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i mproved fungicidal formulation. The control of rice blast disease is of

gr eat econoni ¢ benefit in those countriés capable of sus- taining a’
ri.ce p.\ Tricycl azole, 5-nethyl-1,2,4- tiiazolo(3,4-b)benzothiazole, is.a
syst e fungicide for the control of Piricularia oryzae, the causative

or ga f rice blast. This conpound isjdisclosed in 10 U S. Patent

Speci /i on No. 4,064,261. The present invention provides a controllegg

ormul ati on conprising tricyclazole. This formulation may be
applied to the locus of the rice plants and thereby rel ease the  active

' di ent 15 ; t f | ati
e advant ages ovor pri SONPStESD AEneRtE Hnbidiar AABORLAERET! L T ent
commercial tricyclazole %Qiguiﬁeéggg gﬁaggsaqﬁpqﬁf §§5ﬁ§n§ions granul es

and wettabl e powders, when appll e SoI - quic ease the 20
active |ngred|ﬁnnqxgmﬁax¢¢¢xm@¢abmoand therefore do: not provi de the | ength

Of Jisease protection nopessesyeian et ekl B ad AN {41 gHUride | oo

bl ast stage. Further, curreni fornulations, I nst ant | easi ng such a
hi gh concInrEQQQFPWﬁCéb?@%%anbmeﬁh%ﬁF c@&ﬁtEées CaPable of sus-

taining a rice crop. Tricyclazole, 5-methyl-l1l,2,4-
triazolo(3,4-b)benzothiazole, is a systemic fungicide
for the control of Piricularia oryzae, the causative
organism of rice blast. This compound is disclosed in QEE
10 u.s. Patent Specification No. 4,064,261.
The present invention pr ov1des a controlled

release formulaticn comprising tricyclazole. This ‘Ej
formulation may be applied to the locus of the rice
plants and thereby reléase_the active ingredient over

15 an extended period of time. The present formulation
has advantages over pribr formulations already known in
the art. Current commercial tricyclazole formulations,
such as aéueous suspensions, granules and wettable
powders, when applied ﬁg the soil quickly release the

20  active ingredient upon application and tharefore d&c nct _
provide the length of disease érotection necessary to é@
protect the.;ice plants through the leaf blast stage. '
further, current formulations,; by instantly releasing
such a high concentration of active'ingrediené, can ke

25 'injurious to young rice plants. The present controlled
release formulation overcomes both of these disad-
vantages by releasing tricyclazole over a long beriod
of time without the initial high concentration of
active agent. Therefore, one advantage of the present

30 formulation over existing. formulations of tricyclazole



25 iﬁjurious to young rice plants. The present controlled rel ease
formul ati on overcones both of these disad- vantages by rel easing
tyicyclazole ovér a long period of tinme without the initial. high

concentration of active agent. Therefore, one advantage of the preg 30~
formul ati on over existing formulations of tricyclazole -2- 1s s
ability to reduce phytotoxicity for young seedlings of rice. Addit Al |
the present controlled release.fornul atigp_requires fewer applicat 0

the actve i ngredi'ent 5 over 'the length of the |eaf blast stage of the
growi ng season, thereby allowing the rice farnmer to realize a substantial -
savings of both time and nDney According to.the.present invention there is

B yer havi nd S A SE AR d HdaL SRy ESERLNY. Hor YOS 1O S POl
and cont ai ni n@eedg-émmgﬁjmn@-derlved fromat |east one acrylic nononer of
the formula (1): 15 20 agditionally, the present cblttblled release
formulation requires fewer applications of the active ingredient
5 over the length'oﬁ the leaf blast stage of the growing
season, thereby allowing'the rice.farmef"to'realize a
substantial savings of both time and money.
_ | According to the present invention there is
Uk provided a controlled-release formulation comprising
10 tricyclazole and a polymer having a glass transition
temperature of from _ . =20°C to 100°C and containing
N repeating units derived from at least one acrylic
monomer of the formula (I):

15 - R!
-CHz
(I)
2

20 .
| wherein: S . '
W ' Rt is hydrogen or C,-C, alkyl; and

S Rz is Cl-C10 alkyl; said repeating units
constituting from ~ 30% to 100% by weight of the

25 polymer. )
-~ In the above formula the term C,-C,, alkyl

represents a straight or branched alkyl chain having
from one to ten carbon atoms. Typical Cl- 10 alkyl



‘wherein: [err] is hydrogen or Cl-C4 alkyl; and [err] is [err] alkyl;
repeating units constituting from
mer. In the above fornula the term[err] alkyl represents & straight or
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30% to 100% by wei ght of the

sai
25

kyl chain having fromone to ten carbon atons. Typical [err]
-3- groups include methyl, ethyl, n-propyl, isopropyl, t-butyl,
P n-hexyl, n-heptyl, 2-ethylhexyl, isononyl, n-decyl and the Iike.
errled nononmers have the apove formds wherein R is hydrogen or

is [err] alkyl, especially methyl or ethyl. The term "poly

yl

, ein, refers to both homo and copol ymers. However, it is crucial
- for success of the invention,. that the polyner, be it hono 10 or

PR LSRG SR é[é}%kﬁha” Fot5R b0  yror s,

t-butyl, lsopentyl, n-hexyl, n-heptyl, —ethylhexyl,
lsononyl, n-decyl and the like. ‘
Preferred monomers have the above formula
wherein.Rl is hyd;ogen or methyl and Rz.ls C1 5

alkyl, especially methyl or ethyl.

The term "polymer", as used herein, refers to
~both homo and copolymers. However, it is crucial for

success of the invention, that the polymer, be it homo
or copolymer, contain repeating unlts derived from the
acrylic monomer (s) of formula (I) in an amount of from
- 30 ‘to 100% by weight of the polymers.

The acrylic polymer(s) will typically have an
average molecular weight of 500 to 3,000,000,
more preferablj from . 5000 to 1,000,000. The
polymer may be linear, cross-linked or metal ion.
cross—linkable. The preparatlon of these polymers will
be readily apparent to those skilled in the art of
polymer chemistry. _

The polymers employed in the preéent formu-
latlon, in addition to contalnlng from 30% to
100% by weight of the above defined acryllc repeating

‘units, may also contain repeating units derived from a

non-acrylic monomer. It will be readily apparent to
those skilled in the art that the use of non-acrylic

“monomers may be appropriate when a more economical

polymer is desired, or when the availability of the
acrylic polymers is limited. Examples of such non-
acrylic monomers which may be used in the polymer

include, but are not limited to, styrene, a-methyl-

—
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The acrylic polyner(s) will typically have an average nol ecul ar wei ght of

500 °to 3,000,000, 15 nore preferably from _ 5000 to 1, 000,000. The _ .
pot ymer .may be [inear,. cross-linked or netal ion. cross-linkable. The A}
preparation of these polyners will be readily apparent to those skilled i B
the art of polymer chemistry. 20 The pol yners enpl oyed in the {

present fornmu- lation, in addition to containing from 30%to 1Q0%.
by weight of the above defined acrylic repgeating units, may al so cont ai.
repeat™fg units derived froma ‘non-acrylic nonomer. It will be readily
apparent to 25 those skilled in the art that the use of non-acrylic

monomers may be appropriate when a nore economical polymer is desired, or

whien the avai lgdyjtdde, 0$c.¢.- EoﬁEEYE.!L@ ,PALHEY Sa¢ét£ta1,tednylixmc&sm€ such
non- acrylic nonpners whic be used in the §E+§ner 30" include, but are

not limted t 3n&iEhenblke. ne?ﬁ??atlngst‘ﬂi’r‘e‘i'?e ednfrem such fhe

acetate, vi ny|md§i'dxﬁ>ét§19c£ﬂdbéhﬁréts§ﬁt R@pﬁiﬁé r}ﬂol'?iné& ger lavedndentraich

ot her nononers can b resent 1n tgg p%yy gonﬁentra tlon of up to
70% by wej ght TR yHRr ¢ weig it %

' 5 employed in the formulation of the. invention.

