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METHOD FOR CONTROLLI NG PLANT DAMAGE BY | NSECT 5

HERBI VORES FI ELD OF | The
invention i WO BM ed to a nethod for controlling damage ‘%E%%‘ng%\*ﬂ ife by

I nsect herbi vores. In particular, the invention is directed to such
met hod which is safe 10 envi ronnent al | y.

BACKGROUND OF THE | NVENTI ON Agricul turists, such as farmers, orchard
growers, gardeners, florists, and plant nursery operators, are al
victins of the econom c ravages which result fromthe 15 consunption of
pl ant foliage by various insect herbix? such as beetl es and

aphids. Heretofore, the principal netiGd Tor controlling the danage from

t hese sour ceMEHEODFOR CONTRODLINGPLANT@HAMAGERY NSlECT t 0 t he
foliage. Insecticides arc - effective and econom cal in a superficial
sense for the control of such pest§3$$p t hey are econom cal for
killing such pests. However, alnost all of them have 20 severe ecol ogi cal
di sadvant ages. For exanple, nost of the pesticides used to control
beet| es are poi sonous not onl y tEHIELDIGHENVENEFION so to wild aninmal life and

birds as well t he pests the t ended,.t 0, cont o . nth re, they
are al so ﬂﬁdp‘éﬁ‘} Henis dirget e?l"glr} |"l‘?§'§‘g{“§g dafiage {S’sp aﬁ%ﬁg e'g%&gnd
bytterflies, %%r@sd%gmmar memveﬁtﬁﬁqmrewekb s5h fieBudwlRh asfd he praying
mantis. This latter effect haS become so 25 w despread that the honeybee
popul ati ol n envirorsméntadly. St at es has been depl et ed by 20-25% i n recent
years. Such reduction in the population of honeybees, as well as

other pollinating insects, has in many I nstances resulted in a substanti al
reducti on I n the agri BACKGRE oo & NTION t hat depend on i nsect
pol li nation, such as fruit trees eget abl es %nd flo species. 30

Though t her e aheriquiingists sephes frmersArehgrd g W B SaiiRaeEh Hetsts, A such
ecol ogi cal  dangge.. §H05&< R HOASAY oF il REHRNL F¥adtPhBicRXRER FbMIhaNd | ess

15  consumption of plant foliage by various insect herbivores such as beetles and

aphids. Heretofore, the principal method for controlling the damage from these
sources has been the application of insecticides to the foliage. Insecticides arc
effective and economical in a superficial sense for the control of such pests in that
they are economical for killing such pests. However, almost all of them have
20  severe ecological disadvantages. For example, most of the pesticides used to
control beetles are poisonous not only to humans, but also to wild animal life and
birds as well as the pests they are intended to control. Furthermore, they are also
poisonous to beneficial insects such as honeybees and butterflies, and predaceous
insects such as ladybugs and the praying mantis. This latter effect has become so
25  widespread that the honeybee population in the United States has been depleted by
20-25% in recent years. Such reduction in the population of honeybees, as well as
other pollinating insects, has in many instances resulted in a substantial reduction
.in the agricultural yields of plants that depend on insect pollination, such as fruit
trees, vegetables and floral species.
30
Though there are many organic farming methods which can reduce such

ecological damage, those methods are frequently more expensive and less



2 effective. For exa Ie the pI ant| ng of crops which beetles do not
feed on in the Vi c “ﬁtﬁisﬁg¢mpl&eM| ch are attacked by beetles and
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15 Inits broadest aspect, the invention is directed to a method of repelling insect
herbivores from plant surfaces and also deterring them from feeding on plant
surfaces. More particularly, the invention is directed to a method for repelling
such insects and deterring their feeding on plants by applying an aqueous
dispersion of polycyclic quinone or precursor thereof to the foliage of the plant

20 and/or to the surrounding soil in which the plant is rooted.

The invention therefore includes a method for reducing the infestation of ground-
metamorphosic insect herbivores on foliated plants comprising applying to the soil
adjacent to the plant, prior to emergence of the adult stage from the soil, an

25  aqueous dispersion of polycyclic quinone or precursor thereof.,

The invention is also directed to a method for deterring insect herbivores from
feeding on foliated plants comprising applying to the foliage an aqueous

dispersion of polycyclic quinone or precursor thereof.

30
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surrounding soil in mhlch the pl ant i s rooted. The invention

t herefore includes a RYENTION of ground-

met am)rph05| c Agﬁ‘ﬁi@ {i‘epgint\éﬁ&es on f ol | at ed plant scorrprl sing applying to

t he soil € plant, prior to energence of the adult stage
feom t he 50|I mmm&y&p@lﬁy@ﬁb@ﬁn&@i%ﬁ%m,g%none or

pr ecursor .t her eof . The invention is al SO”dI rected to a nethod for
deterri ngl ns dRYention. s uspdliersin, s term “polycyelisiquimone’ refstsitebisyclist ant s

conprising ap %Wcﬂtgaﬂdq%&&gcl{cgbﬁcﬁgﬁd Fig GRHGRY ﬁnc?t?&droqqinﬁgeq.zf S [F polyeyclic
gui none or precursor thereof.
precursors thereof. On the whole, the non-ionic polycyclic quinones and
polycyclic hydroquinones ( herein referred to collectively as PCQs) have very low
solubility in water at ambient temperatures. For usc in the invention, it is
15 preferred that such PCQs have a water solubility no higher than about 1,000 ppm,

by weight.

However, as noted above, certain precursors of such PCQs can also be used in the
invention either combined with the relatively insoluble PCQs or by themselves.

20  Such precursors are anionic salts of PCQs which are water soluble under alkaline
anaerobic conditions. However, these matetials are not stable and are easily
converted to the insoluble quinone form upon exposure to air. Thus, when anionic
PCQs are applied to plants and exposed to air, they are quickly changed to the
water-insoluble, more active quinone form.

25
Among the water-insoluble PCQs which can be used in the invention are
anthraquinone, naphthoquinone, anthrone(9,10-dihydro-9-oxo-anthracene), 10-
methylene-anthrone, phenanthrenequinone and the alkyl, alkoxy and amino
derivatives of such quinones, 6,11-dioxo-1H-anthra[1,2-c]pyrazole,

30  anthraquinone-1,2-naphthacridone, 7,12-dioxo-7,12-dihydroanthraf1,2-b]pyrazine,

