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ABSTRACT 

With the objective of identifying potential hybrids, bivoltine three-way cross hybrids involving 
inbred dumbbell foundation cross hybrids (FCs) and oval breeds, as parents, were evaluated. Overall 
performance, multiple trait evaluation indices and heterosis estimates were analyzed for the 
quantitative traits in a total of twenty one hybrids. The consequential data reveals that the hybrids 
studied performed significantly different indicating the existence of wide variation in phenotypic 
traits. It is inferred that, six promising three-way cross (DxD)xO hybrids viz., [(D13 x S9) x CSR17], 
[(S9 x CSR26) x JPN8], [(D13 x CSR26) x CSR27], [(CSR16 x CSR26) x CSR17], [(S9 x CSR16) x 
CSR27] and [(D13 x CSR26) x CSR17] were identified as promising ones based on performance, E. 
I. values and heterosis for majority of the traits in three different seasons and preserve commercial 
exploitation. 
 

Keywords: Three-way cross hybrids, inbred foundation cross hybrids, genetic potential, phenotypic, 
heterosis, economic trait. 
 

1. Introduction 
The manifestation of heterosis, described in terms of superiority, through F1 hybrids 
performance over the parental performance is practical in biological kingdom. Fusion of 
new-gene combinations by genetic manipulation is one of the powerful tools in exploiting 
the commercial qualities of plants and animals. As per available literature, manifestation of 
heterosis in silkworm has been demonstrated by many breeders [1, 2]. The F1 hybrids are more 
productive and robust, which can be reared easily by adopting appropriate rearing 
technology [3]. Heterosis, expressed as the improvement in a character shown by the hybrid 
over their parental values is a vital measure of the genetic progress made in plant, animal and 
silkworm selection. 
In silkworm Bombyx mori L. the importance of increased hybrid vigour in order to 
understand the phenotypic expression of the hybrids was studied and realized earlier in 
Japan. Whereas, India is dependent upon tropical climate withstanding multi bivoltine hybrid 
commercial exploitation up to 90% output of the total silk production, such studies in respect 
of bivoltine F1 hybrids is found scanty. Studies on heterosis effect on economic traits report 
a result of overdominance and linked favorable dominant gene contribution to heterosis[4]. 
The degree of considerable variation with maximum heterosis for different parameters[5] was 
carried out for a series of out-breed crosses to select a suitable F1 hybrid for better silk 
production. In other study, the hybrid combinations manifested positive heterosis value for 
the cocoon traits studied[6] and observations of all these studies is that the heterotic effects 
were significant for most of the quantitative characters. 
Silkworm breeding programs are based on the development and selection of outstanding 
hybrids from the inbred lines and the performance of hybrids depends largely on yield trials 
and genetic divergence of the populations from which the parental lines are extracted. As per 
findings [7], the level of genetic diversity between the two parents used for crossing has been 
projected as a feasible predictor of hybrid performance and prediction of hybrid performance 
is of primary interest to all breeding programs and attracts for massive effort.  
Hence, a concise study has been undertaken to measure the level of overall performance 
among the bivoltine three-way cross (DxD)xO hybrids which will be useful to assess their 
ability to encounter challenges in raising commercial crops,  
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multiple trait evaluation index and exploring the extent of hybrid 
vigour of F1 hybrids besides selecting suitable parents, population 
for an effective silkworm breeding program and utilization in future 
crop improvement programs.   
 
2.  Materials and methods 
In the present study, selected 12 bivoltine breeds viz., BBE226, 
CSR17, CSR27, JPN8, JPN7, S5 (oval) and BBE267, BBE247, 
D13, S9, CSR16, CSR26 (dumbbell) drawn from the Germplasm 
bank of CSR&TI, Mysore and CSGRC, Hosur were utilized. Six 
dumbbell breeds were crossed in selective method, 15 dumbbell 
foundation crosses (FCs) were prepared and reared along with oval 
breeds. These 15 dumbbell inbred FCs were used as female parents 
and crossed with oval breeds by employing partial diallel cross 
technique and obtained 21 (DxD)xO three-way cross hybrids. 
Composite layings of all the hybrids were reared en-mass in three 
replications each during three seasons (Summer, Rainy and Winter) 
of the year under standard rearing conditions [8] to assess their 
rearing performance and reeling parameters were analyzed by 
following standard procedures [9].  
Results on important economic traits covering pre-cocoon, cocoon 
and post-cocoon spheres such as fecundity, total larval duration, 5th 
age larval duration, yield/10000 larvae (No.), yield/10000 larvae  
 

