=A METHOD TO CONTROL PLANT FUNGAL DI SEASES
~.The present invention relates to a nethod for controlling foliar fungal
<di seases on certain plants by treating the plant seed, before planting,
with a 5- carboxanilido-hal oal kyl t hi azol e fungi ci de. The.invention al so
.provi des seeds which grow into foliar flingal disease resistant plants.
Various fungicides are known which can be applied to plant seeds to provide .

early protection agai nst fungaMBETHODTO TONTRORD the seedling or the
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di seasesfungicidesused forssedttneatmhentt isthat the proteation isvustallyehestrlpead)ds of
U S. Patent g'o 5 04? 554. This proyides a sjgnificant advant gge to the

grower bHEP oY Rrotesting the seed prextending unti sbartly sftendéhegr owi ng
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conpr i sisupseqeent disense developmidat thé pldedfolingsis oreated datlohddRiondla | and
agronom gal |y .acceptabl e salts thereof. Plants subsequently grown fromthe
seed ar e&n@qléga ere 1§  fgptinuing need, therefore, for new seed treatment
fungicides which provide protection against fungal diseases for a longer period of
time in the plant growth cycle, preferably the entire growing season, and which
provide such protection at lower use rates than existing products.
U. S. Patent No. 5,045,554 discloses a class of substituted 5-
carboxanilidothiazoles useful for control of plant fungus disease such as, for
example Basidiomycetes such as Rhizoctonia, Sclerotium, and Corticium, as well
as Alternaria and Spirothica, when applied to the growing plant, preferably as a
foliar spray. We have discovered that surprisingly long term, often season-long,
control of such diseases is obtained when the plant seed is treated with the
compounds of U. S. Patent No. 5,045,554. This provides a significant advantage
to the grower because one or more foliar fungicide applications to the growing
crop is eliminated. | |
The present invention is a method comprising applying to a plant seed a
fungicidally effective amount of a composition comprising one or more

compounds selected from compounds of formula I and agronomically acceptable

salts thereof. Plants subsequently grown from the seed are resistant to fungal



2 diseases. However, such resistance is limted to those diseases
controll ed by the conpounds of the conposition or their agronomcally
acceptabl e salts. The fungal diseases which are controlled by the
conposition are known or easily determ ned by eval uating fungal disease
gontrol on simlar plants using foliar applications of the conpound, its

agronom cal |y acceptable salts, or the conmposition itself. The
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wherein 'R1 is a (C1-C2)haloalkyl or (C1-Cs)alkyl, preferably (C1-Cz)alkyl, most
preferably methyl; Rz is a (C1-Cs)alkyl or a (C1-Cz)haloalkyl, preferably
halomethyl, more preferably perhalomethyl, most preferably trifluoromethyl;
provided that at least one of R and Rz is a (C1-C2)haloalkyl; and n is from one to
five wherein at least one of R, is an electron withdrawing group, preferably
there are two to four electron withdrawing groups, most preferably three to four
electron withdrawing groups on the carboxanilido ring. Preferably, the electron
withdrawing groups are located in the ortho or para positions and most
preferably in the ortho positions. Preferably the para substituent, if any, also
has lipophilic character. The electron withdrawing groups are preferably
independently selected from halo (preferably chloro, bromo, or iodo), halo(C:-
Cs)alkyl (preferably halo(C;-Cs)alkyl, more preferably perhalomethyl or
trifluoromethyl), or halo(C1-Cs)alkoxy (preferably halo(C1-Cz)alkoxy, more
preferably perhalomethoxy or trifluoromethoxy). Other suitable electron
withdravﬁng ring substituents include nitro, cyano, pentahalosulfur (preferably
pentafluorosulfur), halomethylthio, haloethylthio, (Cx-Cz)élkylsulﬁnyl, halo(C;-
Ca)alkylsulfinyl, (C1-Cg)alkylsulfonyl, and halo(C1-Cg)alkylsulfonyl. Haloethyl,



preferably in the ortho positions. Preferably the para substituent, if any,
al so has lipophilic character. The el ectron w thdraw ng groups are
preferably independently selected fromhalo (preferably chloro, brono, or
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contact between the compound and the seed during the storage, transporting,
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and planting of the seed. The compound, and its agronomically acceptable salts
(hereinafter referred to as the “compound”), can be in the form of pure
compound, technical grade of the compound, or a formulation of the compound.
Formulations of the compound are prepared by admixing the compound with. one
or more adjuvants including diluents, extenders, carriers, surfactants, and
conditioning agents to provide compositions in the form of particulate solids,
solutions, dispersions, or emulsions. Such compositions include, for example,
wettable powders, granulars, dusts, emulsifiable concentrates, and flowables.
Surprisingly, the technical grade of many of the compounds is suitable for
treating the seed without further formulation.

