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20 Attempts to control white mold and other diseases of soybeans have included the use
of chemicals and biological control methods applied to the surface of the plant. These
methods strive to block the growth and development of the disease-causing organism before
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term and their efficacy can depend on environmental conditions.
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plants. While this method of disease control can be very effective, and can be an

improvement over the use of chemicals sprayed onto crops in both terms of time and safety.
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E., Uknes, S., and J. Ryals. 1994. Induction of systemic acquired resistance in plants by
chemicals. Annual Review of Phytopathology 32: 439-459; Hunt, M.D., and J.A. Ryals. 1990.
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A second signal transduction pathway, termed induced systemic resistance (ISR),
operates independently of the SAR pathway. An illustrative example is a study that

demonstrated the plant growth-promoting rhizobacteria (PGPR) induced a systemic
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In addition to this ISR pathway, it has been suggested that soybeans may have a

response that may “substitute” for the SA response seen in most plants. This substitute

25  response is characterized by a high accumulation isoflavones including daidzein, and
conjugates of the isoflavone genistein (present in the apoplast of soybean seedling tissues as a
malonyl glucosyl conjugate (MGCQ), likely released by a highly isoflavone specific apoplastic
B-glucosidae (Hsieh, M.-C. 1997. Purification and characterization of an isoflavone specific
B-glucosidase from soybean. Ph.D. Thesis. The Ohio State University)) Genistein is then

30  thought to act in a manner somewhat similar to SA in activating the defense potential of

soybean cells (T. L. Graham and M. Y. Graham 2000. Defense Potentiation and Elicitation
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Physiology 110: 1123-1133). The accumulation of isoflavone conjugates thus “loads™ the

capacity of the soybean to respond to a pathogen. The formation of glyceollin from released

25  daidzein “'taps” into this pool of 1soflavones.

Unfortunately. levels of the isoflavones in soybcan are not always adequate to
effectively launch these resistance responses. Some tissues (for instance, mature leaves) have
relatively low levels of isoflavones and the isoflavone content of tissues are decreased under
certain environmental conditions such as low light (cloudy weather). As a result of this lack

30  ofadequate isoflavone levels. the plants become less resistant to attack by phytopathogens.

Methods of “priming” a plant to resist attack by phytopathogens, both through the

triggering of ISR and inducing an increase in the level of plant isoflavones, would serve to



10 one pat hogen or disease. In another enbodi nent, the present invention
relates to a method of increasing plant yield conprising, applying an
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15  of the plant, thereby increasing crop yield.

In yet another embodiment of the invention, the present invention provides a method
for increasing the levels of isoflavones in plants comprising, applying an effective amount of
a biologically active formulation comprising a dipheny! ether to the surface of at least a part
of the plant, triggering release or production of isoflavones, thereby increasing the levels of
20  isoflavones in plants. Advantageously, the present method also enhances the glyceollin

elicitation competency of the treated plant.

The active diphenyl ether of the present invention preferably has the structure:

Ry  Rs R,

(1)

wherein R, is a hydrogen, fluorine, or chlorine atom. or a trifluoromethyl group; Rz, Rx and
25  Rsare independently a hydrogen, fluorine, or chlorine atom; Ry is a hydrogen atom, NR,,

NR(R,, OR,, COOR,, COOCHR,CO-R,, CONHSO;R,, or a cyclic ether, wherein R 1s a



In other preferred enbodi nents, the biologically active fornulation further
conprises one or nore adjuvants selected fromcrop oil concentrates,
surfact av@81/5868 ti|lizers, enulsifiers, dispersing agent CHEM0BeH!
activators, foam suppressants, and correctives. In a nore preferred
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts a working model for the establishment of elicitation competency
soybeans via release of isoflavone conjugates. Details of this model can be found in: T. L.
Graham and M. Y. Graham. 1999. Role of hypersensitive cell death in conditioning

20 elicitation competency and defense potentiation. Phvsiol. Mol. Plant Pathol. 55:13-20.

DETAILED DESCRIPTION OF THE INVENTION
The biologically active formulation of the present invention has unexpectedly been
found to trigger ISR and increase the levels of isoflavones in plants. In one embodiment of
the invention, treatment of plants with the biologically active formulation leads to decreased
25  incidence of pathogen or disease-caused plant damage, exhibiting the beneficial effects of

ISR. In another embodiment of the invention, plants treated with the biologically active



In the present invention, the biologically active formulation is conprised
of at l|east one diphenyl ether conpound (i.e., a conpound having the core
struct urwoaf1/s8%8w t h desired substitutions on one or bot hpafrisoeozsBeny!
rings) as the active ingredient. As mould be understood by one of ordinary
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present 1 nvention acitluo

PC?P1 USP4y 08681h albplhuetrpexts teshddo med iy §eeds, cotyllezmns,rle;f\ea and ktgorsodi f en,

fluorogl ycofen, fluoronitrofen, fonesafen, furyloxyfen, hal osafen,

| act of en, ninteaclf eNthesd doiteddimient ahe ambgawlfyl dear¢ esmpdundapatdisienending ment ,
the method compri ses adnlnlsterlng to the plant an agricultural cheni cal
conpo§W®F%HWHg§ﬁ#ﬂ%Pﬁ@nﬁmﬁﬁ§¢dﬁégﬂ@éKD?“@@ééﬁ?ﬁ%1@ Jearrier or diluent 5
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resistance may be induced in a therapeutic or prophylactic manner. ISR is also used

EEANYY

interchangeably with the terms “immunity,” “resistance,” “‘disease resistance,” and “‘induced

disease resistance.”

As used herein the term “plant” encompasses all forms and organs of a
15  monocotyledonous or dicotyledonous plant, including but not Iimited to the seed, the

seedling, and mature plant.

1. Production of biologically active formulations comprising a diphenyl ether
In the present invention, the biologically active formulation is comprised of at least

one diphenyl ether compound (i.e., a compound having the core structure of

OO

20
with desired substitutions on one or both of the phenyl rings) as the active ingredient. As
would be understood by one of ordinary skill in the art, the term “diphenyl ether™ as used
herein encompasses any active form of the compound, including acid and salt forms,
metabolites, racemic mixtures of stereo- or optical 1somers, purified 1somers, etc.

25 Preferably, for triggering induced systemic resistance in a plant and/or increasing

plant yield, the diphenyl ether has the structure shown as (I) above. Non-limiting examples

of diphenyl ethers suitable for use in the present invention include acifluorfen, aclonifen,



10 FCC O N2 Fonesafen In yet another enbodi nent, the di phenyl ether has a
structure represented by formula (I11): RO RO HOOCH -CH COR 10 | NH,
R) RO (MWOp1/5868 wherein R, is H Cl, 1, Br or CF3; and RP¢H/UH/0368r anched
ali phatic chain conprising 1-5 carbon atonms. Conpounds of fornulas (I1)
and ( a I the levels
of i sg %r}é)\)/(oﬁg(snpl?ﬁgk%hagﬂla?g%yélldlog%&zgg gﬁcéﬁa%%c%e&%g%{)ﬁ%ﬁgagl ol ogically
act i véorfiesafen) ﬁuIrylomyfen‘l, Hahwsafenebetofer, niterfen, omré ffuqufeodud edyByomexi ng t he
active ingredient into water. One or a mxture of diphenyl ether conpounds
can be useth @®thdrhmbadinere, the gleitideninpridbd fimighsiome wfthopldnnary skill in
the art will understand that various voI urres f the gl ol o |caI E/ active
fornuP%FIquéinaﬂrﬁ@/e%amoéﬁ’&ﬁIé’&“ cqBpEsdR AP B IpHE Y HEcpblerarET oF dHig pe
treat I active
o e B e R o ot hant by
m Xi ngbddet Vike Rtrad1onss o(f)s@(&ﬁﬂ prafacteddipBepd utidss which hee @etilve thingreddident i nto
15 gal | owgggf vva%)er pr ef e%a]bl“y, bet ween about 0.050 and 0.125
pound&nd haye %“éﬁ?t ar§t§ AP0 Yoounds. OF course, these linmits are not
absol ute, and the outer boundaries could he readily determ ned by one of
ordinary skill in 10 the art. A pﬂ'eferre di phenyl ether used as the
active ingredient inlhe present (nentilof—OsCHyactiof en (G 9H 5C FNO7)
(2-ethoxy-1-eth % chl 0&9-4 (trifluoronethyl)phenoxy]

ctive formulation conprised of lactofen
as the actifve Cbroduced by mxing lactofen into

wat er. 15 Pref el t 0.0050 and 0.50 pounds.af,!actofen is
m xed into 15 gal I ons of water, nore preferably, between about 0.050 and
0. 125 pounds, nost preferably, about, 0.1 pounds. An exenplary form of
commerci al ly-avail able | actofen is ffhe herbicide Cobra c', produced by

Val ent U.S. A. Cor por a;§lon. Cobr alZf f)‘Q’rés been approved for use as a

sel ective, 20 byoad spectru e

post - emer gence ¢
Acifluorfen

59639- 34). Hgobre
.
O
F,C 0 NO,
10 Fomesafen

In yet another embodiment, the diphenyl ether has a structure represented by formula

Rx) R()
HO O CHz—lCH— CO5R
NH,
R() Rl)

15 wherein Ry is H, CI, I, Br or CF:; and R, is a branched aliphatic chain comprising 1-5

I e broadl eaf weeds (EPA Reg. No.
%P1 able in a

(II1):

(I11)

carbon atoms. Compounds of formulas (11) and (III) are particularly useful in the method of

increasing the levels of isoflavones in plants.

10



concentrated form conprised of 23.2% actofen by weight and 76. 8% ot her
ingredients, and 1is sold as a liquid containing 2 pounds of | actofen per
gal | on. WOBV#R26%i cal |y active formulation conprised of CGYBWHS(I0p681
containing lactofen as the active ingredient, is produced 25 by m xi ng
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J y facilitate the

correctives. Adjuvants general entry of the di phenyl ether
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carrier is a physiologically acceptable diluent or adjuvant. The term

"phyt ol ogi ¢adrkierae @gHeadll herMBanss e AQIvetiagicdiciinght dlestitahventiogss not
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condi tdcarisn ad the aciout iagieflicadiitppisil hairoduced vy rhixengplactofanuhsr watenpound or

combi nation of conpounds in th§ éongof(hj on. . In a.more pref rredf
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Prepa&%Hrglﬂo%fﬁgﬁéa%ﬁ}?%Fﬁvu%egt(:é?%ﬁ?}?i@%}\}i t hi nsslﬁllle 'evel pof gkiyfl iLn the art.
15 A pbowidsgi cally active formul ati on conpri sed of a di phenyl ether, a crop
oil concentrate, a surfactant and a fertilizer, is produced by m xing each

of the conpaundspidy Gorm\et @inrhércialie-afalldbdoviaog fer delie hdreictdel Cadea®, di phenyl
ether, crop oil concentrate, surfactant. Although A)Pe- of ordinary skill in
t he aPfodired byuNakpsband- EAROrAIgni S98TbNEmResn dpPPiPKed 1iUSE 8y é%lF‘i‘VXfacti ve
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is sold as a liquid containing 2 pounds of lactofen per gallon. A biologically active
formulation comprised of Cobra®, containing lactofen as the active ingredient, 1s produced

25 by mixing Cobra® into water. As used in the Examples below, and as typically used in the
field, preferably between about 0.25 and 50 fluid ounces of Cobra® is mixed into 15 gallons
of water, more preferably, between about 2.5 and 10 fluid ounces, most preferably, about 6

fluid ounces.

Other useful forms of lactofen include the herbicide Stellar®, also produced by Valent
30  U.S.A. Corporation (EPA Reg. No. 59639-92). Stellar is comprised of 26.6% lactofen by
weight, 7.6% flumiclorac pentyl ester, and 65.8% other ingredients. Flumiclorac pentyl ester

is the active ingredient in Resource® herbicide.
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preferably, about 2 pounds. Exenplary fertilizers found to be useful in
formul ations ofthis enbodi nent of the invention include amoni um sul f ate.
A secondVeRYEPO&Ery fertilizer 25 found to be useful in foPEIVERVBAY of this
invention is urea ammoniumnitrate. In an enbodinent utilizing urea

anmoni um niigt e bNESSIRDYive REINBRId NI préscdin thv@ffod hidl e cBHpEies of urea
anmonium nitrate are mxed into 15 gallons of water, nore preferably,

bet weeha émbgmylzsleaﬁ@nm@lsmrgﬁecre@m%é@ forrpalatipn @IS@nrmll@ﬁs apear meoe f | ui d
ounces n ,about 0050 and O.. aun i phenyl

ot her 2P VAT M w APt E P LB Eo P e RE REHR R Sk o &

pr ef erabliyers, et eers adiOuHrsife Q@ltsﬁfﬂ@hnﬁlné3&1W%ammﬁbres@h&f efi@bl y, about

0. 1 pounds. As noted above, one or a m xture of di et her conpounds
cah beomRedyensAtinsanig epnesal hhigedidate Hic erimyer thep@léh@wéﬁwr %fétv\ﬁ/é@%i edsbut | and

for mut B SRR BT PR Bl R RRERR 3 (BT ThaS Y %S%"B@%y 03681

5 anddR2&erit buad)ucannc&he tdms‘tphproexf@cfaallyla;tcemhﬂutm&ﬁhsfd nindtoaicnaesrialGhap Oi |

concentrates are nerally. conprised of from 65-9( % i.ght of a
hydr 088F0tHh HB?I‘lfersw@drl@éﬁﬁctwewsa%éhe Hahewtethpei My laseélﬁmsa@f gﬁflr“c‘l*h‘é
hydroﬁ@]ﬁpﬁﬂ%r?ﬁylep@ep%ﬁ { &{ tl\’e‘?gﬁctt@rlgltﬁeg oft@ﬁl%’r' Yo GEQR Oi |
concentrates found e use in the fornu ations of this |nvent|on 5

|H&Iudemnb¢ﬁyﬁmtEMngédw1ov®nmﬁyﬁ@pknns@mywwhmwemadﬂhewhcaimﬁ@mmnandl
Her bi max @@ veland§ éndustrjes referre nt oﬂﬁﬁ\non-ionic
n

I nc. ..A
surfa&?’%ﬂ%‘o“ ISP UF Oy 2 ’H“”t‘%ﬁ’é’@‘@&ﬁ@%%ﬁga Igr cogppuyp 0‘2%01 0t oUnces, are

final wmmm@ i HeQohpBsitiBh M atdoPOpref®@f RiRlighah! wmebat vespraéhgtang and 10
fluid ounces, nost preferably abou? 5 fluid ounces. Surfactants are al so

avai | ablhe biclegipally active &Wlmtlmmpmpaqﬂ gowgegase. agehohnt mdesfertiyicude
anl on

onioni ¢ .and ctants. Exenplary
ur £ abrezariioh G B ReBr SN vR IR N AT a™Gt T hi's T hvent on
i pcl ude Ki etlc em cal ), and,. I nduce @ Fblen Chem cal
cE§ P e Btk s gt e f‘PiBP”%\‘?éﬁtaudb‘H‘e‘W‘é‘“Eﬁ gFEP@‘B Il'y active
for wk@ﬁdeﬁ‘t@at%s@fa%@nt SR AHMRRSs BFodTBEEL YNGR B! d’f@h@&ﬁﬂb&ﬁlh§ inl§uch as
her bi ci des, 1nsecticides, fungicides, bacteriocides, and plant growh

regula@ﬁrslﬁﬁsbmsmd mnknh@nﬁumsehMKmmM@hﬁlmnpOMH®nt@nmﬁé@Uﬁéﬁmm5 active

chem refer ca avin tivities other.than the

Ci T et G et oRE A SR BT e kiotods Bl NGt ot dal

fungi gifidlicalBartief fRGiuddbon nedyte ﬂrep(ﬁecprd@{)@{dmedon grekodiorei arcd hepone or nore
ot her active chemcals in the biologically active fornulation is a

he? bi @’ﬁé{éd INogd Ipingristai u@gft@xalrmmees‘\&)ftlda,cthém]dmdenﬁépﬁlm hielogicaty aelee2, 4- DB,
Assur ?’ B?Lé;](ecfl? be Bro%%cg({ ﬁy m x1§1g b%w%%:ﬁ)ldgout (() 1) anfiz d lrnr%églf ? 15_?!:%’{%%{]?23' ,I[:}

asspor

PI us E,lrlfate Red 1 aRgieonEMf Shter (inbld preferdBoyl %L}lf@eeﬂabb@ ledSeb@QidsJ.mOQ EC,
Scept er (r%] and SynchronyTM STS OWNW A biologically active fornulation
A

cont aPHifergbly #oub? epeds. iExXepwbdy dablipgrs fuer iy De HeefwapdpenHalionsts thiat er
foll O\Qﬁgog}yﬂeﬂt I)Iet'hE ; ldeﬁﬁ{m ( cTud@r&}Qmm{lm smfﬁ)tg.ewgecond exemplary fertilizer