1,2-benzanthraquinone, 2,7-dimethylanthraquinone, 2-methylanthraguinone, 3-

THIS SHEET HAS BEEN
REPLACED




2A 3
BRI EF DESCRI PTI ON OF THE DRAW l\lﬁusShcctHas-E@Qﬂ@ﬁlm ng consists of Figures 1(a)

through (e) in which various part forms of polycyclic quinone
active material [3(a) through (e) 'Mlm M schematlcal I;/ 5
DETAI LED DES¥® N OF THE | NVE Pol ycyclicP 1.
Conposition: A wide variety of pol ycycl | C qui nones can be used | n the

i nvention. As used herein, the term"po ycycl ic quinone"” refers to
tricyclic 10 m&hyldﬁlﬁ@dmne;@mqmmrﬂhaqmmndaﬁ@/t}mﬂpuxymthwpmase vfl | as
precursors thereqgf. On the ol e, the,non-jonic .polycyclic quinones
and pol ycycl i ﬁﬁg’d?ﬁ?&@iqgﬁé?we%@%ﬂmmmmd%@ g@qwg cﬂ"%/ect ively as
PCQs) have Verpfefei Shudl el bypehrto BB iidke é‘!fecﬁ’sféb'l\‘iﬂﬁ'allyoccumﬁgﬁnperatures For
use in the invention, it is preferred that such PCQs have a water
solubility no dmﬂgmnmtmn&bwdas_we@@ sypthetidanthraguipiones. 15 However, as
not ed abov certain precursors of such PCQ can al so be used in the
invention & ther combined with the relativel y insoluble PCQ or by

themsel ves.  Other FUG wHIEIEEdnbE QbR iAdl@iediioRibicGanthtdquinosd cokfpQBndsBichh ar e wat er
sol ubl e under al kal i ne anaerobi c conditions. However, these materials
are not st abl esdifdibydsoxsaantirgquirpne, lcamine-pethigquinonenkechlorgwntimabingsd, none f or m
upon exposure [ . ) lied to plants
and exposed toi%l!&b @H%P%é/\g%ﬂlgﬁég%hgxﬁégnﬁ%F%’ I’jlflﬁlr&%&p\/\/at er-insol ubl e,

nore active quint@airdons sad unsubstituRdandraghicona Varonsiewt dérivatiieQEthedel ch can be
used in tf@ I nvention are ant hr aqui nonge, ant hrone(9 1

0- di hydr o-18- oxBaterials sag be pespared by ??éﬁlﬁy’l redictioninjaausqus alkal

In addition, a wide variety of anthrahydroquinone compounds can be used in the
method of the invention. As used herein, the term “anthrahydroguinone
compound” refers to compounds comprising the basic tricyclic structure such as
15  9,10-dihydroanthrahydroquinone, 1,4-dihydroanthrahydroquinone, and 1,4,4a,9a-
tetrahydroanthrahydroquinone. Anthrahydroquinone itself is 9,10~

dihydroxyanthracene.

More particularly, both water-insoluble and water-soluble forms can be used. The

20  non-ionic compounds are largely insoluble in aqueous systems, while ionic
derivatives, such as di-alkali metal salts, are largely soluble in water. The water
soluble forms are stable only in high pH anaerobic fluids. Low pH fluids (pH less
than about 9-10) will result in the formation of the insoluble molecular
anthrahydroquinone. Aerobic solutions will incur oxidation of the

25  anthrahydroquinones to anthraquinone. Thus, anthrahydroquinones will not exist
for long periods of time in an acrated environment such as that which is
experienced by spraying. For these reasons, anthrahydroquinone treatments are
usually implemented with the soluble ionic form in a caustic solution. Sodium
hydroxide solutions are prefetred over the hydroxides of other alkali metals for

30 economic reasons.
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25 phenant hr enequi none and the al kyl, al koxy and am no derivatives of
such qui nones, 6,11 -dioxo- 1H anthrall, 2-c]pyrazol e, anthraquinone,
1, 2- benzant hr aqui none, 2, 7-di met hyl ant hr aqui none, 2-net hyl ant hr aqui none, 3-
met hyl ant hr aqui none, 2-am noant hr aqui none and 1 - net hoxyanthr agw none. O
the foregoi NP®WIEIAC ket ones, anthraqui none and net hyl ant RS 0% are 30
preferred because they appear to be nore effective. Naturally occurring

ant hraqui nones can be used as well as synthetic anthraqui nones.

QG her PCQs whi gh Cofifiudstions &ds kniveinithi thesamdotibdrgans of stndhisets a capabjrounds such
as 1, 8-di hydr oxy-ant hr aqui none, 1-am no-anthraqui none,

1- chl or o- ant hr&gﬁpﬁfdh@ one sensing functipm rkor Qﬂﬁﬁﬁﬁi’qlﬁliﬁ%é‘m‘”n“ﬂm certainty

2-chl oro- 3-car 8%% ui none.
Various ionic deriva IVGQQ%HW?:M@B%&%{ S %g)é gsrf)srecetggﬁ)te}%ﬁ

catal ytic redus&n’smuftas\e acm@mmssnmlllk&ifact two or more cansesuhhytbemwolxadvm de variety
of ant hrahygdro ne co can be ysed n the nmet hod, of the

i nventi on. lggsel;e ?g‘ﬁ?wm hsi#s-of thefersgny qreans of sects B iShound-
refers to COWQ&M&d%@Q{e' e&fi’@mgﬂgéu lfd'nh%)fﬁil bfough fo-6el tiched by fhe S

9,1 0-di hydroant hrahydr oqui none, %droan hr ahydr oqui'none.

Ant hr ahydr oqui seseryiotgans ofthsm@cn. 'Ehraﬁlshﬁthe § kre sandange, the taste sensdvbr e

particularly, both. r-i nsol f or ns c n be used. The
15  non-i oni c“@&ﬁﬁgﬁ’ﬁ g?‘;ﬁ“r ﬂﬁ@‘i’ gﬁl‘@%ﬁg’%é%% effsr Y%?ﬁsa, whi | e
lonic de tdp¥iidnt, 6§ preféﬁ%ﬂ'tcﬂ?e dtisofBicieady st patticRaide Shat RS asthairgsel y soluble
In water. The water soluble forms are stable only in hi

anaer obi ¢ 19 ui a@sed_&huﬁmmrmweﬁequpmwgw ofrepellerwmymwesuagxpt will result
in the formati qui none.

Aerobi c sol uti gﬁ’scgwl #’q%rrxfg%fq'&g@e ati 6’28%%&%%’?%132%“'ganspﬁgé;%%%f?oqui nones to
ant hr aqui none. sufficigntlyeshiallrsies YAt R gan beaaal. W | | not  exi st for 1 ong
periods of time in an aerated environment such as that which is

experienced by spraying. For these reasons, anthrahydroqui none treatnents
are us Uab‘eﬂermﬁ)b&%@%?d:eé{é drifertal s‘l&b& theBbEut 50 biltrbfe@rsCaust i ¢

sol ution. Sodi um hydroxi de sol utions are preferred over the

hydr oxi desl®f otnnetbesdrquiatelyrsenseil and partices no largerlkani3® micrameters. arc

preferred. Similarly, smooth continuous surfaces of PCQ cannot be adequately

sensed; and, of course, if the PCQ is coated with anything which is non-repellent
to the insect or to which the insect is taste insensitive, the PCQ is ineffective.
Though, strictly speaking, for the PCQ to be effective as a repelient it does not
20  have to be in the form of discrete particles, nevertheless, the particles must be of
sufficient size or have a contour that contains areas that are taste-accessible. This

criterion is illustrated in the Drawing,.

The particle in Figure 1(a) would be accessible because it is sufficiently small.

