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Jopee =l A
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RIEVELERBTILDICEHEROBBRBRS I ENTER L, ¥ RED
ANBEND EHEPEBRBE., BUHEROHB N RS ZRME &2 - 22 19T04E AL
SHBOMEBERMOMENMAEDLEIZLS [HBAMKR ] Y 0RBICHENFE
LN, ERHEDODROCHEMBE0IE R INT . BUE &N BB BR I35 R
BICKFELTWVS, LU, BREREPREVOL LW ITHNT 5420 B OILIE 4
RE->-THND. HEEOABOTHEREDOGIALFRENRRERZEDI»LOORNEZLE

MBE > TS, EERENDKFEZIKRC T E72DICE. Br LOBIKR FED M
HKNLETHD BAEST 20T /T X HRGEWE. KR R0 R 40 5 AEY o
AN 2, EHAEDOHO BRI T o NT WS 7 B Ay o b
THENF 20UV ABBBRZPOLICTCRoNCFTEHO R R &Pz LT
DAWEMZR L. ULOORFEENGOID P2 Y 0 AENDR LMok
BHPBREMELTHEBINTV S, N F 20742, HEFREERXGOEL D
FHEROILDOHAEERBBICHEEZRZIT. 2ODX D BT A ZADML ¥ A KR
FEORBLULTERAPRICEATENE., LFERREICIIZEBEZIPTIOK
WERZFA UIcHERYBROBHMNILKRTE2I EOMFTE S

WNFE LTIV ZABE. BEZ A7 1)V A Nuclear polyhedrosis virus (N
PV) . Bk T A)ZA Granulosis virus (G V) . HAKIEEK NF 2™ 1
JV A Non-occluded baculovirus (NOV) O3 2067k -TEhH, NPV &
GVRBEEMBRATHIMUILY A NVAKFRTAIVARKD S V37 B % E ks &
TEHEHAKICGENLLRKRBTEKRZAS P71, NPV TIEZ M (polyhedron,
pl.polyhedra), GV TIEHEHK K (capsule)E M NEANSDEH AKIET. 7140 2
ZHRNARPCIAAZHENSFO, RERKBEROBEZEZLTLELDEZZOLNT
Wp T O NPV EGVIR., 7AW ZRFZ2HD T & A KD S 8 8 T 8l
HMUERBERESEITHY, HARZHLOPBEII I THEITEZIENTES2D, M@
W s HE IS K AN RIZMD T A )L AT Lt«’(#m’&:f&b\)ﬂ\ézc\5JFIJ,'."{(%:
FFoTWb, HAKBREURNEGS. HAMNELE THHH. RELLTHMT

MEAINIZD, o, hFEREBEBELERHAIAIZIELTRETH A, KK H L




FROLOoBEMELTHEINEDS N TX S

SHETIZ. HATR20EEL, BHAEZEDLES L1000 LOEBTY 1)L RIZ
Lk OAA A NTED., "X E 3 b Y (Spodoptera litura) ‘*®’ /N5 7
71 <4 <A (Lymantria fumida) ‘°*®’, 7 XA U A <ok b VY (Hyphantria cunea) ‘77’ |

77 d&% 5k b U(Spirosona imparilis) " S TRNPV., £z, Y udahd

E /v < F (Adoxophyes orana fasciata) “''®’ [ F + D /N F A ¥ Fi(Adoxophyes

spp. « Homona magnanima) ‘"* ''°’ _ 2 4 4 (Plutella xylostella) ‘' T3 G VIZ

Sk BNI TN, TOEMUEIREINT S, BIE. A TILLHH XN
TWB7A4)NNZAEHDOH ELTIER, 77 V)00 KgsEd Anticarsia gemmatalis®
WEELENPV PV s—py ) I F1) o4 (Cydia pomonella)iz
THEGCV Y AEHO VO FavEBIINTEGCY IV EZRFLEIENTES, &
DOft, ABRBITOLNLDIDOD TR LBHNEPHEHOSNTHEAICKES LD - 20l H
L0 HIRED > THEELMPIX POMENSEEL N INVIZD S0 I H
leZi, TDD. VANV AFRITE S2ERYBROIFIEHAACHEAL I PR E %
KRE MEIVLEEDITEEEMEBABUTEKIZAMAERZ I ENEEEE Z
L5,

960N S TOFEARITNIF T, BRICB VLT HHME LD & O KA1 o 5
cREDHANERICITTONIZD., LBETE IO OMRERIEEAETONL
Mo tze 19804 AR ICILiE KD LI PR bk % 412 Bacillus thurin-
giensis (BDDOHZE - N T/l T UN B, BRFEHFO 2B ITH T 5 &

IRH LN TR,

AT TS, 1984 IR EAE I - THHEMAEY ER DI CHKHAAEEZ T, ¥
ANZAZRBULDETLEMBEEMENDEPMT HEESICTOWEIRZERAT U, W
MENPERORTCIKRKEREEEZEZTOLAIEZHoNMT LI U4, I,
L BT, ¥ %y ¥7(Kestia conigrum) i KT A < F 7 7 /3 (Autographa
gamma) ICHE VTG VIZEIEAMITHEPLELERAEL. HABEHOERENL > T

CEZBHONITAEEDIC, XHICICTHOEZRIZBWWTHLGVEEIZK AH

ROGHEARBA L, ORIV AMESNALGCVIR, EXEFHMBE (SEM)




EFRHOLEBBECLISIP2BOARATETH > clcd. B FAEMFENFEICL > TH

HZT-70, TOME, HEOYHRERLSHENIC A IN LGV, [{—mw
ANWADERERELTHNESHONE I EDPWO NI 5T 22T 205GV
OB ZMFERT 5 EICED. Bin FREBICHET 3 MM 24T - 72 ¢
T, DEHNMXOREEG ERLIHREKSY VB IZETFO I o—= vzl
RENOREZT ., ZEGVELRRF Lk, £/, YOEVYH DL DX N
GV (XcGV) ’NPVIIHUTERENHBAERZEZHESDIEEZRVEL. 20

EHEDEZEEE - B L, 2o REWONMIT UL, AFETIH NSO EHMIZO

WTEET S,




A XDIERIZH /> T, WICITBEAIHEE T XEAB O & L cdbiffli K

B S T AR RIS 0 TR R R USSR K
LEF. RXOTRMEBY R TEREL O E U I i) 2 854 P2 R R R o
VAR WA R AR R R R R R K T i
Mok UET, S, HEMTHFTHEEB 0 F Urc bl K 5 B 5 5 4 2% S
PEUAME, AMKEREREE AEMEM L. A1) 7 4 V2T KEF—E 2
Bt WMHEN T RBOEEE LTS,

BKBE BBV R Ly — MR R A N L S S B A 6 %
PSRRI, A RO BB S BRI SWME O
BRI, BEFFEC Y S — i H R REARREHLEE P B0
B R R AR B R EREE AN L. HE R s —
W MR TN NI by B BENE HON U 2 PSS A R AT Y W 5
A L. PR R AW R RS RICE . RO RTICH o T
CCWEEIHNEC LR O, READRBHATLIGEBE - WE LR
S, R TE MG T R IR L. BTN T
RO CIREAB DS S ITER EZKOMEE RN > TH e, F 7o, 5 T2 MM
RE BEEXBLICE. TnGVO/o—Vv2aBLTCHZ, IHEE2HW T,

ok CcheoDH2 I LTOE o EL BB LETFE T,
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. GVOEREWHFHNEUENRORER
GVODOfFIEF. Paillot(1926) "'V i k> T THE XN, Paillotiz. 4 A

T80 F 37 (Pieris brassicae) EAH T 5 ¥4 (Agrotis segetum) TH/N72E IR

RICELLZWAZRA L. TOMRENI A IO FHRERINBMO LD THS Z &%
R U7, Steinhaus(1947) “'** 3 ¥ A Bl D Peridroma margaritosa Tk Ik O B Ak
ERHOUVANZAFERRLU, COWRELINPVOEHAKIERIKD Y A L2 LG8
SHMLPZL~TRERT A EERBL Ly D Thergol 319489V 4Ty et

i #t Choristoneura murinana® HE#§ B O & W IZ fEAE T 5 BRI O K O P 12 #e Ik

DVirionWFAET A &2 8B ME THE ChWRETHAI ExMHRAL K
Bergoldid. Z O Z VA INAIKWTHAEHE L. W TH S EHEIND H AL A
"viruskapseln" &4 L. ThiZ k> TR E 5% % "kapselvirus-krankheit” &
AT, UL U, Steinhaus(1949) “"*V 3, MMABICL > TERBBIZLHBTHIINT
WZZBBRIR Y AV 2128 L T ¢granulosis” E DI L HERBL. 20H IO K
ESsEDbES2E IR o &

