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ABSTRACT 
Though many number of productive polyvoltine breeds have been evolved their full potential has not been exploited with 

the farmers due to certain limitations of the breeds. So, breed development and their utilization is a continuous process for 

the development of productive hybrids which in turn ensures the sustainable development of sericulture indusry. 

Synthesis of new gene combinations by conventional breeding approach is one of the important tools which have been 

exploited by the silkworm breeders. For synthesis of breeds, crossing of unrelated parents provide wide genetic base and 

also increased choice for the selection of desirable genotypes. Keeping these facts in view, five polyvoltine breeds i.e. 

APMG2, APMG16, APMG7, APMG9 and APMG4 were selected as initial breeding resource material. A total of twenty 

possible combinations were prepared from the breeding resource material and their performance was evaluated on eight 

economic traits such as  fecundity, cocoon yield per 10,000 larvae by number, cocoon yield per 10,000 larvae by weight, 

survival rate, cocoon weight, cocoon shell weight, cocoon shell ratio and filament length. Based on evaluation index, 

subordinate function methods and rearing performance, eight new combinations were identified as breeding lines and 

accordingly eight breeding plans were designed. The development of new polyvoltine strains was carried through 

inbreeding coupled with appropriate selection procedures. Mass rearing was conducted from F1 to F3 followed by cellular 

rearing with five replications. These lines were stabilized for their quantitative and qualitative traits by F10 generation. 

Further, the performance of these strains was studied up to F12 generations. In the present paper, the origin, breeding plans 

and the development of MSO2, MSO4, MSO5 and MSO6 was discussed. These breeds would be subjected for the hybrid 

evaluation programme for the development of superior cross breeds of mulberry silkworm. 
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INTRODUCTION 
Indian silk industry has registered a phenomenal growth 

over the years and presently is accounting for more than 

18% of the global silk production. India has emerged today 

as the second largest producer of mulberry raw silk besides 

being producing all the varieties of commercially exploited 

silks of the world. Such an achievement was made possible 

as a result of significant breakthrough made in Research 

and Development in tropical sericulture. However, the bulk 

of silk production comes from polyvoltine and polyvoltine 

x bivoltine hybrids, which is largely suited for handloom 

sector. The domesticated silkworm, Bombyx mori L., a 

major lepidopteron insect with significant economic 

importance and provides livelihood to hundreds of 

thousands of farmers in India. Enrichment of silkworm 

breeds has always been one of the important factors 

contributing to increase the productivity in sericulture. 

Continuous renewal and change of existing breeds/hybrids 

with new superior varieties and their commercialization is 

the need of the hour to increase silk quality and quantity. 

India demands an increasing supply of quality silk, 

accessible and at affordable prices which is produced in a 

minimized cost and sustainable way. Therefore, it becomes 

imperative or essential to develop the breeds that are stable 

under different environmental conditions. Even though 

sericulture industry in India has been established as a major 

source among the agro-based industries, it is still in the 

process of achieving the required stability. Among various 

reasons, the lack of highly productive silkworm races 

suitable to environmental conditions prevailing in the 

Indian sub-continent stands prominent.   In addition, Indian 

sericulture is mostly polyvoltine oriented and the quality of 

polyvoltine breeds has deteriorated as a result of continuous 

and prolonged inbreeding
15

. For instance, the continuous 

exploitation of the indigenous polyvoltine races such as 

Pure Mysore in South India and Nistari in West Bengal 

which are strikingly known for their poor productivity has 

resulted in rather slow growth of the industry. Thus, 
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breeding emphasizes the need for developing promising 

genotype of known genetic potential to increase the 

productivity in plants and animals
19

. Hence, silkworm 

breeds play a vital role in the success of sericulture 

industry. Thus the breed development and improvement is a 

continuous process which aims at providing suitable 

genotypes with desired traits 
14

.  

