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Field of the Invention
The invention is directed to a method for controlling Dipteran larvae

or a method for inhibiting larvicidal resistance in Diptera by introducing a
larvicidally-effective amount of a combination of a strain of Bacillus

10 thuringiensis subspecies israelensis and a strain of Bacillus sphaericus
into an environment containing Dipteran larvae; and a composition of the
combination. Preferably, both strains are non-genetically modified.

Background of the Invention
15 Mosquitoes and black flies are representative of the order Diptera

which are pests that have plagued humans and animals for generations.
Masquitoes 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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Field of the Invention The invention is directed to a nmethod for
controlling Dipteran larvae or a nethod for inhibiting |arvicidal
resi st ancwo 0z/0B¥sps era by introducing a |arvicidally-effeptinsonspsnt of a
conbi nation of a strain of Bacillus 10 thuringiensis subspecies israelensis
and a strain of Bacillus sphaericus into an environnment containing
Di pteran | arvae; and a conposition of the conbination. Preferably, both.
strains are non it i sttt Basdcoh f han 15
Mbsqui t oes and glﬁ)ﬁﬁ&glaiaéeréﬁéére rStedSrgggsugnt ati v?léétfb rg;hgfgg? e@vﬁﬁ%{\%ra whi ch
are pests that E¥wbgrighiasdegilaansoanededrens is disslosgeie - Poimpt  Mosqui t oes

~are the nmgjor v%'ggrzﬁ&%gl?_ a nunber of human and ani mal di seases, i ncl uding

mal ari a, yellow fever, viral encephalitis, dengue fever and filariasis. 20
Various chemnical p¥stevsindbesebivpediicidns Haveetltapdacis; sh thaecardafor obw

vat er -sol bl o PeBRaIC T FRAMRRCE e ERABREL ofterP BbftPRM B den: ° <

di scl osed i n U. poteRtilduildNp.of peslickleb@sistanoaever, nore recent enphasis has

been pl aced on theguse, of bi ici,des. For exanpl.e 5.controll ed-rel ease
formul ati ons of at Rﬁég@gc%gse&ﬁﬁg{j b&f’@@r‘efﬁséﬂ %Lfsgggglbﬂft%é]aéap%% are

di scl osed i n U. &noRapepbiatiens et ti36Sartd Spectanéxpobedto a pestipidd o | arvae with a
spore-form ng Bacil |l us 4,166, 112;

| ONR-60A i s, di.scl ased i U.S. Patent. Nq.
e Bact 1 1 gs. Bt ERGcS bl R, A ESe iliergices ol kRted v o7 o
i nsect pesds arebsbrgng asstatisitical dhif in Bal el e (1B elihet 15 kBED%aHd 5, 847, 079,

-a bi ol ogi cal | e_cul ture of Bacillus fhurjngiensis strain with
acti vi tg agai %sg%rfg@& p%@qtgnndED@%L Pﬁ"@?pfﬁq'ﬁ Sg '”‘g‘é‘d%! SHEESin U. S.

Patent No. 5, 91, siédestibilitpeXiStoaN aahtdpucids dnpsbstdinapast i ci de active
agai nst Diptera incl udi n%ﬁcyanobact eria transformed wth a plasmd
contai ning a B. SYANANUALY &8 susceplialp mavdiequeesiti gensrallyidew 2005 WO 02/ 065835

PCT/ US02/ 04162 fbqicpcrel Malt 14spE&hd of thaisiddooRabhy, hUa€Prdsend &t rong,

~highly active native_ cyanobacteria's regulatory ene sequence Is disclosed

in US Phtent thRgesticigadtigdnesevbsiapialyiersswisperiiiapeds thessunive dr awbacks;
o opecteruen |25 MEMaBol RS L OBV BIE e hapl o cortel
makeup, their resistant genetic makeup is then passed on to their
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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Resi stance is defined by differences in susceptibility that arise anong

popul ati ons of the sanme speci es exposed to a pesticide continuously over a
period of tinme. These differences are identified by .10 observing a
statistical shift in the lethal dose (LID) either to kill 50% or 95% of

t he popul ation (LD50 or LD95r 'ﬁ t ) Iggigidual differences in
susceptibility exist within %@%ﬁﬂﬁﬁﬁé'% &%I @t s that are substantially
| ess susceptible may be present, generally at low frequencies, in at |east

sone of the wl At i I e of .1 h Lcide, it is
t hese subst ant iﬁ_‘\eﬁ%%g@i’ '@83&%6??%?’33 g{é‘%ﬁg&]@haa@etshﬁa\?}f egepgﬁﬁéjar epr oduce.
Si nce t heigomgigsition gomprising & corebinatian ofessitain off Badiles thuglegiensis sulmsplesiap, t heir

resistant i%@/?h%ig Sﬂ%é?,g inlc} Bﬁagﬁﬁs 9 ep?ﬁ%{ﬁoﬁtﬂy?isﬁwg%%er@étoﬁ %rﬁn%[‘\giqnﬁtaﬁr esul ting

in shifts in I'onsS” sus v ced
sel ect i on.stR@sisspamtaly, condeatraiing ehrd dram todlendeasired solidsr @nc@@raionmiog certain

D pt n: | lof | f . | st i,n. Cul
U nquet ey SomaREG e fflcoid ralft & BATE M i ER S0 SaBuERoen
al ., Jour ribg slofry Fodwertp yieRhindimdLialgparticlasl whi@vcoritiin tdxjnslfedd boibBackii83- 1140.

ST ey LR REERTb I o EERGS BRTB S N e PG Bcding Bhidi BRe Pt L ¢
by conbi niimgntior iscliratied &na pBduci prodiideld bB.tBe pracessiefiiod tisedspaypt of\let h et al .,

o oo R 2 FPERL A% ifEntiod  oi¥itea o n Bietfod Bopudfia o0, Housver

I mproved but or_occuarring I ol T¢i des and
conposi t i dlipteran larvae comprisig iekodumingud taoviddallyesfestiveraneound oBa prodagpl i cat i ons

woul d be desliyallaBovind AONHbrRLRPcRiRho BIRRYPle the | nvention The

i nvention, Itna first aspect, I1s ditrec of preparing a
conposi ti on corpeisientprais dvatied &t & compbsitonstangirisingf a Bambinktien dffsur i ngi ensi s

teps of  Fuph3t BSLANyBiAlihsd SlbsBded sedtiss R seT S AT oh st rai m 1o
the desir sdhassicugisThestretrf iBacilontioringiansis sulispecien isiaiensis magbe oocent r at ed
Jierd navo A maated bor M ad o bR sBYaols Py e Bl s °
t huri ngi emyidgied dthough epressnteprefesies! combiridion Ircisles pmaergeneticallyn a second
fho 17 st "RaseB S @ pabiiCh e B Mo RS S pirsledlbon 1 s
di rect ed meddiegwstraindf Sacilonsahaklicusy .
The combination may have from about 1:10 to about 10:1 weight ratio of
‘Bacillus thuringiensis subspecies israelensis to Bacillus 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 Bacillus
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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D pteran | arvae conprising introducing a larvicidally-effective anount of a
~ product described above into an environnent containing D pteran | arvae.
The invention is directed to a conposition conprising'. a conbination of a
strain of Bacillus thuringiensis subspecies israelensis and a strain of
‘Bacillus :ﬁﬁh&? ' gitele 18] : i . QL ENgL S, S 2Cci es
i srael ensis 'ma éb@%ﬁtgtno_ﬁg:g%%t@é%;ﬁ @e%ﬁ%t){%i@ﬁc@)ﬁégﬁ%b%t %%(?eﬁ at)é%? acil |l us
sphaeri cuf apsalis dridigeta dnaideais) Anopheless fieebiornbdrtaneuninatioptiessesft | y pref erred
combi nati on 1 NG 43Rnfol RARBALM bbibd 5B MeidifroP hhBito drviBiREH | | 1S _
thuri-ngi ensi s subspecies israelensis and a non-gene |caPIy nodi fied strain
of Baci | | uesi¥pheednilipisra comprisigiihestep ohintraguding/e ldviddallykefiettive: aniqunt o about
10: 1 wei IOt ;ﬁw& JAIri ngi ensi s subspecies israelensis to
Baci | | us gﬁh&é@?@%%@*%ﬁe e#ggféa%@%n1 about 1:3 to about 3-1 weight ratio
of Bacillus thuringiensis subspecies israelensis to Bacillus sphaericus;
nore preferably fromabout 1.2 to about 2:1 weight ratio of Bacillus
thuringi ensis subspecies israelensis to Bacillus sphaericus; and nost
preferably a 1: 1 ratio of Bacillus thuringiensis subspecies israelensis to
Baci |l us sphaericus. Additional conponents such as surface active agents,
inert carriers, preservatives, hunectants, feeding stinulants,
attractants, encapsul ating agents, binders, enulsifiers, dyes, U V.
protectants, buffers, drift control agents, spray deposition aids,
free-fl ow agents or conbinations thereof nmay also be utilized in
conjunction with the conbination in a larvicidal conposition. The invention
is also directed to a nmethod of controlling Dipteran |larvae conprising the
step of introducing a larvicidally-effective amount of a conbination of a
strain of Bacillus thuringiensis subspecies israelensis and a strain of
Bacillus sphaericus into an environnent containing D pteran |larvae. In
this method, Dipteran 5 August 2005 may be a npbsquito such as Cul ex
pi pi ens, Cul ex qui nquefasci atus, Aedes aegypti, Culex tarsalis, Culiseta
i nci dens, Anophel es freeborn or a conbination thereof. The invention is
additionally directed to a nethod for inhibiting larvicidal resistance in
Di ptera conprising the step of introducing a larvicidally-effective anount
of a conmbination of a strain of Bacillus 5 August 2005 WD 02/ 065835
- PCT/ US02/ 04162 thuringi ensis subspecies israelensis and a strain of
Baci | l us sphaericus into an environnent containing D pteran |arvae.
Preferably, the Diptera is Culex and larvicidal resistance is devel oped
agai nst Bacillus sphaeri cus.

