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Abstract 
In the present study, susceptibility of the mulberry pest G. pyloalis Walker to the pathogens of silkworm, 

B. mori L. and susceptibility of the silkworm, B. mori to the pathogens of mulberry pest G. pyloalis was 

ascertained. During the study various stages of G. pyloalis were found infected with the Microsporidian 

(Pebrine) and Nuclear Polyhedral Virus (BmNPV) whereas, fungal and bacterial pathogens were not 

observed during the present study. The mean incidence of microsporidian and NPV was observed as 

4.22% and 5.99%., respectively. Silkworm, Bombyx mori inoculated with the pathogens isolated from G. 

pyloalis (Microsporidian and Nuclear Polyhedral Virus) showed high mortality at larval and pupal stages. 

However, silkworms inoculated with Microsporidian showed mortality of 53.66% at larval stage whereas 

silkworms inoculated with Nuclear Polyhedral Virus showed mortality of 61.00% at larval stage. The 

study revealed that G. pyloalis besides being a major pest of mulberry causing severe damage to the 

leaves also acts as alternate host for the pathogens causing diseases of silkworm. As such, this pest needs 

to be managed to prevent loss to the mulberry plantations as well as spread of silkworm disease causing 

pathogens. 
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1. Introduction 

Sericulture is an art of rearing silkworms for the production of cocoons which is the raw 

material for silk production. India has a unique distinction of being the only country producing 

all the four known commercial silks namely Mulberry, Tasar, Eri and Muga. Mulberry (Morus 

sp.) is the only host plant of silkworm, Bombyx mori L. Sericulture is grouped under village 

and small enterprises sector that plays major role for the creation of sustainable employment 

and income generation [1]. There are several factors that hinder the productivity as well as 

quality of mulberry leaves, among them incidence of pests and diseases acts as major one. The 

importance of quality of mulberry leaves on the growth, development and silk production in 

silkworm is well documented [2]. 

The plantation is ravaged by different pests and diseases and as many as 11 major and 10 

minor insect pests have been reported from Jammu and Kashmir [3].The mulberry varieties like 

Morus alba, Morus indica are attacked by a number of pests like Pseudococcus comstocki, 

Agrotis ipsilon, Macanalicoccus hirsutus, Diaphania pulverulentalis and Glyphodes pyloalis 

Walker causing heavy damage to the mulberry foliage by defoliation and skeletonization. G. 

pyloalis mostly prevalent in summer and autumn season is a threat to the second commercial 

crop. Under temperate conditions, Susceptibility (Walker) causes severe damage to mulberry 

crop and is considered as a major pest of mulberry in Jammu and Kashmir [4]. 

 The perpetual incidence of microsporidian infection in silkworm may be due to various 

sources of secondary contamination or cross infection from the alternate hosts [5]. The periodic 

occurrence of Pebrine disease in the rearing field indicates the possibility of cross infection of 

Pebrine spore from the other alternate host, [6]. The G. pyloalis Walker is the habitual host of 

non-occluded viruses pathogenic to the silkworm Bombyx mori L. [7]. 

 

2. Materials and Methods 

Healthy G. pyloalis larvae collected from the mulberry farms of College of Temperate 

sericulture, Mirgund were screened against the pathogens of silkworm, B. mori viz.  
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Microsporodia and Nuclear Polyhedrosis virus. The 

pathogens isolated from the silkworm, B.mori L. were tested 

against leaf roller, G. pyloalis for their pathogenicity. The 

suspension of the pathogen was prepared in distilled water 

and diluted to obtain an inoculum of 1×106 units/ml.  

The second instar larvae of G. pyloalis were inoculated with 

the pathogens by smearing the inoculums on the mulberry leaf 

@ 1 ml/10 sq.cm leaf area, allowing it to shade dry and fed to 

the larvae in the sterilized glass jars which were covered with 

the muslin cloth and ensuring that larva consume leaf for at 

least 12 hours. After which fresh leaf was provided to the 

larvae till feeding period is over. Three replications of 25 

larvae were maintained for each inoculating pathogen. The 

mortality due to infection by specific pathogen was recorded 

and the dead/diseased larvae were regularly examined for the 

presence of pathogen to determine the pathogenicity. 

