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  Abstract 
 

The present research was performed to assess genetic variability and heterosis among 30 rice genotypes for yield 

and yield associated traits. Sixteen F1 hybrids and their 14 parents were planted in a randomized complete block 

design using two replications at The University of Agriculture Peshawar, during 2011 rice crop growing season. 

Highly significant differences among the parents and F1 hybrids were observed for all the traits studied. The 

parental genotypes Bas-370, Pakhal and IR-8 displayed maximum values for panicle length (32.5 cm), primary 

branches panicle-1 (15.1)and secondary branches panicle-1 (47.0), respectively. Among the F1 cross combinations, 

IR-8/Sugdesi manifested higher mean values for primary branches panicle-1 (15.0) and secondary branches 

panicle-1 (55.0) whereas Bas-6129/Bas-370 showed maximum value for panicle length (34.0cm). Moderate and 

low phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were observed for 

most of the traits. High broad sense heritability values were observed for all the studied traits except primary 

branches panicle-1.Bas-2008/Kashmir-Bas showed the highest positive values of mid and better parent heterosis 

for primary branches panicle-1 (33.3 and 19.0%) while Bas-2008/Kashmir-Bas and Dokri-Bas/Bas-6129 for 

secondary branches panicle-1(44.2% and 30.6%), respectively. On the basis of superior performance for yield and 

yield associated traits, the parental genotypes IR-8 and Pakhal whereas the F1 hybrids IR-8/Sugdesi and Bas-

2008/Kashmir-Bas are recommended for onward use in rice hybridization programs. 
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Introduction 

Rice (Oryza sativa L.) is one of the most important 

cereal crops worldwide. More than half of the world’s 

population, particularly in the developing countries 

depends on rice for calories and protein. Worldwide it 

is planted on 163 million hectares with production of 

728.7 million tones (FAOSTAT, 2012). In Pakistan, it 

is planted on an area of 2.4 million hectares with 

production of 7.2 million tons. It accounts for 6.4 

percent of value added in agriculture and 1.4 percent 

in GDP (MINFAL, 2009-10). 

 

Heterosis has been exploited extensively and is one of 

the major achievements of crop breeding programs 

(Birchler et al., 2003). Jones (1926) first noticed 

heterosis in rice and observed that some F1 hybrids as 

compared to their parents showed excellence for culm 

number and yield. Heterosis for a trait could be both 

positive and negative while the desired value of 

heterosis is dependent on the nature of the particular 

trait. The positive heterosis in general is used for yield 

whereas heterosis in negative is desired for earliness 

(Nuruzzaman et al., 2002). The exploitation of 

heterosis can enhance yield from 30 to 400% and can 

also enrich the domesticated crops with most 

important traits of qualitative and quantitative nature 

(Srivastava, 2000). 

 

Improvement of yield and its component traits is the 

main focus of most crop breeding programs and 

theirgenetic improvement largely depends upon the 

presence of genetic variability; its nature and 

magnitude (Fisher, 1981). Information on the nature 

and magnitude of genetic variability for quantitatively 

inherited traits like yield and its components is very 

essential and is the first step towards the 

commencement of any judicious crop breeding 

programs (Babu et al., 2012; Singh and Narayanam, 

2006). The extent of variability in a population is 

measured by phenotypic coefficient of variation (PCV) 

and genotypic coefficient of variation (GCV) 

providing valuable information about the variability 

for different traits (Roychowdhury and Tah, 2011).  

 

PCV values when higher than the respective GCV 

values for a particular trait depicts that major portion 

of total phenotypic variance is constituted by the 

environmental variance and differences of low 

magnitude are the indices of additive gene action 

(Sunday et al., 2007, Karim et al., 2007). In plant 

breeding, low heritability of quantitative traits such as 

yield is a major limiting factor in increasing the 

productivity of crops. Heritability indicates the extent 

of transmissibility of a trait from parents to off 

springs. Traits which are lesser influenced by the 

environment usually have a high heritability and 

indicates the scope of genetic improvement through 

selection (Bhadru et al., 2012; Bisne et al., 2009).  

 

Therefore, the present study was undertaken to assess 

genetic variability, estimate heritability and study 

heterosis for yield and yield associated traits among 

F1 hybrids of rice and their parents. 

 

Materials and methods 

In the present research 16 F1 rice hybrids along with 

their 14 parents were studied at the Plant Breeding 

and Genetics Research Farm, The University of 

Agriculture Peshawar, during 2011 rice crop growing 

season. Randomized complete block design with two 

replications was used. Each rice genotype was planted 

in a two-row plot with row length of 3 m. Row - row 

and plant - plant distances of 30 and 15 cm were 

maintained, respectively. First, nursery was raised in 

the last week of May and then transplantation of 

seedlings into well puddleed field was done during 

the last week of June. Data were recorded on 8 

quantitative traits using ten randomly selected plants 

from each entry. Traits used in the study were flag 

leaf area, culm length, peduncle length, panicle 

length, days to 50% flowering, days to maturity, 

primary branches panicle-1 and secondary branches 

panicle-1, respectively. 

