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ABSTRACT 

Eleven rice hybrids including two check varieties were evaluated to 
approximate their genetic variability, heritability and genetic 
advance for ten quantitative traits. The analysis of variance 
illustrated that all the quantitative traits differed significantly 
indicating that enough variation is presenting the studied materials. 
Among the desirable quantitative traits number of filled spikelet’s 
per panicle was found to have highest both phenotypic and 
genotypic variance followed by total number of spikelet’s per 
panicle. Almost all the characters showed a little variation between 
PCV and GCV revealing little influence of the environment on the 
expression of traits. High phenotypic and genotypic variance 
coupled with high heritability and high genetic advance was 
observed for number of filled spikelet’s per panicle, total number of 
spikelet’s per panicle, plant height and number of unfilled spikelet’s 
per panicle. Such findings stipulated that these traits were governed 
by additive gene actions which are fixable and these traits may be 
accounted for reliable index of selection. The genotypes G3 
(IR79156A × EL108R) and G6 (IR79156A × EL253R) were selected 
as high response superior promising rice hybrids for achievable 
yield advantage 49% and 23%, respectively over best check 
varieties. Therefore, the G3 and G6 are proposed to be extensively 
evaluated for further trial of variety release. 

Keywords: Genetic advance, Rice Hybrid, Heritability, Variability 

 

INTRODUCTION 

Sustainable food security is pivotal for the wellbeing of a nation. Now, food security 

is threatened by a climate change, growing population, the loss of arable land to 

urbanization and reducing productivity. Food security predominantly depends on 
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rice production as it is the staple food for many nations in the world. Rice is one of 

the most important food crops in the world, supporting 21 % of the total calorie 

intake of the world population and up to 76 % of that of Southeast Asia (Miura et al., 

2011). The production rate has gradually plateau because of the present yield ceiling 

of high yielding varieties. Hybrid rice, therefore is an evidence of vertical rice 

production technology (Oryza sativa L.), which could be a potential technological 

option for food security. About 77.07 % of total cropped area of Bangladesh is used 

for rice production, whereas 0.7 Mha covered by hybrid rice (AIS, 2018). Two 

breakthroughs that led to quantum leaps in productivity last century were the 

introduction of semi dwarf varieties and hybrid rice (Qian et al., 2016). The genus 

Oryza can grow in diversified climatic conditions. The genus Oryza displays a wide 

range of genetic and phenotypic diversity because this wide range of growing habitat 

under diverse climatic conditions (Childs, 2004). Genetic variability, heritability and 

genetic advance and QTLs mapping in ice has been studied (Laxuman et al., 2010, 

Abebe et al., 2017; Laxmi et al., 2019) to analyze the different traits for crop 

improvement. Grain yield is a complex trait, controlled by polygene’s which are 

highly influenced by environment. Therefore, it is difficult to anticipate whether the 

variability is heritable. However, in deciding the response to selection, the 

heritability of a genetic trait is very important as it implies the magnitude of the 

transmissibility of that trait to next generations. Alternatively, high genetic advance 

as percent of mean coupled with high heritability provides the most effective 

selection condition for a specific trait (Larik and Rajput, 2000). However, the 

present study aimed to estimate the genetic parameters (genotypic and phenotypic 

coefficient of variation, heritability and genetic advance) among quantitative traits 

which are helpful in exposing and understanding the clear picture of existing 

variability in the genotypes as well as to identify the promising genotypes for further 

advancement of breeding trial.  

 

MATERIALS AND METHODS 

Experimental site, plant materials and experimental design and procedures 

The present study comprised of nine F1 promising rice hybrids, combinations of 

BRRI35A × EL108R (G1), BRRI48A × EL108R (G2), IR79156A × EL108R (G3), 

BRRI35A × EL253R (G4), BRRI48A × EL253R (G5), IR79156A × EL253R (G6), 

BRRI35A × EL254R (G7), BRRI48A × EL254R (G8) and IR79156A × EL254R 

(G9) and two check varieties namely BRRI hybrid dhan4 (G10) and BRRI hybrid 

dhan6 (G11). The material was planted in Randomized Complete Block Design 

(RCBD) with three replications at research farm BRRI, Gazipur during T Aman 

(rain fed condition) 2018. Individual plot size of each entry was 10 m
2
. The seeds 

were fully soaked in water for 24 hours for appearance of small shoots at the end of 

the seed. The pre-germinated seeds were sown in the seedbed. The seedlings were 

allowed to grow for 21 days in the seedbed before transplanting it to the field on 18 

July, 2018. A single seedling per hill at 21 days was manually transplanted to the 
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rice field. A standard spacing was maintained for planting which were row to row 

and plant-to-plant 20 cm and 15 cm, respectively. Fertilizers were applied at the rate 

of 150:100:70 kg N: P: K and 60:10 kg Gypsum: ZnSO4, respectively per hectare. 

