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y (54) T'tle. A CONCENTRATED WATER -SOLUBLE, GRANULAR PLANT GROWTH REGULATOR FORMULATION AND

METHODS FOR USE OF SAME

(57) Abstract: A water-soluble granular composition including at least 40% of at least one plant. growth regulator, at least one
binder, at least one disaccharide and at lease one surfactant; as well as methods for making and using the composition are disclosed.

- The water-soluble granular composition advantageously improves preparation of a solid plant growth regulator formulation for spray
application, as such composition swiftly dissolves, is easily metered for application, can be more h1gh1y concentrated and is dust-
free. A presently preferred water-soluble granuiar composmon includes at least 40% of at least one gibberellin as the plant growth

regulator.




.1 4 A Concentrated, -Water-Soluble, Ganular Plant Gowh Regulator

For mul amvemsmgoVvet hods for Use of Same Field of thé@7ISengmissaifae present
invention is directed to a water-sol uble granular conposition 1 ncluding at.
| east 40% of at | east one plant growh regulator, at |east one binder, at
| east one di saccharide and at |east onelsurfactant; as well as nethods for.
maki ng and using the conposition. The water-sol uble granul ar conposition 10
advant ageously inproves preparation of a solid plant growh regul ator

formul ation for spray application, as such conposition swiftly dissol ves,
~1s easily nmetered, can be nmore highly concentrated and is dust-free. A
presently preferred water-soluble granular conposition-includes at |east

40% of at | east A&oacertypiedcWater-Selublee Grhuwiar PlatGromadh Regtibator 15
Background of the Inventigon PLant qgr r | at ors_are useful for

i nfl uencing a range of pl@ﬁ{““ %We"ﬁﬂﬁ%‘éﬁ%’ﬁ@lé%g SANE ¢l udi ng stem

el ongation, germ nation, dormancy, 20 flowering, sex expression, enzyne
inductign, fruit size and qualit gi.ia I#g !I eaf and fruit .senescence.

Pl ant growt h regul ators may be fo?e pL e Tveifio |l east five different types
of formul at i ons: The)presehtinvention i2lireeitd whd waeoyslebls gradilas obmipostigowder s,  4)

tabl ets and. .5%1 vat er - di sggrs' b&e granules. In order to use such
formul ati ons™ H&gﬁwﬁﬂﬁ ‘ot 3 {sesf ae pla epnrgthgegulaton At lspst gpe bindpr

conventi onal -aﬂéra?ﬁbn%m?ggl’:&ﬁ{'ih@&d 5368+ Bhe &J}ﬁﬁﬁ?g\ég%h%ﬁietﬂoﬁg?& of

formul ations  has di sadvantages, so researc rovi de 1T mproved pl ant |
growth regul anaking dmat usingathe oormpasiiidr. MMieswatdhsoloble gwaht s@ipositod he
conventional fornulations wll be discussed with reference to a specific

" plant 4t owt h 2EGHEEOBILY Epproyes RrpRaration ofca solidinlant geosvih sggdatent at i ve of _

conventi onal ghof ' : ol FESql.0. general . .

G bberel lins fgr e%%{%?g@?%?ﬁﬂg?%%ﬁ’%g#ﬁ%ﬁ%galﬁ?ggﬁ@%@k&a?se di terpenoid

aci ds. G bberedily meteredecantremmore highly coceitigied alyisidestfesy, ahippssepfly 2 nat ur al
preferred water-soluble granular composition includes at least 40% of at least

| . one 'gibberellin'as the plant growth regulator. ' '

15 | |

Baglgzround of the Invention -

" Plant growfh regulatﬁrs are useful for influencing a range of pléﬁt-
devélopmenta?_l processes iﬁcluding stem élqngaﬁon, germination, dormancy,

20 | flowering, sex expression, enzyme iﬂdﬁcﬁoﬁ, fruit 31ze and quality, as well as,
leaf and ﬁ'ult sénescence: Plant g_rowth régulators may be formulated in at least
five different types of 'fqrmuiaﬁons: 1) solutions, 2) wettable pdwders,

3) soluble powders, 4) tablets and 5) water-dispersible granuies. In order to use
| " such fofmulations, they must be diluted in aqueous solution priot to 3
.25 conventional spray application. Each of the conventional types of formulations
| has d_isédva'ntages, so research fo provide improved plant growth regulator
- 'for;mulations conﬁ.nues.. The disadvantages of the convéﬁﬁonal formulations
-will be discussed with refeifenée to a specific plant growth.‘lrcgulator class, the
_ gibbérellins, as representative of convenﬁonal fomiuiaﬁons 'of piant growth
30 ._\rye_gulators inrgeneral. | _ | E o |
' | -.Gibbe_r_c_lli_ns are one 61ass_ of plant growth regulators which are diterpenoid
acids. Gibberellins are commercially produced by fermetation of a natural




WD 02/ 082902 27 Septenber 2005 fungus, G bberell afugi kuroi. G bbereellins
are mar kebeghsegher various trade nanes and are 'conﬂir&ﬁpﬁn,f%ggélﬁ%gﬁ%oon a

~variety of fruit orchards, vegetable crops, row crops, a r nt al
crops. The predom nantly used gibberellic acid is GA3, fornulated in any

of the five forns descri bed above. The @ her commonly 5 used gi bberellins
are a conbination of two, (GA4.r7) which are primarily  fornul ated as
solutions either in tettahydrofirfuryl alcohol (TBFA) or in propylene

gl ycol. Solution Fornulations G bberellin solution formnulations are

di sadvant ageofmei j QN uch as, those of

‘GA4, 7 in propyl %%%ﬁl?‘%ﬁgg‘gp étgb%%%@g%%r:eﬁ%ﬁ&%g%é?ggvgw 1§3C§1I":’ubi lity of »
actives, and mahdmammémmyiusydoﬁv&rkaysﬂﬁﬁﬁefdhmg,sedg[etam& s,

i sopropyl al cohol and nethyl al cohol offer severe disadvant ages suth as

flammabi ity 2MOCTER ARd expangptat props.e Jdhe presiomisantiy assed gibhereltimaid &ct ur i ng, -

kagi-ng, | | i ' tati ~and h i ni f-such solutions. TB

P 95" oo Biinte B AR O Bl AR dRESTRQ sRoste Thercllit ComMMX o 1o ¢ he

eye andSski n, usellbgistirellins 40V coalbiRitlohlof 194, (&'A%gffvﬁichiﬁéyhﬂ.' wopyl ene gl ycol
olu

does not. permt preparation of high potency t1on Tornufations.. These
l.ow strengt h Hanuaiedas solutiond cithep istetthiyuroferfiyi elcblsl(THRMA @ 4gi ng, 1mor e
storage space, and hi.gher associated transportation, warehousing, and
cont ai ner di m@e&}g‘fcﬁt Due to 20 very |ow solubility and undesirable -
“hydrolysis; it has not been possgvgjugg;, ori te gi bberellins in aqueous
systens. Sonme exanpl es of solution ormulations of gibberellins include
PROG BB ' 4% RALGitbeteRin shfion! formalation? et Msadvahtagydislin Bbwerdlraspedal ent E
Bi oSci ﬁ?ces Cﬁ*r p. . Powder Formul ations A sol uble powder fornulation is one
whi ch, IV when Hhesolrtigns. fuchasdhosenidlad.y mpropdend glyeal, avadess comndntrateds a t r ue

sol ution. ' e, i d,.. no further d.xing or. agi fati on of
The' tank mix St o knFediity f¥holifes, ofd BRGC1SREa iy cfdic Ry fied ne
material's, ussehlehts, is@propyl alcohol and methyl alcohol offer severe disadvantages such
- - as flammability and toxicity, which lead to restrictions in manufacturing,
packaging, labeling, transportation, and warshousing of such solutions, THFA,

15 . usedinsome of the formuléﬁons, is considered corrosive to the eye and skin,

b

Moreover, low solubility of gibbefcﬂms in propylene glycol does not permit
‘preparaﬁon of high potency solution formulaﬁéns. - These Iow stfeng’th solution
formulations also require larger packaging, more storage s’pace,. and higher '
7 | associated transportatioﬁ, warchousing, and container dispbsal costs. Dﬁe to
20 very low solubility and undesirable hy&rolygis‘, it has not been possible to
| formulate gibb%erelllliﬁs in aqueous systems. - Some examples of solution
formulations of gibberellins include PROGIBB 4%, RALEX, RELEASE LC
and RYZUP, all avaiiabié from Valent BioScieaces _Corp." o
' Powder Formulations .
25 - ~ Asoluble powder formulation is one which, when mixed with Water;.
 dissolves readily in water and forms a true solution. Once the solution is |
~ formed, no further mixing or agitation of the tank-mix is required. S
o Mixing is a process of combining different materials, usualty to a. - '
o homogeneous state. Agitation aids the process of mixing, and is 2 mechanical
30 Vp_;oce‘:sé in\}olving Totating shafts of blades in the bottom of the spray tank.
| . An example of é pow&e_r gibberellin f_'ormulaﬁoﬁ 1s PROGIBB 2X,




honbgeneous state. Agitation aids the process of mxing, and is a ‘
mechani opd 030s20620cess i nvol ving rotating shafts of BVW}:@%§Qottom of
the spray tank. An exanple of a powder gibberellin forrmulation is PROJ BB
2X, WO 02/082902 3 27 SegaWa9g80 avail abl e from Val ent Bi oSci ences Corp.,
whi ch contains 20% of the active ingredient, gibberellin. A wettable
powder fornmulation is a dry, finely ground fornulation. In this

formul ation, the active ingredient is conbined with a finely ground dry
carrier, usually a mneral clay, along with other ingredients that 5
enhance the aqiallhly foh ¢ - d?:«?]?'s Qg&gl]f n mxing the
wet t abl e- powder with \{/\l;at gfe?ﬂgwgﬁg%%eﬁsi on’ ?@Bgor me '?meﬁtpe ?%Rét%hen appl i ed
by a spray togtediegtigitbeliinph eetiablepowdtt fobielafiontber drg] BRgy etdung

formnul ation %nc@gﬁe %EB PLUS, ACTIVOL 10% and RELEASE, all_ available
from Val ent BFYSEreh Aprmugfion, thesciveingrediens ihcambingsl with adinelybl e

powder -and s et wshaf | ' Lt .tend to.,.produce dust -
upon handl i_ngé,ﬂdg%%%@g\gﬂ%‘fen mé&%waﬁl?&gﬁ?ﬁhﬁgﬁ%P%‘gﬁW% them This
dust mey posecthemdetthe diliyrafthe pdwder bebe srputig if WamH! UpgANgixkRNet 0 vet

poorly and al S%{fg | ubi |ize slowly upon addition to water. Powder
f or nul at i ons’ VeHpolepavier wifh avater; &auspensiowis fomedpwhich is thenmpplisl pbi | i ze in

the tank m X. .z .0 rtially.solybilized. spray ‘ )
sol utions wi Iﬁprﬁyje:tgéc!ﬁ?[@‘{eune%ﬁh i St rﬁ%&&?ﬁ“é‘? e’ﬁﬁ'&‘n}PnB ™ regulator in

the tank-m x inélade moeamm;isaiws,wmmQ@Afﬁalﬁm&émfa@ﬁ%ﬁab@m' mes, foam

in the spray tank caused by spray tank adjuvants can. also affect wetting
and sol ubi | i tYalgit BieSdieaskeCampd sol ubl e powders. Wettabl e powder

formulg{ions wil 20 al so | eaye undesirable insqgluple resjdues both in the
t ank aﬁ%. -on thef@mﬁ%%Yﬁné@E OEW(T%‘PI?IEP?Wd%P&ﬂéth@rWd&ﬁ ons . . Tablet
fornul ati ons R FRAMLEF A SABRH AL b HEHE sucp adBidh a7 e useful
in snmall areas, or for ana%nt aI@gﬁ)ﬂggi%ﬁsé?ﬁ%%@?{%t rSH%}r%st‘Pgér% may be 25
ef f er vescent ,powtig Hradsfssiigwe mmmmmemvémiﬁdmemhpgo@fhdamﬁmdsen m nut es