COBRDGVICTEHT 5WF%IE. Tanada(1953, 1956) ' *° '3 N A2 51 5 i

ISz s Uy 1950 AALBICG VSN o EHE R 4218 2. 19804F o I
RTHIEREZHZIBICE-7 Y, LDOLABNS, NPVIZHESTEEGVDH
MOl 3L, Thid. GVOH AR FHME TBIE LSS5I AEMICENIS
pumEFEFHITNZI NI E D FEENEBE IR SN T TCERENRE
LT E5%HTHhsEEILNS

HEICBOTERIEE(938) " ic&kB3E0F 39 (Pieris rapae crucivora)
GROMEWICEHTHMEN, BRBICLIZBREORIOBRETH S, ILEIZ. =
DA )XW PPaillot(1926) "V OWME LW KUICIHEFICHLU LTS Z &%
LTS, CORBERIHANICRTEGCVIIREROBEBRIZE IR OENIZITHLA
KbDESAAN. TOBRDHERICBIIAGVOHEIE. M FEMC1963) °* 1z &k 5

FEOHNKOMENITONLIE TR EARBTS > 72, ME S (1966) °7 @ #H45

I&BE. BETRT bR y/v< F(Hoshinoa longicellana). =4 £ A4 A (Chilo




e

suppressalis), 7 7 3 b 7 (Mythimna (=Pseudaletia) separata)., I h 7 & /=

F. B VO FaVDOSEBBEHERALSGCGVLRSEIN. HKETY AN PR
RENTOLI2ERHRO) bEEPHAENHRII2H L TWHE3HD0E28H5E, GV R
MREINTCHAEERBIMTH -7, TDH. 37 /) A 474 (Cnaphalocrocis
medinalis )P I FALENS SC VIR GEEI N, EFERKI N [HAER RO K
MM A HSE | ITXBEGVARRINICERFEISMIzOIZS 78
WIRT ANV ZDEFIZI0~TOERITHEAICIT DN T E . T W A Y
DEFRZHMNETLIMHERBAD U, WEIANVANFLICREZINE I &8P
BoT&lo LOLADS, BRICHEOHER®. U X MM Tbhto®did v
W5 [EHEHEDR | 2hL0E LI - HOERIZHES, BENTDODO LM b
RonTb, 4%, L<EZMNMTbOhOE. ChETHRNTH>cERD AL
53 BRICHAEDITONIERDLS SFHALITHE T AN AR AN S ol etk 3
RO EBDbR S
GVORMIZET MR, Ky BIICH UcEEMRANELINE N K
KHIL. BEALDOHGAEMEZROTITDO TS 2P, GViIE, NPV ERU
CODPSHEEMMRNITAD, FIBETT VA VRO HEALKIZE > THAKRNGBMST 5 =
CEDEINTeTANZAKR NP EEMlaEE L TRAT S, RAL YL,
W IC B9 AR E. 19T0~804FEARICE FHIMESEEAH T Llirbhe 7, i
BREIH IS M I R TOEBOR A SN N T 0 GV AN EIGE uf GE 72 1 M % O fF 13
HELC, BRREMREOBSLIZINIFERICAZE TR LEI-, BAETH. £
FREUTHILLTVWADRBaNY Y AMRRECPGCGVERVWVLZDABTHS MY,
BERIAINZATE. i 0o MEEORALEZLICTHELRLBT S A NnESNT
S, GVEBWTbRVHEAZIOWMAFAPEHAEINTEX 2, LD L. DAL
EHTFEORBRELTLUS LI AL HIETEABLS 274NV AVNEEMED [+ E f»
LRI D, HEORLZ BT A )V ZDHE ‘-Ei@?ﬁei{ﬁ\éﬁ}%éné%’j{a\%%é
Wbwd [l AE] TRAIASDFEMITTHRABRIEETLZIENTEROT
EDfEMEIN, NPVOSH TRECZTFHMITOEEU.UNIFERINSELIICH -

G 8 02, DL 5 ﬁh}fc V Téi\ I@ii@fifigggﬁl’:&jj_égﬁk (28, 6:0) {:)‘;\,)% oy




ODEEBEIKR ] EOZBZIDXN KR LTHD., Fh, BEICRAZINLZGCV THE

CERDPELEBEEHZF DL HIBADIZEAELE DD COHKEFX A EHR
TSR EThIELEES AN, UL, BRAEKEIA LI FOREEILT N
DCGVTHIRIIFM—THD. TORZXZIDERE/NI WL Vo, BRERPAZIINS
GVZRBITALHILEEFIIHNETH >/, Fh, —HBEI»SRLL2OD5 4
TOGVRGEEINIcH Y ZHEOEFICEBENEZHFSGCV NS XNz
GV HLE. REBFBEIOCDMINALGCVLIBIZFNMICERICERTH S =
EPHohicEnNef PP IMEINBEELIITHLD. NPVERBKIZGV THAHH
KEDOWPIHEAANKDSND LI 5 B 20 0 MR EITI A i ¥ T ik
fEERFERXZENBEAINSG LI, WIIERDISRY T2 VLT I FFLE
[k (PAGE) RTIF Ry BV VI L 3BEMEERIZTT LIV 2K FO
N RO L P E A N (granulin) @ 4 & ) 5 <0 2d B8 84
PETARR AL A IO (X GRMBEENFTEOBHINRA SR B0 22, 28 88 118,
P2 e TS DFHENEMINSIEIRED, GVOLE - AERSA2HEN
R > 7c, MEDEBUEDKI PO — 7 4 )V 21281 % 4 KM O 53k A

2. GVOBIZTFHRITOER
GVORBIZFMATE. NPV ERFERUCKMIZTAI)LZS /) LDN A Ol BREE#
Gilr (REN) X7 —VBRIHMHSIE - %, Smith & Summers(1978) "' (3. NP
VEXIIGVORENNS -V EHREL TS, CORBERZINLTAINVZABNP
VINTH TGVREZ2ZHETH-7c, €D%. NPV TEREFEMIESRZH ORI
KfThh. 94 RRB T IT—0 MG B/ A5 ATV e DNASATTY
— OER. R R B D FE R, BGRB8 Mz Fomitiicma. £
K& /N7 E (polyhedrin Iz 723 U ETE2ZHO MG THEILBI D E X
NERBERBETFRITOZBTCRHP»XE LLWKREXYBRBh A1, —F, GV T
. VANV ZADORKRY - WIHICHLUCEEMRENGEONT, #HiIzFMITENP VI

BENnzErERENR ST, MO GVOBEBIEFBRATOWMEE L TIE. Twveeten et




al. (1980) “'**7JT & 5 Plodia interpunctellaGV (P i GV) &Pieris rapaeG V

dBam HI | Hindll. Eco R T UM/ Ny — 2 ERUIMA O D HED, Crook
(1981) “**’ ® Pieris brassicaeGV (Pb GV) &P. rapaeGVORE N 8% — o
g, Crook et al. (1982) “*°’ & Lacanobia oleraceaG V. Cattano & Langridge
(1982) “'*’ D Estigmene acreaGVOREN /Y — VOWMEEERIF L LN TE 5,
Crook et al.(1985) “*" {3, Cp GV LT OEREKZEZNRICGV T YD THIIR
AUMMH = ER L. A F a0, P4V, 706 ThdEEINKLGVDOR
BNy = 2Py PV T as kS W ¥ =g b e Ay ) LDk
TRV —-—DOR§EZIT -7, —F Harvey & Tanada(1985)°® {3, " A4 M&A L T
vMTE <€ NP. unipunctad 65 X NGV (PuGVHEPUGVO) dN
I COPFEICKRERETSEI EDH SN T 5Scotogramma trifolii GV (S t
GV) O3BZRHOTRENNY - VHBEDNANSAT YA E—2 a v ETO,
PuGVH, PuGVOHRTPIKSTIGVORENANSY—DVIBRITEZZE, PutGYy
HEPUGVYODF 2 b HEBn -0 E b, PuGVHEStGVODO e Y
—@PPREVIEBREZH LML, COHEEF. H—FELSsoHINL 2D
DCVHPBEIZMICESBLEIVANATHEIEEZRLIEYUDTOMTH - 1,