(Wt.), cocoon weight, cocoon shell weight, shell ratio, filament  
length, filament size, raw silk content, renditta, neatness and boil- 
off loss were considered for evaluating the overall performance of 
the hybrids, assessment of multiple trait E. I. values and hybrid 
vigour estimation. Evaluation Index (E. I.) was calculated for all 
the traits (except total and 5thage larval duration) using the formula,  
 

E. I. = A – B / C x 10 + 50 
where, A = Value of the particular hybrid, 
            B = Mean value of all the hybrids, 
            C = Standard deviation of all the hybrids, 
           10 = Standard unit, 
           50 = Fixed value. 
 

The hybrid vigour (H%) was estimated for all the traits (except 
total and 5thage larval duration) resultant data by using the formula 
of [10], which is as under. 
 

 
 
Where,    H% = Value of heterosis ratio, 
   F = Phenotypic mean values of three-way cross hybrid, 
   A, B and C = Phenotypic mean values of parental lines. 
 
3. Results 
The rearing and reeling performance of new three-way cross 
(DxD)xO hybrids along with single cross and double cross hybrids, 
as control, were studied. All the hybrids including control hybrids 
have recorded less variation in larval duration and mean values 
remained almost same during different seasons. The mean values of 
the trait fecundity ranged from 499 [(S9xCSR26)xCSR27] to 559 
[(D13xCSR26)xCSR27]. Yield/10000 (No.) larvae varied from 
8,121 [(CSR16xCSR26)xJPN8] to 9,534 [(D13xS9)xCSR17] and 

yield/10000 larvae (Wt.) ranged from 16.78kg 
[(CSR16xCSR26)xJPN8] to 18.83 kg [(S9xCSR26)xJPN9]. The 
cocoon weight mean values ranged from 1.72g 
[(CSR16xCSR26)xJPN8] to 1.98g [(D13xS9)xCSR17], shell 
weight from 0.36g [(CSR16xCSR26)xBBE226] to 0.44g 
[(D13xCSR26)xCSR27], cocoon shell ratio from 19.97% 
[(CSR16xCSR26)xBBE226] to 23.45% [(S9xCSR16)xCSR27], 
filament length from 780m [(S9xCSR26)xJPN7] to 1123m 
[(S9xCSR26)xJPN8], filament size 2.61d [(S9xCSR16)xJPN8] to 
3.02d [(D13xS9)xJPN7], raw silk from 16.12% 
[(CSR16xCSR26)xJPN7] to 19.58% [(D13xS9)xCSR17], renditta 
from 5.55 [(D13xS9)xCSR17] to 6.44 
[(CSR16xCSR26)xBBE226], neatness from 90.78p 
[(CSR16xCSR26)xJPN8] to 92.11p [(CSR16xCSR26)x17] and 
boil-off loss from 23.50% [(S9xCSR16)xCSR17] to 24.78% 
[(CSR16xCSR26)xJPN8] in three different seasons (Table 1). 
 
