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ABSTRACT 
 

An attempt was made to study the variability in 25 F4 generation of T. Aman rice. Highly significant 
variations were obtained for all the characters studied. The highest mean and range value was 
observed for grain yield per meter square followed by number of filled grains per panicle, spikelet 
sterility (%) and 1000-grain weight. Highest genotypic variance was observed for grain yield per 
meter square followed by plant height, number of filled grains per panicle and spikelet sterility (%) 
whereas the highest genotypic coefficient of variation was recorded for spikelet sterility (%) followed 
by grain yield per meter square, panicle weight and plant height. Phenotypic variance was close to the 
corresponding genotypic variance for all the traits studied except plant height, panicle size, weight 
and branching habit. On the other hand, all the characters showed close phenotypic and genotypic 
coefficient of variation except panicle weight and spikelet sterility (%) which indicated additive gene 
action for expression of the characters. Considering mean, range and all genetic parameters selection 
could be performed on the basis of number of tillers per hill, number of panicles per hill, panicle length, 
number of filled grains per panicle, spikelet sterility (%), 1000-grain weight and grain yield per square 
meter for significantly improvement of rice yield. 
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I. Introduction 

Compared to mid sixties rice production in Bangladesh has almost doubled during the past three 
decades. This increased rice production has been possible largely due to the adoption of modern rice 
varieties on around 66% of the rice land which contributes to about 73% of the country's total rice 
production. T. Aman rice covers about 50.92% of the rice areas of Bangladesh (BBS, 2013) of which 
modern T.Aman varieties covers 60% (BBS, 2013). In Ganges Tidal Floodplain belongs under the 
Agroecological zone-13 T. Aman is the main crop. Agro ecological condition of this area favours the 
large-scale cultivation of T. Aman rice.  
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Bangladesh needs to increase rice production from 2.74 to 3.74 t/ha per year due to increasing 
population. The total rice area has also been continuously declining at about 1.00% per annum 
(Bhuiyan et al., 2002). Among Aus, Aman and Boro seasons, Aman occupied the highest area coverage 
(34% of gross cropped area) (Anonymous, 2005). So, we have to give more attention on the 
improvement of T. Aman rice varieties to increase rice production in order to satisfy our population’s 
need of food.  
 
The quantitative measurement of individual character provides the basis for an interpretation of 
analysis of variance. The available variability in a population can be partitioned into heritable and non 
heritable parts with the aid of genetic parameters such as genetic coefficient of variation, heritability and 
genetic advance (Miller et al., 1958). Therefore, this experiment was conducted to study the variability 
among the F4 generation of rice genotypes and to find out the genetic parameters in the selected 
genotypes. 
 
II. Materials and Methods 

Previously produced twenty five F4 generation materials (Table 01) from 8 x 8 diallel cross were 
grown in randomized complete block design (RCBD) with three replications during Aman season in 
2011. Plot size was 1 m x 2 m. Twenty cm plant to plant and row to row spacing respectively were 
maintained. Urea, TSP, MP and gypsum were applied @ 150-100-70-60 kg/ha, as recommended for 
rice cultivation. Thirty days old seedlings were transplanted in the experimental units. Normal 
intercultural practices and plant protection measures were followed to raise the crop successfully. One 
m2 area was harvested for measuring grain yield. Data were collected from 10 randomly selected hills 
of each genotype. Data were recorded on plant height at maturity (cm), number of tillers per hill, 
number of panicles per hill, panicle length (cm), panicle weight (g), number of primary branches per 
panicle, number of secondary branches per panicle, number of filled grains per panicle, spikelet 
sterility (%), 1000-grain weight (g), days to flowering, days to maturity and grain yield per meter 
square (g). All the data obtained from each trait were statistically analyzed. The analysis of variance 
was done according to Goulden’s methods (1959). Genotypic coefficient of variation was computed 
using the formula suggested by Burton (1952). Heritability in broad sense and genetic advance was 
calculated according to the methods given by Allard (1960). 
 

