; e3e"h"~_Dab\, hébhTh(r; n s '~ WD 02/ 06s836 PCT/ US02/ 0-4162 M XTURE OF = .
BACI LLLUS THURI NGl ENSI S SUBSPECI ES | SRAELENSI S AND BAC!I LLUS SPHAERI CUS FOR2' ;
MANAGEME L STANCE TO MOSQUI TO LARVICIDES 5 Field o ) tion-
The inve%oo /0:3%%§ﬁi rected to a mmmmum\m trolling Di pipgﬁgﬁo%/gqugge or a
met hod for inhibiting |arvici dalnem m n Di ptera by introducing a

|l arvicidally-effective amount of a coqgati on of a strain of Bacillus 10

t huringi ensis subspecies israelensis and a strain of Bacillus sphaericus

into an environment containing D pteran | arvae; and a conposition of the

conbi nati on. Pref er ahyryRedF BACRINUSTAURINGUNS]S SaBsperndsfi ed.

Background of the_lnvent| o I
* representative oflsﬂe&i@'{ﬂg %%Mgﬁﬂngﬁgﬁmﬁwggued
humans and ani mal s for gORRESIBOTANCEVEQ AMOSCRHTALARWEIDESOr vectors for a
nunber of human and ani mal di seases, including malaria, yellow fever, viral

* encephaliti's, dengue fever and filariasis. 20 Various chem cal pesticides

have been devel oped with the goal @?ﬂ@éﬂﬁd@ﬁﬁl@@ Dioﬁ't era. For exanpl e,
treatment of a wat eFhesbyeriions Bireciediiametnd for eoniiotipadyiPternigtvee- ni sci bl e

formfor mosqui tg ARRURIFEDF inhBitiHl KHieRECesRidAcdin Bpi&abyNRtrodhichgla S21.
However, nore recent enphasis has been placed on the use of biopesticides.
For exanpl e, 25 ledscidallytafieciive amewnt phe gombinadar obp skginiad Becllehe bi ol ogi cal
pesti ci daly4 noregi anticALie s@speki dibhdik and Balramlor Meciits 86machigs control
of nosqui tlcg)| | ar v@gﬁwl?ﬁglgsgg%r%é%%??ﬁ ng Bacil | Us ONR- GOA | 'g i sclosed in
U.S. Patent No. ita@senvimnmenyedni@aiopDipierarmiariaggarchaicempagition ekthai t h
activity against_dj 1 i ISl i ~JPatent Nos. 30
5, 275, 815 and 5,%’?{'9%%6;”'a'b%feg%%ygfﬁgg]tﬁ/%sﬁ?% o urgc‘%'p hodied | oo
thuringiensis strain with activity agai nst insect pests of the order
Dipterais disclosed in U S. PatB M ar  f %%n % I,'ilnd a reconbi nantly
derived bi opesticide active aga'r-%%%g—%qév-ﬁ-r'r% fng cyanobacteria
transformegs wi th a pbegutiods @adbhickilieg ase Rprétantativgicd trel erdsuBipperai sr ael ensi s
WO U2/ UCS83s PCT/ USP2/ U~1 dipteracidal, protein,translationally fused to a
strong, highly a\‘l’f‘i@@“ﬁﬁ?%@%ﬁﬁ%@ﬁ@feﬁri"'é[ngnsr %%?@ngf@%bgﬁréerg% ence is

di scl osed in U. SvoRatitak dNo thetm&dBvedBors fofed neviser dfthesankiroieedmalci des have
dr awbacks; so the search [or new S Dbi %)efﬁti ci deF conhi quea. 01«% dr awback of
certain bi opesti 8Fgases; DCURINIBRRIR. VEIOBIRVEG- TG F1copBalts. HeNdUe 8 st ance.
Resi stance i s defhagdribysdi fferences in susceptibility that arise anong
popul ati ons of the sane species exposed to a pesticide continuously over a
period of % ne. Th_egér"é}isf@m??iégﬁ Si@éﬁ@ﬁ?ﬁéavﬂ9p%gw®5 Qﬂaﬁﬁfa
statistical shi fEoﬁt%ll@?ib@ﬁaﬂ:or@§ﬁ\p(é,—Pbaﬁvhérh%‘f atviatdd ddur&Oiftips 95% of the

popul ation (LDSo or L respectively). Individual differences in
susceptibi ity ewptar-splubf alcehatin wpechissiblefimpesesqigabaienanivst antial | y
| ess suscept i bl e fBYsLEi-AYS Plent AENEOAY b1 AlHduiol ifdidaagdes, [n at |east
sone of the wild pogu ations. In the présence of 15 the pesticide, it is

t hese subst anti abPMphpgis Has heerperes en hesise affpiapesticides, e Fahexampe.oduce.

Si nce theik:abilj < i i 1 Lc.apkeup, their
esi stant. Gonet | BB SR B e ol o oo P L g i
shifts in the popgrediendrese disolosehinilbBl Patent/Na. $869.862.dinirdefed sel ecti on.

Resi stance to | agvicj.de he GOUN ; D £ al L pt er an
speci es. Specifi (F:naqsﬁgﬁjo %ﬁ\é&%ﬁrg&eﬁe%oﬁgn&%@#f?gglfléfgﬁﬁ%%%%@%d%
qui nquef asci at us Ut®. Baent Nw<t, HohEIEr novwes BaBiligs Jhurisgieosie isdptewdichaar oen et

al ., Journal of Econom c. Ent.onol o Vol . 87.. No. . 1331140. A
nmet hod for over cgﬁti'vﬁtéf a@ﬁl”&%'@@%&t'ﬁ%@é!’e% aé%ﬁﬁ:éﬁfﬁ‘gi"é}%?ﬂ)\ﬁe[?ﬁ[\'? "purified
Cyt 1A cryss@l s i $@781846 drdoB184a07Y; | disiolohisallypguensiltaresaflzsBaciiusr ael ensi s or

‘* by conbining a reconpbinant B t.j. with B.s., is disclpsed Nrth et al.,
Journal of Medic ”r’éﬂ‘teﬁﬁ’ﬁlsgﬁkp,w'{%ﬁc\.{\'ﬂv'%gwt ”?33,6056?%? 0%9 Oﬁ‘g%r-dz/i%t ¥ However
i nproved but nat w&‘aélaséiﬁhiull.sdPﬁéntQ@&lﬂ,gim%mémi agaalbinatlvidetides and

" conpositions to gvercone Culex npsquito 30 resistance to B.s.. a i cations
woul d b desi r abPIPestOSa eSS PETORARPISTs B sk e Ot e T D

PCT/ US02/ 0~162 ThgthiaM@sthidddntamist & 8C HRAnhRNaIs@ABRNIérbbeAsisONpPri sing: a
conbi nation of a strain of Bacillus thuringiensis subspecies israelensis

cubspeci e6 5 i sractensis may be. non- oo NANMMMMI i 7 ey ‘o che strain o

Baci | | us sphaericus may be non-genetical |y andified, although a presently
preferred conbination includes a non-genetically nodified strain of
Baci |l us thuringiensis subspecies israelensis and a non-genetically
nodified strain of Bacillus sphaericus. 10 The conbi nati on may have from
about 1:10 to about 10:1 weight ratio of Bacillus thuringiensis subspecies

I v ~ " Y T T a ”~ 1 o o,



agents, spray deposition aids, free-flow agents or conbi nati ons thereof may

al so be utilized in conjunction with the conbination in a |arvicidal

conposi ti\gg.o /'594%3; nvention is also directed to a nethod OBC?RJ@M/&HH ng

Di pteran PARAR conprising the step of introducing a

| arvicidally-effective amount of a conbination of a strain of Bacillus

t huri ngi ensis subspecies israelensis and a strain of Bacillus sphaericus

into an environment containing Dipteran |arvae. In this nethod, D pteran

may be a nosqui BB SEEHALEOIN BnsAtneNdusL At AT ADEYe Acdes

aegypti, Qulex Lasisabera@le§UbichEichd ReuUERSs dprRelies 4 reeberni or a

conbi nation thereof. The invention is additionally directed to a nethod for

" inhibiting |arviNei 881888} stance in Diptera conprising the step of
introducing a |arv %QQEH t§1‘e§éB%?Eéﬂé?de@ﬁﬁ%b‘é‘ﬁréﬁba%k&%hé‘%&ér‘éﬂfd?fne_@v strain of

Bacillus 3 WO (12/(16s835 PCI/ US02/ 0~162 thuringi ensis subspecies

" israel ensi% andbiwpesticides eintiBaesd. | Pog drephaek picesstaimbigpesticisiesiis Banent

cont ai ni ng Di pt . € r - : Diptera is Culex and |arvicidal

resi stance is dgéfeélﬂgé‘ggdmggja% A§$§E§%€$k SE'JSstérB%haeri cus. 5 Detailed Description

of the Invention TResistaneatis defined hyidiftererestim sasaeptibitiyl thatrarisent r ol | i ng

Di pteran | arvae_gqr Lnhi kit vi_ci.dal Lstance in Diptera
by i ntroducing gn]ogﬁ\ﬂ%ﬁ”%gspéggpkgg@?\féégﬁ%égﬁosgﬁ té{%@gnﬁﬂﬁﬁgti on of a strain
of Bacill us thucongrivensiyoveubspead efstinies r Bredsertifferencas are ddardified of Baci | | us

haer i 10 i ir t t ai ni ' an | arvae: d
conposi 1 0h of  BheBwe NalsoR ot eree aury et I ERH e Bhel genet i cal 1y
modi fied. A det @kiesk tHe popsiation(LEfs, bheDg esnpesiitalyyn, Individubhdifferendesds

utilizing the conpositjan follows. The Larvicidal ositions 15

Bi opesti ci des aﬂgg‘éﬁcep!é@@y(??(‘s}wyﬁﬁpgﬁ%s i Ppﬁﬁeﬁtﬁcg@(ﬁr%les frequently
derived from unisgedthitily |€4s sscéptivR by BE priseanigererampbciowhave devel oped
nat ural defenses agai nst ot her organi snms nm cr oor gani sms

... The group of
pat hogeni c to i HEBEERCIPS iV arIPRY SR int%‘f’%(?oﬁ“-ﬁ%“o@rsa?ﬁ H‘@s‘?”??%g%i I
bacteri umyBaci | kyspddiieidendii$Mess sspsistially 858680 SRpliBleipesRPat@uVIRY B. 20
thuringiensis strains able to produce insecticjdal proteins. These
proteins, expregsdderigeiery Pinee teirabilift tosyndyisea weult pethelgeesticum assenbl e
i nto paraspor al FPEsistaRd disHe eS8 -th gamRedir crystal
produced by 8. t”ﬁj%?hﬁh%ﬁg??étgﬁ%sp. ggg?gﬂiﬁsias-mlsg&?oxi C \Meéérn i ngested by
the | arvae of Dioffseiing, résydtinedn shifteds thaircpelatientd syseepkbitityi iaspespisidepon
i ngestion, cryst i AB L. il i | +Bi-dgut and
di srupt the epi b@dﬁﬁ@ﬂ%&%}cﬂ?%eiﬁ%{?@g{:@f%I%{é%ﬁiéﬁ@é&@%&%ﬁgﬁqtﬁﬂggandi or lysis
of the epi20hel i @margl destairsDiptdrbowpeciesy | arval death from starvati on.
Bacillus thuringie 1.5 ecl L | i .. ) has been used
successfully in nos %f:n?lg&%ﬁ%bféggﬁphﬁﬂggfr{gggﬁaﬁgéElg?gfﬁ% for many years. 30
B.t.i. is utilizeihquefascizars toBarilde sphaivus(Banisongan by Rederatoergehabi t at s,

and i s nost effeti!ve gngﬁdei s§i§. A rel al rmul afdon of B.t.i.
is known by the Tt | SO 3 ‘a q?'erg?’\fﬁ)m%v %’%ﬁ%Bﬁ%&i ences Corp.

Speci fic comreriiddD. fAnmaihed foopseravaingahib eedistamed, vg cdmbiniyy B2/ WBS83~

PCT/ USU2/ |.1~1& sa upnl i er. are VECTOB VECTOBAC. VECTOBAC 12AS
hd VECTGRAC VD& RS STV WVEeBasantGE e e ius SR SRt or - mosaut Lo
speci es, of fers jsrauensigonblyaombimica tecombihans BEASHtt B.saipdigclofddtbyl . al so

has a very | ow susceptibility to the devel opnent resi ce, 5 because
its |arvacidal 3’?%&/&%@3&4&&%&%&@9@&% 32 N%t#e%bﬁg’rp@es t hat

i ndi vi dual nosquigogy. WiHdWeved ihqbﬂﬁ'feedumlhﬂaﬂ%ij@rﬁwé@ drlocBafringe suscepti bl e
to all toxins is extrenely small. Bacillus sphaericus (B.s.).is a

rod- shaped, aer d¥glegicaljanviciqasandrgnipeeitians IQrAVerRaARe &4 SfUit%y soil and

" other subgjr at esesid@ngats s, 2hppiRa#InsMbulPos HEgtdble.have been found to show
nosqui t oci dal properties of various degrees. Several strains such as 1593M
. 2362 and 2297 exhibit high toxicity to nosquito |larvae. B.s. strain 2362,
(VECTOLEX, avail able from Val ent Bi oSciences Corp.) has been utilized in
many countries successfully. Specific comrercial formulations of B.s.

avai |l abl e fromthe 15 sane source are VECTOLEX WDG SPHERI MOS AS and
VECTOLEX CG Moreover, this strain was found to performwell in controlling
nosqui toes breeding in various habitats, 2especially ones with polluted
water. B. s. is nost effective on Culex species. The activity of B.s. is
due to 20 a binary toxin, and repeated use can | ead to devel opnent of

resi stance. However, various levels of resistance to B.s. by nosquito

| arvae have been observed in Cul ex pipiens and Cul ex qui nquefasciatus. W
have now found that a conmbination of B.t.i. and B.s. is an effective

| arvi cidal formulation. Non-genetically nodified conponents are 25

- o



30 B.t.i. and B.s. may be conbined by m xing the powdered forns of each of
the individual strains, or by mxing the slurries of the fernentation
br ot hs of tain, in the desiredratio as illustrat les 1-6
whi ch fol}‘%a{ﬁ’%‘he ratio of B.t.i. to B.s. may be from abo‘t':)?'l %Qﬁggg)about 5
WO 112/ A S83a PCT/ US02/ 0. ~112 1 10; preferably fromabout 3:1 to about 1:3,
nore preferably fromabout 2:1 to about 1:2 and nost preferably about 1:1.
The conpositions disclosed abo I di ti onal components
such as a surface active agent ﬁ'&ﬂ%@@ﬁ?ﬁ%@?.'%&'g‘% preservative, a
hunectant) a feedi rwgmeahwermbamdlremecatoterm;amnona:odmrrbmgccmmmmagmnt a
spray deposition ai atin an enul.sifier, a
- dye, a U. V. prot g\"ﬁ‘{” &ﬁa&ﬂﬁfg}fw’”&' g@ﬁ'ﬁ?%%'%?dé@? ”845%{}%/38‘{%#’; conponent
whi ch st abi | i zespidirisaphasrusnNThedtraintof Baemiis tmmbgfenﬂs@dugﬁecmndl ing and
appllcatlon for the particul ar tarl%r‘et es era. .10 abl e
' surtace-active d§@RESSISMARFENANESM a&ﬂﬁ%‘ﬂﬁq} réﬁ‘f’cﬁtr%lg of @9[ boxyl ate, for
exanpl e, a metal sspabhusthaf Be Abn-achOAlE UMl aéwugmag)re@enﬂy

