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5 Field of the Invention The invention is directed to a nmethod for
controlling Dipteran larvae or a nethod for inhibiting |arvicidal
resi st ancwao o/oesgser a by i ntroducing a |arvicidally-effegpirhgoasast of a
conmbi nation of a strain of Bacillus 10 thuringiensis subspecies israelensis
and a strain of Bacillus sphaericus into an environnment containing
Dipteran | arvae; and a conposition of the conbination. Preferably, both.
strains are non-genetically nodified. Background of the Invention 15
Mosquit oes and black flies are representative of the order Diptera which
are pests that have MDATURE GFUBAGH LLAIS AHUMRNGIENSISORWBBRECHES. Mosquitoes

are the maj or Ve?SRﬂELfENSISANWEQCIHEU@.W%@FWMAQM@?E@T | net uding
mal aria, yellow fever, v [ e nd filariasis.
Various chem cal pesti mhgg‘lﬁégiﬁﬁggi‘ém$ i WPH%E%W of
controlling Diptera. For exanple, treatnent of a water source with a

wat er - sol ubl e al cohol in water-m sghbbembapidsgn nMosquito abatenent is

disclosed in U S. Pglsal i By W : hasi s has
been pl aced on the use o A}%P(')-@%E%lem. &s " ror ex?ﬁp@@ﬁg?ﬁﬁ%htiar@%ed-rel ease
~fornul ati ons of aita methed forehibitieg bevicdsl reestance teDiptara gy édiodntingiae

di sclosed in U. 1 : %ﬁ% . Nt it.o larvae with a

spore-form ng Bj@:\fﬁﬁjﬁ??%ﬁ%ﬂgg I'S (tjlgrg% %‘ﬁ%ﬁgﬁ% Of(L)% grgﬁgﬁ%}ﬁ{’mﬁo 4,166, 112;
novel BacilPl us fthurngietsimsibspédier iataefensistand astraiv iof Pacitis spdkeediyst er an
Jinsect pests ar i.SC i . nt s. 30 5,275,815 and,b, 847, 079;
a biologically ﬁr&t(raeﬁc%@‘é&@e@fC%Qég}i'ﬁpfpa%rar'\‘?%??’ﬂ%&%?rgp%sﬁ\paiQgﬂ\‘ﬂ th
activity agai nstcomidreationp &séferably, botb shuiherar®nphereaetidatly dicglifleased in U. S -
Patent No. 5,912,162 and a reconbinantly derived biopesticide active

agai nst Diptera including cyanobacteria transformed with a plasmd
containing a B. fhuringiensis spis@roungioigieemsbstidn August 2005 WO 02/ 065835

PCT/ US02/ 04162 di pter aci,dal tein transl ational | used to a strong,
highly ac??ve nat i Osqggg%@jﬁ@@%tﬁe§ar,eeraaqe§fzgt,ayv%éf,}gfa§_ h&HRI8™E s discl osed
in tu.hs. Pat eRtf wWach &reSests3Bdt haVeplajien huhRse APeRRBA Fdrdehel@ygs. dr anbacks;
S0 ) € searc %OS%%WOGS are the major vectors for a number of human and animal

diseases, including malaria, yellow fever, viral encephalitis, dengue fever
and filariasis.

20 : Various chemical pesticides have been developed with the goal of
controlling Diptera. For example, freatment of a water source with a
water-soluble alcohol in water-miscible form for mosquito abatement is
disclosed in U.S. Patent No. 6,077,521. However, more recent
emphasis has been placed on the use of biopesticides. For example,

25 . controlled-release formulations of at least one biological pesticidai

- ingredient are disclosed in U.S. Patent No. 4,865,842; control of
mosquito larvae with a spore-forming Baciflus ONR-60A is disclosed in
U.S. Patent No. 4,166,112; novel Baciffus thuringiensis isolates with
activity against dipteran insect pests are disclosed in U.S. Patent Nos.

30 5,275,815 and 5,847,079; a biologically pure culture of a Bacillus
thuringiensis strain with activity against insect pests of the order Diptera
is disclosed in U.S. Patent No. 5,912,162 and a recombinantly derived
biopesticide active against Diptera including cyanobacteria transformed

_ with a plasmid containing a B. thuringiensis subsp. israelensis
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5 biopesticides continues. One drawback of certain biopesticides is the
potential build-up of pesticidal resistance. Resistance is defined by
di fference® aznessasceptibility that arise anong popul ati oper@koddagszsane
speci es exposed to a pesticide continuously over a period of time. These
differences are identified by .10 observing a statistical shift in the
| ethal dose (LID) either to kill 50% or 95% of the population (LD50 or
LDO5 respective RS M ifx i i 04 il ist within

bipterabindh Mbﬁﬂﬁﬂrarﬁ!d‘tsﬁﬁé@%?eﬁ to :ﬁ/tﬁ?@cs RRhiyRidiid M:gﬁ?gz

each species, and pests that are substantially s suscept | may be
present, gener aFygnoRactepas regdgigpraanesequencsis idisgised ond-SPatane wi | d

~ popul ations. |nphe sRE@eence of 15 the pesticide, it is these substantially
| ess susceptible pests that survive and reproduce. Since their ability to
survive is a resul Yebgvarnbese biepesticides hakediawbabis; sorthss ssaranior gewet i ¢
makeup i s then : . I .0 LN I g in jfts in the
popul at i ongs' sug@éggﬁﬁgﬁo&lbﬁ%' p%nsett{lr%;ﬁ:gé@p&nc&ﬁt%@éﬂ 'é%‘%ggﬂtdfaso%% esi stance to
| arvi ci des has pelentidhtiidwper pastizlahrasistprcer t ai n Di pt er an speci es.

Specifically, the Vi n f .stance.in Culex. guinquefesciatus to
Baci | | us' sphaer i cuggf'%%.ag'e‘??sl cieﬂﬁgg @gﬁﬁre&&%ﬁ’a?%&ﬁp@"'wiaﬁ ,aﬁ%eour nal of
Econom ¢ Ent ﬁm)amgyg pri!latic&Vsboﬂ‘ﬂme same §9&bles @@osédﬁ:iﬂa padtiide A net hod for
overcom ng this_resistance compi.ning B.s. wth 25 purijfied Cyt1lA
crystal s isol at 8@%8?@%&3‘?“% 'O[d[ﬁrt'mgi GGse Q'fgﬁﬂ?ﬁs aréjg,{ea@eg is or by
conbi ni ngl@ recobdirviagt dtatistical shifitif 3 Igthal desedl.Bg eiisardo i 50W ot h et al .,
Sl o o958 (S8l B e oo g, o
conposi tions t oinadREgsibRiCekisHwitNESathispeds ! Al dsd@at b B.s. applications
woul d be desirable. 2 i}éAugust 2005 Brief Summary of the Invention The

i nvention, in aSfistantiabyisss susqeptilp mayihegoresent. anandly AfoWr eparing a

conposi tion conpedfndRsint TsPadrhe Bf Bk wlldHobalafioRd. RaRd bldiantd ey i ngi ensi s
-subspecies israelensis and a strain of Bacillus sphaericus conprising

steps of ¥ernenthemgsiitide, ikistagsesubstgaiialy desps susepriibi peatls gt siviNestrain to
the desired sol LaiprARRRB! ISHdaARePELIGE bifhkis §98RM Bt Aeoncent T at ed
strains to forma slurry mxture and Spray drying the slufry mxture to
yi el d i ndi vi duamapseln itheieesigtant gendisraakeup dxines passed dotctheici | | us

offspring, resulting in shifts in the populations’ susceptibility via pesticide-

induced selection. Resistance to larvicides has been encountéred

20 among certain Dipteran species.
Specifically, the development of resistance in Culex
quinquefasciatus to Bacillus sphaericus (B.s.) is noted by Rodcharoen et
al., Journal of Economic Entomalegy, Vol. 87, No. 5, 1994, pp. 1133-

1140. A method for overcoming this resistance, by combining B.s. with

25 purified Cyt1A crystals isolated from Bacillus thuringiensis subsp.
israefensis or by combining a recombinant B.L.i. with B.s., is disclosed by
Wirth et al., Journal of Medical Entomology, Vol. 37, No. 3, 2000, pp.
401-407. However, improved but naturally derived or occurring

biological larvicides and compositions to overcome Culex mosquito
30 resistance fo B.s. applications would be desirable.
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thuringi ensi s subspecies israelensis and Bacillus sphaerlcus In a second

aspect, the invention is directed to a product produced by the process of
the first aspect of the invention. In a third aspect, the invention is
directed . to a nethod of controlling Dipteran |arvae conprising introducing

a larvicidally-effective ano ﬁ{ 2 @ﬁ gﬁcrl bed above into an
envi ronnment contai ni ng D pt s il .O? dh (ii tion is directed to a
conposi tion corrprl sing'. a combination of a strai n of Baci | | us

t huri ngi ensi s 'n&? ih 31T 8RS s BREA B4 Refhoflor BATRAINR Do rons ™

The strain of ac us t'"huri I ensi’s subspecies IS be non-
genet i cal |opmpodition e@mprmmng mgomb!nailcm affa Mn ofl Rewillep fasingiensis salyspeeies

"ol des. 4o agletais Bdla el o Bab A b Buls R RGP P e <
subspeci estiagissepanatshs cam@naamweg@mlmltlhqdemd|sbi|mbosnte:atra’uombr Baci | | us

S phfaer . usagtl\]_ {}e :hg "’?ﬁé gdﬁcgﬁtyatgc?gﬁamé %npofintl) gus Uéna{l r‘al%@)lf'% art1 sp%%% fJle?rlqs 1 wei ght

ratio of ringi €nsi's subspecl es I sr
sphaeri cughe QHEEY Em>aw1qlo ﬁ/le{chmdlwldoaitpathdbstmldbcmmla {dxmaa"rcghn bothaBdoilusf

ot or o) TUHHRASE b SeRURIIEELRS, b3d BN Pab fousl G LAl BRRRT S VST ™
t huri ngi ermegt:@uibs#necteééo aprcambtaprsdmetdcbylshe pidcess effihatnst aspect ofiide most
Br et er abl ynndon, by B e PRl el BUI/cDRLSOS L RbPSRSR S o1 201 oSt s Lo

Baci | | us aericus. nponen Rtive agents,
i nert car rDll@tﬁ@n larpaesenpmlmgﬁetrpdlmmmtaarmdally#@fedﬁiwmgammdnimf aptogiuct

attract antge, r%@?%%w iﬁcﬂﬂ??r%%%%n cthMﬁéBlpter Ila%vf | €r s, dyes u. V.

protectants, cont ro agen Spray aaeep03| tion aids,
free-fl ow agentTQemveotmrb!s wicecterito & hemaosfit:mmorrmrtsmgbe combinati@dofian

i.nat i ' 8 dal The i '
"o k5o o athol Bk AOTRRI FB skt sPloK S P T AR conpr | i ng ¢ he
step of i ephasdigus.rigestriatrofiBecias tfwrieg‘ﬂéﬂmet sut&pacremmraeﬁnsas roanbe nat-i on of a
strain of ggﬁ%ﬂcghy}’ﬁlo&lﬁé'cﬁ 'O?EH Q?dﬁof%’z?c?fﬁ:g% ﬁ%ercé% ﬁ’\%&%@s lo tggel?’lg“caa\llgﬁ \r/:;n of

Baci | | us aer’ cus an environnent’ ¢ I n
this met hwdlfbdp@ltiﬂoagh ] pﬁe@oﬂy preé&Edmaynbiratian ncbges amoakgalnemsallﬁhl ex

el dens, TR BoBRES MllifoiotE ABREE Hhaereriliat SRR bon 1o
addi ti onalmwlf@drséemdﬁmﬂras spaaociss or inhibiting larvicidal resistance in
Di ptera conpri %h@g?ﬁnbﬂalt?&nerﬂa?ﬁ?végr&ﬂ% Sutnlg1@to|a% ﬁ %g@eﬁg}fﬂ fliogft ! ve amount

of a conbi nation o us 5 Aug
‘Bacillus thuringiensis subspecies israelensis to Bac:llus sphaericus; preferably from

about 1:3 to about 3:1 weight ratio of Bacillus thuringiensis subspecies israelensis to
Bacillus sphaericus; more preferably from about 1:2 to about 2:1 weight ratio of
Bacillus thuringiensis subspecies israelensis to Bacillus sphaericus; and most
preferably a 1:1 ratio of Bacillus thuringiensis subspecies israelensis to Baciflus
sphaericus.

Additional components such as surface active agents, inert carriers,

preservatives, humectants, feeding stimulants, attractants, encapsulating agents,

binders, emulsifiers, dyes, U.V. protectants, buffers, drift control agents, spray
deposition aids, free-flow agents or combinations thereof may also be utilized in
conjunction with the combination in a larvicidal composition.

