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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 control 
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 
entomopathoger:c (i.e. lathogenic to insects). 

The imost Ianiouis of' these, Bacillus thuringiensis 
(it) is already vi(Iel v use(I in manyN Asian 
countries, and is the only microbial insecticide 
registered for agricultural pest control in Taiwan. 
This important Bulletin discusses [he use of' Bt to 
control lian dbnclhack moth and other serious pests. 
Hundreds of' Bt isolates have been tested in 
Taiwan, and it genes are also leing used in 
programs to breed crop plants resistant to insect 
attack. It also presents recent research on other 
promising biological control agents, incliding green 
muscardine fungus, and virulent baculoviruses. 
Finally, the direction of fiture studlies is discussed. 

Microbial products are ideal for use in 
integrated pest nanagement because of their 
selectivity andl environmental safety. We hope that 
this Bulletin will he of' value to all those who are 
working to levelop pest control strategies which 
make less use of chemicals and more use of 
biological resouirces, to control pests in ways which 
are not hi r in 'u I umliunan health o r the 
environment. It is based on a paper first presented 
by its atillior at an international seminar on "Use 
ofI Biological (ontrol Agents uinder Inlegraled Pest 
Management", held in October 1993 in Fukuoka, 
.Japan, and co-sponsored by the 1University of 
Kyuw~u and the University of' Saga. 
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ABSTRACT
 

fml v lliadb lin I mi lllMicirobial Aolrol' . it Io 1 ' ifllill inlfe 'dl/t' fi el L' iltl.lI.s
 

artiall. de/llo//trll it.% aIvtill/I Q'S lrccil illUt I t I. /it (livi 1i,
tcd /i/i als ri ultlrid .Al o/ill 

1//l ,fni [h/u 1/1/ .oi/C (fd cotr i I /t 11.ifft/ hf/ /l I// '.III I to lr /lcpc.sl i/Ie lli I thfi.% I/I 
.ltl)(1n1VAcr*('\IlI*h(,I\ /trst Utl//t-Cd Cllto lm /ll /I)1"Ior\cci' l'l ltrl' ill 0) 0. .A I'V'C01l'0'] feumlt 

( 0MIAI.S bel-Nr /I om tliviv Nilit-.% a/ titill trl/iling'I/' o / tim ( tltl(r11 inlstitifh',s illtcrdN ipilillalr.\ 

1/11 1%/l /' f(it '/ i lt / C I/A''ll I u/I /hit I/Il C(/' ll/ j,'//ff(/M C//I1/ fl't i/flif 

BaClluS thurittglonsis, I/hefil/I lilt, itlilt ' t1,1l//d /iir /iriiultllra/ illro)/0l i/I \(, /1.t coltrol 

/01,fil. '/M / I f/ih, / l/I ti/f l ec(,otf/oi f/ Plutelia xylostella, Artogeia/C I I lii l l/dl tI/ rapae 

'110 iOft1/01 /'r7f li/f/f lis I/I l1 1 1 O'/i //Ilt li'l/l stil ill o.I / h /i (I /wN (' Cd / il/,110m l/ , Cd/ irs/nt 
(ilIIlltallt\ NN0\10 (l[ (INS\,/\ /hWIC [Ic / ve[o]cil i ( olaro'l. III I'C(( i'/ I '. (S (11W/ / ('t' /0 lthl SCV I il 

,it(ilivilI"I 't tl]i ]hill lo IlSt',/l ~'l"ll oll 'll l¢ cyp l llmonl vn'm'crIR B.I. , //, andl llo'lil(+/ 

thringie/nsis 

(it /I11 m( irdtil' flittl ,'l. Motarhzum itlisoplafJ. itia /pplicI t,)Spodoptera exigua, 
Brontispa lorgiISSinI Mihd Laodelphax stricitelI/us. ,110 it / '/ I it/A C l/ / '/ I SIrll.n I I / A 11/ .ilI 

x I' ' I I lit f/ I/I-ilu III il ,/ [cf/ // l vI'l/ ' Stil l i/i/iilflN. Beauveria bassiana /thl//'ll/gitc Cy/as 

formlicarius. RIptortus clavatus 0 calis I '/ Ii I//(' i /,rod/ 'A A ai O. fuart ii/1S/ /1 J I/ih / lIi. 

Illl/itO, , i If 1 11/f f' il/li'/ Cordyceps f/// IIIf/I/lc c/It) 111il ptCI ii f/lli/' (I " o/ v fI c ic. I/.l//d. 
V/rice/lhum IOcO tll I//h' ' /l'il i /t il/If 1t/,S 1/i/I /laho/\i / Spha erost(ble auran(icola [I,1 lili 
I,,Psoudaondi duplhx 

ItS 
tl

fl i, ,. ri/ulcl I 1,11/li/i ifS/ fl/ if ,,i/ii ///f P. xylostelia 'i(; A. rapae Ai(;t iucl/C 
lff/li//,hfl i/ir S , S liturfi i, S. iS ). Heliothis (l.AI'\ ))I,\'t exiua ' /m/id .s/. v/rr 

t h / /(i'/(/ l I:lll i t l wd'l c thc,Idi'vlll/li'd(0 tc fsIc, 1"11o JI/ (m l ]lt . if I Wlso colilli'h' It/to 'vviI/Iiatt' 

clb'ctl 1cN o/ tr ,tl ,tdiltoillts ,llcillpt's e 1 've lht,(1'i tti I'ih' it+,,IclcifllA iIIIl)I ivit% ot/ 

Auto qrop,ii clifornic,i \ !'\ 
I IIItI I, "I/ thlc IIt/ ll I )/ il.sm'tI .1oltdd tll(' /lltiolt.sltu/tt's I m r o/ rs. cmlha i-c i.o 