Further, powder formulations tend to wet poorly and also solubilize slowly upon

- addition to water. Powder formulations thus take longer times to wef, disperse
‘_ | 15 and solubilize in the tank-mix. - Formation of lumps or partially solubi]iz_ed
o spray solutions will lead to uneven distribution of the plant growth regulator in
" the tank-thix with potentiai for reduced field performance. Sometiﬁes; foam in
the spray tank caused by spray tank adjﬁvants can-also affect wetting and
solubility of wettable and solubie p.owderé.- Wettable powder formulations will
20 also leave undesirable insoluble residues both in the tank and on the sprayed
.. foliage and fruit. - . | “ |
= o ~ Tablet Formulations - ‘
Tablet formulations are prg-tneasured dosage delivery 'systems,. “They are
useful in sma]i- areas, or for omamental purposes. Tablét fonhulaﬁons may be
| 25 - effervescent, which dissol_ve in ﬁfater overa period of two to ten minutes
- depending upon the type and size of the tablet. - - o ,
' Howevc%r, tablets deliver only between 0.1 -1 gram of active ingredient per
tablet. They are not ideal for large—é;cale ﬁeld, operatioﬁs. Moreover, . '
effervescent tablets are higl_ily susceptible to humidity; may be slow to dissolve |

- 30 - andareexpenSivc.




dependi ng upon the type. and size of the tablet.. However, tablets deliver
only beisme@ngdgd -1 gram of active ingredient per tﬂtﬂ@é ,g}i;dg 0?8 e not .
i deal for large-scale field operations. Mreover, effe Dbl ets are
hi ghly susceptible to.humdity; . may be slow to.dissolve 30 and are
expensive. | WO 02/082902 4 27 SepPCT/L{4S02 111180 Water -Dispersible

G anul ar Formul ati ons Water-di spersible granules are al so known as
wettabl e granules or dry flowables. This type of fornmulation is simlar to
a wettabl e powder, except that the active ingredient is fornulated as a

di spersible granule. To p%%fﬁsﬁé}ﬁbkm;zﬁfar%oﬁsfa% me granul es for spray
application, they are dispersed’n water and orma suspensi on upon o

“agitation. Many Wate -élSmrSibhagrenuldaa'pelsskhb\engﬁw&uhlﬂ&?&ﬂ[dm&aﬁyl ons are
known for agr, é“ﬁ chem For exarrpl e, EP 0 252 897 and U. S

Pat ent No. 4 HPBQ %‘W@EB@HF% at;ilﬂawetgabbwww@qumg in .
wat er di sper 1 at-ent 5,622, 658

di scl oses 10%62‘402‘)2% da elgcf)&np%ois |agr% rersb Wﬁg ﬁ?a?g? ﬁﬂéepermble

gr anul-és. Anwmdmpbmlﬂégﬁngreamﬂspfay@pbﬁkﬁh%,ﬂh@w eegea%n“,g n| ng | %

~.active |ngre§| ent I's_ G bberellin Kyowa Sol uble Po avai ab e from
‘Kyowa Fer men %WPW%W%W@%M@M%IMMMWMQWMS usual'ly
have no grea |sture nt ent '
suspensi ons £ Jgﬁ e ?%‘tt"é@ﬁfé‘giéq icaley, OIFWIF’%OQ%%%Q on nust

be agitated b1 U, Wch@ﬁooi%&g@id@cl@é’edﬁ&a% L2hedl $ ¥t oA Ratols iy 0! LAL ! O
or by-pass recircul ation of the tank-m Xx st al'so tal ned during

appl i cati on. Wiisedigpensibl %/gl‘@ﬂuhlafoanulatlerpsemd Ul&l’a@naml e;szt 658 Hiselbbes.
procesg; and_act.i vie: l|chr edi, pgenclent and can result in lowyield 20"

recoveri es, PoorsAbleicPmpRst ng?t Wﬁ&&%ﬁ%@ﬁﬁ%en#ﬂal hi gh
manuf act ur.i. n&wgf@%ﬁﬁpb gééﬁﬁrﬁhﬁﬁau unéem r";"’ﬁ Sel(il)lfﬁrsegle [S)Ol veq

wat er - di spersi bl'e granul ar orrm ations Teave
resi dues on xst{hbbﬁreﬂmdﬁydvm Salgle Powder, available from Kyowa Fermentation

Industry of Japan..

Watf;re-dlspersxble granules usually have no greater than eight percent
15 moisture content, and form suspensions when added to aqueous solutions. The
remlltmg suspension must be agitated for a period of time in order to fully
~ disperseit. - Agltatmn or by-pass recirculation of the tank—m:x must also be
- maintained during application. The quahty of water-dispersible granules is
hlghly process- and actlve-mgredwnt-dependent and can result in low-yield

L

20  recoveries; poor attrition resistance leading to dust potential, high manufacturing
. cost and poor dispersion. Generally, spi'ays of dissoived water-dispersible
granular formulations leave undesirable insoluble residues on the treated fohage
and fruit. : o o
| | . For plant growth regulators such as gibbei'ellins fo be efficacious, the acﬁvc
25  cingredient must-solubiﬁze in the tank—mlxes p’riér to application. Otherwise,
product efficacy will be severely affected. ‘When water-dispersible granules are
- - used, the grower often may nbt be able fo rea]ize ifhe had achieved the total
- solubility of the active ingredient in the spray solutions. In addition, water-
" dispersible granules can become hardened over time and thus result in poor
© 30 ¢ dispersibility and solubility of the active mgredlent Dust and caking may be
problems with. certam water-dlsperslble granulies and powder formulatlons '




and. fruit. For plant growth regulators such. as gib%;égllinagto be

ef ficaci : active 25 ingredient nust sol ubili gpfermnbar 208hk- m xea
pri or to&az%’gﬁagzat ion. Gtherw se, product efficacy wll PLLUSI/ LY y

af fected. When water-di spersible granules are used, the grower often may
not be able to realize if.he had achieved the total solubility,of the,
active ingredient in the spray solutions. In addition, water- dispersible
granul es can becone hardened over tine and thus result in poor 30

di spersibility and solubility of the active ingredient. Dust and caki ng may

be problens wty i ter - di | bl .anukes and..po r

» fornmul ati ons. 27%%%@5%23}%%@Wéﬁ%ﬁﬂgﬁwﬁm?%ﬁgﬁ Therefore, a
pl ant. growt h paendyaind ragi® solubidity; Gnd \Wibig§the PRHISAS adtoBhtedReeNcy and rapid
solubility; and avoids the problens associated with conventional

-+ formul ati ons, *AsEAtPrBblogaylsHoay swull bardvattagomsar y of the | nvention The
present invention is directed to a water-soluble granular conposition

“including at |east 40% of- at | east one plant growh regulator, at |east one

bi nder, 5 at | east one di sacchgﬁeg&!ﬁ@%%fﬁgﬁ@gq%&f surfactant; as well as
met hods for making and using € conposrtron. wat er - sol ubl e granul ar
conposi tion 10 athapressptovehiion ispliceted tqa waier-stluble gimAarswhipdsibant gr owt h
regul ator formulati fo application, as such conposition swiftly
di ssol ves, is™® 8&@#@@%&‘@?@%%%&@@ M&W@E@ﬁd’é*ﬁ@%@d’%ﬁ i s dust
free for handliifg: oncAtifiEpeilelatd B BES RO dtRl-AE r |
conposi tion i ncI_ud%ns. 1at | east onefegsgiogﬁere @%g%ﬁ%ﬁ%ﬁﬁgl | done, at

| east one di smelghgmidiesimmtheapnipesitivn.oThe Watawolvbld grabulad empdaitont i on is
di rect to a wat er-soll ybl e granul ar, co[;rn%os_i tion conprising: at |east one

pl ant dPowt h 3XEIPERCYSYY ITIPrqvEs repRigHomP id plant|ggewth 1ggdatoli sacchari de;

and at |east g ] iy PR g (Y o) h regul ator
may be a gi bbe?%lﬂﬁﬁﬁ ﬁg%ﬁ%ﬁj%ﬁf% agﬁﬁ’%rg ég(%} (E:%?A&J(?Ig ngBg%éw%sﬁ%?ﬁ%n 20 '
et hyl ene bi ossasitshestesed, i bi hore Iphia consthirmail andid dist-6et fortlaedlichder may be

A presently preferred water-soluble granular composition includes at Ieast one

gibberellin, polyvinylpyrrolidone, at least one disaccharide and at least one
5 surfactant. _ | ‘
The inventiog is divected to a water-soluble granular composiﬁon- ‘
~  comprising: at least one plant growth regixlaior; at least one Binder; at least one
disaccharide; and at least one surfactant. More specifically, the plant growth
regulator may be a gibberellin, an auxin, an organic acid, a cytokiniﬁ?, an
20 ethylene biosynthesis inhibitor or a combination thereof; the binder may be ;
polyvinylpyrrolidone, a lignosulfonate, a lignin, a lecithin, a starch, a gluten, a
polyethylene glycol or a combinations thereof; the disaccharide may be sucrose,
~ lactose, maltose, hydrolyzed starches such as maltodextrin and com sﬁup solids,
sugar alcohols such as éﬁrbitol and mannitol and other sugarg such as glucose 7
© 25 ‘ and fructose or a combination thﬂeof; the,- surfactant may be an ethoxylated fatty
acid, a glycol ester; an ethoxylated alcohol, a sorbitan fatty acid esterora
combiné.tion thereof. The composition may also contain at least one additional
component such as a surface active agent; a sticker, a spreader sticker, a
nematicide, a systemic acquired resistance inducer, an anti-foaming ageﬁt, a
30 preservative, a humectant, a dye, a U.V. protectant, a buffer, a flow agent, a
. camrierora combination thereof.

, -




pol yvi nyl pyrrolidone, a lignosulfonate, a lignin, a lecithin, a starch, a
gl ut en yet hyl ene glycol or a conbinations tRésepfemten@08dsacchari de:
nmay be“gﬁ%%g%@? | act ose, naltose, hydrolyzed starches S¢HHSQREIE t odextrin
and corn syrup solids, sugar alcohols such as sorbitol and mannitol and

ot her sugars such as glucose 25 and frgctose or a conbination thereof, the
surfactant may be :an. ethoxylated fatty acid, a glycol ester, an

et hoxyl ated al cohol, a:sorbitan fatty acid ester or a conbination thereof
The conposition may al so contain at | east one additional conponent such as

f ti ent .- i Gk tjgker, aticide,
System o acqui ris PEEPu e B HSh bob MRHFANE apbb il Reieafepenipas
~ preservat i verovathiregEatba Fom abslie.1 @ a!abx)hopwag%} B%ggxggo%abéﬁ% f1ow

agent, a carrier or a _conbination thereof. t ember
2005 PCT/ USdpehaut§6 weightmsmsot fisacsharireyent dica tbarmlabiowbodil @ weighout 80
wei ght ‘percg &ISGHIM rowm h regulator, fromabout 0.1 to about 10 wei ght
percent binder, fromabobout 5 to about 95 wei ght percent disaccharide and
from about 0.1 4 prefheudtfodRulionita wRG oAt gﬁhﬁ@f bl conidsiifh’ ed
formulation is a water-sol uble granul ar gibberell'n conposi tion

conpri si ng: cemprisiagigt leaghdWBh ofut leash one gibbergllin atrleast ione bitder, etlebstone bi nder ,

o AR i o e eI Ly
bi nder i s pg lusthgyhonctiyatdslenfestiitly pRiRFRGRI s gﬂ?@n@grpgﬁoﬁaksﬁea@ham 'S a

pol yoxyet hyl ene 20 nonol aurat'e. The 10 conpositi so 1 nclude an

addi ti onal  ppeasently pefered syhctanis s paljoxethylemt 0 monsitugieb fbeel 1 in, an .
auxi n,~ a cytokinihn, an organic,acid. an ethyl ene_ biqgsynthesis inhibitor or
a comst nat i S?PP?Féthé’o’T‘laﬁ‘%@gWﬁwoﬁwlﬁéﬁowﬁrﬁﬁ\u&%wﬂcm % 0 about 50
wei ght. per caiffergi itk Rl n ofkilh BRAKhiDad ol ﬂ}gﬁ‘é ht per cent |
pol yvi nyl pyrroli dgpe., f]%ﬂ’om gbou 0to abogté%g%gaﬁte erngent 15 | act ose.
nonohydr at ebigAyhthesiminhibitor 002 Sorhbinativm therSofieTightonpeysitiatmpohavexy et hyl ene 20

g?g\cl)vlt ﬁur at efroglrlha%q{rp i3 talb%ﬂt 5¢ w%%gﬁ? pe(%clsern%'(éltb%greil?n, %‘orrrl?g.lg]o%?_ﬂ?lftoraebgllljtl 4at'| ng Pl antr

