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Study on the Infectious Flacherie Virus of Silkworm, Bombyz Mori L.

K. Y. Han

Seoul Municipal College of Agriculture

Summary

Current overseas research reveals that among the pathogens causing flacherie of silkworm,
damage by infectious flacherie virus is the most serious, but little research in this field has been
reported in Korea.

This experiment was undertaken to observe the occurrence of infectious flacherie virus by means
of biological environmental conditions associated with occurrence of virus discase and interaction
of the virus of flacherie and Bacillus spp. isolated from flacherie silkworm, and to determine ways
to check infection by the virus during the rearing of silkworms.

The results obtained are as follows:

1. The pathogen, infectious flacherie virus observed in Korea, is proved to be round in shape
and 26-30mg in diameter under observation with electron microscope.

2. The infectious flacherie virus-disease occurred apparently in conditions of nutritional disturbance
such as shortage of diet or rearing in high temperature and humidity during the 3-4th instar.

3. The percentage of disease-occurrence was increased remarkably, and the latent period was
shortened in the case of simple inoculation of virus suspension as compared with the suspension
added with bacteria.

4. The application of calcium hydroxide in the silkworm-rearing bed is able to check infection
of virus disease.
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Table 1. Rearing condition of silkworm in spring
Treatment [ Rearing method
] Instar
Control 1st-2nd | 3rd-4th '| 5th
TCO | H@H | TCO | HG) | TCO | H®
2 | s | 2 | 7 23 70
High Tamperature 3rd-4th
and Humidity in T and H are TCO) ]} H(%) T and R are
3-4 instar same as control - same as control
0 | %
Fed with ] 1. T and R.H are same as control.
half amount l 2. Fed with half amount of mulberry.
Fed with 1. T. and R.H. are same as control.
soft leaf 2. Fed with soft leaf.
Fed with 1. T and R.H are same as control.
hard leaf 2. Fed with hard leaf(leaves were collected from lower part of 1/3 in shoot).
Fed with 1. T and R.H are same as control.
half soft leaf 2. Fed with half soft leaf.

Remark: T; Temperature, R.H; Relative Humidity
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Bacillus Bacteria 1 (Electronmicroscope)
A: Bacteria
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Fig. 2. Bacillus, Bacteria 2 (Electronmicroscope)
A: Bacteria.

Fig 3. Bacillus, Bacteria 3 (Electronmicroscope)
A: Bacteria,
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1. Characteristics of physiological Activity

Strain No. E Gram Stain Motility ’ Catalase i Indole ’ Methyl red test
| 1
B1 i positive motile positive not produced positive
B2 : negative motile positive not produced positive
B3 ( variable motile positive not produced negative
- Liguefaction in gelatin | Types of liguefaction in gelatin Voges-Proskauer
Strainin No. stab culture stab culture reaction
B1 slow liguefaction crateri-form negative
B2 not liquefaction negative
B3 slow liquefaction crateri-form negative
Strain No. Gas produced test ‘ Hydrogen sulfide test
B1 not produced from glucose not produced
B2 not produced from glucose not produced
B3 not produced from glucose not produced
2. Characteristics of Growth in Nutrient Agar
Strain No. Ji Shape Size ! Form Elevation
B1 rods(long) 0.9 to 1.4 by 2.9 to 5.0 microns ! irregular flat
B2 rods 0.4 to 0.7 by 1.4 to 4.0 microns circular convex
B3 rods 0.5 to 0.7 by 1.4 to 4.0 microns { circular convex
!
Strain No. ‘; Edge Optical features Ratfeogﬁact(i)giny Surface form , Contents
B1 curled opaque rapid smooth curled
B2 undulate translucent rapid striate finely granular
B3 ‘ entire translucent rapid striate finely granular
3. Characteristics of Growth in Nutrient Agar Slat
Strain No. Amount of growth ; Form } Elevation ‘ Optical features
B1 growth abudant echinulate { flat opaque
B2 growth scant to moderate echinulate convex translucent
B3 growth scant to moderate echinulate convex translucent