 

MATERIALS AND METHODS 

 

Breeding Resource Material 

Based on the genetic background and performance, five 

promising polyvoltine breeds such as APMG2, APMG16, 

APMG7, APMG9 and APMG4 were chosen as the parental 

breeding resource material. Twenty possible combinations 

such as           APMG2 x APMG16, APMG2 x APMG7, 

APMG2 x APMG9, APMG2 x APMG4, APMG16 x 

APMG2, APMG16 x APMG7, APMG16 x APMG9, 

APMG16 x APMG4, APMG7 x APMG2, APMG7 x 

APMG16, APMG7 x APMG9, APMG7 x APMG4, 

APMG9 x APMG2, APMG9 x APMG7, APMG9 x 

APMG16, APMG9 x APMG4, APMG4 x APMG2, 

APMG4 x APMG7, APMG4 x APMG9 and APMG4 x 

APMG16 were prepared by utilizing the resource material. 

These combinations were reared and the important 

economic traits such as fecundity, cocoon yield per 10,000 

larvae by number, cocoon yield per 10,000 larvae by 

weight (kg), survival rate (%), cocoon weight (g), cocoon 

shell weight (g), cocoon shell ratio (%) and filament length 

(m) were recorded. The performance data was evaluated by 

subjecting the data for evaluation index 
11

 and Subordinate 

function methods 
5
. Based on the evaluation values 

obtained and performance of the breeds, eight combinations 

were identified as superior for considering them for 

breeding purpose. However in the present paper, the 

development of four polyvoltine breeds is discussed under 

four breeding plans (Fig.1, 2, 3, 4). 

 

Breeding and Selection Methods 

During breeding, in every generation eight economic traits 

were considered for selection of progenies. The segregating 

population was subjected to appropriate selection procedure 

and emphasis was laid to select the cocoons of medium 

size. To retain gene pool, no selection pressure was applied 

during F1 – F3. Cellular rearings were resorted from F4 

generation onwards with minimum five replications and the 

selected cocoons were subjected for sex separation. 

Individual selection pressure was followed at every stage of 

development viz., egg, larva, pupa / cocoon and moth to 

facilitate the fixation of desired economic traits. 

 

RESULTS 
Silkworm Rearing Performance of the New hybrids: The 

rearing performance of the new hybrids was recorded on 

the important eight economic parameters such as fecundity, 

cocoon yield per 10,000 larvae by number, cocoon yield 

per 10,000 larvae by weight, survival rate, cocoon weight, 

cocoon shell weight, cocoon shell ratio and filament length. 

The fecundity ranged from 521 (APMG2 x APMG16) to 

446 (APMG9 x APMG4) with an average of 485. With 

regard to yield per 10,000 larvae by number, the 

combinations APMG9 x APMG4 and APMG7 x APMG4 

were recorded the highest (9500) and lowest in APMG9 x 

APMG7 (8900). The survival rate found to the highest of 

94.54 % in APMG9 x APMG4 and lowest of 85.50 % in 

APMG9 x APMG7. The cocoon weight ranged from the 

maximum of 1.590 g (APMG2 x APMG16) and minimum 

of 1.353 g (APMG9 x APMG7) with an average of 1.463 g. 

The filament length varied between 739 m (APMG2 x 

APMG16) to 598 m (APMG9 x APMG7) with an average 

of 655 m (Table 1).  

 

Evaluation of the new silkworm hybrids: The new hybrids 

were evaluated with more popularly used statistical 

methods by the silkworm breeders in sericulture viz., 

multiple trait evaluation index method and subordinate 

function method. The top ranked eight combinations 

(APMG2 x APMG16, APMG7 x APMG2, APMG4 x 

APMG16,     APMG2 x APMG4, APMG9 x APMG4, 

APMG7 x APMG4, APMG7 x APMG9 and APMG16 x 

APMG4) in both the evaluation methods were taken into 

consideration for the development of the breeds (Table 2). 

In the present paper, some of the hybrid combinations were 

used in different breeding plans for the synthesis of 

polyvoltine breeds. 