Disease free laying’s of silkworm race (CSR4) obtained from 

Division of Sericulture Crop improvement of CTS, Mirgund 

were reared in Silkworm rearing laboratory CTS, SKUAST-K 

Mirgund during Autumn (September-October 2017) upto 3rd 

instar. Immediately after 3rd moult larvae were inoculated 

with the pathogens isolated from the G. pyloalis Walker. For 

each inoculating pathogen six replications were maintained 

with 150 worms in each replication. Required concentration 

was prepared (1×106spores/ml) from stock solution and 

quantified to estimate the spore concentration following 

standard haemocytometer count [8]. One ml of inoculums was 

smeared on mulberry leaves, the leaves were allowed to shade 

dry and then fed to the third instar silkworm larvae of CSR4 

breed immediately after 3rd moult. The larvae were allowed to 

feed on the treated leaves for 12 hrs. to ensure complete 

consumption of the contaminated leaves. After 12th hour, the 

larvae were fed with normal mulberry leaves and reared till 

cocooning. A control batch of healthy larvae was also 

maintained separately under the same laboratory conditions. 

Any larval mortality observed during the rearing process was 

recorded. 

 

3. Results 

3.1 Susceptibility of G. pyloalis larvae to the pathogens 

isolated from silkworm, B. mori L. 

The observations recorded on the susceptibility of G. pyloalis 

larvae inoculated with the pathogens of microsporidian 

(Nosema bombycis) and Nuclear Polyhedrosis virus (NPV) 

isolated from the silkworm B. mori showed high incidence of 

both the pathogens in the G. pyloalis with high mortality at 

larval and pupal stages (Table 1). Total mortality due to N. 

bombycis inoculation was recorded as 90.64% where as the 

mortality rate due to Nuclear Polyhedrosis virus (NPV) was 

recorded as 92.00%. This high mortality of larval and pupal 

stages of G. pyloalis clearly showed that G. pyloalis serves as 

alternate host to the pathogens of the silkworm B. mori, 

thereby acting as potential source for the spread of the 

silkworm diseases. 
 

Table 1: Susceptibility of G. pyloalis to the pathogens of silkworm B. mori L 
 

Silkworm Pathogen Inoculated 
Mortality at Larval and Pupal stages of G. pyloalis 

Total mortality (%) 
Larval Stage Pupal Stage 

Nosema bombycis 15 7.66 90.64 

Polyhedral virus 21 2 92.00 

Control (No inoculation) 1 0 4.00 

 

3.2 Effect of pathogens isolated from G. pyloalis on 

survival rate and economic parameters of silkworm, B. 

mori L. 

The results with respect to effect of pathogens isolated from 

G. pyloalis on survival rate and economic parameters of 

silkworm, B. mori L. are presented in Table 2. The study 

revealed that no significant differences with regard to the total 

larval duration were observed. However, minimum larval 

duration was recorded in T2 (648.33h) followed by T3 

(652.16 h) and T1 (654.66 h). Larval mortality recorded 

significant difference between the treatments. The highest 

larval mortality was recorded in T2 (61.00%) followed by T1 

53.66% and the lowest larval mortality was recorded in 

normal batch (4.00%). The cocoon yield per 10,000 larvae by 

number was recorded in various treatments (Table 2). The 

lowest cocoon yield of 3800 was recorded in T2, followed by 

4633 in T1 and the highest cocoon yield of 9600 in T3 

(normal batch). Significant decrease was observed in cocoon 

yield by number was recorded in T2 (3,800), followed by T1 

(4,633) and highest was recorded in normal batch (9,600). 

Further, there was reduction in cocoon yield by weight also. 