.. weight percent polyvinylpynoﬁdone, from about 40 to about 60 weight percent
15 lactose. monohydrate and from about 0.5 to about 5 weight percent .~
-polyoxyet_hylene 20 monolaurate, - |
~ The invenﬁoﬁ is also directed to a method of regulating plant growth
*.comprising the step of treating soil-,‘ a seed or a plant with an effective growth-
reglﬂaﬁhg amount of the compositioﬁ described- above. The composition may
' 20 ‘ be diluted with water and spray-applied. For example, when the plant is a fruit-- *
- producing plant, such as a grape plant, a grape-producing plant so treated | '
produces larger grapes and/or grapes having higher percentage of ‘ solublé solids.
. The invention is also directed to & method of preparmg a water-soluble,
granular plant growth regulator formulation comprising the steps of:-.
25 . sizing particles of a plant growth regulator and a disaccharide separately to
o ' produce a fine poWde: of plant growth regulator and a fine powder -
of disaccharide; .
| blending said fine powder of plant growth regulator and said fine powder of
o  disaccharide to produce a homogéneous mixture; |
30 p;eparing an agueous solution of polyvinylpyrrolidone and a surfactant;
. combining said aqueous solution. and said homogeneous mixture to form an

e




|
|

conprising the step of treating soil,. a seed or a plant with an effective
gr owt h- 'wolhgashest | ng anount of the conposition descﬂ?tﬁfﬁwgme
conposition may be diluted with water and spray-applied. For exanple, when
the plant is a fiuit producing plant, such as a grape plant, a

gr ape- produci ng plant so treated produges |arger grapes and/or grapes
havi ng hi gher percentage of soluble solids. The invention is also directed
to a nethod of preparing a water-soluble, granular plant growth regul ator
formul ation conprising .the steps of: . 25 sizing particles of a plant
growt h regul ator and ' L de separately to produce a fine powder of .
pl ant growt h régulato?mﬂﬁgﬁgqgﬁﬁ% powder of disaccharide; blending said
fine powder of pextnidingysaid éxtrodghie dlede (6 Pdmsa ckubiloemagwer of  di saccharide .
to produce a: honpgenequs m xture; 30 preparing an aqueous sol ution of

pol yvi nyl pyrr ol i §6¥BE said exirudedmagierialt and themabi ni ng sai d aqueous sol ution and

sai d honbgeneous_ i for 02/ 08290 7.Se@e ., 0?2R4Ar %o

ext rudabl e bl end® ex% %ﬁ’f"%ﬁ"?ﬁﬁg&}' %%%%‘@AW&“@F%?&%@%%P PSSR | ded

mat eri als; dryi ng sai fbr@xlativgled material ; and then, sieving and recovering
wat er - sol ubl e granul es of a plant growh regulator 5 fornulation. In this

met hod, the pl antd Bisangthod. dha plantarowiyrepdatgt g be gitibaredlimiandbe di sacchari de
may be | actos . In lon is also directed to a nethod of
enhancing the y{| : !%%ﬁ&3@§?3%8¥&& “nt growth regulator formulation
for spray appli CHid iafertidnns hlso Qedtb®to aliBehb®Bf &fhahGhpWaAltiinaHSRbE, P! ant
grow h regulatgr in a water-soluble granular fornul ation. containing at

 east 40% of Sotidplanerextth regadptorfonnulation fon spray applitatiopcepprisieg the of t he
formul gji on f lication can be.. enhanced, since dust fromthe
solid ? gr nul ast?{po%‘g%mg%&geﬁai“ nP‘ﬁ‘&‘i%awﬁlpISFiﬂP‘P%?&’P‘%rﬁ@eﬁf%ﬁ%ﬂ tering and
rapi d di ssol Ubimiladn édnerisiakiaticharammd tilan gfehhegAibal Ratde mEaRdMet hod is
preparation of the formulation for spray application can be enhanced, since dust

from the solid formulation can be eliminated upon transfer; accurate thetering
and i'apid dissolution of the solid formulation can be attaincd. The method is
15 also advantageous because the solid formulation contams twme the _

concentration of plant growth regulators as conventional formulations of plant
growth regulators. A presently preferred formulation for use in the method isa
water-soluble granular formulation which contains at least one plant growth .
regulator,- at least one binder, at least one disaccharide and at Ieast oﬁe '

200 - surfactant. A presently most preferred formulation is a water-soluble granular

' formulation which contains at least one gibberellin, polyvinylpyrrolidone,

lactose monohydrate and polyoxyethylene 20. monolaurate. :

Detailed Desoription of the Fnvention

25 Wehave now surprisingly discovered that solid formulations of plant
gidwth regulators are improved if in the form of water-soluble granules. The
‘water-soluble granular fbrmulation readily dissolves in water to form a true
solution, so that extended mixing or occasionél' or coniinuous agitatipn of the
| spray mix in the tank is unnecessary. The use of a disaccharide, a binder and a o
30  surfactant together permits inclusion of a more concentrated amount of the plant
- growth regulator, at least 40%. This more concentrated formulation enhances

i




plant. These di fii cati ons na

15 al so advant ageous because the solid fornulation contains twice the

- concent ngbigepg9§z Pl ant growt h regul ators. as convent27&wft,elﬁ Dat i ons of
ati

plant growth regulators. A presently preferred fornul HE&L i n the
nmethod is a water-soluble granular formulation which contains at | east one
plant growth regulator, at |east one bighder, at |east one di saccharide and
at |l east one 20 surfactant. A presently nost preferred formulation is a
wat er - sol ubl e granular formul ati on which contains at |east one
gi bberel lin, polyvinylpyrrolidone, |actose nonohydrate and pol yoxyet hyl ene
20 nonol aur at giliZ2gbi Pk il ' have now
surprisingly di scov%raggg{l%ta%sdg}lg%ﬁ?%@;ntﬁ{ at’i oﬁ‘sﬁg%"%ﬁgﬁﬁ%‘\f’%ﬁéﬁ’ﬁs-r egul ators«
are inproved if in the form of watBie Sahpdsittorgr anul es. The water-sol uble

' in water to forma true solution,

granul ar fornul readi | y di ssol ves .
so that extendeﬁh@ﬁ’?ﬂdﬁawn Ay aﬁsﬁedclmmﬂbél@ﬂﬁ@m@—ﬂﬁirﬁef@fﬂphe spray-

- mx in-the taﬁb‘ﬁdic%%n?gﬁﬁ Yes vi eq&&eq%?ﬂgghgggc‘g%@%jfa bi nder and a

30 surfactant toge r permts inclusion &ed amount of
the plaft . apgbudrateeffinapanticleat | east 40% This nore concentrated
formul ation enha.&?l:e WD 02/ 082902 27 Septenber 2005 PCTIUS02/11180 8
utilization, as ql?iufﬁs BTk Z1a5Eh reavlalors a5 usedcherein|conppteswprodbetequent

ar agr aphs. CURGS| i I | | r r. used herein,
Fhe ?er?n "gr aﬁ%ﬁ%r "ref éfr‘i_ ﬁo gﬂgﬁ5%}8%%%5&1%?&5@#1&2?%&%1@3?e to the
unai ded eye. agrigulturall matusityawithéut&ditihe therpiiie. SticH mdgiMatbh 6la9Fesulthe phrase

~"plant growt re&ijl or" tﬁs used_herein connotes a product. which serves to
PR fhestigl

nodi fy the ne ofthe magrziph po theathy siglogical progesses pf the plang, or
agriculpural e del ' Ll d Lhant . rguc | fication may
result fromthe efe%g\t%ito t %@%@ﬁ@?ﬁ%&%@@% EP@ngf%eﬁ? processes of
the plant, omddifiéationsmiapelsefrbadt frérh aBptembMaGn Jr s@hchBSofOr phol ogy of the
o result fromany conbi nati on or sequence

of . physiolfj sielogicgh ot FBeIphe Oagalai&ptor%ct ors. :
. ‘The plant growth regulator may be a gibberellin, an auxin, an organic acid,
a cytokinin, an ethylene biosynthesis inhibitor, or a-combination thereof.
15 Suitable ethylene biosynthesis inhibitors include aminoethoxyvinylglycine;
~ suitable auxins include indole-3-acetic acid and indole butyric acid; suitable
L organic acids inciude oc-ﬁaphthyl-aoeﬁq acid and suitable cytokinins include 6-
. benzyladenine or 6-benzylaminopurine (6-BA) and 6-furfurylamino purine
(kinetin). - o '
| 20 . ..’I‘he term " gi‘bbere]]ins" encompasses diterpenoids having a te_tracydlic ring ;
. system. In terms of their nomenclature, gibbc_réllins were numbered in ofder of
their discovery, so the numbering does not signify the position of one particular
substituent. The compounds have nineteen or tWenty carbons, and four or five
1ing systems. Some examples of gibberellins include GA,, cbm.m’only referred
25 to as gibberellic acid; and GA, and GA,, which are immediate precursors of
GA;. There ére, approximately 90 gibberellins; and all are encompassed by the
. general term "gibberellin", "gibberellins" or "gibberellic acid"; a presently
preferred plant growth regulator In the foxmulationé, either a single gibberellin
or a combination of two or more. gibb‘érel_lins may be the active ingredient. |
30 -+ The binder aids binding, disintegration and solubilization of the
formulation. .Suitab\l'e binders include alkylated -_vinyl pynblidone copolymers




.The plant growth regul ator may .be a gi bberellin, an auxin, an organic acid,-
a cyt oki-wiguzoemoet hyl ene bi osynthesis inhibitor, or 24 SeopEpRidBRss her eof .
15 Suitabl e ethyl ene biosynthesis inhibitors include

am noet hoxyvi nyl gl yci ne; suitabl e auxins include indol e-3-acetic acid and

I ndol e butyric acid; suitable organic dacids include a-naphthyl acetic acid
and suitable cytokinins include 6- benzyl adeni ne or 6-benzyl am nopurine
(6-BA) and 6-furfurylam no purine (ldnetin). 20 The term "gi bberellins"
enconpasses diterpenoids having a tetracyclic ring. system In terns of

their norrencl%W@,A@MR%JIO%MW?@@?@ Boflahigh their
ity

di scovery, so the nunbering does not sign e ’p05|f| on of one parti'cul ar

- subst it uent . ~polyNmylpympobidonts shelvas AGRBAERMA Dand WORIMER AT Sopdtyiledsour  or
five ring systens, Sope -exanpl es of gi bberellins include GA3, commonly
referred 25 t 8%3133’]&‘:5*6‘53@%“ | m@é‘?‘&c{o ﬁﬂ‘%%@ﬁ%@@ﬁ%ﬁ%di ate

precursors of VA ienhBafdafs Gn@ PO P BIS liobgrelans, and all are
enconpassed bg t he g-ngeneraal Sterm "Igﬂhé’ggél‘é‘ llscr%ﬂsm‘egél}ﬁggérﬂe i ns"

or " Ibbeﬁ el li PERSE,pVAinﬂPE%SE,rB(léli?RESEERSEaNﬁ)bmrIMOUYE?)N ahor. In the
ormul ations, &t SN [ rellin_or _a conbination of two or nore

