DOI:10.6660/TESFE.1994003 & &R &Formosan Entomol. 14: 33-45 (1994) IS Research report

JFormosan Entomologist

Journal Homepage: entsocjournal.yabee.com.tw

Histopathology and Pathogenicity of Spodoptera wxigua Nuclear Polyhedrosis Virus Isolated in
Taiwan [Research report]

SEHXRHZZARRBLEREBRNZME [(HRRS]
Shu-Jen Tuan, Suey-Sheng Kao, Dor-Jih Cheng
RN ~ EiEE - BRE
MBAEEE-mail :
Received:  Accepted:  Available online: 1994/03/01

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+0.21pm in diameter, and that the virion
contained one to six nucleocapsids within the envelope. The virion is rodshaped, with parallel sides and round ends. The
nucleocapsid is enlongated with parallel sides and straight end, measuring 48x285 nm. This SeNPV isolate is highly pathogenic to
S. exigua larvae, its LC50 values are 1.6x105, 6.9x104, 4.1x104, 3.7x105, and 5.2x106 PIBs/ml for first to fifth instar, respectively, as
assayed according to an inoculum-imbibing method. The LD50 values were estimated to be 4; 23; 57; 1,219; and 47,025 PIBs/larva
for the respective instars, demonstrating that beet armyworm larvae become less susceptible to SeNOV wuth 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.
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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. 1.056£0.21
pm in diameter, and that the virion contained one to six nucleocapsids within
the envelope. The virion is rodshaped, with parallel sides and round ends. The
nucleocapsid is enlongated with parallel sides and straight end, measuring
48 % 285 nm. This SeNPV isolate is highly pathogenic to S. exigua larvae, its LCsx
values are 1.6X10°, 6.9X10%, 4.1 xX10", 3.7x10°, and 5.2x10° PIBs / ml for first to
fifth instar, respectively, as assayed according to an inoculum—imbibing method.
The LDs values were estimated to be 4; 23; 57; 1,219; and 47,025 PIBs / larva for
the respective instars, demonstrating that beet armyworm larvae 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.
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Fig. 1. A, Morphology of polyhedral inclusion body of SeNPV. (20,000% ); B, Virions of SeNPV. (40,000X); C,
Morphology of nucleocapsids of SeNPV. (100,000x); D, Crystalline lattice arrayed parallely in SeNPV
polyhedra. (89,000%); E, Polyhedra occluding multiply enveloped virions. Typically 1-6 nucleocapsids
were enveloped in each virion. (14,000 X ); F, Virion dissociated from polyhedra, empty space appeared on
polyhedron surface. (20,000X): G, Polyhedron showing embedded virions and liberating nucleocapsids
dissociated from its surface. (29,000 X ).
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Fig. 2. A, Cross section of a healthy larva of Spodoptera exigua, showing normal cell size and structure. (290 % B
B, Epidermal and fat body cells of Spodoptera exigua larva showing swollen nuclei three days after
inoculation. (210X): C, The columnar cells of midgut showing vacuolization and detachment from
basement membrane four days after inoculation. (260 ); D, Larval tissues full of SeNPV polyhedra, and
the midgut showing disassociation four days after inoculation. (210x); E, Serious infection of larval
tissues, most cells lysing, and the tracheal matrix cells swelling five days after inoculation. (220X); F,
Tissues and cell lyses occurring during the late infection period and the body cavity full of lysed tissues,
cell debris and viruses. (220X): 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 5 6 7
1st 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 74.3
4th 0.0 0.0 0.0 0.0 5.6 40.3 66.2
5th 0.0 0.0 0.0 0.0 0.0 5.7 34.8

1)Inoculated conc.: 10° PIBs / ml
2)Cumulative mortality of larvae was corrected according to Abbott’s formula.

KT CSHHEEERHBAEETRRENS ARREERC HRRTILCE
Table 2. Mortality of third instar larvae of Spodoptera exigua fed on solutions containing
varied concentrations of SeNPV

Cumulative mortality (%)

Virus Conc. ; .
(PIBs / ml) Days post—inoculation
3 4 5 6 7 8 9 10
Control (DW)? 0.0 0.0 0.0 0.0 00 L+PP PP+P P
10° 0.0 0.0 0.0 15.1 16.4 16.4 17.8 L+P
10° 0.0 0.0 5.6 194 23.6 23.6 25.0 L+P
10* 0.0 0.0 12.2 36.5 39.2 39.2 39.2 L+P
10° 0.0 0.0 7.2 47.7 60.6 64.9 66.4 L
10° 0.0 14 16.2 68.9 74.3 717.0 81.1 L
10 0.0 14 37.5 91.7 94.4 95.8 97.2 L
10° 0.0 12.5 41.7 91.7 100.0 — - —

1)Cumulative mortality of larvae was corrected according to Abbott’s formula.
2)Treatment with deionized sterile water. L: larva; PP: pre—pupae; P : pupae.
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Table 3. Concentration—and dosage—mortality responses of Spodoptera exigua larvae to
SeNPV
Instar LCs" Imbibed LD« Dosage—mortality’  Coefficient
PIBs/ml volume(ul) PIBs/larva regression line value

1st 1.62X10° 0.023 3.7 y=1.254x+4.284 r=20.9933
2nd 6.89X 10" 0.330 224 y=1.134x +3.462 r=0.9995
3rd 4.10% 10 1.400 574 y=0.795x +3.601 r=0.9896
4th 3.69X10° 3.000 1,219.0 y=0.792x +2.5657 r=0.9886
5th 5.23 X 10° 4.000 47,025.0 y=0.557x+2.398 r=0.9963

1)Recorded seven days after inoculation.

2)Estimated based on Smits and Viak (J. Invertebr. Pathol., 51:107—114).
3)y=mortality in probits, x=log dose (PIBs / larva).

RN MEEHEZHARDRESEMNLE

Table 4. Increased ratio of body weight of Spodoptera exigua larvae

Average body”

Average body” .
& Y Increased ratio

Instar weight (mg) weight (mg) .
(newly molted) pre-moltting (body weight)

1st 0.021+0.003 0.364+ 0.028 17.3

2nd 0.210+£0.017 2,795+ 0.101 13.3

3rd 1.456+0.065 12.530+ 0.623 8.6

4th 8.052+0.859 46.619+ 1.034 5.8

5th 40.960 & 3.640 136.059+12.473 3.3

1)Average of 50 larvae for each instar.

FE HEARZHAVHATURERNREFIUHEZHRE

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

SeNPV and larval body weights

Instar Average body?  Relative ratio? LDy Relative ratio®
weight (mg) (body weight) (PIBs / larva) (LDy)
1st 0.0214£0.0027 1.0 4 1.0
2nd 0.2096 £0.0169 9.8 23 5.8
3rd 1.4560 £0.0650 7.0 57 2.5
4th 8.05620£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) / weight of instar (n).
3)Based on LD; of instar (n+1) / LDy of instar (n).
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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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