 

Statistical Analysis 

Data were subjected to analysis of variance (ANOVA) 

technique as outlined by Steel and Torrie (1980). 

Least Significant Difference (LSD) test was also used 

for means separation. 
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Genotypic and phenotypic variances, genotypic and 

phenotypic coefficient of variability and broad sense 

heritability were computed as per the method 

suggested by Singh and Chaudhary (1985). 

Vg = [MSG – MSE / r]  

Vp = Vg + Ve 

Ve = MSE  

 
Where, 

MSG and MSE are mean squares of genotypes and error 

whereas r is number of replications, respectively. 

PCV = [√ Vp / X ] × 100  

GCV = [√ Vg / X ] × 100    

 
Where, 

Vp; phenotypic variance, Vg; genotypic variance and 

X; grand mean. Values of PCV and GCV were 

classified by Burton (1952) as follows: 

 

Low = Less than 10, Moderate = Less than 20 and 

High = More than 20. Heritability in broad sense 

(h2B) was calculated as the ratio of the genotypic 

variance (Vg) to the total (phenotypic) variance (Vp) 

in percents. Heritability values were classified as low 

(less than 0.30); moderate (0.30 – 0.60) or high 

(greater than 0.60) (Johnson et al., 1955). 

 

Mid parent and better parent heterosis for each trait 

were determined by using the following formula 

(Sharma and Singh, 1978). 

Mid parent heterosis (%) = (F1-MP)/MP × 100 

Better parent heterosis (%) = (F1-BP)/BP × 100 

 

Where 

F1 =  Mean of hybrid 

MP  =  Average mean of parents = (Parent 1 +  

            Parent 2)/2 

BP  =  Mean of better parent in the cross 

 

For significance of the F1 hybrid means t-test was 

used (Wynne et al., 1970). 

t value for mid parent heterosis 

t = F1 – MP/(3/8 EMS) 

t value for better parent heterosis 

t = F1 – BP/(1/2 EMS) 

 

Where, 

F1 = Mean value of F1 hybrid in the cross 

MP = Mean mid parent value (P1 + P2/2) of the 

respective cross 

BP = Mean better parent value (P1 or P2) of the 

respective cross 

EMS = Error mean square 

Table 1. List of the genotypes used in the study. 

Rice genotypes 

Parents Hybrids 

1. NIAB-IR-9 1. NIAB-IR-9 × IR-8 

2. Dokri-Bas 2. Dokri-Bas × DR-92 

3. Bas-2008 3. Dokri-Bas × DR-83 

4. DR-92 4. Dokri-Bas × Sugdesi 

5. Bas-6129 5. Dokri-Bas × Pakhal 

6. IR-8 6. Dokri-Bas × Bas-6129 

7. DR-83 7. Bas-2008 × Kashmir-Bas 

8. Sugdesi  8. Bas-2008 × TN-1 

9. Pakhal  9. Bas-2008 × Dilrosh 

10 Kashmir-Bas 10. DR-92 × Dokri-Bas 

11. TN-1 11. DR-92 × DR-83 

12. Dilrosh  12. Bas-6129 × Bas-370 

13. Bas-370 13. Bas-6129 × Dokri-Bas 

14. Shahdab-31 14. IR-8 × NIAB-IR-9 

15. IR-8 × Sugdesi 15. IR-8 × Shahdab-31 
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Results and discussion 

Genetic variability 

Highly significant differences (p≤0.01) among the 

parents and F1 hybrids were observed for all the 

studied traits viz., flag leaf area, culm length, 

peduncle length, panicle length, days to 50% 

flowering, days to maturity, primary branches 

panicle-1 and secondary branches panicle-1 (Table 2). 

These results are compatible with the findings of 

Rahimi et al. (2010), Bagheri and Jelodar (2010), 

Soni and Sharma (2011), Subbaiah et al. (2011) and 

Ghosh and Sharma (2012). 

 

Table 2. Mean square values for morphological traits of 30 rice genotypes. 

Mean squares 

   Traits Replications Genotypes Error 

Flag leaf area  848.2 191.7** 37.1 

Culm length 1.07 1277.4** 34.0 

Peduncle length 0.16 73.0 ** 5.27 

Panicle length 0.73 14.8** 3.45 

Days to flowering 4.27 224.3** 1.3 

Days to maturity 5.4 269.4** 1.47 

Primary branches panicle-1 0.02 3.09** 0.88 

Secondary branches panicle-1 68.3 111.5** 21.8 

Degrees of freedom 1 29 29 

 **, *: Significant at 1 and 5% levels of probability, respectively. 

 

Flag leaf area 

Mean values of parents ranged from 30.3 to 60.7 cm2. 