Multiple trait evaluation indices (E. I.) assessment is the multiple 
performance of a population for selection / short-listing of the 
hybrids by taking into consideration all the economic traits. Based 
on the performance of the 21 (D x D) x O hybrids, individual 
indices were calculated for each of the 12 traits. Evaluation index 
values were calculated for each of the hybrid in all the 12 
parameters (Table 2). The indices obtained from all the traits in 
each hybrid were combined and the average E. I. values was 
assessed. The criteria for selection of the hybrid were based on the 
average E. I. value >50. The hybrids which scored above the limit 
of 50 in many of the traits were considered to possess greater 
economic value. Out of 21 (DxD)xO hybrids, six hybrids scored 
average E. I. values ranging from 53.46 [(D13xCSR26)xCSR17] to 
58.37 [(D13xS9)xCSR17]. However, out of selected six hybrids, 
four hybrids expressed the individual E. I. value more than 50 for 
10 traits (except renditta and boil-off loss) out of 12 parameters. 
Similarly, in the other two selected hybrids (S9xCSR16)xCSR27 
and (D13xCSR26)xCSR17 the individual E.I. value was >50 in 
nine traits (except filament size, renditta and boil-off loss) but the 
average E. I. value was 53.48 and 53.46, respectively. 
 
The results of hybrid vigour estimation in (DxD)xO hybrids during 
different seasons  studied are presented in Table 3. All the 21 
(DxD)xO three-way cross hybrids have shown positive heteosis in 
many of the parameters. The maximum positive hybrid vigour 
(3.39%) for fecundity trait was recorded in [(D13xS9)xCSR17] and 
minimum of -8.31% was noticed in [(S9xCSR26)xCSR27].  
Maximum hybrid vigour for yield / 10000 larvae by number, by 
weight, single cocoon weight, single shell weight, cocoon shell 
percentage, filament length, raw silk percentage, neatness and 
negative heterosis for filament size, renditta and boil-off loss were 
recorded in most of the hybrids during different seasons. Based on 
the results, six promising (DxD)xO hybrids viz., [(D13 x S9) x 
CSR17], [(S9 x CSR26) x JPN8], [(D13 x CSR26) x CSR27],  
[(CSR16 x CSR26) x CSR17], [(S9 x CSR16) x CSR27] and [(D13 
x CSR26) x CSR17] exhibited hybrid vigour for 10 and 9 traits 
respectively. Further, the overall performance, assessment of E. I. 
and estimation of hybrid vigour of the selected (DxD)xO hybrids 
scored positive and significant mean values in respect of 9 and 10 
out of 12 traits. 
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Table 1: Rearing and Reeling performance of Three-way cross (DxD)xO Hybrids during different seasons 
(Mean values of 3 Seasons)               

 Three-way cross  Larval duration Yield/10000 larvae Cocoon Shell Cocoon Filament Raw Rend 
-itta Neat- Boil-off 