N-acyl sarcosi nate; nmono or di-esters of phosphoric acid with fatty al cohol
et hoxyl at es or sFHPfteéreéfCOm?HW“@%tr&'@esﬁdﬂnyg%eeﬁwlm%‘iﬂ'%ﬁ%”§ﬁch as sodi um
dodecyl sul phat eBac?lRlé'th'tmr@%%%ls S PBAIRRSs A HoR-g&sdtcaipul phate; 15
et hoxyl ated fatty al cohol “sul phates; ethoxyl ated al kyl phenol ‘sul phat es;

| i gni n sul phonat@edifigbstiain @Uﬁ@@‘lﬂ%@ﬁf’@@ al kyl aryl sul phonates such as
al kyl - benzgne sul p qﬂ\ﬁ &4 g.,

but yl - naph'?)hal ene :ﬁ'[égc%]ogrﬁoér?{@éu;ohsa @S‘?fyds”ﬂ?gﬁ%ﬂa;(g@ear]b?&h??gﬁg%{ or?ﬁnoal dehyde
condensat es; sal dzfsBawfllus thuphgieasis supspatisis-isreelendid éhBdelie0spimedensat es; or
nore conpl ex sul t g., the

sul phonat ed con nsa I ﬁoﬁ%g) Hgfm?%b e|3g?3/§|+¢'3waggg%h /t” ?/I taurine or the
di al kyl sul phosubcmmerms subsgecies meaei@mlm&dﬂpb@paa@rlws ohiooct yl succi nate.
Non-ioni c agents_ i

conde at.i r acid esters, 25
fatty al cohol s, {] %15??} agl%ugi.gt B?@tﬁjwé gl?\/f)at'o 3té§?éw%ﬁy| substituted
phenol s witsh et kmbmg&ermcs sldbspéaits ;‘srmermiﬂotﬂaqﬂmb)Sb&@bﬁo@s,adambllfnoht et hers,

e.g., sorbitan fat condensat.i on products .of such,esters with
ot byl ene. oxi de, BelEresta Ty RS RS PaRRIEERARuaRTs SIEFeaer iSaeBlEF b ook
cop(r)ll ynmers of etBydigrap ﬁaemsgnd propyl gne oxi de, ﬁcetyl enijc gl yclol s 30

such as 2,4,7,9-tetyage 5-dec n-4 0 or ethoxyl ated acetyl enic

gl ycol s. Exarrpl es (A‘?dg'%‘él FYRPN @gésﬂﬁ%ag@’@rﬂg%}?@mﬁﬁ@ ' i nst ance,
an aliphatic ”Dcn@'eserdéhves%urﬁ@dté{rﬁm fdedifg sBMuRAR! aﬁectmehhmtaemgr ol eat e;
WO 02/ 0&683s PCT/ US0210- 4162 an_oxy gen cont ai ni ng. am ne such as an am ne

oxi de of POl yoxe?ftse rRINGAR\AMBYWPIARSS: Aypsakli \4-AretakieAtsa RIS pfdheand®! by t he
condensat | on of gy BeieYldepodirlaits! fecHslh agéits BPLAIRBhBRINPho@oRUL er nar y

anmoni um sal t. Exanp of inert materials include inorganic mnerals such
as kaolin, mca, m@yaeerb@ utiized injcepjunciignygith @ﬁ)ﬂoﬂwqﬂpeéﬂ‘ adarvigidabonat es,
sul phate, or pho fdn. organic naterials such as sugars, starches, or

cycl odextrins; or botanical materials such as wood products, cork) povvdered

corncobs, rice hul I'Bie ipeeniion ihalsp sireetad tvametkhodsefdlongoliing Digferadl at i on may

a0 contaish addeflodiohiriEABiELioBaF MouRting i AERISHLIAMAL 67 L0

control dr opI et size an tate aeri I catlon I es

sui tabl e corrpoun@igomalnatlofe@feﬁ ?i[ﬂ@@éBSCiﬂthdwlwwmpeqeelﬁlfiaﬂ/elmm ymer

sol utions, polya i lj ¢ acid

derivatives and %;}Odgaﬁgﬁ %erégg'p uss\%!ﬂéte g ntooé?‘i %%hagﬂteﬁg{g%b l’?gr eof,

petrol eum oi | s abDiptdrbre e Helﬂeemetlami weteraasnaabela ahostibitasdcsgnt het i ¢

polynmers. In the f rmul at i han Qn f t nal,, conponent s

descri bed above ﬁxgﬁ)vea{’ﬁt §8 'VUS} SHF ulsl §%§e aﬁ%@p@d@%%%?qrf%ﬁs of the

* present i meenti oCulsata ;heldermeArmmhalssa?rebbmmmfa cominatemuibesaog pensi on, an

enmul sifiable suspensi i on conventi.on appl.i cation

_techni ques for each i’?’ﬁ'opd‘? Pr‘gq ﬁ?’?agﬁé“rﬁ?tégg%%'?? f)f"@fpteé’qged. I'n
general, the appllahmdalcaéslstamcm nofblpﬂ@m tamprishigithk lsyers dfastrodueingaabi nat i on of

t he present invention w iver uantity of pesticide sufficient to
control the popu'laﬁ‘t"?’%'y eﬁt'\f Eiali)s "tﬁégtcs’"%mai%a“ 86%@§'Pﬁf%ﬁ§ﬁ’ﬁﬁy be formed
by spray drying the B.t.i. and B.s 25 slurries separately and conbi ning the
powder or by conbi ni ng the slurries and spray drying the conbined slurry to
forma powder. The conposition of the present invention can be in a
suitable formfor direct application or as a concentrate or primary
conposition which requires dilution with a suitable quantity of water or

ot her diluent before 30 application. The pesticidal concentration will vary
dependi ng upon the nature of the particular fornulation, specifically,
mhether |t |s a concentrate or to be used dlrectly The conp05|t|on may

T ] I a v ~N 7 " o o



Euxoa nmessoria, Galleria nellonella, Gapholita nolests, Harrisinia 20
anericana, Helicoverpa subflexa, Helicoverpa zea, Heliothis virescens,
Hem | euc I Honpeosoma el ectel | um Hyphantria canescrfRhS&hHiA
chopersﬁggﬂPMkéﬁanbdlna fiscellaria fiscellaria, Lanbdina Flsceflarla
| ugubrosa, Leucoma salicis, Lobesia botrana, Loxostege sticticalis,
Lymantria dispar, Macalla thyrisalis, Mal acosoma sp., Manesfra 25

br assi cae, Manes £ conf at a, Manduca. qui ,nquenacul af, nduca sexta,

Var aca test ulal; Sorieresie bRl R s e SR SR R,

Gstrinia nubil al irto aRaneremméntaoreinigg a;ptér‘aﬁiléri/@e CPRSgrabInt 128 Difteetisnophor a
gossypi el la, Phryganidia californica, Phyllonorycter cardel|a, Pieris

" napi, Pieris rap&gﬁ r&f]ﬁ {Micdoal resisignce 'Slglyeé{‘?l%%q g%ﬂsl‘féja&@ré}ﬁc‘fé/??f”cw at ynof a

sultana, Platyptilia cardw dactyla, Plodia inferpunctella, Plutella

xyl ostella, Pontia protodice, Pseudal etl a uni punct a, Pseudopl usia

“includens, Babul odes aegr ot at &tase iosRfithg lverdianot r oga cereal el | a,
Spi I onota ocel | ana, ‘I'ﬁ@‘?ﬂ%hftl&ﬁ%cﬁ:@cted%%%@t%@Wnﬁollnn%@&é’ﬂam
PCTI US02/ O. ~1& pi tyocanpa, Tinel oa bissell la, Tri lusia ni, Udea

rubigalis, Xyl ompgasnethed &rirhibiisianieidal sogistaace & Dlm@r@bmrérpéucm 8.)
Leptinotarsa sp. jaréeRBl heﬁﬁﬁﬂvb%ﬁfouﬁ%fe&wﬁmp%d SR BBagisnENS! S,
Epl | achna vari vesti S, alta luteola formcarius e egant ul us,
Li stronotus 5 or é@wmrmw suBBpeniss Ilswlegrglspr@ﬁmmj@pﬁaaq/h@ospéaeﬁ/@s

Cycl ocephalg i maeyl i

Rhi zot I’OQUS@TTB.] ali gaﬂmh%ﬁ%ﬁ%ﬁﬁiﬁpﬁﬁéﬂ I%g%jrsalﬂ]g r%HtA]zA(%ﬁ'rog?)?wenebrl o]
mol i tor, Tenebri coolbdatipas Préfeiablylbotimsitziss areenon-génstiballyi rnoditehfAisum
Trlbollus destru i | S, chus ulm,
10 Testranychus @%?J"ggé;%%%r'r%'ﬁgﬂ %rcgnpggﬂé’r?,%%?iitg%%aﬁ@;imﬁﬁ@%@ Sol enopsi s
i nvicta; |sopterapmpogition Rébweul i t ermes hesperus, Reticuliternmes flavipes,
Copf of er mes fornosanus, Zooterno col li Neot er mes connexus,
Incisitermes mnor, Incisiter mss'?ﬁ?wzia Cg%ztdog?pﬁﬁgﬁgf)t era, e.g.

Cer at ophyl I1ﬂsI ggl i IH@pesﬂi:lgedﬁ aremdesﬁsgﬂddmfaﬂ;ﬁs@umngﬁpeéuenaﬁgpéqudrmysegni S,
15 Ctenocephal i des .c oce I ells, Ec pha nacea,
Pulex irritans, XE&A T‘)‘gtﬂj H’BT rmg@ﬁ%@@;q@mﬁ%10F§|aver8ﬁbeg Fbeé{net rans;
and Tyl enchi da, eatural d@érﬁéb%@QMQﬁothM?thhﬁs Fhalgydpyeimisrderzeishans. I n a

specific enbodi nent, the conpositions t he i nyvention are active agai nst
i nsect pests of ﬂ?@“%ﬁﬁ'%?ﬂb"@cwr@@e@@ drersere TB? gEAM-PPYtIVE 301l 20

Nermat ocer a i ncl ugwcidind BadifsahufAdidrsistadsp Jseldndass ofd\bf @aRBJae,
Psychodi dae, Sci ari dae, Phoridae and Mycetophilidae. The ability of

conbi nat i o0 of t WaUgEensHH Stiaieeahlg @nPEQSjUP‘ﬁFﬂSSPtEC'q'%PW%'ﬂ@}aTh??@s| stance is
described in det %‘rétefﬁ%ré&rﬁ‘éisfe%rduklﬁ%?ﬂ’éegd@ﬁ@%rﬁ?clérmﬁ@bggte rrpl es are
presented to describe preferred odinments and utilities of the invention
and are not neantasﬁ%mplierﬁ’tp RawesPora) erystadinedntlagian bodies wikepaiagp@dl i n t he

cl ai ms appended I&Ws?él %% ?hu?ﬂgfgﬂgls%ﬂp?d NghbRRAsis %rt}ﬂklﬁ'v\ﬁu%nmc the
present i nventi on ‘was ornu commer ci al avai |l abl e
strains: VECTOBAM@EGedby:ihernavae ai D@te,iauh@ludlﬁgmnmamasrar@fbla:ktflles with a

Formul a1 on or 5 Bonjposs R cBte AL bl R LA mE A o1 cncy

of 50 B.s. |TU mglisrOptghe apithsliuniad thplaawal thided regiohndwelling end/eriysiaoe of each

strain is first i ROiat table oil binder.
The amount of vetm%gé' I@‘fee(ﬂﬁ r}é@ V@?&(nwwaigg%ﬁtfg’%ﬁ%ﬁ’%ﬁg%end upon the
amount of B.t.i. or Aacdlus¢¥pringienesihsubsdeciesisreaknat €5.t.0) tdxebdenfusedul a. The
typi cal range ma var et ween on the anount
o "Bt i o B o subekntin BRSadiormiehiroy ot e BBt R s 2e. and
" absor ptive3pr operB yi. mfuhgwmmlwﬁanqamoc@lratelyldlealﬂﬁgamCbF&dfr@rﬁﬂbltats In this
exanpl e, corn cob gr.anul gs of the size classification %114 Mesh, were used.

However, other siF8 it HIR§EETRA¥R R 4CTBS B IR%s A, cOTBNI6iaMOSRUIaEY) 90 Mesh are

"also suitable. TfB?t/S|sU{anany>Qhélfr@déﬁérk&!&@V@EAgné@aﬂbB% fen@ielept carrier
while mxing in sui tabl e bl ender and further blended until honpbgenous

product was obt aitieeciensesire. Sregf lg\ccgn{nepcaléwm@tgons@wgﬂmleaf,rom5Ipqm| ation
for enhanced and broad spectrumactivity was prepared. Pre-fornul ated
granul ar products of B.t.i. and B.s., (VEGTOBAC CG and VECTOLEX CG), were
utilized in devel oping the conbination formulation. The resultant

conbi nati on granul ar product was targeted to contain B.t.L at 100 I TU ng
and B.s. at 20 25 B.s. ITUng. The carrier utilized was 10114 Mesh corn
cob. To prepare the fornulation, 5 kg each of VECTOLEX CG and VECTOBAC CG
were charged into a bl ender and bl ended. The product m x was then
recovered.




Representative sanples were taken for bioassay. Table 1 shows 25 the anount
of the raw materials which were used to formthe product conbi nation Table
1 Raw Mat bt | Wt kgi bat chVECTOBAC CG*50. 005. OOVECTOLE

Coen0. ooy R | R 00 1T o 02/ s Pol US1 121 BCTESY MM, o i a
B.f.i. granular formulation with a | abel potency of 200 ITU ng **
Comrercial B.s. granular fornul ation vm'th a | abel potency of 50 B.s. I TU ng
5 Bioassay results for the B.t. nbi nation s | es_when tested
2gai not Tour Lh | FANEEUPREE 8T FOBAGS, VAR T ABRGeRr VB BRG] Ahaer ac at us

are shown in Tablg; ¢ebgOpmc WG SBANAS offédtive Rb&INERS | KHBAY rdrki gt ty units,
whi ch are based on a reference nmaterial of known specific 10 B.t.

