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HERBICIDAL COMPOSITIONS COMPRISING 4-AMINO-3-CHLORO-5-FLUORO-6-(4-
CHLOROG-2-FLUORO-3-METHOXYPHENYL) PYRIDINE-2-CARBOXYLIC ACID OR A
DERIVATIVE THEREOF AND HALOSULFURON, PYRAZOSULFURON AND
ESPROCARB

Priority Claim

This application claims the benefit of United States provisional patent application
number 61/675,110 filed on July 24, 2012 and United States patent application number

1‘;:/’

13/834,326 filed March 15, 2013, the disclosure of cach of which 18 incorporated herein by
reference in its enfirety,

Provided herein are herbicidal compositions comprising (a} 4-amino-3-chloro-5-
tluoro-6-(4-chlore-2-fluoro-3-methoxyphenyhpyridine-Z-carboxylic acid or an agriculturally
acceptable ester or salt thereof and (b) halosulfuron-methyl, pyrazosalfuron-ethyl or
esprocarb or an agriculturally acceptable salt or ester thereof.

Provided herein are also methods of controlling undesirable vegetation comprising
applying (a) 4-amino-3-chloro-53-tluoro-6-(4-chloro-2-fuoro-3-methoxyphenylpyridine-2-
carboxylic acid or an agriculturally acceptable ester or salt thereof and (b) balosulturon-
methyl, pyrazosulfuron-ethyl or esprocarb or an agriculturally acceptable salt or cster thereof,
Background

The protection of crops from weeds and other vegetation which mhibit crop growth is
a constantly recurring problem in agriculture. To help combat this problem, rescarchers in
the ficld of synthetic chemistry have produced an extensive variety of chemicals and
chemical formulations effective in the control of such wnwanted growth. Chemical
herbicides of many types have been disclosed 1n the literature and a large sumber are in
commercial use. However, there remains g need for compositions and methods that are
effective in controling undesirable vegetation.

Summary
A first embodiment of the invention provided herein includes herbicidal compositions

comprising an herbicidally effective amount of (a) a compound of the formula (I}
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.0 (I)

H;C
or an agriculturally acceptable salt or ester thereof, and (b) selected from the group consisting
of halosulfuron-methyl, pyrazosulfuron-ethyl or esprocarb or an agriculturally acceptable salt
or ester thereof.

A second embodiment includes the mixture of the first embodiment in which of
formula (1), is present in the form of at least one of the following forms: a carboxylic acid, a
carboxylate salt, an aralkyl, an alkyl ester, an unsubstituted benzyl, a substituted benzyl, a
Cy.4 alkyl, and/or an n-butyl ester.

A third embodiment includes the mixtures according to any of the first, or second,
embodiments in which (b) is halosulfuron-methyl wherein the weight ratio of the compound
of formula (I) to halosulfuron-methyl given in units of gac/ha to gai/ha or gae/ha to gae/ha is
selected from the group of ranges of ratios and ratios consisting of about: 1:70 to 214:1, 1:8
to 19:1, 1:1 to 2.4:1, Y2 to 1/3, 1:1, 1:2, 1:4, 1:1.7; 1:0.75, 2:1, 1:5.7, 1:0.8; and 1:0.4, or
within any range defined between any pair of the foregoing values.

A fourth embodiment includes the mixtures according to any of the first or second,
embodiments in which (b) is pyrazosulfuron-ethyl wherein the weight ratio of the compound
of formula (1) to pyrazosulfuron-ethyl given in units of gae/ha to gai/ha or gae/ha to gae/ha is
selected from the group of ranges of ratios and ratios consisting of about: 1:60 to 600:1, 1:27
to4:1,0.8:1to 1:6, 1:4to 4:1, 1:1to 1:3, 1:5.7, 1:3.4, 1:6.8, 1:14, 1:7, 1:1.7; 1:0.8; 1:2, 1:1,
2:1, and 1:4, or within any range defined between any pair of the foregoing values.

A fifth embodiment includes the mixtures according to any of the first or second,
embodiments in which (b) is esprocarb wherein the weight ratio of the compound of formula
(I) to esprocarb given in units of gae/ha to gai/ha or gae/ha to gae/ha is selected from the
group of ranges of ratios and ratios consisting of about: 1:500 to 6.1, 1:48 to 1:3, 1:12 to
1:24, 1:6 to 1:12, 1:12, 1:6, 1:24, and 1:48, or within any range defined between any pair of

the foregoing values.
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A sixth embodiment inclades any composition accerding to any of the first through
the fifth erbodiments wherein the mixtare further comprises at least one an agriculturally
acceptable agent sclected from the group consisting of an adjuvant, a camier, or a safener.

A seventh embodiment includes methods of controliing undesirable vegetation

5§ comprising the step of applying or otherwise contacting vegetation and/or soil, and/ or water
with a herbicidally effective amount of at least one mixture according to any of the first
through the sixth embodiments.

An eighth embodiment includes methods according to the seventh embodiment
wherein in the method is practiced m at least one member of the group consisting of divect-

10 seeded, water-seeded, and/or transplanted rice, cereals, wheat, barley, cats, rye, sorghum,
corn/maize, sugarcane, sunflower, vilseed rape, cancla, sugar beet, soybean, cotton,
pmineapple, pastures, grasstands, rangelands, fallowland, turf, tree and vine orchards, aquatics,
plantation crops, vegetables, industrial vegetation management IVM), or rights-of-way
(ROW ).

13 A ninth embodiment includes methods according to either of the seventh and eighth
embodiments wherein a herbicidally effective amount of the mixture s applied either pre- or
post-emergently to at least one of the following: a crop, a field, a ROW, or a rice paddy.

A tenth embodiment inchides methods according to any of the seventh through the
ninth embodiments wherein the undesirable vegetation may be controlled in: glyphosate-, §-

20 enolpyruvylshikimate-3-phosphate (EPSP) synthase inhibitor-, glufosinate-, glutamine
synthetase inhubtior-, dicamba-, phenoxy auxin-, pyridyloxy auxin-, synthetic auxin-, auxin
transport inhibitor-, aryloxyphenoxypropionate-, cyclohexanedione-, phenylpyrazoline-,
acetyl CoA carboxylase (ACCase) inhibitor-, imidazolinone-, sutfonyhea-,
pyrimidinylthiobenzoate-, triazolopyrimidine-sultonamide,

25  sulfonylaminocarbonyltriazolinone-, acctolactate synthase (ALS) or acetobydroxy acid
synthase {AHAS) tinhibitor-, 4-hydroxyphenvl-pynivate dioxygenase (HPPD) inhbitor-,
phytoene desaturase inhibitor-, carstenoid biosynthesis inhibitor-, protoporphyrinogen
oxidase {PPO) inhibitor-, celhulose biosynthesis inhibitor-, mitosis inhibitor-, microtubule
inhibitor-, very long chain fatty acid inhibitor-, fatty acid and lipid biosynthesis inhibitor-,

30 photosystem [ inhibitor-, photosystern T inhibitor-, protoporphyrinogen oxidase (PPO)
inhibitor-, triazine-, or bromoxynil-tolerant crops.

An eleventh embodiment inchides a at least one method according to any of the
seventh through the tenth embodiments wherein a plant that is resistant or tolerant to at least

one herbicide 15 treated, and where the resistant or tolerant crop possesses nltiple or stacked

R
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traits conferring tolerance to multiple herbicides or inhibitors of nultiple modes of action, In
some embodiments the treated plant that expresses resistance or tolerance to a herbicide is a
itself undesirable vegetation.

A twelfth embodiment includes methods according to the eleventh embodiment,
wherein the resistant or tolerant weed is a biotype with resistance or tolerance to nultiple
herbicides, multiple chemical classes, inhibitors of multiple herbicide modes-of-action, or via
multiple resistance mechanisms.

A thirteenth embodiment includes at least one of the methods according to cither the
cleventh or the twelfth embodiments, wherein the resistant or tolerant andesirable plant is a
biotype resistant or tolerant to at least one agent selected from the groups consisting of:
acetolactate synthase {ALS) inlubitors or acetohydroxy acid synthase (AHAS), photosystem
H inhibitors, acetyl CoA carboxylase (ACCase) imhibitors, synthetic auxins, auxin transport
nhibitors, photosystem T inhibitors, S-cuolpyravylshikimate-3-phosphate (EPSP) synthase
inhubitors, microtubule assembly inhibitors, fatty acid and lipid synthesis inhubitoss,
protoporphyrincgen oxidase (PPO) imhibitors, carctenoid biosynthesis mhibitors, very long
chain fatty acid (VLCFA) inhibitors, phytoene desaturase (PDS) inhibitors, glutamine
synthetase inhibitors, 4-hvdroxyphenyi-pyruvate-dioxygenase (HPPD) inhibitors, mitosis
inhibitors, cellulose biosynthesis inhibitors, herbicides with multiple modes-of-action,
quinclorac, arylaminopropionic acids, difenzoquat, endothall, or organcarsenicals.

A fourteenth embodiment inclades methods of controlling undesirable vegetation
comprising the step of applying a herbicidally effective amount of at least one mixture
according to the third embodiment wherein the amount of the mixture is applied at a rate,
expressed i g a/ha or g ae/ba of halosulfuron-methyl selected from the groap of rates and
ranges of rates consisting of about: 1, 2, 4.38, 875, 17.5, 35 and 70, or within any range
defined between any pair of the foregoing vahues.

A fifteenth embodiment includes methods according to either of the third and
tourteenth embodirsents wherein the controlled plant is at least one plant selected from the
group consisting oft BRAPP, DIGSA, LEFCH, ECHOR, SCPMA, ECHCG, and CYPRO still
other embodiments include controlling plants from the genera consisting of! Urechioa,
Brachiaria, Digitaria , Bolboschoenus , Leptochloa, Echinochloa, Cvperus.

A sixteenth embodiment inchudes methods of controlling undesirable vegetation
comprising the step of applying a herbicidally effective amount of at least one a mixture
according to the fourth embodiment wherein the amount of the mixture 1s applied at a rate,

expressed in g at‘ha or g ac/ha of pyrazosulturon-ethyl selected from the group of rates and
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ranges of rates consisting of about: 5, 7.5, 10, 15, 17.5, 15, 30, 35, 64, 70, and 120, or within
any range defined between any pair of the foregoing vahues.

A seventeenth embodiment includes methods according to cither of the fourth and
sixteenth embodiments wherein the controlled plant is at least one plant selected from the
group consisting of: CYPDE ECHCG, ECHOR, SCPMA, DIGSA, BRAPP and LEFCH, still
other embodiments include controlling plants from the genera consisting oft Cyperus,
Brachiaria, Digitaria, Echinochioa, Bolboschoenus, and Leptochioq.