The lowest was recorded in T2 (5.58kg) followed by T1 

(6.58kg) and highest cocoon yield by weight was recorded in 

T3 (normal batch) (17.33kg). With respect to survival 

percentage, significant differences were recorded between the 

treatments and the lowest was recorded in T1 (36.33%) 

followed by T1 (38.00%) and the highest was recorded in T3 

normal batch (94.00%). There were no significant difference 

between the treatments so for as single cocoon weight is 

concerned and the data ranged from 1.60 g to 1.85 g (Table 

2). The lowest single shell weight was recorded in T1 (0.24 g) 

followed by T2 (0.31 g) and T3 (0.36 g). There were 

significant difference in single shell weight and T3 was 

recorded statistically superior over other treatments. The 

lowest shell ratio percentage was recorded in T1 (14.88%) 

followed by T2 (19.57%) and the highest was recorded in T3 

(21.67%). However, no significant differences were recorded 

in raw silk percentage as raw silk percentage ranged from 

12.32% to 12.77% (Table 2). 
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Table 2: Effect of pathogens isolated from G. pyloalis on various economic characters of silkworm, B. mori L. 
 

Pathogen Inoculated 

Total larval 

Duration 

(hrs.) 

Larval 

mortality 

(%) 

Cocoon yield 

/10000 larvae by 

number (No.) 

Cocoon yield/ 

10000 larvae by 

weight (kg) 

Survival 

Percentage 

(%) 

Single 

Cocoon 

weight (g) 

Single 

shell 

Weight (g) 

Shell 

ratio 

(%) 

Raw 

Silk 

(%) 

Nosema bombycis (T1) 654.66 
53.66 

(7.38) 
4,633 6.58 

36.33 

(36.89) 
1.60 0.24 14.88 12.32 

NPV (T2) 648.33 
61.00 

(7.86) 
3,800 5.58 

38.00 

(6.23) 
1.58 0.31 

19.57 

 

 

12.50 

Control (T3) 

(Without inoculation) 
652.16 

4.00 

(2.20) 
9,600 17.33 

94.00 

(9.75) 
1.85 0.36 21.67 12.77 

C.D. NS 0.536 624.484 1.156 5.695 NS 0.445 2.578 NS 

 

4. Discussion 

In the present study with regards to the susceptibility of G. 

pyloalis of silkworm B. mori L. Total mortality rate of 

90.64% and 92.00% when G. pyloalis was inoculated with N. 

bombycis and Nuclear Polyhedrosis virus (NPV) respectively. 

Studying the cross infectivity between pathogens of silkworm, 

Bombyx mori L. and mulberry leaf roller, D. pulverulentalis 

(Hampson) observed that out of 1,000 larvae screened, 85 

larvae were infected with microbes [9]. The pathogenic 

microbes isolated from D. pulverulentalis i.e. Microsporidian, 

B. bassiana and bacteria caused mortality of 66-80%, 100% 

and 12-28% respectively in silkworm. The cross infectivity of 

B. mori L. Nuclear Polyhedrosis virus (NPV) and B. mori 

Kenchu virus to the larvae of D. pulverulentalis infesting 

mulberry [10]. It has been reported that 60% infection in 

silkworm by a microsporidian isolated from a butterfly, pieris 

sp [11]. 

The effect of pathogens isolated from G. pyloalis on the 

survival rate and economic parameters of silkworm Bombyx 

mori showed no significant difference for total larval 

duration. The longest total larval duration was recorded in T1 

(654.66 h), followed by T3 (652.16 h) and T2 (648.33 h). The 

highest larval mortality (61.00%) was found in T2 (NPV) 

which was followed by T1 (N. bomycis) 53.66% and lowest 

was (4.00%) recorded in T3 (normal) which may be due to the 

inoculums given to the silkworms. Similar findings were 

observed while studying the impact of new microsporidian 

infection on larval and cocoon parameters of the silkworm 

Bombyx mori L. [12]. The microsporidian has resulted in low 

larval and pupal mortality but remarkably high infection 

percentage in moth stage at 1×105 and 1×106 spore/ml 

inoculation doses. It has been reported the cross infectivity of 

Pebrine disease from muga to eri silkworm [13]. While 

studying the cross infectivity between pathogens of silkworm, 

Bombyx mori L. and mulberry leaf roller, D. pulverulentalis 

(Hampson) it has been observed that out of 1,000 larvae 

screened, 85 larvae were infected with microbes [9]. The 

pathogenic microbes isolated from D. pulverulentalis i.e. 

microsporidian, B. bassiana and bacteria caused mortality of 

66-80%, 100% and 12-28% respectively in silkworm. 