25  The particle in Figure 1(b) would be less effective because it is too large to be
sensed effectively. The smooth continuous coating in Figure 1{c) would create
little or no taste sensation because the large continuous surface would not have
adequate access to the insects’ taste sensors. On the other hand, the continuous
coating shown in Figure 1(d) would create at least moderate taste sensation

30 ‘ because the protrusions are sufficiently small to be tasted. In this situation, the
PCQ in the protrusions would be effective, but the PCQ in the main body of the



2. Configuration: It is known that the sensory organs of sonme insects arc

capabl e of nore than one sensing function. For this reason it is not
known with certainty whet her the PCQs used in the invention are

detected by the insect through its sense of taste o }1%‘ o snel | .
In fact, twWOMPifle senses may be invol ved. 5 Neverth ’ﬁ%’g &tause of

the very small size of the sensory organs of insects, it is
preferred that the PCQ used be in physiéal formsnmall enough to be touched

by the ERABOWHulA be RESsopIf af 418 memé parfidietard brirdykd hswtacResft i cl es are
too large, the taste sensors tBCk up_the taste poorly, if at
all. Thus, forp&rimimm%l(%ﬁémehersem aﬁéorag%the particles mé*mpp@m it is

preferred to ﬁés?E wﬁ?ﬁﬁfbk Géc%&ﬂfl%’mx%%réfo&%ohpcﬂe%f@tﬁ@,e %%g& réa?uélé%%ﬂ e can be

10  sensed. € nore effective quantity o I n any
appl i cation i stht hower layer wouldbs leds abeessible and theraforedesssffedtive. Tiee t he i nsect s’

tongue; th s, it ul.d, be of ffIC ntly small, si.ze that it can
be tasted. f%regomg wsisshoys clgarly that gh "?:‘FP%@PH 152 fypction of] o5 | ar ger
than about 50 ghfORGBltickand abRMKlity D erm! 6 sherFRSRA. 9hbRAT L1 I €5 o
| arger than 30 rt#crorre?eré are typre erre? Simlarly, snooth
cont i nuous surdreidarge paiP@Pesdentiart thbmethdd gf mppbdagion. sensed; and, of
course, if the PCQis coated with anything which is non-repellent to

the insect or to which the insect is taste insensitive, the PCQis

ineffective. When the POQS bpphsa aﬁ&uy Yo penflate Bm, o0 sidelo® tR@aMicRs b ef fective
asarepellent It does not ave to be in the formof discrete
particles, %ev@rmmw@gmroime%anwcbp@@clmcampéw@esasmgle layesoffi ci ent size or
have a cont our Is Thi s
criterion is ilf% % %%E%rﬁiaﬂ?gn@ %?P&B%O“ﬁ{beeetféa}‘% %‘é&,@&& ?{hgl e in Figure
1(a) woul d be meticdsrddpplibmaumsitiple of;mmm‘ lhyets, esseatiallg Bﬁb' lhe t8layerThe
particle in Fi gursp?eetg) woul d, be | ess effective becau is too large to

be sensefodd getivg. yAn ipppart Wﬁ@&ﬁﬂnﬁu&ﬁéﬁgﬁié‘t‘?ﬁﬁ“ﬂﬁ“ﬁ%ure 1(c)
WUl d CT €at & thattne PEQ bb Eppted Bbotilols SHERAL RIORRR St lendrardic

conti nuous surface woul d not have adequat e access to the insects'
taste sensiérs. thonmngoﬁlftﬁ@pamdmbc discentinsnes, aﬁdm@onamncrc !tcda,tlpnglbﬂlovm in
Figure 1(d)

prot rusi ons arpgmgi?f‘ﬁ‘] e&?‘gsﬁfaelt@h?ﬁ&"?aw%? F%é?ié“e’ %ﬁf‘lgsoé l’teuat i gﬁcag ?\2 the

tF’EIQ i n the praiffegsveandst bOatlichiated? ks s, thi!ﬂiey'&:&ﬁanﬁ’@@as whithgremai n body of
e

accessible to the insects’ taste apparatus.

20 3. Physical Properties-—-Volatility, Water Solubility:
It is important to the effectiveness of the invention that the PCQ, in whatever
physical form it is applied, be persistent. That is, the applied active material must
be able to resist erosion by wind and rain and other environmental forces to which
the treated plant is exposed. For this reason, it is preferred (1) that the active form

25  of'the PCQ have a relatively low solubility in water so that it is not easily washed
off the treated plant surfaces, and (2) that it have a relatively high melting
temperature so that it does not undergo excessive evaporation from the treated
plant surfaces during exposure to high ambient temperatures. For thesc reasons, it
is preferred that the active PCQ material has a solubility in water under ambient

30  temperature conditions of no more than about 1000 ppm and preferably in the
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coating would be less so, if at all. When the particles are portrayed as
stacks of articles, as in Figure 1(e), it can be seen that sone of
the particl e‘é’OPﬂl'gHe upper |l ayers woul d be accessi BCEUSHH*MRer ef or e
woul d be effective; but those particles in the I ower |ayer woul d be

| ess accessible and therefore | ess effeétive. The 5 f oregoi ng anal ysi s
shows clearly rhftoft200-1606 psia.Cc YhexheltifietemperafutessTithe astive FCQ comysoneraf

both its configuration and accessibility. In turn, it can be seen that
t hese vari abl edould be at legst gbopiyl 505 g Prsferablat et PORE- on t he met hod of
appl i cation. When the PCQ is applied directly in particulate form

the size of the particles can 10 be readily controlled. Wen such
particl es are EwephenithaactiveFiOQunatetial pessessés the above-dgsanibedpkefgredsubst antial | 'y
all of the PCQ wquld be effective, However, if.the . particles are
applied as Sac%‘_?'?%i’@pﬁ‘f'%gfet’?%?’?l F‘&&ﬁg’&l""é’g@_&ﬁﬁ“&‘f q’e?a‘ﬁﬁftfg?slﬂf@kt op |ayer
woul d be ef f eGlihdte wello the Pkt saithceds MARkh itQf agplibd PHIRk ¥ FurRtibPofithat it is not
| mpor t ant ___that the PCQ be apﬁl.l ed as continuous covering. To the
contrary, it idiffé¢rentsenface peopertiesof the foliageand the®CE¥ mataxipl p Mthen ties be

di sconti nuous,_ at least ,on mero .scale., to enable, ... fanctional
exposur e of ¢ IS R Pirhgs bt thet g formiatatod copAD adsicking agecp dend

ef f ecti ve nustmdiial whichiitef ek @6od ddBesidito HRIBEGsHRidahd Wheymikedivith thear eas whi ch
are accessible to the insects' taste apgarat us. Physi cal

. 20 3,
Proper t i ed0- - petivermateria) caupgs the PCQ tqasfhere g the substrate more finnly. (Ryefetratht "t o t he
ef fecti veness . | | rchiuBo'E\R physi cal
formit is apﬁﬁﬁgké'téé,]&gg@ég} ?%pgh{l%ﬁ%?g %:,’gﬁ mthr‘\lgo app%’%ﬁ naogtﬂllevvéater;at erial
nmust b eéheadfkom, tfarmt polgmherar oass edhichys highlyl adhesive @ithe glad safdeer
envi ronnment al f s to.which the treated plant is,exposed. For this
Ceason, it is % B pastelesRf tiaastive meseral Byl on e pidng Surtags. SURIRO have a
rel atively | owigiqhddpehts tppidally ¥iAh a SRall diRdunt bf suFadkidk did@Weli ¥n @shed
off the treated plant surfaces, and (2) that it have a relatively high
mel ting 15 aguaepepheseire so that it does not undergo excessive evaporation
fromthe treated pl ant surfaces during exposure to high anbient
tenperatures. For these reasons, it ~is preferred that the active PCQ
materi al has @ giefinebadviaitigd of tNREQ cotisbRhdsaptticiEiive Békn testedfpais@inthe

condi tions of no nore than about 1000 ppm and preferably in the
invention is that they are essentially non toxic, i.e., they have an LDsq of at least

2,000 mg/kg in rats and preferably an LDsg in rats of 5,000 mg/kg or higher.

