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FOREWORD

Integrated pest management is currently
accepted as one of the key strategies in sustainable
agriculture. It considers all the possible controi
options and chooses those that maximize profit in
both the short and the long term. One option
which is receiving increasing attention is the use of
microbial pesticides containing organisms which are
entomopathogeiic  (i.e. pathogenic to insects).

The most famous of these, Bacillus thuringiensis
(Bt) is already widely used in many Asian
countries, and is the only microbial insecticide
registered for agricultural pest control in Taiwan.
This important Bulletin discusses the use of Br to
control diamondback moth and other serious pests.
Hundreds of Br isolates have been tested in
Taiwan, and Bt genes are also being used in
programs to breed crop plants resistant to insect
attack. It also presents recent research on other
promising biological control agents, including green
muscardine fungus, and virulent baculoviruses.
Finally, the direction of future studies is discussed,

Microbial products are ideal for use in
integrated pest management hecause of their
selectivity and environmental safety. We hope that
this Bulletin will be of  value to all those who are
working to develop pest control strategies which
make less use of chemicals and more use of
biological resources, to control pests in ways which
are not harmftul to human health or the
environment, It is based on a paper first presented
by its author at an international seminar on “Use
of Biological Control Agents under Integrated Pest
Management”, held in October 1993 in Fukuoka,
Japan, and co-sponsored by the University of
Kyushu and the University of Saga.
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ABSTRACT

Microbial control strategy, a valuable component inintegrated  pest management, has
partially demonstrated ity advantages  over chemicals i agriciltural  pest control. In Taiwan,
crtomopathoeens  have  deen wsed o control inxect pests since the beginning  of this century,
Japanese researchers firse wildized  emomofungi for insect courrol in 19100 A research team
consesting  of  members fromdifferent aniversities  and instinaes  with interdisciplinary training
projects was formed o the late 198Oy 1o condict varions microbial control projects. Since then,
many qetive programs have been carvied ow that ave achicved cood resulds

Bacillus thuningiensis. the only microbial insecticwde vegistered Jor agricultural pest control in
Tanvan., vave satesfactory resudes o fickd rials in the controd of Plutella xylostella, Artogeia rapae
amd Ostriniy furnacahs. Thew ellicacy has been enhanced by the addition of feeding stimulants or
adpvants. Several assayvs have alse been developed for qualiey conrol. I recent vears, several
academic croups have focused therr attention on the exploration and  genetic engineering of  B.
thuringrenss

Green nuocardime funeis, Metarbuzium  anisopliae. was  applied 1o Spodoptera  exigua,
Brontispa longissuna and Laodelphax striatellus. and its cffect was evaulated.  Strain improvements
were cartied ot o breed Jrovcicide-resistant mutants. Beauveria bassiana pathogenic to Cylas
formicanus. Riptortus clavatus wid  O. Hfurnacalis was ficld tested. The production process of s
fungis was alse studied. Cordyceps spp. are anjective to - a number of insect species tested.
Verticelhum: lecann o pathocemc o aphids. Sphaerostible auranticola was found 1o be pathogenic
v Pseudaomidia duplex

Vorwdenr baculoviruses such as eranulosis of P xylostella «PyGV'), A rapae (ArGV), nuclear
polihedroses vy of S ditura 1 SINPY ) S exigua (SeNPV and  Heliothis sp. (lIsNPY) were
wlentifred and  pield tested avamse their own host. Tests were albso conducted o evaluate  the
cllecttveness ol vartons adjuvants Attempts were made to gencticallv improve the activity of
Autographa californica NI'A

Putwre suodies o the vacrabial conrol of insect pests should  emphasize the isolation,
sorcemne and  stram vnprovement of mdigenons  entomopathogens,  application strategies; mass
production and formdanon technoloey: and  molecular and - genetic engineering  rescarch for
microbial insecticides

INTRODUCTION levels,  The procedures used 1o achieve
microbial control include the intentional
creation of epizootics  or the utilization of