N( Itl'illit' Hilid SliaI/I Ilm lo H o/ d vIIu % l 'll /hl~ot '!l. alp]ilihalD ll \" Ill.'sLsc'tllfll o 'l ife llio \l~ l'' 

t(,It(Ialtldlo mithillon vtn irch ./(It /)I ? d '/ / hc(hn, \ allidlilofi( Ifhffr lld lethci ('1n1q d inQ I d 

t/f// il / / f /I i /fc' 

INTRODUCTION level',. the pr/J.')O CAL l,cd achievC', 10 
HliCr/lhi l c0ll110l i lucl the illtntliolIal 

creation (d cfi/ microbir toe tili/tin of 
simlpl ',lalti the. lmi.rohlfd conml o f lmuallv occ.'t1*rin2 cpi/otlic, (llhrlwr 1987-). 

ilsct,u'i. lite ()f I~ 111) 1) )g CIIi, '11t0H~ j 11(q}h NorL inluh dilmt,, tl',+c C (ll) at11l ' )2C l|W 11 C l l iW,11".. 

IlliC'F)OI,2MI1',11l', HlItCO' ulatlitn li;, 111It!i, " Iprth om hatveIt) WI.ttlkllC i){qy mltl ,h;lc'lw ;ld 
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ailready been developed as microbial 
insecticides. Altholugh microbial insecticides 
account for <11( of the total insecticide 
market, this form of pest control has becone 
the foctis of attention over recent years. This 
is due to tire improved performnceil' Mnd cost 
comipetitiveness of inicrobials. in addition to 
the increasing resistance of arthropods to 
chemical iiisecticides, elvironmlenial concerns, 
and the lack of dIevclopmenit of new 
insecticides (Starnes et al. 1993). 

Growing public consciousiless of the 

potential haiards of chemical insecticides used 
to control insect pests has urged scientists 
from Taiwan, ROI'L to develop microbial 
control tochiloogy is aln alteriativc or 
complinwtary strateev to chemical control. 
Il fact. microbial control ofTers a number of 
advantages over chemical control. Nicrobial 
control creates no pesticide residues and 

polluiants, pr(vides i high level of safety for 
huilian beiNgs and non-target organisis (Kar 
and Tlng 1992) and has ai low likelihood of' 
pekl rcsistance. 

Ill Tliwan, the Use of Cltolopillthogellic 
microorganisms to control insect pests has 
been recognized as having great polcnlial since 
the trn of the century (Ycn 177). I1owever, 
inforlation oil the niicrobial control of' insects 
was scarce before the 1980is (Yen 1977, lou 
1986, 1987, D)9 I, Kao 1993). Among the 
different inicrobial control agents developed 
aiid tested, Bac'illu. Ittringiv',is,i.i'ul'ovirtise s 
and muscardine fungi are considered to be the 
Most promising candidates to control insect 
pests. This article review tile current stattis 
ol the microbial control of' agricultural pests 
in Taiwan since 1983. The prospects of' the 
exploration, develfopmnent anllLitilitition of 
microbial control of agriCLtltLiral pests are also 
briefly discussed. 

BACILLUS THURINGIENSIS 

B. I/l'irlgi'l.ai.j 1t) is a gralni-positive, 
rod-shaped bacterium whitch has been 
registered for use against several lepidopterous 
vegetable pests in Taiwall. Pwella .xv/oh'l/ha, 
(diamondback Illollh, the llost dlestruclive 
insect of' criCilCrotis crops, his dveloped 
resistance to i nuimber otf vithetic iisecticides 
in 'laiwan (Sill 1992). This has resulled in 
Ifarmers' inierest ill the ise of lit to control 1'. 
.ly/loste'Ia. Acadeniically, research has beei 

undertaken to discover novel sitmrns. genetic 
engineerin., enllaincelient oI' clicac field 
trials and Iquality control ol it. 

1. Isolation and C(haalcterizat ion of
 
Local I! Isolates
 

lundreds of it isolatcs have been 
is;olated from fdifferei areas in Taiwan. In 
addlitioni to plaslid profile and western 
blotting, polymerase chail reaction (1('R was 
also used for the characterization of' lit 
ise fatcs ('liak and Yotne I{990, I.i 991. 
(lhen l1902. (lao 992, [cug IW3). Using a 
S,.! l, :,Ipeci fic ol igoprinill for P('R 
almplification, then ( 1992) found that tIle B 
YNI B 96 Ntrai iI cota1indt L 'rl (La) tld 
'V\l.A(c) gclcs. (hao 1992) detected six 

kinds of tt-'I gone types residing in his BI 
isolates. Feg ( It3 ) ohserved that tie 

distrihilnlo, (of r gele profiles ill local 
isolates was gcographicall, dependent. li 
isolated Irom tihe soils of plain areas contained 

trv'l''A(a) + crvlAict (53'; r 'lC - rv'll) 
(32,;). and ,r,\t V f15( ). SplesitC collcted 
from high moutaiiin areas tended to contain 
multiple ty-type glle: ryl,\(t (I 3.0'; ) 
crrvlA(c (0i.59( 1.,Vlta; + I IAtIb) 
().)59(/r). nl.'\ta) + ,'vlA\c ) (i 0.6(,;, crvlAa) 
+ 'rvlAb) + cr.vlAtc) (69.2 ' . c \lAtia) + 
c/t',v'lAtc) + 'rtl(' - I\ll) (3.'5f ). anud ('rlv1V 
( I 8 . In 1993, (hak aind Jell delertnined 
tile seCttiLtC (if gene t'rom lIt0e rIA(h 
aiaai 1I1) 133. II is believed that inore 
and more high-polency and broad-spectrum 
novel th strain. will be discovered ill the near 
futlre. 

2. (ilctic Engineering of I? 