W g W 1Z Trichoplusia niGV (T nGV) OB KS /87 (granulin)4 a2 — R

9 % #E iz £ 2»0rgyia pseudtsugatad NPV (O p NP V) ®polyhedrinitfz 4 7
D—JICHOIENAAT VYA E—-—V a3 v TREZIHWh,. GVORBIZEFELTERIDT
so— 7 EEERINBREN TDODNII P, D%, Pb GVdhgranulin# iz D

WA E A Nk E X, Autographa californicaNP V (A c¢c NP V) ®@polyhedrin

WFIZTT n GVOgranulinfz FED BN THOH I 'Y, D, A% TP.

brassicae& Artogeia (=Pieris) rapaeh b 2 hEFNREEXNGCV (Pb GV E

ArGV) ORENNZ—-—VOHENMTbO., INS5GVIBEA—T7A4NR (Ar G
V) OBIZEHNERKELTHNES o B EHIT, 32D T4 1 ICaFIhic

(231200 g ge Smith & Crook(1988) '* i3, A AL TKEED 7 1 )L R

MIZ U Roficstiqde v A )b 20 R EER UM i B 2 fF s U T #i L bR ot iz



EEDODBEMEZIT->7co 2D, BIfEE TIZ. Choristoneuraf@® 3 Fid & 45 X 4 7=

3

GV %, Chilo infuscatellus& C. saccariphagus indicus® G V % % 5 &
EMEENOPHEEINKEGCVORENNNY — VHENTOOAEBBHESMR XN
M E. CREFTELRZODCPOGVARAr GV ML LN G bin B ags
VYA EOCHYAHLIS DI NIZGV Y Cryptophlebia leucotretaG V <685
Z ULTAHT S ¥4 (Agrotis segetum) GV '’ @5 D G VI T §I PR B2 E U o
HMRIMESNT VS, . CNETIRKEERIINAEINBEZINLGCVOH#
fzfld. WL D granulin¥ifz FOMi. Tn GVD YA )b 2I&Ye S G K 1 (virus
enhancing factor: VEF) “®**  Z UTACcCNPVOp3SBIZFREHAER < —
A=VAF 21— ETHESINKKCPpGVDTR b=V AMILBZF (i a p#iEF)

CODBHER ST,

3.GVONP VEGWmEMICEYT AR
FRPBRICBTIAVAINVZAOEMALZED D LT, BEHOMALIZEEZRE T
HBHo MilrhROM EZHMITD AN ZADEEHZEBDL2MWEOEZENITDH., 1F
DB Ly F UV oM, BAA CUHRBIE®HEHN PV OFEMIZE > TNP YV
DIBBRENNEFRTE. DAV REBHEHEDIEH TIHEOHELEONSE I EH
HEINTWE, ZOLHIBIAAHMUNTIE, 773 b I OEHF P. unipunctad &
NTATHHMEINIGYV (PuGVH) W"NPVORKEHEZBILT S EDAS N
Tl b, Tanada(1956, 19598) 2% 2 3 Pu GVHENPVAGRICHESERT
H5ENPVORERNEATAIEEZR L. T OEM%Z"synergisn” [ 4t 1 4F 1

% D1F 7, Tanada & Omi(1974) “'** 3, Pu GV H®DM., ¥YHE OS5
ENGCGVTHHBEAIBDONILI EEHE L, ZD#%. Derksen & Gra-
nados(1988) “*’ N T n GV CTRIKDOEMAZHRTS2F TiE. GV OIKYGS) s i 4
T A5 Tanadad 7 V=T UN TR LTI T, {UF/M”ODH B ZDB% %
(RIS ERAMEND - T2,

1910 ERITIE, HFL7 0 b P53 74 —TCHEHBHKD TH %5 "synergistic fact

or” (S F) 28N A&Lho BT I3RANMEN (135 1871380 Harg ot al. (1976)




COR Ko TH-DF U RIBE LT Ehi, £, ST AT DR

HnfThbh, 2F8EOHZE " 'V FEHpHOPME > '*2 73 JBAKO MR
g2 1R R KRS VN JESRBRANENRICE Z B 50 150
X b7, Tanada et al. (1975) “***’ (X, P. unipunctagh it NPV &H#izSF %
G246, PBEOI 7o) —HAMBOMBE~DN P VE -0 KGNS L
CHWRIT LI ELEZEBNEFHMBETHEL. SERT AV 2K & ML W54
Miys@BE2zLT0sI 2R UL, 5@, SFEGRICROEBLTOLHA
RZ2gHIPBEME&ICE. BFITEELXR Do B EZWELT VS, 20
BO—BDODAEAAFZHNBITITE->T, SFOFBEH®IZEY VIFERSPAGTRTH B =
EDN SNz XA 318 . Oba & Tanada(1983, 1984) ¢°9: 912 i+ f 3% 4 By

RO ERZTV, in VitroTHESFWANPVOREN AWM AT A3EHRE2 RS
CEEMR UMk, SFIZ3 b4 (Mamestra brassicae), 7 7 3 k%, Spodoptera
frugiperda’d EAFEDHEZMIWICWE T HAHEZ/HH. SFORMIZL > THINO
BENPRZLZIENHSDIITEINK °, Uchina et al. (1988, 1989) ' 44 1432 1%
ELHMECPHEZRHOTIHEABBOMYAELD., SFIZIE 250 R D44
DHD—FHEMBIEEL) AR VA NVRARDZ v RNpop—-T LS L, HHFEAEST
HREEZ LTS EDHAEREREL K, Hukuhara & Zhu(1989) (3. dhiikik %
MOKEFBEMENBEEZITOIOREZEMTIERZHME LTS

Lowe & Paschke(1968 a,b) ®*" #2213  T. nish REZHM " TTnGVENPVOR
EEMERZITO. 287 1)V AT "synergisn” & "interference”d W O
MbBlgEanEh-rcEHmdt Uic, . Derksen & Granados(1988) “*° . T n
GVOHENMAKZT nidhRICHOENMT L EHAKOMEN KE (LT I &%
ZU. Z5IXTn GVOBRAET VA Y AR S NN P VIERGS) % 8063 2 /51
EROIEZEZWME UK, WoB. M AKOMKKSNHAEZHEST5/72HNP
X UDETHHEMAEDOFGHMNDRADPMEXNIEELENEGE DS E0H ]
ZERA L. TnGVODY A )L 2GS B5E4E 034.,F’H’M'i7£ virus enhancing
factor” (VEF) &&3F7c, £/, Gallo et al. (1991)®** 3. T. nighh % H

WREMERZITOWT nGVOVEFNEMEONP VOKY) %k 35 %0 1% Fr

10




DI M E LTS, Hashinoto et al. (1991 BVEFAZ2GOLKSGIZTHT 3
MEERBANI Y —ZFZHOTTnGVSY ) LADNAMSGVEF#BEFAEEEL. 2
DIEEBENZRELNZ; TnGVEPuUGVHOREN Y —vizizdtiEmd+ 375
JAVIDRZL. Zho220GVoaEgMREE VLD EHE XN 2 2, Tanada
Granados KT DM TR 7 IV —T DN ZTNDGVONP VIERY: S Bos /6 ] OB 1Z >
ECERBEIHRZBEZ TS HIBIEFICEHEKE D,

Goto(1990) ““*’ (&, Granados® 7 )L —7DTn GVOWMEEIFIFRBLIZ. X c
GVOPPEIONPVORENZHBITEMFERAEFO>IEERALL, Xc GVIid,
PuGVH, TnGVELEREULARENNNY -V ZRL. BEBPREHOHX
RIELHIENG. INS 3GV OLEBPFIIE. NP VRG890 /6 1 o Wi &
VUD2bDEMFEENDS, TAVATHHEINIZPuUGVHET NGV, ZLTHE
CHARTHMEEZN X cGVICONP VEBEEIMBERIERINLZIET, 20
ERICNTE2 N NF a0V )VIAHREODHLEIREDDOH L, 4%kiZ. BizF T

FOHMERB LT, BROMBWERETEYA LB AKNP VO RREDA

mARE UICEBRNDHBYE ZRMAE U THO K LN PV SLF %o B s 8 3
bOEMMTFEING




B EBRO WK

HIE VYARMAEEROCHRKNRAE &R W EE Y 1L 20 505

1 H

ERREEHMEDZ. ABRTEVBREBUANED D END I AL A kR F %
GUMOMBREM EDOIF M TRE. N EMNMOE RN L ED LS. EY
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Table 1.

