panicle). None of the characters identified 

high GCV and PCV. Number of filled grains per 

panicle, number of effective tillers and grain yield 

showed moderate PCV and GCV values ranging from 

10 to 20%. Heritability ranged from 22.00% (number 

of filled grains per panicle) to 90.68% (test weight). All 

characters exhibited high heritability except for flag 

leaf length, panicle length and plant height. 

Number of filled grains per panicle and number of 

effective tillers per plant showed high genetic advance 

as a percentage of the mean, with values of 22.98% and 

21.60%, respectively. Low genetic advance as a 

percentage of the mean was observed for days to 50% 

flowering (2.78%), plant height (8.64%), panicle length 

(5.36%), flag leaf length (3.05%), flag leaf breadth 

(9.49%), harvest index (8.60%), grain length (8.61%) 

and kernel breadth (9.76%). 

Generally, heritability represents the effectiveness of 

selection of genotypes that could be based on 

phenotypic performance. heritability and genetic 

advance for yield attributing traits are a major concern 

for any plant breeder and for crop improvement 

programes. High heritability combined with high 

genetic advance was reported for traits such as 

effective tillers per plant and number of filled grains 

per panicle, similar findings was also reported by 

Akshay et al. (2022). High heritability coupled with 

moderate genetic advance was reported for characters 

like test weight, grain yield, kernel L:B ratio, biological 

yield, grain L:B ratio, kernel length and grain breadth. 

Similarly, moderate heritability coupled with moderate 

genetic advance was reported for characters like plant 

height and panicle length. Similar findings were 

reported by Hasan et al. (2022) (number of effective 

tillers per plant, number of filled grains per panicle, test 

weight and panicle length) and Srujana et al. (2017) 

(plant height and days to 50% flowering). 

On the other hand, high heritability coupled with low 

genetic advance was recorded for traits such as kernel 

breadth, flag leaf breadth, grain length, harvest index 

and days to 50% flowering indicating the involvement 

of both additive and non-additive gene actions, which 

makes simple selection less effective for these traits. 

These findings are consistent with previous studies by 

Khaire et al. (2017), Ketan and Sarkar (2014). High 

heritability paired with low genetic advance suggests 

non-additive gene action in the inheritance of these 

traits, as noted by Nirmaladevi et al. (2015).  

Cluster analysis  

Genetic diversity research findings provide basic 

information regarding genotype genetic properties, 

which were used to develop breeding approaches for 

crop improvement. These research findings were also 

useful in determining the extent and nature of diversity 

that can be contributed to a variety of factors, such as 

crop sensitivity to environmental factors and genetic 

divergence. Plant breeders can use Mahalnobis concept 

of D
2
 statistics to identify and classify genotypes into 

distinct groups based on genetic divergence. The key 

premise behind cluster formation was to calculate intra 

and inter cluster distances. The criterion was used to 

choose parents from diverse background. The 

formation of clusters and the measurement of inter and 

intra cluster divergence serve as the foundation for a 

hybridization programme. The concept behind such 

clustering was that the genotypes in the same cluster 

were likely less different from each other than 

genotypes in different clusters and thus the genotypes in 

the same cluster will not produce the desired heterotic 

response and segregants in subsequent generations 

compared to the genotypes from different clusters. The 

genetic divergence of 40 genotypes of rice were 

estimated. These genotypes were classified using 

Mahalanobis' D
2
 as described by Rao (1952).  

Forty genotypes of rice were studied and grouped in 5 

clusters viz., cluster I, cluster II, cluster III, cluster IV 

and cluster V. The cluster II was the largest with 10 
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genotypes followed by cluster III with 9 genotypes, 

cluster V with 8 genotypes, cluster I with 7 genotypes 

and cluster IV with 5 genotypes, which represents high 

level of genetic diversity in the experimented material 

and serves as a valuable source of genotype for 

economically important traits and can be used in a 

hybridization progamme. Tripathi et al. (2017) also 

reported formation of 7 clusters of rice genotypes 

based on D
2
 and he concluded that the clustering 

pattern demonstrated that geographical diversity was 

not always related to genetic diversity and genotypes .  

The formation of clusters and estimation of intra and 

inter-cluster divergence lays the foundation for 

identifying genetically diverse parents from different 

clusters. The statistical distance (D) is supposed to be 

an assessment of genetic diversity. D
2
 values from 

divergence analysis were used to calculate intra- and 

inter- cluster D
2
 and D values. The maximum intra-

cluster distance was recorded for cluster V (3.399) 

followed by cluster I (3.308), cluster II (3.292), cluster 

III (3.204) and cluster IV (2.289). The cluster which 

had low intra-cluster distance indicates limited genetic 

diversity among the genotypes. 

