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conposition including at | east 40% of at |east one plant growth regulator,
at |l east one binder, at |east one disaccharide and at | ease one -
surfactant; as well as nethods for nmkifdg and using the conposition are

di scl osed. The water-sdl ubl e granul ar conposition advantageously i nproves
preparation. of a solid plant growth regulator fornul ation for spray
application, as such conposition swiftly dissolves, is easily netered for
—application, can be nore highly concentrated and is dust- free. A presently
preferred water-sol uble granular conposition includes at |east 40% of at

| east one gi bber&(angentratedcWatermbolybleyGranulay Rimtt GrowIDRRENBE@002 27

SegeTrf f _ of 80 1 Formulation and Methods for Use of Same -

~

5 ‘ | , Field of the Invention

_ The present invention is directed to a water-soluble granular composition
including at least 40% of at least one plant growth regulatof, at least one binder,
-ot least one disaccharide and at least one sﬁrfactant; as well as methods for
making and using the composition. The Water-soluble granular composition
10 ativantageously improves preparation of a solid plant growth regulator
formulation for spray application, as such composition swiftly ciissolves; is
easily metered_, can be more highly concentrated and is dust-free. A preoenﬂy
p_referred water-soluble granular composition includes at least 40% of at least
_ one 'gibbereltin'as the plant growth regulator. : '
15

Baglgzround of the Invention -

Plant growttl regulators are useful for influencing a range of pléﬁt-
developmenta?_l processes iocluding stem elongaﬁon, germination, dormancy,

20 | flowering, sex expression, enzyme iodtzctioo, fruit 31ze and quality, as well as,
leaf and ﬁ'oit-senescence Plant growth ﬁgulators may be formulated in af least
five dlfferent types of formulattons 1) solutions, 2) wettable powders,

3) soluble powders, 4) tablets and 5) water-dispersible granuies In order to use

| " such formulauons they must be diluted in aqueous solution priot to 3
.25 conventional spray application. Each of the conventional types of formulations
| has dlsadvantages s0 research to prov1de 1mproved plant growth regulator
- 'formulanons continues, The dlsadvantages of the conventional formulations
-will be discussed with reference to a specific plant growth regulator class, the
_ glbberellms as representatlve of conventlonal formulauons of plant growth
130 R __‘regulators in general. '
' | ) Glbberellms are one class of plant growth regulators wmch are d1terpen01d
amds G1bberell1ns are commerc1ally produced by fermentatlon of a natural




4 .A Concentrated, Water-Soluble, Ganular Plant G ow h Regul at or

For mul atywepyaedeMet hods for Use of Same Field of th@ﬂSW@!}%?é Wlﬁ present '
invention is directed to a water-sol uble granul ar conposi } gq udi ng at
| east 40% of at |east one plant growth regul ator, at Ieast one binder, at
| east one disaccharide and at | east one surfactant; as well as net hods for.
maki ng and using the conposition. The water-sol uble granul ar conposition 10
advant ageously i nproves preparation of a solid plant growth regul ator
formul ation for spray application, as such conposition swiftly dissol ves,

is easily mehpbedGissre ﬁ%m(ggt&e %“E“I’tg&l}‘ﬁoeﬁvaﬂﬂ‘ st-free. A

presently preférred water- [e granul ar composi at least =

40% of at | easdmesqnd ags dmlma‘ciaillp wed b8 vmaybfﬁwwhafceg%getaele cral:rﬁs
Background of the Inventlon Plant growth regul ators are useful fo

“influencing af4figes gpd Wﬂ%%ﬁoﬂf@m@mwﬁsaﬁ gibtereltic agd &t em .

el ongati on, i wering, . sex.expression, enzyne

i nducti on, frﬁf’? %@%ﬁ&g&lﬁéﬁvgg gl"ﬂé%\‘fe élﬁ’(?“fﬂi‘etflcf’%cence

Pl ant gfowt h wsed ylibbepélind@y abj@;ﬂ'ﬁi)ﬁdﬂéh%tf%l @2 gaf éh%ﬁ | fferent types
ers

of formulations: 1) solutions; 2) wettable po e powders, 4)
t-abl ets and. @;mwateéras aqalgpmssmﬂueemgpwdaﬁuﬂmyl alioqllao] (THRM@r $uich

formul ati ons, st be diluted in aqueous solution prior to 25
conventi onal @3}1% tatlon Each of the conventional types of

~formul ations: has di sadvant ages, 576 provi de inproved pl ant
growt h regul ator fornul ations cgﬁ?‘f‘%ues%@ﬁn&% sadvant ages of the

convent i onal for(ﬁl!olbaltcﬂnrmluumnlﬂarthmlaﬂomnssﬁﬁﬂmfaﬁedlﬁflﬁ@@f&ﬁr&s@:e&sSpeCl fic~
pl ant ow h ,#}te?%tiﬂ;“ or cI ass, the I bberellins, as representative of -
conventY onal bops, SHeh & thesenfi G notkmomdene Elﬁ@l,l age dess conceplented al .

G bberel lins owth I ch are di erpenoi d
acids. G bbero%lél%? %Hé}‘?sa@{eﬁg ﬁ% ° gba %ﬂ&% vg&ﬁ%lgeg%g%pa]f ig%%?‘frﬁ‘?‘? tyased nat ur al
WO 02/ 082902 s%We&pitstl’@pﬂ 2h51 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,

Moreover, low solubility of gibbefcﬂms in propylene glycol does not permit
‘preparatlon of high potency solution formulatmns ‘These Iow strength solution
formulations also reqmre larger packaging, more storage space, and hlgher
7 | assocxated transportatlon, warehousing, and container dxsposal costs. Dueto
20 very low solubility and undesirable hydrolys1s, it has not been possible to
| formulate glbberellms in aqueous systems. = Some examples of solution
formulations of g:bberel]ms inclzde PROGIBB 4%, RALEX, RELEASELC
and RYZUP, alt available from Valent BioSciences Corp. '
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_;ocesé in\}olving rotating shafts of blades in the bottom of the spray tank.
|  An example of e pow&e_r gibbei:eﬂin f_'ormulaﬁoﬁ 1s PROGIBB '2X, '




fungus, G bberell afugi kuroi. G bbereellins are marketed under various trade
names . angoag/eseemercial ly used on a variety of fruid Sﬂmg §goet abl e
crops, .row crops, and ornanental crops. The predom nantly used gl bberellic
acid is GA3, fornmulated in .any of the five fornms descri bed above. The
other commonly 5 used gi bberellins are @ conbination of two, (GA4.r7) which
are primarily fornulated as solutions either in tettahydrofirfuryl alcohol
(TBFA) or in propylene glycol. Solution Formulations G bberellin solution
formul ati ons are di sadvant ageous in several respects. 10 The sol utions,
such as t hoseavaflabiMdrom VR i i’ ed due to

| ow solubility of actives, gggﬁgf\i}ges?iioﬁ'?ggmgtcg%qm???g%o%&ﬁ?%é%urrent |y

used sol vent ®gredicohgihbptelliv. chiwaitableomdthformalatdoniyla drf ftels gﬂﬁm&

di sadvant ages_ such.. a;’é‘ItlBﬁ%erbi lity and toxicity, which. lead. to
restrictions CHOR&HR iiorgauizsion. the acgve mgrrdidnh if corptumpsiowith afingly, and

war ehousi ng _ i!ﬁﬂ:ﬁl TR. ' ed 1.0 _sone.of the. o
formul ati ons?él?gﬁ&:c%}gzs%?’e c raréglfé\l%‘]eJ cgﬂk??lﬁlé‘ggrygl O%GEWFﬂ?ntskﬁﬁeover, | ow
sol ubi I3ty of enhaisieeheibilitysofitine povatey kebesheiel ifl@efkr.N WponRfifig the
preparation of high potency solution fornulations.. These | owstrength

sol ution f orWeiHahis Ravelenalh waterus puspengiopuis foramsdawhish is thenepplissitage space,

and hi gher b t ransR9Ld i ar ehpusi and cont.ai ner disposall_
cost.s. Due tg"55 very‘ﬁebw soiﬁ%s’quiiatvg%ﬁ WEWE%FMHP@ @s: it has not:
been possi bl dntlede PROGIBBPE.UE, NETRIOT, 16% R d FGLENSE, SYShaTRble @HP exanpl es
of solution 25 fornul ations of gibberellins include PROG BB "4% RALEX, :

' RELEASE LC ValentRioRgiences Comvai | abl e from Val ent Bi oSci ences Corp. Powder
Formul gt ions A sgluble pawder formul atiqn is _one whjich,. when mxed with
water;ﬁ%i ssol ve:fhemafsﬁ‘?w&g?@P%EWcﬁ’&P@F%Wgertqﬂﬂéo%hﬂqvm?? ' Once the

sol ut i on T's b9 iTBSas Bk &ha MolieOfush BhPldin® oubDS ABK M X 1S

required. Mxing is a, process of ni ng erral's, usually to
a honogeneowsustgtiensiégingat noxaswingstheme Thischwsmaphodd heallyhagands. i s a

- mechani cal 3Q process . involving rotati ngz shafts of blades in the bottom of
"the spray tari® WAHO‘@Q%{%&W%WOH& tendigaret gporhe prd alsqsalehilizs dewbnunos PROG BB
X, ' - addition to water. - Powder formulations thus take longer times to wef, disperse '
15 and solubilize in the tank-mix.- Formation of lumps or partially solubilized

.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.




