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HERBICIDAL COMPOSITIONS COMPRISING 4-AMINO-3-CHLORO-5-FLUORO-6-¢(4-
CHLORG-2-FLUORO-3-METHOXYPHENYL) PYRIDINE-2-CARBOXYLIC ACID OR A
DERIVATIVE THEREOF AND ACETYL-CoA CARBOXYLASE (ACCASE)
INRIBITORS

Priority Claim

This application claims the benefit of United States provisional patent application
number 61/675,103 filed on July 24, 2012 and United States patent application number
13/839,043 filed on March 135, 2013, the disclosure of each of which is incorporated herein
by reference 1n its entivety.

Provided herein are herbicidal compositions comprising and methods of controlling
undesirable vegetation ntilizing (a) 4-amino-3-chloro-5-fluoro-6-{4-chloro-2-fluoro-3-
methoxyphenylipyridine-2-carboxylic acid or an agricolturally acceptable ester or salt thereo!
and (b} an acetyl-CoA carboxylase (ACCase) inhibitor.

Backeround

The protection of crops from weeds and other vegetation which inhibit crop growth is
a coustantly recurring problem in agriculture. To help cornbat this problem, rescarchers in
the field of synthetic chemistry have produced an extensive variety of chemicals and
chemical formulations effective in the control of such uvowanted growth, Chemical
herbicides of many types have been disclosed in the hiterature and a large number are in
commercial use. However, there remains a need for compositions and methods that are
effective in controliing undesirable vegetation.

Nommary

A tirst erobodiment includes herbicidal compositions, comprising: a herbicidally

effective amount of (a} a compound of the formula (1)
NH,

or an agriculturally acceptable salt or ester thereof: and (b} ACCase inhibitors, or a salt or

ester thereof
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A second embodiment includes a composition of according to the fisst embodiment,
wherein {a) is a Cy4 alkyl or benzyl ester of compound (1),

A third embodiment includes a composition of according to the first embodiment
wherein (a) is a benzyl ester of compound (1)

5 A fourth embodiment includes a composition of according to the first embodiment
wherein (a) is the compound of formula (T}, which is the carboxylic acid.

A fifth embodiment includes compositions of the first, sccond, third, or fourth
embodiments, wherein (b} is selected from the group consisting of: clethodim, clodinatop-
propargyl, cyhalotop-R-butyl, diclofop-methyl, fenoxaprop-P-cthyl, fluazifop-P-butyl,

10 haloxyfop-R-methyl, metamifop, pinoxaden, profoxydim, quizalofop-P-cthyl, sethoxydim or
tralkoxydim.

A sixth embodiment includes a composition of the first embodiment, wherein{a) is the
compound of formulda (I} or an agriculturally acceptable benzyl ester and (b) 15 clethodim.

A seventh embodiment includes a composition of the first embodiment, wherein {(a} is

15 the compound of formula (I) or an agricuiturally acceptable benzyi ester and (b) 18
clodinafop-propargyvl.

An eighth embodiment includes a composition of the first embodiment, wherein (a) is
the compound of formula (1) or an agriculturally acceptable benzyl ester and (b) is cyvhalofop-
R-butyl.

20 A ninth embodiment includes a composition of the first embodiment, wherein (2} s
the compound of formula (1) or an agriculturally acceptable benzyl ester and (b) is diclofop-
methyl.

A tenth embodiment includes a composition of the first embodiment, wherein (a) 15
the compound of formula (1) or an agriculturally acceptable benzyl ester and (b is

25  fenoxaprop-P-ethyl.

An eleventh embodiment includes a composition of the first embodiment, wherein (a}
is the compound of formula (1) or an agnicubturally acceptable benzyl ester and (b i3
tfluazifop-P-butyl.

A twelfth embodiment includes a composition of the first embodiment, wherein (a) is

30 the compound of formula (1) or an agnicultarally aceeptable benzyl ester and (b} is haloxyfop-
R-raethyl.

A thirteenth embodiment includes s composition of the first embodiment, wherein (a}
is the compound of formula (1) or an agriculturally acceptable benzyl ester and (b) &5

metamifop.
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A fourteenth embodiment inchides a composition of the first embodiment, wherein (a)
1s the compound of formula (1) or an agricalturally acceptable benzyl ester and (b} 1s
pinoxaden,

A fiftcenth cmbodiment includes a composition of the fiust embodiment, wherein (a)
is the compound of formula (1) or an agriculturally acceptable benzyl ester and (b} is
profoxydim.

A sixteenth embodiment includes a composition of the first embodiment, wherein (a)
is the compound of furmula (1) or an agriculturally acceptable benzyl ester and (b} 18
quizalofop-P-ethyl.

A seventeenth embodiment includes a composition of the first embodiment, wherein
{a) 1s the compound of formula (1) or an agriculturally acceptabie benzyl ester and (b)
sethoxydim.

An eighteenth embodiment includes a composition of the first embodiment, wherein
{a} is the compound of formula (1) or an agriculturally acceptable benzyl ester and (b) is
tralkyoxydim.

A nineteenth embodiment includes composttion according to the fivst through the
eighteenth embodiments further comprising a berbicide safener.

A twentieth embodiment includes a composition according to the first embodiment
wherein the ratios the compound of formula (1) or agniculturally acceptable salt or ester
thereof to clethodim or an agnculturally acceptable salt or ester thereof, expressed in units of
weight to weight {gto ¢), gacsha to gai/ha, or gac/ha to gac/ha, are within the range of about
11140 to about 911, from about 1:35 to about 2.2:1 and from about 1:9 1o about 1:8.

A twenty-first embodiment inclades a composition according to the first embodiment
wherein the ratios the compound of formula (I) or agriculturally acceptable salt or ester
thereof to clodinafop-propargyl or an agriculturally acceptable salt or ester thereof, expressed
in units of weight to weight (g to g), gae/ha to gat'ha, or gae/ha to gac/ha, are within the range
of about 1:40 to about 6011, from about 1/6 to about 2:3 and from about 1.3 to about 1:4.

A twenty-second embodiment includes a composition according to the first
embodiment wherein the ratios the compound of formula (I) or agriculturally acceptable salt
or ester thereot to cyhalofop-R-buty] or an agriculturally acceptable salt or ester thereof,
expressed tn units of weight to weight (g to g), gac/ha to gavha, or gae/ha to gae/ha, are
within the range of about 1:155 to about 6:1, from about 1:34 to about 1.2, from about 1:10 to

about 1:70, 4:1, 8.5:1, 1.7 and about 1:9.

o
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A twenty-third embodiment inchudes a composition according to the first embodiment
wherein the ratios the compound of formula (I) or agriculturally acceptable salt or ester
thereof 1o diclofop-methyl or an agriculturally acceptable salt or ester thereof, expressed
units of weight to weight (g to ), gae/ha to gavha, or gac/ha to gac/ba, arc within the range

5 ofabout 1:560 to about 5:1, from about 1:140 to 1:9 and 1.35.

A twenty-fourth embodiment inclades a composition according to the first
embodiment wherein the ratios the compound of formuls (1) or agriculturally acceptable salt
or ester thereot to fenoxaprop-P-ethyl or an agriculturally acceptable salt or ester thereof,
expressed m units of weight to weight (g 10 g), gac/ha to gav/ha, or gae/ha to gac’ha, are

10 within the range of about 1:170 to about 30:1, from about 1:16 to about 4:1, from about 0.4:1
to about 0.0:1, 0.25:1 and 0.6:1 and the crop safeners soxadifen-racthyl and mefenpyr-
dicthyl are incorporated into the product.

A twenty-fitth erabodiment inclades a composition according to the first embodiment
wherein the ratios the compound of fornwula (1) or agriculturally acceptable salt or ester

15 thereof to fluazitop-P-butyl or an agriculturally acceptable salt or ester thereof, expressed in

!

anits of weight to weight (g to g), gac’ha to gai‘ha, or gae/ha to gae/ha, are within the range
of about 1:210 to about 3:1, from about 1:41 10 0.8:1 and from about 1:10 to about [:5.
A twenty-sixth embodiment includes a composition according to the first embodiment
wherein the ratios the compound of formula (1) or agriculturally acceptable salt or ester
20 thereof to haloxyfop-R-methyl or an agricuiturally acceptable salt or cster thereof, expressed
n units of weight to weight (g 10 g), gac/ha to gavha, or gac/ha to gac/ha, are within the range
of about 1:45 to abour 10:1, from about 1:6 to about 1:5, from about 0.65:1 and about 1.3:1.
A twenty-seventh embodiment includes a composition according to the first
embodiment wherein the ratios the compound of formula (1) or agricalturally acceptable salt
25 or ester thereof to metanifop or an agriculturally acceptablie salt or ester theroof, expressed in
units of weight o weight (g to g), gae/ha to gai'ha, or gae/ha to gac/ha, are within the range
of about 1:150 10 about 6:1, from about 1:34 to aboat 10:1, from about 1:2 to about $.64:1,
0.6:10, 121, 14, and 301,
A twenty-eighth embodiment includes a composition according to the first
30 embodiment wherein the ratios the compound of formula (1) or agriculturally acceptable salt
or ester thereof 1o pinoxaden or an agriculturally acceptable salt or ester thereof, expressed i
units of weight to weight (g to g), gae/ha to gavha, or gae/ha to gac/ha, are within the range
of about 1:30 to about 150:1, from about 1:12 to about 2:1, from about 1:3 to about 1.2, 2:1

and 1:2.
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A twenty-ninth embodiment includes a composition according to the first embodiment
wherein the ratios the compound of formula (I) or agriculturally acceptable salt or ester
thereof to profoxydin or an agricolturally acceptable salt or ester thereof, expressed 1o uruts
of weight to weight (g 10 ¢), gae/ha to gai/ha, or gac/ha 0 gac/ha, are within the range of
about 1:70 to about 29:1, from about 1:23 to about 3.1, from about 3:1 to about 1:3, §.35:1,
G.17:1,2.8: 1 and { 4:1.

A thirtieth embodiment includes a composition according to the first embodiment
wherein the ratios the compound of formula (1) or agriculturally acceptable salt or ester
thereot to quizalotop-P-ethyl or an agriculturally acceptable salt or ester thereof, expressed in
units of weight to weight (g to g), gae’ha to gai'ha, or gac’ha to gac/ha, are within the range
of about 1:100 to0 about 12:1, from about 1:8 to about 19:1, 5:1, 1.16:1, 0.6:1, 9:1, 2.33:1 and
1.2:1.

A thirty-first embodiment inclodes a composition according to the first embodiment
wherein the ratios the compound of fornwula (1) or agriculturally acceptable salt or ester
thereof to sethoxydim or an agriculturally acceptable salt or ester thereof, expressed in wmits
of weight to weight (g to ), gae/ha to gaiha, or gae/ha to gae/ha, are within the range of
about 1.70 to about 29:1, from about 1:62 to about 8.6:1, from about 13:1 to about 1:8.5,
17,7, 1:30.9,0.5:1 and 1:8.5.

A thirty-second embodiment inclades a composition according to the first
embodiment wherein the raties the compound of formula (T} or agniculturally acceptable salt
or ester thereof to traltkoxydim or an agriculturally acceptable salt or ester thereof, expressed
in units of weight to weight (g to g}, gac/ha to gavha, or gac/ha to gac/hs, are within the range
of about 1:38 t0 about 60:1, from about 1:40 to about §.6:1, from about 1:1{ to about 1:6.3,
1:3, o and 115

A thirty-third embodiment includes any composition according to the first through the
thirty-second embodiments that, further comprising an agriculturally acceptable adjuvant,
and/or carrier and/or herbicide safener.

A thirty-fourth erobodirent includes any coroposition according to the first through
the thirty-third embodiments, wherein synergy between herbicides is determined by the
Colby equation.

A thirty-fifth embodiment includes any composition according to the first
embodiment wherein (b} is cyhalofop-butyl or carboxylic acid, carboxylate salt, or ester
thereof, wherein the composition further comprises penoxsulam, bentazon-sodnm, triclopyr,

bispyribac-sodium, imazamox, benzobicyclon, quinclorac, glyphosate, glufosinate,
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bentfuresate, fentrazanude, indanotan, ipfencarbazone, mefenacet, oxazichlomefone,
pretilachlor, propyrisulforon, pyraclonil, pyriftalid, or pyrinusulfan, or an agriculturally
acceptable salt, carboxylic acid, carboxylate salt, or ester thereof, in combination as a
synergistic 3 way/ternary mixture.

A thirty-sixth embodiment incledes any composition according to the first
embodiment wheretn (b} is fenoxaprop, metamifop, or profoxydin, or agriculturally
acceptable salt, ester, carboxylate salt, or carboxylic acid thercof, wherein the composition
farther comprises penoxsulam, bentazon-sodium, triclopyr, bispyribac-sodivm, imazamox,
benzobicyclon, quinclorac, glyphosate, glufosinate, benfuresate, tentrazamide, indanofan,
ipfencarbazone, raefenacet, oxazichlomefone, pretilachior, propyrisulfuron, pyraclonil,
pyriftalid, or pyrimisulfan, or an agriculturally acceptable salt, carboxylic acid, carboxylate
salt, or ester thereof, in combination as a synergistic 3 way/ternary mixture.

A thirty-seventh embodiment inchudes methods for controlling undesirable vegetation
comprising the steps of contacting the vegetation or the locus thereof with or applying to the
soil or water to prevent the emergence or growth of vegetation the at least one composition
according to the first through the thirty-sixth embodiments.

A thirty-eighth erobodiroent includes methods for controlling undesirable vegetation
comprising the steps of contacting the vegetation or the locus thercof with or applying to the

soil or water o prevent the emergence or growth of vegetation utilizing a herbicidally

effective amount of (a) a compounnd of the formula (1)
NH,

O ‘

0 ~
H O &

or an agriculturally acceptable salt or ester of thereof, and (b) an ACCase inhibitor.

A thirty-ninth embodiment includes methods of the thirty-seventh and thirty-cighth
embodiments, wherein the undesirable vegetation is controlied in rice, cercals, wheat, barley,
oats, rye, sorghum, corn/maize, sugarcane, sunflower, otlseed rape, canola, sugar beet,
soybean, cotton, pincapple, pastures, grasslands, rangelands, fallowland, turf, tree and vine
orchards, aquatics, plantation crops, vogetables, industrial vegetation ranagement (FVM) or

rights of way (ROW).

)
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A fortieth embodiment includes methods of the thirty-seventh and thirty-cighth
embodiments wherein the andesirable vegetation is rnmature.

A torty-first embodiment includes methods of the thirty-seventh and thirty-cighth
embodiments wherein the compounds {a) and (b) arc applied to water.

A forty-second embodiment inchudes methods according to the forty-first
embodiment, wherein the water 1s part of a flooded rice paddy.

A forty-third embodiment includes methods according to the thirty-seventh and thirty-
eighth embodiments, wherein compounds (a) and (b) are applied pre-emergently to the weed
or Crop.

A forty-fourth embodiment includes methods according to the thirty-seventh and
thirty-cighth embodiments, wherein compounds (a) and (b} are applied post-emergently to the
weed or crop.

A forty-fifth embodiment includes methods according to the thirty-seveuth and thirty-
cighth embodiments, wherein the undesirable vegetation is controlled in glyphosate-, 5-
enolpyravyishikimate-3-phosphate (EPSP) synthase inhibitor-, glufosinate-, ghutamine
synthetase inhibitor-, dicarba-, phenoxy auxin-, pynidyloxy awxin-, synthetic auxin-, auxin
transport inhibitor-, aryloxyphenoxypropionate-, cyclobexanedione-, phenylpyrazoline-,
acctyl CoA carboxylase (ACCase) inhibitor-, imidazolinone-, sulfonylurea-,
pyrimidinyithiobenzoate-, triazolopyrimidine-, sulfonylaminccarbonyliriazolinone-,
acetolactate synthase {ALS) or acetohyvdrony acid synthase (AHAS) nhibitor-, 4-
hydroxyphenyl-pyruvate dioxygenase (HPPD ) inhubitor-, phytoene desaturase inhibitor-,
carotenoid biosynthesis inhibitor-, protoporphyrincegen oxidase (PPO) inhibitor-, cellulose
biosynthesis inhibitor-, mitosis inhibitor-, microtubule inhibitor-, very long chain fatty acid
inhibitor-, fatty acid and lipid biosynthesis inhibitor-, photosystern { inhibitor-, photosystem
H inhibitor-, triazine-, or bromoxynil- tolerant crops.

A forty-sixth embodiment includes methods according to the forty-fifth embodiment,
wherein the resistant or tolerant crop possesses multiple or stacked traits conferring resistance
ot tolerance to multiple herbicides or roultiple modes of action.

A forty-seventh embodiment inchides methods according to the thirty-seventh and
thirty-gighth embodiments, wherein the undesirable vegetation comprises a herbicide
resistand or tolorant weed.

A forty-cighth embodiment includes methods according to the forty-seventh

embodiment, wherein the resistant or tolerant weed 1s a bistype with resistance or tolerance

~~
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to muftiple herbicides, muultiple chemical classes, or multiple herbicide modes-of-action or
via multiple resistance mechanisms.

A forty-ninth erabodiment inchudes methods according to the forty-seventh
embodiment wherein the resistant or tolerant weed is a biotype resistant or tolerant to
H inhibitors, acetyl CoA carboxylase (ACCase) inhibitors, synthetic auxins, auxin transport
inhibitors, photosystem 1 inhibitors, S-enolpyruvylshikirnate-3-phosphate (EPSP) synthase
inhibitors, microtubule assembly inhibitors, fatty acid and lipid synthesis inhibitors,
protoporphyrinogen oxidase (PPQ) mhibitors, carotenoid biosynthesis inhibitors, very long
chain fatty acid (VLCFA) inhibitors, phytoene desaturase (PDS) inhtbitors, glutamine
synthetase inhibitors, 4-hydroxyphenyi-pyrovate-dioxygenase (HPPD) mhibitors, mitosis
inhibitors, cellulose biosynthesis inhibitors, herbicides with multiple modes-of-action,
quinclorac, arylaminopropionic acids, difenzoquat, endothall, or organoarsenicals.

A fifticth crebodiment includes the composition according to any of embodiments 1-
4, wherein the ratio of compound (a) to compound (b} is such that the composition exhibits
SYnergy.

A tifty-first erobodiment ncludes the composition according to any of embodiments
1-4 or 50, wherein the weight ratio of the compound of formula (I} or agriculturally
acceptable salt or ester thereof to clethodim or agriculturally acceptable salt or ester thereof is
from about 1:140 1o about 9:1.

A fifty-second embodiment includes the composition according to any of
embodiments -4 or 50, wherein the weight ratio of the compound of fornmla (1) or
agriculturally acceptable salt or ester thereof to clodinatop-propargyl or agniculturally
acceptable salt or ester thereof 18 from about 1:40 to about 60:1.

A fifty-third embodiment includes the composition according to any of embodimenis
-4 or 50, wherein the weight ratio of compound of formula (1) or agriculturally acceptable
salt or ester thereof to cyhalofop-R-butyl or agriculturally acceptable salt or cster thereof is
from about 11155 to about 6:1.

A fifty-foyrth embodiment includes the composition according to any of embodiments
1-4 or S8, wherein the weight ratio of the compound of formula (I) or agriculturally
acceptable salt or ester thereof to diclofop-methyl or agricubiurally acceptable salt or ester
thereof 1s from about 1,560 to about 5:1.

A fifty-fifth embodiment inchudes the composition according to any of embodiments

i-4 or 50,, wherein the weight ratio of the compound of formula (I) or agriculturally
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acceptable salt or ester thereot to fonoxaprop-P-ethyl of agriculturally acceptable salt or ester
thereof is from about 1:170 to about 30:1, and the crop safeners 1soxadifen-methyl and
mefenpyr-dicthyl are mmcorporated mto the product.

A fifty-sixth embodiment includes the composition according to any of cmbodiments
i-4 or 50, wherein the weight ratio of the corpound of formula (1) or agriculturally
acceptable salt or ester thereof to fluazifop-P-butyl or agriculturally acceptable salt or ester
thereot is from about 1:210 to about 311,

A fifty-seventh embodiment includes the composition according to any of
embodiments 1-4 or S0, wherein the weight ratio of the compound of formula (1) or
agricubturally acceptable salt or ester thereof to haloxyfop-R-methyl or agriculturally
acceptable salt or ester thereof 18 from about 1:45 to about 10:1.

A fifty-eighth embodiment inchides the composition according to any of
embodiments 1-4 or 50, wherein the weight ratio of the compound of formula (I} or
agriculturally acceptable salt or ester thereof to metamifop or agriculturally acceptable salt or
ester thereof 1s from about 1:150 to about 6:1.

A fifty-ninth embodiment inchudes the composition according to any of embodiments
t-4 or 50, wherein the weight ratio of the compound of fornula (1) or agriculturally
acceptable salt or ester thereof to pinoxaden or agriculmrally acceptable salt or ester thereof
is from about 1:30 to about 150:1.

A sixticth embodiment includes the cormposition according to any of embodiments 1-
4 or 50, wherein the weight ratio of the compound of formula (1) or agriculturally acceptable
salt or ester thereof to profoxydim or agriculturally acceptable salt or ester thereof is from
about 1:70 to about 29:1.

A sixty-first embodiment includes the coraposition according to any of embodiments
i-4 or 50, wherein the weight ratio of the compound of fornwia (1) or agriculturally
acceptable salt or ester thereof to quizalofop-P-ethyl or agriculturally acceptable salt or ester
thereof is from about 11100 o about 12:1.

A sixty-second ernbodiment fnchides the composition according to any of
cmbodiments 1-4 or 0, wherein the weight ratio of the compound of formula (1) or
agriculturally acceptable salt or ester thereot to sethoxydim or agricelturally acceptable salt
or ester thereof is from about 1:70 to about 29:1.

A sixty-third embodiment includes the composition according to any of embodiments

i-4 or 50, wherein the weight ratio of the compound of formula (I} or agriculturally

9
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acceptable salt or ester thereot to tralkoxydim or agriculturally acceptable salt or ester thereof
18 from about 1:38 to about 60: 1.

Provided herein are herbicidal compositions comprising a rocthods of controlling
undesirable vegetation utilizing a herbicidally effective amount of (a) a compound of the

forruda ().

1§ (1

H 7
or an agriculturally acceptable salt or ester of thereof, and (b) an ACCase inhibitor.
Exemplary ACCase inhubitors include, but are not himited to, clethodir, clodinafop-
propargyl, cyhalofop-R-butyl, diclofop-methyl, fenoxaprop-P-ethvl, fluazifop-P-butyl,
haloxyfop-R-methyl, metamifop, pinoxaden, profoxydim, quizalofop-P-cthyl, sethoxydim or
tralkoxydim. The compositions may also contain an agriculturally acceptable adjuvant or

CarTier.

Detailed Description

DEFINITIONS

As used herein, the compound of formula (1) has the following structure:

s (1H)

The compound of formula (1) can be identified by the name 4-amino-3-chioro-6-(4-chioro-2-
fhuoro-3-methoxyphenyi)-S-fluoropyridine-2-carboxylic acid and has been described in U.S.
Patent 7,314,849 (B2}, which 1s incorporated herein by reference in its entirety. Exemplary
uses of the compound of the formula (I) include controliing undesirable vegetation, inclading

grass, broadleaf and sedge weeds, i multiple non-crop and cropping situations.

10
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Without being hmited to any theory, ACCase mhibitors believed to inhibit to any
extent acetyl cocnzyme A carboxylase (ACCase), an enzyme involved in fatty acid synthesis.
Exemplary ACCase indubutors include, but are not limited to aryloxyphenoxy propionates and
the cyclohexanediones. Further examples include, but are not limited to, clethodim,

5 clodinafop-propargyl, cyhalofop-R-butyl, diclofop-methyl, fenoxaprop-P-ethyl, flnazifop-P-
butyl, haloxyfop-R-methyl, metamifop, pinoxaden, profoxydim, quizalofop-P-ethyl,
sethoxydim and tralkoxydim.
As used herein, clethodim is 2-[1-[[[{2ZE£)-3-chloro-2-propen-1-ylioxyliminoipropyi}-

S-12-(ethylthiojpropyl]-3-hydroxy-2-cyclohexen-1-one and possesses the following structure:

o N ,OVA“‘;\\/CJ

CH
CHy (7 ’

AN,
N

10 CH,
This compound is described in Tomlin, C., ed. A World Compendium The Pesticide
Marnual. 15" od. Alton: BCPC Publications, 2009 (hereafter “The Pesticide Manual,
Fifteenth Edition, 2009.”), Exemplary uses of clethodim include s use as a herbicide for,
e.g., post-emergence control of annual and perennial grasses in broadleaf crops, vegetables,
1S trees and vines,
As used herein, clodimatop-propargyl is Z-propynyl (28)-2-[4-[{5-chloro-3-fluoro-2-

pyridinylioxy Jphenoxy Jpropanoate and possesses the following structure:

0
F 0
3 | h thﬁ\‘l\w
,;;i\@ 2 CH; |

N

Cl

This compound 1s described in The Pesticide Manual, Fifteenth Edition, 2009,

200 Excmplary uscs of clodinafop-propargyl include its use as 2 herbicide for, e.g., post-
emergence control of annual grasses, inchuhing, 2.g., Avena, Lolium, Setaria, Phalaris and
Alopecurus spp., in cereals.

As used herein, cyhalofop-butyl is butyl (ZR)-2-[4-{4-cyano-2-

fluorophenoxy jphenoxyjpropanoate and possesses the following structure:

i1
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0
U NN
O CH;
CH;

NC

This compound is described in The Pesticide Manual, Fifteenth Edition, 2009,
Exemplary uses of cyhalofop-buty! include s use as a herbicide for, e g, post-emergence
control of annual and perennial grass weeds in sceded and transplanted rice,

As used herein, diclofop-methyl is methyl 2-{4-(2 4-

dichlorophenoxy jphenoxy Ipropancate and possesses the f@iiowing structure:

(,Um/ O\HJ\ CH;

This compound is described in The Pesticide Manual, Fifteenth Edition, 2009,
Exemplary uses of diclofop-methyl include s use as a herbicide for, e.g., post-emergence
control of wild oats, wild millets, and other annual grass weeds in wheat, barley, rye, red
tescue, and broadieat crops.

As used herein, fenoxaprop-P-cthyl is ethyl (2R)-2-[4-[{6-chloro-2-
benzoxazolyioxy iphenoxy lpropancate and possesses the following structure:

1
0

\;,(\o f"'\t\-f’ 0 07 CH,
N"/ﬂ}\()/&/’E CH;

This compound is described in The Pesticide Manual, Fiftecnth Edition, 2009,
Exemplary uses of fenoxaprop-P-ethyl inchide 1ts use as a herbicide for, e g, control of
annual and percnmal grass weeds n crops inchuding rice.

As used herein, fluazifop-P-butyl is butyl (2R)-2-[4-[[5-(trifluoromethy)-2-
pyridinytioxyiphenoxy ipropancate and possesses the following structure:

0
‘E/i\of\/\cm
CH,

O

This compound is described in The Pesticide Manual, Filteenth Edition, 2009,

Exemplary uses of fluazifop-P-butyl include s use as 4 herbicide for, e.g., post-cmergence
) &g, F

12
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control of wild cats, volunteer cereals, and annual and perennial grass weeds in otlseed rape,
sugar beet, fodder beet, potatoes, vegetables, cotton, sova beans, pome fruit, stone fruat, bush
fruit, vines, citrus frust, pimeapples, bananas, strawberries, sunflowers, alfalfa, coffee,
ornamentals and other broadieaf crops. Fluazifop-P-butyl can be used in combination with
5 safeners, e.g., isoxadifen-cthyl or mefenpyr-diethyl.
As used herein, haloxyfop-P-methy! is methyl (2R)-2-{4-[[3-chloro-5-

{triflucromethyl}-2-pyridinyoxy |phenoxy ipropancate and possesses the following structure:

FiC

1

This compound is described in The Pesticide Manual, Fifteenth Edition, 2009,
10 Exemplary uses of haloxyfop-P-methyl include its use as a herbicide for, e.g., post-
emergenge control of annual and perennial grasses in a variety of crops.
As used herein, metamifop is (2R)-2-[4-[{6-chloro-2-benzoxazolyoxy phenoxy]-N-

{2-tluorophenyD)-N-methylpropanamide and possesses the following structure:
O 2
O a

i J

j—
[ 4]

This compound s described in The Pesticide Manual, Fifteenth Edition, 2009,
Exemplary uses of metamifop include its use as a herbicide for, e.g., post-cmergence control
of annual and perennial grasses in a variety of crops, cluding rice.

As used herein, pinoxaden 1s 8-(2,6-dicthvi-4-methyiphenyl}-1,2,4,5-tetrabydro-7-
oxo-7H-pyrazolo{1,2-d][1,4,5 joxadiazepin-9-vl 2.2-dimethylpropanoate and possesses the

20 following structure:
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This compound s described in The Pesticide Manual, Fifteenth Edition, 2009, Exemplary
uses of pinoxaden inchude 185 use as a herbicide for, e g, post-emergence control of annual

grasses, nchuding Alopecurus, Apera, Avena, Lolium, Phalaris and Setaria spp., in wheat and

barley.

5 As used herein, profoxydim is 2-{1-{[2-(4-chlorophenoxy)propoxy [imine Jbutyt]-3-
bydroxy-5-(tetrahydro-2 H-thiopyran-3-vi)-2-cvelohexen- 1-one and possesses the following
structurg:

s Ll
N

This compound s described in The Pesticide Manual, Fificenth Edition, 2009,
10 Exemplary uses of profoxydim include its use as a herbicide for, e.g., control of grass weeds
in rice.
As used herein, quizalofop-P-ethyl is ethyl (2R)-2-14-[{(6-chlore-2-

quinoxalinyhoxyJphenoxylpropancate and possesses the following structure;

Cl f\\\\\

s 0
L w)j\ e
\1\)\ CH
O )

15 This compound s described in The Pesticide Manual, Fifteenth Edition, 2009,

Exemplary uses of qunzalofop-P-cthyl include its use as 2 herbicide for, e.g., selective post-
emergence control of annual and perennial grass weeds in crops.
As used herein, sethoxydim is 2-{1 {ethoxyiminobutvl}-5-[2-(ethylthioipropyl]-3-

hydroxy-2-cyclohexen-1-one and possesses the following structure:

14
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L

This compound is described in The Pesticide Manual, Fificenth Edition, 2009,
Exemplary uses of sethoxydim include its use as g herbicide for, e.g., control of annual and

perennial grasses in broadieaf crops.

L4

As used herein, tralkoxydim is 2-{ 1 -{cthoxyiminopropyl]-3-hydroxy-5-{2,4,6-

trimethylphenyl}-2-cyclohexen-1-one and possesses the following structure:
/CH,

This compound is described in The Pesticide Manual, Fifteenth Edition, 2009

Exemplary uses of tralkoxydim nchide its use as a herbicide for, e.g., post-emergence control
10 of annual grass weeds in wheat and barley.

As used herein, herbicide means a compound, e.g., active ingredient that kills,
controls or otherwise adversely modifies the growth of plants.

As used herein, a herbicidally effective or vegetation controlling amount 1s an aroount
of active ingredient which causecs an adversely modifying effect to the vegetation e.g.,

1§ causing deviations from natural development, killing, effecting regulation, causing
desiceation, causing retardation, and the like.

As used herein, controlling undesivable vegetation racans preventing, reducing,
killing, or otherwise adversely modifying the development of plants and vogetation.
Described herein are methods of controlling undesirable vegetation through the application of

20 certain herbicide combinations or corpositions. Methods of application inchude, but are not
fimited to applications to the vegetation or locus thereof, e.g., application to the arca adjacent
to the vegetation, as well as preemergence, postemergence, foliar (broadeast, directed,
banded, spot, mechanical, over-the-top, or rescue), and in-water applications (emerged and
submerged vegetation, broadeast, spot, mechanical, water-injected, granular broadceast,

25 granular spot, shaker bottle, or stream spray) via hand, backpack, machine, tractor, or gerial
{airplane and helicopter) application methods..

15
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As used herein, plants and vegetation inchide, but are not limited to, germinant seeds,
emerging secdhings, plants emerging from vegetative propagules, immature vegetation, and
established vegetation.

As used herein, agriculturally acceptablie salts and esters refer to salts and esters that

5 exhibit herbicidal activity, or that are or can be converted in plants, water, or soil to the
referenced herbicide. Exemplary agricalturally acceptable esters are those that are or can be
hydrolyzed, oxidized, metabolized, or otherwise converted, e.g., in plants, waser, or soil, 10
the corresponding carboxylic acid which, depending on the pH, may be in the dissociated or
undissociated form.

10 Exemplary salts include those derived from alkali or alkaline carth metals and those
dertved from ammonia and amines. Exemplary cations include sodmm, potassium,

magnesiom, and aminium cations of the formula:

RIRIRIRINT

wherein R, R?, R and R” each, independently represents hydrogen or Ci-Cs alkyl, C-Ciz

15 alkenylor Ci-Cyp alkynyl, each of which is optionally substituted by one or more hydroxy,
C1-C; alkcoxy, C;-Cy alkylthio or phenyl groups, provided that R, RY, R” and R” are sterically
compatible. Additionally, any two of R\, R*, R and R” together may represent an aliphatic
difunctional rooiety containing one to twelve carbon atorns and up to two oxygen or sulfur
atoris, Salts can be prepared by treatment with a metal hydroxide, such as sodium hydroxide,

24 with an amine, such as ammonia, trimethylamine, diethanolamine, 2-methylthiopropylaming,
bisallylamine, 2-butoxyethylamine, morpholing, cyclodedecylamine, or benzylamine or with
a tetraalkylammonium hydroxide, such as tetramethylaromonium hydroxide or ¢holine
hydroxide.