3a
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5 Detailed Description of the Invention The invention is directed to a
met hod for controlling Dipteran |larvae or a nethod for inhibiting
| ar vi ciVi@I020&835t ance in Diptera by introducing a |arviectasbiyief f ective
anount of a conbination of a strain of Bacillus thuringiensis subspecies
~israelensis and a strain of Bacillus sphaericus 10 into an environnent
containing Dipteran | arvae; and a conposition of the conbination.
Pref erabl y bot thugigiahsis sabvspenien igesiensic ahtiya st 6 Rabilud sphgsmisked

. di scussi on of e ition. .and the nethods ilizing the caonposition
foll ows. The @ﬁ?@?ﬁ@ﬁ@?ﬂﬁ%@@"f‘@ﬁ ’E@@?E‘ﬁ?ﬁ%&?&f’@b%ﬁ@e RiRierads of
natural |y occuCulexgnpeavicidatkesistanedieaévalopdieddaintd SaEAR Spiegkbldl ar or

mul ticellular organi sms which have devel oped natural defenses agai nst
ot her organi sns. The group of m croorgani snms pathogenic to insects is

varied agd diverse. The gr apeHmsi Db¥RipHth bf PRAMGEIHEM Baci | 1 us thuringi ensi.s
subsp. israel ensug‘léqq,s one of many B. uringiensis strains able to
produce i nsecti ci U4 N¥FHIoB;iRdirect¥bicea methndion sontelinoddistedardianiasg t he

sporul ation cysd£methdd¥s: iRRBkiBS 1dMHAkid L crystalline

i ncl usi on bodies. The parlaspc;réal c‘r ?@ﬁ@ﬁ%&t?@g@%?@.ﬁpﬁiﬁhg&i ensi s
subsp. i srael dRgiddaly-effggiive apprtmt of A germbingtipy of Astrhiarcf &aciés Di pt er a,

i ncl udi ng oS aMiLERRSANELHbEGKs fshddisnsi ' ' | proteins
are sol ubilized i'ﬁ@trﬁe lar \bal &ms?gegfn%@n%n@gg{s}?hg?%t%%}éfﬁ)gg?ﬁ%@%m of the

| arval fPdgut PERDENVIreREN sagtaanity Bipteysi lsrvak; ande ceppoditr aitheel |'s is

fol owed by | aipuad; tlfb 4 1 huringienesis

subspeci es i srael_e'?légﬁg' ééfg%myﬁ&é’gﬁ %@E‘e’hg%g%g&?gﬁh%%?y G‘Ppﬁgfjhﬁmsqui to and
bl ackfly cont rdsitaiipdatigcassion of themnmppsitios, andBe Bodthods wtiligingltheed in clean to
noderately cl I L eeding habitats, and is nost effective on Aedes
species. A co%n’?maqr C|Sgi?9¥(§)lro%1 ation of B.t.1l. is known by the trademark

VECTOBAC, avail abl e from Val eifite LBivididd/ememsos@ong. Speci fic commeri cal

formul ations avaid.abl e fromthe 5. st .2005 WD 02/ 065835 PCT/ US02/ 04162

sanme su%lf)l ier ar eé'@ﬁé?lﬁg%@aﬁa Bty OGETesBRRStiesiRs fregpentiyECTOBAC WG,

B.t.i. is effeieriwcefrajgajnnsuuaar@rma;dcéfmmebr%émsrﬁ@mwhtr@véQ@@éi@ﬁed offers | ow
i. also has a very |ow

suscept  bi | 1194 Fénged abdpticife S brdime: Sheaio® BapamRoaNEYY ar vaci da
activity is bpattbgenicivliriskfts s Vaednhd diters&NFAE @Pam-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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that individual nosquitoes within a treated popul ation will not be
susceptible to all toxins is extrenely small. Bacillus sphaericus (B.s.) is
a rod- shapexhz/oasmebi c, spore-formng bacteriumfound conpetiligedisoi | and
ot her substrates. To date, at least 10 16 strains have been found to show
nosqui t oci dal properties of various degrees. Several strains such as 1593M
2362 and 2297 exhibit high toxicity to nosquito |arvae. B.s, strain 2362,

(VECTOLEX 2y elie hiflh aYAVECOBARSE, PBESBERE! €6) RESRERT AG! L7

avail abl e from t &iel YECTABAGWIDN@.e Barids VTR BaMb: tSBhtERiﬂg%fAS and

VECTOLEX CG M j i f. [l i
controlling nosﬁqﬂ'glgqﬁgs p%?ig%ﬁ%e&gﬁs}v &%ﬁ"&%@nﬁ%ﬁ" er 'gtggﬁ%\l\% %Hp:%n ones with
pol luted wat er.BBi. also hasmma‘grl@ﬁﬁamdpmhtgm{ﬁé@w&mﬁmm@f rebiReanesf i vity of

B. due_ t 20 d t ed d to devel t
of st stanke. WRIGRES A HeondGd bR FUBHUBRTeERE o TR ey mocqul to

| arvae have beenthabsdividad mﬂs@tlioékmmhmaeméatétﬂlﬁo@lbﬁm wilifpguef asci atus. W
have now found t hat %(f % atlon of B. ? an is an effective
ble jgalt f |ed co

| arvi ci dal f or mf*&FP QXS Rdrameyed nponents are 25

~utilized, which areBgtgmisr laénd:Lfs (B1) ibarrsé-shaised, %edelcp PHFe'ﬁohﬁﬂé in an
envi r onnent con&)ect ed W|t productl on aor harvesti ng sources such

as crops, catt| Ky fpindigeRIRaIen 04 eng Omﬁ!llsﬂpg@tﬁs ofo gptegatleasiny  be
defined asstrai @st%§ﬁ'a@l§é€n fﬂﬁﬁd‘fcﬁéﬁo\i\ﬁ m@ﬁﬂjll@&i@af‘%p@ﬁnb@b nﬁarfo%“' ting
fromreconbi nant DNA techni ques. u. B. q%z be conbi ned by m xi ng
the powdered fordRgrefs. f|usk @F"amﬁéuphéNﬁ@@MJ 29&%%{] 97oexhijt higlxi ng t he

slurries of the tgﬁf;,%t,ﬁ.gédmo ég{,%]hg s%tr%ﬁ%@ﬁ? E{gldrqrac%]T%k é@g@&sﬁérﬁd ratio,

as illustrated by EXa
maybe from aboutValmtﬁl@%mamC@ps hag gaen uiized iMDang/c0as6E85 PCT/ U802104162

21 1o about 1: SUCASKay Spedinc obiraHladndadid 28 BB FallAT: ol osed
above may Bl so |MWF@&1&I&VE@E@LEKWB6nSHfIE%MGS AS aands\!EGEaleE)actl ve
agent, an inert @arieloved this strain was found to perform well in controlling
mosquitoes breeding in various habitats, especially ones with polluted
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

5
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5 preservative, a humectant, a feeding stimulant, an attractant, a drift
control agent, a spray deposition aid, an encapsul ati ng agent, a binder,
an emnul siwioen2/o6z83slye, a U. V. protectant, a buffer, a freepbirawonuest, or
any other conponent which stabilizes the active ingredient, facilitates
product handling and application for the particular target pests, D ptera.
10 Suitable surface-active agents include anionic conpounds such as a
carboxyl ate, for1gpapRffabiitf I y acid;
N acyl sar cosi nat arrlglﬁo orﬁ r?-ﬁ‘teagdtogfg 12?%hosp %?% Fggfég l\ﬁ/\?ﬁh& éakf E‘@/ al cohol
et hoxyl at es or s§11t§38¥’u"s1u%ﬁn‘é§“to§f El’efﬁfablwlbawcbhol sul phate such as SOdI um
dodecyl sul phate, s ul phat e;
et hoxyl ated fatty a??:go%t?l]%t ﬁgégls&léh%ﬁ Tn%&eaﬁs%qb(ﬁg‘}j%ﬁg@ﬁ?nazul phat es;
lignin sul phonat@@ﬂpwt&ﬁ@bmswtﬁfmaacbm agdnitydn :aerybasiermonat es such as

al kyl-benaone subaBoNgES Ml s Adiani il ens sulpionatgs. 9.

Q

but yl - napht hal ene sui phohat €, ts 0

- formal dehyde conefsrohagant, asairagdepos;ﬁldrmmmi@d:aphlﬂamwé@mvé Biahyde 20
condensat es; or I e |, phona m de sul phonat es,
e.g., the sui phoﬁ%ﬁﬁgconge%sa?wﬂ %r,oi)e&ﬁgﬁ e%\?PWagﬁ’Bt or any

- N-met hyl taurine @heftmmhnahﬂ(wfhlch slapiiess thel efbﬁtr@mgréﬁl@t,, fatitateP ottt

sul phonate or di n ents include condensation

products of fattr%%g}cf'{'%g'ﬁ%@ﬂ Fowﬂﬁﬁiﬁ'%\'%g?@? Pestst PIPtergi d ani des or
fatty-al kyl- or al I&luxablemb‘ate-buﬁ\@hgdﬂtﬁﬁ@lbée ‘éh'bhlc%h}doﬁﬂgs g gfatty
esters of pol yhydr| C %ef hoI ers sorbitan tty acid esters,

condensat i on pr oAU lﬁ%‘ﬁ"@ ersely %waawwéﬁ@r@@w faty gcid; a

pol yoxyt hyl ene S‘d}ebyléaﬁosf@étéwnaﬁd dﬁdl%fté?ﬁ of ?Ms‘?ﬁbnc QﬂB%WfEﬁ?al%hcﬂt hyl ene
oxi de and propyl XI de, cetyl eni c fy
2,4,7,9-tetraet r?$“ Wﬁa S of gHch esteyp; faitnalephelsetbhateesyaheas sodiugh ycol S.

Exanpl es of a caroueﬁyl @ul@ﬁétﬁa&%@fﬁtdc%%ﬁjeaﬂ%ﬁ@hhi&%r%&un{]@%etkia éﬂ{%r?e b| eate

al i phati c _.pono m de as an acetate

0
5 August 3805 V\GWPZW'?@?B‘Q&V Pé?h%sgm*‘@m@hahwdﬂ?@ﬂwmnomumhaj}eam ne such
as an anine oxi @gnuﬁfsu%bﬁ{é%éﬂd@ﬁ'o?é%n S@ony frt 0 < %&na% ks%f)ipam ne

prepared by the condensation of car 5ol yam ne;
or a quaternary alikyirernzene §gl|phonates or lower alky]naphtha[ene 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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Exanpl es of inert materials include inorganic mnerals such as kaolin, 5
m ca, gypsum fertilizer, sand, phyllosilicates, carbonates, sul phate, or

phosphat ewo @rgss3sC materials such as sugars, starches, opcexghoslgsd rins;
or botanical materials such as wood products, cork, powdered corncobs,

- rice hulls, peanut hulls, and wal nut shells The fornul ation may al so
contain added drift control agents or spray 10 deposition aids to control

dropl et size andgd ex Ldontaitig | |i-cati ; anpl es, of suitable
conpounds for these %gﬁﬁpoges _Ii %%ﬁﬂdﬁé?cgo yd\pi %@1"%%&%’@* ng’P Sl uti ons,
pol yani de copol yiefagEeyap grid-inksgapmiae prepdrert by tHeccondenkatiens bivat i ves and

bl ends t hereof, i a I . f etroleumoils and

bl ends t her eof , ﬁ%ﬁ?bgg%:gfauglapppqg@ﬂ% éﬁﬁﬁ%ﬁn@ pYNTREIND gl ¢ he

fornul ati ons, nore BffERplenel inert materiatidnelude alorganipmirenils sugesckidigd above

may advant ggeou ] ositions of the present invention
y Feq anita ritlin, e Safi SHOREIIaplaR Bamontins cSHATeR ool o

can be applied as a , an’'aque
suspensi on, or @hesphatesyorganic owtariats uvhlasanibis; atraiest Gchplodsafnd:or each.