Strain No. Brilliance Color Surface condition ( Oder

B1 dull creamy white smooth fecal odor

B2 glistening grayish white rough none

B3 dull grayish white rough { none

4. Characteristics of Growth in Nutrient Broth
|
Strain No. Surface growth I Amount of sediment Nature of sediment
)

B1 flocculant little flocculant

B2 flocculant little flocculant

B3 membranous little flocculant
Strain No. | Amout of turbidity ‘ Oder Amount of growth

B1 moderate uniform turbidity facal oder growth abundant

B2 turbidity light none growth scant to moterate

B3 turbidity light J none growth scant to
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Table 2. Number of Flacherie in each Treatment
S i Item N =
\\- e Flacherie
.- . Replication T~ e S

Treatment Stage ‘\\ ! I I Total Average
1st instar 1 ' 1 1 3 1.00
2 nd instar 3 3 1 7 2.33
3 rd instar 3 8 2 13 4.33
Control 4 th instar 4 6 8 18 6.00
5th instar 6 4 7 17 5.67
cocoon bed stage 2 3 3 8 2.67
cocoon stage 3 2 4 9 3.00
Total 22 27 26 75 3.57




< Item
\ T Flacherie
\\\~\ Repllcatlon \
Treatment - stage 1 I I Total Average
1st instar 4 2 2 8 2.67
2nd instar 5 3 14 22 7.33
High. T. and | 314 instar 6 5 6 17 5.67
. 4 th instar 21 10 14 45 15.00
Hin 3~4 5th instar 9 7 13 29 9.67
instar cocoon bed stage 18 24 19 61 20.33
cocoon stage 16 21 12 49 16.33
Total 79 72 80 231 11.00
1st instar 8 4 2 14 4.67
2 nd instar 7 7 5 19 6.33
. 3rd instar 4 8 6 18 6.00
Fed with 4 th instar 14 11 10 35 11.67
half amount | 5 th instar 21 25 18 64 21.33
Cocoon hed Stage 36 40 30 106 35.33
Cocoon Stage 6 9 | 11 2 8.67
Total 96 104 i 82 282 13.43
1st instar 1 1 r 0 2 0.67
2 nd instar 5 8 ! 2 15 5.00
) 3 rd instar 11 6 5 22 7.33
Fed with 4 th instar 13 10 1 9 32 10.67
soft leaf 5th instar 9 9 11 29 9.67
Cocoon bed stage 19 16 ( 26 61 20.33
Cocoon Stage 3 4 7 14 4.67
Total 61 54 ' 60 175 8.33
1 st instar 5 3 1 9 3.00
2nd instar 8 3 7 18 6.00
3rd instar 0 1 7 8 2.67
Fed with 4 th instar 12 13 13 38 12.67
hard leaf. 5 th instar 11 14 9 34 11.33
Cocoon bed Stage 22 26 18 66 22.00
Cocoon Stage 9 4 8 21 7.00
Total 67 64 ' 63 194 9.24
1st instar | 7 2 1 10 3.33
2 nd instar ‘ 10 5 8 23 7.67
3 rd instar | 8 3 6 17 5.67
Fed with gthinstar |12 12 8 2 | 10.67
half soft leaf | 5th instar | 39 23 27 89 ‘; 29.67
Cocoon bed Stagel 35 48 44 127 ; 42.33
Cocoon Stage I 12 10 16 38 12.67
Total | 123 | 103 110 336 16.00
Sum Total ‘ 448 424 421 1,293 10.26
]
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Table 3. Analysis of varience of the Table 2

Factor DF SS MS F
Total 125 11,208.36
Replication 2 10.43 5,215 0.7761
Treatment(V) 5 1,953.59 390.72 58.1515%*
Error (a) 10 67.19 6,179
Stage (D) 6 5,580.86 930, 143 81.1076**
DV 30 2,770.57 92, 352 8.0530%*
Error(b) 72 825.72 11,468
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Table 4 Number of silkworms infected by flacherie

