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ot her diseases, and fertility. 15[00031Pl ants are susceptible.to a

w de range of pathogens, including fungi, oomycetes, bacteria,
viruses and other virus-1like organis g ese groups of

di sease- causi ng organi sns are each vgigE ferent, representing such

di ver gent [@0RHPS THis BIsEIREIrS FiatastodoRPpbo§ities dn@GndiRsds@F tiBating and/or
mul ti-cellular fungi and subcellular viruses. In their native

envi r onmeBteyentipgfisegse dams. pat hogens are kept in check by natural
predators. However, 20 with increasing world-w de trade, plant
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present, often | eading to virul entBACKGROUNIXti ve epidem cs in

pl ant [ Conyenti.onal .met hods for the preventjon and.treatnent
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cost of their manufacture and application, many of these agents are -

be 25 det P? Hefcats afd3P REliemperyysaret 2ddiono therxgenseorelaberfortisatent and
heoe 0opkIatan, Uiy aBE ateiuf I BEIS SobSRAE AR, R v
have |i m tesdtaapptol peat ansiother diseseecinflifertitityop and/ or a specific
SR PR AR TN RN AT -
spread t heaughouiuded andrafheF viagrlile\Writisis. These groups of disease-causing
organisms are each very different, representing such divergent groups of organisms as
single-celled bacteria, multi-cellular fungi and subcellular viruses. In their native
environments, many of these pathogens are kept in check by natural predators. However,
20  with increasing world-wide trade, plant diseases have been introduced to areas where no
predators are present, often leading to virulent and destructive epidemics in plants.
[0004] Conventional methods for the prevention and treatment of plant disease include
the repeated use of costly treatment agents, such as pesticides and fungicides. In addition to
the enormous added cost of their manufacture and application, many of these agents are be
25  detrimental to the environment. With irrigation and runoff, these agents can be
concentrated in waterways where they can contaminate soil and groundwater. In addition,
these agents often have limited application to a specific crop and/or a specific disease,
resulting in the need to maintain a costly inventory of multiple treatment agents.
[0005] An example of a pathogen which has spread throughout the major agricultural
30 areas of the world is the fungus Phakopsora pachyrhizi which causes Asian soybean rust.
Native to Asia, it was it was first found in South America in 2001, had infected crops in
Louisiana by the 2004 and is now found throughout much of the South and Midwest and
continues to spread throughout the Western hemisphere. Rust is particularly destructive to

soybeans and other edible legumes but can infect a wide variety of species where it causes
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[ 0007] The present disclosure provides, in various aspects, _
corrpoﬁﬁti ons and net hods of treati n%aw‘% preventing di sease in
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this disclosure, a‘% enbodi ed and broadly 15descri bed herein, the
present dPgté‘F%‘é‘ﬁlaé BF Bievertig dissase inplapts, a%eﬁgtfﬁl,lymmsrtmswnfﬂweé@i ng
a plant, 4 oSk ing a conposition conprising
silver di %{/@?%%%Qnﬁgﬁetp???gfo\%_tﬂngﬁg?gﬁ?. [0009] I n a second aspect, the
present dl0988bsurle aprogdinde wvith theplrodse( of thésdisdldrad:, abembodied and/%rgacﬁy n
the c 05l t L comprisin idver dihydrogen citrate is contacte
with B Snetibd SRARE e oistobutn AR R st et 1 Rehi Kiieatng a

[ 0010] I n plahf)itfednéthp@edmprisiey @heRaRE 2 dbBpbMEH &nﬁﬁi@ﬂgféﬁﬁeﬁiilﬁ&&@%ﬂcit@@e
descri bed apove, wherein the conposition conprising silver dihydrogen
citrate i¥! G.rPﬁaé’éted with at least one of: a root of the plant, a
portion ofposg) | andsondl Q\f!?ctﬁ%?eﬁf @Pé%lgﬁllre %Bvﬁ@§%me%5; asfeséibed above,
conbi nation thereof. 25[0011]In"a fourth aspect, the present

di scl osur¥hgreimihel egmpositearnedprisgddly e dilpellogenaitste istvontaitad with at least a

conpog) ti QRilHEE ASLSAIPLIAESoARe BEhE"

[0010] In a third aspect, the present disclosure provides a method, as described above,

wherein the composition comprising silver dihydrogen citrate is contacied with at least one
of: a root of the plant, a portion of soil and/or groundwater proximal to the plant, or a
combination thereof.

25 [0011] In a fourth aspect, the present disclosure provides a method, as described above,
wherein the composition further comprises an acid.

[0012] In a fifth aspect, the present disclosure provides a method, as described above,
wherein the composition further comprises at least one of an antifungal, antibacterial,
antiviral agent, or a combination thereof.

30  [0013] In a sixth aspect, the present disclosure provides a method, as described above,
wherein the plant is an agricultural crop, a horticultural plant, or a combination thereof.
[0014]  Additional advantages of the disclosure will be set forth in part in the description
that follows, and in part will be obvious from the description, or may be leamed by practice

of the vartous aspects of the disclosure. The advantages of the disclosure will be realized
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[0012]In a fifth aspect, the present disclosure provides a nethod, as
descri bed above, wherein the conposition further conprises at |east

one of an ' [, antibacterial, antiviral agent, O cRrus2008/079946
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means of the el enments and conbi nations particularly pointed out in

the appended clains. It is to BDETANIEDIHESCRIPELOROt h the foregoing
general description and _the follow ng detail ed description are
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plants is a maj or econom C socCl a vari ous
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toxic to desilyaRpesiedad tedmpldkidddiHaimthesi SRRt tHeIr_%.%Bﬁ%‘i‘ﬁt?. are
usually e egsi ve and the conplexity of their synthesis |imfts their
avai | abi | f‘f‘&l.l [ OCEEEBiihydozen ‘H?ﬂl‘ﬁéﬁéﬁ) Basprayiausiskxen shewn py s/ digiolfartant
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methods of making and using, indicate that SDC can be used to effectively kill a wide
variety of species of bacteria, fungi, and viruses. These three broad types of pathogens—
bacteria, fungi and virus—are extremely different from each other. Bacteria are single cells
with very simple intracellular organization. Fungi, which include both yeasts and
20  mushrooms, are the most primitive of the multi-cellular, or eukaryotic, life forms. Bacteria
and fungi are thought to have diverged some 600 million years ago. Virus are not
considered to be true life forms, as they cannot reproduce independently but are reliant on
the reproductive mechanisms of the cells they infect.
[0017] An antimicrobial agent which is as effective against bacteria, fungi and yeast as
25  is SDC by definition has wide ranging toxicity. Therefore, it is not predictable whether this
same antimicrobial agent would be toxic or deleterious to higher organisms, such as plants.
Even the fact that SDC is non-toxic to humans does not render it obvious that it would not
be harmful to plants, which could be considered at least as closely related to fungi as they
are to animals. Moreover, even if topical application to plant surfaces would not seriously
30  damage a plant, the agent might still be harmful to the more sensitive spores or roots. Thus
it was not predictable that SDC would be effective for the prevention or treatment of plant
diseases while not damaging the plant itself. Further, SDC can be taken up from the soil
through the plant as a systemic antimicrobial. These desirable characteristics make SDC an

important new agent for controlling plant diseases.
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of the invention in its currently known aspects. To this end, those
skilled in the relevant art 25 will recognize and appreciate that
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[0025] Ranges can be expressed herein as from “about” one particular valuc, and/or to
“about” another particular value. When such a range is expressed, another aspect includes
from the one particular value and/or to the other particular value. Similarly, when values

are expressed as approximations, by use of the antecedent “about,” it will be understood that
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bearing trees and bushes, finber species, grains, vegetabl es and

t uber prod@88hg Sarsedberedsilotan] AYantd sdnteaded to refoihte ang mmnber of the

79 AR G B % B, LA

Speci f i catdmprehdmsive distycomgleraallyt walibld [Hart RiBsttde {0varidgs ddesedmbluls

not lim te?g?:icg.lﬂ'ilre,h ac.)grrglilocrrlfslf 51{{{ I?drtigtgtru?en sopré%:/ieéle ggcﬂc z?srgergstser:syaind groundcovers, flowering
plants and ornamentals, shrubs, fruit- berry- and nut- bearing trees and bushes, timber
species, grains, vegetables and tuber producing species.

25  [0029] As used herein, the terms “agriculture” and “agricultural” can refer to crops,
cultivated plants, ornamental plants, other plants and/or combinations thereof. Specifically,
the term “agriculture” is intended to include, but is not limited to, horticulture, agronomy
and forestry.

[0030] As used herein, the term “antimicrobial agent™ is a substance capable of eliciting

30 an antimicrobial effect, such as, for example, bacteriostatic, bacteriocidal, virucidal,
virustatic, fungicidal or fungistatic.

[0031] As briefly infroduced above, the present invention provides a method and
composition that can be useful in, for example, treating, reducing the severity of, and/or

preventing one or more diseases of a plant. The methods, in various aspects, comprise
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[ 0030] As used herein, the term"antimcrobial agent” is a substance
capable of eliciting 30an antim crobial effect, such as, for exanple,

bact eri ostighi, t;ugn ﬁfg eriocidal, virucidal, virustatic, fH@?/‘UﬁiO‘H?{b?Q?fG
I'on

fungi static. As briefly introduced above, the present I nven
provi des gem@idwpladngitlc @ BRASs @ oonklsi n%%nv&% géh chifbte. fPle $XARP! €,
treating, reduci n% the severity of, "and prevent| ng one or re

di seases @#tethpds|of fFeatrrpRecamstarioans! canﬁomamﬁeousvaangp@wscts,d@mpal|apphcams
2009/ 1484 ;ls@%g treating a plant with a conposition
conpri si ngg(gﬁr er 9%}3?’%‘3@% citrate. The specific nethods of

treat ment PEaNTary and can conpri se, |n vari ous aspects, topi cal

licati nd/ li c PL 032] The sent
SFECI 0 urg&ﬁg’?rel’g'}elﬁg F‘Enﬁ?joﬁug ?%ﬁ’alﬂi?ﬁé&f‘&%‘%ﬁ fi gy egfio ﬂ o1 o1
nore di seafesdieéasas of aplhnt. e P[ﬂn@ﬂfth@‘brés&ﬁ dicRER aklbs Sh PSR abTe HE
any plant capabl e of being |icted with a di sease. In various

aspects, beiaspithpied gdth %‘BSG&FP dgrvasions aspegts, dheapans canbn an agrisuitusaheron or
plant, a et b\%gbétb’& lonS RAGHRE ci8s su h]? s, X 8T fle, a?%n?e(n?&@%&a@ilt ora
It aspe he plan

plant, or a conbinatfon thereof In"a speci _ I's ’d
crop. Exenphbingtionr hgreof aln dPedifip nimet, ﬂwpimm;s, a @ep eEkanplamamps dahiui t s,

peanal®,  BONRFF eSS, 55T RS HiaFoRr b, Fodits BEL1disphie BEES B it

fruits, Sblﬂﬁfneﬁ@%t §eanﬁténfuérﬁé’\ﬁ'ﬁﬁs pb&oes iRl SRd1 fkitt §sbeddd! §tone Fruits, sugar
veget abI es, and various other crops. & her exenpl ary plants can

conpri se P%ettﬁﬁ“nﬂqmrt?ah@opﬂaéﬁﬁgs t‘éf@megéfﬁ@% andivayave sper awps.[ 0088] | n
one aspectyenl SZ cdnsco ?egﬁ oRbAN plaif &Bﬁﬁge&ﬁ%&pehav' ng
| ssdes con ué |

l'igmfied 15t7 for t Pon of AUTTI

phot osynt He83L priodue bspect, memtﬁmveasmaqﬂanti dsr&x;}qoha;:phy’deamv&lf Alignified
I SSuU 003 not her _aspect, t ant, o

ekt R e Rt S el eyt 20 SheteSmtheRy PRgRE S ol Hiettsr

and/ or exmsu[metp@arﬂ n@kggnmﬁla§ tigeof the present disclosure wthout
substanti f;\ | nJ ury.
0034 In yet another aspect, the plant of the present disclosure should be capable of

withstanding contact with and/or exposure to the composition of the present disclosure
without substantial injury.

