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Studies on the Nature and Pathogenicity of Nuclear Polyhedrosis
Virus of the Fall Webworm, Hyphantria cunea (Drury)

Im, Dae Joon.* Hyun, Jae Sun,** Paik, Woon Hah.** Lim, Jong Sung.”®*

ABSTRACT

An inclusion forming virus isolated from a fall webworm, Hyphantria cunea, in 1975 was identi-

fied as a nuclear polyhedrosis virus. With the virus isolated in Korea, it was considered that the

virus would be one of the valuable microorganism in microbial control. In this connection, 1) the

shape and size of the virus for identification, 2) susceptibility of the various instar larvae to the

virus, 3) the effects of storage condition on the pathogenicity and the cross infection of the virus

to

the larvae of Bombyx mori were examined.

The results are summarized as follows;

1.

The polyhedron was tetrahedron or hexahedron of 2p in size and the rod-shaped virus particles
consisting of 2~14 rods in a bundle were 330mux35my in size.

The hexagonal nuclear polyhedra were found only in the nucleus of the midgut cells but were
variable in size.

The LDg, values for the various instar larvae of H. cunea were 8,377x10* PIBs/ml for the
second, 4,874 10° PIBs/ml for the fifth instar larvae. The LTgyvalues for 108 PIBs/ml were 9.6
days for the second, 11.5 days for the third, 12,0 days for the fourth and 17 days for the fifth
instar larvae.

The susceptibility of H. cunee to the nuclear polyhedrosis virus was greater in the first gener-
ation than in the second generation.

The effect of the storage conditions on the pathogenicity of the nuclear polyhedra was less in

refrigerator (5°C) and in freezing (—80°C) than in room temeprature (18,5°C), especially as
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air-dried polyhedra than as suspension.

The pathogenicity of the polyhedra seemed to decrease by sunlight during storage as cadavers,

since rather greater decrease in pathogenicity was found in sunny condition than in shady

condition.

6. The effective spray concentration was 6,4x 107 PIBs/m/ in the field and its LTy, values for the

third and the fifth instar larvae were 4.8 days and 14,2 days, respectively.

7. No cross infections were found in the nuclear polyhedrosis virus between H. cunea and B. mori.

larvae.
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Fig. 1. Triangular polyhedra of I1. cunca mixed
with a few numbers of tetragonal polyhedra.
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Fig. 2. H. cunea virus bundles (a) and virus paqi-
icles (b) of nuclear polyhedrosis virus disc-
losed after alkaline dissolution
carbonate).

(sodium

Fig. 3. Il. cunca poyhedron membrane after alka-

line dissolution. Notice the virus bundles

(a) and virus particles (b) are contained.

¥ig. 4. II. cunea hexagonal polyhedra of nuclear
polyhedrosis virus purified by sucrose dens-
ity gradient contrifugation.
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Table 1. Comparative mortality of four instars of
H. cunea larvae to the nuclear polyhedrosis

virus

Approx. Nu- Second Third Fourth Fifth

mbers PIB s/m!/ instar instar  instar instar
1.45X10° 100.0 . 100.0 96.4 94.1
1. 45108 100. 0° 96. 4 83.3 73.6
1.45X107 98.2 94.7°  59.2 54.7
1. 45 X108 74, 1% 53.6 43.5° 28.3
1.45X10° 37.7 31.5 24.1 17.0
1.45%10* 22,9 15.0 14. 8 1.9

*a:all data were based on two replications of 60
larvae and corrected for the mortality of controls
by Abbott’s formula.

b,cithe numers of tested larvae were 59 for b and
61 for c.

Table 2. Comparision of median lethal time in various concentration of the nuclear polyhedrosis
virus for four instars of H. cunea larvae
[2)

:?uprikl;c;}:.s LT (;o%fﬁ?ence Ség})}e LTy (;o%sﬁ%ence Séﬁ;))e
PIB s/ml limit limit

Second Instar Third Instar
1. 45X 10° 7.14 0.19 20. 878 7.39 0.27 21.073
1.45>10% 8.01 0.17 31.788 8.09 0.73 19.201
1.45X107 8. 82 0. 57 17.165 9.21 1.49 18.782
1.45Xx108 9.55 0.28 14.504 11. 49 1.27 15. 235
1. 45X 10° 15.15 2.23 8.718 15.20 2.11 7.292
1.54x10* 18.04 2,92 7.448 18.72 3.23 4. 847

Fourth Instar Fifth Instar
1.45X10° 7.38 0.20 14.036 9.76 0.28 14.138
1.45%108 8. 69 2. 60 12. 994 11.27 0.55 6. 994
1.45X107 9.65 0.41 6.592 12.09 0.75 5.692
1.45%108 12,01 0.90 5.302 17.32 3.20 5. 297
1.45X10° 15.84 2.11 4.984 _ - L L
1.45%10* 19.11 1.26 4,328

»athecause of the low mortality the LT, values could’nt obtain.
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Fig. 5. Dose mortality response in four instars of H.
cunca larvae following ingestion of different
concentration of nuclear polyhedrosis virus.

