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ABSTRACT: Bombyx mori Nuclear polyhedrosis virus (BmNPV) causes nuclear polyhedrosis in silkworm which is 
one of the dominant viral diseases noticed in almost all sericultural areas in the country. The tolerance in silkworm 
breeds have physiological and genetic origins that are controlled by polygenes. The   present work relates to the 
evaluation and selection of silkworm breeds tolerant to BmNPV among the germplasm stocks available at Andhra 
Pradesh state Sericulture Research and Development Institute (APSSRDI), Hindupur.  The silkworm breeds were 
inoculated with the viral suspension of (2 x 106/ml) BmNPV PIB’s by smearing onto mulberry leaves @ 1ml/100 
larvae. Eleven bivoltine oval and nine bivoltine peanut silkworm breeds exhibiting real tolerance to BmNPV infection 
were shortlisted and further evaluated under three trials. Based on the overall mean performance and economic merit 
over the three trials, 5 each of bivoltine oval and peanut silkworm breeds were identified as potential resource 
material for further breeding programme. 
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INTRODUCTION 
Nuclear polyhedrosis in silkworm is caused by Bombyx mori Nuclear polyhedrosis virus (BmNPV), so- called as 
‘grasserie’, ‘Jaundice’, ‘milky disease’ and ‘hanging disease’ are synonyms for nuclear polyhedrosis. It is one of the 
dominant viral diseases noticed in almost all sericultural areas in the country. Nuclear polyhedrosis alone accounts for 
33-55 % crop loss in Karnataka, India [8].  It is well known that silkworm diseases are the main factors which 
seriously affect the cocoon production. Rearing of silkworm breeds/hybrids which are resistant/tolerant to diseases is 
economical where inadequate disinfection methods are practiced. Among the major silkworm diseases, grasserie 
caused by Bombyx mori Nuclear Polyhedrosis Virus (BmNPV) is controlled by polygenes [1]. In order to obtain high 
and stable cocoon yield it is necessary to reduce the incidence which in turn decrease pathogen load in the 
environment.  Moreover, among many measures of controlling and prevention of silkworm diseases, the utilization of 
disease resistant varieties is the most economical and effective way in earning better cocoon yield. Larval 
susceptibility to viral disease greatly differed in various breeds/ hybrids. Many researchers have reported that, inter-
breed/strain differences were noticed in susceptibility to BmNPV [15, 16, 1, 17, 5, 7, 9] but very few studies have 
been carried out on the development of resistance of insects to pathogens [5]. The resistance in silkworm breeds have 
physiological and genetic origins that are controlled by polygenes [6, 3]. The   present work relates to the 
identification of silkworm breeds tolerant to BmNPV among the germplasm stocks available at Andhra Pradesh State 
Sericulture Research and Development Institute (APSSRDI), Hindupur and utilized for the selection of potential 
resource materials for the silkworm breeding programme. 

MATERIALS AND METHODS 

Propagation of BmNPV: A popular susceptible bivoltine silkworm breed viz., NB18 was used to induce nuclear 
polyhedrosis infection and was per orally inoculated immediately after IV moult with 20,000 BmNPV 
polyhedra/larvae @ 1ml per 100 larvae by smearing onto mulberry leaf.  

Preparation of inoculum: Purified BmNPV polyhedra maintained at APSSRDI, Hindupur were used to prepare the 
BmNPV inoculum. The BmNPV polyhedra concentration was determined by using Neubar double heamocytometer 
and suitably diluted to a polyhedral suspension of 1×108 polyhedra/ml.  
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BmNPV polyhedra purification: BmNPV polyhedra were purified by following the method described by [14]. The 
heamolymph from BmNPV infected silkworm larvae was collected on ice in the presence of few specks of 
phenylthiourea, allowed for bacterial degradation for 24 hours and filtered through two layers of cheese cloth. The 
polyhedra were pelleted by centrifugation at 5000 rpm for 10min at 4ºC. BmNPV polyhedra were washed thoroughly 
thrice with distilled water and then thrice with 1M NaCl by centrifugation at 5000 rpm for 10min at 4ºC. The 
polyhedra pellet was suspended in distilled water and then layered on to a cushion 40% of sucrose (w/v) and 
centrifuged at 15,000 rpm for 15min in a refrigerated centrifuge. The purified polyhedra thus obtained were washed 
thoroughly with distilled water thrice by centrifugation at 5000 rpm for 10min at 4ºC. The polyhedral pellet was 
finally suspended in distilled water and stored at 4ºC for further use.      