Except N, all fertilizers were applied as basal dose during final land preparation. 

Nitrogen fertilizer was applied as top-dressed at the splits of 15, 30 and 45 days after 

transplanting. Intercultural operation, disease management and pest control 

measures were followed during the crop growth period. 

Data collection 

The data were recorded for ten quantitative traits viz., days to maturity, plant height 

(cm), effective tillers per hill, panicle length (cm), total number of spikelet’s per 

panicle, number of filled spikelet’s per panicle, number of unfilled spikelet’s per 

panicle, spikelet fertility (%), 1000-grain weight (g) and grain yield (tha
-1

) based on 

Standard Evaluation System for rice (IRRI, 1996). Five plants were randomly 

selected from each plot excluding two border rows on both sides. Grain yield was 

adjusted at 14 % moisture content. 

Statistical analysis 

Analysis of variance (ANOVA) was carried out using R program package (Ri386 

4.0.1). The genetic parameters consisted of phenotypic variances (Vp) and genotypic 

variances (Vg), phenotypic coefficient of variation (PCV) and genotypic coefficient 

of variation (GCV), heritability (%), genetic advance (GA) and genetic advance as 

percent of mean (GAM) were estimated following the formula given by Burton and 

Vane (1953) and Johnson et al. (1955). 

 

RESULTS AND DISCUSSION 

Analysis of variance (ANOVA) 

The analysis of variance revealed that significant differences were present among 

the genotypes studied for all the traits viz., days to maturity, plant height (cm), 

effective tillers per hill, panicle length (cm), total number of spikelet’s per panicle, 

number of filled spikelet's per panicle, number of unfilled spikelet’s per panicle, 

spikelet fertility (%), 1000-grain weight (g) and grain yield (t ha
-1

), which indicates 

presence of adequate variability among the genotypes (Table 1). Thus, there is 

ample scope for the selection of various quantitative traits for rice improvement. 

Significant genetic differences among the rice genotypes were also reported by 

Bekele et al. (2013), Rashid et al. (2017), Abe be et al. (2017) and Gyawali et al. 

(2018). 
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Table 1. Analysis of variance of promising rice hybrids for different traits (Mean 

square value) 

Sl No. Traits Replication Treatment Error 

1 Days to maturity 3.84 132.69** 4.41 

2 Plant height (cm) 11.36 358.78** 3.95 

3 Effective tillers/hill 4.75 10.28** 0.86 

4 Panicle length (cm) 0.67 14.97** 1.13 

5 Total number of 

spikelet’s/panicle 

10.18 2012.69** 17.28 

6 Number of filled 

spikelet's /panicle 

70.74 3066.21** 27.17 

7 Number of unfilled 

spikelet’s/panicle 

4.94 412.49** 7.37 

8 Spikelet fertility 

percentage (%) 

0.106 166.02** 2.77 

9 1000-grain weight (g) 0.19 29.06** 0.25 

10 Yield (t ha-1) 0.18 4.36** 0.05 
  

* & ** represent significant at 5% and 1%, respectively 
 

Agronomic performance  

Mean value, coefficient of variation and standard deviation for 10 quantitative traits 

were presented in Table 2. It revealed that five genotypes for days to maturity, four 

genotypes for plant height, five genotypes for effective tillers, five genotypes for 

total number of spikelet’s per panicle, six genotypes for filled grains per panicle, 

four genotypes for spikelet fertility percentage, four genotypes for thousand seed 

weight and three genotypes for grain yield showed higher value over their grand 

mean. Observing agronomic mean data, G3 produced highest grain yield followed 

by G6 and G9, whereas, G3, G6 and yielded 49 % 23 % and 10 %, respectively over 

the best check varieties. Yuan (1998) reported minimum 20-30 % yield advantage 

for promising rice hybrids.  

Therefore, the G3 and G6 are to be considered as superior promising and proposed 

to be extensively evaluated for further trial of variety release. These two genotypes 

also showed superior performance for the traits of effective tiller, panicle length, 

total number of spikelet’s per panicle, number of filled spikelet's and spikelet’s 

fertility percentage.  
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Table 2. Agronomic performance of promising rice hybrids for quantitative traits 

SL 

No 

Genotypes DTM PH ET PL SP/P FG/P UFS/P SF 

(%) 

