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ABSTRACT 
 

Twelve popular bivoltine silkworm (Bombyx mori L.) breeds viz., CSR2, NB4D2, SK-1, CSR4, DUN6, 
SH6, SK-6, CSR19, SK-28, DUN22 and SK-31, were evaluated for their performance during spring 
2012 and 2013. The data generated in respect of different traits during two years was recorded 
replication wise and pooled. The pooled data was analyzed statistically and subjected to multiple 
trait evaluation index using Mono’s evaluation index method. Analysis of variance showed significant 
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differences among the breeds for all the characters studied. The breeds were ranked as per the 
cumulative score and the value of a particular trait in a particular breed was compared with the 
ranking. Six breeds viz., NB4D2, SK-1, SH6, SK-6, SK-28 and SK-31 were short-listed. These 
breeds s scored higher E I values (>50) and can be used for the preparation of season specific 
hybrids to push up bivoltine silk productivity under specified environmental conditions in the valley.  
 

 

Keywords: Bombyx mori; bivoltine; breeds; popular; rearing; spring; silkworm. 
 

1. INTRODUCTION 
 

Silk has been one of the cherished heritages of 
Jammu and Kashmir with sericulture activity in 
the valley. The state has a significant role in view 
of its salubrious climatic conditions in the country 
for production of bivoltine silk which has been 
one of the priority sectors of Indian Silk Industry, 
but its production is yet to meet the domestic 
targets. Though, the state is known for producing 
bivoltine silk of international quality. However, 
production of quality bivoltine silk is still a 
challenge in J & K having enormous potential to 
produce bivoltine silk of international grade, 
which can help to reduce the import of bivoltine 
silk in the country [1]. Of late, major thrust has 
been given on quality rather than quantity of silk 
produced. The efforts made by sericulture 
research institutes in this direction during the 
90’s have led to the evolution of highly productive 
CSR bivoltine breeds which have the potential to 
produce international grade silk [2]. These new 
breeds have contributed significantly under 
tropical conditions but did not thrive well and 
suffered badly in adverse conditions of low/high 
temperature, humidity, poor leaf quality and low 
management practices prevalent with the 
Sericultural farmers in Kashmir [3]. Unlike 
tropics, temperate sericulture being carried out 
under highly fluctuating environmental conditions 
and poor leaf quality urgently needs the 
development of broad based silkworm breeds 
with genetic plasticity to buffer the adverse 
situations. Therefore, it is of paramount 
importance to know the seasonal performance of 
silkworm breeds before formulating any breeding 
program for the development of season specific 
silkworm breeds. In this context, the seasonal 
performance of some popular bivoltine silkworm 
B. mori germplasm strains was assessed to 
identify most promising breeds which can be 
used in the preparation of season specific 
breeds/hybrids to strength the bivoltine silk 
production.  
 

2. MATERIALS AND METHODS 
 

Twelve popular bivoltine mulberry silkworm 
breeds namely; CSR2, NB4D2, SK-1, CSR4, 

DUN6, SH6, SK-6, CSR19, SK-28, DUN22 and 
SK-31 were reared at TSRI SKUAST-K, Mirgund 
under congenial laboratory conditions during the 
year 2012 and 2013 (May to June) following 
standard package of practices [4]. The silkworms 
were fed with mulberry leaves harvested from the 
popular mulberry varieties viz; Goshoerami and 
Ichinose maintained in Mulberry Farm of TSRI, 
Mirgund.  
 
The larvae of each breed were reared in three 
replications and each replication comprised of 
250 larvae. During the rearing period, larvae and 
cocoons were assessed for different parameters 
viz; fecundity, hatching percentage, larval weight, 
larval duration, cocoon yield, cocoon weight, 
shell weight, pupal weight, shell ratio and 
filament length. The data pertaining to the 
following parameters was recorded replication-
wise for all the treatments and subjected to 
statistical analysis. The characters studied and 
observational procedures adopted are given 
under the following headings. 
 

2.1 Fecundity (no.) 
 
The fecundity was calculated by taking              
the number of eggs laid by a single adult         
moth from each replication. The eggs         
number was counted individually and     
recorded. 
 

2.2 Hatching (%) 
 
The hatching % was calculated by deducting 
unhatched, unfertilized and dead eggs from the 
total number of eggs laid by a single adult female 
moth.It was calculated as, 

 

             
                       

                     
     

 
2.3 V Instar Larval Duration (d:h) 
 
It was calculated as the total hours taken by 
larvae from the first day of V instar up to 
mounting of the ripe larvae. 
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2.4 Total Larval Duration (d:h) 
 
It was calculated as the total hours taken from 
the date of brushing to the mounting of ripe 
worms. 
 

2.5 Weight of Ten Mature Larvae                       
(g Larva-10) 

 
Ten mature larvae were selected randomly from 
each replicate of each treatment and weighed 
separately. 
 

2.6 Single Cocoon Weight (g)  
 

Ten cocoons from each replicate of each 
treatment were selected randomly and weighed 
to determine the average cocoon weight. 
 

2.7 Single Shell Weight (g) 
 

The cocoons used for determining the average 
single cocoon weight were cut open and weighed 
to obtain shell weight. 
 

