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ABSTRACT

A nuclear polyhedrosis virus (SeNPV) was isolated from a single larva of
the beet armyworm, Spodoptera exigua (Hubner), in Taiwan. Electron
micrographs showed that the polydedra were irregular measuring ca. 1.05+0.21
pm in diameter, and that the virion contained one to six nucleocapsids within
the envelope. The virion is rodshaped, with paraliel sides and round ends. The
nucleocapsid is enlongated with parallel sides and straight end, measuring
48 X 285 nm. This SeNPV isolate 1s highly pathogenic to §. exigua larvae, its LC;,

© values are 1.6 X10°, 6.9x10% 4.1 x10¢, 3.7X10°, and 5.2x10° PIBs / ml for first to

fifth instar, respectively, as assayed according to an inoculum—imbibing method.
The LD;, values were estimated to be 4; 23; 57; 1,219; and 47,025 PIBs / larva for
the respective instars, demonstrating that beet armyworm larvac become less
susceptible to SeNPV with age. Histological sections showed that the nuclei of
midgut, fat body, and epidermal cells were swollen after inoculation, followed by
cell lysis and tissue disintegration.

Key words: Spodoptera exigua, nuclear polyhedrosis virus, SeNPV, pathogenicity,

histopathology.
B 5 LSNP o Tetﬁ 2
2 EMAAHENF (Ignoffo, 1973) = 7
THZE 78 i (Spodoptera exigua Hubner) BEN FERERSY AREE ZW(T::”)&%\‘%
RHMAHEEMER, ERAPERLTT . & F G BZEE RS 5 (Smits et al., 1987) 5 B
REGEEEDR, hBagREREFHL . WX HHEHRZFCKEFNL U Heliothis
B BE mEE TEERER . 78 . NPV, Orgyia pseudotsugata NPV, Lyma-
B Ex EE - T RERIAEY ntria dispar NPV » K Neodiprion sertifer
+EREFEY s BEEZHEREEZE S (Chen NPV (Agathos, 1991) « &% HEEHESE®
and Chang, 1989) o E¥—ik LB EHH: 5 B F R (Baculoviridae) » HE &k

ELATER, MLV BEFEHERTEEE F(virion) 2B » FHEE—EZ 2-8
ER, BRI FEEEEEAE  MUSAIns L B2 5 A% (nucleocapsid) » N SHEH

BRAJERE(Cobb and Bass, 1975; Trumble B A SR (dsDNA)  (Tinsley

and Baker, 1984) o XA ELEZETHE Kelly, 1985) - i =& CLEA TR &
FEHWHAEER,, RABNEARLETF mEEERBRFEIGRESENFEAESER
MRy REEELENER, HEHLE MIEL W R A A R o A AR A
EBWVR T ENRHERNASREERE - M i REEZEME . 828 T . B

% B #8555 (nuclear polyhedrosis virus, EMEESE, AP RSRENEERER
NPV HEZEHZHUABENERTEFEHE MEEAGEMRE , EMmaBmiEs ., BN

34 IR SRS



e %, SERAUBETNEHAERR
7)1 7 2 & B (Hunter and Hall, 1968; Whi-
tlock, 1974; Su, 1990) - MH5 HHEEE &
mo AU ERE , BREDRE (Allen
and Tgnoffo, 1969; Tuan, et al, 1989) : %h#
MR ECBRZERBERPECEETEE
R AT A RIE , HA TR tIET
% (Boucias, et al, 1980; Smits and Vlak,
1988) - —MEIT 5 » R R i
HERBTWTTESAIUE , S—MEE (g
noffo, 1968) » M HEME R —#E % + B #4954
7 HIHA A A <58 (geographic
isolate) » #2F £ B #4.2 8UR J1 /R4 E Ca-
ballero, et al., 1992) - ¥ [ A& HZREE
R AEE R AR, B
LB L BHBRE  NRERETEY
BHERIURT , DCBUKEEERR (H
IR R4 KBFR) « AURILHEERE
LEE S BT ATEBES BEB ISR
LA AR BYCE SR T, WIRE R 8
AT EDBIE -