TSW GY 

1 G1 107 98 7 24 195 152 42 78 25 5.5 

2 G2 107 107 6 24 189 142 47 75 23 5.4 

3 G3 123 117 10 28 226 206 18 91 19 8.2 

4 G4 106 88 5 21 162 123 39 76 27 5.2 

5 G5 105 107 7 24 174 142 32 81 21 5.3 

6 G6 113 115 8 26 216 188 28 87 23 6.8 

7 G7 104 108 5 22 168 117 51 69 27 4.5 

8 G8 102 108 5 20 145 95 50 65 24 3.6 

9 G9 118 128 8 25 205 168 37 82 31 6.1 

10 G10 (BRRI hybrid 

dhan4) 

117 110 4 26 187 156 31 76 24 4.6 

11 G11 (BRRI hybrid 

dhan6) 

112 121 4 25 220 163 58 74 24 5.5 

Grand Mean 110 110 6 24 190 150 39 78 24 5.5 

Coefficient of  variation 6 10 30 10 14 21 30 10 13 23 

Standard deviation 7 11 2 2 26 32 12 7 3 1 

Standard error 2 3 1 1 8 10 4 2 1 0.4 

Critical difference (0.05) 5 8 1 2 20 25 9 6 2 1 

 

DM= Days to maturity, PH= Plant height (cm), ET/H= Effective tillers per hill, PL= Panicle 

length (cm), SP/P= Total number of spikelet’s per panicle, FG/P= Number of filled spikelet's 

per panicle, UFS/P= Unfilled spikelet’s per panicle, SF (%) = Spikelet’s fertility percentage, 

TSW=1000-grain wt. (g) and GY= Yield (t ha-1) 
 

Estimation of genetic parameters 

Estimates range, phenotypic variances (Vp) and genotypic variances (Vg), 

phenotypic coefficient of variation (PCV) and genotypic coefficient of variation 

(GCV), broad sense heritability (h
2
) % and genetic advance (GA) for all the traits are 

presented in Table 3.  

Genetic Variability 

The highest Vp and Vg were recorded for the traits of number of filled spikelet's 

/panicle (1040.11 and 1012.94), respectively. The lowest values of Vp and Vg were 

recorded for the traits of grain yield (1.49 and 1.44), respectively. The magnitude of 

phenotypic variance (Vp) was higher than genotypic variance (Vg) for all traits but 

difference is low indicating the presence of environmental influence to some extent 

in the phenotypic expression of the traits. Similarly, the phenotypic coefficient of 

variation (PCV) was slightly higher than genotypic coefficient of variation (GCV) 

for all studied traits. According to Sivasubramaniam and Menon (1973) PCV and 

GCV values ≥20 % are regarded as high, between 10 and 20 % to be moderate and 

≤10% are considered as low. Based on this delineation, the traits effective tillers per 

hill (31.99 %), number of unfilled spikelet’s per panicle (30.23 %), grain yield 

(22.49 %) and number of filled spikelet's per panicle (21.49 %) belonged to the 

category high. With regard to, high estimates of PCV for effective tillers per hill 
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were reported by Ganga shetty et al. (2013), Neha et al. (2014), Bagudam et al. 

(2018). High estimates of PCV for number of unfilled spikelet’s per panicle 

observed by Islam et al. (2016). For grain yield the results are in agreement with 

Neha et al. (2014) and Singh and Chaudhari (2019). For the number of filled 

spikelet's per panicle, high estimates of PCV was reported by Khatun et al. (2015) 

and Devi et al. (2016) and Harsha et al. (2017). In similar to our findings, does 

indicate the direct selection of genotypes could be done through these traits. The 

extent of PCV and GCV values were moderate to low ranged from 13.76 % for 

number of spikelet’s per panicle and 5.89 % for days to maturity. Such observation 

earlier reported by Mishu et al. (2016), which recommended that selection could be 

postponed for these traits until to increase the gene flow and to fix favorable alleles. 

The current study also revealed that Vp and PCV were higher than theirs 

corresponding Vg and GCV respectively for all the traits, indicated the genotypes 

under the genetic control and influence of the environmental factors were less on the 

expression of traits. As the traits were less influenced by the environment, the traits 

can be used for selection. Similar findings were earlier reported by Vanisreeet al. 

(2013), Malimar et al. (2015), Rashid et al. (2017) and Gyawali et al. (2018). 

Table 3. Range, phenotypic (Vp) and genotypic variance (Vg), phenotypic 

coefficient of variability (PCV) and genotypic coefficient of variability 

(GCV), broad sense heritability (h
2
) and genetic advance (GA) for 

observed traits
 

SL 

No. 