) _ In addition to having the above noted prop-
erties, the polymer employed in the present formulation

will have a glass transition temperature (Tg) in the
‘range of from -20°C to 100°C, more pref-
10 erably from about -15°C to 60°C. Therefore the amount
of non-acrylic monomer permissible- 1n the final polymer
Y is limited by the resulting glass transition temper-
ature of the final mixture of monomers as long as the
non-acrylic monomer is not present at a concentration .
15 greater than 70% by weight. | _ '
All glass transition values were determlned
an a DuPont (Registered Trade Mark) 990 Thermal:Analyzer using glass
beads as the iefer'ence. ‘The thermocouple was painted with the
emulsion, air-dried for 24 hours, and:dried in vacuo at
20 25°C. for 48 hours. The system was then cooled to
. -80°C with liquid nitrogen, heated at a rate of 10°C
~ per minute and the glass transition was taken at the
first departure from the base line.
A preferred aspect of the polymer ennloyed in
25 the controlled release formulation of the invention is
that it contains a small amount, for example, up to
about 4% by weight, of repeating units derived from
acrYlic or methacrylic acid. Typlcally, the addltlon
of one or more of these acids during polymerization
30 promotes the emulsion polymerization process and

-
—



5 ‘enployed in the formulation of the invention. In addition to having the
above noted prop- erties, the polyner enployed in the present formulation

N have a glass transition tenperature (Tg) in the range of from ; '
"to " [err], nore pref- 10 erably from about [err] to [err].
af ore the amount of non-acrylic nononer permssible in the final
er is limted by the resulting glass transition tenper- ature of. the
m xture of nononers as | ong as theSmon-acrylic nononer is not pge ent
at @ concentration. 15 greater than 70% by weight: Al glass transiti
varues were deternined on a DuPont (Regi stered Trade Mark) 990 Thermal :
Anal yzer using gl ass beads as the reference. The thernocoupl e was painted
‘Wi th the enukibeBbyaiisddseddivmets MHLch POEMIELeMsi WikACUaproved [err].
for 48 hours.. The systemwas then cooled to [err] with liquid nitrogen,
heated at a PEPReHEL] %@rr] per minute and the glass transition was taken at
the first- departure frsewbhalb&nmﬂenunaﬂ&pre@azlaﬂlespetyldb toe pol yner
enpl oyed in 2 I el n__af L kention is that
it contains gg%wp‘?s %tl UJTQ:g' e)}?@%é&éﬂ%é{b O? eQ-‘é S’E’It of
repeat i gy unv&éedehevednfMMmchuqﬂn(benem&iﬂﬁedyincthslEresﬁwﬁicalIy, t he

addi tion of egengh ¥205.07 Pridges A dindhy | feBE! ¥BRMEER Ay
-available acrylic copolymers is Rhoplex AC-33 (Rohm and -
Haas Company). _This_acrylib resin emulsion has the

following-prqperties: _ ' g)
10 aAppearance - White milky liquid -

Solids content,. % 46 to 47 o -

pH . 9.4 to 9.9 ' o/

Weight per gallon, lbs. ' 8.9 U;U7gﬂmé)

‘Minimuom film-formation )
15 temperature - 9°C.

Tg: (Glass transition tem- -9°cC.

- perature)

The copolymer contalns ethyl acrylate/nethyl
methacrylate at a ratio of about 2.8/1 (w/w) and ap-
proximately 2-3% of acryllc or methacrylic acid. The

20 resin emulsion contains about 5% of an- alkyl aryl -
polyethylene oxide surfactant. '
The molecular weight of the copolymer is
780,000 + 10% as determined by solution viscosity.
Another acrylic copolymer sui;able for use in

25 . _ :
: the present controlled release formulation is sold

under the trademark Rhoplex B-85 and is'alsd manﬁ-
factured by Rohm and Haas Co. Typical physical prop-
erties of Rhoplex B-85 are as follows:

30



30 pronot es the emul si on pol yneri zati on process and - 5 - thereby yie
pol ymers whi.ch formfilnms with inproved properties. Several commerci al
gvail abl.e acrylic co- .polymers fall within the description of polynerg
vi.ded herein which can be enployed in the present fornulation. Prefer

(Rohm and Haas Conpany). This acrylic resin emulsion has the foll ow

-

properties: 10 Appearance - -6~ Wiite mlky. liquid Solids
contentsY % 46 to 47 pH 9.4 to 9.9
Wei ght per gallon, |bs. 8.9 (1.07 g/cnB) Mnimumfilmformtion 15
t enperat ure [err] Tg (@ ass transition tem [err]

per-ature) The pafRle contains ethyl acrylghefaehbyk,neihacqyl ate at a
ratio of about .,Egl (%M_w) and ap- proxi rratelg 2-3% ot acrylic or
- methacryl i c a&Pd<Srh - 38.0 + 0.5 -

pH (as shipped) ' 9.5 to 10.0
Weight per gallon, lbs. 8.9 (1.07 gﬂm@)
5 Dry bulking value (gal/lb.) 0.102 (calculated)(-&Scﬁyﬁ)
Tﬁkon‘ha;dness (KHN) 18 |
Colloidal charge _ : Anionic
Minimum film-formation
temperature >90°cC.
— 10 Tg g9l1°cC.
The copolymer was shown to cbntéinﬁgféater than 90% of
\ methyl methacrylate by wéight.- .
Rhoplex B-60A is yet another acrylic emulsion
copolymer manufactured by Rohm and Haas Company which
15 can be used to prepare slow release compositions of the
invention. Typical properties of Rhoplex B-60A are as
follows: . " “ '
Appearance o White milky'liquid
20 Solids,. % p 46 to 47
PH (when packed) 9.4 to 9.9
; Weight per gallon, lbs. 8.9 (1.07 g/cm’)
~/ "Minimum film-formation '
temperature g9°C.
Tg _ ' -1l0°C.
25

The copolymer contained methyl méthacryiate/ethyl
acrylate at a ratio of about 2.2/1 (w/w).. The resin
emulsion also contained an alkyl aryl polyether
alcohol. |

30



resin enul si
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contain grea

on contains about 5% of an al kyl aryl polyethylene oxide

The nol ecul ar wei ght of the copolyner is 780,000 + 10% as

y solution viscosity. 25 , Another acrylic copol yner
use in the present controlled release fornulation is sold
ademar k Rhopl-ex B-85 and is al so manu- factured by Rohm and

pi cal physi cal _prop- ertires of Rhoplex B-85 are as follows: 30
. Wiite miFRy liquid Solids,: %
H (as shipped) "79.5 10 10.0 Vi ght per gal | o
9 (1.07 g/[err] ) 5 Dry bul king value (gal/lb.) 0. 102

( 85 [err]/g) Tukon hardness (KHN) 18 Col | oi dal
Am@fyroaéat g &i waEker a&tslpai-éﬁm réthwll £ion
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and Haas Company. Certain properties of Acrylocoat are

'~ 'as follows:

10
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Appearance .  Opaque, milky liquid

Solids Content, $% 44 by weight

Flash Point non-flammable

pH - _ ' 8.5 ' _
Viscosity, cps _ . 340 : o/
Specific Gravity 1.05 | :
Weight per gallon, lbs. 8.8.(1.05 gﬂmﬁ)

The trlcyclazole and polymer are: preferably
formulated with a suitable agriculturally-acceptable
carrier. The carriers can be adsorptive or absorptive
in nature. Typical carriers include_limestohe, sand,
gypsum, ground volcanic rock, clays such as the.mont-
morillonite, attapulgite, kéolin, and ball clays, talc,
fertilizer and ground agricultural products such as
soybean mill run, corncob grits, rice hulls and the
like. Of these, attapulgite clay and ground rice hulls
are preferréd. Where the granules are prepared by
‘extrusion, ball clays are preferred. Carriers are
chosen with regard to their availability and cost.