" potency. In a pr'éfpéwlt@cﬁpfe@ﬁﬁiu@@fﬁb}wmtaﬁ@%'ﬁ@@)@c'tyr?é’d\/!éle@ﬁ! torape of B t
to B.s. 15 has appot for
Bty a?ébcﬁ(asoé Xé,?r%\,lbg&%&ﬁ@g b tte a5| S. LFJ Eggarrpl eB t

. Which is equival ent to a
Pot encyB. s.5 pot emﬂusetmmastmw hde)rEmUﬁlW@/tngIVECT@Eb(a@@& | TU ng53

B.s. 1TUngl:1 ,,WmeSThe

| ar vi ci dal corrb:strrl]tg !ng'ﬁﬁ&'aﬁ %8%615% ﬁ%ﬁFg}pﬁh{'ﬁy{I y conbi ning the
required | evels sniscbp‘utMeB)aU thmnsjeﬂremely ewbhi cal powders in 20 the sane
bi nder |iquid) and e t t l.ar carrier
such as corn cob orbgﬂ(}u O%Eﬂ@;%g% (‘tg]% g carr?‘é'!r)é;@ a%gébg?’e%gF%{oﬁﬂg]g

formul ation) bot baaemlﬁyfﬁijnde@brmracﬂﬂwmsdsl androtiesrtsubtestes aioluates btileasted i n

pEOee <01y o SR S R g ekl

PCT/ US02/ 0~162 Obé@béﬁdSe\Té’r@l sthaty «icherl1508KPRBENESD QR9T Brhibiohigh nat i on

formul ati on contai ni.n .at 10 | TU are
provi ded in Tabl E’XB:'%Z‘? BWSq"FEPo’PB'E@ &%Hﬂmgv&mﬁ%é WE%}FQ‘%H rrg

spray-dried !2. OQEQnQQIO%Féhbé@C@gﬁmééadeeﬁQiﬁﬁﬁmt|h<"hﬁ@1y06du&ﬂfe%dl ent powder
(5000 I TU nmg)B.s. spr 25. 00Act i vet echni cal concentrate

a ried2.5
or I ngr edi ent pO\/\dé‘t‘CG{eiﬁ%tﬁV BoReqiR faRy YRS oaBHgtigng of B.s. available from the
bi nder 10. 09400. OQQhB%GIQéad?é'WCT@IEXWD@ SHERMSBAG 8fd PEETaIBke 4 The

combi ned fornul ati on nay al so be forned by pre-m Xi ng fermentation beers or
slurry concentraf&s Meregyer, Hiig stsain a@stfpiendde perferm il sortroligt ency | evel

and spray dryi ngnb@@un%éértfré!ecm@qnWa‘?lthhﬁ’&%‘i’éj%@pé’mé@ &%%ﬂ%bllh?e@h“' cal

spray dried powder concentrate. In such a fornulati'on, the slurry
concentrate nay weldrai n preservatives, stabilizers, sur f act ant s,

di spersants and ot h%fs%gﬁogff;ﬁegbsoﬁ%@x%;ec% tﬁ%%&ﬁ.glr%fg@eq@aaé?&e or

powder may then be utili ranul ar as In
Exanpl es 22and 3adminasyg toxit, taalblIrepgadediesescaniaadto divetanmaeriloé resistancanul es, and

aqueouls or non- aqUeQlS cGONGERAIIEATs oTRESRESTPEICR, ARG, AARBIALESL oo MY

al so be utilized in pelTet or mul & spray drying
experiment was pbeémobmivenbmb@m{emglpmlsaadd?uﬂs( Juenqueiasiaton sl urry

C e e e o PPy DA 8. 5l B3 B Lo
0.12% wt/wt of peffactiveuaniitabitreulation. ONOGYentticatly ofodifietiopimppaecrtbere %
S e Bt o e i PR sSe S el L S
wtlwt of methyl paviedemeni@snisdsewiegrodlicion orviar@ating 06833 s8Grbes)S02/ 0- 11&2

such as crops, cattle or swine. Non-genetically modified B.t.i. or B.s. may

be defined as strains which occur naturally, and are not strains resulting

from recombinant DNA techniques.

30 B.t.i. and B.s. may be combined by mixing the powdered forms of

each of the individual strains, or by mixing the slurries of the fermentation

broths of each strain, in the desired ratio, as illustrated by Examples 1-6

which follow. The ratio of B.t.i. to B.s. may be from about 10:1 to about

5



Per cent solids in the preserved Bs slurry concentrate had a nmean solids of
10.1 %wt/wt. Slurry mxtures prepared and their rations on solids basis
are given,j g 45 Table 4 Bti and 8s slurry m xtures 13
Mat eri al Iﬁg}q‘zéﬁ%i: 13:11:32:11: 2of Bfi to6s onsolids basi gﬁéﬁlq + 1’??2
preserved8. 85 Kg4.42 Kg6.64 Kg2.21 Kg5,89 Kg2.95 Kgsl urryconcentrat eBs
preserved----5.10 Kg2.55 Kg7.65 Kg3.41 Kg6. 80
Kgsl urryconcentrateDe-ioni zedl. 15 Kg0. 48 Kg0. 81 Kg0.14 Kg0.70 KgO. 25
Kgwat er Tot al 10. 0 1@3 B@i@?@b{f@%ﬁ%{t%ﬁl@. Fheutrhs, mrﬁw@fetrafgwoasa@%m in
Table 4 were combiingdpaiith:sRhANEH pRdfetdbiyl dvpn@qa Niro spray. Inlet
tenperature ranged between 180 C and 10 I90 C and outl et tenperature during
* dryi ng ranged bet weéhe 6@Mpositprsdisslospdeahoye inaycaso ibelude egdiiend si eved

t hrough 100- nesh g&g@{ i S r j ed against L4
Aedes aegypti angéﬁL] mtgi‘%é‘ﬁ‘?@ﬁ?ﬁ% ascl akﬁgg%bgne?{aeggc%gﬁ%’e%cy data is
represented i n Tatsservative,® vk asars, PleasingystinallardsamétirBetiant; aBift spray dri ed

t echni cal powder c ti i basi s. an Bti
spray dri eg tech%?@%| gé%'ﬁb%\%grea xjgépg’hé@gg” %ﬁ%ﬂg#%%%g%%%nﬁi'%%ﬁay dried
techni cal powder apetwisifiera GG3@ BY. profeliant, & ALfferasS@psioar agentcorage of

initial and 2 no . . ) L . e

Rati oTheoreti cal %h{g {Jg?nﬁ%ﬁegﬁ %'e(%%[eeﬁ '@Z;els,&%? 8%3%&?%8?‘8% facilitates product

Bti Bti Bf i Pot ency Bsm#liRgtaed@pplication for the particular target pests, Diptera.

BsPot ency* Pot encyexpr.essedPot ency+Pot encyexpressedon(l TU ng) (1 TU ng) as /
of (Bs. (Bs. Eds) % of so%'@%@#@ﬁ%ﬁw ?%'ﬁﬁ% eﬁyqrﬁ%ﬁérﬁ??%&gbﬁ&gh &péSt ency

i npot ency i nCol uoanGokylate, oRedarPé 3 tictd LAREKGIL Il S4RbAS Undif fattV¥2i®2 0G5835

PCT/LJ S02/0 162 . . N
3: 156066122109% DAY TRaNRe:s w8 £F slrosissnohweaitoricamis willy faity bephoboq 009147

914794 2248937383 HR%XEE0 3b 932 4\BR REEA AR 6SH] 8uiBhAlb RDek 8B e¥didat a

presented in Table 5 eal an jnteresting but very synerg&stl C Increase in
R

re ! :
actual potency ofCR¥ISURNAte P BFiadeshadpaate ©5p0duU pdighatehi ch are,
based on agd ual pEbLANSIE SRS aldEHHV% Ny | i.ed technical
powders. The best (;g}nnbi na? iR}(f)an for%gggﬁgggoﬁdﬁ@?%kgégﬁrﬁﬁ%%ﬂwﬂ%gg’es and
Cul ex appeared t ioniesylpenates: pakidiess suiphongtesoalsymry! stlpbonates sbabaned at 1
part of Bfi to 2 [ i I i S potency,
t he best conbi na?liizgnge\%gﬁev\ﬁg iﬁhﬁéﬁpﬁ?g@@%k@ap@ﬁal%%éﬁ%&é%%, yined with
1 part of Bs sol bélgl-naphthalens sidpfisinaie; iseits oBslpenetedynaphthaiahed 7% i ncr ease
over theoretical L Qi ' r oncentrat es
o or to spray i aade ChdsAEILE st byt brthoRlonelie Rl o' 5o
over nean %heor econsighsatesiror paore wompldx $upHBmafestsanic ps #wawmitiean i ncr ease of

24% over theoret] T%R r t e significant
advant age in con%‘ﬁ@il'ong 8‘39351@?%@8%%%%%? é’g‘ﬁeg‘ggﬁcﬁ‘l grgd‘tj% Oigpeég,ggqu g and
further fornul at Nrgethyltswing ontrer dialkg! syipnosleknatee tstathe spalveer s, wat er

di spersi ble gran t forpmul ati ons. The best possible explanation
for these enhanc%{'g&goorltagé;]%@&é%ﬁfggaﬁ%ear ed to be due to the fact that each
sprgy drihed 20 parthrh-iz)nizBaigeiminblutjb th\d'jerwadeﬁrloﬁgeitlsMfaﬁy(iacliip@s‘tél%; I n o':]her
wor ds, the ar e, not Si m xtures as,reyeal ed in Exanple 2 or 3. Thus,
t hese novel” for nﬁlﬁéﬂcgﬁ&ﬁp%&ﬁ38'9@'5"9?%%ifsa‘mé'lay‘y?é?r ﬁ@?”ﬂ?ﬂ”ggﬁ@?ﬂlt in

br oadspect r um acpheriolsywittuéthglleae owide| faftly Rsters 6f fdhghyaas 8lRbhalethérs, oyi | d up of
resi stance. In ot hgr V\Pfds" regeiﬁstance managenment can al so be achreved 25
yet by anot her nSR/BIETYIGHAAPILESHHS £OPABRANON PredHsisolSUGh estemithat i on

| arvi ci dal for mugtaiend oxiay, @b§90193>8%ﬁﬁ@ﬁé§&bltéhia'td?lébi@sfe@fé}‘é,tﬁfo@(dd' ng, at
the desired | evel, both VECTOBAC WDG (3000 30 | TU ng) and VECTOLEX WDG (650
(TU ng) to wat er CRPMMHES gppthylena Rridgndmrapyienamtds. aseismisgvratss

" di spersiomg s oby@hnRD 4 TeeHds i i @@@Qg@ 02/0-41 C 2
so formed may be deli ve?Zd to tﬁgln?gr@g&éqw’gﬁ%@ﬁy vari 3‘5@%@5 i cation
~methods. A | i qui e#Y$@¥-nmul ation is ideal for spray operations. Exanple 6 5 A
liquid formul ati on gEgy, Li~quu t FQF each

i ndi vidual strain. VE %A%%g%@g}n%ﬁ%%héﬁﬁﬁ%g%qwﬁétﬁgﬁéﬂc&%@| on
product forms nedlipdeirimenoyvi-eenpolicodde s @esceiste Naphthgnatesw okeateri xed i n
water in the spray tank and applied by various spray application equipnment.
Formulating B.t.i. and B.s. as one aqueous 10 fornulation with
preservatives, stabilizers, surfactants, dispersants, diluents is yet

anot her preferred nmethod for delivering both toxins to the nosquito
habitats. Exanple 7 15 The change in susceptibility of Cul ex

qgui nquef asci atus | aboratory col onies known to be 8, s. resistant, in
response to selection with a mxture of B.t.i. and B.s. was determned in
the | aboratory in the follow ng manner. Selection refers to treatnent at

o " T o~ - Y Y B I T v ~




in susceptibility to a particular pesticide over that expected for wild
type insects. Generally, a five-fold or nore decrease in susceptibility

i ndi cat esypaslgisafice. Rodcharoen et al., Journal of EconoP'bﬁ:/Ulgm/ g oay,
Vol . 87, No. 5, 1994, pp. 1133-1140 explore the concept of resistance nore
fully. 30 A susceptible colony is one which is effectively killed by a
particul ar pesticide. For exanple, in Culex quinquifasciatus, if a

particul ar pestigi aci | ] >] aerjcus, has a measured LCSO val ue of
| ess than 0.1 pp%nd g)t?yﬁeeﬁgc%ﬂ)dﬁﬁjﬁg g'%mgsrugbtaéﬁnzaéﬁ'%QX@Gs%@B‘(yp’éﬁt@yl@@ﬁthat
pesticide. 16  ayl@niue, AESEE-IREH 4SO pRpER 5 PRKoRHSRASH Bns ver e
prepared by n‘ixi&gb&ﬁ/ﬁcﬁf@f '%’td'i' or B.s. in 20 mM of distilled water to
" make a 1 % suspensron:© AR IS IR RPIYATHBC Y 2 GraleHMRRLAT MeNisoeit.

suspensi ons in the @mmmoﬁa@mmateﬂaﬁmaaa@nﬁ)rwﬁ@M%%Hé}P%éN cﬂ{h' uted as
required fgr test. treat men parental colony and the emh

S,..5 The ;

" generation’were %Caa%%oéy@d%%'f}“zﬁf’é@f‘ﬁ@hﬂb‘)?f"&a&e% afbanates esuiphatd, @ar t h i nst ar

| arvae in a 116 pHosphxtest RPaRGE natiafof]cRidai ) i S er. One
drop of larval diet (rg of ground up rabbi t“%SpeS?%te}‘rﬂésf‘eghé'tz Ctﬁ’ﬁg’é‘ﬁ@%w 1l ed
wat er) was addecprg?é’Fa MafeRiTIHeE aRereodtireduds, cerk, powderugm adobs,
concentrations cheQiLillB,egfea|anM§IF§,ié’r?d\%lﬁﬂteaheﬁg as well as the mxture. Five
to seven different concentrations in the range of 0.0001-0.1 ppm were
utilized in each bildRdeEUlakioninay alseeentaln addes! drifiaohtrolausatt srapra)n Was
replicatedgpf our EitiNg all | t treated | aryae were held at
82-85 F. To det gre?i‘lpnlé L%Fg%@\;g?rﬁ@é,aﬁjﬂ;éétsﬁé%g}g%c”ﬁ%&?ef'aﬁ% C38He count ed
at regul ar i nt ea@Mples efipuitakle cpmpowidsifer thesapmpokesvncludehe test | arvicide.
Once all | arvae g j wherein 50% had been killed could
be determ ned. ?@ﬁy@&ﬁ P E@@@ﬁgﬁ%ﬁftfyﬁgmglﬁmlgj{? CPR‘QVT@B@?‘F@\?@I with B.s.
(Baci | | us sphaemolymeriged acrylie 862 derBEved 8d bMRET Phdrdof, vaitdAdbiRs T rom Val ent

Bi oSci ences Cor b ] aci |l lus thurjngi ensis subsp. israelensis 20
VECTORAG avar| Spb s herkor, RERGRUR TS hCbleRHs T ediontahaparbt o
col ony tréated wndisyathéti@polemgist ratio of B.s. (VECTOLEX) to B.t.i.