A collaborative research program, 
financially sLipporltd by tile National Science 
Council, ROC, oil hreeding crop plants 
resistant to insect altack 1v incorporation of' 
genes encoding l 6- endotloxills is beell 
c( nlu lctl( b)' , eVCral instittiion1s. The 
preliniinary resiilts werc satisfactory. P(UR 
ainplified lir-icp gects that Clresscd the he t 
insecticidal activity ill I.. troh,a (,i \ cre 
clonCdI ilnt plantl eXlsf ,ioii \ctol(0r 1i31121 to 
obtain pM1t21N and p/tl21N,, Through the 
Ago/tbat'ria transltlliutatioln sNystemi, the Bt-icp 
gene was successfully transferred to tobacco 
and IBrassica plants. The existence ol'thle ?t­

I 



icp gene in karrami cin resistant plants was 
anallyied by southern blotting and P'R 
techniques. The results from both ,,,avs 
positively indicated the existence of a Bt-icp 
gee in the plants. Anoo, -12 iransgeic 
tobacco plats tested, three tra+nellic tobacco 
plant wcre resistant to tobacco cut worm, 
,Spodopdq, /itoln,' (C'hen I )2. ('hen 'ti at. 
I0993ab . In order to improve residual 
actkitv on foliae, hltimng I 1)3) Cxpressed 
8t loxins into tihe bacteria I-r,'ii hili'ola 
cololli/ing the lea,.es of hrassica plants. 
After transformirirun (rIv genes, carried by t 
plasnid -ector itoo1 . her/,Ida, the 
tralisloried :. hrbi(,/ expressed insecticidal 
crystal prt ll ait sli l insecticidal icix itv 
to '. kv1'c/, IIo. Iliese transfore.d -. 
/n'rb ola xk.crc able to sti\ on cibbage leaves 
under iltiil Cll\ ironincuital .ozidiiois for 
about sexn ix ,s. '0 test il:k slabiilt\ of the 
r g\g iie cOHt;uiil! pltsillid ill /. 11h'r/ hh. ;a 

,eries of test, of] the sUbt1+culture ill aUnl)icilliri-
free .B \ pertorned. Tle resultsniieduiti Ia 
iMidiCted that tile Ilririt ,xould Ibe excluded 
froiri 1V hiv u/ar x hin :a less 11a\ s under 
ainipicillini- frec CLt rc conditions (Iltinng 
1993). 

3. Enhancement o' lt efficaci 

AdditiOln Of (. 1 octIV Il inethox V 
crinrialnate to Ine B prepr.ualiollns ,,as found to 
prolong hw 1.62 tines tire persistence ofl their 
toxiclit to /'. kxl,,ti//. Starch, sigll and 
).05,; nil1ih\I parabeni iniied \0th the /it 
i)tLriailin , sxl,'ed dol. ii the laiinll x Ilh-olf 
roii raple ad iicieild elliL..ic\hlaxe ill 11 b\ 

.1.2 liles. licolpotmionllof oc l0A ppmln 
ic 11110 IlO, B1 )Ielpalalionsito doSage 

doloitleli the ill',ciiillal eltick'inc\ Muliich then 
llei,1tt SqIlnlt',, h, 1the -Ilh ilriti aixaC it 
orlilriln a ,dcd it I ppilli. Soic iiit ill 
l1 5lie follmlii It , hll erlh lic' Ill 

Ito IIk to ' /' h/t(i I( llii, 199)1)1.I 1 

4. Field coltrol of' P. x.vloltella, Arlogei 
rapat' andl(1 Osrinia furnacalis wit h lit 

Ietsults othined forn liehl trials for pest 

+.Oiwlt ,,eic ,alislactor \. Use Of it ibiuolil 
121) 1l1/til FI. 80)0 and 151)0 x bag-a-burg 
121 bp/rnl I:1'. 1501)0 x tlhuricidC 30) bp/ig 

Wl', IOvOx: and 1.1,:, 41. E'. 81))x and 
160M0x) was effective in controllig both '. 
xvh,lxelhil arid A. rIlocat wilhin seven da's of 
application (Sn l99b). Results of, two field 
experiments indicated thai the ne. ly 
coinrercial ied S.\ N 415-SC and other 
experimental Bt product', such is florbac-F{, 
florbac-XIV. l('()t 1S trd ('( A2372 18, 
provided better cotlolltl against P). .h1ost'Ill 
than other brands. All Bt products provided 
fair control of A. riI/a)c IKao ct at. 1990). 
Field trials \%cre conducted on i I product, 
thuricide and a pyrethroid insecticide, 
permasect, alone or il conibinalions to control 
'. .,v/oi'l/a, ill Comiiioii cabbage. When two 

cabbage plots were sprayed with thuricide 
mixed with adjuvailt there \\,as a iegnificatlt 
result (Ilsiao I 9831. It was also found that 
v. ith adjuvalt., Bt x\,k more thana efficient 
chemical insecticidcs in the control of 1'. 
.it '+ot('1tl x.hen applied to crncifers in the 
,vintcr -.eason (Chou I)87). (hii 11990) 
show\cd that aI coimbination of' t kIurtaki with 
BI'aoi'iria tiassiala Cihanced its effectiveness 
against 0. /lrnaclIh.s. 

5. Quality control of lit products 

A staindairldi/ed bioassay protoc:al 
dcveIpCd for tli evAIlnltion of preparatioins 
derived f'rom Bt against P. xvlovtlla, was 
aiopitCd by lire Council of Agricullure (UOA) 
as a guideline for Bt product registration (Kao 
and Tuan 1992). The enmyvlie-linked illniu­
llorben t assaII III.ISAI) dleecting x'sttills 
established bx imonoclonal arid polyclhinil 
hntibodies x eie developed hor BI 6-endoloxin
 

I Isicli I1)7, Tluau i a! 19). Sodium
 
ldecVl siulf -lte-pol ilr alnltide gel
 

cl-ctropliorcsis (SI)S-TA(!+I skits also
 
dechloped to yimtilfN -elin loto+ins (Kxao t al.
 