A eighteenth embodiment includes methods of controlling undesirable vegetation
comprising the step of applying a herbicidally effective amount of at least one a mixture
according to the fifth embodiment wherein the amount of the mixture is applied at a rate,
expressed in g avha or g ac/ha of esprocarb sclected from the group of rates and ranges of
rates consisting of about: 52.5, 105, and 210, or within any range defined between any pair
of the foregoing values.

A nineteenth embodiment includes methods according to cither of the fifth and
cighteenth embodiments wherein the controlled plant s at least one plant selected from the
group consisting oft BRAPP, ECHCO, CYPIR, SCPHU, FIMMI, and CYPRO, still other
embodiments include countrolling plants from the genera consisting oft Urochloq, Srachiaria,
Echinochloa, Cvperus, Schoenoplectus, and Fimbrisiviis.,

A twentieth embodiment includes compositions according to the first or second
embodiments, wherein (a) 18 the compound of formuda (1) or an agniculturally acceptable
benzyl ester and (b} is halosulfuron-methvl

A twenty-first embodiment includes compositions according to the first or second
embodiments, wherein (a} 18 the compound of formula (T) or an agriculturally acceptable
benzyl ester and (b) 18 pyrazosulfuron-cthyl.

A twenty-second ernbodiment includes compositions according to the first or second
embodiments, wherein {a} 18 the compound of formula (T) or an agnculturally acceptable
benzyl ester and (b} is esprocarb.

A twenty-third embodiment includes compositions according to any of the first
through the sixth or twentieth through twenty-second embodiments, wherein the composition
18 synergistic according to the Colby equation.

A twenty-tourth embodiment inchides methods according to any of the seventh
through nineteenth embodiments, wherein the undesirable vegetation 1s immature.

A twenty-fifth embodiment includes methods according to any of the seventh through

vinetecnth embodiments,, wherein the {a) and (b} are applhied to water.
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Provided herein are herbicidal compositions comprising a herbicidally effective

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

Cl
L0 |
H,C M

or an agriculturally acceptable salt or ester of thereof, and (b) halosulfuron-methyl,
5§ pyrazosuifuron-ethyl or esprocarb. The compositions may also contain an agriculturally
acceptable adjuvant or carrier.

Provided herein are also methods of controlling undesirable vegetation comprising
applying (4} a compound of formula (I} or an agriculturally acceptable ester or salt thereof
and (b halosulforon-methyl, pyrazosulfuron-ethyl or esprocarb or an agriculturally acceptable

10 salt or estor thereof.
Detatled Description

DEFINITIONS

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

| X
o N
HC”O 0

15 The compound of formula (T) can be identified by the name 4-amino-3-chloro-6-(4-chloro-2-
fhuoro-3-methosyphenyi)-S-fluoropyridine-2-carboxylic acid and has been described in U.S.
Patont 7,314,849 (B2), which 1s incorporated herein by reference in its entirety. Exemplary
uses of the compound of the formula (1) include controlling undesirable vegetation, inchuding
grass, broadleat and sedge weeds, in multiple non-crop and cropping situations.

20 As used herein, sulfonylureas are used for control of musance broadicaf, sedge and

grass weeds.

Halosulfuron-methy! and pyrazosulfuron-cthyl belong to a class of compounds

referred to as sulfonyhiveas, Without being bound by any theory, sulfonylureas are believed

)
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to inhibit acetolactate synthase (ALS), an enzyme common to plants and microorganisms but
not found i animals,

Esprocarb belongs to a class of compounds referred to as VLCFA {very-long-chain
fatty acid) and lipid synthesis inhibiting herbicides. Without being limited fo any theory, this
class of compounds are believed to inhibit very-long-chain fatty acid (VLCFA, fatty acids,
e.g., >C1R) syuthesis and liptd synthesis.

As used herein, halosulfuron-methyl is methyl 3-chloro-3-[[{{(4.6-dimethoxy-2-
pyrimidinyhamine]carbonyljaminosulfonyl}-1-methyl- 1 H-pyrazole-4-carboxylate and

possesses the following structure:

O
SN0 g0
. P N CH
HLO e H_ 8 P
g N”\N/LN‘ N
HoOH
O P
e B!
}Iﬁc

The compound 15 deseribed in Tomlin, €., ed. A World Compendium The Pesticide Manual,
15" ed. Alton: BCPC Publications, 2009 (hereafter “The Pesticide Manual, Fificonth
Edition, 2009.”). Exemplary uses of halosulfuron-methyl include its use for control of annual
broadicaf weeds and annuval/perennial sedges, e.g., in maize, sugar cane, rice, sorghum, tree
nuts and turf,

As used herein, pyrazosulfuron-cthyl is cthyl 5-{{[[{4,6-dimethoxy-2-
pyrimidinyhaminojcarbonyljaminojsulfonyi]-1-methyl- 1 H-pyrazole-d-carboxylate and
possesses the following structure;
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The compound 1s described in The Pesticide Manual, Fifteenth Edition, 2009, Exemplary
uses of pyrazosuifiuron-ethy! mchude s use for control of annual and perennial broadleat
weeds and sedges, e.g., in wet-sown and transplanted rice crops.

As used herein, esprocarb is S-(phenylmethyl) N-(1,2-dimethylpropyl-N-
ethyicarbamothioate and possesses the following structure:

C}‘{z
CHs ’

W UNL 8L

sy

CHy C
The compound 1s described in The Pesticide Manuad, Fifteenth Edition, 2009, Exemplary
uses of eaprocarb inclode its use for pre- and post-emergence control of annual weeds and
Fchinochiloa spp. e.g., n paddy rice.
As used herein, herbicide means a compound, e.g., active ingredient that kills,
controls or otherwise adversely modifies the growih of plants.

As used herein, a herbicidally offective or vegetation controlling arnount 18 an amount
of active ingredient which causes an adversely modifying effect to the vegetation e.g.,
causing deviations from natoral development, killing, effecting regulation, causing
desiccation, causing retardation, and the like.

As used herein, controlling undesirable vegetation means preventing, reducing,
laHing, or otherwise adversely modityving the development of plants and vegetation,
Deseribed herein are methods of controlhing undesirable vegetation through the application of
certain herbicide combinations or compositions, Methods of application include, but are not
limited to applications to the vegetation or locus thereof, ez, application to the area adjacent
to the vegetation, as well as preemergence, postemergence, foliar (broadeast, directed,
banded, spot, mechanical, over-the-top, or rescue),, and m-water applications {emerged and
submerged vegetation, broadeast, spot, mechanical, water-injected, gramular broadeast,
granular spot, shaker bottle, or stream spray ) via hand, backpack, machine, tractor, or acrial
{airplane and helicopter) application methods.

As used herein, plants and vegetation include, but are not limited to, gerounant seeds,
emerging seedlings, plants emerging from vegetative propagules, inimature vegetation, and
established vegetation,

As used herein, agriculturally acceptable salts and esters refer 1o salts and esters that
exhibit herbicidal activity, or that are or can be converted in plants, water, or soil to the

referenced herbicide. Exemplary agriculturally acceptable esters are those that are or can be
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hydrolyzed, oxidized, metabolized, or otherwise converted, e.g., in plants, water, or sotl, to
the corresponding carboxylic acid which, depending on the pH, may be in the dissociated or
undissociated form.

Exemplary salts include those derived from alkali or allcaline carth metals and those
derived from ammonia and amines. Exemplary cations include sodinm, potassium,
magnesiam, and aminium cations of the formula:

RIRTRRINT
wherein R, R, R’ and R” each, independently represents hydrogen or C-Cy; alkyl, Ci-Cyy
atkenyl or C5-Cyy alkynyl, each of which is optionally substituted by one or more hydroxy,
C1-Cy alkoxy, Ci-Cy alkylihio or phenyl groups, provided that R, RY, R and R are sterically
compatible. Additionally, any two of R, RY, R’ and R” together may represent an afiphatic
difunctional moiety containing one to twelve carbon atoms and up to two oxygen or sulfur
atorns. Salts can be prepared by treatment with a metal hydroxide, such as sodinm hydroxide,
with an amine, such as aromonia, tnmethylanine, dicthanolanune, 2-methylthiopropylamine,
bisallylanune, 2-butoxyethylamine, morpholine, cyclododecylamine, or benzylamine or with
a tetraalkylammonium hydroxide, such as tetramethylammonium hydroxide or choline
hydroxide.

Exemplary esters include those derived from C-Cyp aliyl, Cs-Cyy alkenyl, C4-Cyp
atkynvl or Cr-Cyp aryl-substituted alioyl alcohols, such as methyl aleohol, sopropyl alcohol,
i-butanol, 2-ethythexanol, butoxyethanol, methoxypropanol, allyl alcohol, propargy! alcohol,
cyclohexanol or unsubstituted or substituted benzy! alcohols, Benzyl alcohols may be
substituted with from 1-3 substituents independently selected from halogen, C-Cy alkyl or
Ci-C; alkkoxy. Esters can be prepared by coupling of the acids wath the alcobol using any
murnber of suitable activating agents such as those used for peptide couplings such as
dicyelohexylcarbodumide {DCC) or carbonyl divmidazole (CD1Y; by reacting the acids with
atkyiating agents such as alkyihalides or alkylsulfonates in the presence of a base such as
tricthylamine or lithiam carbonate; by reacting the corresponding acid chloride of an acid
with an appropriate alcohol; by reacting the corresponding acid with an appropriate alcohol 1o

the presence of an acid catalyst or by transesterification,

9
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Compositions and Methods

Provided herein are herbicidal compositions comprising a herbicidally effective

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

Cl

NH,
v { N

T

. WOH

i O
Cl F

O 1
H,C W

&

or an agriculturally acceptable salt or ester of thereof, and (b) halosulfuron-methyl,
pyrazosulfuron-cthyl or esprocarb, or an agriculturally acceptable salt, ester, carboxylic acid,
or carboxylate salt thereof.
Provided herein are also methods of controlling undesirable vegetation comprising
contacting the vegetation or the focus thereof, i.e., arca adjacent to the plant. with or applying
10 tothe soil or water to prevent the emergence or growth of vegetation a herbicidally effective
amount of the compound of formula (1) or salt or ester thereof and (b} balosulturon-methyl,
pyrazosuifuron-ethyl or esprocarb, or an agriculturally acceptable salt, ester, carboxyhc acid,
o1 carboxylate salt thereof, In cortain embodiments, the methods employ the compositions
described herein.