# (DxD)xO Fecun- 
dity Larval Vage No. Wt. Wt. Wt. Shell length size Silk  ness loss 

 hybrids  (H) (H)  (kg) (g) (g) ratio (m) (d) (%)  (p) (%) 
1 (CSR16xCSR26)xBBE226 518 546 149 8618 16.72 1.76 0.36 19.97 841 2.99 16.54 6.44 90.83 24.50 
    ±14.92 ±19.40 ±8.31 ±397.36 ±1.43 ±0.14 ±0.03 ±0.18 ±11.80 ±0.16 ±0.80 ±0.05 ±0.00 ±0.00 
2 (CSR16xCSR26)xS5 517 546 149 8452 16.95 1.76 0.37 20.03 903 2.65 16.87 5.86 91.22 24.17 
    ±14.17 ±19.40 ±8.31 ±220.49 ±1.49 ±0.17 ±0.03 ±0.32 ±55.93 ±0.15 ±0.58 ±0.29 ±0.38 ±0.29 
3 (CSR16xCSR26)xJPN8 507 546 149 8121 16.78 1.72 0.36 20.15 880 2.88 16.61 5.79 90.78 24.78 
    ±22.39 ±19.40 ±8.31 ±140.71 ±1.46 ±0.11 ±0.02 ±0.46 ±48.37 ±0.13 ±0.98 ±0.20 ±0.38 ±0.48 
4 (CSR16xCSR26)xCSR27 538 546 149 8843 17.77 1.85 0.39 21.50 902 2.95 17.22 5.71 91.33 24.31 
    ±6.34 ±19.40 ±8.31 ±291.53 ±0.81 ±0.04 ±0.01 ±1.14 ±76.96 ±0.27 ±1.13 ±0.18 ±0.58 ±0.34 
5 (CSR16xCSR26)xCSR17 545 546 149 9393 18.70 1.92 0.43 23.20 1041 2.96 18.89 5.61 92.11 23.72 
    ±26.40 ±19.40 ±8.31 ±391.65 ±0.86 ±0.11 ±0.04 ±0.94 ±87.35 ±0.14 ±0.88 ±0.14 ±0.35 ±0.41 
6 (CSR16xCSR26)xJPN7 510 546 149 8674 17.27 1.85 0.38 20.57 841 2.73 16.12 5.87 90.94 24.17 
    ±30.63 ±19.40 ±8.31 ±282.52 ±0.72 ±0.08 ±0.01 ±0.43 ±39.20 ±0.25 ±1.52 ±0.10 ±0.10 ±0.58 
7 (S9xCSR16)xS5 508 546 149 8701 17.57 1.89 0.39 20.43 882 2.80 16.66 5.90 91.00 24.50 
    ±11.53 ±19.40 ±8.31 ±242.72 ±0.88 ±0.06 ±0.01 ±0.73 ±33.56 ±0.10 ±1.12 ±0.18 ±0.00 ±0.00 
8 (S9xCSR16)xJPN8 506 546 149 8505 17.03 1.86 0.39 20.71 893 2.61 17.95 5.83 91.44 24.25 
    ±11.10 ±19.40 ±8.31 ±121.27 ±0.77 ±0.03 ±0.00 ±0.18 ±46.62 ±0.36 ±0.33 ±0.03 ±0.38 ±0.00 
9 (S9xCSR16)xCSR27 552 546 149 9398 18.51 1.89 0.44 23.45 1056 2.69 19.18 5.58 92.06 23.50 
    ±26.93 ±19.40 ±8.31 ±314.89 ±1.01 ±0.08 ±0.04 ±0.96 ±92.86 ±0.24 ±1.03 ±0.14 ±0.42 ±0.00 
10 (S9xCSR16)xCSR17 507 546 149 8671 17.03 1.87 0.39 20.78 936 2.86 17.52 5.74 91.00 24.25 
    ±7.17 ±19.40 ±8.31 ±208.54 ±0.98 ±0.01 ±0.01 ±0.32 ±5.56 ±0.28 ±0.21 ±0.07 ±0.00 ±0.00 
11 (S9xCSR16)xJPN7 514 546 149 8571 17.70 1.87 0.38 20.57 882 2.65 17.10 5.86 91.00 24.25 
    ±21.75 ±19.40 ±8.31 ±138.15 ±1.06 ±0.04 ±0.01 ±0.23 ±15.84 ±0.35 ±0.68 ±0.06 ±0.00 ±0.00 