The term “fungicidally effective amount” means the quantity of compound
which provides a desired level of fungal disease control in the plant grown from
the seed. Since in most cases a limited amount of foliar fungal disease in a crop
is tolerated without causing a significant reduction in the crop’s economic value,

it is not always necessary to achieve 100% control. One skilled in the art will be



. Formul ati ons of the conpound are prepared by adm xi ng the conpound wi th one
or nore adjuvants including diluents, extenders, carriers, surfactants, and
.condi tioning agents to provide conpositions in the formof particulate
solids, solutions, dispersions, or enulsions. Such conpositions include,
for exanple, wettable powders, granular4, dusts, enulsifiable concentrates,
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s suitabhgs {94 t{eﬁﬁﬂhé RHe thiersta@devéli dTAisedsenintir therpartitularconditions The
»tern1"fung|C|da? y effective anount” neans the quantity of conpound which
provi des eacolastered andvddterthirie thpsamoint of coropaund whigh imustbeappliedith rom

the seed., Since.in st cases | i m.t anpunt of Jfoliar fungal disease in
a crop i she ge 1R QO e‘f?aﬁ'é‘ﬁ %ﬁ‘?%eﬁﬁf?f?éﬁ ok eduction in the crop's
econom ¢ val ugy d&%di{:iﬁfx lrtefghélf&ﬁgﬁ%icréﬁeﬁx%hhdh f 3B1Y invendieNYedinpéditions e

W e

skilled in the ar
able to dpsating tive sbmist magrcantainl oshet agficultucakehamitels sueh auder cul ar

condi tions engountered and, det.ermi ne the ampunt,of, coppound whi ch. must be
appl i ed %aﬂiées‘éé’ﬁri gicides, {‘%ﬁi}eﬁr%&m ides, hezhicdas, pthr heshigidse:

I n addit i#hra dFeh fungi ci dal conpounds of this invention, conpositions for
treating e seeds may contain other agricultural chemicals such as, for

exanpl e, ot herAdother embealimbnt thisiineestion prevides isdeds cimptisingia seedandr
pestici des, and safeners. . Anot her enbodj nment tgi I nvention provides
seeds cofPABPORItIANLOMPIIFINE HNEATIBATE ?%P%%‘iﬁ‘ ?QP?FS (ﬁ‘émcﬁ °9FBP%“’&‘8 Hgo unds
sel ect ed | of ' | t
R4 688 Bf..oﬁﬁ?%fg{) §teBtd13BE1BERBREHE SRlchseRls gRbthey sal LS

t hereof . "Su See OW I N are resistant to foliar fungal

di seases plants whidfay/résistant bpfulidri fungal diseasdsheordxalded hyvhet of conpound
needed to provide the desired | evel of control of the fungal disease wll
vary depe€ompesiti@@®dn t he growi ng conditions, the susceptibility of the plant

ei fects of t hervbPRRAERaRle i Eopditl SRR B rldl (G MeiRl 1oheY bt 0 €

effects of th ron on and t
control of the fungal disease will vary depending upon the growing conditions,

the susceptibility of the plant to the disease, the type of seed, the compound’s
formulation, i)hytotoxic effects of the formulation on the plant, and the specific
compound employed. One skilled in the art can readily determine the optimum
amount of compound required. Typically, the compound will be applied at rates
of from 0.1 to 2000 grams per 100 kilograms of seed, preferably 1 to 100 grams
per 100 kilograms of seed, most preferably 20 to 100 grams per 100 kilograms of
seed. '