The invention is also directed to a method of controlling Dipteran larvae
comprising the step of introducing a larvicidally-effective amount of a combination of
a strain of Bacillus thuringiensis subspecies israelensis and a strain of Baciflus

sphaericus into an environment containing Dipteran larvae. In this method, Dipteran
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WO 02/ 065835 PCT/ US02/ 04162 thuringi ensis subspecies israelensis and a

~strain of Bacillus sphaericus into an environnment containing D pteran
| arvae. Preferably, the Diptera is Culex and larvicidal resistance is
devel oped agai nst Bacillus sphaericus. 5 Detail ed Description of the
‘I nvention i I | i 3 [..cQn | i i pt er an
| ar vae orgéﬁﬁeﬁﬁ%g&?lgchﬁﬁgtﬁ L{?&rﬁgg Fgg\#’ é&ﬂwﬁgéa%gﬁa@%téé%? &H&g’f tgr a by
i nt roduci rfgHex tarsafisiGulisetalincidsins sbnapheleafieaberndr sacarapitrtieathereofof a strain
of Bactllus —tRHEIMBhEGPisadRitBIAR Sl 14 ARIGHIN Br ARfliAg $4rligla Of Baci !l us
sphaericus 10 into an environnent containing Dipteran l'arvae; “and a
conposi t i éesigaNgenB Dipteratamirisng therstep of iabrbguding & lasticidallysfiective amount
non- genet i-¢ gl i j).ed di scussion of the conposition, and
t he net ho SQS?%FF@?ﬂEbt gﬁﬁggﬁ%%@p%ion foll ows. The Larvicidal Conpositions
15 Biopesticides are a class of naturally occurring pesticides frequently
derived fromunicellular or multicellular organi sns which have devel oped
nat ural defenses agai nst other organisnms. The group of m croorgani snms
pat hogenic to insects is varied and diverse. The grampositive soi
bacterium Bacillus thuringiensis subsp. israelensis is one of many B. 20
thuringiensis strains able to produce insecticidal proteins, These
proteins, expressed during the sporulation cycle of the bacterium
assenbl e into parasporal crystalline inclusion bodies. The parasporal
crystal produced by S. thuringiensis subsp. israelensis is toxic when
i hgested by the larvae of Diptera, including nosquitoes and black flies. 25
‘Upon i ngestion, crystal proteins are solubilized in the larval m dgut and
disrupt the epitheliumof the larval mdgut region. Swelling and/or lysis
of the epithelial cells is followed by |larval death from starvation
Baci | l us thuringienesis subspecies israelensis (B.O ) has been used
successfully in nosquito and bl ackfly control progranms for many years. 30
B.Li. is utilized in clean to noderately cl ean organi c breeding habitats,
and is nost effective on Aedes species. A commercial fornmulation of B.t.1.
~1s known by the trademark VECTOBAC, available from Valent BioSciences
Corp. Specific commerical formulations available fromthe 5 August 2005 WO
02/ 065835 PCT/ US02/ 04162
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sarre supplier are VECTOBAC G VECTCBAC CG VECTOBAC 12AS and VECTOBAC WG
B.t.i. is effective against a broad range of npsquito species, offers | ow
marmal iV 0R/868883 ty and is easy to apply. B.t.i. also haeTmsm:tyszJ ow
susceptibility to the devel opment of resistance, 5 because its larvacidal
~activity is based on nultiple toxins. The chances that individual
nosquitoes within a treated population wll not be susceptible to all
toxins is extrthwshyiessiasubspBaies lrdr&sleﬂﬁhaﬁd la(nﬂr%[r(&gac)ﬂuls%pﬂaéﬁ@ss haped,

. bi | d ot h
Cubstrat ee. Toriar hdor il b B REvHm et toh e how

nosqui t oci dal  Guispentil@siciabl resistanids isleerasod RNt BacHls dhaterispch as 1593M
2362 and 2297 exhibit high toxicity to nosquito |arvae. B.s, strain 2362,

(VECTOLEX, available from Val ent Bi oSci ences Corp.) has been utilized in

many coustries successful | PetaRRFDEEdpti6R BFRIAh@ntbRT MUl ations of B.s.
avail able fromt 15 sane WWSPHERI MOS AS and
VECTOLEX CG Mor Hifv/Byention;igdisggted o anethaslion cernroimoripterawiarvaien
controlling Whﬂeﬂ%@%rﬂﬁﬁﬁfﬂh@%Wl@ld‘é?fre's%'té%c%?pbﬁﬁé ﬁﬂ?&ﬂFﬁ‘Qé’ ones wth

polluted water. B s. is nost effective on activity of
B.s. is due tdanvigidaliyisfinelive W%Ofaﬁﬁmbé‘@élan@ﬂalakem(mﬁam‘aﬂ to devel opment

of resistance. thuH‘P_cgg 9 sub‘éﬁéé@é‘%rée‘?é/r%@ar% a sﬁ%inﬁ;%%ﬁlug Qp%"e%]cg y_mosqui to

| arvae have been erved In | 'ex pi plens ci at us.
have nowPf oundnftorﬁi't e@‘r@mﬂwmﬂgﬁllﬁe@n larvdeBargd a cemausnm‘f brethe i ve

I dal t
u?”/: gleda whi cdé%a%é @em ra%ia%mﬁ %ﬁg hé;%ﬁé@g%ﬁ%ncg[ﬂ? %ﬁf’g ?‘;ed in an
envi ronnent cdletitdatisonssion pf thd wotriposition, drat theshdthgnsodtiibiegdrsour ces  such

as crops, cattl,g o Non-genetically nodified B.O or B.s. may be
defi ned as straﬁP% V\P’l cﬂlg\évts:cur naturally, and are not strains resulting

from reconbi nant DNA t echni quéise Laﬂmﬁ;‘dﬂCcmmbsﬁloﬁs may be conbi ned by m xing
dual strains,. or m xi ng the

tslhﬁr P.O\Qgggfe dt Lgr @?D&%? §?§ i ¢ ! ﬁ?%st ‘Pli!s"ag‘f'rahﬁeﬁc%?‘?%i)??t‘cldﬁstf 'F?Bz%fg%/l red ratio,
- as il ustrat ediedyedEiampinksiidiaor miticéiui drgamis B @ hicAtHa0e Wevdlopbd t© B. s.
,m""ybe from ab %uEura! dleenses %BgiHét o?hgr c')Ar\ggmsms QI'?:% group of microorganisms
pathogenic to insects is varied and diverse. The gram-positive soil
- bacterium Bacillus thuringiensis subsp. israelensis is one of maﬁy B.
20 ‘thuringiensis strains able to produce insecticidal proteins. These
proteins, expressed during the sporulation cycle of the bacterium;
assemble into parasporal ctystalline inclusion bodies. The parasporal
crystal produced by B. thuringiensis subsp. israelensis is toxic when
ingested by the Iarvae'dfﬂDiptera, including mosquitoes and black flies.
25 Upon ingéstion, crystal proteins are solubilized in the larval midgut and
disrupt the epithelium of the larval midgut region. Swelling and/or lysis of
the epitheliai cells is followed by larval death from starvation.
Bacillus thuringienesis subspecies israelensis (B.t.i.) has been used
successfully in mosquito and blackfly conirol programs for many years.
30 B.ti is utifized in clean to moderately clean organic breeding habitats,
and is most efféctive on Aedes species. A commercial formulation of
B.t.i. is known by the trademark VECTOBAC, available from Valent

- BioSciences Corp. - Specific’:fcommerical' formulations available from the

4
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WD 02/ 065535 PCT/ US02104162 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 conpowiatozmessssli scl osed above may al so i ncl ude additi opelyysepapenent s
such as a surface active agent, an inert carrier, a 5 preservative, a
hunectant, a feeding stinulant, an attractant, a drift control agent, a
spray deposition aid, an encapsul ating agent, a binder, an enulsifier, a

Comhonent " wht ch STRCrrRRIBL At VECTORAC SOvECIMERRE, VBTG B Suc

handl i ng and app#ictcUECTORADG WikE. ﬁatntlseﬁéfawetagagletapiﬁsaetrarig'enﬁer a. 10

Sui tabl e surface; 10N, ¢ ounds s S a

car boxyl at e, formggé\dn%lsé’%ggghéf{%?%@g &%%ItgpéO%qt%?q&ﬁaa% ?Pp?yatty acid; a
N- acyl sar cosi nat B./. mizochasra mwweu&@fnbzmbmmem@m@tmtéslsfmfctay al cohol
Godeoyl “sul'bhat coooEat (R GAR egTTyf BreSTuRCLBe GRNSoas FIatPahat o 15
et hoxyl at ed f at t ratihdivfiab] mub@hf@tegWIthﬁid1@éa¢é@EQ?iJla!|WWmhﬁiﬂﬂb sul phat es;

| i gni n sul phonat es; 6&@{' g)% ﬁghonat aryl sul phonates such as
al kyl - benzene suTRENRIRL JtopigRds o4 ﬁ‘ﬁ haI ene sul phonates, e.g.,

- butyl - napht hal ene %@mr@%aenmm%pg asadmh@;se%i edrdAd RbBrR-BRAing

f or mal dehyde co densates; salts of sul phonated phenol -for mal dehyde 20

- condensat es; S PQ)@%U“I‘%W&%@”@Gg}?réﬁbﬁt@e?&mmé‘ateséi IgA¥nat es,
e.g., the gyi phOfBiﬁt%Ih§ﬁé\Fé%§a'4ﬂ39Hd Rf%%ﬁwog({uu%bi%hppr%ﬁéﬁeé'&ﬂva ious

N-net hyl taurine or the dial kyl sul phosuccin I um

sul phonat e or di4RNSAS. s?tﬁ,%ﬁf@iﬂrélﬂslﬁ@ﬁh ﬁéﬂﬁ%ﬂﬁg%?rﬁ?safi 297dexhidirhigs at i on
product s of fat tghadh) § MediSiarvae B bifaibs Ctthgcﬁcﬁuf% R Hes o

fatty-al kyl - or al kenyl -su tuted p éne oxlide, fatty
esters of pol yhyalgnt 4J%@ﬁlm¢esé't3¢fér)é1aséegn yt:llzgdnrbmaalmmantlrmam d esters,

d t t
ol yoxyt hyl onb. SOETEINY; SHEGREEbRERb Om i EPRRT tonine, 1) one

oxi de and I¥r opylsame @ur@earea\ééfiV]OéEKd/V@GySBHER}DlCﬁJABeam:!VECTOLEX
2 4. 7.9-tetrael int: Rrgesui-diclodliPhes AlnSiOBHhAL 6 APETMLRRLC 9 Vool

Exanpl es of a catronic surface-ac |ve agent"inc %Y ance,
~al i phati c nono- ,masqujtoes bipedingrin derias Ifaarbttahseesﬂee;alm@pb's ldth pouted ol eat e;

water. _
B. s. is most effective on Culex species. The activity of B.s. is due to
20 a binary foxin, and repeated use can lead to development of resistance.
However, various levels of resistance to B.s. by mosquito larvae have
been observed in Culex pipiens and Culex quinquefasciatus.
We have now found that a combination of B.t./. and B.s. is an
effective larvicidal formulation, Non-genetically modified components are
25 utilized, which are desirable if the larvicide is to be utilized in an
environment connected with production or harvesting of food sources
such as crops, cattle or swine. Non-genetically modified B.L.i. or B.s. may
be defined as strains which occur naturally, and are not strains resulting
from recombinant DNA techniques.
30 B.Li. 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
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6 5 August 2005 WO 02/ 465835 PCTf US02/ 04162 an oxygen-contai ni ng am ne such
as an am ne oxi de of pol yoxethylene alkylam ne; an am d-linked am ne
prepar ed W @2eessspndensati on of a carboxylic acid wth apgdrAaisesoaed yam ne;
or a quaternary amoni um salt. Exanples of inert materials include
I norgani ¢ mnerals such as kaolin, 5 mca, gypsum fertilizer, sand,
phyl | osi l'i cates, carbonates, sul phate, or phosphates; organic materials

such as sugars, $’€16Fﬁr’@@ab!?ﬁoﬁb’éﬁd@@@xﬁtﬁ'a‘%ut1§rm{3|% Spqafes:gﬂ%f@@eg,qog |s _such as

wood products, ¢ Eﬁll' ered corncob rice hu ean and
wal nut shel | s Th&lfiaAkewtar2 8rd mopt Breferablymbailt:Added drlft control agents

Sy i SepooT ThGARich Rl e BlIO e i A5, G0 dudia il 1 Lot e

aeri al appllcatlon es of SUItab e conpsund pur poses
i ncl ude pol yvi n‘}qfﬁwﬁ?!@ﬁtﬂStﬁblaﬁ@&umbtﬂct!magermcdwamtderrteo,ptol ymer sol utions,

pol yneri zed acryﬁkgeﬁgflrbgﬁhh ngeéfnggﬁpghﬁlg shgrl]garﬁoftggtve etable oils

and bl ends thereof, pet eum o a as natur al
15 and synt het i ccqutiolagans,.a $pray l:lepdmﬁrcmma,taroaémapﬁtﬂatmg t%@m@ér t he

addi tional conp C bov n be utilized. The
conposi tions of @ﬁ%’*’%’?’é‘gg%ﬁf i \g/gjn?l %rr‘??e&!fﬂxl?gb%f%ﬁlq ﬁeﬁg"‘é‘gephlﬂé"y an
~aqueous suspensi@her mrmmﬁhmm:clabiaellﬁasﬂ@rwtlwmg%d(lj@}tsfébihlﬂaté%}/pr%@uct
conventi onal ues  fo | ormul ati ons are
presently pref eﬁd@@%q el %Wg‘ "91 t?’ﬁg"ea?%&f"@aitt‘?‘@ﬁ Peit® BiPteMe | arvicidally-
ef f ect i ve Ifonbi nat iSuitable wﬁacaaa&@égdnmfﬁahd@am whiclcoffploungs sacrisegti ty of

pesticide sufficien ontrol t he tion of a target pest. Solid
conposi tions mafaﬁlé %‘?‘?ﬂg g‘iaﬁ?fﬁ oxyrte Bf @longrenagn fatly asidsaur ri es

separately and Mbylmrﬂ@slﬁdlé l’ﬁ@:\i@@fdlcéstém oFBﬁ@épﬂchga&B‘\’mﬁllfHﬁy é@é jand spray
0

drying the conbl %l urry to forma powder. The conposition e pr esent
i nvention can b@ tes'iﬁrtsé’ $ e sughpsteys; faty ﬁ@@m]&plﬂhﬂtﬂﬁucdﬁrﬁaﬁodma

concentrate or RodBeyl KulpRAROSIdilABAREN su] Qfé'&r%%d%hl Hf:étﬁ%]ﬁﬂh fafl, 3 sul t abl e