20  [0035] In one aspect, the plant can be afflicted with one or more diseases. In another
aspect, the plant can be free from or substantially free from affliction with one or more
diseases and the methods of the present disclosure can be used, for example, to prevent

and/or reduce the probability of a future disease.

25 DISEASE
[0036] A disease of the present disclosure can be, in various aspects, any injurious or
potentially injurious condition to a plant that is caused by, for example, a bacterium, a
fungus a virus or other disease causing organism. Ilustrative plants disease can include, in
various aspects, leaf spot (Mycosphaerella arachidis), eyespot, Fusarium spp., powdery

30  mildew, net blotch, phoma leaf spot, Rhynchosporium secalis, blight, Sclerotinia
sclerotiorum, Sclerotium rolfsii, Sepioria tritici, Septoria nodorum, rust, tan spot, parasitic
root disease, Alternaria spp., Cercospora spp., Colletotrichum spp., Mycosphaerella spp.,

Pyricularia spp., Rhizoctonia solani, Septoria spp., Venturia spp.or a combination thereof,



20[ 0035] I n one aspect, the plant can be afflicted with one or nore
di seases. In another aspect, the plant can be free fromor

subst ant i %?%ﬂ(f&)h@ﬁﬁiﬁ romaffliction with one or nore di sg§§%§%0g§)gl,ggﬂe

nmet hods of e present disclosure can be used, for exanp

prevent ameisQfst fsefdt fiferideg tdb irthenyivefondy fiMbibiRe d IS QBSspts, Blefidale
[ 0036] A di sease of the present disclosure can be, in various aspects,

any inj ur Fguke %nyqsﬁt%mqraﬂiswsreh?faiqﬁ@awé@ﬁdi tion to a plant that is
caused by ods9f e)ﬁﬁmhﬁgpr%@t, PI% Seldfifle v(ﬂeéce N80 é’fs%%a&?aﬁfahﬂ&zﬁﬁed b?'ﬁn

di sease causing organi l'ustrative plants disease can in e,
vari ous asfgeoss. Hwaplaporgapivisesgindes bel dranctrlmutbddo §)ngi,@peypeits, bacteria,

Fusarium spp. owdery 30 m | dew net blotch homa | eaf . spot
Rhynchbs po s RIS Ve B brabiitas PBlnslofn e ol arsp i Rer e eepm
rol fsii, Pepiretiodstuid EdBposithrpbOthe prézesialidesufclah be ifilized@ia plant
parasitic root disease, Al ternaria spp., Cercospora spp., .

Col | et ot r FERERHDIDS: butvaet alfiicisd weth oae enigore digpapes, pras o preysptative treatment to

Rhi zoct oni ieeys -Qr i ] ' '
Cher oof - aRERSmickaRAl &3 GBlr motE Bk IPRRPhecBesGRTIRL RBIOR e,

to be conpifidtedwithe digeasastoibelsulected tovand aktaindhdiesnefitspd thepredentinsiegmas e
can bg,any one or nore diseases afflicting a plant. [0037]1n one
aspect, a disease of the present disclosure is at |east partially
caused byCOMPOSATIOM Exenplary organi sns include, but are not
limted to fungi, oonycetes, cteria, 5viruses, viroids, virus-1like
organi s m;fﬂﬂaﬁﬂt oﬁﬂ’&é’ﬁﬁ&’?%?’é?&%@&?“ﬁﬁt dissasing LompFges; argans aspps, silver
met hods  aggly ¢RERPS IO, Rimbd t A sl R bg 1 il n
2 pllant ooy RRpFkles RSy Rk SOERRAR, A AR A InERHn S ity
or as a ptibveiirefeisve themeleadahaing the ghemicahotmalh fAgCeHED,, wlonp vathy one
or no. diseases...lt is,not necessary for .a plant .to,be.affli.cte

o e o SRRl e e SR caPh i pReidbe o i phifhe The
present i ie€loire s alskOinfSERO0! bl &Ne A I8 InpbSitieRTO SpckifRAl Pfecitb®herein and

present djscl osur onprises, in variaqus aspects, silver dihydrogen
citrate, QFQBGSF%?‘#%\‘?EOSS s et infendedie hﬁg@&}tqqéi?éwﬁpef’ﬁ’é forgnyip. §1¥Ye\¥er

di hydr ogegin dh‘bgéﬁ Sirate®a8 bSenl Dot o ARG HRN Revith aﬁﬂ?ﬁivﬁﬁéty of
formul a AgC611707, along with 15derivatives thereof ereln a single

si lver camigebsssingladmeibacieda iiegi and viruseac e ani on. The
20 [0039]  In one aspect, the composition of the present disclosure comprises silver

dihydrogen citrate. The silver dihydrogen citrate can be produced from any suitable
method. In one aspect, the silver dihydrogen citrate can be produced from an electrolytic
process. In another aspect, the silver dihydrogen citrate can be produced from a non-
electrolytic process.

25  [0040] In a specific aspect, the silver dihydrogen citrate is produced by at least partially
immersing an electrode comprising silver into an aqueous electrolyte solution comprising
citric acid. In one aspect, the electrolyte solution comprises aqueoils citric acid. In another
aspect, the electrolyte solution can comprise one or more electrolytes in addition to, or
instead of, citric acid. After at least partially immersing the electrode, an electrolytic

30  potential can be applied, generating silver jons in the solution. While not wishing to be
bound by theory, a silver ion can associate with and be at least partially stabilized by a citric
acid molecule in solution. Such as association can produce silver aihydxogen citrate. In
one aspect, the method for preparing a silver dihydrogen citrate can be the same or similar
to that described in U.S. Patent Nos. 6,197,814, 6,583,176, 6,890,953, and/or 7,261,905,

8



di sclosure is also intended to cover related conpositions not
specifically recited herein and the present disclosure is not

i ntended t5B60) 14§rh§ ed to any specific formula. Silver gbﬂi'lg{o%%‘)%
S

citrate has been own to have antimcrobial activity agains

vari ety okwhidicare BeRby irid6ipdeht Sl PREr€ce f thiitR@tireBNMdr M PSR%e of disclosing
20[0039] I n one aspect, the conposition of the present disclosure

conpri sesnsqhqﬂéformrw@éwrémdmg@n ciffate. si | ver di hydrogen citrate
can be Presiuapd ok atheot dish ol ociBad atkn Jsg]n%&ieafs O fast Bt 99994 Blire

di hydrogen citrate can produce rém an ectrolytic process
anot her azﬁygeditl othehaSpgctvaBIﬂl ahddy dnd gghodsi are attleastaimub@B pYaoueAg. fn pehother

0 nyar bgeR R vy BB ARG R B ARG oy o2t PR Al J9NDrER s Agaree OBt e Ag

el ect r odeLeQiIPsthed dfeddd, ivesuritinbPa diveElUEEddR ch BE IkOihih Gbsi® DU PRure Ag,
conprising citric acid. In one aspect, the electrolyte solution

conpri ses P’éﬁ’&@édgaté]ilq glpqirosle psdcappb{e ahproAesIngsipEE tth@IﬁSCIb?l%ﬂer & §tilbother
sol uti on 6aRcGMPLAGR HAPhOha i @%&?@ﬁ V&GS n;uﬁ sl Agfﬁaaﬁ e Affode.

instead of, citric aci After at tla
el ectr odeIn Qe a;petd,tafmtwuabdﬁﬁrqmot efiatioat lz:aarﬁ(bmltapm b@ahphgéhenmemmg

silver,ions t.he s wi,shin 0, be.b eory,
a sil (/er ?rbcﬁfe anfd e %18 g&e%e%%atcﬁrrgﬁ bogtb% %‘ﬁwﬂ ‘?l?sﬁ%i(’@ F’Bﬁ’fed
by a citr swvea@drd(ﬁ'gj) wltl:ie&eleﬂse&@[htbﬁﬁdﬁﬁue&%%hlu@%n,%ﬁi@@d ifér'eﬁlﬂmﬁﬁnmmc acid.
produce S|Iver di hydrogen citrate. In_one aspect, the method fo

pr epar i ngl8942] | ve¥hile Rotavishiag txhe boand by theope then%"e@ﬁfrﬁﬁe B‘Pn°§il1ﬁ4t10&r0fﬂ§flc

hat d :
andl or 7. Sop oo, Be e R RS o B R PR AR AT R,

i ncor por as@dﬁcﬁy Fpeﬁ@mmlm avhitle it leeibeereshoivnahat if is posshige pnmqms @ sidfer ion

d | di h 0041] 1
one. abpectoran i of S Bor e Bt Lt ae i MRS b it “apout
99. 9% pur a)n@xgntrdti’dmﬁbflﬁg R3RAE bS obtRREN USRS UeveR B6nRA RRAE oBEIRiAdcid, 8aRteas

about 99. 90 &ure A%@ et . other 5 aspects, pure Ag refers to about
99. 99% pu}P’g ¢on o3, EPEt%b]SPS’QE h@@@%“ﬁmt’ém%s ofi Gitrigrarid; Iipis s

aspects, bheibMHol ddfusOihe %Pﬁérl 1S ofthE §1tlwre?§j<§1 @gerfg%ggxgﬁithggﬁﬂeoﬁp&%c acid

99. 9% pure Ag, provided at the el ectrode produci ng
si | ver di hydpog@mpld, vaging the amgwit|of cistihasid asqhectestrolmomgd,efonwnhﬂe up

made I han t he.
one as pegtt hdiaﬁ%%% enti él b%&f eérqtél%@ 8%0#1\6‘%%65&@%5}(?“83%08% a@%‘ﬁt tB% final
appl i ed bsitveesm doheent@tiomnche aajtcéoasamhmdmd whes elelt uppaUinii€ bl vaasing thew

bet ween t ectrod ereby, a silver_ion
rel eased ?ﬁ?’g\,ﬁﬂ&hﬁ%@% ok the GW?JH%"?;"W%@ the Bchté‘%FgﬁﬁPéveHﬁ;ﬁlﬁ lgngth of

aci d. [ 00dAk Wt ki idhodMsSBpIG th %@ﬁeéﬁ%ﬁ@éjwme B¢ ere%xp&ﬁﬁ R U LiolyRE Tt

concentration of citric acid in solution, the greater
concent r athiosk bsfnated thatthe presen disclosure ena I@lﬂateda@) ey partictia coontentiation