 
Performance of MSO2: By involving two parents such as 

APMG7 and APMG2, the resultant F1 hybrid was inbred 

followed by appropriate selection at every generation which 

is resulted in the isolation of the new line ‘MSO2’. During 
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breeding, the trait fecundity it varied from 518 (F1) to 475 

(F3) while the line that recorded 518 at F1 showed a gradual 

decrease from F2 to F3 with an increase at F4 (501) and 

reached to 491 (F11).  The cocoon yield per 10,000 larvae 

by number varied between 9100 (F2) to 9433 (F4) with the 

overall average of 9261. The values that varied from a high 

of 14.602 kg (F1) to a low of 12.604 kg (F6) with overall 

average of 13.131 kg for cocoon yield per 10,000 larvae by 

weight. The survival rate was recorded from the maximum 

of 95.00 (F7) and to the minimum of 90.36 % (F9) with an 

overall mean of 92.34 %. It was found between 1.568 g (F1) 

to 1.395 g (F10) with the mean of 1.444 g for the trait 

cocoon weight and the trait increased in F7 due to out cross. 

With regard to cocoon shell weight, it varied between 0.264 

g (F1) and 0.231 g (F6) with an overall average of 0.240g 

over the 12 generations. The trait cocoon shell ratio was 

ranged to the maximum of 17.26 % (F4) and minimum of 

16.08 % (F2) with an overall mean of 16.63 % over the 

twelve generations. An overall mean of 715 m was 

recorded for the trait filament length and it was ranged 

between 745 (F5) and 681 (F2). Further, the filament length 

that recorded 685 m at F1 reached to the maximum of 745 

m at F5 and showed consistency in the later generations 

which indicate the fixation of the trait (Fig. 1 and Table 3). 

 

 
Performance of MSO4: The initial parents such as 

APMG2 and APMG4 were utilized in synthesis of MSO4. 

During breeding process, the fecundity varied between 529 

(F2) and 451 (F12) and with regard to cocoon yield per 

10,000 larvae by number it was recorded to the maximum 

of 9500 (F2) and minimum of 8900 (F9) with an average of 

9143. The line that recorded 13.439 kg of cocoon yield per 

10,000 larvae by weight at F1 showed a gradual decrease 

from F2 (13.590 kg) to F9 (11.879 kg). The line recorded an 

overall mean survival of 89.53 % which varied between 

93.50 (F1) to 85.20 (F4) with the CV of 2.17 % and SD of 

1.94 %. The cocoon weight recorded between 1.474 (F2) to 

1.344 (F11) and with regard to cocoon shell weight an 

overall mean of 0.233 g was revealed. For the trait cocoon 

shell ratio, it showed wide fluctuations in different 

generations with a value of 17.28 % recorded at F7 and 

minimum of 16.22 % (F8) and showed consistency at later 

generations (F10 & F12). The trait filament length was 

ranged to the maximum of 742 (F3) and 657 (F10) with the 

overall mean of 684 m (Fig. 2 and Table 4).
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Performance of MSO5: By utilizing the APMG9 and 

APMG4 as initial parents the breed MSO5 was synthesized. 

The pattern of various traits during the breeding process 

and the performance in various generations revealed that 

the fecundity varied to the maximum of 516 (F3) and 

minimum of 445 (F7) with an overall mean of 476 for 

twelve generations. The trait cocoon yield per 10,000 larvae 

by number was recorded to the maximum of 9567 (F2) and 

to the minimum of 9000 (F6) with an average of 9229, CV 

of 1.79 % and SD of 166. With regard to cocoon yield per 

10,000 larvae by weight recorded 14.198 kg at F1 showed a 

gradual decrease from F2 (14.663) to F4 (12.421 kg) and 

fluctuations and in the later generations the trait showed 

consistency. The line MSO5 recorded an overall mean 

survival of 91.25 %  over twelve generations while it was 

94.54 %  at F1 that showed a decreasing trend up to F4 

(89.00) followed by fluctuations. The data on cocoon 

weight revealed that 1.551 g at F1 showed a decreasing 

trend from F2 (1.558 g) up to F4 (1.388) and later for few 

generations fluctuations were observed.   It was varied to 

the maximum of 0.259 g (F2) and minimum of 0.220 g (F4) 

while it was 0.256 g at F1 showed a decreasing trend up to 

F4 (0.220 g) with an overall mean of 0.233 g over the 

twelve generations for the trait cocoon shell weight. With 

regard to cocoon shell ratio the trait which was 16.51 % at 

F1 reached to the maximum of 17.02 % at F12 compared to 

the overall mean of 16.46 % over the twelve generations.  