1)93). Application of the FILISA, Sl)S-PA(I 
to ii0i tor tire 6-eihtxils ill cOllr i titoll With 
biotisiv xeie also exijiiilletl. Those assirys 

,,wr iseltil, not or\ in liuliimetan l research 
aid Prudet di,, ,r, buit aIso in tIre 
reguhiltlors Contrl d Of BtI (lTull t /. 1))3, 

Kao tt 11 11)). .\i ll vitio Issa i\ ised 

. tIh cuiliured '. ix',.sthla cells ill agar plate 
and Irpari bhlc livercd oil le lop surface 
raipidly detecled tiretoxicity of It 6-enthrloxins 
(L.ee P193). 
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ENTOMOPATHOGENIC FUNGI G;y.w//1 pI/(. Wil, I klitill.wc h\ I~l.\iic of 
lfl l ' I ar|l't t,k\. llt, ,W ctltllll t"i, IL-thlttll

All iII\c i it o 0C l',, tI0I 1 It~ -ltl0tt - \\o+IX M( hfld" i l G\i'(\ p\hlla/c p] ll aw/l&\\it', 
IhtlO!- C i' l MIUt v,+it, L'll(tItC'Lc-t h\, lhc II t,t h.' \ I l',ill ~ttll~l t ' th 11 11111NO/[11h' \;ir. 
)e pa 1111tc li o t P]~ it I I't h ltItL ,W, zta 11(] ' till 24-1 0t Vi,/ 1'011.;hl.I It th lII[lil 

Fi'lltolliohi~p . N ational,I "l;im i ['ti''.I\ llit.-O \1;I2 xl)OHtI~L11t11 tIII tL'JdAtL -I ,N M.inl 
N ca;rl\ 2 I llllt'i d'C ICI \1t,kCItCINt i~tt t ICU '1*011 IIttWMlt 11H 1 L( Il t'Cl111.11kl I N~ It L ( l 1III'tC Ilt'l lr 

1111lr'lM No.'dl tl % Iit'h I L%1u1 01IN ilIIS'CL I. il 'tidi t- W~lc~ilH1I \hi;,~ S)II 

SlItC'IC'N %\CrC thISC't\c'tt ,tlttI llot ( (.S 11;11it I L' I Ii, lt I h 


1,I Il ll \ 111 i' i lC IINi(M 
A TM, l . ' CI C' C ll]'ctiC / Li\t'ki\AC. 

1,/C'iill. PI t IIIIllttll mlNMl~lo . ll l ,l I L'tiLIll ',L lilt' (LIllllJl'L'C I IL' 10t I CN~' illd liCt 

111Itic \hc1,12 ilit~l I C C lhdi h1 ,i1i\ ( NA,I10 Ji'
,Melttrhizittn ttnis+op/ilte ' , 1993t).I 

B~c'lt1 I ,lt11(1 1. T l Mtl l/ i I I ,1I 1111llt 

A\ I I lr) t if l;l l (WI
ll IllH h" l IlWI . I ll\llr\ i I \ ~ . V 'J. \Ilu I~ l , .(CAl (Il 

p>,,,tjI, It I I i 'tII c . kk111 t'ltl0lii1 1ipill1(w crlic' 11. (1,1,1 \ ,0 C t~hcI ~it',/ ,h ' 111 ,'/, 

I t11ll l L'Ailll'l lc IIhl'T
h OC11'cI I LI lil011 I ,]ItC . II.hc' I lt I IIW''i kll011ldlii \%CIC IttIlCJIL- \ Illi 
I .1I l] fc t / t l a n / // B./ lll ICIftl Ilhli\ i1ld 'l li1_1ht Ml llltlit1'Clll ;17c'111". I ILc,C' 

/IN ''/lS(111 ,llt \ I M110/tl( 0t 1I l'\ \ \ktCIt 1.NiL-(I I I ll, I Ilit c' ,\Mcotl N hCN lk) N It" 11, 1 kL'll ;tl lt Ic 
0 1lt11 A I 'Tc' l , Illl\ %%(1 llt tIll ;\ I)'I/ )/IhI/II Jllt I lli!'i lt It"i ,l Icl 11 


l ' M ll d lI 


I& li1 ' \Il% ictI, ' h W lilt' 
ltCIIMlI(l III 11hi N I, lilt' 11/ fill \,,p /wi, l'ilt\% C' (Iif l t' thL'Y' 11llll\ \k ( fl1 l \ d' ill t 'lc'lil 

,Illh l B / )I %10 h1 11nhill '.11lltCiN'l' WNL"tilC'(I Ill hC11lC'l IhIl' IN(11,11C'\k 111h Iht' h l!'hL'1l \ If H 'icII, '. I V' lIt'. 
1.01111 (d l kit IM ,1 1Ill (llt /;1 ,l11/1 11 NI IC i ' IIItk' \'lL\ h~, \\C' h Ihc 't h C'l/ WlC , 11\1it
 
11h,11 lilt' 11 Il l k~c l l_ l1Ct', illll'i . ,m111/ 'p /hat. A' Illi 'L,10I t tIII ' t 'k I , I I ,ll
t) N .l L.It',l I fI ll) ttI 
,11 (I tl ' ll \ Q ,ilh \%C'IC t III IIC Il tt . I\\ ItI /I I ' Ih J ' \ IkL 1l /lt 1k l l i l llI Mt Milc 4qI ll kofI IIIl' IIL'dlJ~ 
\ t% L I L'IL'hIIl \L, 'C'IN Il ,I l TI 1tl 01ll10 11 k d'lltl ,x lt IlklikL l C f q lllM'1. tdt'u l Il 1111l,inc 