quantity 3f wat er. or ot di 1 uent before esti ci dal

concentra Pon wisitfoxylafed fa%aﬁahwgutm@tes& ﬁ@oxylated I’dﬂ(ymenhiestmmatea;ul ar
formulation, spéghihistfhbiate¥RtdfRun bulbRorfites; alkyi aryl sulphonates such as

alkyl-benzene sulphonates or lower alkylnaphthalene sulphonates, e.g.,
butyl-naphthalene sulphonate; salts or sulphonated naphthalene-
formaldehyde condensates; salts of sulphonated phenof~forméldehyde
20 condensates; or more complex sulphonates such as the amide
sulphonates, e.g., the sulphonated condensation product of cleic acid and
N-methyltaurine or the diaikyl sulphosuccinates, e. g., the sodium
sulphonate or dioctyl succinate.
Non-fonic agents include condensation products of fatty acid esters,
25 fatty alcohols, fatty acid amides or fatty-alkyl- or alkenyl-substituted
phenols with ethylene oxide, fatty esters of polyhydric alcohol ethers, e.g.,
sorbitan fatty acid esters, condensation products of such esters with
ethylene oxide, e.g., polyoxythylene sorbitan fatty acids esters, block
copolymers of ethylene oxide and propylene oxide, acetylenic glycols
30 such as 2,4,7,9-tetraethyl-5-decyn-4,7 diol, or ethoxylated acetylenic
glycols.
Examples of a cationic surface-active agent include, for instance, an

aliphatic mono-, di-, or polyamide as an acetate; naphthenate or oleate;
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‘e or to be used directly. The conposition may contain from abou
io?gegtsg/oags wei ght of a solid or I>/i quid inert carrier, and 0.1 to 50%7 5
August 200% 00064335 065835 PCT/ US02/ 04162 by wei ght of a suppfgisgidaaszlhese
conpositions wll be adnministered at the rate of about 50 ng (Iliqui dhor
- dry) to 20 kg or nore per hectare. The Methods 5 The combination of the
present invention can be treated prior to fornulation to prolong the

i ci dal tiva il V] f target pest as
Pong s the. pr et o mentCoARmhg die %{&Er%sgélﬁ‘sé'f@@ﬁe%COE%@ﬂéﬁ*ﬂﬁwehs,uch
treatment can bealwa'é‘ﬁ@nﬁﬁ_amld-hmi@ﬂcﬁml?ﬁpmma&d maﬁl:s:g?ts?dé?ﬁg? amts?] % e

t d i | s . ] o
E:(r)(rané;lz)rsr}9 '? i on(()g)s. r%xr%&ng:hggagf\ﬁc eérgi é'glffﬁy'r@%,e%{%qﬁﬁgfna%a}mmplua}%a tn.ot limted
to, hal ogenating adefipleaptiney tederialsiotiuds ifoogarat thiviyale saetas kaalin,

; | ' . hiran chl oride; al cohols, such
95" sopr opanol ARareERUAF HrHBRr SBHE hiPRoy RSt pRenoes, st 88 Boui n <
fixative and Hel-nhpsshatexalrarn_ﬂsmaleﬁialﬁ?cnmme t@r 'ggs’t, ggmcl%fgh%ﬂsxgcqog%ggﬁg;g?rggnm be
?P\elalrgd gltirleftlfv{s{t)trtgrgt :it:nE(I:im g%/ri?lﬁosnl‘%ﬁgﬁé’v X HredyCs. £orh mewrated semepbai pt eran
pests are exanplrise h,uﬂs, reavut lonisparidswalgetdihegs such t regt B?ggdclgfi (r:]grrpgﬁ;)';llgon
can be applied by rayvi dusting, sprinkling, an :
ot hers. 80 The com@%if%ﬂgﬂo&m?%@'S‘SF%[thaCHWéﬁFﬁC@ﬁ“ﬁ'ﬂﬁebtﬁ'Cﬁﬁpag’ts i ve
agai nst ilfisect dppesiforoéids e certdedroRiapbiRe andQo %oilitﬁ@%@ﬁ%l:ﬂ%gisrcagrgﬂ Ar i ger es

subal bat s, Cal FYERBIE LEPURR COBRPHICar Bovs oumaseTBrMlBt i 5 capi t al o
Chi rononus tent po@vinﬂatqm@m@yrggfgof@ghg Oi“%g,gé% FIQ .%@e’g%’%"k%gfj {s a,oI S;L,ex 25
EEI i aculalntS ?aﬁa,s Bﬂé(m%cé)'g%‘{’ lé%&%‘;%dé)gﬁﬁ\gﬁﬁi‘%ﬁmjhienm Seoedfi \I’@Ie,tmlemitsga.st er,
Eupeodes  cor ol kAg bleRde 35dred, patrdiaith loilsGat‘?é leR8s BiFNdePA f/g[ﬁ%s %ﬁrﬁq It gﬁ&

f I pes, . A ossina noristans centralls, ossina not si _ _
Gugglsgona Lor si paheyibeipdymems, d ossina pal | i di pes, @ ossina pal palis 30

ganbi ensi s, G ossi fanedbmRliatbneh6than o 85fH"RHBRN B8 188 1s

described above may advantageously be utilized.
| The compositions of the present invention can be applied as a liquid,
an aqueous suspension, an emulsifiable suspension, or a solid by
20 conventional application techniques for each. Solid formulations are

presently preferred. In general, the application rate of the larvicidally-
effective combination of the present invention will deliver a quantity of
pesticide sufficient to control the population of a target pest.

Solid compositions may be formed by spray drying the B.ti. and B.s

25 slurries separately and combining the powder or by combining the slurries
B and spray drying the combined slurry fo form a powder.

The composition of the present invention can be in a suitable form for
direct application or as a concentrate or primary composition which
requires dilution with a suitable quantity of water or other diluent before

30 application. The pesticidal concentration will vary depending upon the
nature of the particular formulation, specifically, whether itis a
concentrate or to be used directly. The composition may contain from

about 1 to 98% by weight of a solid or liquid inert carrier, and 0.1 to 50%
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Haemagogus equi nes, Haematobia irritans, Hypoderma bovis, Hypodernma
| i neatum Leucopis ninae, Lucilia cuprina, Lucilia sericata, Lutzonyia

| ongi pai pi& o2kodbszenyi a shannoni, Lycoriella mall, Mansoni iic-@ﬂ].sozlé\ﬁ&etl ola 8
5 August 2005 WO 02/ 065835 PCTJUSOZ/ 04162 destruct or, Miusca autummali s,

Musca domestics, Neobellieria sp., Nephrotoma sutur aI is, Cchlerotatus sp.,
Ophyra aenescens, Othopodonyia sp., Phaenicia seri cat a, Phl ebotonus sp.,

~ Phorm a regina,  pPS@igheBes @umamsws%@eangaﬁm@.u cenRhaga e 2

Scat ophaga 5 stercoraria, Stonbxys calcitr oxor 5i nensi S,
Tri pt er oi des banhafg&f awﬁam@ﬂaldsﬂi drrid 20yg onyricee per heddmwever t he

conposition of the invention may al so be effective agai nst |nsect pests of
the order Lepidoptera, e.g., Achroia grisella, Acleris gloverana, Acleris
variana, Adoxophyes orana, Agroti $he Meithoals, Al abanm argill acea, Al sophila

lineatel a S an ot e BRI f peRRA0R Ry BoR ue et Rt al s

_- ;AL chi3 ps Slpl . Ar @ylmulaa@ntoa:)rstmng thiet bﬁti{ctﬁahﬁd&tﬁ}ﬁy ﬁherB%oﬁmﬁ‘é} ’(Emlﬁdf1 : BUCCU'@?} Irl X
thurberiella, st oneur chylis hospes, as

- euryt heme, Cor cyra c@%ﬁgﬁcﬁtﬁr%eg] tltﬁsa'of‘%??ﬁ?r&%fé?ﬁ}@e“é?d?oé pononel | a,

~ Datana 15 int egedeletazaousljbrtde cbinblnation. b8utIcsatmBRSEErthd W ekhahits, D aphani a
~hyal i nat a, %’%@é’a niti daI S q at ragl?%grandl osella,” Diatraea

saccharalis, Enn Phygiel iR 28 lopg A8 ?%’F‘FPHF‘OBSEM@§H%?0§$M ell a,
Erannis tildari aaﬁﬁthegj?ﬁpi&t;e@@ﬁtﬁ@coﬁgbmﬂouﬁé UBGifiPof dHERAES | 1 @

ambi guel | a, Euproctl c sor rhoea uxoa nessoria, Glleria nelionella,
Grapholita nol est®9€ 'ﬁﬁﬂnﬁé@n Y 359 "Bhlgpﬁt%tﬁahaf%ﬂaé‘ﬂgé‘ﬂ@%{fss@lwfﬂy@ﬁa

Hel i cover pa zea, sudbldsGémisidetytie SR RAtaraldefldS YpRiBbinkas cH%goeosom
el ectel l um Hyphe HET“ a cuneay Kei fgful a méo er s"ceﬂ('jeé ¥ nbdi n

fiscellaria fisc@Phian ghlodgaiaoRalss ?léqlf'e-?lsl IQQDFQPGHQJQUI%BMOI badicoma salicis,

Lobesi a bot r ana, hikielogrEEBeIRs, Shirea bauin kIR dH atiydcal | a
thyrisalis, Mlacosoma sp., Manestra 25 brassicae, mestra confgureta,

‘Manduca quihquemacingt@mnvaiane af thedweationanibaappisdudirctisto tvel anchr a
picta, Operopht eérﬂnr@ﬁdal@f?ttt@be@e%t@da Péﬁc?]s !a%&rétﬂébﬂwsém?érg %;H%\%Pal ggeritia

vemata, Papilio cresp ontes ect i nophora gossypl
californica, Phy® h@rﬂﬁtﬁ%ﬁtl.{bjec’[ to infestation by dipteran pests are examples of

environments needing such treatment. The composition can be applied
by spraying, dusting, sprinkling, and broadcasting, among others.

20 The compositions of the present invention may be effective against
insect pests of the order Diptera, e.g., Aedes sp., Andes vittatus,
Anastrepha ludens, Anastrepha suspensa, Anopheles sp., Armigeres
subalbatus, Calliphora stygian, Calliphora vicina, Ceratitis capitata,
Chironomus tentans, Chrysomya rufifacies, Cochliomyia macellaria, Culex

$ 25 sp., Culiseta sp., Coquillettidia sp., Deino cerities 8p., Dacus oleas, Delia
anliqua, Delia platura, Delia radicum, Drosophila melanogaster, Eupeodes
corollas, Glossina austeni, Glossina brevipalpis, Glossina fuscipes,
Glossina moristans centralis, Glossina morsitans morsitans, Glossina
morsitans submorsitans, Glossina pallidipes, Glossina palpalis

30 gambiensis, Glossina palpalis palpalis, Glossina tachinoides,
Haemagogus equines, Haematobia irritans, Hypoderma bovis, Hypoderma
tineatum, Leucopis ninae, Lucilia cuprina, Lucilia sericata, Lutzomyia

longlpaipis, Lutzomyia shannoni, Lycoriella mali, Mansonia Sp., Mayetiola
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bl ancardel la, Pieris napi, Pieris rapae, Plathypena scabra, Platynota 30
fl ouendana, Platynota sultana, Platyptilia carduidactyla, Plodia

I nt er punctwg) dodsssBb ut el | a xyl ostella, Pontia protodice, Pspygakelisfs:
uni punct a, - Pseudopl usi a i nci udens, Sabul odes aegrotata, Schizura conci nna,

Sitotroga cerealella, Spilonota ocellana., Spodoptera sp., Thaurnstopoea 9
5 August 2005 WO 02/ 065835 PCTI US02/ 04162 pityocanpa, Tineloa bissellielia,

0y chon ust & % et 4188 mngl! NSRS N BalR R @ Pace!
Cal | osobruchus cdYepherieing, suﬂna!fsa@bﬂarotatas speSiphgra dyesdest a | uteol a, Cylas
- formcarius ele I I stronotus 5 oreg Sitophilus s

Cycl ocephal a bo%"%g%’&%ﬁé%’cé%ﬁﬁ?’&’a ﬁeﬂﬁ%%uﬁ%goww&s%g% W"ﬁé'e%’ﬁ%spl nosus,
rat zeburgl ap?Q'n@"“”‘*”‘”m‘{ O TCREDr | obeCur e T bol Luth Caot aneum

zebur gi

Tri bol i um conf u§?ﬁﬁc ’?F‘? PW§VS ‘EPZ‘?%’%&B Mt?é agibginengify gonychus
pratensis, Panoryphasides Bambié, IEéﬁdt@ﬁél@BplSeﬂdrM@ﬁyfa By MRRARVET he €. T.
Lridonyrmex humlis, $Sol enﬁgﬁ& S .invicta; Reticulijternes

era, e.
hesperus, Reti cGPIMPesie’ of hgjivsation “"@M&!S@tk@r‘?%w%?gﬁﬂsgmd%?& & nopsi s

. fihg!JSt i col | S, h@@b@eﬁﬁép:d@ﬁ@@eég ACHRSH @h&@l@nﬂﬁeﬁ% BRVerahBCASALT Mes
i mm grans; Si phonapt er rat ophyl I nae, niger, Nosopsyllus

fasciatus, -Lept 444, ef‘dé’é@?ﬂi@s 0’.’@3&48@8@éﬁﬁ’(@'ﬂ:l’g%a’@ﬁfgg’acﬁﬁ:eﬂmﬂﬁal i des
felis, Echp cnopfg@%mﬁ Ahﬂ@wﬁansﬁ@kaemgé Jg %u§hmé§%n§9§&é}a zﬁwe%%p