Table 01. 25 rice genotypes of F4 generation of T. Aman rice 
 
Sl. No. Name of Genotypes Sl. No. Name of Genotypes 
01 Rajashail x Pokkali 14. BRRI dhan 10 x  BRRI dhan 33 
02. Pokkali x BR 10 15. BRRI dhan 33 x  BRRI dhan 32 
03. Pokkali x BRRI dhan33 16. BRRI dhan 44 x  BRRI dhan 10 
04. BRRI dhan44 x pokkali 17. Rajashail x  BRRI dhan30 
05. BRRI dhan39 x pokkali 18. BRRI dhan 33 x  BRRI dhan 10 
06. Pokkali x BR 11 19. BRRI dhan 39 x  BRRI dhan 32 
07. Rajashail x  BRRI dhan39 20. BRRI dhan 32 x BRRI dhan  44 
08. Rajashail x  BRRI dhan44 21. BRRI dhan 33 x  BRRI dhan 39 
09. BR 11 x Rajashail 22. BRRI dhan 39 x  BRRI dhan 11 
10. BR 11 x   BRRI dhan 33 23. BRRI dhan 44 x  BRRI dhan 39 
11. BR 11 x  BRRI dhan 32 24. BRRI dhan39 x BR 10 
12. BR 10 x Rajashail 25. BR10 x  BRRI dhan32 
13. Rajashail x  BRRI dhan 33  

 

III. Results and Discussion 

Variability and genetic parameters 

The genotypes differed significantly for all the characters (Table 02). The extent of variation among 
the genotypes in respect of 13 characters were studied and mean value, range, genotypic variance 

( 2g), phenotypic variance ( 2P), environmental variance ( 2e), genotypic coefficient of variation 
(GCV), phenotypic coefficient of variation (PCV), heritability (h2b), genetic advance (GA) and genetic 
advanced (GA) in percent of mean have been presented in Table 03 and Table 04. Performance of the 
genotypes is described below for each character.  
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Table 02. Analysis of variance for 11 yield and its related characters in 25 genotypes of T. Aman 
rice 
 

Sources 
of 
variation 

df 

Mean sum of squares 
 
Plant 
height 
(cm) 

 
Tillars/hill 

 
Panicle/ 
hill 

Panicle 
length 
(cm) 

Panicle 
weight 
(cm) 

Primary 
branches 
per 
panicle 

Secondary 
branches per 
Panicle 
 

Filled grain 
per 
panicle 
 

Spikelet 
sterility 
(%) 

1000 
grain 
weight 
(gm.) 

Grain 
yield/m2 
(g) 

Genotype 24 1528.75** 4.42** 4.52** 9.36** 3.92** 4.77** 60.69** 1279.25** 131.5** 36.63** 14506.47** 
Replication 2 81.908 5.57* 6.09* 11.032 1.245 43.066 74.751 1234.258 44.489 5.45* 178923 
Error 48 48.246 0.758 0.76 1.063 1.245 1.44 12.047 171.977 26.504 3.217 12087.931 
CV%  12.13 9.21 9.36 3.92 11.3 8.97 9.56 8.90 28.54 6.3 20.95 

 

Plant height (cm) 

Analysis of variance for plant height showed significant mean sum of square due to genotypes (Table 
02). The highly significant genotypic difference indicated that there was a wide range of variation 
among the varieties for plant height. The mean value ranged from 108.80 to 188.37 cm, whereas 
mean performance was 139.46 cm (Table 03). The phenotypic and genotypic variances for this trait 
were (541.75 and 493.50 respectively). The phenotypic variance appeared to be higher than genotypic 
variance, suggested considerable influence of environment on the expression of the genes controlling this 
trait. Here environmental variance was also high (192.98). The difference between phenotypic coefficient of 
variation (2166.99) and genotypic coefficient of variation (1974.01) was minimum (Table 04). Heritability 
estimation was high (91.09) with high genetic advance (1.88) and genetic advance in percent of mean 
(1.35) was considerable for this trait indicating apparent variation was due to genotype. So, selection 
based on this trait would be effective. These results confirmed the finding of Biswas et al. (2000). 
 
Number of panicles per hill 

Number of panicles per hill showed a highly significant mean sum of square due to genotypes, which 
indicated considerable range of variation for this character (Table 03). The mean value ranged from 7.13 to 
12.00. The phenotypic variance (2.01) was higher than genotypic variance (1.25) as presented in Table 03. 
This feature indicated higher influence of environment on the expression of the trait and genetic factor 
had low expressivity on the number of panicles per hill. The character showed high phenotypic and 
genotypic coefficient of variation (8.05 and 5.01 respectively) (Table 04). Here the phenotypic coefficient 
of variation (8.05) was higher than genotypic coefficient of variation (5.01) indicating the apparent 
variation not only due to genotypes but also due to the influence of environment. Estimation of 
heritability (62.25) for this trait was the low among the characters studied. However, the genetic advance 
was very low (1.28) with high genetic advance in percent of mean (13.74). Gomathinayagam el al. (1990) 
and Biswas et al. (2000) also reported similar result. 
 