Exemplary esters include those derived from C1-Cyy alkyl, C3-Cpo alkenyl, Ci-Cis

NS
Ly

atkyny! or Cr-Cyg arvi-substituted alky! alcohols, such as methyl aleohol, isopropyl alcohol,
-butanol, 2-cthylthexanol, butoxyethanol, methoxypropanoi, allyl alcohol, propargyl slcohol,
cyclohexanol or unsubstituted or substituted benzyl alcohols. Benzyl alcohols may be
substituted with from 1-3 substituents independently selecied from halogen, C-Cy alkyl or
C1-Cq alkoxy. Esters can be preparcd by coupling of the acids with the alcohol using any

30 number of suitable activating agents such as those used for peptide couplings such as
dicyclohexylearbodiimide (DCC) or carbony! diimidazole (CDI); by reacting the acids with
alkvlating agenis such as alkvihalides or alkylsulfonates in the presence of a base such as

tricthylamine or iithium carbonate; by reacting the corresponding acid chioride of an acid

16
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with an appropriate alcohol; by reacting the corresponding acid with an appropriate alcohol in
the presence of an acid catalyst or by transesterification.

COMPOSITIONS AND METHODS

Provided hercin are herbicidal compositions comprising a herbicidally effective

amount of (a) a compound of the formula (1)

or an agriculturally acceptable salt or ester of thereof, and (b) an ACCase inhibitor. In certain
embodiments, the ACCase inhibitor s clethodim, clodinafop-propargyl, cyhalofop-R-butyl,
diclofop-methyl, fenoxaprop-P-ethyl, fluazifop-P-butyl, haloxyfop-R-methyl, metamitop,
pinoxaden, profoxydim, quizalotop-P-ethyl, sethoxydim or tratkoxvdim or derivative thereof,
e.g., salt, carboxylic acid, carboxylate salt, or ester thercof.

Provided herein are also methods of controlling undesirable vegetation comprising
contacting the vegetation or the locus thereof, ie., are adjacent to the vegetation, with or
applying to the soil or water to prevent the emergence or growth of vegetation a herbicidally
effective amount of the compound of formula (I} and (b) an ACCase inhibitor. In certain

embodiments, the methods employ the compositions described herein.

Furthermore, i some embodiments, the combination of compound (T) or
agriculturally acceptable salt or ester thereof and ACCase inhibitors, or an agriculturally
acceptable salt or ester thereof exhibits synergism, e.g., the herbicidal active ingredionts are
more effective in combination than when applied individually, Synergism has been defined
as “‘an interaction of two or more factors such that the effect when combined is greater than
the predicted effect based on the response of each factor applied separately.” Senseman, S.,
ed. Herbicide Handbook. 9" ed. Lawrence: Weed Science Society of America, 2007, In
certain embodiments, the compositions exhibit synergy as determined by the Colby’s
equation. Colby, 8.R. 1967, Calculation of the synergistic and antagonistic response of

herbicide combinations. Weeds 15:20-22.

-3
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In certain embodiments of the compositions and methods described herein, the
compound of formula (I}, 1.e., the carboxvlic acid, 1s employed. In certain embodiments, a
carboxylate salt of the compound of formula (1) 1s employed. Tu certain embodiments, an
aralkyl or atkyl ester is cmploved. In certain embodiments, a benzyl, substituted benzyl, or
5 Cygalkyl, e.g, n-butyl ester is employed. In certain embodiments, the benzyl ester is

employed.

in some embodiments, the compound of formula (1) or salt or ester thereof and
ACCase inhibitor are formulated in one composition, tank mixed, applied simultanecusly, or

applied sequentially.

10 Herbicidal activity is exhibited by the compounds when they are applied directly to
the plant or to the locus of the plant at any stage of growth. The effect observed depends
upon the plant species to be controlled, the stage of growth of the plant, the application
paramoters of dilution and spray drop size, the particle size of solid components, the
environmental conditions at the time of use, the specific compound eraployed, the specific

1S adjuvants and carriers eraployed, the soil type, and the like, as well as the amount of chenucal
applied. These and other factors can be adjusted to promote non-selective or selective
herbicidal action. In some embodiments, the compositions described herein are applied as a
post-emergence application, pre-emergsnce application, or in-water application to flooded
paddy rice or water bodics (e.g., ponds, lakes and strearns), to relatively irmmature

20 undesirable vegetation to achieve the maxinum control of weeds.

In some embodiments, the compositions and methods provided herein are utilized to
control weeds in ¢rops, including but not Hmited to direct-sceded, water-seeded and
transplanted rice, cereals, wheat, barley, oats, rye, sorghum, corn/maize, sugarcans,

sunflower, oilseed rape, canola, sugar beet, soybean, cotton, pincapple, pastures, grassiands,

25 rangelands, fallowland, turf, trec and vine orchards, aquatics, plantation crops, vegetables,
mdustrial vegetation management (IVM) and rights of way (ROW),

In ceortain ernbodiments, the compositions and methods provided herein are utilized to
control weeds in rice. In certain embodiments, the rice 18 direct-seeded, water-seeded, or
transplanted rice.

30 The compositions and methods described herein may be used to control undesivable

vegetation in glyphosate-tolerant-, S-cnclpyruvylshikimate-3-phosphate (EPSP) synthase

inhibitor-tolerant-, glufosinate-tolerant-, glutamine synthelase inhibitor-tolerant-, dicamba-

I8
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tolerant-, phenoxy auxin-tolerant-, pyridyloxy auxin-tolerant-, auxin-tolerant-, auxin transport
mhibitos-tolerant-, arvloxyphenoxypropionate-tolerant-, cyclohexanedione-tolerant-,
pheaylpyrazoline-tolerant-, acetyl CoA carboxylase (ACCase) mhubitor-tolerant-,
imidazolinone-tolerant-, sulfonyhurea-tolerant-, pyrimidinyithiobenzoate-tolerant-,

5 triazolopyrinudine-tolerant-, sulfonylaminocarbonyltriazolinone-tolerant-,
triazolopyrimidine-tolerant-, sulfonylaminocarbonyltriazolinone-tolerant-, acetolactate
synthase {ALS) or acetohydroxy acid synthase (AHAS) nhibitor-tolerant-, 4-hydroxyphenyl-
pyruvaie dioxygenase (HPPDY) inhibitor <tolerant-, phytoene desatarase inhibitor-tolerant-,
carotencid biosynthesis inhibitor-tolerant-, protoporphyrinogen oxidase (PPQ) inhibitor -

10 tolerant-, cellulose biosynthesis inhibitor-tolerant-, mitosis inbubttor-tolerant-, microtubule
mhibitor-tolerant-, very long cham fatty acid inhibitor-tolerant-, fatty acid and hipid
biosynthesis inhibitor-tolerant-, photosystem [ inhibitor-tolerant-, photosystem I inhibitor-
tolerant-, triazine-tolerant- and bromoxyuil-tolerant- crops (such as, but not hmited to,
soybean, cotton, canola/otilseed rape, rice, cereals, corn, sorghum, sunflower, sugar beet,

15 sugarcane, turf, etc.), for example, in conjunction with glyphosate, EPSP synthase inhibitors,
ghifosinate, ghitarnine synthase nhibitors, dicarba, phenoxy auxins, pyridyloxy auxins,
synthetic auxins, auxin transport inhibitors, aryloxyphenoxypropionates, cyclobexanediones,
phenylpyrazolings, ACCase inhibitors, imidazolinones, sulfonylureas,
pyrimidinyithiobenzoates, dimethoxy-pyrimidines, trinzolopyrimiding sulfonamides,

20 sulfonviammocarbonyliniazolinones, ALS or AHAS inhibitors, HPPD inhibitors, phytoene
desaturase inhibitors, carotenoid biosynthesis ihibitors, PPO inhibitors, celiulose
biosynthesis inhibitors, mitosis inhibitors, microtubule inhibitors, very long chain fatty acid
mhibitors, fatty acid and lipid biosynthesis inhibitors, photosystem Tinhibitors, photosystem
I inhubitors, PPO inhibitors, triazines, and bromoxynil  The compositions and methods may

25  beused in controlling undesirable vegetation in crops possessing multiple or stacked traits
conferring tolerance to multiple chemistries and/or inhibitors of multiple modes of action. In
some embodiments, the compound of formuila (1) or salt or ester thereof and complementary
herbicide or salt or ester thereof are used 1 combination with herbicides that are selective for
the crop being treated and which complement the spectrum of weads controlled by these

30 compounds at the application rate emploved. In some embodiments, the compositions
described herein and other complementary herbicides are applied at the same time, eitheras a
combination formudation, tank mix or sequentially.

The compositions and methods may be used in controlling undesirable vegetation in

crops possessing agronomic stress tolerance (ncluding but not himited to droaght, cold, heat,

19
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salt, water, nutrient, fertility, pH), pest tolerance (including but not himited to insects, fungi
and pathogens) and crop improvement traits (including but not limited to vield; protem,
carhohydrate, ot ol content; protein, carbohvdrate, or o1l coraposition; plant stature and plant
architecture).

5 The compositions and methods provided herein are utilized to control undesirable
vegetation. Undesirable vegetation includes, but is not hmited to, undesirable vegetation that
occurs in rice, cereals, wheat, barley, oats, rye, sorghum, corn/maize, sugarcane, sunflower,
otlseed rape, canola, sugar beet, soybean, cotton, pineapple, range and pasture, grasslands,
falowland, turf, tree and vine orchards, aguatics, plantation ¢rops, vegetables, mdustnial

10 vegetation management (IVM) and rights of way (ROW),

In some embodiments, the methods provided herein are utilized to control undesirable
vegetation in rice. In certain embodiments, the undesirable vegetation is Brachiaria
platyphyiio (Groseb.) Nash or Urochloa platyphviia (Nash) R.D. Webster (broadleat
signalgrass, BRAPP), Digitaria sanguinalis {L.) Scop. (large crabgrass, DIGSA),

15 Echinockhioa species (ECHSS), Echinochioa crus-galli (L) P. Beauv. (barnyardgrass,
ECHCG), Echinochioa crus-pavonis (Kunth) Schult. (gulf cockspur, ECHCV), Echinochioa
colonum (1) LINK (junglerice, ECHCO), Fchinochloa oryzoides (Ard.) Fritsch (carly
watergrass, HCHOR), Echinochloa oryzicola {Vasinger) Vasinger (latc watergrass, ECHPH),
Echinochiva phyliopogon {Stapf) Koso-Pol. (rice barnyardgrass, ECHPH), Echinechioa

20 polvstachva (Kunth) Hitche, (creeping river grass, ECHPO), Ischaemum rugosum Salisb,
{saramollagrass, ISCRU), Leprochloa chinensis (1.} Nees (Chinese sprangletop, LEFCH),
Leptochioa fascicularis (Lam.) Gray {hearded sprangletop, LEFFA), Leptochioa panicoides
{Presl.) Hitche. (Amazon sprangletop, LEFPA), Oryza species (red and weedy rice, ORYSS),
Panicum dichotomiflorum (L) Michx. (fall panicum, PAND, Paspalum dilatatum Poir.

25 ({dallisgrass, PASDI), Routhoellia cochinchinensis (Lour.) W.D. Clayton (itchgrass, ROOEX),
Cyperus spectes {CYPSS), Cyperus difformis L. (smallflower flatsedge, CYPDI), Cyperus
dubius Rottb. (MAPDL, Cyperus escudentus L. (vellow mutsedge, CYPES), Cyperus iria L.
{rice flatsedge, CYPIR), Cyperus rofundus L. {purple nutsedge, CYPRO), Cyperus serotinus
ROTTR./C.B.Clarke (CYPSE), Eleocharis species (ELOSS), Fimbristylis miliaceq (L) Vahi

30 {globe fringerush, FIMMD), Schoenoplectus species (SCPSS), Schoenoplectus juncoides
Roxb. (Japanese bulrush, SCPIWUY, Bolboschoenus mavitimus (1.) Palla or Schoenoplectus
maritimus L. Lye (sea clubrush, SCPMA), Schoenoplectus mucronatus L. (ricefield bulrush,
SCPMU)), deschynomene species, (jointvetch, AESSS), dlternanthera philoxeroides (Mart.)

Griseb, {alligatorweed, ALRPR), Alisma plantago-aguatica L. (common waterplantain,

20
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ALSPA}Y, dmaranthus species, (pigweeds and amaranths, AMASS), dmmannia coccinea
Rottb. (redstem, AMMCQO), Commelina benghalensis L. (Benghal davflower, COMBE),
Eclipta alba (1. Hassk, (American false daisy, ECLAL), Heteranthera limosa (SW.)
Wikid./Vah! (ducksalad, HETLY), Heleranthera reniformis R. & P. (roundieaf mudplantain,
HETRE), [pomoea species (morningglories, IPOSS), Ipomoea hederacea (L.) Jacy. (ivyleaf
morningglory, TPOHE), Lindernia dubia (L.} Pennell Jow false pimpernel, LIDDU),
Ludwigia species (LUDSS), Ludwigia linifolia Poir, (southeastern primrose-willow, LUDLL),
Ludwigin ectovalvis (Jacq.) Raven (longfruited primrose-witlow, LUDOC), Monochoria
korsakowii Regel & Maack (monochoria, MOOKA), Monochoria vaginalis (Burm, F.) C.
Prest ex Kuhth, (raonochoria, MOOVA), Murdannia nudiflora (L. Brenan {doveweed,
MUDNU), Polygonum pensyivanicum L., (Pennsylvania smartweed, POLPYY, Polygonum
persicaria L. (ladysthumb, POLPE), Polvgonum hiydropiperoides Michx. (POLHP, mild
smartweed), Rofala indica {Willd.) Kochne (Indian toothcup, ROTIN), Sagittaria specics,
{(arrowhead, SAGSS), Seshania exaltata (Rafly Cory/Rydb. Ex Hill (hemp sesbania, SEBEX),
or Sphenociea zevionica Gaertn, (gooseweed, SPDZE).

In some embodiments, the methods provided herein ave utilized to control undesirable
vegetation 1o cereals. Tn certain embodiments, the undesirable vegetation s Alopecurus
myosuroides Huds, (blackgrass, ALOMY), dpera spica-venti {L.) Beauv. (windgrass,
APESV), dvena fatua L. (wild oat, AVEFA), Bromus rectorum L. {downy brome, BROTE),
Lolivm multifiorum Lam, (Ttahian ryegrass, LOLMUY, Phalaris minov Retz. (hittleseed
canarygrass, PHAMIY, Poa annua L. (annual bluegrass, POANN), Setaria pumila (Poir)
Roemer & J.A. Schulies (vellow foxtail, SETLU)Y, Setaria viridis {L.) Beauv. {green foxtail,
SETVD), dmaranthus retroflexus L. (redvoot pigweed, AMARE), Brassica species (BRSSS),
Chenopodium album L. (common lambsquarters, CHEAL), Cirsium arvense (L) Scop.
{Canada thistle, CIRAR), Galium aparine L. {catchweed bedstraw, GALAP), Kochia
scoparia (L) Schrad. {kocha, KCHSC), Lamium purpurenm L. {purple deadnettle
LAMPU}, Matricaria recutita L. {wild chamomile, MATCH), Marvicaria matricarivides
{Less.) Porter {(piveappleweed, MATMT), Papaver rhoeas L. (coromon poppy, PAPRH),
Polvgonum convolvulus L. (wild buckwheat, POLCO), Saiselo rragus L. {(Russian thistie,
SASKR), Sinapis species (SINSS), Sinapis arvensis L. (wild mustard, SINAR) Stedlaria
media (1) Vill, (coramon chickweed, STEME), Veronica persica Poir. (Persian speedwell,
VERPE), Viola arvensis Murr. {field violet, VIOAR), or Viola tricolor L. (wild violet,
VIOTR).

21

SUBSTITUTE SHEET (RULE 26)



30

WO 2014/018407 PCT/US2013/051320

In some embodiments, the methods provided herein are utilized to control undesirable
vegetation 1n range and pasture, fallowland, IVM and ROW. In cerfain embodiments, the
undesirable vegetation s dmbrosia artemisiifolia L. {common ragweed, AMBEL), Cassia
obtusifolia (sickle pod, CASOR), Centaurea maculosa auct. non Lam. (spotted knapweed,

CENMAY, Cirsium arvense (L.} Scop. (Canada thistle, CIRAR), Convolvulus arvensis L.
(field bindweed, CONAR), Daucus carota L. (wild carrot, DAUCA), Euphorbia esula L.
{leaty spurge, EPHES), Laciuca servivia L./ Torn. (prickly lettuce, LACSE), Plantago
ianceolata L. (buckhorn plantain, PLALA), Rumex obtusifelivs L. (broadieaf duck,
RUMORB), Sida spinosa L. (prickly sida, SIDSP), Sinapis @rvensis L. (wild mustard, SINAR),
Sonchus arvensis L. {(perennial sowthistle, SONAR), Solidago species (goldenrod, SOOSS),
Taraxacum officinale G H. Weber ex Wiggers (dandelion, TAROF), Trifolium repens L.
(white clover, TRFRE), or Urtica dicica L. (common neitle, URTDI).

In some embodiments, the methods provided herein are utilized to control undesirable
vegetation found in row crops, tree and vine crops aid perennial crops. In cortain
embodiments, the undesirable vegetation is Alopecurus myosuroides Huds. (blackgrass,
ALOMY), Avena fatua L. (wild oat, AVEFA), Brachiaria decumbens Stapt. or Urochioa
decumbens (Stapf) R.D. Webster (Surinam grass, BRADC), Brachiaria brizantha (Hochst. ex
A, Rich.) Stapf. or Urochioa brizantha (Hochst, ex A, Rich,) R.D. (beard grass, BRABR),
Brachiaria platvphylia (Groseb.) Nash or Urechioa platyphvlia (Nash) R.D. Webster
{broadleaf signalgrass, BRAPP), Brachiaria plantaginea (Link) Hitehe. or Urochioa
plantaginea (Link) R.D. Webster (alexandergrass, BRAPL), Cenchrus echinatus L. (southern
sandbur, CENEC), Digitaria horizontalis Willd. (Jamaican crabgrass, DIGHO), Digitaria
insularis (1.} Mez ex Ekman {sourgrass, TRCIN), Digitaria sanguinalis (1.} Scop. (large
crabgrass, DVGSA}, Fehinochloa crus-galli {1..) P. Beanv. (baroyardgrass, ECHCG),
FEchinochiloa colonum (LY Link {Junglerice, ECHCO), Eleusine indica (L.) Gaerta.
{(goosegrass, ELEIN), Lofium mudtifiorum Lam. {Italian ryegrass, LOLMU)}, Panicum

ichotomitlorem Michx. (fall panicum, PAND, Panicum miliacewm L. (wild-proso millet,
PANMY), Setaria faberi Herrm. (giant foxtail, SETFA), Seraria viridis (1..) Beauv. (green
foxtail, SETVL), Sorghum halepense (L.} Pers, (Johnsongrass, SORHA)Y, Sorghum bicolor
(L.} Moench ssp. drundinaceimn (shattercane, SORVU), Cyperus esculentus L. (yellow
mutsedge, CYPES), Cvperus rotundus L. {purple nutsedge, CYPRO), dbutilon theophrasti
Medik. (velvetleaf, ABUTH), Amaranthus species (pigweeds and amaranths, AMASS),
Ambrosia artemisiifolia L. {common ragweed, AMBEL), Ambrosia psilostachva DC.

{western ragweed, AMBPS), dmbrosia trifida L. {(giant ragweed, AMBTR), dnoda cristata
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(L.} Schlecht. {spurred anoda, ANVUR), Asclepias syriaca L. {common milloweed, ASCSY),
Ridens pilosa L. (hairy beggarticks, BIDPY), Borreria species {BOISS), Borreria alata
{Aubl)y DC. or Spermacoce alata Aubl. (broadleaf buttonweed, BOILF), Spermacose latifolia
{broadleaved button weed, BOILF), Chenopodium album L. {common lambsquarters,
CHEAL), Cirsium arvense (L) Scop. (Canada thistle, CIRAR), Commelina benghalensis L.
(tropical spiderwort, COMBE), Datura stramonium L. (Gimsonweed, DATST), Daucus
carota L. (wild carrot, DAUCA), Euphorbia heierophvila L. (wild poinsettia, EPHHL),
Euphorbia hivta L. or Chamaesyee hivta (L.} Millsp. {garden spurge, EPHHL), Euphorbia
dentata Michx. (toothed spurge, EPHDE), Erigeron bonariensis L. or Conyza bonariensis
(L.} Crong. (hawry fleabane, ERIBO), Erigeron canadensis L. or Conyza canadensis (1.)
Crong. (Canadian tleabane, ERICA), Convza sumatrensis (Retz)) E. H, Walker (tall fleabane,
ERIFL}, Helianthus annuus L. (common sunflower, HELAN), Jacquemontia tamnifolia {L.)
Oriseb, (smallflower morningglory, TAQTA), Ipomoea hederacea (L.) Jacq. (ivyleaf
morningglory, IPOHE), fpomoea lacunosa L. (white mormingglory, IPOLA), Lactuca
serriola L/ Torn. {prickly lettuce, LACSE)}, Portlaca oleracea L. (common pursiane,
POROL), Richardia species {pusley, RCHSS), Sida species (sida, SIDSKY, Sida spinosa L.
{prickly sida, STDSPY, Sinapis arvensis L. (wild mustard, SINAR), Solanum ptychanthum
Dunal (castern black nightshade, SOLPTY, Tridax procumbens L. (coat buttons, TRQPR),
Tridax procumbens L. {coat buttons, TRQPR), or Xanthium strumarivm L. (common
cocklebur, XANST).

In some embodiments, the methods provided herein are utilized to control undesirable
vegetation in turf. In certain embodiments, the undesirable vegetation is Bellis perennis L.
{English daisy, BELPE), Cyperus escudentus L. {vellow nutsedge, CYPES), Cyperus species
(CYPSS), Digitaria sanguinalis (1..) Scop. (large crabgrass, DIG3A), Diodia virginiana 1.
{Virginia buttonweed, DIQVE, Fuphorbia species (spurge, EPHSS), Glechoma hederacea L.
(ground vy, GLEHE), Hydrocotyle umbellata L. {dollarweed, HYDUM), Kvilinga species
(eyllinga, KYLSK), Lamium amplexicaude L. (henbit, LAMAM), Murdannia nudifiora (L.}
Brenan {doveweed, MUDNLU), Ovalis species (woodsorrel, OXASS), Plantago major L.
{broadicaf plantain, PLAMA), Plantage lanceolata L. (buckhorn/narrowleaf plantain,
PLALA), Phyllanthus wrinavia L. (Chamberbitter, PYLTE), Rumex obtusifolius L. {(broadleaf
dock, RUMORB), Stachys floridana Shuttlew, (Florida betony, STAFL), Stellaria media (1.
Vill. {common chickweed, STEME), Taraxacum officinale G.H. Weber ex Wiggers
(dandelion, TAROE), Trifolium repens L. (white clover, TRFRE), or ¥iola species (wild
violet, VIGSS).
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In some embodiments, the compositions and methods provided herein are utilized to
control undesirable vegetation consisting of grass, broadicat and sedge weeds. In certain
embodiments, the cornpositions and methods provided herein are utilized to control
undesirable vegetation inchuding Avena, Brachiaria, Cyperus, Digitaria, Echinochlon,
Fimbristylis, Ipomoea, Ischaemum, Lepiochloa, Lolium, Schoenoplecius and Sesbania.

In some embodiments, the combination of compound (1) or agricuburally acceptable
ester or salt thereof and ACCase inhibitors or agriculturally acceptable salt or ester thereof is
ased to control Avena fatua L{wild oat, AVEFA), Brachiaria platvphyiia (Griseb.) Nash
{(broadleaf signalgrass, BRAPP), Cyperus difformis L. (smaliflower umbrella sedge, CYPDI),
Cyperus esculentys L. (yellow nutsedge, CYPES), Cyvperus iria L. (rice flatsedge, CYPIR),
Cyperus rotundus L. {parple nutsedge, CYPRO), Digitaria sanguinalis (L) Scop. (large
crabgrass, DIGSA), Echinochlioa crus-galli (L.} Beauv. (barnyardgrass, ECHCG),
Fchinochloa colona (1.} Link (junglerice, ECHCQ), Fimbristvlis miliacea (L.} Vahl (globe
fringerush, FIMML, fpomoea hederacea Jacq. (vyleaf morningglory, IPOHE), Ischaemum
rugosum Salisb. {saramollagrass, ISCRUY, Leptochioa chinensis (L.y Nees (Chinese

sprangletop, LEFCH), Lofium mudtiflorum Lam. (Itahan ryegrass, LOLMUU, Schoenoplectus

Juneoides (Roxb.) Palla (Japancse bulvush, SCPIU), Schoenoplectus maritimus (L.) Lye (sea

chubrush, SCPMA), Schoenoplectus mucronatus (riceficld bulrush, SCPMU) and Sesbania
exaltaia {hemp sesbania , SEBEX).

The compounds of formula T or agricuiturally acceptable salt or ester thereof may be
used to control herbicide resistant or tolerant weeds, The methods eraploying the
combination of a compound of fornmula I or agriculturally accepiable salt or ester thereof and
the compositions described herein may also be employed to conirol herbicide resistant or
tolerant weeds. Excmplary resistant or tolerant weeds include, but are not Hmited to, biotypes
resistant or tolerant to acetolactate synthase (ALS) or acetohvdroxy acid synthase (AHAS)
inhibitors, (e.g., imidazolinones, sulfonylureas, pynimidinylthiobenzoates,
triazolopyrinidines, sulfonylaminocarbonyliriazolinones), photosystem I inhibitors (e.g.,
phenylcarbamates, pyridazinones, friazines, triazinones, uracils, amides, ureas,
benzothiadiazinones, nitriles, phenvipyridazines), acetyl CoA carboxvlase (ACCase}
mhbitors {e.g., aryloxyphenoxypropionates, cyclohexanadiones, phenvipyrazolines),
synthetic auxins, {e.g., benzoic acids, phenoxycarboxylic acids, pyridine carboxylic acids,
guinoline carboxylic acids), auxin transport inhibitors (e.g., phthalamates, somicarbazones),
photosystem [ imhibitors, (e.g., bipyridyliums), S-enolpyruvylshikimate-3-phosphate (EPSP}

synthase inhibitors, (e.g., glyphosate), glutamine synthetase intubitors (e.g., glufosinate,
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bialafos), microtubule assembly inhibitors, {e.g., benzamides, benzoic acids, dinttroanilines,
phosphoramidates, pynidines), mitosis inhibitors (e g., carbamates), very long chain fatty acid
(VLCFA) inhibitors {e.g., acetamides, chloroacetanudes, oxyacetamides, tetrazolinones),
fatty acid and lipid synthesis inhibitors, {e.g., phosphorodithioates, thiocarbamates,

5 benzoturanes, chlorocarbonic acids), protoporphyrinogen oxidase (PPO) inhibitors {e.g.,
diphenylethers, N-phenylphthalimides, oxadiazoles, oxazolidinediones, phenylpyrazoles,
pyrimidindiones, thiadiazoles, triazolinones), carotenoid bicsynthesis inhibitors, , phytocne
desaturase (PDS) inhibitors (e.g., amides, amlidex, furanones, phenoxybutan-annides,
pyridiazinones, pyridines), 4-hydrosyphenyl-pyruvate-dioxygenase (HPPD) inhibttors, (e.g.,

10 callistemones, isoxazoles, pyrazoles, triketones), cellulose biosynthesis mhibitors {e.g.,
nitriles, benzamides, quinclorac, triazolocarboxamides), mutosis inhibitors, cellulose
biosynthesis inhibitors, herbicides with mmudtiple modes-of-action such as quinclorac, and
unclassified herbicides such as arylaminopropionic acids, difenzoquat, endothall, and
organoarsenicals. Exemplary resistant or tolerant weeds include, but are not limited to,

15 biotypes with resistance or tolerance to multiple herbicides, biotypes with resistance or
tolerance to multiple chemical classes, biotypes with resistance or tolerance to multiple
herbicide modes-of-action and biotypes with multiple resistance or tolerance mechanisros

{e.g., target site resistance or metabolic resistance),

In some embodiments, an agriculturally acceptable ester or salt of compound (1) is
20 employed. In certain embodiments, an agriculturally acceptable ester is employed. In certain
embodiments, the ester is a Cygalkyl ester. In certain embodiments, the ester s an n-butyl
ester, In certain embodiments, the ester is a benzyl ester. In certain embodiments, compound
(I}, which is a carboxylic acid, is emploved.

In certain embodiments of the compositions and methods deseribed herein, the

NS
Ly

compound of formula (T) or salt or ester thereof 1s used i combination with clethodim or salt
o1 ester thereof. With respect to the compositions, in some embodiments, the weight ratio of
the compound of formula (1) or salt or ester thereof to clethodim or salt or ester thereof is
within the range of from about 1:140 to about 9:1. In certain embodiments, the weight ratio
of the compound of formula (1) or salt or ester thercof to clethodim or salt or ester thereof is
30 within the range of from about 1:48 to about 3:1. In certain embodiments, the compositions
provided herein comprise the compound of formula (I) or its benzyl or n-butyl ester and
clethodim, With respect to the methods, 1n cortain embodiments, the macthods comprise

contacting the undesirable vegetation or locus thereof or applying to the soil or water to
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prevent the emergence or growth of vegetation a composition described herein. In some
embodiments, the composition is applicd at an application rate of from about 20 grams active
mgredient per hectare (gavhay to about 580 gai/ha based on the total amount of active
ingredicnts in the composition. In certain embodiments, the composition is applied at an
application rate of from about 20 grams active ingredient per hectare {gav/ha) to about 260
gai‘ha based on the total amount of active ingredients in the composition. In some
embodiments, the methods comprise contacting the undesirable vegetation or locys thereof or
applying to the soil or water to prevent the emergence or growth of vegetation with a
compound of formula (1) or salt or ester thereof and clethodim or salt thereof, e.g.,
sequentially or simultancously. In some embodiments, the clethodim or salt thereof 1s
applicd at a rate from about 17.5 gav'ha to about 280 gavha and the compound of formula (1)
of salt or ester thereof 1s applied at a rate from about 2 gae/ha to about 300 gae/ha. In some
embodiments, the clethodim or salt thercotis applied at a rate from about 70 gai/ha to about
280 gav/ha and the compound of formula (F) of salt or ester thereof 1s applicd at a rate from
about 8 gae/ha to about 32 gac/ha. In certain embodiments, the methods utilize the
compound of formula (1), or its benzy! or n-butyl ester and clethodim for the control of
BRAPP, DIGSA, CYPES and SCPIU.