2.8 Pupal Weight (g) 
 
The pupae obtained from the cut open cocoons 
were weighed to determine the average papal 
weight. 
 

2.9 Shell Ratio (%) 
 

 It was calculated as, 
 

                 
                

                 
      

 

2.10 Cocoon Yield /10,000 Larvae 
 

2.10.1 By number 
 

It was calculated as, 
 

                                           

                                     
         

 

2.10.2 By weight (Kg) 
 

It was calculated as, 
 
                                               

                                      
         

 

2.11 Filament Length  
 

Ten randomly selected cocoons from each 
treatment and replicate were reeled to determine 
the average filament length. 

2.12 Statistical Analysis 
 

The data recorded in respect of different 
parameters was pooled separately, analyzed 
statistically and subjected to multiple trait 
evaluation index method as per the procedure 
outlined by [5].  
 

                       
     

 
             

                              

The evaluation index value for negative traits 
viz., V instar larval duration and total larval 
duration was computed separately by using the 
modified formula [6]. 
 

                         
     

 
             

           

Where,  
 

A = Value of a particular breed for particular 
trait, 

B = Mean value for a particular trait of all 
the breeds, 

C = Standard Deviation of a particular trait 
for all the breeds, 

10 = Standard unit, 
50 = Fixed value. 

 

The average EI value fixed for selection of a 
breed is >50. The breeds, which scored above 
the limit, were considered to possess greater 
economic value. 
 

3. RESULTS AND DISCUSSION  
 

3.1 Rearing Performance 
 

The rearing performance of the bivoltine breeds 
under optimal rearing conditions (25 ±1°C) and 
humidity (70 ± 5 %) during spring is presented in 
Tables 2. The data recorded on fecundity of 
different genotypes revealed that the maximum 
fecundity was manifested by SK-31 (635) while it 
was recorded minimum in SH6 (613) (Table 2). 
The egg laying capability of B. mori L. has been 
noticed to be a heritable character expressed 
within the genotypic limitations of the insects like 
B. mori. The superior fecundity of these breeds in 
the current study indicated their genetic 
constitution since; the fecundity of B. mori varies 
due to variation in the genetic makeup of the 
silkworm breed/strain [7] which is influenced by 
number of physiological and ecological factors as 
reported by [8]. 
 

The maximum hatching % of 96.05 in the present 
study was exhibited by SK-6, while it was 
minimum in DUN6 (94.98). Hatching percentage 
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reflects viability of the eggs laid and maximum 
hatching percentage reflects the genetic 
background and physiological state of the female 
moth [9]. The survival and development of 
insects are at the mercy of nature and the 
biological and developmental activities are 
restricted in accordance with the prevailing 
ecological conditions and to a certain extent to 
their genetic build up [10]. The maximum 
hatching % obtained in the present study reflects 
genetic background of the breed for this trait. 
 

In the present study, CSR19 recorded shorter V 
instar and total larval durations among all the 
breeds evaluated for this trait. Significantly, 
shorter V instar and total larval durations for this 
breed was recorded 6.19 and 25. 08 days, 
respectively (Table 2). Larval duration is 
considered as an important attribute of economic 
value in sericulture as the reduction in larval 
duration would not only help in minimizing the 
quantum of the food consumption by the insect 
but also in completion of larval period in 
desirable time period besides minimizing the 
labor requirement [11]. Shorter larval duration 
obtained in respect of the breed clearly reflects 
its genetic constitution for this trait. The rate of 
development depends on both genetic and 
environmental factors [12]. The larval duration 
varies depending on the prevailing temperature. 
High ambient temperature during summer tends 
to reduce the larval duration by several hours to 
one or two days, where as lower temperature 
during spring and autumn season extends the 
larval duration [13].  
 

Present study also revealed that there was 
significant variation in larval weight of different 
breeds during spring. SK-1, SK-6, SK-31, NB4D2 

and SK-28 recorded higher larval weight of about 
50.19g, 49.47g, 49.17g, 48.87g and 48.27g,

 

respectively (Table 2) over the other breeds 
evaluated. The difference in the larval weight 
among the breeds studied could also be 
attributed to the racial character, difference in 
degree of assimilation that differ from one breed 
to another and the quality and quantity of food 
consumed by the larvae which has a direct 
bearing on the performance on the growth and 
development of larvae.  Larval weight is one of 
the important parameter which determines not 
only the health of the larvae, but also the quality 
of the cocoons spun [14]. The present findings 
are in conformity with the findings of [15] who 
have reported higher larval weight of 52.46g in 
SK-1, 49.53g in SK-6, 49.56g in SK-31 and 
49.20g in SK-28 during spring under Kashmir 
conditions. [16] have also reported highest larval 

weight of 3.53g in NB14, 3.24g in SK4C and 
2.43g in CSR19. Higher larval weight obtained in 
current study reveals that silkworm breeds under 
study have good genetic variability and thus 
significant variation in larval weight was 
recorded. These breeds have the potential to be 
used in breeding programmes.  
 