1S Furthermore, in some embodiments, the combination of compound (1) or
agricuiturally acceptable salt or ester thercof and halosulfuron-methyl, pyrazosulfuron-ethyl
or esprocarb, or a salt, ester, carboxylic acid, or carboxylate salt thereof, exhibits synergism,
e.g., the herbicidal active ingredients are more effective in combination than when applied
mdividually. The Herbicide Handhook of the Weed Science Society of America, Ninth

20 Edition, 2007, p. 429 notes that “*synergism’ {is] 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 applicd scparately.” Tn certain embodiments, the compositions exhibit synergy as

determined by the Colby’s equation. Colby, S.R. 1967, Calculation of the synergistic and

antagonistic response of herbicide combinations. Weeds 15:20-22,

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

N
Lo

compound of formula (1), 7.e., the carboxylic acid, 1s employed. In certain ernbodiments, a
carboxylate salt of the compound of formula (1) is employed. In certain embodiments, an

arabkyl or alkyl ester s employved. [o certain embodiments, a benzyl, substitated benzyl, or

10
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Craalkyl, ez, n-butyl ester is employed. In certain embodiments, the benzyl ester 1s
employed

In some cmbodiments, the compound of formula (I) or salt or oster thereof and
halosulfuron-methyl, pyrazosuifuron-cthyl or esprocarb, or an agriculturaily acceptable
derivative thereof are fornmulated in one composition, tank mixed, applied simultaneousty, or
apphied sequentially.

Herbicidal activity is exhibited by the compounds when they are applied directly o
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 apphcation
parameters of dilution and spray drop size, the particle size of solid components, the
environmental conditions at the time of use, the specific corapound employed, the specific
adpavants and carriers employed, the soil type, and the hike, as well as the amount of chemical
apphied. 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~emergence application, or in-water application fo flooded
paddy rice or water bodies {e.g., ponds, lakes and strearns), to relatively iromature
undesirable vegetation to achieve the maximurm control of weeds.

In some embodiments, the compositions and methods provided herein are utilized to
control weeds in crops, including but not Himited to direct-seeded, water-seeded and
transplanted rice, cereals, wheat, barley, oats, rye, sorghum, corn/maize, sugarcang,
sunflower, oilseed rape, canola, sugar beet, sovbean, cotton, pineapple, pastures, grasslands,
rangelands, fallowland, turf, tree and vine orchards, aquatics, plantation crops, vegetables,
mdustrial vegetation management (IVM) and rights of way (ROW).

In cortain 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.

The compositions and methods described herein may be used to control undesirable
vegetation in glyphosate-tolerant-, S-enolpyruvylshikimate-3-phosphate (EPSP) synthase
inhibitor-tolerant-, ghifosinate-tolerant-, glutamine synthetase inhibitor-tolerant-, dicamba-
tolerant-, phenoxy auxin-tolerant-, pyridyloxy auxin-tolerant-, auxin-tolerant-, auxin fransport
ihibitor-tolerant-, arvioxyphenoxypropionate-tolerant-, cyclohexanedione-tolerant-,
pheayipyrazoling-tolerant-, acetvl CoA carboxylase (ACCase) inhibitor-tolerant-,
imidazolinone-tolerant-, sulfonylurca-tolerant-, pyrimidinyithiobenzoate-tolerant-,

triazolopyrinmdine-sulfonamide tolervant-, sulfonylaminocarbonyliriazolinone-tolerant-,

i
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acetolactate synthase (ALS) or acetohydroxy acid synthase (AHAS) inhibitor-tolerant-, 4-
hydroxyphenyl-pyravate dioxygenase (HPPD) inhibitor -tolerant-, phytoene desaturase
mhibitor-tolerant-, carotenoid biosynthesis iwhibitor-tolerant-, protoporphyrinogen oxidase
{PPO) inhibitor -tolerant-, cellulose biosynthesis inhibitor-tolerant-, mitosis inhibitor-
tolerant-, microtubule inhibitor-tolerant-, very long chain fatty acid inhibitor-tolerant-, fatty
acid and lipid biosyuthesis inhibttor-tolerant-, photosystern | inhibitor-tolerant-, photosystem
H inhibitor-tolerant-, triazine-tolerant- and bromoxynil-tolerant-crops {such as, but not
himited to, soybean, cotton, cancla/oilseed rape, rice, cereals, com, sorghum, sanflower, sugar
beet, sugarcane, turf] etc. ), for example, in conjunction with glyphosate, EPSP synthase
whibitors, glufosinate, ghitanune synthase inhibitors, dicamba, phenoxy auxins, pyridyloxy
auxins, synthetic auxins, suxin transport inhibitors, aryloxyphenoxypropionates,
cyclohexanediones, phenyipyrazolines, ACCase inhibitors, imidazolinones, sulfonylareas,
pyrinmdinylthiobenzoates, triazolopyrimidine salfonamides,
sulfonylanunocarbonyliriazolinones, ALS or AHAS inhibitors, HPPD inhibitors, phytoene
desaturase inubitors, carotencid biosynthesis inhibitors, PPO inhibitors, cellulose
biosynthesis hibitors, mitosis inhibitors, microtubule inhibitors, very long chain fatty acid
inhibitors, fatty acid and lipid biosynthesis inhibitors, photosystem T inhibitors, photosystem
1 inhibitors, triazines and bromoxynil, The compositions and methods may be used in
controlling undesirable vegetation in crops possessing multiple or stacked traits conferring
tolerance to multiple chemisiries and/or inhibttors of multiple modes of action, In some
embodiments, the compound of formula (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
compounds at the application rate coploved. To some embodiments, the compositions
described herein and other complementary herbicides are applied at the same time, either as a
combination forrmtlation, tank mix or sequentially.

The compositions and methods may be used 1n controlling andesirable vegetation in
crops possessing agronornic stress tolerance (ncluding but not hmited to drought, cold, heat,
salt, water, nutrient, fertility, pH), pest tolerance (including but not limited to inseets, fungi
and pathogens) and crop improvement traits {including but not limited to vield; protein,
carbohydrate, or cil content; protein, carbohydrate, or ot composition; plant stature and plant
architecture).

The compositions and methods provided herein are utilized to control undesirable

vegetation, Undesirable vegetation includes, but 1s not hmited to, undesirable vegetation that

12
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occurs in rice, cereals, wheat, barley, oats, rye, sorghum, corn/maize, sugarcane, suntflower,

otlsced rape, canola, sugar beet, sovbean, cotton, pineapple, range and pasture, rangelands,
fallowland, row crops {e.g., com, soybean, cotton, canola), turf, tree and vine orchards,
ornamental species, aquatic, plantation crops, vegetables or non-crop settings, {e.g., rights-of-
way, industrial vegetation management).

In some embodirsents, the methods provided herein are utilized 1o control undesirable
vegetation in rice. In certain embodiments, the undesirable vegetation 18 Brachiaria
platyphyiia (Groseb.) Nash or Urochloa platyphvile (Nashy R.D. Webster (broadleaf
signalgrass, BRAPP), Digitaria sanguinalis (L.} Scop. (large crabgrass, DIGSA),
Echinochioa species (ECHSS), Echinochlon erus-galli (L) P. Beauv. (bamyardgrass,
ECHCG), Echinochioa crus-pavonis {(Kunth) Schult, (gulf cockspur, ECHCV), Echinochioa
colonum {L.) LINK {punglenice, ECHUO)Y, Echinochiva orvzoides (Ard.) Fritsch {early
watergrass, BECHOR), Echinochloa aryzicola (Vasmger) Vasinger (late watergrass, ECHPH),
Echinochioa phvllopogon {Stapf) Koso-Pol. {rice barnyardgrass, ECHPH), Echinochloa
polystachya (Kaunth) Hitche, {creeping river grass, ECHPOY, Sschaemum rugosum Salisb.
(saramoliagrass, ISCRU}, Leprochioa chinensis (L) Nees {Chinese sprangletop, LEFCH),
Leptochloa fascicularis (Laro.) Gray (bearded spraongletop, LEFFA), Leptochioa panicoides
{Presh) Hitche, (Amazon sprangictop, LEFPA), Oryza species (red and weedy rice, ORYSS),
Fanicum dichotomiflorym (L) Michx, (fall panicum, PANDI), Paspadum dilatatum Poir.

(dallisgrass, PASDI), Rottboellia cochinchinensis (Lour.y W.D. Clayton (itchgrass, ROQEX),
Cyperus species (CYPSS), Cyperus difformis L. (smallflower flatsedge, CYPDL), Gyperus
dubins Rotth, (MAPDU), Cyperus esculentus L. (vellow nutsedge, CYPES), Cyperus iria L.
{rice flatsedge, CYPIR), Cyperus rotundus L. {purple nutsedge, CYPRO), Cyperus seratinus
Rotth../C.B.Clarke (tidalroarsh flatsedge, CYPSE), Fleocharis species (ELOSS), Fimbristylis
mifiacea (L) Vahl {globe fringerush, FIMMI), Schoenoplecius species (SCPSS),
Schoenoplectus juncoides Roxb. (Japanese bulrush, SPCIU), Bolboschoenus maritimus (L.}
Palla or Schoenoplectus maritimus L. Lye (sea clubrush, SCPMA)Y, Schoenoplectus
mucronatus L. (ricefield bulrush, SCPMU), deschynomene species, {jointvetch, AESSS),
Alternanthera philoxerpides (Mart.) Griseb. (alligatorweed, ALRPH), Alisma plantago-
aguatica L. (common waterplantaim, ALSPA), Amaranthus species, {pigweeds and
amaranths, AMASS), Ammannia coccinea Rottb, (redstem, AMMCO), Commeling
benghalensis L. {Benghal dayflower, COMBE), Ecfipta alba (L) Hassk. (American false
daisy, ECLAL), Heteranthera limosa (SW.) Willd./Vahi {(ducksalad, HETLI), Heteranthera

reniformis R. & P. {roundleaf mudplantain, HETRE), [pomoea species (morningglories,
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IPOSSY, fpomoea hederacea (L.} Jacq. (ivyleaf morningglory, IPOHE), Lindernia dubia (L.}
Pennell (low false pimpernel, LIDDU), Zudwigio species (LUDSS), Ludwigia finifolia Poir.
{southeastern primvose-willow, LUDLD, Ludwigia octovalvis (Jacg.) Raven (longfruited
primrose-willow, LUDOQCY, Monochoria lorsafowii Regel & Maack {monochoria,
MOOKA), Monochoria vaginalis {(Burm. F) C. Prest ex Kahth, {monochoria, MOOVA),
Murdannia nudiflora (1) Brenan {(doveweed, MUDNU), Polygonum pensylvanicum L.,
{(Pennsylvania smartweed, POLPY), Pofygonum persicaria L. (ladysthumb, POLPE),
Polvgoenum hyvdropiperoides Michx, (POLHP, mild smartweed), Rotale indica (Willd.)
Koehne (Indian tootheup, ROTIN), Saginaria species, {arrowhead, SAGSS), Seshania
exaltata (Raf.y Cory/Rydb. Ex Hill Chemp seshanta, SEBEX), or Sphenocleq zevianica
Gaertn. (gooseweed, SPDZE).