20  Because of this low toxicity of PCQs, they are not toxic to most insects or to
birds, animals and humans. Moreover, the toxicity level is sufficiently low that
any active material that becomes leached into the soil will not be detrimental to

the normal constituents of fertile soil layers.

25 B. Coadjuvants:
As used herein, the term "coadjuvant” refers to materials which have a bio-activity
different than the polycyclic quinones themselves. Such materials include ﬁ
fertilizers, fungicides, growth regulators, pesticides, herbicides and mixtures
thereof. Both liquid and solid coadjuvants can be used in conjunction with the

30  polyeyclic quinones of the invention, depending on the manner of application.

(See discussion below.) It should be noted, however, that the use of fungicides,



7 range of 200-1000 ppm The nelting tenperature of the active PCQ
conponent shoul d be at | east about 150C and preferably at |east
200C. Even when the active PCQ material possesses the
above-descri bed preferred 5 physi cal properties, the materjal my have
poor persi sWMBATH4cause it does not adhere wel |l t% '@Pﬁht
surface to which it is applied. This is a function of the di fferent
surface properties of the foliage and t®e PCQ material. Wen this

occurs, it is phiticidaeandtesticitdsas adjivaintstisueot beefoitell dtdanst of dretpaisonaus " st i cki ng:
agent", i.e. material which itself has goqd gdhesion to the

, a :
substrat e and namerefisusteadiuvpaty, On the pther hand; the usedhesewith of ferfiizess ande PO to
adhere to the i : . cKi ng agents are
aqucous. pol yrmi P rveRlaforsBiek it L i natupe Sk
t heref rom f oradmixtresd whePCQs.mass which i s highly adhesive to the plant
surface and holds particles of the active material firmy on the
pl ant surfdce. Such I atex sticking agents typically contain a small
amount of surf@chaditivét ssol ved in the 15 aqueous phase. A
di stinct advantage of the PCQ conpounds whi ch have been tested for use in
t he i nveAstusedhherein,tthetern Fadditiaest refess tnmatatidly whichaugmentthe i . e. | they have

an LDjerr] of | east 2.000 Mo/ kg ip rats .and | n LD err]
inrats of 5, G%%“Wﬁ“?ﬁ%tpe ?19’@9?5‘89’_‘32%%3 ‘%‘éegg?f%gmo‘?'hlr}h‘llog’{q?gg/ﬁ\%%ﬁ%éﬁ%t y of
PCQs, they ar gaidbiolalii§. ThesRiclude SSchGhaterfals a6 Surfactants, Weéttislsagemni mal s and
humans. Moreover, the toxicity level is sufficient]ly |ow that any

active nmatl@ri alefoaming agents sitendersastickingiagants, penstrants, plagicizersnantivelarsdet r i nent al
t th | ti. t f il. ' : 25 B.
0 ® "BlelRthg SRRR! diful0 Bohys Wphdenifs Aihls 3},@%@&&9.

Coadj uvants: erern, Coadj uvant™ refers to

mat eri al s which have a bio-activity different than the polycyclic
qui nones thensel ves. Such materials include fertilizers, fungicides,
growt h regul atiyrMethods of Applicationie i ¢j des and ni xtures thereof. Both

l'iquid and 50'/&Qeé}gﬂg%yxib?ﬁﬂftﬁeﬁﬁ&ti&ﬁié#ﬁﬁ%éaﬂb_@%li@&‘fot 'r&mnwptaatsta.h? 30

pol ycycl i ¢ qui none e 1 nvention, depending on the manner o
appl i cati df. number qf Siféerant forws andonethals ofiepplicatioph Borl examplesthbe BAQ however,
that the use %]::ti\]:eunq ci:rfail gaensﬂe formulated in the form of powdery solids which can be

applied by conventional spreaders, e.g., trough spreaders, such those used for

planting grass seed, and by centrifugal (spinning disk) spreaders. Still in powder

form, the PCQs can be sprayed as powders, either neat or in combination with

20  solid powder extenders and/or various coadjuvants.

Likewise, when the PCQs are in powder form, they can be dispersed in a liquid
media, especially water, and sprayed as a liquid suspension. On the other hand,
when water-soluble precursors of the PCQs are used, they can be dissolved in

25  water for dilution and then applied by spraying in the usual manner. The aeration,
which occurs during spraying is sufficient to convert the soluble salt to the more
active water-insoluble form. In both of these techniques either solid or liquid
coadjuvants can be used. For example, water-soluble coadjuvants can be
dissolved in the liquid medium or water-insoluble coadjuvant particles can be

30  suspended in the liquid medium along with the PCQ and/or PCQ precursor.



8 pestici des and herbicides as adjuvants is not preferred because of
t he poi sonous nat ure of such adjuvants. On the other hand, the use
therewith of fertilizers and growt h regul ators does not appreciably
reduce the benign nature of their adm xtures with C.
Addi tives: WOMTKs ysed herein, the term"additives" rngﬁ]s%78§1ﬁ%t erials
whi ch augnent the ef fecti veness of the conpositions of the invention,
but which do not by thensel ves h8ve bi o-activity. These include such
mat eri al s as Ingedendl] quite dilutaapglicatibna ofthé BCQI & plant afrfaassiangp thggrdiiad ext enders,
sticking agents,_penetrants, plasticizers, activagors, ... .. spreading
agents, di | ueit dfechyrdpaterinsgst damage Forgxarppinithe appcatin.of liquid D
Met hods of | L O8taini li I - A9pcek RMRRkdon is that it
can be applie ﬂf%%?gmtgn%ﬁagﬁs% @@gp@%yﬁl%gngere (c)%nh%ieﬁée{r ent forms and
met hods of appduce afseacd damégerto swayplhs. AtieasPSO) ppm is prefaptedy 8imitatler i al can be
formul ated in the formqf ery solids which cap. be applied by
convent i o(ri?al @%?@H%WQP?LQ@S¥QW%%H°%3@ _?a§’_,b6§ Eﬁ'v?%‘leéerused for _
planting gr a%ﬁqeﬁﬁﬁ@?eﬁﬁﬁgeﬁﬁewaﬁdég%d(vﬁﬁ’hﬂﬂﬂé‘é’s S g’ sPscaeelers. Still in
e

powder form™t _can be sprayed as_powders, either neat or in
cenbi nati on VGG Rwvill bewstomizedhawevenithas theelfectiva dossrlevebef theigetive adj uvant s.

Li kewi se, when the are. i 0 r form. the be.di.spersed in a

Mo " et g i RS She ok i e R dH AL U ens on.

On the ot her thawdand the compd3Ridn 0Bhe hetb lcoBpdhet FoHiimey; highertt he PCs are

used, the?/) can be dissolved in 25 wat er for dilution and then applied by
n

sprayi ng 10n togecentations pERfrRy can b tolerated with pomplete safetybpthto ecur s duri ng
spraying is %Hgﬂéﬂ&f'&wﬁ&’g%@%&%ﬂ?t?%g'eanﬁﬂlé'bl e salt to the nore active

wat er -i nsol u orm ese techniques either solid or liquid
coadj uvants can be used. For exanple, water-soluble coadjuvants can be

di ssolved in_the |iquid, iu wat er.- i nsol ybl e coagj u t particles can‘
D30 o s ndtipeseiogfzey oyt e Hhstioto isgeane it st SR B B El (o ' b
9

precursor.  coatings may be of suitable configuration for tasting. However, so longasa

15  sufficient fraction of the coating is available to the insccts’ taste organs, the

composition will effectively deter the insects from feeding on the foliage.