SK-1 registered the highest cocoon weight of 
2.09g while SH6 recorded minimum cocoon 
weight of 1.84g in present study, (Table 2). 
Cocoon weight, shell weight, shell ratio and 
filament length have been reported to be highly 
heritable traits which are significantly important in 
determining the quality, quantity and efficiency 
during the reeling process. Cocoon weight is an 
important commercial characteristic used to 
determine approximately the amount of raw silk 
that can be reeled [17]. The higher cocoon 
weight recorded in SK-6, SK-1, NB4D2, SH6, SK-
31 and SK-28 possibly indicated a clear 
difference in nutrient utilization by these breeds 
during V instar. The present findings are in 
agreement with the findings of [15] who have 
reported higher cocoon weights for these breeds. 
The findings of this study are also in conformity 
with the reports of [18] who have concluded that 
environmental factors influence the physiology of 
insects and also have deleterious effect on 
economic traits such as cocoon weight and shell 
weight. Higher cocoon weight in respect of SK-6-
and SK-1 reflects their genetic potential.  
 

The difference between Cocoon and shell weight 
is the weight of the pupa and are considered 
important with respect to commercial traits 
evaluated for productivity in sericulture [19]. 
Cocoon shell weight is an important character in 
determining the silk weight. During spring the 
mean single cocoon weight among all the breeds 
was found significantly higher in SK-1 (2.09g) 
and lower in NB4D2 (1.89g). However, CSR19 

registered the significantly lowest single cocoon 
weight of 1.67g among all the breeds evaluated 
for this trait.  SK-1 registered highest shell weight 
and shell ratio of 0.45g and 21.45% respectively 
whereas SK-6 registered shell weight and shell 
ratio of 0.43g and 21.14% respectively (Table 2). 
This could be attributed to racial character of 
these breeds. [15] have also reported higher 
shell weight and shell ratio in SK-1 and SK-6 
indicating the better adaptability of these breeds 
under spring conditions. The results are in 
conformity with the findings of [20] who have 
reported that cocoon shell weight shows 
variability under different environmental 
conditions. 



 
 
 
 

Buhroo et al.; AIR, 9(1): 1-11, 2017; Article no.AIR.32853 
 

 

 
5 
 

Higher pupal weight of 1.63g, 1.60g, 1.50g and 
1.49 g were manifested by SK-1, SK-6, SK-31 
and NB4D2, respectively. [21] have reported 
pupal weight of 1.38g in CSR18, 1.34 g and 1.33 
g in CSR19 and NB4D2 breeds, respectively. The 
pupal weight of B. mori has been noticed to be 
influenced by the variation in the level of 
secreted hormones [22] and genotype variation 
[23,21]. Higher pupal weight attained by the 
breeds indicates their better feed consumption 
and good larval growth during the larval periods 
which could also be attributed to better larval 
growth period and reduced meltage during pupal 
development [24].  
 
Filament length is one of the important attributes 
of the silkworm breeds. The silk filament length is 
different in silkworm breeds under different set of 
rearing conditions and rearing seasons [25]. The 
highest average filament lengths of 1197.00m 
and 1168.00m were observed in SK-1 and SK-6, 
respectively. Good filament length obtained in 
the current study implied the superiority of these 
breeds over the other breeds evaluated. The 
results of the findings are in conformity with the 
findings of [15] who have identified SK-1 and SK-
6 as the breeds with higher filament length during 
spring and summer seasons under Kashmir 
conditions.  
 
A higher value for effective rate of rearing is 
indicative of higher silk productivity and a good 
cocoon crop in sericulture. ERR is an important 
trait in terms of studying the probability of 
survival of silk worm breeds. The higher cocoon 
yield (9367/10,000 larvae) by number in respect 
of SK-1 could be attributed to the nutritious 
mulberry leaf available during spring which lead 
to development of resistance towards diseases 
thus higher survivability and higher yield [26]. 
The findings of current study are well supported 
by [27] who have reported that bivoltine breeds 
have high effective rate rearing (ERR) under 
different sets of climatic conditions. These 
findings are in conformity with [28,29,26] who 
have reported that cocoon production is chiefly 
dependent on larval nutrition and nutritive value 
of mulberry leaves and conversion efficiency of 
larvae which is affected by weather conditions.  
 
ERR by weight shows the quantum of cocoons 
obtained after rearing [30]. SK-1 and SK-6 
recorded the highest cocoon yield of 19.24 kg 
and 18.76 kg respectively, among all the breeds 
studied for this trait (Table 2) which could be 
attributed to better survival rate of the larvae 
[31,32]. The results of present finding are well 

supported by [15] who have reported higher 
cocoon yield of 19.83 kg/10,000 larvae by weight 
for SK-1 during spring which confirms the better 
survival of these breeds thus genetic potential of 
the breeds. Similar types of results have been 
reported by [33] with maximum ERR (by number) 
in NB4D2 (252.37g/200 larvae) and [34] found 
maximum ERR (by weight) in CSR2 (17.9 
kg/10,000 larvae). [12] has reported cocoon yield 
of 14.59 kgs/10,000 larvae in CSR18 and 12.61 
kg/ 10,000 larvae for NB4D2 under tropical 
conditions. The difference in the cocoon yield (by 
weight) could be attributed to climatic factors 
prevailing during rearing and potential of the 
breed to adjust to the prevailing environment 
[35]. 
 