Solid fornul ati : ently, preferred. In general, the application
rate of the lar 8;'; ?Pgdﬁ?a}maz%faé%ﬁ%bés 9P IRH Sk PRwdgredsemeoPavent i on
will deliver a digamuils,ypeahut melst aref wainstusteiiei ent to control the popul ation

of a target pest. i osi tions . be, fornmed by spray drying the B. U
and B.s 25 slurri ?gl es@%@'ﬁ%@é\ 2% AlE0 coMBinAdsigdidnd coptelagests Bypeybi ni ng

the slurriles addpsgtiayaidsyé a@ttohero@@ﬁ‘eize%ﬂdsb%dnuatb%eg@rdspﬁ’ca% der. The
invention can be in a suitable formfor direct

conposi tion of e esent . i

appl i cation or Eg(ag'%iecf‘ntgémt?@?QO'BPOWS@’?WG%%HBEP@F% Beluddi ch  requires
di | ution wi th_apelyihglloehausirhéssonliod Bly:Alido bhssfibl dffflonbel or e 30
application. The pesticidal concentration wl| vary depending upon the
nature of the pQP@V@HF‘%ﬁ’ agiylicasid fpdativepand blends thereafhesdetabld dilsi s a

concentrate or haAdBrRndS Bbrebi B& Lt ai.n from about
1 to 98%by wei g%séof 3 Sol i dsﬁd'?&f“&aﬁ%a‘ﬁdﬁg@ﬁaégﬂre?%ﬁ A A
VO

August 20 WHBalic ptynerso2/ 04162 by wei ght of a surfactant. These
g(r);/?otsi)t izgnigWJr | mﬁ}etgég(gﬁﬂﬁﬂgﬁgﬁg?@tthérp&e bAkS a%fditf%pgluc;[om%%ne g(I1quid or
: 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 soli& 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
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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The Methods 5 The conbination of the present invention can be treated prior
to formulation to prolong the pesticidal activity when applied to the
envi ronrrew()@fmﬁgmtsarget pest as |long as the pretreatment perhRb2/04162
del eterious to the conbination. Such treatnment can be by chem cal and/or
physi cal neans as |long as the treatnment does not deleteriously 10 affect
the properties of the conposition(s). Exanples of chemcal reagents
- include, but arep h such as
f or mal dehyde and vﬁxﬁt'd;rt g’l %gﬁf%&?ntamhlg-g‘?%%@b@g%ﬁsg% %@ﬁ%%grﬂtﬁ
chloride; al cohol&e oEaRait §8 m&@gﬁ@pﬁﬂbﬂ ta 28 kgtoh amood peainettarei st ol ogi cal
fixatives, such as Bouin's fixative and Helly's fixatives. 15 The
conpositions of the invention can be applied directly to the environnent
to be treated. Ponds, |akes, stredhsMethoders, still water, and other areas

subj ect to 4nfestat sts, .are exanpl e enV| ronment s

| neeldl ng suc?] treat TH{' %ggﬂg%'n%fﬁg? BF@ﬁ”E'QHerﬁ'Bnggglb?Z@a glPigp iy ng,

_- dlﬁlstl ng, sprinkl fmgulaawdtomrob)dfgglm pasdicicaastyitowhen spplR@ (Ehke CO][TDOEI ti 033 of
- the present inve e, ef fect a i nsect pests of the order

- Di pt gra e.g., Agltél‘/"%ﬂggﬁ%%t&&et@e#taﬁelﬂggas%‘?é%’?ﬁ’%@ﬁ‘&“E s, Anastrepha

~ suspensa, Anophetiestesipus toAh@ngmbmtlonius&d:fb’@é&ﬁ}enﬁ@dH &@Wéﬁerﬁihéﬂg' an,
~Calli phora vici nsn ratJt S ca la { ononus tentans, Iysorrya

rufifacies, Coch q{gﬁ?hé(s'ﬁﬁc'ﬁe?'? =79 '8N @g the rexmept doe&ﬂqtg@{%e@ﬁsy
Coqui | I et ticdi a saffectweumo;)ms bﬂtﬁé camfos.ﬂmgﬁ E%Jaﬁgﬂ?es &dHemicant i qua, Delia

platura, Deliar anogast er eodes coroll as,

adi c
d ossi na aust eni rea@lﬁ&qcﬁ@ bP‘ét\ﬂr%QPb'?’E‘teddOOB@%%‘aﬁ'{]gé‘gﬁé@; aldehyslesi na
noristans centr adich, as%mmdgahalgmar%udéﬂf/@é Taf\ﬂ-%feéﬁ\/%gséd}ﬁ sTOr Si tans
a

subnorsi tans, G o0ssjna aI |idip d ossi na pal palts ganbi ensi s,

d ossi na pal pal |%ep§5?'b‘é Ipride; @%E@'isn%llqha&ﬁwmpml aﬁﬁéﬂ’@gogaad equi nes, -
Haemat obi a irri tIﬁﬁt@logidﬁﬁﬁ@ﬁ&é@isﬁ’&%/h§80ﬁm@‘?&§f\gaand Hél st ucopi s ninae,
Lucilia cuprina, Lucilia sericata, Lutzonyra 1ongipali pIS ut zonyi a

“shannoni , Bycori el | BefRmpositans shihe %\fﬁntlowa@rebe ebplied direatlgtesthe 2005 WO
02/065835 PCTJ U%r@r%@@t tgﬁérﬁre'aifétdor %%I e th\?éﬁ“@ﬁﬁ%ﬁ megu cs,

Neobel l'i eria sp. Nephr ot oma sutura us”'sp
aenescens, other areas subject to lnfestatlon 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

8




5 August 2005
O t-hopodonyi a sp., Phaenicia sericata, Phlebotonmus sp., Phorm a regina,
Psor ophora sp., Sabethes cyaneus, Sarcophaga bull ata, Scatophaga 5
st er cor arwa 02@65839xys cal citrans, Toxorhynchites amboi nengigarsozlishdat er oi des
bambusa, Uranotaneia sp. and Weonyia sp. However, the conposition of the
I nvention may al so be effective agai nst insect pests of the order
Lepi doptera, e.g., Achroia grisella, Acleris gloverana, Acleris variana,

- Adoxophyes Oranadesﬁ’gét&t sl Q?aP u%ﬁll@ll\glgﬁ%gsq(%% r{l:%ﬁfeo%ellg\p)gfgﬁ hila 10

ponetaria, Anyelors transi ‘a lineatella,
Ani sot a senator|f\é&;phﬁ¢f0hﬂ6rsa&aa!mef)nbferomnsBpamlhﬂrawmmais; s, Archips sp.,

. Argyrotaenia sp: ¢ | S, Bonby x culatyix thurberiella,
Cadre cautella, %@lp?g%'{%’g q%’ ehm’é&?ﬂé‘?fﬁg}a ‘WSQ?)‘@QWS@BV ?ZIQ ”@’arr%ﬁ@ne

Corcyra cephal oftsoeophOyaism, Satdiftesr cf;@aau@ Sa@ﬂ;bhag@ﬁuﬁuml&@ioﬂbagana 15

I nt egerri

ber i a f er al hani a hyal i nat a,
Di aphani anﬁl ti dé?qrgoraﬁfi I Sg‘?aiﬂ’&?’b%zm’?‘ i F’?Q@O@EB‘E’%M a: i s, yEnlnom)s

subsi gnaria, Eormjpraroties bamrausaEmn@ﬁdta:ae:@bplteﬁidl \Wyedth@aBps Howevar s
Estignene acrea, Eulja s I ubri col a, EuPoem lia arrbléel | a, Eupr octis

chrysorrhoea, EQRPLSHeR ebihednveation Ryay F1Sodiq effestiyeadatnst iwsct pestsal est s,

~Harrisinia 20 angs bRrPRepibigdib@Os S rraib bHexa, AH@hé@)@VQ@H& A&évs Hel i ot hi s
virescens, Henmileuca oliviae, HOonmoeosoma el ectel | um phent ria_cunea,

Keiferia | ycopdPEfeaAdexoniygparans. Aosésinsien Liaharea piodiecas. AlserMiana
frscellarijg | ugiehfpss Ah%%%r&%ﬂé%a?é Q%ﬁé}ﬁu&%t nARRIa h5RFRE0E

sticticalls, Lymantria dispar, Macalla Thyrisalis, Ml acosona sp.

Manmestra 25 bradeisokesenerias Anthesne paimdt Alicneirigeamgtalisoivshine epat a,

Mand t | t
aroyia sp. . OufyPRVEenEnP A Tl Eer o okl BuccRTRP PR e 0T B

Pect i nophor a go$gn edutela, Bhosigjaméutsa ap ¢ Slochyisdiospes, @wm emﬂgemeer

bl ancardel | a, Pi I r a r atynota 30
fl ouendana, PI aﬁr@ﬁg@%@f?a{!%:ﬁ%aed ' ]gﬁ?ﬁ??@%g HB g”@?’%ﬁ%,%@dl a
“i-nterpunci®l | a, lrﬁewremaDglydimfynm beend?xsnDeamﬁrfon@dIis;é)iap?wiaﬂa}{aénaia

St 0t roga. cer eal RIS HEFES oRRI SR DRRREE A B RS (o noen o
5 August 2005 V\@Jbﬂ@@ﬁ'@ﬁ_ﬁrdaﬁjﬁllbjﬁﬁelsbhéﬁ& @utbya)d:&ams tdﬂénaeE@ﬁgdwmel lielia,
- Trichopl usi a n! ’acrefegyf qﬂ%e%f%&tc‘g?é Eupgecqryag%fguéﬂa E"l brsébtle Or]r/]e?o oteéaa1 padel | a;

Col eopt era,
- 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

9
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Sp., Acanthoscelides obtectus, Callosobruchus chinensis, Epilachna

varivestis, Pyrrhalta luteola, Cylas formcarius elegantulus, Listronotus 5

or egonenswe,02ob4sephi | us sp., Cycl ocephal a borealis, Cycl oggph@ltuaisz
i mmacul ate, Macrodactyl us subspi nosus, Popillia japonica, Rhizotrogus

maj al i s, Al phitobius diaperinus, Palorus ratzeburgi, Tenebrio nolitor,
"Tenebri o obscurus, Triboliumcastaneum Tribolium confusum Tri boI i us

Tost r anychis ur PLSET P FRANSNeDe OF RGP g TRBE HBRERS <. S enopsi <

i nvi cta; | sopt eXglongggs cuﬁwtsi a’pbmdmmwadm&peb)esptd@ta guLe;btmbtm fl avi pes,

Copt ot ermes f or ppsanus, te usticoll1s, [MeS connexus,
| nci siternes ni 'ﬁ%rﬁ ﬁ"H@‘?%fi 3‘?%?%@%’%&" @?%Wéﬁ’ E‘%”rr%
Cer at ophyl | us gedzr‘rue@ﬂ@,Pyﬂm&ﬁé IutélﬁraO@ﬁHé fm:c&mefayslﬁrumsemmydé a segnis,
15 Ctenocephal i des Cani.s, ﬁ ocepg I ides felis, Echi cnopha a gal linacea,

Pul ex irritans, O'RIABHEST 1Sitop ¥ec6pas/e ParapdisbYT9eePatanga penet r ans:

and Tyl enchi da, mﬁngsufatwemdrda@am §uB§;9@6§uTsaPo;5’ﬂ:§9éﬂ&1%h%sz%@}sr ans. In a
~specific enbodi ment, t he conpositions _of the invention are active against

i nsect pests of MaRESsABhiERRIEY d’%ﬁ%%cgﬁlaf@fratzﬁ@f@hJeﬁ”ebf'?)ﬂ"@f’far 20
Nenat ocer e i ncl pglgefrideodsalisi ?ﬁbc@d}ﬂ @S%@Uﬁ%fgﬂg@@nm%% Rligkae,

Psychodi dae, Sci aridae, Phoridae and ceto The abi |'i ty of
conbi nati on of @Wuﬁfcé”s%%“ |erﬁ/eﬁﬂg%wf”t’il§ Hfﬁﬁ‘ﬂﬁﬁ’s‘;tp@@@ﬂyic&if‘%iwf resi stance is

o econted'd o GolgsitanyEhts GiibhE yitbroRord RGPl BEmy MR s, SARLER, 218
and are not nea#ivicia) lgoptare, €.0e Rabediiermes hesperys, Belmiiteryes figtieased in the
clai ms appendedq, ﬁﬁtbfetrﬁx s FyABs ﬁ%&l z%%temgg&%%{%%b% Ndidsde of the

present inventio grmer Ci a Iy avai |l abl e
strai ns: VECTOBADNES/S, dnc:s!mnmsmlabr feiitednas imovignanat Siphondptdate.g., with a

For mul 611 on or _soroylSo5had Posb iSSGlus isclul Rehlobella Selle W 11 o

| abel potEncy otEteE?@canlrmﬂddeé' timig. Cidypoephbiides félbeEspmagphirgh@aiﬁhe@mni cal
concentrate of h s | is fiLrst inc ora mount of -
Coneranl o e PRER R Randaskld Bhedp RERRIFIS Por iR Bund B R

wil | and Tylenchlda, 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.