Xenopsyll a vexabilis unga penetrans; enchi ., odldogyne
i ncognita, Prat r@@&]wq@@mﬂﬂ&»ﬁ@ea ner@w,s/&@icciafsra:g@ﬁméﬁhwhtps 8e-,

composi tions of g %ﬁoﬂa@ﬁ% h%ll‘s%:ﬂ%:‘a"ggn@@@%% Bb&%:%? % e?:ﬁf?é the sub

order Nemmtocera matocere 1 n e’famlies
Cul i ci dae, Si nulGadizecaudbia; @nomtdwra SPsﬁ‘@hbdemepe&S@Oéw dalethemmrl dae and

Wcet ophi | | dae. cHyg, ABLLASNO] SAIDLARKL AN Ob, IBRIASA Ddiyent i on to

i nhi bit |arvici resi stance €sCri ardinafter in the
-Exanpl es. 13 heseuﬁeg@mapDesdrahmuq:mtéemﬂ;seﬂe&m:ad’es@raIfi)é)iqpf@hﬁsfh}eﬂnm‘abod| ment s

o otk ot PR A SR Rl PRAPe ekl P, Elfhit =" "
subsignaria, Eoreuma loftini, Ephestia elutella, Eranms filiaria, Estigmene
acrea, Eulia salubricola, Eupoecilia ambiguella, Euproctis chrysonrhoea,
Euxoa messoria, Galleria mellonella, Grapholita molesta, Harrisinia

20 americana, Helicoverpa subflexa, Hélicoverpa zea, Heliothis virescens,
Hemileuca ofiviae, Homoeosoma electelium, Hyphantria cunea, Keiferia
lycopersicella, Lambdina fiscellaria fiscellaria, Lambdina fiscellaria
lugubrosa, Leur;oma_ salicis, Lobesia botrana, Loxostege sticticalis,
Lymaniria dispar, Macalla thyrisalis, Malacosoma sp., Mamestra
25 brassicas, 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
blancardelia, Pieris napi, Pieris rapae, Plathypena scabra, Platynota
30 flouendana, Platynota sultana, Platypfilia carduidactyla, Plodia
interpunctella, Plutella xylostella, Pontia profodice, Pseudaletia unipuncta,
Pseudoplusia includens, Sabulodes aegrotata, Schizura concinna,
Sitotroga cerealella, Spifonota ocellana, Spodoptera sp., Thaurnstopoea
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30 The conbination larvicide of the present invention was fornulated as a

m x of two conmercially available strains: VECTOBAC CG, a conmerci al

granul ar Worgneksson of B.t.i. with a | abel potency of 208criusddii¥es: and
VECTOLEX CG a conmmercial granular formulation of B.s.. 10 5 August 2005 WO
02/ 065535 PCT/ US02/ 04162 with a | abel potency of 50 B.s. ITU ng. Typically,
"the spray-dried technical concentrate of each st rain is first incorporated

into a known a nt _of eget abl e .ol pi nd nmount pf vegetable oil
bi nder in the ?gbrﬁfﬁip\?ﬁ ?Lﬂ"%?oﬁzbé%‘?%'eﬁ%oﬁ’cp?éua ﬁ'{C?e@fm% S or B.s. spray
t echni cal conceNyfbﬁg/ge‘s Dukidls, S’pémmeutapaaéle Cw@bpwra ra@gFAeman@ry bet ween
1 %to 15% wt/ w . ndi n spray dried

t
techni cal concBhtf4 ’@g‘:’%ﬁ%g?ﬁg&?% G E%tg}gqg_:s ‘Si’ 8’%”8 Perty of

granul ar carri evarivebtis, qumztha !at@@afoyimlfoﬁmcbnué HegaRARPLiSiorfoRish cob

granul es of the size Ogé] catlo &%’0114 sh were used. However, other
si ze ranges sucﬂregé’”ﬁ'@)g’% CRpAa bermals, telereRP@aal so suit abl e.
The slurry mi xt jiRacons, SREAXRE: ts@b&ﬁ)ﬁo.ﬁfsankblmé jé}:ﬁfrfdaeﬁh%ir&@.lsm xing in a
“suitable blender _and further blended until honogenous product  was

obt ai ned. Exanpiié/as.Alphaitehivs dfaparﬁwsanlon@rraﬁabfa@ flonpbiaaoliarnf or enhanced
and br oad SpeCTréhHBrl%CJHs\ébhbé m&z@&%fﬁ:@um%ﬁb&%%ﬁ&&ﬂn Ofridaitidr Products
of B.t. and B.s., (V C CG and VECTOLEX CG, were utilized in

devel Opl ng t he @WCW@\%' fefﬁngf’%ﬂygws PIRlenpissiieRechédiblinat i on  granul ar
product t ar ggds 0 0 25 B.s.
| TU ng. \‘?ﬁ% car ?iééel;’a‘}i: E/ﬂfslcéz?fglggévvrap1 101 er%be% fgfcc)r’k)w&gx ﬁ%ﬂlgr"sé%%’?& St%he

fornul ation, 5 kickeatiepsiravegT BletuitamesdiesnEraTdBAGUlBMes Bauites ged into a
bl ender and bl e presentative
sanpl es were tagg&g en-EB f@?@%ﬁg&s 1288?&5»@‘6 %%gﬁgu&r@éﬂ%ﬁg&g%@%t of the raw
mat eri al s whi chcqmeguwsmds;tarmfeemmmmcisﬂedtastimnﬁgtmlsnarphomaﬁam ®9.] Raw

Mat eri al % wt | wt 59/a?cﬂ)th%)us gallinae, niger, Nosopsyllus fasciatus, Leptopsyila segnis,

- 15 - Ctenocephalides canis, Ctenocephalides felis, Echichophaga gallinacea,
Pulex irritans, Xenopsylla cheopis, Xenopsylfa vexabilis, Tunga penetrans;
and Tylenchida, e.g., Melodidogyne incognita, Pratylenchus penetrans.

In a specific embodiment, the compositions of the invention are active

against insect pests of the sub order Nematocera of the order Diptera.
20 Nematocera include the families Culicidae, Simulidae, Chironomidae,
Psychodidae, Sciaridae, Phoridae and Mycetophifidae.

The ability of combination of the present invention to inhibit larvicidal
resistance is described in detail hereinafter in the Examples. These
25 Examples are presented to describe preferred embodiments and utilities of
| the invention and are not meant to limit the invention unless otherwise
stated in the claims appended hereto.

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.J. with a label potency of 200
TU/mg, and VECTOLEX CG, a commercial granular formulation of B.s.
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- VECTOBAC CG*50. 005. 00 VECTOLEX CG**50. 005.00 Total 100. 010. 00 11 5 August
2005 WO 02/ 065835 PCT/ US02/ 04162 Comrercial B.t.i. granular formulation

with a | apelozpedsency of 200 |1 TU ng Commercial B. S. granupatukerdiuéat i on
with a label potency of 50 B.S. ITUng 5 Bioassay results for the-B.t.i.

" and B.S. conbination sanpl es when tested against fourth instar Aedes

aegypti and third instar Cul ex quinquefaciatus are shown in Table 2 bel ow.

| TU stands for |, i Gl | - Whj re.
reference mater ng%g?é’%(l ﬁg\%ﬁ Icg BE@F%CE-V%@HB.L%P'%& g{néc%.r&f ﬁﬁ%)e%rcg&gglr ed
formul ati on, theonrentrate dreachwirgihtis first inoopbraied Intd o kBovén antvast ef pot ency of
100 I TU ng for ' . I r B.s. I.Gh 1s. - lvalent to a 4:1
ratio on'a pot eNegetauleil Binder it Bl &orsiefaraplt el juf ol g Ry
VECTOSAC 185 | Tuépayi tpds. the dldoogt &@G. MECT BlsExpray fté'dlﬂ/n:mB&rﬁegtr?ththnhgég CG1:1
B.N. to B.S.102_| TU ny .S, L TU Exampl e 3 Th ryicj conbi nati on
product al sB’ng{e\‘ O?ﬁ%ﬁ'gtcé'br e%ﬁﬁ%w?%1%éaaﬁ/%ﬂbwgvel s of both
. B.U. and.B.s. tedgperidial umwﬂ@@mﬁimt onB.t.F.Fts? Bargprd) d}fb@rtﬁbm@uld, andbt hen
Jinmpregnating or spraying onto the granular carrier such as corn cob or any
ot her suitable an‘?‘ﬁ“ pie; aﬁ%}hﬁrt&%ﬁ et‘ff*ﬂéi EB??FHF\Q ﬁ”’SH‘?mb_%ftgfa_%Lﬂ?%@ﬁrﬂ?ﬂ ed
t echni gal foncenﬁlrzléﬁﬁtheff@ﬁmm l tHisT@fhpld) CORDESAGRRUIBS bf flensley |1 quid and
Sprayed onto gr ce;‘iglsjsiﬁ‘éation 10/14 Mesh were used. However, other size ranges such as

10 5/8 Mesh, 10/20 Mesh, 10/40 Mesh are also suitable. The slurry mixture

was sprayed onto the granular carrier while mixing in a suitable blender

and further blended until homogenous product was obtained.

Example 2
15 A B.ti. and B.s. granular formulation for enhanced and broad-

spectrum activity was prepared. Pre-formulated granular products of B.1.i.
and B.s., (VECTOBAC CG and VECTOLEX CG), were utilized in
developing the combination formulation. The resultant combination '
granular product was targeted to contain B.£/. at 100 ITU/mg and B.s. at
20 25 B.s. ITU/mg. The carrier utilized was 10/14 Mesh corn cob.
| To prepare the formulation, 5 kg each of VECTOLEX CG and
- VECTOBAC CG were charged into a blender and blended. The product
mix was then recovered.
Representative samples were taken for bicassay. Table 1 shows

25 the amount of the raw materials which were used to form the product
combination
Table 1
Raw Material % wifwt kag/batch
VECTOBAC CG* |50.00 5.00
VECTOLEX CG** |50.00 5.00
Total 100.0 10.00

11
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carrier in a suitable blender and m xed until a honpbgenous product is 12 5

August 2005 WO 02/ 065835 PCTI US02/ 04162 obt ai ned. The theoretical
conponentwoai/oeésds conbi nation fornul ation containing B. UPC@hJséﬂﬁlézTU/ gy
and B.s. at 25 B.s. ITUIng are provided in Table 3 below. Table 3 5
Conmponent % wt | wt kg/ Bat chPur pose B.t.i. spray-dried2.0020. 00Active technical
concentrate orlngredi ent powder (5000 ITU ng) B.s. spray

o) Veger oo o CAHTRBEIE GoIRTMARURIEILSHi BRI A0 °
carrier85.5855. 00Carri er I'TEKmgs 4 The conbl ned formul ati on may al so be

“fornmed by pre-mxing. ~fernentation b urr entrates of Bti and
Bs at the desired sofPFEgipa Pe‘?{é‘ IQ&H‘ Bgéja gey AeS | urry

m xture to produce a 10 ponbiued techm cal spray dried powder concentrate.
“In such a _fornulation, the slurry concentrate may contain preservatives,
stabili zerss surfactants, dispersants and other binders. The spray-dried

techni cal ConcentraBr@a@éayn@W%rfoﬁtw Bheéhcpssubbhbﬁﬁﬁbﬂ Ebr?n@d%@ﬁi ng a
granul ar produgef5 as in Exanples 2 and 3 or as wettable ers, water

di spersi bl e 15 Geiftaginst r‘dﬁ%f@bﬁ%délﬁraﬂ%ﬁﬂ aq@uﬂur@gns;t@h&;ﬁw ates. These

conbi ned pOV\deE]wﬁQ@é‘a‘@&’éﬁ@ta‘?é i) A RIS bbbl lﬁe%tér{aspfs} |'nfetmaﬂ gé
briquette fornul atl ons. spray ﬁ%l ng experinment was pertorned conbining

" Bti and Bs fer {PEIHN4PNER V@W"Eﬂﬁrﬁ@é enerafesencaimaterialnidnewn specifimsed on %

- solids |gvel ipg the slurry concentrates. A Bti slurry concentrate
was first 20 preserved with 0.12% wt/w of potassium sorbate and 0.06%
C wlw of In a preferred formulation, the one to one weight ratio of B.t/. to B.s.

has a potency of 100 ITU/mg for B.t.i. and 25 ITU/mg for B.s., which is
equivalent to a 4:1 ratio on a potency basis.

15 Table 2

Sample B.L.i. Potency B.s. potency
VECTOBAC 185 ITU/mg 9 B.s. ITU/mg
CG
VECTOLEX |4 1TU/mg 53 B.s. ITU/mg
CG
1:1 B.ti to B.s. | 102 ITU/mg 30 B.s. ITU/mg

Example 3

The larvicidal combination product may also be formulated by
combining the required levels of both B.t.J. and.B.s. technical powders in
20 the same binder liguid, and then impregnating or spraying onto the
granular carrier such as corn cob or any other suitable carriers.
To prepare the formulation, both spray dried technical concentrates
can be slurried in vegetable oil binder liquid and sprayed onto granular
carrier in a suitable blender and mixed until a homogenous product is

12
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met hyl paraben. % solids in the preserved Bti slurry concentrate were

11. 3% w/w. Simlarly, a Bs slurry concentrate with 0.12% w/w of

pot assi-unweny2ipessss and 0. 06% wt/wt of nethyl paraben was ppesgisyHsiiel3 5
August 2005 WO 02/ 065535 PCT/ US02/ 04162 Per cent solids in the preserved Bs
slurry concentrate had a nean % solids of 10.1 %w]wt. Slurry m xtures
prepared and their rations on solids basis are given in Table 4 5 Table 4

Bti and Bs slurr t ti01:.01:13:11:32:11: 2 of
Bti toBs on SO|I e)és.u];ﬁes %ﬂgﬁ%ﬁgg%yi%%%%%ﬁﬂa até?i' Kg2. 21

Kg5. 89 Kg2. 95 Kgotstbmmg)B toat &0 TAl/mgBmdB.e.sa 26 &)s.-ITUG Grép@vidbd Kg7. 65

Kg3. 41 Kg6. 80 Kq-aﬁlelgéé{qygoncentrate De-ioni zedl. 15 KgO0. 48 Kg0. 81 KgO. 14

- Kg0. 70 KgO0. 25 Kg wat it al 10. 0K10. 0K10. 0 K10. OKg10. OK 10.0K g The
conpositions as shown in Table 4 were 'Cam@'sned and spray dried utilizing a

Niro spray: |Inlet rtenpet mu.e ranged—betnween—180-Cand-10 190 C and outl et
tenperature durin e F@’ ranged bet e Wig d kafPaleh CPUmgset echni cal
‘powders were sieved. i riddDO0- mesh sé@ndard m.@ye mgﬁ\geanpl €% were
bi oassayed agai nst, L4 Aedes ae%g and L3 Cul ex quipquefasciatus. Average
potency data is r¢fiCBUEHORCeRIAE d 5. 15 Tdble 5 Pot BE§diendl ugs of Bti +
" Bs. spray dried thMé}%OWWﬁ@as affectgd by the{r ratios on solids
basis. Mean Bti spray dried technicdgl powder] potencyi= ?474 L T/ mg. MeanBs
spray dried techni Bt spiawdeed 2.50 25.00 Active

fechnical concentrate or Ingredient

powder (1000 B.s.