Panicle length (cm) 

Significant mean sum of square due to genotypes for panicle length (9.36**) indicated considerable 
differences among the varieties studied (Table 02). The mean value of the genotypes showed small range of 
variation from 23.77 to 29.43 cm. (Table 03). Phenotypic variance (3.83) appeared to be slightly higher than 
genotypic variance (2.77). The minimum difference between PCV (15.32) and GCV (11.06) revealed less 
influence of environment on the expression of the character (Table 3). This character showed high 
heritability (72.24) estimation together with high genetic advance in percent of mean (5.65) (Table 04). 
Therefore selection based upon phenotypic expression of this character would be effective for the 
improvement of this crop. Sadhukhan and Chattopadhyay (2000) in their study with 26 aromatic rice 
genotypes reported similar results. 
 
Number of primary branches per panicle 

Analysis of variance for number of primary branches per panicle showed significant mean sum of square 
(4.77**) due to genotypic difference (Table 02). The mean value with respect to this trait ranged from 10.50 
to 15.70. The character showed low phenotypic (2.55) and genotypic (1.11) variance. The considerable 
difference between genotypic and phenotypic variance indicating effect of environment for the expression 
of the trait was high (Table 03). The PCV (10.19) was higher than the GCV (4.45) for this character. Number 
of primary branches per panicle showed moderately heritability (43.65) with low genetic advance (0.89) 
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and genetic advance in percent of mean (6.75) (Table 04). Therefore selection based on this trait will not be 
effective. These results matched with the findings of Reddy and Kumar (1996).  
 
Number of secondary branches per panicle 

Analysis of variance for number of secondary branches per panicle showed significant mean sum of 
square (60.69** due to genotypic difference (Table 02). The mean value with respect to this trait ranged 
from 28.20 to 45.07. The character showed phenotypic and genotypic variance was (28.26 and 16.21 
respectively). The considerable difference between genotypic and phenotypic variance indicating effect of 
environment for the expression of the trait was high (Table 03). The PCV (113.05) was higher than the GCV 
(64.86) for this character. Number of secondary branches per panicle showed moderately heritability 
(57.37) with low genetic advance (1.18) and genetic advance in percent of mean (3.25) (Table 04). Therefore 
selection based on this trait will not be effective. These results matched with the findings of Reddy and Kumar 
(1996). 
 
Number of filled grains per panicle 

Mean square for number of filled grains per panicle was highly significant (Table 02). The mean 
values ranged from 103.30 to 192.77. The phenotypic variance (541.07) was little higher than 
genotypic variance (529.09) indicating that environment had not been playing a significant role for 
the expressing of the character (Table 03). The PCV (2164.27) and GCV (2116.36) had a little variation 
(Table 04). High heritability (88.22) with high genetic advance (13.41) and genetic advance in percent 
of mean (9.09) were reported for number of filled grains per panicle that confirmed the findings of 
Choudhury and Das (1998) and Iftekharuddaula et al. (2005). 
 

Spikelet sterility (%) 

Analysis of variance showed that spikelet sterility (%) varied significantly among the genotypes 
used (Table 02). The mean value ranged from 5.59 to 30.91. The components of variation for spikelet 
sterility (%) showed considerable phenotypic variation (61.50) in comparison to genotypic variation 
(34.99) indicating the influence of environment to a great extent for this trait (Table 03). Phenotypic 
and genotypic coefficients of variance (246.01 and 139.99) were comparatively high (Table 04). In 
the present investigation spikelet sterility (%) represented moderate heritability (56.91) and genetic 
advance (1.17) but high genetic advance in percent of mean (6.49). De and Suriya (1988) and Akanda et 
al. (1997) also reported higher estimation of coefficient of variation and genetic advance in percent of 
mean for spikelet sterility (%). 
 