Simply - stared. the microbial - control of naturadly - occurring  eprzooties (Harper, 1987,
insects is the use of  entomopathogenic Entomopathogenic microorganisms,  including
microorganisins to regulate nsect population bacteria, fungic viruses and - protozoa,  have

Keywords: Agricultural pests, Bacillus thuringiensis, baculoviruses, fungi, microbial control, Taiwan,



atready  been  developed  as  microbial
insecticides.  Although microbial insecticides
account for <I1% of the total insecticide
market, this form of pest control has become
the tocus of attention over recent years,  This
is due 1o the improved performance and cost
competitiveness  of microbials, in addition 10
the increasing resistance  of arthropods 1o
chemical insecticides,  environmental  concerns,
and the lack of development of new
insecticides (Starnes er al. 1993),

Growing  public  consciousness of  the
potential hazards of chemical insecticides used
o control insect pests has urged  scientists
from Taiwan, ROC. 1o develop microbial
control technology  as an  alternative  or
complimentary  strategy  to chemical control.
In fact, microbial control offers a number of
advantages over chemical control,  Microbial
control creates no pesticide  residues  and
pollutants, provides & high level of safety for
human beings and  non-target organisms (Ko

and Trzeng 1992) and has o low likelihood of

pest resistance,

In Tatwan, the use of entomopathogenic
microorganisms  to control insect pests has
been recognized as having great potential since
the turn of the century (Yen 1977). However,
information on the microbial control of insects
was scarce before the 1980s (Yen 1977, Hou
1986, 1987, 1991, Kuo 1993).  Among the
different microbial control agents developed
and tested, Bacillus thuringiensis, baculoviruses
and muscardine fungi are considered to be the
most promising  candidites o control insect
pests.  This article reviews the current status
of the microbial control of agricultural  pests
in Taiwan since 1983, The prospects of the
exploration, development and utilization  of
microbial control of agriculwral pests are also
briefly discussed.

BACILLUS THURINGIENSIS

B. thuringiensis (Br) is a gram-positive,
rod-shaped  bacterium  which  has  been
registered for use against several Iepidopterous
vegetable pests in Taiwan.  Plutella yvlostella,
(diamondback  mothy, the most destructive
insect of cruciferous crops, has  developed
resistance to a number of synthetic insecticides
in Taiwan (Sun 1992).  This has resulted in
farmers” interest in the use of B to control 2.
ylostella. Academically, research has  been

2

undertaken o discover novel strains, genetic
engineering, enhancement of  etticacy  ficld
trials and quality control of 81,

1. Isolation and Characterization of
Local Bt Isolates

Hundreds of B isolates have been
isolated  from diflerent arcas in Taiwan.  In
addition 1o plasmid profile and  western
blotting, polvmerase chain reaction (PCR) was
also used for the characterization ol By
isclates (Chak and Young 1990, Li 1991,
Chen 19920 Chao 19920 Feng 1993), Using a
setof specific oligoprimers for PCR
amplification, Chen (1992) found that the B¢
TMB 96 stratn contained  cervIA@G)  and

crviAwe) genes. Chao (1992 detected  six
Kinds of vl gene tvpes residing in his #r
isolates. Feng (1993 observed that the

distribution of cry gene protiles in local
isolates  was  geographically  dependent. 81
isolated from the soils of plain arcas contained
eryIAG) + ervlAw) (3390, onvlCo+ ervlD
(3290), and ervlVo (134,
from high mountain arcas tended to contain
multiple crv-type genes: rylA(bY (13,05,
crylAcey (05399 ervliAay + ervlA(h)
(0.59% ), crvIAGD) + ervlAte) (1065, ernvlAG)
+oervlAh) 4+ ervlAwe) (6929, ervlAa) +
crvIA(e) + ervlC o+ ervlD (3554, and onvlv
(LB, In 1993 Chak and Jen  determined
the sequence of erylA(h) gene from Bi
aizavar HD 1330 It is believed that more
and more  high-potency and  broad-spectrum
novel B strains will be discovered in the near
future.