Minimum value was observed for the parent NIAB-

IR-9 while maximum for Sugdesi. Among rice hybrids 

the values ranged between 35.8 (Dokri-Bas/DR-83) 

and 63.5 (Bas-2008/TN-1) cm2 (Table 4). High PCV 

(23.0%), moderate GCV (18.9%) and high heritability 

(67.6%) was observed for this trait (Table 3).  

 

Rahman et al. (2012) also reported similar results of 

high PCV, GCV and heritability for flag leaf area.Mid 

and better parent heterosis values varied from -24.2 

to 49.0% and -33.3 to 18.4%. The hybrid IR-8/NIAB-

IR-9 exhibited maximum mid parent heterosis 

(49.0%) whereas IR-8/NIAB-IR-9 and Bas-2008/TN-

1 showed significant better parent (29.9% and 25.2%) 

heterosis (Table 5).  

 

Saleemet al. (2008) also reported significant mid 

(60.13%) and better parent (42.99%) heterosis for 

flag leaf area. 

Culm length 

Mean values of parents varied from 67.0 (DR-83) to 

134.7 (Bas-370) cm. F1 hybrids showed a range of 71.7 

and 151.5 cm. Minimum value was observed for the 

hybrid Dokri-Bas/DR-83 while maximum for Bas-

2008/Kashmir-Bas (Table 4). High PCV, GCV and 

heritabilitywith values of 24.7, 24.0% and 94.8% were 

observed (Table 3).  

 

The findings of Nuruzzaman et al. (2002) and Yadav 

et al. (2010) are in line. Heterosis over mid parent 

ranged between -14.4 and 37.0%, whereas better 

parent heterosis values varied from -2.14 to 73.4%. 

The hybrid Dokri-Bas/Pakhal manifested significant 

negative mid parent heterosis (-14.4%) (Table 5).  

 

Alam et al. (2004) also observed significant negative 

mid and better parent heterosis of values -77.03 and -

86.82%, respectively for this trait. 
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Table 3. Phenotypic (Vp), genotypic (Vg) and environmental variances (Ve), phenotypic coefficient of variation 

(PCV), genotypic coefficient of variation (GCV) and broad sense heritability (h2bs) for different traits of 30 rice 

genotypes. 

Traits Vp Vg Ve PCV GCV h2bs 

Flag leaf Area  114.3 77.2 37.1 23.0 18.9 67.6 

Culm length  655.9 621.9 34.0 24.7 24.0 94.8 

Peduncle length  39.1 33.9 5.23 16.1 15.0 86.6 

Panicle length  9.13 5.67 3.46 10.8 8.53 62.1 

Days to flowering 112.8 111.5 1.30 10.0 9.98 98.9 

Days to maturity 135.4 134.0 1.47 8.32 8.28 98.9 

Primary branches panicle-1 2.01 1.09 0.92 11.3 8.31 54.3 

Secondary branches panicle-1 66.0 44.6 21.4 19.8 16.3 67.6 

 
 

Table 4. Mean values for flag leaf area, culm length, peduncle length, panicle length and days to flowering of 30 

rice genotypes. 

Rice genotypes 
Flag leaf 

area 
(cm2) 

Culm 
length 
(cm) 

Peduncle 
length 
(cm) 

Panicle 
length 
(cm) 