Arrow indicates 100% mortality.
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Table 2. Differences in mortality of the first-and the
second-generation larvae of H. cunea to
the nuctear pothedrosis virus

Fifth Instar

Approx.
numbers :

First- Second-
PIB s/m! seneration generation
2.910° 100, 0° 98.4
2.9X10° 93.3 96.7
2.9%10° 78.3 88.4
2.9X 106 70.0 78.4
2.9X10° 46.7 60.0
2.9>/\104 28.3 45, Ob

*a:see footnotes a of Table 1.
bione larva was died of hexagonal nuclear polyhe-
drosis viruses in the midgut.
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Fig. 6. Dose mortality response of nuclear polyhed-
rosis virus to the first~(G1) and the second-
generation larvae (G2) of the fifth instar
larvae of I cunea.

1hsl 24l A 1Ak g s RBITAA ¥
Lo FIEELS ®ed 2,9x105 PIBs/ml | A% 60% 1L E
olgles BT B & vhE whoiEl A i
¥4 R abol] 2 4iel o] fimi=l gl &k LDy &
% 7,045 10°PIBs/m/ls} 8, 878X 10*PIBs/m/, [alG57i4H
8 771 0.48233F 0.57082 2{LN A & Filiivke]
% 2A vebdeh. (Fig. 6)
oh, IEEI] =B WilivE

e B TN B s SVAETE
o) W& wililve-S s 1975 4t 11 J14-F 1976 4
6R7A BEiERle Rigstdch. W ORiEcel k& g
g mdsnosiiste] g e mihel oo &

o] MRS BRSO, WG C) 2 In(~80°
Cell &4 {%Tﬁb‘}ﬁmﬁ FIERSN BA file i
b KEYEsT fReeksl v

M ARk e el Table 481 o] of
Lokl A iskikned] B mihsh pilkidke] RSt
A vl o] 4% HIRHEE e BRiRdcel =
wEfrael A=A Jdebyk

Bl SRS 7% 3Ehghmel 3“61‘7% LDg 58, ¥k

n AR A% 3.739X10°, 9.392X104 g—; 4.350%
10¢ PIBs/miz WBfRT7Y A% Wikited 14 =24

wstg o,

a8y BiERRAG A e BEREY A 29 E
e T R ddd. Fig. D)

T EWTEEEA R A Ml alelg s IR
P2 3.1x10° PIB/mlo] $igF FIEze] Wil ¥ M
Bz 3@hgh-e 56.3%9; 89,1%, Sk BB
56.2%%}¢ 65.3%% %% Vebdol, (Table 5)

— 5 —



Tablz 4. Comparative Pathogenicity of the nuclear polyhedrosis virus to the third instar larvae of
H. curea when the polyhedra were stored as suspension and air-dried in various conditions

Approx. Room Temperature Refrigerator Freezing
numbers
PIB s/ml Suspension Air-Dried Suspension  Air-dried Suspension  Air-Dried
1. 45X 10° 100. 07 100.0 100.0 100.0 100.0 100.0
1.45X10% 100. 0 100.0 100.0 100.0 100.9 100.0
1.457107 92,8 94.6 100.0 94,5 100.0 100, 0
1.45:4108 72.7 76,3 74.6 76.4 81.9 7.3
1.45%10° 28.4 52.7 56.3 59.9 61.8 78,2
1.45<10* 12.8 20.0 29.0 38.2 40.0 47,3
*a:see footnotes a of Table 1.
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Fig. 7. Dose mortality response of the third instar of H. cunea larvae following ingestion of suspension

(S) and air-dried (D) nuclear polyhedrosis virus stored

in room temperature (R), refrigerator

(Re) and freezing (F) respectively. Arrow indicates 1009, mortality.