12 (S9xCSR26)xJPN8 547 546 149 9480 18.83 1.95 0.42 22.60 1123 2.94 19.05 5.59 91.87 23.64 
    ±22.56 ±19.40 ±8.31 ±266.94 ±0.35 ±0.11 ±0.04 ±0.10 ±66.05 ±0.20 ±0.77 ±0.10 ±0.23 ±0.24 
13 (S9xCSR26)xCSR27 499 546 149 8578 17.13 1.86 0.38 20.33 872 2.93 16.62 5.98 91.00 24.50 
    ±13.51 ±19.40 ±8.31 ±148.26 ±0.60 ±0.03 ±0.00 ±0.16 ±61.79 ±0.13 ±0.71 ±0.07 ±0.00 ±0.00 
14 (S9xCSR26)xCSR17 515 546 149 8637 17.22 1.82 0.38 20.72 873 2.95 16.94 5.83 91.00 24.50 
    ±32.41 ±19.40 ±8.31 ±204.28 ±0.68 ±0.07 ±0.00 ±0.92 ±86.24 ±0.12 ±0.66 ±0.21 ±0.00 ±0.00 
15 (S9xCSR26)xJPN7 526 546 149 8593 17.26 1.89 0.38 20.31 780 2.70 16.46 5.93 91.00 24.50 
    ±28.62 ±19.40 ±8.31 ±75.20 ±0.68 ±0.04 ±0.00 ±0.42 ±12.48 ±0.24 ±2.13 ±0.10 ±0.00 ±0.00 
16 (D13xCSR26)xCSR27 559 546 149 9515 18.36 1.97 0.44 23.36 1066 2.87 19.30 5.66 92.06 23.86 
    ±31.58 ±19.40 ±8.31 ±362.45 ±0.99 ±0.09 ±0.04 ±1.15 ±126.74 ±0.11 ±0.88 ±0.14 ±0.42 ±0.24 
17 (D13xCSR26)xCSR17 550 546 149 9530 18.59 1.93 0.44 22.93 1033 2.75 19.23 5.64 91.98 23.81 
    ±21.07 ±19.40 ±8.31 ±163.29 ±0.65 ±0.07 ±0.02 ±0.41 ±78.13 ±0.18 ±0.50 ±0.10 ±0.47 ±0.51 
18 (D13xCSR26)xJPN7 510 546 149 9057 17.57 1.86 0.39 20.95 846 2.71 17.57 5.78 91.56 24.17 
    ±12.51 ±19.40 ±8.31 ±129.77 ±0.64 ±0.03 ±0.01 ±0.34 ±30.97 ±0.20 ±0.53 ±0.09 ±0.19 ±0.58 
19 (D13xS9)xCSR17 532 546 149 9534 18.51 1.98 0.43 22.72 1032 2.98 19.58 5.55 91.89 23.97 
    ±45.83 ±19.40 ±8.31 ±213.49 ±1.43 ±0.09 ±0.04 ±0.62 ±102.33 ±0.13 ±0.63 ±0.06 ±0.19 0.50 
20 (D13xS9)xJPN7 512 546 149 8854 17.60 1.84 0.39 21.08 780 3.02 17.23 5.75 91.44 24.50 
    ±11.72 ±19.40 ±8.31 ±22.70 ±0.28 ±0.02 ±0.01 ±0.22 ±22.50 ±0.06 ±0.58 ±0.05 ±0.38 ±0.00 
21 (D13xCSR16)xJPN7 506 546 149 8825 16.89 1.83 0.38 20.97 882 2.94 17.41 5.80 91.33 24.31 
    ±9.51 ±19.40 ±8.31 ±252.64 ±1.03 ±0.07 ±0.00 ±0.88 ±36.73 ±0.13 ±0.42 ±0.24 ±0.33 ±0.76 
22 CSR2 x CSR4  537 546 149 9065 17.77 1.86 0.40 21.29 943 2.57 18.23 5.69 92.00 23.89 
  (Control) ±56.12 ±19.40 ±8.31 ±184.28 ±2.07 ±0.22 ±0.06 ±2.99 ±129.82 ±2.19 ±0.11 ±0.63 ±0.39 ±2.51 
23 (CSR2xCSR27)x(CSR6xCSR26)  545 546 149 9155 18.82 2.04 0.41 20.20 994 2.63 18.91 4.66 91.33 24.00 
  (Control) ±30.37 ±19.40 ±8.31 ±64.77 ±0.30 ±0.01 ±0.01 ±0.61 ±36.72 ±0.02 ±0.14 ±0.56 ±0.33 ±0.00 