Days to 
flowering 

Days to 
maturity 

Primary 
branches 
panicle-1 

Secondary 
branches 
panicle-1 

NIAB-IR-9/IR-8 46.6 83.3 35.9 27.3 116.5 151.5 13.5 39.8 

Dokri-Bas/DR-92 36.4 82.3 38 26.7 98 131 11.5 39 

Dokri-Bas/DR-83 35.8 71.7 32.2 22.9 99 132 12.7 50.6 

Dokri-Bas/Sugdesi 55.1 117.5 44.4 28.8 96.5 129.5 12.2 45 

Dokri-Bas/Pakhal 36.4 82.5 40.8 30.2 91.5 124.5 11.3 42.6 

Dokri-Bas/ Bas-6129 57 105.4 31.16 27.7 132 168 11.4 52.5 

Bas-2008/Kashmir-Bas 57.6 151.5 43.4 28.8 100 133.5 13.8 45.2 

Bas-2008/TN-1 63.5 130.7 40.5 26.2 100.5 134 13.1 40.9 

Bas-2008/Dilrosh 53.4 139.6 46 30.2 96 129 13.2 45.5 

DR-92/Dokri-Bas 39.9 85.8 40.8 27.7 96 129 12 48.1 

DR-92/DR-83 36.3 85.5 39 28.4 96 129 11.7 47.6 

Bas-6129/Bas-370 42.8 132.3 50.6 34 112.5 147.5 12.4 42.5 

Bas-6129/Dokri-Bas 51.8 130.5 46.1 31.9 106 140 12 47.1 

IR-8/NIAB-IR-9 60.8 89.1 36.4 27.8 118 153 14.3 49.1 

IR-8/ Sugdesi 55.7 132.8 40.4 33.5 122.5 158.5 14.6 54.8 

IR-8/Shadab-31 48.9 88.6 37.9 28.9 115 150 13.2 42.8 

NIAB-IR-9 30.3 87.1 33.9 25.4 111.5 146.5 12.7 34.5 

Dokri-Bas 41.4 75.2 32.6 24.8 104.5 138.5 12.3 40.2 

Bas-2008 54.2 133.2 44.8 25.9 97.5 130.5 11.6 42.3 

DR-92 38.8 87.5 33.1 26.7 103.5 137.5 11.9 37.2 

Bas-6129 55.5 134 45.2 28.7 108 142 12.6 39.1 

IR-8 51.4 85.1 32.3 26.9 111.5 146.5 13.4 47.2 

DR-83 36.8 67 32.4 22.7 106 140 12 35.3 

Sugdesi 60.7 108.8 28.9 28.5 128 164 11.2 36.6 

Pakhal 54.5 117.6 43.6 27.7 95 128 15.1 32.1 

Kashmir-Bas 34.5 130.3 48.2 28.5 93.5 126.5 9.1 20.4 

TN-1 47.2 79.8 32.4 24.4 97.5 130.5 13.4 32.6 

Dilrosh 38.1 87 37.8 27.8 97.5 130.5 14.5 32.2 

Bas-370 38.3 134.7 46.3 32.5 115.5 150.5 12.5 32.9 

Shahdab-31 33.1 78.3 30.8 26.2 108.5 142.5 11.4 33.6 

LSD(0.05) 12.5 11.9 4.69 3.8 2.33 2.48 1.92 2.55 
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Table 5. Mid parent and better parent heterosis for flag leaf area, culm length, peduncle length and panicle 

length among F1 hybrids of rice. 

F1 hybrid combinations 

Flag leaf area  Culm length  Peduncle length Panicle length 

Mid 
parent 

heterosis 
(%) 

Better 
parent 

heterosis 
(%) 

Mid 
parent 

heterosis 
(%) 

Better 
parent 

heterosis 
(%) 

Mid 
parent 

heterosis 
(%) 

Better 
parent 

heterosis 
(%) 

Mid 
parent 

heterosis 
(%) 

Better 
parent 

heterosis 
(%) 

NIAB-IR-9/IR-8 14.2 -9.28 -3.28 -2.14 8.62 6.02 4.43 1.49 

Dokri-Bas/DR-92 -9.19 -12.1 1.16 9.4 15.7** 14.9** 3.51 -0.15 

Dokri-Bas/DR-83 -8.62 -13.7 0.83 7.05 -0.89 -1.2 -3.6 -7.74 

Dokri-Bas/Sugdesi 7.85 -9.23 27.7** 56.2** 44.6** 36.4** 8.2 1.23 

Dokri-Bas/Pakhal -24.2** -33.3** -14.4** 9.69 7.17 -6.4 15.2**  9.29 

Dokri-Bas/Bas-6129 17.7* 2.81 0.73 40.1** -19.9** -31.1** 3.51 -3.52 

Bas-2008/Kashmir-Bas 29.9** 6.29 15.0** 16.3** -6.74* -10.0** 5.88 0.95 

Bas-2008/TN-1 25.2** 17.2* 22.7** 63.7** 4.89 -9.67* 4.06 1.12 

Bas-2008/Dilrosh 15.7 -1.47 26.8** 60.5** 11.5** 2.79 12.4** 8.65 

DR-92/Dokri-Bas -0.4 -3.61 5.48 14.1* 24.4** 23.5** 7.55 3.74 

DR-92/DR-83 -3.95 -6.36 10.7* 27.7** 19.3** 18.0** 15.1** 6.48 

Bas-6129/Bas-370 -8.79 -22.9** -1.57 -1.31 10.6** 9.41* 11.1** 4.69 

Bas-6129/Dokri-Bas 6.87 -6.66 24.7** 73.4** 18.4** 1.86 19.3** 11.2* 

IR-8/NIAB-IR-9 49.0** 18.4* 3.42 4.64 9.95* 7.32 6.38 3.38 

IR-8/Sugdesi -0.62 -8.24 37.0** 56.1** 32.2** 25.3** 21.0** 17.7** 

IR-8/Shadab-31 15.8 -4.86 8.46 13.2* 20.2** 17.5** 8.56 7.13 

**, *: Significant at 1% and 5% levels of probability, respectively. 

 

Peduncle length 

Parental genotypes andF1 rice hybrids displayed a 

range of 28.9 (Sugdesi) to 48.2 (Kashmir-Bas) cm and 

31.2 (Dokri-Bas/Bas-6129) and 50.6 (Bas-6129/Bas-

370) cm (50.6 cm) (Table 4). The studied genotypes 

displayed moderate PCV (16.10%) and GCV (14.98%) 

whereas high heritability of value 86.6% (Table 3). Mean 

values of mid and better parent heterosis ranged 

between -19.9 to 44.6% and -31.1 to 36.4%. Ten F1 

hybrids exhibited significant positive mid parent 

heterosis with maximum value of 44.6% (Dokri-Bas/ 

Sugdesi). The F1 hybrids Dokri-Bas/ Sugdesi (36.4%), 

IR-8/Sugdesi (25.3%) and DR-92/Dokri-Bas (23.5%) 

depicted significant positive better parent heterosis for 

peduncle length (Table 5). These results are in line with 

the findings of Shahid et al. (2012). 