Insect pests collected for isolation of natural patogen

Insect species

Food plants

Autographa gamma
Aletia pallens
Amphipoea ussuriensis
Celaena leucostigma
Heliothis maritima
Hydraecia amurensis
Mamestra brassicae
Mesapamea concinnata
Mythimna separata
Sarcopolia illoba

Xestia c-nigrum
Leguminivora glycinivorella
Plutella xylostella

Colias erate poliographus

beet, cruciferae
corn

corn

corn

alfalfa, soybean
corn

beet, cruciferae
corn, wheat

corn, rice, wheat
alfalfa, beet, onion
alfalfa, beet, potato
soybean

cruciferae

alfalfa, soybean
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Table 2. Insect pathgen in  Hokkaido
Insect species Pathogen
Autographa gamma CPV
GV

Amphipoea ussuriensis
Aletia pallens

Celaena leucostigma
Heliothis maritima

Hydraecia amurensis

Mamestra brassicae

Mesapamea concinnata

Mythimna separata
Sarcopolia illoba

Xestia ¢ —nigrum

Leguminivora glycinivorella

Plutella xylostella

Colias erate poliographus

Entomophaga aulicae
Nomuraea rileyi

NPV

GV

GV

Entomophaga aulicae

GV
Paecilomyces farinosus

CPV

Entomophaga aulicae
Nomuraea rileyi
Paecilomyces farinosus
Paecilomyces lilacinus

GV
NPV

GV

Entomophaga aulicae

CPV

GV

NPV —tri

NPV —tetra
Entomophaga aulicae
Nomuraea rileyi
Paecilomyces farinosus

Paecilomyces canadensis

Paecilomyces farinosus

Paecilomyces fumosoroseus

Veerticillium sp.

GV

NPV
Entomophaga aulicae
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Fig. 3. Electron micrograph of virions and nucleocapsids
(arrow) of XcNPV-tetra. Bar =500 nm.




Fig. 4. Colias erate poliographus larva killed by a
nuclear polyhedrosis virus, hanging by prolegs
from an alfalfa leaf.




Fig. 5. Autographa gamma larva infected
with a granulosis virus.




Fig. 6. Scanning electron micrograph of GV
capsules isolated from Autographa gamma larva.
Bar=2 um.
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Fig. 7. Scanning electron micrograph of purified
polyhedral inclusion bodies of CPV isolated from
Autographa gamma. Bar =2 um.




Fig. 8. A: Resting spores of Entomophaga aulicae
from a larval cadabor in April.; B: Resting spores in
September.; C: Xestia c-nigrum larva killed by E
aulicae and conidia forcibly discharged from the
cadabor.; D: Conidia of E aulicae. Bar =30 um.
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Fig. 9. Larvae of several noctuid species killed
by Entomophaga aulicae in an alfalfa field.




Table 3. Motality (%) and cause of death in Xestia c-nigrum larvae reared on
an artificial diet after collected from fields

Plant in fields White clover (1984) Alfalfa (1986)

Time of collection  March & April October April September October

No. of individuals 195 130 1.7 60 45
Healthy 38.5 61.5 0.0 40.0 e
NPV 12.3 0.0 85,3 0.0 0.0
GV 11.8 2.3 11.8 0.0 17.8
CPV 2.1 0.8 0.0 0.0 0.0
GV+CPV 12.8 0.0 0.0 47 13.3
Nomuraea rileyi 4.1 6.2 0.0 10.0 33.3
Entomophaga sp. 0.0 0.0 29.4 5.0 17.8
other fungi 4.1 0.0 0.0 0.0 0.0
parasitoids 1.5 16.9 5.9 40.0 4.4
unkown 13.3 12.3

23.5

3.3

2.2



Table 4. Mortality(%) and cause of death in Autographa gamma
larvae reared on an artificial diet after collected from fields

Plants in fields White clover Sugar beet  Alfalfa
Time of collection  March & April*  August*™  September**
No. of individuals 42 44 59
Healthy 7.1 50.0 33.9
GV 11.9 0.0 7
CPV 42.9 0.0 11.9
GV+CPV 16.7 0.0 5.1
Nomuraea rileyi 0.0 2.3 28.8
parasitoids 0.0 47.7 6.8
unknown 21.4 0.0 11.8

*£1985, ™ 1986
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Table 5. Mortality(%) and cause of death in Mamestra brassicae
larvae reared on an artificial diet after collected from sugar beet
fields between 5th to 12th July, 1985.

Causative agent

% of larvae

No. of individuals

Fungal diseases 5.2 8
Parasitic wasps 13.7 21
Parasitic fries 3.9 6
unknown 9.2 14
Healthy 68.0 104

Total 100.0 153




Table 6. Motality (%) and cause of death in Amphipoea
ussuriensis and Mesapamea concinnata larvae collected

from corn fields

Insect species

A. ussuriensis

M. concinnata

No.of individuals 159 < ¥
Healthy 22.6 853.1
GV 0.0 3.1
NPV 2.5 &
Fungal diseases 1.3 0.0
Parasitoids 49.1 28.1
unknown 24.5 12.5
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Table 7. Origin of GV isolates

Isolate Host species Date of isolation
XcGV a Xestia c-nigrum January 1984
R May 1986
1 November 1984
2 November 1984
3 December 1984
4 May 1984
5 May 1984
6 May 1984
7 May 1984
8 Novenber 1985
9 May 1986
10 May 1986
11 April 1988
12 May 1988
AgGV Autographa gamma September 1985
ApGV Aletia pallens May 1985
HaGV Hydraecia amurensis July 1982
ClGV Celaena leucostigma July 1982
MsGV Mythimna separata August 1987

"PuGVH  Pseudaletia unipuncta
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Fig.. 10, Diagram of restriction endonuclease
profiles and 0.5 % agarose gel electrophoresis of
XcGV a DNA digested with Eco R 1 (lane 2); Bam H 1

(lane 3) or Bg/ I (lane 4), and Hind II-cleaved A
phage DNA standards(lane 1).




Table 8. Sizes (in kbp) of restriction fragments
of the genome of XcGV

EcoR| BamH | Bagl 1l
A 23.4* A 477 A 459
B 23.4 B 31.8 B 29.6
G203 C 31.1* G @10
D 16.9* D 173 D 18.2
E 15.4* & 16" E 16.8
F18.2% S F 158
G 74* G &7 G 115
H 6.9* H 5.4* i 67
|= 6 8* (= BaF l 6.0
J B8 J B0 J 80
K 5.4* K 49* K 24
L. B3 L -3.4* L 14
M. 5.2* M 26*
N 4.6* N O
) 36°
P -3.2*
g 30"
1 3.0
S 2.7
e

Total 178.7 178.9 178.4

* . Fragments cloned into plasmids.
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Fig. 11. The origonucleotide probes used for
identification of granuline gene of XcGV
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Fig. 12. (a) Physical Eco R 1, Bam H 1 and Bg/ 11 maps of XcGV ¢ DNA. The map
was linearized at the start codon of the granulin gene. Letters correspond to
fragments in Fig. 10 and Table 8.

(b) Comparative Eco R | maps of the XcGV B, AgGV, ApGV, HaGV, CIGV and MsGV
genomes showing locations of genotypic differences between XcGV a and each of
the other isolates. Additional (+) orlost(-) restriction sites are indicated.

E EcoR 1; Ba: BamH 1; Bg: Bg/ 11.Boxes identify regions of deletions(-J and
insertions(+) of specified size (in kbp) relative to the genome of XcGVa. The
symbol A indicates that the size of the fragment is slightly larger than that of

the corresponding fragment of XcGV a.
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Fig. 13. Electrophoresis in 0.5 % agarose gels of XcGVa
(lanes 1), XcGV g (lanes 2), AgGV (lane 3), ApGV (lanes 4),
HaGV (lanes 5), CIGV (lanes 6), MsGV (lanes 7) and PuGV
(lanes 8) DNA digested with EcoR 1 (a), Bam H 1 (b) or Bg/ 1I
(c) with Hind Ti-cleaved A phage DNA standards (lanes M).




