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ABSTRACT 

Eastern India is generally characterized by luxuriant growth of mulberry for its highly fertile soil and rainfall 

.But, rearing of productive silkworm breeds and hybrids are restricted due to highly variable climatic situation 

which cause poor larval growth, moulting disorder and severe mortalities of silkworm caused by diseases and 

ultimately leading to low cocoon yield; therefore, it is highly imperative to identify suitable silkworm hybrids 

for rearing in the adverse climatic conditions. In the present study, heterosis over mid parent and better parent 

was worked out by using both parental and mid parental values for some important commercial characters of 15 

hybrids of the domesticated silkworm Bombyx mori L. As female parent, only indigenous hardy Nistari 

silkworm breed was used. Improved multivoltine breeds viz., M.Con 1, M.Con 4, M6DPC, M6M81, S2, G, O, 

CB5, OS616, M2B, M9A, Sarupat, Cambodge, M15, M12(W) as male parents. The hybrids were reared during 

unfavorable season (Shravani-July crop) at CSR&TI, Berhampore. The heterosis studies revealed that the 

hybrids N x M9A, N x M6M81, N x O, and N x M6DPC, showed the significant mid parent heterosis for the 

various traits studied. Better parent studies among the hybrids showed that N x M6M81, N x M9A, N x 

M6DPC, and N x Sarupat revealed significant for the traits studied viz., ERR, Single Cocoon weight, Single 

Shell Weight. The N x M6DPC and M x M6M81 were found to be superior with mean performance, mid parent 

and better parent heterosis. 
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INTRODUCTION 

The Silkworm Bombyx mori L. is a lepidopteran 

insect of commercial importance around which the 

sericulture industry is built. As the Indian 

sericulture remains multivoltine oriented producing 

poor quality and quantity of silk, it is necessary to 

evaluate the breeds to get an insight with regard to 

their productivity and adaptability for their 

effective utilization. The trend of sericulture 

development in India clearly depicts a quantum 

jump in mulberry production during the last three 

decades. But it is also true than more than 96% of 

the silk produced is either from multivoltine x 

multivoltine or multivoltine x bivoltine hybrids. 

It is well documented that F1 hybrids are superior 

to their parents in many qualitative and quantitative 

traits
1
 . Chinese and Japanese breeders have made 

notable progress through the improvement of 

ecomically important quantitative traits in 

silkworm 
2, 3,4,5.

  In India, the concept of 

introducing hybrids for commercial use started 

during 1920’s .A considerable amount of work has 

been conducted by different workers 
6,7,8,9,10

.  

Breeding programmes aimed at breed improvement 

have generally relied on the use of established 

breeds or elite lines. The goal of breeding is to 

bring together the desirable constellations of genes 

in appropriate combinations in order to improve the 

genetic performance for maximizing the yield and 

productivity per unit of population. Many silkworm 

breeders
11,12 

emphasized the need for better 

understanding of the genetic diversity of parental 

strains to be utilized in the breeding programme by 

systematic evaluation. Critical assessment of 

quantitative nature that is influenced by 

environmental factors paves the way for breeder for 
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their effective utilization. Since, the genetic 

improvement of multiple traits being the objective 

of evolving the productive silkworm hybrids 

suitable for tropical climate, many breeders 
13,14,15,16

 

followed specific methods to identify the suitable 

breeding resource materials. Therefore, it is 

imperative to a breeder to identify distinct and 

different gene pools existing in a group of resource 

materials. 

In wet tropical belts of eastern and northeastern 

India, multivoltine indigenous breeds are 

dominating for commercial rearing. Multivoltine 

breeds are hardy and can tolerate high temperature 

and high humidity but the cocoons are inferior in 

quality and less yield. Improvement of qualitative 

and quantitative traits in silkworm by heterosis 

breeding has been widely accepted since it provides 

hybrid vigour and gives tremendous scope for 

improvement of silkworm varieties.   In this 

context, the present study has been designed with 

the objective to evaluate the identification of 

suitable multivoltine hybrids during Shravani (July) 

crop. 