For ) t le t bt.a

i1 var T oy B thy ABRe RN RONR G Tk b 1R BRRGT il BePipedoe
aci d sol ud sibwer dihgdmgemmmﬁanahm;eﬁmgﬁgesuchma@m abthe@tini dfedchisi ng

| ower concentratio f citric acid, whereas higher concentrations

are obt ai YPEBI%Hs ?I?ﬂjleﬂ PQWEFalc?}ﬁ@WF SPRCSREAtNn, emperaiurg,gr@ combinagiop hys

possi bl e #ereaflj ust the upper limt of the silver ion concentration in
the aqueous citric acid by, for exanple, varying the amount of citric
acid in ti9843 ecfn anofher agprictiwinon-aghenus exlatiph er ammixed solvent system can be

30 atilized, provided that the sufficient conductivity and solubility exist to maintain an at least
partially stable solution of silver dihydrogen citrate. In yet another aspect, the solution can
comprise an excess of citric acid to, for example, further stabilize and buffer any produced
silver dihydrogen citrate. In various aspects, the solution can comprise from 0 to about 40

wt.% of an electrolyte, such as, for example, citric acid, for example, about 0, 0.5, 1, 1.5, 2,

9



20to the maxi mum solubility of citric acid in water. It is |ikew se
possible to adjust the final silver ion concentration in the aqueous

citric acifg Wpligesuch upper limt, by varying the potgpli@bsos/oro 46
di fference ang‘?or tﬁe current flow bet ween t he el ect rodeg )U?s v{/el

the length 508 35 493t 5506 svlrt ages,iss @9915' ﬁﬂ1§014 he, &, §9t120§4?% 28
whi | e theg@are exposed to the ef ectrolyte. 1t should be noted that

the preser® 1% 361 15 3Bori4d Wid cittiprheidd i etherrapists; thesalution comewnprisstereiter
251 ange Ofp 3ihye's i bay&c%‘érﬁclﬁ' forf@ﬁﬁnsﬂ?dfb%tcﬁcﬁtf Codfg 9 A5 15N@ 20, 22,

limts of any nethod reparing a ver ydrogen’citrate can”
vary depeadi,l%g%,rﬁtsaz,rﬁélf aetas; sr 4B wt. %eopgnehmyﬂlaﬁ alet b0 sa¥pohdtiic, acid, for

conbi it | BFean g fh 1un AR 24 352 s0. R & decurebiacings

or a m Xegkig Oy fdtlotifey D5RNSCAB sOIBtiSY canttionlphi&€ss ML UbARY Wildlor Hﬂ@h greater

sufficient conducti vi Ly and sol ubj | i ty exist to maintain an at | east
partial | ythepabew 1ovtdoicgnc geidsqndibe puebeny disolgeure & nat intendetl to helimited to

anot her a Ql 1 & cid
fo. for onrprtolpfhiR did PRefyEe RINH ARS8l E ShOLF BESampte
di hydr ogeatnm daidtoan b presantidotiag pﬁ:{d&cticﬁl, oftsﬁeersiﬁﬁydt-ogaﬁ clifile AOVGchs Be
from (%u 40 wt. % of _an c[;trolﬁ such ,as, for exanple,

80 acf‘ ?‘5)?

citri m]éx)](tamug m% r Bubspqust t tf suelh g‘od%ctlonm as to maintain a

2009/ 1484@%E§Eﬁﬁ§@@ Q%éﬂﬁ%@o%ﬁesaud:’thusg aPleadt paﬁﬁaﬁ’y cohtroP thestbilit§ oP an:‘?/7
7.5, 8, 8.5 9, 9.5 10 8, 20, 22,” 24, 26, 28,

34, 36, 381"31‘)?11114!@“\&911WI@FQI?IP@C&él d. In other aspects, the sol ut| on
can corrpr re % o C f or

Sbout 5! W0R4P" SHtElool 3R 8RB e Bratbnciftlosfe'chs Be Bidpnl ALy TG R
34, 36 " 3Ry uer indBle whridts rmsﬂlcgjseﬁﬂierprbd&annaémmh hﬁvamiuu%iﬁﬁectsj the cempssition
for 5 arr%l 2 about 10, 1 % 18, 20,. 22, (; 28, 30, 32,
34, 36, 387 GFREHC {EPG Sty 3 Y 2pitg ageh ARk &é’ﬁ&’ £ 2 spgpgnsion, a

sol ution a0 dostbih 4R thdiadt. AR QWpecHidMspdét Qhe BMEFosH AR prisbiadh
about 10 wt. %C|tr| c acid, and the present_ di sclosure is not intended

to be |i nf9Uueaus solufian. Jarngthen agpecs, the pampasition compEpsasolign L, fr gkaraple, the
amount of ol eedil % sésuapaﬂ)hﬂss chQso fg@fﬁz{@leﬁ)rﬁi&&c’é& Byglifﬂéglgtnag%g)r&%ss Ig one

present duri'ng production of SI ver en cit r can
10 adj ust sged muttlbdnémllwptdduamldoduhoawﬁ sﬂmpn diltydtoges umlatqmﬂd:utﬁb iacid, can

et thar B SRR PR Bl Etiimp By € br ol 86 Pl it mlral

citrate pIthluﬁﬁﬂ aspleOQ 4] chhposia b ei édn@ljhs@fl ghdh@leP e @pécifit SEEMATURE Can
be in any physical formsuitable for use in the various nethods of

the presePfriPmobiecemposifon o the present disclosure cpe v EHmspSRAINS HPEBWEh factors
conprise & {§Ph&Vre & tﬁ@@tﬁh d’i‘wﬁ %ngentl%ngﬁ n%@a*ch @orgﬁJ) £ angd #d"&ldr?& gpphcaﬂon

powder, a suspension, ranu oF a conbinatton thereo
specific tﬁéibecmmpmmt@morrpom ti on conprises an aqueous sol ution. In

anot t, the co sihtion coppri . for. exanpl e
the. CrpalPirion H0fnf PSS I cBPpBOREY it tedohr ol £ igtife I Fioiat ewpensy the
any sui t aliduid tsraqae@ﬁ anll BoRPHsASHOEHdih o Rh @Atat) hatdr Qgidouaw £A4GEH acid
solution of silver dihydrogen citrate and citric acid can
and/or other water-soluble components, such as, for example, salts, acids, electrolytes,
foaming agents, processing aids, stabilizers, anti-oxidants, and/or combinations thereof,
[0046] The composition of the present disclosure can optionally comprise a non-
30 aqueous phase, such as an oil-phase, and/or both an aqueous and a non-aqueous phase,
provided that the composition is suitable for use in delivering a silver dihydrogen citrate to
a plant in accordance with the various aspects described herein.

[0047] In various aspects, the composition can be a dispersion, such as an emulsion

(liquid in liquid dispersion), colloidal suspension (solid in liquid dispersion), foam (air in
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20 be dried and/or subjected to, for exanple, a freeze-drying process
to obtain a solid material. In another aspect, the conposition can

conpri se 3w8r2§rBH'4§m) The specific formof any portion of JkRRcan0s/079046
conposition of the present disclosure can vary, dependi ng upon suc

factors aguidspaisions a‘éfosbfqﬁqﬁi@r{ﬂﬁﬁ‘ﬁﬁ?érsmﬁ?%&e%'bﬁiek 9:%695& tﬁ@&h‘ver
conponent, and 1 nten ded ap ication of the conpositio 25[ 0045 I'n

one aspectilydiger slpsbsiiei % ef ignjip aqueeud gganio foid) ¢andoing a cpmfinpans phese of a
aspects, i d

o frate, apdibh. LorAuRas i Neioe RRENS e st By Rlopii bR S oy,
conponent sontgwmohs wster ploase ef ampﬂim—mwt esplsion while tledispesby bit phast eami ng
agent s¢ proceSS| ai_ds ant i - oxi.dan

conbi nat | SHEPEH oq’m‘lrﬁti’&‘%‘*f‘?ﬂﬁu%? EXPIUSALS, E%@&f@hftc&pée%%cel

can opt i opainkhide aneadt 98e dptiHat er3GlsHHRERID E'@'Se%amﬁléc&oﬁﬁts%'f the dispersad
oi | - phase, _and/or both an aqueous and a non- aqueous phase, provided

that the 6BRpEsistabbrsusaensier fintheomtgruouswatenplepse.i vering a sil ver

di hydr ogc r at 1
deseri badasli o et RaTk bR A AR BN
di spersi oagenﬁu stchaes agmatemolhilopolinen urcdshnkedi pojyiner, dlc&hebpdlwﬁ):r or a mixture
coIIo nS|o id in. liquid,dispersion foam (air WO
2009/ 848 *838?‘6’7‘!%2’@‘?3% agel 4 ﬂ@g&ﬁﬁn‘r C%Ib%%s(?mlewl&&?@bilenof
air di Spefcﬁhﬂf@ac@kélluﬂtd& 1R4HL WilkSPL Ghfr st S Il HRMasich Kdv QBN deddenat e
(i.e. silver ion in aqueous organic acid) can forma continuous phase

of a fl ui eitrgtesind veatenpan fiflthejnderptices of nich amaids Beproding ontthedegrée/e

o1 17 - v e o Rend T GRbT: Br KARELMIM S hh ol R Enfir Plling gyt

one or noresuliag geldomyositioblcen h:mmcnmamisncﬁ fangng ﬁ'oﬂl‘a fispfclvingitut ¢@touse
benef ] 5cl aJd tl ncl.ude ﬂt dI east one1 t| o rrul m{j}ag{h%sto retain, for
exarrp ?‘8@1 81 HPUE HE d%’pse?FEéal V§‘f3%$ frended in the
conti nuous wat er phase. [0048]1n vari ous aspects t he conposition can

be conbined with one or rmre lin ents, such as a water sol uble
pol ymer, OAEHERGREP O] %LM QN%(N) lyner or a mxture 10 of

pol yner s, rgoaeyf or 'The c@fn @éiﬁ&pbf’t’he @r}t dlsAI e cmglsélg&ﬂ%u&a&et&?{rﬂ)m
conmpound dﬂipf?ﬂmleo mngacr in matrix within a

sol vent . exypr@tentss i 0@& aSQcCH,ythc ggaposxmrrcaneompdsa/m aiditivanal dcid, |

cr os <l nidtg E T AR PP o T BAE e e dri B S elsotin it oot

of gelli n@;u(agmlic acimﬁlall(ﬁﬂcuhcﬁd ngt@ﬁl aclil) BRQ@FtIoh&Man€ aRamdey @icacid, chloroacetic
consi st enc ?ngl n]g fsdéom a free flow ng but viscous 15liquid, tg a
vi scous fiGf-gl-crgeme.dlgysting papios a&“%é?‘i“&“%)?c@é’? picAmbEwRem gecof GMHER

COVPOSI T £ NERT Reid, if present can comprise one or more other acids known in the art

and/or a derivative of any acid recited herein. In one aspect, any one or more additional

25 acids that can be present are at least partially compatible with at least one of the other
components of the composition and/or the plant to be treated with the composition. In
another aspect, any one or more of the additional acids recited herein can be used in
combination with, or in lieu of, any other electrolyte and/or acid.