25  found to be useful in formulations of this invention is urea ammonium nitrate. In an
embodiment utilizing urea ammonium nitrate, preferably, between about 1 and 200 fluid
ounces of urea ammonium nitrate are mixed into 15 gallons of water, more preferably,
between about 25 and 100 fluid ounces, most preferably about 50 fluid ounces. Preferably.
between about 0.0050 and 0.50 pounds of the diphenyl ether active ingredient are next mixed

30  into the formulation, more preferably, between about 0.050 and 0.125 pounds, most
preferably, about 0.1 pounds. As noted above, one or a mixture of diphenyl ether compounds
can be used as the active ingredient. Then, preferably between about 1 and 100 fluid ounces

of a crop oil concentrate are next mixed into the formulation, more preferably, between about
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ether active ingredient, a crop oil concentrate (if any), and a surfactant
(if any), in that order. For a 15 gallon biologically active formnul ation,
the m xt\WPE1ERE8 be produced by m xi ng 25 between about 0. BOHUAHA3E’) pounds
of the herbicide active ingredient into 15 gallons of water, nore

pref er abld2 PRLWRRAACAP AL HeRrdMd aBoROWNGSd 0BRSS 116 6l1aBhyendRRYtrel pound.
The renmaining ingredients are then mxed into the fornulation as directed
above. genaradly eapipapsd ofHeahicd i A e ofoyurdghiofladydsetation qil errselvest withdh¢ on of
this invention is ndup.,U.tra R, (Minsanta rp. ), a t- rgence,

non: ser g b8 ey er TR st e oaG RS Bt Ry e BRR R art w1
under sgaspghlifatoppdinesnden@stts fongh @dbendcsulMYhdRrmunRGbhgdetthisindditioambodi ment s
of the biologically active formulation of the invention to provide a nore

satSi sfiaelude peflotaied saer on, Dypovinde® (Hetenagdremica groeindrit erbasaxdd (L apelangdct

f f.f 3 01/ 5826 CTI1 USQ1/ 03681 f i al
L O he il Aol R RaR o R SR DB s, S Fr s Pl o BRI ©

eit hero.elﬂhafmﬂaidtmc@sghiemﬂamfyqﬁixemn@l'tn@heﬂaylhlaﬁ@]helﬁo@rpréfemalﬁm\méeﬂ d®ut
activity. Such additional factors and/or agents nay be included in the
conpos? dibH) Heydpusersceoat prefgrdd gt & fhnd awiceqi Parfefiantgpistdinavadetler, or to

mnaim ﬁ‘(ﬁﬂl}%:cvq%e& Jff‘cg{;ll%?eragﬁso%%ségf’@'Béi‘ui’ﬁar{ﬁ%¥ncg%c§cf:“%§£}§§, cafigh. hidilib H?& S

salts, ers;’ s I Zer's, i1 zers, rials we known
i N0t heanagHolyt. suApplahte A ciplafy saifatiegs Calddyto detussyf@al fnahatibatulansistodtipt ant s
One of ordinary skill in the art will understand that the nethods of the

i nvent NvEtgayClpde bingbe B By Cappisal k) anf drduse® (Hederadhisiiisd f-h di phenyl
ether alone, although it is 10 preferred that at |east one adjuvant is
present in nkefuftbemamtatdinoent oftles imetimdsthefbidlhgicallngantifomuayorbeappket i ced

by applying a formul ation.conpri.sin di.phenyl ether....one or . .nore

ad] v AT G 8 BP9t Vot AP S e bR K SRR RSt hout

ot her BagkbcideNANEPIBNESwTWINLSHEDAR uséd inhé brdientuneeiiish 0ad idritatotidre

di phenyl ether, one or nore adjuvants, other active chem cals, and other

i Nért dchiye elineinels” reagrs bethappthicadcadohaurng eqitviyesorthashaegaehtitald yiggen any
desir sequence) .so -l ong .as, each. onent. W || .perfor.m as. intended in
Sccor el BT ShseR inGRfRg, SapRi GE RREE kL heru oA, RS pRE

conpongemB&lifiay, ihe onapphicedot@¥eictie Shahical@lin tHengolbkitel§ kahe. foth@ation is
biologically active formulation of this invention may be applied to seed,

to roctkerbicle. NonHapwg expaples efaccemtabledsrieides in6Hdgey*-BB-adni ni stered to
d b . | - Fust i hi ixu..' Rl l'ud
see .xﬁgpﬁ/»ﬁgg}% Bﬁ?a%?z:n%%ﬁ\%s%ﬂ@@ﬁﬁﬁ%ﬁ?ﬁ@? GRIERSHLI BPriob! Bl gy | Nl ude

a "sticker @ sol 0 Sé root zone eit as a

| i2pui dPighadlé® P @Al Patee Fiosi Relhacov N8, Roandumy lthed dupcd@d E©, t he
surface of the plant in a single application until the |eaves of the plant
are payaepEr®yandetnetirony MUS TSR wét el gsellwactive foumelpfion Trgamgat esbicidst t he

pl ant irsr%}/od%lces b)i/ 1'?1\()8!1%/%16611%9&&%6%198 water, followed by a fertilizer (if any), the diphenyl
ether active ingredient, a crop oil concentrate (if any), and a surfactant (if any), in that order.
For a 15 gallon biologically active formulation, the mixture can be produced by mixing
25  between about 0.005 and 10 pounds of the herbicide active ingredient into 15 gallons of
water, more preferably between about 0.5 and S pounds, most preferably about 1 pound. The
remaining ingredients are then mixed into the formulation as directed above. An exemplary
herbicide found to be useful in the formulation of this invention is Roundup Ultra®

(Monsanto Corp.), a post-emergence, non-selective systemic herbicide.

30 One of ordinary skill in the art will understand that other inert ingredients may be
included in all embodiments of the biologically active formulation of the invention to provide

a more satisfactory formulation, provided the inert ingredients do not detract from the effect



conposition to the water supply of the plants, or in the case of plants
grown by tissue culture. 25 to the culture nedia. The fornul ati on nay be
appl i ed ved 0658268 i re of day or night witli good resistandCTesi08¢3hg, but
preferentially on actively growing plants and at |east 30 mnutes before a
pr edi C(Sfetge Es@%ﬂ ﬂlcbm I%tsa&Rllé GREhO. Cﬁﬂ: QeI RARALSRE) ﬁr?th‘%f' t&Raiadueensi der ed
sef ul one of nore "booster " applications applied to bol ster
reS|staﬁne\ﬂhdu&dmﬂhampmeﬁwumskyyofmd@qédnyb@hsﬂamoemb@gﬂmN§@Cm€ﬁe as
evi denge t he onset aof diseas toms.. Thus. the.30 forpmul ati on may be
cons: durgdtiseaghgRan Lo asa iy 2 R pdt famaoo o e e
enmbodi gRBlstic Q?feEthlﬁtdl}%bn'yﬁetﬁ&pb} RUnBYmeR &M dftkcishehé esmpbAtdiOMmaont 0 t he
plants.” Non- |imting exanpl es of means for spraying the formulation onto
pl @nt sfuithel cmt@lssetfﬂl&tst sl tsbafitars, sipbyi@eos] foigbdgePCGIdushay 0368als vahrdypet  a
hand hehg grosol sprayer, airblast sprayer, and helicopter or fixed-w ng
ai rcraft 'on1sprayer. Preferably, the sprayer is calibrated to deliver
the formul ati on at between about | and 100 gall ons per acre, nore

preferably between about and 50 a%lons er acre, nost preferably about

15 gal f‘(ﬁn‘g"lﬁé‘%‘oﬁc‘??B'Ol?%g'f?l?)vvﬁqwea%”ﬂb 13?8?1f‘PP18" e of ordinary skill in the

art that thencefs@atiyeinmintait Wil dlverstdidahanyd methes of dpoundioneqyi red to
trigger ISRin a plant will be largely varlable dependi ng on .nmany

f act orl&s priapiesicd &y rigp bh %Bé@h“@élobﬁowpaﬁﬂ“dhﬂplleﬁ% f%jhfavatlw%ﬂ%%l”hrlbw and pl ant
Sp]%CI ngl"efe%%}{ll]ﬁ gqpﬁﬁ&%lne%gﬁ Iil IQE&FTIWI?HQ%FHN?RHOH Iﬁl](gl%@ﬁl Qé Oh@@ever I t has

been term ogl y active formul ation conprlsed of a
d|phenmhm&kheﬁmyappbma@dwncmpnmmisﬂi@mgmmemahmwsmetmbpmwabdmu 0on@Ol and 10
pounds active ingredient cre, ade atel triggers | ants to

whi ch i“qu ol aigplst weh ONb‘fl@Ob'r@?%r ‘&BWCh%EH\é dayyut W”b(i“lé)ﬁ&' Im‘g'ounds
act i ve; i, ngred ?@@Q%ox@cﬁ Qill Be UREDshOd [t GREApIlcRR clMBSbnpbefigFabl y, about

0. 05 to out pounds active ingredient per acre is used to trigger
| SR A;lftlJe\faﬁﬁcblh\tEacarVE)uhtmG:falsdmph(ﬁhyd inet rerrediornts thg bengnbed emcofreithceieased
| evel s of 15 i soflavones is an anpbunt suffici ent

an'J sofaadeBREy ( @J@H(ﬁé”ﬁ%%ﬂg?EFh“)Qﬂadﬁﬁﬁﬁiﬁpﬁmnpﬁ‘?Hémﬂgggféanﬁwaﬁﬂnazove

I evel s,d.guifcd Bi& AL Otn 4Rt Teaedd Qécﬁl@ﬁl%llySUfehndﬁimim&&nﬁ(ﬁﬂmﬁanéiﬁﬁ@r m ned
by routine testing such as neasurenent by high perfornmance |iquid

chr omatmpdicdphyr aghonotréchdh@howanithe ef f ecti ve anobunt can be achi eved by one
application of the conposition. Alternatively, the effeptive anount is
achi eved byThaubibiquiel 2&@&pphh®ahhomsfdmsmmencmnpm5b¢hmmK1®Obﬁé’ph@n§, The

anount of the d%ﬁhenyl ether in.the oaﬁ05|t|on Wi | ep pqlwﬁog({he
parti cil QriexshpuTHeMdr H?%@DW?”&W‘B6&§% H%“%@F%S)Q%HQWSQé&’ &°Pl ant
tigpue,hgi, E)%\Ald'éﬁe"atc% o@ﬂgnt\bﬁcﬁmaly' Eou@f o thrkBFantihé Qoit. @k e sRdtal@/or the
conpositio ins ance young pl ant | eaves take up nost conp03|t|ons
nor e readiéne dithanas oligled ot eavgnsntllhtedlf31 nc Oite@pipasigidn tivat ba dpeliodid bas
CorrpOSIS&rlfacc)Q%fl 1%% antl (1)]] pgl?i%} I(g)%llct:‘lrlllonql?ﬁ PI?]C ]ezfves of the plant arc partially wetted,
fully wetted or until runoff. The treatment of the plant may also involve adding the
composition to the water supply of the plants, or in the case of plants grown by tissuc culturc.
25  to the culture media. The formulation may be applied at any time of day or night with good
resistance resulting, but preferentially on actively growing plants and at least 30 minutes
before a predicted rainfall. The application can be repeated as often as considercd useful,
with one or more “booster” applications applied to bolster resistance should the previously
induced resistance begin to fade. as evidenced by the onset of disease symptoms. Thus. the
30  formulation may be considered “prophylactic™ as well as “therapeutic.” In a preferred

embodiment, the formulation is applied by spraying the formulation onto the plants. Non-

limiting examples of means for spraying the formulation onto plants include a tractor boom
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25 the present invention should contain fromabout 200 mcronolar to 2
mllinolar per dose of the diphenyl ether. In a preferred enbodi nent, the
bi ol ogi c#Oloy/s&esi ve formul ation applied to plants is conpcTaso/mbsia
fertilizer, a diphenyl ether, a crop oil concentrate, and a surfactant.

metetail o a5k el i e oot g i o =
mor e bb@ﬁepalyhly Hrefenetn tﬁ@gjlﬁyel iaculibdatpdindiSivepeie fagindatisistbepy&aiher abl y

about 2 pounds ﬁer acre. Preferabl t he di phenyl ether of this preferred
f or muPBRYtdritnf d O8 spllpascpahiaesi WO{%‘@%@@W@&%@& 36\, cablogs BEASTS, t he

crop @idst drer¥¥pi %éﬁ%@% ﬁgﬂgnlgggy 03681 concentrate of the fornmulation is

applied at a rate of b bout | and 100 fluid ounces per acre, nore
f bl bl
TRty e N R s e o T Ll

f or muldgtheoy etl&r a@pbo@dﬂ @tjuided tbaflgg@fISRehW@ﬂz[ht abpwt 1&gdlyandard, f1uid ounces
per acre, nore preferably between about and 5 10 fluid ounces er acre,

nost B?I@fl@w&tﬂwné&%@?w&ﬂ ﬂmwhnz)mcsegclfﬁe@f rigtend Agarethistagesrovamtq RipPat ed
t hat g\%}ecmuneﬁ\a%ﬁm%ﬁ]%gﬁdm&g %Lt‘h&e%tc qﬂgeﬁ)&dpﬁ QAL 3{1 1§e}§ kJeL:nh gintl"?le rt

woul d T ea e to select an ap riate torrul ation and application
voI unﬂmpeblcﬂ@gxenlly[nnae Iﬁirrmlﬂiatlohfwrr@bljs&tbﬁa é]lpde@d\t&m appBedin dohainp esent
ention. The | SR and/ in reased | evel s of i soflavones trig g‘er ed by the

| ogFREsH Y/ b%%f??l\/@wi@%% LS PPyMIs SEUY S SR PFIOH T € ETHCTY F$iCENt

re5| STA0GE LA RALARIEDNS @Bﬁe@'ﬁ%?@&ef&zﬂ# wapandinag: @01 Lie 1 dBRhdscat i on
met hod and conditions of application, the present nmethods will provide

s peci ﬁ¢tcycangk(bucnmcmadrespesrftdrtu tmiglies SR e I\/txzsnprerﬁchalvlmczhhmdl gspe eb@ntlidn of
fungal infecti ﬂ al so i nf%gtl an Pact erial, viral and nemat ode
8

pat ho§au's ‘Néhc II“”Pﬁdﬁ“ °r &SN to&flg%ﬁr pat hogens i nclude insects (e.g.,

di ptera, hynmenoptera, colegoptera, 15 |epidoptera, orthoptera, hem ptera,
and hormpté\r‘a%}%cﬁh%f‘@?‘l“é of diph §@§}l§él§ﬁ§0rtg%ﬂ“dg’ﬁi‘é?be@“C‘eﬁ‘%@é‘daﬁ%ﬂgs svringae

PYs g{sﬁﬁhﬂﬁ%s ?Sn‘gl mtnhgmlb}&@toclf’}%gs%ttﬁé %VQM of Bl] H'Josfﬁwn'le) suéﬂ ‘fsu’%ﬁgte(ﬂl n

soybeans, for exanple, Bean Pod Mdttle Virus, Cowpea [orotic Mottle
Virus andi'éathzutm iVtttet theatdi plug , abSoy leeels f@walrif cb‘htmjsmt@anybeh:mtsth&ahc Virus,
Tobacco Ri.n ot ,Virus, , K Tobacco Stre Vi rus, Bean, Y sai ¢ Virus,
R R A N i N A A 1 S P A

Vi 1 usjigliadangsdidstasioy Rearedas . Yhe Eﬁectm%lcﬁ%@am y@ic‘h%’é’e%?@h@ Virus,
Peanut Stripe Vitus,” Soybean Chlorotic Mdittle Virus, Soybean Crinkle Leaf

Vi rus dm‘c‘k@yb@laﬂf the chomoyEem AnerrmswebmdieTecffﬁah@@aﬂwlslau@anilfmé)by mhwltigie (in
b /i Ch
e A e T M

Macr ophapstitieh Rha&gRhd Dgen B@rp@ﬂfzﬁnl%@mwmﬁ@rhﬂfxm@bfc&ﬁp@nﬂis@eﬂat odes (in
soybeans, for exanple, Soybean Cyst Neratode, Lance Nenat odes,

empioycd the plant tissue being treated, and the ability of the plant to take up the

composition. For instance, young plant leaves take up most compositions more readily than

older leaves. It is contemplated that the various compositions used to practice the method of

25 the present invention should contain from about 200 micromolar to 2 millimolar per dose of

the diphenyl ether.