 

MATERIALS AND METHODS 

Fifteen improved multivoltine hybrids for 

unfavorable seasons viz., N x M Con. 1, N x M 

Con. 4, N x M6DPC, N x M6M81, N x S2, N x G, 

N x O, N x CB5, N x OS616,, N x M2B, N x M9A, 

N x Sarupat, N x Cambodge, N x M15, N x M12 

(W) along with their respective pure lines as 

parents have been selected for the present study. 

All the above hybrids along with their parents were 

reared during Shravani (July) crop. Standard 

rearing technique
17

  was followed throughout the 

rearing. All the cocoons were golden yellow in 

colour and exhibited wide range of variability. 

Performance databased on parameters like 

yield/10000 larvae by number and by weight, 

single cocoon weight in grams (SCW), single shell 

weight in grams (SSW) and cocoon shell 

percentage was recorded. 

The data was statistically analyzed. Heterosis over 

mid and better parents was calculated aw follows:  

          F1 - MPV 
Percentage of Heterosis over mid parent = ---------------- x 100 

                                                                   MPV  

 
                                                                 F1 - BPV 

Percentage of Heterosis over mid parent = ----------------- x 100 

                                                                     BPV  

 

 

RESULTS AND DISCUSSION 
 

All the data on rearing performance of parents and 

hybrid combinations during unfavorable seasons 

(Shravani crop) are presented in Table 1. Table 2 

explains the heterosis percentages over mid and 

better parental values. Hybrids with positive mid 

and better parental values are given in Table 3 and 

4. 

 

Effective rate of rearing for number 

(E.R.R./10000 larvae): 
E.R.R. (No.) is an important factor contributing to 

viability. It indicates the total number of cocoons 

harvested out of 10,000 larvae counted after second 

moult. The mean values (Table 1) computed by 

E.R.R. by number revealed that N x OS 616 

registered the maximum with 9100 followed by N x 

M6M81 (8867). NxMon1 recorded the minimum 

value of 4567.  

 

Effective rate of rearing for weight 

(E.R.R./10000 larvae): 
E.R.R. by weight is an important trait contributing 

to productivity. This trait indicates the cocoon yield 

by weight out of 10,000 larvae counted after third 

moult. The hybrids were found to possess 

variability for this trait with maximum of 10.33 Kg. 

in N x M6M81 followed by 9.13 kg in N x M9A. 

This character is very important from economic 

point of view. 
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Table 1 : Heterosis (%) over Mid Parent (MP) and Better Parent (BP) 

Sl.  

No. 

Name of                           

the breed 

ERR / 10000 larvae Single cocoon assesment Yield / 100 dfls (kg) 

By number By weight (kg) Cocoon weight (g) Shell weight (g) Shell ratio (%) Cocoon weight (g) 

MP BP MP BP MP BP MP BP MP BP MP BP 

1 NxMCon1 -8.0   -11.1   -3.9   -6.2   13.8 ** 6.9   -1.0   -12.5 ** -12.7 * -18.1 ** -8.0   -11.1   

2 NxMCon4 24.0 * 13.3   32.3 * 24.0 * -3.3   -8.2 * -21.7 ** -28.7 ** -18.9 ** -22.4 ** 24.0 * 13.3   

3 NxM6DP
C 

59.5 ** 45.2 ** 62.5 ** 60.3 ** -8.6 * -16.9 ** -17.4 ** -21.6 ** -10.0 * -14.0 * 59.5 ** 45.2 ** 