10
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depend upon the amount of B.O or B.s. spray technical concentrate in the 5
formula. The typical range may vary between 1 %to 15% w/w. depending

upon t he womtssed B. O or B.s. spray dried technical copegfikidiags: and the
type, size and absorptive property of granular carrier utilized in-the

~formula. In this exanple, corn cob granules of the size classification

10114 Mesh were used. However, other size ranges such as 10 5/8 Mesh, 10120

pesh, 10740 Ve Aol il bt B 9L MM Htlfor WS, RRIAAE o'

the granul ar carrier ina’s
bl ended until| hoomgeiratesofpackl atainiafirsbintaipoeated Btaaphew? atuAt & t. i . and

B.s. granular f ion.f nd b d-,,spectrum.acti.vity was
prepared. Pr e_fgé@%%@%gﬁ%gpghuﬁg%]%&@g@tvgg%%géqll_tiu?deerérhﬁ\e F’E’.‘L,"a%“&'} CTOBAC
CG and VECTOLEXd&gnd wmmnethe tirloumiest .07, ol B\se ppiy technival cormehirateiio the
formul ati on. The resul t.ant copbi nati on ranul ar nr.o t targeted to
contain B.%.i. g%rmi’%‘b }f%}y agpﬁgg%_n%gy ﬂ?t‘ﬁ%ef}s?‘@.mﬂ#%m%@ﬂhe carrier
utilized was 10déderdishumariie apuniler BliERR B sidpeay dictbatiied, S kg each of

| VECTOLEX CG and VECTOBAC were charged into a bl ender and bl ended. The
product mx wago’f%é'HaﬁeeE%‘\’/cgﬁeéﬁPe’ REGALAPSAPi RIRpYERS giandak Gatdsy f or

bi oassay. Tabl eyiilized @he f@nuideindfiRWiane, lddfh EVGaRGIES bPihe sifdl ch were used
to formthe product_ conmbipation Tabl e Raw Material % wt | wt kg/ bat ch

VECTOBAC CG* 50. B@ssifigatior MeshavergiisgdsHowevest alheneze 1anges stigh 8s August

2005 WD Ogy 065883 A&, Y628/1dsk020/80 MBI CArRl a1 duitabled TRRWIAFy hddr! at i on
with a l'abel potency of 200 |TU rT%U/Com"rerm al B.S. granuldr fornulation
Tiiz|y

with a |abel povwamé&hrayed guio te grankipy epgrier whitgasiing in esuitalie plandene B.t . .
and B. S. conbi ngtd AptheABRINASd WBhomogenous 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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tested against fourth instar Aedes aegypti and third instar | ex

qui nquef aci atus are shown in Table 2 below. |TU stands for international
toxicity wodxpesgaki ch are based on a reference material obckaRiMpgEeCi fic
10 B.O potency. In a preferred fornulation, the one to one weight ratio of
B.LL to B.S. has a potency of 100 ITU ng for B.t.i. and 25 ITU ng for
B.s., whichis equivalent to a 4:1 ratio on a potency basis. 15 Table 2

Sanpl eB. O. Pot encyBa ECTOSAC 185 LTU np9 . B. S. | TU VECTOLEX
4 1TU ng53 B.s. | TU %0"%%&%%%%?’{@3'%3’39@@6‘?’1 "r‘{{,ﬁﬂ&gﬁ?‘gﬁ’%m}f Exanpl e
3 The larvicidal conbi natfiWmgpr oduct may al so be fornul ated by conbining
“the required | evel s*,oé bot h BE# and.EB.fs. techni %gl gé)\/\ders in 20 the sanme
bi nder liquid, and t heRMHBF 8RS F/AGUB IOEBrIgiemy B Aders! RetegewalPdr carri er
such as corn cob or any BtshérU/sigi table carriers. To prepare the

~formul ati on, both spray dried technical concentrates can be slurried in
vegetabl e 0il binder liquid and sprayed onto granular carrier in a

sui tabl e bl ender andBishaes resllis' foPthB BIOANPHS, BERBMEHoH Sanbpledwidgust 2005
WO 02/ 065835 PCJTI US02/ Q4162 obtai ned. The theoretical conponents of the
combi nati on f or [R§FES FENstEJHtnsirndedsaaegupt’ aod thirdinsigr HexB. s. at 25 B.s.

| TU ng are provigpguéMciall e sRodeinomibiea Bhpy3 |$U%%H&W8Pi%f§rﬁacﬁgpa:

wt | wt kg/ Bat chPur pose B.t.i. spray-dried2.0020. 00Acti1ve tec
“concentrate orl ngcgmugm, which are based on a reference material of known specific

10 B.t.i. potency.
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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powder (5000 ITU ng) B.s. spray dried2.5025. 00Active techni cal concentrate

orl ngredi ent powder (1000 B.s. ITU ng) Vegetable oil

bi nder 10. Q@lRBs£¥3BI nder G anul ar carri er85. 5855. 00Car ri er pE¥gBydhidhhe
conbi ned formul ation may al so be fornmed by pre-mixing fernentation beers
or slurry concentrates of Bti and Bs at the desired solids or potency

| evel and spray drying the slurry mxture to produce a 10 conbi ned

techni cal spray, pﬂ){gﬂ uch a . for tion, the
slurry concentrai‘j fa'irf’eg con aepﬁe?gglgésbtgﬁ@oh?nt\%) th %%’B?“i‘?@é“rm‘”&%ttﬂf% act ants,
di spersants andcomthmmgtﬁi hidet $00 Mié&mgEna)\B. drated B.edhbimghkre ponidedlr at e or
powder may thena'gﬁlelétﬁél ed in fornulating a granular product as in

" Exanples 2 and ttabl e powders, water dispersible 15 granules, and
aqueous or non- aqueous concentrat es. Thaise3conbi ned powder concentrates
may al so be utili zetg—in ..u andf bri-quette —formilations— A spray
dryi ng experi nent QQE‘PBB?'? r med conblﬁl"‘ﬁ,d" Bt i| K9fRAtCHEs | PHFRASRt at i on s| urry

concentrates at v(aslf(pt@rgi)a@m@ﬁ based opp % soljixmsgo T evepclive €ach|of the
slurry concentrat(§§Eplﬁ i sl urrg cgncentratdg was first 20 preserved with

0.12% wt/wt of pol COBFBAfAC Shd 0. 06% wi|l wt of  migREdieBar dben. %

~solids in the presgswds (Bodo plusigy goncentratie were [11.3% w/w.
Simlarly, a Bs sl h Q0_12% w /wt o pot assiuim sor bat e

and 0.06% wt /wt of SriebM@Y dpafaben wdL-§R eser y@.0013 5| Agiest 2005 WO

02/ 065535 PCT/ USO2{RAiEA CBﬁEe[ﬁF‘d]é O?cl ids in the presefyed Bsislbrry
concentrate had a|nmean % solid 10.1 %wtijwt. Slufry mXxtures prepared
and their rations B@W%QBI("Q%OB@am s dre givenlin Table[4 5 Table|4 Bti and
Bs slurry m xt ures,mﬁbyat ed Materigll Rati01:/01:13: 11} 32:11:2 of Bti toBs
on solids basis

Vegetable oil binder 10.00 100.00 Binder
Granular carrier 85.5 855.00 Carrier

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
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preserved8. 85 Kg4. 42 Kg6. 64 Kg2.21 Kg5.89 Kg2.95

g slurry

concentrate Bs preserved----5.10 Kg2.55 Kg7.65 Kg3.41 Kg6.80 Kg slurry

concent r av®) PRassgasi zedl. 15 Kg0. 48 Kg0. 81 Kg0. 14 KgO0. 70 Kg@czfstiosiet er
Tot al 10. 0K10. 0K10. 0 K10. OKgl10. OK 10. 0K g The conpositions as shown in Table

4 were conbined and spray dried utilizing a Niro spray.

I nl et tenperature

ranged between 180 C and 10 190 C and outlet tenperature during drying

ranged between

100- mesh st anda

68, G ol

Sl eve

8 e EAPhEETE: a8ty BRER)BeE)

e siey

& HSE"

ged throu
L/‘gf Aedes

gh

aegypti and L3 Goligxof thul %onisftaSloiramidureAyeepayed potl ¢ehyrati@iscon solidepr esent ed

in Table 5. 15
powder s as
t echni cal

powder

able 5
af f SECEF by PR
powder potency =

Pot enﬁ:gql %?

nmonth 5 C stored sanples ) 20

Rat i oTheor et i calpfsieualAalUal-gheor gt cal pgtual A¢Hual o
Bt! Bti Bti Pot en¢ypgisbRs gRqy to
BsPot ency* Pot engygxppLssedPot ency

~of (Bs. (Bs.as %
i npotency in
02/ 065835 PCTI |

| ues of Bti
i os on solids basis.
7474 |1 TU ng. MeanBs spray dried technical
pos ency TabROBBBad BsBlnyimikires esn@edar e average of initial

+ Bs.

Spray

+Pot en

cyexpressed on

2:1
| TU ng

1:2
(I TU my)

of solldsthepreticag I TU gy LTU

theol

Eis

concentraie

.85 K¢t

333051

6B R T2 RS T 5E Ry

grical

pFasispot

ey | 2

slurry

Bs preserved

concentrate

5.10Kg

2.55 Kg

7.65 Ky

341 Kg

6.80 Kg

water

De-ionized

1.15 Kg

0.48 Kg

0.81 Kg

0.14 Kg

0.70 Kg

0.25 Kg

Total

10.0 Kg

710.0 Kg

10.0 Kg

10.0 Kg

10.0 Kg

10

15

20

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

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.