In a preferred embodiment, the biologically active formulation applied to plants is
comprised of a fertilizer, a diphenyl ether, a crop oil concentrate, and a surfactant.
Preferably, the fertilizer is added to the formulation in an amount so as to be applied at a rate

30 of between about 0.1 and 10 pounds per acre, more preferably between about 1 and 4 pounds
per acre, most preferably about 2 pounds per acre. Preferably, the diphenyl ether of this

preferred formulation is applied within the range discussed above. Preferably, the crop oil
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Lesi on Nemat odes, Reniform Nemat ode, Root-Knot Nemat odes, and Sting

Nemat odes). Non-limting exanples of plant diseases i ncI ude é i nfectious
di seasesWORH8%S a) bacterial diseases (in soybeans, for E%Wﬁp 036%%act eri al
Bl ight, Bacterial Pustule, Bacterial Tan Spot, WIdfire, Bacterial WIts,
and Cr@¥eraakd of thdYorsRRNAS AFH 1K @t 8 8EB&WebN atit $ABa80TIuid Bline¥anpl e,
Machi sno, Bud Proliferation, tches' - Broom and Phyl |l ody), c) fungal

di seagws agk, mefd ragﬁerahlqob@rvesm ebmit SpodsS fhd ogresd ei ane.Soy eErigrabhor

exanpl S t Si [ Spot ,
Cer cos‘%é’?1 Ql %ﬁmg% mgesc? eﬁ g%f?ragglcﬁoasrﬁlgg %lgta fﬁ]’é%é%ma%%p 9?&91&%{‘/’[@' dew,

Fr Ogey:QteLcﬁ"@fetv&%ﬂtaboﬂRW1 lauGISM atid dugats ;ﬁ{ﬂ@bre ﬁ}@lé/@e&lélﬁ?%@ﬁvd%ﬁfﬁbbﬁ(]ﬂél%GSl
Powdery M| dew, Red Leaf Blotch, Rhizoctonla Aerial Blight, Rust, Scab, and
Target [0spgd punceg)per gigdnodivsdaably apput d8p aimgey ki acke: A% itisn soybeans,

for exg A | t, Root
Rot , angge llggt@fdanag%%}' ar %g%n,eraﬁ%{% ﬁ%ﬁgr gf%ﬁ%?};l?%?mlg %zﬁlvég%}fi \e{yr% BI i ght
and Phemdipsite S%&cflﬁt@p,roﬁizﬁﬂf@lﬁl@bn aRy tipp licatiRo tvoluRedb &b aGreotwmcRatve

Rhi zoct onj a Di seases, Scl rotl nia Stem Rot, SclerotiumBlight, and

Thi el d0f 8piSFS a“‘%&%‘fan%ﬁo OF PEGSPRI|inY§di®8se (i n soybeans, for exanple, bud
bl i ght, soybean nosaic, f) nenmatode di seases, %(3( seedborne bacteria and
bacterial dl elaRexndar m@esd (qvglssdysdlanenestgggeresk hyfied olggice|ly 4 \Seed

Del%)ay)fonﬂ Alaﬁgf gglﬁ)ml gl%lgog&g%’l eéa‘lgscejlél d)%&?%gl/?ﬁl%%%? §§th§\ée§e@g§115(eh§l soybeans, for

tai n, Yeast Spot
( Nenatdb@emlab a0l ﬁp@b)mat@mdn&h@dmtlﬁdcﬁxdﬁﬁm@ obegaichiion, thspedbo mmlmisnuﬂ;les; 2)
di seases of unknown or uncertain _cause (in soybeans, for L Fol i age
Bl i ghtProgdadess! iseditdrprdyorst hseirum depesss qanL@éh'dmsﬁBF\jemlaH@ )“azi ni nf ect i ous

or st rlﬁ?é%tlglllsscﬁl% 8 ihRefon l)f%&@&ﬂlﬁgvlﬁfqngg&pﬁgﬁé 85‘(110(tcrngsﬂon haiiling heat

canker, li1ghtning, sunburn, wafer stress, mneral deficiencies and

t oxi ci @aaemleshnépbmcmihomﬂmgmddmszaetst(mgt diaptdlarrbl)gegzncmrcmla alolegptdriut ant s) .

Speci fic. exanpl es of aﬁjm ni stra on woul %?615 be f con roI of

ph‘?t opRR'ABRIS r BIBRORGR, eélBP@F‘bth ’%‘“\Rﬂ et Brslge By C‘E’tse TESPBYNY ¢ he

soy beazﬂseﬁyélzwnﬁ YL RER- pvT BB clnelRaRD M. Rl ohiDRECASEs BRI Br@bolip ofrlianenes
triggered by the biologically active formulation of the invention has al so

been mhms,tfedtwnmlscﬂmed’@d Mettle d5uist CpwpenChleagwdMopleantrus/iPeis. [ n t he

t t f t ble plant product 20
or aancta By e SBrat D4R Pt et SoRUEN Ron St SERR Ffl ol o essed

as a VabuaecPSuaikWire Bt Yienowushalsy pes, ma;ra\A%mnvaagI@ovamlmed t he
bi ol ogi cally actijve formul ation of the 'invention can increase plant yield

a 2% ni MattleoY ireh6iowpea Bererariytasaipridfusy h@pyesmesqwbéaleasv(@lﬁ \énulil"éagﬁdls% and
st p{(glfl ﬂfpos 1C \}1{% Qa%'ﬁ? %lﬁv'vﬁru?éos/?) alan 1% of!tpl\/ﬁ)?tﬁ%g{l{w : dqﬁn

SRME
pl ant GF OWn ronhe condi tions ou app]T i cation
of t heL@i(ft\/llMl@, 25/ bkar Wlll(af/ ivaim Dirut, hadimoveail MbsaiEVeansafinigicineasgiecann fyi el d of

0.5%is an econom cally ‘ . ,

example, Cercospora sojina, Chaetomium cupreum, Colletotrichum truncatum, Diaporihe-
Phomopsis Complex, Fusarium spp., Macrophomina phaseolina, Peronospora manschurica),

25  and nematodes (in soybeans, for example, Soybean Cyst Nematode, Lance Nematodes,
Lesion Nematodes, Reniform Nematode, Root-Knot Nematodes, and Sting Nematodes).

Non-limiting examples of plant diseases include 1) infectious diseases such as a)

bacterial diseases (in soybeans, for example, Bacterial Blight, Bacterial Pustule, Bacterial
Tan Spot, Wildfire, Bacterial Wilts, and Crown Gall), b) mycoplasmalike diseases (in

30  soybeans, for example, Machismo, Bud Proliferation, Witches'-Broom and Phyllody), ¢)
fungal diseases of foliage, upper stems, pods, and seeds (in soybeans, for example, Alternaria

Leaf Spot and Pod Necrosis, Anthracnose, Brown Spot, Cercospora Blight and Leaf Spot,
Choanephora Leaf Blight, Downy Mildew, Frogeye Leaf Spot, Phyllosticta Leaf Spot,
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significant increase on a large, nulti-acre farm The sane general

gui delines for preparing biologically active fornulations, and effective
appl i catWQAl/p&b%s to the plants, as set forth above, carP@EUSHAFH o
achieve this objective of the invention. Plants capabl e of producing

i sof | ayQpes Mn@w%&ﬁeﬁew&emzm@t a PRLUI BligM, RﬁQdSl&a% aPThisef $ypnes,
such as plants in the famly Legum nosae, subfamly Papl | i onol dease, as
wel | d)sfungaladn@setsheftrowa\aed be’em s@ewe(m ea/bbs,l15ef¢g|eherepledl3twrp$@au%et

i sofl one 7 WO .01/ 0368 r ther nt, the
| ventPaRom ! BerBrLR aY Sl FE T S pRRRod Sy b 08 RIS

parti Stkln@RbV P@&%fl@l |Ste§*1$B$1 ht, arithlohﬁﬂsiSSSeE@%ci)astdnﬁl@,anl&flIEythﬂm RobgtRedg unti |
harvest tine. desire a booster imunization can be applied at a l|later

date &fown Rph|fih|la)|ct0agpri&@é&eﬁoﬁvlereiﬁmﬁ eemp Bomclarpiorm Biigst, 596 diheglaviopsis
|4 I 5tob
I nmmkz a{ %att) G%Yrap&s%%g (mf"sgﬁlkgang f}gr % @ buﬁ%ﬁ%ﬁlt QTT%I‘;D%%E%?% 0 be

f adi ng, deve | ‘sease-sy thod of the
i nVE‘nhb@ﬂtoﬂaﬁlsb@eu%ﬁ}de&moh{dtggefla laﬁﬂ?bﬂ?d’ldﬁa)rcllslelﬁs efseds (i@wel/scant, for

i sof | avones in a@geat variety of plants, incl ud| ng vegetable and fruit
cr ops Ex3eR)Erdaci!lyseyesd Laccay thieted‘??ré%g““%b%‘?q jupgal 4I§ﬁaé‘°sst°r PEEFSdHESOY ?Wérrent al

pl ant g, eﬁ%ggﬁt ﬁﬁ{enﬂh@%ﬁ ﬁH@Qe(ﬁﬁe&ﬁ%f)ﬁ%l@@&d R 9Bast SPoANLBREHAN

enbodi ment i's I nvention dis used to trigger ISR and/ or 10
i her e8pet), dné\idlomoptisiSsed Davonas seadbbxelgwmsq;sl; Andiscasechl wknsoyve anssrtain ma

beans, plnto beans, e eas i a eanut s beans.
The sE#58 (BrSoyRFags; oy S Eares: Eﬁgﬁ ég&fee}ﬁjé‘rgﬁbgngawé FP R bRt

i ncr e%ﬁ?ﬁl 211]%@'1]%1]&?60t1'0§9511 ﬁ]‘é@i‘&%eﬁéﬁ o JIRQL1ARtand BY R oH, R@s@hkil dle@gi cal |y
active fornulation conprising a di phenyl ether, the plants are rendered

syst egdal,|! whODmmeUetmmi‘aatalt $teeeksmﬁ¢r@hd%ﬁmraeesmadwlmseeﬁieﬁe@ﬁ@gens and
di sease. This has v i ous advant urrent, met

b ot cOETBAE IR LRy BEY PR S G S BT P APEE R Bh ol a
SPeCt bHMRCRAtH0d h?ﬂ%ﬂﬁﬁa todRrdtSscll269nis P@ete fnh&1d t Hrawnrsasi r(ftlaﬁgltlca des or
bacteri ci des, cF | ess frequent applications because ISR is nore

systeﬁ@)cbealmd}’St@ﬁ@éﬁOdbastl ng than the protection nost fungicides or

bact er i .CI dﬁggg%}g ap(i/%r fncreafse i SO@F g?l% ﬂg\/t%)%gg %%C}Clag)é’ l}lgglotl(gg'hgig rz[cﬂg of ISR

and/ or inc avones I'n I nvention

r esul fgmiulatRnSH$heimventi@Shias hRb beeit itdxpb@asdls dadcol@adto &eMerralhcremﬁzdks (for
instance, 4 to 6 weeks) and may |ast throughout the grow ng season and/or
t hr oughduyictdse In fieereent myesioanthe o exiplst rofersyo the ssabie RlaPIRUtthe et hod

obyth éd(ﬂé&f% i ed)ucedh{ ﬁ]%"f)lrésehﬂn§%hh}%19ﬁ9t )llgﬁsfs Eygﬁ Bsst@L &4 VAl 9@ b?@x@nce to

di Sea resistance nm e the plant with
resi stwaighe it bushalshpegeuns. Mndﬂﬁ}ﬁﬂbf%phﬂédhﬂﬂﬁdld"&&ilytaatrll‘()‘.’efomay anion obthca
total resistance, but wll reduce t he grovvth c..or.gani sm;

at hoge
adequatenjjornean WpTepse Rladuddd aRenEaYA Sl 8o 0¥ eeglse Pd?f%f%l? BCIPYEHFE ds

at least 5%, and most preferably, the increase is 30% or more, in comparison to the same
plant grown under the same environmental conditions but without application of the active
25  formulation of the invention. Even an increase in yield of 0.5% is an economically
significant increase on a large, multi-acre farm. The same general guidelines for preparing
biologically active formulations, and effective application rates to the plants, as set forth

above, can be used to achieve this objective of the invention.

Plants capable of producing isoflavones include those plants that naturally produce
30  isoflavones, such as plants in the family Leguminosae, subfamily Papilionoidease, as well as

plants that have been genetically engineered to produce 1soflavones.
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It is an unexpected advantage of the invention that the resistance induced
by the nethod of the invention is non-specific. Plants treated in

accor danwe owisgdsst he nmet hod of the 30 invention have beenp&owso/éasibe
resistant to pathogen growt h and disease froma broad range of pat hogens,

i ncl udi ng ggc%erra uses S |n contrast

to the bt ey 308 iV RURE ol B B 5B ERLY Bt bR e poas o

di seassRcmbﬁg@hlcuBﬂgwéﬁr &pectl hreMORAI RBABRinBCI11dS0k4i8368dntiltHahest
non-specificity, ISR can protect plants from pat hogens agai nst whi ch no

ot her tineaf drsied a baostey Brmikhigeiren Gin tvEPhbed Aot lajs deissiftsy it aEpR@Eionof the
[E): stpgrhseEtitoﬁg{r%tl&g 'Iptggogﬁgt I‘m mumz%tso%];_lnl Qgtznlle%qgtttte 1? Aﬁcteé‘léglg&é)ﬂ?%%rs[)ef ense
st andas te sy tHaois, aﬁﬁeﬁlﬁhﬂgletﬂepa&%hs&lstyyhpﬁ)cfms defense elicitors in the
soybean system There are two adaptations of this assay which can be used
to determ maetrhehed bet tmnﬁanﬁﬁ?tbe@té@n @ edrhSRUMAI R AbcrERe@RRLs dfi gands.
Cut cotyl edon assay The cut cotyledon assay is used to investigate both the
abi | i tisptiaroresdp pgbtph dari@y Céplett Beluding vesriabktaaddasgrons. ileyunzssi emcals,

conpet to eval uat e the b|||t conpound
(elrr})citﬁ ‘}leef 20 %n%a?tocrgg%’ntgeesb?ltnfmr?elé iI:I)glla tﬁtzilonm%%r%d“?g ) ﬁ%gﬂ‘]@éjﬁ{dé’ i nrrme ch
the i softb@voneppoled cwdogimdreadads inbyntidie taaheod of us‘t’el‘ﬂ&) efdeecIIN andlhie | evel
of isoflavones in the cotyledon tissues are neasured after the addition of
dilff eregieasgd velnal ioflqeersstn lcgumemigniesuches spYReaps VBHERGENH P IFE R n

| nduc tbragnpﬁggj Cl&ll?krt%t gvlé&'idtg’ﬁ'n Itnuh(sg(%ilgvones in cotyl edon tissues

(effe elicitor stu the addition of di phenyl
et her frrs o et en he
Gl it tat i o SRR b Babtin ARGHGERST eieh e Be s G RO ER NG el

el i ci tigyflabsunaPhiiiphhnoB ¢ appl$io) @Q‘)ld)l&U@hlﬂﬁaﬁwcﬁaﬁflmlaﬂrd)rycc&ﬁ]brhélﬁg ed by t he
prior addition of a diphenyl ether. As a result, the dipheny]

et her dinfenrledheri e plansetic raviercs soflcpiady SPRIPCRAT OHtagks hem prddarawe f or
9'1306%'f&>111ﬁo§§{s%“8915e§3‘%' dflh}'s 1?1?,'1/\535& %\Jaﬂg&?%&l%? ﬁ)rlrerttnn%tlrr"o&s Efpﬁ)c{n‘?sence of the

gl tcan o) en ance ceollin elicitation

conpetpesestidny Ttie@ﬁaﬁlvngtautsnac1|uaefHuamne)t panied to: clarmtaidsgpchanmeasmled
Cot yl edons from 7-8 dag ol d soybean seedlings are rern)ved fromthe plant
and clhecdiic 1R lpsweec arlrdacemtt6%%%;56%%0@135@&@@% raf 29 15§8 {feduent

experi, gﬁlnéa%of??ﬁécg&ee%k% %o‘r‘gé’ysil’egrw ahffonotr a@t‘?ﬂid ﬁ’tﬁﬁ ey rBQ%u&f heet or,

cotyl edons are treated w dsé’o or wat er

( cont fohdicidénorttheteakides pmvidet udi es, the cotyl edons are further treated with
15 ul of the glucan defense elicitor (30 ug/m) fromthe fungal pathogen
Pt opht horahsajee@sbRivedah@rihé gtrind di ISR aesh iatrehyedadtety oftibel.added i on of

t he di phenyl ether. Ten cotyl edons are used per treatnent
in accordance with the invention results 1n a systemic resistance that lasts at least several
weeks (for instance, 4 to 6 weeks) and may last throughout the growing scason and/or
throughout the life of the plant. Alternatively. treatment with the method of the invention may
result in something less than total resistance to disease. Such reduced resistance may still
25  provide the plant with resistance to pathogens and diseases. Reduced resistance may not be a

total resistance, but will reduce the growth of pathogenic organisms adequately and will

reduce the pathologic effects of those organisms.