Table 03. Mean, range, phenotypic variance (Vp), genotypic variance (Vg) and environmental 
variance (Ve) for 13 yield and yield contributing traits in F4 generation of rice 
 
Traits Mean Range Vp Vg Ve 
Days to flowering 76.82 70.00-85.00 18.62 16.86 1.76 
Days to maturity 111.82 109.00-115.00 5.60 5.08 0.52 
Plant height (cm) 139.46 108.80-188.37 541.75 493.50 48.25 
Tillers/hill 9.46 7.20-12.10 1.98 1.22 0.76 
Panicles/hill 9.34 7.13-12.00 2.01 1.25 0.76 
Panicle length (cm) 26.33 23.77-29.43 3.83 2.77 1.06 
Panicle weight (g) 4.45 3.30-5.65 2.14 0.89 1.25 
Primary branches/panicle 13.33 10.50-15.70 2.55 1.11 1.44 
secondary branches/panicle 36.32 28.20-45.07 28.26 16.21 12.05 
Filled grains/panicle 147.37 103.03-192.77 541.07 529.09 11.98 
Spikelet sterility % 18.05 5.59-30.91 61.50 34.99 26.50 
1000 grain weight (g) 28.54 23.00-36.00 14.36 13.14 1.22 
Grain yield/m2 (g) 523.58 383.33-633.33 12894.11 12854.18 39.93 

 
1000-grain weight (g)  

Mean sum of square for 1000-grain weight was highly significant (Table 02). The mean value ranged 
from 23.00 to 36.00 g. The genotypic variance (13.14) and phenotypic variance (14.36) were almost 
same indicating least environmental effect for the expression of the character (Table 03). The value of 
PCV and GCV presented in Table 04, were high and the difference was very close (57.42 and 54.55). 
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Heritability value for 1000-grain weight (78.59) was very high. This character also represented very 
high genetic advance in percent of mean (40.64). This feature suggesting that the environmental 
influence on the phenotypic expression of this character was not considerable and the phenotypic 
expression of this character was true representation of the genetic makeup. Therefore selection based 
on this character would be effective. Akanda et al. (1997) found high value but narrow difference 
between PCV and GCV for 1000-grain weight, where Choudhury and Das (1997) reported high 
heritability and high genetic advance in percent of mean for this character which agreed with the 
present findings. 
 
Days to maturity 

Analysis of variance for days to maturity showed highly significant mean sum of square due to 
genotypes (Table 02). The mean value ranged from 109.00 to 115.00 days. The genotypic variance 
and phenotypic variance were 5.08 and 5.60 respectively (Table 03). The value of phenotypic variance 
was close to its corresponding genotypic variance. There was a pronounced variation for the character 
days to maturity and this variability was conserved by genetic constituent rather than environment. 
The values of GCV (20.33) and PCV (22.41) were low (Table 04) and had least difference. Similar 
findings were reported by Balan et al. (1999). Very high heritability (90.72) but low genetic advance in 
percent of mean (1.67 %) was observed for the character of days to maturity. It revealed non-additive gene 
action was involved for expression of this character. The high heritability was exhibited due to influenced of 
favorable environment rather than genotype and selection for such trait may not be rewarding. High 
heritability with low genetic advance was also reported by Gomathinayagam et al. (1990) for days to 
maturity. 
 
Panicle weight (g) 

Significant mean sum of square due to genotypes for panicle weight indicated considerable differences 
among the genotypes studied (Table 02). The mean value of the genotypes showed less variation from 
3.30 to 5.65 cm. (Table 03). Phenotypic variance (2.14) appeared to be slightly higher than genotypic 
variance (0.89). The minimum difference between PCV (8.55) and GCV (3.57) revealed less influence of 
environment on the expression of the character (Table 04). This character showed moderately 
heritability (41.73) estimation together with moderate genetic advance (0.86). Therefore selection 
based upon phenotypic expression of this character would be effective for the improvement of this 
crop. Sadhukhan and Chattopadhyay (2000) in their study with 26 rice genotypes reported similar 
results. 
 
Number of tillers per hill 

Number of tillers per hill showed a highly significant mean sum of square due to genotypes, which 
indicated considerable range of variation for this character (Table 02). The mean value ranged from 
7.20 to 12.10. The phenotypic variance (1.98) was close to genotypic variance (1.22) as presented in 
Table 02. This feature indicated higher influence of genotype on the expression of the trait and 
environment factor had low expressivity on the number of panicles per hill. The character showed 
moderate phenotypic and genotypic coefficient of variation (7.92 and 4.88 respectively). Here the 
phenotypic coefficient of variation (7.92) was although similar to genotypic coefficient of variation 
(4.88) indicating the variation only due to genotypes with very less influence of environment. 
Estimation of heritability (61.69) for this trait high with high percent mean genetic advance (13.43). 
Gomalhinayagam et al. (1990) and Biswas et al. (2000) also reported similar result. 
 