~ gibberellins M"Fﬁ’ﬁaé&‘ﬁ@%ﬁﬁg fitch as DN hielpyseugl abi ndi ng,
di sint egrat i ommmqtsl%icf&atsﬁmgul elthidSes’ AL ﬁW)egE /PEQ%A ders

i ncl ude. al kyl ated vinyl pyrrolidone copolyners Sep
i W 29R 80 sucNTameth@Redinivsalettets such as NARTVEDCEL; ¢t}1GellGloss pollndlsatich

pol yvi nyl pyrrolJj such.as AGRI MER AT and AGRI MER ATF, copol ynmers of

vi nyl acetate ']gﬁ@%wﬁhipg er@e@ﬁ%gﬁm;mammmm MER VA-7;
I'l i gnosyy f onatdiGimans | Gl Sal & ' 5 MARASPERSE,
VANI SPERSE, B@RESPERS%%%&EQ%"? "?n#"%é}&%%@&@%gg | f onat ed

‘i gni ns such saulaNBUhbdiAd Jecithiny suchiss B . ROREX of YERDKINst al |1 ne
- cellul oses such as AVICEL P LATTICE NI;. methyl cellul ose ethers such
as METHOCEL; 3l iceholy sichas SQRBAGEM, EM andar ch (natural or

| modi fied);. OMAICRSWHET SR ﬁoﬁy&ﬂﬁe&@éﬂ%ﬂ, Anong others. A presently preferred -
' | binder is polyvinylpyrrolidone such as AGRIMER 15, AGRIMER 30,
15  AGRIMER 60, AGRIMER 90 and PLASDONE.

The disaccharide is used as a diluent and as a granulating aid in the
formulation. Suitable disaccharides include sucrose, lactose and maltose,
hydrolyzed starches such as maltodextrin and cormn syrup solids, sugar alcohols -

- such as sorbitol and mannitol and other sugars such as fructose and glucose
20 among others. A presently preferred disaccharide is lactose monohfdrate.

'In the formulation, the surfactant is used as a wetting agent, as well as a
dispersing and granulating aid. Suitable surfactants include non-ionic
surfactants, anionic surfactants and amphoteric surfactants. Non-ionic
surfactants include ethoxylated sorbitan esters such as EMSORB, TWEEN, and

25 T-MAZE; sorbitan fatty acid esters such as SPAN and ALKAMUL; sucrose and
' . glucose esters and derivatives thereof such as MAZON, RHEOZAN and
- GLUCOPON; ethoxylated aloshols such as TRYCOL, BRIJ, ARMIX and
PLURAFAC; ethoxylated alkylphenols such as IGEPAL, MACOL and
' TERGITOL; ethoxylated fatty amines such as TRYMEEN and ETHOMEEN;
30 ethoxylated fatty acids snch as EMEREST, ALKAMUL and TRYDET:

" ethoxylated fatty esters and oﬂs such as ALKAMUL and ATLAS G; fatty acids
. |




10 calciumsalts thereof; magnesi um al um num silicates such as VEEGUM F;

nat ur al way o2ARedehi ed | eci t hi ns such as BEAKI N, CENTRQ@¥ Wﬁgﬂm sugar

al cohol s such as NEOSORB, SORBOCEM MANOGEM and MALTI' S an

pol yet hyl ene gl ycols, anbng others. A presently preferred binder is

pol yvi nyl pyrrol i done such as AGRI MER 1518 AGRI MER 30, 15 AGRI MER 60, AGRI MER
- 90 and PLASDONE. The di saccharide is used as a diluent and as a granul ating
aid in the formulation. Suitable disaccharides include sucrose, |actose
and mal t ose, hydrol yzed starches such as maltodextrin and corn syrup

sol i ds, sugarsugh &PATLAS GUEH6:38yessiisie sudh ds m@*@l\/@ngﬁpgﬁeﬁwars such

- as fruct ose and gl ucose 20 anmpng others. A presently pré I sacchari de:
i s |act ose nHehgElehYEOL $RGt laeolﬁlobmﬂalenmves bm:k&sn&MERﬂHOLsCA:B,ed as a

tt d | at d Sui t abl
sur taceants el 8B neR oS pLBRRT b dndberteriden & 'sd%%w%tremﬂéh &hd r
anphoteri ¢ sETHROSPERSE GNo6. ﬁr%ﬁlaté&’éﬂd%&ﬂrﬂa‘ied%&# x| ated sorbitan

esters such as EMSORB, TWEEN, and .25 TMAZE® sor atty aC|d esters
such asd SPANADNBARORAAALS0; biokreopelyareds ofipithydersecosidd aards;nrapylenteomdet i ves

t her eof such th xylated al cohol s such as
TRYCOL, BRIJ Sﬁ%@#@%@&%’&%ﬁ% Oﬁlaf‘teg PE8I s such as

| GEPAL, MACOSTEWET, MM%M@%&@M%%%@%MR odSYMEEN and

ETHOMEEN; 30 et hoxyl ated fatty acids suc and TRYDET,
et hoxyl at ed fienie w@wenéam;pdlﬁasehahdesc@ﬂm{ﬁ%ﬂsoﬁad-ymﬁhﬂ&ﬁi adrgdit y aci ds

WO 02/ 082902 1Q. 27 Se 072 0. such as 15 gl ycerol esters such
as. MAZOL GVOP® 8? ‘%‘gl IVRLESS Sue &ﬁégﬁgf"%i 04 phiTishgalpheRdls vat i ves:
der i va, A”E'@‘@%@@R‘)m“’%@ﬁ&ﬁ& B e A e

derivatives such as ETHOSPERSE "G 26; propoxy fatty
acids such athesthNyROcotHtaB0;sted. od‘llornm}nm sunfactnistuet &yl ene oxi de and

propyl ene oxi d LURONI C or cone based surfactants
Eucﬁy as E’OXyel’cllquene?de monolauraie (Ta}lﬁl:,]?\l b or PaL SORBATE 20) are

presently most preferred.
Suitable anionic surfactants include phosphate. esters such as EMPHOS and
15 RHODAFAC,; sulfates and sulfonates of oﬂs and fatty acids such as
POLYSTEP; sulfates and sulfonates of ethoxylated a]kylplrenol's such as |
TRITON X-301; sulfates of dodecyl and tridecylbenzenes such as CALMULSE;
sulfonates of condensed nephthalenes such as VULTAMOL; sulfonates of
naphthalerxe and alkyl naphthalene such as MOREWET and sulfilosuccinates
20 . and derivatives such as MONAWET, among others,
Suitable amphoteric surfactants include lecithin and lecithin derivatives;

(N

and imidazolines and imidazoline derivatives such as MIRANOL, .among others.
~ The tradenames used above for bmders and surfactants often are common
~ ta class or series-of binders or surfactants. Therefore where a tradename is
.25 mentioned, any binder or surfactant in the family mcludmg that tradenamie will
' be suitable. . |
| Other components of the formuiatlon rnay mclude addrtronal smface active
- agents, stlckers, spreader stickers, nematicides, systemic acqmred resistance
~ inducers, inert camers, preservauves humectants, dyes, U.V. (ultra—vrolet)
30 protectants, buffers flow agents, antifoams or other components whlch
' facl.htate product handlmg and apphcatlon




'SI LWET, BREAKTHRU and mi xtures of organosilicon surfactant with non- ionic

or ioni Qvéyf,(fg@%zant s; pol ysaccharides, copolyners 027@131?%%%%9%@ acrylic

acid; and acetylenic diol derivatives such as SURFYNCL 1

tristyryl phenols 10 such as SOPROPHOR anong others. A presently preferred
surfactant famly is the ethoxylated sprbitan esters. Non-ionic
surfactants such as pol yoxyet hyl ene(20) nonol aurate (TWEEN 20 or -
POLYSORBATE 20) are presently nost preferred. Suitable anionic surfactants
i ncl ude phosphate esters such as EMPHOS and 15 RHODAFAC; sulfates and

sul fonat es of oi feal t I ds_such as JPOLYSTEP; sulfates and
sul fonat es of et%%]%toﬁcﬁﬁ%ﬁgﬁé’ﬁ%?@“ Prepnig inegals-Figh %—@E%mé‘iﬂfat es of
dodecyl and_tgypsenyiiiiiiae abofusd) sifuss\bMphosbhates blbaR a8 AL saensed

y

napht hal enes such as, VULTAMOL; sul fonates of  napht al ene and a

*napht hal ene SU&H. sisrcherurardlodendring o botunicel matesals 8@hasdvabdrprodtdtyes such as

MONAWET, ano her.s. .Sui t abl e. anphoteric,syrfactants +pclude.l ecithin and
|l ecithin der i%\%g’?itp\?gg?redﬁ%cp e\ |Heﬁ'§EhH-H%|aT}aq€?{"%§2‘{ﬂhF ferivatives such

s NITRANGL, preseBMPpRIdRRE Sntifohhfis bb%ﬁﬁ@cmu&aﬁéa@dogﬁﬁs%grgrmﬁ%as and

surfactants often are common to a cl'ass or series o S or
surf act ant s. ST & wdm glpminosiicateadenane is 25 nentioned, any binder or

surfactant in the.fam |y including.that tradepane will be suitable. O her
conponents of t ﬁglsfagsﬁgﬁi{tgquﬂe% gﬁq%ﬁ@%\%“g‘g{si%‘fﬁp%m dedis thve
agents, sti Cleoibinatibh atHSthed béeh@AIDiolDSIERE beQﬁﬁciaF%?chﬁ%&jeﬁg i red

resi stance inducers, inert carriers, preservatives, ctants, dyes, U V.

 “(ultra vi ol e@¥tiGongredicatst swh 95 henbididsssanti-induokigleungiciles,iibwetisides, ot her

conmponghts. which..facilitate product handling. and applicatiqn. WO
02/ 082802 11 “ﬁ%‘a@%‘dﬁcﬁ‘g g l%ﬁa‘r‘f’&l 2 dDigrob{h peicdsh, hierhemerl| e

~inorganic m pestRtides SdeaRomSmiaR, hﬁrmmegﬁrfiatgﬁéﬂ’gﬁﬂﬂreéﬁﬁoﬂg,irﬁlﬁﬁt car bonat es,

sul fates, or phosphates; organic materials su as~ sug starches or
cycl odext ri nprodycedprsticides(botmicals) et plastusitriags. wood pr oduct s, ‘

The compositions of this invention may also be formulated as active
. mixtures which may include finely divided dry dﬂueﬁts, exténders; fillers,
15 - conditioners, and excipiénts, including various clays, diatomaceous earth, talc

- and the like and mixtures thereof.

A presently preferred compositioﬁ contains technical gfade active
ingredient gibberellin; a disaccharide; a hofnopolymer of polyvinylpyrrolidone
and a surfactant. A preferred technicat grade active ingredient gibberellin is

20 GA, since it is the most widely used plant growth regulatdr for agriculture,

" although other gibberellins, including but not limited to GA,, GA,, and
combinations thereof or mixtures thereof may be utilized. The weight range of
gibberellins in the formula can be from 40% to 80%. .