WO 02/ 082902 3 27 SegaWa9g80 avail able from Val ent Bi 0Sci ences Corp., which
cont ai nywaX@Pesedget he active ingredient, gibberelli nZTﬁG%T@%O wder '
4 4 1

formulation is a dry, finely ground forrnulation. In thi ion, the
active ingredient is conbined with a finely ground dry carrier, usually a
m neral clay, along with other ingrediepts that 5 enhance the ability of
the powder to be suspended in water. Upon m xing the wettable powder with
water, a suspension is forned, which. is then applied by a spray

techni que.. Exanples of a wettable powder gibberellin formulation include

PROGTBB PLUS; ACTI VOL 10%@_@5&@5@,@;@&%%&@{1?3 rom Val ent

- Bi 0Sci encesCorp. 10 The primary "di sadvantage o | e powder and sol ubl e
- powder  f or nul atWaasdisgersibizt groinedss drealio koown aswegalle gtanupglr BaNdl i ng, such

as when pourg n trapsferri or neasuring them This dust may pose heal th
hazar ds. Fu:ﬂlPﬁ’gPl,e&p ¥PF 8 g’&i@&lﬂ#@% SigHar tog wettablopowderaaxdeptitlbay .
sol ubi I'i ze sk I BRed; | F ter. Powder forgubations thus take
| onger tines to %‘e# di s@%@@@%ﬂﬁﬁ%ﬁﬁﬁ?g@ﬁlﬁc ﬁlens-l]?rﬁf‘ﬁ{eﬂ'}ex. - |
For mat-iSon of watemdispersitieptanales Yorsplayhiphlicieic B 6 el Ml g | €ad 1O

- .uneven distribution of the plant growth regulator in” the tank-mx wth
potential . fRNsPension won agitatiosy. Marsediffermt wateeslispersible pranulhe spr ay

tank caused ' s..can.. al.sq affect tt] and solubility

of wettable an g)@é%%%q%g ﬁé@?&%ﬁ&% e%fws»tf*’rﬂ;ﬂ?ﬂﬁ?? 20 al so -

| eave undesi agbUss. Parat N6l %93@,9@%@&0%%@#3@1%@1%0 csdBioldlf SPrayed
a mul a

foliage and fruit, Tablet Fornulations . . AtTons are
pr e- measur edWatss digpersible grenylasipsnulations; andrtieS. Pateat Moe 5 622,658 gigelobesar eas, or

for orIBarrentélll_!‘gl ng:ilxrdg@ées' TaBI et. formul ati ons_nmay _he 25 effervescent, which
di ssol've in haf FORPREPPD P AFeRABS Pgtarlisnersitle gsamylssendiing upon the
type. and .sigw 5PE ehadRlaf bi at ld ¥Br. only between 0.1.-1
gram of active i n%r edlglteaﬁt pg‘Pbet a ei?ﬁul @5&’:{‘?"’3”’%‘ tiil/‘%eag V?%geﬁ%%\ge- scal e
fi el d-oper at isdHbbersllindocars Solablt Powdes avniilabRitreh Kyinf IirfiBht#tisd!scept i bl'e
to.. hum dll ty,hﬁ%g/tybgfjs%gﬂ to. d‘| ssol ve .

Watf;re-dispersible granules usually have no greater than eight percent

15 moisture content, and form suspensions when added to. aqueous solutions. The
resulting suspension must be agitated for a period of time in order to fully
~ disperse/it. - Agita‘tidn or by-pass recirculation of the tank—zmx must élso be
- miaintained during application. The quality of water—diSpersiblq-granulés is
:l_nighlylprocesga and abtive~ing1'edient;.dep.endent; and can result in low-yield

L

200  recoveries; poor attrition resistance leading to dust potential, high manufacturing
. cost and poor dispersion. Generally, spi'ays of dissoived water-dispersible
.gi‘anular fofmulatiopS'le&ve_undesirable insoluble residues on the freated foﬁ#ge
and fruit. : Ry 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 realize if he had achieved the total
- solubility of the -acﬁ"ve'iggredient in' the,spréy solutions. In addition, water-
"+ dispersible granules can become hardened over time and thus result in po_br |
" 30 - dispersibility and solubility of the active ingrédient. Dust and caking may be
problems with certain water-dispersible grénule's and powder formulations.




30 and are expensive. | WO 02/082902 4 27 SepPCT/ LT%gZ 111130 Wat er

- Di sper X ul ar Formul ati ons Water-di spersi bl2€ $prigrabe08be al so
known aZ‘k’\%?t"%@e granul es or dry flowables. This type oF CHESIATARS on i s
simlar to a wettabl e powder, except that the active ingredient is
formul ated as a di spersible granul e. Togrepare the 5 water-dispersible
granul es for spray application, they are dispersed in water and form
suspensi on upon agitation. Many different water dispersible granular
formul ati ons are known for agricultural chem cals. For exanple, EP 0 252

897 and U. S Pagg ul,at e grow h

» regulators in mt%fog‘?gﬁgﬁﬁg?vz&éﬁgi ﬁ%fﬁﬁuﬁﬁuﬁ?gﬁ Wgﬁﬂﬁi@i‘s Pat ent No.
5,622, 658 di spitasyundGapid sehebilitg bt evaiane pidtians Eé%:bci}afeﬁﬁﬁiﬂ ng
wat er - di spersi bl e gr anul es. An- exanple of a granular gibberellin

~+» formul ati on cHRVER mbfop%@apmwmi@bwvemageouss G bberellin Kyowa Sol ubl e
Powder, avail able from Kyowa Fernentation |ndustry of Japan.

Vit er - di spersi bl e granul es usually have no greater than ei ght percent 15

- i sture content, and form sugpgPsi . BRSO aqueous sol utions. The
resul ting suspension nust be agitated ror a per of time in order to

f:.l| I yb di sperse Thf:jpnegant att\nenmorf)ts dnpetpdasawamr—s@lribhtgrm?ﬂﬂfcohfpeglhaﬂk m )t§| must
al so be nmaintaine i.cation eqaltyo wat er - di, sper si bl e.
granules is alb‘ﬁ‘\% g%?‘gc‘@sﬁg AWSQ%QR}@H SR H can
result in | ovietial shedfactihRAUGEH 8Ploat BHE sidfctanl 0 eh 'Iﬁétﬁs&% .lcgad' ng to

dust potential, high manufacturing cost pdor |sperS|on neraIIy
sprays of di smdbngdnd/\mmﬂﬂlcsmosmbﬁeThgm&twlsamm@gMﬂaf camysositiday e

undesi rabl e i nsol.ubl e residues on the tt[eat ed foliage and.fruit. For plant
growt h Tegul %ﬁ?&‘ﬁly IRErQyieh BEPRIRHIMEL § % lidplaptrewth isgalator he active 25

AL e TSkl oy Wkl WS SRR iy BT o
wat er - di sper sdaﬁlsemgteaawbmbmre higldst cohdentr@ed ued isahdsefres®yt haadlinge able to
realize if. heA B?egeﬁﬁr ﬁrg%é?rgd tv&gi(taerEsg}u%lle granular composition includes at least 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

carrier or a combination thereof.




solubility,of the, active ingredient in the spray solutions. In addition,
vvater-“gi'j‘gzﬁﬁiﬁbbl e granul es can beconme hardened ovel7tSeptensred 200%1s resul t
in poor 30 dispersibility and solubility of the active Yoy a0 pust and
caking may be problens with certain water-dispersible granules and powder
fornul ations. 27 September 2005 WO 025082902 PCTI US02/11180 5 Therefore, a
pl ant growt h regulator fornul ation which provides high potency and rapid
solubility; and avoids the probl ens associated with conventi onal

fornmul ati ons, woul d be advantageous. Brief Summary of the Invention The

resent inventi ' i.r.ected.to wat,er - | e anul ar co sition

Pncl udi nlg \z;t I ;@fét&%@%léﬁﬁﬂayllggg%o ey F%@{OU%DBFA%WP@P%IP@%?@ : east one,

 binder, . at greahiegidof] i bt 00 aBGuA0 WERi pefift BbAEbANEouRS Wel | as
u

met hods for _ maki ng and using the conposition. The water-so e granul ar
conposi t i on X0 ahepRAtvemighipsraent disrcchastlepmd fioma eban Ockf toabsal 10wpighnt growt h .

r egul at or | atd an for spray-application, as such conposition swiftly
di ssol ves, %gfcg%{aggﬁﬁ%%tered, can be nore highly concentrated and is dust

free for handl imgefer&d&bﬁﬁﬂaﬁéﬂ/isw@it&;g&@owgfaﬁgraﬁ glb'ﬁ%ﬁjxﬂfo@@w

conposition includes. at |east one gibberelli olyvinylp rrso Olndone, at
| east one drempasag:aldcagid(%of pdgast oomgibbsreliim, htdeastohe bifider, ahieastt i on i s