Samples collected

2. Genetic Engineering of Bt

A collaborative  research  program,
financially supported by the National Science
Council, ROC, on breeding crop plants
resistant to - insect aitack by incorporation of
genes encoding Br - cendotoxing has been
conducted by weveral institutions.  The
prefiminary  results were  satisfactory.  PCR
amplified Br-icp genes that expressed the best
insecticidal activity in Excherichia coli were
cloned into plant expression vector pBHI21 1o
obtain pBrI2IN and pBrI2INR.  Through the
Agrobacteria transtormation system, the Br-icp
gene  wias suceesstully  transferred 1o tobacco
and Brassica plants.  The existence of the -



icp gene i Kanamycin o resistant plants was
analyzed by southern blotting and PCR
techniques.  The results from both avsays
positively indicated  the existence of o Br-iep
Among 42 ransgenic
tobacco plants tested, three  transgenic tobacco

gene in the plants,

plants were resistant 1o tobacco  cutworm,
Spodoptera litura (Chen 1992, Chen er al.
1993a.by. In order o improve residual
activity on folinge, Huang (1993 expressed
Bt Toxins into the bacteria Erwinia herbicola
colonizing the feaves of  Brassica plants,
After transforming oy genes, carried by a
plasmid  vector o F
transtormed L herbicola expressed msecticidal

herbicola,  the

ervstab protein and showed insecticidal activity
to P.oavloseella.
herbicola were able 1o stay on cabbage leaves
under natural environmental conditions for
about seven davs. To test the stabihity ot the

These transformed 1

cryogene contining plasond i £ hierbicola, a
series of tests on the subeultures in ampiciliin-
free LB mediom was pertormed. The results
idicated that the plasmid would be excluded
from L. herbicola within o tew davs under
ampicillin-free  culture conditions (Huang
199 3),

3. Enhancement ot Br efficacy

Addition  of  0.1%  octyl methoxy
cinnamate 1o the B preparations was found to
prolong by 1.62 tmes the persistence of their
tovicits o 0 wlostella, Starch, sugar and
0.05% methvl paraben mived  with the By
preparations slowed down the ramtall wash-off
from rape feases and inereased Broefficacy by
Incorporation of over 0.1 ppm
sagimomto low  dosage Bro preparations

2 tmes.

doublea the insecnicdal efficieney. wiieh then
mcteased S umes o the HSthonstar Lirvae
smigrin wis added at b oppme Some mietal
tons  were tound o shightly enhance By
tovteity o /0 wlosiella (Chung, 1991,

4. Field control of P. xylostella, Artogeia
rapae and Ostrinia furnacalis with Bt

Results obtamed from field triads for pest
control were satistactors. Use of Br (biobit
1200 bp/ml P, 800 and 1500 x; bag-a-bug
1200 bp/ml FP. 1500 xo thuncide 300 bp/g

WP, 1000x; and 1.76% 410 EC, 800x and
1600x) wias effective i controlling both P
wlostella and A rapae within seven days of
application (Su 1991b). Results of two field
experiments indicated  that  the  newly
commercialized  SAN  J15-SC and  other
experimental Be products such as tlorbac-FC,
florbac-XLV, TCOYIN ard CGA237218,
provided better control agnst P avlostella
than other brands.  Alb Br products provided
fair control of A rapae (Kao er al. 1990).
Field trials were conducted on a Br product,
thuricide  and  a
permasect, alone or in combinations to control
When two

pyrethroid insecticide,
P.oavlostella, i common cabbage.
cabbage  plots were sprayed  with  thuricide
mixed with adjuvant there was a significant
result (Hsiao 1983 It was also found that
with adjuvants, Br was more efficient than
chemical ansecticides in the control of P,
wlostella when applied to crucifers in the
winter season (Chou 1987y, Chiou (1990)
showed that o combination of Br kurstaki with
Beauveria  bassiana  enhanced its effectiveness
against (. furnacalis.