The exact concentrations of tricyclazole and
polymer in'the present formulations are not critical,
so long as the polymer is present in a concentration
which is effective to control and delay the release of
the tricyclazole into a surrounding locus. Typically,
the.higher the concenﬁration of polymer in the formu-

'



ﬁhopléx B- 60A i s yet another acrylic emul si on copol yner nmanufactured by
Rohm and Haas Conpany which 15° can be used to prepare slow rel ease

conposi t-i ons of the invention. Typical properties .of Rhopl ex B-60A are a_.
foll ows: Appearance ' Wiite mlky liquid 20 Solids,| o
46 to 47 pH (when packed) - 9.4 to 9.9 Weight per gallon, {b

8.9 (1:07 g/[err]) Mnimumfilmformation tenperature [err] Tg
-10C. 25. The copol yner contai ned net hyl QFLhacrylate/ethy! acrylate at a - )
rati o Of° about 2.2/1 (wWw). The resin enulsion also contai ned an al kyl aryl

pol yether alcohol. 30 . -7- Acrylocoat is a water dispersible enulsion '
containing an acrylic copolynmer manufactured by Rohm and Haas Conpany.

Cbrtaln roperties of Acrylocoat are
prop lation, thexglower the release rate of trlcyclazole

into the surrounding medium. Desirable concentrations
will also depend upon whether the formulation contains
only tricyclazole and polymer, or agriculturally-

5 acceptable carrier as well. In general, formulations
of tricyclazole and polymer, without carrier, will
desirably contain from about 0.1 to about 75 percent by
weight of tricyclazole (these and subsequent figures

kJ’ are-on a dry weight basis) and from about 25 to about
10 99.9 percent by weight of polymer. Preferred ranges .
'are_from about 1 to about 50 percent by weight of
\*’ tricyclazole and from about 50 to about 99 percent by
weight of the polymer. | _
In general, three-or-more-component formu-
15 lations will desirably contain from about 0.1 to about
30 percent by weight of tricyclazole, from about 10 to
about 60 peroent of polymer and from about 20 to about
89.9 percent by weight of-agriculturally-acceptable |
‘carrier. Such formulations will preferably contain
20 from about 1 to about 20 percent by weight of tri-
cyclazole, from about 20 to about 60 percent by weight
~of polymer, and from about 20 to about 79 percent by
'welght of carrier.
The novel controlled release granules of the
25 present 1nventlon are preferably prepared in the fol-
lowing manner. The active agent, preferably in finely
divided form, is slurried in an agueous emulsion of a
polymer of the above descripﬁion. _Preferably, the
finely divided particles of ‘active agent are obtained
30 by milling the technical material by any of several



as follows: Appearance Opaque, mlky liquid Solids
Content, % 44 by melght Fl ash - Poi nt , .

on-f |l amrabl e pH 8.5 Vi'scosity, cps . ’
40~10 Specific.Gavity : 1.05 3 Weight per gallon, I|bs.

(1.05 g/[err] The tricyclazole and polyner are preferably fornulated

a suitable agriculturally-acceptable 15 carrier. The carriers can be
ptive or absorptive.in nature. Typcal carriers include |imesto
gypsum ground vol canic rock; clayS such .as the nont- norillonite,

pul gite, kaolin, and ball clays, talc, fertilizer and ground

agricul tural products such as 20 soybean m Il run, corncob grits, rice

hul I's and t he |é§ O thes attapul %e cIa nd ground é huIIs are
preferred. Wh¥P t#&oﬁpaﬁﬁF 5P85pr588 asb? ?Pﬁsﬁ&n B&PE4c) ays are
- preferred. Caeneegy aiddlchoZenExamplesgdraotobelheir, - ahalbabthcﬂy and cost.

25 s188 8rathe"2aq80LIALLAS WAL %hbﬁY%hééobg @pgeeegx@er in the

present formu ons are no I'sS present in
a concentratlEﬂsﬁﬁﬁcﬁhr§u§hféc§?§em?§hc§ﬁFPGP-an@héeméytﬂﬁé P&l ease of

5 active agent and polymeric emulsion may then be com-
| blned with a suitable agrlculturally-acceptaole carrler
and mixed to unlformlty. The resulting formulation
must be dried, typically at an elevated temperature, to
pfovide dry controlled release granules suitable for NV

1o appllcatlon to the locus for which plant disease -

-control is deslred. ‘ | '
The aqueous dispersion of polymer and tri- w
cyclazole is preferably.added to the carrier in a state |
of agztatlon, which is readlly practiced by known
15 'methods and apparatuses. However, the carrier can be
" added to the tricyclaiole/polymer nixture as well.
Suitable types of mlxers capable of providing such
agitation include a coating pan mzzer, cement mixer,
Hobartxﬁgxer, mini-tumbler mixer, ribbon blender or any
20 similar rotary type device. The mixing is typically
 carried out at ambient temperatures. _
Once the polymer, tricyclazole and carrier, \/
if present, are admixed thoroughly to uniformity, the
. admixture is preferably dried at an elevated temper-

25 'ature in order to promote coalescence of the polymer .
and thereby form a continuous polymer film. This .
temperature differs depending on the minimum film-
forming temperature of the polymer employed. The
temperature will typically be in the range of £from

30 about 5°C. to 180°C., more preferably in the range from




the tricyclazole into a surrounding | ocus. Typically, 30 the higher the
concentratian of polyner in the fornu- -8- lation, the slower the
- rel ease.rate of ‘tricyclazote into the surroundi ng medi um Desirabl e
-.concentrations will also depend upon whether the formulation cont ai ns
tricyclazole and polyner, or agriculturally- 5 acceptable carrier a
well. In general, formulations of tricyclazole and pol ynmer, w thout
carrier, wll desirably contain from about 8;1 to about 75 percent by
meight\ﬂT tricycl azole (these and subsequeﬁ figures are-on a dry weight
basis) and from about 25 to about 10 99.9 percent by wei ght of pol yner.
Preferred ranges are fromabout 1 to about 50 perceBt by mﬁlghE OL
tricyclazole and _from abqut 50 to about 99 percent by weight of -the

pol y?'rer. In gengPé‘F,- &Ar 3'2-559'm?@gcﬁﬁﬁﬁneﬁt,dFUF-ﬁﬂ- apBaraiEsoRs P

desirably contacritiealabbut fla¥ be aheuén39rbmr§§9toF¥ &Eigége?ég About
20 15 about 59, Josseeintedd [BoRR U3 CgPRLER! bpdl rRBaLcRbPEBRL SETRTR!.
Such fornul ati oAvcMiie préhvyabipecdniersa, and ovens operated at
5 either standérd_or reduced pressure. Depending on the
'polymer, the formulation may also be dried under
ambient conditions.
Alternatively, the polymer, tricyclazole and
W . an appropriate carrier can.be admixed thoroughly to
10 uniformity, as described above, and then extruded and
subsequently'driéd-to.form pellets or granules.
U/ . Techniques and equipment for extrusion are well known.
It is important that a clay suited to extrusion be used
as the carrier for this embodiment of the invention.
15 Ball type clays are generally preferred. However, the
exact identity of the clay is not critical and will
.vary with local availability. ' '
It is desirable to use a suitable surface
active agent to aid dispersion of the formulated
20 -granule in water when a carrier is employed in the
- formulation which is not readily disseminated through-
L)' out the aqueous medium. , The choice of surface active
'-agent, and amount thereof employed, is dictated by the
nature of the composition ingredients and by the
25 ability of the agent to facilitate the dispersing of
the composition in water. For example, when using rice
hulls as the carrier, a surface active agent is re-
quired to facilitate dispersion of the composition in
water. Suitable surface active agehts are dry and may

30 be nonionic, anionic or cationic. Examples of anionic



20 fromabout 1 to about 20 percent by weight of tri- cyclazole, from
about ‘20 to about 60 percent by weight of polyner, and from about 20 to
about. 79, percent. by weight of carrier. The novel control.led re[ease_
anul es of the 25 present invention are preferably prepared inthe fol - -
manner. The active agent, preferably in finely divided form is
ed in an aqueous enul sion of a polymer of the above descri ption.
yabl'y, the finely divided particles f. active agent are obtained @ by
g the technical material by any of ‘several -9- well known '
t esbii ques, such as mllingin a fluid energy mll. In Exanples 1-20,
bel ow, the particle size of the tricyclazole was such that 99.9 percent "
passed through, _a .screen.. The