ITU/mg)

Vegetable oil binder 10.00 100.00 Binder

Granular carrier 855 855.00 Carrier

5
Example 4

The combined formulation may also be formed by pre-mixing

fermentation beers or slurry concentrates of Bii and Bs at the desired
solids or potency level and spray drying the sturry mixture to prbduce a

10 combined technical spray dried powder concentrate. In such a
formulation, the slurry concentrate may contain preservatives, stabilizers,
surfactants, dispersants and other binders. The spray-dried technical
concentrate or powder may then be utilized in formulating a granular
product as in Examples 2 and 3 or as wettable powders, water dispersible

15 granuies, and aqueous or non-aqueous concentrates. These combined
powder concentrates may also be utilized in pellet and/or briquette
formutations. A spray drying experiment was performed combining B# and
Bs fermentation slurry concentrates at various ratios based on % solids
level in each of the slurry concentrates. A Bff slurry concentrate was first

20 preserved with 0.12% wt/wt of potassium sorbate and 0.06% wt/wt of
methyl paraben. % solids in the preserved Bt slurry concentrate were
11.3% witwt. Similarly, a Bs slurry concentrate with 0.12% wt/wt of
potassium sorbate and 0.06% wt/wt of methyl paraben was preserved.

13




potency = 3030 Bs. I TU ng (Al

of Bt! Bt i ®Rig PakeyzsyBsBsPot ency to

‘I npot ency

assays are average of i

. BAu
nitial

gust 2005

and 2 nonth 5
C stored sanples ) 20 Rati oTheoreti cal Act ual Act ual Theor eti cal Act ual Act ual

PCT/US02/04162
BsPot ency* Pot encyexpr essedPot ency+Pot encyexpressed on(l1 TU ng) (I TU ng)as %
of (Bs. (Bs.as % of solidstheoreticall TU ng)1TU ng)theoretical

basi spot ency

1" 31860476025500 S9050151) BB VASEBREGE 00N SRt ele a2 moan %

1: 2248937381509R0RALGORL P4 WiV 281673 A6 FiE1R23 aBd thehtrations aedalidgr esent ed

an i nteresti

R §hB T el

in Table 5 reve

gs

pot ency of both heoreti cal
on actual potencies of 100% of either Bfi or
powders.

but very

whi ch are,
Bs spray dried technical
The bedabeosBtinatiByshimmixicscastohieact i vity on both Aedes and

in ColumColum 5 2. 1:137375174138%45151642108% 5 August 2005 WO

synergi stic increase in actua
5 potencies,

based

Cul ex appeared to be when Bti and Bs slurry concentrates are conbined at |
part of Bti to|d/&afiiiRfl Bspon $gl1ds basss. [kFey énhanci ng[yhpe Bs
pot ency, the besisepbs patii on was when two parfs 10 ot Bti solids was
combined with 1.pafdpsdisBs solids. In this conbinationp, Bs potency|showed
~47% i ncrease oyer theoreti|gal pol@ncy.” By COnMbi Ny t‘ng BUi|gnd BS|slurry
concentrates p |,_;9,r [eQen?*&ﬁC)ééy BEERTY 200 351 -an
i ncrease of 350 4 mean |t heor tlczltkéman pot ¢ncy K%N | eg@s p%te cy showed
an increase of &éﬁfﬁ;ﬁe heor et i an 15 potency. There appeared{to be
significant ad\ LS gonbntn i f A t DR isEh- TP Spray
dryi ng and furtg‘gﬁéj %err% ating thgsfe(ﬂ%i) )vﬁesr@az%é;@] JP%??QNE?‘FQ&%
powder s, water [ enr,[rséll,[eble granukes, or :

De-ionized 1.15Kg | 0.48Kg | 0.81 Kg | 0.14 Kg | 0.70 Kg | 0.25 Kg

water

Total 10.0Kg | 10.0Kg | 10.0Kg | 10.0Kg | 10.0Kg | 10.0 Kg

The compositions as shown in Table 4 were combined and spray

dried utilizing a Niro spray. Inlet temperature ranged between 180 °C and

10

190 °C and outlet temperature during drying ranged between 68 °C to 81

°C. The technical powders were sieved through 100-mesh standard sieve

and samples were bioassayed against L4 Aedes aegypti and L3 Culex

quinquefasciatus . Average potency data is represented in Table 5.

15

Table 5 Potency values of Bfi + Bs. spray dried technical powders as

affected by their ratios on solids basis. Mean Bti spray dried technical

powder potency = 7474 ITU/mg. MeanBs spray dried technical powder

potency = 3030 Bs. ITU/mg {All assays are average of initial and 2 month

5 °C stored samples )
20

Ratio | Theoretical | Actual

Actual

of Bfi
to Bs
on
solids

basis

Bii
Potency*
(ITU/mg)

Biti
Potency
(ITU/mg)

Potency
expressed
as % of
theoretical
potency in
Column

2.

Theoretical
Bs
Potency+
(Bs.
Tu/mg)

Actual
Bs
Potency
(Bs.
[TU/mg)

Actual
Potency
expressed
as % of
theoretical
potency in
Column &

: 1:1_

3737

5174

138%

1515

108%

14

1642
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pell et formulations. The best possible explanation for these enhanced

potency val ues appeared to be due to the fact that each spray dried 20
particle f@ydaogsgspoth Bti and Bs toxins and spores. |n ot Begpieifiss: t hese
are not physical mxtures as revealed in Exanple 2 or 3. Thus, these novel
formul ati on approaches are likely to not only result in broad- spectrum
activity but also will mnimze the potential for bUI | d up of resistance.

| n other wordszresi ce—myt men —ats e—achi 25 t, Oy —
) 3CSTHERRT ST 1 75 i) 1?42)@. .

anot her nOVEl 311-’3||U| qlbag a3 :,.4 b:ln _2‘ i3 ! 5’22 g COft 5 Ot ,ir,l |10,., An?.al
ot & I red
\ nrrj ("‘In A 1!-47%'\ TI I/

fornul ati on may-g+s4 pr-epat e
| evel, both VE:Q‘ AL 4‘? | QKNMQ 0 1."1if :5, a CTOLED HUYHm) to
water in the s;ri-g;—t and .13‘7'3 g—upty LY hrm neous 50'3.“9, 1i\2”{°'¢

oY
uuuuu

obt ai ned. The :M@ﬁﬁr@ﬁﬁ 15 3 5960ust | 2005 w0 dP1B65a3 | U902/ 041621 so

formed may be del ivered to the target habitat by various application
methods. A liquid formulation is ideal for spray operations. Example 6 5 A
liquid formul ati on nRigpeieneglr dqfa peeseniegrn TRbgiSoreve2lan iateresting But vesach

product forms netierSiFEHeGet HEE BaRRLY L ok S e Toct BTS00 1
~water in the spp@i?n@la&w!hidua@pp%%i:brb@f:tueirpptﬁmslegmf apO%aﬂ@i’th@‘zﬂﬂ n
equi prrent . For il ad gy toopi@hoflusrs, Tha®ps AERNFrY LA 0N Wi th

preservati ves, abi 71 zers tants, gi spersan s is yet
anot her pr ef er r edivite bh dditf Aede;@nd/@vfemg)pmmd todhe whken Btiahd Bsrﬂlu’qui to

Gut nauer asc: at LETRBLREr afs SOTBREH FLLBRR BORY 12 bhtoes SHBibs s,

he Tabor At ory ot her Lol oaton o e"@“eﬁ‘:"??{”laﬁ““’ ot o sregt Nt at|
Tecs ¢ hantl c1ooof el aids Rasgiomtihest i T bar 5668 GolRadh FUE bambBatdrk Bt o B s.
was started 20p6traads§r§1me@p47l%ir&réaaé\oaer tﬁebﬂeﬂeélmtéﬁc?nmcoﬁmtrﬁng/méer | agoon

of a dairy in g tern United States. Fi elgl col EFcted | arvae were
subjected to t and Bs sturry concentrates prior fo spray drying, Bfi potency on

4

é.éi.\'
firy

average showed an increase of 35% over mean theoretical mean potency
while Bs potency showed an increase of 24% over theoretical mean

15 potency. There appeared {o be significant advantage in combining the
slurry concentrates prior {o spray drying and further formulating these
powders as granules, wettable powders, water dispersible granules, or
peliet formulations. The best possible explanation for these enhanced
potency values appeared to be due fo the fact that each spray dried

20 particle carries both Bfi and Bs toxins and spores. In other words, these
are not physical mixtures as revealed in Example 2 or 3. Thus, these
novel formulation approaches are likely to not only result in broad-
spectrum activity but also will minimize the potential for build up of
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

liguid form by adding, at the desired level, both VECTOBAC WDG (3000
30 ITU/mg) and VECTOLEX WDG (650 ITU/mg} to water in the spray tank
and mixing until a homogeneous dispersion is obtained. The suspension
15
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selection at LC90 every generation for forty generations. At the 40th

generation, the colony showed a 54.4 and 14.2 fold resistance at LC50 and
LC90 | evelp opsnestively. This colony was used for the supspgu@ifsidests. 25
A resistant colony is one which denonstrates a significant decrease in
susceptibility to a particular pesticide over that expected for wld type
insects. Generally, a five-fold or nore decrease in susceptibility

i ndi cates resi I t onol ogy,
Vol . 87 N5 RS SRl B oot bR by LB AR BT D e o e
fully. 30 A susB@iodsi élaytdd‘ﬁgrnulsti@mz§maléofapmyefpreeaitqnsel y killed by a
particular pesticide. For exanple, in Cuiex quinquifasciatus, if a
particul ar pesticide, Bacillus sphaericus, has a neasured LC50 val ue of

| ess than 0.1 pBExgmpleé colony is characterized as susceptible to that

pesticide.s 16 5 Augu 35 02/ 041 Kk suspensi ons
wer e prepar ed by m XIé}g&%@%rMﬁa%éQ%ﬁﬁ%prgﬁ%H? OrWPPag'PE? PPI ed wat er
to make a I%susmsdlmldua!mtmimr\ﬁcmom yd SEHERIMO&QASM@qLﬁoQQk

ensions in th sired ratio. n subs ue tly diluted as
Coonrreu Tor 1 cbf¥refigah hEryEfoRs nRtREERRy SARol FlSoieRias Bt Tuay n
generation wer ealbobammcad v&ater lpltla@tsplgay?t’&lda&fdéa;iphed %Oén(ﬁmépfayf ourth instar

| arvae in a 116 mn up ,cont ai ni 100 distilled water. One
drop of larval %ﬁ%‘F% HPL&%“ gl ?”‘géﬁ 88 SNP RUYEOWS di stil | ed
vat er)  wa addefd;rrneléticﬁrumth W‘&er\@tlpés ww:zbfseamrmttamé mlﬂaerrs?a?ﬂ@ of
concentrations @[’1’? t.her, | arvi ci de al one, as the m xture. Five
to seven differ dﬁéf%trﬁqogtqr(? efrﬁdm?éhqdafﬁb@e“"ﬁf'ng)b@f@d?x'ﬁsi‘”}ﬁ‘ﬁm wer e

utilized in eachobiMaaBiatt0 yield nortalities. Each concentration was
replicated four to five tinmes in each test. The treated |arvae were held
at 82-85 F. To determ ne LC50 val ues, the nunber of dead | arvae were
counted at reguEddmpi@trer val s fromthe time of 15 treatment with the test

| arvi ci de. Once a arvae died, the concentration wherein 50% had been
killed cddl d be det dhaicharge inciusaeribility ebCWex puitywaeraseitus laboratay LC30 | evel

with B.s. (Bacildides I&{b%qglb(él? Szrrré%l@“?ﬁ’q%%%c gg.éé noYF\%PaEX avai |l abl e

from Val ent Bi oScl ences R | ngi ensi s subsp.
i srael ensi s 20 PNECTEBAL. #ndif.-abvas determived erthe Ebo&iovarnnélse fotlewiny wer e

conpared to manner. Selection refers to treatment at less than LC1 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.Csg and
LCqs 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
insecis. Generally, a five-fold or more decrease in susceptibility indicates
resistance. Rodcharoen et al., Journal of Economic Entomology, Vol. 87,
No. §, 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 LCg value of less than 0.1 ppm, the

colony is characterized as susceptible to that pesticide.
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a colony treated with a 1:2 weight ratio of B.s. (VECTG_EX) o B.t.
(VECTOBAC)- for five generations at the LCBO |evel, followed by treat rrent