In some embodiments, the methods provided herein are utilized to control undesirable
vegetation in cercals. In certain embodiments, the andesirable vegetation 1s Alopecurus
myosuroides Huds. (blackgrass, ALOMY, Apera spica-venii (L.} Beauv. {(windgrass,
APESV, Avena farwa L. (wild oat, AVEFA), Bromus tectorum L. {downy brome, BROTE),
Lolium mudtiflorum Lam, (Ralian ryegrass, LOLMU), Phalaris minor Retz. (littleseed
canarygrass, PHAMI), Poa annua L. (anoual bluegrass, POANN), Setaria pumila (Poir)
Roemer & LA, Schultes (yvellow foxtail, SETLUY, Setaria viridis (L. Beauv, (green foxtail,
SETVI), Amaranthus retroflexus L. (redroot pigweed, AMARE), Brassica specics (BRSSS),
Chenopodium album L. (common larbsquarters, CHEAL), Cirsium arvense (L.} Scop.
{Canada thistle, CIRAR), Galium aparine L. (caichweed bedstraw, GALAP), Kochia
scoparia (L.} Schrad. (kochia, KCHSC), Lamium purpurenm L. (purple deadnettle
LAMPUY, Matricaria recutita L. (wild chamomile, MATCH), Matricaria matricarioides
{Less. ) Porter {(pincapploweed, MATMT), Papaver rhveas L. (common poppy, PAPRH),
Polygonum convolvudus L. (wild buckwheat, POLCO), Salsola ragus L. (Russian thistle,
SASKR), Sinapis species (SINSS), Sinapis arvensiz L. (wild mustard, SINAR), |, Stellaria
media (L) Vill (common chickweed, STEME), Veronica persica Poir. (Persian speedwel],
VERPE}

il

VIOTR).

Viola arvensis Murr, (field viclet, VIOAR), or Visla tricolor L. {wild violet,

In some embodiments, the methods provided herein are wtilized to control undesirable
vegetation 1o range and pasture, fallowland, IVM and ROW. In cortain embodiments, the
undesirable vegetation is dmbrosia artemisiifolia L. {common ragweed, AMBEL), Cassia
ebtusifolia (sickle pod, CASOB), Centaurea maculosa auct. non Lam. {spotied knapweed,

CEMMA), Cirsium arvense (L.} Scop. (Canada thistle, CIRAR), Convolvulus arvensis L.
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{field bindweed, CONAR), Daucus carota L. {wild carrot, DAUCAY, Euphorbia esula L.
{leafy spurge, EPHES), Lactuca serviola L./ Torn. (prickly lettuce, LACSE), Plantago
lanceclata L. (buckhorn plantain, PLALA), Rumex ofrusifelius 1. (broadleaf dock,
RUMOB), Sida spinosa L. (prickly sida, SIDSP), Sinapis arvensis L. (wild mustard, SINAR),
Sonchus arvensis L. (perennial sowthistle, SONAR), Solidago species (goldenrod, SO0SS),
Taraxacum officinale G H. Weber ex Wiggers (dandelion, TAROF), Trifolium vepens L.
{white clover, TRERE), or Urtica divica L. {common nettle, URTDI).

In some embodiments, the methods provided herein are utilized to control undesirable
vegetation found in row crops, tree and vine crops and perenmial crops. In certain
embodiments, the undesivable vegetation 1s Alopecurus myosuroides Huds, (blackgrass,
ALOMY), dvena fatua L. {wild oat, AVEFA), Srachiaria decumbens Stapt. or Urochioa
decumbens (Stapt) R.D. Webster (Sunnam grass, BRADC), Brachiaria brizantha {(Hochst. ex
A. Rich.) Stapf. or Urochioa brizantha (Hochst. ex A, Rich.y R.D. (beard grass, BRABR),
Brachiaria plaiyphviia {Groseb.y Nash or Urochloa platvphiyila (Nasi) R.D. Webster
{broadlcaf signalgrass, BRAPP), Brachiaria plantaginea (Link) Hitche. or Urochioa
planiaginea (Link) R.D. Webster (alexandergrass, BRAPL), Cenchrus echingius L. (southern
sandbur, CENEC), Digitaria horizontalis Willd. (Jarnaican crabgrass, DIGHQ), Digitaria
insularis (L.} Mez ex Eknan (sourgrass, TRCIN), Digitaria sanguinalis {1.) Scop. (large
crabgrass, DIGSA}, Echinochioa crus-galii (L.} P. Beauv. (barnyardgrass, ECHCG),
Echinochion colonum (L. Link (unglerice, ECHCO), Eleusine indica (L.} Gaerin,
{goosegrass, ELEING, Lolium multiflorum Lam, (Ialian ryegrass, LOLMU), Panicum
dichotomiflorum Michx, (fall panicam, PANDI), Panicum miligeeum L. (wild-proso millet,
PANMIY, Setaria faberi Herrm, (giant foxtail, SETFA), Setaria viridis (1)) Beauv. (green
foxtail, SETVE, Sorghum halepense (1.} Pers. (Johnsongrass, SORHA)Y, Sorghum bicolor
(L.y Moench ssp. Arundinaceum (shattercane, SORVU), Cyperus esculentus L. (yeliow
nutsedge, CYPES), Cyperus rotundus L. (purple nutsedge, CYPRO), dbutilon theophrasti
Medik. (velvetleaf, ABUTH}, dmaranthus species (pigweeds and amaranths, AMASS),
Ambrosia artemisiijolia L. {coromon ragweed, AMBEL), dmbrosia psilostachya DC.
{western ragweed, AMBPS), Ambrosia wrifida L. (giant ragweed, AMBTR), Anoda crisiata
(L.} Schlecht. (spurred anoda, ANVCR), dsclepias syriaca L. {(commaon milkweed, ASCSY),
Ridens pilosa L. (hatry beggarticks, BIDPT), Borreria species {BOISS), Borreria alata
(Aubl) DC. or Spermacoce alata Aubl, (broadleaf buttonweed, BOILE), Spermacose latifolia
(broadleaved button weed, BOILE), Chenopodium album L. (common lambsquarters,

CHEAL), Cirsium arvense (L.} Scop. (Canada thistle, CIRAR), Commelina benghalensis L.
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{tropical spiderwort, COMBE), Datura stramonivm L. (imsonweed, BATST), Daucus
carota L. (wild carrot, BAUCA), Euphorbia heterophylln L. (wild pomsettia, EPHHL),
Euphorbia hira L. or Chamaesyce hirn (L) Millsp. (garden spurge, EPHHD), Euphorbia
dentata Michx. (toothed spurge, EPHDE), Erigeron bonariensis L. or Conyza bonariensis

§ (L) Crong. (hairy flesbane, ERIBO), Erigeron canadensis L. or Convza canadensis (L)
Crong. {Canadian fleabane, ERICA), Convza sumarrensis (Retz.) E. H. Walker (tall fleabane,
ERIFL), Hefianthus annuus L. (common sunflower, HELAN), Jacquemontia tamnifolia (L)
Griseb. (smaliflower morningglory, IAQTA), fpomoea hederacea (L.) Jacq. {ivyleaf
morningglory, IPOHE), lpomoea lucunosa L. (white morningglory, IPOLA), Lactea

10 serriola L./ Torn. (prickly letiuce, LACSE), Portulaca oleracea L. (common purslane,
PORQLY, Richardia species (pusiey, RCHSS), Sida species {sida, SIDSS), Sida spinosa L.
(prickly sida, SIDSP), Sinapis arvensis L. {wild mustard, SINARY, Solanum ptychanthum
Dunal {eastern black mightshade, SOLPT), Tridax procumbens L. (coat buttons, TRQPR) or
Kanthivm strumarivm L. (common cocklebur, XANST).

13 in some embodiments, the methods provided herein are utilized to control undesirable
vegetation o twrt. In certain embodiments, the undesirable vegetation is Bellis perennis L.
{Eoglish daisy, BELPE), Cyperus esculentus L. (vellow vutsedge, CYPES), Cyperus specics
(CYPSS), Digitaria sanguinalis (L) Scop. (large crabgrass, DIGSA), Diodia virginiana 1.
(Virginia buttonweed, DIQVE, Euphorbia species (spurge, EPHSS), Glechoma hederacea L.

20 (ground vy, GLEHE), Hvdrocotyle umbellata L. (dollarweed, HYDUM), Kyliinga species
{(kyllinga, KYLSS), Lamium amplexicaule L. (henbit, LAMAM), Murdannia nudifiora (L)
Brenan {doveweed, MUDNU), Oxalis specics {(woodsorrel, OXASS), Plantage major L.
{(broadleaf plantain, PLAMA), Plantago lanceolata L. (buckhorn/varrowleaf plantain,
PLALA), Phyllanthus urinaria L. {(chamberbitter, PYLTE), Rumex obtusifolius L. {(broadleaf

25 dock, RUMOB), Stachys floridana Shuttlew. (Florida betony, STAFL), Stellaria media (L.}
{dandelion, TAROF), Trifolium repens L. (white clover, TRFRE), or Fiola species (wild
violet, VIOSS).

in some embodiments, the compositions and methads provided herein are utilized to

30 control undesirable vegetation consisting of grass, broadieat and sedge weeds. In certain
embodiments, the corapositions and methods provided herein are utilized to control
undesirable vegetation inchuding Srachiaria or Urechioa, Cyperus, Digitaria, Echinochioa,