The differential expression of different breeds in 
the present study is in conformity with the 
observations of several workers [36,37,38,15]. 
This is largely due to the variable gene 
frequencies at different loci in different silkworm 
strains which make them to respond differently to 
changing environmental conditions [39,40]. It is 
thus understood that the performance of a race 
or a breed is mainly dependent on the combined 
action of hereditary potential of its population and 
the extent to which such potential is permitted to 
express in the environment to which it is 
exposed. 
 

3.2 Multiple Trait Evaluation 
 

Evaluation index assessment is the multiple 
performance of a population for selection/short-
listing of the breeds/hybrid combinations by 
taking into consideration all the economic traits. 
The data pertaining to the breeds recorded 
during spring 2012 and 2013  in respect of 
different traits was pooled character wise and 
further subjected to multiple trait evaluation as 
per the procedure outlined by [5,6]. Based on the 
performance of silkworm breeds, individual 
indices were calculated for each of the 
parameters and the data of which is presented in 
Table 3. The indices obtained from all the traits in 
each breed were combined and the average E. I. 
values were determined. The criteria for selection 
of the breed was based on the average E. I. 
value >50. The breeds which scored above the 
limit of 50 in many of the traits were considered 
to possess greater economic value. 
 

Evaluation index method has been utilized for 
short listing some promising silkworm 
genotypes/hybrids for commercial exploitation 
[41-47] and the same has been utilized in the 
present study as well. 
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    Table-1. Characteristic features of different bivoltine silkworm B. mori L. breeds under study 
 

Silkworm 
breeds 

Parental source Larval pattern Cocoon colour Cocoon shape Origin/ evolution Source 

SK-1  Shunrei × Shogetsu Marked White Constricted TSRI, SKUAST-Kashmir- Mirgund Silkworm Germplasm 
Bank, TSRI, SKUAST-K, Mirgund SK-6  Shogetsu  × Hoshu Plain White Slightly oval 

SK-28 Evolved Under Broad Based Germplasm Complex, 
Comprising 10 Breeds  With Marked Larvae 

Marked White Short dumbell 

SK-31 Evolved  Under  Broad Based Germplasm Complex, 
Comprising 10 Breeds  With Plain Larvae 

Marked White Oval 

CSR2 Shunrei × Shogetsu Plain bluish Bright white Oval CSR&TI, 
 Mysore-India 

Silkworm Germplasm 
 Bank, CSGRC, Hosur-Tamilnadu, India CSR4 (BN18×BCS25) × NB4D2 Plain bluish Bright white Dumbell 

CSR18 B201× BCS12 Plain & marked Creamish white Oval 
CSR19 B201× BCS12 Plain & marked Creamish white Dumbell 
NB4D2 (Kokko × Seihaku) × (N124×C124) Plain faint bluish White Elongated, constricted 
SH6 Shogetsu  × Hoshu Moderately marked White Oval RSRS, Majira, Dehradun- India 
DUN6 CC1 × NN6D Plain White Oval CSR&TI,  

Pampore-Kashmir 
Silkworm Germplasm  
Bank, CSR&TI,CSB- 
Pampore 

DUN22 (KS × NB4D2) (AT × NB4D2) Marked White Oval 

 
Table 2. Mean performance of twelve silkworm B. mori L. breeds during spring* 

 

Silkworm 
breeds 

Fecundity 
(no.) 

Hatching 
( %) 

V instar Larval 
duration (d:h) 

Total larval 
duration 
(d:h) 

Weight   of 
Ten  mature 
larvae(g) 

Single 
cocoon 
Weight  (g) 

 Single 
 Shell weight   
(g) 

Pupal 
weight (g) 

Shell ratio 
(%) 

Filament 
length (m) 

Cocoon yield/10,000 larvae 

by number       by weight 
(kg) 

SK-1 577 95.24 7.06 27.09 50.19 2.09 0.45 1.63 21.45 1197.00 9367 19.23 
SK-6 617 96.05 7.03 27.06 49.47 2.04 0.43 1.60 21.14 1168.00 9128 18.79 
SK-28 621 94.00 7.03 27.03 48.27 1.84 0.38 1.45 20.74 1060.50 8986 16.40 
SK-31 635 94.38 7.09 27.09 49.17 1.91 0.40 1.50 20.85 1148.00 9217 17.30 
CSR2 519 92.52 7.03 27.02 40.53 1.71 0.34 1.37 19.94 898.17 8994 15.42 
CSR4 514 93.73 7.06 27.08 43.48 1.74 0.35 1.38 20.07 917.48 8918 15.61 
CSR18 516 94.58 6.22 25.10 40.78 1.69 0.34 1.34 20.17 928.23 8713 14.54 
CSR19 533 95.35 6.19 25.08 39.70 1.67 0.32 1.34 19.24 920.17 8754 14.23 
NB4D2 582 94.87 7.03 26.09 48.87 1.89 0.39 1.49 20.70 1121.00 9128 16.95 
SH6 613 95.89 7.01 26.08 42.17 1. 84 0.38 1.45 20.60 1098.00 9069 16.19 
DUN6 596 95.15 7.08 27.11 41.18 1.78 0.37 1.40 20.69 1019.50 9312 16.72 
DUN22 588 94.53 7.06 27.09 40.13 1.76 0.36 1.39 20.40 1013.67 9187 16.29 
Mean 575.92 94.69 6.91 26.58 44.5 1.83 0.38 1.45 20.5 1040.81 906.42 16.47 
S.D 44.39 0.98 0.33 0.79 4.28 0.13 0.04 0.10 0.59 107.08 202.63 1.5 
CD p≤0.05 6.51 0.13 0.87 1.25 0.32 0.60 0.61 0.45 0.15 23.91 9.72 0.58 