4 NxM6M81 76.0 ** 69.2 ** 80.3 ** 78.5 ** 5.2   4.4   -5.1   -10.2 * -9.8 * -14.0 * 76.0 ** 69.2 ** 

5 NxS2 27.5 * 17.3 * 17.0 * 13.0   11.6 * 8.3 * 3.4   0.0   -7.3   -7.7   27.5 * 17.3 * 

6 NxG 34.9 ** 20.8 * 46.0 ** 37.0 ** 18.3 ** 11.5 * 9.8 * -5.4   -6.6   -15.2 * 34.9 ** 20.8 * 

7 NxO 77.9 ** 44.0 ** 79.3 ** 47.9 ** 3.5   -2.5   -11.9 * -16.7 ** -14.9 * -15.3 * 77.9 ** 44.0 ** 

8 NxCB5 18.6 * 13.7   37.8 ** 34.9 ** -1.3   -1.9   -12.1 * -12.7 ** -10.9 * -11.9 * 18.6 * 13.7   

9 NxOS616 20.1 * -1.2   42.2 ** 14.7   -11.6 * -14.7 ** -3.8   -16.9 ** 8.0 * -9.3   20.1 * -1.2   

10 NxM2B 52.6 ** 24.4 * 58.2 ** 34.9 ** 0.7   -2.7   -4.6   -5.4   -5.3   -7.7   52.6 ** 24.4 * 

11 NxM9A 89.6 ** 63.1 ** 79.5 ** 61.6 ** 9.8   9.1 * 1.2   1.2   -7.8   -8.4   89.6 ** 63.1 ** 

12 NxSarupat 70.9 ** 50.6 ** 56.8 ** 56.8 ** 24.4 ** 6.2   18.0 ** 0.6   -5.1   -5.2   70.9 ** 50.6 ** 

13 NxCambo
dge 

13.7   3.4   23.5 * 8.2   -3.6   -6.2   -12.8 * -13.9 ** -9.6 * -11.1 * 13.7   3.4   

14 NxM15 14.4   -0.6   24.3 * 13.7   -2.8   -6.1   2.0   -9.6 * 5.3   -3.8   14.4   -0.6   

15 NxM12(W

) 

24.8 * 24.1 * 54.1 ** 52.0 ** -16.3 * -16.5 ** -20.8 ** -25.3 ** -5.3   -10.8 * 24.8 * 24.1 * 

*, ** Significant at P< 0.05 and P< 0.01 level respectively 
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Table 2 : Hybrids with Positive Mid Parent Heterosis (MPH)      

Sl.  

N

o. 

Name of                           

the breed 

ERR / 10000 larvae Single cocoon assesment  Yield / 

100 dfls 

(kg) 

  By 

No. 

 By wt. 

(kg) 

Cocoon 

wt. (g) 

Shell wt. 

(g) 

Shell ratio (%)  

1 NxMCon1     13.8 **       

2 NxMCon4 32.3 * 24.0 *       24.0 * 

3 NxM6DPC 62.5 ** 59.5 **       59.5 ** 

4 NxM6M81 80.3 ** 76.0 ** 5.2      76.0 ** 

5 NxS2 17.0 * 27.5 * 11.6 * 3.4    27.5 * 

6 NxG 46.0 ** 34.9 ** 18.3 ** 9.8 *   34.9 ** 

7 NxO 79.3 ** 77.9 ** 3.5      77.9 ** 

8 NxCB5 37.8 ** 18.6 *       18.6 * 

9 NxOS616 42.2 ** 20.1 *     8.0 * 20.1 * 

10 NxM2B 58.2 ** 52.6 ** 0.7      52.6 ** 

11 NxM9A 79.5 ** 89.6 ** 9.8  1.2    89.6 ** 

12 NxSarupat 56.8 ** 70.9 ** 24.4 ** 18.0 **   70.9 ** 

13 NxCambod

ge 

23.5 * 13.7        13.7  

14 NxM15 24.3 * 14.4    2.0    14.4  

15 NxM12(W) 54.1 ** 24.8 *       24.8 * 

 

 

Table 3 : Hybrids with Positive Better Parent Heterosis (BPH)      

Sl.  

N

o. 

Name of                           

the breed 

ERR / 10000 

larvae 

 Single cocoon assesment  Yield / 100 

dfls (kg) 

  By 

No. 

 By wt. 

(kg) 

Cocoon wt. 

(g) 

Shel

l wt. 