It is an unexpected advantage of the mnvention that the resistance induced by the
method of the invention is non-specific. Plants treated in accordance with the method of the
30  invention have been found to be resistant to pathogen growth and disease from a broad range
of pathogens, including bacteria, fungi, and viruses. This non-specificity is in contrast to the

specificity of resistant cultivars and to other chemical methods of disease control. Because of
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and arranged in a petri plate containing a wet filter paper to keep the
cotyl edons noist. After 30 incubation at roomtenperature under

appr oxi nHO81/4828890 uEi nsteins of light for 48 h, cotyl edonPETHSEE368 e
harvested for analysis. Tissues for analysis are harvested by cutting a 19
WO 01/58268 SE’&TﬁHt%Q iél@%@xgﬂrroté@ Eltahf‘sqirorﬁ ‘ﬁhﬁh@’gelﬁfagﬁﬁﬂsi WhichQi® dthé& teQinéason
using a nunb cork borer. e colum of I's is then subsanpl ed by
cuttlmgasmmmewnof cell s progressively away fron1the original cut surface.
The first section is approximately 4 cell layers thick and the second two
are approximately 8 <cell layers thick. These allow the exam nation of
proxi rdalMatiadddiof Aatessih g a¢lre Effott afrtbaDipntry] EShersopdiitdduetign ofispdlasgnes e
anal yzed thy Adfivatias oNDeasbBlioMorsinlthe SetlsansSysfent.hi s assay can be found
in_the publlcatl ollin

h
ElPcitors Ichﬁbfléeal\’/Ef]{’B’i ‘E’Lhasﬁys‘f f}}?cﬁ“}r& ngsﬁ@'n%)ﬁtasséiﬁﬁnf‘% aie aﬁ“?”é%?f avonoi d
Vet abQf ks LifkiloPE A ‘[h@‘%b@ﬂl§§ kem. G8lcke HORWL AHARRTonsMPlhis RbADtvHRICE QDR | nter.
4: 60-68. Snapped cotyl edon assay 10 The snapped cotyl edon assay is a
m ni malsedvputrterassathe wéfedi teoonasngstivg af thetrhiglcaf feeptsr ligindsest conpounds in a
non- pri med background. The assay is perforned by snapping cotyledons in
two and pl acitrgtiddenpetayol e si de down in 0.5% water agar. Ten snapped
cotyl edons are used per treatnent, and the subepidermal cells exposed by
shappi ng arghe duk e@r Q‘doleais'ﬁy@J wearn Hetanae with dict0iliqndAebmpbenef f ect or
(i.e., phenyl bei ng exam ned. 15 The cotyl edons are |ncubated in
tHE | |(gﬁ@ct¢norto 4<81\Weal@salrf:hpﬁ@1wrrw€eylpéeibhlaa@s%lyi tO%?‘HdteﬁP%xb HBY Ol i r st
cel | liatl Y, r ed for
anal ys DLt AR Bl T SPGB e b e B B BB P und i n
t he publitk 8iciigrlavehapests were “lbadednty Greateanm oMhe¥effel®96. SI gnaling in
soybean phenyl propanoi d responses: dissection of primary, secondary and
condi ti oni noheBEF@GF SoBhvdcg M the\vd 'ongisarué a8d ineiduddd dftealiamitison & ant 20
Phvsi ol . 110: 1123-1133. The snappe tyl edon assay is "naive." That is, it
i's notdlﬁﬁr@nudlgbpwéét @s tpdeigEbing dlre ef&?ﬁﬁ@%%ﬁ@ﬁlcqcbﬁ“ tsecites basel on of
phyt oal e r eat ment
et T R R R e e SR F S S I ek
and gﬁ‘lﬂllﬁiﬁjfl’d;plbﬂﬂ éﬂ@d’r)ﬁrktl ptihesglheeaotdtyledo hsatiis tlaﬂ’lccemm@dzﬂcgrfbr @issay to
study the effects of a 25 chenical treatnent on i sQf | avone )lsn1by
i t sel relisiation idhbphvealennwlxosolindn gispenss o th clienn disdanamg/n I’CH’ 5 tican,

gi ves an, aXGkldd &taltpillglta:d%%%tggeb%r I foﬁ q&di orc?t)fﬁ Bﬁ)ligf?deA%ldQQﬁllt e

i sof | avbne net a ence of the glucan, it tells us if the
t est abmnmyhdhaamdummwhmﬁmakieb@abf@mdnmnp@nénsyhdmmcmhel@kgb@9¢mnnme
response to the glucan,. anal i sof | von gﬁﬁ$8 in cotyl edons

t ridat daPY ‘FP‘WF%‘F%W "%‘F‘?Pé#‘%m 189 PH§SY < zlﬂ?e $Hec e 1”|Sqtl}Fd kt ogr aphy
( HPLC)co'nﬁaotun@ JEiHaad Qg/c&)h% Ei&itaRbn competency by “loading” the isoflavone pools

can also be measured.

Cotyledons from 7-8 day old soybean seedlings are removed from the plant and cut on
the lower surface to expose subepidermal tissues. In experiments designed to study only the

actions of the effector, cotyledons are treated with a 15 ul dose of a diphenyl ether or water

8]
wn

(control). In the elicitor studies, the cotyledons are further treated with 15 ul of the glucan

defense elicitor (30 ug/ml) from the fungal pathogen Phytophthora sojue or water (control),

immediately after the addition of the diphenyl ether. Ten cotyledons are used per treatment

and arranged in a petri plate containing a wet filter paper to keep the cotyledons moist. After
30  incubation at room temperature under approximately 200 uEinsteins of light for 48 h,

cotyledon tissues are harvested for analysis. Tissues for analysis are harvested by cutting a
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determ ning the levels of isoflavone defense conpounds in soybean. Wth a

single HPLC 20 WO 01/58268 PCT/US01/ 03681 analysis, one gets a conplete

and q | soeseésve profile of up to 50 or nore aromatic @EFIEONEISS1

including all the isofla pones and their conjugates and the phytoal exins,

I ncl udi ng,, 9l %Geot Je’ll@fro’ﬁ‘? cgUl&io@lstls' E{%I‘ngelnl(%ﬂg bdileS SR ESumaededand t he
nmet hod can be readi to cotyl edon, le or any soybean tissue.

Thi s &ﬁahyﬁﬂﬁahpMébh@dnﬁ@BhWS(ﬁEGﬂ@pﬁ@ﬁEmNﬂm@“whéﬂﬁnﬁﬁDﬁH§¢@CDfﬂéﬁ@h

rretabollte whi ch can then r edto conpar e nt

i ncr ed8e fikt S%Fé’@f’é%\%ﬁé’r%’flmétﬁ %’F%BF ﬁ(tag EEAFRMC n%rﬁ 4P BrOX“ ‘ﬁg]?/ CgeWat er or
gl ucag it fa ﬁg%c C@Hés"e%hlo@v'tﬁ§&'ﬁa§mnw MRbYimal hSsUigs] affectexf fréginedtsi n 80%
et hano subjected to water/acetonitrile gradl ent elution froma C18
rever saqu:rhlaslsl HPsGecak anmlyz@Eubpy HBéEaﬂSIn@thfbele Eu ﬂ)ﬂ@ééﬁﬁf@lscaéﬁ‘%@“f Bund in
t he publi cat.ion

ah Hi gh
Perfo L\’fﬂhl&glemu&ﬂfﬁloéhﬁé%%j &ﬁ %Igr al?lng Pro%le gc ﬁP (%ao(r%%] alng

M cr oBjdake RHora il DiSecepdsitidve Salelih  @Flavallad M dtibesisel in L%al&&d 159G
EXAMPLES The fol | ow ngﬂexa nples are merely illustrative of the preferred

aspectsll@opulagons] Mph P&t Moarodadniar- ¢:¢béS-t o be construed as liniting in any

way. EXAMPLE | - FIELD STUDIES ON THE EFFECTS OF LACTOFEN ON SOYBEAN CROPS
A) This ex&npireddetvmionmatags the effects of a fornulation, conprising

| actofen, a surfactant and ammonium sulfate, in triggering ISR in
spybeans, dseevippedcadiddyn agybeansinizl poobeetsip nsealgaiimsistlatlt Holeflpgtst he
pat hogen S. sclerotioruni. The form ?if gjgaCt ofen u the exanpl e was

ed i.n
Cobr aORyest PR MBFGY N IREY PaeE 8 AW ' }Pf’d&d@ed ﬁéﬁ&ﬂ&%n% Utra was

al so gy ) d 1Bgla@tdo RS 0o, Weed acantT@lsnbppddhe t est
Iots &lle\l(}gﬁ%ﬁnft?erﬁ mp&@rﬁpgﬂ ons were Br epar ed, deach |n5nllgp gal I on

bat chestylclibes irdestd per tanthaoneenhe atbeprdeohaltchis exmg«rtb'@r BHPBINERT@ach
formulation is liste

25.F t t
ar r angeges Wi 446 ei’é%lelé%%la%(g@r goc?gf%ntaégl Syl R}%&leﬂggkﬁﬂ 3 ‘“Wﬁ{t i stical

a'ﬂé‘l Y§H$ c@t% c\ﬁ%ﬁé ARG HLANPYAIhea Rk b pariheRd@d coryiddde akesulBassh Four
replicatio plots) were est abl i shed for each of the four treatments. Each

pl ot lpsmunle(dﬁlQEd ﬂzefet) dpy 4200 (sesend amhidprdgiedtlaycspars/ bV erchiopRPE%Ef on of a
di ff wh t had
Olpeng e;#&(?ﬁ§4 mvt Fb\}i?%ﬁ%ﬁpﬁls asgae){]%an%gguﬁ)({ mn tﬁgg%kglﬂsctag!)féaéx%halﬁayes a

for mul athparwam, 3PpY 1 1896 USicngif ihsaghaan pba@nprspmay@rcspmadcs hiistcedbit o del i ver
15 ogallons per acre. Formulations 1, 2, 3 and 4 were applied to ?ach of
the foumapyseeondaryandwondtirsgzedcrep! igh progegng and clicitor treatments. Plant

20 Physiol. 110:1123-1133.

The snapped cotyledon assay is “naive.” That is, it is not pre-disposed or primed for
competency for the elicitation of phytoalexin glyceollin in response to the glucan elicitor.
Thus, treatment with the glucan elicitor induces the formation of the isoflavones daidzein and
genistein, but very little glyceollin. This is an excellent assay to study the effects of a

25  chemical treatment on isoflavone metabolism by itself or in combination with the glucan. In
the absence of the glucan, it gives an excellent picture of the effects of the compound alone
on isoflavone metabolism. In the presence of the glucan, it tells us if the test compound can

induce elicitation competency for the glyceollin response to the glucan.

4. HPLC analysis of isoflavone levels in cotyledons treated with diphenyl ethers
30 High performance liquid chromatography (HPLC) is the method of choice for

determining the levels of isoflavone defense compounds in soybean. With a single HPLC



treatnments 1, 2, 3 and 4, respectively, on day 40. On day 47, the four
plots in treatnment 4 received an application of fornulation 5. On Day 104,
i ndi vi d0V¥0 0588268 an plants in five row sections (each sectPGHUSHAIOKed 5
feet) were randomy selected in each of the four treatnents, and inspected

for e‘éhggﬁg%ng e®-a BmPHELA | h?éfrft'l'tﬁlv% G of F't(gg@%islﬁfre §r‘on1'5d@1ker otiorum

attack clude oth n area of temt a brown with white
mycel kompoanid, lgelmémglallphamoﬂwcbrtemagd tlﬁht(@mugtatewasdﬂmmwwdh@nni lahlea of
the fi i.on of echo atrrents ocgat ed

on epl.i a he
had neberelBeredids &' bERreh N Pk nSAE ot eeBub SRR RS TARET thr ee
repli ¢atdioR8oRflc£¢ BnPioyblsh fiQut. ThRAhABNES mdhed ARARs i uﬁ@lﬂet&rmﬁﬂe thbe
inspections in each of the four treatnment (three 10 replications) are
oud | i mewlestg afztarle mptabghicy which, cagihmayadilyllpe propesised @tfé’lmls'ﬂéﬁ‘yﬁ’éé’t‘?fcﬁﬂbnt s in
each of the ur_tr ments_(t ere n ted for
evi dehEESf 0;38 ‘g gf% £1'or lljnn%(ta Oh? k. Cogwgﬁg(%na% e?%]g}"ﬁ% és%r g?gftuE%A ??\@%gctl ons of
the t Qb@eol rt@ﬂldsﬁﬁbhﬁﬁkﬂy,&fss@@(hlﬂe eitfzﬁ&ddﬁﬁ@t)o/@étﬁalﬁﬂfahd seedtad Tabl e 1, Col umm

5. Analysis of variance was conducted using.; the Student-Newran-Keul s

t est . WoEHRscpBitnleweieny chuyendeame 2 I(dBtreyergiopise HELgnea! i"@anﬁuvdadrﬁéf 15 On
Day 1 f h o] t re NfSpner e

harvelsalﬁ HFOQ@(%} ¥%?ﬁ€goﬁks]&n% glr%l{uﬁg’& %q%?leg?%he%rﬁc%t ?I%ins Ao ‘ggcﬁ reat nent,

ady ustResoltigonHi gt Rerfyrmane Liquid Clinethaiographlyl Reo filindBtogpaure forThentmpen nmoi st ur e
cont ent. of |?I ants from each pl ot was_ al 53 dg %ﬁ? Lon t he sane date, and
the r&digrabil dyramatic Prooadanynvisiahelades Pleg) /o 8sP3resul ts denonstrate
that the fornmulations applied to treatnments 2, 3 and 4 each 20
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significantlTy higher yields than treatnment 1. This indicates that the
i nductGRIPHf systemic resistance results in a plant that is nore healthy
and vigorous, leading, to higher yields. As seen in Table 1, the percent
moi st ure i m)pl afthss hampdsdadorfstraws daotifeofs oftarfenﬁldulriOIplconmng langefen, a

significantly different, |nd|cat| .the infestat.ion |eId results
30 werdtt %‘E“t'aﬂg PIEHREEN By ‘ttﬁé”érbﬁe?‘f“y g]%* iR HRYD5 N 5 Y 8%?8?8? 5O4KE $rai nt ai n
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Day 110 Percent Yield reat ment percent percent noisture (bushel/
example was Cobra®. The form of the surfactant used was Induce®. Roundup® Ultra was

also included in some of the formulations for weed control in the test plots. Five different
formulations were prepared, each in 15 gallon batches. The identity and concentration of the

ingredients in each formulation is listed in Table 1, Column 1.