The effects of sun light on the vir-
ulence of the nuclear Polyhedrosis virus

to the third and the fifth instars of Il

cunea larvae

Table 5.

Fifth Instar

Third Instar

App;ox.
numbers

Sunny Shady Sunny Shady
PIB s/m/ spot spot sSpot spot
3.1x10° 100,04 100.0 94.7 96.5
3.1x108 89.5 100. 0 89.5 89.5
3.1x10° 87.4 100. 0 61.5 77.3
3.1X108 56.3 89.1 564 2 65.3
3.1x10° 36.4 63.7 49.2 52.6
3.1x10% 20.0 38.2 40.3 42.1

*a:see footnotes a of Table 1.
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Fig. 8. The effect of
of the nuclear polyhedrosis virus to the third

and the fifth instars of H.
Arrow indicates 10094 mortality.

sun light on the virulence

cunza larvae.



Table 6. Mort
and

of the nuelzar polyhedrosis virus sprayed

lity of 24 cunea larvae in the third

tha {ifth instar following ingestion

an lberry lezves in the fielde

Appiox. .

mfmbersl Third Iustar Fifth Instar
PIBs/m

6,410 92,2 7.8
Go43<107 §8. 9 66.7
64X 10° 64,4 43.3
6.43<10° 48,9 35.6

*a:the tests were carried out in Spring, 1877,
b:three replications of 90 larvae for each treatme-
nt and corrected for the mortality of contrcls by
Abbott’s formula.
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Fig. 9. Dose mortality response to the third and the
fifth instars of Il cunea larvae inoculated
with nuclear polyhedrosis viruses in rthe field
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Table 7. Median lethal time (LTs,) [or the third-and the fitth instar of FI. cunea larvae inoculated
with the nuclear polyhedrosis virus in the field
Approx Third Instar Fifth Instar
?Ilgqb/i;} LTs 954 Confidence Slope LT 959 Confidence Slope
> limit (b) limit (b)

6.4:¢108 1. 02 0.13 7.295 12.59 0. 37 9. 388
6.4:10° 4,78 0.26 6.363 14. 24 0. 96 11.859
6. 4X108 8.78 0.15 7.578 16,18 0.39 11.089
6.43710° 12.05 0.23 7.748 16.52 0.36 16,008




Table 8, Cross infection of the nuclear polyhedrosis viruses between H. cunca and B. mori larvae

HNPV Teedlng

BNPV Feeding®

Approx. Approx.

numbers No. of HNPV¢ BNPV? numbers No. of  HNPV BNPV

PIBs/m!l tested PIBs/m! tested

larvae larvae

1.2X106° 27 0.0 0.0 7.6X10° 30 10.0 0.0

1.2::10° 39 0.0 0.0 7.6 10 30 0.0 0.0

1.23:1067 42 0.0 2.4 7.6x107 30 13.3 0.0

1.2x108 36 0.0 2.5 7.6X10% 30 10.0 0.0

1,2x10° 416 0.0 0.0 7.6%10° 30 3.3 0.0

1.2x10% 35 0.0 0.0 7.6x10* 30 6.6 0.0

Control 26 0.0 0.0 Control 30 0.0 0.0
* a:administered to the second instar larvae of B. mori.

b : administered to the third instar larvae of H. cunea.

¢ : a nuclear polyhedrosis virus of H. cunca.

d : a nuclear polyhedrosis virus of B. mori.

o] viriono 2 #gE o] gl ok I B @
shiER ] gidhol b2 Hie VPEMDP a# v i
OB 67T il B falietelel 2% Giemsa's
staining 7. negative 2 vielhvlm KM =% 5
s BWIREE Ak k6T shEA AT
gt el A Wk ® Aol EYLETe KA o]
B g dl BN Aoz A= mEEY
oz ofe] #g TeBe] AFRES S o,

olshzte] LS WiEe WMEMS FET BRGRA
glom Tanada® & ulolz] A BTl =le} 2 %R}
&S #Estdch,

B mis alolsl 29 BRI ghikd] BEE REES
RS WBES $he] BERal et ZRT el

=2 B mdTE 2 ftkd o5 EBiHS
ioq 28hdie] #4F LDgoo] 8,377 104 PIBs/ml 6] K
shod 3Eh-g 2 EhRe] HY 5. Off%, 4e 5 31.3f%
B SERH-S 9 115, 1f52 Vel =9 mlEs BE
o W BREE 2 fHEelded A 4 B
108 2kelol @Eighdiol Velvks] safEsta et ghil B
BRI WY 2R A £ kalw F®E
glo] HEEY 2 A ubolw 2ol B MEIfERIC] ¥
kfz}rﬁr% A3 FLG BEHET de Ao ez,