In certain embodiments of the compositions and methods described hergin, the
compound of formula (1) or salf or ester thereof 1§ used in combination with clodinafop-
propargy! or salt, carboxylate salt, carboxylic acid, or ester thereof. With regard to the
compositions, 1n some embodiments, the weight ratio of the compound of formula (1) or salt
or ester thereof to clodmafop-propargy! or salt, carboxylate salt, carboxylic acid, or ester
thereot 13 within the range of from about 1:40 to about 60:1. In certain embodiments, the
weight ratio of the compound of fornwla (1) or salt or ester thercof to clodimatop-propargyl or
salt, carboxylate salt, carboxyhic acid, or ester thereof 1s within the range of from 1:36 to
about 10:1. In certain embodiments, the weight ratio of the compound of formula (1) or salt
or ester thereof to clodinafop-propargy! or salt, carboxylate salt, carboxylic acid, or ester
thereof is within the range of from 1:6 1o about 111.5. In certain embodiments, the
compositions provided herein comprise the compound of formula (1} or its benzyl or n-butyl
ester and clodinafop-propargyl. With respect 1o the methods, 1o certain embodiments, the
methods comprise contacting the undestrable vegetation or locus thereof or applying to the
soil or water to prevent the emergence or growth of vogetation a composition described
herein. In some embodiments, the composition is applied at an application rate of from about

7 grams active ingredient per hectare (gavha) to about 380 gai/ha based on the fotal amount
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of active ingredients in the composition. In certain embodiments, the composition is appled
at an application rate of from about 20 grams active ingredient per hectare (gaiha) to about
40 gai/ha based on the total amount of active gredients n the compostiion. n some
embodiments, the methods comprise contacting the undesirable vegetation or locus thereof or
applyving to the soil or water to prevent the emergence or growth of vegetation with a
compound of formula (T} or salt or ester theveol and elodinafop-propargy! or salt, carboxylate
salt, carboxylic acid, or ester thereof, e.g., sequentially or strnultaneously. In some
embodiments, the clodmafop-propargy! or salt, carboxylate salt, carboxylic acid, or ester
thereof 18 apphied at a rate from about § gav/ha to about 80 gavha and the compound of
formula (1) of salt or cster thereof is applied at a rate from about 2 gac/ha 1o about 300 gac/ha.
In some embodiments, the clodinafop-propargyl or salt, carboxylate salt, carboxylic acid, or
ester thereof is applied at a rate from about 15 gai/ha to about 30 gavha and the compound of
tornuda (1) of salt or ester thereof 13 applied at a rate from about 5 gae/ha to about 10 gac/ha.
In one embodiment, the methods utilize the benzyl ester of the compound of formmla (1) and
clodinafop-propargyl are used to control LOLMU, KCHSC, PHAMI, APESV and ALOMY.
In certain embodiments of the compositions and methods deseribed herein, the
compound of formula (T) or salt or ester thereof is used in conbination with evhalofop-R-
butyl or carboxylic acid, carboxylate salt, or ester thereof, With respect to the compositions,
in some embodiments, the weight ratio of the compound of formula (1) or salt or ester thereof
to cyhalofop-R-butyl carboxylic acid, carboxylate salt, or ester thereof 1s within the range of
from about 1135 to about 6:1. In certain cmbodiments, the weight ratio of the compound of
formula (I} or salt or ester thereof to cyhalofop-R-buty! or carboxylic acid, carboxylate salt,
or ester thereot 1s within the range of from 1:32 to about 14, Tn certan embodiments, the
weight ratio of the compound of fornula (1) or salt or ester thereof to cvhalofop-R-butyl or
carboxylic acid, carboxylate salt, or ester thereof 1s within the range of from about 1:42 1o
about 10:1. In certain embodiments, the weight ratio of the compound of formmia (1) or salt
or ester thereof to evhalofop-R-butyl or carboxylic acid, carboxylate salt, or ester thereof s
within the range of from about 1:21 to about 5:1. In certain embodiroents, the compositions
provided herein comprise the compound of formula (1) or its benzyl ester and cyhalofop-R-
butyl, In one embodiment, the composition comprises the compound of formula (B and
cvhalofop-R-butyl, wherein the weight ratio of the compound of formula (1) to eyhalofop-R-
butyl is about 1:20.6 to about 1:12.5. In one embodiment, the composition comprises the
benzyl ester of the compound of formula (1) and cyhalofop-R-butyl, wherein the weight ratio

of the benzyl ester of the compound of formula (I) to eyhalofop-R-butyl is about 1:23 to
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about 5:1. With respect to the methods, in cortain embodiments, the methods comprise
contacting the undesirable vegetation or locus thereof or applying to the soil or water to
prevent the emergence or growth of vegetation a composition described herein. In some
embodiments, the composition is applied at an application rate of from about 52 grams active
ingredient per hectare {gai‘ha} to about 610 gai’ha based on the total amount of active
ingredients in the composition. In certain embodiments, the composition is applied at an
application rate of from about 99 grams active ingredient per hectare {gav'ha) to about 320
gai/ha based on the total amount of active ingredients in the composition. In some
embodiments, the methods comprise contacting the undesirable vegetation or locus thereof or
applying to the soil or water to provent the emergence or growth of vegetation with a
compound of fornmla (1) or salt or ester thereof and cyhalofop-R-butyl or carboxylic acid,
carboxylate salt, or ester thereof, e.g., sequentially or simultanccusly. In some embodiments,
the cyhalofop-R-butyl or salt or ester thereof is applied at a rate from about 50 gai/ha to abowt
310 gav'ha and the compound of formeula (1) of salt or ester thereof 1s applied at a rate from
about 2 gae/ha to about 300 gac/ha. In some embodiments, the cyhalofop-R-butyl or
carboxylic acid, carboxylate salt, or ester thereof 1s applied at a rate from about 45 gai/ha to
about 600 gai/ba and the coropound of formula (T) of salt or ester thereof 1s applied at a rate
from about 4 ¢ acid equivalent per hectare (gae/ha) to abowut 85 gag/ha. In some
embodiments, the cyhalofop-R-butyl or carboxylic acid, carboxylate salt, or ester thereof is
applied at a rate from about 90 gav/ha to about 300 gai/ha and the corpound of formulda (T) of
salt or ester thereof s applied at a rate from about 8 g acid equivalent per hectare {gac/ha) to
about 42 gac/ha. in certain embodiments, the methods utilize the compound of farmula (1),
or its benzyl ester and cyhalofop-R-butyl. In one embodiment, the methods utilize the
compound of formula (1) and cyhalofop-R-butyl, wherein the compound of formula (1) 1s
applicd at a rate of from about 8.75 g acid equivalent per hectare (gac/ha) to about 42.4
gac/ha, and cyhalofop-R-butyl is applied at a rate of about 99 gavha to about 280 gavha. In
one embodiment, the methods utihize the benzyl ester of the compound of formula (I} and
cyhalofop-R-butyl, wherein the benzyl ester of the compound of tormula (1) is applied at a
rate of from about 8.75 g acid equivalent per hectare (gae/ha) to about 35 gac/ha, and
cyvhalofop-R-buty] is applied at a rate of about 90 gaiha to about 300 gav/ha. In certain
embodiments, the methods and compositions vtilizing the compound of formula (T) or salt or
ester thereof in combination with cyhalotop-R-butyl or carhoxylic acid, carboxylate salt, or
ester thereof are wsed to control ISCRU, IPOHE, ECHOR, SCPSU, LEFCH, SCPMA,
CYPIR, FIMMI, SEBEX, CYPDI, ECHCG, ECHSS, or SCPMLL
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In certain embodiments of the compositions and methods described herein, the
compound of formula (T) or salt or ester thereof 13 ysed in combination with diclofop-methy]
or carboxylic acid, carboxylate salt, or ester thereof. With regard 1o the compositions, in
some embodiments, the weight ratio of the compound of formula (1) or salt or ester thereof to
diclofop-methyl or carboxylic acid, carboxylate salt, or ester thereof is within the range of
from about 1:560 to about 5:1. In certain embodiments, the weight ratio of the compound of
fornmula (1) or salt or ester thercof to diclofop-methyi or carboxylic acid, carboxylate salt, or
ester thereof 1s within the range of from 1:255 to about 1:1. In certain embodiments, the
weight ratio of the compound of formula (1) or salt or ester thereof to diclofop-methyl or
carboxylic acid, carboxylate salt, or ester thereof 1s within the range of from 1:140 1o about
1:9 | In certain embodiments, the compositions provided herein comprise the compound of
formula (1) or its benzyl or #-butyl ester and diclofop-methyl. With respect to the methods, in
certain embodiments, the methods comprise contacting the andesirable vegetation or locus
thereof or applying to the soil or water to provent the emergence or growth of vegetation a
composition described herein. In some embodiments, the composition is applied at an
application rate of from about 72 grams active ingredicnt per hectare {gav/'ha) to about 1,420
gai/ha based ou the total amount of active ingredients in the composition. In certain

~~y
!
i

embodiments, the composition is applied at an application rate of from about 73 grams active

ingredient per hectare {gav/ha} to about 610 gav'ha based on the total amount of active
mgredients in the composition. In some embodiments, the methods comprise contacting the
vndesirable vegetation or locus thereof or applying to the soil or water to prevent the
emergence or growth of vegetation with a compound of formmula () or salt or ester thereof
and diclofop-methyl or salt or ester thereof, e.g., sequentially or simultancously. In some
embodiments, the diclofop-methyl ot salt or ester thereof is applicd at a rate from about 70
gai/ha to about 1,120 gavha and the compound of tormula (1) of salt or ester thereof is
applied at a rate from about 2 gae/ha to about 300 gac/ha. In certain embodiments, the
methods utilize the compound of formmula (1), or its benzyl or n-butyl ester and diclofop-
methvl are used to control APESY, CYPIR, KCHSC and PHAMIL

In certain embodiments of the compositions and methods deseribed herein, the
compound of formula (T) or salt or ester thereot 13 ysed in combination with fenoxaprop-P-
ethyl or carboxylic acid or carboxylate salt thereof or other ester, and fenoxaprop-P-cthyl can
be applied alone or in combination with the safeners isoxadifen-cthyi or mefenpyr-dicthyl.
With regard to the compositions, in some embodiments, the weight ratio of the compound of

tormula (1) or salt or ester thercot to fenoxaprop-P-cthyl or carboxylic acid or carboxylate salt
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thereof or other ester is within the range of from about 11170 to about 30:1. In certain
embodiments, the weight ratio of the compound of formula (1) or salt or ester thereof to
fenoxaprop-P-cthyl or carboxylic acid or carboxylate salt thereof or other ester 1s within the
range of from 1:16 to about 1.5:1. In certain embodiments, the weight ratio of the compound
of formula (1) or salt or ester thereof to fenoxaprop-P-ethyl or carboxylic acid or carboxylate
salt thereof or other ester 1s within the range of from 1:16 to about 3:1. In certamn
embodiments, the weight ratio of the compound of formula (1) or salt or ester thereof to
fenoxaprop-P-ethyl or carboxylic acid or carboxylate salt thereof or other ester is within the
range of from about 1:32 to about 4:1. In certain embodiments, the weight ratio of the
compound of formula (1) or salt or ester thereof to fenoxaprop-P-ethvl or carboxylic acid or
carboxylate salt thercof or other ester ts within the range of from about 1:16 to about 2:1. In
certain embodiments, the compositions provided herein comprise the compound of fornla
(1) or its benzyl ester and fenoxaprop-P-ethyl. In one embodiment, the composition
comprises the compound of formula (1) and fenoxaprop-P-cthyl, wherein the weight ratio of
the compound of formmula () to fenoxaprop-P-ethyl is about 1:14 to about 2:1. In one
embodiment, the composition comprises the benzyl ester of the corpound of formula (I} and
fenoxaprop-P-cthyl, wherein the weight ratio of the benzyl ester of the compound of formula
(1) to fenoxaprop-P-ethyl is about 1:16 to about 1.1, With respect to the methods, in certain
embodiments, the methods comprise contacting the undesirable vegetation or locus thergof or
applying to the soil or water to prevent the emergence or growth of vegetation a composition
described herein, In some embodiments, the composition is applied at an application rate of
from about 13 grams active ingredient per hectare (gav'ha) to about 440 ga/ha based on the
total amount of active ingredients in the composition. T certain embodiments, the
compaosition 1s applicd at an application rate of from about 15 grams active mgredient per
hectare (gai/ha) to about 90 gat/ha based on the total amount of active ingredients in the
composition. In some embodiments, the methods comprise contacting the undesirable
vegetation or locus thereof or applying to the soil or water to prevent the emergence or
growth of vegetation with a compound of formula (1) or salt or ester thereof and fenoxaprop-
P-ethyl or salt or ester thereof, e.g., sequentially or simultaneously. In some embodiments,
the fenoxaprop-P-ethy! or carboxylic acid or carboxylate salt thereot or other ester is applied
at a rate from about 11 gai/ha to about 140 gai/ha and the compound of formula (1) of salt or
ester thereof is apphied at a rate from about 2 gag/ha to about 300 gac/ha, In some
embodiments, the fenoxaprop-P-ethyl or carboxylic acid or carboxylate salt thereof or other

esiet is applied at a rate from about § gai/ha to about 300 gaha and the compound of formula
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(I} of salt or ester thereof is applied at a rate from about 2 g acid equuvalent per hectare
{gac/ha) to about 90 gac/ha. In some embodiments, the fenoxaprop-P-cthyl or carboxylhic
acid or carboxylate salt thereof or other ester is applied at a rate from about 11.5 gavha to
about 140 gav/ha and the compound of formula (1) of salt or ester thereof 15 applied at a rate
from about 4.38 g acid equivalent per hectare (gac/ha) to about 42.4 gac’ha. In certain
embodiments, the methods atilize the compound of formula (1), or its benzy! ester and
fenoxaprop-P-ethyl. In one embodiment, the methods utilize the compound of formula (f)
and fenoxaprop-P-ethyl, wherein the compound of formula (1) is applied at a rate of from
about 4.3% g acid cqwvalent per hectare (gac/ha) to about 42.4 gac/ha, and fenoxaprop-P-
ethyl is applied at a rate of about 11.5 gai/ha to about 140 gai/ha. In one embodiment, the
methods utilize the benzyl ester of the compound of formula (1) and fenoxaprop-P-ethyl,
wherein the benzyl ester of the compound of formula (1) is applied at a rate of from about

438 g acid equivalent per hectare {gae/ha) to about 35 gac/ha, and fenoxaprop-P-ethyl i3
applied at a rate of about 17.5 gavha to about 70 gavha. In certain embodiments, the methods
and compositions utihizing the compound of formula (1) or salt or ester thereof in combination
with fenoxaprop-P-cthyl or carboxylic acid or carboxylate salt thereof or other ester are vsed
to control CYPIR, ECHOR, FIMMI, SCPIU, CYPES, KCHSC, PHAMT and APESV,

In certain embodiments of the compositions and methods described hergin, the
compound of formula (I} or salt or ester thereof 1s used in combination with fluazifop-P-butyl
or carboxylic acid or carboxylate salt thereof or other ester. With regard to the compositions,
n sorne embodiments, the weight ratio of the compound of formula (1) or salt or ester thereof
to fluazifop-P-butyl or carboxylic acid or carboxylate salt thereof or other ester is within the
range of from about 11210 to about 3.1, Tn certain embodiments, the weight ratio of the
compound of formula (1) or salt or ester thereof to fluazifop-P-buty! or carboxylic acid or
carboxylate salt thereof or other cster 1s within the range of from 1:41 to about 2.5:1. In
certain embodiments, the weight ratio of the compound of formula (1) or salt or ester thereof
to tluazifop-P-butyl or carboxylic acid or carboxylate salt thereof or other ester is within the
range of from 1:41 10 about 111, In certain embodiments, the weight ratio of the compound of
fornmula {I) or salt or ester thereof to fluazifop-P-butyl or salt or ester thereof is within the
range of from about 1:80 to about 1:1. In certain embodiments, the weight ratic ot the
compound of formula (1) or salt or ester thereof to fluazifop-P-butyl or salt or ester thereof is
within the range of from about 1:36 to about 1:2.5. In certain embodiments, the compositions
provided herein comprise the compound of formuda (I) or its benzy! ester and fluazifop-P-
butyl. In one embodiment, the composition comprises the compowund of formula (1) and
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fhuarifop-P-butyl, wherein the weight ratio of the compound of formula (1) to fluazifop-P-
butyl is about 1:36 to about 1:2.5. In one embodiment, the composition comprises the benzyl
ester of the compound of formula (1) and floazifop-P-butyl, wherein the weight ratio of the
benzyl ester of the compound of fornmuia (1) to fluazifop-P-butyl is about 1:36 to about 1:5.1.
5 With respect to the methods, in certain embodiments, the methods comprise contacting the
undesirable vegetation or locus thereof or applying to the soil or water to prevent the
emergence or growth of vegetation a composition described herein. {n some embodiments,
the composition is applied at an application rate of from about 47 grams active ingredient per
hectare {(gai/ha) to about 720 gai/ha based on the total amount of active ingredients in the

10 composition. Tn certain erabodiments, the composition is applied at an application rate of
from about 50 grams active ingrediont per hectare (gavha) to about 200 gai/ha based on the
total amount of active ingredients in the composition. In some embodiments, the methods
comprise contacting the undesirable vegetation or locus thereof or applving to the soil or
water to prevent the emergenee or growth of vegetation with a compound of formula (1) or

15 salt or ester thereof and fluazifop-P-butyl or salt or ester thereof, 2.g., sequentiaily or
simubtaneously. In some embodiments, the fluazifop-P-butyl or carboxyhc acid or
carboxylate salt thereof or other ester is applied at a rate from about 45 gac/ha to about 420
gac/ha and the compound of formula (1) of salt or ester thereof is applied at a rate from about
2 gag/ha to about 300 gac/ha. In some embodiments, the fluazifop-P-butyl or carboxylic acid

20 orcarboxylate sali thereof or other ester is apphed at a rate from about 20 gavha to about 400
gai/ha and the compound of formula (1) of salt or ester thereof is applied at a rate from about
2 ¢ acid equivalent per hectare (gac/ha) to about 70 gac/ha. In some embodiments, the
fluazitop-P-buty] or carboxylic acid or carboxylate salt thereot or other ester 1s applied at a
rate from about 45 gai'ha to about 180 gav/ba and the compound of formula (1) of salt or oster

25 thereof1s applied at a rate from about 4.38 g acid equivalent per hectare {gas/ha) to about 35
gac/ha. In certain embodiments, the methods utilize the compound of formula (1), or its
benzyl ester and fhuazifop-P-butyl. In one embodiment, the methods utilize the compound of
fornula (1) and fluazifop-P-butyl, wherein the compound of formula (1) 18 applied at a rate of
from about 4.38g acid equivalent per hectare (gac/ha) to about 35 gae/ha, and fhuazifop-P-

30 butylis applied at a rate of about 45 gav/ha to about 180 gai‘ha. In one embodiment, the
methods utilize the benzyl ester of the compound of formula (1) and fluazifop-P-butyl,
wherein the benzyl ester of the compound of formula (1) 1s applied at a rate of from about
4.38 g acid equivalent per hectare {gac/ha} to about 8.75 gae/ha, and fluazifop-P-butyl 15

apphed at a rate of about 45 gai/ha to about 130 gavha. Tn certain embodiments, the methods
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and compositions utihizing the compound of formula (I} or salt or ester thereof in combination
with fluazitop-P-butyl or carboxylic acid or carboxylate salt thereot or other ester are used to
countrol IPOHE, ECHOR, or CYPRO,

In certain embodiments of the compositions and methods described herein, the
compound of formula (1) or salt or ester thereof 18 used in combination with haloxyfop-R-
methyl or carboxylic acid or carboxylate salt thereof or other ester. With regard to the
compositions, in some embodiments, the weight ratio of the compound of fornmia (1) or salt
or ester thereot to haloxyfop-R-methvl or carboxylic acid or carboxylate salt thereof or other
ester ts within the range of from about 1:45 (o about 19:1. In certain embodiments, the
weight ratio of the compound of formula (1) or salt or ester thereof to haloxyfop-R-methyl or
carboxylic acid or carboxylate salt thereof or other ester is within the range of from 116 to
about 2.5:1. In certain embodiments, the weight ratio of the compound of formmuia (1) or salt
or ester thereof to haloxyfop-R-methy! or carboxylic acid or carboxylate salt thereof or other
ester is within the range of from about 1:15 to about 6:1. In certain ernbodiments, the weight
ratio of the compound of fornmula (I} or salt or ester thereof to haloxyfop-R-methyl or
carboxylic acid or carboxylate salt thereof or other ester is within the range of from about 1.7
1o about 2.6: 1. In certain erobodiments, the compositions provided herein comprise the
compound of formula (1) or it benzyl ester and haloxyfop-R-methyl. In one embodiment,
the composition comprises the compound of fornmuda (1) and haloxyfop-R-methyl, wherein
the weight ratio of the compound of formula (T} to haloxyfop-R-methyl is about 1:6.2 10
about 2.6:1. In one embodiment, the composition coraprises the benzyl ester of the
compound of formula (1) and haloxyfop-R-methyl, wherein the weight ratio of the benzyl
ester of the compound of formula (1) to haloxyfop-R-methyl 1s about 1.7 to about 1.3:1. With
respect to the methods, in certain embodiments, the methods comprise contacting the
undesirable vegetation or locus thereof or applying to the soil or water to prevent the
emergence or growth of vegetation a composition described herein. In some embodiments,
the composition 1s applied at an application rate of frow about 32 grams active fngredient per
hectare (gavha) to about 420 gai/ha based on the total aroount of active ingredients jo the
composition, In certain embodiments, the composition is applied at an application rate of
from about 10 grams active ingredient per hectare (gaiha) to about 60 gai/ha based on the
total amount of active ingredients in the composition. In sorme embodiments, the methods
comprise contacting the undesirable vegetation or locus thereof or applying to the soil or
water to prevent the emergence of growth of vegetation with a compound of formula (I) or

salt or ester thereof and haloxyfop-R-methyt or carboxyhic acid or carboxylate salt thereof or
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other ester, e g., sequentially or sirmiltaneously. In some embodiments, the haloxyfop-R-
methyl or carboxylic acid or carboxylate salt thercof or other ester 1s applied at a rate from
about 6.75 gac/ha 1o about 120 gac/ha and the compound of formula (1) of salt or ester thereof
is applied at a rate from about 2 gac/ha to about 300 gac/ha. n some embodiments, the
haloxyfop-R-methyl or carboxylie acid or carboxylate salt thereof or other ester is applied at
a rate from about 3 gai/ha to about 140 gaiha and the compound of formuida (1) of salt or ester
thereof is applied at a rate from about 2 ¢ acid equivalent per hectare (gae/ha) to about 435
gac/ha. In some embodiments, the haloxyiop-R-methyl or carboxylic acid or carboxylate salt
thereot or other ester 1s applied at a rate from about 6.75 gavha to about 70 gai/ba and the
compound of formula (1) of salt or ester thoreof 14 applied at a rate from about 4.38 g acid
equivalent per hectare (gac/ha) to about 17.5 gae/ha. In certain crabodiments, the methods
utilize the compound of formula (I}, or its benzyl or n-butyl ester and haloxyfop-R-methyl.

In one embodiment, the methods atilize the compound of formula (1) and haloxyfop-R-
methyi, wherein the compound of fornmula (1} 1s applied at a rate of from about 4.38 ¢ acid
equivalent per hectare (gac/ha) to about 35 gae'ha, and haloxyfop-R-methy! 1s applied at a
rate of abount 6.75 gavha to about 70 gai/ba. In one embodiment, the methods utilize the
benzyl ester of the compound of formula (1) and haloxyfop-R-methyl, wherein the benzy!
ester of the compound of formula (1) is applied at a rate of from about 4.38 g acid equivalent
per hectare (gae/ha) to about 17.5 gae/ha, and haloxyfop-R-methy! is applied at a rate of
about 6.75 gai‘ha to about 27 gaiha. In certain embodiments, the methods and composttions
utilizing the compound of formula (1) or salt or ester thereof in combination with haloxyfop-
R-methy! or carboxylic acid or carboxylate salt thereof or other ester are used to control
ECHCQO, IPOHE, SCPIU, BRAPP, or CYPRO.

In certain ernbodiments of the compositions and methods deseribed heretn, the
compound of formula (1) or salt or ester thereof 1s used in combination with metamifop or salt
or ester thereof. With regard to the compositions, in some embodiments, the weight ratio of
the compounnd of formula (1) or salt or ester thereof to metarnifop or salt or ester thereof s
within the range of from about 1:150 to about 6:1. In certain embodiments, the weight ratio
of the compound of formula (1) or salt or ester thereof to metamifop or salt or ester thereof is
within the range of from 1:34 to about [G:1. In certain embodiments, the weight ratio of the
compound of formula (1) or salt or ester thereof to metamifop or salt or ¢ster thereof is within
the range of from 1:34 to gbout 1:2. In certain embodiments, the weight ratio of the
compound of formula (1) or salt or ester thereof to metamnfop or salt or ester thereof 1s within
the range of from about 1:60 to about 11, In certain embodiments, the weight ratio of the
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compound of formula (1) or salt or ester thereot to metamifop or salt or ester thereof is within
the range of from about 1:30 to about 1:2.1. In certain crabodiments, the compositions
provided herein comprise the compound of formula (I) or its benzy! ester and metamifop. In
one embodiment, the composition comprises the compound of formula (1) and metamifop,
wherein the weight ratio of the compound of formula (I} to metamifop is about 1:30 to about
12,1 T one embodiment, the composition comprises the benzyl ester of the compound of
fornmula (1) and metamifop, wherein the weight ratio of the benzyl ester of the compound of
formula (1) to metamifop is about 1:30 to about 1:15. With respect to the methods, in certain
embodiments, the methods comprise contacting the undesirable vegetation or locus thereof or
applying to the soil or water to prevent the emergence or growth of vegetation a composition
described herein, In some embodiments, the composition 15 applied at an application rate of
from about 52 grams active ingredient per hectare {gav'ha) to about 600 gai/ha based on the
total amount of active ngredients 1 the composition. In certain embodiments, the
composition i applied at an application rate of from about 40 grams active ingredient per
hectare (gavha) to about 170 gai/ha based on the total amount of active ingredients in the
composition. In some erbodiments, the methods comprise contacting the undesirable
vegetation or locus thereof or applying to the soil or water to prevent the cmergence or
growth of vegetation with a compound of formula (1) or salt or ester thereof and metamifop
or salt or ester thereof, e.g., sequentially or simultancously. In some embodiments, the
metamifop or sall or ester thereof 1s applied at a rate from about 50 gav/ha to about 300 gaha
and the compound of formula (T) of salt or ester thereof 15 applied at 4 rate from about 2
gac/ha to about 300 gac/ha. In some embodiments, the metamifop or salt or ester thercof 15
applied at a vate from about 30 gai/ha o about 300 gavha and the compound of formula (1) of
salt or ester thercof 1s applicd at a rate fror about 2 ¢ acid equivalent per hectare {gac/ha) to
about 70 gac/ba. In some embodiments, the metamifop or salt or ester thereof 1s applied ata
rate from about 75 gai/ha to about 150 gavha and the compound of forrmida (1) of salt or ester
thereof 1s applied at 8 vate from about 4.38 g acid equivalent per hectare {gae/ha) to about 35

3, or 1S

gae/ha. In certain embodiments, the methods utilize the compound of formula (1),

benzyl ester and metamifop, In one embodiment, the methods wtilize the compound of
formula () and metamifop, wherein the compound of formula (I} is apphied at a rate of from
about 4.38 g acid equivalent per hectare (gac/ha) to about 35 gac/ha, and metamifop is
applicd at a rate of about 75 gav/ha to about 150 gai/ha. In one embodiment, the methods
uttlize the benzyl ester of the compound of formula (1) and metamifop, wherein the benzyl

ester of the cornpound of formula (1) 1s apphed at a rate of about 4.38 g acid equivalent per
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hectare {gac/ha), and metamifop 18 applied at a rate of about 75 gat/ha to about 150 gavha. In
certain embodiments, the methods and compositions utihizing the compound of formuta (T) or
salt or ester thercof in combination with metarnifop or salt or ester thereof are used to control
IPOHE, BECHCG, BECHOR, [POHE | FIMMI, SCPMA, or SCPIU,

In certain embodiments of the compositions and methods described herein, the
compound of formula (T} or salt or ester thereof ts used in combination with pinoxaden or salt
or ester thercof. With regard to the compositions, in some embodiments, the weight ratio of
the compound of formula (1) or salt or ester thereof to pinoxaden or salt or ester thereof s
within the range of from about 1:30 10 about 150:1. In cortain embodiments, the weight ratio
of the compound of formula (1) or salt or ester thereof to pinoxaden or sali or ester thereof 18
within the range of from 1:27 to about 25:1. . In certain embodiments, the weight ratio of the
compound of formula (1) or salt or ester thereof to pinoxaden or salt or ester thereof is within
the range of from 1:12 to about 2:1. Tn certain embodiments, the compositions comprise the
compound of formula (1) or its benzyl or n-buty] ester and pinoxaden. With respect to the
methods, 1n certain embodiments, the methods comprise contacting the undesirable
vegetation or locus thereof or applying to the soil or water to prevent the emergence or
growth of vegetation a composition described herein. In soroe erobodiments, the composition
is applied at an application rate of from about 4 grams active ingredient per hectare (gaiha)
to about 360 gai/ha based on the total amount of active ingredients in the composition. In
certain embodiments, the composition 1s applied at an application rate of fror about § grams
active ingredient per hectare {gai‘ha) to about 110 gai/ha based on the total amount of active
ingredients in the composition. In some embodiments, the methods comprise contacting the
undesirable vegetation or locus thereof or applying to the soil or water to prevent the
emergence or growth of vegetation with a compound of formula (1) or salt or ester thereof
and pinoxaden or salt thereof, e.g., sequentially or simultancously. In some embodiments,
the pinoxaden or salt or ester thereof 1s applied at a rate from about 2 gavha to about 60
gai/ha and the compound of formula (I} of salt or ester thereof is applied at a rate trom about
2 gae/ha to about 300 gae/ha. . In some embodiments, the pinoxaden or salt or ester thereof
is applied at a rate from about 15 gai/ha to about 60 gat’ha and the compound of formula (I)
of salt or ester thereot 1s applied at a rate from about § gac/ha to about 32 gae/ha, In certain
embodiments, the methods utilize the compound of formula (1) or 1ts benzyl or n-butyl ester
and pinoxaden for the control of ECHCQO, IPOHE, KCHSC, PHAMI and SCPIU.

In certain embodiments of the compositions and methods described herein, the

compound of formula (1 or salt or ester thereof 15 used in combination with profoxydim or
v
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salt or ester thereof, With regard to the compositions, 1n some embodiments, the weight ratio
of the compound of formuela (1) or salt or ester thereof to profoxydim or salt or ester thereof is
within the range of frors about 1:70 to about 29:1. In certain embodiments, the weight rafio
of the compound of formula (1) or salt or ester thereof to profoxydim or salt or ester thercof is
within the range of from 1:8 to about 2:1. In certain embodiments, the weight ratio of the
compound of formula (1) or salt or ester thereof to profoxydim or salt or ester thereot is
within the range of from about 1:10 to about 3:1. In certain embodiments, the weight ratio of
the compound of formmula (1) or salt or ester thereof to profoxydim or salt or ester thereof is
within the range of from about 1:23 to about 3:1. In certain embodirments, the weight ratio of
the compound of formula (1) or salt or ester thereot to profoxydum or salt or ester thereof is
within the range of from about 115 to about 1.4:1. In certain embodiments, the compositions
provided herein comprise the compound of formuia (1) or its benzyl ester and profoxydim. In
one embodiment, the composition comprises the compound of formula (T) and profoxydim,
wherein the weight ratio of the compound of formula (I} to profoxydim is about 1:3. In one
embodiment, the composition comprises the benzyl ester of the compound of formula (I} and
profoxydim, wherein the weight ratio of the beneyl ester of the compound of formela (I) o
profoxydim is about 1:5 1o about 1.4:1. With respect to the methods, in certain embodiments,
the methods comprise contacting the undesirable vegetation or locus thereof or applying to
the soil or water to prevent the emergence or growth of vegetation a composition described
heretn. In some embodiments, the composition s applied at an application rate of from about
15 grams active ingredient per hectare (gat‘ha) to about 500 gai‘ha based on the total amount
of active ingredients in the composition. In certain embodiments, the composition is applied
at an application rate of from about 16 grams active ingredient per hectare (gaiha) to about
50 gai/ha based on the total amount of active rogredients in the composition. In sore
embodiments, the methods comprise contacting the undesirable vegetation or locus thereof or
applying to the sotl or water to prevent the emergence or growth of vegetation with a
compound of formula (I} or salt or ester theveof and profoxydim or salt or cster thereof, e.g.,
sequentially or siraultaneously.  In some embodiments, the profoxydim or salt or ester
thereot is applied at a rate from about 12 gat/ha to about 200 gai‘ha and the compound of
formula (I) of salt or ester thereof is applied at a rate from about 2 gae/ha 1o about 300 gae/ha,
In some embodiments, the profoxydim or salt or ester thereof is applied at a rate from about 4
gai/ha to about 140 gai/ha and the compound of formula (1) of salt or ester thereof 1s applied
at a rate from about 2 g acid equivalent per hectare {(gae/ha) to about 45 gac/ha. In some

embodiments, the profoxydim or salt or ester thereof 1s applied at a rate from about 12.5

98]
~3

SUBSTITUTE SHEET (RULE 26)

PCT/US2013/051320



WO 2014/018407 PCT/US2013/051320

cat/ha to about 25 gai'ha and the compound of formula (1) of salt or ester thereof 1s applied at
a rate from about 4.38 g acid equivalent per hectare {(gac/ha) to about 17.5 gac/ha. In certain
embodiments, the methods utilize the compound of formula (1), or ts benzyl or #-butyl ester
and profoxydim. In one embodiment, the methods utilize the compound of formula (1) and
5 profoxydim, wherein the compound of formula (1) is applied at a rate of about 4.38 g acid

equivalent per hectare (gae/ha), and profoxydim is applied at 4 rate of about 12.5 gavha. In
one embodiment, the methods utilize the benzyl ester of the compound of formuls (1 and
profoxydim, wherein the benzyl ester of the compound of formula (1) is applied at a rate of
from about 4.38 g acid equivalent per hectare (gae/ha) to about 17.5 gae/ha, and profoxydim

10 18 applied at a rate of about 12.5 gai/ha to about 25 gai/ha. In certain embodiments, the
methods and compositions utilizing the compound of formula (1) or salt or ester thereof in
combination with profoxydim or salt or ester thereof are used to control ECHCO, ECHCO,
SCPIU or LEFCH.