It has been observed that not all of an area from which it is desired to deter insect
infestation needs to be treated. For example, untreated areas adjoining treated

20  areas are frequently free of similar insects because of their proximity to treated
areas. Furthermore, complete coverage of the foliage with active material is not
necessary since the proximity of the untreated foliage parts to the treated parts is
often sufficient to bring about substantial deterrence. As noted above, itis
preferred that the plant leaves not be continucusly coated in order that the stomata

25  are not covered and will, therefore, be fully functional. Nevertheless, it will
ordinarily be necessary to spray new plant growth to avoid reinfestation by

whatever insect is being pursued.

It will be recognized by those skilled in the formulation of agricultural chemicals

30  that other dispersion media than water can be used. For example, safe, degradable



In general, quite dilute applications of the PCQs to plant surfaces or to

t he ground are effective to deter insect damage. For exanple, the
application of liquid di spersions containing as little as 100 ppm by
wei ght PCQs_can be effective to reduce insect da y plants.
At Teast 50004 preferred. Sinilarly, 5 the applr§§$W%ﬁ"@?Bquuid
di spersions to the ground can be effective to deter ener gi ng pests

when the ground is covered with as Iitl@e as 50 ng/nferr] of active

PCQ It wll B, suehagvigeteble oik)emvirrused. Tidwdviig fiomftigodtandpoiniafsafelgvel of the
active conponent varjes widely, both with the type of insect

i nfest ati on videRvirapmsgtahhealth, it is much prafegrgd to 8¢ WA conposi ti on of the active
conponent. Fortunately, higher 10 concentrations of PCQs can be tol erated
with conplete safety both to the environment and to humans and ot her
ani mal s. E. PlanisttobeMredsed r ecogni zed from the foregoi ng di scussion, that
not all ofct P cqati ngs y, be of .suitabl.e configurafion for
tasting. Ho %'fe%?é‘l? HlmFng&@'%{ei‘g’J“{rg’d’P?‘ia%ﬁ@HPsW&ﬁ‘?W ki lfqﬁ"@e‘ioati ng is
avai | abl e t o gyRe hppliosion of &({1}%&@ dNpeididhs ot FUYs; nor has theRIBB&SYsero&d Wi | |
effectively deter the insects fromfeeding on the foliage. It has
been obser vednydatrimestal effect st cither the grawth anovernl! bealth of pdreated plaaty t 0 det er

i oi i ng 1 r SIS R Aeiied BRI s ot BB Sl O e e

of their proxtakeninst fooVdriaithetied plant surfaded 86 healily ish6 bivok Stoma@npl et e cover age
of the foljage wth active material is_ not necessary since the

proxi m t yibf acHEt Rthenyiseeven pansesitrated dispersigns e e adyerse effert erthe s

often suffici kdé@mgring about substantial deterrence. As noted above, it
S prefterr that the plant |eaves not be continuously coated in
order that the stomata 25 are not covered and wll, therefore, be fully

f ti | . t hel it will . dj i b t
new pl ant gr oVIPHER 1o Qe (Fein gk sarsicspubfp date bas bep sondieted pRganten ' bei g
pur sued. vegetablés aid flowB, theFeHBd Kbyl Re 9k idsbd Pestdufliegnd Or Nul ati on

of agricultural chem cals 30 t hat ot her di spersion nedia than water can
be used. lPor fevitimss.cAmong the figiis dreerpkstsi which can cffectively be treated by the

; t0 andpoi nt Oio:‘rﬁés%‘?d;? hevehGe %ﬁg l“i’h%“lﬁuziﬂﬁ%ﬁ@g\%e@@i{ %ﬂl,iSHlﬂg p]i\égtr%% F\ ° ;T r tep g rred
t 0 use wat er .aphids, mealy aphids, red spider moths, fall webworms and green fruit worms.
The invention is most effective on fruit trees when it is used at the pink tip stage
and thereafter in a normal spraying schedule ending shortly before harvest, As
20  used herein, the term “pink tip stage” refers to the stage of tree growth when the

fruiting bud has formed and color becomes apparent.

F. Pests Which Are Repelled

The invention appears to be effective against virtually all ground-metamorphosic
25  insect herbivores in the adult stages and many insects in their larval stage. Thus,

the invention can be used to deter growing plant damage by coleoptera (beetles)

such as Japanese beetles, Mexican bean beetles and squash vine borers, as wel as

homoptera, such as aphids, and hemiptera (bugs), such as the chinch bug, squash

bug, stink bug, tarnished plant bug, flower bug and lace bug, Also, the PCQs do
30 reduce the presence of diptera, such as saw flies, who lay their eggs in the stems of

growing plants. However, the PCQs used in the invention clearly do not interfere



E. Plants to be Treated 5 None of the plants which are subject to
damage by insects are in any way harned by the application of
aqueous di spersions of PCQ; nor has there been observed any
detrinmental effect on either the growh or overall healt reat ed
pl ant's WO3tidt ed near such treated plants. As not edp‘é’%g‘??gﬁlff is
beli eved that care shoul d be taken not to cover the treated pl ant
surfaces so heavily as to bl ock stomalh 10 activity. Qtherw se, even
concent r at edwith theambharaifs! dothvitieson tiated plats of hetberoof ohderbivorous t r eat ed

pl ant s. Though, nost of the testin k., cani ed out. to date has
been conduct &§eErsugh CHOPW?N%B@? @@Pgﬁ\é\ﬁ)ﬁw&@‘ﬁﬁg&’%t hod is
simlarly ef bRehbihg, Ve bR veRidR iSald Halrhieds' 18 %dy Bu s,tfhEEiaSrinyees- Among t he
fruit tree pests Ich can effectively etreatedgoyt e nmet hod of

t he i nvent i omaptispdiagenfiiesiand otherpyedacenul$ inseptsaot hs, tarni shed pl ant bugs,

aphi ds, ngaly aphids, red spider noths, fall webworns and green fruit

Wor ns. The invention is nost effective on fruit trees when it is used
at the pink tip stage and thexsmpfpteg in a normal spraying schedul e

ending shortly before harvest. As 20 used herein, the term"pink tip
st age" ref er $he Hllowingslescribedypsts andobspreptions wite madeduring the grewing t i ng bud has

formed and c C . nt . k. [Pest ' Repel | ed
The inventi ogéagﬁ'p‘ggrcgmf%ghﬁépﬁ é@?ﬂi Vgetg%lggﬂg?n Wﬁg%@gﬁfn@m

gr ound- et ang6sd T SUlesd otherviistssitdd, the Batit@mifierlaDwhd ¥ agokous dispeagers and nmany
I nsect s L&n their larval st ag I nvention can be used to

~ Thus, th ,
deter gr Wi ngentainiag 10aby gt gﬁw%%99@@%@55418§)1ﬂ“wn0nwéﬁ as Japanese
beetl es, Mexj 5 fﬁﬁg AR ' . hOor:
hngmptlea, éﬁ@ﬂpﬁ&%gﬂﬁ%ﬁ an er?hsptergm%bﬁ%‘é?é,)&%o?ﬁheg@ttﬁ%ingﬁ?nch bug,

squash whsigppraximatély 36 enicrometanss Bd ppllyeyelic uigonefcbmpenenting and | ace bug.
Al so, the P dq .30 duce the,pre ce of diptera, such as saw flies,
who lay theif éé"?’n‘h‘ffﬁ’ °‘é"t“§ﬁ§m8¥§"”iﬁ? growi ng plants. However, the PCQs
used in the invention clearly do not interfere

11 with the unharnful activities on treated plants of nenbers of
non- her bl¥or ous orders, suclExamplednenoptera (ants, bees and wasps)

RECERE SRET N —— D

of a Canna plant (Canna x. generalis). Upon spraying the leaves with the above-

noted aqueous dispersion of AQ, the Japanese beetles departed and no further
beetle damage was observed. The following day, two Japanese beetles were

20  placed in a glass jar with an untreated Canna leaf and a treated Canna leaf. One of
the beetles was marked for identification, sprayed with the AQ dispersion and
both beetles were observed for three days. Both of the beetles lived. There was
no further damage to the treated leaf; but the untreated leaf exhibited further
damage.