[0050] In another aspect, the composition can comprise an additional component, such

30 as, for example, a stabilizer, an antioxidant, a propellant, a surfactant, an emulsifier, a
processing aid, a rheological aid, or a combination thereof.

[0051] In another aspect, the composition can comprise silver dihydrogen citrate alone

or, in various aspects, can comprise one or more other antimicrobials and/or biocides.

11



[0049] The conposition of the present disclosure can also conprise one
or nore additional conponents. In one aspect, the conp05|t|on can

conpri se %025’(@1&&4@9‘3' acid, 20such as, for exanple, ?éi‘lﬁsﬁﬁéfﬁlm%

ascorbic aci aspartic aci d citric acid, glycolic acid

acid, nal {g0safi d,InfRHEW Spédd, dntitREdH]I epafdndns @dn%egif 284 AR tacting
dlcarboxyllc acid, chloroacetic acid, -cysteine cystine,

pr opi oni ¢ AAFPHMIERE VT dibydiogen jralg (mtlﬁaﬂimh%rr?@ﬂ@wobrﬁwgan@ yéth one
aspect, g, fekdhindd achl Sk G EOIR 390 BREE, BRlea B daen

known in the art and/or a derivative o erern
one aspecmettwdy donet siversolyeffadidhe hmthaﬂcrobmandsr bihcitaleativibeofrmg oaa br

f th h
comportont Bt Re i EsraiotRTRatg et b R A 8%e " rcated w th the

conposi ti (053] N dpeihete @mﬁ tbddidsiyal @iemidkobiil28d/ef bibbide agkhitd A8 PAdsent in
acids recited herein can be used in conbj natlon with, or inlieu of,

any ot her h8IceBwPBfgR.dhaleamopilvee dihydroges ofele, aawswbher@zgﬁé@tstmglﬁ@led from
conposi ti 212 oHROnAMRE bﬁ@mﬁ’:?ob"i‘ﬁ%&@?ﬁ'i%bdﬁﬁé@ SHich A &f&@g to fn@"

exanpl e, abilizer, an antioxidant, a ant,” a surfactant, an
enul si fi ecqmwsptmmeﬁswrg)ualamecm ﬁlhemhp@plmm caalcdense cmemnminraknmmand/or

|
it hy it efermeieidty RHE sR RGBS RERIR bt s s Rk eE 5o or
nmor e ot heslgRidd, Binebioide b tcridilic OfunBiciie] gk@ﬁumdé/\@nmde, oracombmatmn thereof. In

2009/ 148469PCT/ S2008/ 079946 [ 0052] 1 n various aspects, antim crobi al
prepar at i Hh%xe&@harﬁéswé (3 CEROSTHOB R EANRISC ATIASFIARY JNMGNE sally Other

di hydr ogeghifhicfobis ah@PHbioBihl ?%@ﬁ:ls xrqul@% ABLhTLELIP Fhe %Q%Qﬁlﬁ)reé?fﬂg i

one or nore other active or tances using cusfonmary me
provi ded schest an a@mtlwml poftiisicddial @nd/adbleclﬁell agentfth atitizd inéhacumpuisitionbi al’

o) ofs DRI, A5k oty e R eGP Sy RS S B
addi t i onabacastiocifal; vixheidhl, airabtaic, RingRidi o@apkRitiA E&ividi@S SrbmblRs of

additional antimicrobial agents that can be employed in various aspects of the present
disclosure include: Pyrithiones, including the zinc complex (ZPT); Octopirox.RTM.;
imethyldimethylol Hydantoin (Glydant. RTM.);

20  Methylchloroisothiazolinone/methylisothiazolinone (Kathon CG.RTM.); Sodium Sulfite;
Sodium Bisulfite; Imidazolidinyl Urea (Germall 115.RTM., Diazolidinyl Urea (Germaill
IL.RTM.); Benzyl Alcohol; 2-Bromo-2-nitropropane-1,3-diol (Bronopol. RTM.); Formalin
(formaldehyde); lodopropenyl Butylcarbammate (Polyphase P100.RTM.); Chloroacetamide;
Methanamine; Methyldibromonitrile Glutaronitrile (1,2-Dibromo-2,4-dicyanobutane or

25  TektamerRTM.); Glutaraldehyde; 5-bromo-5-nitro-1,3-dioxane (Bronidox.RTM.);
Phenethyl Alcohol; o-Phenylphenol/sodium o-phenylphenol; Sodium
Hydroxymethylglycinate (Suttocide A.RTM.); Polymethoxy Bicyclic Oxazolidine (Nuosept
C.RTM.); Dimethoxane; Thimersal; Dichlorobenzyl Alcohol; Captan; Chlorphenenesin;
Dichlorophene; Chlorbutanol; Glyceryl Laurate; Halogenated Diphenyl Ethers; 2,4,4'-

30 trichloro-2"-hydroxy-diphenyl! ether (Triclosan. RTM.. or TCS); 2,2"-dihydroxy-5,5'-
dibromo-diphenyl ether; Phenolic Compounds; Phenol; 2-Methyl Phenol; 3-Methyl Phenol;
4-Methyl Phenol; 4-Ethyl Phenol; 2,4-Dimethyl Phenol; 2,5-Dimethyl Phenol; 3,4-
Dimethyl Phenol; 2,6-Dimethyl Phenol; 4-n-Propyl Phenol; 4—n-Bﬁty1 Phenol; 4-n-Amyl
Phenol; 4-tert-Amyl Phenol; 4-n-Hexyl Phenol; 4-n-Heptyl Phenol; Mono- and Poly-Alkyl
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the conposition, the term"silver dihydrogen citrate," as used
herein, is distinguished fromthe optional other antim crobial and/or

bi oci daI a98hm Whs¢h may be added to the conpositions. Pbﬂ, %ﬁ%é/%&-"ﬁ
aspects, the conposition can conprise one or nore known ang

commer ci akhy Aeyrabficighiepidiolsih CHidb en@ﬁMé@liyl%'—@ﬂbﬂ?herﬁﬂ;%ﬁ ;p-Such as,
for exanpl %{lﬁ an al gi ci de, anebi ci de, bactericide ungi ci d

ger ni ci de Chlgrephengk n-RsepY nebhisrapienchn-Brid pd¥hlomphenal; @axdmy] prCjilorophenol;
aspect, t

copect LB SRIPRTILGM £ CATRELAS.CNAH LA HeATTREL BRI n0cy
in the arep- (Eidqﬂophmmm -Chlosephendl; M&t}ajﬂmmﬂmphenahﬁﬁthyl or@iiombhantl/mePropyl
bi oci dal a he co 0054

di scl o3ur & g%%otl PP&&?% rgphe éfﬂf/ﬁ%?hf?’é?éh?a% ert-Rmyl o-

bact eri osmtdrﬁphehalghemé}@/atbdﬁﬂoroyﬁdhup h%ptyl‘ﬂ (:Hl%ié@hbﬁd d-waggyepdal or
fungi static_activities. anpl es of additlonal antimcrobial agents

that can b8leeghesgka- BWXV]aWIB@FQY‘dEQB@E@h@ﬁOIWr@Cm)é%nﬂ dnetbylasur e

| ud P
O opi 1 ox CHCEEeASE S:PHEBFLH LRGN o PTG el o Chiggppheno; 3-
Met hyl chi Meﬂnsdmtahlamhemmﬁ@mhwl B Qhluragtohol 61y Katsthy] SCRFH oL
o S S L i LH b o ap 55

2- Br ono- 2dinidtyl p-OpdRphéacl; @ib&LBﬁt?fr %ﬁ&ﬂg}l Rmao héefol; rﬁaisb@rcg)ym 5-dimethyl
(formal dehyde) | odopr ope }%@ B car bana phase P10 YRE
€

Chl or oacePErleraphenel:kahisth et nrfémgrﬁphqﬂoi/é -igp-BrenybAietiyil{3amethyl
1,2-Dib ?fa&g ﬁﬁ’i?’ﬁgﬁ
(5 br ono- ggﬁﬁﬁl}.&gg I OXane r%? gliltil ﬁ R&Fk/{a l\éﬂ tﬁdﬁeﬁ{(ﬂ:%%e&mﬁlyl
o- Phenyl| ph&imrbswpbrﬁ-mmﬂyl‘r plhélrybja ChBudphmmee{Etﬂmﬁatchgsbg pyci nat e
Sut t d h d t
Corrfy B MR B el i P RRS Ptk o R Y R rapphenc; -

ChI or phenBﬂ’@isp«fBroiﬁlophléml,Qphﬁi?Ep Hﬂmherphuﬁcﬂmbm@ntﬁsfdm éihama% Ee:ﬁ 1p
I p en

Hal ogenatﬁ he Eltg r)’i' 4,4- 30 trichloro-

et her (Tr {éﬂlfb@glﬁ clopgx E:@romQP@HOHPFRF&F’@le G?W n'
o Nethyl hyl Phenol i ms%ﬁgﬂﬁpm?% %Slhyl BigpBkc} %%ﬁ%@?@mﬁ?ﬁw
Phenol 3Clz|lorq321mt Iphménéﬁhlczp-e-@pthﬂmhﬁhd?hé}hdxhrp 345 duﬁatlgﬁphexﬂh,ehm
Pheno yI Df)ﬁﬁ?ggt S/ﬁ é’ﬁ%’ﬂﬁg}/ hcnﬁg gj'og %E‘graltg’%{réo ﬁr}%ﬂlﬁ 011 5 %’Ie Blf_ﬁéyl

2009/ 1484@awmwszaeﬁbﬁzﬁﬂ4ﬁmﬂfylphemmpm chﬁlr@afa:ﬁmﬁaml CMX),

p- Chl or ophenol . E ;)){ %ﬂ henol ; Et hy ChI or ophenol - Pr opyl
p- Chl or op }élﬁfﬂthyrﬂ"l g?ﬂ" e ﬂ@ﬁ’éﬁol’mrﬁ’ﬁ% -Chlazpy }@Wﬁtﬂhmﬂ“
sec- Ayl Re@lhd m@&%ﬁ@l anc@’sqb&ﬂ%ﬁ%s Re@?&% F@e}%@@?es& 1%% Resorcinol;

p- Chl or ophenol ; tyl p- Chl or ophenol eno
0- Chl or ophBry] Raqnsymolon@ﬂtﬂr&n@h@mﬂ - Am?i B-p%dTCIBOIDH(HﬂXgl‘RﬁOEMIﬂI n-Heptyl

B h

ool oPoprR AR Eaeyi REATiOL SN R ARRERE: PachiheeoRYaal Rergy

o- genz%/lh R)@Oir@mojpﬁmqwlemglrBﬁb&gﬂoﬁﬂhﬁﬁyllbwpyléﬁgﬁ%ﬁﬁepﬂ@mnOl rob&r ARk Btcidl;
nm dl ne n

- Pheny| ﬁ H@F]ﬁgﬁeﬁﬁ\)’rﬁﬁx@%’ @g‘ﬁéﬁmg 43811119& %ﬁt iBy@Rr vskpismehyethane; 5-
, 5-Di t 1 i1} e €
B L IO R e L i AR Shcnd