5. Quality control of Bt products

A standardized  bioassay  protoceo]
developed  tor the evaluation of  preparations
derived  from B against Poowlostella, was
adopted by the Council of Agriculture (COA)
as o puideline for B product registration (Kao
and Tuan 1992y,
nosorbent assay (ELISA)Y detecting systems
established by monoclonal and  polyclonal

The enzvime-linked  immu-

antibodies were developed tor Br a-endotoxin
(Hsieh 1987, Tuan er afl 1993).  Sodium

sultate-polyvacrylamide gel
(SDS-PAGE)Y  was  also
developed to guantity a-endotoxins (Kao er al.
1093).  Apphcation of the ELISA. SDS-PAGE
to monitor the d-entoxins in conjunction with
bloassay  were also examined. Those  assays
were useful, not only i fundamental research
and  product discovery, but also n the
regulatory control of Be (Tuan et al. 1993,
Kao er all 1993y
with cultured 2. avlostella cells inagar plate
and trypan blue layered on the top surface
rapidly detected the toxicity of B s-endotoxins
(Lee 1993,

dodecyl
clectrophorests

An i ovirro assay  devised



ENTOMOPATHOGENIC FUNGI

An o investigation ol local  entomo-
pathogenic fungt was conducted by the
Department  of  Plant
Entomology. National Tuwiwan University.

Pathology and

Nearly 200 fungi penern were solatea from
hundreds of diseased insects, and severad new
species were diseovered and recorded (88,

Trean, personal connmumcation),
Metarhizium anisopliae

Attempts 1o control beet armyworm,
Spodoptera cvgin. with - entomopathogenie
fungr has been carned out sinee TORS. Fhree
taowrs Mot luzium anisopliae, Beawveria
Dasviana and Nomuraca e were used 1o
contiol beet armvworme on Gypoplila and
green onton s bield tmalss the M anmvopliae
and B basseona trewiments resulted e better
contiol of the beet wmyworme on Gypwoplnla
than the nsecnade veawment. Y ansopliae
and B basvianag were both apphied 1w
woeehlyv tor cirht wecks on g wreen onon
held. Results showed that the msedt daniage
o green omon was educed trom 39 o 149
atter tunyal teatment. Yields ol green omon
mncreased by about S0 TKao and Tsa, 198Y),

Ewo feld wmals of funeal treatment with
Vo annsopliae sar annopliae acaimst coconu
leat  beetler Brontispa lonvissima,  were
conducted an southern Tawan i 1986 wnd
[UNT. Atter three apphications of M
antsopliae var annvopliae tormulated s
nomogenous biomass, m vranules or g
comdiad suspension. B oo could ot
be detected (b o af 1usy,

Vo anopliae sars anmopliae NACSOS,
nolated tom e smaller brown planthapper.
Laodelphay strwarellus, v highly pathogenic o
s host Enbancement ot virulence was
obtamed trom senal passaves throagh !
sratellin five times and one passape thirough
the brown planthopper. Nvaparvara ieen
thee d Hou 1989 ab O 12 pesticides
testeds hymesazel 3000 benomyt Sowp
ticsclizole 7y WP pendimicthahn 31 F.C
pavaguate 24 BC and alachlor A4S 1O
suppressed  the mscelial vrowth ot Y
annopftac vare ansoplae NASOS (Lee o and
Hou [989¢).

Insecnades such as 108

Noobitenthnin and

chlorpyitos  reduced  the  leal area ol

4

Gypsoplilla: paniculata damaged by lanvae of
the beet armyworm, S evewa. This reduction
was 1O told when Gynophilla pamcudata was
treated by mocolanon with M annopliae var,
antsopliae NTa2 Tor 24 o dShe, but it did not
altect Ma2 sporufanon on cadinvers. Mg
methoms b ar concentiations recommnended  tor
field appheations with N2 spore suspensions
had o synergistic: etfecs on S cuvne larvae,
reducing the damage e o leaves and the
time the Ma2 proved dethal o Larvae O e
al. 1993,