222000 OZAH2HaEe LTERIN. XcGVadDEco R TWHAEHDR

DYMMAUNBEELULTHELRLEEZ OGNS X c GV ABDYM A EEco R T - AHE 7S
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Table 9. Sizes (in kbp) of variant restriction fragments of
the genome of GV isolates

Isolate EcoR | BamH | Bgl 1l
XcGV B AH*  30.3
K 5.6
AgGV AH1 30.0 I 6.2 C1 15.9
TJ 9.2 C2 8.1
H2 1.2
ApGV AH 303 E 10.6
M 5.3
B 1.3
HaGV M 53 1 22.7
T 6 E 10.6
C2 8.4
ClIGV AH  30.3
KP 8.5
MsGV M 5.4 e 10.7
& 1 i I 5.2

* Letters give the designations of the variant fragments
(see Results).
** These fragments are slightly larger than the corresponding
fragment of XcGV a
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Fig. 14. Electrophoresis in 0.5 % agarose gels of XcGVa,
XcGV 1 to 12 and PuGV DNA digested with Eco R | (a), Bam H
| (b) or Bgl/ 1i(c) with Hind Illl-cleaved A phage DNA
standards (lanes M).
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Table 10. Sizes (in kbp) of variant restriction fragments of the genome
of XcGV isolates

Isolate EcoR | BamH | Bagl ll
XcGV 1 M ha C1 227
D1 16.0
E 10.6
C2 8.4
| 5.2
D2 2.3
XcGV 2 AH 30.3 Gl 227
K 5.6 Cc2 8.4
at* 2.9
XcGy 3.8, AH  30.3 E 10.7
10 M 54
XcGV 4 AH  30.3
KP? 7.4
xelaV 5.7, AH  30.3
8
XcGV 9 AH 30.3 A lost A lost
J lost al* ca.30 C lost
M lost a2* ca.20 al* ca.35
at* 10.2 s1 ca.15 az2* ca.12
az2* 7.9 s2 5.9 s1 ca.16
s 3 s2i 1.2
XcGV 11 I 8,2
XcGV 12 AH 30.3
K 5.6

* al and a2 indicate additional fragments, corresponding fragments of
XcGV a are not defined.

s1 and s2 indicate submolar fragments.
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Fig. 15. Restriction endonuclease map of the region of the
XcGV a genome containing the granulin gene. N and C indicate
the NH,- and -COOH termini respectively.

Restriction enzyme abbreviation are E,EcoR | ; E'| EcoRV;
B, BamH | ;H, Hind Ill; P, Pst | .
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XcGV
TnGV
PbGV

XcGV
TnGV
PbGV

End 750
TAA AAA
TAA ATA
TAA ACG

810
ACTCCAATCA
TACTCCAATC
GTGTTTATGT

760
AATAAACACT
AATAATAAAC
TCAAAATCAT

820
CTGTTATATT
ACTATTAGGT
AATTAAAACA

770
ATTTATGTAA
GTTTGTATTG
CGGTATTTTT

830
CACTGTGATC
TCACTGTGAT
ACGTGAGTAA

780
AAAAGTTGTA
TGAAATAATT
AGATTCGGTG

840
ACTAAGTTCG
CACTCAATTC
ACGGCTGGTC

790
TTTATTGATC
TGTATTTATT
TTGCACCAGG

850
GTGACTTGTC
CGTGACTTGT
GGGTGCATTT

granulin genes. Possible polyadenylation signals are underlined.

800
TCATTTAATT
GACCATTAAT
TTTCGATTCG

860
TTCGTTGATC
CTCCGTTGAC
TGTTTCGAA

Fig.19. Comparison of 3' flanking regions of XcGV, TnGV and PbGV




[Z31%T. 46bpH TLDOFHAR—REZANLBATHLINTH oo ey RYTF

2= a T FNVERIN YV ERANILEIA, X GVERBYZHFIVEINERE

LTk, TOMNBRBTnGV, PuGVERERL > T (Fig. 19),

% A4 i 5
REFESTMGCVY ) ADNADOREN /S — UBHTIC & 5 g & B B 3 G) W7 i
X D {F Kk

RENNWNS —IZXBBITE. EFEANF2094)ZADOELZHDONEPERD K
HICIECEDWBEHDIEBoTE, LAL ANF 2o O0DANZADRENRY =
KT AMADEZLEINPVIZETE2EDTHND, RENXNSY—-UNHEINLG
VEBERDBS A EINIHIRBEHROECOR T 1HELOLIGANTLEAETH
5o KR THE > TWBEX c GVLUNT, I F THlPRFEFR UMK 2EKXH
GVE.: ArGV **P (PreGV®* ZArGVOERKERLET) . Cp GV

170 & Cryptophlebia leucotretaG V “®°’ ( Agrotis segetumG V “'°° 0 4 §i|Z i

T, P, M2BGVIIODVLVTREABWERORIZAGCGV., T80 HMBMNAE R
HRELTHOLNTOAEGVHOBEEMAZRNGIRBERUIMMK FTHRHFEIN TS,
AMETE. ILBEIZAHTAHAYITRHERDOI L, BORLBLEZ 0 YA A
VRO ORI BRI P FRET B QS EReI 2] TUARY
PoGVESELTEELED, SO BH /008, 749 b7, ¥av
T7A&AI3brI, FURFIPTICDODOTE. GV, #EXNTCOEEHED
DT THS, GV HEINICEBEETERIAHFMNITFHFITEB TR L
H. YHIEESRB NGOGV ERBLZGCVEHMULLDY, £ GV IBERE
MITHEULTHED PHEROBERNO R EER LD REHE N RIBE I N, £ GV D LRI
THONITEHEI ENNLEEN 5 o, Chang & Tanada(l978)‘”’”6;i'\ PuGVHN
S. exigua, T. ni ¥ XITA. californicall X EZKGFET A EA2MEFN FiLETH

L7c, &7, Tanada & Omi(1974) “'°* 3. AV 7 #IV=T DT N7 7)V7T 7 Wl T

,62
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EEBELL, LML, CORMETREGVOSERERY S MZEhTLAEL
ZD#%. Federich(1978) “®**’ (. Scotogramma trifolii G V #%A. californicaé

T. ni KREBKRPETHILEEMEL. GVOREREEMEIOLERZH e, YU
toFEWEzBEEFZ, EHBZ. VI )VADNADRENRY— VAR TSI EIC &
ST, B ETHMINICGCGVICHTIHEEMMHEEORFZ1TH>Z &2 Lk,
RENNSZ=VOHBIZE-T, SgHFHFONKENTNOGCVIRB. BRUZHER
Ao IO BANMIZBIEBEAER DY A VAT ) LAEHT
LB EDHENIZNHE sl TN GVDY ) LY A XIE#HITkbpTATr GV 129
CpGV " (#110~120kbp) £H dKEZWH. Tn GV®DI174.8,176.5kbp ' '°
N EFIRIERUTHE >, FIRBRUMBEO O R, #HilG VIO REN
Wy =V DERG. FIRBERUMBAOMAMORELZ0E. DNAD/M©AF DT
)= a VPRBARES>TELTLAIEDPHEI KB ol COEHIBBENE

HiT. A rapael D EBEFEILO M INTCGCGVPCp GVOHMBERGV T

%‘%&

bBIEINATWLS 22T KA TE., REFELSCO2EEG VO HEKIZMA .

YoEUYALOBONTMENSEEG VI4HIIZT DTS, RENY — UK
ZAT o7, A—MEFHROGCGVH TR o ZROREIR., REH Ehko
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Fig. 20. Scanning electron micrograph of XcGV
capsules. Bar=1 um.