The cocoon yield by number (No.) as well as weight (kg) was 

found lowest in T2 (3800 and 5.58 kg respectively) followed 

by T1 4633 and 6.58 kg as compared to the normal control 

(9600 and 17.33 kg) respectively. The highest survival 

percentage (94.00%) was recorded in T3 (normal) & lowest 

was (38.00%) was recorded in T2 (NPV). The cross 

infectivity of B. mori L. has been reported that Nuclear 

polyhedosis virus (NPV) and B. mori Kenchu virus to the IV 

instar larvae of D. pulverulentalis infesting mulberry [10]. 

The cocoon characters viz., single cocoon weight, single shell 

weight and shell ratio are adversely affected. There was no 

significant difference between the treatments so for as single 

cocoon weight is concerned and the data ranged from 1.60 g 

to 1.85 g. The highest single cocoon weight (1.85 g) was 

recorded in T3 (normal) & lowest was (1.58 g) was recorded 

in T2 (NPV). The highest single shell weight (0.36 g) was 

recorded in T3 (normal) and lowest (0.24 g) was recorded in 

T1 (Nosema bombycis) which may be due to inoculum given 

to the silkworms. In case of Shell ratio the highest was 

recorded in T3 (normal) 21.67% followed by T2 (NPV) 

19.57% and the lowest was observed in T1 (N. bombycis) 

14.88% which may be due to the inoculum given to the 

silkworms, as the diseases spread by the occluded bodies 

(OBS) in the blood cells of infected silkworm. These results 

are inconformity with the results of [14] who reported that the 

spread of Grasserie (BmNPV) disease of silkworm in India 

and concluded that the disease spreads by the occluded bodies 

(OBs) in the blood cell of infected silkworm as it effects the 

consumption of less food of the silkworm Silk from the 

cocoons of Pebrine infected larvae is inferior in strength and 

uniformity of thickness to that of healthy larvae [15]. It has 

been reported that Pebrine infected silkworms spin flimsy and 

poor quality cocoons [16]. 

The effect of pathogens on raw silk percentage was recorded 

and there was no significant difference recorded in raw silk 

percentage. In case of raw silk percentage the highest was 

recorded in T3 normal (12.77%) followed by T2 (NPV) 

12.50% and lowest was recorded in T1 (N. bombycis) 

12.32%. 

 

5. Conclusion 

The study was conducted to ascertain the susceptibility of the 

mulberry pest G. pyloalis Walker to the pathogens of 

silkworm, B. mori L. and susceptibility of the silkworm, 

Bombyx mori to the pathogens of mulberry pest G. pyloalis. 

The observations recorded on the susceptibility of G. pyloalis 

larvae inoculated with the pathogens Microsporidian (N. 

bombycis) and Nuclear Polyhedrosis virus (NPV) isolated 

from the silkworm Bombyx mori showed high incidence of 

both the pathogens in the G. pyloalis with high mortality at 

larval and pupal stages. The study undertaken to ascertain the 

susceptibility of silkworm, B. mori to the pathogens isolated 

from G. pyloalis by inoculation method showed mortality of 

53.66% at larval stage due to Microsporidian (Nosema 

bombycis) and 61.00% when inoculated with Nuclear 

Polyhedrosis Virus. The overall survival rate and pupation 

rate was significantly lower as compared to the normal 

rearing (without inoculation). These observations clearly 

showed that silkworm Bombyx mori is highly susceptible to 

the pathogens isolated from G. pyloalis and call for devising 

propre management strategies against the pest. 

 

6. Acknowledgement 

The first author sincerely acknowledges the support provided 

Head Division of SPSc. and Associate Dean, CoTS, 

SKUAST-K, Mirgund for providing the required facilities in 

http://www.entomoljournal.com/


Journal of Entomology and Zoology Studies http://www.entomoljournal.com 
 

~ 965 ~ 

pursuit of this research program. 