 

Panicle length 

Among the parents and F1 hybrids, panicle length 

ranged from 22.7 (DR-83) to 32.5 (Bas-370) cm and 

22.9 (Dokri-Bas/DR-83) and 34.0 (Bas-6129/Bas-

370) cm (Table 4). The studied genotypes showed 

moderate PCV (10.8%), low GCV (8.53%) andhigh 

(62.1%) heritability (Table 3). Bhadru et al. (2012) 

also showed similar results of moderate PCV, low 

GCV and high heritability. 

Mid and better parent heterosis values among hybrids 

varied from -3.60 to 21.0% and -7.74 to 17.7%. Six F1 

hybrids manifested significant positive mid parent 

heterosis in whichIR-8/Sugdesi, Bas-6129/Dokri-

Basand Dokri-Bas/Pak-halshowed values of 21.0, 19.3 

and 15.2%. Only two F1 hybrids, IR-8/Sugdesi (17.7%) 

and Bas-6129/Dokri-Bas (11.2%) manifested significant 

positive better parent heterosis (Table 5). The findings of 

Bagheri and Jelodar (2010) and El-Rewainy et al. (2011) 

further strengthen our results. 

 

Days to flowering 

Among the parents, the values varied between 93.5 

(Kashmir-Bas) and 128 (Sugdesi) days whereas 

among the rice hybrids mean data ranged between 

91.5 and 132 days. The hybrid Dokri-Bas/Pakhal took 

minimum while Dokri-Bas/Bas-6129 maximum days 

to flowering (Table 4). Moderate PCV (10.0%), low 

GCV (9.98%) and high heritability (98.9%) was 

observed for this trait (Table 3). Sravan et al. (2012) 

also reported moderate PCV and GCV whereas high 

heritability. Among the hybrids, seven F1 cross 

combinations depicted significant negative mid 

parent heterosis with highest negative values of-

17.0% (Dokri-Bas/Sugdesi) and -8.27% (Dokri-

Bas/Pakhal). 
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Significant negative better parent heterosis was 

observed for six cross combinations with maximum 

values of-7.66% (Dokri-Bas/Sugdesi), -7.25% (DR-

92/Dokri-Bas) and -7.25% (DR-92/DR-83)for this 

trait (Table 6). Bagheri and Jelodar (2010) and 

Shahid et al. (2012) also reported significant negative 

midand better parent heterosis for days to flowering. 

 

Days to maturity 

The mean values of parents ranged between 126.5 

(Kashmir-Bas) and 164 (Sugdesi) days. The F1 rice 

hybrids showed a range of mean values between 124.5 

(Dokri-Bas/Pakhal) and 168 (Dokri-Bas/Bas-6129) 

days (Table 4). 

The study showed low PCV (8.32%), GCV (8.28%) 

and high (98.9%) heritability (Table 3). Fukrei et al. 

(2011) and Ovung et al. (2012) supported our results. 

Mid parent heterosis values ranged between -14.4 and 

19.8% whereas better parent heterosis values varied 

from -6.5 and 21.3%. Significant negative mid and 

better parent heterosis was observed for six cross 

combinations in which maximum values were 

observed for F1 hybridsDokri-Bas/Sugdesi (-14.4 and 

-6.50%), DR-92/DR-83 (-7.03 and -6.52%) and DR-

92/Dokri-Bas (-6.18% and -6.18%) (Table 6). Similar 

results were also reported by Nuruzzaman et al. 

(2002) and Islam et al. (2010). 

 

Table 6. Mid parent and better parent heterosis for days to flowering, days to maturity, primary branches 

panicle-1 and secondary branches panicle-1 among F1 hybrids of rice. 