=2 5 R EY REHS Uriud
(bl A FA vebstes 2B = RINTEC] X
wossEstelch. B oA vloje Ak WY
& A o] e BEdE AL MERT Yo %
el Tpsta A REEH BE/ szz alels
&8 BfTEe) BT AL = HA

Bl i =8 REES BERR R &
BBEA A =gk R AR A =
FRAFREEZL 2875 WER Sk 72 s
o 55%5103] }—t— A WA, BRI E Bl
FIrg AL KGR (ke ulelzl 2 g {L,LLFFﬂ- =z

7 ﬂ‘THM mﬂfﬂ 1 ggtgd ot Balol A (RIE
A A E FFEEe] FL Ao r Bl Hilkiy ﬁ:a‘f—mf p
Bt BEs g okl ¥9m dolAn
BB e KB Hofiintelg 2 —25°Ce) A7 A
2 EHE AV Ao BERe R EEAA R
ﬁﬁ%}‘ﬁ WGHErERel MERRH dldew Morris &=

apol# 28 KGOl k8 TiETHS S o

D}l M ok got. 459 & KB ERY R
AL (REEHIRIC]l LM o7 SR BESF Rot B4
FaEL ulol & 2o HIY ikt ZA HEES wAA] F
shgd ot B R BEEN S8 alelzl &Y
EEE 24 ke Aoz A4

Plkgl #RE mol wole 29 REL WS &
Hiell 43 Aol WHEHS WA A gon Bk
A B pHEt bl w2l Jikprstvleee B
BRI ABRAL ) BV IR - LARS A
4% o BRTERE KR 1eR el R
e wifbets Aol FIED B A oslet 47

gl Fppkel Ao RS BRG] Hetd 2 2R
410] 6.4x10° PIBs/mlo| A & $(FEz0] gron i
Ed4E BRHE g4 Jebdeh, K LA
olgl 2% HERMd ¥ piliitke] BYT WEaehizh
el (RE RIEES SiEcel ek Y g N

=2
=
-
i,

— 8 —



HEA Ao 4¥8] ARUE R B wIh il
Pz WIRMARNS Biel 24 = ek

[ BE AR vl g 2e 5E &@faag ule]
e HILRS w2 oY Holiiilt 29 §
Z-e o]m] whg Pt A we Al uf <} 71-0111 ol

o] FE AEREE dehie R 408 KEH
A% e It e gl B 15
A mEHS Hstth,

Bl el QR B el el 8

tx}; }{;2‘;9‘»

wkol el & {RAMIRIE B ikl =8 Bl
e mislgd e oz upeld 2 RN 4

19 BiERES olnl  elxl AT ki wholead
A AL NI TEL %Es”ﬁi"ﬁi”‘ﬁ HAidns 49
et BEA 28 AW T g NEs s

ek Aoleh,

#

19754F KL BHGARMIN A i Sy B%
ﬁj%ﬂ upolal 2 Phik=k RV, fRiE) 2 ARIEED LRIk
Fol w2 RiliMES sl et KA MmEL nlelel
28 BER Y é’a}w] 7 23{118.5°C), WG°0),
7rli(—-80°C)ell #45 {747, AR E 20 = Bt ik
3} el ffm-aiau Frohel Ao wikik, HEA W

A

BRI YE B FL ek 2ok

A B aiie 4N 6IME =271
200l wpole & K f-e MRS 2~12402 33
mpX 35muc] g B,

A&k TR A AT ateld 2 g
o] BrelAn: g

3. BN LDg. 2,3,4 %0 5fke]l sl 8.377x 104,
4,97410°, 2.621x10° & 9.4713010°PIBs/ml ¢ o=
1.45510° PIBs/mle] 3%k LTy 454 9.6, 115,
12.0 % 17.311°] 9},

4. ol velel A 1Ll 4l
ol A JETZIRe] Eohet.

5. BAOES fATA0 Mifiizieled Jhuml R umis
A v WRHFERL T Bie] (RSt Ael wbel®l& i%
1EERe W7t A °J‘”/1'

6. EF/ROlA L] GhIRAYl HEAIRITYE 6.4X 107 PIBs/
mle]= o]¢] LTg - smz— 4,801, 50 1.2 11079
t,

7. Rk AR ube|#l 20
whol o] 2% KT %3URYS ol 07 A

2. 6

oF 2eiy ghilt

3

e
o,
X
W

et

; ]Z] Q—“.Q_

1

2

3

4.