' active ent and
pol yneric ewnﬂ%ﬁ%é%%%&gaer$tﬁ??ﬁﬁﬁ ﬁﬂ%ﬂﬁ?%géiﬁg}iiﬁtﬁﬁﬁkas°é¥Lm _
- agricul tural | ysukpiepatisgse Q;arsqleﬁorldruj ad Hés), tammramkmarﬂhg rtezu:oﬁ l)\r/]igde
Ij(r);mél)ﬁz Irgl'nl 'g}jﬁr%g?%aﬁﬂﬁgnu, Fey'sl u]i _%éaq{oekﬁ?ofés%?%%p# ﬁ%:%eslrﬁl J'_oc the | ocus
for which pl arﬁcntﬂ.seég@.nonlonlcs include ethoxylated alkyl phenols,
5 ethers and alcohols, sorbitan esters and ethcxylated
sorbitan esters and ethers. Emulsifiers and adjuvants
belong to the group of surface'aqtive agents. The most
comﬁercially important emulsifiers are primarily .
anionic and nonionic agents. The surface active agant W/ .
10 1is generally present in the formulation at a concen- -
tration of from about 0.01 to 5 per¢ent on a dry weight N
basis. : . - - . o
It is believed that the present formulation
functions by diffusion of the active ingredient through
.15 the polymer matrix into the surrounding aqueous medium.
' However, the precise mechanism by which the controlled
release formulation of the present invention functions
is not'yet known, and the present formulation is not
limited by any mode of operation..
20 : Preferred slow release compositions of the
present invention contain the following percentages and
ingredients by dry weight. The values in the paren~ : o/
theses represent the percentage of ingredients necessary
- when a higher concentration of the active agent is
25 employed in the formulation. - '

Formulation 1

4(8) Tricyclaiole_
46 Rhoplex AC-33

30 50(46) Ground Rice Hulls



control is desired. The aqueous dispersion of polymer and tri- cyclazol
preferably added to the carrier in a state of agitation, which is re
_practiced by known 15 . net hods and apparatuses. However, the carri
be added to the tricyclazol e/ polynmer mixture as well. Suitable type
m xers capabl e of providing such agitation include a coating pan m xer\

cenent m xer, Hobart ( RTM mxer, mni-tunbler mxer, ribbon blende(_ ¥ :
any 20, simlar rotary type device. The nmixing is typically carried out .at
anmbi ent~t enperatures. Once the pol yner, t?ﬁéyclazole and carrier, if :

present, are adm xed thoroughly to uniformty, the adm xture is preferably

dried at an elevated tenper- 25 ature in order to pronote coal escence of

t he pol ynmer and_t hereby forma continuous polyner film This tenperature
differs-depéndiESEEElEééQﬂLﬁjnun1fi|n} form ng tenperature of the pol yner
enpl oyed. The tenperagtycre_w.l| ically be in the range of from 30 about -
[err] to [err], nDreiéHingéBV9&¥%°§ﬁe range from - 1 0- [err] to [err].
The type of drying agpar aRheplexnaC-33 :

'50(46) Attapulgite clay

5 .
Formulation 3
' 4(8) Tricyclazole
20 Rhoplex AC-33
U ' 76 (72) Ground Rice Hulls
10 .
Formulation 4 -
O - 4(8) Tricyclazole
30 Rhoplex AC-33
66(62) Ground Rice Hulls
15 : The formulated granules are applied to the
locus of the plants in the manners conventicnal in
agricultural chemistry. The cohtrolled release formu-
lation may be applied by sophisticated mechanical
equipment or simply by spreading the formulation by
20 hand. With regard tb_mechanical equipment, metering
'applicators are available which can apply accurately
Y measured quantities of granular comppéitions to the

soil surface. The operator of the application équip-
ment need only take care to adjust the equipment to

25 apply an amount of the granular formulation per unit

. area which supplies the desired application rate of the

compound, and to apply the amount uniformly to the
locus of the plants to be treated. '

_ The present granules are preferably applied

30 to the soil of a standard transplant flat containing



critical, but may be chosen fromany one of several devices well known to
thosge in the art. Typical driers include rotary type driers, and ovens
ofgrated at 5 ei ther standard or reduced pressur€. . Dependi ng on the ¥
pri, the formulation nay al so be dried under anbient conditions.
Al atively, the polyner, tricyclazole and an appropriate carrier can be
adwi x¢d thoroughly to 10 wuniformty, as described above, and then extruded
| gubsequently dried to formpellets ajsgranul es. Techni ques and
Wpment for extrusion are well known. It is inportant that a clay suited
to extrusion be used as the .carrier for this enbodi nent of the invention.
" 15 Ball type clays are generally preferred. However, the exact identity
of the clay is,nat_critical ;and . wi.kl _vary wi l;ocal Jawailabild ity It is
desirable to-d& %apgﬁkkgbgéts%? aggsgc Fv&ggégﬁF %%- i 8P§%grgﬁ§ﬁ of .the
fornul at ed 20pgddyul e Tonassuse whsimalicdisease soakpody whennappdying

formul ati on WahehohesBak E8A%ELY 1duSeTeRake¢otPudeionOkb the agygous
medi um The chqi ce of surface active. agent, and anount__t hereof enployed, is

‘dictated by tRE RattrBsSBLapfke flafipEORtRIRLPAgFédrefeedAiAIy tite 155
ability o3 thempperantothati kheardcehbeditzpasplagtel Wiehcammeshanen in

water. For ex%@Bh?tr@Q%Blﬁﬁ%@Q.ri&% mechanical transplanting is not

possible, transplanting should be done in such a
manner that all soil adhering to the roots is trans-

_ planted to the field with the rice seedlings. Tri- : g_)

10 cyclazole in the soil adhering to the roots of trans-
plants enters the rice plant to provide continuing -
blast control throughout the vegetative stage of ‘\J
growth. ' '

The following detailed Examples are provided

15 in an effort to more fully illustrate specific aspects
of this invention. The Examples are not intended to be
limiting in any respect and should not be so construed.

-Example 1
_ - : (*Tm)
20 Forty-Six grams of 30/60 mesh Florsx:)(atta-

pulgit clay'granules’s@pplied by the Floridin Company)
were added to a mixture of 8 g. of air mil;e& tri- U
cyclazole and 100 g. of Rhoplex AC-33 under agitation.
' The mixture was admixed until the polymer/active agent
25 dispersion was uniformly dispersed on the carrier, i.e.
for about 10 minutes. The mixture was allowed to dry -
for approximately 2 hours at room temperature and
ambient pressure, followed by drying in a wvacuum oven
at 37°C. for an additional 2 hours. The resulting
39 controlled release granules contained tricyclazole, as



di spersion of the conposition. n -water.. Suitable surface active agents

dry and.may 30 "be nonionic, anionic or cationic. Exanples of anionf}/i
-11 - surface active agents include alkyl or aryl sodi um sul phonaté&s o /
sul fonic acids, calciumalkylaryl sul phonates and al kyl al cohol est -
phosphoric acid. The nonionics include ethoxylated al kyl phenols, 5

‘et hers, and al cohol s, "sorbitan esters and ethcxyl ated sorbitan esters and-
ethers™~ Enul sifiers and adjuvants bel ongi4 the group of surface active
" agents. The nost commercially inportant enulsifiers are primarily anionic
and nonionic agents. The surface active agent 10 is generally present in
the formulation at a concen- tration of fromabout 0.01 to 5 percent on a
dry wei ght basid¢etemineddly asapihat teheqnaspdma fiommdfat7.el¥ wrctd ons by
di ffusion of t , | 38 ¢ j ent through 15 the polymer matrix into the
sur roundi-ng aql%%?én%%%mw%bgmver, t he preci se nmechani sm by which the
controll ed rel ease formul ation of t hesspimgsiRnt2 i nvention functions

A mixture of 12 g. 0f air milled tricyclazole
and 300 g. of Rhoplex AC-33 was added to 150 g. of
30/60 mesh Florex ciay granules according to the pro-
_cedure of Example ;. The mixtu;e was dried in a vacuum

5

oven at 50°C. for approximately 3 hours to afford
controlled release granules containing tricyclazole, as
determined by assay, at a concentration of 3.9% on a
dry weight basis. ' '