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 )

spray dried technical
Mean Bti

dried

and 2

as %
ency
005 WO

Ratio
of Bfi
to Bs
on

solids

basis

Theorefical
Bif
Potency*
(ITU/mg)

Actual
Bfi
Potency
(ITU/mg)

Actual
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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3:156066122109%581088144% 1: 318694769255%22732655117%

2:149835499110%40091479147% 1: 2248937381509%20202503124%

Mean37375Qefbméset8 73 Bi opotency data presented in Tabl e SpepyRadnsdéd
i nteresting but very synergistic increase in actual potency of both Bti

-and Bs over theoretical 5 potencies, which are, based on actual potencies
of 100% of either Bfi or Bs spray drled t echni cal povvders The best

conbi-nati on f ofxjznct &3 d—aqt tvy—o t csikslé' s—and X pM T ed 10 be
when Bti and Bs 31 T, )Bbgbonc 3 12% €s 109 Fri t 83 f %o;’ 2
C 1 I:l ﬁani 4 16 an 2%\ + 11 |[nn.
parts of Bs on|st S+S- e ; he-phest
2 n E. A T 4i Qnd ‘A!]. LJO 1 nArt Of

I
conbi nati on waswh a H Y
Bs solids. In .ﬂﬁg 3fu n;.ti r373E 35. Vﬁm/ ﬁ%@g 417%1NCregs 4r‘(“'°r

t heoretical po M‘f’ﬁ? 3%‘37rnrrhi rﬁoﬁ' the  Bti_ and9@e ||rr1f37¢3nnrpnfrm esiprior
to spray drying, Bti potency on average showed an increase of 35% over

nmean theoretical nean potency while Bs g_tency showed an increase of 24%
over theoretical mediopgtepei eéatepresenieddn dpbledriedeal@njatesssing Puivany

~advantage in Coeﬂg t e.ha%asé il FORAEPBI) HE Bl b WY V) 10 and

- further fornula ) e po wat er
~ di spersi bl® gr apofeaeigs, omhlcrpelrel basefdmmnt@al |pomcle$mé1la@%tof@68@|3ﬂ@’

~explanation forg y I e to the
fact that each sy!-’gﬁg‘ﬁrl ed %Igcal t|c % ;érgrb:éggc go%ﬁ gﬁogﬁagggge{loxi ns and
spores. In ot heactwdyde botthéedes archmiaXampBﬁséctwbmwmmBésmdﬁsrséﬂafal ed in

“oniy result i n SBaRveERERE polPE ot P oG bl BT BB PRERT SIS Y 0 "

potential for bBédehhapciaf the Bspetcany ehe bast gbimemation das wlmltwb pare

mana enen can achi ev 2 e oY nulatlon

appr’gach arrpfa’#eétés‘gﬁé "ﬁ)éqch‘ﬂ’YI] i{P@')(@F‘gﬁpof%r 2{5 réﬁ F%rﬁ BAPLPS be

55 gggr egol lnTU/ potercyf ﬁdg%@ﬁc?@seggﬂt?i_@l_%/ﬁﬂsalrpacbﬂcﬁveb cobtbtrir‘]ng\/ﬁ@T OBAC V\EG
. in the spray tan

and m xi ng unti ’3“?\%%8@%8%0%'\?63%@5%% Pea %W%I‘Qnéﬁ 6Y Slispensi on 15 5

August 2005 VIO 8dr8§S Sitswdddn 1AoR2/s0 41188% over mean theoretical mean potency

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

_i:
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-
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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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so fornmed may be del i vered to the target habitat by various application

nmethods. A liquid formulation is ideal for spray operations. Exanple 6 5 A

l'iquid foxoubasises may be prepared fromliquid fornul ati opgr@koz@agh
i ndi vi dual strain. VECTOBAC 12AS and SPHERI MOS AS (aqueous suspension

product fornms marketed by Val ent Bi oSci ences Corp.) may also be mxed in
water in the spray tank and applied by various spray application

equi pment . For myh %rin@g n%rytbé cé%l@?%debsthe ?a?%&m%bﬁé}%ﬁ%ﬁoaga%@eﬁw@t lon with

preservatives, stabilize actants I sper sant S is yet
anot her pr ef err@@fhﬁé@hﬁdf%@#fodﬁmlﬁﬂ@m ISn@eaimrrsptaymnegattooSt he nosquito
habitats. Exanple 7 15 The change in susceptibility of Cul ex

qui nquef asci atus | aboratory colonies known to be B. s. resistant, in
response to sel Examplabrith a mixture of B.t.i. and B.s. was determined in

the | aboratory in th on.re treat nent at

| ess thanastLC100 I eveFA (ﬁ’dﬁ%ﬁ%t:g%g(prgﬁ?rﬁahr Fh'é%‘éaf%@uiaggf‘%?ant to B.s.
was started 20edchdndisidsalegrair| CECTOBAS tzASemeﬁHEmMO@m dquasaser | agoon
of-a dairy in hi)\/\?terrgj u@'@ted St tteé pf 1%Ilecte S((sjae wer e
subjected to sBfecttonPHuE W%W@ §Eh¥MalEnpRIoPGIenees 'H@Yatl ons. At
the 40th gener aito ba mitdteinateniy tlsélemgl tankethddapphicd By variduy §bréy3$l stance at

LC50 and LC90 |evels respecti,Vv This_col ony was used for the subsequent
fosts 95 A 1 esPeA BRI STt otigiodh Edafbhist Rapts 2guemeii {1 cant

decrease 10i n supeepaiidi \}vitﬂi Mrés@n@hp@é tstabillzafs, Bafddidiitsl /lishersaritlat expect ed
for wild type @R’&ems aflvefolggwe nore decrease in
gl

al |
susceptibility neds ut aqog?ﬁrﬂ'%(ﬁﬁ'@. d medhraar g Bath toxiBs FhilE of
Economi ¢ Ent onDmesytitoVabitat87, No. 5, 1994, pp. 1133-1140 explore the
concept of resistance nore fully. 30 A susceptible colony is one which is
effectively killed by a particular pesticide. For exanple, in Cuiex

qui nqui f asci at usyxamdle § particul ar pesticide, Bacillus sphaericus, has a
measured LC50 value of |less than 0.1 ppm the colony is characterized as

suscepti BPe to that Theshargaie. suseentibiyokEuionosnyuprosyiaies S35ratay/ US02/ 04162
St ock suspensi oQgopes I@aoqug%re@ D¥edhth n91 rgsgonge% sgegiono\«[\ntllra’g in 20 m

of distilled water to mak % suspens m Xt ur és wer e by
mixture of B.LI. and Bs was determmed in the laboratory in the following

manner. Selection refers to treatment at less than LC1go 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.

16 '
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conbi ning-the stock suspensions in the desired ratio. SuspenSions were

"~ subsequently diluted as required for test treatnents. 5 The parental col ony

and the tefdeeasrati on were bioassayed by placing 20 I@b@,ﬁsml@‘qfipr early
fourth instar larvae in a 116 ml waxed paper cup containing 100

distilled water. One drop of larval diet (2 g of ground up rabbit peIIets
in 20 mM distilled water) was added per cup. The cups were treated with a
range of concentrati ither |arvicide a as_the
mxture. Five to sev g@&ég%pepglﬂf's E’SFFC%WP??P%HEWWQ%Q O?%deor %f-18. 0001- 0. 1

ppm vere uti | i z2@niliof diatitecbivaiasivayatieon Y%%L%p@ﬁﬁlbmrhkuﬁés wEGhadopgent rati on
was replicated I: n_each The treated | arvae were

Lo
hel d at 82-85 F. Orﬁl%'nﬁ@tté%ﬁoﬁg S@@S@aﬁ%@e q(;%@ed FRfiPh STUSBENIRNSIVETEr vae wer e

counted at r egu*slﬂjsequélﬂr)ﬂlcalhﬁedfdﬂ@q&*&! fol iRt Rbathientd. eat ment with the test
| arvi ci de._ Once all _*ar vae dl;gﬂ the concentrati on wherein 50% had been
killed cold be det et} PRigNta ’QﬂYW the tente generation weea bigassayethby LC80 | evel

with B.s. (Baciplhtisg 2sn£taeﬁnrd:u5ea$®rféurfh :a%?tam%l% mMiele eq&@ ravai l abl'e
|

-from Val ent Bi 0Sci ences Corp i. (Bacillus thuringiensis subsp.
i srael ensis 20 ?mﬂ@gé@ﬁlmlﬂbﬂt@% w&tﬁrvﬁlr@rﬁrosspblsmaéd@éé?- gof p.) were

' dt CTQL t
B (VECTORAG) T ap S el 20 Mot A b o Padnst B Mhcd by

treatment wit hCUPSIvere fkepias Witha rangefof Borcentratiaropiither loriside alone VECTOBAC)
for fivegmore gopeiad i ixdie! Pﬁ[altgggvéned’ﬁéreggéor’: E&%\Mn@l ueléer \/\Béé st five

generations of these treatnents ower nean € obt ai ned
for the col oni e&f Gl eprm wersaltiizad preably bidaseayl tyieldmwrtatitieson t han f or

.ei ther col ony pentss, ng an
Cher onsey auscamdfoditetiatohSuds bt ior TR R eaph i Srha9
illustrated by te#idElatvacvien rBlcgatasz) H/aTudeteaamedmfbmaleds ttioe decl i ne under
selection with : i nat.i [ t he nt five ner ati ons.
S & mugust 200t o AERERERRSR BbleAH ke BRE R T ti e M hona tat o
from t he 16ri gi nedatmehiogith e tsstlayicider @rgh SMAGva®aied, keycopbaftggionn t he
seI ect lon was tvﬂ?é[relh% )3 had 'beens I‘(ahéacf couclid Bg ldgpe\{m\llr\%sd.
' Colonies treated individually at the LCgg 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.1.i. (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.

17
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switched to B.s. selection after F1 Qto assess stability OP susceptibility

in the colony. Table 6 Change in B.s. Susceptibility in ppmof a B.s.

Resi st antywgQbh@Egss N Response to selection with B.t.i., /U f@axtures
LC50 of LC50 of LC50 of LC50 of LC50 of LC50 of TreatnentParental 5th 10th
15th 20th 25t h Col onyGener ati onGener ati onCGener ati onGener ati onGenerati on

B. O..0. 490. 3510. 205*0. 315*0. 366*0. 308 B. S 0. 490. 4520. 420. 420. 5540. 464 B. O
and B. S. 0. 330. 2730. 1030. 1530. 0350. 04 I ection was switched back to
B.s. fromgeneration 10 to 25. Exanpl he bi oassay procedure descri bed

in Exanple 7 waphisitdbld Sifsvd ﬁbta%deﬂhetdﬁgms@eséctbh%tmﬁmghlmzbI UfleOf B.s.
resi stant and susceptl bl e Cul ex  qui nguefasciatus colonies to B.t.i., B.s.

a 2:1 nixture dfeYENRNGE i tﬁe§9!ef§°rMé’§ﬁ aEe B4l 988 CiRsr@I Wt S ned for each
treatment. A | ayffched®RB. s SOBcHGH iRr FAGHS dRSs khdkitf &%L@é&ﬁﬂbﬁw iAr treatnent
can be used effectlvely at a | ower concentration, which indicates that the
‘or gani sms Sare thercelosdsceptible to the treatnment. The results are provided
in Table 7 below. As expected, the B.s. 20 treatnent gave the hi ghest nean
LC50 for the B.s. resistant col ony. However, the 2:1 ratio m xture shows
an inproved resialle Bydheangadn Bes Guscepgbilityan ppm diadB.B. Besisipaieolombith i n

suscepti bl e an%é#&‘%&%%ﬂg&bﬂ%ﬁsﬁ ngli;catd llﬂgd eg Ni gher susceptibility and
en

possi bl e synergi's € conponent’s are I ned. 25
Treatment LC50 of | LCB0of | LCBG of | LC50 of LC50 of LC50 of

Parental &th 10th 15th 20th 25th
Colony |Generation| Generation| Generation | Generation | Generation