The compound can be applied to the seed using any one of the many
known seed treatment methodologies. For example, the seed may be soaked in a
solution or suspension of the compound in a non-phytotoxic liquid from a few
minutes up to 24 hours, depending on the concentration of the compound in the
liquid, and then separated from the liquid and dried. Another method is to
prepare a mixture of the compound in a suitable solvent, spray the mixture onto
dry seed, mix well, and then dry. . It is not necessary to uniformly coat the seed
with compound. Again, one skilled in the art can readily determine what

treatment methodology to use depending on the form of the compound, the type



.compound enpl oyed. One skilled in the art can readily determ ne the optinum
anount of conpound required. Typically, the conpound will be applied at
.rates of fromO0.1 to 2000 grans per 100 kil ograms of seed, preferably 1 to
100 grans per 100 kil ogranms of seed, nost preferably 20 to 100 grans per
100 kil ogranms of seed. The corrpoﬁnd can be applied to the seed using
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wat er.  only the technical thifluzamide with no other additives or water.

A five kilogram (kg) quantity of rice seed was placed in a 5-gallon plastic
bucket and the bucket was inserted into a holder connected to a belt and a 1/4-
horse power motor. A steel blade was inserted into the bucket to ensure proper
mixing of seed during the rotation of the bucket. The bucket was rotated at
approximately a 60 degree angle at 50 rpm. During rotation, the thiﬂuzamide
powder was sprinkled over the continuously-changing upper layer of rice seed.
Once all the thifluzamide was applied, mixing was continued for an additional
15 minutes. The rice seed was treated with thifluzamide at four rates:

200 g per 100 kg seed equal to 10.00 g per 5 kg seed
125 g per 100 kg seed equal to 6.25 g per 5 kg seed
75 g per 100 kg seed equal to 3.75 g per 5 kg seed
25¢g pér 100 kg seed equal to 1.25 g per 5 kg seed

All rice seed appeared to be coated to some extent with thifluzamide;
however, the low rate of thifluzamide was insufficient to saturate all of the
potential sticking sites on the rough surface of the rice. Only a trace amount of
thifluzamide appeared to remain on the plastic bucket after mixing because the

rice seeds provided a more favorable site for adhesion.



:A five kilogram (kg) quantity of rice seed was placed in a 5-gallon plastic
bucket and the bucket was inserted into a holder connected to a belt and a
.1/ 4- horse power notor. A steel blade was inserted into the bucket to
ensure proper mxing of seed during the rotation of the bucket. The bucket
.was rotated at approximately a 60 degre® angle at 50 rpm During rotation,
the thifluzam de powder was sprinkled over the continuously-changi ng upper
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*conti nued for an addi t i onal m nutes. The rice seed was treated with
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10.00 g seed 125 g per 100 kg seed equal to 6.25 g
per 5 kg 8\2alug.tmn 75 g per 100 kg seed equal to 3.75 g per 5 kg
seed - 25 g per 100 kg seed Tag]gupl to 1.25 g per 5 kg seed

Al rice seed appeared ta be coated to Some-extent with thifluzam de;
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6 The rice seeds wer8 planted and the disease cofifttol wasieval uated

t hrough the grow ng seasd25(une to Augusps. Table 1 sung@izes the results
of the eval uati on. Table 1

Rat e Stand* 2008 o |infect | b157 12.5 25 g

1.26 32. 0g 1.30

25.0 %ntfﬁgteél 1.00 %) 400 53

50809 }1058 * = Relative numBér of plants per unit area UL | €at ed

compared to untreated -
These data indicate that thifluzamide provided mgmﬁcant control of
sheath blight. In addition, the plant stand count was also significantly 1mpr0ved

over the untreated seed at all rates.

Example 2 - Evaluation of Control of Wheat Leaf Rust (Puccinia graminis)

Approximately 25 g of wheat seed was weighed out per treatment. The
seeds were placed in 4-o0z glass jars with the correct amount of thifluzamide.
Three different formulations of thifluzamide were used: 1) the technical grade
described above, 2) a 50% by weight dry granule (WDG), and 3) a 50% by welght
wettable powder (WP).

The jars were gently rotated until over 90% of the technical, wettable
powder, or dispersible granule material had adhered to the wheat seed. This
usually required 2 to 3 minutes of hand rotation of the jars. Where very low
rates of thifluzamide were tested, the fungicide was diluted with talc powder to
achieve a volume of material that could be effectively handled. A talc treatment
and untreated seeds served as untreated checks for this part of the test.