Benomyl and
solates UV Be, VU (o,
M. anivopliae var,

carhendazm resistant
Mu Beo Mu-Car o
anivopliae were obtamed
when the fungal comdia were neated with
ubtraviolet hehit or muotaeenic avents. These
isolates had cross resistanee and showed  ~table
fungicrde resistanee Fhew vialence 1o the
fovac of the beet mmvworm was ditterent
The solate sath the highest virulence, UV Be,
showed the ficher hpolvne enzvme activiny
Aprogiessive ancrease e benomy b oand
carbendzin concenttations on cultire media
could also nduce the appearance of tungicide
resistant Fe Beoand Te Caolsar or ol 1vu3,
Miss production ot M anneplae v
aniseplice NENSOS  wis Carned ot usiy
gram seeds and plant residoal substates I
was tound that coarse nices com coboand
hagasse were efteatne dor sporafation of - tis
fungus (hee and Hoo 1989¢y Kao and s
FLOSY and Kaoo or al c19s9) tound  that
contdian could be mass produced with steamed.
pobished  niee ar 28 €0 with a0 2

photoperniod.
Beauveria bassiana

B basstana was isolated from Taiwanese
sands andested with sweet potto weevil, Cvias
formicaries tSuocroal TOSS, Su U9 gy
The coftect ob pesnades on s fungos was
studied i the Taborators . Resubts showed tha
myechal erowth was completehy minbited by
the funeiade Sporatak (Su Tussy Field
s showed that prasimy with F o oy 1oe
comdi/ml. at plantine and rootstock tormation
tme o broadcastine of sovbean weeds
contatieng 1O comdia’y ae planting e
cticctively controlled the weevids oSa Juu?

Strams ot f3

Hemopteras Coleoptena and Fepidopters were

Deosseana volated  rom

most vrulent o bean buys Riptorts lavatio


http:klitill.wc

The order of susceptibility ol various stiges of

R clavaty 1o moculation by B bassiana was
as follows: fitth anstar, fourth instar, adult and
third instar. I the field experiments, B
Iasstuna coated onrice grainy was the best
carrier compared  with spraving B0 bassiana
aiter insect release, or spraving B bassiana on
Ko clavanes betore release tHa 1992,

Under open-wir conditions, solid-state
sovhean substrate nocalated with blastospores,
a o eranukued torme o the 18 hassiana-~oybean
minture (BSND and a0 powdered form ot B
Dasstana-sovbean powder (BSPY could be
produced. theiwr spore concentrations being - ca.
INTOT 1 and 1 v 10 10
The pathogeneity of BSP and

conidi/g,
respechively.
BRE 8 bavswona nice powder was ditterent,
thew 1O wo 0 nonacaliy beang 4S8 oy 1Y
and 95 10 respectinely (Chia TURY).

Duriny the late whotl stave, trom
September o October. cach corn plant was
tmtested wath 100 2nd st Tanvae ot O
frnacalin and was then neated with 2 100 3 ¢
ab BSNE 2 dans atter aval release. Only
019 and 036 Larvaeplint and 130 and 27.84
intestation  were tound o teated  blocks
sunvered w2 oand b weeks post-treatinent,
while AN and 120 lanvae plant and 1004
mtestation were recorded mountreated  blocks
(Chin TUSOY,

Cordveeps spp.

Thice emtomogenous tangie Paectlomyvees
cteadac, P farimosies and P javanicos, were
sobated trom the parasiized insects collecred
moomoantuns frome July TUS6 o June TUSK.
meculatton tests showed that 1 cnoadae
pacasitized and Kdled the Tanval stage ob )
Parsacals . Hcliotios armpecra, \rvavroploce
volistaccana Sesantta nfcrans . Corovra
copdiationca PP wdestcla, Bomibyy mng. A
sdpac cracrvovas Dapluas oneras heretra
vlhictonses . S hnoa and - Andraca bipuend tata
Py parasitized the Larsae ot )
schistaccanda. S

wloseella, B8

hapanciata,

frrnacalin. 1 coonecra,
oiferons. Co cephadonea

merr 4 rapae crienvova, |\
Hewiona coffearie and A hapundtata r
javaniions parasitized the Tanve ol )
Jurnacaliv, 1 coomoecra. N schusnaccana. S
mifcrens. O coephalonica, B8 o A rapae
crecivend and 4 Dbipand naia. Fhese three

Paccllonnecy sppeoare impertect states of

Cordveeps lungi, and were fiest recorded in
Taiwan in JONS (Wang [USN)
Sevea Cordveepy tungis e O aphodii,