(VECTOBAC) for fiv tLons at the LCBO.| evel, followed by treatnent
with a 1:1 wei ght &aﬁ}%gg'lﬁ@.'og‘.s’ TM@EW of H‘GB%C{di'tIO.”a'(‘\ﬂE@FEBV\é) for five

nor e gener at i onslesdribeleabbGBMdyerebntagsoushl heowiiipagt he first five generations
of these treatnent ﬂ] | ower .{rean B.s. LCS- val ues were obtained for the

col oni es subj ect ed ' '8 CEPERIPRHPTEYe piesent ipvantiepicanbe@mplierhas 4 bquiei t her

col ony sel ect edahqtibéus itbghslolanCIRRORSAE Suspeilichabs j ncr eased
susceptibility and c nsgguentl_y decr eased regf%%?gkgégg%g?lﬁwstrat ed by

Tabl e 6. fitan BCQNVENEBLAI PRPlLaliontechaigtehins@atlh Belid fonvulatioerareel ection wit h
the 1:1 conbi napiesentipichrddnan ks il elihd WGeiadl. VWO

02/ OGS835 PCT/ US&Z/ .0@11'52 Tabl e gontra ta @bg@gﬁﬁdgﬁgé %P‘()‘%Hd%ll(é ori gi nal

sel ection st udySYeiyEgRmeRstiomaithe pregent inyeition will delives el eantitpnf was t hat t he
B.t.i. selectedpenicRidysuffefert Vb saiie i Lan@jter F10 to assess
stability of susceptibility in 5 tﬁg%%gﬁgf%g?ﬁ%ggﬁ%b%pp&?;nge in B.s.
Susceptibility in gﬁ'ﬂﬁ eAMRESHions NRydiesformed By kpray dryindRéem@nsand 8. sel ecti on

with B.t.35, B.§ur@ ] r ; f Par ental, | onyLC50 of 5th
Gener at i onLC50 of rrl%% ﬁ%&ér}\éé gﬁ‘? gé\rﬁ%ég‘ag*é_gg@g%hor@gﬁé)m'?'%wﬂ?s 20t h
Gener at i onLC50 #hd oA drying the combined slurry to form a powder.
GenerationB.f.i.O0. . *Q. 315*0..366* Q. 308B, s. 0. 490. 4520. 420. 420. 5540
.464B.f.i. and B, sﬁggﬁﬁ‘.}%@g‘."f%&%%.' %@PB&aaée*@@ﬁé@h@f@rm@f@r swi t ched
back to B.s. fr@irﬁcgéh@'rcatitbmqrasMcmmeﬁﬁateﬁf@ﬂmay8orﬁb6siﬁ6r9@ﬁi§ﬁy procedure
described in Ex . ilized in order to assess the susceptibility
of B.s. resi sta%t@tﬁsdgﬂs%@(ﬁ:é‘gt%‘iabﬁuéa%ﬁlqéjﬁ?nwﬁioﬁ&’@@*é’é@f@fG%U%P@:ﬁf%s to
B.t.i., BOs. a zpplication UFe mdstiBdal.doncériraBos will Garlka erdimPuyR HES were
determ ned for ﬁg{ﬁ,}é 6frfﬁ%§%§m' ]A Iqwer mean LC50 val ue indicates that the
Cylaarmayiaian, shesijcaly

_particular treatnent ca , WhetBeldtis@oncent rat i on,

whi ch i ndi cat escanoentrataer & PROSEIGIrRIL TS BormPSSAA il %oﬁlﬁintfgn‘?nt reatment.
The results are t%ru?wtdﬁg”bn Tabl e 7 below. As expected, the B.s. 20
treatment gave 1he' hiGRESLY BN B sOlY OF quidinert qasdarsaneh®. 1¢wbo¥y. However
the 2:1 ratio m xture shows an inproved result over the result for B.t.i.
and B.s. alone, both in susceptible and Tesistant colonies, indicating a

hi gher susceptibility and possi bl e synergi smwhen the conponents are

conmbi ned. 25 18 WD 02/06583, PCT/US02/0~162 Table 7 Susceptibility in ppm
of Two Laboratory Cul ex qui nquefasciatus Colonies to B.t.i., B.s. and a
2:1 Mxture of B.t.i. to B.s. TreatnentMean LCSO i n Resi st ant




Col onyMean LC50 in Susceptible ColonyB.t.i.0.0250.017B.s.0.3300.0092:1

B.t.i.: B.s.0.0110.004 5 Exanple 9 The efficacy of a 2:1 mxture of B.t.i.
to B.s. owo@ogssz€ui nquefasci atus colonies determned to Q&@ﬁﬁﬁ&w ble to
B.s. was tested as follows. . A m xed susceptible colony o ex

qui nquef asci atus was 10 established froma conbinati on of egg rafts
collected froma site in the western United States. The collected egg rafts

were individually, tk 2 xed. paper, cups,each hol di ng 200
M tap water and D. 5%3%12{)%@?5%%“1 iﬂg%gg}ﬁﬁ?ﬁ%ﬂ?‘sdﬂé{’? aaﬂ@'i‘téﬁe&’aﬁi thier e

hat ched out. Thefetofamuned erg ginoidest dry)tto 20 kySr widrd peaihédtaand pl aced in
screen cages, 15 where the adults energed. The adults were provided with

" 10% sucrose solution, and on day five after energence, fenales were all owed
to feed on restrained chicks. On WeyMetiwdasequent to this bl ood feeding,
ovi position cups e introduced jnto the cages to collect eggs. To

" maintain tﬁe col o\rll\ﬁhf%cqnﬁ@n? Qﬁ‘o?c}é@%PSRSSQUBV@an €an og tigetes picated i n an 20
enanel pan cont afonhwgtiéh ol greloag e pedtickal SdtivanHdnen 9 it pellets as

| arval diet. The sanpl e preparati Of’)l conditi (\)/ﬁ}g b?oggl%fgytggrle?%hod, and LCSo
det er m nati on wet ¥ PHECRLG 13606t peslasdere ps hedrette@rmmplsncr. The resul ts
are provided in dedtbgols tbeh®@BombiatiseSyldret LiDg, the 25 test
col ony which was B.s. suscepti bl e, becoLrlres rﬁ@?”é@%%‘f%’lqéehg& the fifth
generation in re¥RIPbYsIgalMeansasiongias ihesreatmenbaess ruit WetdrivaslyC50 val ue

i ncreases. 10l N cosHacomb préfetics &f thb tbMbSsi e.sare 19 WO

02/ 0G, 83, PCT/LI SOZ/Q_Png@tt endency tgs%l 3, e ‘ggrlmv?ggh?ﬂ]'%a'fact is

i ndi cated by t he®aerms iklugh, buirare aotliaiiddig, balogeratingsgents; 46&pdeyer t he
parental strain,g@h%Q s ' se than for the treatment with
B.s. alone. Therefore, ﬁ%\éﬂéggéiéﬁgagﬁqaﬂémt%?&%ﬂh "%.e Ve SHCBi8Swed t he

resi stance over 2ephian ehiqrids; elcehglspsiehtasdbsmopsdrovandathanbl @y t he ori gi nal

i xtur eosel et sd e s Bt &Y Al A Rab A Al R R eiVetveor oBae.
WDG Vect olléx WDG)  fTheaompbsitionsrokiherieveptbiecan b apblierdifestly ttaRke 8 Change in

tibilit i bl | in R to B.t. d B s.
mixtores. 15 Tr onviulhusgbETRRe o Pordh ik noom. dgte, st water ang
of Par ent al 5t h10tctf 5 tant subfEch tyiGkssetioh by RIRBSH Pes R R/EAbIQREENer at i onB. s.
0. 0090. 0350. 066%113;1?%27;1 4B.1 i. And B.s. 0. 0090. 0240, 0280. 0130. 044 Exanpl e
10 The fol | owi ng EXPEPHRHECURS SULlH reatment. « thedeararasitionteantiecapplied i ty of t he

m xture for contyaptdying, aostimg Emmﬁ%\@ﬁ)ﬂr@&@ ',%ﬁno_n?_fb ,t,g}'%s exanpl e) the
and each i ndividual 1arvi |ée 0 were

effective,g)ess of t&g rrixtur,g | | '

determi ned on a ni X883 “PERAPEPIGH tBe Praseakinyenting uediske pheciive againgiedes
aegypti. Twent yingdoapbsts of BRrdrogr Digksa eh.e | 84,0 @ mdwestern
United States | pca i§o . The trubs i&eraevfgfﬁgg@%f@hmﬁe?oﬂ?%%% wat er and
enriched with 2. S&{e a YAt L RSIrAREe peesmvinopheles sbs Avaigerdshen 25

infested with 19@atbbtusdcanshéra e i ; i : 100 third instar
Aedes aegypti . e hour af?er tsﬁ%’li nfcgg}lpgtgllégjr@ﬁgdn(?rjg@ss? #tfa%r to treatnent,
tubs were sanpl YdPLRAUS RIS Y SIMyeaiiitasies nCachlioslyiasaapsiieris rOmeeach t ub
were coumnsed, tgy ahlaba _,@m;&,f-,@- enn; . 2/ 0( ~83~ P S02/ U~162
Test larvici dessbi ncl ude,o“I:'%VE OI_E%O%#E%G@S@”I‘MG%HQB s kae: 08 granul es))
VECTOBAC CG ( 20iftayRRjas¥ptersy Relabacieuam Dresjphiadneanoghstdr xEeedeé VECTOLEX
CG and VECTOBAGfdfiasaSiod ' A . Each tub was treated with an
appropri ate anount _%f grlgﬁ%?u%gg/he@??%erm%@%p'ﬁaé&sg’m2%‘9,0’@@i valent to a
si ngl e treat nerftlogiameristans eentealis2Gloskhiné awrsitan®mdrbkars, dssaad twel fth day

after treatnent tdi i 1 ex I nquef asci atus and 100 third
instar Aedes aergglr%@%sm%}f) @5%%2’5%’8%’8@Ra@@B?SJﬁOEﬂ'P%@/P%e sanpl ed from
" the tubs38n t heyaswiansis, Gyssinahmelssiepaldalis) aogsnsh idepinbiest eent h day after
treatnment to d r.m : were stil] alive. The nunbers were obtained
~and conpar ed t?%ﬁ@gﬁ@%%&l@?&%ggﬁog? (ry@ngriixnodeane peye nidraodenoa v
reduction i ndi daeatsn hatcopls nihae, \Laeiiveusrind, LGk sévdas iLQﬁ%bﬁqﬁ}#_”ber for
per cent reduct i/é)r%,i ndég_a%zes t.hals the 15 larvicide does kill.” The results
are provided in PABIR™ GURSIBET STHCALYeRyellm atalis Mangeora gpx Mayetiadd B.f.i. to
B. s. can control Cul ex qui nquefasciatus and Aedes aegypti |arvae, even

over a period of several days, at each application rate tested. Table 9 20
Aver age Percent Reduction Treat ment Application



Rate (Il blacre)% reduction in larvae - Day 2 i%reduction in larvae - Day 7
reduction in larvae - Day 141:18.t.:B.s.510055568. s.5957734

IB. t.i. 51%%%%%%6 8.t.:8.s.1010098918.
N

$10814450 0092781 18.t. : B. 5. 2010097908. 5208882648 11 3810010076
21 VWO U2/ UGS83s 5 10 Exanple 11 PCT/ USU2/ O~-1&2 Anot her experi nent was
performed to denonstrate the utility of the mxture for killing nbsquitos
of varying species. In this exe}‘(r{}grt the effiectiveness of the m xture and

| e, ,
each i ndi vi dual 9estYFier déuska cdiuaads Yinead dmeslicenNeohedigria P The test was

performed on NOSGHHERMA SutdaNEBIcRINRERE sPOThiIga demRes e, Wat er treat ment
facility in the western United States. The pond was extrenely polluted, and

standard tests sHERRPOPRYGPeJEIRCBICH SetifRiex FORPRNUS. SPTATNOMME8E dover ed
80% of the wat efps%ﬁ@ﬁgsp.,Tﬁsb&ﬁ&@cﬁnebgg?&?&%a\g@%ﬂatw S&slopiliga Six plots

ranging fromO0.1 to 0.2 acres In size, he _&grposes of the test. Just
prior to tfeat megtercomsiehStogwxypraeilraas Toxaplyaehigsemiedangifber 15 20 25 30

of larvae in at I r t tha control
val ue. Test |ar vﬁﬁ%@gd%%g;bfj ﬁ%%&%ﬁ%@%g@ﬁ%?&%%%pm arrgltre?elo, and
t hen each pl ot wasnpasémned the inverdinn apgyraige bacteciive againefinggnt peststdie t hr ee
test |arvicides, i val i .t 5 .10 | bs/ acre.
Larvae were sanptpgg’%e\rfgﬁﬁphgtte?aé%t& ‘p'la(g{@a rﬁ?&{g‘i\g&e@é%& ggégp,a, ’tqﬁfg”gs'event h day
and t he fourt eentanadayA@dxophydsreeatayedurotistipsidat Alavamea dngifaaeans/sophiéa stil |
alive. The _nunbers r.e pbtained a C ared to the nunber. of | arvae alive
prior to tiPeat ne‘?ﬁm&%@@%)@éegﬂﬁ?r%ﬂ%?ﬁd?%@g% lfur‘?g‘["eg?’l qaﬁje‘?g@e% e killed. A
Eols: ti Vﬁ nurrbelr Am’m@%&&:ﬁtigrﬁm&@p?inwM@Jgtelesiatd@atnéétblﬁ, wmmmhépje ﬁoes

ill. The results are provi i.n Tabl e 10 bel ow, i ndicati t h the 1:1
Mxture of Bt AGRSENE ob cAekDm 1S ARk A Aee f i b, U