MR T %

— - BRMNEE

P Bl K T 0 ST B A R E Y R 2T
Bahd s PREBERUPLGHALAL
(Hung and Hwang, 1988) » #REGFHE
i 2541°C, 70+5% FI¥NEE , 12 /hERLHE
HEBRMAT URE=ZANGEERELH
T ZEAEEENRERSE

AR mix s HRm K E R o E
R RE SR B BB OIS AER
Fo LA FRHHEBSREREEREE T
0 REEENNEYSE 2 RS
THTEEA LB R (Klein, 1978) o HEEHKE

RABRERLRE  EFNERLR BN
wh o WEE Caballero, et al.(1992)FF %
FIM T EE AR 0 DA S8
WS MRS - 10 30% (w/ v) EET
LPU11,200 % g &0 30 7788 - WETTED , L)
0.1 M Tris=HCl pH7.2 BBEVERT » FIAT 42
—62 06 BRI RS LU 80,000 % g #0060 40
o A ESENE a2y ey MIgEEN
FE S - FREEREITE 25200 x g B
010 7788 - M EE 2-3 RENA 5 £ E &
BZRELAE
= mER TR

PR R ER B O & BIE S T
1 A= —BHEBEE (03 M
Na,CO.,, 0.5M NaCl, 0.03M EDTA, pH
10.5) B2 37 "CARKGHIER 16 /MR » 2R IIA
—EERNEEKEREHE S 500
Xg (KM L 1 88 - B WEHILL 36-56 1
EERALL 80,000 % g BELo60 5374 (5 °C) » I
FROEBRH SN HEFMT - HUKE K
BiE £ 80,000% g B 60 71 EE o TREPLL
10mM Tris/ HCl, 1mM EDTA, pH 7.5
buffer 8% » WHEF 4 °C » LS 78488
BE -
M RS EFREMENEE

1AL R E S BB S R ST B
% W10 ul BVAFBWINAZES 0.1%Bo-
vine serum albumin » PHEME FFES
MR ERE LEFA 10 98, 2H%EHR
# L2 Ak LUR IR - BB RSN
MPABEBER 19 B8 (PTA) EIER 10 5
B i LUREKET 10 8 o FER S HILL
2.5 %uranyl acetate §% 15 778 7% » LIZREEK
FEMLEELE > H0LL Hitachi H-300 FiEE
R E N EE -

2 MR R 2 B

DRAFEERFRE : BRBECHHA

EARBL S ERMEIVREBH L 35



BhHEUREMAETFE » 828 8% agarose
RS I 1 mm B9/ EREER
iy A 25% glutaraldehyde (in 0.1 M
cacodylate buffer, pH 7.2, 4 °C)#J i & E ¥
By BE 2/ e ZBLLE 0.25 M R
PE— KRR RR W (0.25 M sucrose  in
0.1 M cacodylate buffer, pH 7.2} %=
AR5 7 - B2y RIS ER (osmium
tetraxide in 0.1 M cacodylate buffer, 4 °C)
EITHRETE 2 /ME, REAFBZ ZRERA
BRiRENRR =R, BR 15 8 -

2y B KR EE - LI FEAEET R
B-TEEBRE K, R 15 78 - RE
LEEWRE (propylene  oxide) + 15 77§ -
Koo BERNBEREREAKL 2 VBT
WREE, R /g, EEHEE LUE
HiIR B IS - HE—RHE 2 /IR ET
A -

DR REREY . §REIELE
% 0.2x0.3 mm 2B EEHEYE (Sorvall
MT2-B) BEH » #EFTS R ribbon A4 75T
£ #25% uranyl acetate AFHEH: 20 73
B DAEAEIL 101 - Al lead citrate
12 i AR 101, I LIERE
LRI T IREZ - EHIHIET grid  holoder
T REFREEAETEN o P Hitachi H-
300 FEAE THMBALRE -
I ZEARFREHEREEHENERN