Fimbristylis, Ipomoea, Leptochiva and Schoenoplectus.
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The compounds of fornmula | or agriculturally acceptable salt or ester thereof may be
used to control herbicide resistant or iolerant weeds, The methods employing the
combination of a corapound of forraula I or agriculturally acceptable salt or ester thercot and
the compositions described herein may also be employed to control herbicide resistant or
tolerant weeds. Exemplary resistant or tolerant weeds inchude, but are not limited to, biotypes
resistant or tolerant to acetolactate synthase (ALS) or acetohydroxy acid synthase (AHAS)
inhibitors, (e.g., imidazolinones, sulfonylureas, pyrimidinylthiobenzoates, triazolopyrimidine-
suuifonamides, sulfonylaminocarbonyltriazolinones), photosystem I inhibitors, {e.g.,
phenylcarbamates, pyridazinones, {riazines, triszinones, uracils, amides, areas,
henzothiadiazinones, nitriles, phenvlpyridazines), acetyl CoA carboxylase (ACCase)
mhibitors {e.g., arvloxyphenoxypropionates, cyclohexancdiones, phenylpyrazolines),
synthetic auxins {e.g., benzoic acids, phenoxycarboxylic acids, pyridine carboxylic acids,
quinoline carboxyhic acids), auxin transport inhibitors (e.g., phthalamates, semicarbazones),
photosystern | inhibitors {e.g., bipyridyliurss), S-enolpyruvylshikimate-3-phosphate (EPSP)
synthase inhibitors {e.g., glyphosate), glutamine synthetase inhibitors (e.g., glufosinate,
bialatos), microtubule assembly nhibitors (e.g., benzamides, benzoic acids, dinitroanilines,
phosphoramidates, pyridines), mitosis inhibitors {e.g., carbamates), very long chain fatty acid
(VLCFA) inhibitors {e.g., acctamides, chloroacetanmides, oxvacetamides, totrazolinones),
fatty acid and lipid synthesis inhibitors {e.g., phosphorodithioates, thiocarbamates,
benzoturanes, chlorocarbonic acids), protoporphyrinogen oxidase (PPO) inhibitors {e.g.,
diphenylethers, N-phenyiphthalimides, oxadiazoles, oxazolidinediones, pheaylpyrazoles,
pyrimidindiones, thiadiazoles, triazolinones), carotenoid biosynthesis inhibitors {e.g.,
clomazone, amitrole, aclonifen), phytoene desaturase (PDS) inhibitors {e.g., amides, anihdes,
furanones, phenoxybutan-amides, pyridiazinones, pyridines), 4-hydroxypheayl-pyruvate-
dioxygenase (HPPD) inhibitors {e.g., callistcmones, isoxazoles, pyrazoles, triketones),
ceHulose biosynthesis inhibitors {e.g, nitriles, benzamides, quunclorac,
triazolocarboxamides), herbicides with multiple modes-of-action such as guinclorac, and
unclassitied herbicides such as arylaminopropionic acids, difenzoquat, endothall, and
organoarsenicals, Exemplary resistant or tolerant weeds include, but are not limited to,
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 mechanisms

{e.g., target site resistance or metabolic resistance).
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In some embodiments, the combination of compound (1} or agriculturally acceptable
ester or salt thereof and halosulfuron-methyl, pyrazosulturon-ethyl or esprocarb or an
agriculturally acceptable salt or ester thereof is used to control Brachiaria platyphvila
{Griseb. ) Nash (broadleaf signalgrass, BRAPP), Cyperus iria L. (rice flatsedge, CYPIR),

5 Cyperus rotundus L. (purple mutsedge, CYPRO), Digitaria sanguinalis {L.) Scop. (large
crabgrass, DIGSAY, Echinochioa colona (L) Link (unglerice, ECHCQO), Echinochioa
orvzoides (Ard.) Fritsch (carly watergrass, ECHOR), Echinochiva crus-galli (L.} Beauv.
{(barnyardgrass, ECHCG), Fimbrisiylis mifincea (L.) Vahl (globe fringerush, FIMMI,
Ipomoea hederacea Jacq. (ivyleaf morningglory, IPOHE), Leprochiva chinensis (L. Nees

10 (Chinese sprangletop, LEFCH), Schoenoplectus juncoides (Roxb.) Palla (Japanese bulrush,
SCPIUY and Schoenoplectus maritimus (L) Lye {(sea clubrush, SCPMA).

In some embodiments, an agriculturally acceptable ester or salt of compound (1) is
employed. In certain embodiments, an agricolturally acceptable ester is employed. In certain
crbodiments, the ester s a Uy alkyl ester. In cortain embodiments, the ester is a n-butyl

15 ester. In certain embodiments, the ester s 3 benzyl ester. In certain embodiments, compound
(), which 1s a carboxylic acid, is emploved.

In some embodiments, an agriculturally acceptable ester ot salt of halosulfuron-
methyl, pyrazosultfuron-cthyl or esprocarb is employed in the methods or compositions
described herein.

20 In certain embodiments of the compositions and methods described herein, the
compound of formula (1) or salt or ester thereof 1s used n combination with halosulfuron-
methyl or salt, ester, carboxylic acid, or carboxyiate salt thereof. With regard to the
compositions, in some embodiments, the weight ratio of the compound of formula (I) or salt
ot ester thereof to halosultfuron-roethyl or salt, ester, carboxylic acid, or carboxylate salt

25 thereofis within the range of from about 1:70 to about 214:1. In certain embodiments, the
weight ratio of the compound of formula (I} or salt or ester thereof to halosulturon-methyl or
salt, ester, carboxylic acid, or carboxylate salt thereof is within the range of from 118 to about
2001, In certain erobodiments, the weight ratio of the compound of formula (T) or salt or ester
thereot to halosulfuron-methyl or salt, ester, carboxylic acid, or carboxylate salt thereof 1s

30 within the range of from S:1 o about LR, In certain embodiments, the weight ratio of the
compound of formula (1) or salt or ester thereof to halosulfuron-racthyl or salt, ester,
carboxylic scid, or carboxylate salt thereof 1s within the range of from 2.4:1 to about 1:3.7,
In certain embodiments, the composition comprises the compound of formula T and

halosulturon-methyl.  In certain erabodiments, the composition comprises the compound of
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fornmula I and halosulfuron-methyl, wherein the weight ration of the compound of formula |
to halosulfaron-methylis from about 1:8 to about 5:1. Tn certain embodiments, the
composition conmprises the compound of formula and balosulfuron-methyl, wherem the
weight ration of the compound of fornma [ to halosuifuron-methyl is from about 1:4 to about
24:1. Incertain embodiments, the composition comprises the benzyl ester of compound of
tormula [ and halosulfuron-methyl. Tn certain embodiments, the composition comprises the
benzyl ester of the compound of formula I and halosulfuron-methyl, wherein the weight
ration of the benzyl ester of the compound of furmula Tt halosulfuron-methyl ts from about
4:1 to about L'R, In certain embodiments, the composition comprises the benzyl ester of the
compound of formula  and halosuluren-racthyl, wherein the weight ration of the benzyl
ester of the compound of formula 1 to halosuifuron-methyl s from about 2:1 to about 1:3.7.
With respect to the methods, in certain embodiments, the methods comprise contacting the
undesirable vogetation 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 3.4 grams active ingredient per
hectare (g at/ha) to about 440 g ai/ha based on the total amount of active ingredients in the
compaosition. Tn certain ernbodiroents, the composition is applied at av application rate of
from about 9 grams active ingredient per hectare (g ai/ha) to about 120 g ai/ha based on the
total amount of active ingredients in the composition. In some embodiments, the methods
comprise contacting the undesirable vegetation or locus thereot 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 halosulfuron-methyl or salt, ester, carboxylic acid, or carboxylate
salt thereof, e.g., sequentially or simoltancously. In some embodiments, the halosulfuron-
methyl or salt, ester, carboxylic acid, or carboxylate salt thereof 1s applied at a rate from
about 1.4 g av/ha to about 140 g ai/ha and the compound of formula (1} of salt or ester thercof
is applied at a rate from about 2 g ae/ha to about 300 g ac/ha. In some embodiments, the
halosultiron-methy! or salt, ester, carboxylic acid, or carboxviate salt thereotis apphed at a
rate from about 4 g av'ha to about 40 ¢ ai/ha and the compound of forpwla (1) of salt or ester
thereof is applied at a rate from about 4 g ac/ha to about 8BS g ac/ha. in certain embodiments,
the methods atilize the compound of formula (1) or its benzyl or n-butyl ester and
halosulfuron-methyl. In one embodiments, the corapound of formula (1) or its benzyl or n-
butyl ester is applied at a rate of from about 4 to about 85 g ac’ha, and the halosulfuron
methyi is applied at a rate of from about 4 to about 35 g ai /ha. In certain embodiments, the

methods and compositions utilizing the compound of formula (I) or salt or ester thercofin
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combination with halosulfiron-methvl or salt, ester, carboxylic acid, or carboxylate salt
thereof are used to control BRAPP, DIGSA, LEFCH, ECHOR, ECHCG, CYPRO or
SCPMA,

in certain embodiments of the compositions and methods described herein, the
compound of formula (I} or salt or ester thereof 1s used in combination with pyrazosulfuron-
ethyl or salt, carboxylic acid, carboxyiate salt, or ester thereof. In some embodiments, the
weight ratio of the compound of forrmula (1) or salt or ester thereof to pyrazosulfuron-ethyl or
salt, carboxyhic acid, carboxvlate salt, or ester thereof is within the range of from about 1:60
o about 600:1. In certain embodiments, the weight ratio of the compound of formula (T) or
salt or ester thereot to pyrazosulfuron-ethyl or salt, carboxylic acid, carboxylate salt, or ester
thereof is within the range of from 127 to about 16&:1. In certain embodiments, the weight
ratio of the compound of formmula (1) or salt or ester thereof to pyrazosulfuron-ethy! or salt,
carboxylic acid, carboxylate salt, or ester thereof is within the range of from 4:1 to about
i:28. In certain cmbodiments, the weight ratio of the compound of forrmuia (I) or salt or cster
thereof to pyrazosulfuron-ethyl or salt, carboxylic acid, carboxylate salt, or ester thereof s
within the range of from 2:1 to about 1114, With respect to the methods, in certain
embodiments, the methods comprise contacting the undesivable 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
trom about 2.5 grams active ingredient per hectare (g av/ha) to about 420 g ai/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 5 grams active ingredient per
hectare (g atv'ha) to about 204 g ai/ha based on the total amount of active ingredients in the
composition. Tn some cmbodiments, the methods comprise contacting the undesirable
vegetation of locus thereof or applying to the soil or water to prevent the ermergence or
growth of vegetation with a compound of formula (1) or salt or ester thereof and
pyrazosulfuron-ethvl or salt, carboxylic acid, carboxvlate salt, or ester thereof, e.g.,
sequentially or siraultaneously. In some embodiments, the pyrazosulfuron-cthyl or salt,
carboxylic acid, carboxylate salt, or ester thereof is applied at a rate from abouwt 0.5 g at/ha to
about 120 g avha and the compound of formuda (1) of salt or ester thereot is applied at a rate
from about 2 g ac/ha to about 300 g ac/ha. In some erbodiments, the pyrazosulturon-ethyl
or salt, carboxylic acid, carboxylate salt, or ester thereot 1s applied at a rate from about 2 g
ai/ha to about 250 ¢ ai/ha and the compound of formula (1) of salt or ester thereof is applied

at a rate from about 2 g acid equivalent per hectare (g ae/ha) to about 160 g ag/ha. In some
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embodiments, the pyrazosulforon-cthyl or salt, carboxylic acid, carboxylate salt, or ester
thereof is applied at a rate from about § ¢ av/ha to about 120 g at‘ha and the compound of
formaula ([) of salt or ester thereof s applied at a rate from about 4 g acid equuivalent per
hectare (g ac/ha) to about 85 g ac/ha. In cortain embodiments, the methods utilize the
compound of formula (1) or its benzyl or n-butyl ester and pyrazosutforon-cthyl. In one
embodiment, the methods utilize the compound of formmda (1) and pyrazosulfuron-ethyl,
wherein the compound of formula (1) is applied at a rate of from about 4 g acid equivalent per
hectare (g ae/ha) to about &5 g ac/ha, and the pyrazosulfuron-ethyl is applied at a rate of from
about 5 g ai/ha to about 120 gai/ha, Tn one embodiment, the methods atilize the benzyl ester
of the compound of formula (1) and pyrazosulfuron-ethyl, whergin the benzyl ester of the
compound of fornmla (1) is applied at a rate of from about 4 g acid equivalent per hectare (g
ac/ha} to about 35 g ac/ha, and the pyrazosulfuron-cthyl is applied at a rate of from about 5 g
ai/ha to about 120 g ai/ha. o one embodiment, the methods atilize the n-butyl ester of the
compound of formula (1) and pyrazosuifuron-ethyl, wherem the n-butyl ester of the
compound of formula (1) is applied at a rate of from about 18 ¢ acid equivalent per hectare (g
ac/ha} to about 50 g ac/ha, and the pyrazosulfaron-cthyl is applied at a rate of from about 7.5
¢ at/ha to about 120 g al/ba. In certain ernbodiments, the methods and compositions utilizing
the compound of formmula (1) or salt or ester thercof in combination with pyrazosulfuron-ethyl
or salf, carboxylic acid, carboxylate salt, or ester thercof are used to control DIGSA, BRAPP,
ECHOR, SCPMA, ECHCG, CYPDI or LEFCH.