02/ 06s836 Tabl e gQuAveurue GaireoneuRRespictoshyifhrdddds\blids1dddy theme,

Treat ment Application Rate (1b/acre)%reduction jn |arvae - 2/ o
reduction in | ar&@gya ¢eppa naca,rféfd:ia%{aﬂé%fqaﬁwaf? gppom lf4@?%¥

B. t.: B. s. 53936B. jnfeqefitd DertiBis-sibepicad Pestib inbriist DiaBngnia BSSAREHS.
s.108398 165 5 Exanple 12 Anot her experinment was perfornmed to denonstrate
the utility of tRieraasie fitidals Diatiaceidiendioedai Pigdaet siuhgidg BReaIas. In
this exanple, thg Rffapbi M08 Hinit Bndshi¥ CWt&)2BthRRcHalB dtigfiél
| arvi ci de were determ ned on Cui ex pipiens and Culiseta iIncidéens outdoors
in a roadsi de diaehe, BWiaBatbsees, ipoeslia amoigusle.deuripstisichaspahegad by a
driveway in the Euxoa messoria, Galleria meflonella, Grapholita molesta, Harrisinia
20 americana, Helicoverpa subflexa, Helicoverpa zea, Heliothis virescens,
Hemileuca oliviae, Homoeosoma electellum, Hyphantria cunea, Keiferia
lycopersicella, Lambdina fiscellaria fiscellaria, Lambdina fiscellaria
lugubrosa, Leucoma salicis, Lobesia botrana, Loxostege sticticalis,
Lymantria dispar, Mécal/a thyrisalis, Malacosoma sp., Mamestra
25 brassicae, Mamestra configurata, Manduca quinquemaculata, Manduca
sexta, Maruca testulalis, Melanchra picta, Operophtera brumata, Orgyia
sp., Ostrinia nubilalis, Paleacritia vernata, Papilio cresphontes,
Pectinophora gossypiella, Phryganidia californica, Phyllonorycter
blancardella, Pieris napi, Pieris rapae, Plathypena scabra, Platynota
30 flouendana, Platynota sultana, Platyptilia carduidactyla, Plodia
interpunctella, Plutella xylostella, Pontia protodice, Pseudaletia unipuncta,
Pseudoplusia includens, Sabulodes aegrotata, Schizura concinna,

Sitotroga cerealella, Spilonota ocellana, Spodoptera sp., Thaurnstopoea
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western United States were the site of the study. The ditches were
vegetated wth grasses and aquatic plants and recei ved seepage runoff
froma Se\['?/biog/m?%%; emas well as rainfall. A drainage swal g WU%E/(E'] ) | ar
hydr ol ogy and veget ati on was sel ected as the untreated conFroI. ach site
15 was popul ated with Cuiex pipiens and Culisefa incidens at the tinme of
treatnent. Just prior to treatnent, each test plot was sanpled and the

nunber of larvae in a test sanple fromeach pl ot were counted, to obtain a
control val ue. pivoraswa ainglos bieselligds.l righopikaia nb UARadHPgAES descri bed in

descri bed in ExagRhfod0oudl, Yhsibhia BhadiReChRBbIcH 28, Mot ed with

an appropriate amount of one of | arvi ci des, equivalent to a

" singl e treat nendpr dcantbescaidehehiaeits. Calesohreaiisthigensés Erdath@anwas
untreated, to s : Cr, |2/ (1-41 ( 2

~Larvae were sarrg%')é%sﬁ ?’o’:*‘}r‘?{;l ?yﬁﬁQ{ﬂEi@&pﬁ)@%@sf%%aﬁéé g%%?’?@%éty/sgﬁ ntj e seventh
day after §reat megonemsis Sitopbiéussspnelclalepbiiaddreaid, Cptipeapddiat o t he nunber
of l|arvae prior, reat % i, QN oL N : arvae were

killed. A posi t.’"f’/ga%‘ds e}r%%"rda%@g’goe%%é%‘%t P %ﬁ’:ai%?@?%s; éi'&f"?’ hé‘{g t he

| arvi ci de does kididlis, Alpbitolggsitiaperdnus, Priowusdatiebarglaldneblid nygtogw, i ndi cati ng

that the 1:1 mxture.of Bf.i...19.B s. can control Culex pipiens and

Qi sefa i noi denghaivasCuniay Tab Sl eierP i, Bl sl RSS2 ment o

reduction in | aggsteuctorPayard%.g.eOligdnychus pratearsisaPanomayus Liri,

B.f.:B.s.100988._s.100100 anple 13 The efficacy of 2:.1 mixture B.s.
OVECTOLEXI o BTESrampany YR aeAE S Tonle e ty (HRE e FHETS, SPRMOASS re

f ol | owi ng mannejnvictdsdpéra, bige | Rbtivaiteands figspbiug] Retitultdrmesdatipes) Uni t ed
St at es, neasuri i&%8156 acres. Levees were used a buffer zones between test

plots. At the t{CRRIOEGMESdONPRIA HertOOIHAROBRS 12USHCQUSVRPIEMBE Y ae wer e

present at a depshiekus]inBisRertred ARbr, MdkiteAREISHhigtarsY Shhohameal €.¢di p test .
20 Each individual larvicide, and the larvicidal combination were applied

e
at a rate of 12CerPRIBflEs Byliare sYeateNOSIRSKSIBINaEe LaRORYEREAME at a speed
of 85 milgg per d%cegﬁéa’liﬁ}g'stfgm@, BwAbBopMafllds Rlis, EHi®BphaddbdfaceguNt s vere

h
perfornmed on days 2, ¢ post-treatnent, and neasured agai nst the
| arval count of Pafexufitansateqoryfie cbeoris sfengpetia verahifie TuggaPerRetsns: shown in

Tabl e 12 bel ow, aig!i W%ﬁﬁﬁﬁg,”&gt o o;)?fy%? mcégﬁ/g W&%)é%bﬁué‘béﬁe?ra}vérvae’ as a

posi tive number tor “percent contro e IndiCates that the |arvicide
does kill. 24  vvdniaspeciseImbraiinent]he sompagidomeeicibatinwRador aedstive

2Ll arvae at Day 208y ORRy FESCT Bg S OHaTE sl e bler BUARYTS, %1001
10090 Exanpl e 14efmarbeers oldiusis the fanilies Ealiotéen Sivu/mae, Cheosangidant i bility of
various B.s. su ng&%wdrﬁ%kségﬂggg-%%gsg%@%)I,\@Fg}ééﬁwjé es to m xtures. They

support the clai res ds a ne rol'li ng nosquitoes, and
controlling B.s. resistant nosquitoes. Three of the studies al so support

the nmet hod of m xi t echni cal powder rior f ormul.ation, of . nul es. 10
Efficacy of a 1:1 gﬂ‘x‘:t‘ %t?'éy C@."B'.”P.'O%ﬁféﬁ‘épggsebﬁpmtﬁnitBﬁrgw'?lUsrvt%#ﬁ?roI of
B.s. Resistant @distancpisnigsed@adnadetali herehaftePopihkdtxaondeLCoTaeed t o Each
For mul at i Separately. Miterials and t hods 15 A highly resi.stan

bopul ati oot - CEraT AR A auteoicle SESwate Matsren Arihedi Ao Bt Rk Yhang vai
Di strict, Nonthglihiertionanicsre nbhmebaind limfitthe inventidratihioss v@eniseeat ed with

vari ous doses of VectoBac, WG (3000 Bti |1 TU) and VectolLex WDG (650 Bs | TU)
and a 1:1 ni xt usites e claps gepshdied NPEiGary and Septenber of 2001.

Fol |l owi ng each treatnent, 20 popul ati on changes were assessed over tine by
di ppi ng, and percent
Example 1

30 The combination larvicide of the present invention was formulated
as a mix of two commercially available strains: VECTOBAC CG, a
commercial granular formulation of B.t.i. with a label potency of 200
[TU/mg, and VECTOLEX CG, a commercial granular formulation of B.s.
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control of late instar |arvae and pupae was cal cul ated for post treatnent
days. Results 25 Doses of VectoLex WDG as high as 200 ng/nR2 resulted in
little or QLrol of this popul ation. VectoBac W DG wa provi de
control 28OV oomgas POT/ US(12/ 0-11 Go at doses as |o?bcf5§}é§’g‘“tr%§ﬁ.ne, A
1:1 mx of the two products was found to be nore effective than either
product al one at a dose of 20ng/nR. Table 13 5 Percent reduction of a B.s.

resi stant Cul ex qui nquefasciatus field population after treatment with
B.s., B.t.i., amihalgpekratencyrofB0E.§ IAHIS Typicale Mfiergnievdyied teehnzehy 14B. s.

650 1 TU @20D ”%Hgérﬁﬂ&@é‘gl%atchistra%qgﬂrétHéo?oﬁ?& Wt%%ﬁé@' %Lﬂ%m x (B.s. 325
ITU + B.t.i. 1500 17U) @20 ngl.n® 1971501321 Efficacy of fwo B.f.i.lB.s.
" Conbi nati on For rabelebermdl binsler Cohe patoust oicigigesabiecoiihipdesris thanfgrraulrivdlet a

i nci dens Conpar r Fulag i [ FLELCl |

Materi al s and I\/E%%R%@qs%ﬂpeﬂ? yaq%cﬁg??l?f g’?’t"i%?lB%ti'gpwégﬁb%gggﬁd\ﬁg#rggs@?%up usi ng

" wadi ng poofs i nfemailparTkerypical eangefmayvary niostewheCotrioyl SRowtjwit.t o Cont r ol
District's facilj : i RY Por: . on July 27,

2001. The pool s d\?}éfgréég%? b%'ﬁﬁ‘%?ar?%ugu?& ;é;;\i)(is&w&tsh&srae)(/g'ﬁlédp%gﬁ@c%r row. Each

row was desi gnatcedcargrage, ted thesypeesize aiek gheodpsivevpropefty bf @dintiar aardept h of

approxi mately 8" it ap. water fromthe District's ter.,supply. This
dept h was. nai ntuél'm?éﬂ“@*hef@ﬁaﬂ'Bu{” [hlllsee nﬂRJ?/ COEAE B@B\ﬁ%ﬁ&fjt%gg%pr oxi mat e
surface area of claé8ficaidnM/1ebh pead uyas Howelveh ethevsizb ratdeavwuandsr abbi t
chow (10025') t squito | arvae. The

ovj d i tat d food for the
pool s wer Ieft%(fgwéé’sﬁ)ﬁ&fﬁgs%akﬁ Mi5slh araFp Ayiieble nthe YUmy ModHiRat ur al
popul ations of the dpeaRld dRestiidratsart ealieEARke @BiRPhissqifdbleAénddrci al
st ocki ng of the@t@gzt gool s was done after the |ocal npbsquito 25 popul ati ons

failed to produ rat?'%"Ciﬁ?d{ﬂt'g'ﬂ?rﬁﬂ%eﬁwstﬂﬁ‘éd%é)\ﬂﬁ%OP@i”etdhe study. After
this initial stocking, populations of Culex pipiens and Culisefa incidens
mai nt ai ned t hensel ves by natural re-infestation. Three formul ati ons,

desi gnat ed ABG6E8MAEE60015 and VBC60019 were conpared in the study.

ABG 6185 gonsi sted of Bt Sand8 & 8 Bforf . corncob and
had a potency of 50 B.s. %% V\% (12 K 33s P&er/é(’]rgg%%&ﬁdcg’%?u VBC- 60015
and VBC- 60019 wespectauwarivily waspreparedt Rre-faimulded grangten mreductpe@ier s
fornmul ated onto rfco i (of] OB.t.i./50B.s.
| TU and 100B.f. ia.%? ?8% ZVEP$8%?§S%§§{G% ?ﬁ%?w@é%v?%n%ﬂ\%g%% tested at

appl i cati on r at eevelpbping SreytdrabinatbnIrehinatica. c dhp seseitantcomttinagianed contr ol s.

Four replicatio i i Ln,a random
pat t er nt hr oughot i@ Pl wedlarGBel BRB-A L3 {B S BN aim b o Do her
pool usi nd0 st an@arRisndyqog.tThedigperruilizetiwas h@/ddtMeshicogn tdle | arval catch

with fine nmesh straiger i l.es r r in al cohol for
counting and 10 spec?gg%p&gén)ﬁéﬁ?{:@ﬁ?%oﬁ’%lﬁgr %OEXEE?@%@G@@&MM as
L1-L2, L3-L4 and/HOFRRACBGivesathaegdd htuabendamnshd hiendeeis t The mddedt
applications were dong on Au us(i 20, 2001. The initial post- treatnent

|l arval counts wéf'&%“gs Iéerbrl‘?cﬁ%ﬂﬁ t 23, 2001 approximately 64 hours after the

treatnent. Fol | ow upRépresontative yamsies o RReAMiGWidasddy. AaBlest skblvsand a
final coupf on Septenber 6, 2001., Contrql success s determ ned by
nmea ‘g f %t

cal cul ati A amgrptof de rmyymaiedalewhich weee yseaaiormyiRg MRRRHEE in the pre
and post -treat negibiitiohs fromthe four replicates of each test. Percent
control was cal culated by 20 and applying Miulla's fornmula to the overall
popul ati on means for each treatnment. Results Foll ow ng treatnent, mean
popul ations in all treated plots degld ned 25 relative to the untreated
control plots, and were—significantly lower (P= 05 Student-Newman-Keul s)

than the UTC at 7 days |ft&% Meiesial ment | %wéwe wekelatafer i clal, but not

statistically significanfe@fbEEETEES || e TEH i duat—t r eat nent s.
Initial reductions (3 d Bﬁiop’e\/\ere%ﬁq@cqhest overall for the

conbi nati on formul ati onsVEGHALEX GG*4r | 6680r ol Wds0BO seen fromt he

formul ati on t hroughout g duratiom ofzthe—stud Percent| reductions from
treatments at 2.5 kg/ha i3 shown in TaBQ 14. 179°% Vi~ O 02/ 065836

PCT/ US02/ 0- 41C2 Tabl e 12 Corrected percent reduction of L3-L4 Cul ex and
Cuiesita larvae in artificial plots followi ng application of treatnents at
2.5 kg/ha.* Table 14 TreatnentDay 3Day 7bhay 1l1Day 17B.s. 501

TU33. 155.17174. 6VBC 60015 (B. t. 1. 200 I TU B.s. 50 I TU)65.197.297.281. 2VBC
fi0o099 (B. t. 1. 100 !'TUB.s. 501TU) 182.5194.11 85.8165,71 5 *corrected
agai nst UTC based on popul ation neans from5 replicates Efficacy of Two
B.t.i.IB.s. Conbination Formulations for control of Culex tarsalis and