B.L1. 0.49 0.351 0.205 *0.315 *0.366 *0.308

B.s. 0.49 0.452 0.42, 0.42 0.554 0.464

B.Li. and B.s. 0.33 0.273 0.103 0.153 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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Is 5 August 2005 WD 02/ 065835 PCT/ US02/ 04162 Table 7 Susceptl bility in ppm

of Two Laboratory Cul ex qui nquefasciatus Colonies to B.t.i., B.s. and a
2:1 M Xt uiyg) @foskksk - 1. to B.s. Mean LC50 Mean LC50 in Tr eaﬁ:@’@)ﬁsbﬂmﬁ?@ﬁl stant
Suscepti bl e Col onyCol ony B.t.i.0.0250.017 B.s.0.3300.009 2:1 B. t. B .
s .0.0110.004 5 Exanple 9 The efflcacy of a 2:1 mxture of B.t.i. to B.s.
on Cul ex quinquefasciatus colonies deternined to be suscepti bl e to B. S
was tested as follows. A m xed suscept—rlaB,I 8 col ony of Cul ex

gui nquef asci atus was 10 established froma conbinati on of egg rafts

col | ect ed from aSgdcepiitiility trhgpm wé $werlimbursitery CuvaydyucTansiaiind Celonied egg

rafts were individually far ] er cups each

hol ding 200 m tap water Mgg? gSJ %ﬂgtg%bfﬁﬁxégﬁlelowg@%grval diet. The

| arvae were hatched oultTredinesnt pupMeawdaCeo r emdesad Gsptro cups with water and
pl aced in screen cages, 15 where th | t.S r The @apdul ts were
provided with 10% sucriose solutip %‘?ﬁ’%a é&e;ce?q%\dy@ after energence,

femal es were allowed tjo feed on |eslonpi ned Colgtlys. On day 5 subsequent to
this bl ood feeding, vipesHton—fEups—were—Hntroduced+ntpo the cages to

- collect eggs. To nmai nt% h the co @ %in the qu; oratory, ¥4-5 egg rafts were
pl aced in an 20 enanel| gpgn contaihgrgg2 111t epgoof tap watler and 2 g. of
rabbit pellets as larjval diet. The sanple preparation cgnditions, bioassay
method, and LC50 det ardil i &S-we981{ he sam®-U%¢ those delscribed i n Exanpl e
7. The results are provided in Tabl e 8 Delow. The Tesults show t hat
overtine, the 25. test colony which was B.s. susceptible, becones |ess
susceptlbl% by Ekemplei% t h generation in response to treatnent with B.s.

al one, since the LGSR efficacy of a 2:1 mixture of B.Li. to B.s. on Culex

quingquefasciatus colonies determined to be susceptible to B.s. was tested

as follows.
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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val ue increases. In contrast, the 2:1 m xture does not show ?%e sane 19 5

August 2005 . WO 02/ 065835 PCTI US02/ 04162 tendency to the sane extent. This
fact is iwdaksdsby the data which, while showi ng an i npre@se/dsfs2L C50
over the parental strain, also show |less of an increase than for the
treatment with B.s. alone. - Therefore, use of the 2:1 B.O and B.s. mx

sl owed the resistance over tine. 5 Table 8 Table 8 al so shows data fromthe
original. sel ect kHenbyidné BAAB SRR OThis S idiRYic5BaBYGhé Bafalifhigig! ection was
that the m xture-sel ected colony was switched froma 2:1 B.t.i/B.s

(Vect oBac W\DGNe¥We showingpninsrease in Lgo ook the Rareelabsirainrpleg shaw lBss Tabl e 8
Change in suscepk LRkl . ¥ N A to B.t.i
and Bs. m xt ur ohn pickeake arffoPy yeBERRIAS AR CoTh e TE Re e

Par ent al 5t h10t h25t B2.0end Gos. oy Slemeddhe sEiermeaveoii®aner at i onGener at i on

B. S. 0. 0090, 0350. 0660. 1940. 124 B.t.i. And B. S.0.0090. 0240. 0280.0130. 044 15

Exanpl e 10" The fol |l owm ng experi nent was perfornmed to denonstrate the
utility of the mxture for controllingabledquitos of varying species. In

S, AL, 26 BTN ERE 8 Mg R s

gui nquef asci.at u©nmricy chepsindieg peiectionwanthgt thie asktiuce-salacted golooh svaser e

pl aced outside in. ] ste Jni t.ed t cati on.,,Jhe tubs were
filled with dei SHitched %8?'@%&" esh:(\?%%w/%%&g@gwﬁbégﬁﬁdpzui nea pig
chow. The1¢ubs wwixterd dedactidd aftefERted with 100 third instar Cul ex

gui nquefasci atus and 100 third instar Aedes aegypti. One hour after the
infestation, and just prior to treatnent, tubs were sanpled and the nunber

of larvae in a treblk SSENHge ih 605886ty df 4B WeSIBCcEstIb €8lonlth RBsmingea contr ol

value. 20

to B.ti and B.s. mixtures.

Treatment

1.C50 of
Parental
Colony

LC50 of
5th
Generation

LC50 of
10th
Generation

LG50 of
16th

Generation

L.C50 of
20th
Generation

B.s.

0.009

0.035

0.066

0.194

0.124

B.t.i. And B.s.

0.00¢

0.024

0.028

0.013

0.044

" 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 aegypfi. '
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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5 August 2005 WD 02/ 065835 PCTI US02/ 04162 Test |arvici des f Halded” VECTOLEX
CG (50 as. ITUng on corn cob granules), VECTOBAC CG (200 ITU ng on corn

~.cob granubvwesgzioasgdsa 1:1 mxture of VECTOLEX CG and VECTOBAENSH2/0432

described in Exanple 2. Each tub was treated with an appropriate anount of
one of 5 the three test larvicides, equivalent to a single treatnent rate
of 5, 10 or 20 |Ibs/acre. On the fifth and twelfth day after treatnent, 100

‘third instar Cul ex TH&RHEHESHLREYS valed ' | 0 aegypti
were added to each tub. 10 Larvae were %%E?(?rggrﬁ?ﬂgfnﬁj@gegw t he second

day, the sevent fPP @@pulgrl VIEGd QRALG C&a(R0R [Hdimape epmiqobarrames)edddet er i ne
how many were  elimhinie b PECTOEER B 8hA WRITIAL Bdied RRdufaThar ed to 1 he

nunber of larvae alive prior to treatnent. uctiron 1 ndicates that
all larvae werEx&npleed. Earhgule was Wreatedniiti aif appropriaie amoustiefonead i ndi cat es

that th 5 | IGj i L. TE i ded . l.e 9 bel ow,
i ngi cat ?ng]gs tﬁ;ﬁ(ﬁ'eft h%%f&%‘?%v@dg%;%rﬁwyéﬁm g?eg?eagﬁlgkéﬂar%%c%ﬁﬁﬁ §i%l?8ﬁl ex = om
~ qui nquef asci at ubséate. Aedes aegypti |arvae, even over a period of several

R A i P A R
in |larvae - redpdbquefasdidiuaandc’)athird Bestar/Aetdsarogaeli weldeadded td edch
B.t.:B.s. 510055&3_'8 B. S. 5957734 B. N. 51008473 1:1 B.t..B.s.101009891
| 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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B. $10814450 B. t.i.101009278 1:1 B. t.: B.s.201009790 B.°5J88¥&%
B.t.i.2010010076 21 5 August 2005 WO 02/ 065835 PCTI US02104162 Exanple 11

~ Anot her expabjiotssps was perfornmed to denmonstrate the utilipyrekoddigsz M xture
for killing nosquitos of varying species. In this exanple, the
effectiveness of the m xture and each individual |arvicide were determ ned
5 on Culex tarsalis. The test was perforned on nosquitoes in a waste water

pond of a WastEg:x@I@[@mtreat ment facility in the western United States. The
pond was extrenely polluted, and standard tests showed the presence of

Cul ex tarsalis. TalINOfSEg¥PANAN dpsguipaned frdetaensiralaiheatily of the edge of
the 10 pond wasyphb il ' | f acres in
size, for the purl}fogggmmy?ﬁ?%ggk?yﬁﬁ@?_r%'??g?' {rﬁﬂﬁ!{s%exépwt rit?r?ezeach t est
pl ot was sanpl effegheness ofitigiixturerand gaciniadividual lepdtideswersl detémminedach pl ot

were counged, tg @Rkl iscontrol  value. 15 Test larvicides were the
formul ations descr?bedé}ls%SExarrpl e 10, and then each plot was treated with
an appropri ate anoudhedgst s peffomned ohmasquiiesstin lhavasie ivdtes pordjof @al ent to a

single treatne : . [,&. S |l ed, fromthe
test plots on %%ﬁ§g§§gyegﬁ%nt h%gwg\/e@%%tehgyﬁgg%\gﬁiés'f%@P%%Wﬁs day after
treatment, to dedremelypolibted, alRDstendgrdeste seowed thal presencehd Quexber s wer e

100% r ecuct i on A€o ePAZPSARE B0 e A YRR SR BB esbr e mumber

- for percédt reguotivas divideciateesix plodg rangimg fraan Qiiciode? deares irkéiké, forlihe resul ts

are provided in Tabl eetﬁ_‘ aeltow, indicating that the 1.1 mxture of B.t.i.
to B. s. can cHMRHES &XYarsalis 25 larvae. 30 22 5 August 2005

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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st 200
WO 02/ 065835 PCT/ US02/ 04162 Tabl e 10 Aver age Percent RedUCtlgil-’}l Appl i cation

% reduction %reduction % TreatnmentRate in larvae - in |larvae - reduction

(I' b/ acre)way2dEdys 7in larvae - Day 14 1:1 B.t.:B.s. 59936 Beros®Aif0100

- B.t.i.5-254728 1:1 B.t.:B.s.10889665 B. s.10839865 5 Exanple 12 Anot her
experinment was perforned to denonstrate the utility of the mxture for
killing nosquitos of varying species. In this exanple, the effectiveness
of the m xture and each indivi dual Iar?/bﬁ 28 were determ ned on Cul ex

pi pi ens and Cul i seta incidens outdoor roadsi de ditch. .10 Two
‘'sections of a roadside ditch sepaerige®divert Rédugidy in the western United
States were the site of the study. The ditches were vegetated with grasses

and aquatic plants and received seepage runoff

froma septic system as

wel | as rainfal | | TrAafithaHt N2AEpIRVEIE A@dgbﬁad g, réBUEiGh Oy, and Vepet ation
was sel ected as [ he untreated contr ,. Each sijte 15 was popul atedfw th
Cul ex pi piens and Cul i sef aRpci dens |BtlavAg -t i én lervaey eat'REnetiongust pri or
to treatnment, each test pl@/Mep safphgd and tig, number ,gﬁar{@éyae in a
test sanple from each plot were coufted, to ogtarn a confrol valpue. 20
- Test larvicides mere of the fornulations descrji bed in degeay bed ip Exanple

10, and then twoyr gy g JEST SItEes re treat e(é3vvi1'n an g

B. s. 5 90 100 100

B.LL 5 -25 47 28

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

B.s. 10 83 08 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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appropriate anmount of one of the two test larvicides, equivalent to a

single treatnent rate of 20 | bs/acre. The remaining test site was
unt r eat edwo ®@o65835Vve as the control. 23 5 August 2005 WO Q%E%Eg&%
PCTI US02/ 04162 Larvae were sanpled fromthe test plots on the ourtzh day
and the seventh day after treatnent. The nunbers were obtai ned and
conpared to the nunber of larvae prior to treatnent. 100% reduction

oducti on | ndi cat es SHaATESY FER EABERCl ¢ R sabindFerc™

provi ded i n Tabsevebih Bay affer traaimérdaThagutbats wie dotdined shdicempdred. N. to B.