- Chl or opﬁléﬂzﬂnohszcmrmyun@ 28-Mgthyken pis-@- anﬂnmpmphlemz'-Methylene bis~(3,4,6-
SeP B R S BROE kSRR Sy R .
L. koot epstb S 8
- sec- o(:%ﬂlgwﬁﬁﬁ Vsb%ééw&mabﬁn@fﬂlﬁa?ah%r %%fpy Ipgrabes;
Isobutylparaben; Benzylparaben; Sodium Methylparaben; Sodium Propylparaben;

OT OT OT OWO

Halogenated Carbanilides; 3,4,4"-Trichlorocarbanilides (Triclocarban. RTM. or TCC); 3~
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30 trichlorophenol); 2,2'-Methyl ene bis-(4-chloro-6-bronmophenol);
bi s(2- hydr oxy- 3, 5- di chl orophenyl ) sul fi de;

bi s(2- hydr ro-benzyl )sul fi de; Benzoic Esters (
Met hyl par a‘gg% @B%g‘%% par aben; Butyl paraben; Ethyl par abeEérfﬂ/%gﬁ)%avw46

| sopr opy!| n@me%etﬂlﬁabwaéme@ﬁsﬁnh&@Béyi;ﬁ%emefdearb%ﬁa& hlorohexidine and
Met hyl par aben; Sodium Pr opégj)ara en; Hal' ogenat ed Car bani es;

3, 4, 4' - Tr iils Kighweonatebdinpdtite érhwﬂ@phieadm&hldsuewpm@pld’rcb@xeu@me,

e T ——

3,3, 4- Tr i[m}ﬂsq)r o CHitehamigdsitien cﬁmlmwaﬁmslasbdoa ajmbnste&oﬁilsgi/ar@ﬁﬁl&dc&rial metal

di t d di hyd h Und noi.c .aci d tidine;
pbff?h xa %9@'8&5%8{1335 V%%u'é 1}'#9&?%%%?*& Shgh ’Péi?%‘ﬁlﬁéiﬂ}s% ple; tghlp pigalt

Conposi ti @Rz Gifhl i Brovips BISUJE PHRERL Sa, Iﬁgﬂﬂ%tis%ﬁedﬂﬁ@asibété@ﬁe composition can
anti bacterial netal 5%alts in addition to sifver drogen citrate.

Such mat epmap@seceawlt off@dureinbpmpLieconimg Izumegdd,sc@pperolfanﬁnam,aﬁn MergrRHuUps

3b-7b, 8 flc;as ects t he, co 03|t|on can
conprise a sé’lﬁ? égmuwﬁ%\{nunﬁ%is?afn? é’F”c?e"%}}gﬁ’r
| ant hanunprdoethiumg smwm keugopitinh, gasslhxﬁmmumblﬁxhr DRpiokim, $16Bxﬁidinl,16ﬂb1um,

yttri aseqdym um neodym um_promethium samarjum
eur opf(g]m ﬁ'@’&ﬂ Vﬁgiﬂfﬁm 3%‘)143?%? FRpaiiRAtion ﬁl?er‘wél“fhetﬁ#wmﬂfﬂ §¢H hasg
thulium whdsicRiviMprdid@ld um or a conbination thereof where the

metal salt has antimcrobial properties. [0056] The conposition can
al so opti GH&P] y cBherompesidine cast alﬁq)mé:m@hléy enmmfea)gent wioreishelaping pgents.

el anenEe AR B N RSBl Fo U e

car boxy nmetliaydticcdeid @E}EEA)],ihgsjbharxqzﬂéthﬂlchn@sad,l caﬂ:ﬂkpmaﬁ@l cimeat,i ¢ acid,

nitri eti Ci and ethlenelamne di succini

(S, S iE%DS Rt 1955@6 ic pidy gt Btaéceéﬂga@ét@c“a aeﬁe%hnﬁfaamme
agent Candi@ﬁ&vmé ciddd] lstmpngl RM-EDDRSE RIESDS) flﬁ%ﬁo b 8 dhd1Ring
conbi nation with si]ver di hydr ogen citrate. [0057 ary ani oni c
sur f act anB&0f 63 RIYide Additigadl of Wr@stwreé@eﬁﬁtwlw B¢ wp metopwith silver
sul f at ed gm@%g es of the formula

R12- 00- - O- - 2--C§1 H -Cl112--0--S03-M wherein R12 is a saturated or
unsat ur at E957br arfixesgplay aviebicandhe@antafok pptigrabuge ifitienpradeaudis@osuce about

codi i poT LU o LbHus S P b P ORISR ek

nmonoet hanwha@imm iTh &&&aﬁﬁ%rhﬂﬁ't&@deh)brﬁiﬁ:ﬂ@d By udbighchepsky 1%? xg:f from about 8

glycerin with fatty acids (having fromabout 8 to about 5 carbon
at oms) t ofofaBPHE %t eREPRIGAYWEand M W@ﬂq&scﬂuldg e¢finarsucks ag Framppimeoditms

monogl yce t%&di‘ﬁ bRaclbilt n—IeEﬂa%iaﬂﬁae é\l%t Feaa?Jei ﬂ@g%@@fﬂglg- These are

rmnoglyce e I's sddi um coconono éerl
exenpl ar ytyarabnimads by tieoeastios of gucemtewuh éeitt)mckisl(hmmg fsmaibotiretofabowh 24

25  carbon atoms) to form a monoglyceride and the subsequent sulfation of this monoglyceride

with sulfur trioxide. An example of a sulfated monoglyceride is sodium
cocomonoglyceride sulfate. |
[0058] Other exemplary anionic surfactants include olefin sulfonates of the form
R13S03-M, wherein Ry3 is 2 mono-olefin having from about 12 to about 24 carbon atoms,
30 and M is a water-soluble cation such as ammonium, sodium, potassium, magnesium,
triethanolamine, diethanolamine and monoethanolamine. These compounds can be
produced by the sulfonation of alpha.-olefins by, for example, means of uncomplexed sulfur
trioxide, followed by neutralization of the acid reaction mixture in conditions such that any

sulfones which have been formed in the reaction are hydrolyzed to give the corresponding
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12.13503-M wherein R13 is a nono-olefin having fromabout 12 to
about 24 carbon atons, 30 and Mis a water-sol uble cation such as

anmoni um \?8%6&?&&9@ assium magnesi um triethanol am nepcrusanes/nre94s
di et hanol am ne "and nonoet hanol an ne. These conpounds can be produced

by the Suhﬁcﬁﬂﬁirdlﬂheﬁflfoﬁhﬁhmx% %Mwlfﬁﬁﬁte@é‘l@ﬂ'@is%odﬁﬁ?@?/@ﬁ .alpha, —olefin
unconpl exed sul fur trioxide owed by neutralization o e acid

reaction silfamgtee in conditions such that any sul fones whi ch have been

20091 1484K5B88) CDissERsBEBR R SshEty hone daiee s AU E5RE Rk ARor e
sul f onat edgeak eef g.Naside Bardianpridl 4Ch Gs,. for elamplebedid a{m@mmdnﬂzsea&dca? be I
i se an additiona

[ 0059] The co tio n Qption further

br ot of QORI LIPS RS 8487 B ¥ rofinh AR 464 B0V B dorepipy agedt can be
exanpl e, Giekdrit$n &G} ﬁ:lta%'cﬁﬂce&ﬁrﬁt%ﬂ sﬁc%rhsbi%r SERPI, FRIEED A 0.1% to about 10%;
proton-donating agent). resenf, an additional proton donating

agent canfibm ghost@ats to rﬂbalﬁ Yesusir o) ebomb Hibetnebant S¥n(baspdcom the weight of the
exanpl e, % 9 9

o P o PR b B pioih Aoffltbockth SRR oot Gl 6 APMImiP Hid, o
of a prot pdslyﬂmnahintiga afresndl.acid, ma)ﬁmﬂmdalmeofh@udgahlhhmhoﬂgmzapmjmgan| c
aci d nmeric acid ral, aci.d, or amxt re.thereof

dan 1 natorganse e boredte Sy Bh e ganeSig i Hetuin 80 i an BE Ry
the conpogy hidRs h@oﬁjﬁgat@%s@ offﬁ{efﬂe@i‘i'ecpaﬁ:'fﬂ hes { Qrmseht hoadiMmce arate acid

conj ugat e base ‘of desired acid and a sufficient anmount o

separ at e €er exapie theﬁéﬁementmd arganisreie) fon batrong enviueh &t Bys 2 hvart erjoygh
strong en ( S0

acid fro ?)g &%}?3@2@ %asage‘ﬁ'a]%%%ﬂé@e o%aqrriv)sér%{a e %}rlot on!ﬂﬁg EEﬂe

donat i ng g@emt domating agant caaecompnsaemaheratmdi thiewilliok Fennot undis@iciated in the
undi ssociated in the 1 e S|t|ona [ oy ,when the coppositiqgn
T REE e co R Y e Ry cemas iR ] SRR rshme R Pk Drse
can be adgieethniddnathg Yoents @n%@ﬁ@@ﬁ dite@fly ol édehodRiod id Meid 8RR0] | n

vari ous asOpects an aqueous phase can conprise, for_ exanple, an

i ngr edi ent0080kh JB vareUsASPIstp PO agHegRs masbemwmmswfmaeﬂamlﬁ andngredignt
C-atons of chrﬁg'fa.ﬁ Qlltc 15416 Qpo > W%‘E‘al %ﬁ{ﬂero SRRy ?theéra (for

propylene yco yce?ln I'ene gly ylene glyco
nmonoet hyl extangle eth&rkqu 1ew13'o@nph(ptopyiﬁmeglbrtqll ﬁtyttem etbyhpgglgn@ efhylens glycol

oo Y iBdthyiehes B ERE eflcYfiRon RISkl iRe el ReeREARIS: o
monoet hyl glopglene glyeélhﬁdarﬁi&ﬁlywtﬂﬁoémFﬁ A S((Wlﬁaidﬁ@butﬁll@ﬂleﬁldﬁﬂthﬁéne glycol

products); a |ower honplo an (such as et hanol

i sopr opan@pnor@etéyleaxebrdéeﬁh %gly@ﬂ%eltgpy&%ykm@; dietlaylgpst 5lyeed meebwylethsr and
hi ck f | ,
thi ckenergnh @fe gﬁ%ﬁ?&@eﬁloéér Hofilo @f%‘fl' fd&?ﬁ% (sh Héﬂst %b%ﬂr&ﬁah%ﬁ 1,2-

pol ysacchari rlvatlves er eo rexanp ya uroni é "aci d,

xant han gmmophyﬁokmyl@mwmhm; mcllcae lcheibomere; thpbcbnpﬁscﬁoybm@le osilicium

conbi 7@ ti &gxfdg earlummum silicates, polysaccharides or derivatives thereof (for example hyaluronic

acid, xanthan gum, hydroxypropylmethylcellulose); polyacrylate, or 2 combination thereof,
[0061] In various aspects, the composition can optionally comprise an antibacterial
enhancing agent, such as, for example, a polymerizable monomer, a polymer or mixture of
two or more polymers such as: oligomers, homopolymers, copolymers of two or more