Further the trait filament length was ranged to the 

maximum of 689 (F12) and to the minimum of 639 (F6) 

while at F1 it was recorded with 678 m when compared to 

the overall mean filament length of 662 m (Fig. 3 and Table 

5). 

 
Performance of MSO6: The breeds such as APMG7 and 

APMG4 were used as the resource material for synthesis of 

MSO6. The manifestation of various genetic traits during 

the course of breeding revealed that the fecundity of 504 

recorded at F1 showed a decrease in the subsequent 

generations up to F4 (452) with an overall mean of 474, CV 

of 4.87 % and SD of 23 m over twelve generations. The 
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trait cocoon yield per 10,000 larvae by number it was 

recorded to the maximum of 9500 (F1) and minimum of 

8817 (F10). During the breeding, from F1 (9500) it shown a 

decreasing trend up to F6 (9218) subsequently fluctuations 

and showed consistency in the later generations. For the 

trait cocoon yield per 10,000 larvae by weight was recorded 

to the maximum of 13.498 kg at F1 showed fluctuations in 

the succeeding generations and consistency in the later 

generations.  With regard to survival rate, it was recorded to 

the maximum of 94.00 at F1 and showed fluctuations in 

subsequent generations and fixed the trait at F12 with 90.15 

%.  The cocoon weight which recorded 1.485 g at F1 

showed increasing trend up to F3 (1.492 g) and there after 

fluctuations in the subsequent generations and however it 

showed variations up to F10 and consistency thereafter. It 

was recorded to the maximum of 0.249 g (F3) and 

minimum of 0.216 g (F9) while overall mean was 0.227 g 

over the twelve generations for the trait cocoon shell 

weight. With regard to shell ratio, it was recorded 16.16 % 

at F1 showed increasing trend up to F3 (16.69 %) and there 

after wide fluctuations were recorded in different 

generations with an overall mean of 16.46 %. During the 

generations, the trait filament length was ranged to the 

maximum of 687 (F2) and to the minimum of 640 (F9) and 

it was revealed that at F1 was of 679 m with an overall 

mean of 665 m over the twelve generations (Fig. 4 and 

Table 6).

 

DISCUSSION 
Several attempts made by the silkworm breeders to replace 

the indigenous polyvoltine races resulted in the isolation of 

improved races such as Kollegal Jawan, Mysore Princes, 

Tamilnadu White, Kolar Gold, Hosa Mysore, MY1 and 

APM1
19,1, 3

. However, these races were not exploited 

because of their non-acceptance in the field due to certain 

negative parameters. Of late, the approach of breeding new 

productive breeds by genetic manipulation through 

conventional breeding has emerged as one of the powerful 

tools in exploiting the commercial qualities. The systematic 

hybridization coupled with appropriate selection procedures 

have contributed to amalgamate the major economic traits 

of choice from selected breeds and to synthesize genotypes 

of desirable genetic constitution 
7
. The attempts to evolve 

highly productive bivoltine races have met with little 

success
13

. The poor adaptability of the highly productive 

bivoltine races to fluctuating environmental conditions of 

the tropics and their inconsistency in the crop stability 

make them unsuitable for commercial exploitation. Inspite 

of their productive merits, absence of genetic plasticity to 

withstand and interact with the environmental stresses of 

tropical climates act as a constraint to tap the full economic 

potential 
8
. Breeding strategies adopted so far have 

achieved limited success in exploiting the full potential of 

the evolved breeds 
2,14,15

.  Efforts made in this regard led to 

the development of new polyvoltine breeds; however their 

performance is not consistent. Hence, the silkworm 

breeders and geneticists 
12, 18

 have focussed the importance 

of polyvoltine breeding in the tropical regions of India. 