Fig. 21. Electron micrograph of alkali-libarated
virions and nucleocapsids of XcGV. Bar=500nm.
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Table 12. IC,, and ID,, values for XcGV in each instar
larvae of noctuid species

Host instar Infectivity (IC,, or ID,,)
1 1.33  pg/ml
Xestia c-nigrum 2 19.65 ug/mi
3 0.08 ug/larva
5 0.70 ug/larva
1 1.75 ug/ml
2 0.78 ug/ml
Autographa gamma 8 0.05 pug/larva
4 0.12 pug/larva
5 >100 ug/larva
Mythimna separata 5 16.61 ug/larva




Table 13. Effect of XcGV infection on development of X c-nigrum larvae

Days required for each larval instar

Control (n=26)

Infected with GV in 2nd instar (n=29)

instar range mean + S.D. instar range mean + S.D.
2 3 3.0 2 3-11 4.8 2.2
3 3-4 3.2 0.4 3 3-16 . 2.8
4 3-4 34 05 4 3-13 52 2.4
5 4-7 538 0.8 5 5-26 8.1 3.0
6 5-9 6.4 0.9 6 6-15 10.6° 81 In=14)
6* 1-30 13.8 7.8 ({n=15)
7 9-20 13.6 4.7 (n=4)
7% - 7+85 16.83 . 8.6 (n=10)
(

8* 2-16 8.0 6.1

Total” 19-24 21.3 1.4

Total? 25-63 45.5 9.2

Days required for each larval instar

Control (n=24)

Infected with GV in 3rd instar (n=23)

instar range mean + S.D. instar range mean + S.D.
3 3-4 0. 0.2 3 3-4 3.1 0.2
4 2-4 3.1 0.5 4 4 4.0
5 4-5 4.3 0.5 b 4-8 4.8 1.1
6 5-7 53 10.6 6 7-16 11:2 2.4 (n=13)
6*  3-21 13.9 4.7 (n=10)

7*  1-12 {. O.8

(

(
¢ ANTI, 5 9.3 1.7 (n=4

(
8*  4-11 .00 "3a

Total® 14-18 15.8 1.0

Total” 15-39 29.9 6.3

1) 2nd instar to prepupa
3) 3rd instar to prepupa

2) 2nd instar to death
4) 3rd instar to death

* larvae died within the instar period
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Table 14. Mortality(%) of neonate larvae of M. brassicae fed on
sugarbeet leaves treated with the capsule suspension of XcGV

Days after Concentration of capsules ( ug/ml)

treatment 0.0 0.01 0.1 1.0 10.0 100.0
By 1 0 0 0 0 0 0
capsules 4 1.7a 20.0b 26.7b 13.3a 26.7b 78.3b
Autoclaved 1 0 - ¢ 0 B
capsules 4 8.3a 11.7a 6.7a 8.3a 1.7a

Mortality in a lane followed by the same letter are not
significantly different (p<0.05; LSD test)
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Fig. 22. Mortality of Mamestra brassicae, Spodoptera litura and
Mythimna separata larvae fed on an artificial diet mixed with capsules
of XcGV for 66 hr from day-1 of 1st instar. Each treatment had 33 to

40 larvae.

|
0 4

T

20

I

100

|

Amount of capsules (,g/g diet)

500




Table 15. Efficacy of viruses for control of M. brassicae and
X c-nigrum on sugarbeet.

Insect Genaration

Number of larvae/plant

XcNPV-tri XcGV Untreated
M. brassicae 1st* 6.0a 9.4a 13.6b
2nd*> 0.0a O.1a 0.8b
X c-nigrum 1st# 0.0a 0.4a 1.6b
2nd## 1.6a 2.4a 6.0b

Viruses were spraied once in each treatment in * 7th July; ** 5th
September; # 23th July; ## 7th and 8th September.
were released before each virus apprication except treatment for 2nd
generation of M. brassicae. In each treatment, virus suspension was
spraied at a rate of 100 I/10a. Concentrations of virus suspension were
2.5 x 10°® polyhedra/ml for XcNPV and 100 xg capsules/ml for XcGV in
treatments for the 2nd generation of M. brassicae, and 2.5 X 107
polyhedra/ml for XcNPV and 10 g capsules/ml for XcGV in the others.
Data followed by the same letter are not significantly different at the

0.05 % level(LSD).
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Table17.

Susceptibility of larvae of X c-nigrum to NPV and GV

Larval

Inoculum (per larva)

No. of larvae

Percent infected

_ NPV(No.of  GV(ug with not _with
eI Polyhedra) capsules) NPV NPV+GV GV infected NPV GV
2% 10 0.0 10 0 0 4 71.4 -
10° 0.0 6 0 0 8 42.9 ‘
10° 0.0 3 0 0 11 21.4 -
102 0.0 0 0 0 14 0.0 A
2.17x 10° 0.5 10 0 3 1 714 21.4
4th 10° 0.5 5 1 4 4 42.9 35.7
10° 0.5 2 0 2 10 14.3 14.3
HOS 0.5 0 0 1 13 0.0 i
217 e 5.0 5 1 8 0 42.9 64.3
0 5.0 4 0 8 2 28.6 57.1
10° 5.0 1 3 9 1 28.6 85.7
102 5.0 0 0 12 2 0.0 85.7
2.17x 10° 0.0 12 0 0 3 80.0 -
10° 0.0 5 0 0 10 33.3 -
10° 0.0 1 0 0 14 6.7 -
10° 0.0 0 0 0 15 0.0 -
I e & 0.5 14 0 0 1 93.3 0.0
10° 0.5 10 0 0 5 66.7 0.0
10° 0.5 9 1 1 4 66.7 13.3
102 0.5 3 0 0 12 20.0 0.0
2.17x 10° 5.0 5 4 4 2 60.0 53.3
5th 10* 5.0 9 0 5 1 60.0 33.3
10° 5.0 6 1 3 5 46.7 26.7
10° 5.0 1 1 6 7 13.3 46.7
14785 Q" 0.0 9 0 0 11 45.0 -
10° 0.0 0 0 0 20 0.0 -
1.78x 10° 4.0 13 2 5 0 75.0 35.0
10° 4.0 9 e 6 3 55.0 40.0
1.78x 10° 40.0 1 1 16 1 10.5 89.5
10° 40.0 0 0 16 4 0.0 80.0
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T73bUSEMPGRITHTEXc GV EMNPV(T)ORAEED R 2. Tabel 18
IZmbice NPVOZAKICEHNAKZIO Opug /MEBMUTERLULZEAST D ol
10°ZAKBERLX)VERZD, BEHZHI004ZEIAL XN, ZOEBIZH T S
MAEREER LELOYDE Y HOHEALD DL HDZB LN, 773 b TIRG

ZDHDDREGERFIEN >, T I THRNADOEMGE AP L TRARYEIEZR A 1T

-\

Sl EIAHNAEKEREN 20 g/ HEKE TR, BRAEADOWMIZHE > TN P V&%

(NPVEGVORFIKEBEL T EMEEZEGL) DEATLZ00, HEMG 30 g/
HAEZEZL5LECVDODADMBPRNEFCHED, NP VOIRKRGARIZIGCVIERMO LS
Db EbODTD ERBIMZOoNBEREN - I (Fig. 23),

b ATSBMBBRIZHTEXcGVEXecNPV-trio/lBRSEMERD I,
Table 19iIZx/” Lo Xc GVIZEPELAZVWI MO HFTOEMEKDOEFEMIZE >TNP
VORRGERNEATHIEDPHRINK, MBOELD, XcGVILEZHD VD
EYAETTIAUOTHER., EBHNAKOBFMEZHEPTEX c GVDAHITIEYT S M
RN Z . IO E K TRENP VORKRERD FANMZ 5N 2B RN EH
LNICD T, EBEDOLDHDIT, GVILERZHEZRIRLOI P THDOERSHZH T
EHERZIT >, 2WMGRTE. FNEDOBRMIZE > TY A )V 2 Hi#% O {7 #
PR T Uy NP VIERER G MEICEKORERE N - /o (Table 200, 3#shhTE. G
Vinma»s0p g gl 2 B2 2 OEAENP VORGARN AT D540 0NEH 5
NI, BRMENZ L EGHOEBEHRENBEINNP VOGRS MO R
&1L 5 7z (Table 21),

Ho=2F oo 20THEH. 2 hos 2L, EHKAHETXc GV L
XcNPV-triOlREHEEEREZIT o/, ZOEBRTIE, BET AV Z20HHIIF T
ICHTONBIZE > TITWL, SV HEBEZ LSS ERMEBEEZITT>7, GV
PERIAK N0 lu g/ mlDBAIE NP VG EAN PV B i 55D 3 4% 5 126
at@\Mmﬁ&&#oMm/m§ﬂzt£ﬁ@NPvﬁﬁ%ucvmmm®t%
EFEAEEDSROEREN 5 2 (Table 22),

PuGVHOBKRENHEEEMNZEMEZIOCTIOOMMAE L THEFLENI &

94,




Table 18. Enhancement of MbNPV(T) infection in 5th instar
larvae of M. separata by mixed infection with XcGV

Percent infected with NPV

MbNPV in the presence of GV
(polyhedra/larva) 0 10 0 T gt
1.6 307 12.8 95.8 4.4 750
e 16.7 85.7 12.5 987
¥4 08 25.0 100.0 55.0 100.0
X1-0" 65.2 100.0 79.2 100.0
ID 7.7 XNG* 1.74°x 10°

50

Each treatment had 21 to 24 larvae.
* Dry weight of capsules inoculated per larva.
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Fig. 23. Enhancing and interfering effect of XcGV
on NPV infection in 5th instar larvae of Mythimna
separata. Each larva was fed a piece of diet
contaminated with 1.9 x 10° polyhedra of XcNPV-
tri and each amount of XcGV capsules.