s. can control X piLpie and Culiseta incidens |arvae. Table 11 10
Aver age Percent%hgﬁgﬁlb%ﬁogllgé\?ﬁ%'ﬁf » FEgneRt Jﬁ)qﬁﬂre%uF@queg'Pﬁtﬁsﬂ?ﬁl arvae -
D?y 4|2 arvae - IhlylaVVab:\&e@.mlledBﬁSpddﬁ%&gBlbeSfo’k%g% F@mmitbreingiaat’ébe ef:‘]I i cacy
of a 2:1 rmgxtur s.. (VE EX) tqg B.O 15 (VE AC) was determined in
the fieldin th*g‘aFBWeH%((M‘?fgﬁ%eﬁr{@F.ﬂ‘&rfﬁé“ﬁse%’?%r?\é@‘%ﬁ kﬂac')ébéﬁ Hedowield in the
western United iBtizbidsg thatBRsHE infi@ukRs G BB, 4848 eSnie ICRIdisSsieds buf f er
zones between tes @gl(gts. At the tinme of the treatnent, Anopheles

freeborni | arva@WeHESeIRNEens 184Ya8 density of 0.5-3.0 per dip, according

~to a standard dip test. 20 Each individual larvicide, and the |arvicidal

conbination were applied at a rate of_ 12 | bs/acre by airplane, which
applied the granules at a speed of 85 Ta®atk per hour and with a swath

~width of 0 feet. Larval COU”tSJA\O@Fag?lP"[%F]Je‘HEﬁ%Qu@[bndays 2, 6 and 15
e

post-treatnent, and nmeasured gainst_the larva count of an untreated
control test plot. 29rgaEanésyl% sgdyctorsinontt fedudtigniie 12 bel ow,
illustrating that a 2:1 mx eff ive [ ar ag a positive nunber
for percent control q@f larvae i %?%%t%éy%haltgﬁfdﬁe rviciide does kill. 24

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.

24




- 5 August 2005 o
5 August 2005 WD 02/ 065835 Tabl e 12 Average Percent Reduction
PCT/ US02/ 04162 Treat ment % control of % control of % control of | arvae

atl arvae wig @r¢snsat Day 2Day 6Day 15 2:1 B. O t 0501000 Bpgy/Bez/s316218793

B. U. 10010090 Exanple 14 5 The fol |l owi ng studi es denonstrate the

susceptibility of various B.S. susceptible and non-suscepti bl e nosquitoes
to m xtures. They support the clains of m xtures as a nethod of

-controlling nosquitoes, and controlligg,B+® resistant nosquitoes. Three

of the studies also support the nethod of m xing technical powders prior
to fornul ati on #&verggaReressnt Redudtibhi cacy of a 1:1 mixture of B.t,i. and B,s.

For mul ati ons for rGontrolof 16 Reststagt——Cul-ex—eutnpguetasetatus Fiel d
Popul at i ons Corrpaﬁg%gttn%nkach % EBpHloht i oh AS@?\;@FOZPEI y. VREUIOLPE Jand Mot hods
15 A highly resigtant popul gtizreae af Cul exlaquenguef asci &iruse atas |i dentifi ed

in Wat Pikul, Bang Yai Distrfict,.Nonthaburi Province, |Thailand. | This
popul ation was treated with \F%Wi,?ous dose;HWG\/eCtOBac 1?3000 Bti |TU)

- and VectoLex WDG|@6b®B.fstd TU)sp0and a 1:1 fmepure of thegtwo Dbetween January

and Sept enber of 01. Follgw ng each treatnent, 20 popul ati on ¢hanges were
assessed over tif by di pping, and percent control of late instiar |arvae
and pupae was cali@ilsat ed Tor ggost treatnmegy days. ResggTS 25 Doses of
Vect oLex WDG as hi-ah-as 200lmy/nP. . resulted. in little or nao canttdol of this

popul ation.. Vect éHdc WG wad%Pound to pt 309 de contro| 90 25. 5 August 2005

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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- WD 02/ 065835 PCT/ US02/ 04162 at doses as low as 20 ng/n2. A 171 mx of the

two products was found to be nore effective than either product alone at a
dose of 2QrPdiesssabl e 13 5 Percent reduction of a B.s. regrgkdiladaul ex

gui nquef asci at us field population after treatnent with B,s., B. U, and a
m xture of B.t.i and B.s. TreatnentDay 2Day 7Day 14 B.s. 650 | TU @ 200

ng/ n213ndnd B. O 3000 I TU @20 ng/ nm28746-53 1:1 mx As, 325 ITU + B. t. 1.

f
Formul at) oca” poPR4aRRS BEf6ig S gt &l 1:7 Wihe Bt ik Ol o wed .o

Conpared to St apelaiote Bf_f@ct:vE@mamé:merpmduct ald¥id atfd ol of P0GIggmPAt eri al s and
Met hods Twenty eight artificial test plots were set up using wading pools
in the parking area of Miltononmah County Msquito Control District's

facility 15 at 5235 N. Col unbi a Bl vd,TdBgr 14 and, OR on July 27, 2001. The

pools were set qut in four rgws with seven ools per row. Each row was
designated as %eqeggftreg@?fw@&f&ﬁlé rgistagt &y% qwnugfaswawa fight h of

appr oxi mat el y 8poppidtion df@P tréainfint WitR P 4,18t Difld'd MixtSre WA (ERf; spHBRSY. This
depth was. mai nt ai ned throughout the study. Each pool had an approxi mate
surface area of .785 20 M2. Each pool was enriched with straw and rabbit
~chow (100gr.) tjo provide naBLhgkntand food for t'@gyfm q;ggytyo gEyvae] The
p00| s were | eftito-seasonthe h:\\llr:\hhlf chow-- ARY -9 lL.ow—nat ur al
popul ati ons of B£i&57 BUQ 0%t t oes to become dst abl Pished. A Artifidial

st ocki ng of t heB.tie¥0 fod@ 20 masi2done after the ljocal 8ﬁl10$qui t@ 25 p@jpul ations
failed to pl’Ode?mﬂqgg@%ﬁUp_%l‘;@@dﬁ)@@\ Smi/A8 WOOI S ghoT thgg study After
this initial stlecki-nrg—populations—of Hex—pipiens—and-Culilseta—inci dens
mai nt ai ned t hensel ves by natural re-inf estatl on. Three fornul ati ons,

desi gnat ed AB%éﬁéacy\@%Qpé@ﬂ‘éi c&ﬁ%@%ﬁ%?ﬁﬁ@n@.%m&r ©6httdl of OBleR udy

ABG 6185 consisted of B.s. techni cal powd formul ated onto corncob and
had a. potEhcy ofipisgs gnd Cuﬁ@@ta fmﬁwmﬁamwg@s Feonulgeninns162
Artificial Plots

Materials and Methods
Twenty eight artificial test plots were set up using wading pools in
the parking area of Multonomah County Mosquito Control District's facility
15 at 5235 N. Columbia 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
VBCB60019 were compared in the study. ABG-8185 consisted of B.s.

30 technical powder formulated onto corncob and had a potency of 50 B.s.
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I TU. VBC- 60015 and VBC 60019 were combinations of B.t.i. and B s.

techni cal powders formul ated onto corncob and had theoretical potencies of
200B. t. i .¢pQ@Bossg3d TU and 100B.t.i.150B.s. |1 TU respecti vel pergkeigiuat i ons
were tested at application rates of 2.5kg]ha and 5kg/ha 5 conpared to
untreated controls. Four replications were done for each application rate
and UTC in a random pattern throughout the test series. Sanpling was done

by taking 5 di p Si t rd mosqui tp di s _and concentrating
Che Tarva cat STOnSRERRy s Bl R B erdBS A p iR BE LT aRE et e
preserved in altedindal powdefoimuigteddeto chbhchbetidasad theoictitalpatangias Lar val
the test product 2Bt BaE oLy AR OBAE508R: RIGtaPosbietoor, The ini tial
post - treat mentFohflEbnEWer RsitelrR agpinaticratédSIeBEkgRa ardBig/ARPr OXi mat el y
64 hours after the treatnent. Foll ow %@15 counts were done on August 27,

August 31°and &OMPRER Pdiikeatsd coslipise iouF replicationg werg Hergfor eaeitess was

det erni ned by epblstiahirate maurr@w@@énﬁoﬁlfpatt%rfrsitrﬁmq]rﬂ;hhtr@tta&%eh_@é.vae, and
pupae in-the pre and post-treatnent counts fromthe four replicates of

each test. Percent SBMPHOY Wagslopa by ialensdipy PrOPeRIdsHSpHgRdREd Ml | a' s
formula to the e bigpRRULRH EsHEeRRAIN tﬁ@[ﬁﬁeatcht\@ﬁﬁdg@éﬂqeResu' ts

- Following treatnent, nean populations 'n all treate eclined 25
rel ative to thétraiReree@npedit 5eHMPIeY Were prasarvakingledhphfariceantingyandower

(P=.05 %Ude”%p%ﬁwﬁa‘&hffﬁé&ﬁ% lQ%I %c!“u“r‘nts%&e%c&dgéﬁﬁ fLlifSLSzI LéfeLg%‘gHE”t . There

were nunerical, t not statistically signifilcant ferenc et ween
i ndi vidual tre@upadts. Initial reductions (3 days post treatnent) were

hi ghest overall for i |0 r ' Sl L ar ntrol was
30 seen fromthe fo?%&r&gtﬁﬁ g'tr":[| #ﬁb%ﬂé‘?\%&e%?%@? P@nfbgg&%%'%sqoﬁgy. Per cent
reductions fromntAugashzhtX)04t Theinitia/pbst- Geatnwendlanval wolialslveerd don@@n 5 August

L300 en e B A b 5 BB T o
of - treat neénts aburts wekgbbae dbn 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.
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Tabl e 14 Treatnent Day 3Day 7Day 11Day 17 B.s. 50 |TU33.155 17174.6 VBC

60015 (B.t.i. 200 ITUB.s. 50 ITU)65.197.297.281.2 VBC 60019 (B.t.i. 100

| TU B. s. W9 o2bkhs82. 594. 185.865. 7 5 *corrected agai nst UTCppagReh/ais2

popul ation nmeans fromb5 replicates Efficacy of Two B.t.1/B.s. Conbination
Forrmul ations for control of Culex tarsalis and Cul ex pipiens Conpared to
Standard B.s. Fornmulation in Small Field Plots 10 Materials and Met hods
The test site wgyg1oRICHRMIISocnt SR Ictio bf CA ! Stk EDBsiaaiagn R ver
near Yakima, Washington. Natural popul ations of Culex tarsalis and Cul ex
" pipiens were prig tC.lalmeeﬁollmmg@w&&hpmofVe@tmgrﬁmahZ-S kpbet'h was 6-12

i nches and renmai ned constant throughout the experinent. 15 Water
tenperature ranged between 72 and 77 throughout the experinment. Vegetation
was primarily grass with scattered broGile®d weeds covering - 80% of the
surface. plant rherght—was: 15 t+nchestR-heroht sCati ¢t onal |
grazed inpt he <it¢=,g bmv?\i\eg%gﬁﬁot presdn a’ﬁ%{i ngaytTh 'I[Dggp B?%yr:i C mgt'ter
was very high gstR&%ite. Predator pdpul &4fons #etle 20 dg§neral™™§ 1 ow i n

t he pl ots. The |vBrséoove.ta20@mias zadudonpleetle DI ol exper.gment sweit h t hree,
1000 square foQizpreispetrEteaireniymPHo wer-egsanpted-redizatiel rior
to theqapplicatlso%,édg?mgj%q'ffy %%gggg{ §E' ursgf‘ angfig dayg&?ftgr pt he
appl i cati én. Twisatrgctad pgainst TG based aaparwiaeuinesns rppd raplieatesrade 25 in
each plot. Larvae instar 1-2, larvae instar 3-4 and pupae were counted in
each dip. Three fornul ati ons, designated ABG185, VBC60015 and VBC60019
wer e conpar ed iEfficdny of tTuayB. LAB. Gd@abicatiosi FsrmdlabibnBfar contradafibiuéesd  powder

~formul ated onto L Wi \BC- 60015 and
VB G006 vir ¢ eERP AR A dJRges 859%%%%&??}ang"%é@?%&éﬁ@{"gg%?é WO 02/ 065835
PCTI US02/ 04162 $reshRietbPlofsowder s f ormul ated onto corncob and had

theoreticgl potencies of 200B.t.J,,/50B s. .| T nd I OOB.t.i./SOB.s. ITU
respect | v@l y. Ma{erlgsand l\hetlL:Jogs

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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Formul ati ons were tested at an application rate of 5 | b/ acre and conpar ed

to untreated controls. Data were anal yzed with Analysis of Variance. 5
Percent reduelossnss were calculated with Mulla's fornul a apgrhasgehien | arge
| arvae -and pupae only. Overall population neans for each treatnent™ were
used in this calculation. Results 10 At two days after treatnent, all
three formul ati ons provided significant although not outstanding control.