C.oeractling Co omemorabilin, € miilitaris,
sobolifera. ¢
were antroduced  from foreign countries

Ihe Larval

splineiom and - Cordveepy sp.,

between Juiy 1986 und June TUSS,
stage  of 19 Jepidopteran species were
moculated  with cach  of the mported
Resalts showed that ¢

Cordveeps. sphungum

parasitized nine species of nsects: O omilitariy
and Cordveeps spo parsitized cight species: ¢
Dractbs panasitized seven species: O aphaodii
and O memorabdiy parasitized sivospecies;
while ¢ sobolijera parasitized none of them
(Waung 1989,

Vierticellium lecanii

| lecani Wiy solated  from
Khopalosiphue padi and was reporied to be
highly Myvzus
Macrosiphomella sanborne. Tovoptera auwrantin,

pathogenic  to poersicae,
Liphes crvamu, Aphis vovawpa, and Sunssetia
olcac. Ihe cualtaral characteristios and
pathogemcits o the fungus were very stable
alter 13 subcultures  on Sabouraud’s  medium
(Peng 19830 but no ticld wials have been

reported.
Sphacrostible auranticola

The  red headed  scade tungus 8
anranticcola (3. & Bro Petch was neither an
obligate parastte: nor obligite. “The ifectivity
of the fungr moculated e the female o the
camelha scales Pycadaoncdia dupley, on
pumphin was 2000 atrer 42 dass. The
imlectivity ot the funpus woculiated an the
camethy scale on tea was 237 atter 37 diys,
The mtluence of the pestiardes on spore
senmnation and mveelnl wrowth vaned wath
the tvpe and concentration of the pesticide,
In pencrals the lugher the concentration tested,
the more the germination rate was mhibired.
Fhe apphicanon o this fungus o the field
needs further study obisiao and o TO83),

BACULOVIRUSES

Viculent buculovinses have been solated
from lepidopterous isects. Both - Laboratory
pathagemaity tests and Lield etticacy trials

were condacted with encouraging results,



Artogeia rapae granulosis virus (ArGY)
and Plutella xylostella granulosis virus
(PxGV):

The efficacy  of mixtures of 504
tokuthion E.C.. and the ArGV 1o comtrol A
rapae was  evaluated in cabbage  Tields,
Treatment of plots with 20 30 4 or 5
applications of ArGV ar 1 LE/L was etfective
against A rapae (Su 1985). Bactospeine (B1),
0% tokuthion E.CooAGY, Ar GVomiiaed
with 50% qokuthion E.COoor with bactospeine
was found to be effective mocontrolling A
rapac in the cabbage field. GV alone or
mixcd with spreader-sticker. with spreader-
sticher + yeast-eatract, with spreader-sticker +
shim milk powder or spreader-sticker + active
carbon, were effectine in the control of A
rapae (Su 1986y,

PAGV or tokuthion E.CLalone, @ minture
of PGV oand sticker (CS-7y or a4 combination
of PxGV and sucker with skim milk - powder
was highly ettectinve against P wlostella in
the tield (Su 1987a .

Appheation of & combmation of PGy,
CS-7 wiath active carbon (five  weekly
applications until the crop  was  harvested)
provided ettective control of P wlostella (Su
19K8h)

Application  of - ArGY - provided  highty
eftective control of A rapue. The following
combinations ot c.eo ArGV+ PaGY o+ OST,
ATGY + bactospeme + CS-70 A1GY + PGV
+ Bactospemne + CS-7 and  tokuthion, were
observed o be ethaient against both AL rapae
and P owloseella,
with any of the followig protectants such as

Combmation of two GVs

yeast, shimo ik powder, active carbon, veast
+ CS-70 shim mitlk powder + CS-7, and active
carhon + CS-7. could cttectively control those
wo species, but GVS wath skime itk powder
or yeast anduced black ror, soft rot and
alternarta Jead spot diseises on the treated
plants (Su 1987by.