25 Four treatments were arranged in a randomized complete block design (RCBD) so
that statistical analysis of variance (ANOVA) could be performed on the results. Four
replications (plots) were established for each of the four treatments. Each plot measured 25
feet by 200 feet. Each plot received an application of a different formulation on Day 40,
when three of the trifoliate leaves had opened and the fourth was cupped. at the V3 growth

30  stage. Each formulation was applied using a tractor boom sprayer, calibrated to deliver 15

gallons per acre. Formulations 1, 2, 3 and 4 were applied to each of the four plots in
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infestation infestation acre) (adjusted to 13"'% noisture) Treatnent 1
Roundup Utra: 24 fl. oz/acre 40 13.83 a 22.90 a 15.37 a 48.67 b Induce:
4.8 fl. voapeEsee8 anmoni um sul fate: 2 | bs./acre Treat nent ECTOo¥143688 f| .

oz/acre 40 4.83 b 9.00 b 15.40 a 55.95 ab Roundup Utra: 24 fl. oz/acre

| nduc I r ty 3 Cobra:
ot eafhelisll 2, SECE B TTRR SR RpFandar (RO R pliRs T POLIERL, S, Pobr @

0z/ acreee@atranppphcatibi af ormlatiobs. / acre Treatment 4 Roundup U tra: 24 fl.
oz/acre 40 0.83 b 3.00 b 15.37 a 61.00 a ammniumsulfate: 2 I bs./acre

Cobra: 6 flon 02/ B®f, endividudiRdyisn plards inl fiveazhagt Goranomni seotiGukateed 2
| bs./acre Formulations in italics are the controls. Means foll owed by the
same fastivesre gandestly s¢lesied inceash p?“mffﬂfl@#ea(tlpems 99 InSeg@E oL S NGHISE &hSKeul s) .

5 8 Tabl 0?10121%/7§ H{FIEEV IZ Sk 06r § 5?!% S0k, EPJ&& GHT[P{%E bOfh FXREL LROLR, fil,e! d

studi €s on varitous farns In rnois and Pennsyl vani a.
Whi ljelsa)lﬁwnbﬁfh whitd agteham aﬂal’gleﬂﬂ'd]f wlamn \§iduiim. tdfiérar mag rugd tharthe afabéct of en
use conmposition of the for conposi t nt r ol
weat hiie fiddhin ¥hishone 5‘%91’103%‘611 et“g]ibﬁgtheﬂeéﬁ‘f?%bwd% G?CFgﬁiﬁé “Oé]fcdd‘)”ce 82 can be
seen fifoMe. T 9%] Ugms SOxhEaR &ﬁ)pﬁ)xsl ht b8RE BflcMchhcdiRnt 8f @[b'lﬁgrlllti@fcﬂ'l ng
formul ati ons significantly reduced incidences of S. sclerotiorum
damagéeeaorpsar é“metlmasloyimétam theriegteedonsvin tehclcoirihe ddurfigrmddgt theees | acki ng

e. general ly

| act of en. Moreover el.d ct d
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vary cRetymeeniduhasankhantiscd RpREMIONEG) Wact.ofignnaidich ier &oMinkcobs s.

sclerotiorum attack. The mean results of the inspections of the three replications of cach

treatment are outlined in Table 1, Column 5. Analysis of variance was conducted using the

Student-Newman-Keuls test. Means followed by the same letter do not significantly differ.

15 On Day 142, the soybean plants from each of the four treatments were harvested.
Yield means from the three replications of each treatment, adjusted to 13% moisture, arc
outlined in Table 1, Column 6. The mean moisture content of plants from each plot was also

determine on the same date, and the results are outlined in Table 1, Column 7.

These results demonstrate that the formulations applied to trcatments 2, 3 and 4 each

20  significantly reduced the incidence of S. sclerotiorum attack. compared to treatment 1. While
treatment 2, 3. and 4 each received a formulation containing the diphenyl ether lactofen,
treatment 1 did not. Moreover. ISR protection was maintained for the length of the growing
season in treatments 2 and 3, 60 days after application of the formulations to the individual
plots. The results also demonstrate that the plants harvested from trcatments 2 and 3

25  produced numerically higher yields of soybeans that treatment I, and plants harvested from
treatment 4 produced significantly higher yields than treatment 1. This indicates that the
induction of systemic resistance results in a plant that is more healthy and vigorous, leading
to higher yields. As seen in Table 1, the percent moisture in plants harvested from each of
the four plots was not significantly different, indicating that the infestation and yield results

30  were not influenced by the ability of the plants to absorb and maintain moisture.
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15

Treatment 4

Roundup Ultra: 24 fl. oz/acre
ammontium sulfate: 2
Ibs./acre

40

0.8

Cobra: 6 fl. oz/acre
Induce: 4.8 1. oz/acre
ammonium sulfate: 2
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47

15.37

a

61.00

a

Formulations in italics are the controls. Means followed by the same letter do not significantly differ (P = .05, Student-
Newman-Keuls).

B)

Table 2 summarizes the results from a number of experimental {ield studies

performed on various farms in Ohio, Illinois and Pennsyivania. While a number of factors

varied from farm to farm (e.g. form of lactofen used, composition of the formulations,

composition of the controls, weather conditions, soil conditions, planting conditions, etc.), as

can be seen from Table 2, soybean crops treated with lactofen-containing formulations had

significantly reduced incidences of S. sclerotiorum damage compared to soybeans treated

with control formulations lacking lactofen. Moreover, crop yields from lactofen-treated plots

were generally higher than that of control plots. Moisture content did not significantly vary

between those plants receiving lactofen and the controls.

The form of lactofen used in these field trials was either Cobra® or Stellar®. The

adjuvants used in one or more formulations of this example were crop oil concentrates, non-

ionic surfactants, ammonium sulfate, and urea ammonium nitrate. Other active chemicals

used in one or more formulations of this example were the herbicides Roundup® Ultra,

Python®, Select®, Firstrate®, and Pinnacle®.
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Pre-enmerge: Python: | fl. oz/acre 25 ND 55.8 Firstrate: 0.3 fl. oziacre (a
late Select: 6 /1. oz/acre infection) crop oil concentrate: | "%Wbov/v Erie
County, WOOU582680bra: 6 fl. oz/acre 14.6 ND 47.22 PA UntRPEHPS/03681
post-energence 58.0 ND 39.72 Liberty 3.1 30" Cobra: 4 if oziacre 0 11.2
0.7 Center, OH non-ionic surfactanhpi® 25% v/v Cobra: 8 fl. oz/acre 0 11.2
62.8 crop oil concentrate: 0.125%v/v Untreated post-energence 2 11.6 63.9
Genoa, L4192, 6 36°Y0euby &ovg | flreatByfacre <5 ND 62. 2| Pe6Hia: |£FFM gzfidire <5

R e 23 Rps!

lacre

Q

owq
ND 62.1 Cobraj] ™Y | §¥there <5 ND 60 Untreat ed| SEE8RRr 57.5
Woodst ock, 1.9|#*““Bobra: 6|fl. oz/acre 5-10 15.9 52.2 1L |crop oill’ ..
. L (adjusted

concentrate: 0[125% v/v Untreated post-energence 50 15.7 49 W)ocg“&p%, 1.9
7" Cobra: 6 fl.,| oz/acte 5-10 15.2 56.2 |IL crop ofl concentrate: |Quolda% v/v
Cobr aTyPVEfnon,025h@CT € 5710 19,5953 1. 6L RR 0i I concengrate: U.1125% |wh¥
Untreapgd postqemergence 50 cbpoBcASndate: VOOdshaek, |2.2 7" Cobra: 6 fl.
oz/acre <5 12.8 51.5 |IL clop-ekdpeobsephtate. 0.135% v/ v |[Unbreatledo
post - eenvganee | 2@ 12. 7748, 2 coid s\WH. 0dcR8268 PCT/ UB®L/ 03681 11Whodstaosk, 2.2
7" Cobom: 6 fl.|sog/ache 5-10rof3il &n&hube: 161l cracep 0il concentrate: 0.125%
viv G bra: 6 fl. oz/acre 5q1QvdddposdOnergdc>p 0i |l cohcentratied 0. 1285, v/v
Uitreate(l post-energence 40 13.9 45,1 Formulations in itlalics are the
cont r oI Vernon, | 3.0 7 Cobra: 8.5 fl. oz/acre 1 12.97 54.12

OH RR Roundup Ultra: 32 fl. oz/acre
crop oil concentrate: 16 fl. oz /acre
ammonium sulfate: 2.5 lbs./acre
Stellar: 5 fl. oz/acre 3 13.13 53.40
Roundup Ultra: 32 fl. oz/acre
crop o1l concentrate: 16 fl. oz /acre
ammonium sulfate: 2.5 lbs./acre

Roundup Ultra: 32 fl. oz/acre 20-24 13.36 50.73
ammonium sulfate: 2.5 lbs./acre
Hicksville, 3.1 T Pre-emerge: Python: 1 fl. oz/acre 5 ND 58.8
OH Cobra: 8 fl. oz/acre

Select: 8 fl. oz/acre
crop oil concentrate: 1% v/v
urea ammonium nitrate: 32 fl. oz/acre

Pre-emerge: Pvthon: 1 fl. oz/acre 25 ND 55.8

Firstrate: 0.3 fl. oz/acre (a late

Select: 6 fl. oz/acre infection)

crop oil concentrate: 17 viv
Erie County, | 1.9 7 Cobra: 6 fl. oz/acre 14.6 ND 47.22
kA Untreated post-emergence 58.0 ND 39.72
Liberty 31 307 Cobra: 4 fl. oz/acre 0 11.2 63.7
Center, OH non-ionic surfactant: 0.25% v/v

Cobra: 8 fl. oz/acre 0 11.2 62.8

crop oil concentrate: 0.125% v/v

Untreated post-cmergence 2 11.6 63.9
Genoa, IL 2.6 30" Cobra: 4 fl. oz/acre <5 ND 2.2

Cobra: 4 fl. oz/acre <5 ND 62.1

Cobra: 4 {l. oz/acre <5 ND 60

Untreated post-emergence 20 ND 57.5
Woodstock, 1.9 7 Cobra: 6 fl. oz/acre 5-10 15.9 52.2
IL crop oil concentrate: 0.125% v/v

Untreated post-emergence 50 15.7 49
Woodstock, 1.9 7 Cobra: 6 t1. oz/acre 5-10 15.2 50.2
IL crop oil concentrate: 0.125% v/iv

Cobra: 6 fl. oz/acre 5-10 13 59.3

crop o1l concentrate: 0.125% v/v

Untreated post-emergence 50 15.3 494
Woodstock, 2.2 7 Cobra: 6 fl. oz/acre <5 12.8 513
IL crop oil concentrate: 0.125% v/v

Untreated post-emergence 20 12.7 48.2
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C) Additional field studies denonstrated that ISR triggered by |actofen
protected soybean crops agai nst attack by Phytophthora soj ae. Soybean
seeds (P¥OAYEF26893B01 RR) 5 were planted in plots neasuri nBCPESHYO38RI0 f eet .
Treatments were replicated three tines in a RCBD. Two separate trials were
est abl gh&eci.n tzhze sa | dbral@gtopben was applied-at thel 3R grlowtsh stage
(Day 1 On Da n sa r eSilveicanhalansdkrem each pl ot,| each sjanple
conprised of the pI ants i n |&Cdbiavefl fooatie | ong secti gi-10f a rjoW.7 Eachsopl ant i n
each sanple was exam ned flor reiceemoec 3f128% veoj ae. Table |3 su rizes the
results of thid study dnibeeq@sigmerefs om t he [48sul ts,| 13dct of lefd !
si gni fF‘E@H‘r’é?f‘?‘”rtéﬁiﬁﬁé‘ﬁcwt""%ol ae growth and increase overal I crop vyield.
TABLE 3 Trial Treatnent Percent Yield (bushel/acre) infestation (adjusted
to 13% noisture) Treatnent 1 1 Roundup Utra. 32 fl. oz/acre 10.6 a_ 49.23
a ammoni unf3ul f Additiopal figdd stucice drmenstrsert that Iﬁ%}@@ared &ydaoiatep@racevd
52.88 b R N, f
oz acr Y SHRARPE Al Fued b @R RT G RRTSoREE S EELRELTIRE 55 41
oz/smcr e/eﬂe9p 16hted &ilpI3R meastMTRENbUB0S tef. aT&atﬁedthWE:v‘eaeplecaTafcbtdmtemntleSZn21 Cobr a:
6 oz/acre 6.3 d 44.75 cd Roundup U tra; 32 i z/ acr ammnl fate:
Ibs | aBCBDrr Eyp fepitralg tma @:msf%est%ﬂ i e s fielils Logol W rotRit U:hFra 32
0Z R3C Qv ilideQMag 151G £ terfbafhpld é?é4z§<%ﬁ‘? AR btue@&lu;lﬁ e 2
Ibs [ acr g@?eat rﬁggt agf z Cobr 6 %]z/aagres’% 7 ron6 C qgoundupauil%tra 32
fl. OZb@ﬁpx&sedmﬁ-tlnd)]ﬂBMSﬂuaﬁaetf@mlongélse&lcﬁli of anmmcE@l danfoncach swiplaves 2
| bs./acre . VRB: r [ acre | ations in it con oIs
Veans. OB 5YERE Salye o1t (18D aoP RUTSer A oSy i GatYy ACRan OB,
St yglent e, NeWIBR- K& HsShctofen significantly reduced P. sojue growth and increase overall crop

yield.
TABLE 3
Trial Treatment Percent Yield (bushel/acre)
infestation (adjusted to 13%
moisture)
Treatment 1 1 Roundup Ultra: 32 fl. oz/acre 10.6 a 49.23 a
ammonium sulfate: 2 Ibs./acre
Treatment 2 1 Cobra: 6 oz/acre 2.07 b 52.88 b
Roundup Ultra: 32 fl. oz/acre
non-ionic surfactant: 4.8 fl. oz/acre
ammonium sulfate: 2 Ibs./acre
Treatment 1 2 Roundup Ultra: 32 fl. oz/acre 19.0 ¢ 41.32 ¢
ammonium sulfate. 2 Ibs./acre
Treatment 2 2 Cobra: 6 oz/acre 0.3 d 44.75 cd

Roundup Ultra: 32 {1. oz/acre
ammonium sulfate: 2 Ibs./acre
Treatment 3 2 Cobra: 6 oz/acre 4.3 d 4523 cd
Roundup Ultra: 32 fl. oz/acre
non-ionic surfactant: 4.8 fl. oz/acre
ammonium sulfate: 2 Ibs./acre
Cobra: 6 oz/acre 4.7 d 47.76 ¢
Roundup Ultra: 32 fl. oz/acre
non-ionic surfactant: 4.8 fl. oz/acre
ammonium sulfate: 2 Ibs./acre
VRB: 2.8 grams/acre

Formulations in italics are the controls. Mcans followed by the same letter do not differ significantly (P=.05, Student-
Newman-Keuls).

[S8]

Treatment 4

15
D) Further field studies demonstrated that ISR triggered by lactofen protected

soybean crops against sudden death syndrome, caused by F. solani f.sp. glvcines. Soybean

seeds (BSR 101, Asgrow A 3701 (RR) variety, or Pioneer P9344 (RR)) were planted in soil

25



15 D) Further field studies denonstrated that ISR triggered by |actofen
protected soybean crops agai nst sudden death syndrone. caused by F. sol ani
f.sp. glwoiomsses Soybean seeds (BSR 101, Asgrow A 3701 ( RRCTABS0i/€%6§1] Or

Pi oneer P9344 (RR)) were planted in soil 25 WO 01/58268 PCT/ US01/ 03681
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denonstrated that ISR triggered by |actofen 5 protected soybean crops

agai nst suddeq deat h syndrone caused by F. solani f.sp. glvcines. Soybean
seeds (BSR 10 Asgrow A 3701 (RR) variety, or P| oneer P9344 (RR)) were

planted in s0 infested with F. § f.sp g.vu fes;. Treatnents were at
| Xrate and“‘h i ' at & B 18dilc i sol ation of the
pat hogen fr o 1 e S d >|%‘|’ﬁ“fe|“b‘&‘ﬁt 10 reduction of
root infection; HeeH b 36t 0 2ver i [ y@WThe reduction in soybean
root col oni zaHd Es 1+ s éil;!w:i nesLaabeer floliar application of
| act of en i ndi €1 at . th _Aduce agli stance to F. solculi f. sp.

glvcines is syste;mzmm 60 A3701{RR) . P9S@®H) N (:h phsoate 30 9 nneethapyr 70
hl NNater 10 ~ Lactofen O0vaBSR 101 A3701 (12R) P9344 (RR) Varieh

E) Greenhouse studies further demonstrated that ISR triggered by lactofen
5  protected soybean crops against sudden death syndrome caused by /. solani f.sp. glvcines.

