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ABSTRACT: The combining ability studies of the ten newly developed bivoltine silkworm breeds five each of oval 
and peanut tolerant to BmNPV which are genetically divergent and their F1 and RF1 hybrids were utilized in complete 
diallel cross technique. The parental lines and their hybrids over twelve economic traits were subjected to ANOVA and 
general combining ability of parents and specific combining ability, heterosis and over-dominance of hybrids were 
studied. Superior hybrid combinations were identified based on their merit of multiple trait evaluation index values of 
the twelve economic traits.  
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INTRODUCTION 
Combing ability has been extensively studied in plants/animals to identify the promising parents and hybrids for 
designing and formulating efficient breeding plans [1]. The advent of biometrical genetics made it possible for 
identification of several silkworm hybrids by employing the methods of “Diallel cross technique” and “Line x Tester” 
analysis for meticulous understanding of the mechanism of heterosis, over dominance, general and specific combining 
abilities. The diallel cross system is one of the best approaches for the study of combining ability in bivoltine silkworm 
[2]. In this study the combining ability and heterosis was studied involving the newly evolved 10 lines tolerant to 
BmNPV (5 each of oval and peanut) for identifying the promising hybrid combinations by employing full diallel cross 
system (10 x 10).  
 
MATERIALS AND METHODS 
Five each of bivoltine oval and peanut lines viz., BNR1, BNR3, BNR5, BNR7 and BNR9 and BNR2, BNR4, BNR6, 
BNR8 and BNR10 twenty five hybrids were utilized to study general combining ability effects, specific combining 
ability effects, heterosis and over dominance. All the hybrids and their parents were reared in three replications with 300 
freshly moult out III instar larvae and reared up to spinning. The data pertaining to twelve economic traits were recorded 
and analyzed by the standard statistical procedure of Diallel analysis [2] and multiple trait evaluation index method.  
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RESULTS AND DISCUSSION 
Mean data on the performance pertaining to twelve quantitative traits of ten parental breeds and their hybrids are 
presented in Tables 1 and 2 respectively. The evaluation index value is given in Tables 3. The details of gca effects and 
results of analysis of variance are presented in Table 4 and 5. Similarly, the results of analysis of variance of gca and sca 
of hybrids are presented in Table 6. The data regarding specific combining ability, heterosis and over dominance are 
presented in Tables 7, 8 and 9.  

Table 1.  Mean performance of parental lines 

 
Fecundity: The trait varied from a low of 477 eggs/laying in BNR10 to the highest of 530 eggs/laying in BNR3 shows 
the diverse genetic constitution of the evolved lines. Among the hybrid combinations viz., BNR1 x BNR6 (532 
eggs/laying) followed by BNR9 x BNR4 (521 eggs / laying) established their superiority over others. The higher 
fecundity observed in the new hybrids suggest the superiority of the hybrids over the pure lines and are in agreement 
with that of [3]. The results of gca showed non –significant values for three breeds and highly significant (p<0.01) 
values for two lines namely BNR3 (11.248) and BNR6 (21.081). Likewise, except for four hybrids, non-significant 
values for sca were recorded for most of the hybrids. Further, highly significant (p<0.01) heterosis observed for five 
hybrids. Lower magnitude of over dominance was observed that ranged from 8.75 % (BNR9 x BNR10) to 11.31 % 
(BNR1 x BNR6).  
Cocoon yield per 10,000 larvae by number: Five lines viz., BNR9, BNR1, BNR10, BNR2 and BNR5 were found to 
exhibit higher mean values than the overall average (8669) value reflecting their genetic endowment which is in 
conformity with the findings of [4 and 5]. Among the hybrids combinations it varied to a greater extent with a minimum 
of 7378 (BNR5 x BNR2) to a maximum of 9851 (BNR9 x BNR4). The results indicated highly significant (P<0.01) 
positive gca effects in BNR6 and BNR3. The highly significant (P<0.01) sca was revealed in seven hybrid 
combinations. Seven hybrid combinations exhibited significant (P<0.05) and three highly significant (P<0.01) positive 
heterosis. With regard to over dominance, ten hybrids exhibited non-significant positive values. Wide range of heterosis 
and over dominance that was observed has established the superiority of the new combinations and is in agreement with 
the findings of [3, 5, 6, 7, 8, 9, and10].  
Cocoon yield per 10,000 larvae by weight: The results indicated positive gca effects for ten parental lines while only 
one line (BNR6) revealed highly significant (p<0.01) positive value for gca. The highly significant (p<0.01) sca effect 
observed in three hybrids revealed superiority for sca. Significant (p<0.05) and highly significant (p<0.01) variations 
were observed for heterosis and over dominance for majority of the hybrids that reflect their genetic diversity. Wide 
range of heterosis and over dominance observed establish the superiority of the new combinations and is in support of 
the findings of [3, 4, 6, 7, 8, 9, 11 and 12]. The high estimates of sca variance compared to gca variance for the trait is 
suggestive of the role of non-additive gene action as observed by [13].  
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Table 2. Mean performance of new hybrid combinations (oval x peanut) 