19

Example 3
A mini-tumbler mixer was charged with 96 g.
15 of 20/60 mesh limestone granules (Calcium Carbonate
' - Company) . A mixture of 50 g; of Rhoplex AC-33 and
10 grams of air milled tricyclazole was added with an
eye dropper to the limestone ﬁnder agitation. The
admixture was dried with a heat gun as the mixing
20 continued, and the_material was heated in a vacuum oven
 at about 37°C. for 2 hours. The controlled release
granules as prepared by this procedure contained '
triéYclazole,-as_determined by assay, at a concen-
tratibn of 6.6% by weight. -

ExaﬁEle 4
_ A mixture of 6 g. of air milled tricyclazole
and 69 g. of Rhoplex AC-33 was pipetted onto 109.5 g.
of 20/60 mesh limestone under agitation according to
30 the method of Example 3 to provide controlled release

25



IS not yet known, and the present fornulation is not
a0\ on.” 20 ) Preferred sl ow rel ease conpositions of the present

hon.contain the foll owing percentages and i ngredi ents by dry, wei-ght .
.v)LES inthe paren- theses represent -the percentage of

Ifnited by ahy node of

i ngredi ents

Jary when a hi gher concentration of the active agent-is 25 enpl oyed

vy formul ation. Fornmulation 1 4(8) Tricyclazole 46 Rhopl ex AC-33_30
Y) Gound Rice Hulls *-12- For mul-<k3-en 2 4(8) Tricycl azol e 46 'S{_~
Rhopl ex AC-33 50(46) Attapulgite clay Formul ation 3 0

Rhopl ex AC-33 76(72) Ground Rice Hulls 10 .

10

15

- 20

25

30

granules containing tricyclazole, as determined by
assay,_at'a concentration of 4.11% on a dr? weight
basis. '
Example 5

Sixty 'grams of air milled tricyclazole and
1.50 kg. Rhoplex AC-33 were uniformly admixed using a
high speed stirrer. This mixture was added to a bowl
containing 750 g. of ground rice hulls under agitation
in a Hobart mixer. The granules were allowed to dry at
room temperature for about 60 hours. This material was
put into the oven for approxlmately 16 hours at about
49°C. This material was then sxeved using an oscil-
lating granulator with an 8 mesh s resn. . The sieved
granules were mlxed with 0.1% lrltonlx-l20 (a blended

emulsxfler from Rohm,and Haas Compapny.) The resultxngl

controlled release formulation contained tricyclazole,
as determined by ‘assay, at a concentratlon of 3 40% ‘on
a dry welght basis.

ample 6
Rhoplex B—GOA and tric clazole were mixed to
unlformlty and poured onto Teflonxsaeetlng (tetra-

- £fluorcethylene fluorocarbon polymer from E.I duPont

de Nemours. & Co.). The mixture was oven dried and the
resulting sheet of formulated tricyclazole was cut to
approximately 4 to 6 mesh size particles. The con-
trolled release formulation contained tricyclazole on a
dry weight basis at a concentration of 13.6% as deter-
mined by assay. '

4(8) Tricyclazole

“n



Fornul ation 4 4(8) Tricyclazole 30 Rhopl ex AC-33 66(62) G ound Ri ce Hats
15 . The fornul ated granules are applied to the | ocus of thg N -
pl ants i.n the manners conventional in agricultural chemstry. The
-controlled release fornmu- lation nmay be applied by sophisticated negh 3
equi pnent .or sinply by spreading the formulation by 20 hand. Wth Negard
to nmechani cal equi pnment, netering applicatfés are avail abl e which can apply:
accurate|y measured -quantities of granul ar-¥onposi'tions to the soil :
surface” The operator of the application equip- nment need only take care to
adj ust the equipnment to 25 apply an anmount of the granular formul ation per
uni t- area whi ch supplies the desired application rate of the conpound, and
to apply the anount uniformy to the ExamRlef7the plants to be treated. The
present granules are preferably applied 30-tp the sojl of a gtand

rd
transplant flat containi nEhoPléx3B=85cand| RiCYHIRZS “RES %rgﬁiﬁFSG to a

flooded rice as described above in Example 6 to provide a controlled

release formulation containing tricyclazole, as deter-
mined by assay, at a concentration of 6.2% on a dry
weight basis. '

5 B

Example 8'

N Rhoplex AC-33 and tricyclazole were formu-
N~ 10_ lated as described above in Example 6 to provide a
controlled release formulation containing tricyclazole,
as determined by assay, at a concentration of 13.9% on

_\/ ‘a dry weight basis. ,
15 - - Example 9
' Acrylocoat and tricyclazole were formulated
as described above in Example 6 to provide a con-
trolled release formulation containing the active
agent, as determined by assay, at a concentration
20 ©of 14.0% on a dry weight basis.
Examples 10-12 |
W, | Forty grams of 99.1% pure technical air

milled tricyclazole and 109 g. of Rhoplex AC-33

| were uniformly admixed with a rotary mixer.
This mixture was added to 410 g. of stirred ground rice
hulls and blended to uniformity. Granules representing
Example 10 were dried at 40°C. for 24 hours (assay '
7.56% tricyclazole by weight), while those representing
Example 11l were dried at that temperature for 48 hours

25

30



paddy To assure optimal disease control when applying the present

an- i cal

Aazole in

controlled rel ease formulation to the soil of a transplant flat centainin
fAicg seedlings, it is 5 inportant that the rice be transplanted Wth a

transplanter. If nechanical transplanting is not pOSSIb|e

planting should be done in such a manner that all soil adhering to t
4 is trans- planted to the field withlfhe rice seedlings. Tri- 10

the soil adhering to the roots of trans- plants enters t

¢ plant to provide continuing blast control throughout the vegetati

stage of growth. The follow ng detail ed Exanples are provided 15 in an
effort to nore(fuydy tkiuyemarzelepeyi tiedghgpect s-hef folrimm lavdeni ioc. The

Exanpl es are
SO0 construed.
(RTM (atta-

added to a m fe8
Rhopl ex A 33&%ﬁ%§?9a§|190 Bg ﬁ%%g m xture was a n1xed unt

Bapple $25pefe"driel hngor0. SR BRSO ("2 o
pttgcyelcta;ce gbmnwiedghtlippl Dae-byntheoﬁl onedpercemtadf) were

| I I f
e 48d haleacsl 228! graRLILA0 0. o

pol ymer/ acti vef@ttowing @F¥b§93|on was uniformy dispersed on the carrier,
i.e. for about 10 m nutes. The n1éxurelggslglagmed to dry for apprOX|nate

2 hours at .roomtenperature and

10

15

20

25

30-

Forty grams of 99.1% pure technical air
milled tricyclazole, 217 g. of Rhoplex AC-33"

. and 360 g. of ground rice hulls were mixed as
above. The resulting granules were dried as follows:
Example 13 (7.59% tricyclazole by weight) represents
granules dried at 40°C. for 24 hours; Example 14 (7.71%J
tricyclazole by weight) represents granules dried at

- 40°C.. for 48 hours; and Example 15 (7.51% tricyclazole

by weight) represents granules dried at 50°C. for 24
hours. Again, 0.1% of Triton X-120 was added to the
granules following drying.