0 1ect o0t opd WSt 0L ML LD A SP O B SOIBL LGB 1, o7
and at | easis |8f8scyHbAGEURRS, 2 ﬂY@ieﬁﬂﬂﬁ@é&e@d%h&&isﬁamﬁ%{rﬁga%ﬁd regul at or

may be a gibberellin, an auxin, an organic acid,”a’cy I'n, an 20
et hyl ene bi 8®yasemtbsprefernetishifaciantds a polyoxywithydenedd mbrslamtite, (e bi nder may be

pol yviqyl pyrrolidone, a lignosul fongte, a.lignin, a lecithin, a starch, a-

gl ut e1r¢ a. C%PVEQW%QSEJ%F@# M&WBMl%gf%‘ﬁ@rﬁﬁ‘élﬁ@Bﬁ?Chﬂﬁé di sacchari de

may. be sucr gi¥Rrent kbbb, ﬁ%ﬁkﬂ?@cﬁ@%ﬂfrﬂ%ﬂ%@n&tﬁkgﬁtﬁ%mg as mal todextrin
alc rBitol “an

and corn syrup solids, sugar ohol's such7as so manni t ol and
ot her sugar biosyrshesissinbibitonera @gmbinatidrthereof; eTlar commaitinnaayi lvet her eof , t he

sur f act ant e an.. etho ated fatty _acid, gl ycol ester, an
et hoxyl at edﬁgﬁ'c%ﬂgﬁ‘fb tz?:atsb(?}%? e gpqrgpnig}b%e@&%%og; ahput 0.1 to about 4
o weight percent polyvinylpyrrolidone, 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




|
|

conbi nati on thereof The conposition may al so contain at |east one

addi t i oRgp eg@IB@NENt such as a surface active agent 27&5egyg dﬁmgﬁmspreader‘
sticker, a nematicide, a system c acquired resistance inducer

anti - f oam ng agent, a 30 preservative, a hunectant, a dye, a U V.
prot.ectant, a buffer, a flow agent, a @arrier or a conbination thereof. |
WO 02/ 082902 27 Septenber 2005 PCT/ USQ2/ 11180 The conposition may have
from about 40 to about 80 weight percent plant growth regulator, from
about 0.1 to about 10 wei ght per cent binder, fromabout: 5 to about 95

wei ght percent di saccharj gg@ gt rom about 0.1 to about 10 wei ght percent
surfactant. 5 A preferre ormnu atlon I s a water-sol uble granul ar

gi bberel I'i n conpesiidimgsaideniidable bEndas forhemSdxtrhd88 Mhtedial;| €ast one

gi bberellin, -at |east gne binder, at. |east one disaccharide and at | east
one surfactant. AT{r®sudextjudpdangenalgandithenscharide is | act ose nonohydr at e,

o of or red Surt ack Gite P REiersl it BRI o DR G

conposi 5i on may al so ioaghladenan additional plant growth regul ator such as a
different gibberellin, -an auxin, a cytokinin, an organic acid, an ethylene
bi osynt hesi s i nﬂnﬂbﬁéﬁe@iéh%@ﬁﬁgﬁawﬁdﬂgﬂﬁerm}’ b¥igibbershiosid thon may have

from about 404 t gi bberellin, fromabout 0.1 to
about 4 weig per cetnil pg'l yvtlg%"y gg"?@gﬁtdone from about 40 to about 60

wei ght percent 1Bhd iaoémioR is AB6 divdedion Balod bOMMRGHE df: Rill8rabetd 5 wei ght

percent pol yoxi_/let hyl ene 20 nonol aurate. The invention is also directed to a.
met hod of re 1P%g‘@w\éhte&}lmﬁﬁm&mfossmgyamiloatletpcmhpmmtheng soil,. a

eed orgpa pl effet e no n of the '
gorrpoleoP\ crlf%glgﬁ&b%sem Rﬂﬁ‘ét%%“@o g'flf‘t(?ﬁ eBéglgPE : %th wat er and
spray- appl i ecfonﬁaaum@ﬂwlﬁngwhﬁastum% & it geGwid IE%'LHﬁtBr pﬁlQﬁé'ﬁieﬂﬂ)dpl ant, such

as a grape plant, a grape-producing plant so trea produces | arger

‘grapes and/ orp@%@él o 4 fﬂgllhlagheforrsera&@npla@a%bmsm endlascsipbinds dusthe

granul ar pl afl sl Fagtin ol g Hirit e REB T er A RSt of

' and rapid dissolution of the solid formuiation can be attamed Thc method is

15 also advantageous because the solid formulation contains twme the
concentration of plant growth regulators as conventional formulations of plant
growth regulators. A presently preferred formulation for use in the method is a
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, polyvinylpyrolidone,

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 binderanda
30  surfactant together permits inclusion of a more concentrated amount of the plant ‘.
- growth regulator, at least 40%. This more concentrated formulation enhances

i




25 sizing particles of a plant growth regul ator and a di sacchari de

- separ at ey ob@gre¢y 0Oduce a fine powder of plant growt RW%@% bey208hd a fine

powder of disaccharide; blending said fine powder of pl DHHIR0

regul ator and said fine powder of disaccharide to produce a. honbgeneous
m xture; 30 preparing an aqueous sol uti @ of polyvinylpyrrolidone and a
surfactant; conbining said aqueous solution and said honbgeneous m xture
to forman WD 02/082902 27 Se@e , 0?R4r % extrudabl e bl end; extruding said
extrudabl e blend to forman extruded material; drying said extruded

mat eri al ; andufilb9Hen. Sk QM 0 | - ranul es of a

pl ant growth regul al%’(??%‘%%Pg%bggﬁg%?&*ﬂ%%%ﬁg%%gﬁﬁgm%“fctﬁjlﬁq‘growt h
regul ator may be gibberellin and tHe Cdrsatfdiari de nay be | act ose

nonohydr at e. TheTﬁ% entjon i.s also directed to a nethod of enhancing the

utilization of a 50y i STERYAR: hAS ek herein, theterm arawiar’ seferyip ay

~application cmrcbﬁbg&dtdlﬁ%&%smﬂg?3 P{gﬁi;?ugiﬂg@%gﬁg %%d‘ |ant growth

regul ator in a water-sol r%]isr?a at | east 40%
of plan® growagglaneggate af fine pamictese net hod,” preparation of the fornul ation

for spray applicatign can be. enhanced, since dust fromthe solid
fornul ati on can i ﬁ'&%arqmgﬁe&‘%%ﬁéwcdémm@pmmémodgct and rapid

di ssol ution Gfpk | ‘ﬁflnﬂ ' ' . ¢The method .is 15 al so
advant ageous ‘becgﬁqsrg&tthgﬂio [ E? %#I%IS%%%ﬁﬂggﬁ%@bﬁgﬁj&%a&wﬁéﬁa& o
concent r at i oragofulpiralnhatgrityvithow diiling teplards SaEHMROTficaiah mia§r83t@At i ons of

“plant growth.requl ators. A presently preferred fornmulation for use in the
ionk e bl o

method is a ¢ griial an tieqhiysiplogicshpigsesses cbihe plavs, et | east one
pl ant gpowt h gdre el ﬁp@ | e Ale | east di saccharide and
at | east one 20 sur ag{%fnstaid E%fiélsen F@“ﬁ@!“%‘é’?‘é?@&tf il ation is a

wat er - sol ubl engflifications maf aisauksili foomehy EémbiAREGH % séfuch83st  one

cal factors.

‘The plant growth regulator may be a gibberellin, an auxin, an organic acid,

'gi bberel lin, Fg‘%iglvdiggﬁ-gryé&oplhgﬂ)%?e | act ose nonohydrate and pol yoxy'e.t hyl ene

20 nonol aur at

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




Detai'l ed Description of the Invention 25 W have now surprisingly :
di scoverwi d2vatsosol i d formul ations of plant growh WW%@Q&Q@ i mproved
if in the formof water-soluble granules. The water-soluble granular
formulation readily dissolves in water to forma true solution, so that
extended m xi ng or occasional or contindous agitation of the spray mx in
the tank is unnecessary. The use of a disaccharide, a binder and a 30
surfactant together permts inclusion of a nore concentrated anount of the
plant . growth regulator, at |least 40% This nore concentrated fornul ation
enhances WO 02484 X ERALE Qﬁgg,ﬁ% I qut i lization, as
w Il be described in grea?gf%-gg?g?l In t IJ{;ﬁs'u seq’u%%%q%}i(rgagraphs The

- Conposi tions Ph@vmmmbhdmms sudl Z AGRIMER A8 and AGRIBER A TF; bepdlgmeds

"granul ar™” ref I;o sol i d sed of particles visible to the unai ded

eye. A granul 8 R OB?W%WR@ omd AGREGER" p| ant
growth regul alVQ‘[—’7 E@oﬁf&a&%%ﬁ&@o&iﬁ?%%ﬁ&uﬁmﬁi&?ﬂ#ﬁofs&ﬂ-Esh serves to nodify

t he nor mal sequentlal devel opnment o treate ant agricul tural
maturityd wit hMARASPERSE VAM&PBRSE maRREBBERSEQHUmﬂGUBwLmNhndf rom t he
~effect of the ! ?55? %al ol ogi cal processes of the plant, or 10
“fr omthe ef f' ' @fogé &gniph gichss SN AT elags ychps . These
odi 1 cat | OnSHYDRESRS fiRilystAI0M ANMIOATALOR AOTCAE FEAUENE

physi ol ogi cal or nnrphologlcal actors. nt gro regul a or may be a

g!'bber eIhI in, Bd; mthyhpelhﬂnseregmm' suchas METI—II?](CELp?thﬂlldgﬂlélaee p%l?mbﬁrsﬁclll

i osynthesi s i conbi natign_thereo ui tabl e et hyl ene

bi osynt hesi s ?ﬁl}%rﬁbtﬁs ?Hﬂt%‘q’i fﬁ‘yls dicgies ard soddmenbl e auxi ns
i'ncl udeyg ndol g3ud G itdsi g‘méﬁﬁ‘%tgl da%ﬁsgﬁég?soigkh@% or gani c

aci ds incl ude a-naphthy acetlc acl Ini ihcl ude 6-

~“benzyl adeni nenaturaBeﬁmnchﬁbdﬂncnhmslsmheas(E&AHﬂl\l QENTROMIKUSYYEDKDNG, purine
e Rl G R R SRS SN O e o o st 102
were nu mber edMAIL’ﬁSWE’PBnd polyethylene glycols, among 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 wettinig 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
. |




their discovery, so the nunbering does not signify the position of one:
parti cuixgasozdgedest i tuent. . The conpounds have ni net @&r% ? ar bons,
and four or five ring systens. Sone exanpl es of gi bberellins i nclude GAS3,
commonly referred 25 to as gibberellic acid; and GA4 and GA7, which are

i medi ate precursors of GA3. There arellapproxi mately 90 gi bberellins, and
~all are enconpassed by the general term"gibberellin", "gibberellins"
or"gibberellic acid"; a presently preferred plant growh regulator. In the
formul ations, either a single gibberellin or a conbination of two or nore

gi bber el | i ns suplyah&TLAS QUE58:L1Re5I1eFieR N uch aSMAFGL @M@eg [y%fést%b ndi ng,

di sintegration and sol ubilization of the fornulation I nders

“include. al kybkeh edGLYRQAL BH6:; nplivhased dhorivatives sud@sONVBRTIIOL TALB; Sep

|V\(29R80 su | MER. AL-,1. OLC;, cross-lin ed

pol yvi nyl pyrﬁ% Qggsﬁﬁsﬁég‘w noelye @ﬁ?ﬁ\?@ﬂ@cﬁﬁiﬁmﬁe‘éﬁw fers  of

vi nyl acet at @'I&MSFEFWEWM b }?ﬁﬂ%; GRI MER  VA-7;

| 1'i gnosul fonattes and sodi u%ror caI ci umegi;(f s ther oﬁr such as 5 MARASPERSE,