. ti tllI I il i lItl Ih I l ' hL-d ltI(Wil l T Iti1 , hIl h l i Idlik,lt I ( 1 < / ll t l .1.i! 
hi .7 1t i'.l till .,111.t,, I cl d'll Ltcll ' til lI1m7 M i l Ix I(Pt i <,#lw dl \1l th /,t, ,It 

II l c',i't h \ th miill l i K a,,t m , 1 , 0 0t)1.l I dltlt ")'t'C IN ,lil! 1)1,11111il It l IliiII 1 1 Nl th,il' I 
I \\k i II 'C Ik11IAiN Il lq!'Ji l lC.111 \\ lilt1 11,, I tilll ( I h i k ()h.1,1[N ' L.L., k m I) t ill IlltIJIt Il %k 

tl wpll hat' \,11 111 /it~, IL',II , U~l',t,C' tLtI lc' NIil llt l li Olt , 
,l ),, 11 k*K ()[litld \ ' tLIlIl k IkC 

IL'it t I) ' CI 10. B /1 111,/ J!,l !,,I ,'l N 11 ,1. \%C I 'C Iti~ ll ( I ( t t ,id I h i ill I It. K i( ,llmid I',Ni
 
k0 ](1.Ittl c'dl N iilht]'ln Illn
III 'll I .11M l11 't),86 111i ( 11),-0)1 li; ( i( K t i ll I QSit l l lld thatl 
19 8 T . \ lto hLt'f ' , II li c l ll, I Lc)ll lll i ki il t Iw IItl dN , 

i lt II tt kIII ,ICilt t I.(I \ l III 

,111%, Wllm I d1I. 0 Ill ' ,L1 Ii t Il ) l l l ltt i 
 IN, p i l'll IIL.L' aiI I'11ii ,it 2 .4ilt
 
iIt) ItIifNll ltl, l C 11
Il - lt(Md, ,. 111 J 1 1i1i' 4h 1H ;i i h llc IlI to . 

I~cl t't.'WoW tl I 1.111 f ,0/ 1 1t~. Bcl' l v'erlia a]tl+iilllt 

11 ,l1l %,pbao/l k 1 (111.\(I/l//ll, \ I\ ,toN1*5,*IN( zIM IlIt Wll N , It'l i llh11i1i t(l-'d lilt' 11hl I ll 1,1111 11 t"A. I I Wl\;l ,ld, I N I L iN )I Ir ['ill\\ Ilt" t 

IIs l I l [ lh ll CI'I ItIlIl I LI t' I11, im[if 1w I~ ) 9!\k J' /()I 'o i'I il ll XX,. I Si ,I~ 

% h1 1/11i 1\lC IIII C Acl I ' I P'c" ll )I ll NT it'IIIct'Il ItIf , Ij l. R , NI(ilm cil, 1 ,11if( l lh i IIhIIi t , 

tIICI /Hll 1 )t' li ,ti ll(I /11/1 Oh q id I li
A 1c l!, /1 O'liti.ll\h c' I ltm II iu ih \ I 'iC ll 11i11) l I h 

I[ttAT llid I( II l ')N' J ) 1, ( )1 -I W II IiIIC'N IIhL' 1l11 P1 ( ltt idCS I.I ~I.k (I IIl "S, I l dh 
C \ /C INIC'(I. h III \ , /ll ' i I . I)CII l IIt'ii, I I) \% P . l \ 1 i i 111'lI i~Iha I 1(m c't .11 lli t\ lIII, 1 I1 1 

IiI. \ Llii/( )It' 75II Ltl ii'I\ 11.(111 ;i/ill 1I' I h i l ;>1 IL lili ,11 I I 

[);ifai i' llt' . | ' ;ili itl 


p hl~illll ! ;ill l~ ll t I h l !1,1111l 
I. Ihllm IS , I. II (. l 'illk.4 h [ l,tid t ' I II!' i t No l l~' ilik. ct' 'dl
 

s iiI)lif C'N t'l- tIl iiC , ll - IJi 1 - 11\%1i1 1( 11t! '1il 
 i ll Hl 11il 1(1~ ,11 I lk llilli lI II tk 
(11/\1 p hotol , k 1l. P,,w cl A. ,'Mh' ( 1 't 11i11 Lt'IICo.I 'Ik\ k lil l't I hant / II' \k,'T'\ ,I- H Il . Jl,It 

lllii ll llc l. /B , 
h11' olli t'h i'ilth1 1 1 ' N5. Il Ih 111111ill idil IItC llltiM i ( ', ,lt111dl~I t'illll'~ C\IL' 

IC t ilC c : 

'llli t l 10 110#m"A11,1hc'll Il(m l 

C'lilt( ) I ll N,I 'IO IIh, I tILidI it ",I ll iflit N IIl illt'll li l t',Ii hllw . R w " ,'I l it/ 4 itil 
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+,Ihc trder tf ,,,sccl) ilit\ oil \arliti, iatl.c o'l ('" \' "I,\N ItI IEI ,itl .crcC li"i1 1 rcNin l 


lf' (tIViUitI i0 i ni cLtlliltl kiil idi,i Wl.i 'ailt\tl, nlll 1 I t (\l/ in iI0 (lltit 't.
 