Highest inter cluster distance was found between 

cluster I and cluster II (4.917) followed by cluster I and 

V (4.483), which indicates that genotypes present in 

that cluster had considerable genetic distance among 

themselves and indicates the greater divergence 

between these clusters. Thus, divergent genotypes from 

these clusters could be used in the hybridization 

programme. While the minimum inter-cluster distance 

was found between cluster III and cluster IV (3.022) 

which indicates that the genotypes in this cluster were 

close to each other, therefore genotype selection from 

these clusters must be avoided due to the presence of 

homozygosity among the genotypes to maintain the 

broad genetic base.  

Cluster mean values of all the 17 characters were 

recorded. All the characters under present investigation 

showed wide range of variations. In all the clusters 

considerable differences between clusters were 

recorded for all the characters. Cluster V with 8 

genotypes, viz., R 2418-489-1-304-1, R 2405-173-1-

96-1, R2755-50-1, R2737-38-1, IR 64, MTU 1010, 

IGKV R1 and IGKV R 2 exhibited highest mean 

performance for the characters like number of effective 

tillers (10.32), number of filled grains per panicle 

(133.59), test weight (25.37), biological yield (100.38), 

grain breadth (2.74), kernel breadth (2.31) and grain 

yield (43.51). 

Cluster IV with 6 genotypes, viz., R 2299-146-1-120-1, 

R 2551-C10-6-510-1, R2743-93-1, R 2754-51-1, R 

2756-2-1 and R 2740-98-1 exhibited highest mean 

performance for the characters like days to 50% 

flowering (96.25), flag leaf breadth (1.50), kernel 

length (6.60) and kernel L:B ratio (3.23). Cluster III 

with 9 genotypes, viz., R2483-RP5525-B-DRR-SPS-

285-1, R2462-RP5530 -DRR-SPS-47-1, R 2420-1418-

1-743-1, R 2697-41-1, R 2555-C16-5-551-1, R 2698-

101-1, R2754-11-1, R 2740-62-1 and R2749-35-1 

exhibited highest mean performance for the characters 

like plant height (97.56), flag leaf length (24.20), flag 

leaf breadth (1.50) and harvest index (46.68). 

Cluster II with 10 genotypes, viz., R 2404-362-1-178-1, 

R 2551-C10-6-510-1, R 2405-169-1-93-1, R 2404-151-

2-73-1, R 2404-158-2-82-1, R 2404-1531-76-1, R 

2404-151-1-72-1, R2742-117-1, R2754-12-1 and 

R2733-50-1 exhibited highest mean performance for 

the characters like grain length (8.85) and grain L:B 

ratio (3.59). Cluster 1 with 7 genotypes viz., R 2773-

C8-2-4, R 2442-C1-11-445-1, R 2699-4-1, R 2404-

166-1-90-1, R2748-4-1, R2761-39-1 and R2741-21-1 

exhibited highest mean performance for only one 

character i.e. panicle length (23.84). 

The findings demonstrated that genotypes with high 

values for a specific trait can be selected from 

clusters V and IV. But primarily from cluster V, 

which had the highest mean values for the most of the 

traits. Furthermore, if used as a criterion for 

hybridization in genotypes of that cluster, characters 

with high cluster means will lead to better outcomes, 

while improving those traits.  

Cluster V genotypes had high cluster mean values for 

pre yield and yield parameters, indicating that 

genotypes in this cluster can be used to improve seed 

yield and yield contributing traits at the same time. 

 

CONCLUSION 

 

This study revealed that rice genotypes exhibited 

significant genetic diversity. All 40 rice genotypes 

displayed a wide range of variation in both quantitative 

and qualitative traits. Selection of number of effective 

tillers per plant and number of filled grains per panicle 

which had high heritability combined with high genetic 

advance as percentage of mean might be beneficial. In 

the cluster analysis, 40 genotypes were grouped into 5 

clusters, in which the maximum intra-cluster distance 

was recorded for cluster V and maximum inter-cluster 

distance was found between cluster I & II. The 

maximum value for inter-cluster distance indicates 

high divergence of genotypes from these clusters. 

These traits can be used to select desirable genotypes 

for future breeding programmes and as parents in rice 

hybridization programes. High-yielding rice genotypes 

included R 2418-489-1-304-1 (51.55 q/ha) followed by 

R2755-50-1 (45.41), R 2405-169-1-93-1 (44.75) and R 

2737-38-1 (44.32 q/ha).  Further, these promising 

genotypes can be used in future breeding programmes. 
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Table 1.1: Genetic variability parameters of 17 studied characters. 