The following treatment rates were used:

2000 g per 100 kg seed equal to 500 mg per 25 g seed
500 g per 100 kg seed  equal to 125 mg per 25 g seed
100 g per 100 kg seed equal to 25 mg per 25 g seed
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conpared to untreated These data indicate that thifluzam de provi ded
.significant control of sheath blight. In addition, the plant stand count
was also significantly inproved over the untreated seed at atl rates.
JExanple 2 - Evaluation of Control of Widat Leaf Rust (Puccinia gram nis)
ApprOX| mately 25 g of wheat seed was weighed out per treatment. The seeds
‘were placed in 4-o0z ZhgyperdPO kg sdedt hequal tects mppert 25 g sebdf | uzani de.
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5 g per 100 kg seed equal to  1.25 ng per 25 g seed

g
per 100 k@%éenprhém%d veymicglite Fhe g sgveregmaintained under greenhmzseg per

100 kg seg %1 ﬁgH to 0.05 ng per 25 g seed 0.05 g per
100 kg seedequal to 0.0125 ng per 25 g seed One day after

treatnent, t heSiaeMbMenjp]iahmﬂgi (Your! dayisetftergeiniinktion) plaglis #eré. Each pot
recei ved appui) tely 100 seeds, per pot. After planting in pots,
inoculated with uredospores of wheat leaf rust (Puccinia graminis). The spores
were suspended in a light mineral oil and misted onto the plants. Following this
inoculation, the plants were placed in a mist chamber at 20° C for 24 hr to allow
for infection to occur. The plants were then maintained in a greenhouse for the
duration of the test. Thirteen days after planting the disease control was

evaluated. Table 2 summarizes the results of the evaluation.

techmical 50WP 50WDG
Rate height | % control | height | % control| height i % control

2000 g 5.0 99.0 5.0 100.0 3.0 99.0
500 g 6.0 100.0 5.5 100.0 6.0 98.8
100 g 7.5 95.4 6.0 100.0 7.0 97.2
20g 8.0 85.0 7.0 90.0 7.5 89.0
5g 8.5 54.0 7.0 74.0 9.0 66.0
1g 8.5 0 7.5 36.0 8.0 38.0
02g 8.0 0 . 8.0 32.0 8.0 32.0

005g 9.0 0 8.0 0 8.0 0

Untreated 7.5 0 8.0 0 8.0 0




any material rehaining on the inside of the glass jar was scraped off and

sprinkl ed over the seeds. The growh nediumwas a soil-less m xture of peat
nmoss, perlite, and vermculite. The seedlings were naintai ned under
greenhouse condi tions. Si x days after planting (four days after

germnation) plants were inoculated witi8 uredospores of wheat |eaf rust
(Puccinia gramnis). The spores were suspended in a |light mneral oil and

i sted onto tHPhaleadkta ddrRbhstratethaltiin adddtion 86 differchbeatdsadifferate pl aced
En a mst chanber at 20 Cfor 24 hr to allow for infection to occur. The

pl ant s wdormuletionsmmay.provide dlﬁergntelavnae%dxﬁeaset ¢oatmliand bave different est .
e b4 PGP abg 19 RS o) BB b Bhae) vated. Table 2

Tabl e 2 t echni cal 50WP

50V\DG Rat e hei ght % control height %control height %
control 2000 g 5.0 99.0 5.0

100.0 3.0 99.0 500 g 6.0 100.0 5.5
100.0 6.0 98. 8 100 g 7.5 95.4
6.0 100.0 7.0 97.2 20 ¢ 8.0 85.0
7.0 90.0 7.5 89.0 59 8.5 54.0
7.0 74.0 9.0 66. 0 lg 8.5

0 7.5 36.0 8.0 38.0 0.2 g
8.0 0 8.0 32.0 8.0

32.0 0.05 ¢ 9.0 0 8.0

0 8.0 . 0O Untreated 75 0 8.0 0 8.0
Unt r eat ed 7.5 0 8.0 0

8 .These data denonstrate that in addition to different rates,

different formulations may provide different |evels of disease control and
have different phytotoxic effects (determ ned by plant height) on the
pl ant s.