,r, l liictlh i ins. tti crc \t iid Cc \ II (II
oit ii,": li l lti.i and CIr \ i m I.C. )Iiiii..
 
th i iiistil. Illi it i, ilic NN it t.,,il B ( I 1tcci. /,uii ,!,,,imi/ ,licllN.C'.
liii\ 
bILA U11111 \'O,;IllC' OHn Icc lT' N\, , il.' tIle.,l Nob/o+11l/,-l,. \1/11 ",'Iml,Wil (' /,/! sp., 

bCOM rlt+'t SI / (IN lII C. ,iriful iL \k ilh l.inI b \\t.cc 1t Odtl1li ICzI ' 11 cOU HIcYirC" 
.ic ltct n'Ii.l icl -,il .\ill 115\ till iV.tclI ')8 i +UHC N. It ti B /tt I(I aCl l llit I I ul
 

I ( , /IM ;t1 NtIh I I , l lt.) . tic i Ni(it C' t I C i Ict l11 1i Ctl Ct Ciii.
 
i t r 'II Iti I-t'I 0tt'it/ it c111N.Nri I l - ',[IIL' I lot'lit lli.tIl i lh c 'tj h1i 0 h11 IIll1) t l l
 

NO.1\I)C.Mll l A+e'- IIt klt NN LIN.110,I)tOltS,. ).IN.' lt- 'll( IMi \,lIIt'lJ I
ll'O)I ilcle tillh ( '0l I a \ / btt.'s " hN N 

it illl ill't i l l llt B a Nwa iv "N \,l ll 'inllii Ili/Cc]!t iiiC LA O IIltL I: I/Ittii t 'l 

i ) . lii\lIti / I tIiSV) JIM it 1i CI\dtl It illi ll (it Bc t itl (' iit,/u N'l ! liINIjti/t tt Citpit N]tit l ; ('. 

+I l) " ll I i HLnli l nAi. ulillC ! . \. l/t ( CI ,n it. i ibNti J I il tIA i N sitste Ic
 

IN, I It l d lilt juIn, I Itl U l I I It)l lIt ll IS l.ii a dii I ci t nii
 
IC I t IIl¢ I I lC tL ' ll of W", i ll I W
 

I1c, I ( I 1 1 I ) I t / ') . \ Iit Iil hhNI in ti it IN Nicanii 

,/ Itl IC t ,l tI I ' t/ I IlI.t 'C
 
H~l thIC I~t AhtlC. II t+ ;IL), d L',t frot
IllI I t " l' I I [kkl/l I i illl 

)I II 1C Lth I C lI- ll I hi/lp /hi.\ ad/andcN% + / ltIltl 'ti . I CA 1ki t I kNd / p it' .w\ , epm '# be 

111t/lh( 11/1 ,ldh thliul ,ti't I NkllhI Il 1 , 1 l i l la( Nali'l, /, l#,\k I, It 2 . l l l Illl. fl+, ,al~lll1, 

i, tSii + it % , I /I/lliltt 1\, I IclciiNc. i )li l\ iphl,\I rI \i m i.I l\ uNil . ilnin .trli\nlil ,, IN 

) 1i1) ,111d t), ")o+I % e 1)1,1111 () 111(127. ,1/',1 cIh hllIAL' , Mdt
,111t11 ,' . ( ll ll I CItINII LN

111 "ClIllltkll NN I' t (Mltlld Ill Cd lt )-kN , Ic.' llI IN \ tI I L.' lt 1 I k p ltlit ie[ll] lolilt- m lft'w [ \CI 'lbhle 

N111\ C-\tLi ll .1 2 ,tlldl I %\LT kl, t)N I- I Itca tl II lII I . J I I I ' N llh 'Hll t IIC".S ll S"ilt tlit I[ll-,N. Ille'ditllpi , 

\%.I llIC .I. '-, M il 12ilt] I l, lp ill Mtidl I( )V; ( Pcnll IJS5). hut noIt lichi ll iil,, Ihit ~cbeen 
Ill ILt"N,llIt M \\ Ci 

+ 
I ' A)t .ll l it I II I l ct iLid 1 l) 1 )c' II )O[( llt . 

I' I i/' IN', I'~ Cii it i11 i t i i nl i iI In 'i/ IB lt I Ii )k M L \ ItC i Ii C I It Ii . 

Sphtaerostihhe anuranticroht 
('ordYcp\ slp. 

'Ile Fel d uded,.l ,, Ac lilt. IInu, S. 
I IILTH I( )'llIll) Ctllt )U

' ,  
lltgl. Pl'( d IM \ ('\ 11W/Ill/ )Ill (I i. I,': Ih . I PL-1ch N\ ;IN, IIC'lIhCI' illi 

1/, d/, '. P' /,t II / ',\ ill P li WIN//UStt. NNC ItC O~ll!_';Ilc IMllrt lt.111101 Ob~litM lC. h1l i lllf ctit, il 

III- L t I 'l-d ' L lckI (1t 1tllt.!l ilHIC'tilllk-d llt_' file.l l )IIH lite l)AtiIll/ IINl~t,. IN llt ki ile' 11) lt h ICI Of 
+


IIIllIM- 1,ll1 1111111 1111.\ il) t "',. 1 1 II II/ ' tillI ') 0h h IC k,d I1"1ll 'ItIC . P N 'tll(I,/I la 1111/) I 

11,1 I k NI ll % - P I ,/,t i \iN ;11' J ltI -12!llk tli, !klll , h,,N .I hdI1 / a p tl ill x , . till \ N. 'Iliet 

pm.l,tl kil't m d)tillcItd Hhc' ,it \ II "k!~ (lit ( )l 111L kIt-i\ (11 th e' lilliLUNl A L Iitul ilttl ill tile 

1.'!o ,,a(,ah \. //Il wh,, ,, , l m #t.l . I t 1/)/ ,,,ItI LAPIli t IN 'lit' OHl It'd \NiJ . 25' 1 ilwit'l 7 I.\ N. 

it h/ \. , I ,11 (i. Nk', a/m 1/ 1 #1 ( ,! I IIlit'11 1100l 1L C (1 llt( l ". i (itL'", ,,polcl 11 1 O Wl i( ) 


I Pi"'h] ,HMt 0 V' k ,,/I /N , I , [l,\ / . lI i ll il PIt lI II\~,I kN,11h
I I! 1~'ClI ,I IONk.t'11,11 t l 

)1 [I'1hI / 1 11t / ,/a o bi/ s/I€I I//+ I1. If/I/ 1 11a IlcIt I it, 11 k ti clll'l l iIlIIl! (il [Iht pkicuttidc. 