In certain embodiments of the compositions and methods described herein, the
compound of formula (1) or salt or ester thereof is used in combination with esprocarb or salt
thereof. With respect to the compositions, in some embodiruents, the weight ratio of the
compound of formula (T) or salt or ester thereof to esprocarb or salt thereof 1s within the
range of from about 1: 500 to about 6:1. In certain embodiments, the weight ratio of the
compound of formula (I} or salt or ester thereof to esprocarb or salt thereot 1s within the
range of from 1; 4 to about 1:3. In certain embodiments, the weight ratio of the compound
of formula (1) or salt or ester thereof o esprocarb or salt thereot or salt thereot' is within the
range of from about 1:3 to about 1;100. In certain embodiments, the weight ratio of the
compound of formula (1) or salt or ester thereof to esprocarb or salt thereof s within the
range of from about 1:6 to about 1:48, In certain embodiments, the compositions provided
herein comprise the compound of formula (I) or its benzyl ester and esprocarb. In one
embodiment, the composttion comprises the compound of formula (1) and esprocarb, wherein

the weight ratio of the compound of formula (1) and esprocarb 1s about 1:6 to about 1:24. In
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one cmbodiment, the composition comprises the benzyl ester of the compound of formula {T)
and esprocarb, wherein the weight ratio of the benzyl ester of the compound of formula (F)
and esprocarb 1s about 1:3 to about 148, 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 18 applied at an apphication rate of
from gbout 55 grams active ingredient per hectare (g av/ha) to about 1300 g avha based on the
total amount of active ingredients in the composition. In certain embodiments, the
composition s apphied at an application rate of from about 57 grams active ingredient per
hectare (g at‘ha) to about 230 g ai/ha based on the total amount of active ingredients in the
composition. In some enbodiments, 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 (T} or salt or ester thereof and esprocarb or
salt thereof, e.g., sequentially or simultanccusly. In some cmbodiments, the esprocarb or salt
thereof is applied at a rate from about 53 g av/ha to about 1000 ¢ avvha and the compound of
formula (I} of salt or ester thereof 1s applied at a rate from about 2 g ae/ha to about 300 ¢
ac’ha. In some embodiments, the esprocarb or salt thereot is applied at a rate from about 25 ¢
ai/ha to about 450 ¢ ai‘ha and the compound of fornwmia (1) of salt or ester thereof is applied
at a rate from about 2 g acid equivalent per hectare (g ae/ha) to about 40 g ac/ha. In some
embodiments, the esprocarb or salt thereof is apphied at a rate from about 50 g ai/ha to about
220 g av/ha and the compound of formula (1) of salt or ester thereof is applicd at a rate from
about 4 g acid equivalent per hectare (g ae/ha) to about 20 g ac/ha. In certain embodiments,
the methods atilize the compound of formula (1) or its benzyl or ester and esprocarb. To one
embodiment, the mocthods wtilize the compound of formula (1) and esprocarb, wherein the
compound of formula (1) is applied at a rate of from about 4 g acid equivalent per hectare (g
ac/ha} to about 20 ¢ ac’'ha, and the esprocarb is applied at a rate of from about 50 g avha to
about 210 gatha. In one embodiment, the methods vtilize the benzyl ester of the compound
of formula (T) and esprocarb, wherein the benzyl ester of the compound of fornwla (1) 1s
applied at a rate of from about 4 g acid equivalent per hectare (g ae/ha) to about 10 ¢ ac/ha,
and the esprocarb is applied at a rate of from about 50 g ai‘ha to about 220 g avha, In certain
embodiments, the methods and compositions vtilizing the compound of formula (T) or salt or
ester thereof in combination with esprocarb thercof are used to contral BRAPP, ECHCQO,

CYPIR, SCPIU, CYPRO, or FIMMIL
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The components of the mixumires described herein can be applied either separately or
as part of a multipart herbicidal system.

The nuxtures described herein can he applied 1o conjunction with one or more other
herbicides to control a wider variety of undesirable vegetation. When used in conjunction
with other herbicides, the composition can be fornulated with the other herbicide or
herbicides, tank mixed with the other herbicide or herbicides or applied sequentially with the
other herbicide or herbicides. Some of the herbicides that can be emploved in conjunction
with the compositions and methods described herein include, but are not imtted to: 4-CPA;
4-CPB; 4-CPP; 2.4-D; 2,4-D choline salt, 2,4-D esters and anines, 2,4-DB: 3,4-DA; 3 4-DB;
2,4-DEB; 2,4-DEP; 3.4-DP; 2,3,6-TBA; 2,4,5-T; 2,4,5-TB; acetochlor, acifhuorfen, acloniten,
acrolein, alachior, allidochlor, alloxydim, allyl alcohol, slorac, ametridione, ametryn,
anibuzin, amicarbazene, amidosulfuron, aminocyclopyrachlor, aminopyralid, amiprofos-
methyl, amitrole, ammonium sulfamate, anilofos, anisuron, asulam, atraton, atrazine,
azaferidin, azirasuliuron, aziprotryne, barban, BCPC, beflubutamid, benazcolin,
bencarbazone, benfiuralin, benfuresate, bensulfuron-methyl, bensulide, benthiocarb,
bentazon-sodiam, benzadox, benzfendizone, benzipram, benzobicyclon, benzofenap,
benzofluor, benzoylprop, benzthiazuron, bialaphos, bicyclopyrone, bifenox, bilanafos,
bispyribac-sodium, borax, bromacil, bromobonil, bromobutide, bromofonoxim, bromoxynil,
brompyrazon, butachlor, butafenaci, butamifos, butenachior, buthidazole, buthiuron,
butralin, butroxydim, baturon, butylate, cacodylic acid, cafenstrole, calehum chlorate, calennm
cyananude, cambendichlor, carbasulam, carbetamide, carboxazole chlorprocarh,
carfontrazone-cthyl, CDEA, CEPC, chlomethoxyfen, chloramben, chloranocryl, chiorazifop,
chlorazing, chlorbromuron, chlorbutam, chloreturon, chlorfenac, chlorvfenprop,
chlorflurazole, chlorflurenol, chloridazon, chlorimuron, chiornitrofen, chloropon,
chloratoluron, chloroxuron, chloroxyntl, chlorpropham, chiorsulfuron, chiorthal,
chlorthiamid, cinidon-ethyl, cinmethyiin, cinosulturon, cisanilide, clethodim, chiodinate,
clodinafop-propargyl, clofop, clomazone, clomeprop, cloprop, cloproxydim, clopyralid,
cloransulare-methyl, CMA, copper sulfate, CPMF, CPPC, credazine, cresol, curmyluron,
cyanatryi, cyanazing, cycloate, cyclopyrimorate, cyclosulfamuron, cyeloxydim, cychuron,
cvhalofop-butyl, cyperquat, cyprazing, cyprazole, cypromid, daimuron, dalapon, dazomet,
delachlor, desmedipham, desmetryn, di-allate, dicamba, dichlobenil, dichloralurea,
dichlormate, dichlorprop, dichlorprop-P, diclofop-methyl, diclosulam, diethamquat, dicthatyl,
difenopenten, difenoxuron, difenzoquat, difhufenican, ditfufenzopyr, dimeturon,

dimepiperate, dimethachlor, dimethametryn, dimethenamid, dimethenamid-P, dimexano,
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dimidazon, dinitramine, dinofenate, dinoprop, dinosam, dinoseb, dinoterb, diphenamd,
dipropetryn, diquat, disul, dithiopyr, diwron, DMPA, DNOC, DSMA, EBEP, eglinazine,
endothal, epronaz, EPTC, erbon, ethalfluralin, cthbenzamide, cthametsutforon, cthidinmron,
ethiolate, ethobenzamid, etobenzamid, ethofumesate, ethoxyfen, cthoxysulfuron, etinofen,
etnipromid, ctobenzanid, EXD, fenasulam, fenoprop, fenoxaprop, fenoxaprop-P-ethyl,
tenoxaprop-P-ethyl + isoxadifen-ethyl, fenoxasulfone, fenteracol, fenthiaprop, fentrazamude,
fenuron, ferrous sulfate, flamprop, flamprop-M, flazasuifuron, florasulam, fluazifop,
fluazifop-P-butyl, fluazolate, flucarbazone, flucctosulfuron, fluchloralin, fhufenacet,
flutenican, flufenpyr-ethyl, flumetsalam, flumezin, flamiclorac-pentyl, fhimioxazin,
flumipropyn, fhuoreturon, fluorodifen, fluorpglveotfen, fluoromidine, fluoronirofen,
fluothiuron, tlupoxem, flupropacil, fluprepanate, flupyrsulfuron, fluridone, flurochloridone,
tluroxypyr, fhuroxypyr-meptyl, flurtamone, fluthiacet, fomesafen, foramsulforon, fosamine,
tumiclorac, furyloxyien, glufosinate, glafosinate-ammonium, glofosinate-P-ammoniam,
glyphosate, halauxifen, balauxifen-methyl, halosafen, haloxydine, haloxyfop-methyl,
haloxyfop-P-methyi hexachloroacetons, hexaflurate, hexazinone, imazamethabenz,
irazamox, imazapic, imazapyr, imazaquin, imazosulfuron, imazethapyr, mdanofan,
mdazitlam, iodobonil, iodomethane, 1odosulfuron, 1odosulfuron-cthyl-sodium, iofensulfuron,
ioxynil, ipazine, ipfencarbazone, iprymidam, isocarbamid, isoci, isomethiozin, isonoruron,
isopolinate, isopropalin, 1Soproturon, souron, isoxaben, isoxachlortole, isoxafluiole,
isoxapyritop, karbutilate, ketospiradox, lactofen, lenacil, hinuron, MAA, MAMA, MCPA
esters and amines, MCPA-thioethyl, MCPB, mecoprop, mecoprop-P, rmedinoterb, mefenacet,
mefhidide, mesoprazine, mesosulfuron, mesotrione, metam, metamifop, metanutron,
metazachlor, metazosulturon, metflurazon, methabenzthiazoron, methalpropalin, metharole,
methiobencarb, methiozolin, methiuron, methometon, methoprotryne, methyl bromide,
methyl isothiocyanate, methyldymron, metobenzuron, metobronwron, metolachlor,
metosulam, metoxuron, metribuzin, metsulfuron, metsulfuron-methyl, molinate, monalide,
monisouron, monochloroacetic acid, monolinuron, monuron, morfamguat, MSMA,
vaproantlide, naproparoide, vaptalam, neburon, nicosulfuron, wipyraclofen, nitralin, nitrofen,
aitrofhuorfen, norfiurazon, noruron, OCH, orbencarb, orthio-dichlorobenzene,
orthosulfamuron, oryzalin, oxadiargyl, oxadiazon, oxapyrazon, oxasulfuron, oxaziclomefone,
oxyfluorfen, paraflufen-cthyl, parafluron, paraquat, pebulate, pelargonic acid, pendimethalin,
penoxsulam, pentachlorophenol, pentanochlor, pentoxazone, perfluidone, pethoxamid,
phenisopham, phenmedipham, phenmedipham-ethyl, phenobenzuron, phenyimercury acetate,