In certain embodiments of the compositions and methods described herein, the

15 compound of formula (1) or salt or ester thereof is used in combination with quizalofop-P-
ethyl or carboxylic acid or carboxylate salt thereof or other ester, With regard to the
compaositions, in some ernbodirnents, the weight ratio of the compound of formula (I) or salt
or ester thereof to quizalofop-P-ethyl or carboxylic acid or carboxylate salt thereot or other
ester is within the range of from about 1:100 to about 12:1. In certain embodiments, the

20 weight ratio of the cormpound of formula (I) or salt or ester thereof o quizalofop-P-ethyl or
carboxylic acid or carboxylate salt thereof or other ester s within the range of from 1:§ 10
about 19:1. In certain embodiments, the weight ratio of the compound of formula (1) or salt or
ester thereof to quizalofop-P-ethyvl or carboxylic acid or carboxylate salt thereof or other ester
18 within the range of trom 1:6 to about 111, In certain erabodirnents, the weight ratio of the

25  compound of formula (1) or salt or ester thereof to quizalofop-P-cthyl or carboxylic acid or
carboxylate salt thereof or other ester 1s within the range of from about 1:12 to about 10:1. In
certain embodiments, the weight ratio of the compound of formula (1) or salt or ester thereof
to quizalofop-P-ethyl or carboxylic acid or carboxylate salt thereof or other ester 18 within the
range of from about 1:6 to about 5:1. In cortain embodiments, the compositions provided

30 herein comprise the compound of formula (1) or its benzyl ester and quizalofop-P-ethyl In
one embodiment, the composition comprises the compound of formula (1) and quizalofop-P-
ethyl, wherein the weight ratio of the compound of formuls (1) to quizalofop-P-cthyl i about
1:6 to about 5:1. In one embodiment, the composition comprises the benzyl ester of the

compound of formula (I} and quizalofop-P-cthyl, wherein the weight ratio of the benzyl ester

38

RECTIFIED (RULE 91) - ISA/US



20

WO 2014/018407 PCT/US2013/051320

of the compound of formula (1) to quizalofop-P-ethyl 1s about 1:6 to about 5:1. With respect
to the methods, in certain embodiments, the methods comprise contacting the undesirable
vegetation or locus thereof or applying to the soil or water to prevent the emergence or
growth of vegetation a composition described herein. In some embodiments, the composition
is applied at an application rate of from about 6 grams active ingredient per hectare (gai/ha)
to about 400 gai/ha based on the total amount of active ingredients in the composition. Tn
certain embodiments, the composition is applied at an application rate of from about 8 grams
aciive ingredient per hectare {gai/ha} to about 50 gav/ha based on the total amount of active
ingredients in the composition. In some embodiments, the methods comprise contacting the
undesirable vegetation or locus thereof or applying to the soil or water to provent the
emergence or growth of vegetation with a compound of fornmla (I} or salt or ester thereof
and quizalofop-P-cthyl or carboxylic acid or carboxylate salt thereot or other ester, e.g2.,
sequentially or simultancously. In some embodiments, the quizalotop-P-ethy! or carboxylhic
acid or carboxylate salt thereot or other ester is applied at a rate from about 4 gai/ha to about
100 gac/ha and the compound of formula (1) of salt or ester thereof s applied at a rate from
about 2 gac/ha to about 300 gae/ha. In some embodiments, the quizalofop-P- or carboxylic
acid or carboxylate salt thereof or other ester is applied at a rate from about 2 gavha to about
60 gai‘ha and the compound of formula (1) of salt or ester thereof is applied at a rate from
about 2 g acid equivalent per heetare (gac/ha) to about 70 gac/ha. In some embodiments, the
quizalofop-P-ethyl or carboxylic acid or carboxylate salt thereot or other ester 1s applied ata
rate from about 3.56 gai‘ha to about 30 gai‘ha and the compound of formula (1) of salt or
ester thereof is applied at a rate from about 3.75 ¢ acid equivalent per hectare {gac/ha) to
about 35 gac/ha. Tn certain embodiments, the methods utilize the compound of formula (1),
o7 s benzyl ester and quizalotop-P-ethyl. o one embodiment, the methods vtilize the
compound of formula (1) and quizalofop-P-ethyl, wherein the compound of formula (1) s
applied at a rate of from about 3.75 g acid equivalent per hectare (gae/ha) to about 35 gac/ha,
and quizalofop-P-cthy] is applied at a rate of about 3.56 gat/ha to about 30 gai/ha. In one
erbodiment, the methods utilize the benzyl ester of the compound of formula () and
quizalofop-P-ethyl, wherein the benzyl ester of the compound of formula (I} is applied at 2
rate of from about 3.75 g acid equivalent per hectare (gae/ha) to about 17.5 gac/ha, and
quizalotop-P-cthyl is applied at a rate of about 3.56 gai/ha to about 30 gavha, o corfain
embodiments, the methods and compositions utilizing the compound of formula (1) or salt or

ester thereof in combination with quizalofop-P-ethyl or carboxylic acid or carboxylate salt
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thereot or other ester are used to control IPOHE, ECHOR, CYPRO, ECHCG, AVEFA,
LOLMUL

In cortain emnbodiments of the compositions and methods deseribed heretn, the
compound of formula (1) or salt or ester thereof 1s used in combination with sethoxydim or
salt or ester thercof. With regard to the compositions, in some embodiments, the weight ratio
of the compound of formula (1) or salt or ester thereof to sethoxydim or salt or ester thereof is
within the range of from about 1:70 to about 29:1. In certain embodiments, the weight ratio
of the compound of formula (1) or salt or ester thercof to sethoxydim or salt or ester thereof is
within the range of from 1:8 to about 2:1. T In certain erabodiments, the weight ratio of the
compound of formula (1) or salt or ester thereof to sethoxydim or salt or ester thereof is
within the range of from about 1:61 to about 1:2. In certain embodiments, the weight ratio of
the compound of formula (1) or salt or ester thereof to sethoxydim or salt or ester thereof is
within the range of from about 1:120 to about 1:3. In certain embodiments, the weight ratio
of the compound of formula (1) or salt or ester thercof to sethoxydim or salt or ester thereof is
within the range of from about 1:54 to about 1:7.7. In certain embodiments, the compositions
provided herein comprise the compound of formula (I) or 1ts benzyl ester and sethoxydim. In
one embodiment, the composition comprises the compound of formula (1) and sethoxydim,
wherein the weight ratio of the compound of formula (1) to sethoxydim is about 1:54 10 about
1:7.7. In one embodiment, the composition comprises the benzyl ester of the compound of
tormula (I} and sethoxydim, wherein the weight ratio of the benzyl ester of the compound of
tormula () to sethoxydirn 1s about 1:27 to about 1:15.4, With respect to the methods, in
certain embodiments, the methods comprise contacting the undesirable vegetation or locus
thereot or applving to the soil or water {o prevent the emergence or growth of vegetation a
composition described herein. In some embodiments, the composition is applied at an
application rate of from about 55 grams active ingredient per hectare {gai/ha) to about 825
gai/ha based on the total amount of active ingredients in the composition. In certain
embodiments, the composition is applied at an application rate of from about 5§ grams active
ingredient per hectare (gai/ha) to about 300 gat'ba based on the total amount of active
ingredients in the composition.  In some embodiments, the methods comprise contacting the
undesirable vegetation or locus thereof or applying {o the soil or water to prevent the
emergence or growth of vegetation with a compound of fornuila (1) or salt or esier thereof
and sethoxydim or salt or ester thereof, e.g., sequentially or simultancousky. In some
embodiments, the sethoxydim or salt or ester thereof 1s applied at a rate from about 50 gaiha

to about 525 gai/ha and the compound of formula () of salt or ester thercof is applied at a
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rate from about 2 gae/ha to about 300 gac’ha. In some embodiments, the sethoxydim or salt
or ester thereot 1s apphied at a rate from about 3¢ gavha to about 600 gaiha and the
compound of formula (T) of salt or ester thereof 1s applied at a rate from about 2 g acid
equivalent per hectare (gac/ha) to about 45 gac’ha. In some embodiments, the scthoxydim or
salt or ester thercof is applied at a rate from about 67.5 gaiha to about 270 gavha and the
compound of formula (T} of salt or ester thereof ts applied at a rate from about 4.38 g acid
equivalent per hectare {gae/ha) to about 17.5 gac/ha. In certain embodiments, the methods
atitize the compound of formula (1), or 18 benzyl ester and sethoxydim. In one embodiment,
the methods utilize the compound of formula (T} and sethoxydim, wherein the compound of
formula {I) 18 applied at a rate of from about 4.38 g acid equivalent per hectare (gac/ha) to
about 17.5 gac/ha, and scthoxydim is applied at a rate of about 67.5 gavha to about 270
gat'ha. In one embodiment, the methods utilize the benzyl ester of the compound of formula
(1) and sethoxydir, wherein the benzyl ester of the compound of formula (T) is applied at a
rate of from about 4.38 g acid equivalent per hectare (gac/ha) to about €.75 gac/ha, and
sethoxydim 1s applied at a rate of about 135 gavha. In certain embodiments; the methods and
compositions wtilizing the compound of fornula (T) or salt or cster thereof tn combination
with sethoxydirn or salt or ester thereof are used to control CYPES, CYPDI, CYPIR, SCPJU,
LEFCH, FIMMI, or ECHCG,

In certain embodiments of the compositions and methods described hergin, the
compound of formulda (I} or salt or ester thereof 15 used in combination with tralkoxydim or
salt or ester thereof, With regard to the compositions, 1n some embodiments, the weight ratio
of the compound of formula (1) or salt or ester thercof to tralkoxydim or salt or ester thergof
1s within the range of from about 1:38 to about 60:1. In certain crnbodiments, the weight
ratio of the corapound of formula (1) or salt or ester thereof to tratkoxydim or salt or ester
thereof 1s within the range of from 1:23 to about 10:1. In certain embodiments, the weight
ratio of the compound of formula (1) or salt or ester thereot to tralkoxydim or salt or ester
thereof 1s within the range of from 1:40 to about 1:2. In certain embodiments, the
compositions corprise the compound of formula (1) or its benzyl or n-butyl ester and
tralkoxydim, With respect to the methods, in certain embodiments, the methods comprise
contacting the undesirable vegetation or locus thereof or applying to the soil or water to
prevent the emergence or growth of vegetation a composition described herein. In some

~~y

embodiments, the composition is applied at an application rate of from about 7 grams active

ingredient per hectare {gai/ha) to about 375 gavha based on the total amount of active
ngredients in the composition. In cerfain embodiments, the composition is apphed at an
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application rate of from about 8 grams active ingredient per hectare {gai/ha) to about 100
gat/ha based on the total amount of active ingredients m the composition. In some
embodiments, the methods comprise contacting the undesirable vegetation or locus thereof or
applying to the soil or water to prevent the emergence or growth of vegetation with a
compound of formula (1) or salt or ester thereof and tralkioxydim or salt thereof, e.g.,
sequentially or simultaneously. In some embodiments, the tralkoxydim or salt or ester thereof
is applied at a rate from about 5 gavha to about 75 gavhs and the compound of formula (1) of
salt or ester thereof is applied at a rate from about 2 gae/ha to about 300 gac/ha. In certain
embodiments, the methods utilize the compound of formula (I) or its benzy! or n-buty! ester
and tralkoxydim are used to control AVEFA, CYPIR, KCHSC and LOLMU.

The corponents of the mixtures described herein can be applied cither separately or
as part of a multipart herbicidal system.

The roixtures deseribed herein can be apphied in conjunction with one or more other
herbicides to controf 3 wider variety of undesirable vegetation. When used in conjunction
with other herbicides, the composition can be formulated with the other herbicide or
herbicides, tank mixed with the other herbicide or herbicides or apphied sequentially with the
other herbicide or herbicides, Some of the herbicides that can be employed in conjunction
with the compositions and methods described herein include, but are not limited to; 4-CPA;
4-CPB; 4-CPP; 2,4-D; 2,4-D choline salt, 2,4-D esters and amines, 2,4-DB; 3,4-DA; 3 4-DB;
2,4-DER, 24-DEP; 3, 4-DP; 2,3.6-TBA; 2.4,5-T; 2,4 5-TB; acetochlor, acifluorfen, aclonifen,
acrolein, alachlor, allidochlor, alloxydim, allyl alcohol, alorac, ametridione, ametryn,
amibuzin, amicarbazone, amidosulfuron, aminocyclopyrachior, aminopyralid, amiprofos-
methyl, amitrole, ammoniom sulfamate, anilofos, anisuron, asulam, atraton, atrazine,
azafenidin, azimsulfuron, aziprotryne, harban, BCPC, beflubutamid, benazolin,
bencarbazone, benfluralin, benfuresate, bensulfuron-methyl, bensulide, benthiocarb,
bentazon-sodium, benzadox, benziendizone, benzipram, benzobicyclon, benzotfenap,
benzottuor, benzoylprop, benzthiamiron, bialaphos, bicyclopyrone, bifenox, bilanafus,
bispyribac-sodium, borax, bromacil, bromobonil, bromobutide, bromofenoxim, bromoxynil,
brompyrazon, butachlor, butafenacil, butamifos, butenachlor, buthidazole, buthiuron,
butralin, butroxydim, butaron, butylate, cacodylic acid, cafenstrole, calcium chiorate, calctum
cyvanamide, cambendichior, carbasylam, carbetamide, carboxazole chlorprocarb,
carfentrazone-ethyl, CDEA, CEPC, chlomethoxyfen, chloramben, chloranocryl, chlorazifop,
chlorazine, chlorbromuron, chiorbufam, chioreturon, chiorfenac, chiorfenprop,

chlorflurazele, chlorflarenol, chleridazon, chlorimuron, chlormitrofen, chloropon,
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chiorotoluron, chloroxuron, chloroxynil, chlorpropham, chlorsalfuron, chiorthal,
chlorthiannd, cinidon-ethyl, cinmethyhin, cinosulforon, cisanilide, chodinate, elofop,
clomazone, clomeprop, cloprop, cloproxydim, clopyralid, cloransulam-rocthyl, CMA, copper
sulfate, CPMF, CPPC, credazine, cresol, cumyluron, cyanatryn, Cyanazing, cycloate,
cyclopyrimorate, cyclosulfamuron, cycloxydim, cyclaron, cyperquat, cyprazine, cyprazole,
cypromid, daimuron, dalapon, dazomet, delachlor, desmedipham, desmetryn, di-allate,
dicamba, dichlobenil, dichloralures, dichlormate, dichlorprop, dichlorprop-P, diclosulam,
diethamaquat, diethatyl, difenopenten, difenoxuron, difenzoquat, diflufenican, diffufenzopyr,
dimefuron, dimepiperate, dimethachior, dimethametryn, dimethenamid, dimethenamid-P,
dimexano, dimidazon, dinitramine, dinofenate, dinoprop, dinosam, dinoseb, dinoterb,
diphenamid, dipropetryn, diquat, disul, dithiopyr, diwron, DMPA, DNOC, DSMA, EBEP,
eghinazine, endothal, epronaz, EPTC, erbon, esprocarb, ethalhuralin, ethbenzamide,
ethametsulfuron, ethidomuron, ethiolate, ethobenzanud, etobenzanid, ethotfumesate,
cthoxyten, ethoxysulifuron, ctinofen, etnipromid, ctobenzanid, EXD, fenasulam, fenoprop,
fenoxasulfone, fenteracol, fenthiaprop, fentrazamide, feruron, ferrous sulfate, Hlamprop,
flamprop-M, flazasylfuron, floraselam, fluazolate, flucarbazone, fhicetosulfuron, fluchloralin,
flufenacet, flufenican, fufenpyr-ethyl, flumetsulam, fumezin, flumiclorac-peotyl,
flumioxazin, thumipropyn, fluometuron, fluoradifen, fluoroglycofen, flucromidine,
tluoronitrofen, fluothivron, flupoxam, flupropaci, flupropanate, flupyrsulfuron, fluridone,
tlarochloridone, furoxypyr, fhroxypyr-meptyl, flortamone, fluthiacet, fomesafen,
foramsulturon, fosamine, fumiclorac, furyloxyfen, glufosinate, glufosinate-ammonium,
ghifosinate-P-ammonium, glyphosate salts and esters, halauxifen, halauxifen-methyl,
halosafen, halosulfuron-methyl, haloxydine, hexachloroacetone, hexaflorate, hexazinone,
imazamethabenz, imazamox, 1mazapic, 1mazapyr, imazaquin, imazosulfuron, irazethapyr,
mdanofan, indaziflam, iodobonil, iodomethane, 1odosulfuron, iodosulfuron-cthyl-sodium,
iofensulfuron, oxynil, ipazine, ipfencarbazone, prymidam, isocarbamid, isocil, isomethiozin,
sonoruron, isopolinate, isopropahn, isoproturon, souron, 1soxaben, soxachlortole,
isoxaflutole, isoxapyrifop, karbutilate, ketospiradox, lactofen, lenacil, limiron, MAA,
MAMA, MCPA esters and amines, MCPA-thioethyl, MCPB, mecoprop, mecoprop-P,
medinoterb, mefenacet, mefhutdide, mesoprazine, mesosulforon, mesotrione, metam,
metamitron, metazachlor, metazosulfuron, metflurazon, methabenzthiazuron, methalpropalin,
methazole, methiobencarh, methiozolin, methiuron, methometon, methoprotryne, methyl
bromide, methyl isothiocvanate, methyldymron, metobenzuron, metohromuron, metolachlor,

metosulam, metoxuron, metribuzin, metsulfuron, metsulfuron-meethyl, molinate, monalide,
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monisouron, menochloroacetic acid, monolinuron, monuron, morfamquat, MSMA,
naproanilide, napropanude, naptalam, neburon, nicosalfuron, nipyraclofen, nitralin, mitrofen,
nitrofluorfen, norflurazon, noraron, OCH, orbencarb, orthe-dichlorobenzene,
orthosulfaruron, oryzalin, oxadiargyl, oxadiazon, oxapyrazon, oxasulfuren, oxaziclomefone,
oxyfluorfen, paraflufen-ethyl, parafluron, paraguat, pebulate, pelargonic acid, pendimethalin,
penoxsulam, pentachlorophenol, pentanocklor, pentoxazone, perfluidone, pethoxamid,
phenisopham, phenmedipham, phenmedipham-ethyl, phenobenzuron, phenyimercury acetate,
picloram, picolinafen, piperophos, potassium arsenite, potassium azide, potassium cyanate,
pretilachior, primisulfuron-methyl, procyvazine, prodiamine, profluazol, profhuralin,
proglinazine, prohexadione-calcium, prometon, prometryn, pronamide, propachlor, propant,
propaguizatop, propazine, propham, propisochiot, propoxyearbazone, propyrisulfuron,
propyzamide, prosulfalin, prosulfocarb, prosuifuron, proxan, prynachlor, pydanon,
pyraclonil, pyraflufen-cthyl, pyrasulfotole, pyrazogyl, pyrazolynate, pyrazosulfuron-cthyl,
pyrazoxyfen, pyribenzoxim, pyributicarb, pyriclor, pyridafol, pyridate, pyriftalid,
pyrimincbac, pyrimusulfan, pyrithiobac-sodium, pyroxaselfone, pyroxsulam, quinclorac,
quinmerac, guinoclamine, quinonamid, rhodethanil, rimsulfuron, saflufenacil, S-metolachlor,
scbuthylazine, secbumeton, siduron, simazine, simeton, simetryn, SMA, sodium arsenite,
sodium azide, sodium chlorate, sulcotrione, sulfaliate, sulfentrazone, sulfometuron, sulfosate,
suifosutforon, sulfuric acid, sulglyeapin, swep, SYN-523, TCA, tchutam, tebuthiuron,
tefurvitrione, tembotrione, tepraloxydin, terbacil, terbucarb, terbuchlor, terbumeton,
terbuthvlazine, terbutryn, tetrafluron, thenylchlor, thiazafhuron, thiazopyr, thidiazimin,
thidiazuron, thiencarbazone-methyl, thifensulfuron, thifensuifurn-methyl, thichencarb,
tiocarbazil, tioclorim, topramezone, triafamone, tri-allate, triasulfuron, tnaziflam, tribenuron,
tribenuron-methyl, tricamba, triclopyr choline salt, triclopyr csters and salts, tridiphane,
trictazine, trifloxysulfuron, trifluralin, triffusulfuron, trifop, trifopsime, trihydroxytriazine,
trimeturon, tripropindan, tritac tritosulfuron, vernolate, xylachlor and salts, esters, optically
active 1somers and mixtures thereot.

The compositions and methods described herein, can further be used in conjunction
with glyphosate, 5-enolpyruvylshilimate-3-phosphate (EPSP) synthase inhibitors,
ghitosinate, ghutamine synthetase mhibitors, dicamba, phenoxy awdns, pyridyloxy auxins,
synthetic auxins, auxin transport inhibitors, aryloxyphenoxypropionates, cyclohexanediones,
pheaylpyrazolines, acetyl CoA carboxyiase {(ACCase) inhibitors, imidazolinones,
sulfonyhureas, pyrimidinyithiobenzoates, triazolopyrimidine sulfonamides,

sulfonylaminocarbonylirazolinones, acetolactate synthase (ALS) or acetohydroxy acid
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synthase (AHAS) inhibitors, 4-hydroxyphenvi-pymvaie dioxygenase (HPPD) inhibitors,
phytoene desaturase mhibitors, carotenoid biosynthesis inhibitors, protopoerphyrinogen
oxidase (PPO) inhibitors, cellulose biosynthesis mhibitors, mitosis ihibitors, microtubule
inhibitors, very long chain fatty acid inhibitors, fatty acid and lipid biosynthesis inhibitors,
photosystern | inhibitors, photosystern I inhibitors, triazines, and bromoxynil on glyphosate-
tolerant, EPSP synthase inhibitor-tolerant, glufosinate-tolerant, ghuitamine synthetase
inhibitor-tolerant, dicamba-tolerant, phenoxy auxin-tolerant, pyridyloxy auxin-tolerant,
auxin-tolerant, auxin transport inhibitor-tolerant, aryloxyphenoxypropionate-tolerant,
cyelohexanedione-tolerant, phenylpyrazoline-tolerant, ACCase-tolerant, imudazolinone-
tolerant, sulfonylurea-tolerant, pyrimidinyithiobenzoate-tolerant, triazolopyrimidine-tolerant,
sutfonylaminocarbonyltriazolinone-tolerant, ALS- or AHAS-tolerant, HPPD-olerant,
phiytoene desaturase inhibitor-tolerant, carotenoid biosynthesis inhibitor tolerant, PPO-
tolerant, cellulose biosynthesis inhibitor-tolerant, mitosts inhibitor-tolerant, microtubule
inhubitor-tolerant, very long chain fatty acid inhibitor-tolerant, fatty acid and lipid
biosynthesis inhibitor-tolerant, photosystem I inhibitor-tolerant, photosystem 11 inhubitor-
tolerant, triazine-tolerant, bromoxynil-tolerant, and crops possessing multiple or stacked traits
conferring tolerance 1o roultiple chemistries and/or roultiple modes of action via single and/or
multiple resistance mechanisios, In some embodiments, the compound of fornmla (1) or salt
or ester thereof and complementary herbicide or salt or ester thereof are used in combination
with herbicides that are selective for the crop being treated and which complement the
spectrum of weeds controlled by these corapounds at the application rate employed. In some
embodiments, the compositions described herein and other complementary herbicides are
applied at the same time, either as a combination formulation or as a tank mix.

In some embodiments, the compositions deseribed herein are coploved in
combination with one or more herbicide safeners, such as AD-67 (MON 4660), benoxacor,
benthiocarb, brassinolide, cloquintocet (mexyl), eyometrinil, daimuron, dichlormid,
dicyclonon, dimepiperate, disulfoton, fenchlorazole-cthyl, fenclorim, flurazole, fluxofenim,
tfurilazole, harpin proteins, isoxadifen-ethyl, jiccaowan, jiecaoxi, mefenpyr-diethyl,
mephenate, naphthalic anhydride (NA), oxabetrinil, R29148 and N-phenyl-sulfonyibenzoic
acid amides, to enhance their selectivity. In some embodiments, the safeners are emploved in
rice, cereal, corn, or maize settings. In some embodiments, the safener is cloguintocet or an
ester or salt thereot. In cortain embodiments, cloguintocet is utilized to antagonize harmtul
effects of the compositions on rice and cereals. In some embodiments, the safener is
cloguintocet (mexyl.
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In some embodiments, the compositions described herein are emploved in
combination with one or more plant growth regulators, such as 2,3, S-tri-iodobenzoic acid,
IAA, IBA, vaphthalencacetarnide, g-naphthalencacetic acids, benzyladenine, 4-
hydroxyphenethyl alcohol, kinetin, zeatin, endothal, ethephon, pentachiorophena,

5 thidiazuron, tribufos, aviglycine, maleic hydrazide, gibberelling, gibberellic acid, abscisic
acid, ancynudol, fosarnine, glyphosine, isopyrimol, jasmonic acid, maleic hydrazide,
mepiguat, 2,3,5-tri-iodobenzoie acid, morphacting, dichiorflurenol, flurprimidol, metiuidide,
paclobutrazol, tetcyclacis, uniconazole, brassinolide, brassinolide-ethyl, cycloheximide,
cthylene, methasulfocarb, prohexadione, triapenthenol and trinexapac.

10 In some embaodiments, the plant growth regulators are emaployed 18 one or more crops
or settings, such as rice, cercal crops, corn, maize , broadicaf crops, cilsead rape/canola, turf,
pmineapple, sugarcane, sunflower , pastures, grasslands, rangelands, fallowland, tree and vine
orchards, plantation crops, vegetables, and non-crop {ormamentals) settings. In some
crabodiments, the plant growth regulator is mixed with the compound of formula (1), or

15 mixed with the compound of formmula (1) and ACCase inhibitors to cause a preferentally
advantageous effect on plants.

In certain embodiments, the compositions comprise ot the methods utihize (a) the
compound of formula { or agriculturally acceptable salt or ester thereof; (b) an ACCase
inhibitor; and (¢) a third herbicide. In some embodiments, the compositions comprise or the

20 methods utilize a compound of Formula 1 or agriculturally acceptable salt or ester thereot,
cyhalofop-butyl, and penoxsulam, In some embodiments, the compound of formula T or
agricubturally acceptable salt or ester thereof is from about 7 to about 45 weight percent of the
total composition; cyhalofop-butyl is from about 48 to about 89 weight percent of the total
composition, and penoxsulam is from about 4 to about 7 weight percent of the total

25 composition. [n certain embodiments, the compound of formuls 1 or agriculturally acceptable
salt or ester thereof is from about 9 to about 28 weight percent of the total composition;
cvhalofop-butyl is from about 62 to about &R weight percent of the total composition, and
penoxsulam is from about 2 to about 10 weight percent of the total composition. In some
cmbodiments, the compound of formula [ or agriculturally acceptable salt or ester thereof, or

30 salt or ester thereof, s applied at a rate from about 2 to about 300 gae/ha {grams acid
equivalent/ha); cyhalofop-butyl salt or ester thereof 15 applied at a rate from about 25 to about
400 gav/ha (grams active ingredient/ha), and penoxsulam is apphied from sbout 1 to about 50
gr ai/ha (grams active ingredient/ha). In a further embodiment, the compound of formula | or

agriculturally acceptable salt or ester theveof, is apphed at a rate from about 1 to about 32
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cae/ha; cyhalofop-butyl salt or ester thereot 13 applied at a rate from about 25 to abowut 280
gat'ha, and penoxsulam is applied from about 2 to about 35 gr avha. In certain embodiments,
the methods and compositions utilizing the compound of formula (1) or salt or ester thercofin
combination with cvhalofop-buty! and penoxsulam, or salt or ester thereof, are used to
control ECHCG, CYPRO and FIMMIL

In some embodirents, the compositions comprise or the methods utilize a compound
of formmula [ or agriculturally acceptable salt or ester thereof, eyhalofop-butyl, and bentazon-
sodium. In some embodiments, the compound of formula [ or agriculturally acceptable salt
or ester thereot is from about 2 1o about 13 weight percent of the total composition;
cvhalofop-butyl 18 from about 14 1o sbout 20 weight percent of the total coraposition, and
hentazon-sodium is from about 73 to about 78 weight percent of the total composition. In
certain embodiments, the compound of fornula I or agriculturally acceptable salt or ester
thereof 1s from about | to about 9 weight percent of the total composition; cyhalofop-butyl is
from gbout 15 to sbout 18 weight percent of the total composition, and bentazon-sodinnm is
from about 78 to about 84 weight percent of the total composition. In some embodiments, the
compound of Formula I, or salt or ester thereof, 1 applied at a rate from about 2 to about 300
gag/ha; cyhalofop-butyl is applied at a rate from about 25 to about 400 gaiha, and bentazon-
sodium is applied from about 1 to about 1,500 gr ai/ha. In 3 further embodiment, the
compound of formula I or agriculturally acceptable salt or ester thereof, 1s applied at a rate
trom about | 1o about 32 gac/ha; cyhalofop-butyl salt or ester thereof is applied at a rate from
about 25 to about 280 gai/ha, and bentazon-sodium 18 applied from about 210 to about 1,200
gr ai/ha. In certain embodiments, the methods and compositions utilizing the compound of
formula (I) or salt or ester thereof in combanation with cyhalofop-butyl and bentarone
sodiurn, or salt or ester thereof, are used to control ECHCG and FIMME

In some embaodiments, the compositions comprise or the methods ntilize a conmpound
of the formula 1 or agriculturally acceptable salt or ester thereof, cyhalofop-butyl, and
triclopyr. In some erobodiments, the compound of formula T or agriculterally aceeptable salt
or ester thercof is from about 2 to about 20 weight percent of the total composition;
cvhalofop-butyl is from about 20 o about 22 weight percent of the total composition, and
bentazon-sodiam is from about §8 to about 78 weight percent of the total composition. In
certain embodiments, the compound of formula 1 or agriculturally acceptable salt or ester
thereof is from about 1 to about 11 weight percent of the total composition; cyhalofop-butyl
1s from about 15 to about 25 weight percent of the total composition, and triclopyr is from

about 64 to about 84 weight percent of the total composition. In some embodiments, the
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compound of Fornula I, or salt or ester thereod, 18 applied at a rate from about 2 to sbout 300
gae/ha; cyhalofop-butyl s applied at a rate from about 25 to about 400 gai/ha, and triclopyr is
applicd from about 100 to about 840 gr ac/ha. In a further embodiment, the compound of
formula 1 or agriculturally acceptable salt or ester thereof, is applicd at a rate from about 1 to
5 about 32 gac/ha; cyhalofop-butyl salt or ester thereof' 1s applied at a rate from about 25 to

about 280 gai/ha, and triclopyr 1s applied from about 210 to about 560 gr ae/ha. In certain
embodiments, the methods and compositions utilizing the compound of formula (1) or salt or
ester thereof in combination with cyhalofop-butyl and triclopyr, or salt or ester thereof, are
used to control ECHCG and SCPIUL

10 In some embaodiments, the compositions comprise or the methods utilize a compound
of formula I or agriculturally acceptable salt or ester thereof, cyhalofop-butyl, and bispyribac-
sodium. In some embodiments, the compound of formmla | or agriculturally acceptable salt
or ester thereof'1s from about 4 to about 44 weight percent of the total composition;
cyhalofop-butyl is from about 47 to about 53 weight percent of the total composition, and

15 bispyribac-sodium 18 from about 9 to about 43 weight percent of the total composition. In
certain embodiments, the compound of formula T or agriculturally acceptable salt or este
thereof is from about 6 to about 28 weight percent of the total coroposition; cyhalofop-butyl
is from about 60 to about 63 weight percent of the total composition, and bispyribac-sodium
is from about 11 to about 30 weight percent of the total composition. In some embodiments,

20 the compound of formula 1, or salt or ester thereof, 15 applied at a rate from about 2 {0 about
300 gae/ha; eyhalofop-butyl s applied at a rate from about 25 to about 400 gav'ha, and
bispyribac-sodiurn is applied from about 20 to about 90 gr avha. In a further cmbodiment,
the compound of formmida 1 or agriculturally acceptable salt or ester thereof, 1s applied at a
rate from about 1 to about 32 gae'ha; cyvhalofop-butyl salt or ester thereof 1s applied at a rate

25  from about 25 to about 280 gav/ha, and bispyribac-sodmm is applied from about 25 to about
75 gr avha. In certain embodiments, the methods and compositions utilizing the compound of
tormmula (1) or salt or ester thereot in combination with cyvhalofop-batyl and bispyribac-
sodium, or salt or ester thereof, are used 1o control ECHCG and SCPIU.

In some embodiments, the compositions comprise or the methods ytilize the

30 compound of formula 1, cvhalofop-butyl, and imazamox. In some embodiments, the
compound of formula { or agriculturally acceptable salt or ester thercotis from about 5 to
about 44 weight percent of the total composition; cyhalofop-butyl is from about 46 to about
77 weight percent of the total composition, and imazamox s from about 1) to about 18

weight percent of the total composition. In certain embodiments, the compound of formula |
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or agriculturally acceptable salt or ester thereof'1s from about & to about 28 weight percent of
the total composition; cyhalofop-butyl is from about 58 to about 80 weight percent of the
total composition, and mazamox 1s from about 12 to about 14 weight percent of the total
composition. In some enmbodiments, the compound of Formula § or salt or ester thereof, is
applied at a rate from about 2 to about 300 gai/ha; cyhalofop-butyl is applied at a rate from
about 25 to about 400 gai'ha, and imazamox is applied from about 6 to about 70 gr ai/ha.