Soybean seeds (BSR 101, Asgrow A 3701 (RR) variety, or Pioncer P9344 (RR)) were
planted in soil infested with F. solani f.sp. glvcines. Treatments were at 1 X rate and apphied
at the vegetative state.

Periodic isolation of the pathogen from roots of these plants showed significant

10 reduction of root infection, measured by root rot severity. The reduction in soybean root

colonization of F. solani f.sp. glycines after foliar application of lactofen indicates that the

induced resistance to F. solani f.sp. glvcines is systemic.

40 4 O Glyphsoate

30 4 %% B Imazethapyr
20 g% v:' B Water
10 gé [ Lactofen

=/

BSR 101 A3701 (RR) 9344 (RR)
Variety

EXAMPLE 2 - VARIATION IN TIME OF LACTOFEN APPLICATION TO SOYBEANS

A field study was conducted on a farm near Muncy, Pennsylvania to determine
15 whether varying the time at which lactofen application took place had any effect on ISR, as
evidenced by suppression of S. sclerotiorum growth. Soybean seeds (Pioneer 9352) were
planted in rows 14 apart. Four treatments were arranged in a RCBD with four replications

per treatment. Treatment 1 was the untreated control. Treatment 2 received only the crop oil

20



EXAMPLE 2 - VARIATION IN TI ME OF LACTOFEN APPLI CATI ON TO SOYBEANS A field
study was conducted on a farm near Mincy, Pennsylvania to determ ne 15
whet her YaOY5$§8t he tine at which | actofen application toBKTHS&EE6Had any
effect on ISR, as evidenced by suppression of S. sclerotiorunt grow h.
Soybeajpnsetse. (Reantar 3 98R)kd\®Wbea® ah@aﬁo?%m d@m&@%ﬁateléyhe@&wbtean pRuts
treatnents were arranged in a RCBD with four |'i cations per treatnent.
Tr eat NEFE 2} thiast ety Rpged?avdl e brratagnt 41?6@%% b@@ @@fbﬁr@e@ﬂmmyemf?ée crop
oi |
Cobr a ) Ao G at T Soner e hASR IO TaE AT SRR il PRI,
gr owt hsustragezed Dayatl} 4, (he eating bflaétolfﬁCzq:lp\heﬁhcﬁ)}bfda(d’ Jigidifidarredfecodil the
cogcegtsg{e when soyibean plants were at the Rl grovvth stage (Day 12). As
BAYG PSR REOTladafetls, sunmarized in Table 4, the timng of
| act of en application had no significant effect on the 5 |1 SR-i nduci ng
ability of lactofen. TABLE 4 Treatnent Date of Dav 53 Percent Yield
application percent noisture (bushgk?gl%rf) infestation (adjusted to 13" %
noi sture) Plot | Unireatecl --- a 11.90 a 48.20 a Plot 2 crop oil
concentrat eTrd&gnénl. o,-/acrd Day [(1D34o80 a Ddy. B0 a|Bcdld a alPheltd 3 Cobra: 8
fl. oz/acre Day 1 5.00 b 11.63 a pEpprYlntign i | | oontent r at @ushtiGicfe) |

oz/acre Pl gt 4 Cobra: 8 if oz/acre Day 12 .37 a 56 sedjastubtpo oi |
concentrat-e: . 3 h L ans
fol | odet oy Whe'damp | otter do not_differ si% : 0

New nere tI}\eL <op oil @(H“ﬂwfﬂ‘f(v/pﬁ(é og/acre by PRy IsT D) IESSEN. THE! EFEECTS |G- 2 ACTOEEN Q\|
SOYBEAN! SCREPY IIJI':ELffg abl e 5 sumaPizes th 5‘90 sult 5108 crop yidld @

] ClOp 01 concenmate ﬂ,gz/‘a\qre -~ v et ad ni The
n‘easu.mm ISRy Hjoz/ 'c%éU —attoteh béycl €t o_}.:jiucanbo ﬁ—ﬁ#ﬁ—eﬁﬂf{—%ﬂ—p—l—aﬂ{—%
soybeans we CI%P 6@&\4&%&915?%&‘%&@ g 1'n"Chi o nuirbe factors
var i e o @uohSietalias bOmé @hds

eabk follt)\chdtbhthpstlmJ la@;dgfl@mff&#?l%wan@lpﬁgpgﬁ lSthllen of the
f or mulnatih@nsyls.conmposi tion of the controls, weather conditions, soil

cdanditions, etc.), as can be seen from TabI e 5, soybean crops treated with
| act of en-containing fornulations generally had increased yields conpared

to conty st S YA VS ES W S E REFEAYS OF LACTOFEN ON SOYBEAN

CROP YIELDS

Table 5 summarizes the results of crop yield measurements, comparing lactofen-
treated soybeans with control plants. The soybeans were harvested from farms in Ohio.

15 While a number of factors varied from farm to farm (e.g. form of lactofen used, composition
of the formulations, composition of the controls, weather conditions, soil conditions, etc.), as
can be seen from Table 5, soybean crops treated with lactofen-containing formulations
generally had increased yields compared to control plots. Moisture content did not

significantly vary between those plants receiving lactofen and the controls.

20 The form of lactofen used in these field trials was either Cobra® or Stellar®. The
adjuvants used in one or more formulations of this example were crop oil concentrates and

ammonium sulfate. Roundup® Ultra was also used in a number of the formulations.
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27 WD 01/ 58268

in these field trials was either

nor e fRGTASQAOBE@AS of

Roundup 1t

PCT/ USOL/ 03681 TABLE 5 Location Soybean Roy-,- Treatnment Percent Yield
Per cdrtatiopray Sexbeap wRev h| Fodageant e (bushel / i npFeage N'eldgr oup ac rkgycent
(adj ust ed yi 8PHrYy | Y38h | npi sture) Danvil | e Bmaistpre chpptel/ g igZratire
13.1 34.00 887"RR Roundyp Utra: 32 fl. oz/acre crpp” (?djﬁséer‘fce Atfhte: 16
fl. oz/acre| ammonium sul fate: 17%w/v Rounde Utra ]0 ?Ire) oz/ acre 13.3
31. 03 = ALY TS Jl7,f at “Cobré 6Uﬂv afi : 7" Wpl o ll ——ozfadt & 12-857.4
4.4 Vernon ' Roundup JIR [ @%Z hh o%gr@cr e/ crop o concent rate: 16 fl.
oz/acre amponi um sul f at € &i @ndclSatd: 8 @z/ReuUNdup U tra: 32 fl. |oz/acre 12.7
54.9 anunoni aun sul f at &; mio@nl,gsaté;acz%ev/ﬁt ellar: 5 |f oz/acre 12.7 57.9 2.6
Roundup U tra: 32 {f oz[aemeviop 0kl c-eeacentrate: [6i.dl . oz/adre ammoni um
sulfate: 2.5 | bs./acre Roundup: dliie-a73% fl.|oz/acre 13.1 56.4 | arnnoni um
sul f atie: 2. b2bbs./ acre Mobra368. o2lacSt el | ar: 5| 118 ozf &tte 12.1 5949 4.3
Ver noferieR RoBRdAup Ul t r a] R8&déd Ulro3? Boxzecrer op| oi | copcentrate: 16 fl.
oz/ acre amponi um sul f af ewop 9l ®n¢ehwate Holl.ezZRaundup U tra: 32 fl. |oz/acre 13.2
57.3 ammonium sulfate: 2.5 Ibs./acre
Roundup Ultra.: 32 fl. oz/acre 12.7 54.9
ammonium sulfate: 2.5 lbs./acre
Stellar: 5 fl. oz/acre 12.7 57.9 2.0
Roundup Ultra: 32 fl. oz/acre
crop oil concentrate: 16 fl. oz/acre
ammonium sulfate: 2.5 lbs./acre
Roundup Ultra: 32 fl. oz/acre 13.1 56.4
ammonium sulfate: 2.5 lbs./acre
Mt. 33 7 Stellar: 5 fl. oz/acre 12.1 59.9 43
Vernon RR Roundup Ultra: 32 fl. oz/acre
crop oil concentrate: 16 fl. oz/acre
ammonium sulfate: 2.5 lbs./acre
Roundup Ultra: 32 fl. oz/ucre 13.2 57.3
ammonium sulfate: 2.5 lbs./acre
Napoleon | 2.0 7" Cobra: 6 fl. oz/acre 13.7 80.3 34
crop oil concentrate: 32 fl. oz/acre
Untreated 14.4 77.58
Napoleon | 1.7 7" Cobra: 6 fl. oz/acre 12.9 71.98 0.40
crop oil concentrate: 32 fl. oz/acre
Untreated 13.1 71.05
Napoleon 1.9 7 Cobra: 6 fl. oz/acre 12.9 79.47 6.0
crop oil concentrate: 32 fl. oz/acre
Untreated 13.1 74.21
Napoleon | X2.0 7" Cobra: 6 fl. oz/acre 16.6 70.92 3.0
crop oil concentrate: 32 fl. oz/acre
Untreated 14.0 68.38
Napoleon | 3.0 7 Cobra: 6 fl. oz/acre 14.0 77.09 0.3
crop oil concentrate: 32 fl. oz/acre
Untreated 13.0 76.80
Napoleon | 2.4 7" Cobra: 6 fl. oz/acre 12.6 73.80 none
crop oil concentrate: 32 fl. oz/acre
Untreated 12.6 74.35

Formulations in italics are the controls.
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Napol eon 2 antﬁnat@a%}r gotyksdens wers/isalated irgma7 q@v 8l Walkams ¥aggly sPYbseBntent r at e:

32 fl I 4.35 Formulations initalics are the
124 sninoaf ed %??e

controls. (glg“\?ﬁb g§1 g 2&3 %5 USOL/ 03681 EXAMPLE 4 - | NDUCTI ON OF

P::OFLAVON HOWNL, BY TR PPED YLEDONS Pl,ant

mast erial: EF uﬁrgons ioelrlgnl%Blile"E{-\atI}\{Erl\rg?ﬁt%:éla Slla flog}%a Sa’ralngty

SOybea'tfiﬂuolﬁ:n qm%yih;ﬂféﬁﬁlseth\@l’v&s&ﬁé‘samd efiBér ih RAQ@érrmrﬁrst i isopropanol to give a

Formul ati on/ conposi tion: diphenyl ethers tested include |actofen,

f oneswfuwped éwatwlaéq“pwérbwﬁpldﬁﬁétlam BheagT Binpkgongariraios odispeePrsne e i n

wat egno ei(ééeﬁ %)tS% nThé 82}@191%&%9{6 \Q/ex%' Y& PovetAlddh n?QU%H Ir ge%ri} a{)&ln I@W by

r api ution in wat inal~ concentration o I soprop not exceed
0. 5%toThaMliupingsytial &t folt dilwiene foest eMoﬂprhealybeIhexeMm atasmd lroangen@f about

10 uM to | seri al 3fo|d ons, from1 hen I et hers
v e 3WSP e mS%qHC%Pﬂﬁéuwlaﬁale. gugane lﬁwsflé%éh%funsel m}qﬁen DEOREG Ycan
elicidar. f@&l@bﬁtpﬁloﬁyggﬁile dﬂﬁkﬁﬂ%’i‘er%ﬂ&%ﬁf&% hefa he?é)»lvér% fifdPB&GRR_AG&AIdQNS of
t he di phenyl ether and can noted hére were final concentrations on the
treatcedlhcmeytbédotryledﬁineat ment: the exposed surface of each snapped cotyl edon

was treated with 7 uL of
Treatment: the exposed surface of each snapped cotyledon was treated with 7 ulL of

the diphenyl ether being tested, followed by 7 uL of the glucan or water. Cotyledons were
15  incubated in constant light (200 uEinsteins) for 48 h.

Analysis: at 48 h, a thin (translucent) section was harvested from the treated cotyledon
surface. Sections from the 10 cotyledons for each treatment were pooled and extracted in
80% ethanol (400 uL for each 50 mg fresh weight). The extract was then subjected to HPLC
as described above. The results, shown in Table 6, indicate that each of the diphenyl ethers
20 were capable of both inducing basal levels of isoflavones, and “priming” glyceollin
competency. Values are the average of two separate experiments. The standard error was less

than 15% of the average for all values.

TABLE 6
Compound Total Isoflavone Induction | Glyceollin
Induction
Fomesafen +85% +233%
Lactofen +64% + 181%
Acifluorfen | +56% +122%
25 Additional diphenyl ethers were tested in the cut cotyledon assay (Williams

cotyledons) over a range of concentrations from 50-500 uM. The activity of thyroxine,

expressed as the range of increase of isoflavones over the concentration range was 20-40%.
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t he di phenyl ether being tested, followed by 7 uL of the glucan or water.
Cotyl edons were 15 incubated in constant |ight (200 uEi nsteins) for 48 h.
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+233 % Lactofen +64% + 181% Acifluorfen +56/0 + 122/0 25 Additi onal
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cotyl edons) over a range of concentrations from 50-500 uM The activity of
t hyr oxi ne,LacexXpr essapliad at heorrcantgeionfofilN0r20ase oW licofl0and nagofen evast he

concentration range was 20-40% 29. W0 01/58268 PCTI USO01/ 03681, EXAVPLE 5 -

| NDUGPP 34 ‘e @éﬁgw\%&uwe&%s [N SEEHER! ﬁﬁﬁ?@ o ANBC TRl AR ‘%ﬂéﬁi@“ A) Legumes
i ncl yghh ngeobi (iR re UGN RAA P ear@ L8 PreRBAT c LEBRUE SrorBRIlt 1GBIaBKIpeas were
treated wth conpositions conprising lactofen in the cut cotyl edon assay as
déscnidredoSdabdicd sprcifigahpl oweveTHbcit bliposilatisper ness cagip Hide e apy 4ot y| edons

of pLag&% of appropriate age for the assay, that is, tissues which were
ful | yB¥P8Hded, green and non-senescent. Lactofen was applied at a
concentration of 100-200 uM Wen 100 uM | actofen was__applied-to the cut
cotyl edong?) iné@@%g@§“ﬁgﬁﬁVWﬁmﬂﬁ%ﬁﬁ?ﬁﬁ%ﬁﬁﬂ“ﬁﬁ%@dpdﬁﬁ?ﬁEdﬁ@Béb5$$¥d?f%r1 li ma
bean,; ohj GkRER (rQ! l%@vrksl%?ggyb%aﬁi oPERBULIANNERS APS6IY e (EB@SH @Eomatic
nmetabolites 10 were not identified specifically. However, their ultraviolet
spectlasratuggestctinatvaramy tanefiltiheof natompeson Ble I[Taige upiaawddicantiissoybean
pl.ants were also treated as described above . in Exanple 4. . For te on
ﬂéuer§ﬁ§565“6*0§6yb33ﬁ’6%”8Fﬁe?%BF3ﬁP§FP?ﬁ81ﬂ%#ﬁﬁ@gyﬁ%%éﬁﬁéé‘T“VHﬁﬁﬁe

| aborgt @appRed AL WRe UHREAN AcitdHahliloF ah@nidais@iheapots e plhecd @aves
using a filter disc 15 platform hooked to a water aspirator, The |eaf was
pl acebe orpostrbsifriace ef theilead ap{i allowedriognfltilg e tissue through the lcaf stomatal

pores. For the greenhouse or field, the chemical was applied in a formulation with a

surfactant to emulsify and disperse the chemical. In each assay, the tissucs were again

20  analyzed by HPLC as described above.