Character Heritability 

%  

GA GA%  mean GCV PCV 

Days to 50% flowering 67.52 2.61 2.78 1.64 2.00 

Plant height (cm) 48.05 7.84 8.64 6.05 8.73 

Number of effective tillers per plant 73.88 1.81 21.60 12.20 14.19 

Panicle length (cm) 33.88 1.91 5.36 4.47 7.67 

Flag leaf length (cm) 22.00 0.71 3.05 3.16 6.73 

Flag leaf breadth (cm) 62.36 0.14 9.49 5.84 7.39 

Number of filled grains per panicle 76.74 25.00 22.98 12.73 14.53 

Test weight (g) 90.68 4.17 17.09 8.71 9.15 

Biological yield (q/ha) 65.18 12.31 14.21 8.54 10.58 

Harvest index (%) 63.62 3.81 8.60 5.24 6.56 

Grain length (mm) 61.26 0.72 8.61 5.34 6.82 

Grain breadth (mm) 77.35 0.27 10.49 5.79 6.58 

Grain L:B ratio 67.41 0.44 13.47 7.97 9.70 

Kernel length (mm) 76.51 0.72 11.27 6.26 7.15 

Kernel breadth (mm) 70.23 0.21 9.76 5.65 6.74 

Kernel L:B ratio 73.44 0.44 14.98 8.49 9.90 

Grain yield (q/ha) 68.84 6.12 15.96 9.34 11.26 

 

 
Fig. 1.1: Bar diagram representing heritability and genetic advance as percentage of mean value. 
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Fig. 1.2: Bar diagram representing GCV and PCV values of 17 yield and yield attributing traits. 

 

Key words: DFF=Days to 50% flowering; PH=Plant 

height (cm); FLL=Flag leaf length (cm); FLB=Flag 

leaf breadth (cm); NET= Number of effective tillers per 

plant; PL=Panicle length (cm); NFGP=Number of 

filled grains per panicle; GL=Grain length (mm); 

GB=Grain Breadth (mm); GL/B= Grain L/B ratio; 

KL=Kernel length (mm); KB=Kernel Breadth (mm); 

KL/B= Kernel L/B ratio; TW=Test weight (g); 

BY=Biological yield (q/ha); HI=Harvest index; 

GY=Grain yield (q/ha) 

 

Table 1.2: Grouping of genotypes into 5 clusters on the basis of D
2 

analysis  

 

Clusters 

No. of 

genotypes 

 

Genotypes 

I 7  R 2773-C8-2-4, R 2442-C1-11-445-1, R 2699-4-1, R2404-166-1-90-1, 

R2748-4-1, R2761-39-1, R2741-21-1. 

 (3, 8,11,15, 24, 29, 32)  

II 10 R 2404-362-1-178-1, R 2551-C10-6-510-1, R 2405-169-1-93-1, R 2404-151-

2-73-1, R 2404-158-2-82-1, R 2404-1531-76-1, R 2404-151-1-72-1, R2742-

117-1, R2754-12-1, R2733-50-1. (2, 9, 12, 13, 14, 18, 21, 25, 30,  31) 

III 9 R 2483-RP5525-B-DRR-SPS-285-1, R 2462-RP5530-DRR-SPS-47-1, R 

2420-1418-1-743-1, R 2697-41-1, R 2555-C16-5-551-1, R 2698-101-1, 

R2754-11-1, R 2740-62-1, R2749-35-1. (1, 4, 7, 10, 16, 20, 22, 27, 34)  

IV 6 R 2299-146-1-120-1, R 2551-C10-6-510-1, R 2743-93-1, 

R 2754-51-1, R 2756-2-1, R 2740-98-1. (6, 19, 26, 28, 33                   36) 

 

V 

 

8 

R 2418-489-1-304-1, R 2405-173-1-96-1, R2755-50-1,    R2737-38-1, IR 64, 

MTU 1010, IGKV R1, IGKV R 2 (5,  17, 23, 35, 37, 38, 39, 40) 

 

Table 1.3: Grouping of genotypes into 5 clusters on the basis the basis of D
2
 analysis  

Clusters I II III IV V 

I 3.308     

II 4.917 3.292    

III 3.360 3.554 3.204   

IV 4.276 3.251 3.022 2.289  

V 4.483 4.476 4.448 4.288 3.399 
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Table 1.4: Cluster mean performance of yield and yield attributing characters  

Clusters DFF PH NET PL FLL FLB NFGP BY TW HI GL GB GL:B KL KB KL:B GY 

I 93.50 91.90 7.68 23.84 24.02 1.47 97.79 23.04 85.16 43.19 7.87 2.69 2.93 5.69 2.29 2.49 36.90 

II 93.25 82.84 8.03 20.58 21.75 1.41 103.93 25.25 84.77 44.59 8.85 2.47 3.59 6.53 2.15 3.04 37.78 

III 92.72 97.56 7.68 23.15 24.20 1.50 98.94 24.63 79.56 46.68 8.38 2.54 3.32 6.53 2.17 3.01 37.08 

IV 96.25 94.09 8.37 22.25 22.60 1.50 111.65 22.98 83.69 42.86 8.20 2.49 3.29 6.60 2.05 3.23 35.83 

V 94.06 89.66 10.32 22.16 23.71 1.46 133.59 25.37 100.38 43.35 8.46 2.74 3.10 6.57 2.31 2.87 43.51 
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