Cul ex pi piens Conpared to Standard B.s. Fornulation in




Smal | Field Plots 10 Materials and Methods The test site was a marsh where

a small streamentered the Yaki ma R ver near Yakinma, Washi ngton. Natural

popul at i ex tarsalis and Cul ex pipiens were pres was

essential l'y Og{og‘gin%nt. Depth was 6-12 inches and renmai ned ?gﬁgqsg?éﬁﬁz

t hroughout the experinent. 15 Water tenperature ranged between 72 and 77

t hroughout the experinment. Vegetation was primarily grass with scattered

broadl eaf weeds covering 80% of the surface. plant hei qht was 6-15 inches

in height. Cattle oc&RNBRKIGP lreavdar farmuatian wih agenel petency et 20t esent

during the test. O gani cif@higer was very high at the site. Predator

popul ations were 20 generally lowin the plots. The test was a random zed

" conpl ete bl ock exper FeAM&iFiEhBShgraayianfpopuletomiithfadabelmotansy pEFOt r eat ment .
Pl ots were sanpl ed im*rediazst_ﬂly/rﬂi or to the application on 7-19-01 and

~again 48 hours, 7 and 14 days aftter the application. Twenty dips with a

standard nbsquito di pper were made 25 in each plot. Larvae instar 1-2,

| arvae instar 3-4 ang. d_in-e Mo | ati ons,

dosi gnat ed ABGoL85. | JSROBrE oA B ah g aRE SHn Bl Sh e

ABG 6185 consi stastedagdingt.fogmtitinaiac dkdgoaatpptibodtifdinetir afex cor ncob and had

a potency of 50 L TU - BC- e. conbi. nati ons of
5. E0 and’ s, o, 9o Ek e SER BeRER Datt B ST e BRI

formul at ed ont o tedoityamits anlicihack bdsedoata refdrepad watdriasofnodMPstific. / 50B. s.

| TU and 12&8. t.i l/.50 .S. I TU respectively. Formul ations were tested at an
applicati r at @ dfPES ¥ acre and conpared to untreated controls. Data were

a_nalhyzwﬁfil Wi € hf Anal IysinSa gfegéh?éd f@nﬁ@liatidh, Ei‘ﬁ{@r@fo drdweiyhomaso vseF@.i.Ct@Qlls.chI ?lt ed
wi t a's formula an S n r _arvae an ae only. Overa
popul ati on mean§@f 8P °tr1§&ﬂﬂé/ﬁ"tgafﬁg§é’-l?é‘gd?ﬁ '%U?rﬁgggrc%ﬁ-emh iBn. Results
10 At two days atliebleht 24 faNhiio 8h b potthe@bhgigmul ati ons provided significant
al t hough not outstanding control. The rate of 5 | bsl A nay have been rat her
low for this site. Control at 7 and 14 days was not significant |argely
because the larval population in repliggpg 3w of the UTC had very |ow
popul ati on. Nonet heless percentage caontrol s higher in all the 15
treated plots than |Bamme eat ed |§-6tRotencyday 7Bamdotency| n [conparing t he
formul ati ons, there[JE# PpPeqk be any tigh & er bet ween treatnments
at day 2 but both t1gE© Abc?rrul gtialsgfn{é re betgtBe'(rg' lterh[]ﬁar'rfligABC-} 6185 at day 7.
Corrected percent re@Gctions caljcul ated using|overall popul ati on means of
L3- pupae are shown in Table 15. |20 Table 15 Corrected percient reduction of
L3-L4 Culex larvae and pupae in|small field pllots follow ng application of
treatments at 5 | b/ a¥VEETOLRDI e | ¥5TUMmegit nent Dap32DayiTODay
14B. s. 501 TU50. 052. SIé&’)iVBC 60013 (B.t.i. 200 I[TU B.s. 50
i

| TU) 58. 073. 464. OVBC 19 (B.t.ij. 100 'TUB.s.,| 50 1 TU)59.481.738.4 25
Effi cacy of Four B.t.i.l
Qchl er ot at us t aeni oHhyRghus—Eorparetto—Standard-Bt4—Fernul ation in
Artificial Plots Naiorirs e VaORSH Mrent y-PQﬁS-AFP{Ff‘Qci al test plots
| ocated at the John|A. Miulrenan,| Sr., 30 Public Health Entjonol ogy Research
and Educati on Cent er—i-p—Pananra-29 WO 02/ 0G$83s—-RCTHAUSQ2/ U-41&2 City,
Florida were utilized in this study. The plots were filled to a depth of
approxi matel y 6'Ex%m' b 3-5 ppt saline water. This depth was mai ntained '
t hroughout the study. Each plot had an approxi mate surface area of 8 ft2.
Energent grasses and!Be fiygigakeanmbingiigs pregust mayalss ksstormuiatedhe plots. 5
Wat er tenperatu ’ i unL oo
Artificial inf egfgg?m@g‘f% qte ﬁ@rétégg\t/&ﬁrotf@h?gg*%%%@brt«%dgg.ciags ?‘?ﬁ#lggﬂ
 treatment 2&nd et& 5o hindeglguid, @nddhemigipreanating ar seraying ontpthexi mat el y 1000
third instar Cc L to each plot on
each infestati o?kﬁdﬁr%ﬁ}s\gykgﬁﬁuﬁb&?ﬁﬁb?hg‘%gisgﬁ% eeggﬁg 138s, VBC60015,
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pot ency of 200 a{] bleSELFE?‘%E]lrﬁége%%éi@(b'%&@h@eﬁ‘%&%&@ﬁgﬁ%%% 0019 were
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respectively. Formul ations were tested at application rates of 2.8kgl ha
conpared to untreated controls. Four replications were done for each
application rate and UTC in a random pattern throughout the test series. 20
Sanpl i ng was done by taking 8 dips per plot, using standard nosquito

di ppers. Nunbers of |arvae collected fromeach plot were recorded. Initial
sanpling was done 1 day following initial infestation and treatnent, and
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30 WO 02/ OCS83~ PCT/ US02/ 041 &2 one ranged from 79, 7% f or VBC60015 to

98.5 % for VBC60018. There were no significant di fferences bet ween t he

t r eat ment s day. The materials continued to show ef, ough

day 7 of \%R%Q % é after which tine percent control decl | ne %04%1%

Three of the conbl nation 5 treat ments, VBC60015, VBC60018 and VBC60019

provi ded significantly higher overall percent reductions through the course

of the 13-day study (LSMEANSSS multiple comparison test p=0.05), Percent

reductions thro@fiingdy ¥he F@ﬁ’fﬁ“ﬁ@b‘fm@”@dﬂ“%cq{@ﬁl"ﬂ%.t‘%rf@”ﬁ%m in Table

16. 10 Table 16coﬁ§rnﬁ@@tr%@m@c§ |TQJW§19t5Hd°3'9hat%YB3 TURRY BF&pfovRBES at 2. 8

kg/ ha Tabl e 16 Treat nent DaylDay2Day 3Day
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' TU) 91. 367. 162. 76( eferen cited herehysincorpar at ed by
reterence. The pr esén’t d%g}'?‘? on is ?’P%strat e%d gy Ké*'vé he faregoi ng
description and ex&uphieal corfrenfrateegol ng descr| ption |<,lrigreeianlted as a nonl5
limting illustratfion variations wll becone apparent to those
skilled in the art PPHYSY @\Qﬁ&ﬂﬂ?ﬁ ) It is intended that all sucH variations
wi thin the scope amBls.spidyidricdfl the appepded c|25.08 be|@etiveced t/hereby.
Changes can be made in, the conpositipn, operation and|arrangenent of the
met hod of the presd®fNNCAVEMNEBIRRE cri bed herpin 20 V\A? Htepcrti ng from
t he concept and scg@@d@ﬁ(mbggyventl bn as def|jned in the foI | owiing cl ai ns:
31 WD 02/ 06S83, aj ns claim PCT/US02/0t4112 5 1, A nethod of
controlling Dipter AVM@v ae conprisipg the step of introducing 3

| arvicidally-eff ect\;e\égtag[g)&ng,n@ér a cpipphat i oney o0& SYmaderof Bacillus
t huringi ensis subdpeCies israelensisland a strain of Bacillus sphaericus

into an envi ronrrertGF@@LH%@afrlﬁrg Di pt ef 8M5 ar vap855100 2. |Besrieret hod of claim 1
wher ei n sagd straimof Bacrttus thuringrensTs subspecies i sraefensis is
non-genetically nmodified. 3. The nethod of claim1 wherein said strain of
Baci | | us sphaeri—‘-:ééﬂﬁl%é non-genetically nodified. 15 4. The nmethod of claim

1 wherein said strai metoRamiekfepndifion May §86 bs fertINSGiresmixmgael ensis i s
non-genetically nodified and said strain of Bacillus sphaericus is

non- genet i cal | y feRnantatieq beges o siymecopcentsaies of Bl andBe ahis €¢sredai d

conbi nati on has sfoﬁél)s%raéb@éﬁcyle\ﬂép ah@ sﬁ@lﬁr)éﬂé)th% SNRhORixtira b 9r&fuc§%c' I'lus
thuringiensis subspecies israelensis to Bacillus ‘'sphaericus. 6. The nethod
of cl ai m 10wher giombingiddeeinenl sateyshied Rowrdebeanzentedsuin 3uch @ o about 31

wei ght ratlo of S I %léé}s aci |l | us
sphaeri cus. _Fﬁ‘%]lét‘ Oté\te'(;%h @r%%éﬁ{réte énb%gée'l'? ésg%ﬁkﬁ?l%gib"%grsﬁfrom
about 1:2 to abcmnrfaqtaatsmsmamtatand offfer Binsiers. ubhet spiiay-Abed teshaicglubspeci es 30
israelensis to 5@% O-1& 8. The
nmet hod of claim R Aé'lréz(? ?\'psal cﬁ %ﬁhﬁﬁtbfg%gy goﬁ@fa%ng %Mﬁ@% acil | us

t huri ngi ensi s sylisget aed ExanmpbeRsinsd &Qr%amttalblﬁspcsmdw%rvva‘iasdls@@iblﬂhe

met hod of .¢laim I el j . t hod of
claim?9 V\Hgl’ ein i%m&n%bg&ﬁ? %&fss[,% @ﬁﬂ %@83? g%%ﬁﬁé’feé%rb%s%c%oﬁbﬁ% I ng of

Cul ex pi pi ens, leweber cenceqtreteasicayaslas pe Adliked napqubahd/octmelxettear salis, ,
Culiseta incidens hel,es freeborni t 1.he 11. A
method for § nht EPAREREY ) S ree R Vet e b AEY CURIREBAG Ehe ot op
of introducing aB4fefvéentaiital slyre toremntratesananmniusohtias bz:sehlom%lsmnd@f a strain
of Bacillus thurin LenS| ubspeci es israel ensj.s, and 15 trai f

Baci | | us sphaerllﬁ N ¢/ oﬂh%ﬁ@wggmﬁra% &éfﬁf"HﬁyﬁoM é&fﬁ ° Vay 5?@ 12. The
- met hod of 20l ai mgkdsemias Ritin OSI@YIwEive 8f ﬁbt@sfsuﬁ@@bﬂbhtbsaﬁdm%mwmmsdfs subspeci es
i srael ensis i s non- genetl cal) g@rmdl fie d of claim1ll

wherei n sai d st rAsHYIFRERES "@ﬂ'ﬂéﬂ%ﬁ’réﬁfsr"‘?%%fﬁélh'"ééﬁ@??rgﬁt? yeifodi fied. 14.

- The nethod of cl g 5% LWkwwheimilahys almsk §M;a¢dhceﬁtr§aw|thlm1s2%5vﬂvhwI ngi ensi s
subspecies israelensis is non-genetically nodified and said strain of

Baci | | us sphaer i RA{@SSiUN ﬁ@ma&eﬁ‘i&@ 044 \yt/mmert@dpa@enw RREEe¥RC-of clai m 11
wherein said conbination has fromabout 1:10 to about 10:1 weight ratio of
Bacil lus thuringiensis subspecies 30 israglensis to Bacillus sphaericus. 33
WO 02/ OG-83~ PCT/ US02/0.1162 16. The nethod of claim 11 wherein said

conbi nation has fromabout 1;3 to about 3:1 weight ratio of Bacillus

t huri ngi ensis subspecies israelensis to Bacillus sphaericus. 5 17. The

met hod of claim 11 wherein said conbination has fromabout 1:2 to about 2:1
wei ght ratio of Bacillus thuringiensis subspecies israelensis to Bacillus
sphaerl cus. 18. The rret hod of cI a| m 11 \/\herel n sal d conbl nation has a 1:1
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sphaericus. 19. The nethod of claim 11 wherein said Diptera is Culex. 15

20. The nethod of claim 11l wherein larvicidal resistance is devel oped
agai nst ci |l sphaerl cus. 21. The nethod of claim1l

D ptera Fg%a(lzwg‘ssc]w to. 20 22. The nethod of claim 21 mherg:éﬁﬁ}ssg%/éﬁw
is selected fromthe group consisting of Cul ex pipiens, Culex

gui nguef asci at us, Aedes aegypti, Culex tarsalis) Culiseta incidens,

Anophel es freeborni and conbi nations thereof. 25 23. A composi, t| on
conprising: a cdisicRat $As BYtha Peaseared B% slpay conapntreihadyMeasi% subspeci es

| sraelensis and Qgd 5@16‘1%fmﬁ?cc$‘lurg%l§t9%eﬁrbg d afd thelatEATBPSbIIdson of
claim 23 wherein said strain of thuringiensis subspecies
' israelensis is rhasisgaragivesan Tgbleddi fi ed. 25. The conposition of claim23

wherein said strain of Bacillus sphaericus is non-genetically nodified. 34

uito

- WO 02/ UGS8§S Pcrrlalt{?thZ/B?/ FaNeS é?@rr r-ﬁ £00pasLilon of claim 23 wherein said
strain of aC|II hurlnglenS| species I'srael ensis is non- genetlcally
nodi fied and s fBacti Sphag cus ot et ty
nodi fied. 5 27. hﬁ bosﬂt?on cfw)(?:I aim % rfélgn sclzg%rcorrtm%tl on has
from about 1: 10 g 10: 1 weijght ratiio of Bacillug fhuringiensis
subspeci es i sr g€l c..args'§" BaetHtus—sphaerieus—10—28—The—cot F#Jbi t+dan of
cl ai m 23 wher ei p—sal-d—corbihatot—has—f+remabodt—1 3t abaut i ght
ratio of Bacil I|{Udf ?rﬁﬁ?“’ﬁél chep K Lfb%%@@i &4 K81 2hEp4 18P Bddid ?%@
sphaericus. 29. styey conposfition agf claim23 whgrein sgdid comfi nati on has 15
from about 1:2 [te®NsBRlAtE2-11 wej ght ratiq of Badillus tlhuringilensis |
subspeci es i sr adBeniserved Baci | | |- sDKaar3-25K9 (3065 Kad 3(34)]7565|Q$Q)K90f claim
23 wherein said slembi nation has g 1:1 ratio of [Bacilluys thurilngi ensijs
subspeci es i sr detosesitsateo BacilluUs 20 sphaericus. 31, |The conpaositidn of
clai m 23 furt hdrDe-oniedsi ngl.25Kadd.48 Kp4dl0.8bipdrieid Ked®ed Kd [f0-mKehe gr oup
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hunect ant, a feeitalg st i nul Eh Kgan! 26 Kgt |t 1@ Kant 70. @Kggnkaph Kal atd hEgagent , a
bi nder, an emulsifier, a dye, a U V. protectant, a buffer, a drift control

agent, a spray dGDOSi'IIHlea)n&iodl,tloﬂs A3 sieovin W adeh wvenen dorabinbd nat ispm t her eof .
32. The conposition of cla n slur i es of h s r,30 are
spray dried. 33.drggku t%‘ﬂﬁ@ﬁ'f‘? %abf'”fqté?’ﬂi?%@ %@'@Fﬂ%ﬁhée@l T e% dre spray
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resistance. In other words, resistance management can also be achieved

25 yet by another novel formulation approach.