D A zaHE AL BERE
EEEERANERA/NTER - 1) i
BE - VSR Bl R ESE
EES, BN Asu ZFESE, 58 A5
LR L —Eth & 2 /IR BT L
BmEAEERE(BLEE3ecmx A
25cm)» BfLsE, AETALHKE - =X
B NHBRER THARTHEFLUEEH
B EEBSERUCHACE - 2) HiE

36 FEER AT — 1

TSt Ry - SRS AT AR, R
BRI 16 /NEZENATFREE S,
IcaR s HMRMAESHE L2 3K
dul» ERAZ/NERE » Fiohlis TEDEL, I
EHTH - HELXN, ldBFANECE
oo MENSBRHEECAEHUHELEE, 7
Ml e - R AR ER A (Finney,
1971) =
N BRGBAKT R E :
B @Al BARREER 16 N FRVE R L)
#o HERFTEEE(10° PIBs/ml) ZA#H
BRIEW (3ul / larva) » HIRZ/NRHE , #5F
B2 A TER S 55 25 °C, 12L - 12D
ZERERER . LERERERE= 1.
AAMSBREPEHEES (EEM . B
M T0% R =1:1:20) BEE 12/
", BHREMEHLDE, cEBEE 8 /I
B o DIFPIERET IR BABERBE Y
F1 1 EPERER—K, SITEE—-2,
DAZAREAER 1 1 28R 45 T
HEFE B R > B ML MR A R
[, FEREAETRE R E - EE
& 4 um > A Hamm (1966) 1] /i FIA
Azocarmin G K counter-stain solution
(1% phosphotungstic acid, 0.1% aniline
blue, 0.5% orange G. 0.2% fast green
FCF) & et 15 78, AT #H5%% Al
7 AR HE A e R R AY BE AL BE (L, TERIE
HEHEAIE AL -

m R

— HERBHZARFEETEMEZE
=
BEERANETEMSET ) NHBIGRE
%, BN ETSERS S DT R
BT - HEARRA/NIHHERER, F



HEEEIR 1.05+£0.21 pm « TERENUEHEE
THIEES R (Fig. 1A) - S EGETITR=
fr T 2 EER o Al B EERARBRER 7 (Fig.
1F) - mERESBEEEENR, TRUSH
BRTF L ARMER - SFENEEM
BEENGER , TR SRS FIOM
BB (Fig. 1B) » ZRIEENHEAN -
MRBERYHESEN FEARR  BEAH
HIBHESY, FHREREER 0.29 um
X 0.05 um{Fig. 1C) » WimEFREE HILE
O—WMAETEE&EZR - BEWa88 T
BimE R, BEFEMERN
UREAZSEEEEMHINEAME, EER
R ANERER - BEBTRT AHER
HAARDF—RRBRFERLF 25 H
gHISETRHRER THNEAEERES, £
VLR AEITHE R BT R BAE N HE
M METESBNAASE , MERBE AR
ETEE (Fig. 1D) - TTRBHTFRH—EE
# Cenvelope) B EE 1-6 EFERZELE
FTEHA (Fig. 1E) » EH LIS o4 EEEAD
HHFEERETRETE  WHhREHEEER
% BEIHE (SeNPV) hEEREATHRE
(Mixed enveloped NPV) - 7% B HIER
YL EEBENTHERE-EETEERER
ME, MEEAHNEE T AEEENL
i MEBECEETRSHIHE L (Fig.
1D) - BEESEAER , UHRABENRETR
FEWEEAE . S8 TRASENMH
T (Fig, 1F) » RN A] 8152 5 1E 11 % 8E 2948
=1 7 (Fig. 1GQ) -
) HERBRESARRSEBIOBZEM