', I m'WN 'N / w 1.H1 0ll1,'1,ai 0# /I/IIIM h/ Ill 'C' t. Ihte ' Iht o'l k tHiill1lllll kt",Il. 
, 

. h d Cit OW~h 

P' /a1!#1,,1\ flI h lllH1 1 /C'd Ih ' ll 1,11\;Ik, WIfhe M l eli ht' .''! ll li ll q I[ill' \k 1t Ili1li1ilC'd. 

I , ,, , 1/1, II lilt,1:(,,,i , 1 \ 1 [HIII I ( ',I . I 1I 11)11Al~ l l i ll o f h111 Itilll 'tHN Illlt fiIht lcld 
/i l', o , Plh/' 1,. /cd I 't l l I lht' ,liid.\ ilk ,io~ II ttp i,, Ia, i , I/,, B . ;lli 1910 1. 

I11/ I a1/+11 I I , I I l ,i hq/'I'm atla,.
 
10, 111,,, , 1/ I ,III , I .11it I ' 'Hi' I I 1111, ,1 BACU LOVIRUSES
 

111)'I'l1,, 1N. I , 1!I i I I,, \, I! rIW ,,il . + N V Iil lf~l h:111O ikl' , Lt' llLT'ii k il facdIIClitt, 

01/(I1I l,i. II,i/Ih ,,b# ,h. / i im,' , 1 1,1, ,Ir 1 I lll It'11hllh )ItuC i .(I HINCLll I . Ilh )lh 1ih ll ohlik 
I 'I l i i l , ilh I i/I/U'l//l lh. I llc'.c Ilh -cc [) llhm .t'lilltll icC ', 1111 WllLit'h I' Rl ;"IQt 11lit I I 

' ,I Il ilil'l lte t I \ki1/P,11' l/i t f I, sp 1 1 cl t 1' 11c i " lt , l i \\k IL' ( llth lt',f'll t-l k ll ll' lll1! IC',,u l<. 
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Artogeia rapae granulosis virus (Ar(GV) litu'a respectively. Thc uSC Of ninituICS of 
and I'Iutella xyloslela granulosis virus ArC\V and I'xGV, Ar(IV and SINPV or I's(jV 
(PxGV): and SINPV Icsultcd in tilc cttcctik Cciitroln of 

A. I'ORtlC aiitl I'. \'hmt(ll'. A. and//l'S.,nd 
The elticacy' of nlixiturcs t1 50'; litura or I'. kvo,/Ia anit S, litura 

ttkulitiin F.(.. ant thli .\I( ;V to cOnlrtl A. rcspectivClV. Iic ctnlhiialiolu l tO (GVS
 
1',0 clft'Cl\C 

Treatmcnt of plots \fith 2, 3. 4 or 5 '. kYi.Wla. , A. rpmi' and S. litua (Su 
application, of .\r(V lt I I ./I. Vi s ctcctivc 1t89). 
agailI A. ra/ac (S I 5). Baclospcinic (Bi1). 
5()' toktlthitt I.., ,t(iV, ..\I GV mi\cd Spodoptera litura nuclear iolyhedrosis
 
tkith 5)' toktihion I.('. ofr %% bactospcinc (SINPV)
 

r/ltIC 5% cs aluatct if) cabllatgc Iiclt'(. and itnc NPV \ l l III controlliig 

ilh virus 

\k',as fOtlld 10 hc CItICctli\c iII ctitonl iltL 1.
 
101)(h' ill the Cillac ficld. (;V ;illiic or' "hird instar ]lvac trcated with 1) x 10' 
lixictd v.ssit ,prcAilcr-stickcr. \ ith ,prcadcr- IBs/nl[,l' afterl 4-ycar. 2-year, 112-vcilr storagc. 
.stickcr +- Cc\it~irc t., silhI ,,icidcr-stickcr + and a fresh \iru, causcd 833. )6.7. 
,kim milk po\dcr u spfcadcr-slikcf f actimc I)Of.(' and i100(0; 1intalit\,, rc,,pcctivcI\. 
Calloll. \CIC clccti. ill lit COntroll of AJ. The contol raItc", \thCIw S lilka \',as Ircacd 
W/411' iSl 0986. b SIN PV conbnall lionll, \oCrc: India ilk 

PiV or lokuthilon I.(. Ah0n., a lliituc t)1.3';, rcd ink ,)6.2';i. actix.c Caihon po.\dcr 
otf I'Y(\' it ,tlickc (.S-7 or I CoiibiialtiOll XX.5('. skim milk psMsdCrt' ).., or SINI'V 
of Px(V aintl,ickCr \k ilh ,kim milk potLccr XXI ahloC. CttIItrOl or S. /ur,H1C raitC', 
s lsahiLli c1cctisc ,ic~iilt I'. v/ort'//d ill trcated bs tIhl llhtM inc SINI'V Ctnbinhllillsl­
t1C ficld (Sn I ' 7a. \.CrC: crccn , rcd 56.7'f . v hitc (P).7(;.
Y)0,5' 

\pplicatitn tot a coiiiiinatiii ol1 Io.(f\, '.cll\v usc 52.7'; Ir SINI'\' ihoc 8-I.t;. 
(S-7 C I i S. applied\k it aci % C,iltlhu li \c sscckl ('itn, lal s Iltt /lto11a kilhi a 
applicailuis Unill tic crop ssa lars cltt ctiibiiiation ot SINI'V \\ilh palciasttl \s-2') 

itr)sidcd cltcctii\c CtI,iOt Pl'. u/hlh (Sii tcic 87.1', toliy spcid 81.2'. ainld ('5-7 
19Xht 7().6(' or SINPV aloIc 75.(X'. (Sii I992. 