Screening of silkworm germplasm:  70 bivoltine silkworm genetic stocks (40 ovals and 30 peanuts) available at 
APSSRDI, Hindupur were screened against BmNPV for identifying the BmNPV tolerant and susceptible breeds. The 
silkworm larvae out of 2nd moult (3rd instar) were used for BmNPV viral stress.  On the first day of third instar 300 
larvae per each replication were taken and inoculated per orally. The silkworm breeds were inoculated with the virus 
suspension of (2 x 106/ml) BmNPV PIB’s by smearing onto mulberry leaves @ 1ml/100 larvae by using non-
absorbent cotton and fed to the silkworms. The larvae were allowed to feed onto inoculum-smeared leaf for 6 hrs. All 
the silkworm breeds were reared in three replications. These pure breeds were reared according to standard rearing 
practices [4]. The BmNPV infection was confirmed by light microscopy of the heamolymph for BmNPV polyhedra. 
The data on mortality due to nuclear polyhedrosis was recorded up to moth emergence.  The degree of tolerance was 
estimated from the mortality recorded during pupal and moth stages.  The relative tolerance was categorized into. a) 
Apparent tolerance: The inoculated larvae complete larval period and form cocoons, but do not metamorphoses into 
pupae. b) Real tolerance:  The inoculated larvae complete larval period, form cocoons, metamorphoses into pupae and 
moths emerge from cocoons. c) Susceptibility:  The inoculated larvae succumb to death due to nuclear polyhedrosis 
during larval period itself. The data was statistically analysed for mean, standard deviation (S.D) and co-efficient of 
variation (CV) to indicate the extent of variation between the replications. Individual Evaluation index (EI) and 
Subordinate function (SF) values were obtained for each of the selected traits of each breed and the average 
cumulative index value over the eight characters under study was calculated. The shortlisted silkworm breeds showing 
real tolerance were evaluated for three trials under BmNPV exposure. Based on statistical analysis by employing EI 
and SF for the overall mean performance of the three trials, 5 each of bivoltine oval and bivoltine peanut silkworm 
breeds were selected as potential resource material for further breeding. 

RESULTS 

Screening of Bivoltine Oval and Peanut Silkworm Breeds: Seventeen bivoltine oval silkworm breeds showed 
complete mortality during larval stage and twelve silkworm breeds showed apparent tolerance to BmNPV.  Eleven 
bivoltine oval silkworm breeds viz., AP02, SDO1, APDR105, APDR117, SPO, SDO5, BBO2, APSR, D43O, APS33, 
APR exhibiting real tolerance to BmNPV infection were shortlisted  and  further evaluated under three trials (Table 1).   

Table 1:  Screening of Bivoltine Oval Silkworm Breeds Tolerant to BmNPV 
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Among the  peanuts sixteen silkworm breeds shown complete mortality during larval stage and five silkworm breeds 
showed apparent tolerance to BmNPV infection. Nine bivoltine peanut silkworm breeds viz., APS20, NB4D2-B, 
HNSD, APS8, 4KIN, AP10, AP72, SMPW, CT1PP exhibiting real tolerance to BmNPV infection were shortlisted  
and  further evaluated under three trials (Table 2). 

Overall mean performance for all the three trials: The overall mean performance of 11 bivoltine oval and 9 
bivoltine peanut silkworm breeds for all the three trials evaluated together for each trait.  Considering the economic 
merit over the three trials, the bivoltine oval and peanut silkworm breeds were further evaluated for confirming their 
overall superiority and relative merit by employing the Evaluation Index and subordinate function methods. Among 
oval breeds based on the multiple trait evaluation index method, 5 breeds namely APDR117 (57.51), SPO (56.14), 
APDR105 (55.02), APR (54.14) and D43O (54.11) recorded top five ranks with cumulative average index values 
above 50. In the sub-ordinate function method, the cumulative values ranged from the maximum of 8.63 (APDR117) 
to 5.15 (APS33).  The analysis of the data present that the breeds APDR117 (8.63), SPO (7.97), APDR105 (7.87) 
D43O (7.54), and APR (7.27) were recorded higher values and assigned top five ranks.  (Table 3).  