30  monomers, ionomers, block copolymers, graft polymers, cross-linked polymers and
copolymers, and the like. An antibacterial enhancing agent, if present, can be: natural or
synthetic; water soluble or swellable (hydratable, hydrogel forming); and can have an
average molecular weight of about 100 to about 5,000,000.
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[0061] I n various aspects, the conposition can optionally conprise an
anti bacterial enhanci ng agent, such as, for exanple, a polynerizable

nonomner , %ﬁ%éﬁﬁﬁfiﬁ?r m xture of two or nore polymers spch.@sen70046
ol i goners, honopolyrners, copolyners of two or nore 30 nononers,

| onomner s, Kk B St =1 I
copol yner gﬂkgg d f]% gﬁ% e?f Egg?eétﬁhﬁg%{)%lggégﬂtl eri al%ptelﬁlaagﬁéf}n Hgﬁ‘gei‘}??‘f} ni?{{g@ Bﬁtﬂ%ﬂ{g,
present, unrerhls; anddirwtlsr selnble ppedisttha ,cambe benefickiltolagplant. wekpeatflcaspect,

e ght  of MisSHECHRRS £5 SRRTECA TyBE TG gt cRAtafle 8 £ aror plant food,
2009/ 148465R@RAtUR2RRH0A 69 Bé&in QRERY brevehtiela ASRSLIS oplibRalEUNLEbiAAN

can optionally conprise one or_nore nutrients, mnerals, and/or other
sol ubl® spadisgeutipireatmentss fssdigt i cial to a plant. In a specific
aspect, the conposition can conprise a nutrient, such as, for
exanple, a fertilizer and/or plant food, such that the nethod of
treati ng METHODOIEREAITMENT sease can optionally be conbined 5

with a ropyty tr.eat t,or.feeding. NETHOD OF, TREATMENT [ 0063] The.
met hods. oS URE prEBaRRbd PP aindldih on i Bt ptepE ctadiing a
cont act i Ngorap TIP3 gGINE diBydezehi ditv2é with ApMn® 8L ForGixbihpleCirit [fedigce
plant_to, for exanple, treat, reduce 10 the severity of, and/or
prevelt offe S@Yermsgg agd/or pregent one gr ok discasesot g plant. nbha tregtapnt stepde-g.»
contactin falpaoTAISTCY i I aﬁtgqﬁ ' | 1] |
portion ofganttﬁgﬁgfant Oms%%g%gygﬁtga y %%c{h?pooﬁgg’flﬁg tﬁ@d’%%‘?rg%%??’%‘ﬁ
into the iddentsystermaeadly infreluciogtiss eympmsifioptitte thegplard thraiighpthe réasmondnyt he

plant. [0064]1n_various ects, contacting the conposition with the
pl ant canOt?lsteu’ﬁQ?mlgeroﬁlﬂ ‘?fﬁge]i%%fhd/ or controlling one or nore disease
causi ng ofiga#j sin vaBelsCispets, bentsaing thd dongfositiofl miabeplaniaaresulién killing
| evel of adgi sease,_causing organismrel ated thereto, and/or . .

pr eveht i nfdipidogiolling 9ar AEMOHIFRasheAYSINE OjBag IS ednengihe sgsity of a disease

format i on; Qo AhOWEE ofl AL T BRsiRE Bﬁg%gissﬁﬁ;eia@éa Rre@MYn PGS r&FenflRE End/or

conponents i n the conmposition, sUC or exanple, silver

di hydr ogeredusing dhegprobability af futuigchissagti fn@mibmmrgrmvtls.peci fic components,
[0065] The concentration of any one or more components in the composition, such as,
for example, silver dihydrogen citrate, can vary, depending upon the specific components,

20  method of contacting, severity of disease, and particular plant to be treated. In one aspect,
the amount and concentration of any component in the compositioh if sufficient to at least
partially reduce a level of disease or disease causing organisms, or to at least partially
prevent a disease from occurring or growing.

[0066] In one aspect, the concentration of silver dihydrogen citrate in the composition

25  canrange from about 0.000005 wt.% to about 5 wt.% or from 0.05 ppm to about 50,000
ppm, for example, about 0.05, 0.1, 0.2,0.5,1,2,3,4, 5, 8, 10, 12, 14, 16, 18, 20, 25, 30, 50,
75, 100, 150, 200, 300, 500, 800, 1,000, 2,000, 5,000, 8,000, 10,000, 20,000, 30,000,
40,000, or 50,000 ppm; from about 50 ppm to about 10,000 ppm; for example, about 50, 75,
100, 150, 200, 300, 500, 800, 1,000, 2,000, 5,000, 8,000, or 10,000 ppm; or from about 100

30  ppm to about 5,000 ppm, for example, about 100, 150, 200, 300, 500, 800, 1,000, 2,000, or
5,000 ppm. In other aspects, the concentration of silver dihydrogen citrate in the
composition can be less than about 0.05 ppm or greater than about 50,000 ppm, and the
present disclosure is not intended to be limited to any particular concentration range. In one

aspect, the composition can be prepared and contacted with at least a portion of a plant. In
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20 net hod of contacting, severity of disease, and particular plant to
be treated. In one aspect, the anobunt and concentration of any

conponent ‘jvazp(ggl#&gyposi tion if sufficient to at |east pg,ph%%b%%”%

reduce a leve I sease or disease causing organi sns, " (

| east par th@thédaspEeMBO LorfpstitiRant bk F&W&ﬁ%‘ﬁ fitsR BorREntHtRW o8 exdrB68] | N
one aspect, the concer_ltra% on of silver dihydrogen citrate in the ]
conposi t i 6pncEBireiadh solutierb and smsedisoly dilgedpd taer dering eeptsgting Suchogprpplti-

from 0. 05 for of

o o o O5sRE PR bl RRtibe, B AT Fen g Wihaitiitoghed gl
150, 200, o8e cotsitiBRA OIS skclOOMnItRsteD Proctss Mked 8hOOhcerittit@DMIutdM, @R Bave
Por exdmph Siverkiisash onpt Eefentigh S50 v OBHG GO GT o £reRD VAl
2,000, 5, BRRAideA RAe Qlvel GinRBeHPIrate and E.tgy"ré}ﬁf%ﬁé!tco Bnefis @mah%egs%eﬁt,
5,000 ppm for exanple, about 100, 150, 200,” 300, 500, 800, 1,000,
2,000, or 21 strdde atively stahbsr Aadibied eoncenfeation i€ uyeds canibsranp suigible er

di hydr oge i i - it esS.t 0 0 pm

or ar cat v Rl dbfod B8 TR ot Bu e AR Q8 e Pl o

i nt ended ppmhe abouri50@ dpinailaerydilpaird ge ehiteate, Clrtien aspgtispndihaed eoncitratiog

aspec t he .conmposi ti.on n be prepared and ntacted wwth at |east a
% 03

porti ofamPefesshan phout (b prghergrasior 7979946 anot her
aspect, t[g6epPasivki &Her%?ec@s_?tlﬁrc%ﬁé’énﬁgti@d oiasﬂfvérrcﬁﬁy&%&%ﬁ&e&@&_ for

exanpl e, a concentrated solution, and subsequently diTuted prior to
or duri ngdensatieondibe srsoidie rethad andgatep! pprdiceden. dawnp asneste pprtiopef the

exanpl e, | ﬂﬁ]p&ﬁ i @g}ﬂé o i I . f.he
conposi ti%‘ﬂ?ﬁ({sﬁ suc tbgraﬁﬂ ti -gtSIe r%@%géé?é&ﬁggggr%éggy@rﬁéﬁ rated
sol uti on camehizaton3a trsatl andfor dichypidraclisase i Such e aggiiveton catdooprioé a atvye
val ue, recjt herei.n, .or reater val ye royi ded, t hat the silver
oo chieff Pae St ties Sanfiof 57 lohe RshiSion Bidtiof fi Vatihe bEmhiceta In
are st abl eorffast; & datife\oR lotv Sértehtation cdinpbiéifeh eaeappblicd foQplad by, ¥eskample,
can be any suitable concentration for contacti n_gm_vmth a particular
pl ant, sut@gLiaE meprs, sushasspdrrigatiphsysisnit Woile nefyrishisg &obs eound by dhaery, it is
silver di ! : - ! : j

20 can e TSYERAL id Bhenddiofl cBitbodiRE Lhutprshetilv i HEL G ERE LSRR
[ 0067] | n smpliedttiegulasimavals, cah preyamdienfonaniienoief disdate/iara teHatedhlon.eFhus,

citr C v dependi the specific nethod.and rate of .
ool 25 B Ao e RERESHE el T s eoR B o aniinare oL sy Ao cefnngaition can
appl i ed t@arq dsped@ing vplodor %antple, ahdlafits Hscafi! BRfendtromnitdifcoAdiBBEs
concentration to treat and/or prevent a disease. Such an application
can conprickdcdthaisie 15hi ghly concentrated sol ution due to the short

time durajoogs) andnéebiiBsifbn SARE bfALl: Altciokile SANILABE a sctidlbldila B | oW
concentrati on conposition can be app 'ed to a pl'an by, or exanpl e,
regul ar neanyle, auhpeawderna granilgadr aoronsjstiomthettif] & thetompasitiompotiprises a
boun y theory, it is.believed.that a lLow concentrati on. conposition
conmprie) e IRy seRosplraP e i ifReR giitle SRR o Plishian vary
i nt er val sprovided iz erimdufof Sivepdihaitogin citrdle SeasRidnD tattliéReHLHaID} Bk -
Thus, 20 it should be appreciated that the concentration and rate of
appl i cat | BWFPreyeabafiseise mden eanacied yitheplastii ng upon, for exanpl e,

the pl antgoesli Seassse aPBM, B0 bhPHTER & th& Held HRBS e LAt B dnbRlANAth at
least a portion of an external surface of a plant. Such a topical application can comprise any
30  suitable method of contacting at any suitable concentration.
[6070] In various aspects, the composition can be contacted with a plant by spraying,
such as, for example, irrigating, pouring, brushing, other suitable methods or combinations

thereof.
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[ 0068] The conposition of the present disclosure can also be a solid,
such as, for exanple, a dry powder, a granule, or a conbination

t her eof . '\I/(arz&ﬁ/ﬁﬁ'ﬁ'}’og tion conprises a 25solid, the cop&,ﬁﬂrsiﬂ%éﬁ%ﬁof
I dé

silver dihydrogen citrate within the conposition can vary pfov

that the gyt Of cSiithot€d totinR¥ -0 BBrtoh bF @b8int, SheiptrfibLbens Fiaﬁt @ntacted
| east partially treat and/or prevent a disease when contacted with a
pl ant. [ OGBOIAREPIESE ank ppdion or theentiwipoisihe plont. dh veneusmspents thediosiingefithe
can be co e e [ e
o a pl anpreafetotiolle oot s st BFboPoRlbh. ARl ABUEI Rl e

met hod of spoificauiriicrgofzd plamyto o cotbdtel camradsontaryaddpending 60 T2 type ofaliscases

Siene it POPBARTLAY BhefGlaPSS UG titefoRi ot PSR
et N0GS  OfarfYEHNRILISHI & PeiiRbr WBIB0AUBABASHECTS1ISROPBIAT AIAR by, for

[0071]1f contacted to an external portion of a plant, the portion’of
t he pl ant exoilacpeyingom ehpre Je aagilerssempiory speetiecamositionganbe t he
plant. In ' : , e j ' a