VAN SPERSE, BARREROERSA-6NibRdkGopPIPMERN ailndenaddRAdeTadERGRy lensoxité onat ed

| i gni.ns such TE RS, mcrocrystalline

cel l ul oses su@%%%@ﬁﬁgﬁﬁgmﬁfﬂ%\?m asei’ré?ﬁ%“%’éﬂ"@iaése ethers such

as METHOCEL; SELWHT, BREAK PERUPAMIBASeSHE afRilfebtthotark WA ﬁ:ﬁnatura' or
cal ci um sal

nodi fied);. gluten; silicates and sodium o er eof
magnesi um al mﬂmmomCIsutfattemssncdj’saad:aﬂEWymem&ﬁ‘ acglantide and héryliel

| eci t hins such as ROM. X or YEL sugar al cohol s_such as
NEOSORB, SORBCYSE RIS g e Eﬁ%@%@é%w ERbyibenls.  anong:
ot hersio A pr gaeids! SOBGFROR M. as |
AGRI MER 15, AGRI MER 30, 15 AGRCIK%ER 60, Aip&%nl\/g%bg%e and{ u%{a&%%@ﬁgﬁﬂﬁ%e

di sacchari de thesthgs@thtabssombithin astens. dﬁtﬂlmiwsuyfaaﬂamlsauom aid in the'

f | at | e di hari d | act d | t
ydrol yzed sPabEREEN g Do mbte st NEE AR ot BPL S ARRALBINSE sugar
al cohol s sugfbsaﬁlygﬂggb}&gn@(pd manni tol and ot her sugars such as fruct ose
and gl ucose

Suitable anionic surfactants include phosphate esters such as EMPHOS and

15 RHODAFAC,; sulfates and sulfonates of oils and fatty acids such as
POLYSTEP; sulfates and sulfonates of ethoxylated a]kylphenols such as |
TRITON X-301; sulfates of dodecyl and tridecylbenzenes such as CALMULSE;
sulfonates of condensed nephthalenes such as VULTAMOL; sulfonates of
naphthaletxe 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 may molude addmonal sm:face active
- agents, stlckers, spreader stickers, nematicides, systemic acqmred resistance
~ inducers, inert camers, preservauves humectants, dyes, U.V. (ultra—vmlet)
30 protectants, buffers flow agents, antifoams or other components whlch
' facl.htate product handlmg and apphcatlon




20 anong others. A presently preferred di saccharide is | actose nonohydrate.

In the fag@Hsdbd,0n, the surfactant is used as a wet QV@%%E}?&%?%V\BH as a

di spersing and granul ating aid Suitable surfactants incl ni c
surfactants, anionic surfactants and anphoteric surfactants. Non-ionic
surfactants include ethoxylated sorbitayy esters such as EMSORB, TVEEN, and
.25 TMAZE; sorbitan fatty acid esters such as SPAN and ALKAVMMJL; sucrose
and glucose esters and derivatives thereof such as MAZON, RHEOQZAN and
GLUCOPON; et hoxyl ated al cohols such as TRYCOL, BRIJ, ARM X and PLURAFAC,

etl ioxylated al enal h.as.|CEPAL, MACOL and ., T TOL,

et hoxyl ated fat t%/’?%ﬂrﬁq %ed&eﬁﬁﬁé@w}%wwcﬁm@éﬂfh gsglggiwaat ed fatty
aci ds such asgypblaiRFEiliz&Y, Khbvbhated) dulfOb ph, A%QSXM}%?BI%(}DQF : S,g@t rs and
oil's such as ALKAMUL and ATLAS G fatty a%ioo?gﬁv\o’o 08293@;&% a%ep 072 q

<80 such as APUES. sarrheny cyefodedring osbolnicakmaterials suZEiwaadProdiotsol esters

such as QY ' -l apol i n based.derivatives such as AVERCHOL CAB; net hyl
esters suchcggr%%gwfdWcﬁﬁﬁww’ipﬁé@“tmsﬂﬁ‘?@&% S-sfich as

- ETHOSPERSE Gpéently piext ahethasiid pBlARYhAsAGhabhd 5 BRAARI WERRT > ANTAROX

AA-60; bl ock copolyners of ethyl ene oxide and propy such as
PLURONI C or SemreoN odiug alhminnsilisateed surfactants such as Sl LWET, BREAKTHRU
and m xtures of osilic rfactant . with nqon- i,onic Qr ionic
surfactants; pollggs%isrr‘}h%fl%@ ga?e(i {)&VW%OQ‘WWW%% edsEdim ¢ aci d;

and acet yl enicom@iratios! fith 6iHer ¥QSnSAI Blolosicay TR RHA LiSt¥ oy ! phenol's 10
such as SOPROPHOR anpbng ot hers. A prlegglntly prei(elrre éour alglingﬁ%( famly is

 ‘the et hoxy| agelivesiogtsiients, sach @s berbidides anti-migobitlschngitiles lindectsides,
~ pol yoxyet hyl ene( 2Q), nol aurate. (TWEEN 20 or POLYSORBATE 20) are presently
 nmost p (gferrelﬁplgéﬂ Sgﬁﬁogogécr#B?ﬁ%ﬁgdﬁﬁF‘f%m@bﬁ%‘F% epieghsmiealest ers such

as ‘EMPHOS an ot BicRHRAAGni i, hatifitned Bflnsih pRH i lignand fatty acids
such as POLYSTEP; sulfates and sul fonates of " et %@?@%@Hﬁ%?ﬁyl phenol s such
as TRLTON XpsBiuged pasti¢idessotahicdls) erplantandrients.decyl benzenes such as'

_ CAL MJL SE, The compositions of this invention may also be formulated as active
. mixtures which may include finely divided dry diluents, extenders, fillers,
15 - conditioners, and excipiénts, including various clays, diatomaceous earth, talc

- and the like and mixtures thereof.

A presently preferred compositioﬁ contains technical grade active
ingredient gibberellin; a disaccharide; a hornopolymer 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 : ,




sul fonates of condensed napht hal enes such as VULTAMOL; sul fonates of
napht h al kyl napht hal ene such as MOREVEET aﬁa%ﬁ ates 20
and de?‘%\e});htﬁﬁogieagzsuch as MONAVET, anong ot hers. Suitabl e anpro e?%@
surfactants include.lecithin and lecithin derivatives; and ii tnidazolines
and i m dazoline derivatives such as N jRANCL,. anong others. The
tradenanes used above for binders and surfactants often are common to a
class or series of binders or surfactants. Therefore, where a tradenane is
25 nentioned, any binder or surfactant in the famly including that

tradenane wll he i | e. her..component s.o h 0 i on may i nclude
addi tional surf léxcgl%g%n{ﬂ?@é&?%%éﬁ%gﬁ SC%Q@PQ? ng:ﬁﬂdtgig%}o ém?aér s, ' .
nemat i ci des, gipeteBid £iBa%¢ 5% s£18L55MBRchydRAL ASL-59, POEYEOFESATES S,
preservatives, hunmectants, dyes, U V. (ultra violet) 30 protectants,

buf fers, fl odRdyéin 2% pehvimdpyreolidone (ASRMERMNents. which facilitate
product handl i n& and applicat tﬁ% . WD .02/ 082902 11?(13‘7 Se~PCT~S02111180 _
Exanpl es of i nerts PESFHyALer s aniples ORIV AT HSBESILD| i n, ni ca,
gypsums fert b . - : pﬂm B i o materials
. such as sug%ltakﬁ%tgam}%ﬁ%‘g&gl?é@é?gt%&%%??\sg?w%#%g%a ical naterials such as
- wood pr oduct aqueoos snlutipmschededn havena higher, conb@sratioh bfactive amptedient than and

wal nut shells. A5 pr%fent |y prei&cerred antifoamis pol ydi nethyl sil oxane and
a present|y PelF-Sispergt yles, whichsonly dispense i Welss yoagnixing withs al so
cont enpl at_ed%é.igﬁbn tﬁfbn%éﬁéciu@!sﬁ%p%&si& | s invention may be used in

t t Ia

conbi nati on ot her essent p1 0l 0gi cal s or beneficial mcroorgani sns

or active ingradiefidular a8ViiflagR o RS Whieh-8616ble dtdrntat FrhRiMIng debdit@lici des,
insecticides, 10 nematicides, biological pesticides such as nicrobial -
pesti dPdes, #ayehethpttaty digpsd widdbissopeanidilyHenater] withtwrhonesl for nat ur al

| ant regul atqrs | ant . produced pesticides (botanicals) or plant
p S, Trdendst op SR rvRASEnOR o (  corm

nutrients. ( _ is invention may also be formulated as
active m xtur eTh¥Bbhposiins aRGhiEehy bieRding HorediGhs, kifudibl 4RA Usying Xt enders;
fillers, 15 conditioners, and excipients, including various clays; -
di at omaceousthegkirhdate tl abtain 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 . . - .
! .