picloram, picolinafen, pinoxaden, piperophos, potassium arsenite, potassium azide, potassivim
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cyanate, pretifachlor, primisulfuron-methyl, procyazine, prodiamine, profluazol, profluralin,
profoxydim, proglinazine, prohexadione-calcium, prometon, prometryn, pronarside,
propachlor, propanil, propaquizafop, propazine, propham, propisochlor, propoxycarbazone,
propyriselfuron, propyzamide, prosulfalin, prosulfocarb, prosulturon, proxan, prynachior,
pydanon, pyraclonil, pyratlufen-cthyl, pyrasuifotole, pyrazogyl, pyrazolynate, pyrazoxyien,
pyribenzoxim, pyributicarb, pyriclor, pyridafol, pyridate, pyriftalid, pyriminobac,
pyrimisulfan, pyrithichac-sodium, pyroxasulfone, pyroxsulam, quinciorac, quinmerac,
quingclamine, quinonamid, quizalofop, quizalofop-P-ethyl, rhodethant], rimsulfuron,
saffufenacii, S-metolachlor, sebuthylazine, secbumeton, sethoxydim, siduron, sirmazine,
simeton, simetryn, SMA, sodium arsenite, sodivm azide, sodium chlorate, sulcotrione,
sulfallate, sulfentrazone, sulfometuron, sulfosate, sulfosulfuron, sulfuric acid, sulglycapin,
swep, SYN-523, TCA, tebutam, tebuthiuron, tefurylirione, tembotrions, tepraloxydim,
terbacil, terbucarb, tetbuchlor, terbumeton, terbuthylazine, terbutryn, tetratloron, thenylchior,
thiazafluron, thiszopyr, thidiazimin, thidiazuron, thiencarbazone-methyl, thufensuifuron,
thifensulfurn-methyl, thicbencarb, tiocarbazil, tioclorim, topramezone, tralkoxydim,
triafamone, tri-allate, triasulfuron, triaziflam, tribenuron, tribemwon-methyl, tricamba,
triclopyr choline salt, triclopyr esters and salts, tridiphane, trietazive, trifloxysulfuron,
triffuratin, triflusolfuron, trifop, trifopsime, tihydroxytriazine, trimeturon, tripropindan, tritag
tritosulfuron, vernolate, xylachlor and salts, esters, optically active 1somers and mixtures
thereof.

The compositions and methods described heren, can further be used 1n conjunction
with glyphosate, 5-enoipyruvylshikimate-3-phosphate (EPSP) synthase inhibitors,
glutosinate, ghitamine synthetase mhibitors, dicamba, phenoxy awxins, pyridyloxy auxins,
synthetic auxins, awan transport inhibitors, aryloxyphenoxypropionates, cyclohexancdiones,
pheaylpyrazolines, acetyl CoA carboxylase (ACCase) inhibitors, imidazolinones,
sulfonylureas, pyrimidinyithiobenzoates, triazolopyrimidine-selfonamides,
sulfonylaminocarbonyliriazolinoves, acetolactate synthase (ALS) or acetchydroxy acid
synthase {AHAR) inhibitors, 4-hydroxyphenyl-pyravate dioxygenase (HPPD) inhibitors,
phytoenc desaturase inhibitors, carotenoid biosynthesis inhibitors, protoporphyrinogen
oxidase (PPQ) inhibitors, cellulose biosynthesis mbubitors, mitosis inhibitors, microtubule
nhibitors, very long chain fatty acid inhibitors, fatty acid and lipid bicsynthests inhibitors,
photosystem [ inhibitors, photosystem U inhibitors, triazines, and bromoxynil on glyphosate-
tolerant, EPSP synthase iwhibitor-tolerant, ghifosinate-tolerant, glutamine synthetase

nhibitor-tolerant, dicamba-tolerant, phenoxy mpan-tolerant, pyridyloxy ausin-tolerant,
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auxin-tolerant, auxin transport inhibitor-tolerant, aryloxyphenoxypropionate-tolerant,
cyelohexanedione-tolerant, phenylpyrazoline-tolerant, ACCase-tolerant, indazolinone-
tolerant, sulfonylurea-tolerant, pyrimidinyithiohenzoate-tolerant, triazolopyrinudine-
sulfonanude-tolerant, sulfonvlaminocarbonyitriazolinone-tolerant, ALS- or AHAS-tolerant,
HPPD-tolerant, phytocne desaturase inhibitor-tolerant, carstenoid biosynthesis inhibitor
tolerant, PPO-tolerant, cellulose biosynthesis inhibitor-tolerant, mitosis inhibtior-tolerant,
microtubule inhibitor-tolerant, very long chain fatty acid inhibitor-tolerant, fatty acid and
tipid biosynthesis inphibitor-tolerant, photosystem I inhibitor-tolerant, photosystem [
mhbitor-tolerant, triazine-tolerant, bromoxynil-tolerant, and crops possessing multiple or
stacked tratts conferring tolerance to multiple chemistries and/or multiple modes of action via
singlc and/or multiple resistance mechanisms. In some embodiments, the compound of
tformuda (1) or salt or ester thereot 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 weeds controlied by these compounds at the application rate
emploved. In some embodiments, the compositions described herein and other
complementary herbicides are applied at the same time, either as a combination formulation,
as a tank mix, or as a sequential application.

In some embaodiments, the compositions described herein are employed in
combination with one or more herbicide safeners, such as AD-67 (MON 4660), benoxacor,
benthiocarb, brassinolide, cloquintocet (mexyl), evometrinil, daimuron, dichlormid,
dieycionon, dimepiperate, disulfoton, fenchlorazole-cthyl, fonclorim, flurazole, fhuxofenin,
furilazole, harpin proteins, isoxadifen-cthyl, jiccaowan, jiecaoxi, mefenpyr-dicthyl,
mephenate, naphthalic anhydnde (NA), oxabetrinil, R29148 and N-phenyl-salfonylbenzoic
acid arnides, to enhance their selectivity. Tn some embodiments, the safeners are eruploved in
rice, cereal, corn, or maize settings. In some embodiments, the safener is cloguintocet or an
ester or salt thercof. In certain embodiments, cloquintocet is utilized to antagonize harmbul
effects of the compositions on rice and cereals. In some embodiments, the safener is
cloguintocet (mexyl).

In some embodiments, the compositions described herein are employed in
combination with one or more plant growth regulators, such as 2,3,5-tri-iodobenzoic agid,
IAA, IBA, naphthalencacetamide, o-naphthaleneacetic acids, benzyladenine, 4-
hydroxyphenethvi alcchol, kinetin, zeatin, endothal, ethephon, pentachlorophenol,
thihazuron, tribufos, aviglycine, maleic hydrazide, gibberellins, gibberellic acid, abscisic

acid, ancynudol, fosarning, glyphosine, isopyrimol, jasmouic acid, mepiquat, 2,3,5-tri-
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todobenzoic acid, morphacting, dichlorflurencd, fhoprimndol, methudide, paclobutrazol,
tetcyelacts, uniconazole, brassinolide, brassinohide-cthyl, cycloheximide, ethyiene,
methasulfocarh, prohexadione, triapenthenol and trinexapac.

in some embodiments, the plant growth regulators are employed in one or more crops
or settings, such as rice, cereal crops, corn, maize, broadieaf crops, otlseed rape/canola, turf,
pineapple, sugarcane, sunflower, pastures, grasslands, rangelands, fallowland, tree and vine
orchards, plantation crops, vegetables, and non-crop {ornamentals) settings. In some
embodiments, the plant growth regulator is mixed with the compound of formula (1), or
mixed with the compound of formuida (1) and halosalfiron-methyl, pyrazosulturon-ethyl or
esprocarb to cause a preferentially advantageous offect on plants.

In some embodiments, compositions provided herein further comprise at least one
agriculturally acceptable adjuvant or carrier. Suitable adjuvants or carriers should not be
phytotoxic to valuable crops, particularly at the concentrations employed n applying the
compositions for selective weed control in the presence of crops, and should not react
cherically 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, dusis, granules, water-dispersible
granules, or wettable powders, or liquids, such as, for example, ermulsifiable concentrates,
solutions, emulsions or suspenstons. They can also be provided as a pre-mix or tank mixed.

Suitable agricubtural adjuvants and carriers include, but are not limited to, crop oil
cancentrate; nonylphenol ethoxvlate; benzylcocoalkyldimethy! quaternary ammonium salt;
blend ot petroleum hydrocarbon, alkyl esters, organic acid, and anionic surfactant; Cs-Cy
atkvipolyglycoside; phosphated alcohol ethoxylate; satural privoary alcohol (Cp-Cig)
ethoxylate; di-sec-butyiphenol EG-PQ block copolvmer; polysiloxane-methyl cap;
nonyiphenol ethoxylate + urea ammonium nitrate; emulsified methylated seed otl; tridecyl
alcohol {synthetic) ethoxylate (BEQ): tallow amine ethoxylate (15 EO); PEG(400) dioleate-
99.