 
Pupation rate: The estimation of gca revealed highly significant (p<0.01) positive values for three parental lines viz., 
BNR3, BNR6 and BNR8.  Four hybrids viz., BNR7 x BNR2 (4.231), BNR7 x BNR6 (3.435), BNR9 x BNR4 (3.232) 
and BNR9 x BNR10 (4.221) were found to exhibit highly significant (p<0.01) sca effect indicate their superiority. 
Positive heterosis and over dominance values observed for the trait indicate the genetic diversity among which the 
combinations viz., BNR7 x BNR8 (18.35 %), BNR9 x BNR6 (9.27 %) for heterosis and BNR5 x BNR6 (4.32 %), 
BNR9 x BNR4 (4.09%) and BNR9 x BNR10 (4.30 %) for over dominance reflect their superiority and support the 
findings of [9 and14].  
Cocoon weight: Most of the hybrids recorded higher values for the trait compared to their parents which are in 
conformity with [5, 8, 11, 12, 15, 16, 17, 18, and 19]. Four hybrids recorded highly significant (p<0.01) differences 
suggesting their superiority and operation of both additive and non-additive gene action which are in agreement with the 
findings of [20-23]. Highly significant (p<0.01) values for heterosis in fifteen hybrids and over dominance in ten 
hybrids indicate the superiority of the hybrids over the others. The magnitude of heterosis exhibited by the different 
hybrids could be either due to the additive gene action or dominant hypothesis as observed by [24-27]. 
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           Table 3. Evaluation Index of new hybrid combinations (oval x peanut) 

 

Table 4. General combining ability of parental lines             
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Table 5. Analysis of variance for parental lines and hybrids 

 

Table 6. ‘ANOVA’ of gca, sca and reciprocal effect for economic characters 

 
 
Shell weight: The estimation of gca revealed significantly (p<0.01) higher values for three breeds viz., BNR2, BNR6 
and BNR8 (0.007). Nine hybrids were found to exhibit highly significant (p<0.01) sca.  The higher values for sca and 
reciprocal effects observed in the new hybrids can be ascribed to additive gene action and support the findings of [11, 
27, 28, 29]. Highly significant (p<0.01) values were observed for thirteen and eight hybrids for heterosis and over 
dominance respectively. These findings are in conformity with [11, 15 and 17]. 
Cocoon shell ratio: The significant (p<0.05) gca effects recorded for the trait for two lines with values that ranged from 
0.609 (BNR1) to 0.466 (BNR3) indicate that they are good general combiners. The sca estimated revealed a wide range 
of values ranging from the lowest significant (p<0.05) value of 0.398 (BNR9 x BNR2) to highest significant (p<0.01) 
value of 0.958 (BNR3 x BNR8). Operation of non-additive gene action is ascribed to the trait as higher sca was 
observed than gca which is in conformity with the observations made by [13, 30, 31 and 32] and in contrary to the 
findings of [33, 34, 35 and 36].  
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             Table 7. Specific combining ability effects of oval x peanut combinations 

 

Filament length: The significant (p<0.05 to p<0.01) variations for this trait was observed for eleven hybrids for 
heterosis with values ranging from 12.08 % (BNR9 x BNR8) and 26.47 % (BNR7 x BNR6) and over dominance for six 
hybrids ranging from 11.69 % (BNR3 x BNR6 ) to 20.78 % (BNR7 x BNR6) showing their superiority. These results 
are in conformity with the findings of [11 and 24]. As gca is greater than sca for the trait, additive gene action was 
predominant for the trait as observed by [33, 34 and 35] and in contrary to [37 and 38] who reported the operation of 
non-additive gene action. The difference in the observations could be attributed to the genetic makeup of the new 
genotypes involved. 