Example 5
The combination larvicidal formulation may also be prepared in

liquid form by adding, at the desired level, both VECTOBAC WDG (3000
30 ITU/mg) and VECTOLEX WDG (650 [TU/mg) to water in the spray tank
and mixing until a homogeneous dispersion is obtained. The suspension
15
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15 The change in susceptibility of Culex quinquefasciatus laboratory
colonies known to be B. s. resistant, in response fo selection with a
mixture of B.Li. and B.s. was determined in the laboratory in the following
manner. Selection refers to treatment at less than LC1qo level.
A colony of Culex quinquefasciatus resistant to B.s. was started
20 from susceptible larvae collected from a waste water lagoon of a dairy in
the western United States. Field collected larvae were subjected to
selection at LCgo every generation for forty generations. At the 40"
generation, the colony showed a 54.4 and 14.2 fold resistance at L.Cso and
LCgqo levels respectively. This colony was used for the subsequent tests.
25 A resistant colony is one which demonstrates a significant decrease
in susceptibility to a particular pesticide over that expected for wild type
insects. Generally, a five-fold or more decrease in susceptibility indicates
resistance. Rodcharoen et al., Journal of Economic Entomology, Vol. 87,

No. 5, 1994, pp. 1133-1140 explore the concept of resistance more fully.

30 A susceptible colony is one which is effectively killed by a particular
pesticide. For example, in Culex quinquifasciatus, if a particular pesticide,
Bacillus sphaericus, has a measured LCsq value of less than 0.1 ppm, the
colony is characterized as susceptible to that pesticide.
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cups were treated with a range of concentrations of either larvicide alone,
10 as well as the mixture. Five to seven different concentrations in the range
of 0.0001-0.1 ppm were utilized in each bioassay to yield mortalities.
Each concentration was replicated four to five times in each test. The
treated larvae were held at 82-85 F. To determine LCs values, the
number of dead larvae were counted at regular intervals from the time of
15 treatment with the test larvicide. Once all larvae died, the concentration
wherein 50% had been killed could be determined.
Colonies treated individually at the LCg level with B.s. (Bacillus
sphaericus strain 2362, ABG-6184, VECTOLEX, available from Valent
BioSciences Corp.) or B.t.i. (Bacillus thuringiensis subsp. israelensis
20 (VECTOBAC available from Valent BioSciences Corp.) were compared to
a colony treated with a 1:2 weight ratio of B.s. (VECTOLEX) to B.t.i.
(VECTOBAC) for five generations at the LCg level, followed by treatment
with a 1:1 weight ratio of B.s. (VECTOLEX) to B.t.i. (VECTOBAC) for five
more generations at the LCgp level.
25 Following the first five generations of these treatments, lower mean
B.s. LCs values were obtained for the colonies subjected to selection by
the 1:2 combination than for either colony selected by the individual
components, indicating an increased susceptibility and consequently
decreased resistance as illustrated by Table 6. Mean B.s. LCsg values
30 continued to decline under selection with the 1:1 combination during the

subsequent five generations.
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5 the colony.

Table 6 Change in B.s. Susceptibility in ppm of a B.s. Resistant Colony in

Response to selection with B.t.i,, B.s. and mixtures

Treatment

LC50 of
Parental

Colony

LC50 of
5th

Generation

LC50 of
10th

Generation

LC50 of
15th

Generation

LC50 of
20th

Generation

LC50 of
25th

Generation

B.1.i.

0.49

0.351

0.205

*0.315

*0.366

*0.308

B.s.

0.49

0.452

0.42

0.42

0.554

0.464

B.t.i. and B.s.

0.33

0.273

0.103

0.153

0.035

0.04

10
Example 8

*Selection was switched back to B.s. from generation 10 to 25.

The bioassay procedure described in Example 7 was utilized in

order to assess the susceptibility of B.s. resistant and susceptible Culex

quinquefasciatus colonies to B.t.i., B.s. a 2:1 mixture of B.ti. to B.s.

15

Mean LCsp values were determined for each treatment. A lower

mean LCsy value indicates that the particular treatment can be used

effectively at a lower concentration, which indicates that the organisms are

more susceptible to the treatment.

The results are provided in Table 7 below. As expected, the B.s.

20

treatment gave the highest mean LCso for the B.s. resistant colony.

However, the 2:1 ratio mixture shows an improved result over the result for

B.t.i. and B.s. alone, both in susceptible and resistant colonies, indicating a

higher susceptibility and possible synergism when the components are

combined.
25
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10

15

25

Treatment Mean LCso Mean LCsg in

in Resistant | Susceptible

Colony Colony
B.t.i. 0.025 0.017
B.s. 0.330 0.009
2:1 B.ti.:B.s. | 0.011 0.004

Example 9
The efficacy of a 2:1 mixture of B.L.i. to B.s. on Culex

quinquefasciatus colonies determined to be susceptible to B.s. was tested
as follows.

A mixed susceptible colony of Culex quinquefasciatus was
established from a combination of egg rafts collected from a site in the
western United States. The collected egg rafts were individually
transferred to 230 ml waxed paper cups each holding 200 ml tap water
and 0.5 g rabbit pellets as larval diet. The larvae were hatched out. Then
pupae were removed into cups with water and placed in screen cages,
where the adults emerged. The adults were provided with 10% sucrose
solution, and on day five after emergence, females were allowed to feed
on restrained chicks. On day 5 subsequent to this blood feeding,
oviposition cups were introduced into the cages to collect eggs. To
maintain the colony in the laboratory, 4-5 egg rafts were placed in an
enamel pan containing 2 liters of tap water and 2 g. of rabbit pellets as
larval diet.

The sample preparation conditions, bioassay method, and LCso
determination were the same as those described in Example 7. The
results are provided in Table 8 below. The results show that over time, the
test colony which was B.s. susceptible, becomes less susceptible by the
fifth generation in response to treatment with B.s. alone, since the LCsp

value increases. In contrast, the 2:1 mixture does not show the same

19
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while showing an increase in LCsg over the parental strain, also show less
of an increase than for the treatment with B.s. alone. Therefore, use of the

2:1 B.ti. and B.s. mix slowed the resistance over time.

Table 8
Table 8 also shows data from the original selection study through F20.
One key change in the selection was that the mixture-selected colony was
switched from a 2:1 B.t.i/B.s. (VectoBac WDG/VectoLex WDG) to a 1:1
10 mixture selection after F5.
Table 8 Change in susceptibility of a B.s. Susceptible Colony in Response
to B.t.iand B.s. mixtures.

Treatment

LC50 of
Parental
Colony

LC50 of
5th
Generation

LC50 of
10th

Generation

LC50 of
15th
Generation

' LC50 of

20th

Generation

B.s.

0.009

0.035

0.066

0.194

0.124

B.t.i. And B.s.

0.009

0.024

0.028

0.013

0.044

15
Example 10

The following experiment was performed to demonstrate the utility
of the mixture for controlling mosquitos of varying species. In this
example, the effectiveness of the mixture and each individual larvicide

20 were determined on a mixed population of Culex quinquefasciatus and
Aedes aegypti. "

Twenty plastic rearing tubs were placed outside in a midwestern
United States location. The tubs were filled with deionized water and
enriched with 2.4 g of ground guinea pig chow. The tubs were then
25 infested with 100 third instar Culex quinquefasciatus and 100 third instar
Aedes aegypti. One hour after the infestation, and just prior to treatment,
tubs were sampled and the number of larvae in a test sample from each

tub were counted, to obtain a control value.

20
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cob granules), VECTOBAC CG (200 ITU/mg on corn cob granules) and a

1:1 mixture of VECTOLEX CG and VECTOBAC CG, as described in
Example 2. Each tub was treated with an appropriate amount of one of
the three test larvicides, equivalent to a single treatment rate of 5, 10 or 20
Ibs/acre.

On the fifth and twelfth day after treatment, 100 third instar Culex
quinquefasciatus and 100 third instar Aedes aegypti were added to each
tub.

Larvae were sampled from the tubs on the second day, the seventh
day and the fourteenth day after treatment to determine how many were
still alive. The numbers were obtained and compared to the number of
larvae alive prior to treatment. 100% reduction indicates that all larvae
were Killed. A positive number for percent reduction indicates that the
larvicide does kill. The results are provided in Table 9 below, indicating
that the 1:1 mixture of B.t.i. to B. s. can control Culex quinquefasciatus and
Aedes aegyptilarvae, even over a period of several days, at each
application rate tested.

Table 9
Average Percent Reduction

Treatment |Application | % reduction |% reduction | %
Rate in larvae - in larvae - reduction
(Ib/acre) Day 2 Day 7 in larvae -

Day 14

1:1Bt:B.s.|5 100 55 56

B. s. 5 95 77 34

B.t.i. 5 100 84 73

1:1 B.t.:B.s. |10 100 98 91

B.s 10 81 44 50

B.t.i. 10 100 92 78

1:1 Bt:B.s.|20 100 97 90

B.s 20 88 82 64

B.t.i. 20 100 100 76 |
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Another experiment was performed to demonstrate the utility of the
mixture for killing mosquitos of varying species. In this example, the
effectiveness of the mixture and each individual larvicide were determined
on Culex tarsalis.

The test was performed on mosquitoes in a waste water pond of a
waste water treatment facility in the western United States. The pond was
extremely polluted, and standard tests showed the presence of Culex
tarsalis. Tall reeds covered 80% of the water surface. The edge of the
pond was divided into six plots ranging from 0.1 to 0.2 acres in size, for the
purposes of the test.

Just prior to treatment, each test plot was sampled and the number

of larvae in a test sample from each plot were counted, to obtain a control

~ value.

Test larvicides were the formulations described in Example 10, and
then each plot was treated with an appropriate amount of one of the three
test larvicides, equivalent to a single treatment rate of 5 or 10 Ibs/acre.

Larvae were sampled from the test plots on the second day, the
seventh day and the fourteenth day after treatment, to determine how
many were still alive. The numbers were obtained and compared to the
number of larvae alive prior to treatment. 100% reduction indicates that all
larvae were killed. A positive number for percent reduction indicates that
the larvicide does kill. The results are provided in Table 10 below, _
indicating that the 1:1 mixture of B.t.i. to B. s. can control Culex tarsalis
larvae.
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0810% & () - MPPPPPRRAtRERT %%Ejﬁ\’cgéf’;ign % reduction | % reduction | %
Rate in larvae - in larvae - reduction
(Ib/acre) Day 2 Day 7 in larvae -
Day 14

1:1 B.t.:.B.s.|5 9 93 6

B. s. 90 100 100

B.t.i. 5 -25 47 28

1:1 B.t.:B.s. |10 88 96 65

B. s. 10 83 98 65

5 Example 12

Another experirﬁent was performed to demonstrate the utility of the
mixture for killing mosquitos of varying species. In this example, the
effectiveness of the mixture and each individual larvicide were determined
on Culex pipiens and Culiseta incidens outdoors in a roadside ditch.

10 Two sections of a roadside ditch separated by a driveway in the
western United States were the site of the study. The ditches were
vegetated with grasses and aquatic plants and received seepage runoff
from a septic system as well as rainfall. A drainage swale with similar
hydrology and vegetation was selected as the untreated control. Each site

15 was populated with Culex pipiens and Culiseta incidens at the time of
treatment.

Just prior to treatment, each test plot was sampled and the number
of larvae in a test sample from each plot were counted, to obtain a control
value.

20 Test larvicides were of the formulations described in described in
Example 10, and then two of the test sites were treated with an
appropriate amount of one of the two test larvicides, equivalent to a single
treatment rate of 20 Ibs/acre. The remaining test site was untreated, to

serve as the control.
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Example 13
The efficacy of a 2:1 mixture B.s. (VECTOLEX) to B.t.i.
15 (VECTOBAC) was determined in the field in the following manner.

The test field was a rice field in the western United States,
measuring 156 acres. Levees were used a buffer zones between test
plots. At the time of the treatment, Anopheles freeborni larvae were
present at a density of 0.5-3.0 per dip, according to a standard dip test.

20 Each individual larvicide, and the larvicidal combination were applied at a
rate of 12 Ibs/acre by airplane, which applied the granules at a speed of 85
miles per hour and with a swath width of 60 feet.

Larval counts were performed on days 2, 6 and 15 post-treatment,
and measured against the larval count of an untreated control test plot.

25 The results are shown in Table 12 below, illustrating that a 2:1 mix
effectively kills larvae, as a positive number for percent control of larvae
indicates that the larvicide does Kill.
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Example 14
The following studies demonstrate the susceptibility of various B.s.

susceptible and non-susceptible mosquitoes to mixtures. They support

the claims of mixtures as a method of controlliing mosquitoes, and

controlling B.s. resistant mosquitoes. Three of the studies also support the

method of mixing technical powders prior to formulation of granules.
10
Efficacy of a 1:1 mixture of B.t.i. and B.s. Formulations for Control of B.s.
Resistant Culex quinquefasciatus Field Populations Compared to Each
Formulation Separately.

Materials and Methods
A highly resistant population of Culex quinquefasciatus was

identified in Wat Pikul, Bang Yai District, Nonthaburi Province, Thailand.
This population was treated with various doses of VectoBac WDG (3000
Bti ITU) and VectoLex WDG (650 Bs ITU) and a 1:1 mixture of the two
between January and September of 2001. Following each treatment,

15

20 population changes were assessed over time by dipping, and percent
control of late instar larvae and pupae was calculated for post treatment

days.