F1 hybrid combinations 

Days to flowering Days to maturity 
Primary branches 

panicle-1 
Secondary branches 

panicle-1 

 
Mid 

parent 
heterosis 

(%) 

Better 
parent 

heterosis 
(%) 

Mid 
parent 

heterosis 
(%) 

Better 
parent 

heterosis 
(%) 

Mid 
parent 

heterosis 
(%) 

Better 
parent 

heterosis 
(%) 

Mid 
parent 

heterosis 
(%) 

Better 
parent 

heterosis 
(%) 

NIAB-IR-9/IR-8 4.48** 4.48** 3.41** 3.41** 3.45 0.75 -2.57 -15.7** 

Dokri-Bas/DR-92 -5.77** -5.31** -5.07** -4.73** -4.96 -6.5 0.78 -2.99 

Dokri-Bas/DR-83 -5.94** -5.26** -5.21** -4.69** 4.53 3.25 34.0** 25.9** 

Dokri-Bas/Sugdesi -17.0** -7.66** -14.4** -6.50** 3.83 -0.81 17.2* 11.94 

Dokri-Bas/Pakhal -8.27** -3.68** -6.57** -2.73** -17.5** -25.2** 17.8** 5.97 

Dokri-Bas/Bas-6129 24.2** 26.3** 19.8** 21.3** -8.43 -9.52 32.4** 30.6** 

Bas-2008/Kashmir-Bas 4.71** 6.95** 3.89** 5.53** 33.3** 19.0** 44.2** 6.86 

Bas-2008/TN-1 3.08** 3.08** 2.68** 2.68** 4.8 -2.24 9.2 -3.31 

Bas-2008/Dilrosh -1.54* -1.54 -1.15 -1.15 1.15 -8.97 22.2** 7.57 

DR-92/Dokri-Bas -7.69** -7.25** -6.52** -6.18** -0.83 -2.44 24.3** 19.7* 

DR-92/DR-83 -8.35** -7.25** -7.03** -6.18** -2.09 -2.5 31.3** 28.0** 

Bas-6129/Bas-370 0.67 4.17** 0.85 3.87** -1.2 -1.59 18.1* 8.7 

Bas-6129/Dokri-Bas -0.24 1.44 -0.18 1.08 -3.61 -4.76 18.8* 17.2* 

IR-8/NIAB-IR-9 5.83** 5.83** 4.44** 4.44** 9.58* 6.72 20.2** 4.03 

IR-8/Sugdesi 2.3** 9.87** 2.09** 8.19** 18.7** 8.96 30.8** 16.1* 

IR-8/Shadab-31 4.55** 5.99** 3.81** 5.26** 6.45 -1.49 5.94 -9.32 

**, *: Significant at 1% and 5% levels of probability, respectively. 
 

Primary branches panicle-1 

Mean values among the parents and F1 hybrids varied 

from 9.1 (Kashmir-Bas) to 15.1 (Pakhal) and 11.3 

(Dokri-Bas/Pakhal) to 14.6 (IR-8/Sugdesi) (Table 4). 

Moderate PCV (11.3%), heritability (54.3%) and low 

GCV (8.31%) were observed for primary branches 

panicle-1 (Table 3). Sanghera et al. (2013) also 

reported moderate PCV, low GCV and moderate 

heritability forthis trait.Three F1 hybrids Bas-

2008/Kashmir-Bas (33.3%), IR-8/Sugdesi (18.7%) 

and IR-8/NIAB-IR-9 (9.58%) displayed significant 

positive mid parent heterosis. F1 cross combination 

Bas-2008/Kashmir-Bas manifested significant 

positive better parent heterosis (19.0%) (Table 6). 

Islam et al. (2010) also reported significant positive 

mid (60.0%) and better parent heterosis (50.0%) for 

primary branches panicle-1. 

 

Secondary branches panicle-1 

Among the parental genotypes, the values ranged 

from 20.4 to 47.2. Minimum value was recorded for 

Kashmir-Bas while IR-8 showed maximum value. 



 

144 Ismaeel et al. 

 

Int. J. Biosci. 2016 

Among the hybrids, thetrait values varied from 39.0 

(Dokri-Bas/DR-92) to 54.8 (IR-8/Sugdesi) (Table 4). 

The studied genotypes showed moderate PCV (19.8%) 

and GCV (16.3%) while high (67.6%) heritability 

(Table 3). Chakravorty et al. (2012) supported the 

present findings by observing high heritability for this 

trait. Heterosis over mid parent varied between -2.57 

and 44.2% and better parent heterosis ranged from -

15.7 and 30.6%. Twelve F1 hybrids displayed 

significant positive mid parent heterosis with highest 

values observed forBas-2008/Kashmir-Bas (44.2%), 

Dokri-Bas/DR-83 (34.0%) and Dokri-Bas/Bas-6129 

(32.4%).Six F1 crosses displayed significant positive 

better parent heterosis. Maximum value (30.6%) was 

observed forDokri-Bas/Bas-6129 followed by DR-

92/DR-83 (28.0%) and Dokri-Bas/DR-83 (25.9%) 

(Table 6). Islam et al. (2010) also observed similar 

results of significant positive midand better parent 

heterosis.  