* (Data pooled over same seasons of 2012 and 2013) 
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Table 3. Multiple trait evaluation index in respect of twelve silkworm B. mori L. breeds during spring* 
   

Silkworm 
Breeds 

Fecundity 

(no.) 

Hatching 

( %) 

V
 
instar 

larval 

duration 

(d:h) 

Total 

larval 

duration 

(d:h) 

Weight 

of Ten 

mature 

larvae(g) 

Single 

cocoon 

weight 

(g) 

Single 

shell 

weight 

(g) 

Pupal 
weight 
(g) 

Shell 

ratio 

(%) 

Filament 

length 

(m) 

Cocoon yield/10,000 larvae Average EI 
(%) 

Rank 

by number By weight 
(Kg) 

SK-1 50.24 55.62 45.37 43.50 63.31 69.43 69.51 69.37 66.21 64.59 64.93 68.41 60.87 I 

SK-6 59.25 63.90 46.28 43.88 61.63 65.69 64.25 66.23 60.93 61.88 53.14 65.47 59.38 II 

SK-28 60.16 42.93 46.28 44.26 58.82 50.75 51.50 50.52 54.11 51.84 46.13 49.52 50.57 VI 

SK-31 63.31 46.82 44.45 43.50 60.93 55.98 56.36 55.76 55.98 60.01 57.53 55.52 54.68 III 

CSR2 37.18 27.79 46.28 44.39 40.73 41.03 40.57 42.15 40.47 36.68 46.52 42.97 40.56 XII 

CSR4 36.05 40.17 45.37 43.63 47.63 43.27 43.20 43.19 42.68 38.48 42.77 44.24 42.56 X 

CSR18 36.50 48.87 70.90 68.69 41.32 39.54 40.57 39.00 44.39 39.49 32.66 37.10 44.92 IX 

CSR19 40.33 56.74 71.81 68.94 38.79 38.04 35.31 39.00 28.53 38.73 34.68 35.03 43.83 XI 

NB4D2 51.37 51.83 46.28 56.16 60.22 54.48 53.73 54.71 53.42 57.49 53.14 53.19 53.83 IV 

SH6 58.35 62.27 46.88 56.29 44.57 50.75 51.10 50.52 51.72 55.34 50.23 48.11 52.18 V 

DUN6 54.52 54.70 44.76 43.25 42.25 46.26 48.47 45.29 53.25 48.01 62.22 51.65 49.55 VII 

DUN22 52.72 48.35 45.37 43.50 39.80 44.77 45.83 44.24 48.31 47.47 56.05 48.78 47.10 VIII 
* (Data pooled over same seasons of 2012 and 2013) 
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The top ranking breeds manifested >95% 
hatching which is well supported by the earlier 
findings [48].  The healthiness of larvae is a very 
important character from the point of view of 
silkworm rearers and as such stabilization of 
cocoon crop is very important for the sericulture 
industry. The breeds that have shorter larval 
duration have less chance to get infected with 
diseases [49]. In the present study, out of 12, 
CSR18 and CSR19 recorded shorter larval 
durations. 
 
The single cocoon weight in the top ranking 
breeds ranged from 1.84g in SK-28 to 2.09 in 
SK-1 (Table 3). High cocoon shell weight is an 
important trait for high productivity in sericulture. 
The cocoon shell weight shows variability in 
different environments. According to [5] if the 
breed is showing cocoon shell weight of 0.45g 
and above, it becomes weak and not suitable for 
rearing. The identified breeds in the current study 
recorded shell weight in the range of 0.38g (SK-
28) to 0.45g (SK-1). The length of cocoon 
filament is one of the important attributes of the 
silkworm breed/hybrid. Longer the filament better 
it is to the filature and textile industry. Cocoon 
yield is yet another important character 
connected with the production of cocoons by 
Sericulturists. It is necessary to have high 
yielding silkworm breeds to raise the farmer’s 
income.  
 
The silkworm B. mori L. has been continuously 
evaluated and the promising had been selected 
based on the performance of economic traits [5, 
50]. Evaluation index is one such method that 
increases the precision of selection of breed 
among an array of breeds by a common index 
giving due weightage to all the yield component 
traits [51]. The silk yield is contributed by more 
than 21 traits [52] and there exists an 
interrelationship between multiple traits in 
silkworm. Any effort to improve the yield requires 
consideration of cumulative effect of the major 
traits, which influences the silk yield impartially. A 
selection index makes it possible to select for a 
character by selecting simultaneously for two or 
more characters related to it.  
 