25

Example 2

The leaves, but not the flowers, of 2 Canna plant were sprayed with AQ
dispersion. The plant was and continued to be frec of Japanese beetle infestation.
The beetles avoided the plant entirely, including the untreated flowers. However,

30  bees, butterflies and hummingbirds continued to alight on the flowers and

otherwise continued normal activity around the plant. Interestingly, it was



mantis, dragonflies and other predaceous insects. 5

EXAVPLES The follow ng described tests and observati ons were nade
during the grow ng season of a conventional flower and vegetable
garden | ocated in Plant Hardi ness Zone 7. Unl ess otherw se stated,
the treati WQ9%#HTd4i al was an aqueous dispersion 10  cont B¥HP$31%4% by
wei ght finely divided particles of 9,10-ant hraqui none and a smal |
amount of organic surfactant. The averd8e particle size of the

ant hr aqui non@bserved that'\tiée BPPet betHit§ lod néfphbaring PaRlOpiants, Which Ha@h¥cycl i c

gui none conponent is referred to in the follow ng exanples as AQ
15 undergone treatment with AQ dispersion. Exanpl e | An infestation of
Japanese beetles (popillia Japonica) was observed on the | eaves of a

Canna pl ant .(Canna x, generalis). Upon spraying the |leaves with the above-
noted aqueous dispersion of AQ theExampreyse beetles departed and no
further beet | e, damage was observed. The foll ow ng day, two Japanese

beet | es wer eAsgmtregied,Carnaplans was abssrved fo hgve Rubsipntizllead dersege@adiAa | eaf and a
treat ed Cannguﬂﬁg,ﬁ{l\%itgg%a@({n of Ja me%@geﬁg&hggﬁ}‘%%%g%éeag%ﬁr dentification,

sprayed with t persiomn an es were Served for
three days. Bowbrsoverd sprayied etithesQ disparsion, Efier whioh shere was nofarthéir t her damage to

the treated l,eaf; but, the untreated | eaf exhibited further damage. 25
Exanpl e 2 damag?ﬁ%eﬂ%%éfe&{?dﬁeaﬁewﬂmamm swfaces. Sherily afienthe wer e

sprayed with tion of A0 R6&SbR : | to be free of
Japanese bee?rlﬁzq-‘?mi1 n%neost;g?i oﬁé.rﬁ ’%eggﬁipﬁ@g{a?%%%%g%@@{‘hﬁg ant entirely,
ihncl udi Bl_ﬁéhwnmfﬁemnﬁse be&;ﬁ_bs ﬁt:acmacvglgﬁb@nh, Huemﬁx;ewasmmfmfﬂe'r es and

unmm ngbi rds,conti nued to | 0 e rs ap ot herw se
cont i nued no?%ﬁgeé%he\%??d z?ﬁ%rﬁi ] ﬁ‘étﬂgﬁ'ﬁﬁt %ﬂtﬁé?‘%q"’n@q‘&gr" »WRLs
12 Ohp@EMRLtIE BdhagdcldEreg0 beetl e activity on neighboring dahlia
pl ants, which had not undergone treatnment with AQ di spersion.

Exanple 3 5 An untreated Canna plant was observed to have substanti al
| eaf damage and a Example 4 .

15  Japanese beetle damage was observed on the bush and flowers of five rose bushcs.
Both the leaves and flowers of the affected rose plants were sprayed with the
above-described aqueous AQ dispersion, which halted all further beetle damage.
The plant was also free of aphids. A few days later, Japanese beetles reinfested
the plant on the new growth of the leaves, buds and flowers. The new growth was

20 then sprayed and no further damage was observed on the treated areas. It was also
noted that there was no diminution in butterfly, wasp and honeybee activity

around the plant.

Example 5
25  The leaves of a mature hollyhock plant having extensive beetle damage were
sprayed with AQ dispersion, afler which there was no further damage from the
beetles.

Example 6
" 30 Three pairs of Canna plants, which had been previously treated with AQ
dispersion to halt Japanese beetle damage, experienced further beetle damage on



substantial infestation of Japanese beetles. The danaged | eaves as well as
t he flowers were sprayed with AQ di spersion, after which there was
no further darmage to either the treated | eaves or the treated fl ower
surfaces. Shortly after the .application of AQ di sg Qﬁ%ﬁ’g s ;here was
a substant i%P%Ht¥ and new | eaf growth 10 appeared. Jab et es
attacked the new growth but there was no further damage to the
treated | eaves or to the flowers. UpordXreating the new growth, no

further beet |ewildamg@®wiis CTHemew.growth of all six plants was carefully sprayed with

Exanple 4 15 Japanese beetl e damage was observed on the bush and flowers
of five rose HRgispersion to avoid hifting,the hee %Q‘/@%n%l’%v@@“@fcqﬂh‘éﬁ%ffect ed

rose plants ?eﬁqﬁ S
di spersi on, méneshﬁﬁﬁ te 'V%Uafégra? %’fo e]gtth@%&ﬂ;ﬂ%@@hh&%hé&#h% | ant was
al so free of chqbtntdmchAhé plantslonthe gratust surrdaplingsbeplbtet Upm absérnihg theed

t he pl ant ew gfom h,of the Je buds apd flowers. The new growt h
w20 herPIET Y W1p ekt R B ERESOH L AL Db B IO AR 1 eat od
areas. |t vvas,fglessg;plmts whetREBE) Holl Bberf 818 o¥AS, NO diminution in butterfly,

wasp and honeybee activity around the pl ant

Exanple 5 25 The | eaves of a mature hollyhock plant having extensive
beet| e danage were sprayed V\A%h nggeq' spersion, after which there was
no further danmage fromthe

Exanpl e 6 30 In thi$iécesndiéwing Sdasdarduifiag hith tife effobtiof A € Rasibedly | Ous| y
treated with AQ di spersion to halt Japanese beetl e danmage,

experi end®d fobparyasy it U@gpq’tgd talpyerall feetle infestation was lower than the previous

;grayed W t h\%glJ %Pa&@%@u{g&%ﬁgﬁg a'%% ﬁg??éd Mﬁﬂ% F"’é‘iﬁincfﬁgf zlal/vy

growt h. Tobameousohliyt favorisstargets ofJapahme\b&ﬂwaﬂMecmppeamebeﬂueemh pair of
plants in sucr% manner that it ot touc t he plants

sh
or the ground! QSHAFSEIE: NPT ORE B séf i€ °f&?§t‘P“83§@FWﬁt§ W@“Slyére!‘}ecbl ants for
two days, no giged Bﬁ%s:&@al‘ﬁh&ﬁﬂs GF) BB pRVIRRS spayifgs! BeShuseGHTROfet O any
of the six plants, whether t he(%/ had béen shaded ©or not.
15 * chemical stability of AQ and (2) its low water solubility, this observation indicatcs
that the residual AQ on or near the surface of the ground had an interfering effect
on the emergence of beetle pupa from the ground. A similar reduction in aphid

infestations was observed on rose bushes.