“and fhe i ke and m'xturés thereof. A presently prefg&rsi% corrpositihon g
contain mial grade active ingredient gi bberel2FiSeptaniir2808hari de; a
honopol-?n%rﬁﬁ@t%%ol yvi nyl pyrrolidone and a surfactant. A’(Br!f%{)é _P@&_
technical grade active ingredient gibberellinis 20 GA3, since it is the
nost widely used plant growth regul atory4or agriculture, although other

gi bberellins, including but not limted to GAd, GA, and conbi nations
thereof or mxtures thereof nay be utilized. The,weight range of

gi bberellins in the fornmula can be from.40%to 80% The anount of

di saccharide that can be, used wll depend upon the percent 25 of

gi bberel |in i HOpHA gf’ﬁﬂ“&“’g}f?o‘%ﬂﬂ’é'ya‘ﬁ%‘ﬁ‘&éﬂsféf layine 25108 of thowiad e

pol yvi nyl pyr ridird@ne disordseshch Bs HRE sthhip hidkd: QWotihl, SHBY . ol ecul ar
wei ght range of 6, 000 t(g 1,580,000. A présentr%gopr%’fse_rre@a%o ymer is

pol yvi nyl pyr r&yrﬁacl@mffyﬁitﬂ)orhmtﬂmgnderrmmsum.lhchérﬁm,ﬂ&lfghﬁulfﬁoz?ﬁ)afﬁOgo( range
40, 000-to 80,000 such PVP, K-30, ACRTh R 30, or PLASDONE). e :

" wei ght rangé @%‘f%ﬁ'ﬁ?l“ﬁ%‘}o&rﬁ’% g‘i’%?‘ﬁ%ht@b‘iqlfﬂ %?Fﬁrg}?@‘ﬁ:ﬂetmeen 0.1%
to 4% glependi ngTaPRRmbRGoS RNEERLS &iﬁﬂe[ﬁ% Wohenel Li o
additives. | WO 02/ 082902012%7 SaegtV\%Z p ngé,& prgggn#’%o%{rﬁefpgrrgé specific
conposi tion itresltadedrediddt E'helﬁ)r%imgmagﬂ)b‘byroehirém:ioaﬂigcbundlbrh&iﬁr Od/oof | act ose
nonohydrate, 1.4-2% POLYSORBAIE 20; 0.7 to 2% pol yvi nyl pyryrolidone

~ (AGRI VER 30j . “RHEAISPEgBRmeR: SP Splincs g wrisbledopamiingeunse Pasted o
wat er - di sper gl L : _ solve in
wat er upon m'xi%@’@%?%gé%ue%&?gP%P%sﬁgn ggg%&%g\l/ﬁle&zloﬂ%gbher .
concent r at i or300fgaHotis/acee omrigpleni ehpresémly prefeied ratics pbesiviin® 5@rtanobes, whi ch
only djsperse [,n water ypon mxing with _agitation to form aqueous

| suspenL‘?ons. 105 BT AGTCRY PLeRs JRrayapplicatign cgvipmispty bl e Pypated ar "
fornul ati ons {ggsa ﬁgﬂ, ; | S+ - el i |l ve readily
in water, wt hou.tgnfil e rrlgéglc?g@x%etég?{el%gggﬂo%a@gieﬁé%%g@gg‘%ggi%ﬁ& The
conposi ti ons addigiomadedjnyart] anddheroadditipmeasdipéait grovetl rdguthithg follatedrbyi Ng

addition of more water and then mixed for at least 15 minutes 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
eﬁect. The seed may be rice or paddy, alfalfa, cotion, sorghum, soybeans, com |

20. - orother iregetableé, ormamental or turf and pasture grass seed, arong others.

"'The concentration of the plant growth regulator will vary 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/lbs per acre; ﬁrefe'rably at a rate of from about 0.1 to about 5/Ibs
25 B per acre 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
_ conjunction with other adjuvanis. An adjuvant is a material added to a tank-
, | 30 - - mixto aid or modify the action of an agrichemicai,_ or the phjrsical
characteristics of the mixture. There are several types of tank-mix adjuvants




the extrudate to obtain the desired water-soluble granular fornulation.

Met hods ng wat er-di spersi bl e granul es for agViSeptembeal0dSes are :
di scl os‘é’&"{zf?g%@o 15 665 714 Bl; 6ndU.S. Patent Nos. 5 BSHGUSP3H118) g6s5: 842;
5, 464, 623; 6,087,306 and 6,013,272 anong ot hers. However, the present

met hod for obtaining water-soluble grggules, has not been previously

di scl osed. The Met hods 20 G bberellins are known plant growth regul ators:
For exanple, U S. Patent No. 4,242,120 discloses a non spray conbination
of -a gibberellin with a low nolecular weight carbohydrate such as '

sacchar ose, C fruct o or Ltose tinulate fruc Lfjcation; and
U.S. Patent Ré)&ﬁagso% Ss%‘fn ag@lgyag% i?qnblﬂ g ggenfy $¥¢in and a
surfactant fog dtibl@aﬂe&l&ﬁ@sﬁ& BbALFIrBE Surfrdbants, PONEMESs, piySbINGY 611 Sol ubl e
granul ar for rru%atlons detai | ed above have not " been pl?e}eﬁ)usly di scl osed.

The fornul at FM@@@E@@I,%ﬁmmWMM&M@, oegfhératompphents sgcloast h of

fruit-producin Et S gbl e- pr&dum | ants, row. crog veget abl e

crops, -gr as%lg"ﬁgﬁsr’ PIPS aps PP eSS, AR FmRIE iR at | on

" vary., 5accor iffghingn fg% &Mmr@}@ﬁxﬁm&é ofélﬁﬁ%ﬁ@‘qolfé?ﬁ AARLE fathy? 9T ApES,
a

treatnent with the rmul ation can lead to er el ongation, “di nning and-
| ar ger gr apegcids, glycohetberaddelcyl benrens dicathoxpiatc0R@98Prdi2mal] abegtmpleer . 2005
the. Sj?ﬁgléflgf’%'%c"r{l'? i S RO A Saiktu®h £ 00 T2 i ng. vt of
“spot ting, élkﬁlﬁrﬂﬁol&é’s@%&yle%rgiﬁﬁ ﬁﬁ gha{té e&?ﬁugfg&éué%ﬁ %aﬂga e BF ESSUT €.

In cherries, e fornmul"ati on may geous produce | arger,
brighter coI vefdamaniis FOAMBESTER (6 duneﬂlﬂpdyhlnm a:kamples of sprebdarabl y

Sprayifl %ﬁ%@?ﬁ&%t SRt iticcem ko utd ot prent

Spray vol UMesURIFEX Vaabdiah Qécﬂ fmé,}pagﬁﬁﬁg]@ %‘c‘fcﬁl BADCL 0P, growth
stage and climatic condl tion ?ﬁhe range ng éﬁr'?ons tb‘rl 300 _
gal | ons/ acr esymtheliic ddtex polpmpr.esent | y prefer red range i s between 250 to 300

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, sione fruits, apples, pears, blueberries or tangermes
30 The row crop may be cotton, soybeans, cormn, sugar cane or rice, among others.

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

/




.. sorghum soyb

- 10 gallons per acre by pressurized spray application equi pnent. To prepare
a for I8t|on for application, a tank is half- fllléaSmptmthZQﬁs fol | owed
by sprgﬁ’v 34K %N of adj uvant, and then addition of pl a]FET[HF'E%JtI‘F

regul ator, followed by addltlon of nore water and then mxed for at |east
15 m'nutes prior to actual spraying. 1lh. Alternatively, the formulation may
be directly applied to the soil (in whi the plant will be grown or is
growing) with or without granular fertilizers for the inproved growh and
mai nt enance of crops. Mreover, the formnulation nay be applied to seeds to

achieve the s effect. The seed may be rice or padd al fal fa, cotton,
@?fn%faSSE%MY bo Babpigrgss{diespalyersites, Fl‘éﬁgﬁ %ﬁt@@s%ﬂgﬁw and

pasture grass GO @25 ant growt h
regul ator w I varyuaﬁgoenée%%%gggﬁgggﬁ ? &Q%S%@Iaé‘pme treated, the
pecul i ari ti esCldse), K&nhmkﬁb}nagmsc{%hpnﬂmed Cﬁ:ﬁawBlugraserPg@ner al, the '

conposition may be a&_e)lﬁled at a field rate_of from about 02 to about
50/ | bs per aci¥Prese &Bﬁﬂoawﬁ%b@edﬂcwwmﬁﬁﬂ Egglfnbea%@t 5/1bs 25

d abouyt- 3
Fgg/ Zg;g. ! Nyt e B%gé?%)gwh eﬁ'g?\%{c’)u oué‘h‘ Igaréé’rﬁflc g'f?ﬂpon t he

particul ar fRyB gragi(@oliars pering B, Sisk, au@uétiﬂegiaﬁs @Wbmp&im BécumEldrne made.
The granul arvz%orrml ations nmay be applied torggl ants, soil or seeds in
conj unction @%@}W%(Zomamqnwa eyds), §emeé¢gra$s added to a tank
30 mx to ai hy5|cal :