Non-breakable filament length: Highly significant variations (p<0.01) observed for gca, sca and reciprocal effects 
among the hybrids can be attributed to their genetic variability. The estimation of gca revealed significant (p<0.05) 
value for the breed BNR8 (15.889). The higher values for sca observed in the new hybrids can be ascribed to additive 
gene action. With regard to the heterosis and over dominance, highly significant (p<0.01) values were observed for two 
and five hybrids respectively.  
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Table 8.  Heterosis in oval x peanut combinations  

 

Raw silk recovery percentage: The raw silk recovery percentage varied among the newly evolved lines with highly 
significant (p<0.01) variations observed in BNR10 (0.254) suggesting its superiority compared to other lines. Non-
additive gene action was found to be in operation for the trait as evidenced from greater sca compared to gca and 
corroborate with the findings of [13 and 39].  High heterosis was recorded for raw silk percentage in bivoltine hybrids 
as observed by [40]. The highly significant (p<0.01) variation observed for five hybrids for heterosis with values 
ranging from 11.96 % (BNR5 x BNR6) to 18.01 % (BNR5 x BNR8) establish their superiority over other combinations. 
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Table 9. Over-dominance in oval x peanut combinations 

 
Denier: The mean values for the trait denier in the parental lines exhibited variability to a greater extent ranging from a 
maximum of 2.39 (BNR5) to minimum of 2.27 (BNR2). Out of ten parental lines, seven lines viz., BNR5, BNR7, 
BNR6, BNR9, BNR1and BNR8 were found to exhibit higher mean values than the (2.34) overall mean. Highly 
significant (p<0.01) variations were observed between the treatments, parents, hybrids, parents vs hybrids and F1’s, 
while the variations were found to be significant among the replications. Similarly gca, sca and reciprocal effects for 
this trait were found to reveal highly significant (p<0.01) variations whereas nine hybrids were found to exhibit non-
significant sca effect. Six hybrids were found to exhibit highly significant (p<0.01) heterosis values while the hybrids 
revealed significant values (p<0.05) for over dominance.   
Neatness: The trait neatness showed lesser variations in the pure lines and the hybrids recorded wider variations for the 
trait which ranged from 88 p to 91 p is suggestive of their genetic constitution variation. The estimation of gca revealed 
significantly (p<0.01) higher values for three breeds. Four hybrids were found to exhibit highly significant (p<0.01) sca. 
With regard to the heterosis and over-dominance highly significant (p<0.01) values each for two hybrids were observed.  
Multiple Trait Evaluation Index: Eleven combinations recorded average cumulative evaluation index value above 50. 
Among them, BNR9 x BNR4 that recorded highest value (61.54) was assigned first rank followed by BNR1 x BNR6 
(60.08), BNR3 x BNR8 (59.78), BNR9 x BNR10 (59.41), BNR5 x BNR6 (59.04), BNR1 x BNR2 (58.89), BNR9 x 
BNR8 (58.72), BNR7 x BNR2 (58.54), BNR3 x BNR6 (58.36), BNR7 x BNR6 (56.60) and BNR3 x BNR2 (50.68) for 
which the ranks were assigned in descending order respectively (Table 3).   
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CONCLUSIONS  
As per analysis of the data based on SCA, heterosis, over dominance and evaluation index value, ten hybrid 
combinations of oval x peanut (BNR9 x BNR4, BNR1 x BNR6, BNR3 x BNR8, BNR9 x BNR10, BNR5 x BNR6, 
BNR1 x BNR2, BNR9 x BNR8, BNR7 x BNR2, BNR3 x BNR6 and BNR7 x BNR6 were selected as promising hybrid 
combinations for further study. 
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