.9 We claim . A nmet hod conprising applying to a plant seed a
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wherein:
each R is independently an electron withdrawing group;
R; and Rz are each independently selected from (C;1-Cs)alkyl
and (C1-Cz)haloalkyl, provided that at least one of R: and Rz
is selected from (C1-Cz)haloalkyl; and
n is from 1 to 5;
and agronomically acceptable salts thereof.
2. The method of Claim 1 wherein plants subsequently grown from the seed
are resistant to foliar fungal diseases.
3. The method of Claim 1 wherein the composition comprises a compound of

the formula:

R,

wherein:
each R is an electron withdrawing group independently
selected from chloro, bromo, iodo, halo(C;-Cs)alkyl, halo(C;-
Cs)alkoxy , nitro, cyano, halomethylthio, haloethylthio, (C;-



. Wher ei n:\ each Ris an electron w thdraw ng group,
| ndepende sel ected from chloro, brono, iodo,

_hal o(C[err q, ”‘ aI o(Cerr]- C err])al koxy ,
nitro, cyarfo, cha -o, hal oet hylthio, (C[err]-
10 : )aI kyl sul finylg halo(Cerr]- C[err])al kyl sul finyl,
:(C[err]- ~ (err])al kyl sul fonyl, and

“hal - | Ky | : rr] and Rlerr] are
halaClerr- err]) oo ke oBilim belqCeaniylpighrite!
and (Cferr]-Cerr])hal Oﬁjziﬁlkylsﬁlﬁﬁyﬁ%dtlﬁlﬂb(@f-CE)éﬂﬁﬁlsQH‘Bn?‘ Rlerr] and

Rlerr] Is selected from ((err]-(err])hal oal kyl; and

ni sfronPt 04; R, anddRagre)emh epgn, enﬁ)msalelctedsﬁ‘bms((flh&)aﬂtyl 4.
:Eg ][rg'; Pn(jld af’f Gaim3 Wher éz%alogfﬁgrqsﬁ%vggef ﬁtr% t]SlggstaorfeOgPﬁij ggd(i:\t.z
wher ei n: _ is select@écﬂ’oxﬁ (C3-GPhAlb8NEy1 0andy t hdrawi ng group
i ndependent |y
nis from 2 to 4;
and agronomically acceptable salts thereof.
4. The method of Claim 3 wherein the compositioh comprises a compound of

the formula:

0::0

N

)

wherein:
each R is an electron withdrawing group independently
selected from chloro, bromo, and halo(C;-Cs)alkoxy;
Riis méthyl;
Rz is halomethyl; and
nis 3; _

and agronomically acceptable salts thereof.

5. The method of Claim 4 wherein the compound of the composition is 2,6'-
dibromo-2-methy1-4’-tﬂﬂuoromethoxy-4-triﬂuoromethyl-1,3-thiazole-5-
carboxanilide.

6. The method of Claim 2 wherein the foliar fungal disease is a

' Basidiomycetes fungal disease.

7. The method of Claim 1 wherein the plant seed is selected from rice, cereal
grain, and legume seeds.
8. The method of Claim 7 wherein the plant seed is selected from rice, wheat,

and peanut seeds.

9. A composition comprising a plant seed and the composition of Claim 1.



-selected fromchloro, brono, and halo((err]-Cerr])al koxy;

Rlerr] is methyt5— Rl err] is halonethyl; and

nis 3; om cal |y acceptable salts thereof. 5. The
met hod of C a"mmmlumﬂuwnﬂmconpound of the conpositionis 2',6'-

di brono-2-net hyl - 4" -tri¥| vor dnet hoxy- 4- i;l fl uoronet hyl -1, 3-thi azol e- 5-
.£arboxani | i de. 6. - The method of O aimz2 wherein the foliar fungal disease

“is a Basi di onycet es fungal d| S The thod of Claim1
-wher ei n t & pl'Bee compasitionsef] S’@ﬁ?#\@'@ Plagt sged is selectgd from rigey

Fegune seeds. gn 7 wherein the plant seed is selected
fromrice, 2e{eal ggn”%#m%@%%%ﬁeéds . A corrp05| tion conprising a
pl ant seed and t he corrp03| tion of daim1l. 10. The conposition
of Claim

and | egu See(rlglenStterﬁ %ﬁ%egﬁga&ssg? %%Eﬂgf"espdm%f:oseaa%eoﬁg?%qjgrggﬁl "

conbi nati on t hereof.