Foot, a st GieRaBERlch of tIFHAR! NP burtliE oBLA e AR GRERE 962, 7
speci fi ¢ pantplaspofying fpdmbtlotvo be contacted can al so vary dependi ng

on the ty di.sease 5and | ocat.ion. of any diseased partion, of the
ol ant 10 | WUBA2L e TR RaTpecreBe battietibe Famgr i b 6o compcied Wi ke ar 2
portion oportibR ofsHAKAAlor(giPRRates BFIXAEA tREre@N 1Bkt IS d RANESofYe T OT
exanpl e, spraying fromabove. |In another exenplary aspect, a

conposi t i SHIRGSHIMC2p sAME dte dirgpticrniactivith ¢ pertign of e plashapdier he ablgast)
surface o , “ﬁﬁ sprayi ng from bel ow.
10[ 0072] 1 arg%lg}{ %Jessma%gglgé??%g&gyf f(%%{(o tg’@og%rrposi tion can be

cont act ed[0f73h a Ipbanaspect, sucharsystemicdppl cationafi theanmpositing vat &y performed

roxijml theret so t.ha t l.east ortion of .fhe co sition can
Coe 1t o' A APEBENLGRAUED! AR prPiaE apioBAr e Pmponfichy PaRRer Bectet
| east par vdsehlbi/plaits esrhgikingtkflet Rad phidbih: tyuesf Qb beXxaiabliEfor abdodtihg at least a
[0073] I n one aspect, such a systemc application of the conposition

can be pePTHPREHIESPEIPOHHIN priddedosifuiedlant onihs spibanorerpeidwagm papximal
the conpogltehPNas hikddRMiNehe RSR ®Gloxinfal” is intended to refer to an area adjacent to an

object, such as, for example, a plant. In one aspect, proximal to a plant can refer to the area

20  and soil and/or groundwater adjacent to the plant, such as, for example, within the root zone
and/or drip zone of the plant. In another aspect, proximal to a plant can refer to an area of
so0il and/or groundwater such that when a composition is contacted therewith, at least a
portion of the composition can be absorbed by a portion of the plant.

[0074] In one aspect, a portion of the composition can be absorbed by, for example,

25  osmosis, at aroot, such as, for example, a fine root hair. In another aspect, a portion of the
composition can be fransported through the plant via the xylem, together with, for example,
water and/or other nufrients, such that a portion of the composition can be in dispersed in
the tissues of the plant. '

[0075] While not wishing to be bound by theory, it is believed that the presence of citric

30  acid in the composition can serve to help stabilize the silver dihydrogen citrate and can also
assist in the absorption of the composition by the plant.

[006786] In another aspect, a portion of the composition can be contacted directly with the
soil proximal to the plant by, for example, watering, such that the composition is at least

partially absorbed by the roots positioned in that portion of soil.
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vascul ar plant, conprising xylem and phloemtissues, can be suitable
for absorbing at |east a portion of the conposition contacted with

the plant (o B(Bﬂ:tg%%l and/ or groundwat er proxi nal there};,@nug% s86ks
herein, the tzerr'n proximal" is intended to refer to an area adj acent

to an obj egi77] SUCThAReschOd o BhBosith i ! i
to a pl an?ﬁca% r ef e‘::‘raﬁf_sc;3 thcé area g%sénﬁ?%eg?g?%%g%ggﬁcﬁmﬁcgé&ﬁCﬁ%e
adj acent dispesed thiraint eithen oh am extemal suafecepd aeplantiar withirt, lier axemplez tieerascular

and/ or dri. I not her aspect, proximal t |.ant
cn ref or ipeseBlP flant B BB Rbar il BB DS o BB he orlerE Hieseh B IR
conposi ti 078 cOolticamhedsitibas aw hbthoddofltieagrbsdat QieElbiv@cAi havBe number of
corrpos% ti ortion of the plant. [0074t] I n one

n n be absorbed by a p A
aspecty agﬁﬁ V¥Fr GPrveRHORa) ApFRIcE G apd(Rr lblé"l%é%ﬁﬂbsednl??? alid , B%anpl e,
250SNDSi S corhositidrRAhd nfiEdlis 38 thel REse BAMNsBre &hibithd drQQbstdiali féa%r
anot her aspect, a portion of the conposition can be transpor¥e
t hr ough t H&igtydrweards thanigenyepfiong! agedet hedditiontthe hon-toxsicaenpipesitinas ef the

and/ or ot | . t] f the comosition can be
1 S por Dot discloBRlean B R GIA R ROl B of discBI AR b iy e
be bound Mportdvennlye cimpdsitidne khdirethot bithetphaeprdistuzor D¢ e@inbfiiel A

acid t he .conpositi.on can serve to help stabilize the silver

di hydjr geﬁnvdgopgr%pgalllaﬁae HaSFAPALLIOSONYERLDRA 288y pt i on of t he
conposition by the plant. [0076]In anot her aspect, a portion of the
conposition can be contacted directly wwth the soil proximal to the
pl ant by, for exanple, watering, EK?%RIMBENTA@ conposition is at

| east par g y . t osi tioned in that portion .
cort. "dB36bT, DB Bt S8R B o Hilolie bk P iRt i
conposi t i the artamith s peaplkicotisdigsurd dnel dekdripeion of howd thegempokitiogd sddhapaied
there'§1, ither o n external surface of a p(gant or, vm'try'n, for
exanpl%, TRONPERIILUES TE peparst teod A evalusrd e prepisaded dawgely
and/ or pr eMaiHlarg e (Y dislsArdirIRS 8t ihitefdddns 1iRLARAE scdp@8F FhdBe inventors
conposi tions and net hods of the present disclosure can have a nunber
of Sbeneficgardgy dicic@ipslesvre. oRbiprtalave bien widelp casae ascutdcyoiithacsngetios.
In one as |11 a ) e

i el osar gt (16, sE RO Jrhb PRy Bk caisertBs ddReRleR 3 nauiatea
convent i caabuggd fitrs Unless adiiéatadonthertvive, puois-ateoparts by ergigis) teinpaated istih eC
presept djiscl.osure can,.be handl ed wi thout the necessit f . personal
D ot et | ST it s e Ao B P £ B AL DR SRR of 1 he
present disclosure are econom cal and 10environnentally friendly as

conpared to conventional agents.
Example 1 - Preparation of Silver Dihydrogen Citrate

[0080} Water was infroduced into a reverse osmosis unit, and passed through a semi-
permeable membrane to remove impurities and produce deionized water. Anhydrous 99%

25  pure citric acid was mixed with the water to produce 200 gallons of a 20% (wt/vol) (796 g
citric acid per gallon water) solution. The 200 gallons of 20% citric acid were directed into
an ion chamber containing having positive and negative electrodes, each consisting of 200
troy ounces of 999 fine silver. The positive and negative electrodes were spaced at least 2.0
mm apart, allowing the citric acid solution to pass between the two ¢lectrodes. An ion

30  generation controller (IGC) power supply including a positive and a negative conductor was
attached to the positive and negative electrodes. The IGC applied a current of 5 amps at 17
volts, pulsed every 9 seconds, with a polarity change at I minute intervals. Throughout the
process, the electrode gap was adjusted in order to maintain the 5 amp-17 volt output. The

electric current flow caused an ion current to flow between the positive and negative
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EXPERI MENTAL [0079] The foll owi ng exanples are put forth so as to
provi de those of ordinary skill in the art with a conpl ete disclosure

and descr ipg Lo, 9510w t he conpositions and nethods of -;?f;{gﬂgzeu§§,§‘7§§@'te

di scl osure are prepared, used, and evaluated, and are in

purely exgrpiéde, Hbdidify HbSalvesidns wikheh BE Billed citrt RNPMutl, Thékilvel RRs
scope of what the i nvent or s regard as their disclosure. Efforts have

been naderaaetedngtiytbe shdepué in the chrie aeig selutiomtorpuedies dhe(sélvey, dihydvpgmrcitrate
tenperatu : . . i ata ted
or - uni ocduidihnk 28 AT RI ARt B g B AP ST

t enper at ugdldns penmEn2OfoCak$ hongy until the desired siives in doacgertbnves oltatied.
pressure s at or,_ near atpospherjc. Exanple 1 - Preparation of Silver
Di hydr e fhetved iy q&e@ew&pse Ut vasRGTHowet 19 Fit i oxder o Bl apEsalids s
uni t, andiRas8Adrihs (HRYINcBuRLF precRRfa e TR RsBAPHRARCt Whs QPN ihydrogen
impurities and produce deioni zed water. Anhydrous 99% 25 pure citric
acid was fiRiedolijtion hepmgacsileer ion concenliiation2d@4 Yparons of a 20%
(wt/vol) g Gitrd i i

gal 1 ons. of 03B ci e e ArBRn Rldo3ail hika 3oledhh BB ockttuiedRety per
cont ai ni nthelfallowmgeasnplev.e and negati ve el ectrodes, each consisting

of 200, tr nc of 999 fin i.lver. The.positive and negative .

o1 eot Poae D082t o IEsult b undetiEiodvtbin s B B et RGBS 2rttops in the
aci d sol ukb®ind/6r Pasing BEHORRRTLAR diRuRkRRE FAGLBNs Mthe PEak3Rltage and
generation controller (10C) power supply including a positive and a

negat i ve BUREIIES BArialians ixthatimieg sequense op Beilmteintianiotegsaalarity can readily
el ectrodeg, us‘ég% bSi‘éirﬂtﬂE? lsﬂ»?e? dﬁlyﬁwgfeﬁ Rltratt fofu&fﬂ?ﬁle%bvén?io ol'ts, pulsed
seconds, wth a po

every 9 arr'ty change at 1 mnute i ntervals.
Thr oughoufC08BE prRcike doregding sictmil o sdui@pwagsemu¢distvag d silver dar t o

mai ntain the 5 - | t t ~.Jhe.electric.current flow caused
o o cutPerR R o) Gabmothd Hho npateiFeven s At fhed Rk Biests
2009/ 148460RGid)p20D81OFRAME £iiRet NBYED iR G0l sd1i86h Gtdck 8blutiOMS
within the diluted citric acid solutiron. The silver ions reacted with

the ci trilkavieg #silyer igpecogpentiaionef H0GpRm SR t o produce the sil ver
di hydrogen citrate solution. The 20%citric acid solution was
recircul ated through the ion chanber at 50 gallons per mnute for 144

hour s unt Ekamblk ZleEvaladtion bi/BfficacnofSNCetut coatiobRlaipsaatmicingdizi Spoiee
silv di hydr.ogen citrate solution was then allowed to sit in order
to aﬁopw %%@98%5 formed during the procedure to precipitate. The
resul tingjopBMductSowBandesiiel Wete cbliBxed QURRA sBbwERA Sas dybbiDish @38, Be
silver ion concentratiagn of 2410 ppm [0081] The silver di hydrogen

sol uti on keayespere keptarpighin prdeg ihaye thpssaxipwmoainehes Pl asdlable peores. The
fol | oW ngjeeXRNRrE Sxamined with a stereoscope in order to identify those with a high degree of

sporulation. Leaves were cut in standard size pieces.