 

7. Competing Interest: The authors declare no conflict of 

interest in the publication of this manuscript. 

 

8. References 

1. Ishtiaque A, Haider F, Rafi MH, Mahmud MS, Uddin 

MH, Habiba U. The plight of the Bangladeshi silk 

industry: an empirical investigation. Mal J Soc Space 

2013;9(2):9-16. 

2. Radha NV, Lathehonmanance S, Rajeshwari, Obliswami 

G. Effect of feeding with the leaves of different mulberry 

varieties on the races of silkworm. In: Proceedings of All 

India Symposium on Sericulture science. University of 

Agricultural Sciences, Bangalore 1978, 52. 

3. Khan MA, Dhar A, Zeya SB, Trag AR. Pests and 

diseases of mulberry and their management. Bishen 

Singh Mahendra Pal Singh 23-A, New Connaught Place, 

Dehradun 248 001, India 2004, 68. 

4. Fotadar RK, Dhar A, Dandin SB. Screening of mulberry 

genotypes against major fungal diseases and insect pest 

under field conditions, Indian J. Seric 1998;37(1):40-43. 

5. Ishihara R, Iwano H. The lawn grass cut worm, 

Spodoptera depravata Butler as a natural reservoir of 

Nosema bombycis Naegeli. J. Seric. Sci. Jpn. 

1991;60(3):236-237. 

6. Bashir, Ifat, Sharma SD. Studies on the morphology, 

infectivity and transmission of five different 

microsporidian in the silkworm, Bombyx mori L. isolated 

from insect pests of mulberry and some other agricultural 

crops. Indian Journal of Sericulture 2008;47(1):54-59. 

7. Watanabe H, Yutaka Kurihara, Yu-Xing Wang, Takao 

Shimizu. Mulberry pyralid, Glyphodes pyloalis: Habitual 

host of non-occluded viruses pathogenic to the silkworm, 

Bombyx mori. Journal of Invertebrate Pathology 

1988;52:401-408.  

8. Cantwell GE. Insect diseases, Marcel Dekkar Inc., New 

York 1974;2:501-547. 

9. Sharma SD, Chandrasekharan K, Nataraju B, 

Balavenkatasubbaiah M, Selvakumar T, Thiagarajan V et 

al. The cross infectivity between a pathogen of silkworm, 

Bombyx mori L. and mulberry leaf roller, Diaphania 

pulverulentalis (Hampson). Sericologia 2003;43(2):203-

209. 

10. Srinivasgowda R, Narayanaswamy TK, Sreeramulu KR. 

Cross infectivity of Bombyx mori L. pathogens to the 

mulberry leaf roller, Diaphania pulverulentalis 

(Hampson) (Lepidoptera: Pyralidae). In: National 

Conference on Strategies for Sericulture Research and 

Development, Central Sericultural Research and Institute, 

Srirampura, Mysore, India 2000, 80-81. 

11. Samson MV, Santha PC, Singh RN, Sasidharan TO. 

Microsporidian spore isolated from Pieris sp. Indian Silk 

1999;38(7):5-8. 

12. Sharma SD, Balavenkatasubbaiah M, Babu AM, Kumar 

SN, Bindroo BB. Impact of a new microsporidian 

infection on larval and cocoon Parameters of the 

silkworm, Bombyx mori L. International Journal of Plant, 

Animal and Environmental Sciences 2014;4(1):82-87. 

13. Das KA, Das R, Bora A, Rajan RK. Studies on cross 

infectivity of pebrine disease from Muga to Eri silkworm. 

Munis Entomology & Zoology 2014;9(1):518-520.  

14. Nataraju B, Shivaprasad V, Datta RK. Studies on 

development of oral vaccine against NPV in Silkworm 

Bombyx mori L. Sericologia 2000;37(3):42-427. 

15. Steinhaus EA. Principles of Insect Pathology, McGraw 

Hill Book Co. Inc 1949, 709. 

16. Jameson PA. Report on the diseases of silkworm in India. 

Govt. Printing Press, Calcutta, India 1922. 

http://www.entomoljournal.com/