“with a 1:Wwomieghssratio of B.s. (VECTOLEX) to B_t.i. ( VEChEBASh2/84262 T 1 ve
nore generations at the LC380 level. 25 Following the first five generations

of these treatnents, lower nean B.s. LC50 values were obtained for the
col oni es subjected to selection by the 1:2 conbination than for either

col ony selected by t iV i dual onents ti an increased
susceptibility and c%ll sféégé)ﬁpwns &’8&% Eggar(?drt@/s'?‘%”&rfi e&%fﬂ ALE-Fdfed by
Tabl e 6. Mean B2@ mlloCatiNeal waster BOnatand 1 YiuakpbasideohixiPed WERIMEE@ BEti on with
the 1:1 conbina uent Hfl ve generations. 17 5 August

d b
2005 WD 02/ oe5s§‘§“%&‘ﬁ%[ﬁ§%gioﬁgfkkipse%§%ﬁg'rta"h? esiredh [RUD. SHISRENTIRASVeBom t he

origi nal sel ectslmseanwwdﬂhteamhe&a@dﬁ@stﬁeytnfehwge in the selection was
that the t.i. selected col on switched to B.s. selection after F1 Q
to assess st abl | i tye@Ye RAyerighe ‘Rﬂqurldyth? tentp genergfiemyererbippesagedhdnge in

S tib I eto
B.s. Suscepti ||b|awg|20 i@t@rtmﬂ;f o:aeaﬁyseurﬁeﬁbt%&%%aeqﬂ aOWan %@5’@%

-selection with B. t. nd m xtures LC50 of

LC50 of LC50 of CUi W@fﬁﬂﬂﬁgpéwtdaﬂtm@tﬂ wates: Presirap gbltanfazaueh@ g of
Col onyGener at i ogrcaAG Up rasHEENeEah RO MFRGNIES WARFPRES 8bd er cup. The

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 bicassay 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 £ Cqgg level with B.s. (Bacillus
sphaericus strain 2362, ABG-6184, VECTOLEX, available from. Valent
BioSciences Corp.) or B.Li. (Bacillus thuringiensis subsp. israelensis

20 (VECTOBAC available from Valent BioSciences Corp.) were compared fo
a colony treated with a 1:2 weight ratio of B.s. (VECTOLEX) to B.4i.
(VECTOBAC) for five generations at the LCy level, followed by treatment
with a 1:1 weight ratio of B.s. (VECTOLEX) to B.Li. (VECTOBAC) for five
more generations at the LCg level.

25 ' Following the first five generations of these treatments, lower mean
B.s. LCsp 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. LCx; values

30 continued o decline under selection with the 1:1 combination during the
subsequent five generations.
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0. 490. 3510. 205% 0. 315*0. 366*0. 308 B. S. 0. 490. 4520. 420. 436 8¥46°%%4 B. 0

B. S. 0. 330. 2730. 1030. 1530. 0350. 04 10 *Sel ection was sw tched back to
fronyegeReEati on 10 to 25. Exanple 8 The bi oassay prpg@,@gg&@&%ri bed
in Exanple 7 was utilized in order to assess the susceptibility of B.s.
resi stant and suscepti bl e Cul ex quinquefasciatus colonies to B.t.i., B.s.
a 2:1 mxture of B.N. to B.s. 15 Mean LC50 val ues were determ ned for each
treatment. A.lower nean LC50 val ue inﬂ%@akes that the particular treatnment
can be used effectively at a |ower coh@®hPration, which indicates that the

organi sms_are THIS eablSIFRR ddth rohPink figihbPadieaioh studyahicRgHIFRs. @ne provi ded
in Table 7 below. As expected, the B.s. 20 _treatnent gave the hi ghest nean

LC50 for the B. kY Ghegps inilhe S@[ﬂcgqaﬁ,was HRshéipef- 1/ el CtRd COfORY Wisni xture shows
an inproved resdiifched & BlsDSelbOSIH dfter P10 tFaddess ARMiIRY &7 sdbeRBIiyAL h 1 n
susceptible and resistant colonies, indicating a higher susceptibility and
‘possi bl e Syner ghe®PRA¥N t he conponents are conbined. 25 I's 5 August 2005
WO 02/ 065835 PCT/ US02/ 04162 Table 7 Susceptibility in ppmof 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. Taim6Ite0gsimA. s Bgscapiibilitydam pamrfianB.Re8esistant Captiapt i bl e
Col onyCol ony B.@.d : : . ; .t 0. B. s
70.0110.004 5 B °|Q'89gégﬂg&épﬁf’@a%'fig’g@g‘a&gjz '5'&#§$ure of B.t.i. to B.s.
Cul ex

B. O
~and
B. s.

on

Treatment

L.C50 of
Parentat

Colony

LC50 of
&th
Generation|

LC50 of
10th
Generation

L.C50 of
15th
Generation

LC8B0 of
20th
Generatioh

LCS0 of
25th
Generation

B.LI.

0.49

0.351

0.205

*0.315

*0.366

*0.308

B.s.

0.48

0.452

0.42

0.42

0.554

0.464

B.Li. and B.s,

0.33

0.273

0.103!

0.183

0.035

0.04

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

Example 8
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.Li., B.s. a 2:1 mixture of B.Li. to B.s.
15 Mean LCsg values were determined for each treatment. A lower
mean LCsq 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 LCsg for the B.s. resistant colony.
' However, the 2:1 ratio mixture shows an improved result over the result for
B.ti. 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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qui nquef asci atus col onies determ ned to be susceptible to B.S. was tested

as follows. A m xed susceptible colony of Culex quinquefasciatus was 10
est abl i sheuh §0esasa conbi nation of egg rafts col |l ected fropeg ks the
western United States. The collected egg rafts were individually
transferred to 230 mMl waxed paper cups each holding 200 M tap water and
0.5 g rabbit pellets as larval diet. The | arvae were hatched out. Then
pupae were renoved into cups wth watefq d, pl aced in screen cages, 15
where the adults energed. The adults were provided with 10% sucrose
sol ution, and onSekpgpiitiilie irappreof @éwerlgbarsdory famd @enqusfasciiilivteidniee feed on
restrai ned chicks. On day bseq . hi I feedi ng, oviposition
cups were introduced i ntot(?ﬁg'lﬂcégsééﬁ?tg %ﬁw)@% cg&'sg@dto%g mai ntai n the
col ony in the |aborat orfreatinéntegg| Meah £C¢er ¢ Mdaadathim an| 20 enanel pan
containing 2 liters of; tap water pn 2.&. ofgrabbit{qﬁoellets as larval
diet. The sanpl e preparation cond 1 ‘?‘Fé,argi Q §§3?P hod, | and LC50
determ nation were theg sane as thpgelodgscri beblony Exanple| 7. The results
are provided in Tabl e 8-—belew—Fhe results ghow-that—overtine, the 25. test
- col ony which was B.s. s%gbepti bl e,O-Qgéorres I¢9§3s175uscepti bl e by the fifth
generation in responseg gg treatnmepg3ghih B. s ggoone, since the LC50 val ue
increases. In contrasti,—the 2:1 mxture doeg not show the sane 19 5 August
2005 . WD 02/ 065835 PCTI4566Mi081%52| ¢-Bhllency §8-GHe same extent. This fact is
i ndi cated by the data Which, while Show ng an increase in LC50 over the
parental strain, also showless of an increase than for the treatnment with
B.s. aloned TheExgmpled use of the 2:1 B.O and B.s. mix slowed the
resi stance over tinmgg Tahl: I fromthe original
sel ection study thmjhgﬁe@%%&%f%gégwéﬁu%hﬂr%g ?P%ﬁoerpggﬁ@)écti on was that the
m Xt ur e- sel ect eguioglieiascialas colgnies daistimined e he 2ugceplibleitd B. s was\lesiedBac
VWDGNect oLex V\DG?a %o‘ﬂo@sl: 1 10 mixture selection after F5. Table 8 Change in
susceptibility of A Es. Suscepti bl e Col ony i n Response

' A mixed susceptible colony of Culex quinquefasciatus was

10 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,

15 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

20 enamel pan contain.ing 2 liters of tap water and 2 g. of rabbit pellets as

| larval diet.

The sample preparation conditions, bioassay method, and LCsp
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

25 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 confrast, the 2:1 mixture does not show the same
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to B.t.i and B.s. m xtures. Treatnent LC50 of LC50 of LC50 o?@&%StoPLCSO of

Par-ent al 5t h10t h15t h20t h Col onyGener ati onGener ati onGener ati onGeneration -
B. S. 0. 0090 003es43660. 1940. 124 B.t.i. And B. S. 0. 0090. 0240. p28@sérlide2044 15
Exanpl e 10 The foll ow ng experiment was perforned to denonstrate the
utility of the mxture for controlling nosquitos of varying species.
this exanple, the effectiveness of the m xture and each indivi dual

larvi ci de 20 wehghRabeiothe S8merxfertl X8i8 i@ RUhathen b9 th&db@which,
gui nquef asci atus and ° Aedes aegypti. Twenty plastic'rearing tubs were

pl aced out si de Whilg Showiig andigieasanntléde Sxeathespargatat stain. afseshayplesser e
filled with dei ggi J vy g inea pig
chow. The tubs. ors T S Top e eI, dofle TR IpBE R e

qui nquef asci at u2:bBd/. 200 8 hinty slomeddhe resisfaweaygyiime. One hour after the
infestatiopn, and just prior to treatnent, tubs were sanpled and the nunber
of larvae in a test sanple fromeach tub were counted, to obtain a control
val ue. 20 5 August 2005 WO 02/ 065835 PT@blgs02/ 04162 Test | arvici des

i ncl uded VECTOL LT n _c r I OBAC CG
(200 I'TU nmg on %P %%C%Iggar ansu‘f’aetéjgfr%%n@lef%S@:ghseﬁ%%Pﬁrsg‘mg’ftﬁ@égkf g& CG and
VECTOBAC CG,. as COhed@yichenbea in thézalppiion Was Eatﬂlemktumgelectedmehtpmmh an
IPhalE i eat mentviaf a2 B4R KRR SRPO e CRERRG R AKE Cer fon”
day after 10r eat mistre sldxtibhiafter Fhist ar Cul ex qui nquef asci atus and 100 third
i nstar Aedes aegypti were added to each tub. 10 Larvae were sanpled from
the tubs on the second day, the seventh day and the fourteenth day after
treatnent to detrapii €hdiRe ienycapEbibty of hif.5. RlscysiblelB8lony DRESpONSE €

obt ai ned and co red t he nunber of
- ! ggpg.t.?ané 8.3. m?xtur%s.

In

Treatment LC50 of | LCB0 of | LCS0 of | LCHO of 1.C50 of
Parental 5th 10th 15th 20th
Colony |Generation| Generation| Generation | Generation
B.s. 0.009 0.035 0.066 0.184 0.124
_ B.Li. And B.s. 0.009 0.024 0.028 0.013 0.044
15
Example 10
The following experiment was performed io 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 freatment,
tubs were sampled and the number of larvae in a iest sample from each
tub were counted, o obtain a control value.

20
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| arvae alive prior to treatnment. 100%  reduction indicates t all"larvae
were killed. A positive nunber for percent reduction indicates that the 15

larvici dewdoemebdssl . The results are provided in Table 9 bey@Mozddeh cating

that the 1:1 mxture of B.t.i. to B. s. can control Cul ex qui nquefasci at us
and Aedes aegypti larvae, even over a period of several days, at each
application rate tested. Table 9 20 Average Percent Reduction Application %

reduction % reduct i orucitaFieassmpiBad SECTAOVEE (50l [AIMASon cbRIUCLi on
(I bi acre)Day 2Day 7in | arvae - S. 5957734
B. N. 51008473 1: qothﬁanUBSb Vmétﬁa%gﬁf%(%@l@gmgucm qobugram%@m!& 1:1 B.

t.: B.s. 201009794 By @89)8@@@@@_@%0@ ERQM@C% 25/ GUTeq4005 VIO

02/ 065835 PCTI US02104162 Exa not her ‘experinent was perforned to
denonstrate theExampletd, EﬁChtthiéwamTFﬁatﬂdelemn aﬂ)nrbpmﬂje atr@qut dzfcmecn‘f varyi ng

speci es. N thi g aXanb&iak eseé({%l‘ﬁ%ﬁérﬁ?&g%%gfgtréa{fﬁem u&f% 3h%r5gch

i ndi vi dual | arvi ci de were deter'm arsa
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.

10 Larvae were sampled from the tubs on the second day, the seventh
day and the fourteenth day after freatment 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

15 larvicide does kill. The results are provided in Table 9 below, indicating
that the 1:1 mixture of B.1.J. to B. s. can control Culex quinguefasciatus and
Aedes aegyptilarvae, even over a period of several days, at each
application rate tested.

Table 9
20 Average Percent Reduction
Treatment |Application | % reduction |% reduction |%
Rate in larvae - in larvae - reduction
{Ibfacre) Day 2 Day 7 in larvae -
Day 14
1:1 B.t.:B.s.|5 100 55 56
B. s. 5 95 77 34
B.ti. 5 100 84 73
1:1 B.t.:B.s. |10 100 o8 91
B.s 10 81 44 50
B.t.iQ. 10 100 92 78
1:1 B1.B.s.| 20 100 |97 90
B.s 20 88 82 64
B.tLi, 20 100 100 76
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The test was perforned on nosquitoes in a waste water pond Of a waste
water treatnment facility in the western United States. The pond was

~extrenel ywpaeblsdsesl, and standard tests showed the presencecpiyséiiess
tarsalis. Tall reeds covered 80% of the water surface. The edge of the 10
pond was divided into six plots ranging fromO0.1 to 0.2 acres in size, for
the purposes of the test. Just prior to treatnment, each test plot was
sanpl ed and t hepumlent1 of |arvae in a test sanple fromeach plot were
counted, to obtain a control _value. 15 Test larvicides were the

fornul ati ons descri KEgther expatimans wes pesfieamed iedersansirajs be uilly of theat ed with
an appropriate i i i Gl uivalent to a
pprop AR Forddli O?étgjgblggg ?%}gff@-spbﬁéé. Irfiﬂh}é'é%agﬁ% O

single treatnent rate of . . Larvae were I'ed fromthe
test plots on tafectiwngss oty mixthee ardeach indivispablatiddrewersdateroningd day aft er
treatments to qgfenglpgHRW 20 many were still alive. The nunmbers were
obt ai ned and conpared to the nunber of larvae alive prior to treatnent.
100% r educt i on i ndi dagdestwastpedbimed an mosquityes ikial waste watgo@sind bie nunber

Lo, bercert  edketd PR AR Rk kD Vibd laesntl b B8, o111
. to B. s. can coxdreglelyquillsled; andstbndardGestashaeed 8@ [Fasdhclug (kex2005 WO
O SRaS oCT RRRID Mp=TalL Aol AVE 4, BRGE RN EleR A9t on
o 10 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.
15 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
20 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.£/. to B. s. can control Culex tarsalis
25 larvae.