‘characteri stlctgggo h% P@F‘gﬁ% ﬁgccngose{/h&aﬁﬁsggtdéro %‘_}(8

adj uvants 27 @mﬁ@ﬁhﬂs@ﬂ&ineﬂﬁ?aﬂ%@%ﬁ&@s? PCTI US02/ 11180 14 such as

bufferi ng agents, conpatibility agents, defoam ng agents, nodified

vegetabPe oil cdﬁ%@iﬂ%ﬂ’@@fﬁsﬁ@ﬂﬂi’@ﬁp@l%mfflb?@teélﬁﬂéihemétmﬂ#rants phyt obl end
oil, spread td bI e concentrate or ot her

component o QRSB andipb B opd K Bl neBRARERN Bifhe B, O

- concentrat es. 1@@@&@@@@Ev@aﬁoﬁm@wﬂlﬁgﬁﬁﬁmu@m&emxt ure of

al kyl aryl pol yet hoxyet hanol, fatty acids, glycol ethers, D-alkyl benzene

. di car boxyl at éféhiém‘@ﬁmlbpanol an example of a corrpati bility agent is

LATRON AG 44M apyg J%fﬁg?eg%eﬁoﬁg%ﬂe%@ﬁﬁ:@% SN SR G08 e MY iR enShP NOSPPAL €

ester surfactants;
15 utilities of the invention and are not meant to limit the invenﬁon untless

otherwise stated in the claims appended hereto.
Example 1 |
The water-soluble, granular formulation of plant growth regulator was
20 prepared as follows. |
- First, the plant growth regulator glbberelhc ac:ld, and the disaccharide,
lactose monohydrate, were sized to optumzc 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




.a -def oanmer i s FOAM BUSTER, a di net hyl pol ysi | oxane; exanples of spreader 10
- stickers are LATRON B-1956, a nodified phthalic glyggSepteambey2808d resin
and SURHAE2W2het a- pi nene pol yner and an exanple of a g@T’E@ 1118 BOND, a
synthetic | atex polymer. The type of adjuvant and application rate wll.
vary dependi ng upon .the adjuvant useci,6 crop, crop growh, climtic _
conditions,. desired effect and which 715 other tank m x additives, if any
are utilized. Oher tank m x additives may be pesticides or foliar
nutrients for exanple. The fornul ati ons descri bed above are particularly
advant ageou&f?beqause they are _easier to handl e for spray application, Wen

the solid f&eRTzed wiiliacleagselutionis obtpingdsr The mitue was theneasded.sol ution, it
o 1 . b s tant
Tor dust geNefth sdthcilt sfh £ 3 ANl HRLREI TR 0. MVHIBED 01 |

rapidly. .. fromdoMgema)wes adde®to the atiidots Bimierbatitiod Wit ifnQd Foraa ai N a .

nore concentrated anount of plant growmh regulator than.other types of
solid for mAmepshiinderand surfogiant midtEper si bl e granul es; thus the

wat er -sol ubl e nyl ar  f.or mul at i ons an_be packed i pped tored nore
25 corr%act ly. ;ngl%ua;bg OWebr!%‘?%af?iﬁlﬂfagﬁﬁguﬂ'@ﬁ?%tﬁ%?ﬁ%%ggggﬁf){'&wegguci ng

pl ants, vegRtelthe blehd 0 SizaTnREEES 6F plinit\Br6WRNSguldRP MBBIsEcchhRBS, Jrasses
~and trees. The fruit may be grapes, cherries, .lenons, |ines, oranges,

gr apef r ui t , Thestepulitps npn-stckypneistappisetas etwded threnghan exppierandgben s,
bl ueberries,or ngey i ...30 The row crop,nmay,.he. cotton beans, corn,
~sugar cane %r?edrt?’g%s,g%éaf?&ﬁ% ans%%rpgpﬁf%gegpéfgt&oéa T—réﬂ:}?fﬁ&‘&gwﬁéﬁ'go%g%l ettuce,
arti chokes, gramuarpiaﬂrogr@mgaa@mmmwMK SThe \HESiFsY (R8ARD Wad Pecdlere@ Pt ember
2005. PCT/US02/ 11180 The grasses may be Bahai grass (Paspal um notatum

Fl uggld , Beaftegsigyingeagrudespassing throughey Howegh siswe femingotemngaof 208h L. ),

Car pet grass_{ Axonopus ,affinks ase), . Kentucky bl.uegr (Poapratensi s
L.), Ca'nadam%m_fa?tg’gssanflﬁbtﬁme%8%8@3‘9%#‘@3‘26%%@8@?%%@%hI oe dactyl oi des
(Nutt.) EnghRmmetefsescue 5 grasses (Festuca), annual Rye grass (LoliumL.

multiflorumLam), perennial
- The procedure described above was utilized to prepare the formulations 1-3

o

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




. Rye grass (Loliunperenne L.), Saint augustinegrass (Stenotaphrum secundatum
‘Kunt ze), Japanese | awngrass (Zoysi aj api ni ca St eud.) 27 Geptenjied2gd®ass

( Er enoc Q828342 ur oi des (Munro) Hacck, other turf grass®ETEH2HEE) dent i al
or conmercial establishnments, anong others. 10 O course, the present
invention is not limted to the parti c(fJ]ar enbodi nents and nodes of
operation described herein and it is pOSsible to 1inmagine a nunber of
variations in the details w thout departing fromthe scope of this

i nvention. The exanples bel ow are presented to describe preferred

enbodi ments and 15 utilities of the invention and are not neant to limt
tHe invention unless otherwi se stated in the clains appended hereto.

Exanpl e 1 The water-sol ubl e, granul arTaf)%rpul ation of plant growth regul ator
was 20 prepared as follows. . First, the plant growth regul ator,

gi bbereffic acid, and the di sacchaFbrgulatibiatt ose nonohydrate, were sized to
optim ze particle size in order to obtain a honbgeneous m xture as well as
to increase rate of solubility of the granules. The gibberellic acid solid
particl es were{mtted—such thay—88%0 e particies 257pass thyough a 100
mesh si&ve (150 Cemnpopamt ers), afsbet he | act ossounenohydr at aveighsl id parti cl es
were sel ected guch that a m ni jum of 98% of | t he particl ¢g, pass t hrough an
80 mesh (180 m Quet e Levd he Qulonent sl hils aT dccod wer e

bl ended t oget hegs: ks onoge kxture obt ai n¢ xt} binder
stock sol ution \%bs%élg%girﬁg’d as P%ﬁf%rv?/s%%l VVI nyl pyrrol i g'r?gle 30 (AGRI MER
30, available from I nternati ongkegSistad al ty PLalshmaidbsdes | n¢.) was sl oWy

added to filtefedderonized wajer Wi cit was| pre-neated {0 _450C o 550C, and
WO 02/ 082902 1 laztossapmehydate 2 disacchpdri USopFaremest t hen| AP¥ed until a cl ear
solution is obtained. The mxtire was then CEO| edg' Nex{, a surfactant such
~as an ethoxylated sorbitan estér (TWEEN 20 vEtn} §f§-L fromnilgena) was

- added to the anS@Uﬁlﬂ%ﬁﬂo&m Hidaep Wi th st hGRIVER fo,f 00w an

ISP
Technologies,
Inc. |
block copolymers of | surfactant | PLURONICL- | 3.0
10 ethylene oxide and _ 62, '

propylene oxide . BASF Corp.

15

20

25




aqueous bi nder and surfactant m xture. 5 The aqueous bi nder and surfact ant
m xture was then added at a controlled rate to' the2blSeptnufer 20a%d ' :
particl S¥08¥0%BPnt growt h regul ator and di saccharide. TRET/USEHItIBhg
non-sticky moi st mass was extruded through an extruder and then dried to

| ess than 3% noi sture and screened to q@gain the final water-soluble
granul ar plant growth regulator formnulation. The desired product was
recovered 10 after sieving granul es passing through a 10 nesh. sieve having
openi ngs .of 2000 mcroneters and retained on a 30 nmesh sieve having
openings of 600 mcroneters. The procedure described above was utilized to
prepare the formulations 1-3 representative of the present invention
descri bed below in Tables 1-3. 15 Re ntative sanples of the fornulation
2 were subjected for four weeks to an "accel erated tenperature of 54 C and
far three nonths at constant 40C, FoomnuBfion@ . and 3 0 C. Both physica

and chem cal properties (% GA3) of the formulations remai ned stable during

o

‘the test period. The above nethod is a specific exanple of the preparation

of a formul ati gn.—20CGemeratty,—grbberetrtig acrd—of = pHr‘t‘_l‘C'I“e_.si ze in the
range of 30 ni qréomepament t o  25( tHper onet er s | aodrct act ose pweighydrlat e of a
particle size ijn the range of J0 mcronetefs to 1 SO micgoneters will be
useful for prepacingthe preosent faroulations 28 ?DVMD‘I@fWEEEZ 17 Tabl e
1 Fornulation 1 d8bdri Qy’é? Septpqﬁ%{mg&)l% | R%hbiyS02/ 11184k -
Conponent t ypes¢ur cewel ght ° ' ' )
| regulator Laboratories
lactose monchydrate | disaccharide - Foremost - 51.9
. Farms, USA
polyvinylpyrrolidope | binder AGRIMER 30, | 1.0
) : ISP |
Technologies,
| | Inc.
polyoxyethylene 20 | surfactant TWEEN 20, '1,5
10 monolawrate . available from
Unigema

15

20 : .