- The amount of disaccharide that can be used will depend upon the percent
25 . of -gibberellin in the formula and may range between 5% to 96%. |

When polyvinyipyrrolidone is used in the formulation, it may have a_
molecular ‘weighf range of 6,000 to0 1,500,000. A presently preferred polymer is
poiyvinylpyrro]idone (PVP) having a mean molecular weight of 57,500 (range |

= 40,000 to 86,000 such as PVP K-30, AGRIMER 30, or PLASDONE). The
30 Weight range of polwhylpmoﬁdone m the formula may range between 0.1% to
4% depending upon the concentration of gibberellins and other additives. |
oy : ,




cork, powdered corn cobs, rice hulls, peanut hulls and wal nut shells. A5
present‘k,gogfogggired antifoamis pol ydi net hyl si | oxané'!'a}@mggﬂggl y - :
preferre carrier is sodiumalumnosilicate. It is also Conténplated that
the materials of this invention nmay be used in conbination wth other
essential biologicals or beneficial mgpoorganisms or active ingredients,
such as herbicides, anti-mcrobials, fungicides, insecticides, 10

nemati ci des, bi ol ogi cal pesticides such as mcrobial pesticides,

bi ochem cal pesticides (sem ochem cals, hornones or natural plant

regul ators), plagn r.od est.i.ci des (.hot ani cal P t nutrients.
The conpositi on?1%]#%1?%’9%%%(%%‘@%&89]?8%@8“ Bg’i'*‘%f %%lfoa{}%éi gfg active ' -
m xtures whi gibbeRYlid 4b6d; 4deo 57 Debhlastond sieoltiavardiildentsor exbeagige: fillers,
15 conditioners, and excipients, including various clays; diatonmaceous

earth, talc 2847 tne%ipokeimipyrmlidone GAGRBMERGI). A presently preferred
conposition contains technica rade active ingredient-gibberellin; a
di sacchari de; a&ﬁSRﬁeﬁﬁ‘ﬁM?r'%*ub%oFﬁWlﬁWWer@Ppgﬁf&o %@'@%ﬂ?i@ﬁ:t ant. A
pref ersed t eghfhkaln $LAISRIK ' : | i]Bi;!i:? 3, since it
- is the nost g\ﬁel y used p?gﬁﬁﬁé‘?gfv?kﬁgtergggg@g?%& o{ﬁﬂgélrl cu %%?%’% al t hough
-~ ot her gi bber aqueonssolutivks,umhidrgn have abighér sontardration GPdstiveineradidnt theibi nat i ons
t hereof or mxtures thereof may be utilized. The,weight_ range_ of
gi bber el | i nsWARTFiershiegrranies yhich enly dispagedn watguponmREing Wikt of
di sacchari de,, 'ﬁ%n?c?ﬂmlﬁ%ﬂﬂéﬁq }féﬁ;el-mi epend upon the percent 25 of

or mul*a™an y

gi bberellin 1" the r%nge between 5% to 96% Wen '
pol yvi nyl pyrr ol Adeuiculd aﬂﬁ:ﬁﬁgﬁe%ﬁﬁ%ﬁ@f-@@lﬁ%'%%ulakforﬁﬁﬂadb%!‘ﬁe@cribeﬂp| ecul ar:
wei ght range of 6,000 to 1,500,000. A presently preferred polymer is -
pol yvilRy| pyratsivedotet thenaispdrssandglissolnsarnadilyl ipovatexy witkduithe ndedsiyr 500 (range
40,000 to 80 )ggt(})d uch as.PVP.é—.SO, AGRTh R 30, or PLASDONE). The 30,
"wei ght rang% %SWWF&&Y% BP%done in the formila may range between 0. 1%
to 4% dependi nTheBepdsifons ARGAMS B bieRdiAf u lekirfidin aHAR,
additives. | WO 02/082902 12 & ,ﬁé’@rm‘%ﬁ’e& 2afld @hifE

. the extrudate to obtain the desired water-soluble granular formulation. Methods

of making water-dispersible granules for agricultural uses are disclosed in EP 0
- 15 . 665 714 B1; and U.S. Patent Nos. 5,589,438; 4,865,842; 5,464,623; 6,087,306
and 6,013,272 among others. However, the present method for obtaining

water-soluble granules, has not been previously disclosed.

The Methods
| 20 "' Gibberellins are known plant growth regulators. For example, U.S. Patei;t
. No. 4,242,120 discloses a non-spray combination of a gibberellin with a low '

gt |

“ molecular weight carbohydrate such as saccharose, glucose, fructose or maltose
to stimulate fructification; and U.S. Patent No. 5,163,9?3' disc_losesa o
combination of gibberellin and a surfactant for thmnmg grape clusters.
25 . However, the water-soluble granular formulations detailed above have not 'been ;
B previously disclpsed. . ,
 The formulations described above may be used to reguiate plant growth of
ﬁﬁt—producing plants, Vegetable.-produéing plants, row crops, vegetable crops, | _
+ grasses or trees: The benefits of the use of the formulation vary, according to
30 the type of fruit treated. For example, in grapes, treatment with the form111atioﬁ :
" can lead to cluster elongation, thinning and lérger grapes.. In o;aﬁges, lemons, .

i . . - .
! .




27 SeFWR2 p 80 A presently preferred specific conposition includes 43 to 46
% of g i.c acid; 47 to 57 % of |actose nonohyd mider 20050
PQYSO?%&QEJI@%P 0.7 to 2% pol yvi nyl pyrrol i done (AGRI VeER & .oz‘llﬁléopresent
wat er - sol ubl e granul es can be contrasted to water-dispersible 5 granules
in that water soluble granules dissolvedn water upon nmixing to form ‘
aqueous sol utions, and can have a hi gher concentration of active ingredi ent
than water-dispersible granules, which only disperse in water upon m Xing
with agitation to form aqueous suspensions. A particul ar advantage of the

wat er - sol ubl e. granul ar -formul ati ons..descr.i bed above is_that they

di sperse andelﬂﬂgss%} geé‘&aq%aftpﬂn’aé‘?%?m\&?ﬂ?@lﬁdlﬁgﬁéﬁﬁéﬂﬂg phthe riddt ended or
excessi ve agidmtrb@ibe L 1:h @ BQiAtE WG I | yagredi ent s,

ext rudi ng and drryi ng Jﬁ%&%rﬁﬁggjﬁg to o%t al n%{)ﬁaéﬁn%e%?ge%%@gr-sol ubl e
granul ?r folrmr@c¢,mwkﬂm?wtgmdeMr%@m%ﬂgg];dﬂﬁﬂfgftbh%nﬁg%ﬂixgmujées forNO .
agricultural uses are disclosed i : - -6ndU. S.  Pat ent S.
5, 589, 438; 4,@?%&%“@,@6‘&?‘%‘?@?0‘8{085{8%9%“@% ol et RS E St hers.
rovevers the prepgdforilanassRifABlAli 00 WALALESOLYD] 6 Gl 6P, has not

been previously disclosed. The Mt ereltins areée Known i)l ant
growt h regul dtesrig be Emrtedx Thpsreayihl May Ba by rbnvedtional gPitidid b2 @erdilscl oses a non

spray conbinatipon of a gibbergllin wth a |ow | ecul ar wej ght
" carbohydrate @Hﬁ?f"t‘é’g e@&&’&’r‘?&?o E‘:aydplvl\’né‘ﬁé}'e YW{&EGWW eorchgdst i nul at e
fructificatiQp, d‘#tﬁ E'ﬁ?(t’]in%ﬁ _ 9G4 di | nation of
gi bberellin angrcgﬂgﬁr ag%agﬁt or tﬁ"gﬁéﬁg‘:‘grg&gkﬁ%gﬁgﬁ’g% gfngHP wever, the
wat er - sol ubl 80§eatobsircré arhipitent | o presetelyartfeted baye idtavecsndsS0e 800

previ orély di s¢l osed. Tq)e formyl gti ons descri bed above nmay be usedto
regul at'® pl arfR'GRORFT ROy PFSSHIZeg By APRlicaoR sauipmoalg eTaBIesassrdoduci ng

pl ants, row G : : ; Y . fits of the
Use of the. T avrias HERR uBblciGh Qi o nEIARAS R whbC BlonbIBYIBES, | 51 el
For exanpl e, additgpnafedjuvantcmiirthat additidu dftplarit growth adgulsior, followedag to cl uster

el ongation, dinning_and |larger_ grapes... . In oranges, |enons,
- 9a addition bf more water and \%en g}?xed for at least 15 migutes prior to actual

spraying.-
15 - Alternatively, the formulation may be directly applied to the soil (in which.
the plant will be grown or is growing) with or without granular fertilizers for the
improved growth and maintenance of crops.
| Moreover, the formulation may be applied to seeds to achieve the same
effect. The seed may be rice or paddy, alfalfa, cotton, sorghum, soybeans, corn |
20. - orother iregetableé, ormamental or turf and pasture grass seed, among others.
"'The concentration of the plant growth regulator will vaiy depénding upon
the type of fruit is to be treated, the peculiarities of the locale, and the desired
_ result._ In general; the composition may be applie'd at a field rate of from about
~ . 0.02 to about 50/1bs per acre; ﬁrefe'rably at a rate of from about 0.1 to about 5/Ibs
25 peracre and most prefer_ably at a tate of from about 0.5 to about 3 fbs/acre.
A single application may be enoug@ though depending upon the parﬁéular
fruit and desired results, multiple applications may be made: |
The granular formulations may be applied to plants, soil or seeds in
o conjunction with other adjuvanis. An adjuvant is a material added to a tank-
30 - - mixto aid or modify the action of an agrichentical, or the physical
characteristics of the mixture. There are several types of tank-mix adjuvants




WO 02/082902 13 27 Septenber 2005 PCT/US02/11180 |imes and tangerines; the
formul atj.o |l ead to a delay the aging of the ri @dSeatahbee@08® di sorders
such azwr".%g@?%u ning, water spotting, sticky or tacky P&TN%@?lgﬁuffy rind
or rupture under pressure. In cherries, the fornulation my advantageously
be used to produce larger, brighter colyjgred and/or firmer fruit. 5 .The
formulation is preferably diluted in water and sprayed on the plant or

tree to be treated. The spraying may be' by conventional ground or aeri al
application equi pment. Spray vol unes are vari abl e dependi ng upon the.

orchard or p QW h st age and..climatic ndi.ti ons. The,.rapge may be 5
gal lons to glﬁf%agsar He8 Sl GP _aggltﬁ,rcgegmga%qn&g}qdééec?ange s )
bet ween 250 yegetiMle 3) caRlchtOnSs, REK-iREE Surbibtfie PeAARINIRRERYRBR) | Cation

equi pnment. To prepare a formulation for application,” a tanlll< Is half-filled

wi th wat er, - flFERdsrsticksy, stigeenyvegetdblictoiloroneénteads, vnother cantponbmets sackdast i on of

pl ant growt h_r. lator, fallowed b addi t.;jon of nore water and then m xed

for at |east a%éﬂ#{%hplggctﬁq%,&ﬂpgoréﬁpﬁgpp FoRceRfERtesy sh\ngxammle of gel y, the

" fornul &ion B ' ' ; | | ' nt will be
BRfferpf; 4heh6iS WMﬁEMé bﬁm&h#yéé({lﬁ%@apgf fzﬁ;@

grown or is grow ng) w-th or wthout granular irrproved-f
growt h and nagids. glwotethers, Ralkyd bervbnedicerboxylate dndrisnprayiainol) ameyxatpleappl i ed

rar e oot PERCSUNERRE s EARECN AR aBES BB Y Leger bl be.

‘ornamental OiikdlfyipeipsiRAgleAe §hRbPasI aﬁ%g%agggg&gsu%&%é; ay/QGnfROEENt Fat | on

of the plant growth regul ator "W ll vary I ng upon type of fruit
i s to be treatefdamehis RMIBESTER esdiafethyipoly sibwdare; cantipleh of stasadeed resul t .

0. 028" apoiat BETHEL pIRCAERelS%Y, el phiety el sholfresnkd 0. & o
about 5/1bs QORPEX PGL :?iggea%%?,\rnepgﬁﬁ{mlggfgsﬁ&hﬁsﬁ?ﬁﬁog] about 0.5 to

about 3 | bs/acre. A sin | catl on may “be enoug ough dependi ng upon
t he parti cul syntheficlatex polgmeesi red results, miltiple applications may be '
made.