30
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(I b/acre)Day 2Day 7in larvae - Day 14 1:1 B.t.:B.s.59936 B. 5.590100100

B.t.i.5-254728 1:1 B.t.:B.s.10889665 B. s.10839865 5 Exanple 12 Anot her
experi menjyowasedesy formed to denonstrate the utility of thgepmkedidie for
- ki'll'ing nosquitos of varying species. In this exanple, the effectiveness
of the m xture and each individual |arvicide were determ ned on Cul ex
pi pi ens and Culiseta incidens outdoors in a roadside ditch. .10 Two
sections of a roadside ditch separate "}tﬁ{ i‘ driveway in the western United
States were the site of the study. The @f'% Bes were vegetated with grasses
‘and aquatic plants and recei vedAseeegRréam®cdductidgrom a septic system as
well as rainfall. A drainage swale with simlar hydrology and vegetation
was selected as the untreated control. Each site 15 was populated with
Cul ex pi pi ens andrigbim&ftt aapfichEENS %reﬁb@tidri nP/o @éductibgafyent . Just prior
to treatnent, each test piot was sa tihe nunber |of larvap in a
test sanple fronj each plofR@iére cou t"e'ﬂrvaf’o obt”aiatﬁVE’@'contrleQPCtIO&‘al Le. 20
Test larvicides mwere of thgy /g@f@{ml apgpg descrii in deggplidpgsl-ih Exanple
10, and then two of the test sites ywere treatgd with an | appropripte anount
- of one of the two test lafvicides, ¢quivalent {to a si ngl gDay teat npnt rate
-of 20 | bs/acre. 'P?EH“* 845]- Ny test—$Ete wWas ur?;%eal ed, serve ps the
‘control. 23 5 August 7 02/ 065835 PCTI USQ2//04162 Larvae wer ef sanpl ed
fromthe test plidds.on thE5fourth da90and the 1§@venth dal,OOafter t reat nent .

The nunbers wer epbtarnedand-conpa to—th tber—of vae—prior to
Bat i1 2

treatment. 100%freducti on|Y ndi cates|t al | rvae wer illed.| A
positive nunber [fot BreBaeMo reducti ¢ggi ndi cat eggb that t | arvi cf de does
Kill. The resul tis-are—propdedin-Table 11--hellow

B.s. 10 (83 98’ 65

5 Example 12 ,
Another experiment was performed to demonstrate the utility of the

mixture for killing mosquitos of varying species. [n this exampls, the
effectiveness of the mixture and each individual larvicide were determined
on Culex pipiens and Culisefa 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 grasées and aquatic plants and received seepage runoff
from a seplic system as well as rainfall, A drainage swale with similar
hydrology and vegetation was selected as the unireated conirol. 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, o obtain a control
value,

20 Test larvicides were of the formulations described in described in
Example 10, and then two of the tesi 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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i ndicating that the 1:1 m xture of B.N. to B. s. can contro | ex pi pi ens

and Culiseta incidens |arvae. Table 11 10 Average Percent Reduction
Treat nent 4oy @fggdsson in % reduction in larvae - Day 4l arvagrmshavd 11
B.t.:B.s.10098 B. s.100100 Exanple 13 The efficacy of a 2:1 mxture B.s.
(VECTOLEX) to B.O 15 (VECTOBAC) was determned in the field in the
followi ng manner. The test field was a rice field in the western United

- States, neasuring . used, a byffer zones t ween test
plots. At the tine (1)%56@}1%&66\’{% fee%"{"%ﬁ‘%ef?°rﬁ§'@%ﬁéf8@t%?’é JP'r'lrithﬁ r‘VEE re
present at a desmienih ddy &ffdr-iRalngdr THe pumbecowdienshbtiinedand andpardddi p test.

20 Each individ | ar yi ci and. t | ar vi ci conbj, nat i,0 re applied
at a rate of &%Sé‘}‘g\é’ﬁéOggwé‘ler%'Péﬁgf%\?m?Eﬁn @@IB’? f@%ﬁ%"ﬂ?&ﬁ% at a
speed of 85 rridalelﬁar\pmrwdél@ljﬂlleﬂn&Wﬁthe&humtfbr\{de&fdhtﬁgdu@ﬁbﬁiﬁﬁib(ajtebarVa' ;
2gai not tre | ar 08l Medamcids doks ki, Tede el RBRBRNOR G D11 D08 The rasul ¢
are shown in Tapbieafidg bek 0w 1:1 ikl BNt Aad, can odtrdlouidi diseké vely kills
| arvae, as a positive nunber for percent control of |arvae indicates that
the larvicide d%‘@icﬂ’qqt?’@w’eﬁs}ﬁﬁbﬂfst 2005 WO 02/ 065835 Table 12 Average

. Percent Reduction PCT/US02/ 04162 Treat nent % control of % control of % control

of larvae atl arvae atl arvae at Day 2Da_|yb?D%a 15 2:1 B.O to0501000 B.s.
' able

10 _ Average Percent Reduction

Treatment | % reduction in | % reduction in
larvae - Day 4 | larvae - Day 7

1:1 B.t.:B.s. | 100 98
B. s 100 100
Example 13
The efficacy of a 2:1 mixture B.s. (VECTOLEX) to B.t...
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 lbs/acre by airplane, which applied the granules at a speed of 85
miles per hour and with a swath width of 60 fest.

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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B. S.818793 B. U 10010090 Exanple 14 5 The foll ow ng studi es denonstrate the
susceptibility of various B.S. susceptible and non-susceptible nosquitoes
to m xture®ekessssupport the clainms of mxtures as a mepheRiseiosis:
control l'ing nosquitoes, and controlling B.s. resistant nosquitoes. Three
of the studies also support the nethod of m xing technical powders prior

to formul ati on of granules. 10 Efficacy of a l:1 mxture of B.t,i. and B,s.
‘Fornul ations for Control of B.s. Resig oCul ex qui nquef asci atus Field
Popul ati ons Conpared to Each Formul atl on gepar ately. Materials and Met hods

15 A hi ghly resfggrage P@mam Retlentioof Cul ex qU| nquef asci at us was identified
in Wat Pi kul , Bal st it habrg {0 €e; Ared—-aad Thi s

popul ati on was tne ?Iﬁ Wt h \Zé Dgfu\géﬁose‘ /FSR%%PT)BG.C r(t@b B | Bti | TU)
and VectoLex WDG|(650 Bs | TUjamadatr 1: 1 piastar gt of t heldrvae atbet ween January
and Sept enber of |2001. Foll g 'r;lgzneach tr E?Jt nt, 20 p)BI%I q(él on ghanges were
assessed over tine by dippi r\353 d percenp ontrol of Y84t instlar | arvae

- and pupae was cali@d @ gidtd or| goost treatnenpp days. Refglts 25 Doses of
Vect oLex WDG as high as 200 |ng/nR2 resulted in-little 6r no contfol of this
popul ation. . Vect ¢ WG wgs found to pfovide control . 25. 5 August 2005

WO 02/ 065835 PCT/g5@2/ 04162 |af1 doses as [ gw as 20 ng/ gz A 1. I m x of the
two products was [found to He more effective than either praoduct] al one at a

dose of 20ng/ne. |Bddie 13 5 A% cent reduffP®n of a B. %0resistant Cul ex
qui nquef asciatus Trelrd” poputration after treatment w8578 U, and a
-mxture of B.t.i and B.s. TreatnentDay 2Day 7Day 14 B.s. 650 | TU @ 200

my/ m213ndnd Example 14

5 | 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 controlling 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.L.i. and B.s. Formulations for Control of B.s.

Resistant Culex quinquefasciatus Field Populations Compared to Each
Formulation Separately,
Materials and Methods
15 A highly resistant population of Cufex 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 Vectol.ex WDG (650 Bs ITU) and a 1:1 mixture of the two
between January and September of 2001. Following each treatment,
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
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- B.O. 3000 I'TU @20 ng/ n28746-53 1:1 m x As, 325 ITU + B.t. 1500 ITU) @ 20

ng/ 2975022 Efficacy of Two B.Li./B_s. C0an nati on For mul at| ons For Control
of Cul ax wiPppiskizens and Cul iseta incidens Conpared to StaagdakehdRis
Formulation in Artificial Plots Materials and Met hods Twenty ei ght
artificial test plots were set up using wading pools in the parking area
of Miultonomah County Mosquito Control District's facility 15 at 5235 N.
Col unbi a Blvd, Portland J 7,.,2001. The et . out in
Four rovs w th SEHS AT as P e ALLh SR hadTaE R B o5 1 et
series. The poobsmues eﬁéativbd@bn@itr@rdmhbta‘kﬁneaqrtmrdn@emﬁtzeh)g/rﬁé with tap
water fromthe District's water supply. This depth was. naintained

t hroughout the study. Each pool had an approxi mate surface area of .785 20
M2. Each pool was enriched with strawmimgk 1Rbbit chow (100gr.) to provide

habi t at and food for the nosquito |arvae, The pools were |eft to season the

hay/ r abbi t7 chowP#icght rgfction ole B resigient Qwefsawnaeﬁaawgwéff'eldhe | ocal

mosqui toes to bgsRimicAskRP rbaiiftht withBLd, 8.6 adndSd RBliaDT % 1./tRe . €St pool s
was done after the | ocal nosquito 25 popul ations failed to produce adequate
popul ations in the pools for the study. After this initial stocking,

~popul ations of CUI ex pi pl ensyahfledetl TSeTa ~TNCIdgEs2 Eﬂ{sﬂ' EHaf3ensel ves
by natural re-i n%f ati an Three or-mH-at oVl desl nn %@% VBC60015
and VBC60019 EF&LBHBAYH ™M t he study. ABG 6185 cdnsist8Y of B'S. 30

t echni cal pomdeﬁf:f.tﬂomﬂU@édmghﬂo cor ncob and ha ;

August 2005 WO [P , ;

conbi nati ons of—B—I-——i.—and—BJ‘,—t—eehm—cal—pm icorncob
and had theoretical potencies of 200B.t.i.150B.s. ITU and 1OOB t.i.150B.s.
1Ty respect i vel BificadyQiMilAB i OfERs. varn@mﬁa@h%ramaﬂaﬁ& F&at oMbl bﬁC%XOf

2. 5kg] ha and 5kg/ha’5 conpared to untreated controls. Four replications
wer e donell or eR{eigns ap%ﬂué@&tamrdeaﬁ&mr@r@ $tandarg Sheidrarpatatian i t hr oughout
" the test seri esAmf'ﬁglrmb{Sng was done by taking 5 di ps per pool using

standard nosquito dippers and concentrating the larval catch with fine nesh
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 Bivd, 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 M2 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
VBCB0019 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.
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strainers. Conposite sanples were preserved in alcohol for counting and 10

species identification. Larval counts were recorded as L1-L2, L3-L4 and

pupae. Prgblggatsgent counts, and the test product applicati;msm4g;2done on
August 20, 2001. The initial post- treatnment |arval counts were done on

August 23, 2001 approximately 64 hours after the treatnent. Follow up 15
counts were done on August 27, August 31 and a final count on Septenber 6,

“and ath ot age TEPySE-HRG 4 EAGBLNER BsrE eamhB AR FEk: ARES ount s from
theI f our rNﬁlpl i mmmcaobowd@ﬂs fbemjlateﬂ’ehmammmrﬁrrddiadméomﬁb?Jlplofdneiéﬁby 20 and
et ot - Reed 2O0B R PELs b0 ErdBhR BB e R R n arl treat ed

pl ot s decli ned Famukliahd werét@steﬁeattapplroaﬁéreﬁbt@@éﬁzsk ﬁé@h@Ek%Téi wer e
significantly Io%r@':%ﬂ 05 St udent - Newman- Keu| s) an t he C at 7 days

post treafnent &0 O\M}t@af‘ﬂ‘ijr@r“it@@ OH[I‘EGPH’EEUOQ? é(‘ﬁ"%ﬁ’%%qu?a%h gni fi cant

di fferences befa\sﬁmuohraéltbvarm@rcwsaéﬁaam;&attemtmb@dhoru@mé%st%ﬁeé3 days post
treatment) were highest overall for the conbination fornulations, and

sinilar control wasS8UPYRSWasSRE b éaking HiliPsPebRCINSHgHaRAard he duration of

t he study. Pergedyq SRIN re shown in
- Table 14. 27 5 Augﬂg?%%oréé &VDW%JZ#%%%’%@QF&CTI Uagggffgﬁgbwrﬁ?seﬁu Corrected

percent reduct SHAINGES. [ Gompogia smpierwergl psesarged iraleghol fai cauntingiagidal pl ot s

2%2;0%230i“fE;yﬁ?‘?é%meﬂf'%%*%%"g%ﬁﬁﬁ% Shafedgp T I%BM A0 1T B .
50 | TU)65. 197. POFa@81. 2 VBC 60019 (B.t.i. 100 I TU B.s.