25  [0085] Three different concentrations of SDC in distilled water were prepared having 5
ppm, 10 ppm and 15 ppm of silver, respectively. Ten ml of each solution was placed in
separate test tubes. Ten selected pieces of soybean leaves were place in each test tube and
stirred to suspend the spores present in the rust spots. The same procedure was used for a
control, omitting the SDC in the solution. The leaves were left in the solution for two

30  hows. For each of the product dilutiouns, ten Petri dishes containing water-agar substrate
were inoculated with 100 spores each and maintained for 6 hours in the dark. Lactophenol
dye was used to stain the mycelinm growth, which was evaluated visually be microscope.
[0086] In the first experiment, approximately 16% of the spore in the control dish

germinated. The results of the SDC treated spores were as follow:
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10[ 0082] It shoul d be understood by those skilled in the art that
nunerous variations in the size and/or spacing of the el ectrodes and
numer ous %5ﬁﬁ;lm§)l n the peak voltage and numerous vapiatkRBsoadls
the timng Séquénce of the intermttent voltage polarity can readily
be used to obtain the silver di hydrogen citrate for use in the

invention. [0083]By tife—fo thod—= n-wag prepared
having a silver ion 15 .C h%iﬁf@-ﬁpﬁ%llo ppm sil ver
C‘S\’-\'

p

ion solution was dil ut pp]%“eo e¢—pH—~7. 0 to produce
a silver dihydrogen ci Ek—sobut ¢ sc!ution) havi ng a
silver ion concentrati Efﬁm‘“m siver- ' -

Eval uation of Effi cac) QHEOWQ controll Ph whi zi spore

20 germ natl on [00 4 So bean | eaves were col |l ected whi ch showed

Asi an soyHW&7]1 r yskhe ‘éeretswﬁeqf@awé@ﬁ%%alean%@m usiis B¢ Skoft-Bpetetesttabthe 5%
have the pRYASHPINITRS: 0K SRVAL Ativires RRIGRA thPfelaay! iR¥aM ned
wth a stgrﬁgoscﬂgpe In ogrder t%élf dentlrfy t hose V\A&lﬁ? a ﬂ?a c?ﬂgree of
spor ulat i HWSSLeav‘b scoped experimentrwas perfetaed using the proewe’sabOZS [*0085¢ Thlowing
different, S5

having 5 ppm '0 pErr(%ag‘a'rn]%lu%‘émppmegrpl dsﬁ%weﬁ(r%‘é%%ﬁo%n %I%é%%tg’%%nﬁl grcl)]fBraZﬂ
each sol utWen and $rqshuctc¥alter firom Reuerse @smassst(PW) bB®. suifarant ed»démn by iselplede
of soybea and stipr nd
he spor odt AR HEh ILANE o OuRflon §Eh oL HogE el 1P S5l FRHERFSS
a control wemnnchcmlatﬂgl wikhel ®®DR@oen for Iam:hsoohcwhtranm oTBBCImﬁmem mtee tyiped dndifor

t he SfH UtL%%orflt%I &Y\Dresatswreasfo or _each of the product dilutions, ten
Petri dis
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eés-contarning wa er-ag%lvly substrate were inocul ated with 100
spores each and nmaintained for 6 hours in the dark. Lactophenol dye

was used to stain the|nycel i gohenerdtion Whi ghGeasiRyishuat ed visual |y
be m croscope. [0086] | I51{13r4.;17\;\,1axper| ment, gpproxinmately 16% of
T

the spore in the cont ol drg ..1 nateq.—The Tgsurts of the SDC
treated spores were a$ '_ ‘ 2009/ 148469%3|/U8200 /079946
Concentration % Ger m pat+ U||l PWJ 0.4
15pmeW 0.2
15 ppm PW 0.5
Control 40

[0089] The results of these experiments detailed in Example 2 indicate that under the
15  conditions used, germination of Pakhapsora pachyrhizi spores from soybean leaves was
almost totally inhibited. This inhibition was evident at concentrations of 5 ppm, 10 ppm
and 15 ppm silver in distilled water, well water and product water from reverse osmosis,
with or without the addition of a surfactant.
[0090]  While the invention has been described with reference to the above examples, it
20  should be understood that one of skill in the art will recognize that other embodiments can
be prepared and are within the ambit of the present invention.
[0091] The references, including all United States patent documents, cited herein are
incorporated herein by reference.
[0092] Throughout this application, various publications are referenced. The
25  disclosures of these publications in their entireties are hereby incorporated by reference into

this application.
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10 ppm 4.0 15 ppm 5.0 Control 16 [0087] These data were subjected to
statistical analysis using the Skott-Knott test at the 5% probability

| evel wusi rr}?o%@wfi@g;l software, indicated that these re§gf/h§zﬂg§,€7ﬁ9e46

significa 88] A second experinment was perfornmed usin

orot ocol msp. Y Ui byl 906 Ak At QURLGR! o Bbitonp B

were nmade usihg W r from Parana State, Southern Brazi W
and Pr oduzariatiene carf bomad@eindhe pre@abiwestiqnpvithouT Aepastingf fzom hetscopmioruspirit of

ohwi . Aot e oR B BB bl Mkt anat R ABRAFELY Bbicity R e

spor es f oart @@dhcamiiesiion af therspedifi&Giicn iand phetidend teihesntioy pessiogedihdreinh. It
10t he control. T results_ were as follows: Concentration % )
Germi mat i wn@nsﬁﬂ&%ﬁﬁ .Sliecsﬁ“ﬁBﬂ‘? Mﬂ/e_’ﬁ‘.aﬁlpi@é\ﬁ% ﬁﬂ’i‘“&é]ﬂ%{] a§ exemplary only, with a true

scope and spirit of the invention being indicated by the following claims.
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10 ppm PWO0. 4 15 ppm WV 0.2 15 ppm PWO0.5 Control 40 [0089] The
results of these experinents detailed in Exanple 2 indicate that
under the 15 conditions used, germ nation of Pakhapsora pachyrhi zi
spores from soybean | eaves was alnost totally inhibited. This
i nhi bition was evident at concentrations of 5 ppm 10 ppm and 15 ppm
silver in distilled water, well water and product water fromreverse
osnosivéhatis elhinged igi t hout the addition of a surfactant. [0090] Wile
t he invention has been described with reference to the above
exanples, it shoul d,be underst.ood that onpe of skill in the art
T om osEr Re Mg eI bR O Sese BE (P Sireasi SRR hi n
the aghhpri S%éf‘ft%tiﬁé Samic g&ﬁ@dﬂﬂcﬁﬁpoﬁ@@%ﬂ:‘?ﬁinﬁ%ﬁ%Fn%ﬂl&‘teo?sil\le?ﬁihtk}éﬂo@&
all Unjted States patent docunents, cited herein are incorporafed
her ei pitigie (581Ca erhareorgpo 9¢ii THewivg hoatteastrieducgppevet af disgase wasaidpient,
publ i Lons. are reference 25di scl osur f..th bl i ion
Pt R Pl SRt RS e Birofn ERE PR §BRORS
appl i emtxtemal surface of the plant, or wherein the said systemic uptake is effected by contacting
said composition with at least one of: a root of the plant, a portion of soil and/or groundwater

proximal to the plant, or a combination thereof.

2. The method of claim 1, wherein the organic acid is acetic acid, ascorbic acid, aspartic acid,
citric acid, glycolic acid, lactic acid, malic acid, malonic acid, tartaric acid, cis-cyclohexane
dicarboxylic acid, chloroacetic acid, dl-cysteine, propionic acid, succinic acid, or a combination

thereof.
3. The method of claim | or 2, wherein the organic acid is citric acid.

4. The method of any one of claims 1-3, wherein at least a portion of the composition is in the

form of a spray, a foam, a liquid, a paste, a gel, a powder, a granule, or a combination thereof,
5. The method of any one of claims 1-4, wherein the composition is aqueous.
6. The method of any one of claims 1-4, wherein the composition is a solid.

7. The method of any one of claims 1-6, wherein the composition further comprises at least one
of a stabilizer, an antioxidant, a propellant, a surfactant, an emulsifier, a processing aid, a

rheological aid, or a combination thereof.

8. The method of any one of claims 1-7, wherein the composition further comprises at least one

of an antifungal, antibacterial, antiviral agent, or a combination thereof,

9. A method for treating a living plant having, or susceptible to, a plant disease substantially as

described herein with reference to any one of the Examples thereof.

23



WO 2009/ 148469PCT/ US2008/ 079946 [0093]It will be apparent to those
skilled in the art that various nodifications and variations can be
made in the present invention wthout departing fromthe scope or
spirit of the invention. O her enbodinments of the invention will be
apparent to those skilled in the art from consideration of the

specifjcation and . practic f the invention disclosed herein. It 5is
intendleod%‘t‘?'lgﬁt tieﬂ@dgﬁgﬁm?tﬁﬁf?fcﬂ‘?ygﬁﬂo #mellds be considered as
exenplary only, with a true scope and spirit of the invention being

i ndi caje 1 ¢l ai -1 b Sa i . 1.5 t hod
o bt gL o D AU ol
di seaswgantihecidrrtisatingonipving plagt lefingodrisngesitdd i planpdisdsse, af effect

conposj tlon ¢ risi n,amount of siLv [ dig dragen citrate (SDC)
and an” tFE&nW@%C?@“E?? %c%t?e\?%t reqica g lqvg %@%ﬁ ééa‘g%‘f"é‘\?el of disease
by said plant, wherein said system c uptake is effected by contacting
said conposition with at |east a portion of an external surface of
the plant, or wherein the said system c uptake is effected by
contacting said conposition with at | east one of: a root of the
plant, a portion of soil and/or groundwater proximal to the plant, or
a conbination thereof. 2. The nethod of claim 1, wherein the organic
acid is acetic acid, ascorbic acid, aspartic acid, citric acid,
glycolic acid, lactic acid, malic acid, malonic acid, tartaric acid,
ci s-cycl ohexane di carboxylic acid, chloroacetic acid, dl-cysteine,
propionic acid, succinic acid, or a conbination thereof. 3. The

met hod of claiml1 or 2, wherein the organic acid is citric acid. 4.
The met hod of any one of clains 1-3, wherein at |east a portion of
the conposition is in the formof a spray, a foam a liquid, a paste,
a gel, a powder, a granule, or a conbination thereof. 5. The nethod
of any one of clains 1-4, wherein the conposition is aqueous. 6. The
nmet hod of any one of clains 1-4, wherein the conmposition is a solid.
7. The nmethod of any one of clains 1-6, wherein the conposition
further conprises at |east one of a stabilizer, an antioxidant, a
propel l ant, a surfactant, an enulsifier, a processing aid, a
rheol ogi cal aid, or a conbination thereof. 8. The nethod of any one
of clainms 1-7, wherein the conposition further conprises at |east one
of an antifungal, antibacterial, antiviral agent, or a conbination
thereof. 9. A nethod for treating a living plant having, or
susceptible to, a plant disease substantially as described herein
with reference to any one of the Exanples thereof. 10. A plant
treated by the nethod of any one of clains 1-9. |Il. Use of a
conposition conprising an anount of silver dihydrogen citrate (SDC)
and an organic acid for treating a living plant having, or
susceptible to, a plant disease, to effect system c uptake, effective
to at |least reduce a | evel of disease by said plant.
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