The treatment ot plots with mistuies of
PGV oand ArGY o 570 100 o 14 day
intervals provides effective control against both
Poowlovella and A rapae, bar the treatments
at 5 oor 7 day ntervals were better tun the
others (Su T987¢).

Application of  ANGV, PyGY O virus, or
Spodoprera htira nuclear polvhedrosis - virus
(SINPV) alone were signiticantly  effective in
the control ol A rapae. P wlostella or 8.

6

litura respectively. The use ol mixtures of
ArGV and PGV, ArGV and SINPV or PxGV
and SINPV gesutted in the effective control of
Ao rapae and Poowlosiella. AL rapae and S,
litwra  or P wvlostella and S, litwra
respectively. The  combination of two  GVs
and one NPV owas also effectuve in controlling
Poowvlostella, A rapae and S litwra (Su
1989y,

Spodoptera litura nuclear polyhedrosis
virus (SINPV)

Third instar Tarvae treated with 100 8 HO°
PIBs/ml. after devear, 2-vear, 1/2-vear storage,
and a0 fresh virus caused 83.3% . 96,749,
100.0%  and 10004 mortality, respectively,
The control rates when S litra was areated
by SINPV  combinations  were: India nk
YL, red ink 80249 active carbon powder
8854 skim milk powder W03 or SINPV
881 alone. The control rates tor S linra
treated by the followimg SINPY combinations
weres green YOS red 867000 white 69,74,
vellow dve 8270 or SINPV alone 84,94
Control rates tor S Jiwra applied with a
combination ot SINPV with palerasol As-29
were 871000 strong spread 83290 and €OS-7
T0.65% or SINPV alone 7584, (Su 1992y,

Heliothis nuclear Polyhedrosis Virus
(HSNPV):

Application  of HsNPV 1o . armivera
pave better control of t-dav-old larvae than -
dav-old larvae. 11 arndgera densities were
significantly reduced 14 davs post application
with HsNPV, and control was betier than that
Apphication of the
vieus nereased from 1879 1w 3604 the
proportion  of cars of corn free of larval

achieved with carboturan,

damage. The imgecton of HINPV preparations
into corn cars was more etfective  than
spraying  the cars (Tuan cr al. 19890,
HSNPV  preparations were more stable
persistent e the period January 100 February
and Apnib 1o May than m the period June to
Julyv and Ociober 1o November when spaved
on corn stlhs under field conditions, The
FISNPV was nactivated by weak alkaline dew
(pH 8.1) collected from sovbean leases, but
remained active on corn, tomato and asparagus
with o pH ool 7.2-7.3. Artificial heavy rainfall
of 242 mm/h Jor 30 min did not wash off the



HSNPV preparations sprayed on the corn silks
(Tuan et ol 1989b).  Lecithin added 0 the
NPV commercial product reduced the [T50
vitlues by 2 o 3 days compared o inoculation
with NPV only.
of using lecithin to enhance the  insecticidal
activity - of viral insecticides  (Tuan and - Hou
1U8K).

This suggests the possibility

Spodoptera exigua Nulcear Polvhedrosis
Virus (SeNPV)

A nuclear polhedrosts virus (NPVY was
isolated  from discased S evicna on baby's
breathe Gypsophila paniculaia. This NPV was
found 1o be highly pathogenic to S evivnu
tKao er al. 1991 On the basis of tood
constmption. virus vieldo larval mortality: and
microbral contammation. 1t has been suggested
that SeNPV a8 best produced by an artificial
diet ot 134 0230 tdiameter 1.0 cm, hergin
0.5 ¢ anocolum rate o 2 8 100 PIBS/om’
diet surface, at 20 C oand harvested 5 10 0
duys atter mmoculation (Huang  and  Kao,
unpublished data,

SeNPV O preparation made tfrom the
mtected Larvae of 8 eviewa at a orate ol 3.6 x
105 PIB/ha alone or mined  with 284
bifenthrin 3500\, demonstrated  successtul
results when applied on green onion (Kao ¢
al .. unpublished dat.