In the present study, SK-1 and SK-6 scored E.I 
indices >50 for 10 characters. SK-31 and SH6 
obtained E.I values >50 for 9 characters each. 
NB4D2 scored E.I values >50 for the maximum of 
11 traits. However, this breed occupied fourth 
position in the average evaluation index score 
with an average E.I of 53.83. SK-1 occupied the 
top position with average E.I score value of 60.87 

(Table 3). Obviously, the present study has 
yielded good information in identifying promising 
silkworm breeds having greater economic value 
in terms of maximum traits. The shortlisted 
breeds can be recommended for further breeding 
programs for breeding season specific 
breeds/hybrids in the interest of the industry.  
 

4. CONCLUSION 
 
Based on the performance and evaluation of 
silkworm breeds, NB4D2, SK-28 , SK-1, SK-6, SH6 
and SK-31 were shortlisted. These breeds 
scored higher E I. values (>50) and have been 
identified as promising breeds and are 
recommended for further breeding to boost 
bivoltine silk production in the valley. 
 

ACKNOWLEDGEMENTS 
 

The first author sincerely acknowledges 
Professor and Head, TSRI, SKUAST-K, Mirgund 
for proving Laboratory facilities to conduct 
silkworm rearing. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Dhar A, Farooq M, Nisar M. Recent trends 

in the development of bivoltine sericulture 
in Jammu and Kashmir. Technical 
compendium of workshop held at SKICC, 
Srinagar, October 29, 2011. 

2. Datta RK. Silkworm breeding in India; 
present status and new challenges. 
National conference on strategies for 
sericulture research and development. 
CSR&TI, CSB (Ministry of Textiles) Govt. 
of India, Srirampura, Mysore-India. 
November 16-18, 2000. 

3. Malik MA. Kashmir sericulture - Its 
economic potential. International Journal of 
Agricultural Sciences. 2009;5(2):619-623. 

4. Krishnaswami S. New technology of 
silkworm rearing, bulletin No.2, Central 
Sericultural Research and Training 
Institute, Mysore, India. 1978;23. 

5. Mano Y, Nirmal Kumar S, Basavaraja HK, 
Mal Reddy N, Datta RK. A New method to 
select promising silkworm breeds/ 
combinations. Indian Silk. 1993;31(10):53. 

6. Talebi E, Subramanya G. Genetic distance 
and heterosis through evaluation index in 



 
 
 
 

Buhroo et al.; AIR, 9(1): 1-11, 2017; Article no.AIR.32853 
 

 

 
9 
 

the silkworm, Bombyx mori (L.). American 
Journal of Applied Sciences. 2009;6:1981-
1987. 

7. Gaur KP, Upadhyay VB. Influence of 
ecological factors on the duration and 
pupal weight of Bombyx mori L. Journal of 
Experimental Zoology. 2002;5(1):113-118. 

8. Upadhyay VB, Mishra AB. Nutritional 
ability of bivoltine silkworm Bombyx mori. 
Linn. Journal of Advanced Zoology. 
1991;12(1):56-59. 

9. Srivastava R, Prasad S, Upadhyay VB. 
Effect of Bioactive Phytojuvenoidon the 
Reproductive Potential of Multivoltine 
Mulberry Silkworm (Bombyx mori Linn.) 
(Lepidoptera: Bombycidae). Academic 
Journal of Entomology. 2013;6(2):85-92. 

10. Srivastava K, Upadhyay VB. Effect of 
phytoecdysteroid on fecundity of 
multivoltine mulberry silkworm Bombyx 
mori Linn. Biolife. 2013;1(2):78-83. 

11. Rahmathulla VK, Suresh HM. Seasonal 
variation in food consumption, assimilation, 
and conversion efficiency of Indian 
bivoltine hybrid silkworm, Bombyx mori. 
Journal of Insect Science. 2012;12(82):1-
14. 

12. Rayar GS.  Performance of new bivoltine 
breeds of silkworm, Bombyx mori L. on 
improved mulberry varieties during rainy 
season. Journal of Entomological 
Research. 2011;35(1):69-74. 

13. Daniel M, Maly M, Danielova V, Kriz B, 
Nuttall P. Abiotic predictors and annual 
seasonal dynamics of Ixodes ricinus, the 
major disease vector of Central Europe. 
Parasites & Vectors. 2015;8:1-12. 

14. Nguku, EK, Muli EM,  Riana SK. Larvae, 
cocoon and post-cocoon characteristics of 
Bombyx mori L. (Lepidoptera: 
Bombycidae) fed on mulberry leaves 
fortified with Kenyan royal elly. Journal of 
Applied Science and Environment 
Management. 2007;11(4):85–89. 

15. Masarat B, Afifa SK, Sharma RK. 
Assessment of variability between growth 
and yield attributes of bivoltine silkworm 
Bombyx mori L. under temperate climatic 
conditions. International Journal of 
Advanced Biological Research. 2014;4(3): 
374-379. 