In some embodiments, the compositions comprise or the methods utilize a compound
of the formula I or agriculturally acceptable salt or ester thereof, cyhalofop-butyl, and
benzobicyclon. In some embodiments, the compound of formula [ or agriculturally
acceptable salt or ester thereof 15 from about 3 to about 33 weight percent of the total
compaosition; cyhalofop-butyl is from about 32 to about 35 weight percent of the total
composition, and benzobicyclon is from about 33 to about 65 weight percent of the total
composition. In certain embodiments, the compound of formula I or agriculturally acceptable
salt or ester thereof 1s from about 3 to about 19 weight percent of the total composition;
cyhalofop-butyl is from about 32 to about 42 weight percent of the total composition, and
benzobicyclon s from about 39 to about 63 weight percent of the total composition. In some
embodiments, the corapound of Formula I, or salt or ester thereof, is applied at a rate from
about 2 to about 300 gai/ha; cyhalofop-butyl is applied at a rate from about 25 to about 400
gai/ha, and benzobicyclon is applied from about 50 to about 300 gr aiha. In a further
embodiment, the compound of formula T or agnicubturally acceptable salt or ester thereof, 1s
applied at a rate from about 1 1o about 32 gac/ha; cyhalofop-butvl salt or ester thereof is
applied at a rate from about 25 to about 280 gai/ha, and benzobicyclon is applied from about
58 to about 300 gr av/ha. In certan embodiments, the methods and compositions vtilizing the
compound of formula (1) or salt or ester thereof in combination with cyhalofop-buty! and
mspyribac-sodium, ot salt or ester thereof, are used to control ECHCG, ECHOR and FIMML

In some embodiments, the compositions comprise or the methods utilize a compound
of the formula 1 or agricultarally acceptable saht or ester thereof] cyhalofop-butyl, and
quinclorac. In some embodiments, the coropound of formula | or agriculturally acceptable
salt or ester thereof 1s from about 2 to about 25 weight percent of the total composition;
cvhalofop-butyl 1s from about 25 1o about 27 weight percent of the total composition, and
quinclorac 1 from about 48 to about 72 weight percent of the total composition, In certain
embodiments, the compound of formula [ or agriculturally acceptable salt or ester thereof is
from about 3 to about 14 weight percent of the total composition; cyhalofop-butyl is from

about 25 to about 26 weight percent of the total composition, and quinclorac is from about 54
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to about 71 weight percent of the total composition. In some embodiments, the compound of
formula I, or salt or ester thereof, 1s applied at a rate from about 2 to about 300 gae/ha;
cyhalofop-butyl 1s applied at a rate from about 25 to about 400 gai/ha, and Quinclorac is
applied from about 70 to about 560 gr avha.

In some embodiments, the compositions comprise or the methods utilize a compound
of the formula 1 or agricultarally acceptable sakt or ester thereof, cyhalofop-butyl, and
glyphosate. In some embodiments, the compound of formula I or agriculturally acceptable
salt or ester thereof 1s from about 1 to about 11 weight percent of the total composition;
cyvhalofop-butyl 18 from about 11 to about 13 weight percent of the total corposition, and
glyphosate 1s from about 78 to about 86 weight percent of the total coraposition. [n certain
embodiments the compound of formula [ or agriculturally acceptable salt or ester thercof is
from about 1.5 to about 5.5 weight percent of the total composition; cyhalofop-butyl is from
about 15 to about 11.5 weight percent of the total composition, and glyphosate 1s from about
¥3 to about 83.5 weight percent of the total composition. In some embodiments, the
compound of Formula I, or salt or ester thereof, 18 applied at a rate from about 2 to about 300
gae/ha; cyhalofop-butyl is applied at a rate from about 25 to about 400 gai/ha, and glyphosate
is applied from about 160 to about 2240 gr ac/ha.

In some cmbodiments, the compositions comprise or the methods utilize a compound
of the formula 1 or agriculturally acceptable salt or ester thereof | cyhalofop-butyl, and
glafosinate. In some ermbodiments, the compound of formula 1 or agriculturally acceptable
salt or ester thereof is from about 4 to about 14 weight percent of the total composition;
cyhalofop-tutyl is from about 15 to about 45 weight percent of the total composition, and
ghifosinate 18 from about 31 to about 71 weight percent of the total composition. In certain
embodiments, the compound of formula [ or agriculturally acceptable salt or ester thereof 1s
from about 4 to about 7 weight percent of the total composition; cyhalofop-butyl 1s from
about 16 to about 38 weight percent of the total composition, and glufosinate is from about
38 to about 77 weight percent of the total composition. In some embodiments, the compound
of Formula 1, or salt or ester thereof, is applied at a rate from about 2 to about 300 gac/ha;
cvhalofop-butyl is applied at a rate from about 25 to about 400 gai'ha, and ghifusinate is
applied from about 28 to about 1560 gr ai/ha.

In some embodiments, the compositions comprise or the methods atilize a compound
of the formula 1 or agriculturally acceptable salt or ester thereof, fenoxaprop, and
penoxsulam. In some embodiments, the compound of formule T or agriculturally acceptable

salt or ester thereof is from about 7 to about 61 weight percent of the total composition;
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fenoxaprop 1s from about 89 to about 29 weight percent of the total composition, and
penoxsulam s from about 4 to about 10 weight percent of the total composition. Tn certain
embodiments, the compound of formula | or agriculturally acceptable salt or ester thereof 1s
from about 9 to about 44 weight percent of the total composition; fenoxaprop is from about
41 to about 88 weight percent of the total composition, and penoxsulam is from about 3 to
about 15 weight percent of the total composition.  Tn some embodiments, the compound of
Forraula I, or salt or ester thereof, is applied at a rate from about 2 to about 300 gac/ha;
fenoxaprop is applied at 4 rate from about 25 to about 140 gr ae/ha, and penoxsulam 15
applied from about 1 to about 50 gr aiha,

In some embaodiments, the compositions comprise or the methods utilize a compound
of the formula 1 or agriculturally acceptable salt or ester thereof, metarnifop, and
penoxsulam. In some embodiments, the compound of formula [ or agriculturally acceptable
salt or ester thereof is from about 4 {0 about 46 weight percent of the total composition;
metamifop 18 from about 46 to about 94 weight percent of the total composition, and
penoxsulam is from about 2 to about 8 weight percent of the total composition. In certain
embodiments, the compound of formula [ or agriculturally acceptable salt or ester thercot'is
frora about 7 to about 30 weight percent of the total composition; metamifop s from about 60
10 about 90 weight percent of the total composition, and penoxsulam is from about 3 to about
1t weight percent of the total composition. In some embodiments, the compound of Fornmula
I, or salt or ester thereof, 15 applied at a rate from about 2 to about 300 gae/ha; metamifop is
applied at a rate from about 10 to about 300 gr ac/ha, and penoxsulam is applied from about |
to about 50 gr ai/ha. In a further embodiment, the compound of formula { or agriculturally
accepiable salt or ester thercof, is applied at a rate from about 1 to about 32 gac/ha;
metamifop salt or ester thereof, s applied at a rate from about 25 to about 100 gaiha, and
penoxsulam 18 apphied from about 5 to about 35 gr avba. In certain embodiments, the
methods and compositions utilizing the compound of formula (1) or salt or ester thereof n
combination with metarifop and penoxsulam, or salt or ester thereof, are used to control
ECHCG.

In some embodiments, the compositions comprise or the methods utilize a compound
of the formula T or agriculturally acceptable salt or ester thereof, profoxydim, and
penoxsulam, In some embodiments, the compound of forraula T or agriculturally acceptable
salt or ester thereot is from about 13 1o about 55 weight percent of the total composition;
profoxydim is from about 36 to about 80 weight percent of the total composition, and
penoxsulam embodiments, the compound of fornuila T or agniculturally acceptable salt or
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ester thereof 1s from about 19 to about 39 weight percent of the total composition;
profoxydim s from about 50 to about 74 weight percent of the total composition, and
penoxsular 1s from about 3 to about 10 weight percent of the total coraposition. In some
embodiments, the compound of Formula 1, or salt or cster thereof, is applied at a rate from
about 2 to about 300 gae/ha; profoxydim is applied at a rate from about 12 to about 200 gr
ai‘ha, and penoxsulam is applied from about 1 to about 50 gy av/ha.

In some embodiments, the compositions comprise or the methods utilize a conpound
of the formula I or agriculturally acceptable salt or ester thereot, cyhalofop-butyl, and
benfuresate. In some embodiments, the compound of formula T or agriculturally acceptable
salt or ester thercot is from about 2 to about 32 weight percent of the total composition;
cyhalofop-butyl is from about 34 to about 35 weight percent of the total coraposition, and
benfuresate is from about 33 to about 64 weight percent of the total composition. In certain
embodiments, the compound of formnila T or agriculturally acceptable salt or ester thereof s
from about 3 to about 19 weight percent of the total composition; cyhalofop-butyl is from
about 32 to about 42 weight percent of the total composition, and benfuresate is from about
39 to about 64 weight percent of the total composition. In some embodiments, the compound
of Formula 1, or salt or ester thereof, is applied at a rate trom about 2 1o about 300 gac/ha;
cyhalofop-butyl, is applied at a rate from about 25 to about 400 gai/ha, and benfuresate is
applied from about S¢ 10 300 gr ai/ha,

In some embodiments, the compositions comprise or the methods unlize a compound
of the formula T or agriculturally acceptable salt or ester there of cyhalofop-butyl, and
fontrazamide. In some embodiments, the compound of formula [ or agriculturally acceptable
salt ot ester thereof 1s from about 5 to about 33 weight percent of the total composition;
cyhalofop-butyl is from about 35 to about 58 weight percent of the total coraposition, and
fentrazamide is from about 32 to about 37 weight percent of the total composition. In certain
embodiments, the compound of formmila [ or agriculturally acceptable salt or ester thereof is
trom about 6 to about 19 weight percent of the total composition; cyhalofop-butyl is from
about 39 1o about 63 weight percent of the total composition, and fentrazamide is from about
31 to about 40 weight percent of the total composition, In some embodiments, the compound
of Formula 1, or salt or ester thereof, s applied at a rate from about 2 1o about 300 gae/ha;
cyhalofop-butyl is applied at a rate from about 25 1o about 400 gat'ha, and fentrazamide is
applicd from about 16 to about 300 gr avha.

In some embodiments, the compositions comprise or the methods utilize a compound

of the formula T or agriculturally acceptable salt or ester thereof, cyhalofop-butyl, and
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indanofan. In some embodiments, the compound of formula T or agriculturally acceptable
salt ot ester thereof 1s from about 4 to about 33 weight percent of the total composition;
cyhalofop-butyl is from about 35 to about 48 weight percent of the total coraposition, and
indancfan is from about 32 to about 48 weight percent of the total composition. In corfain
embodiments, the compound of formmula [ or agriculturally acceptable salt or ester thereof is
tfrom about § to about 19 weight percent of the total composition; cyhalofop-butyl is from
about 42 to about 42 weight percent of the total composition, and indanofan is from about 39
to about 48 weight percent of the total composition. In some embodiments, the compound of
Formula 1, or salt or ester thereof, 1s applied at a rate from about 2 to about 300 gae/ha;
cvhalofop-butyl 1s applied at a rate from about 25 to about 400 gavha, and mdanofan is
applicd from about 25 to about 300 gr avha.

In some embodiments, the compositions comprise or the methods utilize a compound
of the formula 1 or agriculturally acceptable salt or ester thereof, cyhalofop-butyl, and
ipfencarbazone. In some embodiments, the compound of forraula I or agriculturally
acceptable salt or ester thereof ts from about 1 to about 27 weight percent of the total
composition; cyhalofop-butyl is from about 9 to about 23 weight percent of the total
composition, and ipfencarbazone s from about 45 to about 90 weight percent of the total
compaosition. In certain embodiments, the compound of formuls 1 or agriculturally acceptable
salt or ester thereof is from about 1 to about 1S weight percent of the total composition;
cyhalofop-butyl s from about 14 10 about 33 weight percent of the total composition, and
ipfencarbazone is from about 52 1o about 85 weight percent of the total coraposition. In some
embodiments, the compound of Formutla I, or salt or ester thereof, is applied at a rate from
about 2 to about 300 gac/ha; cyhalofop-butyl is apphied at a rate trom about 25 o about 400
gai'ha, and ipfencarbazone is applicd from about 250 to about 500 gr avha.

In some embodiments, the compositions comprise or the methods ntilize a conpound
of the formula 1 or agriculturally acceptable salt or ester thereof, cyhalofop-butyl, and
mefenacet. In some erobodiments, the compound of formula T or agniculturally aceeptable
salt or ester thereof is from about 1 to about 14 weight percent of the total composition;
cvhalofop-butyl is from about 9 to about 14 weight percent of the total composttion, and
mefenacet 1s from about 72 to about 90 weight percent of the total composition. In certain
embodiments, Forroula T is from about 2 to about 7 weight percent of the total composition;
cyvhalofop-butyl is from about 14 to about 16 weight percent of the total coraposition, and
mefenacet is from about 77 to about 85 weight percent of the total composition. In some

embodiments, the compound of Formula 1, or salt or ester thereof, 1s applied at & rate from
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about 2 to about 300 gac/ha; cyhalofop-butyl is applied at a rate from about 25 to about 400
gai/ha, and mefenacet 1s applied from about 250 to about 1600 gr avha. In a fiwther
embodiment, the compound of formula T or agriculturally acceptable salt or cster thereof, 1s
applicd at a rate from about 1 to about 32 gac/ha; cyhalofop-butyl salt or ester thercof is
applied at a rate from about 25 to about 280 gai/ha, and mefenacet is applied from about 75
1o about 560 gr atha.

In some embodiments, the compositions comprise or the methods utilize a compound
of the formula I or agriculturally acceptable salt or ester thereof, cyhalofop-butyl, and
oxazichlomafone. In some erbodiments, the compound of formula 1 or agniculturally
acceptable salt or ester thereof is from about 6 to about 43 weight percent of the total
compaosition; cyhalofop-butyl is from about 42 to about 76 weight percent of the total
composition, and oxazichiomafone is from about 11 to about 18 weight percent of the total
composition. In certain embodiments, the compound of formula I or agriculturally acceptable
salt or ester thereof 1s from about 7 to about 27 weight percent of the total composition;
cyhalofop-butyl is from about 58 to about 77 weight percent of the total composition, and
oxazichlomafone is from about 14 1o about 15 weight percent of the total composition. In
some embodiments, the compound of Forroula 1, or salt or ester thereof, 18 applied at a rate
from about 2 to about 300 gae/ha; cyhalofop-butyl is applied at a rate from about 25 to about
400 gai/ha, and oxazichlomafone is applied from about 6 to about 80 gr avha. In some
embodiments, the compositions comprise or the methods utilize a compound of the formula [
or agriculiurally acceptable salt or ester thereof, cyhalefop-butyl, or pretilachior,

In some embodiments, the compound of fornwla [ or agriculturally acceptable salt or
ester thereof 1s from about 3 to about 22 weight percent of the total composition; cyhalofop-
butyl is frorn about 23 to about 38 weight percent of the total composition, and pretilachlor i
fror about 55 to about 58 weight percent of the total composition. In certain ermbodiments,
the compound of formula T or agriculturally acceptable salt or ester thereof 1s from about 3 to
about 13 weight percent of the total composition; cyvhalotop-batyl is from about 26 to about
32 weight percent of the total composition, and pretilachlor is frorp about 61 to about 63
weight percent of the total composition, In some embodiments, the compound of Formula |
or salt or ester thereot, is applied at a rate from about 2 to about 300 gac/ha; cyhalofop-butyl
is applied at a rate from about 25 to about 400 gavha, and pretilachlor is applied frorm about
3% to about 750 gr ai/ha.

In some embodiments, the compound of formmula I or agriculturally acceptable salt or
ester thereof, cyhalofop-butyl, and propyrisulturon. o some embodiments, the compound of
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fornmula I or agriculturally acceptable salt or ester thereot is from about S to about 42 weight
percent of the total composition; cyhalofop-buty] 1s from about 44 to about 66 weight percent
of the total composition, and propyrisulfuron is from about 14 to about 29 weight percent of
the total composition. In certain embodiments, the compound of formoula [ or agriculturally
acceptable salt or ester thereof s from about 7 to about 26 weight percent of the total
composition; cyhalofop-butyl is from about 56 to about 66 weight percent of the total
composition, and propyrisulfuron is from about 18 to about 27 weight percent of the total
composition. In some embodiments, the compound of Formula 1, or salt or ester thereof, is
applied at a rate from about 2 to about 300 gac/ha; cvhalofop-butyl is apphed at a rate from
about 25 to about 400 gai'ha, and propyrisulfuron 18 applied from about 11 o about 100 gr
at’ha.

In some embodiments, the compound of formmila I or agriculturally acceptable salt or
ester thereof, cyhalofop-butyl, and pyraclonil. In some embodiments, the compound of
fornmula I or agriculturally acceptable salt or ester theresf is from about | to about 33 weight
percent of the total composition; cyhalofop-butyl is from about 12 to about 33 weight percent
of the total composition, and pyraclonil is from about 33 to about 87 weight percent of the
total compaosition. In certain erobodients, the compound of formula 1 or agriculturally
acceptable salt or ester thereof is from about 2 to about 19 weight percent of the total
composition; cyhalofop-butyl 1s from about 20 to about 42 weight percent of the total
compostiion, and pyraclonil 1§ from about 39 to about 78 weight percent of the total
composition. In some ernbodirents, the compound of Fornula 1, or salt or ester thereof, is
applied at a rate from about 2 to about 300 gac/ha; cyhalotop-butyl is applied at a rate from
about 23 to about 400 gai'ha, and pyracionil 15 applied from about 180 to about 300 gr av/ha.

In some embodiments, the compound of forraula | or agriculturally acceptable salt or
ester thereof, cyhalofop-butyl, and pyriftalid. In some embodiments, the compound of
formula T or agricolturally acceptable salt or ester thereof 1s from about 3 to about 42 weight
percent of the total composition; eyhalofop-butyl is from about 35 to about 45 weight percent
of the total composition, and pyriftalid is from about 13 to about 62 weight percent of the
total composition. In certain embodiments, the compound of fornmula 1 or agriculturally
acceplable salt or ester thereof is from about § to about 27 weight percent of the total
composition; eyhalofop-butyl is from about 47 to about 57 weight percent of the total
composition, and pyriftalid is from about 16 to about 48 weight percent of the total

composition. In some embodiments, the compound of Formula 1, or salt or ester thereof, is
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applied at a rate from about 2 to about 300 gac/ha; cyhalofop-butyl is applied at a rate from
about 25 to about 400 gav'ha, and pyrifialid 1s applied from about 45 to about 90 gr aiha.

In some embodiments, the compound of forraula | or agriculiurally acceptable salt or
esier thereof, cyhalofop-butyl, and pyrimisulfan. In some cmbodiments, the compound of
formula T or agriculturally acceptable salt or ester thereof is from about 7 to about 46 weight
percent of the total composition; cyhalofop-butyl is from about 48 to about 85 weight percent
of the total composition, and pyrimisuifan is from about 6 to about & weight percent of the
total composition. In certain embodiments, Formulda T is from about 9 to about 29 weight
percent of the total composition; cyhalofop-buty! is from about 63 to about 34 weight percent
of the total composition, and pyrinusulfan is from about 7 to about 8 weight percent of the
total composition. In some embodiments, the compound of Fornwla I, or salt or ester thereod,
is applied at a rate from about 2 to about 300 gac/ha; cyhalotop-butyl is applied at a rate from
about 25 {0 about 320 gav'ha, and pyrimisulfan 1s apphied from about 2.5 to about 40 gr avha.

in some embodiments, the compositions described herein are employed in
combination with one or more herbicide safeners, such as AD-67 (MON 466{}), benoxacor,
benthiocarb, brassinolide, cloquintocet (mexyt), cyometrinl, datmron, dichlormid,
dicyclonon, dimepiperate, disulfoton, fenchlorazole-ethyl, fenclorin, furilazole, fluxofenim,
furilazole, harpin proteins, isoxadifen-ethyl, jiccaowan, jiecaoxi, mefenpyr-diethyl,
mephenate, naphthalic anhydride (NA), oxabetrinil, R29148 and N-phenyl-sulfonyibenzoic
acid amides, to enhance their selectivity. In some embodiments, the safencr is cloguintocet
ot an ester or salt thereof, In cortain embodiments, cloguintocet 1s utihized 1o antagonize
harmful effects of the compositions on rice and cereals. In some embodiments, the safener is
cloquintocet {mexyl).

In some embodiments, corpositions provided herein further coraprise at Jeast one
agriculturally acceptable adjuvant or carrier. Suitable adjuvants or carriers should not be
phytotoxic to valuable crops, particularly at the concentrations employed i applying the
compositions for selective weed control in the presence of crops, and should not react
chernically with herbicidal components or other composition ingredients. Such mixtures can
be designed for application directly to weeds or their locus or can be concentrates or
formulations that are normally diluted with additional carriers and adjuvants before
application. They can be solids, such as, for example, dusts, granules, water-dispersible
granules, or wettable powders, or liquids, such as, for example, emulsifiable concentrates,

solutions, emulsions or suspensions. They can also be provided as a pre-mix or tank mixed.
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Suttable agricultural adjuvants and carriers inchide, but are not limited to, crop oil
concentrate; nonylphenol ethoxylate; benzylcocoalkyldimethyl quaternary ammonium salt;
blend of petroleum hydrocarbon, alky! esters, organic acid, and anionic surfactant; Co-Cyy
atkvipolyglycoside; phosphated alcohol ethoxylate; natural primary alcohol (Ci-Cig)
ethoxylate; di-sec-butyiphenol EG-PO block copolymer; polysiloxane-methyt cap;
nonyiphenol ethoxylate + urea ammonium nitrate; emulsified methylated seed oil; tridecyl
alcohol (synthetic) ethoxylate (8EQ); tallow amine cthoxylate (15 EQ); PEG(400) dioleate-
99,

Liquid carriers that can be emploved mclude water and organic solvents, The organic
solvents include, but are not Himited o, petroleum fractions ot hydrocarbons such as mineral
oil, aromatic solvents, parattinic oils, and the like; vegetable otls such as soybean o,
rapeseed oil, olive otl, castor ¢il, sanflower seed o1, coconut oil, corn oil, cottonseed o1,
linsced oil, palm o1, peanut oil, safflower oil, sesame oil, tung o1l and the hike; csters of the
above vegetable otls; esters of monoalcohols or dihydric, tribydric, or other fower
polyalcohols (4-6 hydroxy containing), such as 2-ethyl hexyl stearate, n-butyl oleate,
isopropyl myristate, propvlene glveol dicleate, di-octy] succinate, di-butyl adipate, di-octyl
phthalate and the like; esters of roone, di and polycarboxylic acids and the hike. Specific
organic solvents include, but arc not Hmited to toluene, xylene, petroleum naphtha, crop otl,
acetone, methyl ethyl ketone, cyelohexanone, trichlorcethylene, perchloroethylene, ethyl
acetate, amyl acetate, butyl acetate, propylene glveol monomethyl ether and diethylene glyeol
monomethyl ether, methyl alcohol, ethytalcohol, 1sopropyt alcohol, amyl alcohol, ethylene
glveol, propylene glyeol, elycerine, N-methyl-2-pyrrolidinone, N N-dimethvl alkylamides,
dimethyl sulfoxide, hquid fertilizers and the hke. In certain embodiments, Water is the
carrier for the dilution of concentrates.

Suitable solid carriers inchude but are not limited to talc, pyrophylitte clay, silica,
attapulgus clay, kaolin clay, kieselgubr, chalk, diatomaceous earth, lime, caleum carbonate,
bentontte clay, Fuller's earth, cottonseed hulls, wheat floor, soybean flour, pumice, wood
flour, walnut shell flour, lignin, cellulose, and the ke,

In some embodiments, the compositions described herein further comprise one or
more surface-active agents. In some embodiments, such surface-active agents are erployed
in both solid and liquid compositions, and in certain embodiments those designed 1o be
dilited with carrier before application. The surface-active agents can be anionic, cationic or
nonionic in character and can be employed as emulsifying agents, wetting agents, suspending

agents, or for other purposes. Surfactants which may also be used n the present formalations
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are described, inter afia, in “McCutcheon’s Detergents and Eowulsifiers Annoal,” MC
Publishing Corp., Ridgewood, New Jersey, 1998 and in “Encyclopedia of Surfactants,” Vol.
I-1f], Chemical Publishing Co., New York, 1980-21. Surface-active agents include, but are
not limited to salts of alkyl sulfates, such as dicthanolammonium lauryl sulfate;
atkylarylsulfonate salts, such as calcium dodecylbenzenesulfonate; altkylphencl-alkylene
oxide addition products, such as nonylphenol-Ci5 ethoxylate; alechol-alkylene oxide addition
products, such as tridecyl alcohol-Cys cthoxylate; soaps, such as sodium stearate; alkyl-
naphthalene-sulfonate salts, such as sodium dibutyinaphthalenesulfonate; dialioyl esters of
sulfosuceinate salts, such as sodium di{2-ethythexyl) sulfosuccinate; sorbitol esters, such as
sorbitol oleate; quaternary amines, such as lauryl trimethylaramonium chiloride; polvethylene
glycol esters of fatty acids, such as polyethylene glycol stearate; block copolymers of
ethylene oxide and propylene oxide; salts of mono and dialkyl phosphate esters; vegetable or
seed oils such as soybean o1l, rapeseed/canola oil, ohive oil, castor i, sunflower seed ofl,
coconut ¢if, com otf, cottonseed oif, hnseed otl, palm oil, peanut o, safflower otl, sesame o1,
tung oif and the like; and esters of the above vegetable oils, and in certain embodiments,
methyl esters.

In some embodiments, these materials, such as vegetable or seed otls and their esters,
can be used interchangeably as an agricultural adjuvant, as a liquid carrier or as a surface
active agent.

Other exemplary additives for use 1n the compositions provided herein include but are
not limited to compatibilizing agents, antifoam agents, sequestering agents, neutralizing
agents and buffers, corrosion inhibitors, dyes, odorants, spreading agents, penctration aids,
sticking agents, dispersing agents, thickening agents, freezing pont depressants,
antimicrobial agents, and the like. The compositions may also contain other compatible
components, for cxample, other herbicides, plant growth regulants, fungicides, insecticides,
and the like and can be formulated with liquid fertilizers or solid, particulate fertilizer carriers
such as ammonium nitrate, urea and the like.

In some embodiments, the concentration of the active ingredients in the compositions
described herein is from about 0.0005 to 98 percent by weight. In some embodiments, the
concentration is from about 0.0006 to 90 percent by weight. In compositions designed to be
employed as concentrates, the active ingredients, tn certain embodiments, are presentin a
concentration from about 0.1 to 98 weight percent, and in certain embodiment’s about .5 to
90 weight percent. Such compositions are, in certain embodiments, diluted with an inert

carrier, such as water, before application. The diluted compositions usually applied to weeds
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or the locus of weeds contaln, in certain embodiments, about §.0006 to 10.0 weight percent
active ingredient and n certain embodiments contain about .01 to 5.0 weight percent.

The present compositions can he applhied to weeds or their locus by the use of
conventional ground or acrial dusters, sprayers, and granule applicators, by addition fo
irrigation or paddy water, and by other conventional means known to those skilled in the art.

The described embodiments and following examples are for hustrative purposes and
are not intended to limit the scope of the claims. Other modifications, uses, or combinations
with respect to the compositions described herein will be apparent to a person of grdinary

skill n the art without departing from the spirit and scope of the claimed subject matter,

Examples
Results m Examples §, 1, W IV VI, and VI are greenhouse trial results,

Example L Evaluation of Postemersence Foliar-Applied Herbicidal Mixtures for Weed

Control in Direct Seeded Rice

Sceds or nutiets of the desired test plant species were planted i a soil matrix prepared
by mixing a loam or sandy loam sotl {e.g., 28.0 percent silt, 18.8 percent clay, and 52.6
percent sand, with a pH of about 5.8 and an organic matter content of about 1.8 percent) and
calcareous grit in an R0 to 20 ratio.  The sotl matrix was contained in plastic pots witha
volume of | quart and a surface area of 83.6 square centimeters (cm’). When required to
ensure good germination and healthy plants, a fungicide treatmuent and/or other chemical or
physical treatment was applied. The plants were grown for 8-22 days in a greenhouse with
an approximate 14 hr. photoperiod which was maintained at about 29° C during the day and
26° C during the night. Nutrients (Peters Excel” 15-5-15 5-Ca 2-Mg and iron chelate) were
applied in the irrigation sohution as needed and water was added on a regular basis.
Supplemental lighting was provided with overhead metal halide 1000-Watt lamps as
necessary. The plants were eraployed for testing when they reached the first through fourth
true leaf stage.

Treatments congisted of the acid or esters of 4-amino-3-chioro-S-fluoro-6-(d-chlorg-2-
tluoro-3-methoxy-phenyDpyridine-2-carboxylic acid (Compound A), each formulated as an
SC {suspension concentrate), and various herbicidal components alone and in combination,
Fortus of compound A were applied on an acid equuivalent basis.

Forms of compound A (compound of formula T} tested inclade:
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O
HyC”

Compound A Acid

NH;

Compound A Benzyl Ester

n

Other herbicidal components were applied on an acid equivalent {ac} or active
ingredient {ai) basis and included acetvl coA carboxylase (ACCase)-inhibiting herbicides
{cyelohexanedions and aryloxyphenoxypropionate chemical classes) cyhalofop-butyl
formulated as Clincher™ SF (285 gr ai/L EC), diclofop-methyl formulated as Hoelon™ 3EC,
fenoxaprop-p-ethyl + isoxadifen-ethyl formulated as RiceStar” HT (0.58 Ib./gal EC),

10 fenoxaprop-p-ethyl + mefenpyr diethy] forroulated as Puma” 1EC, metamifop formulated as
Metamifop EC, haloxyfop-methyl formulated as Gallant Super”, fluazifop-p-buty] formulated
as Fusilade® DX, quizalofop-p-othy! formulated as Assure® IL, profoxydim formulated as
Aura® 20EC, clethodim applied as Intensity” |, sethoxydim formulated as Poast® and
tralkoxydim formulated as Achieve”,

15 Treatment requirements were calculated based upon the rates being tested, the
concentration of active ingredient or acid equivalent in the formulation, and a 12 mL
application volume at a rate of 187 L'ha.

For treatments comprised of forroulated coropounds, measured amounts of
compounds were placed individually in 25 mL glass vials and diluted i a volume of 1.25%

20 (vivy Agri-Dex” crop oil concentrated to obtain 12X stock solutions. If a test compound did

not dissolve readily, the misture was warmed and/or sonicated. Application solutions were

prepared by adding an appropriate amount of cach stock solution {e.g., T mL) and diuted to
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the appropriate final concentrations with the addition of 18 mL of an aqueouns mixture of
1.25% (v/v) crop oif concentrate so that the final spray solutions contained 1.25+/-0.05%
{v/v} crop oil concentrate,
For treatments comprised of technical compounds, weighed amounts can be placed

5 individually in 25 mL glass vials and dissolved in a volume of 97:3 v/v acetone/DMSO to
obtain 12X stock solutions. Tf a test compound does not dissolve readily, the mixture can be
warmed and/or sonicated. Application solutions can be prepared by adding an appropriate
amount of each stock solution (e.g., 1 mL) and diluted to the appropriate {inal concentrations
with the addition of 10 mL of an aqueocus mixture of 1.5% {v/v) crop oil concentrate so that

10 the final spray solutions contain 1.25% (v/v) crop oil concentrate. When technical materials
are used, the concentrated stock solutions can be added to the spray solutions so that the final
acetone and BMSO concentrations of the application solutions are 16.2% and $.5%,
respectively.

For treatments comprised of formulated and technical compounds, weighed amounts

15 of the technical materials can be placed mndividually 1n 25 mb glass vials and dissolved in a
volume of 97:3 v/v acetone/DMSC to obtain 12X stock solutions, and measured amounts of
the fornulated compounds can be placed individually o 25 mL ¢lass vials and diluted in a
volume of 1.5% (v/v) crop oil concentrate or water to obtain 12X stock solutions, 1fa tost
compound does not dissolve readily, the mixture can be warmed and/or sonicated,

20 Application solutions can be prepared by adding an appropriate arnount of each stock
solution {e.g., 1 val) and diluted 1o the appropriate final concentrations with the addition of
an appropriate amount of an agueous mixture of 1.5% (v/v) crop oil concentrate so that the
final spray solutions contain 1.25% (v/v) crop oil concentrate. As required, additional water
and/or 97:3 v/v acetone/DMSO can he added to individual application solutions so that the

25 final acetone and DMSQO concentrations of the application solutions being compared are
8.1% and 0.25%, respectively.

All stock solutions and apphcations solutions were visnally inspected for corapound
compatibility prior 1o application. Spray solutions were applied to the plant material with an
overhead Mandel track sprayer equipped with a 8002E nozzles calibrated o deliver 187 L/ha

30 over an application area of 0.503 m” at a spray height of 18 to 20 inches (46 to 50 em) above
average plant canopy height, Control plants were sprayed in the same manner with the
solvent blank,

The treated planis and control plants were placed in a greenhouse as described above

and watered by sab-trvigation {o prevent wash-oft of the test compounds. After

61

SUBSTITUTE SHEET (RULE 26)



WO 2014/018407 PCT/US2013/051320

approximately 3 weeks, the condition of the test plants as compared with that of the untreated
plants was determined visually and scored on a seale of § {0 100 percent where 0 corresponds
10 1o jury or growth inkubition and 100 corresponds to complete kill,

Colby’s equation was used to determuine the herbicidal effects expected from the

5 mixtures (Colby, S.R. 1967, Calculation of the synergistic and antagonistic response of

herbicide combinations. Weeds 15:20-22.) .