 

Development of productive silkworm breeds suitable to 

local conditions play a important role in the overall 

development of sericulture industry. The polygenic nature 

of the quantitative traits and role of different intensities of 

selection in changing the mean expression have been 

demonstrated in plants and animals. Selection can not 

create new genes and however, it can increase the 

frequency of desirable genes existing in the population. The 

poor adaptability of the bivoltines to the fluctuating 

environmental conditions of the tropical climates makes 

them unsuitable for their commercial exploitation 

throughout the year. 

 

Inbreeding of the hybrid combinations followed by 

selection of desirable combinations from the segregating 

population until the extraction of the new strains have 

involved careful study of the genetic variability, phenotypic 

expression, nature and magnitude of heterosis at F1 with 

respect to eight quantitative traits such as fecundity, cocoon 

yield per 10,000 larvae by number, cocoon yield per 10,000 

larvae by weight, survival rate (%), cocoon weight (g), 

cocoon shell weight (g), cocoon shell ratio (%) and filament 

length (m). The fecundity, determined on the genotype of 

maternal parent and environmental conditions prevailing at 

the time of oviposition and it is one of the fitness 

components reflecting on the productivity. In the present 

study with regard to this trait, the newly evolved strains 

revealed that they differ from one another in the total 

number of eggs laid by a single female moth. The trait, 
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yield per 10,000 larvae by number which showed variations 

between generations during the course of breeding can be 

partially attributed to the influence of environmental factors 

and interaction of alleles.  Moreover, the productivity and 

viability traits are negatively correlated and the polyvoltine 

races are characterized by high viability and low 

productivity while these are contrary in bivoltine races. 

However, in the present study it was possible to balance 

these two traits in the isolated strains. The overall 

improvement of productivity in all the isolated strains       

confirms their superiority over their respective polyvoltine 

parents and these are in conformity with the earlier findings 
4,6

. 

 

In the present study due emphasis was given for the cocoon 

yield by weight which reflects the viability of the breed. 

Survival rate is an important parameter which reflects the 

viability of the breed and the fluctuations observed for the 

trait among the generations could be partially attributed to 

the influence of environmental conditions and the 

interaction of alleles responsible for expression of the trait 
17

. As the viability and productivity are negatively 

correlated and after reaching a threshold level, shell weight 

may lead to decrease in survival rate 
10

 and as such the 

balance between these two traits was maintained in all the 

newly evolved strains. The cocoon weight is considered to 

reflect the vigor of the silkworm breed and similarly the 

cocoon shell weight showed wider variations in different 

generations during the course of breeding. However, 

fluctuations were observed for the trait among the 

generations could be partially attributed to the influence of 

environmental conditions and the interaction of alleles 

responsible for expression of these traits. The cocoon shell 

ratio indicated the downward and fluctuations during the 

breeding process and the study found that it is difficult to 

increase the trait by selection which are corroborating the 

earlier findings 
3
. 

 

With regard to the length of filament is related to cocoon 

shell weight in the isolated lines and the results of the study 

are in agreement with the previous studies.
 
Further, the 

selection response for the trait showed fluctuations in the 

early generations followed by a decline in later generations. 

Many reasons are attributed for such responses such as, 

presence of gene frequencies at more extreme values in the 

early generations and recombination between linked alleles 

at different loci that affect filament length. The values 

obtained for the trait analyzed in the evolved strains 

excelling over the parental lines indicative of contribution 

of desirable alleles by each parent. Thus, the results of the 

present study are in agreement with the earlier works who 

pointed out the selection as the basic tool for generating 

desired hereditary changes in the improvement of 

commercial qualities.  Selection increases the frequency of 

desirable genes to a certain extent in each generation and 

stability in the expression of important economic characters 

under study at later generations indicates the fixation of 

desirable traits 
9
. The percent improvement in both viability 

and yield attributes in the synthesized strains over their 

initial parents indicate overall superiority. In the present 

study, adequate importance was given on the selection of 

suitable parents to amalgamate many desirable genes in the 

base population which provided a wide scope for selection 

during the course of breeding resulting in the development 

of desired polyvoltine silkworm strains viz., MSO2, MSO4, 

MSO5 and MSO6. These newly developed polyvoltine 

breeds would be utilized for the development of superior 

hybrids for their exploitation at field level. 
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