G bberellin GA3pl ant growt hAbbott45.6 regul at or Laboratories | actose
‘nmonohydr at edi sacchari deFor enost 50. 6 Farns, USA 27 September 2005

pol yvi " PYHBE2donebi nder AGRI MER 30, 0. 8 | SP Technol ogi EET Y ook

copol yners of surfactant PLURONI C L-3.0 et hyl ene oxi de and62, propyl ene

oxi deBASF Corp. 25 WO 02/ 082902 18 Tabhg 2 Formulation 2 10 15 27 Septenber
2005 PCTIUS02/ 11180 Conponenttypesour Céwei ght of o G bberel lin GA3pl ant

gr omt hAbbot t 45. 6 regul at or Laboratori-es | act ose

nonohydr at edi sacchari deForenost. 51.9 Farnms, USA

pol yvi nyl pyrrol i donebi nder AGRI MUR 30, 1. 0 | SP Technol ogi es, | nc.

pol yoxyet hyl ene 20sur f act ant TWEEN 20,Table 3 5

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 a 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-size spray tank. Both spray solutions also contained a commercial -




rmnol aur at eavai | abl e from Uni gema 20 WO 02/ 082902 19 Table 3 Fornul ati on 3
5 10 27 Septenber 2005 PCTIUSO02/ 11180 Conponenttyp2%Sepeever goos -

" G bber elWPR20528%% ant gr owt hAbbot t 45. 6 regul at or Labor at or PES/USA¥ 1138k

nonohydr at edi sacchari deForenpst 51. 7 Farns, USA | eci t hi nbi nder ULTRALEC P, 1. 2
avai l able from ADM pol yoxyet hyl ene 20 f actant TWEEN 20, 1.5 -
nmonol aur at eavai l abl e from Uni gena ExamTie 2 To determ ne the effectiveness
of the water-soluble granular formulation, a representative exanple of a
wat er -sol ubl e granul ar gi bberellic acid formulation 15 (Fornulation 2, of

Exanpl e 1) wasg. ev ln the field against a comercially available -
formul ation 8 Juaa@oﬁgﬁé%gml?éﬁ YPBIEASPRISED ?q @ﬁmaa@ql @ﬂnmmﬁstantz o
avai l abl e fr gt‘gg S on Red :
G obe grape S‘Hb%{ﬁ hﬂ&l tes or rru?g"tl’l ons vvere pr epare %tol | ows. 200

" granms of the0. 03% wdmirer cially available PROA BB 2X equivalent to 40 grams .
of active The field experiment was conducted on a Red Globe grape orchard in the
5 western United States. Each formulation diluted in water was sprayed at a single
application rate of 20 grams of active ingredient in 250 gallons of water/acre on
Red Globe grapes. The berries 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




i ngredi ent were dissolved in 500 gallons of water in a comercial -size
‘spray taiik. Simlarly, 100 grans of the experi nmentalSennsrer 20051bl e
gr anul aMO P¥¥83M2at i on of the present invention (Exanpl e BTER B0 ent to
the sane 40 grams of active ingredient was dissolved in 500 gallons of
water in a comercial-size spray tank.,;Both spray sol utions al so contained
a commerci.al WO 02/082902 20' 27 Septenber 2005 PCT/US02/11180 adjuvant,
LATRON B- 1956, a water-di spersible resin-based non-ionic surfactant
(rmodified phthalic glycerol allcylated resin, available from Rohm & Haas),
at 0.05% wt/w .. The fiel xper | t conducted_on a Red _d.obe grape
orchard in the §W§?%°@|&?&Of§g§{;g§ﬁ\ﬁ%ﬂug9?ﬁﬂP gf‘?a@ﬁeﬁiq(}&egd in water
was sprayed at a single applicati Oélgbétﬁal% 20 granms of active ingredi ent
in 250 gallons of water/acre on Red obe ‘grapes. The berries were 14-16 mm
in diameter at the tine of ‘treatnent. Three nonths after the treatnent,
t he grapes were harested—and—+he—dataronthesize-of—bperries in grans and
- percent ‘sol ubl e sol i @3ibbdeBhiPormwRtien 10 | BeegSigsd. Shiedhbge solfids are
measured by a :standgrdi zed refractoneteq techniquej An_incrgase in soluble
solids indicates that the quality of thjl(@m?)ri es hpweighproved; as it
indicates sweeter berries. The data pregented in Th ée ‘glvelslﬂgv that the
wat er - sol ubl e granuljes of the 15 present inventioh s‘{?’-p“gs, ngly and _
significantly incredsed both berry size|and sol ub| giglki ds gonpared to the
standard fornul ation, even though the application |rates on gn active
i ngredi ent basis; variety and growth stage were sihsdliss for Hoth
~treatnmepts. Statistijcal analysis indicaf t hat the nunberq refl ected
actual i nprovenent $ WalsiFolplesmByle he rg #d of rairgé'rn occur|rences. 20 30

Table 4 WO 92/ 082902 water-soluble powder 136b 8.0b
' mean separation determined by Duncan’s multiple range test,
p=10.05

10" Example3
To determine the effectiveness of a water-soluble granular formulation, a h
réprca_sentative example of a water—sdlubie granular gibbereﬂié acid formulation
- (Formulation 2 of Example 1) was evaluated inlthe field against a commercially
i available formulation of 2 soluble powder gibberellin formulation (PROGIBB
| &) 2X, available from Valent BioSciences Corp.) for effects on Thompson Seedless
grape production. ,
| Thé test fofmulatic;ns were prepared as follows. 640 grams of
commercially available PROGIBB 2X equivalent to 128 grams of active
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 cbntained a commercial adjuvant, LATRON
B-1956, a Water-'dispérsible, resin-based, non-ionic surfactaﬂt (modified phthalic
25 glycerol alkylated resin, available from Rohm & Haas), at 0.05% wt/wt.
| The field expeﬁment was cbnc_lucted in 2 Thompson Seedless grape orchard
in the western United States. Each formulation diluted in water was applied two
. .




27 Septenber 2005 PCTIUS02111180 21 Conparison of Effects of G bberellin
Formul ati on on Treatnent of Red d obe G apes G bber2#|Sapterfmar@0Dat i onBerry .
Si zeNeMOWPFA) wei ght berry/ wei ght sol ubl e solids wat ePCESISOHIES0

granul el5.2 a9.2 a water-sol uble powder13.6 b8.0 b nmean separation

det erm ned by Duncan's mnultiple range 4£st, p=0. 05 10- Exanple 3 To
determ ne the effectiveness. of a water-soluble granular fornmulation, a
representative exanple of a water-soluble granular gibberellic acid
formulation (Fornulation 2 of Exanple 1) was evaluated in the field"
against a comercially, available formulation of_ a soluble powder

gbberel | i n fi5efuthgdirsiinemlsy e bamies wered-§iom in diameter and ayecomt 886 ences
Corp.) f - T ced. . 4 . t
Cor il at | on S HeE e bfied BERE A fitaincg, AR TR kel i GE D) | b e

PROG BB 2X &ept acpbiefot bbib fdmfulgcneFat 6f geahs yfactive Hpeeliemispraged ali ssol ved in |
500 gallons of water in a comercial -size spray tank. 20 Simlarly, 320

grans of waf@e of gh¢prliongiasnsy Threemaonthy aftar e sseondapphicatiom the FraRRsnt i on R
For nulaat i e, 1): ' . h . . yact i
o edivont ©ssfe BrysAlRdind biE GO BLARL il ol and I RordBl SIS B PO 1 V€

spray tank. veaetecoiledy HRldatd freseidet On Table3ished thatahswateesalubld] uvant ,
LATRON B-1956, a water-dispersible, resin-based, non-ionic surfactant

(modi fied pstanesof s preseabimyentigmsyrpaisingly end significantlyapreased defirohm &

Haas), at 0.05% wt | wt. T, - el I C . honpson
Seedl ess gr gg%{glrzg# g° 1“&% Sg’fﬁ‘g‘“" V\ghveeg%égg{ﬁ a%jr;]‘il% éh\é&a%né:@ggfb ?%E%ﬁmﬁ’oes/ﬁg | ati on
diluted in Wahugh ti@gpplieRtdredtel VR an active ingredient bases, variety and growth

10 stage were similar for both treatments. Statistical analysis indicated that these

numbers reflected actual improvements, and were not the result 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




r 27 Septenber 2005 PCT/US02/11180 22 tinmes, the first tine when the-
berries“%ﬁh sﬁm- mmin diameter, and a second tinme 2%ﬁ@g§@ﬂgﬁ§§ﬂ§des wer e
8-10 mmin draneter. Both tines, application rates were kept equal for
both fornul ations, at 64 grams of active ingredient sprayed at a rate of
250 gallons/acre. Three nonths after thg second application, the grapes 5
were harvested and the size of the berries in grans and % sol ubl e solids
(1o Brix) were recorded. The data presented in Table 5 show that the

wat er - sol ubl e granul es of the present invention surprisingly and

significantly ingreased ho rry si.ze and.sol ubl e sol,ids. n conpar ed
Co the ot androF of puriepia e Civel vilifies Mttt dearg s PLERon an
active i ngr egipeidedXRERS be \eaibkRed tRpghydr omt h 10 stage were simlar for both
treatnments. Statistical analysis indicated that these nunbers refl ected

. actual i npr ovenmérhangessoad bramasle i thetchmppsitioh.topefation aubamragemeneofdhs. Table 5
15 Conpari son for eat nent, of .Th son. Seedl ess (x.apes- G.bbeyellin