The type of adjuvant and application rate will vary depending upon the

adjuvant used, crop, crop growth, climatic conditions,.desiréd effect and Which‘. '
15 - other tank mix additives, if any are utilized. Other tank mix additives méy be
pesticides or foliar nutrients for example.

The formulations described above are particularly advantageous becaﬁse
they are easier to handle for spray application. When the solid fbrmulation 1S
measured out for dilution in aqueous sclution, it has an excellent attrﬁion

20 resistance property with minimum potential for dust generation during handling, b
. is easier to measure and dissolves rapidly. Moreover, the water-soluble gréhular
' formulations contain a more concentrated amount of plant growth regulator than
other types of solid formmaﬁbns such as water-dispersible granules; thus the
water-soluble granuiar formulations can be packed, shipped and stored more
25 ) | compactly. ' | |
As used herein the term “plant” includes ﬁ'uitei)roducing plants, \'regetable-‘
- producing plants, row crops, Végetabie crops, grasses and trees.
‘The fruit may be grapes, cherries, lemons, limes, oranges, grapefruit,
- strawberries, pineapples, stone fruits, apples, pears, blueberries or tangerines.
30 The row crop may be cotton, soyb_ean.é, corn, sugar cane or rice, amohg othérs. |

.. The vegetable crops may be lettuce, artichokes, celery or peppers among others,

/




- The granul ar formul ati ons may be applied to plants, soil or seeds in

conj unctj 8n‘lw' th' ot her adjuvants. An adjuvant is a RétSepiephbead@8l to a tank
30 mix tQOAYPRE m odi fy the action of an agrichem cal, %ﬁTfpﬁ'édesi cal
characteristics of the m xture. There are several types of tank-m x

adj uvants 27 Septenber 2005 WD 02/ 0829&2 PCTHUS02/ 11180 14 such as

buf fering agents, conpatibility agents, “defoam ng agents, nodiftied

veget abl e oil concentrates, non-ionic surfactants, penetrants, phytoblend
oil, spreader/sticker, sticker, vegetable oil concentrates, or other
conponent s sufh as acidifiers, hupectants, activators and crop oil

. concent rat es. I-ETASSEHER be Babrigraps (iospaly netrewr Rlagge) Beptgrsss (2t ur e of

al kyl aryl pol nQl Ids Kyl benzene
di car boxyl at gﬁ'g’% I SO g%é%%éﬁ“‘é@%ﬁ%% d‘(%‘%(e? a%sg(i?‘{%g’{‘%gf Wﬁkagent S
LATRON AG- 44MChae)yiehtucky bluegrasskPoa pydrpasiy D} yCinadh Bhgrgk Yok and phosphate

ester surfactants; an exanple of a defoaner is FOAM BUSTER a
di met hyl pol ysfargxesse L-Je ButalogasyiBus oe daeyioides (Npi) Englemy s FEFOPRON B- 1956, a

oty Sand. dtes MAEL Rl M AbEh CSHR R Manonrim § edill CE00
The type of aRiyauant(Lalish ppfhieBl), Suintangastitleltass (SMmiPRAOAGEAGIIRAN t he

adj uvant use crop, crop growth, climatic conditions,. desired effect and
whi ch 15 ot Heyntgenlepanese kmgrasy 4oy siayapimicaieudy, Ceatipedegrassher tank nix = -

addi tives may | O . f0l j rhenfis.for anpl-e, ..
formul ati ons (ggggfﬁ%{d@ gg‘%\ﬁ/%ﬁ%@g&%ﬂgi‘??c‘%ﬁ 3{&%{'@%%%‘?13{3 %fé(’ég%ég ngg;gﬁrse t hey
are easi er taohfndtial ésblisiheirs, apidhg 6tHernn, \Wen the solid fornulation is

measured out for dilution in agueous solutien, it has an excellent
Cattriti®n 20 resPheamswethspsisentipvantion innatilivitaddo thepartigulator dust generati on

during handl i | jer.to.ne re,and, di,ssal ves..rapi dh.y. ... Mreover,
the water-sol o@réz?n&%%ﬁarpgvd g’%o ﬁﬁ%% ?no%%sc%lg%c*%eirﬂngn%ﬁ%ﬁ%sgh eeFl rat ed anount
-of plant groviiagineauuaiter of Vagiatieid 1 thd Jpels Wikhaue dbphrtingy fiinahé Sespesuch as

wat er - di spersi bl e granules; thus the water-soluble granular fornulations,
. can be packed%fthlﬁifpi@é@mand stored nore '

The examples below are presented to describe ;ﬂrefetred embodiments and -
15 utilities of the invention and are not meant to limit the invention unless
otherwise stated in the claims appended hereto.

Example 1

The water-soluble, granular formulation of plant growth regulator was
20 prepared as follows. | o ,
- First, the plant growth regulamr, gibberemc acid, and the disaccharide,
lactose monohydrate, were sized to .optimiz'c particle size in order to obtain a
homogeneous mixture as well as to increase rate of solubility of the granules.
 The gibberellic acid solid particles were milled such that 8% of the particles
25 | péss through a 100'mes}.1 sieve (150 micrometers), and the lactose monohydrate
solid particles were selected such that a minimum of 98% of the particles pass
through an 80 mesh (180 micrométf:rs)' sieve. The components thu.s processed-
were blended together until 2 homogeneous mixture was obtained.
] Next, binder stock solution was prepared as follows. Polyvinylpyrrolidone
30 (AGRIMER 30, available from Interﬁétional Specialty Products, Inc.) was slowly - '
added to filtered deionized water which was pre-heated to 45°C to 55°C, and




.25 conpactly. As used herein the term"plant" includes fruit-producing

- plants,_veget abl e- producing plants, row crops, vegevss tendranzaeos.grass'es
and tr SEROZBWI it nmy be grapes, cherries, .lempns, PEHES0Z/Hi%hges,
‘grapefruit, strawberries, pineapples, stone fruits, apples, pears,

bl ueberries or tangerines. 30 The rovy\§crop may be cotton, soybeans, corn,
sugar cane or rice, anong others. The 'vVegetable crops may. be | ettuce,
artichokes, celery or peppers anong others. WO 02/082902 15 27 Sept enber
2005. PCT/ US02/ 11180 The grasses may be Bahai grass (Paspal um not atum

Fl ugge), Bentgrass  (Agrostis L. Ber mudagr ass (Cynodon dactylon L.),

Car pet gr as stieRRyFehvriil #ralgas sejuti )Jﬁé@fa,ln%nt'@bﬁ(wmé@ﬁdh@ ¢detbr atensis

L.), Canad ) e ' Buf f al uchl dact yl oi des
(N Bngekt 8 SRt S SAURIERS Pran dortithll B PRy 96 f6Bulle 1071 ¥ )
nul ti fl or unfrbmidigerns) wanidded tome agﬁ@‘ﬁﬁ biddet solMsH Wit Stitrink,to $e¥nDén .
augusti negrass (Stenotaphrum secundatum Kuntze), Japanese | awngrass

(Zoysi aj api #ueaushiater apd sudegtaari¥gFass  (Erenochl oa ophi ur oi des (Minr o)
e o e ARyt SRR R FR T

anong ot hers. cour se,
particul ar raedmoahé BRAL of Sine fHREESs 6ff plaReirawiNBgalans mdadadtangld) and it is

. possible to_ imagine a nunber of variations in the details w thout

|
departing f T@ﬁe@\%@ng sewsticlarmeint masswasrdmwded threngbeareptdersoiddhenar e

resented tg. [ Lclerred enbodi. ts,and tiliti of the -
_ anenti on a‘ﬁjcf%gt?geslﬁgﬁa%ﬁmm%elap Sfre%@or%’%ﬁﬂhgﬁﬂ'ﬁwé %’Sb@?”ﬁ’erw’ se stated
in the claigrmadpnapgasont eislatoEFaiutioh. TR desitel pro@icdNag reddvarel ar

formul ation of plant growth regulator was 20 prepared as follows.. . Fi rst;
the pllint gfisrsievinggmiatierpasynpiberughia L0 mesldsicemirvingeontinigs o aP00e,

micrometers and retained on a 30 mesh sieve having openings of 600

-

micrometers.
The procedure described above was utilized to prepare the formulations 1-3
representative of the preseﬁt invention described below in Tables 1-3.
15 Representative samples of the formulation 2 were subjected for four weeks to an
. accelerated temperature of 54 °C and for three months at constant
40°C, 5°C, 25°C-and 30°C. Boﬂi physical and chemical properties (% GA;) of
the formulations remained stable during the test period.
‘ The above method is a specific example of the preparation of a formulation.
20 ‘Generally, gibberellic acid of a particle size in the range of 30 micrometersto - * } ©
' | 250 micrometers and lactose monohydrate of a particle size in the range of 30 ..
micrometers to 180 micrometers will be useful for preparing the present
- formulations. | B

25

30




.l act ose nonohydrate, were sized to optimze particle size in order to
‘obtain a honbgeneous m xture as well as to increase7iSeptenifer 200bility of
t he gr aMP @%08290Fhe gi bberellic acid solid particles wer ®GHUIRA1SHch t hat
88% of the particles 25 pass through a 100 nesh sieve (150 m croneters),
and the | actose nonohydrate solid particles were selected such that a

m ni mum of 98% of the particles pass through an 80 nesh (180 m croneters)
si eve. The conponents thus processed were blended together until a
honbgeneous m xture was obtai ned. Next, binder stock solution was prepared
as follows. Polyvinylpyrrolidone 30 (AGRI MER 30, available from

| nt ernati onal Specialty Products, Inc.) was slowy added to filtered

dei oni zed water which was pre-heat ed4#@A4p0C to 550C, and WO 02/ 082902 16
27 Septenber 2005. PCT/US02/11180 then m xed until a clear solution is
obt ai ned.. The m xture was then cooFesnulafiexi, a surfactant such as an

et hoxyl ated sorbitan ester (TWEEN 20, available from Unigem) was added to
t he agueous binder solution with stirring to form an aqueous bi nder and

surfactant m x{ure— 5 The aquepus— brder ang—surfactant was then :
added a? a con{fConpsgenirate to| B8 bl end of | suresd parti | ant growt h
regul ator and g¢i saccharide. The resulting pon-sticky was
extruded througghan extruder aad.theon  dricd.to.lo sture and
screened to ob{gj; E&gﬁnghgal wat,ghs SQLHR! € | ar pl apg ggrowt h. regul at or
formul ation. The desired produ¢t was recovefed 10 after|sieving] granul es
passi ng through a 10 nmesh. sieyesguatommg openLalgsatofies2000 m cropret ers and
retai ned on a BO TEStT sTeve hayi ng opent ngs[ of 600 mcyonerers| The
procedur e descy lastase ammobyduals ydisa¢chatide o py Beramestt he f pPR@ atijons 1-3
representative|of the present |nvention desc&ibqug | ow]in Tablles 1-3. 15
"Representativejsanples of the formilation 2 B < jected faor four weeks
~to an accelera ﬁ:@i@@foﬁﬁbﬁ e|fpae# C and R@Eﬁjf;m@ mbitghs ati const ant
40C, 5 C, 25 Cbsgén 0 CF Bot h physi cal| and ¢ en?%al propergies (% GA3)
of ISP
| Technologies,
Inc.
block copolymers of | surfactant PLURONICL- | 3.0
10 ethylene oxide and 62, '
- propylene oxide BASF Corp.
15
20

25




the formul ati ons remai ned stable during the test period. The above net hod
is a specific exanple of the preparation of a fornubaiSeptembe2@0@nerally,
gi bber elWP8YHRPE of a particle size in the range of 30 nPETAISEYVENE 1o 250
m croneters and | act ose nonohydrate of a particle size in the range of 30
mcronmeters to 1 SO mcroneters will b seful for preparing the present
formul ations. 25 30 WD 02/082902 17 Table 1 Formulation 1 10 15 20 27