 

Conclusions 

Significant differences among the parents and F1 

hybrids were observed for all the studied traits. The 

parental genotypes Bas-370, Pakhal and IR-8 

displayed maximum values for panicle length, 

primary branches panicle-1 and secondary branches 

panicle-1, respectively. Among the F1 cross combina-

tions, IR-8/Sugdesi manifested the highest values for 

primary branches panicle-1 and secondary branches 

panicle-1 whereas Bas-6129/Bas-370 showed 

maximum value for panicle length. Moderate PCV 

and GCV values were observed for secondary 

branches panicle-1 whereas moderate PCV and low 

GCV values were recorded for primary branched 

panicle-1 and panicle length. High broad sense 

heritability values were observed for all of the studied 

traits except primary branches panicle-1. Bas-

2008/Kashmir-Bas showed highest positive values of 

mid and better parent heterosis for primary branches 

panicle-1and mid parent heterosis for secondary 

branches panicle-1 while Dokri-Bas/Bas-6129 

observed maximum positive value of better parent 

heterosis for secondary branches panicle-1. 

 

The parental genotypes IR-8 and Pakhal whereas the 

F1 hybrids IR-8/Sugdesi and Bas-2008/Kashmir-Bas 

performed excellent for most of the yield and yield 

associated traits and could be used onward in rice 

yield improvement programs. 

 

References 

Akhtar N, NazirM, RabnawazF, MahmoodA, 

SafdarT, Asif ME, Rehman A. 2011. Estimation of 

heritability, correlation and path coefficient analysis 

in fine grain rice (Oryza sativa L.). The Journal of 

Animal and Plant Sciences 21(4), 660-664. 

 

Alam MF, Khan MR, Nuruzzaman M, Parvez 

S, Swaraz AM, Alam I, Ahsan N. 2004. Genetic 

basis of heterosis and inbreeding depression in rice 

(Oryza sativa L.). Journal of Zhejiang University 

Science 5(4), 406-411. 

 

Babu VR, Shreya K, Dangi KS, Usharani G, 

NageshP. 2012. Genetic variability studies for 

qualitative and quantitative traits in popular rice (Oryza 

sativa L.) hybrids of India. International Journal of 

Scientificand Research Publications 2(6), 1-5. 

 

Bagheri N, Jelodar NB. 2010. Heterosis and 

combining ability analysis for yield and related-yield 

traits in hybrid rice. International Journal of Biology 

2( 2), 222-231. 

 

Bhadru D, Krishna L, Pasha ML, Naik RBM. 

2012. Effect of environment on genetic parameters of 

hybrid rice. International Journal of Applied 

Biologyand Pharmaceutical Technology 3(2), 183-187. 

 

Birchler JA, Donald LA, Riddle N. 2003. In 

search of molecular basis of heterosis. Plant Cell      

15, 2236-2239. 

 

Bisne R, Sarawgi AK, Verulkar SB. 2009. Study 

of heritability, genetic advance and variability for 

yield contributing characters in rice. Bangladesh 

Journal of Agricultural Research 34(2), 175-179. 

 



 

145 Ismaeel et al. 

 

Int. J. Biosci. 2016 

Burton GW. 1952. Quantitative inheritance in pearl 

millet (Ptyphoides L.). Agronomy Journal 50,503. 

 

Chakravorty A, Bhaumik S, Ghosh A. 2012. 

Studies on variability and interrelationship of panicle 

components and their association with grain yield in 

traditional rice. IOSR Journal of Pharmacy and 

Biological Sciences 2(5), 35-40. 

 

El-Rewainy IMO, Hassan HM, El-Abd AB. 2011. 

A study on heterosis and combining ability for grain 

yield and some its related traits in rice under water 

stress conditions. Journal of Agriculture Research 

Kafer El-Sheikh University 37(4), 583-598. 

 

FAOSTAT. 2012. Available at http://faostat.fao.org 

(accessed on 10 December, 2013). 

 

Fisher RA. 1981. The correlation among relative on the 

supposition of Mendelian Inheritance. Transactions of 

the Royal Society of Edinburgh 52, 314-318. 

 

Fukrei KP, Kumar A, Tyagi W, Rai M, 

Pattanayak A. 2011. Genetic variability in yield and its 

components in upland rice grown in acid soils of north 

east india. Journal of Rice Research 4(1&2), 4-7. 

 

Ghosh SC, Sharma D. 2012. Genetic parameters of 

agro-morpho-physiological traits in rice (Oryza sativa 

L.). Electronic Journal of Plant Breeding 3(1), 711-714. 

 

Islam MM, Sarker U, Rasul MG, Rahman MM. 

2010. Heterosis in local boro rice (Oryza sativa L.). 

Bangladesh Journal of Plant Breeding and Genetic 

23(1), 19-30. 

 

Johnson, HW, Robinson HF, Comstock RE. 

1955. Estimates of genetic and environmental 

variances in soybean. Agronomy Journal 47, 314-318. 

 

Jones JW. 1926. Hybrid vigourin rice. American 

Societyof Agronomy 18, 423-428. 

 

Karim D, Sarkar U, Siddique MNA, Miah 

MAK, HasnatMZ. 2007. Variability and genetic 

parameter analysis in aromatic rice. International 

Journal of Sustainable Crop Production 2(5), 15-18. 