The following equation was used to calculate the expected activity of mixtures
containing two active ngredients, A and B:

Expected = A + B - (A x B/100)
10 A = ohserved efficacy of active ingredient A at the same concentration as used in the

KIS,

B = observed efficacy of active ingredient B at the same concentration as used in the
mixtare.

The compounds tested, application rates employed, plant specics tested, and results

15 are given in Tables 1-21.

Table 1. Synergistic Activity of Foliar-Applied Compound A Acid and Cyhalofop-Butyi

Herbicidal Compositions on Weed Control in a Rice Cropping System.

Compound | Cyhalofop- \VIS?M} ‘;Re”d,, :
A Acid butyl Control (%) - 26
’ DAA
ISCRU
zac/ha gai/ha Obs Exp
8.75 0 37 -
17.5 0 63 -
{ 149 10
8.75 140 03 43
17.8 146 82 67
20
Compound | Cyhalofop- €\Ij§ual ‘:Y“ od
A Acid butyl ontrol (%) - 20
! DAA
IPOHE
gae/ha gai‘ha Obs Exp
19.4 { 15 -
0 280 0
19.4 280 35 15
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Table 2. Synergistic Activity of Fohar-Applied Compound A Benzyl Ester and Cyhalofop-

Butyl Herbicidal Compositions on Weed Control 1n a Rice Cropping Systern,

Compound . . Visual Woeed
A Bongy] (‘”m‘i‘m Control (%) - 26
Ester ’ DAA
ISCRYU
gac’ha gai/ha Obs Exp
8.75 0 18 -
17.5 {} 33 -
0 149 10 -
8.75 140 33 27
17.8 140 40 40

Table 3. Synergistic Activity of Foliar-Applied Compound A Acid and Fenoxaprop-p-cthyl +

Isoxadifen-ethyl Herbicidal Compositions on Weed Control in a Rice Cropping Systen.

SUBSTITUTE SHEET (RULE 26)

, f SROxapIop- Visual Weed
Compound p-ethyl + PN
hy o Control (%) - 20
A Acid isoxadifen-
DAA
othyl
CYPDI
gae/ha gai/ha® (b Exp
433 0 a0 -

{0 17.5 0 -

{} 35 {

0 70 0 -
4.38 17.5 70 30
4.38 33 94 &0
4.38 76 85 &0

Fenoxaprop- .
. , e Visual Weed
Compound p-ethyl + o e
) : " Control (%) - 20
A Acid Isoxadifen-
EAJI}&
ethyl
CYPES
gae’ha gaiha* Obs Exp
4.38 { 30 -
8.75 {} 70

0 17.5 0

{ 35 { -

0 70 0 -
4.38 17.5 30 30
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8.75 17.5 100 70
4.38 35 40 30
8.75 35 50 70
4.38 76 80 30
875 76 99 70
64
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CHORAPFOP- .
Compound ' ;2/\;; ;’ip . Visual fﬁ”e@d
A Acid Tsoxadifen- Control (%) - 20
cthyl DAA
SCPJU
gac/ha gai/ha* Obs Exp
4.3¥ { 00 -
0 17.8 30 -
0 35 30 -
{ 70 30 -
438 17.5 100 &0
4.3% 35 95 72
4.38 70 93 72

*gai/ha refers to concentration of fenoxaprop-p-ethyl

PCT/US2013/051320

Table 4. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and Fenoxaprop-

p-ethyl + Isoxadifen-ethyl Herbicidal Compositions on Weed Control in a Rice Cropping

Systom,
Compound FeROKAPIOP-D- |y ot Wood
ethyi + I N
A Ii%enzyi Tsoxadifen- Control (%) - 20
Ester . DAA
athyl
CYPES
gae/ha gai/ha* Obs Exp
4,38 0 76 -
8.75 ¢ 80
7.5 { 95 -
{ 17.8 { -
0 35 0 -
O 70 { -
4.38 17.5 0 760
8.75 17.5 95 80
17.5 17.5 98 93
4.38 33 80 760
8.75 35 90 80
17.5 35 99 95
438 70 8( 78
875 70 95 80
17.5 70 100 95
Compound | Fenoxaprop-p- Visual Weed
A Benzyl ethvl + Control (%) - 20
Ester Isoxadifen- DAA
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ethyl
CYPIR

gacha gai/ha* Obs BExp
4,38 & 15 -

0 17.5 0 -

G 35 0

{ 70 {} -
4.3% 17.5 70 i5
438 38 a6 i3
4.3%8 70 70 15

*oai/ha refers to concentration of fenoxaprop-p-cthyl

PCT/US2013/051320

Table S. Synergistic Activity of Fohar-Apphied Compound A Benzyl Ester and Fenoxaprop-

p-ethyl + Mefenpyr-dicthy! Herbicidal Compositions on Control of Weeds Comunon to Rice

Cropping Systems.

. Fenosaprop-p- Visual Weed
Q:‘gf;j;f sttt o | Control (%) 20
) Es;:e; ' Me:?é;apyr— DAA
dizthyl
CYPIR
gac/ha gat/ha* Obs Exp
8.75 0 35 -
{ 11.5 0 -
0 23 { -
0 46 { -
8.75 115 8 35
8.75 23 83 35
873 46 50 35

*gai/ha refers to concentration of fonoxaprop-p-ethyl

Table 6. Syvergistic Activity of Foliar-Applied Compound A Acid and Haloxytop-methyl

Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems,

Compofu ,ﬂd Haloxyﬁ)p— Visual Weed Control (%) - 20 DAA
A Acid methyl
ECHCO [POHE
gac/ha oai/ha {Obs Exp {Obs Exp
438 0 40 - 10 -
8.75 { 60 - 30 -
17.5 0 85 - 40 -
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0 6.78 0 - 0 -
0 13.5 0 0
{ 27 { - { -
4.38 0.78 60 40 14 10
.75 6.75 65 60 30 30
17.5 6.78 7 RS 60 40
4.38 13.5 60 40 30 10
8.75 13.5 &5 60 35 30
17.5 13.5 9s &5 3§ 40
438 27 40 40 20 10
8.75 27 78 60 44 30
17.5 27 99 85 60 40
Compound | Haloxyfop- | . X 15@1 ,‘;N:% ed
A Acid methyl Control (%) - 20
’ DAA
SCPJU
gac/ha gai/ha {ibs Exp
4.38 0 74 -
8.75 { 95 -
{ 6.78 0 -
{ 13.5 0 -
0 27 0 -
433 6.75 160 7
R.75 6.75 10 98
4.38 3.5 100 70
875 13.5 100 98
4.38 27 100 70
8.75 27 100 95

PCT/US2013/051320

Table 7. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and Haloxyfop-

methyl Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems.

SUBSTITUTE SHEET (RULE 26)

Corapound Haloxyfop- Visual Weed
A }}enzyi metilyi Comrc?i (%’) - 20
Ester DAA
BRAPP
gae/ha gai‘ha Obs Exp
4.38 { 50 -
8.75 0 70
{} 6.75 { -
0 13.5 0 -
4.38 6.75 60 30
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8.75 6.75 70 70
4.38 13.5 70 50
8.75 13.5 &5 70
Compound Haloxyfop- Visual Waed
A Benzyl methyl Control (%) - 20
Ester " DAA
SCPJU
zac/ha gai/ha Obs Exp
4.38 { 30 -
8.75 {} 60 -
0 0.75 0 -
{ 13.5 { -
0 27 0 -
4.38 6.75 10 30
8.75 6.75 100 60
4.38 13.5 99 30
873 13.5 1 60
4.38 27 90 30
8.75 27 1 60

PCT/US2013/051320

Table 8. Synergistic Activity of Foliar-Applied Compound A Acid and Metamifop

Herbicidal Compositions on Weed Control in a Rice Cropping System.

Corapound e Visual ‘Wee
A Acid Metamifop | Control (%) - 24
DAA
POHE
cac/ha gai/ha Obs Exp
4.38 0 10 -
8.75 { 10 -
17.8 0 30 -
{ 150 {} -
4.38 156 5 10
8.75 150 25 10
17.5 150 40 30

Table 9. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and Metamifop

Herbicidal Compositions on Weed Control in a Rice Cropping System.

SUBSTITUTE SHEET (RULE 26)

Compound Visual Weed
A Benzyl | Metamifop | Control (%) - 22
Lster DAA
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ECHCG
gae/ha gai/ha Obs Exp
8 0 35 -
16 { 68 -
32 0 &0 -
0 9.38 0 -
0 13.75 40
O 37.5 70
& 9.38 60 35
16 9.38 &0 68
32 9.38 90 80
& 13.75 85 61
16 18,75 95 79
32 18.75 99 &8
3 37.5 100 &1
16 37.5 100 90
32 37.5 99 94
Compound Visual Weed
A Benzyl | Metamifop | Control (%) - 22
Hater DAA
[POHE
gac/ha gai/ha Obs Exp
32 0 45 -
0 9.38 0 -
¢ 13.75 0
Y 37.5 { -
32 9.38 S0 45
32 18.75 60 45
32 37.5 6S 45
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Table 10. Synergistic Activity of Foliar-Applied Compound A Acid and Fluazifop-p-butyl

Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems,

SUBSTITUTE SHEET (RULE 26)

Compound | Fhiazifop-p- C\’1§ua,1 ?ff‘* od
A Acid byl ontrol (%) - 19
DAA
PCHE
gac/ha gac/ha Obs Exp
4.3% 0 0
8.75 0 10 -
17.5 { 35 -
0 45 0 -
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{ 70 0

Y 180 0
438 45 10 0
8.75 43 10 10
17.5 45 50 33
4.38 90 10 0
8.75 90 25 10
17.5 90 15 35
4.338 180 10 {
875 180 33 10
17.5 180 40 35

PCT/US2013/051320

Table 11. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and Fluazifop-p-

butyl Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems,

Compound Fiuazifop-p- Visual \f\j’eed
A Benzyl buty] Control (%) - 19
Ester ; DAA
POHE
gac/ha gac/ha {ibs Exp
4338 0 0 -
8.75 0 0 -
{} 45 {
0 90 0 -
{ 180 { -
433 45 19 0
8.75 45 20 0
4.3¢ 90 15 0
8.75 90 20 0
4.3% 180 2 0
8.75 180 i {

Table 12, Synergistic Activity of Foliar-Applied Compound A Acid and Guizalofop-p-cthyi
Herbicidal Compositions on Control of Weeds Comamon to Rice Cropping Systems.

SUBSTITUTE SHEET (RULE 26)

. e Visual Weed
Compound | QuERT- | Control 4y -20
{POHE

sae/ha gai/ha Obs Exp
438 { { -
8.75 0 20 -
17.5 0 40 -
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{ i5 0 -

Y 36 0 -
438 15 NT 0
8.75 15 45 20
17.5 15 7 440
4.38 30 o0 0
8.75 30 50 20
17.5 39 70 440

PCT/US2013/051320

Table 13. Synergistic Activity of Foliar-Applied Compound A Benzy! Hster and Quizalofop-

p-ethyl Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems.

Compound Guizalofon- Visnal Weed
A Benzyl ‘u}:q m EE Control (%) - 22
Fster Pty DAA
ECHCG
gac/ha gai/ha {Obs Exp
8 0 35 -
16 0 65 -
32 0 80 -
{ 3.75 20 -
0 7.5 30 -
8 3,75 a3 48
16 3.75 65 72
32 375 85 84
& 7.5 85 35
1o 7.5 100 76
32 7.5 100 &6
Compound Ouizalofop- Visual Weed
ABenzyl | Y07 qp Control (%) - 22
Ester Pty DAA
POHE
gac/ha gaiha (bs Exp
32 0 45 -
0 1.8 0 -
{3 375 { -
0 7.5 0 -
32 1,88 60 45
32 378 o0 45
3 7.5 S0 45
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Table 14. Synergistic Activity of Foliar-Apphied Compound A Benzyl Ester and Diclofop-

methyl Herbicidal Conpositions on Control of Weeds Common to Rice Cropping Systems.
V] g

Compound Diclofop- ) Visual Weed
A _Benzyi methvi Con‘irf;‘)} {(%o)-22
Fster ’ DAA
CYPIR
gac/ha gaiha Obs Exp
8 0 20 -
16 {} 85
32 0 130 -
0 280 0 -
0 560 {} -
{ 1120 0 -
& 280 30 20
16 280 130 RS
32 280 100 100
3 560 35 20
16 560 78 85
3 560 100 100
8 1120 50 20
16 1120 100 €3
32 1120 130 100

Table 15. Synergistic Activity of Foliar-Applied Compound A Acid and Profoxydim

Herbicidal Compositions on Weed Control 1n a Rice Cropping System.

Connound Visual Weed
- \ i“id. Profoxydim | Control (%) - 20
! - DAA
ECHCO
gac/ha gai‘ha Obs Exp
4.3% 0 40
{} 12.5 7 -
4.38 12.5 99 32

Table 16. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and Profoxydim

Herbicidal Compositions on Weed Control in a Rice Cropping System,

SUBSTITUTE SHEET (RULE 26)

Compound Visual Weed
A Benzyl | Protoxydim | Control (%) - 20
Ester DAA
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LEFCH
cac/ha gai/ha Obs Exp
4.38 { 0 -
875 0 10 -
17.8 0 25 -
0 12.5 0 -
0 2 40
4.38 12.5 10 0
8.75 12.5 30 10
17.8 12.8 30 25
4.38 25 50 40
8.75 25 30 46
17.5 25 70 35

PCT/US2013/051320

Table 17, Synergistic Activity of Foliar-Applied Compound A Acid and Sethoxydim
Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems.

Compound

Visual Weed

. Sethoxydim | Control (%) - 22
A Acid -- ol 0%
CYPES
gac/ha gai/ha Obs Exp
438 {} 30 -
8.75 0 75 -
{ 67.5 { -
() 135 0 -
i\ 270 0 -
4.3¢ 67.5 &0 S0
€.75 67.5 30 75
438 133 7 50
.75 135 100 75
4.38 270 160 50
8.75 270 70 75
Compog nd Sethoxydim | Visual Weed Control (%) - 22 DAA
A Acd
CYPDI CYPIR SCPIU
gac/ha gai/ha Obs Exp Obs Exp Obs Exp
4.38 0 60 - 15 - 60 -
{ 67.5 { - {) - { -
0 135 0 - 0 - 0 -

~3
)
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{ 270 0 - 0 - { -
4.38 67.5 100 60 80 15 80 60
438 133 100 60 &0 15 &5 60
4.38 270 50 60 o1 13 0 60

Table 1. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and Sethoxydim

Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems,

Compound Visual Weed
A Benzyl | Sethoxvdim | Control (%) - 22
Hster DAA
ECHCG
gac/ha gavha Obs Exp
& {} 35
16 0 65 -
32 {} R -
{ 56 30 -
{ 12 90 -
2 56 90 55
16 56 G4 6
3 56 9s o
3 112 100 94
16 112 99 97
32 112 100 g8
Compound Visual Weed
A Benzyl | Sethoxydim | Control (%) - 22
Ester DAA
LEFCH
gac/ha gai/ha Obs Exp
& { I8 -
16 0 30 -
0 1i2 70 -
3 112 130 78
16 112 100 85

Table 19, Synergistic Activity of Folar-Applied Compound A Benzyl Ester and Tralkoxydim

Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems.

Compound
A Benzyl
Hster

Tralkoxydim

Visual Weed

Control (%) - 22

DAA

SUBSTITUTE SHEET (RULE 26)
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CYPIR
gae/ha gai/ha Obs Exp
3 0 20 -
16 { 85 -
32 0 100 -
0 100 0 -
0 200 0 -
8 100 20 20
16 130 100 85
32 100 90 100
g 200 100 20
16 200 60 85
32 200 100 100

PCT/US2013/051320

Table 20. Synergistic Activity of Foltar-Applied Compound A Benzyl Ester and Pinoxaden

Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systers.

Compound Visual Weed
A Benzyl | Pmoxaden | Control (%) - 21
Hster DAA
ECHCO
gac/ha gavha Obs Exp
3 0 40 -
16 O 70 -
32 {} 95
{} i3 15 -
4 30 8BS -
& 60 95 -
8 15 78 49
16 15 88 73
32 15 95 96
& 30 9s 91
16 30 95 96
32 30 95 99
& 60 100 97
16 60 100 99
32 60 100 100
Compound Visual Weed
A Benzyl | Pmnoxaden | Control (%) - 21
Fster DAA
IPOHE
gae/ha gai/ha Obs | Exp

SUBSTITUTE SHEET (RULE 26)
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16 { 10 -
32 0 25
{ i5 10 -
0 30 10 -
{ 60 0 -
16 i5 20 19
32 15 60 33
16 30 28 19
32 30 40 33
16 60 15 10
32 60 50 25
Compound Visual Weed
A Benzyl | Pinoxaden | Control (%) - 21
Ester AA
SCPIU
gac/ha gai/ha (Jbs Exp
& { RS -
&} i3 { .
{ 30 4 -
0 60 0 -
8 15 9 85
g 30 100 85
8 60 130 85

Table 21. Synergistic Activity of Foliar-Apphied Compound A Benzyl Ester and Clethodim

Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems.

Compound
A Benzyl Clethodim | Visual Weed Control (%) - 20 DAA
Hster
BRAPP DIGSA
gac/ha gai/ha (b Exp Obs Exp
3 0 70 - 15 -
16 { 75 - 25 -
32 f 50 - 35 -
{ 70 10 - 50 -
& 70 100 73 75 S8
16 70 100 78 80 63
32 70 100 91 85 6
76
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Compound Visual Weed
A Benzyl Clethodim | Controt (%) - 20
fster DAA
CYPES
gac/ha gai/ha Obs Exp
8 0 0 -
16 0 75
{} 70 0 -
Y 140 { -
0 280 0 -
8 70 60 0
16 70 &5 75
8 140 80 O
16 144 953 75
8 280 9S 0
16 230 90 73
Compound Visual Wee
A Benzyl Clethodim | Control (%) - 20
Ester DAA
SCPIU
gac’ha gai‘ha Obs Exp
8 { 70 -
16 0 &3 -
{} 140 0 -
0 280 {} -
2 140 100 70
16 140 100 5
& 280 10 70
16 280 a8 &35
BRAPP Brachiaria platyphylla (Griseb.} Nash
CYPDI Cyperus difformis L.,
CYPES Cyperus esculentus 1.
CYPIR Cyperus iria L.
DIGSA Digitaria sanguinalis (L) Scop.
ECHCG Echinochioa crusgalli (1..) Beauv.,
ECHCO Echinochloa coiona (L.} Link
IPOHE Ipomoea hederacea Jacq.
ISCRU Ischaemum rugosum Sahsh.
LEFCH Leprochioa chinensis {1..) Noes

~3
~3

PCT/US2013/051320

signalgrass, broadieaf
sedge, smallflower umbrella
nutsedge, yellow

flatsedge, rice

crabgrass, large

barnyardgrass

junglerice

morningglory, ivyleaf
saramollagrass

sprangletop, Chinese
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SCPIU Schoenoplectus juncoides (Roxb.) Palla bulrush, Japanese
gaz/ha = grams acid equivalent per hectare

gai'ha = grams active fogrediont per hectare

Obs = observed value

Exp = expected value as calculated by Colby’s equation

DAA = days afier application

NT = not tested

Example 1. Evaluation of In-Water Applied Herbicidal Mixtures for Weed Control in

Transpianted Paddy Rice

Weed seeds or nutlets of the desired teost plant species were planted 1o puddied sotl
{mud) prepared by mixing a shredded, non-sterilized mineral soif {(50.5 percent silt, 25.5
percent clay, and 24 percent sand, with a pH of about 7.6 and an organic matter content of
about 2.9 percent) and waler at a 111 volumetric ratio. The prepared muod was dispensed i
365 mb aliguots into 16-ounce {oz.) non-perforated plastic pots with a surface area of 86.59
square centimeters (cm’) leaving a headspace of 3 centimeters (cm) in each pot. Mud was
allowed to dry overnight prior to planting or transplanting. Rice seeds were planted in Sun
Gro MetroMix® 306 planting muxture, which typically has a pH of 6.0 t0 6.8 and an organic
matter content of about 30 percent, in plastic plug trays. Secdlings at the second or third leaf
stage of growth were transplanted into 860 mL of mud contained in 32-0z. non-perforated
plastic pots with a surface area of 86.59 cm” 4 days prior to herbicide application. The paddy
was created by filling the headspace of the pots with 2.5 t0 3 cm of water, When required to
ensure good germination and healthy plants, a fungicide treatmuent and/or other chemical or
physical treatment was applied. The plants were grown for 4-22 days in a greenhouse with
an approximate 14 br. photoperiod which was maintained at about 29 C during the day and
26°C during the night. Nutrients were added as Osmocote” (19:6:12, N:P:K + minor
nutrients } at 2 g per 16-0z. pot and 4 g per 32-0z. pot. Water was added on a rogular basis to
maintain the paddy flood, and supplemental lighting was provided with overhead metal
halide 1000-Watt lamps as necessary, The plants were employed for testing when they
reached the first through fourth true leaf stage.

Treatments consisted of the acid or esters of 4-amino-3-chloro-S-fluoro-6-(4-chloro-2-
fluoro-3-methoxy-phenybpyridine-2-carboxylic acid (corapound A) each formulated as an
SC {suspension concentrate) and varioys herbicidal components alone and in combination,

Forms of compound A were applied on an acid equivalent basis.

~1
0
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Forms of compound A (compound of formula [) tested include:

n

Compound A Benzyl Ester

Other herbicidal components were applied on an acid equivalent (ae) or active
ingredient {ai) basis as to normal practice used in the market, and inchuded acetyl CoA
carboxylase (ACCase) inhibiting herbicides (cyclohexanedione and
aryloxyphenoxypropionate chemical classes) cyhalofop-butyl formulated as Clincher” EC,

10 fenoxaprop-p-ethyl + isoxadifen-sthyl formulated as RiceStar” HT, fenoxaprop-p-ethyl +
mefenpyr dicthyl formulated as Puma 1EC, metamifop formulated as Metaraifop EC,
haloxyfop-methy! formulated as Gallant Super®, fluazifop-p-butyl formulated as Fusilade®
DX, quizalofop-p-ethy! formulated as Assure® 1L, profoxydim formulated as Aura™ 20EC,
and sethoxydim formulated as Poast”,

15 Treatment requirements for cach compound or herbicidal component were calculated
based upon the rates being tested, the concentration of active ingredient or acid equivalent in
the {formulation, an application volure of 2 mL per component per pot, and an application
area of 86.59 cot” per pot.

For formulated compounds, 2 measured amount was placed in an individual 100 or

20 200 mL glass vial and was dissolved in a volume of 1.25% (v/v) Agri-Dex” crop oil
concentrate to obtain application solutions. I the test compound did not dissolve readily, the

rotxiure was warmed and/or sonicated.

~-}
o
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For technical grade compounds, a weighed amount can be placed 0 an individual 100
to 200 mL glass vial and dissolved in a volurae of acetone to obtain concentrated stock
sohutions. Tf the test compound does not dissolve readily, the mixture can be warmed and/or
somicated. The concentrated stock solutions obtained can be diluted with an cquivalent

5 volome of an agueous mixture containing 2.5% (v/v) crop oil concentrate so that the final
application solutions contain 1.25% (v/v) crop oil concentrate.

Applications were made by injecting with a pipetter appropriate amounts of the
application solutions, individually and sequentially, into the aqueous layer of the paddy.
Control plants were treated in the same manner with the solvent blank. Applications were

10 made so that all treated plant material received the same concentrations of acetone and crop
oil concentrate,

The treated plants and control plants were placed in a greenhouse as deseribed above
and water was added as needed to maintain a paddy tlood. After approximately 3 weeks the
condition of the test plants as compared with that of the untreated plants was determined

15 visually and scored on a scale of § to 100 percent where 0 corresponds to no injury or growth
inhibition and 100 corresponds to complete kill.

Colhy’s equation was used to determine the herbicidal effects expected from the
mixtures (Colby, S.R, 1967, Calculation of the synergistic and antagonistic response of
herbicide combinations. Weeds 15:20-22.).

20 The following equation was used to calculate the expected activity of mixtures
containing two active mgredients, A and B:
Hxpected = A+ B - (A x B/100)

A = observed efficacy of active ingredient A at the same concentration as used in the
TOIXIUTS.

25 B = observed efficacy of active ingredient B at the same concentration as used in the
mixture.

Some of the compounds tested, application rates employed, plant species tested, and
results are given in Tables 22-39,

Table 22. Synergistic Activity of In-Water Applications of Compound A Acid and

30 Cyhalofop-butyl Herbicidal Compositions on Weed Control in a Rice Cropping Svystem,

Visual Weed
Control (%) - 25
DAA

Compound | Cyhalofop-
A Acid butyl

80
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ECHOR
zac/ha gai/ha Obs Exp
8.75 {} { -
17.5 0 0 -
35 { 40 -
0 30 0 -
8.75 90 100 0
17.5 90 1 0
35 90 100 40

Visual Weed

Cormnpound | Cyhalofop- Control (%) - 25
. s ) - .

A Acid butyl DAA
SCPJU
gac/ha cai/ha Obs Exp

&.75 0 63 -

17.5 { {0 -
35 { 95

0 90 0 -

{ 180 {} -

8.75 90 985 65

17.5 96 95 80

35 90 1) 95

.75 180 95 63

17.5 180 95 30

35 120 95 95

Visual Weed

e P Cyhalofop- | 0 0 .
ompound | Cyhalofop Control (%) - 19

A Acid butyl

DAA
LEFCH
cac/ha ozi/ha {bs Exp
42.4 O 10 -
{} 130 75 -
424 180 90 T8

Table 23. Synergistic Activity of In-Water Applications of Compound A Benzyl Ester and

Cyhalofop-butyl Herbicidal Compositions on Weed Control in a Rice Cropping System.

Compound Cohalofon- Visual Weed
A Benzyl /yb vl P 1 Control (Yo} - 25
Ester 9 DAA
ECHOR
81
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sac/ha cai’ha Obs Exp
8.75 0 N -
17.5 0 90 -
35 {3 1 -
0 90 0 -
875 90 160 38
17.5 90 100 90
35 90 100 100
Compound N Yisual Weed
A Bonmyl tygﬁﬁi‘)p’ Control (%) - 19
Ester N DAA
SCPMA
sac/ha gai‘ha Obs Exp
35 {3 { -
0 180 0 -
35 180 50 0

PCT/US2013/051320

Table 24. Synergistic Activity of In-Water Applications of Compound A Acid and
Fenoxaprop-p-ethyvl + Isoxadifen-ethyl Herbicidal Compositions on Weed Control in a Riee
Cropping System.

, , Fenoxaptgp- Yisual Weed
Compound | p-ethyl + RS
) : i Control (%) - 21
A Acid Isoxadifen-
DALJ%
ethyl
ECHOR
gac/ha gaiha Obs Exp
8.75 O 0 -
17.5 { 10
35 ¢ 15 .
{ 70 SO -
.75 70 100 S0
17.5 70 50 55
35 70 100 58
\ , Fm"”‘ap“,’p" Visual Weed
Compound | p-ethyl + L ‘
. R Control (%) - 21
A Acid Isoxaditen-
o DAA
ethyl
FIMMI
gac/ha gai‘ha Obs Exp
875 { 20 -
{ 35 0 -
0 70 0 -

SUBSTITUTE SHEET (RULE 26)
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8.75 35 100 20
8.75 70 60 20
S Fencxaprgp- Visual Weed
Compound | p-ethyl+ e ‘
. R Control (%) - 21
A Acd Isoxaditen-
- DAA
ethyl
SCRIU
gac'ha gaiha Obs Exp
875 { 65 -
17.5 { 90 -
0 35 0 -
{ 7 0 -
8.75 3 80 65
17.5 35 99 90
8.75 70 W 03
17.3 70 93 90

PCT/US2013/051320

Table 25, Synergistic Activity of In-Water Applications of Compound A Benzyl Ester and

Fenoxaprop-p-cthyl + Isoxadifen-ethyl Herbicidal Compositions on Weed Control in a Rice

Cropping System.

83

Compound A Benzy! Fenoxaprop-p-ethyl + Visual Weed Control (%) - 21
Ester isoxadifen-ethyl DAA
ECHOR

gac/ha gai/ha {3bs Exp

4.38 0 0 -

8.75 0 10 -

17.5 0 60 -

0 70 NE -
4.38 74 100 50
.73 7 1030 55
17.5 70 100 80

Compound Fe:zéi? ; ip T Visual Weed
A Benzyl E;’Jxa iy, | Control (%) - 21
Ester . DAA
ethyl
CYPRO
gae'ha gai'ha Obs Exp
4.38 0 20 -
0 35 0
{ 70 {
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4.38 35 949 20
4.3¢ 70 50 20
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Table 26. Synergistic Activity of n-Water Applications of Compound A Acid and

Fenoxaprop-p-ethyl + Mefenpyr-diethyl Herbicidal Compositions on Control of Weeds

Common to Rice Cropping Systems.

» - mexaprgpq}— Visual Weed
(‘"Qmpomd eﬂiyl " Control (%) - 21
A Acid I‘»’ic—?f(e’npyr DAA
diethyl
ECHOR
gae/ha gai/ha Obs Exp
1.6 { 0 -
21.2 0 1S -
424 Y i3 -
{ 23 0
1.6 23 25 0
212 23 15 15
42.4 23 40 i3

Table 27. Synergistic Activity of In-Water Applications of Compound A Benzyl Ester and

Fenoxaprop-p-cthyl + Mefenpyr-disthy] Herbicidal Compositions on Control of Weeds

Coramon to Rice Cropping Systems.

SUBSTITUTE SHEET (RULE 26)

Compound Femz&; F >ii'ip-p- Visual Weed
A Benzyl {\/;e o }n r Control (%) - 21
Hster ey DAA
diethyi
ECHOR
gae/ha gai/ba Obs Exp
& 8 10 -
16 0 25
32 & 35 -
0 23 i3 -
8 23 100 24
16 23 20 36
32 23 75 45
84
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Table 28. Synergistic Activity of In-Water Applications of Compound A Acid and

Haloxytop-methy! Herbicidal Compositions on Coutrol of Weeds Common to Rice Cropping

Systeras,
Compound | Haloxyfop- Ylguai \F/ N e{’i
A Acid methyl Control (%) - 20
i DAA
SCPJU

gae/ha gai/ha Obsg Exp

8,75 {} 70 -

17.5 0 95 -

35 { 93 -

{ 135 0 -

0 27 { -

8,75 135 90 70
17.5 13.5 95 95

35 13.5 93 95
8,75 27 95 70
17.5 27 100 95

35 27 100 85

Table 29. Synergistic Activity of fu-Water Applications of Compound A Benzyl Ester and

Haloxytop-methy! Herbicidal Compositions on Control of Weeds Common te Rice Cropping

Systems
Compound Haloxyfop- “»/’iSt,ia} ,W ged
A Benzyl Control (%) - 20
Ester methyl DAA
CYPRO
gae/ha gai/ha Obs Exp
4.38 { 50 -
8.75 { 100 -
17.5 0 100
{} 13.5 0 -
0 27 { -
4.38 13.5 75 50
8.75 13.5 95 100
17.5 13.5 100 100
4,38 27 30 50
8.75 27 95 100
17.5 27 100 100
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Table 30. Synergistic Activity of In-Water Applications of Compound A Acid and

Metamifop Herbicidal Cornpositions on Weed Control 1n a Rice Cropping Systern.

Compoynd Metamifop | Visual Weed Control (%) - 21 DAA
A Acid
FIMMI SCPMA
gae/ha gai/ha Obs Exp Obs Exp
35 { 85 - 0 -
{} 75 0 {
0 150 { - { -
35 75 100 &35 60 {
38 150 100 83 50 0

Table 31. Synergistic Activity of In-Water Applications of Compound A Benzyl Ester and

Metamifop Herbicidal Corapositions on Weed Control 1n a Rice Cropping Syster.

Compound Visual Weed
A Benzyl Metamitop | Control (%) - 21
Ester DAA
sCPiU
gae/ha zai/ha Obs Exp
4,38 {} 70
0 75 {
{} 150 0 -
4.38 75 99 70
4.38 150 100 70
Compound Visual Weed
A Benzyl | Metamifop | Control (96) - 21
Ester DAA
ECHOR
gac/ha gai'ha Obs Exp
48 {} 78 -
96 0 80 -
0 30 20 -
48 S0 75 ]2
96 50 100 84

Table 32, Synergistic Activity of [n-Water Apphications of Compound A Actd and Fluazifop-

p-butyl Herbicidal Compositions on Control of Weeds Common to Rice Cropping Systems.
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Compound | Fluazifop-P- | . Vl‘??‘ﬂ };’Y‘"’Cd
A Acid butyl Control (%) - 21
’ DAA
ECHOR
gac/ha gac/ha Obs Exp
8.75 0 10 -
17.5 0 15 -
35 { 2( -
0 90 25 -
R.75 50 45 33
17.5 90 15 36
35 90 100 40
Compound | Fluazifop-P- | Visual Z‘V ced
A Acid buty! Control (%) - 21
DAA
CYPRO
gac/ha gac/ha Obs Exp
8.75 { { -
17.5 { 30 -
35 { 35 -
O 90 0 -
{ IS0 ¢ -
875 99 70 0
17.5 50 30 30
35 94 95 85
875 130 20 O
17.5 I80 20 30
35 120 90 335

PCT/US2013/051320

Table 33. Synergistic Activity of In-Water Applications of Compound A Benzy!l Ester and

Fluazifop-p-butyl Herbicidal Compositions on Control of Weeds Common to Rice Cropping

Systerns,
Compound Fluazifop- Visu ::111 /Weed
A Benayl Pbuty] Control (%) - 21
Ester i DAA
ECHOR
gac/ha gai/ha Obs Exp
3 0 8
16 { 5 -
32 0 i3 -
0 45 { -
87

SUBSTITUTE SHEET (RULE 26)



10

WO 2014/018407

8 45 0 4
16 45 15 5
32 45 30 13
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Table 34, Synergistic Activity of In-Water Applications of Compound A Acid and

Quizalofop-p-ethyl Herbicidal Compositions on Control of Weeds Common to Rice

Cropping Systems,

Compound | Quizalofop- Ylguaﬁ F/ 5 c—xi
A Acid p-ethyl Control (%) - 21
DAA
ECHOR
gac/ha cai'ha Obs Exp
17.5 {} 25
38 0 30 -
{ 15 0 -
0 39 60 -
17.5 15 50 25
35 15 50 39
17.5 390 60 70
35 30 100 72
Compound | Quizalofop- 'fhguai ?‘/ N (—xi
A Acid p-ethyl Control {%) - 21
DAA
CYPRO
gae/ha zai/ha Obs Exp
.75 {} 0 -
{} K {
0 30 0 -
3.75 15 20 0
8.75 30 20 0

Table 35. Synergistic Activity of In-Water Apphcations of Compound A Benzyl Ester and

Quizalofop-p-cthyl Herbicidal Compositions on Control of Weeds Commeon to Rico

Cropping Systems.