20 Example 8
It was observed that several squash vines contained an infestation of squash bugs
(Anasa tristis). Using 0.5 % wt. AQ dispersion, the squash vine jeaves, stems,
and adjacent soil were sprayed. No bugs were killed and, within five minutes, all
infestation had left. Two days later, it was noted, quite unexpectedly, that squash
25  bugs returned to the treated vines. Though the bugs seemed to be very active on

their return, they were not observed to inflict any damage to the vine surfaces.

Throughout the above tests on the usc of aqueous AQ suspension to reduce
damage to plants from herbivorous insects, it was observed that none of the insects

30  on the plants, whether harmful or not, was killed. They were repelled in most



Exampl e 7 In this second grow ng season during which the effect of
AQ treatnent has been 10 observed, it was noted that overall beetle

i nfestation was | ower than the previous year. For exanple, there was
no beetle infestation on red raspberry plants, which are usual |y
favorite t VQE¥YIMf Japanese beetles. This effect appear ECVESHEM e resul t
of the presence, on or near the surface of the ground adjacent to
previously treated pl ants, of rleksidual anpbunts of AQ from previous
sprayings. B%&H%ﬁﬁ&éte&eﬁ)ﬁ&ﬂ&ﬁﬂébut&@ﬂﬁb&ﬁheﬁégﬂ?ibie'tb%{ﬁ@foﬁﬁgm@ (2) its low

water solubility, this observation indicates at the residual AQ on

or near the sempencst,apnewerelilisdnd had an interfering effect on the
energence of beetle pupa fromthe ground. A simlar reduction in aphid

i nfestati ons was observed on rose bushes. 20

Exampl e 8 It was observed t BXAMEBME®al squash vines contained an

I nfestati %n of squash bugs (Anasa tristis), Using 0.5 %w. AQ
di spersi oR, tHe hegging fruitiofea dwasf, Bve-ingng psar tree was damaged By Bisdsneligoi | were

sprayed. No I ol R TR ) . :

I nfestation %31 %@td%n%e\g ﬁﬁ’%@%&%%’??%&%%‘%ﬂ%%&%ﬁ? ?‘J(led nr??kﬁ%ct edl y,

t hat squash 3he sarheidisne; dallennfedit bencathetht rteet wah béime sonshimedidly ¢rbws,bugs seened
to be very agtive.,o their, return,_.the re not, observed to inflict

any damagg tg’métﬂ'g“‘«ﬁ s XQE%YJ“I@‘S and ﬂ‘%hﬂ%ﬁﬁ@&? and-hangigg ftoBst s on t he

use of aqueoyfe Ak Werd GitaYed behérali Wi Caqueous A@@(Y)@gﬁioh,obﬂl ML gtondom

her bi vorous insects, it mas_pbserved t hat none t he I nsect's 30 on t he
pl ants, Vfet rhencatintheftree containing, fallensirit Wasdot sprayed.wdhe sprayjag lo€dachn nost

Foxicity or SRR TR B fek S 38! bl RS BB 40 of i SRR O ' ©

EXAVPLE 9 5 sprayihg, theRed hdd EétHidh;n@%ed%nﬁl‘ﬁﬁdafnaQéd\/@uiL NScvRQfBEREs spfa§e Was
damaged by birds, after whi ch the damaged fruit was beset by wasps,

yel | ow j acketteatment, 8l ingaes aghivityson the hanging fruitirsassdrblowryes, seyeanlihomrst r ui t
beneath the HEES yéffov Eﬁk&%c@ﬁ&sﬁm%db&ﬁ tht Bli8-damaged hanging fruit. There

15 was no harmful insect or bird activity on either thc undamaged hanging fruit or the

foliage. Both insect activity and bird activity on the fallen fruit lying on the
‘untreated ground beneath the tree continued unabated. No insect activity on the

sprayed portions of the tree was observed through the picking season.

20 EXAMPLES 10-16
A series of tests was run in which various garden insects were placed in vented
glass jars with plant leaves, some of which had been treated and some not treated,
as indicated. As used herein, the term “treated” indicates that the referred-to
surface had been treated with the aqueous AQ dispersion:

25
Example 10. A grasshopper was placed in a jar with treated rose and dahlia
leaves. After three days, there was no sign of leaf damage by the grasshopper.

The grasshopper still lived and was released;



butterflies, honeybees, yellow jackets and flies. The foliage and hangi ng
fruit on the tree were sprayed generally with aqueous AQ di spersion;
but the ground 10 beneath the tree containing fallen fruit was not
sprayed. The spraying of each i ndi vi dual pear on the tree was not
attenpt ed. WREMIMENpl etion of the foliage sprayi ng PCERSOHYUR hel d
bot h danmaged and undamaged fruit. Soon after this spray treat nent,
all insect activity on the hanging frul§ ceased. However, several hours
later, yell owgkankRY12H iokistRbph@ SWARHIa®R N8 i Gilh dRARE SnkaNaveg fruit
There 15 was no harnful” insect or bird activity on either the undamaged
hangi ng frui t Doring tve days in thé girj they grassBopper deposited sardl egsy butrtberbiwasl act i vity

on the fallen_fruit l&‘%ﬁ‘nﬁ'g n]the. untreated ground beneath the tree
cont i nued unaBXfamese (ghe fealed eaEEi ity on the sprayed portions of the
tree was observed through the picking season. 20

EXAMPLES 10-16 A series of tests was run in which various garden
i nsects wet e Exemplg 12, Fall yebworms were gllageds iny ajjas wifhy treatsdlghlia and/pest sone of

whi ch had beeged jogat ot dde Qg0 ! §88Hin toaves weSurkdihdiibing AS used

herein, the term trea e ereferre surface had
been treated péar Ratdachawpdeiamage fromltiepmbaoms; 25 Exanple 10. A
grasshopper was placed in a jar with treated rose and dahlia | eaves.