Sept enber 2005 PCTI US02/.11180 Conponenttypesourcewei ght G bberellin
GA3pl ant .growt hAbbott 45. 6 regul atorLaboratories | actose

monohydr at edi sacchari deForenpst 50. 6 Farns, USA

pol yvi nyl pyrrol i donebi nder AGRI MER 30, 0.8 | SP Technol ogi es, Inc. block
copol yners of surfactant PLURONI C L- 3.9,;4L Byl ene oxi de and62, propyl ene

oxi deBASF Corp. 25 _

Formulation 2
5 Component . | type | source weight
Gibberellin GA, | plantgrowth | Abbott . | 45.6
| regulator Laboratories
lactose monchydrate | disaccharide - Foremost - 51.9
: Farms, USA.
polyvinylpyrrolidope | binder AGRIMER 30, | 1.0
) : ISP |
Teqhnologies,
e Inc.
polyoxyethylene 20 | surfactant TWEEN 20, | 1.5
10 monolaurate = available from |
Unigema

15

20




WO 02/ 082902 18 Table 2 Formulation 2 10 15 27 Septenber 2005

"PCTI US02/.11180 Conponenttypesour cewei ght of o G bber gy Biepteﬁh%splzamﬁ

gr owt hAREOIH®E998 | equl at or Laboratori es | act ose PCT/US02/11180 .
nonohydr at edi sacchari deForenost. 51.9 Farnms, USA

pol yvi nyl pyrrol i donebi nder AGRI MUR 30, 119 | SP Technol ogi es, |nc.

pol yoxyet hyl ene 20surfact ant TWEEN 20, *1..5 nonol aur ateavail able from
Uni.gema 20 WO 02/ 082902 19 Table 3 Formulation 3 5 10 27 Septenber 2005
PCTI US02/ 11180 Conponentt ypesour cewei ght

. Table 3
Formulation 3
Component type source ‘ weight
| %
5  Gibberellin GA, plant growth | Abbott 456
regulator Laboratories '
lactose monohydrate disaccharide Foremost 51.7
| ‘ - Farms, USA
lecithin - | binder ULTRALECP, | 1.2
available from
. ADM
polyoxyethylene 20 | surfactant - | TWEEN 20, 1.5
| monolaurate available from
- Uniqema |
10 '
Example 2

To determine the effectiveness of the water-soluble granular formulation, a
E -'lrepre_sentative exaﬁlple of ﬁ water-soluble granular gibberellic acid fbrmulation
15 (Formuiation 2, of Example 1) was evaluated in the field agai_nst- a commercially
availablé_: formulation of a soluble powder gibberellin formulation (PROGIBB
2X, ava'ilablc from Valent BioSciences Corp.) to determine the effects on Red
Globe grape i)roducﬁon. ' . |
- The test formulations were prepared as follows, 200 grams of the
20 commercially available PROGIBB 2X equivalent to 40 grams of active
ingredient were dissolved in 500 gallons of water in a commercial-size spray
tank. Similarly, 100 grams of the experimental water-soluble granular
formulation of the present invention (Exampie 2) equivalent to the same 40
grams of active ingredient was dissolved in 500 gallons of water ina

25 commercial«si_ze spray tank. Both spray solutions also contained a commercial -



G bberel lin GA3pl ant growt hAbbott45.6 regul atorLaboratories |actose
nmonohydr at edi sacchari deForenpst 51. 7 Farns, USA | eci 2hiSeptendier PDARALEC P, 1.2

~avai | ablVEOOMERPROM pol yoxyet hyl ene 20sur f act ant TWEEN 20 PETAS02/11180

nonol aur at eavai |l abl e from Unigema Examlie 2 To determ ne the effectiveness
of the water-soluble granular formlati a representative exanple of a -
wat er - sol ubl e granul ar gi bberellic aci orrrul ation 15 (Fornulation 2, of
Exanple 1) was evaluated in the field against a cormmercially avail abl e
formulation of a sol uble powder gi bberel lin formul ation (PROG BB 2X,

avai l abl e fro n Val ent ciences Corp,) to determne the effects on Red

G obe grape ﬁ YRR 6'|IR@§ - 1996y a paterrdise sl Teior baspd Bﬁ%n“é’élc gufactnf ows. 200,

g][ aggt ?I/et Ihﬁ re% Jl:és(rgg%ﬂﬂélg rg%gg%ﬂ%ons (0] wat er I%té} 0 granB

“commerci al - si)zt)é%wt/ay ta| k. Simlarly, 100 grans of the experinental .
wat er - sol ubl e granul.ar fornul ati on of the present invention (Exanple 2)
equival ent to thgh%ﬁﬁlé 34@%?‘&%“(9@%@%4“@@ Edpbergrapgerchard dpthged in 500

3 so-cont ai nen gm0 ST Re bl edyd Noner o T Bl 01

PCT/ US02/ 1llapplaﬂnowmt of 20°diRal oBadiBRngredient iar250igallens obivstelf3¢ n based

non-ionic surfactant (nodified phthalic glycerol allcylated resin,
available fr &?ﬁgama dipe bggries were 14-16 mm in diameter at the time of

treatment. Three months after the treatment, the grapes were harvested and the
data on the size of berries in grams and percent soluble solids {% Brix) were
‘ 10 recorded. _ 7
' Soluble solids are measured by a standardized refractometer technique. An |
increase in soluble solids indicates that the quality of the berries has improved; as
it iﬁdicates sweeter berries. ' .
The data presented in Table 4 show that the water-soluble granules of the
15 - present invention surpriéingly and significantly ‘increasedrboﬂ:\ berry size and

- soluble solids compared to the standard formulation, even though the application
rates on an active ingredient basis; variety and growth stage were similar for both -
treatments. Statistical analysis indicated that these numbers reflected actual

improvements, and were not the result of random occurrences.

30 .
Tab_lglti < N




- treatnents.

0.05% wt/wt. The field experi nent was conducted on a Red d obe grape
orchard in the 5 western United States.

was spr 3@

/82902 singl e

Each f ornmul aviSeptetiideneos i n wat er

in 250 gallons of water/acre on Red G obe grapes.

in dianmeter at the t

t he grapes were harvested and the

inme of treatnent.
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10 Example 3

mean separation determined by Duncan’s multiple range test,

p=10.05

To determine the effectiveness. of a water-soluble granular formulation, a h

réprca_sentative example of a water-soluble granular gibberellic acid formulation

- (Formulation 2 of Example 1) was evaluated in the field against a commercially

15

grape production.

~ The test formulations were prepared as follows. 640 grams of
commercially available PROGIBB 2X equivalent to 128 grams of active

available formulation of 2 soluble powder gibberellin formulation (PROGIBB
2X, available from Valent BioSciences Corp.) for effects on Thompson Seedless

ingredient was dissolved in 500 gallons of water in a commercial-size spray tank.

20

‘Similarly, 320 grams of water-soluble granular formulation of the present

invention (Formulation 2 of Example 1) equivalent to the same 128.grams of

- active ingredient was dissolved in 500 gallons of water in a commercial size

Spray tank. Each spray solution also contained a commercial adjuvant, LATRON
B-1956, a water-dispersible, resin-based, non-ionic surfactant (modified phthalic

25

' glycerol alkylated resin, available from Rohm & Hass), at 0.05% wt/wt.

The field experiment was cbnc_lucted in 2 Thompson Seedless grape orchard

in the western United States. Each formulation diluted in water was applied two

.




wat er - sol ubl € granul el5.2 a9.2 a water-sol uble powder13.6 b8.0 b nean .
separation determ ned by Duncan's nmultiple range tesf Sepermhdd2008- Exanpl e-
3 To dSVeOXPFE0X he effectiveness. of a water-sol ubl e gr BATUSA2EERhul at i on,
a representative exanple of a water-soluble granular gibberellic acid
formulation (Fornulation 2 of Exanpl ) was evaluated in the field
against a comercially available forntlation of a sol uble powder
gbberellin fornulation (PROG BB 15 2X; avail able from Val ent Bi oSci ences
Corp.) for effects on Thonpson Seedl ess grape production. The test |
formul ations, were prepared, as follows. 64Q grans_of commercially avail able.

PROG BB 2X &ffsyiedust tige when the hepgies werg4-duam 1n digmetiresnd awesond HB§| ved in
500 [ . | a]: - Si : 1 .10 , 320
or s of v hendflt Glrelule OB nNaiber SohBicUbbtickionialts vl Y

( For mul at i okept fuaFioabpthdoriul@ipns ). l6¢ grath9of dttive aipeediat spragedatd  active |
I ngredient was dissolved in 500 gallons of water in_a comrercial size
spray tank. rgeh239ealionsarig: iIrecapesbeafiar dhavegond anphisetion. the Hapssvant

LATRONz B-1 - g [ S [ o Y 4. QIH: 3¢t ant
(rmdifised ph %@3@%‘%@3‘@%?@? 3%@&;5%1{6%%1&3%% %ﬁggﬂgﬁﬂfé@%gh&rﬁﬁ ohm &
Haas), at Ovfpdresbidetl. THielafd pkiinfed peThble Stshwathaahsiatetdolublea Thonpson
Seedl ess grape orchard in the western United States; Each formnulation

di | uted in weansdesod sheprptentinventionsuprisiighy endrdgnificgdly iperepseddofin 1180 22
times, th ' t.ti 8 ' 4- | ' d
Second t 1 e PoHiR ai7e T SR R R coipg NS 1 Shuliid BorfluBRB Geen 20

appl i cat i on tHctiph$h\@ipfticati@iates Gt ah abtive iﬁ%&&i@hﬂﬁdﬁbﬁ,&bﬂa@&ndgfov&ﬁ grams of
active ingredient spraégd at a rate of 250 gallons/acre. Three nonths

af ter the setesnaveapsimilentor bath trastnegitnp Statisticed pealyiis indicatad thafdheste size of
the be r.-r | €S nﬁgabg{s%gﬁec%gcp ac%fa? %f)]rg{rgmgn%, Iag 'v‘;eil"é) ndtthe )esult of random

occurrences.
Table 5
15 Comparison for Treatment of Thompson Seedless Grapes -
Gibbereltin Formulation Berry Size | Mean %
' ' (gms) weight
berry/weight
. soluble solids - |
water-soluble granule | 186a 73a
_ water-Soluble powder 1830 6.9b
20 . mean separation determined by Duncan’s multiple range test,
p=0.05 ' ' )
25- - All referenices cited are hereby incorporated by reference.

The present invention is illustrated by way of the foregoing description and:
‘examples. The foregoing description is intended as a non-limiting illustration,

since many variations will become apparent to those skilled in the art inr_“fiew




were recorded. The data presented in Table 5 show that the water-sol uble
gr anul egPfa/dslifs, Present invention surprisingly and QV@@g@m%m%d ncr eased
both berry si’ze and sol ubl e solids when conpared to the standar

fornul ation, even though the application rates on an active ingredient
bases, variety and growh 10 stage werggsimlar for both treatnents.
Statistical analysis indicated that these nunbers reflected actual

i nprovenents, and were not the result of random occurrences. Table 5 15
Conmparison for Treatnent of Thonpson Seedl ess Grapes G bberellin

For mul ati onBerr L. zeMean % i ght. berr.ylwei ght sol,ubl | ids

wnt or - ool ubBosHE dufeERed BhEATEE vl itk Be dine 00 PR o8’ 50 rean
separ ati on dgipehdddedmibe RuibeRBd thepddyt | pl € range test, p=0.05 25 Al
references cited are hereby incorporated by reference. The present

invention is il |Ghangeswa boynadayn tie compositionpperatiod esd airgngementefdhe exanpl es.