  
Table 2:  Evaluation Index (E. I.) values in Three-way Cross (DxD)xO hybrids performance during different seasons 

(Mean values of 3 Seasons)               
 Three-way cross Evaluation Index (E. I.) 

# (DxD)xO Fecu- 
ndity 

Yield/10000             
larvae Cocoon Shell Shell F’ment Raw Neat- F’ment Rend-

itta 
Boil-
off Total Avg. 

 hybrids  No. Wt. Wt. Wt. ratio Length silk ness Size  loss  E. I. 
1 (CSR16xCSR26)xBBE226 47.19 43.96 40.81 37.66 41.92 39.04 43.35 42.05 43.26 52.92 58.28 54.27 544.72 45.39 
2 (CSR16xCSR26)xS5 47.29 40.27 43.63 37.49 47.39 39.47 50.67 44.13 47.95 42.48 61.07 49.21 551.05 45.92 
3 (CSR16xCSR26)xJPN8 42.32 32.85 41.50 34.05 40.78 40.74 48.00 42.28 42.74 52.30 59.41 60.36 537.32 44.78 
4 (CSR16xCSR26)xCSR27 51.55 49.36 49.88 48.91 52.19 50.06 51.29 49.21 49.26 51.90 45.45 50.28 599.33 49.94 
5 (CSR16xCSR26)xCSR17 58.37 60.16 62.26 55.12 56.46 59.72 59.86 56.39 59.36 54.11 40.26 41.35 663.42 55.29 
6 (CSR16xCSR26)xJPN7 48.70 48.22 47.01 49.06 47.55 46.90 46.40 43.30 46.90 49.62 53.02 54.00 580.68 48.39 
7 (S9xCSR16)xS5 43.34 45.91 49.68 53.77 46.82 43.53 48.61 43.57 45.34 48.78 56.51 55.61 581.47 48.46 
8 (S9xCSR16)xJPN8 42.64 41.55 42.98 50.11 47.81 46.87 48.37 52.59 51.06 42.48 52.77 50.98 570.21 47.52 
9 (S9xCSR16)xCSR27 61.41 61.62 60.30 52.46 54.65 61.38 54.71 56.04 58.48 44.75 38.80 37.11 641.72 53.48 
10 (S9xCSR16)xCSR17 43.11 45.26 43.67 50.26 48.75 47.45 54.75 49.70 45.34 50.14 52.15 50.98 581.57 48.46 
11 (S9xCSR16)xJPN7 45.34 43.03 51.50 51.01 47.45 45.16 48.22 47.33 45.34 43.94 54.57 50.98 573.87 47.82 
12 (S9xCSR26)xJPN8 59.48 63.51 63.08 61.03 56.03 66.43 61.58 60.86 56.15 52.70 34.19 39.48 674.50 56.21 
13 (S9xCSR26)xCSR27 39.28 43.17 44.10 48.91 44.67 43.03 47.37 42.61 45.34 52.98 56.99 55.61 564.06 47.00 
14 (S9xCSR26)xCSR17 45.62 44.47 45.32 46.27 44.69 46.01 48.65 45.53 45.34 54.69 53.97 55.61 576.19 48.02 
15 (S9xCSR26)xJPN7 50.92 43.56 45.59 52.08 46.65 43.11 35.18 41.68 45.34 43.02 56.91 55.61 559.64 46.64 
16 (D13xCSR26)xCSR27 61.54 60.93 56.69 58.18 60.29 56.49 59.64 58.61 54.00 50.46 44.58 46.76 668.18 55.68 
17 (D13xCSR26)xCSR17 55.97 59.81 54.91 53.81 55.86 54.16 56.82 57.40 53.05 49.20 45.56 44.95 641.51 53.46 
18 (D13xCSR26)xJPN7 42.40 50.37 49.43 46.86 49.03 50.82 44.50 49.64 52.59 48.17 48.93 54.00 586.74 48.89 
19 (D13xS9)xCSR17 65.77 64.76 60.67 63.48 61.14 63.97 60.16 65.42 56.53 56.60 36.35 45.68 700.54 58.38 
20 (D13xS9)xJPN7 44.84 49.48 48.90 47.90 49.99 50.82 34.93 46.48 51.06 56.80 48.73 55.61 585.53 48.79 
21 (D13xCSR16)xJPN7 42.87 50.04 42.04 44.80 47.61 50.34 48.04 48.60 49.36 53.26 49.60 51.07 577.63 48.14 
22 CSR2xCSR4 (Control) 45.89 36.84 43.81 37.38 44.75 57.28 52.52 53.58 52.27 46.87 59.41 45.11 575.72 47.98 
23 (CSR2xCSR27)x(CSR6xCSR26) 50.74 46.84 50.39 44.50 46.81 50.24 46.61 47.79 52.02 56.06 50.07 51.58 593.64 49.47 
 (Control)               
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 Table 3: Estimation of Heterosis in Three-way cross (DxD)xO hybrids during different seasons 
(Mean values of 3 Seasons)             