FIEYA

WA EZ BB ARESEREH R
BUKE . SEoEAE% . RERER -
THREYBESRRE . BAERERBERR
R PHRZERABERNBEEHER

BEREEE, WA R
i, EReHOMELER aBIHE
FECT, FEHIEEEEMBE SR - 1F
NoMERSBRIEETFNFERNE
Ly DSOS ERE, H, mairE, B
EIMARIELE (Fig. 2G) - BRABRERZE
BN S SRBEHERRESZNZ
ERESS, HEFEBHRERKERBHE
EARE ARREBETEMREAER
TSR EA N ERE(Fig. 2B)EIE
WM (Fig. 2A) HEENESR - mERL
RN sk B BRI 2 i B 2R s
HMIEREMEERS , TEERHREIENE
MR, EASHMEEZEEC K
B (Fig. 2C, 2D) - EFE NN EEFRPHHR
RHARENEENTRESE , HEEH
MEAEBERREEZ RETIRE, BEER
-l R A . H AW
AAEAEE(Fig. 2R, 2F) -
= HREBKSEARASHESHRBYHEZ

MmN

SIS LA EEERSRE
W R G R R A B R SR SR R R
ETA S HER AR EER S E A
MEABENAER - EEB2YE ) LR
AR AERSR A ERMRERD
B, KREFBEZE N REERE —&NE
FEEARMBFLCFEE, Z . = iRy
BESARBRIECERE , TILELh e
LT EBEREE AT HBEECESE (K
— . I - Tishis S EMmE SR ER . B
B REEHE R R E REER . £
e B s, AEFORTRERFEEC MR
HIER M=y aSERENRERERT
BREEHRDAHER , EEEFCERE
(k=) -

ZREREELANECHE, KH—ZER

TATEEY MERRDERATm D 37



F
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Fig. 1. A, Maorphology of polyhedral inclusion body of SeNPV. (20,000 1; B, Virions of SeNPV. (40,000 1: C
Morphology of nucleccapsids of SeNPV. (100.000% 1, D, Crystalline lattice arrayed parailely in SeNPV
polyhedra. (89,000 ); E, Polyhedra occluding multiply enveloped virions. Typically 1-6 nucleocapsids
were enveloped in each virion. (14,000 J; F, Virion dissociated from polyhedra, empty space appeared on
polyhedron surface. (20,0001 G, Polyhedron showing embedded virions and liberating nucleocapsids
dissociated from its surface. (29,000 1,
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Fig. 2. A, Cross section of a healthy larva of Spodoptera exigua, showing normal cell size and structure. (280 J;

B, Epidermal and fat body cells of Spodoptera exigua larva showing swollen nuclei three days after
inoculation. (210%1; C, The columnar cells of midgut showing vacuolization and detachment from
basement membrane four days after inoculation. (2603 ); D, Larval tissues full of SeNPVY polyhedra, and
the midgut showing disassociation four days after inoculation. 1210X}; E, Serious infection of larval
tissues, most cells lysing, and the tracheal matrix cells swelling five days after inoculation. (2201 F,
Tissues and cell lyses occurring during the late infection period and the body cavity full of lysed tissues,
cell debris and viruses, (220 ); G, Symptom of a dead larva with light body color, swollen segments and
hanging upside down. (3 ). Bm: Basement membrane; Cc: Columnar cell; Cu: Cuticle; Ep: Epidermis; Fb:
Fat body; Mg: Midgut; Nu: Nucleus; SN: Swollen nucleus; Tm: Trachea membrane; Tr: Trachea; Va.
Vacuole; Vi: Virus
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Table 1. Mortality of first- to fifth- instar larvae of Spodoptera exigua inoculated with

SeNPV"
Cumulative mortality { %)%
Instar Days post —inoculation
1 2 3 4 2 6 7
Lst 0.0 0.0 0.0 0.0 6.4 47.1 69.4
2nd 0.0 0.0 0.0 1.7 3.0 79.9 86.9
3rd 0.0 0.0 0.0 1.4 6.2 68.9 4.3
dth 0.0 0.0 0.0 0.0 5.6 40.3 66.2
oth 0.0 0.0 0.0 0.0 (0.0 5.7 34.8

I Inoculated cone.; 10° PIBs / ml

2)Cumulative mortality of larvae was corrected according to Abbott’s formula.
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Table 2. Mortality of third instar larvae of Spodoptera exigua fed on sclutions containing

varied concentrations of SeNPV

Cumulative mortality { % )"

Virus Cone.