The -f oregoi n escrl.ption i.s intended.as,.a non-limting Lllystration,

" since many \fg?t?‘g{‘? Pf)ﬁ‘g RRgsept 18%%%?983?@%?’@”0“%% gé%aﬁll“?q 1L@‘Zi“‘i “the art in
vi ew WG 02/ Q32997 a3 sdope 92 BIRBvdntidn bh8MRS ih thl BlIbWiRMARSt hat al | such
variations within the Scope and spirit of the appended clains be enbraced
t her eby. Changes can be made in the conposition, operation and arrangenent
of the nethod of the present invention described herein w thout departing
fromthe 5 concept and scope of the invention as defined in the follow ng
clainms: WD (c)2/082902 -




24 Cdains 510 15 W claim 27 'Sep~ng~PO 80 1. A water-soluble granular

ConMposiyki rising:. at |east 40% of at |east one7d )
regulaﬂgpﬁﬁmgg&?east one binder; at |east one disacchaf?giﬁgﬁﬁgﬂ&ht | east
one surfactant. 2. The conposition of claim1l wherein said plant growh
regul ator is selected fromthe group gpnsisting of gibberellins, auxins,
cytokinins, organic acids, ethylene biosynthesis inhibitors and

conbi nations thereof. 3. The conposition of claim| wherein said binder is
selected fromthe group consisting of polyvinylpyrrolidones, -

| i gnosul fonates, lignins, lecithins, starches, gluteus, polyethylene

gl ycol s and conbi nations thereof 20 4, The conposition of claim1l wherein
sai d disaccharide is selected from {dpgm@roup consisting of sucrose,

| act ose, maltose, naltodextrin, corn syrup solids, sorbitol, mannitol’

- glucose, fructose and conbinations thereof. 5. The conposition of claiml
wherei n sai ég%&gctant is selected fromthe 25 group consisting of

et hoxyl ated Tafty ‘acids, glycol esters, ethoxylated al cohols, sorbitan

~ fatty &cid esters and conbi nations thereof. 6. The conposition of.claim1l
further conprising an additional conponent selected fromthe. group

consi sting of sbr resiuble gragalar sompositidoerosprispigeader 30 sti ckers,
nemat i ci des, system ¢ .,acquit.ed. resistance, i nducers, anti-foam ng agents,

-~ preservatives, hunec%ﬁﬁ?%%%%ﬂéi?fﬁfﬁﬁmﬁ ﬁ%ﬂ%ﬁ?@%?@?kﬁﬂ$fers, f1 ow agents,

- carriers WO 02/ 082904 1t 44 binder;

at least one disaccharide; and

10 - at least one surfactant.

2. The composition of claim 1 wherein said plant growth regulator is
. selected from the group consisting of gibberellins, auxins, cytokinins, organic

acids, ethylene biosynthesis inhibitors and combinations thereof,

15
' 3. The composition of claim 1 wherein said binder is selected from the
group consisting of polyvinylpyrrolidones, lignosulfonates, lignins, lecithins,
starches, glutens, polyethylene glycols and combinations thereof.
20 . 4. The composition of claim 1 wherein said disaccharide is selected from )

the group consisting of sucrose, Iacto.se, maltose, maltodextrin, corn syrup solids,
'sorbitol, mannitol, glucose, fructose and combinations thereof.
3. The composition of claim 1 wherein said surfactant is selected from the
25  group consisting of ethoxylated fatty acids, glycol esters, ethoxylated alcohols, -
sprbitan fatty acid esters and combinations thereof. |

6. The composition of claim 1 further comprising an additional component
selected from the group consisting of surface active agents, stickers, spreader
30 stickers, nematicides, systemic acquired resistance inducers, anti-foaming agents,

prése'i'vativgs, humectants, dyes; U.V, protectants, buffers, flow agents, carriers




and conbi nati ons thereof. 27 SeWOVYp O 7. The conposition of claim1 having
f rom ahgQut about 80 wei ght percent plant gro@f®e from
about O. 0tz'f)gjgza%out 10 wei ghf percent binder, from abou?gg}qo gl(ta)out 95

~wei ght percent disaccharide and from about 0.1 to about 10 wei ght percent
surfactant. 8. A water-soluble granul a5 gi bberellin conposition conprising:
at |l east 40% of at |east one gibberellin; at |east one binder; at |east one
di saccharide; and at |least one surfactant. 9. The conposition of claim38
wherein said disaccharide is lactose 15 nonohydrate, said binder is

pol yvi nyl pyr&@ sal surfactant is pol yoxyethyl ene 20

nonol aur at e % 8T§P ion of claim8 further conprising at |east one
addi ti onal conponent sel ected fromthe group consisting of anti-foam ng
~agents, 20 preservatives, hunectants; dyes.. U V. protectants, buffers,

fl ow agents, cafr T@ﬁgomaﬂﬁﬁ@bnﬁﬂlmimng fremeabbut 40Lto abost &ibwpght tion of

| 8 furth |
e T BB SR SR Bl 3 05 61 e b Qg R Per U Bl 21 L
" ethyl ede bi asynithRss o h%ﬁthR#&@t%&%xﬁQﬁg&baﬁhﬂe'&ﬁd Eo8! gt 6.2 10 Iﬁb%t

conposi ti on of claim9 -having from about 40 to about 50 wel ght per cent

gi bber el | i n10tweight persgnt Qufactant. about 4 ‘wei ght per cent

pol yvi nyl pyrrol i done, from about. 40 to about-60 wei ght percent | act ose 30
nonohydrate and. from about 0.5 to about 5 wei ght percent. pol yoxyet hyl ene

20 monol aur at eg. WoAE 01990 2radlok §ioB6NIR RRIpcsRRA coipFidS02/ 11180 13. A
nmet hod of regul ating plant grow h conprising the stepof freating a
_ at least 40% of at least one gibberellin; -
10 ' 7 “at least one binder;
at Jeast one disaccharide; and -

.at least one surfactant.

9. The composition of claim 8 wherein said disaccharide is lactose
15 ‘monohydrate, said binder is polyvinylpyrrolidone and sa1d surfactant is
polyoxyethylene 20 monolaurate. '

10. The composxton of claim 8 further comprising at least one addmonal
component selected from the group consisting of anti-foaming agents,
_20 ~ preservatives, humectants, dyes, U.V. protectants, buffers, flow agents carriers -

and combinations thereof.

11. The composmon of claim 8 further comprising at Ieast one addltlonai
plant growth regulator selected from the group consisting of auxins, cytokinins,
25 . organic acids, ethylene bmsynthesls inhibitors and combmat:ons_thereof.

12. The composition of claim 9 having from about 40 to about 50 weight
percent gibberel]jzi, from about 0.1 to about 4 weight percent’
polyvinylpyrrolidoﬁe from-about 40 to about 60 Weight percent lactose -

30 monohydrate and from about 0.5 to about 5 weight percent polyoxyethylene 20

: -monolaurate




seed, soil or a plant with an ef fective grow h-regul ati ng anount of a :
conposition of claiml1. 14. The nmethod of claim 132 mrmbesabt‘ﬁ lant is a
fruit-plOfG®Re plant wherein said fruit is selected f ESH:{[{SHEIH?

consi sting of grapes, cherries, |enons, |'ines, oranges and tangerlnes. 15.
The nethod of claim 13 wherein said cogposition is diluted with water 10
and spray applied. 16. A nethod of regulating plant growh conprising the

- step of treating a seed, soil or a plant with an effective

growt h-regul ati ng anount of a conposition of claim$S. 15 17. The net hod of

cl aim 16 wherei nt a, fr produci ng, plant wherein said fruit

i s grapes and s;\|3d§?‘m?ﬁ1 %pﬂf&'ﬁ}g Efov%cf’%ﬂ?%ﬂ?ﬁﬁ%@fé@auﬂ&ﬁger )
grapes.. 20 sol1@r ABIe ¢ @f Céfgb is diluted
wi th water sprfrﬂg%app i ed{m 19. mﬁewﬁeﬁgmg@%r epari ng \Rg%]g? sol ubl e,

- granular pl aﬂftCIfgmdxMh regul ator fornulation conprising the steps of: 25

sizing particles of a plant growmh regul ator and a di saccharide separately
o . produce a fine powder of plant growth regulator and a fine powder of

t
di sacchar i de; Digndugth gl PR Uil aRse SR N eaugler - and sal d

fine powder of di sac aride to produce a nogeneou O preparing
an, aqueous sullen¢in saiddiuipislsylectes fpyr the biotp rendistthgrofptideadhdfiles, CONDI Ni ng
sai d aqueous_sol ut.ion and sai ¢ hompgeneous m xture to forman WO 02/ 082902
27 27 Sept ejr% » PSEAGEI8B2 14PBYBES- ext rudabl e bl end; extruding said

‘extrudabl e blend to form an extruded materi al ;

15. The method of claim 13 wherein said composition is diluted with water

10  and spray applied.

16. A method of regulating plant growth comprising the étep of treating a
seed, soil ora plant with an effective growth—regulatmg amount of a composmon
of clalm 8.
15
17. The method of claim 16 wherein said plant is.a fruit-producing plant
wherein said fruit is grapes and said ﬁ'uit-producing plant so treated produces
| larger grapes. ' |

20 18 The method of clann 16 wherem said composmon is diluted with. water

~ and spray apphed

19. A method of preparing a water-soluble, granular plant growth regulator
formulatlon comprising the steps of:

25  +  sizing particles of a plant growth regulaior and a disaccharide separately to |
produce a ﬁne powder of plant growth regulator and a fine powder -
of disaccharide;

blending said fine powder of plant growth regulator and said fine powder of
disaccharide to produce a homogeneous mixture;

30_- © . . preparing én.aqueous_ solution of polyvinylpyrrolidone and a §urfactant;

combining said aqueous solution and said homogeneous mixture to form an




drying said extruded material; and then, sieving and recovering
"vvater-solbjble ranules of a plant growh regul ator 23 Septemibeaat2008. 20. The
met hod dJf 8?’3?2%‘?219 wherein said plant growth regul ator iBCTHSWEIE |in and
sai d di saccharide is | actose nonohydrate. 10 21. A nethod of enhancing the
utilization of a solid plant growth regqlator fornulation for spray :
“application conprising the step of fornulating said plant growth regul ator
in a water-soluble granular formnul ati on containing at |east 40% plant
grow h regulator. 15 22. The nmethod of claim?21 whereby dust fromsaid
solid formulation is e] i‘?rb ed. 23. The nethod of claim 21 whereby said

solid formul ation is SXH® > metered. 20 24. The nethod of claim 21

wher eby sai d soldyfh,dinh b aki-Rdbt BisR ¥458rm LA Rk e d Hat@gMeous sol ution. 25.
The method of claim?2 whe%dg?n sa@dﬂdwat er-sol ubl e granu?lér 25 formul ati on
contai ns at | easdryongesainl exmiuded matenial; agdithehor, at | east one binder, at

| east one disacchatide and at |east ang surfactant. '26_ The t hod of

cl ai m 21 wher ei MYHERANIIECOvEURE %T%‘S&%Mfesﬁgﬁm%ﬁ I dPhs at | east
one gi bperellin, poI'¥¥@M£M(rol i done, | actose 30 nonohydrate and ‘
pol yoxyet hyl ene 20 nonol aurate.

20. The method of claim 19 wherein said plant growth regulator is
gibberellin and said disaccharide is lactose monohydrate.

10 21. A method of enhancing the utilization of a sblid plant growth regulator
formulation for spray application comprising the step of formulating said plant
growth regulator in a water-soluble granular formulation containing at least 40%
plant growth regulator.

- 15 - 22. The method of claim 21 whereby dust from said solid formulation is
éliminated. ' '

23. The method of claim 21 whereby said solid formulation is accurately

metered.
.20 S
24. The method of claim 21 whereby said solid formulation dissolves.
rapidly in aqueous §oluﬁon. ' ‘ '
- 25. The method of claim 21 wherein said water-soluble granular
25 for_mulai:idn contains at least one piant gi-owth regulator, at least one Binder,

-~ at lgas't one disaccharide and at least one surfactant.

26. The method of claim 21 wherein said wz_ﬂ:e_r-solubié granular
formulation contains at least one gibberellin, polyvinylpyrrolidone, lactose
30 monohydrate and polyoxyethylene 20 monolaurate.