After three days, there was no sign of |eaf damage by the grasshopper.
The grasshopp Lith 14 Yashs e :
15 Exarr%fmeﬁ&if.lbh%glgéshsﬁ@gger W?;ﬁk%iaﬁaxﬁgr }mr%h gl}e%vrl}yvareta edf?“é‘ﬁa}% ed dahlia
| eaves. 10 vibetdaf gAftevdfoutadags, ithe fijhwag still alivcbuy thesskasppalamdgposhe ed sever al
eggs; but theye was no damage to the treated | eaves; 5 Exanpl e
12. Fall webw§ffs were placed in a jar with treated dahlia and pear
tree | eaves. At the end of three days, the dahlia | eaves were untouched,
but the pear | eaves showed damage from the webworns; Exanpl e
13. A snal | fExamplield. ascopien 8y (Mecaptgra) wagi placed imaden with treated ead squash 10
vine leaf. Af Lxﬁnfeaie&’%se‘i@(f%. ey 4 RORe ShirdateddldsVhin absllied HE tartiPS NO
damage to the ear

15 Ileaf entirely;

Example 15, A Japanese beetle was removed from a rose bush and placed in a
jar with treated rose leaves only. Having no alternative, the Japanese beetle fed on
the treated leaves; and

20
Example 16. A Mexican bean beetle was kept in a jar for five days with lightly
coated bean plant leaves. Similarly to the observed actions of the Japanese beetle
described in Example 15, the beetle fed on the lightly treated leaves throughout
that time,

25

EXAMPLE 17

In separate experiments, one area of ground was sprayed with a U-shaped barrier
of AQ dispersion and a second area was sprayed with an enclosed circle of AQ
dispersion. Several ants were placed within the two enclosures. In the former

30 case, the ants quickly left through the open end of the U-shaped enclosure. In the



Exanple 14. A scorpion fly (Mecoptera) was placed in a jar with treated and
untreated rose leaves. The fly fed on the untreated | eaf, but avoided the
treated 15 leaf entirely; Exanpl e 15. A Japanese beetl e was
removed froma rose bush and placed in a jar with treated rose | eaves
only. Havi nVO®/131er native, the Japanese beetle fed on PCTUSHRY; oat ed

| eaves; and 20 Exanpl e 16. A Mexican bean beetle was kept in a jar
for five days with lightly coat ed6bean plant leaves. Simlarly to the
observed acti Qiifr &fse, tREantARMBE HBuRFISE deFeral minuteijf‘p%ﬁfehﬂl&eﬁokiﬂ% foravmye 15, the
beetle fed on the lightly treated | eaves throughout hat time. 25
EXAVPLE 17 out. The aststendoliowed pdeading avtoversthespmyed livd. gr ound was sprayed
with a U shaped barrier of AQ dispersion and a second area was
sprayed with an enclosed circle of AQ di spersion. Several ants were
placed within the two enclosures. In the forner 30 case, the ants quickly
| eft through the open end of the U shaped enclosure. In the

16 latter case, the ants mlled around for several m nutes apparently

| ooking for a way out. The ants then followed a | eading ant over the
sprayed |ine.



VWHAT IS CLAIMED | S: 1. An environnentally safe nmethod for reducing

i nfestation of ground- 5 nmet anor phosi ¢ i nsect herbivores on foliate
pl ants, without inhibiting the action of insects which are
predaceous to such herbivores, conprising applying to the ground

surface adjw@8s$it7iMo the plant, prior to energence of thePCTUSINN 54 ¢
stage of the insect herbivore, solid particles of polycyclic q_Lll_D_QD_Q§

sel ected from ant hraqui nones, ant hrahy#ff oqui nones and nixtures there in
10 such amount that the concentration thereof onjﬂm IE!

| east 50 ng/nferr] the average size of the pa

greater than 50 m cronmeters and the CLAIMS particles are applled |n t he
formof an aq 8p er3|on of (1) water- i nsol ubl e non-ionic
particles sus d B D T aqueous nediumor (2) a solution of the

ionic salt of such.conmpometisd forhidGinS Mk inféstatioR BYEHERCétanbiBRoskd
wat er - i nsg]ubl e non-ionic formupon exposure to air follow ng such

appl i cati oh, inpRst keabiverss ensfoliate plants gpmprisingapalyingtte the Zeapnd surfRgei ng a
lubilit [ ti
[S)gl ﬁtl o:‘ )alttl 124 acent]t_%g'A&pYR{ﬁior% erh&ée%cé Eﬁﬁﬁd\.ﬂ@fﬂgé’@g}e S easg&%,%gomng/ Ikggi n

rats. 20 cﬂspethmmﬁpnlyoyuh:equmbﬂewrwa‘c&smhdwﬂ irf such meocuit thagthe nf est at i on of
ground- rp) ?I c jnsect herbivores on foliated plants,

wi t hout i nhi m%Fer%“eO po ycyc ic quingne, qr precysor; thereanis abigAstI0 BB pr edaceous t o
such her bi vores, conpri sing applying to the foliage solid
particles of poI ycyclic qui nones selected from ant hr aqui nones,
ant hr ahydibqui non@s and methed foedeterting msﬁcthﬂrhvmfnomlﬁaedmg oﬁ&bhated that t he

concentration,of pa tu:les] @o g ersion i %s 100.

werght ¢ he. RV GRincel3e SEayipe b e IRBS aafin Sfosion o kPN 5

M crometers quinone or preditédr tHefeoPRAMNHiSH t8S cohcéhtaiist éf%lybﬁbh’é lgBinb¥ o Of an
aqueous dispersion of (1) water- i nsol ubl & non-ionic particles
suspended i n Rrerarsaytheisokis ailgast Gapr by) weight. sol ution of the ionic
salt of such conpounds, which salt is converted to the 30

wat er -i nsol ubl e non-ionic form upon exposure to air follow ng such

appl i catilén, the parti Themethed ofrldinmr2ihevhich vy pplitibRdeprBtedavhdw a

squbiIityln water of |ess than 1,000 ppm by weight, a nelting
poi nt of at |Ex¢hofgselaghy an LD[err] in rats of at |east 2,000
ng/ kg. 3. The nethod of claim2 in which the application is
repeated on new growt h of t he pl ant.

4, The method of claim 2 in which the foliated plant is flowering and
the dispersion of polycyclic quinone or precursor thereof is applied only to the

20  foliage and not to the opened flower surfaces.

s. The method of claim 2 in which the foliated plant is flowering and
the dispersion of polycyclic quinone or precursor thereof is applied prior to

budding and opening of the flowers.

25
6. The method of claim 2 in which the foliated plant is flowering and
the polycyclic quinone or precursor thereof is applied to the opened flower |
surfaces.
30 7. The method of claim 1 or claim 2 in which the insect herbivore is a
beetle (order Coleoptera).
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18 4. The nmethod of clai m 2—4na-whieh—thefolTated plant is flowering and

t he di spersion of pol ycycl ecursor thereof is applied
only to the foliage and not to tlmlm “ mﬁuﬂuamflower surfaces 5. The
method of claim2 in which the f ated *S

di sper si on WO 91T pol ycyclic quinone or precursor ther eSg "|"§97’a‘§1[3?| ed prior

t o buddi ng and openi ng of the fl owers. 6. The nethod of claim2
in which the foliated plant is flowerib® and the pol ycyclic gui none
or precursor thereof is applied to the opened fl ower surfaces. 7. The

met hod of claim2 in which the insect herbivore is in the |arval stage.
108. The net hod of8.cl aiThe methed @fi¢laim } ercldimda whichths beetleis adaganese he adul t

st age. 9. ang met hod of claim2 in which the dispersion of polycyclic
gui none or precursor thereof is applied to the foliage of fruit trees
at the pink tip stage. 10. The method of claim9 in which the
application of the polycyclic qU|none or _pr.ecursor thereof is

r epeat ed ural ly %rl or gmeﬂxaiig glmlorcla:mZm which the heetle lsaMexxcan

bean bestle. .

10. The method of claim 2 in which the insect herbivore is in the larval

stage.

10

11,  The method of claim 2 in which the insect berbivore is in the adult

stage.

12.  The method of claim 2 in which the dispersion of polycylic
15  quinone or precursor thereof is applied to the foliage of fruit trees at the pink tip

stage.

13.  The method of claim 12 in which the application of the polycyclic

quinone or precursor thereof is repeated plurally prior to harvest.
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