Days post—inoculation

(PIBs / ml) 3 1 5 5 - . 5 m

Control (DW)* 0.0 0.0 0.0 0.0 0.0 L+PP PP+P P
10° 0.0 0.0 0.0 15.1 16.4 16.4 178  L+P
10° 0.0 0.0 5.6 19.4 23.6 23.6 250  L+P
10¢ 0.0 0.0 12.2 36.5 59.2 39.2 392  L+P
i 0.0 0.0 7.2 477 60.6 64.9 664 L
10° 0.0 1.4 16.2 68.9 74.3 77.0 81.1 L
10 0.0 1.4 37.5 91.7 94.4 95.8 972 L
10° 0.0 12.5 41.7 91.7 1000 — — —

LCumulative mortality of larvae was corrected according to Abbott’s formula.
2}Treatment with deionized sterile water. L: larva; PP: pre—pupae; P : pupae.

i BRI P BB E (LCy) » RFE2RIE
1.62X 107~ 6.89 % 10*» 4.10 X 10* » 3.70 X 10°
v 5.23X10°PIBs / ml(FE=) » HAILI= R
CEBNPEREERE, AHarEaE
RiE > HUEEEMHEZE 100 (3 - (B85 2% Snits
and Vlak(1988) #& HFTEE o & ElHHIZ
W BERARFR R, IS T
S PHCE R (LD, 398 4. 23
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AT ARTE ) S EE IR I, B S A
BREFNPEERENEE RETE - {4
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40 PERBE RS
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Table 3. Concentration—and dosage—mortality responses of Spodoptera exigua larvae to
SeNPY
Lnstar LCu" Imbibed . LD, Dosage —mortality” Coefficient
PIBs / ml  volume(ul) PIBs /larva regression line value

1st 1.62X10° 0.023 3.7 v=1.254x +4.284 r=0.9933
2nd 6.89 X 10" 0.330 224 v=1.134x+3.462 r=0.9995
3rd 4.10X 107 1.400 a7.4 v=0.795x ~3.601 r=0.9896
4th 3.69x10° 3.000 1,219.0 y=0.792x - 2.557 r=0.9886
5th 5.23 % 10" 4.000 47,025.0 v =0.057x +2.398 r=0.9963

1JRecorded seven days after inoculation.

2)Estimated based on Smits and Vlak (J. Invertebr. Pathol.,
x=log dose (PIBs /

3)v=mortality in probits,

FE HERREHERNEEEENLG

51:107—-114).

larva).

Table 4. Increased ratio of body weight of Spodoptera exigua larvae
Average body’ Average body” )
Instar weight (mg) weight (mg) lncreased.ratlo
. (body weight)
{newly molted} pre—moltting
Ist 0.021+0.003 0.364+ 0.028 17.3
2nd 0.210+0.017 2795+ 0.101 13.3
3rd 1.456 +£0.065 12,530 0.623 8.6
4th 8.052+0.839 46619+ 1,034 2.8
oth 40.960 + 3.640 136.059£12.473 3.3

1YAverage of 50 larvae for each instar.

RE HERBEHARDRTEE

SERERELHIAEZHE

Table 5. The relationship between LDy of Spodoptera exigua larvae instars infected with

SeNPV and larval body weights

Instar Average body* Relative ratio® LD Relative ratio®
weight (mg) (body weight) (PIBs / larva) {LDg)
1st 0.0214=0.0027 1.0 4 1.0
2nd 0.2096 = 0.016% 9.8 23 58
3rd 1.4560 = 0.0650 7.0 57 2.5
4th 8.0520 =0.8594 5.5 1,219 21.4
5th 40.9600 £ 3.6400 5.1 47,025 38.6

1)Average of 50 larvae for each instar.
2)Based on weight of instar (n—+1)

3)Based on LDy of instar (n+1) /
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Fig. 3. Relationship between dose and mortality between SeNPV and five larval instars { L1

L5} of Spodoptera exigua.
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