16. Pal NB, Moorthy SM. Assessment of 
variability in larval and cocoon traits in 
some genotypes of bivoltine silkworm, 
Bombyx mori L. International Journal of 
Research in Biological Sciences. 2011; 
1(4):59–65. 

17. Singh HR, Unni BG, Neog K, 
Bhattacharyya M. Sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-
PAGE) and random amplified polymorphic 
DNA (RAPD) based genetic variation 
studies in eri silkworm (Samia Cynthia 
ricini, Lepidoptera: Saturniidae). African 
Journal of Biotechnology. 2011;10(70): 
15684-15690. 

18. Singh A, Sharma K, Sharma B. Low 
temperature induced alterations in certain 
biochemical constituents of 5

th
 instar larvae 

of Philosamia ricini (Lepidoptera: 
Saturniidae). Insect Physiology. 2010;2: 
12-16. 

19. Gaviria DA, Aguilar E, Serrano HJ, Algeria 
AH. DNA fingerprinting using AFLP 
markers to search for markers associated 
with yield attributes in the silkworm, 
Bombyx mori. Journal of Insect Sciences. 
2006;6(5):1-10. 

20. Basavaraja HK, Suresh K, Reddy N, Datta 
RK. New approaches to bivoltine silkworm 
breeding. Edi: Sreerama Reddy. Oxford: 
IBH Publishing. 1998;131-140. 

21. Rajanna R, Puttaraju B. Effect of high 
temperature on fecundity of six 
Lepidopterons of cotton. Arzona. Research 
Report. 131. USDA, Agric. Research 
Services. 1998; 8. 

22. Khan A,  Rahman S,  Birendra N. Effect of 
vertebrate sex hormone, mestranol noreth 
indrone, on growth and development of 
Bombyx mori. Bangladesh Journal of 
Zoology. 1997;25(2):103-109. 

23. Rajashekhargouda R, Goplan M, Jayra S, 
Natarajan N. Feed of pure breeds and 
single cross hybrids of Bombyx mori. 
Entomon. 1997;2(3-4):223-227. 

24. Pardeshi AB, Bajad PN. Effect of Xanthium 
indicum linn. plant extract on the economic 
parameters of silkworm, Bombyx mori L. 
International Journal of Recent Scientific 
Research. 2014;5(3):683-686. 

25. Basavaraja HK, Nirmal K, Datta RK. New 
productive bivoltine hybrids. Indian Silk. 
1995;34(5):5-9. 

26. Hussain M, Khan SA, Naeem M, Mohsin 
AU. Effect of relative humidity on factors of 
seed cocoon production in some inbred 
silk worm (Bombyx mori) lines.  
International Journal of Agriculture and 
Biology. 2011;13(1):57–60. 

27. Naseema Begam M, Basavaraja HK, 
Sudhakara Roa P, Rekha M, Ahsan MM. 
Identification of bivoltine silkworm hybrids 



 
 
 
 

Buhroo et al.; AIR, 9(1): 1-11, 2017; Article no.AIR.32853 
 

 

 
10 

 

suitable for tropical climate. Indian Journal 
of Sericulture. 2000;39(1):24-29. 

28. Rao CGP, Chandrashekaraiah RC, 
Ibrahim Basha K, Seshagiri SV, Nagaraju, 
H. Evaluation of polyvoltine hybrids based 
on silk productivity in silkworm, Bombyx 
mori. International Journal of Industrial 
Entomology. 2004;8(2):181-187. 

29. Rameshbabu K, Ramakrishna S, Harish 
Kumar Reddy Y. Metabolic alterations and 
molecular mechanism in silkworm larvae 
during viral infection: A Review. African 
Journal of Biotechnology. 2009;8(6):899-
907. 

30. Rao CGP, Seshagiri SV, Ramesh C, 
Ibrahim BK, Nagaraju H. 
Chandrashekaraiah. Evaluation of genetic 
potential of the polyvoltine silkworm 
(Bombyx mori L.) germplasm and 
identification of parents for breeding 
program. Journal of Zhejiang University 
SCIENCE B. 2006;7(3):215-220. 

31. Kumari SS, Subbarao SV, Misra S, Murthy 
US. Screening strains of the mulberry 
silkworm, Bombyx mori, for thermo 
tolerance. Journal of Insect Science. 
2011;11:116.  

32. Mahesha, HB, Rahamathulla GI, 
Thejaswini PH. Studies on induction of 
tolerance against nuclear polyhedrosis in 
silkworm Bombyx mori l. and its 
biochemical aspects. International Journal 
of Biology, Pharmacy and Applied 
Sciences. 2013;2(7):1501-1512. 

33. Narayanswamy TK, Govindan R, 
Ananthanarayana SR. Performance of 
bivoltine x multivoltine cross breeds of 
silkworm for cocoon and silk traits. Indian 
Journal of Sericulture. 2000;39:169-171. 

34. Ashwath SK, Sreekumar S, Toms JT, 
Dandin SB, Kamble, CK. Identification of 
RAPD markers linked to digestive amylase 
genes using near isogenic lines of the 
silkworm, Bombyx mori. Journal of Insect 
Sciences. 2010;10(84):1-10. 