Table19. Enhancement of XcNPV-tri infection in 5th
instar larvae of M. brassicae by mixed infection
with XcGV

Percent infected with NPV

XcNPV in the presence of GV
(polyhedra/larva) 0 5 10 (ng*)
2.5 w5 10* 15.8
% 10° 15.8 52.4
x10* 47 .6 90.0
X 10° 90.5 100.0
X 10° 100.0

1.9 x10° 16.7 83.0
s I 33.3 100.0
X 10° 83.3 100.0
S0 91.7 100.0

Each treatment had 12 to 24 larvae.
* Dry weight of capsules inoculated per larva.




Table 20. Interfering effect of XcGV on growth and
NPV infection in 2nd instar larvae of M. brassicae.

Percent infected with MbNPV

NPV (polyhedra

/g diety 3.9 X 10° 3.9 % 10*
0 0.0 (100.0)** 62.1 (17.2)**
Gt =D 6.9 (55.2) 34.5 (10.3)
(ng*/ 10 0.0 (48.3) 3.6 (0.0)
gdiet 5 0.0 (3.7 0.0 (0.0)

* dry weight of capsules
** Percent of 6th instar larvae 15days after
inoculation.

Table 21. Enhancing and Interfering effect of XcGV
on NPV infection in 3rd instar larvae of M. brassicae.

Percent infected with MbNPV

NPV (polyhedra

/g diet) 3.9 x 108 3.9 x 10*
0 16.7 30.0
GV 2 16.7 53.3
2 10 50.0 60.0
(g™
gdiet) 50 27 .6 60.0
250 13.8+ 3.6++

+ and ++ indicate arresting effect on larval groth.
* dry weight of capsules
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Table 22. Enhancing and interfering effect of XcGV on
XcNPV-tri infection in 2nd instar larvae of A. gamma.

Inoculum Percent infected with
XcNPV* AT XcNPV XcGV
0 0 0.0 0.0
0 0.1 0.0 10.0
0 1.0 0.0 61.7
2.5 "%10° 0 22.5 0.0
2.5 %1D" 0.1 64.3 16.7
i T b 0.5 28.3 33.3
2.5 3t 1.0 25.0 45.0

* polyhedra/ml;** ug capsules/ml

Table 23. Change in enhancing effect of XcGV capsules

on XcNPV-tri infection after heat treatment

Percent infected with NPV

XcNPV in the presence of GV capsules
(polyhedra/larva) 0 2 10 10* (ug/larva)
9.6 x10° 38, d:. 16.7
x10° 0.0 0.0 800 16.7
A x10* 0.0 20.8 583 45.8
<107 G2 250N B2 6192
X108 8.3 54.2
9.5 x10°? 17.4 0.0
x 40" 0.0 4.2 36.4 8.3
B x40° 0.0 0.0 58.3 16,7
40" 42 304 77.3 22.7
% 10" 20.8 31.8

Each treatment had 22 to 24 larvae of M. separata
(5th instar).
*Capsules were treated at 75°Cin Aand 77 ‘Cin B

for 10 min.
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Fig. 24. The effect of XcGV on infectivity of NPV in 5th instar larvae of
Xestia c-nigrum.

Each larva was fed 5.3 x 10* polyhedra of XcNPV-tri with or without
supernatant of alkaline dissolved capsules of XcGV (GV sup). The

amount of "GV sup" was equivalent to given weight of capsules.




100

90 —
80 —

70
60 -
50 -
40
30 -
20
m-]
0+ | T T
0

Percent infected with NPV

0.024 0.12 0.6 3
Amount of GV (ug/larva)

Fig. 25. Effect of supernatant of alkaline dissolved
XcGV capsules on infectivity of XcNPV-tri in 5th
instar larvae of Xestia c-nigrum.

Each larva was fed 3.2 x 10° polyhedra of NPV with
GV supernatant. The amount of supernatant was
equivalent to given weight of capsules.
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Fig. 26. Effect of supernatant of alkaline dissolved
XcGV capsules on infectivity of MbNPV(T) in 5th
instar larvae of Mythimna separata.

Each larva was fed 3.2 x 10 polyhedra of MbNPV
with GV supernatant. The amount of supernatant
was equivalent to given weight of capsules.
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RICA P HAOMBPETHOCTHEOERZITT-72EZ A, b HGRTEG
VEBFOHRMITEONP VERERQZIAKECEF L, GVEHENAKZO LD AZEM L
e, 2B ETCIRATBHENAEA U TCNPVRERODEZANDITZT XY LA I

Ny GVEFZMOTHEREERZIT->-KGESR@NP VEERD LAWY S TR D

L7z (Table 24), 73R THIERED LANRED 57z (Table 25),
57/\:]77@2(% jj]i’i’ﬂjb‘f KL ui’“’db/\d L}&bﬁ%{]ﬂf\—%lll H i Fig.

2T L, B E DI GVLEFEOBRMITEL > TNP VERERNLEA L., L
AR DN 4 g R AR Y gl B & 20 w gL Y gl k& DM TIRIEYROD
FABEBIZRESREZRDONLE - 2,

Table 26i3. X c GVORGE N MWMEHNRICH T I2EBRERLEZLI EHDLEDTH 5,
XcGVREGVEHEKOBEFEFTHAYOEEVYAH. 773 PIJICENTNP VORKG
HWBERZRTREITEELS, S hIAH IR EFTBEUNORIIETD
NPVOREHAZMBTEIENY SNk, £, 2RO AEH LT
MR EBRTROEN, Hry<F 77 TENP VRGN ED SN,
B~ X8 buTiEHBERBRDONE D2k Floy XeG VR XN
PV-tertab X c NP V-triicfiz. MbNP V(T)Zxf LT HEEYH DR M/EH %

AT EDY S NITE - T,

&G ) B R ) o HLEE - RS
P EDFERNS . Y BE I/ OE R R ARD 7 )V A ) o] i or 1277 &
NBEZEDESPDIZH - 1z® TSephacryl S-3002H Wk hSLZOR M ST 4 —
TiHMR ST Hbb RN B E O - A2 KAS7, MbNP VZMKIZH
Shrua< b 574 —THOWCEAZMATT 73 bUSHegRiICHEEL TAE
M EXIT o iR, W FEFIS~22ITmWE D WmiEErA D 5k (Fig. 28).
SDS-PAGED & 5. = 0 4} (2 5 7 & 100kDafEIC 2 & (a. b) AN Y FEFATH
72(Fig. 29), 22T, ZOW A% L. BERKONS LI T T 7 4 — %

T, albO A E2NMT E L3 TEUDNST, F2T, 20D/ BT T
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Table 24. Enhancing effect of supernatant of XcGV
capsules on MbNPV infection in 2nd instar larvae of
M. brassicae.

NPYV® GV sup.** % infected with NPV

5.4 X T0* 0 20.0
B4 ¢ 105" B350 82.6
54 5 10° 0 84.0
5.4 3610°% 250 100.0

* polyhedra/ g diet
** shown as equivalent g capsules/ gdiet

Table 25. Enhancing effect of XcGV supernatant of
capsules on MbNPV infection in 3rd instar larvae of
M. brassicae.