Compound Quizalofop-
A Benzyl SIZHOTOD™ s enal Weed Control (%) - 21 DAA
- p-ethyl
Lster
ECHCG ECHOR
gac/ha gat/ha Obs 1 Exp Obs 1 Exp
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4.38 {0 i3 - O -
.75 {} 20 - i5
17.5 0 75 - 10 -
{ L5 30 - 0 -
0 30 100 - o6 -
4.38 15 100 58 60 0
8.75 15 100 60 30 i5
17.5 15 100 38 50 1
4.38 30 100 100 100 06
8.75 3 100 100 100 66
17.5 30 100 100 100 64

PCT/US2013/051320

Table 36. Synergistic Activity of In-Water Applications of Compound A Acid and

Profoxydim Herbicidal Compositions on Controf of Weeds Common to Rice Cropping

Systems.
Compound . Visual ‘v‘{eed
A Acid Profoxydim | Control (%) - 21
DAA
LEFCH
gac/ha gat/ha Obs Exp
17.5 0 { -
35 0 20 -
{ 28 25 -
17.5 25 100 85
35 25 100 &8
Compound e “.v’isuai /“J‘{-‘eed
A Acid Profoxydim | Control (%) - 22
DAA
BCHCG
gac/ha gai'ha Obs Exp
16 {} 20 -
32 O 25 -
{ 30 30 -
16 50 70 44
32 50 100 43
Compound o .ViS“?‘i Weed ,
A Acid Profoxydim | Control (%) - 22
DAA
SCPIU
gac/ha gai/ha Obs 1 Exp
89
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16 Y 70 -
{ 50 0

0 100 { -
16 50 93 70
16 100 100 70

PCT/US2013/051320

Table 37. Synergistic Activity of In-Water Applications of Compound A Bevzyl Ester and

Profoxydim Herbicidal Conmpositions on Control of Weeds Common o Rice Cropping

Systems.
Compound Visaal Weed
A Benzyl | Profoxydim | Control (%) - 21
Ester DAA
ECHOR
gac/ha oat/ha (Obs Exp
4,38 0 { -
875 0 5 -
17.5 { 10 -
{ 25 { -
438 25 30 {
8.75 28 100 15
17.5 25 100 10
Compound Visual Weed
A Benzyl | Protoxydim | Control (%) - 22
Ester DAA
ECHCG
gae'ha gat/ha Obs Exp
3 { 56 -
16 0 60 -
32 0 99 -
{} 50 30 -
8 54 100 65
16 50 100 72
32 50 100 99

Table 38, Synergistic Activity of In-Water Applications of Compound A Acid and

Sethoxydim Herbicidal Compositions on Control of Weeds Conumnon to Rice Cropping

Systems.
Compound Visual Weed
\A El d Sethoxydim | Control (%) - 21
. DAA
50
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FIMMI
gac/ha gai/ha Obs Exp
8.75 {} 20

0 35 50 -

{ 270 30 -
8.75 135 100 60
8.75 276 100 44

Compound | , | . Yisuﬂi Weed
A Acid Scthoxydim Comroi (Yo} -
2IDAA
SCPIU
gac/ha gai/ha Obs Bxp
8.78 { 63 -
17.5 0 90 -

0 35 0 -

8.75 135 95 65
17.5 135 100 9}

Table 39, Synergistic Activity of In-Water Applications of Compound A Benzyl Ester and

Sethoxydim Herbicidal Compositions on Control of Weeds Corumon to Rice Cropping

Systeras,
Compound Visual Weed
A Benzyt | Sethoxydim | Control (%) - 21
Ester DAA
ECHCG
gac/ha gai/ha {Obs Exp
438 { 15 -
8.78 { 60 -
{ 135 60 -
4.38 35 75 66
8.75 135 100 &4
CYPRO Cyperus votundus 1. mitsedge, purple
ECHCG Echinochloa crusgalli (1.) Beauv. barnyardgrass
ECHOR Echinochioa oryzoides {Ard.) Fritsch watergrass, carly
FiMMI Fimbrisivlis mifiacea (L.} Vahi fringerash, globe
LEFCH Leptochioa chinensis (L.} Nees sprangletop, Chinese
SCPJU Schoenoplectus juncoides (Roxb.) Palla bulrush, Japanesc
SCPMA Bolboschoenus maritimus (L.) Palla or
Schoenoplectus maritivies (L) Lye chubrush, sea
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oac/ha = grams acid equivalent per hectare

gaiha = grams active fngredient per hectare

Obs = observed value

Exp = cxpected vakue as calculated by Colby’s equation
DAA = days after application

Example 11 Evaluation of Postemergence Foliar-Applied Herbicidal Mixtures for Control of

Weeds Common to Row Crops such as Corn and Sovbeans

Seeds or nutlets of the desired test plant species were planted in 2 soil matrix prepared
by mixing a loam or sandy loam soil {e.g., 28.6 percent sift, 18.8 percent clay, and 52.6
percent sand, with a pH of about 5.8 and an organic matter content of about 1.8 percent) and
calcarcous grit 1u an 80 to 20 ratio. The soil matrix was contained in plastic pots with a
surface area of 84.6 square centimeters (crn”) and a volume of 560 cubic centimeters <Cﬁ‘13).
When required to ensure good germination and healthy plants, a fungicide treatment and/or
other chenucal or physical treatment was applied. The plants were grown for 7-31 days (d) 1o
a greenhouse with an approximate 15 hour (h) photoperiod which was maintained at about
23-29 °C during the day and 22-28 °C during the night. Nutrients (Peters Excel”™ 15-5-15 3~
Ca 2-Mg) and water were added on a regular basis and supplemental lighting was provided
with overhead metal halide 1000-Watt lamps as necessary. The plants were employed for
testing when they reached the first, second, or third true leaf stage.

Treatment requirernents were calculated based upon the rates being tested, the
concentration of active ingredient or acid equivalent in the formulation, and a 12 mL
application volume at a rate of 187 L/ha.

Treatments consisted of the acid or esters of 4-amino-3-chloro-3-fluoro-6-{4-chloro-2-
fluoro-3-methoxy-phenylpyridine-2-carboxylic acid (Compound A), cach formulated as an
SC {suspension concentrate), and various herbicidal components alone and in corbination.
Forms of compound A were applied on ap acid equitvalent basis,

Forms of compound A (compound of formula 1) tested include:
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O
HyC”

Compound A Acid

NH;

Compound A Benzyl Ester

n

Other herbicidal components were applied on an acid equivalent basis and included
acetyl coA carboxylase (ACCase)-inhibiting herbicide (cyclohexanedione and
aryloxyphenoxypropionate chemical classes) quizalofop-p-ethyl formulated as Assure™ T1,

For treatments comprised of fornulated compounds, measyred amounts of
compounds were placed individually 1n 25 mL glass vials and dibuted in a volome of 1.5%
10 (viv) Agri-Dex” crop oil concentrated to obtain 6X stock solutions. If a test compound did
not dissolve readily, the mixture was warmed and/or sonicated. Application solutions were
prepared by adding an appropriate amount of cach stock solution {typically 2 mL} and
difuted to the appropriate final concentrations with the addition of an appropriate amount of
1.5% (v/v) crop o concentrate and an appropriate amount of water so that the final spray

e

solutions contained 1.25+/-0.05% (v/v) crop oil concentrate,

j—
[ 2]

For treatments comprised of technical compounds, weighed amousnts can be placed
ndivideally in 25 mL glass vials and dissolved in a volume of 97:3 v/v acetone/DMSO to
obtain 12X stock solutions. If a test compound does not dissolve readily, the mixture can be
warmed and/or sonicated. Application solutions can be prepared by adding an appropriate

20 amount of each stock solution (e.g., 1 mL) and diluted to the appropriate final concentrations
with the addition of an appropriate amount of 1.5% {v/v) crop oil concentrate and an

/

appropriate armnount of water so that the final spray solutions contam 1.25% {(v/v} crop oi
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concentrate. When technical materials are used, the concenirated stock solutions can be
added to the spray solutions so that the final acetone and DMSO concentrations of the
application solutions are 16.2% and 0.5%, respectively.

For treatments comprised of fornmlated and technical compounds, weighed amounts
of the technical materials can be placed individually in 25 mb glass vials and dissolved in a
volume of 97:3 v/v acetone/DMSO to obtain 6X stock solutions, and measured amounts of
the formulated compounds can be placed individually in 25 mL glass vials and diluted ina
volume of 1.5% (v/v} crop oil concentrate or water to obtain 6X stock sohutions, 1fa test
compound does not dissolve readily, the mixture can be warmed and/or somicated.
Application solutions can be prepared by adding an appropriate amount of cach stock
solution (e.g., 2 mL} and diluted to the appropriate final concentrations with the addition of
an appropriate amount of an agueons mixture of 1.5% (v/v) crop o1l concentrate so that the
final spray solutions contained 1.25% (v/v) crop oil concentrate. When required, additional
water and/or 97:3 v/v acetone/DMSO can be added to individual application solutions so that
the final acetone and DMBO concentrations of the application solutions being compared are
16.2% and 0.5%, respectively.

All stock solutions and applications solutions were visually inspected for conpound
compatibility prior to application. Compound requirements are based upona 12 mL
application volume at a rate of 187 liters per hectare (L/ha). Formmulated compounds were
applied to the plant material with an overhead Mandel track sprayer equipped with R002E
nozzles calibrated to deliver 187 L/ba over an application arca of 0.503 square meters (m’) at
a spray height of 18 to 20 inches (46 to 50 cm) above the average plant canopy height.
Control plants were sprayed in the same manner with the solvent blank.

The treated plants and control plants were placed in a greenhouse as described above
and watered by sub-trrigation to prevent wash-off of the test compounds. After
approximately 2 weeks, the condition of the test plants as compared with that of the untreated
plants was determined visually and scored on a scale of 0 to 100 percent where § corresponds
o 0o njury or growth inhibition and 100 corresponds to corplete kil

Colby’s equation was used to determine the herbicidal effects expected from the
mixtures (Colby, S.R. 1967, Calculation of the synergistic and antagomstic response of
herbicide cornbinations. Weeds 15:20-22.) .

The following equation was used to calculate the expected activity of mixtures
containing two active ingredients, A and B

Expected = A + B - (A x B/100)
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A = observed efficacy of active ingredient A at the same concentration as used in the
WX,

B = observed efficacy of active ingredient B at the same concentration as used in the
MIXIUre.

Some of the compounds tested, application rates employed, plant species tested, and

results are given in Tables 40-41.

Table 40. Synergistic Activity of Foliar-Applied Compound A Acid and Quizalofop-p-cthyl
Herbicidal Compositions on Control of Weeds Comimon to Row Crops Such as Corn and

Soybean Cropping Systems,

Compound | Quizalofop- Ylswﬂﬁ,%d ,
A Acid p-ethyl Comr_oi %) - 14
- DAA
AVEFA
sac/ha sac’/ha Obs Exp
375 {1 { -
7.5 0 0 -
15 O 0 -
{} 14,25 40 -
3.75 14.25 85 40
7.5 14.25 70 4
15 14.25 S5 40
- . . YVisual Weed
Compound | QuEIOD- | ¢ ) 14
e p-ety DAA
LOLMU
gag/ha gag/ha Obs Exp
3.75 0 0 -
7.5 {3 10 -
i5 0 10 -
O 3.56 0 -
{} 7.125 60 -
3.75 3.56 50 0
7.5 3.56 30 10
15 3.56 40 10
375 7.125 70 60
7.5 7.125 €0 64
15 7.125 70 64
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Table 41. Synergistic Activity of Foliar-Applied Compound A Benzy! Hster and Guizalofop-
p-ethyl Herbicidal Compositions on Weeds Common to Row Crops Such as Cormn and

Sovbean Cropping Systems.

Compound OQuizalofop- Visual "@’eed
A Benzyl - Control (%) - 14
Ester p-ethy! DAA
AVEFA
zac/ha gac’ha Obs Exp
375 { 10 -
7.5 0 0 -
15 0 10
{} 14.25 40 -
3.78 14.25 78 46
7.5 14,28 99 44
i3 14.25 40 46
Compound Quizalofop- | Visual Weed
A Benzyl h ) Control (%) - 14
Ester p-ethy! DAA
LOLMU
gac/ha gac/ha {bs Exp
3.78 0 0 -
7.5 { 10 -
15 0 10 -
0 3.56 0
{3 7.125 o0 -
3.758 3.56 60 {
7.5 3.56 40 10
i5 3.56 38 10
3.75 7.125 70 60
7.5 7.125 75 64
i5 7.125 30 64
AVEFA Avena fatua L., oat, wild
LOLMU Lolium mudtiflorum Lam ryegrass, lalian

gac/ha = grams acid equivalent per hectare
gai/ha = grams active ingredient per hectare
Obs = observed value

Exp = expecied valoe as calculated by Colby’s equation
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DAA = days after application

Example IV, Evaluation of Postemergence Herbicidal Activity of Mixtures in Cereal Crops n

the Greenhouse,

(€=

Seeds of the desired test plant species were planted in Sun Gro MetroMix® 306

wWh

planting mixture, which typically has a pH of 6.0 to 6.8 and an organic matter content of
about 30 percent, in plastic pots with a surface area of 103.2 square centimeters {cr’). When
required to ensure good germination and healthy plants, a fungicide treatroont and/or other
chemical or physical treatment was applied. The plants were grown for 7-36 days in a
greenhouse with an approximate 14 hour photoperiod which was maintained at about 18°C
10 during the day and about 17° C during the night. Nutrients and water were added on a
regular basis and supplemental lighting was provided with overhead metal halide 1000-Watt
lamps as necessary. The plants were emploved for testing when they reached the second or
third truc leaf stage.
Treatments consisted of the benzyl ester of 4-amino-3-chloro-5-flucro-6-(4-chloro-2-
15 fluoro-3-methoxy-phenvhpyriding-2-carboxyhc acid (Compound A), formmuidated as an SC, a
second cereal herbicide alone and then both in combination.
Forms of compound A {compound of fornwla 1) tested inchude:

NH,

)
HL, ¢

Compound A Benzyl Ester
20 Other herbicidal components were applied on an active ingredient basis and included
acetyl-CoA carboxylase (ACCase)-inhibiting herbicides clodinafop-propargyl, fenoxaprop-P-
ethyl, pinoxaden and tralkoxydim.
Measured aliquots of benzyl ester of 4~amino-3-chloro-S-fluoro-6-(d-chioro-2-fluoro-

3-methoxy-phenylpyridine-2-carboxylic acid (Compound A) were placed in 25 mulliliter

[\
L

(mL) glass vials and diluted in a volume of 1.25% (v/v) Agri-Dex” crop oil concentrate to
obtain stock solutions. Compound requirements are based upon a 12 mL application volume
at a rate of 187 liters per hectare (L/ha). Spray solutions of the second cereal herbicide and

experimental compound mixtures were prepared by adding the stock solutions to the

D
~3
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appropriate amount of dilntion solution to form 12 mL spray solution with active ingredients
in two- and three-way combinations. Formulated compounds were apphied to the plant
material with an overhead Maundel track sprayer equipped with an 8002 nozzle calibrated to
deliver 187 L/ha over an application area of 0.503 square meters (m’) at a spray height of 18
inches (46 cm) above average plant canopy. Control plants were sprayed in the same manner
with the solvent blank.

The treated plants and control plants were placed in a greenhouse as described above
and watered by sub-irrigation to prevent wash-off of the test compounds. After 20-22 days,
the condition of the {est plants as compared with that of the control plants was determined
visually and scored on a scale of 0 to 100 percent where 0 corresponds to no injury and 100
corresponds to complete kill.

Colby’s equation was used to determine the herbicidal effects expected from the
mixtares {Colby, S.R. 1967, Calculation of the synergistic and antagonistic response of
herbicide combinations. Weeds 15:20-22.3 .

The following equation was used to calculate the expected activity of mixtures
containing two active ingredients, A and B:

Expected = A + B - (A x B/100)

A = observed efficacy of active ingredient A at the same concentration as used in the
mixtuse,

B = observed efficacy of active ingredient B at the same concentration as used in the
mIxture.

The compounds tested, application rates employed, plant species tested, and results are given
in Tables 42-45.
Table 42, Synergistic Activity of Foliar-Apphed Compound A Benzyl Ester and Clodinafop-

propargyl Herbicidal Composttions on Weed Control in a Cereals Cropping System.

N gﬁg‘f Clodinofop- | Visual Weed Control
’ :\:‘;‘gr propargyl (%)- 21 DAA
LOLMU KCHSC
gai/ha gav/ha Obs | Exp | Obs | Exp
5 { 0 - 20 -
ig O 0 - 30 -
{ 5 60 - Y -
{ k! 48 - 10 -
5 15 60 1 60 | 70 1 20
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10 15 65 | 60 | 80 | 30
5 3 730048 | 70 1 28
i) 30 T8 4R | &0 37
Compound | ., .. .
A Bonzgl | COGIORD | ed Control %) - 21 DAA
Ftor propargyl
PHAMI APESY ALOMY
gai/ha gai/ha Obs | Exp | Obs | Exp | Obs | Exp
5 Q0 0 - 0 - 0 -
10 { 0 - 0 - 0 -
0 15 48 - 15 - 80 -
{ 30 35 - 68 - 82 -
5 i3 7300048 1 35 1 15 | 90 | RO
10 15 7300 48 | 35 1 15 | 88 | &0
5 34 S50 55 | 78 0 68 | 94 82
i 30 45 1 55 | 80§ 68 | R7 | &2

Table 43. Synergistic Activity of Foliar-Apphied Compound A Benzy! Ester and Fenoxaprop-

P-cthy! Herbicidal Compositions on Weed Control in a Cereals Cropping System.

Compound Fenoxaprop- o
A Benzyl e Visual Weed Condrol (%) - 21 DAA
Ester P-ethyl
KCHSC PHAMI APESY
pai/ha gai‘ha Obs Exp Obs Exp Obs Exp
5 { 20 - { - { -
10 0 30 - 0 - 0 -
0 23 { - 10 - 50 -
0 46 0 - 45 - 83 -
3 23 60 20 10 10 63 50
i 23 o8 30 10 14 63 50
5 46 70 20 55 435 81 83
10 46 70 30 55 45 83 83

Table 44. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and Pinoxaden

Herbicidal Compositions on Weed Control in a Cereals Cropping System,

Compound
A Benzyl Pinosaden | Visual Weed Control (%) - 21 DAA
Ester
KCHSC PHAMI
99
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gai'ha gai/ha (bs Hxp Obs Exp
5 0 20 - 0 -
i { 30 - { -
{ 13 0 - 78 -
0 30 15 - 94 -
5 15 75 20 48 7R
10 15 75 30 37 78
5 30 75 32 94 94
10 3( 78 41 94 94

Table 45, Synergistic Activity of Folar-Applied Compound A Benzy! Ester and Tralkoxydim

Herbicidal Compositions on Weed Control in a Cereals Cropping System.

Compound
A Benzyl | Tralkoxydim Visual Weed Control (%) - 21 DAA
Ester
AVEFA LOLMU KCHSC
gai/ha gai/ha Obs Exp Obs Exp Obs Exp
§ 0 0 - 0 - 243 -
10 { { - ( - 30 -
0 50 78 - 86 - i -
{ 100 99 - 96 - 0 -
5 50 95 78 95 36 55 28
10 50 96 78 94 86 65 37
5 100 97 99 97 96 b5 20
10 100 97 99 93 96 73 30
ALOMY Alopecurus myosuroides Huds. blackgrass
APESV Apera spica-venti (1.) Beauv. windgrass
AVEFA Avena fatua L. wild oat
KCHSC Kochia scoparia (1) Schrad, kocha
LOLMU Lediym multiflorum Larn, ryegrass, ltalian
PHAMI Phalaris minor Retz. Canarygrass, httleseed

gac/ha = grams acid oquivalent per hectare

gai/ha = grams active ingredient per hectare

(Obs = observed value

Exp = expected vahue as calculated by Colby’s equation

DAA = days after application

100
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Example V. Bvaluation of Post-emergence Herbicidal Activity of Mixtures Apphied Under

Field Conditions 1o Seeded Rice

Multiple ticld trials were conducted vnder cornmercial grower field conditions in
Tolima, Colombia; Thessaloniki, Greece; Bianze and Copiano, Haly; and Humphrey,
Arkansas, USA. Trials sites were located in commercially grown fields of direct-seeded rice
{Orvza sativa) using standard herbicide small plot research methodology, Plots varied from 2
to 3 meter (m) x 5 to ¥ m (width x length) with 4 replicates per treatment. The rice crop was
grown using normal cultural practices for fertilization, seeding, watering, flooding and
maintenance 1o ensure good growth of the crop and the weeds.

All treatments in the ficld trials were applied using a backpack corapressed air/gas
sprayer with flat fan nozzles (80° or 110°) calibrated to apply 187 to 300 L/ha spray volume
at approximately 200-400 kPa nozzle pressure. Commercially avatlable products of
cyhalofop-butyl (Clincher 180EC, Clincher 200EC, and Clincher SF (285 gr av/L, ECY) were
mixed in water at appropriate formulated product rates to achieve the desired rates based on a
anit area of application (hectare) to achieve the desired rates as shown. Treatments were rate
at 19 1o 58 days after application (DAA) as compared to the untreated control plants. Visual
weed control was scored on a scale of 0 to 100 percent where 0 corresponds o no njury and
1030 corresponds to complete kill,

All treatment results, both for the single product and mixtures, are an average of 4
rephicates, The trial sites had natorally occurring popalations of weeds. The weed spectrum
inchuded, but was not limited to, rice flatsedge (Cyperus iria, CYPIR); smaliflower
ambrellaplant (Cyperus difformis, CYPDL), junglerice (Echinachioa colona, ECHCO),
barnyardgrass { Ecliinochiloa crus-galli, ECHCG); multiple Echinochlon species in the same
field (ECHSS), grasslike fimbrnistylis (Fimbristvlis miliacea, FIMMI); ricefield bulrush
(Schoenoplectus mucronatus, SCPMU) and hemp Sesbania (Sesbania exaltata, SEBEX). Al
synergistic interactions were significant at the P>0.01 level.

Some of the compounds tested, application rates employed, plant species tested, and

results are given in Tables 46-48.

Table 46. Synergistic Activity of Foliar-Applied Compound A Benzy! Ester and Cyhalofop-
butyl Herbicidal Compositions on Weed Control in a Rice Cropping System when evaluated

19 DAA (Days After Application) in Tolima, Colombia.
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Visual Weed Control (%) - 19 DAA
Compound | ., . o
A Benzyl G ?}ai‘i{p )
Ester o
CYPIR ECHCO FIMMIL
gac/ha cai/ha {Obs Exp Obs Exp (bs Exp
12 0 69 - 76 - - -
0 280 0 - 0 - - -
12 280 25 69 50 76 - -
24 {) - - - - 39 -
O 199 - 16 -
24 190 - - - - 63 48

Table 47. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and Cyhalofop-

butyl Herbicidal Compositions on Weed Control in a Rice Cropping System: when evahiated

TDAA (Days After Application) in Humphrey, Arkansas, LA,

Corapound ﬁ"v’i;ua? W/eed
A Renzvl Cyhalofop- | Control (%) -7
o butyl DAA
Ester d
SEBEX
gae/ha gai‘ha (b Exp
24 0 80 -
0 280 0 -
24 280 50 R0
32 O 78 -
{ 280 {} -
32 220 93 78

Table 48, Synergistic Activity of Foliar-Applied Compound A Benzyt Ester and Cyvhalofop-

butyl Herbicidal Compositions on Weed Control in a Rice Cropping Systemn when evaluated

5510 S8 DAA (Days After Application) in Greece {CYPDM and ECHCG) and Haly (ECHSS

and SCPMLUJ).
Compound | . Visual Weed Control (%) — 55-58 DAA
, Cyhalofap-
A Benzyl | '
butvl
Ester .
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CYPDI | ECHCG ECHSS SCPMU
gac/ha gai/ha Obs | Exp { Obs | Exp | Obs | Exp i Obs | Exp
24 { 81 - 6 - 40 - 27 -
0 300 0 - 29 - 37 - 6 -
24 300 90 81 &0 33 89 62 56 27

Example V. Evaluadon of Postemersence Foliar-Applicd Ternary Herbicidal Mixiures for

Weed Control in Direct Seeded Rice

Seeds or nutiets of the desired test plant species were planted in a soil matrix prepared
by mixing a sandy loam or loam soil {e.g., 32 percent silt, 23 percent clay, and 45 percent
sand, with a pH of about 6.5 and an organic matter content of about 1.9 percent) and
calcareous grit i an 80 to 20 ratio. The soil matrix was contained in plastic pots with a
volume of 1 quart and a surface area of 83.6 square centimeters (cm’). When required to
ensure good germination and healthy plants, a fungicide treatment and/or other chemical or
physical treatment was applied. The plants were grown for 8-22 days in a greenhouse with
an approximate 14 br. photoperiod which was maintained at about 29° C during the day and
26° C during the night, Nutrients (Peters Fxcel™ 15-5-15 5-Ca 2-Mg and iron chelate) were
applied in the urigation sohution as needed and water was added on a regular basis.
Supplemental lighting was provided with overhead metal halide 1000-Watt larps as
necessary. The plants were employed for testing when they reached the fivst through fourth
true leaf stage,

Treatments consisted of the benzyl ester of 4-amino-3-chlorg-5-flucro-6-(4-chloro-2-
fhuoro-3-methoxy-phenylipyriding-2-carboxylic acid (Compound A), formmulated as an SC
{suspension concentrate), an ACCase inlubitor, and a third herbicidal component, cach
applied alone and 1o tomary combination. Forms of compound A were applied on an acid
equivalent basis,

Forms of compound A {compound of fornmula I} tested inchude:
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H 1 C/()

Compound A Benzy! Ester

The ACCase inhibitor component was applied on an active ingredient basis and
inclyded cyhalofop-R-butyl formulated as Clincher™ SF, fonoxaprop-p-ethy! formulated as
RiceStar™ HT, and profoxydim formulated as Aura” 20EC.  Other herbicidal components
were applied on an active ingredient or acid equivalent basis depending on the compound and
inchided penoxsulam formulated as Grasp”™ SC, bentazon sodium formulated as Basagran”,
triclopyr trimethylammenium (TEA) salt formulated as Grandstand”™ R, bispyribac sodium
formulated as Rogiment™ 80WP, imazamox ammonium formulated as Beyond®,

®

benzobicyclon, quinclorac formulated as Facet™ 75DF, glyphosate dimethylammonium
(DMA) salt formulated as Durango” DMA, glufosinate ammonium formulated as Ignite™
280, fentrazamide formulated as an emsulsifiable concentrate (EC), propyrisulfuron
formulated as Zeta One”, and indanofan {technical grade material),

Treatment requirements were calculated based upon the rates being tested, the
concentration of active ingredient or acid equivalent in the formmlation, and a 12 mL
application volume at a rate of 187 L/ha.

For treatments comprised of formulated compounds, measured amounts of
compounds were placed mdividually in 25 mL glass vials and diduted in a volume of 1.25%
(viv) Agri-Dex” crop oil concentrate to obtain 12X stock solutions. If a test compound did
not dissolve readily, the mixture was warmed and/or sonicated. Application solutions were
prepared by adding an appropriate arnount of each stock solution {e.g., | rul.) and diluted to
the appropriate fival concentrations with the addition of 9 mL of an aqueous mixture of
1.25% (v/v} crop oil concentrate so that the final spray solutions contained 1.25% (v/v) crop
oil concentrate.

For treatments comprised of formulated and technical compounds, weighed amounts
of the technical materials were placed individually in 25 mb glass vials and dissolved ina
volume of 97:3 v/v acetone/DMSQO to obtain 12X stock solutions, and measured amounts of

the formulated compounds were placed mdividually in 25 mb glass vials and diluted in a
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volume of 1.5% {v/v) crop oil concentrate to obtain 12X stock sohutions. It a test compound
does not dissolve readily, the mixture was warmed and/or sonicated. Application solutions
were prepared by adding an appropriate amount of cach stock solution {e.g., 1 roly and
diluted to the appropriate final concentrations with the addition of an appropriate amount of
an aqueous mixtare of 1.5% (v/v) crop oif concentrate so that the final spray solutions
contained 1.25% (v/v) crop oil concentrate. As required, additional water and/or 97:3 v/iv
acetone/DMSO was added to individual application solutions so that the final acetone and
DMSQO concentrations of the application solutions being compared were 8.1% and 0.25%,
respectively,

All stock solutions and apphications solutions were visually mspected for compound
compatibility prior fo application. Spray solutions were applied to the plant material with an
overhead Mandel track sprayer equipped with a 8002EF nozzles calibrated to deliver 187 L/ha
over an application area of 0.503 m” at a spray height of 18 inches (46 cm) above average
plant canopy height. Control plants were sprayed in the same manner with the solvent blank.

The treated plants and control plants were placed in a greenshouse as described above
and watered by sub-trrigation to prevent wash-off of the test compounds. After
approximately 3 weeks, the condition of the test plants as cornpared with that of the antreated
plants was determined visually and scored on a scale of ¢ to 100 percent where O corresponds
to no injury or growth inhibition and 100 corresponds to complete kill,

Colby’s equation was used to determine the herbicidal effects expected from the
mixtures (Colby, S.R, 1967, Calculation of the synergistic and antagonistic response of
herbicide combinations. Weeds 15:20-22.) .

The following equation was used to calculate the expected activity of mixtures
containing three active mgredients, A, B, and C:

Expected = A+ B+ C-((AxB+AxC+Bx CY100) + (A x B x C/10000)

A = phserved efficacy of active ingredient A at the same concentration as used n the
mixtare.

B = observed efficacy ot active ingredient B at the same concentration as used 1o the
mixture,

C = observed efficacy of active ingredient C at the sarme concentration as used in the
TOIXIUES.

The compounds tosted, application rates employed, plant species tested, and results

are given in Tables 49-62,
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Table 49. Synergistic Activity of Foliar-Apphied Compound A Benzyl Ester, Cyhalofop-
Butyl, and Penoxsulam Temary Herbicidal Compositions on Weed Control in a Rice

Cropping Systen.

Compound Cyhalofop- Visual Weed
ArBenzyi 7 butvl Penoxsulam | Control (%) ~ 21
Ester . DAA
IPOHE
cac/ha pai/ha gai/ha Obs Exp
8 0 O 15
16 {} { 33 -
0 35 0 0 -
O O 875 43 -
8 35 8.75 62 56
16 35 8.75 90 66
5
Table 50. Synergistic Activity of Foliar-Applied Compound A Benzy! Ester, Cyhalofop-
Butyl, and Bentazon Ternary Herbicidal Compositions on Weed Control in a Rice Cropping
Systen,
10
COI?’lpOl.irwid Cyhalofop- Rentazon NVis nal ‘»ﬁ;’"ec—zd
A Benzyl d buty] sodium Control (%) - 21
Ester ) DAA
IPOHE
zac/ha gai‘ha gae/ha Obs Exp
2.19 {} { 30 -
4.38 0 0 38 -
0 35 { 0
{3 {3 420 53 -
2.19 35 420 70 67
4.38 35 420 82 71
Compound | . . Visual Weed
A BanyE “’f"i‘“*mm" BEnzon | o il (%) - 21
Fator utyl sodinm DAA
IPOHE
gac/ha gai/ha gac’ha Obs Exp
3 { { 15 -
16 0 0 33 -
{ 35 0 { -
{ { 4720 75 -
8 35 420 85 79
106

SUBSTITUTE SHEET (RULE 26)



ity

WO 2014/018407

i6

4720

93

83 |

PCT/US2013/051320

Table S1. Synergistic Activity of Foliar-Apphied Compound A Beneyl Ester, Cyvhalofop-

Butyl, and Triclopyr TEA Salt Ternary Herbicidal Compaositions on Weed Control in a Rice

Cropping System.