# Three-way cross Fecundity Yield / 10000 
larvae Cocoon Shell Shell Filament Raw Renditta Neat- Boil 

off 
 (DxD)xO hybrids  No. Wt. Wt. Wt. ratio Length Size Silk  ness Ratio 

1 (CSR16xCSR26)xBBE226 -2.31 -6.72 3.55 -0.06 -9.32 -12.02 -8.06 1.87 -7.62 5.92 3.31 4.25 
2 (CSR16xCSR26) x S5 -2.77 -10.70 -0.53 -6.03 -13.15 -12.08 -12.90 -3.28 -9.35 -0.09 -1.09 5.09 
3 (CSR16xCSR26)xJPN8 -5.19 -14.02 -1.46 -5.08 -11.76 -10.57 -18.84 17.07 -11.13 -1.28 -1.09 11.37 
4 (CSR16xCSR26)xCSR27 0.05 -6.43 8.13 -0.80 -10.96 -8.66 -9.60 5.17 -7.57 -1.81 -1.09 5.70 
5 (CSR16xCSR26)xCSR17 1.25 0.12 9.70 2.02 0.12 0.93 1.46 5.53 0.56 -3.69 0.00 3.13 
6 (CSR16xCSR26)xJPN7 -5.25 -8.36 1.32 -1.67 -11.42 -10.01 -14.42 7.69 -13.50 -0.25 -1.09 8.63 
7 (S9xCSR16)xS5 -4.69 -8.07 2.95 1.10 -9.67 -11.65 -17.82 3.80 -11.55 0.90 -1.36 7.69 
8 (S9xCSR16)xJPN8 -5.60 -9.96 -0.15 2.85 -5.74 -9.46 -20.32 7.96 -5.10 -0.30 -1.36 10.23 
9 (S9xCSR16)xCSR27 2.41 0.56 12.45 1.53 1.41 1.34 1.76 -2.62 0.34 -3.75 0.27 3.30 
10 (S9xCSR16)xCSR17 -6.02 -8.29 -0.26 -0.45 -10.40 -10.35 -10.49 3.53 -7.40 -1.16 -1.36 6.59 
11 (S9xCSR16)xJPN7 -4.73 -9.45 3.68 -0.43 -12.59 -11.34 -13.47 6.32 -9.33 -0.13 -1.36 10.23 
12 (S9xCSR26)xJPN8 1.06 0.45 10.70 7.79 1.76 0.25 0.27 -1.34 0.45 -4.24 0.00 7.45 
13 (S9xCSR26)xCSR27 -8.31 -9.16 4.35 -0.11 -14.17 -14.66 -15.71 5.49 -12.09 3.33 -1.36 7.69 
14 (S9xCSR26)xCSR17 -5.46 -8.58 1.12 -3.14 -12.49 -10.39 -16.54 6.21 -10.70 0.56 -1.36 7.69 
15 (S9xCSR26)xJPN7 -3.44 -9.15 1.37 0.61 -12.39 -12.24 -23.49 7.68 -12.96 1.24 -1.36 11.36 
16 (D13xCSR26)xCSR27 2.38 0.95 11.25 5.72 0.35 0.13 0.50 -3.14 4.47 -2.25 0.00 3.74 
17 (D13xCSR26)xCSR17 0.64 1.06 8.60 2.63 1.18 0.31 0.45 -1.17 3.72 -2.76 0.00 3.52 
18 (D13xCSR26)xJPN7 -6.68 -4.06 2.66 -1.06 -8.13 -7.51 -13.59 7.86 -4.92 -1.37 0.00 8.63 
19 (D13xS9)xCSR17 3.39 1.10 8.13 5.29 1.18 0.88 0.35 -0.09 5.61 -4.31 0.00 0.74 
20 (D13xS9)xJPN7 -6.53 -6.21 2.67 -1.95 -9.36 -8.32 -23.19 22.27 -7.89 -1.58 -1.36 11.36 
21 (D13xCSR16)xJPN7 -6.51 -6.60 -1.58 -2.63 -10.69 -7.65 -9.89 17.72 -5.53 -1.19 -1.09 9.26 
22 CSR2xCSR4 (Control) 0.58 -4.85 8.12 2.53 13.11 6.50 12.36 -6.16 4.92 -4.55 1.56 -2.04 
23 (CSR2xCSR27)x(CSR6xCSR26) 5.29 -1.14 7.58 4.20 4.70 -8.50 1.67 2.08 2.09 9.32 0.35 4.75 
 (Control)             