(g) 

Shell ratio (%)  

1 NxMCon1     6.9        

2 NxMCon4 24.0 * 13.3        13.3  

3 NxM6DPC 60.3 ** 45.2 **       45.2 ** 

4 NxM6M81 78.5 ** 69.2 ** 4.4      69.2 ** 

5 NxS2 13.0  17.3 * 8.3 *     17.3 * 

6 NxG 37.0 ** 20.8 * 11.5 *     20.8 * 

7 NxO 47.9 ** 44.0 **       44.0 ** 

8 NxCB5 34.9 ** 13.7        13.7  

9 NxOS616 14.7            

10 NxM2B 34.9 ** 24.4 *       24.4 * 

11 NxM9A 61.6 ** 63.1 ** 9.1 * 1.2    63.1 ** 

12 NxSarupat 56.8 ** 50.6 ** 6.2  0.6    50.6 ** 

13 NxCambod

ge 

8.2  3.4        3.4  

14 NxM15 13.7            

15 NxM12(W) 52.0 ** 24.1 *       24.1 * 

*, ** Significant at P< 0.05 and P< 0.01 level respectively       
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Cocoon characters: 

(A) Single cocoon weight (SCW): Cocoon 

weight is an important attribute of 

silkworm and is found to vary in different 

races. Among the cocoon weight 

exhibited, N x MCon1 recorded a 

maximum of 1.364gm.and N x M12W 

recorded minimum weight of 0.939gm. 

(B) Single shell weight (SSW): It is an 

important economic character of 

commercial value. Mean values (Table 1) 

of single shell indicated insignificant 

variations exhibited among the hybrid. 

The highest single SSW was recorded in 

N x MCon1 (0.189 gm) followed by N x 

M9A (0.168gm) 

(C) Cocoon shell percentage: It determines 

the total quantity of silk that can be 

obtained from a single cocoon. It is 

assessed in percentage, maximum cocoon 

shell percentage was recorded in N x 

M2B (14.39%) followed by N x M15 

(14.25%). 

(D) Yield/ 100 dfls: Mean values for 

yield/100dfls indicated that the maximum 

yield was recorded for N x M6M81 

(41.33 Kg) followed by 36.5 Kg in N x 

M9A. 

 

HETEROSIS 
The estimates of heterosis for mid and better 

parental values in the 15 hybrid combinations of 

MCon1, MCon4, M6DPC, M6M81, S2, G, O, 

CB5, OS616, M2B, M9A, Sarupat, Cambodge, 

M15, M12(W) crossed with Nistari for important 

economic traits are well represented in Tables 2-4.  

 

E.R.R. / 10000 larvae (Wt): Significant positive 

heterosis was found in all hybrids both over mid 

and better parental values except in N x MCon1. 

The highest heterosis over mid parent (MPH) and 

better parent (BPH) was recorded in N x M6 M81 

(80.3 and 78.5). N x MCon1 recorded negative 

heterosis both for MPH and for BPH (-3.9 and -

6.2). 

 

E.R.R. / 10000 larvae (No): Highest heterosis 

value was recorded for this trait by N x M9A (89.6) 

for heterosis over MPH. Significant positive 

heterosis over MPH and BPH was observed in all 

the hybrids. The maximum heterosis over BPH was 

recorded for N x M6M81 (69.2). The positive 

heterosis ranged from 13.7 to 89.6 0ver MPH and 

3.4 to 69.2 over BPH. The present data revealed the 

superiority of N x M9A and N x M6M81 in respect 

of survival percentage. 

 

Cocoon characters 
(a) Single cocoon weight (SCW): Positive 

heterosis percentages over MPH were 

recorded in most of the cases while only 

few cases were recorded for heterosis 

over BPH. Highest heterosis value over 

MPH for SCW was revealed in N x 

Sarupat (24.4). Nx G (11.5) presented the 

maximum heterosis over BPH. 

(b) Single shell weight (SSW): The highest 

heterosis over MPH for cocoon shell 

weight was recorded Nx Sarupat (18.0) 

while N x M9A (1.2) over BPH. Negative 

heterosis was found in most of the 

hybrids for both MPH and BPH. 

(c) Cocoon shell percentage: out of 15 

hybrid combinations, only Nx OS616 

(8.0) recorded positive heterosis over 

MPH. Negative heterosis over BPH was 

found in all hybrids. 

(d) Yield/ 100 dfls: Heterosis recorded for 

this trait varies from 13.7 to 89.6 over 

MPH and 3.4 to 69.2 over BPH. N x 

M9A (89.6) reported highest heterosis 

over MPH while N x M6M81 (69.2) 

recorded maximum heterosis over BPH. 