Laboratory tests were conducted  with
feaves ot G panicadata 1o determine whether
the I8 candidate adjuvants would increase the
cffectiveness of NPV against the carly dih-
mstar larvae ot N cvena. Broassay
demonstrated  that of the matenals tested, 13
adppvants mereased  the etfectiveness, Bivert,
agral 90 and nu-tilm 17 were the most
cticctine (Kao er al 1991,

One hundred and one substances were
tested i the Taboratory as protectants for
SeNPY apaimst ultraviolet UV activation.
Absorbance ot these substances was measured
usmyg o diode array spectrophotometer
wavelengths ranging from 280 10 330 oo,
Fwenty -sin candidites which showed  higher
UV absorbance were mncorporated  in the
adjuvant  measurements, Leaves of (.
paniculara were dipped with virus-bivert UV
protectant-mintures, wrdried. exposed 1o UV
Wilnm, 1200p0W /7 e 10 mim
and then ted o Hhestr Tevae: for bioassay,

radiation (2

Results showed that the addinon of 1% uric

acid, 19 activated carbon, 14 folic acid or
14 xanthine to the viral suspension provided
significant TV protection for SeNPV (Kao and
Huang 1992).

Genetic Improvement of the
Cytotoxicity of Aatographa «alifornica
Nuclear Polyhedrosis Virus (AeNPV)

The & -endotonin gene from B aizawai
7.29  was inserted  into AcNPV. The
recombinant viruses, Acendo-17, Acendo-UW |
and Acendo-1993, were punfied by end point
ditution and idenntied by dotblot hybridization,
PCR method and southern blotting. Results
showed that the expression of the é-endotoxin
gene by the AcNPV  eapression svstem
improved the ovtotoxicity of this virus,  The
cytotonicity of this virus s worthy ot further
regard  to ity

study. particularly - with

inscecticidal activity (Hu 19923,
CONCLUSION

[t is Hkely that insect management by
the use of syathetic organic chemicals will
stll dominate the pesticide market worldwide
in the yvear 2000,
underway in
government  rescarch  laboratories 1o discover

However, major thrusts are
industrial, academic, and
and develop more selective methods of isect
control which are compatible with biological,
tovicological, envitonmental, and  socictal
requirements  (Altstemn ¢r ol 1993 In
Taiwan. environmental concerns and insecticide
resistunce have recently led many - tanmers 1o
comsider the use of microhial control tor
agricultural  pests.
munpower and  research <should be given 1o
this.

It s suggested that more

Isolation, Screening and Strain Impro-
vement of Indigenous Entomopathogens

Twwan’s tropical amd subtropical climate,
diversified  topography  and  mosaie cropping
system, provide  rich microbial resources for
discovering novel agents with o high
pathogenteity and broad spectra, The selection
ot effective striams of - entomopathogens,  and
microbial breedimg and penctic manipalation
tor stram improvement, are essential to the
development of microbial insecticides (Aizawa
[UR7).



Development and Integration of Useful
Microbial Control Strategies

Microbials are ideal tor use inintegrated
post management because of  thea selectivin
and environmental sateny (Stmes o al. 1993,
Heois imperative  that nacrobial control
strategies be combined with ntegraied pest
NEIMaEement  systems, Lo maxnmize the
clticiency and ceotogical compatibility ol
microbial  control, specitic

application should be designed for the use.

Improvement of Mass Production and
Formulation Technology

The success o twlure of ans microbigl

tsecticrde depends  mamly upon the
technology o s s production, It s
essential that a0 stable stam be selected wath
egh pathogemany and productivt. This wall
optimize culture condimons and cut down
production costs duriny e process,
Opportiinties exist for enbanainge hield
ctiectiveness and prolonging shelt e through
nproved  tormulation Sugvested areas tor
advancement anclude microcncapsulstion,
hrotechnoloey and the use ol vanons additives
such as shicherss spreadenss and feeding

stinubants s well as UY proteciants,

Encouragement of Molecular Biology
and Genetie Engineering Studies

Research etionts should  be directed
towards hiotechnology, Studres such as
plasnud cuniny and comugation, development
ol transgenmic mctoom st and - ransgende
crops provade new nesavhts e the contimumng

progress ot rescarch mto nucrobial control,
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