NPV* GV sup.** %infected with NPV

8.4 X A0° 0 52.0
bidt g2 50 68.0
5.4 "X 10° 250 88.0
54 X 14° 500 82.6

* polyhedra/ g diet
** shown as equivalent yg capsules/ gdiet
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Fig. 27. The Effect of XcGV on infectivity of
MbNPV(T) for Helicoverpa assulta.

Larvae were fed a lump of diet contained supernatant
of alkaline dissolved capsules of XcGV and polyhedra
of NPV (A: 3.5 x 10%polyhedra / g diet; B: 3.5 x 103
polyhedra / g diet) for 48hr.

Amount of GV supernatant is shown as dry weight of
equivalent capsules.

Amount
of GV
supernatant
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Table 26. Infectivity and enhancing effect of XcGV on NPV infection
in several noctuid species

Insect species g;f;ggvy Enhancing effect on NPV infection
Xestia c-nigrum ++ Yes XcNPV-tri, XcNPV-tetra
Autographa gamma ++ Yes XcNPV-tri

Mythimna separata + Yes XcNPV-tri, MbNPV(T), MsNPV
Aletia pallens + Not tested

Celaena leucostigma + Not tested

Hydraecia amurensis + Not tested

Mamestra brassicae - Yes XcNPV-tri, MbNPV(T)
Helicoverpa assulta - Yes MbNPV(T)

Spodoptera litura - (No)*

Axylia putris - Not tested

* Result of prereminary tests.
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Fig. 29. SDS-PAGE patterns of Sephacryl S-300 gel fractions of
dissolved capsules of XcGV. Standard proteins and their molecular
weights are shown. Lane S, initial supernatant of alkaline dissolved
capsules; lane A, pooled fractions of No. 7 to 8 tubes; lane B, No. 10
to 13; lane C,No. 18 to 21; lane D, No. 24 to 25; lane E, No. 27 to 29;
lane F, No. 36 to 38; lane G, No. 42 to 43 (see Fig. 28.).
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(Fig. 30), AR EDRE R, K> all@BOEELIEAD SN, bOIEWHIZIE -
DL, o, bOBERAGDRUY VS BHICHETEZ DM EI AT~ I
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Fig. 30. SDS-PAGE patterns of fractions obtained from
sephacryl S-300 filtrations and DEAE-cellulose column
chromatography showing separation of two closely adjacent
protein compornents of XcGV capsules. Lanes S: initial
supernatant of alkaline dissolved capsules.
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Pathology and Molecular Biology of Granulosis Viruses Isolated from

Several Noctuid Pests

Chie Goto

Summary

There has been increasing concern regarding the safety of food crops
and the hazardous effects of chemical pesticides on the environment. In
the search for alternatives to chemical insecticides, the use of insect
pathogens as biological control agents is being investigated. However,
there is little information on the natural incidence of insect disease,
especially in Hokkaido. This study was undertaken to isolate natural path
ogens of insect pests and to characterize them for evaluation as potential

control agents.

|. Investigation of mortality-producing agents of insect pests of upland
crops and isolation of insect pathogenic viruses

The 13 species of insect pests, mostly armyworm larvae, were collected
from the field in Tokachi in Hokkaido and individually reared in the labo
ratory. The larvae and pupae which died in the course of rearing were mi
croscopically examined and the causative agents were identified. Viruses
and fungi, such as GVs, NPVs, CPVs, Entomophaga gglicae,'and Paecilomyces
spp., were commonly isolated from many species. Epizootics of E. aulicae

were recognized in 5 noctuid species and one species of Pieridae in alfal
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fa fields. Xestia c-nigrum, Mythimna separata, Autographa gamma, Hydraecia

amurensis, Celaena leucostigma, Aletia pallens, and Mesapamea concinnata

were identified as hosts of GVs. These species exept for X. ¢ nigrum, and
Mythimna separata have not been reported as hosts of GV previously. GV and
NPV seemed to play an important role in the control of X. c¢ nigrum, as GV
and CPV in Autographa gamma. There seemed to be the cross transmission of

GVs among noctuid species.

2. Restriction endonuclease analysis and mapping of the genomes of GVs

isolated from several noctuid species and granulin gene sequence analysis
Restriction endonuclease (REN) analysis was performed on the genomic

DNA of granulosis viruses isolated from X. c-nigrum, A. gamma, H. amuren

sis, C. leucostigma, Aletia pallens, and M. separata. All of the isolates

gave very similar REN profiles with only minor variations. An isolate ob
tained from X. c-nigrum was chosen as the reference genotype, and a geno
mic library was constructed for this isolate using plasmid vectors. The
genome was mapped using Eco R I, Bam H I and Bgl II, and Southern hybrid
1zation; the size of the genome was estimated to be 179 kbp. Hybridization
of labeled clones to fragments of other isolates revealed that genotypic
variation among isolates resulted from changes in restriction sites, and
from deletion or insertion of DNA. Comparative restriction mapping reveal
ed that all of the isolates were variants of one virus, even though they
originated from different host species.

The plasmids containing the coding region and the 5 and 38 flanking
regions of XcGV granulin gene were subcloned and sequenced. The nucleo
tide sequence data were compared to those for the granulfn gene from GVs

1.solated from Pieris brassicae and Trichoplusia ni (TnGV). The amino acid

sequences derived from these DNA sequences indicated that the two GV pro
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teins of XcGV and TnGV are almost the same with one amino acid difference

among 248 of them. The 5 flanking region of all of these genes contains
a highly conserved sequence of 14 nucleotides (TTTATAAGGAATTT), including

one of the consensus sequences of the baculovirus late gene promoters.

3. Morphology and Pathogenicity of the GV isolated from X. ¢ nigrum

The capsules of XcGV were ovocylindrical and ranged in length from
0.45 to 0.61 xm with a mean of 0.50 xm, and in width from 0.23 to 0.29
(¢m with a mean of 0.26 xm. Alkaline-liberated virions were rod-shaped
and measured 405 = 17 X 69 = 8 nm. Bioassay and REN analysis revealed
that XcGV was infective for at least 7 noctuid species among 14 tested.
Larvae of X.c-nigrum, infected with XcGV even in earlier instars, contin
ued to grow; indeed half of them moulted to extra instars and died in a
size of larger than the normal larvae prior to pupation.

Feeding on diets containing a large amount of capsules of XcGV caused
inhibition of growth and a rapid mortality in 2-3 days, in neonate larvae

of Mamestra brassicae and Spodoptera litura, not susceptible to XcGV.

Though this phenomenon was not obvious in species susceptible to XcGV.

4. Characterization of the enhancing effect of XcGV on NPV infection and
isolation of the enhancing factor from capsules

Interactions between XcGV and NPVs, isolated from X. c-nigrum (trigo
nal and tetragonal strains), M. brassicae (Tokyo strain), and Mythimna
separata were examined. The diet was contaminated with polyhedra of each
of the NPVs and capsules, or polyhedra and the supernatant of alkaline
dissolved capsules (GV-sup), and was fed to larvae Suscdptiblc for XcGV,
such as X. c-nigrum, M. sepatata, and A. gamma, or to those not suscepti

ble for XcGV such as Mamestra brassicae and Helicoverpa assulta. Addition
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of GV-sup enhanced infection of NPVs in all of these species, and the

percentage of NPV infected larvae increased as GV-sup content increased.
Although addition of capsules enhanced NPV infection, larger quantities of
capsules increased the ratio of larvae exclusively infected with GV in the
species susceptible to XcGV. In this case, XcGV seemed to suppress the
enhancing effect and even interfered with the NPV infection. The enhancing
effect of GV on infection with NPVs is known in Pseudaletia unipuncta GV
(PuGVH) and TnGV, but there have been no reports of interference in NPV
infections by these GVs. It seemed that interference in NPV infection did
not occur, because of the low infectivity of these two GVs.

A factor that enhances the NPV infection in noctuid larvae was isolated
from the capsules of XcGV by gel filtration on a Sephacryl S-300 column
and by DEAE-cellulose column chromatography. This purification resulted in
a homogeneous product as indicated by SDS-PAGE. The molecular weight of

the enhancing factor, as determined by the SDS-PAGE method, was about 108

kDa, larger than that of PuGVH.
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