»\\\\\ rearing lekWOm lnfected by ﬂachene (/)
N Replicm Summer rearing Early fall rearing
t;:aear& \S\téj‘> ;IJ I [ K { Total ‘Average [ l I I i < Total lAverage
1st instar 19.5 23.7| 265 69.7 23.23 5.0, 11.5| 9.5 26.00 8.66
2 nd instar 27.00 23.00 25.00 75.0 25.00] 13.5 21.5 8.5  43.5 14.50
Distiled | ¢4 instar 29.0 18.0] 24.5 71.5| 23.83] 5.5 12.00 10.5 28.00 9.33
water 4 th instar 13.5| 15.5| 15.5 44.5| 14.83 19.5 28.0] 39.0 86.5 28.83
5th instar 12.00 15.5| 8.5 360 13.000 14.5 17.5 18.5 50.5 16.83
Sum Total | 101.00 95.7] 100.00 296.7] 19.780 58.0| 0.5 86.0| 234.5 15.63
1st instar 94.2 91.1| 887 2740 91.33 96.5 90.5 91.5| 278.5 92.83
2nd instar | 82.03 90.0] 80.5| 252.5| 84.17| 81.5 80.5 71.0| 233.0 77.66
Nom g  3rd instar 58.0 74.0 60.0] 192.0] 64.00] 68.0] 73.5 55.5| 196.5 65.50
susp. 4 th instar 69.0, 46.5| 79.5| 195.0| 65.00| 65.5 62.5 65.0| 193.0] 64.33
5th instar 34.5| 40.0| 43.00 117.5| 39.17| 31.0 23.5| 37.5| 92.00 30.66
Sum Total | 337.7 341.6 351.7) 1,031.0] 68.73] 342.5 330.5320.0[ 993.00 66.20
1st instar 31.2] 33.5 36.6) 101.3 33.77 | ’
. 2 nd instar 35.00 34.00 310/ 100.0] 33.33 '
Filtered) 5 14 instar 29.0  30.5 22.6| 82.1 27.37 .
susp. 4 th instar 27.00 30.0f 31.0 88.0/ 29.33 i
5th instar 20. 0 22.0 17. 5| 59.5/ 19.83 .’ ‘
Sum Total | 142.2 150.0/ 138.7 430.9, 28.73 | , 1
1st instar 25.4 345 355 95.4 31.80 88.00 o91.5 80.5 269.0 89.66
Diluted 2 nd instar 40.01  37.5|  42.0{ 119.55 39.83  71.0| 68.0] 56.5 195.5 65.16
x10 3rd instar 32.5) 315l 28.51 92.51 30.83 70.00 60.0] 75.0] 205.0) 8.3




T ‘rfaarlng Silkworm infected by flocherie (%)