 

 

MINFAL. 2009-10. In: Agricultural Statistics of 

Pakistan 2009-10, Ministry of Food, Agric. and 

Livestock; Food, Agric. and Livestock Division, Govt. 

of Pakistan pp. 19. 

 

Nuruzzaman M, Alam MF, Ahmad MG, 

Shohael AM, Biswas MK, Amin MR, Hossain 

MM. 2002. Studies on parental variability and 

hetrosis in rice. Pakistan Journal of Biological 

Sciences 5(10), 1006-1009. 

 

Ovung CY, Lal GM, Rai PK. 2012. Study on 

genetic diversity in rice (Oryza sativa L.). Journal of 

Agricultural Technology 8(3), 1059-1065. 

 

Rahimi M Rabiei B, Samizadeh H, Ghasemi 

AK. 2010. Combining ability and heterosis in rice 

(Oryza sativa L.) cultivars.Journal of Agricultural 

Science and Technology 12, 223-231. 

 

Rahman MM, Syed MA, Adil M, Ahmad H, 

Rashid MM. 2012. Genetic variability, correlation and 

path coefficient analysis of some physiological traits of 

transplanted aman rice (Oryza sativa L.). Middle East 

Journal of Scientific Research 11(5), 563-566. 

 

Roychowdhury R, TahJ. 2011. Genetic variability 

study for yield and associated quantitative characters 

in mutant genotypes of Dianthus caryophyllus L. 

International Journal of Biosciences 1(5), 38-44. 

 

Saleem MY, Mirza JI, Haq MA. 2008. Heritability, 

genetic advance and heterosis in Line × Tester crosses 

of basmati rice. Journal of Agriculture Research   

46(1), 15-26. 

 

Sanghera GS, Kashyap SC, Parray GA. 2013. 

Genetic variation for grain yield and related traits in 

temperate red rice (Oryza sativa L.) ecotypes. 

Notulac Scientia Biologicae 5(3), 400-406. 

 

Shahid MQ, Ming X, Quan LS, Xiong CZ, 

Naeem M, Juan L, Dong LX. 2012. Genetic 

analysis and hybrid vigor study of grain yield and 

other quantitative traits in autotetraploid rice. 

Pakistan Journal of Botany 44(1), 237-246. 

 

http://faostat.fao.org/


 

146 Ismaeel et al. 

 

Int. J. Biosci. 2016 

Sharma GS, Singh RB. 1978. Heterosis and 

inbreeding depression in crossing wheat varieties of 

different height group. International Journal of 

Agricultural Sciences 486, 570-515. 

 

Singh P, Narayanam SS. 2006. In: Biometrical 

Techniques in Plant Breeding, 3rd edition, Kalyani 

Publishers, New Delhi, India. 

 

Singh, RK, Chaudhary BD. 1985. In: Biometrical 

Methods in Quantitative Genetic Analysis, Kalyani 

Publishers, Ludhiana, India. 

 

Soni S, Sharma D. 2011. Studies on heterosis for 

grain yield and its component traits for developing 

new plant type hybrids in rice (Oryza sativa L.). 

Electronic Journal of Plant Breeding 2(4), 543-548. 

 

Sravan T, Rangare NR, Suresh BG, Kumar SR. 

2012. Genetic variability and character association in 

rainfed upland rice (Oryza sativa L.). Journal of Rice 

Research 5(1&2), 24-29. 

 

Srivastava HK. 2000. Nuclear control and 

mitochondrial transcript processing with relevance to 

cytoplasmic male sterility in higher plants. 

Curriculum Science 79(2), 176-186. 
 

Steel RGD, Torrie JH. 1980. In: Principles and 

Procedures of Statistics, a Biological Approach, 2nd 

edition, McGraw Hill, Inc. New York. 

 

Subbaiah PV, Sekhar MR, Reddy KHP, Reddy 

NPE. 2011. Variability and genetic parameters for 

grain yield and its components and kernel quality 

attributes in CMS based rice hybrids (Oryza sativa 

L.). International Journal of Applied Biology and 

Pharmaceutical Technology 2(3), 603-609. 

 

Sunday OF, Ayodele AM, Babatunde KO, 

Oluwole AM. 2007. Genotypic and phenotypic 

variability for seed vigour traits and seed yield in 

West African rice (Oryza sativa L.) genotypes. 

Journal of American Science 3(3), 35-41. 

 

Wynne JC, Emery DA, Rice PH. 1970. Combining 

ability estimation in Arachishypogaea L. Field 

Performance of F1 hybrids. Crop Sciences 10, 713-5. 

 

Yadav P, Rangare NR, Anurag PJ, Chaurasia 

AK. 2007. Quantitative analysis of rice (Osryza 

sativa L.) in Allahabad agro climate zone. Journal of 

Rice Research 3(1), 16-18.  

 

 

 

 