Examples 16-18

Forty grams of 99. 1% pure technical air

milled trlcyclazole, 326 g. of Rhoplex AC-33

and 310 g. of ground rice hulls were mixed as’
above. The granules. of Examéle 16 were dried at 40°C.
for 24 hours (6.65% tricyclazole by weight). The
'formulatxon represented by Example 17 was dried at
40°C. for 48 hours (6.74% trlcyclazole by weight). . The.
‘granules of Example 18 were dried for 24 hours at 50°C.
(7.12% tricyclazole by'weight). Again, 0.1% of Triton
X-120 was added to the formulation following drying.

g

he

I y

U
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anbi ent pressure, followed by drying in a vacuumoven at [err]. for an
addi tional 2 hours. The resulting 30 controlled release granul es contai ng
t.ri cycl azol e, as -14- determ ned by assay, at a concentration of 7.61
on a dry welght basis. Exanple 2 5 A mxture of 12 g. of air
mlled tricyclazole and 300 g. of Rhoplex ,AC-33 was added to 150 g. of |
30/ 60 nmesh Florex clay granules.accordingltd'the'pro- cedure of Exanpl e\l.
The mxture was dried in a vacuumoven at [err]. for approximately 3 hou
to afferd controlled rel ease granul es containing tricyclazole, as 10
determ ned by assay, at a concentration of 3.9%on a dry wei ght basis.
Exanple 3 A mini-tunbler m xer was charged with 96 g. 15 of 20/60 nesh
| i mest one granul es (Cal ci um Carbonate Conpany). A mxture of 50 g. of
Rhopl ex AC-33 and 10 grans of air milled tricyclazole was added with an eye
dropper to the |linestone under agitation. The

Example 19

5 C
' One hundred and sixty g. of air milled

tricyclazole and 435 grams of Rhoplex AC-33

| . were mixed together for five minutes and then
addéd-to 1640'grams of Foundry Hill Cream clay (a ball
clay from Spinks Clay Co.. Paris, Tennessee) which was
being blended in a mixer. After ten minutes, the
mixture was extruded through a laboratory pel;et mill,

W, 10

A using a 1/2 inch (12.7mm) thick die, to make pellets approxi-
mately 1/8 inch (3.2mm) in diameter and varying in 1ength from
1/8 inch to 1/4 inch (3.2mm-6.4mm). The ;esultiné pellets were
screened on an 8 mesh screen and then dried in an oven
at 40°C. for 24 hours. Assay of the resulting formu-

~ lation showed a tricyclazole concentration of 8.05% on

15

a dry weight basis.

20 | " Example 20 |
| Forty grams of 99.1% pure technical air
T milled tricyclazole, 326 g. of Rhoplex AC-33 (46%
by weight) and 304 grams of ground rice hulls were
mixed as in prior examples. The granules were dried
25 Lt 40°C. for 40 hours (8.20% tricyclazole by weight).
. After drying, 0.5 g. of Triton AG 120 (a blended
emulsifier from Rohm and Haas Company), and 5.0 g. of
Cab-0-Sil M5 (a finely divided silica) were added.

30 The activity of repfésentative compositions
of the present invention is illustrated by the fol-
lowing. experiments. '



asi xture was dried with a heat gun as the nmixing 20 continued, and the
mat\eri al was heated in a vacuum oven at about [err]. for 2 hours. .The
onirolled rel ease granul es as prepared by this procedure contained
rifycl azol e, as determined by assay, at a concen- tration of 6.6% by
\1’9 25 Exanple 4 A mixture of 6 g. of air milled tricyclazole and 69 g.
; Rhoplex AC-33 was pipetted onto 109.%9g. of 20/60 mesh linestone undsr
agitation according to 30 the method of Exanple 3 to provide controlled
rel ease - 15 - granules containing tricyclazole, as determ ned by a%$ay,
at a.concentration of 4.11%on a dry weight basis. Exanple 5 Sixty grams of
~.air mlled tricyclazole and 1,50«58. Rhogkeé AC-33 were uniformy adm xed

using a high speed stirrer. Thi added to a bow containing

750 g. of ground rice 1 ?er ag Ltatio Hobay t nlxer The
granul es were al | owed %gcﬁh $e8E15R5' 82 3726 X 34 XY
flat containing 18 day old rice plants were surface

applied with slow-release granules of tricyclazole.

The granules contalned the active lngredlent at

concentrations of either approximately 4% aad-S%.

Treatments were made at 1.5, 3.0 and 6.0 grams of

active ingredient for each flat as a whole. Twenty-

four hours after treatment the sections were trans- | ;)
planted into flocded, one-quart (1.1 dm3) 4 inch (10 cm) diameter '
plastic pots without drainage holes filled with non—

10

sterile soil. Injury ratings were made 14 and 23 -
days after transplanting from the flats to the flooded
containers. Twenty-three days after transplanting the

15
- plants were inoculated with a rice blast (Piricularia

oryzae) spore suspension and incubatéd in a moist
chamber at 70°F. (21°C.) for 48 hours. Seven days .
after inoculation the percent of rice blast disease
20 incidence on the rlce_plants was recorded. Formulated
- slow~-release granules not containing tricyclazole
(blank granules) and water controls were run as well. =
Tricyclazole formulated as a 75WP:(wettablé powder /
containing 75% of the active agent by weight) was also
55 tested for comparison. Crop'injury rating, as compared .
: to untreated controls, was made from 0-10 according to
the follow1ng scale: - S : .

0 = no injury
1-3 = slight injury
30 : 4-6 = moderate injury
7-9 '
10

severe injury
death to the plant.



roomtenperature for about 60 hoWrs. This naterial was put into the ove
for approximately 16 hours at about. [err]. This material was then sieyed
using an oscil-"lating granulator with an 8 nesh screen . The sieved
granules were mxed with 0.1% Triton (RTM X-120 (a bl ended enul sifi g
Rohm and Haas Conpany.) The resulting controlled release fornulatiol
contained tricyclazole, as deterni ned by assay, at a concentration o
on a dry weight basis. 20 -20- Exanpl e 6 Rhopl ex B®
and tr¥f&clazole were mxed to uniformty and poured onto Teflon sheeting
(tetra- fluoroethylene fluorocarbon polyner fromE. | duPont de Nemours &
Co.). The mxture was oven dried and the resulting sheet of fornul ated

rolled 1ol easelpir hapatEBrOEoHIEs edst 1ol iraSh i A F ot bas i o ot
‘a concentr at i onExémplegidas ast the averagsyofisthyee Jeplidxtbgie 7 Rhopl ex
B-85 and tricyckazebgeWeECotREMML 88 €Pndicated). Table II presents the

~data for Examples 10-18 compiled from another experi-

5 ment. The procgdure used was the same as that described

above with the exception that the active agent is

present in the compdsi;ion at a concentration of about

8% and injury ratings were made 12 and 20 days after -

U _lo transplanting.
Y
15
20
o/
25

30



descri bed above in Exanple 6 to provide a ontrolled rel ease fornul ati on
yaining tricyclazole, as deter- 5 m ned by assay, at a concentration of
%o a dry weight basis.. Exanple 8 Rhoplex AC-33 and tricyclazole were
Jmu- 10 |ated as described above in Exanple 6 to provide a controlled

& ease formul ation containing tricyclazole, as determ ned by. assay, at a
egoncentration of 13.9% on a dry wei ght basis. Exanple 9 15 Acryl ocoat and
tricyclazole were fornul ated as descri bed®lgbove in Exanple 6 to provi cﬁ)a
con- trolled release fornulation containing the active agent, as deterM™ned
by assay, at a concentration 20 of 14.0%on a dry wei ght basis. Exanples
10-12 Forty grans of 99. 1% pure technical air mlled tricyclazole and 109
g. of Rhoplex AC 33 25 were uniformy adm xed with a rotary m xer.
This m xture was added to 410 g. of stirred ground rice hulls and bl ended
to uniformty. G an S rg_pres{gnting Exanpl e 10 were drieﬂ at [err] for 24

a |
n o

hours (assay 0 m o o o~ : . o
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7.56% tricyclazole by weight), while those representing 30 Exanple 11
dried at that tenperature for 48 hours -17- (7.70%tricyclazole b
wei ght) .- The forrmul ation of Exanple 12 were dried at [err]. for 24
(7.92%tricyclazole by weight). One-tenth of one percent of Triton{X-
by wei ght was added to the granules 5 foll ow ng drying. Exanpl es
Forty grans of 99. 1% pure technical air mlled tricyclazole, 217 g. ,
Rhoplqizf(}SS 10 - and 360 g. of gound rice hulls were mxed as
above. ~The resulting granules were dried<&sS follows: Exanple 13 (7.59%
‘tricycl-azole by weight) represents granules dried at [err]. for 24 hours;
Exanple 14 (7.71%tricyclazole by weight) represents granules dried at 15
[err] for 48 hours; and Exanple 15 (7.51%tricycl azol e by wei ght)
represents granules dried at [err] for 24 hours. Again, 0.1%of Triton
X-120 was added to theggranules follow ng drying. Exanples 16-18 20
Forty grams of 99. B/@p8re technical air
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'mlled tricyclazole, 326 g. of Rhoplex AC-33 and 310 g. of '‘ground rice

lls were mxed as above. The granul es of Exanple 16 were dried at 40C.
4 hours (6.65%tricyclazole by weight). The fornul.ation represented
ample 17 was dried at [err] for 48 hours (6.74%tricyclazol e by

t). The. granules of Exanple 18 were dried for 24 hours at [err] _

% tricyclazole by weight).,Again, -0.1%of Triton X-120 was added to -
the fornul ati on foll ow ng dr;/ﬁb 30 inpl e 19 5 One hundred ‘and sj xty
g. of air mlled tricyclazol nd- 435 gratis of Rhopl ex AC-33 were nixe
together for five mnutes d then added to 1640 grans of Foundry Hil
Creamclay (a ball 10 cI'y from Spinks Cay Co., Paris, Tennessee) which
was being blended in a mixer. After ten mnutes, the mxture was extruded
through a | aboratory- pellet mill, using a 1/2 inch (12.7nmm thick die, to
nake pellets approxi g mately 1/8 inch (3.2m in dianeter and varying in

| ength from 15 1"583' ch to 1/4 inch (3.2nm 6. 4nm) . The resultlng pellets
wer e
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screened on an 8 nesh screen and then dried in an oven at 40C. for 24
hours. Assay of the resulting formu- lation showed a tricycl azole
goncentration of 8.05%-on a dry wei ght basis. 20 _