Traits Range Vp Vg Coefficient of 

variation    (%) 

h2 

( %) 

GA 

PCV  GCV        

1 Days to maturity 102-123 42.22 37.80 5.89 5.57 89.54 11.98 

2 Plant height (cm) 88-128 122.23 118.28 10.07 9.91 96.77 22.04 

3 Effective tillers/hill 4-10 4.00 3.14 31.99 29.43 78.60 3.24 

4 Panicle length (cm) 20-28 5.75 4.61 9.95 8.91 80.18 3.96 

5 Total number of 

spikelet’s/panicle 

145-226 682.42 665.14 13.76 13.59 97.47 52.45 

6 Number of filled 

spikelet's /panicle 

95-206 1040.11 1012.94 21.49 21.21 97.39 64.70 

7 Number of unfilled 

spikelet’s/panicle 

18-58 142.41 135.04 30.23 29.43 94.82 23.31 

8 spikelet fertility 

percentage (%) 

65-91 57.19 54.42 9.73 9.49 95.14 14.82 

9 1000-grain weight 

(g) 

18.2-31.4 9.85 9.61 13.04 12.87 97.47 6.30 

10 Grain yield (t ha-1) 3.5-8.3 1.49 1.44 22.49 22.08 96.44 2.43 
 

Heritability 

Heritability is a good index of the transmission of characters from parents to their 

offspring. The estimates of heritability can be utilized for prediction of genetic gain 

and its predictive role to indicate the reliability of the phenotypic value as a guide to 

breeding value. Heritability was classified as low (below 30 %), medium (30-60 %) 
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and high (above 60 %) as suggested by Johnson et al. (1955). In the present study 

high heritability were observed for all the traits, estimates ranging from 78.60 % for 

effective tillers per hill to 97.47 % for total number of spikelet’s per panicle 

and1000-grain weight simultaneously due to genetic causes rather only by 

environmental effects. High heritability for all the traits in rice hybrids was reported 

by Hasan et al. (2019). Roy and Shil (2020). High heritability does not always 

indicate high genetic gain; high heritability along with high genetic advance should 

be used for selecting desired varieties.  

Genetic advance 

The heritability estimates alone include the effect of both additive and non-additive 

genes which cannot furnish complete practical importance unless it is studied with 

genetic advance. The estimates of genetic advance can help to understand the type of 

gene action of various polygenic characters. High heritability coupled with high GA 

was recorded in number of filled spikelet's per panicle (64.70), total number of 

spikelet’s per panicle (52.45), number of unfilled spikelet’s per panicle (23.31) and 

plant height (22.04) indicated that the little influence of environmental effects in the 

inheritance of these traits. These findings were supported earlier by Laxman et al., 

(2010) and Khatun et al. (2015) for one or more traits. 

Heritability coupled with Genetic advance as percent of mean (GAM) 

Genetic advance as percentage of mean (GAM) give more precise result in 

comparison genetic advance. Therefore, heritability estimation coupled with genetic 

advance as percent of mean is more effective for selection. Genetic advance as 

percent mean was categorized as low (0-10 %), moderate (10-20 %) and high (≥20 

%). The graphical representation of heritability and genetic advance as percent of 

mean is depicted in Figure 1. The moderate GAM was exhibited by spikelet fertility 

percentage (19.06 %) followed by panicle length (16.43 %) and days to maturity 

(10.87 %). The highest GAM was recorded in number of unfilled spikelet’s per 

panicle (59.04  %) followed by effective tillers per hill (51.80 %), grain yield (44.67 

%), number of filled spikelet's per panicle (43.11 %), total number of spikelet’s per 

panicle (27.63 %), 1000- grain weight (26.18 %) and plant height (20.08 %) which 

earlier supported by Laxuman et al. (2010) and Khatun et al. (2015) for one or more 

traits. The present findings are in conformity with the reports of Bagudam et al. 

(2018) for plant height, number of tillers per plant, grain number, test weight and 

plot yield in 46 rice genotypes. Chakra arty et al. (2019) reported similar results for 

effective tiller number, filled grains per panicle, unfilled spikelet’s per panicle and 

grain yield. High heritability with high GAM indicated that these traits were 

governed by additive gene action and selection may be fruitful for those traits. 
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Figure 1. Graphical representation of heritability as broad sense (h
2
) % and 

genetic advance as mean percent (GAM) 
 

CONCLUSION 

The estimation of genetic parameters in some promising rice hybrids implied that 

number of filled spikelet’s per panicle had high phenotypic and genotypic variance 

with high heritability and high genetic advance. Total number of spikelet’s per 

panicle, number of unfilled spikelet's per panicle and plant height also showed high 

phenotypic and genotypic variance with high heritability and high genetic advance. 

This study also finds out the most promising rice hybrids G3 (IR79156A × EL108R) 

and G6 (IR79156A × EL253R) based on yield and all other yield related traits and it 

could be released as a variety after conducting necessary yield trials. 
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