Compound Cyhalofop | Triclopyr . e .
A Bcnzxi i buty] TREA Sait Visual Weed Control (%) - 21 DAA
Ester ;
ECHCG ECHCO SCPIU
cac/ha gai‘ha gac/ha Obs | Exp | Obs | Exp | Obs | Exp
2.19 O O 5 - 10 - 635 -
438 { { 27 - 25 - 96 -
0 35 0 20 - 37 - 0 -
¢ ¢ 17.5 { - 3 - 43 -
2.19 35 17.5 35 24 45 45 98 3}
4.38 35 17.5 37 41 90 54 130 98
Compo_und Cyhalofop- Triclopyr y N 151@ ,W c—:e%
aBent | T | ppay | Conel 06)-21
Ester 7 DAA
CYPIR
gae/ha gai‘ha gac/ha Obs Exp
8 { 0 53 -
16 0 Y 95
{} 35 O {
0 0 17.5 0 -
8 35 17.5 100 53
16 35 17.5 100 95

Table 52. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester, Cyhalofop-

Butyl, and Bispyribac Sodium Ternary Herbicidal Compositions on Weed Control in a Rice

Cropping System.

Compound Cyhalofop- Bispyribac
ABenzyl | LA SDYIVEC | visual Weed Control (%) - 21 BAA
" butyl sodigm
Ester
TPOHE CYPES
sac/ha gai/ha gai/ha Obs Exp Obs Exp
8 { { 10 - 76 -
0 35 0 0 - 0 -
167
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[
|94

83 64

94

Table 53. Synergistic Activity of Fohar-Applied Compound A Benzyl Ester, Cyhalofop-

Butyl, and Imazamox Ammonium Termary Herbicidal Compositions on Wead Control in a
yi, )

Rice Cropping System.

Compound Cyhalofop- | Trvazamox Visual ,“‘7 ced
A Benzyi - butvl i . Contrpl (%) - 21
Ester Y DAA
CYPES
gae/ha gai‘ha gaiha Obs Exp
R { 0 70
0 35 { 0
{3 {3 12 60
8 35 12 95 WY
Compound Visual Weed
ABenyt | CYhlofop- | Imasamos | (e 07y
Ester Y ] DAA
[POHE
gae/ha gai/ha gac/ha Obs Exp
R 0 0 20 -
0 17.5 { 0
{3 {3 6 65 -
8 17.5 6 85 72

Cropping System.

Compound Cyhalofop- . Visual \&"‘—,ed
A Benzyl y buty] " | Benzobicyclon | Control (%o) - 21
Hster : DAA
ECHCG
gac/ha gai/ha gaiha (bs Exp
& { { 38 -
{} 35 { 20 -
0 { 200 0 -
& 35 200 90 50
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Compound . Visual Weed
A Bgnzyl Cyiﬁiﬁi{m— Benzobicvelon | Control (%) - 21
Fster ’ DAA
{POHE
gac/ha gai/ha gaiha (bs Exp
& { 0 10 -
16 { { 30 -
{} 35 { {} -
0 { 200 SS -
& 38 200 78 64
16 35 200 &5 69

PCT/US2013/051320

Table S5, Synergistic Activity of Fohar-Apphed Compound A Benzyl Ester, Cyhalofop-

Butyl, and Quinclorac Ternary Herbicidal Compositions on Weed Control in 2 Rice Cropping

Systern.
S
Compound Cohalofon-
A Benzyl Y £ Quinclorac | Visual Weed Control (%) - 21 DAA
o butyl
Ester ’
ECHCG CYPES
gac/ha sai/ha gai/ha Obs Exp Obs Exp
R 0 { 38 - 70 -
{ 35 { 20 - { -
{ 0 280 0 - O -
8 35 280 92 55 85 70
Table 56, Synergistic Activity of Foltar-Applied Compound A Benzyl Ester, Cyhalofop-
Butyl, and Glyphosate Dimethylammonium (DMA) Salt Ternary Herbicidal Compositions on
Weed Control in 2 Rice Cropping System.
Compound Cyhalofop- | CGlyphosate | . v mmi ZK &"dﬁ
A Benzvi butvl BOMA Controf (%) - 21
Ester N o DAA
LEFCH
gac/ha sai'ha gai/ha Obs Exp
16 0 0 25 -
{ 35 { 63 -
{} { 420 45 -
16 35 420 93 87
10
Compound Cyhalofop- | Glyphosate | . v mm} :,W m,(i
A Benzyl butvl BMA Control (%) - 21
Ester o T DAA
109
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ECHCG
cac/ha gai/ha gae/ha Obs Exp
& 0 { 45 -

{ 17.5 0 33 -
0 0 108 23 -
8 17.5 105 a3 71

Table 57. Synergistic Activity of Fohar-Apphed Compound A Benzyl Ester, Cyhalofop-

Butyl, and Glufosinate Ammonium Ternary Herbicidal Compositions on Weed Control in g

Rice Cropping Systam.

Compound Cyhalofop- | Glufosinate f"’“"“’?i R Vgcd
A Benzyl butyl ammonium Control (%) - 21
Ester ’ DAA
ECHCO
gac/ha gai‘ha gai/ha Obs Exp
R 0 & 45 -
{ 35 { 40 -
{} {} 115 { -
8 35 11s 80 67

Table 58, Synergistic Activity of Foliar-Applied Compound A Benzyl Ester, Cyhalofop-

PCT/US2013/051320

Butyl, and Fentrazamide Ternary Herbicidal Compositions on Weed Control in a Rice

Cropping Syster.

SUBSTITUTE SHEET (RULE 26)

Compound Cyhalofop- . . ; ,
A Benzyl T Fentrazamide | Visual Weed Control (%) - 22 DAA
Ester butyl
ECHCG ECHOR

gac/ha gai/ha gai’ha Obs Exp Obs Exp
g { { 44 13
16 y y 58 40 -
{ 17.5 { 0 - {} -
{ 35 { 12 - 15 -
{ { 33.75 0 - 3 -
0 0 67.5 0 - 0 -
8 17.5 3375 49 40 25 16
8 17.5 67.5 07 40 52 13
R 35 33.75 43 47 63 29
8 35 67.5 65 47 55 26
16 17.5 3375 83 58 60 42
16 17.5 67.5 80 S¥ 82 40
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i6 35 3375 92 63 80 51
16 35 67.5 87 63 87 49

Table 59, Synergistic Activity of Fohar-Applied Compound A Benzyl Ester, Cyhalofop-

Butyl, and Propyrisulfuron Ternary Herbicidal Compositions on Weed Control in a Rice

Cropping System.

Compound | -, ., . Visual Weed
) Cyhalotop- L N

A Benzyl butvl Propyrisulfuron | Control (%) -
Estor H 22 DAA
ECHOR

gactha gai/ha gai/ha Obs Exp
8 0 O 13 -

{} 38 { 13
0 0 22.5 55 -
8 35 225 78 67

Table 60. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester, Fenoxaprop-p-

Ethyl + Isoxadifen-cthyl, and Penoxsolam Ternary Herbicidal Compositions on Weed

Control 10 a Rice Cropping Syster.

Compound }Cflzé?jﬁp Visual Weed
A Benzyl | Penoxsulam 1: v v Control (%) - 22
SR Isoxadifen- :
Ester DAA
ethyl
ECHOR
gac/ha gai/ha gai/ha Obs Exp
R 0 0 25 -
16 0 { 35
{} 4.38 Y 45
0 .75 {} 53 -
{ { 4.3% { -
R 4,38 4.3% 73 59
g 375 4.33 62 63
16 4.38 4.3% 82 64
i6 8.75 4,38 87 70
Corapound hn;\;ﬁ ?p" Visual Weed
A Benzyl | Penoxsulam {‘ o Control (%) - 22
L Isoxadifen- .
Ester _ DAA
athyl
CYPIR
Tt
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gac/ha gai/ha gat/ha Obs Bxp
8 0 { 7 -
{ 4.3¥ { 50 -
0 0 4.38 0 -
{ { 8.75 { -
R 4.38 4.38 83 63
8 4.38 8.75 88 68

PCT/US2013/051320

Table 61, Synergistic Activity of Folr-Applied Compound A Benzyl Ester, Profoxydim, and

Penoxsulam Ternary Herbicidal Compositions on Weed Control in a Rice Cropping System.

Corapound Visual Weed
A Benzyl | Penoxsulam | Profoxydim | Control (%) - 22
Ester DAA
ECHOR
gac/ha sai‘ha gai/ha Obs Exp
R 0 & 25 -
16 { O 35 -
{ 4.38 0 45 -
0 0 3.12 0 -
3 438 3.12 73 59
16 438 3.12 70 64
Compound Visual Weed
A Benzyl | Penoxsulam | Profoxydim | Control (%) - 22
Ester DAA
CYPIR
gac/ha gai/ha gai/ha Obs Fxp
8 0 O 37 -
{ 4.3% { 50 -
0 0 3.12 0 -
0 0 .25 0 -
R 4.38 3.12 87 63
8 4.38 £.25 37 68

Table 62. Synergistic Activity of Foliar-Apphied Compound A Benzyl Ester, Cyhalofop-

butyl, and Indanofan Ternary Herbicidal Compositions on Weed Control in a Rice Cropping

System.
Corapound e Visual Weed
A Benzyl s Eﬁﬁoph Indanofan | Control (%) - 22
Ester Y DAA
11z
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LEFCH
gac/ha gai/ha gaiha Obs Exp

8 0 {} 28 -

{ 35 0 70 -

0 0 72.5 30 -

{ { 145 3R -

8 35 72.5 95 )

8 35 145 98 86
CYPES Cyperus esculentus L. mutsedge, yellow
CYPIR Cyperus iria L. flatsedge, rice
ECHCG Echinochloa crusgalli (L) Beauy. barnyardgrass
ECHC Echinochioa colona (1.} Link junglerice
ECHOR Echinochioa orvzoides {(Ard.) Fritsch carly watergrass
IPOHE Ipomoea hederacea ¥acq. morningglory, ivyleaf
LEFCH Leptochioa chinensis (1) Nees sprangletop, Chinese
SCPJU Schoenoplectus juncoides (Roxb.) Palla bulrush, Japanese

gac/ha = grams acid equivalent per hectare

gai/ha = grams active ingredient per hectare

Obs = observed valoe

Exp = expected vahue as calculated by Colby’s equation

DAA = days after application

Example V1 Evaluation of In-Water Applied Ternary Herbicidal Mixtures for Weed Control

in Transplanted Paddy Rice

Weed secds or nutlets of the desired test plant specics were planted in puddied soil
{roud) prepared by nuxing a shredded, noun-sterilized mineral soil (530.5 percent silt, 25.5
percent ¢clay, and 24 percent sand, with & pH of about 7.6 and an organic matter content of
about 2.9 percent} and water at a 111 volumetric ratio. The prepared mud was dispensed in
365 mL ahquots into 16-ounce {oz.) non-perforated plastic pots with a surtace arca of 86.59
square centimeters {cm’) leaving a headspace of 3 centimeters (cm) in each pot. Mud was
allowed to dry overnight prior to planting or transplanting. Rice seeds were planted in Sun
Gro MetroMix® 306 planting mixture, which typically has a pH of 6.0 to 6.8 and an organic
matter content of about 30 percent, v plastic plug trays. Scedlings at the second or third leaf
stage of growth were transplanted into 860 mL of mud contained in 32-0z. non-perforated

plastic pots with a surface area of 86.59 cm” 4 days prior to herbicide application. The paddy
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was created by filling the headspace of the pots with 2.5 to 3 om of water. When required to
ensure good germination and healthy plants, a fumgicide treatment and/or other chemical or
physical treatment was applied. The plants were grown for 4-22 days in a greenhouse with
an approximate 14 hr. photoperiod which was maintained at about 29 C during the day and
26°C during the night. Nutrients were added as Osmocote™ (19:6:12, N:P:K + minor
nutrients) at 2 g per 16-0z pot and 4 g per 32-0z. pot. Water was added on a regular basis to
maintain the paddy flood, and supplemental lighting was provided with overhead metal
halide 1000-Watt lamps as necessary. The plants were emploved for testing when they
reached the first through fourth true leaf stage.

Treatments consisted of the benzyl ester of 4-amino-3-chiovo-5-thuoro-6-(4-chlore-2-
fluoro-3-methoxy-phenyhpyridine-2-carboxylic acid (Compound A), fornulated as an SC
{suspension concentrate), an ACCase inhibitor herbicide, and a third herbicidal component,
each apphied alone and in ternary combination. Forms of compound A were applied on an
acid cquivalent basis.

Forms of compound A (compound of formula I) tested include:

NH,

Compound A Benzyl Ester

The ACCase mhbibitor component was applied o an active ingredicnt basis and
included cyhalofop-R-butyl formlated as Clincher® G and metamifop formulated as
Metamifop EC. Other herbicidal components were applied on an active ingredient or acid
equivalent basis depending on the compound and included penoxsulam formulated as Grasp”
SC, bentazon sodium formulated as Basagran”, triclopyr trimethylammonium (TEA) salt
formulated as Grandstand” R, benzobicyclon formulated as Benzobicyclon, benfuresate
formulated as Full Slot® WG, pyracionil formulated as Pyraclon” Flowable, mefenacet
(technical grade material), and pretilachlor (technical grade material).

Treatment roguirements for cach compound or herbicidal component were calculated

based upon the rates being tested, the concentration of active ingredient or acid equivalent in

114
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the formulation, an application volume of I mb per component per pot, and an application
area of §6.59 cm’ per pot.

For formulated compounds, a measurcd amount was placed i an mdividual 100 or
200 mL glass vial and was dissolved in a volume of 1.25% (viv) Agri-Dex" crop oil
concentrate to obtain application sohutions. If the test compound did not dissolve readily, the
mixture was warmed and/or sonicated.

For technical grade compounds, a weighed amount was placed in an individual 100 to
200 mL glass vial and was dissolved 1n a volume of acetone to obtain concentrated stock
solutions, If the test compound did not dissolve readily, the mixtare was warmed and/or
sonicated. The concentrated stock solutions obtained were diluted with an equivalent volume
of an agueouns mixture contaiming 2.5% {v/v} oil concentrate so that the final application
solutions contained 1.25% {v/v) crop oil concentrate.

Applications were made by imjecting with a pipetter appropriate amounts of the
application solutions, into the aquecus layer of the paddy. Control plants were treated in the
same manner with the solvent blank. Applications were made so that all treated plant
material recetved the same concentrations of acetone and crop o1l concentraie.

The treated plants and control plants were placed in a greenhouse as described above
and water was added as necded to maintain a paddy flood. After approximately 3 weeks the
condition of the test plants as compared with that of the untreated plants was determined
visually and scored on a scale of 0 to 100 percent where  corresponds to no injury or growth
nhibition and 100 corresponds to complete kill,

Colby’s equation was used to determine the herbicidal effects expected from the
mixtures (Colby, SR, 1967, Calculation of the synergistic and antagomstic response of
herbicide combinations, Weeds 15:20-22.) .

The following cquation was used to calculate the expected activity of mixtures
containing three active ingredients, A, B, and C:

Expected = A + B+ C{{(AxB+AxC+BxCYI00) + (A x B x C/10080)

A = observed efficacy of active ingredient A at the sarme concentration as used in the
mixture,

B = observed efficacy of active ingredient B at the same concentration as ased in the
TOIXIUES.

C = observed efficacy of active ingredient C at the same concentration as used in the

mixture.

t1s
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The compounds tested, application rates employed, plant species tested, and results

are given in Tables 63-71.

Table 63. Syncrgistic Activity of fu-Water Applications of Compound A Benzyl Ester,

Cyhalofop-butyl, and Penoxsulam Ternary Herbicidal Compositions on Weed Control ina

Rice Cropping System.

SUBSTITUTE SHEET (RULE 26)

Compound g Visual Weed Countrol (%) - 21 DAA
A Benzyl Cybalofop- 1 b oxsulam
Ester butyl
FIMMI BCHCG
gaec/ha gai‘ha gai/ha Obs Exp Obs Exp
1.09 0 0 & - 0 -
219 { 0 33 - 7 -
0 22.5 0 33 {
{} 45 0 0 - 3 -
0 0 1.25 33 - 17 -
1.09 22.5 1.28 70 59 28 17
2.19 22.5 1.25 95 70 5¢ 22
109 45 1.25 63 39 45 19
2.19 45 1.25 ]7 56 &7 28
Compound | . Visual Weed
A Bimzyi Lygﬁﬁ‘)p" Penoxsulam | Control (%) - 21
Ester ’ DAA
ECHCG
gac/ha oai‘ha gai/ha Obs Exp
4 0 {} 25 -
8 { 0 45 -
i6 0 0 99 -
0 45 0 30
{} {} 2.5 55 -
4 45 2.5 85 76
8 45 2.5 100 83
16 45 2.5 100 130
Compound | ., | Visual Weed
A Bi:nzyi Qyifﬁ‘)p" Penoxsulam | Control (%) - 21
Ester ’ DAA
CYPRO
gac/ha pai/ha gaiha Obs Bxp
2.19 0 0 0 -
{ 22.5 0 { -
{) 45 0 0 -
1o



WO 2014/018407
{ { 1.25 0 -
2.19 22.5 1.25 23 {
2.19 45 1.25 28 ¢
Corapound Visual Weed
A Bgnzyi Cy};iig[i;op- Penoxsulam | Control (%) - 24
Ester Y DAA
CYPRO
gac/ha gai/ha gai/ha Qbs Fxp
4 0 0 40 -
8 0 O 60 -
16 {} { 85 -
0 30 0 0 -
{ 180 0 { -
{ { 2.5 0 -
0 0 5 0 .
4 90 2.5 60 44
8 90 S5 35 60
16 90 2.5 90 83
4 90 5 68 40
8 9 5 90 60
16 90 5 85 85
4 180 2.5 60 44
8 180 2.5 90 60
i6 130 2.5 100 a5
4 180 5 50 40
3 180 5 95 60
i6 180 S 100 85
Compound Cyhalofop- Visual "W eed
A If%enzy} d byl Penoxsulam | Con trgi {Yo)- 24
Ester : DAA
FIMMI
gac/ha gai/ha gat/ha Obs Bxp
4 0 { 0 -
8 {} 0 50 -
i6 0 {} 30 -
{ 96 0 { -
{ 180 0 20 -
0 0 2.5 60 -
4 90 2.5 78 60
8 90 2.5 95 80
16 90 2.5 100 72
4 180 2.5 90 63
8 180 2.5 30 84

1
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6 1 e L 25 L9973 |
Cornpound Cyhalofop- Visual W ced
A Benzyi butvl Penoxsulam | Control (%) - 24

Ester Y DAA
SCPMA
sac/ha gai/ha gai/ha Obs BExp

4 { { { -

R { 0 0 -

16 0 { 0 -

{} 130 { {

0 0 S 30 -

4 180 3 25 30

R 1R0 5 7 30

16 180 5 30 30

Table 64. Synergistic Activity of In-Water Applications of Compound A Benzyl Ester,
Cyhalofop-butyl, and Bentazon Sodiurm Ternary Herbicidal Compositions on Weed Control

in a Rice Cropping System.

Comp ow?d Cyhalofop- Bentazon fv)‘i?’?ai ?}f’ec—:d
A VE_y%eﬂzyi vl Sodium Cunu(_)l ‘(%) - 21
Ester i DAA
BECHCG
gae/ha gai/ha gae/ha Obs Bxp
1.09 { 0 0 -
214 {} Y 7
0 22.8 {} 0 -
{} 45 { 3 -
0 0 210 0 -
1.09 22.5 210 20 0
214 22.5 210 17 7
1.09 45 210 13 3
2.19 45 210 72 1
Compound Cyhalofop- Bentazon N“v’is?ai X V@‘i
A Benzyi butvl Sodium Controf (%) - 21
Ester Y DAA
ECHCG
gac/ha sai'ha gactha Obs Exp
4 0 0 25 -
8 0 Y 45 -
i6 0 0 99 -
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0 45 0 30 -
0 0 420 15 -
4 45 420 R85 55
R 45 420 100 67
16 45 420 1030 99
Compound | . . Visual Weed
A Bi’ﬂzyi Lyiam’p" Bentazon o ol (%) - 21
Fater utyl Sodiur DAA
FIMMI
gac/ha gav/ha gac/ha Obs Exp
1.09 {} { 8 -
2.19 0 0 33 -
{ 45 0 { -
{ 0 210 17 -
1.09 45 210 33 24
2.19 45 210 68 44
Compognd Cyhalofop- Betazon . Visual JW ec%
A Benzyi butvl Sodium (,ontrpl (%) - 21
Ester Y DAA
FIMMI
gac/ha gai'ha gac’ha Obs Fxp
4 0 iy 62 -
0 22.5 Y 0 -
{ 45 Y { -
0 0 420 30 -
4 225 420 93 73
4 45 470 100 73

Table 65, Synergistic Activity of fn-Water Applications of Compound A Benzyl Ester,
Cyhalofop-butyl, and Triclopyr Trimethylammonium (TEA) Salt Ternary Herbicidal

Compositions on Weed Control in a Rice Cropping System.

Compo%md Cyhalofop- | Triclopyr . Visual W ee%
A }_?aenzyi butvl TRA Lontml (%) - 21
Ester Y DAA
ECHCG
gac/ha gai'ha gac’ha Obs Exp
1.09 0 0 { -
219 0 Y 7 -
{ 22.5 Y { -
0 45 {3 3 -
{ { 17.5 { -
119
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1.09 5 17.5 25 O
2.19 22.5 i7.5 48 7
1.09 45 17.5 37 3
2.19 45 17.5 48 10
Compound o e Visual Weed
A Binzyi C"'Ef;’i‘)p' 1 rf‘;;}:“ Control (%) - 21
Ester 7 i DAA
ECHCG
gac/ha gai/ha gai/ha Obs Bxp
4 0 0 25 -
8 { 0 45 -
i6 0 0 99 -
{ 45 0 39 -
0 0 33 0 -
4 45 35 100 48
8 45 38 10 62
i6 45 33 95 99
Compound o e Visual Weed
A Bonzyl Q’ﬁf’i‘)p' 1 rffg}:‘” Control (%) - 21
Ester ! 3 DAA
SCPIU
gac/ha gai/ha gae/ha Obs Bxp
2.19 0 0 77
{ 22.5 { { -
0 45 0 0 -
{ { 17.5 § -
2.19 22.5 17.5 93 79
2.19 45 17.5 38 79

PCT/US2013/051320

Table 66. Synergistic Activity of Tu-Water Applications of Compound A Benzyl Ester,

Cyhalofop-butyi, and Benfuresate Ternary Herbicidal Compositions on Weed Control in a

Rice Cropping System.

Compound Cyhalofop- ] Visual W ¢ed
A Benzyl butvl Benfuresate | Control (%) - 21
Ester 7 DAA
ECHCG
gac/ha oai‘ha gai/ha Obs Exp
4 0 0 25 -
8 { 0 45 -
16 { 0 99 -
0 45 O 30
{ { 150 { -
120
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4 45 150 95 43
8 45 150 95 62
16 45 150 100 99

PCT/US2013/051320

Table 67. Synergistic Activity of fu-Water Applications of Compound A Benzyl Ester,

Cyvhalofop-butyl, and Benzobicvclon Ternary Herbicidal Compositions on Weed Control in a
A 3 Yy : 3

Rice Cropping System.

Compound Cyhalofop- . ) Visual Wsed
A }_Benzyi butel " | Benzobicyclon Lfon‘ira?i %) - 21
Hater ’ DAA
ECHCG
gag/ha gai/ha gai/ha Obs Exp
4 0 { 25 -
{ 45 { 30
0 { 100 20 -
4 45 10 130 58
Compound ‘ Visual Woed
A Bgn;:yi Qyi?i(‘iiop Benzobicvelon | Control (%) - 24
Ester ’ DAA
ECHOR
gae/ha gai/ha gai‘ha Obs Exp
4 0 O O
& { ¢ { -
16 0 {1 10 -
0 90 0 25 -
0 0 25 10 -
{ 0 50 10
4 90 25 35 33
3 90 28 40 33
16 90 25 100 39
4 90 50 20 33
& 90 50 100 33
16 90 50 85 39
Compound Cyhalofop- . Visual Wfsed
A Benzyi butyl ~ | Benzobicyclon Comrg}»i (%) - 24
Hater DAA
FIMMI
gac/ha gai'ha gai/ha Obs Exp
4 0 O 0 -
& 0 O 50 -
121
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16 O 0 30 -
{ 180 { 20
0 {} 30 68 -
4 180 50 && 74
& 180 50 100 &7
16 180 50 100 82

PCT/US2013/051320

Table 68. Synergistic Activity of Tu-Water Applications of Compound A Benzyl Ester,

Cyhalofop-butyl, and Pyracionil Ternary Herbicidal Compositions on Weed Control in a Rice

Cropping System.

Corapound Cyhalofop- _ Visual ,,W ced
A }_?:enzyi b butvl i Pyraclonil Contrpl {%)-21
Ester 7 JAA
ECHCG
gac/ha gai'ha gai/ha Obs Exp
4 0 0 25 -
8 ¢ 0 45
i6 {} 8 99 -
0 45 iy 30 -
{} {} 22.5 30 -
4 45 22.5 100 63
8 45 22.5 100 73
i6 45 22.5 100 100
Compound . Visual Weed
A Bimzyi Lyiiifvrffp_ Pyraclonil | Control (%) - 21
Hster ” DAA
SCPMA
gac/ha gai/ha gai/ha Obs Exp
4 0 iy O -
8 {} 0 { -
i6 0 0 0 -
{ 225 0 0 -
{ 45 ¢ {
¢ ¢ 22.5 7
4 22.5 22.5 83 78
& 22.5 22.5 100 78
i6 225 22.5 93 78
4 45 22.5 95 78
8 45 22.5 98 78
16 45 22.5 99 78
122
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Table 69. Synergistic Activity of In-Water Applications of Compound A Benzyl Ester,

Cyhalofop-butyl, and Mefenacet Ternary Herbicidal Compositions on Weed Control ina

[

Rice Cropping System.

Compound Cyhalofop- ‘ Visual W‘eed
A B enzyl 7 butvl Mefenacet | Control (%) - 21
Hster - DAA
CYPRO
gac/ha gai/ha gai/ha Obs Exp
4 ¢ Y 3 -
8 {} 0 33 -
0 90 0 J -
0 180 0 O -
{3 {3 75 {
¢ ¢ 150 ¢
4 90 78 S 3
] 90 75 55 33
4 90 150 75 3
8 90 150 50 33
4 180 75 68 3
3 180 78 60 33
4 1RO 150 35 3
8 180 150 63 33

Table 70. Synergistic Activity of Tn-Water Applications of Compound A Benzyl Ester,

Cyhalofop-butyl, and Pretilachlor.

Compound Cyhalofop- ‘ Visual Weed
A I;Ben zyl 7 butvl Pretilachlor | Con trQi (%o} - 21
Ester - DAA
CYPRO

gac/ha gai/ha gai/ha Obs Exp
4 ¢ 0 3 -
3 {} 8 33 -
0 180 0 O -
0 0 25 0 -
0 0 50 0 -
4 180 25 30 3
3 180 25 130 33
4 180 50 35 3
8 180 56 55 33
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Table 71. Synergistic Activity of In-Water Applications of Compound A Benzyl Ester,

Metamifop, and Penoxsulam Ternary Herbicidal Compositions on Weed Control 1n a Rice

Cropping Systen.

Compound Visual Weed
A Benzyl | Penoxsulam | Metamitop | Control (%)~ 24
Ester DAA
ECHOR
cac/ha pai/ha gai/ha Obs Exp
8 0 O 10
16 {} Y 25 -
0 5 0 63 -
{ 10 Y 93 -
{} {} 25 10
0 0 50 13
3 5 25 83 72
16 10 25 83 95
8 5 50 100 74
16 10 50 100 95
CYPRO Cyperus rotundus L.
ECHCG Echinochioa crusgalli (1..) Beauv.
ECHOR Echinochloa oryzoides (Ard.) Fritsch
FIMMI Fimbristvlis miliacea (L) Vahl
SCRIU Schoenoplectus juncoides (Roxb.) Palla
SCPMA Bolboschoenus maritimus (L.) Palla or

Schoenoplectus maritimus (L. Lye

gae/ha = grams acid equivalent per hectare

gai'ha = grams active fogredient per hectare

Obs = observed value

Exp = expected value as calculated by Colby’s equation

DAA = days after application
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WHAT IS CLAIMED IS:

A synergistic herbicidal composition comprising a herbicidally effective amount of

{a) a compound of the formwla (1)

Py (I

HyC

L

or an agriculturally acceptable salt or ester thereof and (b) an ACCase inhibitor.
2. The composttion of claim 1, wherem () 1s the compound of formula (1), a Cy 4 alkyl
ester of the compound of formula (1), or a benzy! ester of the compound of formula (1),
3. The composition of any of claims 1-2, wherein (b) is at least one compound, or an
agriculturally acceptable salt, carboxylic acid, carboxylate salt, or ester thereof, selected from
10 the group consisting of! clethodir, clodinafop-propargyl, cvhalofop-R-butyl, diclofop-
methyl, fenoxaprop-P-cthyl, fluazifop-P-butyl, haloxyfop-R-methyl, metamifop, pinoxaden,
profoxydim, quizalofop-P-cthyl, sethoxydim, and tralkoxydim.
4. The composttion of any of claims 1-3, further comprising an agricalturally acceptable

adjuvant or carrier.

15 5 The composition of any of claims 1-4, further comprising a herbicide safener.
6. A method of controlling undesirable vegetation which comprises contacting the

vegetation or the locus thereof with or applying to the soil or water to prevent the emergence

or growth of vegetation a herbicidally effective amount of (3) a compound of the formula (1)

20 orap agriculturally acceptable salt or ester thereof and (b) an ACCase inhibitor

7. The method of claim 6, wherein () is the compound of formula (1), a €, alleyt ester

of the compound of formula (1), or a benzyl ester of the compound of formula (1)

125
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8. The method of any of claims 6-7, wherein (b} 1s at east one compound, or an
agriculturally acceptable salt, carboxylic acid, carboxylate sali, or ester thereof, selected from
the group consisting of: clethodim, clodinafop-propargyl, evhalofop-R-butyl, diclofop-
methyl, fenoxaprop-P-cthyl, fluazifop-P-butyl, haloxyfop-R-methyl, metamifop, pinoxaden,
profoxydim, quizalofop-P-ethyl, sethoxydim, and tralkoxydim.

9. The roethod of any of claims 6-8, wherein the undesirable vegetation s controlied in
direct-seeded, water-secded and transplanted rice, cercals, wheat, barley, cats, rye, sorghum,
corn/maize, sugarcane, sunflower, oilseed rape, canocla, sugar beet, soybean, cotton,
pineapple, pastures, grasslands, rangelands, fallowland, turf, tree and vine orchards, aquatics,
mdustrial vegetation management (IVM) or rights of way (ROW),

10, The method of any of claims 6-%, wherein the {(a) and (b) are applied pre-emergently
to the weed or the crop.

tE. The mwethod of any of claims 6-10, wherein the andesirable vegetation 1s controlled in
glyphosate-, S-enolpyruvylshikimate-3-phosphate (EPSP) synthase inhibitor-, glufosinate-,
ghitamine synthetase mhibitor-, dicamba-, phenoxy auxine, pyridyloxy auxin-, synthetic
avxin-, auxin transport inhibitor-, aryloxyphenoxypropionate-, cyclohexanedione-,
phenylpyrazoline-, acetyl CoA carboxylase (ACCase) inhibitor-, imidazolinone-,
suifonylurea-, pyrimidinylthiobenzoate-, triazolopyrimidine-,
sulfonylaminocarbonyliriazolinone-, acetolactate synthase (ALS) or acetohydroxy acid
synthase {AHAR) nhibtiors-, 4-hydroxyphenyl-pyruvate dioxygenase (HPPD) inhibitor-,
phytoene desaturase inhibitor-, carotenoid biosynthesis inlubttor-, protoporphyrinogen
oxidase (PPO) inhibitor-, celiulose biosynthesis inhibitor-, mitosis inhibitor-, microtubule
mhibitos-, very long chain fatty acid ihibitor-, fatty acid and lipid biosynthesis inhibitor-,
photosystem [ inhubitor-, photosystern H inhubitor-, triazine-, or bromoxymil- tolerant crops.
12, The method of claim 11, wherein the tolerant crop possesses multiple or stacked traits
conferring tolerance to multiple herbicides or multiple modes of action.

13, The wethod of any of claims 6-12, wherein the undesirable vegetation comprises a
herbicide resistant or tolerant weed.

t4,  The composition of any of claims 1-5, further comprising at least one compound
selected from the group consisting of penoxsulam, bentazon-sodiom, triclopyr, bispynbac-
sodiur, imazamox, benzobicyclon, quinclorac, glyphosate, ghifosinate, benfuresate,
fentrazamide, indanofan, ipfoncarbazone, mefenacet, oxazichiomefone, pretilachlor,

propyrisulfuron, pyraclontl, pyriftalid, and pyrimisulfan, or an agriculturaily acceptable salt,

126

SUBSTITUTE SHEET (RULE 26)



WO 2014/018407 PCT/US2013/051320

carboxylic acid, carboxylate salt, or ester thereot, in combination as a synergistic 3

way/ternary mixture.
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