Applied by infiltration into soybean leaf tissue, 100 uM lactofen caused a O-fold
increase in conjugates of the isoflavone genistein, and at least a 10-fold increase in the

isoflavone daidzein, which is at nearly undetectable levels in mature soybean leaves.

C) Field and greenhgouse studies were also performed to determine whether
25 direct application of lactofen to soybean leaves would induce increased levels of the
aglycones of daidzein and genistein, and conjugates of genistein. Table 7 below shows the
response of leaf tissues to lactofen as a percent increase over the appropriate control
treatment. In the field (Ohio or Pennsylvania), Cobra was applied at 6 oz/acre and leaves
were analyzed 8 days after treatment. In the greenhouse, lactofen was applied at 50

30  micromolar and the leaves were analyzed 48 hours after treatment.

As is evident from the results, soybean leaves respond to lactofen by producing very

large increases in the aglycones of daidzein and genistein, and conjugates of genistein.
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Chemgro 2289 was planted in a field at Port Farms, Waterford, PA.

Applications were made June 24, 1999, at stage V4/V5. Soybeans werc harvested on

October 6, 1999, 104 days after treatment. Leaf samples were taken on 4 DAT and 45 DAT

for analysis. No ratable disease occurred in these plots. Yields were measured on October 7,

1999. No vield differences between treatments was found. For total isoflavone calculations:

LSD (P =0.05) = 1951.141; SD = 555.345; CV = 2.24; treatment probability (F) = 0.0125.

TABLE 8
Treatment Total
isoflavone (nM)
Firstrate 84 WDG: 0.3 oz/acre 22770.67 b
Select 2EC: 6 fl. oz/acre
Dyn-amic: 0.4 % V/V
Firstrate 84 WDG: 0.3 oz/acre 26795.67 a

Cobra 2EC: 6 f1. oz/acre
Select 2EC: 6 {l. oz/acre
Dyn-amic: 0.4 % V/V

Formulations in italics are the controls. Means followed by
the same letter do not differ significantly (P=.05, Student-Newman-Keuls).
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bet ween treat ments wads aarbdacréor total |i sofl avone calculations: LSD 5 (P
= 0.05) = 3025. 34; SBomd|834a:A5yacV = 7.|48047r3éat ment probability (F) =

0. 6493. TABLE 9 Tre&bhreptC:-¥atllapzaciesof | gvone (nM Roundup Utra: | gt/acre

17811 a AWMS: 2.0 | hsR&ctemfHoundup U tra: t/acre 17651.17 a Cobra 2EC:
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the same letter do not differ significantly (P=.05, Student- Nwmun Keuls).

O

10 C) Group 1.9 RR soybeans were planted in a field at Port Farms, Waterford, PA.
Applications were made June 24, 1999, at early R1. Soybeans were harvested on October 0,
1999. No ratable disease occurred in these plots. Yields were measured on October 7, 1999,
No yield differences between treatments was found. For total isoflavone calculations: LSD

(P=10.05)=2530.3; SD =721.9; CV = 3.57; treatment probability (F) = 0.6225.

15 TABLE 10
Treatment Total
isoflavone (nM)

Roundup Ultra: I gt/acre 20402.67 a
AMS: 2.0 Ibs/ucre

Roundup Ultra: 1 gt/acre 20062.83 a
Cobra 2EC: 6 {1. oz/acre

AMS: 2.0 Ibs/acre

Formulations in italics are the controls. Means followed by
the same letter do not differ significantly (P=.03, Student-Newman-Keuls).

D) Pioneer 93B01 RR was planted 1n a field at Springer Farm, Mt. Vernon, OH.
20 Applications were made June 30, 1999. Soybeans were harvested on October 20, 1999,
Phytophthora m. was present and was rated on September 2, 1999. Cobra treatments
provided significant reduction in Phyvtophthora incidence and resulted in a significant yield
increase. For total 1soflavone calculations: LSD (P = 0.05) = 3835.87; SD = 1919.80; CV =
9.36; treatment probability (F) = 0.153.
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E) Pioneer 93B01 RR was planted in a field at Springer Farm, Mt. Vernon, OH.

Applications were made June 30, 1999. Soybeans were harvested on October 26, 1999.

Phytophthora m. was present and was rated on September 2, 1999. Cobra treatments

provided significant reduction in Phytophthora incidence and resulted in a significant yield
10 increase. For total isoflavone calculations: LSD (P = 0.05) = 4189.86; SD = 2097.00; CV =
10.47; treatment probability (F) = 0.2878.

15

TABLE 12
Treatment Total
isoflavone (nM)
Roundup Ultra: | gt/acre 21251 a
AMS. 2.0 Ibs/ucre
Roundup Ultra: 1 gt/acre 19534.67 a

Cobra 2EC: 6 fl. oz/acre
AMS: 2.0 Ibs/acre

Roundup Ultra: 1 gt/acre
Cobra 2EC: 6 fl. oz/acre
Surfactant: 0.25% V/V

Roundup Ultra: 1 gqt/acre
Cobra 2EC: 3 {l. oz/acre
VRB: 50 mg/L
Surfactant: 0.25% V/V

18073 a

Formulations in italics are the controls. Means followed by
the same letter do not differ significantly (P=.05. Student-Newman-Keuls).
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Cobra 2EC. 6 fl. oz/acre AMS: 2.0 | bs/acre Surfactant: 0.25% V/V Roundup
Utra: | gt/acre 20215.33 a VERG 300 ng/L Acetone Tween 20: 1 %V/V
Roundup ‘E’Bt‘)i‘@s%? qt/acre 20169.67 a VRB: 80 ng/L Surfact BRTAUSH/0388% \// v
Forrmul ations in italics arc the controls. Means followed by the sane letter

do not differ span FGEaRE blantddin@FielShupient FeWBH Wekl OH. Rpficaftb@neer
93B01 RR was ﬁéfnted inafield at Springer Farm M. Vernon, OH.

Appl |ty91te|rbﬁ§: &0, 7hEe. Sgyk@asﬂwemgvessdmém@dwéﬁl@e hrarmab stavdng Aeaser ober
26, 119 rtota 15%1’(1%1\9&1@ R0 Rohs: LV@ pL %S(%nt d66v,\%%) ré}%?gﬁon Sept errbe.r 2.’ 1999.
Cobr a rea Fovided™s f| can reduction in"'Phyt opht hora incidence
and resulted in a signifi cant y| eld 10 increase. For total isoflavone
calculations: LSD (P = 0.05) = 4189.86; SD = 2097.06; Cv = 10.47;
treatment probability (F) = 0.2878. TABLE 12 Treatnent Total isoflavone
(rﬁvp Roundup Utra: 1 qt/acre 212EABAE I&vE: 2.0 /bs/acre Roundup Utra: |
gt/ acre 19534.67 a Cobra ZEGm&:f!. oz/jagk.e AVS: 2.0 | bs/acre Roundup
Utra: 1 qt/acre 21221.33 a Cobra 2EC. |Gsofthvonozdvacre Surfactant: 0.25% V/V
Roundup Utra: 1 qt/acre8073 a Cobra|2k@s afl. oz/acre VRB: 50 ng/L
Surfactant: 0.25% V/ Yotrozamubatézans i n | tlaleics are the controls. Means

fol | owed by Fertilizer: 3.0 gal/acre
Formulations in italics are the controls. Means followed by
the same letter do not differ significantly (P=.05, Student-Newman-Keuls).

10 Q) Ohio FG1 was planted in a field at Profit Farm, Van Wert, OH. Applications
were made July 13, 2000. Soybeans were harvested at the end of the normal growing season.

For total 1soflavone calculations: LSD (P = 0.05) =407.05; SD = 180.91.

TABLE 14
Treatment Total
isoflavone (nM)
No trearment 5189 a
Cobra 2EC: 3 fl. oz/acre 51473 a
Fertilizer: 3.0 gal/acre
Pro-X: I pint/acre

15 Formulations in 1talics are the controls. Mcans followed by
the same letter do not difter significantly (P=.03. Student-Newman-Keuls).

H) Ohio FG1 was planted in a field at Profit Farm, Van Wert, OH. Applications
were made July 10, 2000. Soybeans were harvested at the end of the normal growing season.

20  For total isoflavone calculations: LSD (P = 0.05) = 1137.79; SD = 505.08.

TABLE 15
Treatment Total
isoflavone (nM)
No treatment 481068 a
Cobra 2EC: 4 fl. oz/acre 50406 a
Fertilizer: 3.0 gal/acre

Formulations in italics are the controls. Means followed by
the same lctter do not differ significantly (P=.05. Student-Newman-Keuls).
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15 the sane letter do not differ significantly (P=.05.

St udent - Newman- Kcul s) . 33 WO 01/ 58268 PCT/ US01/ 03681 F) Ohio FGL was

pl ant ed WOOHS®&| d at Profit Farm Van Wert, OH Appli catRGHESME3e81Inade
July 20, 2000. Soybeans were harvested at the end of the normal grow ng
season. For total isoflavone calculations: LSD (P = 0.05) = 524.66; SD =
233.18. 5 TABLE 13 Treatnent Total isotlavone (nM No treatnent 4479.5 a
Cobra 2EC. 2 fl 76l td | , / e ions in
italics arI theogg)ﬁ Crs}gl(@.s 6‘38%?@“? of er(gétepcfhE)F/?%rﬁlé%{sagln\g@{’tétéﬁéﬁﬁg{c%g%ﬁ%i ffer

si gni #eieanideylu(yPH), @600.SEoheahs WemsrmanvdSed|as Jhe ehd oBthGnrmaFGbwiag sgdsamt ed i n
a field at Profit Far Van \W\ert, OH Apg)lications were made July 13,
2000. Faggibsadav@esaley gat d PP TR AES 1 IHmP Ad0%d% gr owi ng season.  For
total isoflavone calculations: LSD (P = 0.05) = 407.05; SD = 180.91. TABLE
146 Treatnent Total isotlavone (TABFEN® treatnent 5189 a Cobra 2EC. 3 fl.
oz/acre 5147.3 a Fertilizqheime® 028l / agrgPro-X: | pint/acre 15

Formul ations in italics are the control §..pans (v | owed by the sane letter
do not differ signifiganlhd: (P=. 05, StudemisNeyvman-Keuls). H Chio FA was
planted in a field atodk gd- b nFaree Van &iiss GH Applications were nade
July 10, 2000. Soybea#sisesegsharvested gt the end of the normal -t-ow ng
season. 20 For t ot aForigwéns avdnercalcoublatMegndilofe®d (P = 0. 05) = 1137.79; SD
= 505.68. TABLE 15 f @&t 'pristro noraffelsienificady (Padorfed R t'Yeat ment 4816.8 a
Cobra 2EC. 4 fl. oz/acre 5046 a Fertilizer: 3.0 gal/acre

1) Pioneer 9305 was planted in a field at St. Charles Seminary, Coldwater, OH.
10 Applications were made July 1, 2000. Soybeans were harvested at the end of the normal

growing season. For total isoflavone calculations: LSD (P = 0.05) = 296.53; SD = 131.79.

TABLE 17
Treatment Total
isoflavone (nM)
Select 2EC: 6 fl. oz/acre 3648 a

Firstrate: 0.3 fl. oz/acre
Dvnamic: 2 quarts/100
Cobra 2EC: 6 fl. oz/acre 4009.8 b
Select 2EC: 6 fl. oz/acre
Firstrate 0.3 oz/acre
Dynamic: 2 quarts/100

Formulations in italics are the controls. Means followed by
15 the same letter do not differ significantly (P=.03, Student-Newman-Keuls).

While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one of skill in the art that various changes and

modifications can be made therein without departing from the spirit and scope thereof.
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Forrmul ations in italics are the controls. Means followed by the sane letter
do not differ significantly (P=.0b. Student-Newman-Keuls). 34 WO 01/58268
PCT/ USOMWORE83R68 | ) Chio FGL was planted in a field at ProP¢T/UBYII681Van
Wert, OR Applications were made July 10, 2000. Soybeans were harvested at
the end of the normal grow ng season. For total isoflavone calcul ations:
LSD (P = 0.05) =1355.94; SD = 602.(§4a1MSTABLE 16 Treatnent Tot al

i sof | avone (nM No treatnment 5164.3 a Cobra 2EC. 2 fl. oz/acre 5135.5 a
Fertilizer WIRt & dgimyedds'e Fornul ations in italics are the controls. Means
followed by the sane letter do not differ significantly (P=. 05,

St udent - NeWwman- Ksubtdg))d i )1iggiebn@érdu96§05/smc pﬁtsz'asmftred i aplenf Feshprising.St .

Charl es_ S de,.July 1, 2000.
Soy be At erh HArUEerBiTAe ¢ Rt o CPREEBMAIR Falio i Cudtil “ee vot a

i spf | avapeusalGthalehQnSsartoihd Flarm, Qﬂ@}m a@t%ﬂ@ﬁof fuced Sktef@c TABLE 17
Treatment Total isoflavone (n Sel ect gEC 6 oz/ acre 3648 a

Fi r st reststanc@irgthe plant, ¢hgraley mdpying sy geme rqm@t@m@/@@o cagsms PRECLEBOF | . 07/ acr e
40009. § b Select 2EC. 6 fl. oz/acre Firstrate 0.3 oz/acre Dynamc: 2
quart P190 Fornul ations in italics are the controls. Means fol | owed by 15
the sane letter di f si gni f.i cant,l P=.05, Stu s).
Wil e the Fnvent ﬁ%Hw Laﬁmdle@g\ﬁfebléﬁ‘"fiﬁ %S\Q%éleltheér%s Q\ASPH& rgprgﬁ%]ééf
speci i ene 6MPOHEIRALS féﬁ}ﬁﬂ%@f it wll be apparent to one of skill in the
art that various changes and nodifications can be nade therein wthout

departing fromthe S%I rit and scope thereof. 35 WD 01/58268 PCT/ US01/ 03681

@}@

10 (1)

ol R’

F,C o} NO,

R() R‘)
HO 0 CH2~|CH—C02R,0
NH,
R() R‘)

wherein R, is a hydrogen, fluorine, or chlorine atom, or a trifluoromethyl group; R,

(1I)

(1)

15 R:and R; are independently a hydrogen, fluorine, or chlorine atom; Ry is a hydrogen atom,
NR,, NR(R,, OR,, COOR,, COOCHR,CO:R,,, CONHSO;R, or a cyclic ether, wherein R is
a hydrogen atom, a branched alkyl group of 1 to 4 carbon atoms or a linear alkyl group of 1

to 4 carbon atoms;
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CLAIMS What is clained is: 1. A method of triggering induced systemc
resistance in a plant conprising, applying an effective anount of a

bi ol ogi I ive fornulation conprising a diphenyl ethgg obBebNE
surfacecvgbog/tsgﬁ%gast a part of the plant, triggering acti vatlT/gﬁ o@ |§nduced
system c resistance in the plant, thereby inducing system c _resistance to
at | east onehgeinHogean oxygeios eesegen 2tonTHaditst ip @ dryefogen aiom.CHwier ei n sai d

Fopne ¥ ph i Bintigtid ¥4 K5 SohTRISRIR A80.CH 208, °F 1 8. (0] (éwgnﬁo (an
R R HOO -. CO. Rl N R, 111 enR, i ,
fl uori ne, oﬁ%ﬂ%% 1?‘155 g?olnigr gr 3&@?53?1%%%‘9%{??%@]5{6%& dhﬁlfn,scoa S$Og§3 RS

are i ndepgndsnt!y a hydrogen, fluorine, or chlorine atom R4 is a hydrogen
atom NR6, NR6, R(>, OR(" COORO COOCHR6CO’/RO" CONHSO2R6, or a cyclic ether,

wherein R(,3is ﬂqe"&?ﬁ@t‘h?@%?clﬁfrﬁ@ wﬁex@{nﬁé&?‘&gh%%ﬂhe%wggfc\t/%etr réschiibon

atons or a linear alkyl group of 1 car bon at ons; 01/ 58268
PCT/ USH1fo@86B11). wherein R7 is an oxygen or nitrogen atonm and R8 is a
hydrogen atom CH3, an aliphatic chain conprising 2 to 5 carbon atons, or
HSO2CH3; amd wheTled metRBd b clim @] whéreinBhe dipheird;etlands Riifdudrsera ativaitehed

al i phatic chain conprising 1-5 carbon atoms. 5 3. The methotd of claim 2,
wher ei fifeagx.¢héipprberpfenchormpgénallderediden fRioreglyedandigronitroten,

fomesafen, furyloxyfen, halosafen, lactofen, nitrofen, nitrofluorfen or oxyfluorfen.
10 5. The method of claim 4, wherein the diphenyl ether is lactofen.