| TU) 82 594,185, 805 B honfRAERLALL %&?h%%{%stg% n%ﬁﬁhc%ﬂorpso Yedldngn. means

from5 replicates FCAC atron orrru ations for
control of Cul er 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 defermined 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 calcul'ated 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 stafistically 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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tarsalis and Cul ex pipiens Conpared to Standard B.s. Fornulaltion in Small

Field Plots 10 Materials and Methods The test site was a marsh where a
smal | streampsesed the Yakima River near Yakima, Washi pgeqRedaiur al
popul ations of Culex tarsalis and Cul ex pipiens were present. Water was
essentially stagnant. Depth was 6-12 inches and renai ned const ant

t hroughout the experinment. 15 Water tenperature ranged between 72 and 77
t hr oughout the b MRl i : i j j cattered
br oad| eaf \Aeedsﬁéc(tgggfgi n C?géﬁ%rﬁtﬁ%&gﬂr 2‘;‘53_ Lg@é%ﬂ%ﬁgﬁ%ﬂﬁaéhlgéw i nches
" in height. Cattin@rhf@taiagﬂaaﬁ@ﬂowgng@p@li@ﬁon@ftrﬁ@tmnteeat Hakghere not present
during the test. Organic matter was very high at the site. Predator
popul ati ons were 20 generally lowin the plots. The test was a random zed
conpl ete bl ock experinent with three, Tab0®¥ square foot plots per

treat nent. Pl otfs—were—samled+rmmediatet i to—the—anplz—cat+Hon on

7. 16-01 and again 48 hanPRmed a1y da o8y 3Pk 7 L DAPTEIR BT E T et y
dips with a stgh#@P#hosquito di pper vere3&dde 281 n each!|pl ot 74farvae
instar 1-2, | arnwsesdonsal 28> Husrdsqupde was.el cougt®d igrgach dnp. Three

formul ations, ( Z{W e—YB{66019 par ed
in.the study. A :r%jf éi%inm S S S 'r2'(f-(‘hn'Lgégr po B: formifliated onto
corncob arid had‘carrpeiedagginet UE0 bBsed ogpoputetionpeasd s araplisaes 60019 wer e
conmbi nations of B.0. and B.s, 28 5 August 2005 WO 02/ 065835 PCTI US02/ 04162

technical powders formul ated onto corncob and had theoretical potencies of
200B.t.i./50B_sEfficary cirfovol B.OOB. .. GamiseBion. Fdrfiulatiesp értcontedhof ORéxrul at i ons

cont rols. - Dat a QBPES A Dl Eatireihe § S u Bl EATRERRE ., T

reducti ons wer éSmall EiglcalPlets with Mulla's fornula and based on |arge |arvae
and pupae, only. Overall popul ati neans f ach treatnent were used in
this cal cfl ation. Results Watchists anu Rhethods

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

Yakima River near Yakima, Waéhington. 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.
Crganic 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 freatment. 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, VBC80015 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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10 At two-days after treatnment, all three formnulations provi 8e01 st gnificant

al t hough not outstanding control. The rate of 5 | bs/A may have been rather

| ow for twigsezgisésas Control at 7 and 14 days was not signi begaRbodiey gely
because the larval population in replicate two of the UTC had very™ -t ow

popul ati on. Nonet hel ess, percentage control was higher in all the 15
treated plots than in untreated plots on day 7 and 14. In conparing the

formul ations, t i t i fference between.treatnents
ey 2 but boPR e rouee BRaed s SRt i FREB AR i ey 7.
" Corrected per ceQﬁZQO_EdmﬁGB:msiTldaehdtjloaBﬂfnl/ﬁmﬂmngd)vap@biiqumpuI ation neans of
(3 a0l ox 1 ar CHBeians st Etpcd abitrfealn e 5 8 1 BRI ™A cat | on of
tBr eaggﬂtsoat 55t0|?%ragmi§b nfggnggaian&maémea% isgo |Tﬁ5)ﬁ 55 073. 464. 0

. S. : . St .S. : : :

VBC 60018%( B. t .Z'ij‘?m&%& 'BF‘%WGB%S?I??‘E'E@Q."%’g%."‘#@@.%@ﬁa iR258J OBf Four
B.t.i./B.s. Coniaigeakivad aheplipa&bhl9NSverdll geplftih mbns fBrtdaRh deatrbisnt

t aeni or hynchus Corrpargzd to Standard B.t.i. Forrmulation in Artificial Plots
Material s and MRS RibitSA/WaloNartificial test plots located at the John
A. Mulrenan, Sr., 30 Public Health Entonol ogy Research and Educati on

Center, in Panama 29 5 August 2005 WO 02/ 065835 PCTI US02/ 04162 City,
Florida were utR¢§W&d in this study. The plots were filled to a depth of

appr oxi mejgel y 6" Wi Wtks GafPiftch tebhRertBdiBfres THinRuISRRhrd@gedri Nt ai ned

t hroughout the study. Each plot had an approximate surface area of 8 ft2.
Ener gent grasse%gl'&mnbalﬁ‘éw@g nebeutstanging cankolwdhe rateed Srbs/Amahbaysl ots. 5

Vater tenperat %e%n@é(tﬂé%ﬁﬁ?ﬂﬁmi%@ %%futrglarﬂ r?'%lﬁﬁ?izltda‘?)g Wd&%&t@@nﬁfﬁcﬂﬂb’ -

Artificial infestation o e test plots was done“prior tonitial
treat nent and demgely hechese tayarval papmiatign irmeeplicatatweofi the USsphakiveryt el y 1000
third instar Ogpjerphiafidts NARHhAELY Deiihtd R bAfoMRISHigAdSH o theach
| ' 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 60016 (B.ti. 200 1ITU/B.s. 501TU) 58.0 73.4 64.0
VBC 60019 (B.Li. 100 ITU/B.s. 50 ITU} 59.4 81.7 38.4

25 Efficacy of Four B.L.i/B.s. Combination Formulations for Control of
Ochlerotatus taeniorhynchus Compared to Standard B.t.i. Formulation in
Ariificial 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




pl ot on each infestation day. 10 Five formul ati ons, desi g?létug%iﬁ&ge%lws,
VBC60015, VBC6001 6, . VBC60018 and VBC60019 were conpared in the study.
- ABG- 6138swoapisssss ed of B.t.i.. technical powder fornul at egrgsdagdar ncob
and had a potency of 200 Bid. ITU VBC 60015, VBC60016, VBC60018 and VBC
60019 were conbi nations of B.U and B.s. technical powders formul ated 15
onto corncob and had theoretical potencies of 200B.t.i.150B.s. |ITU,

1008 1 120 s ) R e oS00 8 1V,

conpared to unta;maﬁﬁdatelyrﬁ"r\rﬂim-slﬁpusalmepﬁatetatTMeMBmsdnmetafr@d each
application ra

t Cin.a do tern thro t t he t gserles
Sanpl i ng was dotﬁ@“BBOLf g A% EPE@ p@ﬁ cé)ﬁlatappraél %c(?a?rga oﬁgiqw to
di ppers. Nurrberan@ffgehlegrs@@s@idl £EAREY éoﬂ@ﬂbﬁmzélwpfeaprewmtan thieeglotsded. I niti al
sanpl i ng was dane 3/ ol | ow ngﬁ(ﬁ]g\%tl al Pf est n.aqulrg] Er atnment, and
repeat ed on day@a?”‘%‘n 353*”’?9 avgha §0regs Falien e' ft5M%ont r ol
success was determ mﬂﬁlcﬁy[rﬁﬁmwnéfgh@wébslbtsqﬁaé@dm;or%mﬂdiI ected in
treated plots to nunbers collected in the ﬁrpeoﬁyé)l ots, Percent nortality was

‘cal cul ated for tasiRertasgayent other Ay oheving Hgents: ARPIOXRIN tal ity = (#

| arvae in contr@oghid i%tawc%?orbfustfé&%ﬂﬁ?hﬁws \dfvh@héaeadded t@atRol 30
Results One day after treatnment, populations in all treated plots were

significantly [N qachinfestatiopdarc pl ots. Mean percent reductions on day
30 5 Au t 2005 WO f /% f or
Uy fgr%/ it PBCE%{@%@A%&%@E\/ms VBOBISe! %

VBC60015 to 98.5 % were no'significant differences
bet ween t he tr eéBEEINIS and UBLEOUISywergigempataddn the sludpnABRRBSs0 show

efficacy thfougébngg?gdof%fut el MowddirSiimuh Gl oo i g £oNt | O

decl ined rapidl I'nation eatnents, 0015, VvBC60018
and VBC60019, mcxb@nogt@tﬂZ@&) Giif iTtartBG- BOﬁiI@héE’fCﬁﬁ)@éﬁaVBCf;‘,@@’t&md YB@uct i ons

L oud " ne, oot mbeli gt and b FANTER M P OB o0 o
shown i n 1Fabl e difio comcob and had theoretical potencies of 200B8.t.1./508.s. ITU,
1008B.t.i./25B.s. ITU, 200B.1.i./25 B.s. ITU, and 100B.1.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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10 Tabl e 16. Percent reductions through day 7 fromtreatnents at 2.8 kg/ ha

Tabl e 16 Treat nent Dayl Day2Day 3Day 5Day 7 B.s. 50 | TU84.958.851.671.714.8
VBC 60015wd2065835200 | TU/ B.s. 50 1 TU)79.771. 976. 567. 343. PCYBSoBMIEH (B.t

i. 100 I TU8.s. 25 I TU)84.27519. 363.820.5 VBC 60018 (B.t.i. 200 ITUB.S. 25
| TU) 98. 565. 764. 270. 338 VBC 60019 (B.t.i. 100 ITU B.s. 50

| TU)91. 367. 162. 760. 428. 1 All references cited are hereby incorporated by
reference. The j b /&l VRS t or egoi ng
descri ption and°Q§<gﬁﬁé@&ﬁ%&#’&eégggﬁgbﬁ{gﬁgﬁﬁ i's |Ogltc1%'ngl1;§%rfeas a non 15
limting illustmwearé onsigsificard differsnogatieiwéamibe wieaimerds onihiadpyr €ne to t hose

i thin the scoplamirtefirdfied ' Fhly aliedInisWbRBATE MR el UFT cleny. O

Changes can be mihibth tinme péreertaopinslideicimed rapiihat Thowve ahtthe comianedienent of t he

met hod of fhe present .in [ i hed ] 0 w thau ing from
t he co’ncep% angt'?é t%f\)é[%oﬁﬂv\gﬁéggh @Mﬁ%@}%’ PW%‘%@ Sﬁ%ﬁﬁ%ﬁﬁ% gl ai ns:
31 5 August 2OOEigfﬁleabmatV\ﬁe}rcémirﬁuoﬁpnﬁtrin@gbmﬁembam[?fltl_@ w—dayrpmsyti)on _
conprising a co 0 strain o ci s thuringjensis subspecies
i s?gel ensigs and@@%QS%SJ\"‘”@%{EFPrIr’Bénscgbtﬁﬁ@?'_idc@' g(?ﬁ‘iﬁ’\té‘%‘rﬁﬂ?% st epg of
fermenting the girbaiisasERandicattients 2SRy hRGheasiin Teblei16.t o the desired
solids concentration or activity, conbining the concentrated strains to
forma slurry mxture and spray drying the slurry mxture to yield

i ndi vi dualg par t irgbs|eMPbBnCRAGIORS HRLIRE dby PRoRPl&atnBAR Atl2US k§/Ryr | ngi ensi s
subspeci es israelensis and Bacillus sphaericus. 2. The nethod of claim1l
where the particles are used in vari ouEabl%§qui to Larvicide product forns

sel ected from tfie group GQRNEL 1 NG Of | BHRFNU| EBay2P0WIRES, [Webdyabl B gh@nul es
nac »)

or dry fl owabl ess—tablets —briguets—pelletsandti-aqu-dSuspenrgipRs—i3-
~ The nethod of cPdi ?HVITUMerei n_the partjcl &%re ﬁ?‘ﬁed vmr’?‘ at Il@gst oﬁ‘e8
menber sel ect ed|VBE 68016 [RY..@POUTP/Beod&iTEL | ng 78f7| ot hét.9pest iF&p|des, 67.3 43.5
VBC 60016 (B.ti. 100 ITU/B.s. 25 ITU)} 84.2 75 19.3 63.8 20.5
VBC 60018 (B.ti. 200 ITU/B.s. 25 ITU) 98.5 65.7 64.2 70.3 38

VBC 60019 (B.L1. 100 ITU/B.s. 50 ITU} 91.3 67.1 62.7 60.4 281

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 fHustration, 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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adjuvants, oils, pre fornmed granul es and extruded pellets. Kgpro uct

‘produced by the process of claiml. 5. A nethod of controlling D pteran
|.arvae conprising introducing a |larvicidally-effective anount of a product
produced by the process of claim1l into an environnent containing D pteran

| arvae. 32 Claims

We claim:

1. A method of preparing a composition comprising a combination of a
strain of Bacillus thuringiensis subspecies israelensis and a strain of Baciflus
sphaericus comprising the steps of fermenting the strains separately,
concentrating each strain to the desired solids concentration or activity,
combining the concentrated strains to form a slurry mixture and spray drying
the slurry mixture to yield individual particles which contain toxins from both

Baciflus thuringiensis subspecies israelensis and Bacillus sphaericus.

2. The method of claim 1 where the particles are used in various
mosquito Larvicide product forms selected from the group consisting of
granules, powders, wettable granules or dry flowables, tablets, briquets,

pellets and liquid suspensions.

3. The method of claim 1 wherein the particles are mixed with at least
one member selected from the group consisting of other pesticides,
adjuvants, oils, pre-formed granules and extruded peliets.

4. A product produced by the process of claim 1.

5. A method of controlling Dipteran larvae comprising introducing a

larvicidally-effective amount of a product produced by the process of claim 1

into an environment containing Dipteran larvae.
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