Results
25 Doses of VectoLex WDG as high as 200 mg/m2 resulted in little or

no control of this population. VectoBac WDG was found to provide control

25
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Efficacy of Two B.t.i./B.s. Combination Formulations For Control of Culex
10 pipiens and Culiseta incidens Compared to Standard B.s. Formulation in
Artificial Plots
Materials and Methods
Twenty eight artificial test plots were set up using wading pools in

the parking area of Multonomah County Mosquito Control District's facility

15 at 5235 N. Columbia Blvd, Portland, OR on July 27, 2001. The pools were
set out in four rows with seven pools per row. Each row was designated
as a test series. The pools were filled to a depth of approximately 8" with
tap water from the District’'s water supply. This depth was. maintained
throughout the study. Each pool had an approximate surface area of .785

20 M?. Each pool was enriched with straw and rabbit chow (100gr.) to
provide habitat and food for the mosquito larvae.

The pools were left to season the hay/rabbit chow mix, and to allow
natural populations of the local mosquitoes to become established.
Artificial stocking of the test pools was done after the local mosquito

25 populations failed to produce adequate populations in the pools for the
study. After this initial stocking, populations of Culex pipiens and Culiseta
incidens maintained themselves by natural re-infestation.

Three formulations, designated ABG6185, VBC60015 and
VBC60019 were compared in the study. ABG-6185 consisted of B.s.

30 technical powder formulated onto corncob and had a potency of 50 B.s.
26
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application rate and UTC in a random pattern throughout the test series.
Sampling was done by taking 5 dips per pool using standard
mosquito dippers and concentrating the larval catch with fine mesh
strainers. Composite samples were preserved in alcohol for counting and
10 species identification. Larval counts were recorded as L1-L2, L3-L4 and
pupae.
Pretreatment counts, and the test product applications were done
on August 20, 2001. The initial post- treatment larval counts were done on
August 23, 2001 approximately 64 hours after the treatment. Follow-up
15 counts were done on August 27, August 31 and a final count on
September 6, 2001. '
Control success was determined by calculating mean numbers of
3" and 4" stage larvae, and pupae in the pre and post-treatment counts
from the four replicates of each test. Percent control was calculated by
20 and applying Mulla’s formula to the overall population means for each

treatment.

Results
Following treatment, mean populations in all treated plots declined

25 relative to the untreated control plots, and were significantly lower (P=.05

Student-Newman-Keuls) than the UTC at 7 days post treatment. There

were numerical, but not statistically significant differences between

individual treatments. Initial reductions (3 days post treatment) were

highest overall for the combination formulations, and similar control was
30 seen from the formulation throughout the duration of the study. Percent

reductions from treatments at 2.5 kg/ha are shown in Table 14.

27
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Table 14
Treatment Day 3 Day 7 Day 11 Day 17
B.s. 50 ITU 33.1 55.1 71 74.6
VBC 60015 (B.t.i. 200 ITU/B.s. 50 ITU) 65.1 97.2 97.2 81.2
VBC 60019 (B.ti. 100 ITU/B.s. 50 ITU) 82.5 94.1 85.8 65.7
5 *corrected against UTC based on population means from 5 replicates

Efficacy of Two B.t.i./B.s. Combination Formulations for control of Culex
tarsalis and Culex pipiens Compared to Standard B.s. Formulation in
Small Field Plots

10 Materials and Methods

The test site was a marsh where a small stream entered the

Yakima River near Yakima, Washington. Natural populations of Culex
tarsalis and Culex pipiens were present, Water was essentially stagnant.
Depth was 6-12 inches and remained constant throughout the experiment.
15 Water temperature ranged between 72 and 77 throughout the experiment.
Vegetation was primarily grass with scattered broadleaf weeds covering
80% of the surface. plant height was 6-15 inches in height. Cattle
occasionally grazed in the site, but were not present during the test.
Organic matter was very high at the site. Predator populations were
20 generally low in the plots.
The test was a randomized complete block experiment with three,
1000 square foot plots per treatment. Plots were sampled immediately
prior to the application on 7-19-01 and again 48 hours, 7 and 14 days after
the application. Twenty dips with a standard mosquito dipper were made
25 in each plot. Larvae instar 1-2, larvae instar 3-4 and pupae were counted
in each dip.
Three formulations, designated ABG6185, VBC60015 and
VBC60019 were compared in the study., ABG-6185 consisted of B.s.
technical powder formulated onto corncob and had a potency of 50 B.s.

30 ITU. VBC-60015 and VBC-60019 were combinations of B.t.i. and B.s.
28
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' Percent reductions were calculated W|th Mulla’s formula and based on

large larvae and pupae only. Overall population means for each treatment

were used in this calculation.

Results

10 At two days after treatment, all three formulations provided
significant although not outstanding control. The rate of 5 Ibs/A may have
been rather low for this site. Control at 7 and 14 days was not significant
largely because the larval population in replicate two of the UTC had very
low population. Nonetheless, percentage control was higher in all the

15 treated plots than in untreated plots on day 7 and 14. In comparing the
formulations, there did not appear to be any difference between treatments
at day 2 but both the VBC formulations were better than ABG-6185 at day
7. Corrected percent reductions calculated using overall population
means of L3-pupae are shown in Table 15.

20
Table 15 Corrected percent reduction of L3-L4 Culex larvae and pupae in
small field plots following application of treatments at 5 Ib/acre.*

Table 15

Treatment Day 2 Day 7 Day 14
B.s. 50 ITU 50.0 52.3 17.3
VBC 60015 (B.Li. 200 ITU/B.s. 50 ITU) 58.0 73.4 64.0
VBC 60019 (B.t.i. 100 1TU/B.s. 50 ITU) 59.4 81.7 38.4

25 Efficacy of Four B.t.i./B.s. Combination Formulations for Control of
Ochlerotatus taeniorhynchus Compared to Standard B.t.i. Formulation in
Artificial Plots
Materials and Methods
Twenty-four artificial test plots located at the John A. Mulrenan, Sr.,

30 Public Health Entomology Research and Education Center, in Panama
29



)2; 910% & ()- 910% & ()- 910% & ()- (k|[:vUa/ y&10% & ()-g $10% & () -
;gig%gg) I@O%&'(g)-@glocya&'()i)s S10% & ()--s] [ : vUa/ 4°10% & () -
% & "O)-@3 -10% & ()- ,10%& ()- ny)S 1

& ()-gl _ WQ&%{“Q%&/ 10%€& ()-10 10 10 :10% &'(%)- Y Eﬁ? Vo020 & () -
510% & ()-r WX [:bUs/ F @O%& ()- Y L 10%& ()- FI310%& ()-z $
Y00%-&+& ()- F 31098& ()-z "10%& ()- Xad~}] =bU4/  109%&& () - MlO%&&'() M
10088& ()-M " 10%&&! §)-3 L0veg () NLOYES () oDy 10%& ()-M
10988 ()-M 109@iy, Florive vegatiizedin fia siudy1 b}ﬁa@twe"ﬁfw&é&@ Pf\f/lo 10988&' () - M

10%8& () - M 10% Q084 310968
| &109%8& () - %fg% 'y‘] %}rw'trﬂs /a;og? (@Wﬁf&f &4??6@22}%&10&%}%%?&' () - (8

) %82%&92 )- N 310%@L(gﬁoutxtbe soegEaph lq?s hefl B0sRErY MRt SNata arEad Bt 08 () - 1
- #_7Nag] 101 100008 9{%)% é%siﬁg‘%gé%?%&psﬁéﬁ%éq@ Py im IR Y ()-
Water temperature averaged 75 degrees Fahrenheit during the study.
Artificial infestation of the test plots was done prior to initial
treatment and every other day following the treatments. Approximately
1000 third instar Ochlerotatus taeniorhynchus larvae were added to each
plot on each infestation day.

10 Five formulations, designated ABG6138s, VBC60015, VBC60016,
VBC60018 and VBC60019 were compared in the study. ABG-6138s
consisted of B.t.i.. technical powder formulated onto corncob and had a
potency of 200 B.t.i. ITU. VBC-60015, VBC60016, VBC60018 and VBC-
60019 were combinations of B.t.i. and B.s. technical powders formulated

15 onto corncob and had theoretical potencies of 200B.t.i./50B.s. {TU,
100B.t.i./25B.s. |TU, 200B.1.i./25 B.s. ITU, and 1008.t.i./508.s. ITU
respectively. Formulations were tested at application rates of 2.8kg/ha
compared to untreated controls. Four replications were done for each
application rate and UTC in a random pattern throughout the test series.

20 - Sampling was done by taking 8 dips per plot, using standard
mosquito dippers. Numbers of larvae collected from each plot were
recorded. Initial sampling was done 1 day following initial infestation and
treatment, and repeated on days 2, 3, 5, 7, 10, and 13 following treatment.

Control success was determined by comparing number of larvae

25 collected in treated plots to numbers collected in the UTC plots. Percent

mortality was calculated for each treatment using the following formula.

% mortality = (# larvae in control - # of larvae in treatment)/ # larvae in
control
30
Results
One day after treatment, populations in all treated plots were

significantly lower than in the UTC plots. Mean percent reductions on day

30
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one ranged from 79.7% for VBC60015 to 98.5 % for VBC60018. There

were no significant differences between the treatments on this day. The

materials continued to show efficacy through day 7 of the study, after

which time percent control declined rapidly. Three of the combination

5 treatments, VBC60015, VBC60018 and VBCB0019, provided significantly
higher overall percent reductions through the course of the 13-day study
(LSMEANSSS multiple comparison test p=0.05). Percent reductions

through day 7 from treatments at 2.8 kg/ha are shown in Table 16.

10 Table 16. Percent reductions through day 7 from treatments at 2.8 kg/ha
Table 16
Treatment Day1 Day2 Day 3 Day 5 Day 7
B.s. 50ITU 84.9 58.8 51.6 71.7 14.8
VBC 60015 (B.t.i, 200 ITU/B.s. 50 ITU) 79.7 71.9 76.5 67.3 43.5
VBC 60016 (B.t.i. 100 ITU/B.s. 25 ITU) 84.2 75 19.3 63.8 20.5
VBC 60018 (B.t.i. 200 ITU/B.s. 25 ITU) 98.5 65.7 64.2 70.3 38
VBC 60019 (B.t.i. 100 ITU/B.s. 50 ITU) 91.3 67.1 62.7 60.4 28.1

All references cited are hereby incorporated by reference.
The present invention is illustrated by way of the foregoing
description and examples. The foregoing description is intended as a non-
15 limiting illustration, since many variations will become apparent to those
skilled in the art in view thereof. It is intended that all such variations
within the scope and spirit of the appended claims be embraced thereby.
Changes can be made in the composition, operation and
arrangement of the method of the present invention described herein
20 without departing from the concept and scope of the invention as defined
in the following claims:
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of introducing a larvicidally-effective amount of a combination of a strain of
Bacillus thuringiensis subspecies israelensis and a strain of Bacillus

sphaericus into an environment containing Dipteran larvae.

10 2. The method of claim 1 wherein said strain of Bacillus
thuringiensis subspecies israelensis is non-genetically modified.

3. The method of claim 1 wherein said strain of Bacillus
sphaericus is non-genetically modified.
15
4. The method of claim 1 wherein said strain of Bacillus
thuringiensis subspecies israelensis is non-genetically modified and said
strain of Bacillus sphaericus is non-genetically modified.

20 5, The method of claim 1 wherein said combination has from
about 1:10 to about 10:1 weight ratio of Bacillus thuringiensis subspecies
israelensis to Bacillus sphaericus.

6. The method of claim 1 wherein said combination has from
25 about 1:3 to about 3:1 weight ratio of Bacillus thuringiensis subspecies
israelensis to Bacillus sphaericus.

7. The method of claim 1 wherein said combination has from
about 1:2 to about 2:1 weight ratio of Bacillus thuringiensis subspecies
30 israelensis to Bacillus sphaericus.
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sphaericus.

5 9. The method of claim 1 wherein said Dipteran is a mosquito.

10.  The method of claim 9 wherein said mosquito is selected
from the group consisting of Culex pipiens, Culex quinquefasciatus, Aedes
aegypti, Culex tarsalis, Culiseta incidens, Anopheles freeborni and

10 combinations thereof.

11. A method for inhibiting larvicidal resistance in Diptera
comprising the step of introducing a larvicidally-effective amount of a
combination of a strain of Bacillus thuringiensis subspecies israelensis and
15 a strain of Bacillus sphaericus into an environment containing Dipteran

larvae.

12.  The method of claim 11 wherein said strain of Bacillus

thuringiensis subspecies israelensis is non-genetically modified.

13. The method of claim 11 wherein said strain of Bacillus
sphaericus is non-genetically modified.

14.  The method of claim 11 wherein said strain of Bacillus
25 thuringiensis subspecies israelensis is non-genetically modified and said
strain of Bacillus sphaericus is non-genetically modified.

15. The method of claim 11 wherein said combination has from

about 1:10 to about 10:1 weight ratio of Bacillus thuringiensis subspecies

30 israelensis to Bacillus sphaericus.
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ratio of Bacillus thuringiensis subspecies israelensis to Bacillus

sphaericus.

19.  The method of claim 11 wherein said Diptera is Culex.

20. The method of claim 11 wherein larvicidal resistance is
developed against Bacillus sphaericus.

21.  The method of claim 11 wherein said Diptera is a mosquito.

22.  The method of claim 21 wherein said mosquito is selected

from the group consisting of Culex pipiens, Culex quinquefasciatus, Aedes

aegypti, Culex tarsalis, Culiseta incidens, Anopheles freeborni and
combinations thereof.

23. A composition comprising:
a combination of a strain of Bacillus thuringiensis subspecies

israelensis and a strain of Bacillus sphaericus.

24.  The composition of claim 23 wherein said strain of Bacillus

thuringiensis subspecies jsraelensis is non-genetically modified.

25.  The composition of claim 23 wherein said strain of Bacillus
sphaericus is non-genetically modified.
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subspecies israelensis to Bacillus sphaericus.

29.  The composition of claim 23 wherein said combination has
15 from about 1:2 to about 2:1 weight ratio of Bacillus thuringiensis

subspecies israelensis to Bacillus sphaericus.

30. The composition of claim 23 wherein said combination has a
1:1 ratio of Bacillus thuringiensis subspecies israelensis to Bacillus
20 sphaericus.

31.  The composition of claim 23 further comprising an additional
component selected from the group consisting of a surface active agent,
an inert carrier, a preservative, a humectant, a feeding stimulant, an

25 attractant, an encapsulating agent, a binder, an emulsifier, a dye, a U.V.
protectant, a buffer, a drift control agent, a spray deposition aid, a free-flow
agent and combinations thereof.

32. The composition of claim 23 wherein slurries of both strains
30 are spray dried.

33.  The composition of claim 32 wherein the slurries are spray

dried separately.
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