 

Based on foregoing discussion of the performance 

of the parents and hybrids, the heterosis of hybrids 

observed with respect to each trait, it is possible to 

determine the promising Multi x Multi hybrid 

combinations. Superiority was observed for hybrids 

like N x M6DPC, N x M6M81, N x G, N x O, N x 

OS 616 and N x M9A. It is interesting to note that 

the above hybrids were recognized as superior for 

more than three traits. 

 

The extent of manifestation of heterosis was not 

found to be high in most of the individual traits in 

these hybrid combinations indicates that the genetic 

distance of parental breeds involved in these 

crosses were not as high as in some other 

combinations wherein maximum heterosis had 

manifested. But it also, indicates that having 

attained desirable heterosis in positive as well as 

negative traits, the genetic distance existing among 

these breeds were optimum and the difference was 

not so wide but belongs to more or less in nearby 

spheres. 

 

Heterosis, described in terms of the superiority of 

F1 hybrid performance over the parental 

performance, is a phenomenon widely observed in 

all improvement studies in plants as well as in 

animals. Heterosis breeding has been recognized as 

the most suitable breeding methodology for 

augmenting yield and quality parameters in 

silkworm and selection of suitable parents and 

assessment of degree of heterosis in resulting 

crosses forms an important step. The term 

“heterosis” describes the superiority of 

heterozygous genotypes in one or more 

characteristics in comparison with the 
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corresponding parental homozygotes
18

. The 

increased productivity of the heterozygotes and the 

resistance of biotic and abiotic stress
19 

, is exploited 

through the development of hybrid varieties in 

several crop and animal species
20,21 

and historically 

it represented one of the most revolutionary 

advancements in silkworm improvement 
,22,23,24,25

. 

In India, the exploitation of heterosis through 

multivoltine x bivoltine crosses accounts for nearly 

90% of silk production 
26

. 

 

Expression of hybrid vigour for only certain traits 

in some hybrids can be related to the impact of the 

selection of particular gene complexes during the 

course of breeding of the particular breeds. The 

variable degree of manifestation of hybrid vigour 

and over dominance recorded in the hybrids under 

study form the basis to identify the promising 

hybrids. In addition, the uniformity in the 

expression of characters in the hybrids compared to 

parental breeds as evidenced by the present study 

for all major metric traits also form the basis for the 

identification of superior hybrids. The phenotypic 

consequences with reference to metric traits 

analyzed in 27 hybrids are observed to be greatly 

dependent upon the genetic loci that are combined 

to gather by the parents. 
27,28

 explained the 

manifestation of hybrid vigour by over dominance 

hypothesis by
17

  dominance hypothesis and 

epistasis theory. As evidenced by the manifestation 

of hybrid vigour for various traits in the hybrids 

under study, it is possible that the theories put 

forwarded are not mutually exclusive as it could be 

due to cumulative effects of several factors 

responsible for the manifestation of hybrid vigour 

in varying proportions that support the views of 
29

. 

 

Although, the genesis of hybrid vigour is debated 

for long, questioning it to be a result of the 

heterozygocity or its origination from other causes, 

the fact that the hybrids perform much better than 

the parental breeds implies that certain groups of 

favourable alleles combine together in the hybrid 

which interact with the environment and produce 

desirable levels of hybrid vigour and confer the 

superiority of hybrids over parental breeds.  

 

Based on the mean performance, the hybrids viz., 

N x OS616, N x M6M81, N x M9A, N x M 6DPC, 

N x Sarupat showed superiority over other hybrids. 

Heterosis studies revealed that the hybrids N x 

M9A, N x M6M81, N x O, and N x M6DPC 

showed the significant mid parent heterosis for the 

traits studied. The highest mid parent heterosis was 

recorded in N x M9A (89.6). Better parent studies 

among the hybrids showed that N x M6M81, N x 

M9A, N x M6 DPC and N x Sarupat revealed 

significant heterosis for traits studied. The highest 

better parent heterosis was observed in N x M6M81 

(78.5). 

 

From the studies conducted, N x M6DPC and N x 

M6M81 were found to be superior with mean 

performance, mid parent and better parent 

heterosis. Therefore, these hybrids are adjudicated 

as the best Multi x multi hybrid. 
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