e Rep]icatik. Summer rearing Early foll rearing
A\ge\\ I l |} J .| !Total 1Average I ’ I ‘ E \ Total iAverage
4 th instar 31.5] 28.0| 28.0| 87.5 29.17| 65.5 63.0| 74.0] 202.5 67.50
5 th instar 17.2  20.0| 26.0, 63.2] 21.07| 36.5 27.0, 32.0 95.5 31.86
Sum Total 146.6| 151.5| 160.0 458.1 30.54| 331.0| 309.5 327.0] 967.5 64.50
1 st instar 32.5  31.5| 35.0 99.00 33.00 82.5| 81.5| 79.0{ 243.0 81.00
" 2 nd instar 38.00 37.0{ 39.0] 114.0f 38.00] 62.0 64.5 70.5 197.0 65.66
Diluted g 4 jnstar 31.51 29.50 22.5| &3.5 27.83 70.0 74.5| 53.0 197.5 65.83
x 100 4 th instar 22.9  21.6] 15.5 60.0] 20.000 26.5 31.5 29.0f 87.0] 29.00
5 th instar 13.00 19.0 17.5 49.5 16.50, 26.0, 20.0| 37.0] 83.0| 27.66
Sum Total 137.9] 138.6] 129.5 406.0| 27.06] 267.0| 272.0 268.5 807.5/ 51.50
1 st instar 26.5  30.5 25.5 82.5, 27.50] 35.5 29.5 41.0, 106.0| 35.33
' 2 nd instar 26.5|  25.5| 27.5| 79.5| 26.50] 41.0 47.0| 48.5| 136.5 45.50
Diluted 5 14 jnstar 92.5/ 22.0 18.0 62.5 20.83  30.5 43.5 35.5 109.5 36.50
x1,000 4 th instar 23.4 11.7) 11.1] 46.2 15.40, 27.5 31.0{ 25.0{ 83.5 27.83
5 th instar 10.00 10| 12.0 83.0| 11.00 26.5 23.0{ 29.0| 78.5 26.16
Sum total 108.9 100.7) 94.1 303.7 20.25 161.0| 174.0(179.0] 514.0] 34.26
1 st instar 35.00 37.5| 46.0| 118.5 39.50| 31.5| 32.5| 36.5 100.5 33.50
. 2 nd instar 25.5  35.5| 25.5| 8.5 28.83] 32.0| 42.0/ 40.0 114.0{ 38.00
Diluted | 3 /4 instar o4.5  20.5| 24.5  69.5 23.17 37.0, 27.0 20.5] 93.5| 31.16
x10,000[ 4 th instar 19.00 205 19.5 59.0f 10.67] 27.5 17.5] 28.0| 73.0| 24.33
5 th instar 18.00 15.7] 19.0f 52.7] 17.57 22.0{ 20.0{ 25.0{ 68.0| 22.66
Sum Total 122.0] 129.7| 134. 5} 386.2| 25.74| 151.0[ 138.0159.0! 449.0; 29.93
Total 1096.3 1107.8 1108.5’ 3312.6] 31.55 1310.5| 1315.51339.5| 3965.5 44.06
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Table 5. Difference between mean of each instar(Summer rearing)
Stage E 1st instar } 2nd instar \ 3rd instar 1 4 th instar J 5th instar
c c b ] b a
Average i 40.02 l 39.38 ‘ 312 | 27.63 l 19.59
LSD 5% =3,690 1% =4,907
Table 6. Difference between mean of cach instar (early fall rearing)
stage 1 st instar 2 nd instar 3 rd instar 4 th instar 5 th instar
e d l c b f a
Average 68.02 61.30 55.33 48.37 | 31.16

LSD 5%=3,939 1%=5,252
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Fig 4.

Mid-gut cell of diseased silkworm, stained
with PM. 900, A ; inclusion body.

Cross section of silkworm mid-gut infected
by bacterial flacherie. Stained with hema-
toxylin-eosin, degenerated cells were rele
ased in mid-gut cavity.

Table 7.
Sample

Fig. 5.

Histological preparation of mid-gut of di-
seased silkworm. Stained with PM. 600x.
A; inclusion body.
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purification process of the infections flacheric virus of silkworm.

l

Homonize (W/W. 0.1M phosphate buffer pH 7.0)
i

Filtler through filter paper (W. No. 2)

|
Non-filterate

discard

!
Filterate (S.N)
!
Centliifuge 3,000 rpm for 15 min./0°C

i
Ppt

discard

I
Sup.

Add saturated ammonium sulphate
store et 4°C for 4 hours.

!
Cel:ntrifuge at 3,000 rpm for 30 min/0°C

|
Ppt

!
discard

[
Sup.

!
Adjust pH3.2 with 25% acetic acid



Store at 4°C for 2 hours.

]
Cexlltrifuge at 20,000 rpm for 1 hour 10°C

{ J
Ppt Sup.

discard

Dilute with distilled water or

OilM phosphate buffer pH 7.0

Clentrifuge at 1,500 rpm for 15 min/0°C

I I
Ppt Sup.

discard

Dialyze against tap water for 24 hours.

Celzntrifuge at 2,000 rpm for 15min/0°C

|
Ppt

discard

Table 8. Examination process of the in ifections
flacherie virus of silkworm.

cleave Sample
spray for wire grid/150 mesh/
/colodian membrane

dry for room Temp.

i)

shadowing for carbon (99.9999) at 10—5X 2mm
Hg in vaccum evaporator HITACH HUS-3
for 45°

Electron micrography
for HITACHI HS-6/50 KW

f
Sup.

provided for electron microscope.
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Tlg. 8. Size of virus particle
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Total No Number of diseased silkworm inoculated with flacherie virus and bacteria spp.
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Days after treatment

Fig. 10.
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Bacteria like Bacillus Sotto
(Electron Microscope)

Fig. 12.
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