App! icatitown A! Ar(I V proiidd highll\ 
Of /,/a. ' ViruscfIccli\c coinrtl I 'lhC ho!llo mitt heliothis ituclear Pollyhedrosis 

cn<iiliat it (I.t Ct.L \(iV '.,(V + (S-7, (1IsNPV): 
Ar(GV f lc,t 'inc + (S-7. Ai(i\ ', I',(;V 
f lLi'itsIcii, * (+S-7 aid il kntlhin. \\clc Application of' IIsNI1V to II. almicra 

I' ' aL' V",tpC i1 lalat thall 4­obcrt cii t h citlcii iit bt011 A. I\'T bctcl coIttIO I -dl\'-olt 
and P' \/,,\(t'l/ . (t'it lliittaii tlltft\tk (V', lta\-old larvac. II armit'c'm dcn itics sscrc 
Mtih ll M\ l ihc h1C1 ll lt !loi~ tecthillil"s uch il, ,ignliCilllll) rI' ucctl 1-1 dit\,, I)O'A 01tIliCillili 

cr,dt',. skiji i I'Oktk caibllli. \ith and \t bctcm tliali Ihalmilk itmilc Ca'tl IIsN'\V. tolilrtl h 
+ ( -7, kiiii milk ptmtktl'i t ( 7,.- aitl cli'c ichiCvCd \%itll CillO ilral. .A lic atiiOI Of (ilc 

mllhtoll+ (S -7 c0uld cillccslilct\ t tlllrl Ihtsc \ins inicrcamscd 11t0ll I .7' ti 30.1' tile 
Its t ' bti (i' \kith Akiiii iilk 1 itLsticr 1ll )Olitlmil of Cams (t1 coIt ll fiCCt O lll ill 

iiili hhtl i, t amd 
amltcrlillii ICAI spui tlisisl s t'i l it IIt' ulld illtit colli k t,il littic cilccLti\c li1i 

or ycast 'di ack ,(wti it dlaiiy'c. 'hc iicctio io IIsNI''\' P it'Iilllll"i 
W c 

Jlliltsl (XI.i IQ)X7li. slli lll it c Cam " ( hi ll t'l/ t 1 I WOt a). 
"ltlc Ifcillicill l if IISNPV pmatioms 55ic. iilit' tlct' aMidplotsss61 m",\tiic', 

's" a1 0 , I-1 pristC tIhc .Ii, lill\ 
imiItcir i, pros tilcs cltccLI c LtoUmilll agiuilst both alld ApIil to1 M i\k 1h1;1n iiti pCrl-iud 1111c110 
'. k\/sholtl/t ait .3 IlIt'. but tile' trc",lllti l ts, in amld ()cI'locf to Nos i.'lll' s lmu spacd 

al 5 oi 7 dIm, iltcrl als sc'iC hcttc Itan ;lic ( silks iiiidcr Iclid Il 

I'\( iV mlid \ it .7 ti il, t III p)crO l to 1-Chllilar, 

one i'ii cotliloll, 
otlher" (Sii I7), c . II NIV kiis illactliatcd bs \scak alklilc dct 

Application ti A\(;V,I \(1 V \i fil", ofi .1 1 c llcctcd tlrUli1 ' lCaiuIaS , ill 11(pI t1 
,Spotohtl',tl /i1 t, ~llc,picdrtosis viftis rcll illctC off lrl, alml arlucnlmlcim I iiictl uii ttimmuu Mid 
(SINPV) altic scrc sIti ilicunmutt cIcctisc in with all 1)I o 7.2-7..J. Aritificial licavy rainfall 
ifc control to A. ni//ptac'. I i,/(tt,// ll or S. of 2-12 nun/h ftr 30 min did iot wash tilt lifc 
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IIsNPIV preparanitits sprayed ol the corn silks 

(Tiill (I 1 Lecilhin . tle
a). [.9h. addet to 

NPV conmlercial producl reduced the I.T5() 

vaIlues h\ 2 it 3 diys cnmpared Io iIICnlalinirI 

\\.ih NPV onl,. This suga!sts rte possihility
 
Of tisilng. lec itIhin to eItnhiance the ir"Cclicidal 


cti ilt., of \iral insecticides tualn and Inn 
1988'). 

.Spodoph'ra e'igua Nulcear lPvlyhedrosis 

Virus (Se'NJ' 


\ nnlciCar pril itcirnrsi \irtils (NPV) .'as 

i,,klt'( Ird diiawd +.tiid h
11 l .S. l 's 


lrealh. (;\7 htn; a. This NP as
.q lt/ aih In/+Id \ 
Iitnd 0 ht' hictil\ IMilitit+c' iC I0 S. I'MA III/ 

K 0/. ()n
haI eti I lI. itie '+is ofl Iod 

Ct0 Sniilinpthml. ru, \ lil. aixatl*IIuta tpro,,ed 
illirtiln ,il nilrmmlII sia licktIr rI1ct'l!C tItlocnilllll n. ", 

lint StK"." i' hL',t i,, arificial
N I, IrmdInt' air 
diet O 1.5 4 '- 11.2 12 ( Ii A It I . L,111, htli ti 
(). 11il. 1 OCHi 111111i1 le nlOf 2 I() ll /,.m 
diet Niitl,,. 31i () an d I uiar' 5i In r 

lid'.,~alter I Ic rrI l ni ( ltii and Kao. 
tllh i cdt'inlaI.dlbj 

ScN'\' iult'ild tti ln Inrid foiln i e 
iIltlcd il,.' (nI .\ 'l lId a italn til 3.6 X 
101 I lll/h1, lhm ,+. orl mIi\ed t.Jilh 2.S"; 

hICtiinII 35(00\. tit'lllnlxlialttid snccessIlI 
l'Nxll ''rthi applied oni grtell onlin (Ki ct 
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