35. Zamal T, Sarmah B,  Hemchandra O,  
Kalita J. Global warming and its impact on 
the productivity of muga silkworm 
(Antheraea assamensis Helfer). The 
Bioscan. 2010;1(99):209-2010. 

36. Kumaresan P, Sinha RK, Raje US. An 
analysis of genetic variation and 
divergence in Indian tropical polyvoltine 
silkworm (Bombyx mori L.) genotypes. 
Caspian Journal of Environmental 
Sciences. 2007;5(1):11-17. 

37. Kumaresan P, Sinha RK, Sahni N, Sekar 
S. Genetic variability and selection indices 
for economic quantitative traits of 
multivoltine mulberry silkworm genotypes. 
Sericologia. 2000;40(4):595-605. 

38. Mukherjee P, Mukherjee N, Dhahira B, 
Sinha RK. Genetic variability in cocoon 
shape, size and weight variables in 
multivoltine silkworm, Bombyx mori L. 
Indian Journal of Genetics & Plant 
Breeding. 2000;60(4):22-30. 

39. Kalpana GV. Breeding of superior races of 
silkworm Bombyx mori. L for tropical 
climates. Ph.D. Thesis, Univ. of Mysore, 
Mysore; 1992. 

40. Nanjundaswamy L. Studies on the 
combining ability in silkworm Bombyx mori 
L. Ph. D Thesis Univ. of Mysore, Mysore; 
1997. 

41. Bhargava SK, Thiagarajan V, 
Rameshbabu M, Nagaraj B. Combining 
ability and genetic analysis of quantitative 
traits in silkworm (Bombyx mori L.). Journal 
of Genetics and Breeding. 1992;46(4):327-
330. 

42. Malik GN, Kamili AS, Wani SA, Dar HU, 
Ahmad R, Sofi, AM. Evaluation of some 
bivoltine silkworm (Bombyx mori L.) 
genotypes. SKUAST Journal of Research. 
2002;4:83-87. 

43. Nisar M, Khan MA, Quadir SM. Evaluation 
for identification of spring specific silkworm 
Bombyx mori L. hybrids for commercial 
exploitation under Kashmir climatic 
conditions. In: 20

th
 Congress of the 

International Sericultural Commission, 
Bangalore, India, 15-18 December. 
2005;1:351-356. 

44. Nisar M, Khan MA, Quadir SM. Studies on 
identification of new silkworm Bombyx mori 
L. hybrids and their introduction in field for 
commercial exploitation. Science for Better 
Tomorrow, University of Kashmir. 2008b; 
373-376. 

45. Nisar M, Khan MA, Quadir SM, Siddiqui  
AA. Breeding of Spring Specific Bivoltine 
Silkworm hybrid SBGP5 X SBGP22. 
Mulberry Sericulture- Problems and 
Prospects, APH Publishing Corporation, 
New Delhi. 2008a;95-104. 

46. Quadir SM, Nisar M, Khan MA, Ahsan MM. 
Identification of season specific silkworm 
hybrids for temperate climatic conditions of 
Kashmir. In: National Conference on 
Strategies for Sericulture Research and 
Development, Central Sericultural 
Research and Training Institute, 



 
 
 
 

Buhroo et al.; AIR, 9(1): 1-11, 2017; Article no.AIR.32853 
 

 

 
11 

 

Srirampura, Mysore, India, 16-18, 
November. 2000;21. 

47. Raja Lakshmi E, Chauhan TPS, Kamble 
CK, Sreenivas BT, Mahadevaiah BM. 
Evaluation of newly evolved bivoltine 
hybrids of Silkworm bombyx L. for silk yield 
contributing traits under hill conditions. 
Indian Journal of Sericulture. 2000;39(1): 
21-23. 

48. Nisar M, Chisti MZ, Khan MA. Studies on 
the identification of summer specific 
silkworm Bombyx mori L. hybrids under 
temperate climatic conditions of Jammu 
and Kashmir, India. Journal of International 
Academic Research for Multidisciplinary. 
2013;1(3):1-14. 

49. Basavaraja HK, Ashwath SK, Suresh 
Kumar N, Mal Reddy N, Kalpana GV. 

Silkworm breeding & genetics, Central Silk 
Board Publication. 2005;523. 

50. Bhargava SK, Thiagarajan V, Majumdar 
MK. Impact of silkworm breeds on reeling 
parameters. Indian Textile Journal. 1993; 
104:66-69. 

51. Bhargava SK, Raja Lakshmi E, 
Thiagarajan V. An evaluation index for silk 
yield contributing traits in Bombyx mori L. 
Indian Textile Journal. 1994;105:83-84. 

52. Thiagarajan V, Bhargava SK, Ramesh 
Babu M, Nagaraj B. Differences in 
seasonal performance of twenty six strains 
of silkworm, Bombyx mori L. 
(Bombycidae). Journal of Lepidopteron 
Society. 1993;47:321-337.  

_________________________________________________________________________________ 
© 2017 Buhroo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/18439 

http://creativecommons.org/licenses/by/4.0