Table 2:  Screening of Bivoltine Peanut Silkworm Breeds Tolerant to BmNPV 

 
Table 3:  Overall Mean Performancefor Three Trials of Bivoltine Oval Silkworm Breeds Tolerant to BmNPV 
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Among the peanut breeds, in the Evaluation Index method, 5 breeds namely, APS8 (60.20), APS20 (60.13), AP72 
(54.15), NB4D2-B (54.01) and HNSD (52.28) which recorded top five ranks with cumulative average index value 
above 50 suggest that these breeds possessing economic merit.  In the sub-ordinate function method, the cumulative 
values ranged from the maximum of 8.55 (APS20) to 4.54 (SMPW).  The analysis of the data present that the breeds 
APS20 (8.55), APS8 (7.95), AP72 (7.17), NB4D2-B (6.32), and HNSD (6.06) were recorded higher values and 
assigned top five ranks (Table 4).  Based on the overall mean performance and economic merit over the three trials, 5 
each of bivoltine oval (APDR117, SPO, APDR105, D43O and APR) and peanut breeds (APS8, APS20, AP72, 
NB4D2-B and HNSD) have been identified as potential resource material for further breeding programme 

Table 4:  Overall Mean Performancefor Three Trials of Bivoltine Peanut Silkworm Breeds Tolerant to 
BmNPV 

 
DISCUSSION  

Bombyx mori Nuclear polyhedrosis virus (BmNPV) causes nuclear polyhedrosis in silkworm which is one of the 
dominant viral diseases noticed in almost all sericultural areas in the country. The objectives of disease resistance 
breeding of silkworms is to develop a silkworm race resistant to adverse environmental conditions and epidemic 
situations. Several silkworm genetic resources in China, Japan, Iran, Thailand and India have been screened for their 
resistance to silkworm viruses viz., BmCPV, BmNPV, BmDNV and BmIFV. Studies on susceptibility of different 
Indian silkworm races to BmNPV have shown that they vary a great deal in the susceptibility [2]. The results confirm 
the observations that the silkworm breeds differ in susceptibility to BmNPV [1]. 
The relative tolerance/ susceptibility  to BmNPV among  40 bivoltine oval and 30 bivoltine peanut silkworm breeds 
was studied based on the real and apparent tolerance levels. 17 bivoltine oval and 16 bivoltine peanut silkworm breeds 
showed complete mortality during larval stage, 12 bivoltine oval and 5 bivoltine peanut silkworm breeds showed 
apparent tolerance to BmNPV. The silkworm breeds exhibiting real tolerance includes 11 bivoltine oval and 9 
bivoltine peanut silkworm breeds. The status of germplasm stocks to specific pathogens for their relative resistance / 
tolerance / susceptibility provides an insight into the performance of the parental stocks as well as their hybrids. 
Various researchers have demonstrated the difference of susceptibility to BmNPV among silkworm [15, 16, 1, 17, 5, 
7, 9, 13].  During screening the pupation rate in bivoltine oval silkworm breeds ranged from a maximum of 57.33 ± 
4.12 % (APDR117) and 57.33 ± 2.54 % (D43O) to a minimum of 20.67 ± 2.37 % (BBO4) while in peanut silkworm 
breeds it ranged from 56.33 ± 0.96 % (APS20) to a minimum of 24.00 ± 0.01 % (BBP2).  The overall mean 
performance of the real tolerant breeds under three trials evaluation exhibits highest pupation rate in APDR117 (57.56 
± 4.19%) and lowest pupation rate in BBO2 (39.11 ± 2.25%) respectively in bivoltine oval silkworm breeds.  Highest 
pupation rate was observed in APS20 (61.00 ± 1.98 %) and lowest in 4KIN (30.78 ± 0.68 %) in bivoltine peanut 
silkworm breeds. Among the top five ranked oval breeds the difference in mortality between pupation rate and moth 
emergence percentage was observed highest in APR (21.00%), followed by 20.22% (APDR105), 14.89% (D43O) and 
14.67% (SPO) and 10.44% (APDR117) respectively.  Among the top ranked peanut breeds, highest in AP10 
(19.67%), followed by 17.22% (HNSD), 14.67% (NB4D2-B), 13.78% (AP72) and 11.67% (APS20) was observed 
respectively. In the present study the differences in mortality due to BmNPV among the silkworm breeds corroborates 
with various studies on inter-strain/breed differences in susceptibility, or relative tolerance/resistance to BmNPV, 
BmCPV, BmIFV and BmDNV [17, 5, 9, 10, 12, 13, 11].  The breeds showing lesser difference in mortality due to 
BmNPV reveals that these breeds possess comparatively higher degree of tolerance and can be utilized as potential 
resource material for further breeding programme.  
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