For mul it ondBrbgt of BE TSRy VonibR AERERR BEFR FIBNE AP TR O | oe

wat er - spl ubl @neéaHll Sddpef the invehiidRbHeRRUYPHR BAYNRE ERidsD6. O b 20 mean

separation determ ned by Duncan's nultiple range test, p=0.05 25 Al
references cited are hereby incorporated by reference. The present
invention is illustrated by way of the foregoing description and. exanpl es.
The foregoing description is intended as .a-non-limting illustration,

since many variations will becone apparent to those skilled in the art in
viiew WO 02/ 082902 ' :




23 27 SePVMRb f O thereof It is intended that all such variations-within the
scope of- the appended clai ns be enbrace@? nges can -
be nadépﬁtﬁﬁﬁéb%onp03|tlon operation and arrangenentﬁhﬁsﬁﬁgﬁﬁﬁg%hod of the
present invention described herein without departing fromthe 5 concept and
scope of the invention as defined in te following clainms: WO (c)2/082902
24 Clains 5 10 15 W claim 27 Sep~ng~PO 80 1. A water-soluble granular
conposition conprising: at |east 40% of at |east one plant growth

regulator; at |east one binder; at |east one disaccharide; and at | .east
one surfactant. 2. The conp05|t|on of claim1l wherein said plant growth
regulator is selected fromthe group consisting of gibberellins, auxins, |,
cyt oki ni ns, -organi ¢ aci ds, ethylene(mhggynthe5|s i nhibitors and

conbi nati ons thereof. 3. The conposifron of claim!| wherein said blnder S

- selected fromthe group consisting of polyvinylpyrrolidones, .
1'i gnosul fon n%Kgllgnlns | ecithins, starches, gluteus, polyethylene

gl ycol s and ‘conbinati ons thereof 20 4, The conposition of claim1l wherein
sai d dissaccharide is selected from the group consisting of sucrose,

| act ose, maltose, maltodextrin, corn syrup solids, sorbitol, mannitol,

gl ucose, fructokeﬂdﬁﬁmtﬁﬂﬂﬂngumahscmmBMEWﬁlaﬁmnﬁmg conp05|t|on of claim .l

wherein said surfact fro oup consi sting of
- ethoxylated fatty ac%ggﬁgtg?%cogﬁgk’ﬁé’r“%? ﬁ'@%‘%éﬁ%{ft bcohols, sorbitan
~fatty acid esters angeptbhdBhigns thereof .
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 Wherem said disaccharide is selected from )

the group cons1stmg of sucrose, lactose, maltose, maltodextrin, corn syrup solids,
'sorbltol, 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, nematlcldes systemic acquired resistance inducers, antl-foanung agents,

preservatlves humectants, dyes U.V. protectants, buffers, flow agents, carriers




6. The conposition of.claiml further conprising an additional conponent
sIeI ect ea,o%ﬁg%gwe. group consisting of surface acti Qésagmﬁgl%d;kers,
spr eader stickers, nematicides, system c acquired resi’'stance | nducers,
~anti-foam ng agents, preservatives, hunectants, dyes, U. V. protectants,
buffers, flow agents, carriers WO 02/082902 25 10 and comnbi nations thereof.
27 SeWOVYp 0 7. The conposition of claim1 having fromabout 40 to about 80
wei ght percent plant growmh regulator, from about 0.1 to about 10 wei ghf
percent binder, fromabout 5 to about 95 wei ght percent disaccharide and
f r om about about .10 wei ght percent surfactant. 8. A water-soluble
granul ar gi %Eércélﬁp}nﬁﬁgwgrgpﬂfon conprising: at |east 40% of at |east one
gi bberellin; at |east one binder; at |east one disaccharide; and at |east
~one surfactant. 9. The conposition of claim8 wherein said disaccharide is
l'act ose 15 nmondhydie sempositivniofilaige} havingfibynaboyt 40/toraboino@heeightd sai d
surfactant 1s ol,yaxyet hyl ene 20Q. nonol ayr.ate, 10.. The conposi.tion of claim
-8 further cgﬁ%Fﬁtsﬁ%‘g %?W{l]’erﬁgtfqat%%%ﬁ%i@?ﬂﬂ%’ abeuf 1 swesght I?EEBE{?‘E%EI# romt he
group Gonsi SlonDabodk 538 kbmit 93 Weisht LB HisadbhaRiie 26 ¥kl A%t 0.1 YWBSRANT S;
dyes.. U W. Br otectants, buffers, flow agents, carriers and conbinations
t her eof . 1110 Vreighiparsent surdetant claim 8 further conprising at | east one
additional plant growth regul ator selected fromthe group consisting of
auxi ns, cytokinins, organic acids, ethylene biosynthesis. inhibitors and
conbi nati ons t hgr @okatbesoldble %wg%e&mon@ﬁiﬂ&%oﬁgws&gz from about 40 to
about 50 wei ght percent gi bgerel | rn, fromabout 0.1 to about 4 wei ght
per cent - pol yvi nyl pyatleast 46%eof af leashoab gibberellin;t o about - 60 wei ght per cent

| 'act osg 30 nonohydrate and. frqm about 0.5 to about 5 weight percent
pol'yoj\éet hyl ene 20 at eastoneiymger,
P at least 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 said surfactant is
polyoxyethylene 20 monolaurate. | A

10. The composition of claim 8 further comprising at least one additional
component selected from the group consisting of anti-foaming agents,
_720 ~ preservatives, humectants, dyes, U.V. protectants, buffers, flow agenfs, carriers -

and combinations thereof.

11. The composition of claim 8 further comprising at Ieast one additional
plant growth regulator selected from the group consisting of auxins, cytokinins,

25 : organic acids, ethylene biosynthesis inhibitors and combinatidﬁs_thereoﬁ

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’
polyvinylpyr:olidoﬁe,'ﬁ'om-about:40 to about 60 Weight percent lactose -

30 monohydrate and from about 0.5 to about 5 weight pe;cent polyoxyethylene 20

.monelaurate.




rmnol aurate. WO 02/082902 26 27 Septenber 2005 PCTIUS02/11180 13. A net hod
regul atlfrl}g ﬁl ant growt h conprising the step of tﬂéﬁ ler 26@8d, soil or

a pl ant™ W2 effective growt h-regul ating amount of a HSOYIBO N of

claiml. 14. The nethod of claim 13 wherei'n said plant is a fruit-producing

plant wherein said fruit is selected om the group consisting of grapes,

cherries, lenons, |lines, oranges and tangerines. 15. The nethod of claim

- 13 wherein said conposition is diluted with water 10 and spray applied.

16. A method of regul at ng pl ant growth conprising the step of treating a

seed, soil or a nt ffective grow h-regul ati ng anount of a
conposi tion of eth’@ f% HE@FEW@PO@PEFIHEI]@ sieieliraatisgad pl ant

is.a fruit -gog i id fruit
produci ng pl an(?%ggo?rgegjtngghgr oduggdé% %e{eégirhﬁanpégmg%ﬁé%m%ﬂgﬁ%t hod of

. claim 16 whedslaimslai d conposition is diluted with water and spray applied..
19.. A nmet hod- of preparing a water-soluble, granular plant growth regul ator
formul ati on conprising the steps of: 25 sizing particl es of a plant growh
regul atpr and ajdi e ) r of plant
growt h regul at orlqaﬁélﬁga fldrfg@f p‘gﬁgﬁ%ﬁ#&ﬂ}sggé’%g%% E'ﬁf:%d)\?gﬁl d fine
powder of plvzalmrelglsmvlm&unmgd]batbdlﬁ:oanﬂegmuﬂcbnmwﬁ dgfcheﬂiegaccharl de to
produce a hg &lsd ous mixture;, 30 preparing an, aqueous sol ution of

pol yvi nyl pyrt8 NEPEES SOF fa0BEEE-  combi ni ng sai d aqueous sol ution and -
‘sai d honobgeneous m xture to form an V\D 02/ 082902

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 atep 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 an.aqueous_ solution of polyvinylpyrrolidone and a §urfactant;

combining said aqueous solution and said homogeneous mixkture to form an




27 27 Septenber 2005 PCT/US02/11180. extrudable blend; extruding said

‘extr udablg blend to forman extruded material; dryi2ideptanber2006ded

mat er i alWORHEZ¥en, sieving and recovering wat er - sol ubl ePGFEMAEIB0F 4

pl ant growth regulator 5 fornulation. 20. The nethod of claim 19 wherein
said plant growh regulator is qgi bber?.yl I n and sai d disaccharide is

" lactose nonohydrate. 10 21. A nethod of enhancing the utilization of a
solid.plant growth regulator formulation for spray application conprising
the step of fornmulating said plant growth regulator in a water-soluble
granul ar- formul ati on contalnjng. at |east 40% plant growmh regulator. 15
22. The nethod of cl W‘%@%\i‘l‘&g‘%by dust fromsaid solid fornulation is
elimnated. 23. ; ' raddddnseliyd formulation is
accurately net ecr edéﬂggag%@%%hﬁlﬁ%%%éﬁg*m 2% wheréelby said solid -
formul ati on di ssdidyingssaidrexiuded/ miaterialjaedtiensol uti on. 25. The nmethod of claim
21 wherein said water-soluble granular. 25 fornul ation contai ng at |east one
pl ant growth re&lﬂvg’cgcﬂn,ar%‘fm’F Wafﬁﬁ‘églﬂpﬁ(%qﬂuiesé’f alpé%tgr%ﬁ‘ér et hari de and
at |eas§ one surfactggtunagf;, The nmethod of claim 21 wherein said

wat er - sol ubl e granul ar - tfornul ati on contains at |east one gibberellin,
pol-yvi nyl pyrrol i done, |actose 30 nonohydrate and pol yoxyet hyl ene 20

| aur at e. | ,
moNoTaUrat €. 5. 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.