0. The method of claim 1, wherein the formulation further comprises one or
more adjuvants selected from phytologically acceptable carriers, crop oil concentrates,
surfactants, fertilizers, emulsifiers, dispersing agents, foaming activators, foam suppressants,

and correctives.

15 7. The method of claim 6, wherein the adjuvant is a surfactant.
8. The method of claim 7, wherein the adjuvant is a non-ionic surfactant.
9. The method of claim 6, wherein the adjuvant is a crop oil concentrate.
10. The method of claim 6, wherein the adjuvant is ammonium sulfate or urea

ammonium nitrate.

20 11. The method of claim 1, wherein the formulation further comprises one or

more other active chemicals.

12. The method of claim 11, wherein the one or more other active chemicals 1s a
herbicide.
13. The method of claim 1, wherein the plant is a legume selected from lima bean,

25  pinto bean or soybean.
14. The method of claim 13, wherein the legume 1s soybean.
15. The method of claim 1, wherein induced systemic resistance 1s triggered

before the onset of disease due to said pathogen.
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by formula (I). 4. The nethod of claim3, wherein the diphenyl ether is

aci fluorfen, aclonifen, bifenox, chlonethoxyfen, chlornitrofen,

f 1 uor odiWeR5826810r ogl ycof en, fluoronitrofen, fomesafen, FPGFPOHEHHEN,

hal osafen, |actofen, nitrofen, nitrofluorfen or oxyfluorfen. 10 5. The

met hod 16f clTak MdhoddrRLmN  tRréh RRRIOY syBtdhgt réSsthetigdi€mntil@he The met hod of
claim1l1, wherein the fornulation further conprises one or nore adjuvants
selaatséyrvfes§mh phyt ol ogi cal |y acceptable carriers, crop oil concentrates,
surfactants, fertilizers, enulsifiers, dispersing agents, foam ng

acti vatldr s, Thoamtisudppredswantvdiich amdiccormpeses weglyingSo The sthfsceret Hed of cl ai m
6 erein the.adjuvant. i.s a.surfactant. 8. The.nethod .of clajm?7, wherein
¢ ReMCEP B PP USRS e RugipdBidien «§ e TgonGa sk BrEPT 6 wher oi n
t RRlueklic W AMiuddSedstei@Ro eid pipegnt rate. 10. The method of claim6, wherein
the adjuvant is ammonium sulfate or urea ammoniumnitrate. 20 11. The

et hod 187 clahint Jthesakstie: L RITM bR LU e o FOTREL SeRoaRe Or | mor e

ot her active chem cal s. met hod of ¢laim Il, wherein the one or nore

obhebicdegically acheqicaiusatios camphenpiaciiplenyli@herthehaeifaod 06t lebshiam 1, wherein
the plLant .is a | equne selected fromlim bean, 2 into bean or soybean.
B B Bt B B S S e DR e e 1 TaBh B8 ATE3E . e ot o

Ofnafdi@nAelor iMIELRdthi ?%ﬁ%ew@6?@%1&@,&1@%\/\%@ﬁﬁréagmt]rcir ed before the
onset of di sease due to said pat hogen. 37 01/ 58268 / US01/ 03681 16.

The nmethod ' , rel,n . thduced: ' [ e lasts until the
pl ant ﬂg'ha?@ggie3£L%§4ﬁgﬁg§hgfﬁ%ggggggﬁgﬁﬂ%g%gaﬁ$§ﬁ§%§ggher conpri ses
apgprssenigd be ohbhef surtbdoeingffotnndas: pl ant a booster application of said
formul ati on subsequent to the initial application, thereby inducing
continued resistgnce o the pathogen. 18. A nmethod of increasing plant

yi el d conpri sing; ‘appl Vi N

an ef fective anount of a biologically active
formul ati on gompri si ng & dphenyl ether to the surface of at |least a part
of the pl-s ﬁ)ee <:} ajdon of induced systemi c resistance in the
pl ant, and st ai ni ng\® ncreasi ng the general health of the plant,

t hereby increasi\ng crop yield. 19. The nethod of claim 18, wherein said

di phenyl ether h&s a structure

(D

Q R
Cl e
F,C ) NO
(1)
R) RL)
HO 0 CHy™CH=COAR g
NH,

Ry Ry (111)

wherein R, is a hydrogen, fluorine, or chlorine atom, or a trifluoromethyl group; Rs.
Rj; and Rs are independently a hydrogen, fluorine, or chlorine atom; Ry 1s a hydrogen atom,
NRy, NR¢R,, OR,,, COOR,,, COOCHR,CO:R,, CONHSO:R,. or a cyclic ether, wherein Ry, is
a hydrogen atom, a branched alkyl group of 1 to 4 carbon atoms or a linear alkyl group of 1

to 4 carbon atoms;
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represented by one of the followng formulas: R RS R4 RI OOONO R
(1) ORCIR F,COo0: NO (Il) R R HOOCH-CHCORO | NH > R<,
R (111)WOME$2%8n R is a hydrogen, fluorine, or chlorinePET/HEP1/36815
trifluoronmethyl group; R2. R3 and RS are independently a hydrogen,
fluorine, @hefdi RFige &tyedh oFnitloSer@atbidaAQRR i9d BydrogddomNBERGan ORE" COORO!
COOCHRGCO2R, , CONHSO- R6, or a cyclic ether, wherein R(, is a hydrogen

at om 2BplHa §B#HE GoRIPKRYINS Gr e dragtomatems. AréROstinerths or a |inear al kyl group
of I to 4 carbon atons; 38 WO 01/58268 PCT/USQOL/ 03681 wherein R7 is an
oxygen or wihercoyBmisal.ond, Laprbrief si sndaRhyiel p begaehed dmha@kghaiagompiiphatli chai n
corrprigribglg t% to 5 carbon atons, or HSQZCH3; and wherein RO is H d, I, Br
or CF3¥™3h8°RI0 is a branched ali phatic chain conprising 1-5 carbon atons.
5 20. The pgethod. of claj 9, ere said diphenyl ether has a structure
ebr esent ed’. bquBP?ﬁBIFO? {rf}tyjf%lmzlvlg.? Ve T whBt tenfis DYIUHHErFeopive

di phegylogtdiefy.i s acifluorfen, aclonifen, bifenox, chlonethoxyfen,
chlornitrofen, fluorodifen, fluoroglycofen, fluoronitrofen, fonesafen,
fiiryloxyfen, h ' - j: f i - A7 el uor f en.
10 25, *The et ot o et Ghnin I ifhend] (b L AR GRE G R b 53
The nbtfhod, ofloglethiony £8, chibraited fon, ttherdbfemufladroglycd fent hesrosiommisn, ses one or
nore adj uvant _sel ected from phytal ogically. acceptable carriers, crop oil
concelPErEe: fur%lawftseﬁm%?gnf Riofer rden. i wcﬁfeérqg,oxaﬁg?fé%i ng agents,
foam ng activators, foam suppressants, and correctives.

10 22. The method of claim 21, wherein the diphenyl ether is lactofen.

23. The method of claim 18, wherein the formulation further comprises one or
more adjuvant selected from phytologically acceptable carriers, crop oil concentrates,
surfactants, fertilizers, emulsifiers, dispersing agents, foaming activators, foam suppressants,

and correctives.

15 24. The method of claim 23, wherein the adjuvant is a surfactant.
25. The method of claim 24, wherein the adjuvant is a non-ionic surfactant.
20. The method of claim 23, wherein the adjuvant is a crop oil concentrate.
27. The method of claim 23, wherein the adjuvant is ammonium sulfate or urea

ammonium nitrate.

20 28. The method of claim 18, wherein the formulation further comprises one or

more other active chemicals.

29. The method of claim 28, wherein the one or more other active chemicals 1s a
herbicide.
30. The method of claim 18, wherein the plant is a legume selected from lima

25  bean, pinto bean or soybean.
31. The method of claim 30, wherein the legume is soybean.
32. The method of claim 18, wherein induced systemic resistance is formed before

the onset of disease due to said pathogen.
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15 24. The nethod of claim 23, wherein the adjuvant is a surfactant. 25.
The nmethod of claim 24, wherein the adjuvant is a non-ionic surfactant.

26. The W@Ohsa26®f cl ai m 23, wherein the adjuvant is a cropCHUBIEAent r at e.
27. The nethod of claim 23, wherein the adjuvant is anmonium sul fate or
urea ammorkum rT'hrern%tﬁod 812 18 Reh &R Radhced s )ﬁkéﬁl@rg&staﬂmﬁﬁb OnfiNge

formul ation further conprises one or nore ot active chemcals. 29. The
net hoglanf isdaavasicd8, wherein the one or nore other active chemcals is a
her bi ci de. 30. The method of claim 18, wherein the plant is a | eqgune

sel ect ed fBam | iThe m&bodedlainpi ftwhitieamnther canyieanppiFing tbhee srefdeodfof cl ai m
30, wherein the | egune i s soybean. 32. The net hod of cl fll m18 wherein

i nduc e Rigaiadiposter é@?lgce%\%%f jagd f%mh%aaloaévleﬁﬁeuemﬁ%ﬁ@dglé@ BPlisAi¥hse due to

sakd RAORGERuC %cé@@n@é&?&%@ﬁlcggh\s’%%ogé@m 33. The nethod of claim 18,

wher ei n 1 nduced ystemc resi stance s until the plant is harvested.

34. The net;hod [ rdd 0O the surface
of the pl gﬁt a oos g%é%ﬁfe:é%gg?egﬁﬁo sell?ogﬁ olﬁém?}léalfllggtﬁéo\s{tﬁggle%’uent to the

initi abpl@zl)@ dnCifec 0V arbolith@f @lbyolbgiduby agive ddvniwateth dodsprisiane diphenjtl feener

pat ho% 35. A nethod for increasing |evels of an |sofla%vone jn a plant
conpr it& Hiegurfagef| 4yt apareef Be piaps | refRsaOIRIaggioRatap spdtavere In
forwltﬁé];m ﬁq%re%guﬁerggl&@bapgﬁxdlssh ne ib hdfigmSur face of at east a part
f the ant uci ng release or production an i sofl avone in the

mlﬁhod t her by I é)%ﬁi?ﬁOd"& cla% %er%rq s!n?%f ll}aié\égnehérr}mts h%UBLt%Pet 10 36. The

of c aim eréin sald as a structure

repres@f}b@dtelay)y(medﬁf[]dff@ﬂotvoiglf@m]ﬁlgsformJI as: SR RE R4 R *ONO2 R (I) O
R O R F CONGs (11)

R; R Ry
R,
(I
(0] Ry
Cl R7/
(1)
RL} R‘)
HO O CHZ—E‘H—COZRW
NH,

15 Ry Ry (1)

wherein R, is a hydrogen, fluorine, or chlorine atom, or a trifluoromethyl group; Ro,
R; and Rs are independently a hydrogen, fluorine, or chlorine atom; Ry 1s a hydrogen atom,
NR,, NR¢R,, OR,,, COOR,, COOCHR:CO,R,, CONHSO:R,, or a cyclic ether, wherein Ry, 1s
a hydrogen atom, a branched alkyl group of 1 to 4 carbon atoms or a linear alkyl group of 1

20  to 4 carbon atoms;
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R R, HOOCH-CHCOR,) | NH 15 R R) (Ill) wherein R is a

hydr ogen, fluorine, or chlorine atom or a trifluoronethyl group; R2, R3
and RS Q@0/¥a&pendently a hydrogen, fluorine, or chlori RCHVSHO6M is a
hydrogen atom NR6, NR6R6, OR(,, COOR6, COOCHR6CO7R6, CONHSOZ2R(, or a
cyclic et h@ﬁerei’x‘ﬂ@{ﬁ'aﬂo@ ged@rmﬁo%@ﬁdﬁ@lﬂeﬂ)@f{ Qa l*?yd%?e@l &8, &Kydn group of 1
to 4 carbon atons or I'near al kyl group o 0 4 carbon atoms; 40 WD
01/58@6®aPCmMU$@thB$8g2tmﬁexéxmEMWH$§réﬁﬁb2¥beWKbr ni trogen atom and R8
is a hydrogen atom CH3, an aliphatic chain conprising 2 to 5 c~xbon at ons,
or HSO2CH3wheneth RhistiGl, RBrics (H;: 4ld, R | js Bbranch¢dR8iphand cliriio compasinprianched
allphattc chain conprising 1-5 carbon atons. 5 37. The nethod of claim 36,
wher efBO¥LHAMGi phenyl ether has a structure represented by formula (1).

38. The nethod of cIa|n137 wherein the diphenyl ether is acifluorfen,

f ohesaf en 3br | Abe Bredied ofglaimpé, wherkatsad dphanthedsr haha sERHiehe di pheny!

et her, ﬁs&ﬂ&ﬁﬁ%@ﬂnu&?l?o The nethod of claim 35, wherein the fornul ation
furth conprises one or nore adjuvants sel ected from phytol ogically
accept abl e sgar ”TFe m’eth%rdocﬂc a|1I ﬁon%greg rf%%%? hen I'{%tfl@fcg atﬂ%lbrtjel?rf%rllllega%g{
enuI5|f|ers dlsper5|n va oam suppressants
corregtlay@fen. 41. The nethod of cIa|n140 mhereln the adjuvant is a
surfactant. 15 42. The nethod of claim4l, wherein the adjuvant is a

non-ioni c soir f agh@Methoddd clalAS8T®hBReh B dedrrh i 4Rer iWNRESER the adj uvant is
a crop oil concentrate. 44. The nethod of clalim40, wherein the adjuvant is

m}}@m”' um sy f at ?h?ﬁleﬁ{o%ao ?ﬁ%‘ Wi {h@thrmLﬁéuonTﬁ?thgie&J}Hﬂn&fs ofik 8t M 35,
rein the fornulation conprises one or 20 nore other active
chem mhsadm\&ntsTsleh:chtﬂmd pbytombmaﬁyésqepwm a@rnetsheopd conceroragesot her acti ve

hem cal s i r|| 47, Th h f claim rein the plant i
g_ Feg%ﬁ@iwse r% err§b 5cﬁqu| ?ﬂﬁrs dlspers?ngggen?sdfooaml%g%ctlva:t)’(gs mx% s%ppretssa%lsp ant 1s

and correctives.

and

41. The method of claim 40, wherein the adjuvant is a surfactant.
15 42. The method of claim 41, wherein the adjuvant is a non-ionic surfactant.
43. The method of claim 40, wherein the adjuvant is a crop oil concentrate.
44. The method of claim 40, wherein the adjuvant is ammonium sulfate or urea

ammonium nitrate.

45. The method of claim 35, wherein the formulation further comprises one or

20  more other active chemicals.

46. The method of claim 45, wherein the one or more other active chemicals is a
herbicide.
47. The method of claim 35, wherein the plant is a legume selected from lima

bean, pinto bean or soybean.

25 48. The method of claim 47, wherein the legume is soybean.

49. A method for increasing the levels of isoflavones in plants, comprising
applying to the plant a composition comprising a phytologically acceptable carrier and an

effective amount of a diphenyl ether of formula (IT):
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bean, pinto bean or soybean. 25 48. The nethod of claim47, wherein the

| egume i s soybean. 49. A nethod for increasing the |evels of isoflavones in
pl ants, WORpPs2%88ng applying to the plant a conposition chapPSe/13681a

phytol ogically acceptable carrier and an effective anount of a di phenyl
ether of formula (11): 41 WO 01/58268QPCT/ USQL/ 03681 O/ R8 Cl R7 F3C O
NO7 wherein R7 is an oxyggn or nitrogeR at M and R8 is a hydrogen atom

CH3, an aliphatic chain/conprising 2 Yo 5 ¢tarbon atons, or HSQ2CH3. 42
F;C 0

wherein R is an oxygen or nitrogen atom; and Ry is a hydrogen atom, CHj3, an

NO,

aliphatic chain comprising 2 to S carbon atoms, or HSO,CHj;.
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