 
4. Discussion 
The final outcome in silkworm breeding is judged by the best 
desirable characters of the parental strains that appear in F1 
hybrids. Realizing the need for high cocoon shell and raw silk 
percentage as thrust areas many single and double cross hybrids 
were identified and authorized for commercial utilization [11]. Of 
late, much emphasis was given for bivoltine silkworm rearing to 
boost up quality silk production matching to International 
standards. Attempt was also made to assess evaluation index 
values, useful to opt for potential hybrids, of all the traits by fixing 
50 or >50 as E. I. value for selection. The hybrid which scored 
above the limit is considered to possess greater economic values. 
Improved hybrids with higher silk have been developed by crossing 
different productive bivoltine breeds [12]. However, information on 
utilization of bivoltine three-way cross hybrids for commercial 
utilization is scanty.  
Though, the phenomenon of hybrid vigour was exploited in plants 
much earlier to that of silkworm, the extent of utilization in 
silkworm is unparallel to any of the commercial crops. Attempts 
have been made in various systems like diallel cross techniques, 
line x tester analysis, three-way and four-way crosses to study the 
gene action, evaluating the combining ability of different strains 
and utilize the hybrid vigour to adjudicate the superior hybrids for 
commercial purpose [13-15]. Among the 21 (DxD)xO hybrids reared, 
six hybrids performed better during different seasons and confirm 
the works of [16-17] who demonstrated the superiority of single, 
three-way and four-way cross hybrids over their parental breeds / 
hybrids. 
However, heterosis and over dominance with regard to each hybrid 
derived from the parents is an important aspect which enables to 
understand the manifestation of hybrid vigour in respect of each of  
 
 
the traits independently and in conjugation with other. Moreover, 
the skillful utilization of hybrid vigour is utmost important in 
sericulture as well as in other agriculture crops to obtain maximum 

desirable economic benefits [18-19]. The results of the present study 
indicate that the manifestation of heterosis may be differing on the 
extent of genetic advancement and the distance achieved in new 
genetic materials in a breeding study as it is seen many three-way 
cross hybrids have shown desirable manifestation of hybrid vigour 
in most of the traits. This is in agreement with the observations of 
[20-21] who opined that manifestation of heterosis differ widely and 
such differences suggests that parental materials involved differ in 
their genetic makeup and the high degree of hybrid vigour in any 
specific cross can be due to additive gene effects [22].  
Results of the present study conclude that, based on the overall 
rearing performance, evaluation index values and the magnitude of 
heterosis, six (DxD)xO hybrids viz., [(D13 x S9) x CSR17], [(S9 x 
CSR26) x JPN8], [(D13 x CSR26) x CSR27],  [(CSR16 x CSR26) 
x CSR17], [(S9 x CSR16) x CSR27] and [(D13 x CSR26) x 
CSR17] are the potential hybrids. Amongst the identified six 
(DxD)xO hybrids, [(D13xS9)xCSR17] scored first position 
followed by [(S9xCSR26)xJPN8] and [(D13xCSR26)xCSR27] in 
second and third position, respectively, securing top ranking in 
improved cumulative performance, higher E.I. scores and hybrid 
vigour in many of the quantitative economic traits studied 
expressing superiority under pre-cocoon, cocoon and post-cocoon 
spheres and have been selected as potential bivoltine three-way 
cross hybrids for commercial utilization for silk yarn quality. 
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