Grain yield per m2 (g) 

Mean sum of square for yield per hill was highly significant due to genotypes. The highly significant 
difference indicated that there was a wide range of variation among the genotypes for grain yield 
(Table 01). The mean values ranged from 383.33 to 633.33 g. The components of variance for grain 
yield per m2 showed least phenotypic variance (12894.11) close to genotypic variance (12854.18) 
indicating the least influence of environment for comparison of this trait (Table 03). The phenotypic 
coefficient of variation (51576) and genotypic coefficient of variation (51486.72) were high in 
magnitude but very close to each other. Reddy and Kumar (1996) reported higher PCV than GCV for 
grain yield per m2, whereas Choudhury and Das (1997) reported higher values of PCV and GCV. In case 
of heritability estimation this character showed high heritability (82.50) with high genetic advance 
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(22.29). These findings showed agreement with that of Kumar et al. (1998) and Shanthakumar et al. 
(1998). It is therefore, apparent from the present findings that selection for this trait could bring about 
satisfactory improvement over the population mean. 
 
Table 04. Genotypic and phenotypic coefficient of variation (GCV and PCV), heritability (h2b), 
genetic advance (GA) and genetic advance in percent of mean (GAMP) for 13 yield and yield 
contributing traits in F4 generation of rice 
 
Traits PCV GCV ECV h2b GA % GAMP 
Days to flowering 74.47 67.43 7.04 90.55 1.87 2.43 
Days to maturity 22.41 20.33 2.08 90.72 1.87 1.67 
Plant height (cm) 2166.99 1974.01 192.98 91.09 1.88 1.35 
Tillers/hill 7.92 4.88 3.03 61.69 1.27 13.43 
Panicles/hill 8.05 5.01 3.04 62.25 1.28 13.74 
Panicle length (cm) 15.32 11.06 4.25 72.24 1.49 5.65 
Panicle weight (g) 8.55 3.57 4.98 41.73 0.86 19.31 
Primary branches/panicle 10.19 4.45 5.74 43.65 0.89 6.75 
secondary branches/panicle 113.05 64.86 48.14 57.37 1.18 3.25 
Filled grains/panicle 2164.27 2116.36 47.91 88.22 13.41 9.09 
Spikelet sterility % 246.01 139.99 106.02 56.91 1.17 6.49 
1000 grain weight (g) 57.42 54.55 2.87 78.59 11.60 40.64 
Grain yield/m2 (g) 51576.44 51486.72 89.72 82.50 22.29 4.26 

 
IV. Summary and Conclusion  

Highest mean value was observed for grain yield per m2 (523.58). This character also exhibited the highest 
range of variation (383.33-633.33) indicated that all the genotypes showed wide range of variation in 
respect of this character. Phenotypic variance was more or less higher than the corresponding genotypic 
variance for the characters. However, these differences were in case of plant height, number of secondary 
branches per panicle, number of filled grains per panicle, and  spikelet sterility (%) indicating greater 
influence on environment for expression of these characters. Among the characters, days to maturity, tillars 
per hill, number of panicles per hill, panicle length, panicle weight, number of primary branches per 
panicle, 1000-grain weight  showed least difference between phenotypic and genotypic variance, which 
indicated additive gene action for expression of the characters. All the characters showed moderate to 
high phenotypic and genotypic coefficient of variation except days to maturity (22.41 and 20.33). Amongst 
the characters the highest genotypic coefficient of variation was recorded for grain yield per m2 

(51576.44) followed by filled grain per panicle (2116.36), plant height (1974.01), spikelet sterility (%) 
(139.99), days to flowering (67.43), number of secondary branches per panicle (64.86), 1000-grain weight 
(57.42), panicle length (11.06), in order to merit. The highest heritability value was observed for plant 
height (91.09) and the lowest for panicle weight (41.73). Highest genetic advance in percent of mean 
was observed for 1000-grain weight (40.64), followed by panicle weight (19.31), panicle per hill (13.74), 
tillers per hill (13.43), number of filled grains per panicle (9.09), where the lowest for plant height (1.35). 
The parameter 1000-grain weight showed both the moderate heritability and highest genetic advance in 
percent of mean, indicated additive gene action for expression of the character and selection for such trait 
might be rewarding. Plant height showed high heritability but low genetic advance in percent of mean. It 
revealed non-additive gene action for expression of the character. High heritability was exhibited due to 
favorable environment rather than genotype. 
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