Exanpl e 20 Forty grams of 99.1%pure technical air mlled tricyclazole,
g. of Rhoplex AC 33 (46% by weight) and 304 granms of ground rice hulls
m xed as in prior exanples.. The granules were dried 25 at [err]. for 40 :
hours (8. 20%tricycl azol e by wei ght) . Adtgé drying, 0.5 g. of Triton AG ;20”
(a bl \ﬂed emul sifier from Rohm and Haas ﬁpany), and 5.0 g. of Cab-GO-Sil

‘Mb (a finely divided silica) were added. 30 _ - The activity of
representative conpositions of the present invention is illustrated by the

fol - | ow ng. experinents. -19- eriment 1 Cnf third sections of a 28 X
58 x 3 cm flat containing 18 day ggééiﬁiﬂyﬁﬁiu&e-mere surface 5 applied
with slow rel ease granul esphfelrk oyl %oLes Ji UAMIGLLAN ¥ 1541 N8

active |ngred|ent at
an effort to determine the efficacy of various con-

,t.Qlled ralease formulations of the invention when
applied to rice plants for the control of rice blast.
The controlled release formulations used in these tests
- contained approximately four or eight perceat tri-
: _ cyclazole by weight. The 4% tricyclazole formulation
U contained 46% polymer (Rhoplex AC-33) and 50% Florex
| 10 30/60 clay granules and was prepared by the general
procedures outlined above. The 8% tricyclazole formu-~
N/ lation contained 46% polymer (again Rhoplex aAC-33)
and 46% Florex 30/60 clay'granuies as the carrier. The
_ controlled release formulations were applied to flats
15 containing rice seedlings at either four (Table III) ox
- two (Tables IV and V) hours prior to tzansplantiag the
seedlings to the paddy. . Crop injury and disease con-
trol ratings were made as indicated in the Tables based
on visual ¢ccmparison to untreatéd control plots. 7ZFor
20 dompa:ison, current commerci;l formulations weras tested
as well. The firse of these applications was a flat
\_/ application of a clay granule containing 4% tricyclazole
followed by one foliar application of tricyclazole as a

(¢]]

‘75 WP at a concentraticn of 300 grams of active pex
23 hectare 103 days after treatment for panicle blast.
The second compaxative an"l-ca.zod involived a £lat
application of tricyclazole 75 WP followed 2y one
foliar application of the same formulation at a con-
centration of 300 grams of active per hectare 103 days
30



or c-ncentratlons of either approximtely 4% ad- 8% Treatnents were nade
.0 and 6.0 grans of active ingredient for each flat as a whol e.
Jour hours after treatnent the sections were trans- 10 planted-into .
one-quart (1.1 [err]) 4 inch (10 cn) dianeter plastic pots

drai nage. holes filled wth non- sterile soil. Injury ratings were

4 and 23 days after transplanting fromthe flats to the fl ooded 15
contel ners. Twenty-three days after trans%?antlng t he plants were ‘\J
inoculated with a rice blast (Piricularia oryzae) spore suspension and

i ncubated in a noist chanber at [err].[err] for 48 hours. Seven days after
i nocul ation the percent of rice blast disease 20 incidence on the rice
‘plants was recdiFeF TIEgREEt £9TsPERiFdReRIBSEr andPes EABRLCEAPAI ni ng
tricyclazole ( bJa&ﬁJugrreara@nai):awidn\Aahebmeat abs fotiarr eppadiceklibns

Tricycl azol e fqrnul B Zs@ :5(Q%Et IgaQQWQQ egog&ga §§t7 %)of t he

active agent bY Wel o tesfed or “conparti ju y
rating, as conp@m@@ngsamocanpﬁeaﬁédggemﬁrgﬁsacmayenasc hegiegeiendccor di ng

to the foklow pges¥d18ar0applQcaiibhy for panicle blast at a con-

' centration of 300 grams of active ver hectare 103 days
after treatment. Those treatments marked with an

~ asterisk represent data which is the average of nine
replicatiohs_while the unmarked treatments represent
10 data which is the average of three repliCations. The _ W

numbers in parentheses under the control indicate the |
percent of leaf surface infection for the respective B
tests. - - . o o .
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10 30/ 60 clay granules and was prepared by the general procedures
outlined above. The 8% tricyclazole formu- |ation contained 46% pol yner
(-agai n Rhopl ex AC-33) and 46% Fl orex 30/ 60 clay granules as the carrier. j
The controlled rel ease fornul ati ons were applied to flats 15 cont ai nin
rice seedlings a. either four (Table I'll) or two (Tables IV and V) hours{-
prior to transplanting the seedlings to the paddy.. Crop injury and dise
con- q?bl ratings were nade as indicated in the Tabl es based on visual,
conmpari$on to untreated control plots. - F&°~20 conpari son,. current
commercial formulations were tested as well. The first of these
applications was.a flat application of a clay granule containing 4%
tricycl azol e foll owed by one foliar application of tricyclazole as a 75 W
at a concentration of 300 grans of active per 25 hectare 103 days after
treatment for panigle hlast. The second conparative application involved a
flat application =tr| yeR&e® PRWef ohl onwed By one~folias application

of the sane forrrul'a‘;lﬁl"grg atcé gcm "’(glggatgon of §00 gr:gm; ofo active per
‘hectare 103 days & §j237~

5

&
B NANOSSNS N
—iggi K- °~a"°°q°' S 3 °
N et >
D= SN ehﬁa:r E 2
bt 1
2 512
: - gla
o/ g alu
e QU .
10 g1< DO A '
qlﬂol c.oo_oqqqq c: '-: < i
: ] e DO D= ANO N M wy < ‘
) g VIS NSNS QO Y- ~
’ &
-1
Q,
8
E
-
15 = )
3:5i: comnc '
™~
¢ P RI™ """’S' 2
 ed i } <G :
8 Bl
= S
ot
20
Y]
. <
e
\/ <
|
“53"4:« «®
% .
9 (-]
gagl 3222 2329 ° < >
S8 = _ W NTOD =N o~
&}
™ QO PN
25 ) o
p x_§ 73
] L] Q =D o= N
- -4 < S W 1o
. = -1 28 M @3 v
. = =] HOGC M~ U =
] ] < -l - - Y
Q D U D L B Y
- - O LB - T - PR R
Q Q Q -] o, [
&4 N Q N Q N Q - Y B g N
= ] Q@ Sl Dk =0 ]
] -t 3 - 3 DO G T g -
-] 83 ¢ Q O S- G N=ag ~ 08
30 =) E DN = AR RS @~ o -
] Q0 V9 0 % — Qe 2 W=
5] -~ 22 -t o ~wYO U V<O = 3
= P = ¥ -y ™ Em O N
o~ = 3 =~ 23 E e o= g W Yo~ o
=} < X Soest @ O oW =
#5-0 ™2~ Nt S 0 e 2 233 O
< 0N - TOCE HBD =92 O



after treatment for panlcle bl ast. The final com parative application
olved two foliar applications for |leaf blast at 55 and 69 days after
eatment at a concentration of 250 grams of active per .hectare and 5 :