2nd 14 days was st BOR damiaERa B mtabtbnad Befelbaiboaiion: i on i 1
~replicate two obf2008.I0B0EadTVany 1008viiEOB.Y. ATU csspebidrety.hel ess, percent age
conc o s 1 OB laBh b e R e B P A el oL
any dlbf fer enCﬁ tloewveB giRedicoaRbIoE Dicta u;fate shayyz2d biith Ab@zysistdsm/éfaﬁcd gornul ati ons
were better t : rr erc uct i ons

cal cul at e% usi ﬁ]ge ﬁf%‘i}qc’%BBﬁWﬁﬁ ?%ﬂu'ﬁkgar‘&f%ﬁ‘ﬁ@@ BUB@@ aap SRDRA in Tabl e

15. 20 Tabl e 15Ia@éﬂé@§é@ﬂdlpﬁp§@6ﬁlyr@Wﬁ‘éﬂlwﬁu@ftoﬁ-ﬁrebﬂs faH ¢h tBiAsntand pupae
in small fleld ots fO||OWI ng application of treatnments at 5 | b/acre.*

Tabl e 15 Tr eatn"@ ﬁlﬁé? bom. B, s, 501TU50, 052 317.3 VBC 60015 (B.t 1i.
200 ITUB.s. 50 ITU)58.073.464.0 VBC 60019 (B.t.i. 1001TU B.s. 50

| TU)59.481. 738.4 25 Efficacy of Four B.t.i./B.s. Corrbi nation Formul ati ons
for Control of ReM#Serotatus taeni orhynchus Conpared to Standard B.t. i

Formul atiygn in Atk v adysPliek frelfihart] @l randmhnbdiodprieed - our

artificial test plots | ocated at lrenan, Sr., 30 Public

Heal t h Ent onol cigniiRestalimohnet edateatingisotselt dhe rite abSrbefd may Bavkugust 2005
WO 02/ 065835 PGH H$9u%PI§WRﬁ?§ él‘te Boﬂ{rblda’i‘ 7‘%@%4‘&513& v{aﬁq&dtg g:gn'{cﬁnlSt udy. The

pl ots werefllle to a proxi mately sal i ne
water. This deﬁﬂﬂ@emcﬂmmﬁladmd pQﬂulahugh‘o@pllttah@tm oicthe WS hagvety had an

approxi mat e sunfacs anfsh Hofethdidss, percentage control was higher in all the
| ' 15 treated plots than in untreated plots on day 7 and 14. In comparing the
formulations, there did not appear to be any difference between treatments
at day 2 but both the VBC formulations were better than ABG-6185 at day
7. Corrected percent reductions calculated using overall population
means of L3-pupae are shown in Table 15. '
20
Table 15 Corrected percent reduction of L3-L4 Culex larvae and pupae in
small field plots following application of treatments at 5 Ib/acre.*
Table 15
Treatment Day 2 Day 7 Day 14
B.s. 50 ITU 50.0 52.3 17.3

VBC 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
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Energent grasses and a sandy soil substrate were present |n 9HS P ts.
Wat er tenperature averaged 75 degrees Fahrenheit during the study

~Artifici avolopfoessgati on of the test plots was done prior tsciakézdoalez
treatnment and every other day following the treatnments. Approxinmately 1000

third instar Cchierotafus taeniorhynchus | arvae were added to each plot on
each infestation day. 10 Five fornul ati ons, designated ABG6138s, VBC60015,

VBC6001 6, 0 nd VBCROO 6138s
- consi sted of BC?QV’ IL%”?@WH? @@lzeédﬁk%&f‘@fgﬁﬁ ﬁgt? ‘@%r%eg‘ﬁ%% ncé%plﬁﬁ)c? had a
pot ency of 200 dpiptoxirdtely 67BEhCH0 Hpt saiiea@d6 Th\@ﬂﬁﬂﬁh&sanaintdﬁ%@d 60019 were
conbi nati ons of,B. U nlg Bllué E chnl?gﬁldgowders f rrru ated 15 g?ttzo cor ncob
and had theoretjtpE:’éljﬂh‘b‘gtt ek 5RChpEN? nfgfefgmgna FHjfaCe 8801 ¢t 125B. 5.
For mul at1 gus. e & oot b gt @‘ap“m@:ib???“fe ‘3"?“"9%@7”“‘“““ o
un'sj rtLaﬁ_tC ed cont rWSLer?Wgr;ﬁUéep;L‘%as?ﬁ%?a%rgss t\gg;@“h%‘ g‘é’%@nﬁﬁzﬁ%ﬁ{? f:ati on rate
an in a randomapicla® infledtiionUeries! 1Bt déiRd privsg & anpl 1 ng was
done by taking 8 dips per plot u5|w§"esst and Sard rmsib ui t% d:glpers Nunber s

‘of larvae col | draaimertasmevsprothebiayiolening ficreptentsniARPEPXIDaIY i ng was

done 1 day fol | qmyorsird .ﬂhﬂak@icme%@ﬁ}s%m&hmusnd@aé R adddittoleapRat ed on
days 2, 3, 5, 7, 10, | ow ng treatnment. Control success was

det ermi ned by dﬂ‘h‘p’&‘rﬁﬁ‘f@ 'ﬁ'f@ﬁ@ﬁ@n g8y.l arvae 25 collected in treated plots to
nunbers. cgl | ected '@M&@&Eﬁdﬁﬁésgfﬁé&mbe1mwcéomwavaeed;m ated for

each treatnent using the ornmula. % nort altx é#larvaeln
control - # of V%@&%Slandtvww&twwe#omﬁxﬁdenthe stgdnit ABG-BBOResul ts  One

day after U1 eat dnakio AP YR Boidhds (hABSS o Uondll Srstiggry T cant |y

| ower than in t erce uctions on August
2005 WD 02/ 0658359@‘5[2@0)8[:‘@411’32 %6&&1@%66&8&67‘@8@6@&@6%0&15 to 98.5

o oo oS e MSRERRRL L L SSRGS R e R e
day 7 of mshe stardy coratdleand hid theorétival prdecses of @0ABTa/50kR el ITHed rapi dl y.
Three of the copnatdMe 1Tu, 2008.£4/25 B.s. ITU, and 100B.£i/50B.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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5 treatnments, VBC60015, VBC60018 and VBC60019, provided significantly
hi gher overall percent reductions through the course of the 13-day study
( LSVEANSSondossg3s e conpari son test p=0.05). Percent reduetCirass2/odbéy ough
day 7 fromtreatnents at 2.8 kg/ha are shown in Table 16. 10 Table 16.”
Percent reductions through day 7 fromtreatnents at 2.8 kg/ha Table 16
Treat nent Dayl Day2Day 3Day SDay 7 B.s. 50 |TuU84.958.851.671.714.8 VBC 60015

B.t.i. 200 ITU/ . 100
[ Tu 8.5, 25 1TUf sl Zéfzé\f@ﬁ@@ﬁ%ﬁé’ﬂ?%% HPESOERLIEE 25
| TU) 98. 565. 764. ¥&0e 83 8ignBcard aifieter(@stbetweerObe treainB:ds 0B ¢his day. The

| U 91 367. 162 Tl A48 dniflhba [SLBIFDRER Shishl 357 7 TRDAui SePor at ed by

ref erence.  The 1on 18 TTrustr e foregoing
descri ption andwmmxheapercéi’n‘te:oﬁm{eiy@hmy rdapsﬂyl“ﬂireenfim aombamailed as a non 15

limting i Iustrat tio beco to those
skilled in'the HP? %ﬁ}gk%?pg?%(\fg@% ﬁ?%@d@ Wé(ia%g ﬁ%gafr{?%ﬂ I3</ar| ations
v(\:llh thin the ngpmg@@dpwatrpérc@it rédestiony enoteth m][e@bmehﬁtlﬁmwaaﬁdtudhere;)y )
anges can be i e osi tiqn, er e n_an arra ment of the
met hod of the pﬂg%@ﬁf‘ﬁﬁégéﬂ@ﬂggCB@Q@P?%@E?%‘?OJ#% f%“?/ﬁnttﬁ‘%f{ﬁcpgéspartl ng from
the concept andﬁﬁ'@@@ﬁdé}f?‘frm tieatAets @ 2 Bskghed Areaghownnn Tablef1@. | owi ng cl ai ns:

31 5 August 2005 C ai ns claim A method of preparing a composition
conprising a combi nation of a strain of Bacillus thuringiensis subspecies
i srael ensig andTaptteaPercaht BaGétondShroBGNasy 7 Glem BdtRIchE 412.8 kghat eps  of
fermenting the strains separately, concentrating each strain to the desired
solids concentration or activity, contatie ﬁ@ the concentrated strains to

forma slurry nixture angmE,ay dryi ng [;arge ST HEEY [M oehydr € TPay)d €] dpay7

i ndi vi dual parteles_which-contatntoxinsfrombot BaciLHus—thurng-ensi S
- subspeci es isragiseﬂ)s]rlé and Bacill us sphaerqd't? EgBThe stlhod offmcl ai rr413

where the parti ¥YBes0HP .08 TUM.sv & iTHLIS n'ii9§qw t @.8lar vi @6-8e prddact f ot
sel ected from t iyBcGbABTE R ODeITEIE S A1) | 07 G/ €S, FEWIeT o3 WeTT agleP gragmy es

or dry Tl owabl e ta ot Soat b5y 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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pellets and |iquid suspensions. 3. The nmethod of claiml v\,héI (Lallsn ﬁe

particles are mxed wth at | east one nenber selected fromthe group
consi'sting of other pesticides, adjuvants, oils, pre formed granul es and
extruded pellets. A product produced by the process of claim1. 5. A nethod

of controlling Dipteran |arvae corrpr'bE]ii ﬁg I ntroduci ng a
| arvicidally-effective anobunt of a p t produced by the process of cI aim

1 into ar\,\gra/dr[honnent containing Dipteran | arvae. 32

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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