5.

6

8.

10.

11.

12.

13.

14.

. EEEGE,

53l B X &K

Akutsu, K. 1971, Cytoplasmic polyhedrosis virus
of the fall wbworm, Hyphantria cunea DRURY
(Lepidoptera : Arctiidae). Appl. Ent. Zool 1., 6
(4), 198-205,

TR, WA, 1973, 2 A 2 A MENR Y 4
A ABIAN B AUC T AW, BB R, 17(8),
121-126.

Aruga, H. 1963, Induction of virus infection. In
“Insect Pathology. An Advanced Treatise.” ed.
by E.A. Steinhaus, Academic Press, New York,
1, 499-530,

BEIAME, HRWSE W, EEE. 1960, B
WO A LEZAROSMEEN L2 0FE. EDE,
4(1), 51-56.

HITARE, WiEME, WmT—, 1964, BIESEERN
BB AR o 4 4 A E]T % T Esey e
g5, BB, 8(3), 222-226.

fh MRk, 1953, REMYK Y 4 A ALk
ZowT. ERTSE, 3, 75-77.

o GREEREER, 1954, RARISIECRIS Lo REBRNS

D BN & v 4 v AV, DERBIE, 8,52~
54.

Finney, D.J. 1971. 3rd. Ed.
333pp. Cambridge at the University Press. Lon-

“Probit Analysis”,

don,

TR, /IHRLZ, 1969, 7 A DAY
re b U0 TR OWT, EEHE, 13(1),1-4.

RS, HiAHE, 1966, TAUAYwe b IO
7 AN AE, EERE, 10(3), 143-155.

Injac, M., Vago, C., and Tadic, M. 1971. Affinité
de la polyédrose nuclédire da IHyphantria cunea
DRURY vis-a-vis de Spilosoma menthasiri Esp.
[Lepidoptera: Arctiidae], Entomophaga, 16(2),
233-237,

Hefi- <16, BBIESR, 1965, AN AL XBT A YD
vre M YDOHBRE Y A AAD LT OWT. ik
P ==~ A, 15(1), 8-11.

AFRIER, AL, BRLIFL 1969, & £ = 0%
SOy A AET D RYPIRHIME QBT
X 58k, HERME 38 : 481-487.

oA Z, oW, 1972, Euls} u] sl wb
AT 93k thuricide & virus FEEFE, ddA9



15.

16.

17.

18.

19

B TRR, 19, 43-58

BABA, BIAKE, 1974, FREELZR LT 2
YhvRre bt THRO T4 AT, [ED
B, 18(1),1-4.

FRES, BN, 1971, (LdkEREmS BeEy Bk
CE—3, w15 A BAME virus o Sl
A7), LIAELIA, 9,61-68.

Morris, O.M. 1971, The effect of sunlight, ultr-
aviolet and gamma radiation, and temperature on
the infectivity of a nuclear polyhedrosis virus.
J. Inverebrate Pathol., 18, 292-294.

Neilson, M. M., and Elgee, B E. 1960, The
effects of storage on the virulence of a polyhed-
rosis virus. J. Invertebrate Pathol., 2, 165-171,
Nordin, G.L., and J.V.Maddox. 1972. Effects of
simultaneous virus and microsporidia infectious

on larvae of Fyphantria cunea. J. Invertebrate

20.

21

22

23.

24.

Pathol., 20, 60-69.

Oliver, A.D. 1964, Studies on the
control of the fall webworm, Flyphantria cunea,
in Louisiana. J. Econ. Ent., 57(3), 314-317,
Steinhaus, E.A. 1949, Principles of Insect Path-
ology, 467 pp. McGraw-Hill,New York.
Tanada, Y. 1959, Microbial control of
pests. Ann. Rev. Entomol., 4,277-3p1.
Hp e s, WKER, 1967, 7AD AR IO
B4R Y A v AWM BRI EM 5. &
FERER, 3, 15131,

Watanabe, H. 1968, Abnormal cell proliferation
in the epidermis of the fall webworm, Hyphant

biological

insect

ria cunea, induced by the infection of a nuclear
polyhedrosis virus. J. Invertebrate pathol., 12,

310-320.