‘j ol i ar application for panlcle bl ast at a-con- centration of 300 grans
G ve ‘per hectare 103 days after treatment. Those treatnents marked
MA an asterisk represent data which is the average of nine replications
-mh|le the unmarked treatnents represent 188~ data which is the aver age of
tNare¢ replications. The nunbers in parentheses under the control .indicate

~ the“percent of |eaf surface infection for the respective tests. 15 20 25 30
-26- [err] : :

As is apparent f£rom the akove experiments,
representative controlled felease formulations of this .
invention effectively control rice blast with a lesser
degree of Lnjury to the plant than noted with current

5 commercial formulaticns. - _

A study was also conducted in an effort to
demonstrate the sustained release propertias of the
present Zormulation. The following procedure was used
to illustrate these properties: A beaker was filled :

10 with three liters of deionized water at room temper- v/
ature. The exemplary sustained *elease granules totaling

60 mg. of active agent were added to the water to &/\;
provide a concentration of 20 ppm. when all of the
t:icYclazole was released from the granule. At various
time intervals after addition,'l ml, samples of water
were taken frcm the beaker and ana lyzed to determine
_the concentration of active agent therein. For some of
the formulations evaluated in this study, after the

' concentration of active agent in water began to stabilize,
the water was removed by decanting and th residue on

the bottom was allowed to dry. This res;die was then
analyzed to determine the conceantration of active agent
remaining. A 75% wettable powder formulation was also
studied for compariéon. The results of this study

'appear below in.Table III as parts per million.
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27 - [err] -28- [err]- -29- As is apparent fromthe above
experlnents‘ representative controlled release fornulations of this.
inver.tion effectively control rice blast with a | esser degree of inj
‘the plant than noted with current comnercial fornulations. A study
“conducted in an effort to denonstrate the sustained rel ease propertie
the present formulation. The foll owng procedure was used to illustrate _
t hese properties: A beaker was filled W thdhree liters of deionized water
at . rodhftenper- ature. The exenplary sustained rel ease granules totaling
60 ng. of active agent were added to the water to provide a concentration
of. 20 ppm when all of the tricyclazole was rel eased fromthe granule. At
vari ous : g
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15 -tine intervals after addition, 1 m. sanples of water were taken from
t he/Bepker and anal yzed to detern1ne the concentration of actiye agent
’ 4 For sonme of the fornul ations -evaluated in'this study, after the
ﬁhailon of active agent in water began to stabilize, 20 t he water
fewved by decanting and the/resi due on the bottomwas allowed to dry.
Yepi due was then anal yzed to determipne the concentration of actlve

. ag yemai ni ng. A 75% wettable powder fortrul ati on was al so studied f
conparison. The results of thIS study 25 appear below in Table |11 as
parts per mllion. 30, -30- [err] -31- [err]
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“.32- This study effectively denonstrates that the present controlled
formul ati on does control the release rate of the active agent over an
£extended period of time, particularly when conpared to the tricyclazol
wet t abl e powder fornulation, wherein the active agent is released al
instantly (within one hour). A further study was carried out on the
granul es of Exanple 19 and a 40-nesh cut -from Exanple 20 (7.97%
tricyclazole by weight). The study was carried 10. out as described ab
except~that only 1500 ml. of water was usedT and the anal yses were
conducted at different tines varying from15 mnutes to 72 hours. The
results were as set forth in the following table. 15 20 25 30 -33- Table

| V Sust ai ned Rel ease Study of Exanples 19 and 20. Concentration of
Tricyclazole (ppm) Tine Ah¥ks study effectively demonstrates that the,

present controlled formulation does control the release
rate of the active agent over an extended period of
time, particularly when-compa:ed to the tricyciazole
5  wettable powder formulation, wherein the. active agent
is released almést instantly (within one hour).
' - A further study was carried out on the .
granules of Example 19 and a 40-mesh cut from Example 20
L,/ ' : (7.97% tricyclazole by weight). The study was carried
10 out as described above except that only 1500 ml. of -
water was used, and the analyses wera conducted at
ILJ different times varying £rom 15 minutes to 72 nouxrs.
The results were as set forth in the following table.
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-34- CLAIMS

10

15

29

25

30

Exanpl e Exanpl e (hours)

2.5 4.3 0.50 -+
0.75 3.8 . 5
5.6 1.50 5.1
7.7 3.00 7.0
10.1 15 5.00 _ P
-338.7 11.4 7.00,
9.6 13.4 20
_ 17.2 48.00 14. 4
17.9 ' Not anal yzed 25 30

Tabie IV éustained Release Study of Examples 19

and 20, Concentration of Tricyglazole (pem)

Time Afﬁer
2Addition’
(hours)

0.25
0.50
1 0.75
1.00
1.50
2.00
3.00
.4.00
5.00
6.00
7.00
8.00
24.00
48.00
72.00

Example Exanmple
19 20 -
2.5 - 4.3
2.8 4.8
3.8 5.2
4.2 5.6
5.1 7.3
5.9 7.7
7.0 9.1
7.5 10.1
8.4 . 10.8
8.7 11.4
9.4 12.7
9.6 13.4
14.4 " 17.2
14.4 Not analyzed
Not analyzed

17.9

2

Y

r's



E&. A controlled-rel ease fornul ation com prising tricyclazole and a
polymer having a glass transition tenperature of from - Jerr] to
and 5 containirfg repeating units derived fromat |east one acrylic nmong
of. the formula (I1): [err] .wherein: 15 .[err] is hydrogen or
[err] alkyl; and [err] is [err] al kyl; said repeating units constltutlng
fraom 30% to- 100% by wei ght of the polymer. 2. A fornulation as .
claimed in aim1l1, 1 20 wherein Ris hydrogen or nethyl. . 3. A :
fornulefion as claimed in Claiim1 or 2,=~M%herein [err] is [err] alkyl.
4. Afornmulation as clained in any one of clains 1 to 3 in the formof~
granul es wherein the 25 tricyclazole and polyner are associated with an
“agriculturally-acceptable carrier as an additional ingredient. 5. A
granul ar- formul ation as claimed in C QuAZMS wherein clay is the carrier

_ 1. A controlled-release formulation com-
prising tricyclazole and a polymer having a glass
transition temperature of from . =20°C to 100°C and

3 ~containing repeating units derived from at least one
-acryIic moqomer~of_the formula (I):
o 1
U
CH=
10 :
- (I)
V :
wherein:
15 - R is hydrogen or C,-C, alkyl; and
r? is €710 alkyl; said repeating units
constituting from 30% to 100% by weight of the
polymer. . ' _
2. A formulation as claimed in Claim 1,
20, wherein R' is hydrogen or methyl.
{V/ ' 3. A formulation as claimed in Claim 1 or 2,

wherein R% is C,Cg alkyl.
- 4. A formulation as claimed in any one of
.claims 1 to 3 in the form of granules wherein the
25 tricyclazble and polymer are associated with an
agriculturally-acceptable carrier as an additional
ingredienf.
5. A granular formulation as claimed in
Claim 4, wherein clay is the carrier. '
30
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L
+ 30, . -35- 6. A granular fernulation as claimed in Claim4, whereinrice
hul | s-aresthe carrier. 7. A granular fornulation as clainmed in Caim A4,
iYrestone is the carrier. 5 8. -A nethod for protecting
$t attack by rice blast. which conprises app! ying to the locus of
controll ed-rel ease fornulation as clainmed in any one of clains 1
‘9. Acontrolled-release fornulation of claim1 sub-
as herei nbef ore descrlbed\M4354eference to any one of Exanples
20 25. 30 | o Nt

6. A granular formulation as claimed in
Claim 4, whereln rice hulls are the carrier.
7. A granular formulation as clalmed in
Claim 4, wherein limestone is the ca:rler.

5 8. A method for protecting rice against
attack by rice blast which comprises applying to the
locus of the rice a controlled-release formulation as
claimed in any one of claims 1 to 7.

‘-l”'

de}

10 9. A controlled-release formulation of claim 1 sub- 5')
stantially as hereinbefore described with reference
to any one of Examples 1 to 20. : . Qﬁ
15
20
U
25
.30 4
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