Liguid carriers that can be emploved include water and organic solvents, The organic
solvents inchude, but are not Himited to, petroleum fractions or hydrocarbons such as mineral
oil, aromatic solvents, paraffinic oils, and the like; vegetable otls such as soybean oil,
rapeseed oil, ofive oil, castor oil, sunflower seed o, coconut oil, com oil, cottonseed oil,
finsced oil, palm oil, peanut oil, safflower oil, sesame oil, tung oil and the like; esters of the

above vegetable oils; esters of monoaleohols or dihydrie, tnhydric, or other lower
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polvalcohols (4-6 hydroxy containing), such as 2-ethyl hexyl stearate, #-butyl oleate,
wopropy! myristate, propylene glycol dicleate, di-octy! succinate, di-batyl adipate, di-octyl
phithalate and the like; esters of mone, di and polyearboxylic acids and the Like. Specitic
organic solvents include, but are not Hmited to toluene, xyiene, petroleum naphtha, crop oil,
acetone, methyl ethyl ketone, cyclohexanone, trichloroethylene, perchlorocthyiene, ethyt
acetate, amy] acetats, butyl acetate, propylene glveol monomethyl ether and diethyleve glycol
monomethyl ether, methy! aleohol, ethyl alcohol, isopropyl alcohol, amyl aleohol, ethylene
glyeol, propylene glyeol, glycerine, N-methyl-2-pyrrolidinone, & N-dimethy! alkylamides,
dimethyl sulfoxide, liquid fertilizers and the like. In certain ernbodiments, Water 1s the
carricr for the dilution of concentrates.

Suitable solid carriers inchude but are not limited to talc, pyrophyllite clay, silica,
attapulgus clay, kaolin clay, kieselgubr, chalk, diatomaceous earth, lime, calemm carbonate,
bentonite clay, Faller's earth, cotionseed hudls, wheat flour, sovbean flour, pumice, wood
flour, walnut shell Hour, lignin, cellulose, and the hike.

in some embodiments, the compositions described herein further comprise one or
more surface-active agents. In some embodiments, such surface-active agents are employed
in both solid and liquid compositions, and in certain cmbodiments those designed to be
diluted with carrier before application. The surface-active agents can be anionic, cationic of
nonionic in character and can be employed as enulsifying agents, wetting agents, suspending
agents, or for other purposes. Surfactants which may also be used in the present formulations
are described, infer alia, in “MeCutcheon’s Detergents and Emulsifiers Annual,” MC
Publishing Corp., Ridgewood, New Jersey, 1998 and in “Encyclopedia of Surfactants,” Vol
-1, Chemucal Publishing Co., New York, 1980-31. Surface-active agents include, but are
not limited to salts of alleyl sulfates, such as dicthanolammonium lavryl sulfate;
atkyiarylsulfonate salts, such as calcium dodecylbenzenesulfonate; alkylphenol-allcylene
oxide addition products, such as nonylphenol-Cig ethoxylate; alcohol-alkylene oxide addition
products, such as tridecyt alcohob-Cyg ethoxylate; soaps, such as sodium stearate; alkyl-
vaphthalene-sulfonate salts, such as sodium dibutylnaphthalenesulfonate; diatkyl esters of
suifosuccinate salts, such as sodium die2-ethythexyl) sulfosuccinate; sorbitol esters, such as
sorbito] oleate; quaternary amines, such as lauwryl trimethylammonium chlonde; polyvethylene
ghycol esters of fatty acids, such as polvethylene glycol stearate; block copolymers of
ethylene oxide and propylene oxide; salts of mono and dialky! phosphate esters; vegetable or
seed oils such as soybean oil, rapeseed/canola oil, olive oil, castor oif, sunflower seed oil,

coconut oif, com otl, cottonseed oil, lnsead o1, palm oil, peanut oil, satflower oil, sesame o1,
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tung ot and the like; and esters of the above vegetable oils, and in certain embodiments,
methyl esters,

In some cmbodiments, these materials, such as vegetable or seed otls and their esters,
can be used interchangeably as an agricultural adpuvant, as a Hquid carrier or as 4 surface
active agent.

Other exemplary additives for use in the compositions provided heretn 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 point depressants,
antimicrobial agents, and the like. The compositions may also contain other compatible
components, for example, 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, vrea 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 1 from about 0.0006 to 90 percent by weight. In compositions designed to be
employed as concentrates, the active ingredients, in certain embodiments, are presentin a
concentration from about 0.1 to 9% weight percent, and in certain embodiment’s about .5 to
90 weight percent. Such compositions are, ia certain embodiments, diluted with an inert
carvier, such as water, before application. The difuted compositions usually applied to weeds
or the locus of weeds contain, in certain embodiments, about 0.0006 to 3.0 weight percent
active ingredient and in certain embodiments contain about .01 to 1.0 weight percent.

The present compositions can be applied to weeds or their locus by the use of
conventional ground or acrial dusters, sprayvers, and granule applicators, by addition to
irrigation or paddy water, and by other conventional means known to those skilled tn the art.

The described embodiments and following examples are for ifhustrative purposes and
are not intended to Himit the scope of the claims. Other modifications, uses, or combinations
with respect to the corapositions described herein will be apparent to a person of ordinary
skill in the art without departing from the spirit and scope of the claimed subject matter,
Examples

Results in Examples T and I are greenhouse trial results,
Example L FEvaluation of Post-Emercence Foliar-Applied Herbicidal Mixtures for Weed

Control in Direct Seeded Rice
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Seeds or nutiets of the desired test plant species were planted in a soil matrix prepared
by mixing a loam or sandy loam soil {e.g, 28.6 percent silt, 18.8 percent clay, and 52.6
percent sand, with a pH of about 5.8 and an organic matter contont of about 1.8 percent) and
calcareous grit in 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 fangicide 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 hr, photoperiod which was maintained at about 29° C during the day and
267 C during the night. Nutrients (Peters Excel” 15-5-15 5-Ca 2-Mg and iron chelate) were
applicd in the wrigation solution as noeded and water was added on a regular basis,
Suppiemental Hghting was provided with overhead metal halide 1000-Watit lamps as
necessary. The plants were employed for testing when they reached the first through fourth
troe leaf stage.

Treatments consisted of the acid or esters of 4-amino-3-chloro-5-fhisro-6-(4-chloro-2-
fhioro-3-methoxy-phenylipyridine-2-carboxylic acid (Compound A}, each formulated as an
SC (suspension concentrate), and various herbicidal components alone and n combination.
Forms of compound A were applied on an acid equivalent basis.

Forms of compound A {compound of fornwula 1) tested include:
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O
HyC”

Compound A Acid

NH,

Compound A Benzyl Ester

Other herbicidal components were applied on an active ingredient basis and fuchided
the acetolactate synthase (ALS -inhibiting herbicides halosalfuron-methy! formulated as
Permit” 75 WDG, pyrazosulfuron-ethyl formulated as Agreen™ WG or Sirius”™ G, and the
VLCFA inhibiting herbicide esprocarh (techuical grade material),

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 formulated coropounds, measured amounts of
compounds were placed individually in 25 mL glass vials and diluted in a volume of 1.25%

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

(OS]
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not dissolve readily, the mixture was warmed and/or sonicated. Application solutions were
prepared by adding an appropriate amount of each stock solution (e.g., 1 by and difuted to
the appropriate final concentrations with the addition of 18l of an aqueous mixture of
1.25% (v/v) crop oil concentrate so that the final spray solutions contained 1.25+/-0.05%

5§ {vivycrop oil concentrate.

For treatiments comprised of technical compounds, weighed amounts can be placed
individually in 25 mU glass vials and dissolved in a volume of97:3 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

10 amount of cach stock solution {e.g., | mL) and diduted o the appropriate final concentrations
with the addition of 10 mL of an aqueocus mixture of 1.5% {(v/v) crop oil concentrate so that
the final spray solutions contain 1.25% (v/v) crop ol concentrate. When technical materials
are used, the concentrated stock sohitions can be added to the spray solutions so that the final
acctone and DMSO concentrations of the application solutions are 16.2% and 0.5%,

15 respectively.

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

20 volume of 1.53% (v/v) crop ol concentrate or water to obtain 12X stock solutions. If a test
compound did not dissolve readily, the mixture was warmed and/or somicated. Application
solutions were prepared by adding an appropriate amount of cach stock sclution (e.g., T mL)
and dilated to the appropriate final concentrations with the addition of an appropriate amount
of an aqueouns mixture of 1.5% (v/v) crop oil concentrate so that the final spray solutions

25 contained 1.25% (v/v} crop oil concentrate. As required, additional water and/or 97:3 v/v
acetone/DMSQO was added to individual application solutions so that the final acetone and
DMSO concentrations of the application solutions being compared were .19 and 0.25%,
tespectively.

All stock solutions and applications sohutions were visually inspected for compound

30 compatibility prior to application. Spray solutions were applied to the plant material with an
overhead Mandel track sprayer equipped with a S8002F nozzles calibrated to deliver 187 L/ha
over an application area of 0,502 m” at a spray height of 18 to 20 inches (46 to 50 cm) above
average plant canopy height. Control plants were sprayed in the same manner with the

soivent blank
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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 3 weeks, the condition of the test plants as corapared with that of the vnireated
plants was determined visually and scored on a scale of § to 100 percent where 0 corresponds

5 tono injury or growth inhibition and 100 corresponds to complete kil

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

The following equation was used to calculate the expected activity of mixtures

10 containing two active ingredients, A and B:
Expected = A + B - (A x B/10O)

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

B = observed efficacy of active ingredient B at the samc concentration as used 1 the

15 mixture.
The compounds tested, application rates emploved. plant species tested, and results

are given in Tables 1-8,

[ON]
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Table 1. Synergistic Activity of Fohar-Apphied Compound A Acid and Halosulfuron-methyl

Herbicidal Compositions on Weed Control in a Rice Cropping System.

Cornpound | Halosulfuron- | ‘V ssual Z}V N od
A Acid methvl Control (%) - 20
o O DAA

BRAPP
g ac’ha zai/ha Obs Exp
4,38 { 50 -

Y 4.38 {} -

0 8.75 0 -

0 17.5 { -
4.38 438 65 50
4,38 8.75 60 50
4.3¥ 17.5 60 50

isual Wee

Compound | Halosulfuron- X‘\/mm ,“ eed
A Acid methvi Control (%) - 20
AL MY TIAA

DIGSA

g ac/ha

g avha

{bs Exp

21.2 { 10 -
42.4 {} 25 -

0 35 10 -
21.2 35 10 19
424 33 53 33

SUBSTITUTE SHEET (RULE 26)



WO 2014/018412

PCT/US2013/051327

Table 2. Synergistic Activity of Foliar-Apphed Compound A Benzyl Ester and Halosnifuron-

methy! Herbicidal Compositions on Weed Control in a Rice Cropping Syster.

SUBSTITUTE SHEET (RULE 26)

Compound | Visual Weed
A Benzyl Halosulturon- Control (%) - 20
methyl
Ester DAA
BRAPP
g ac/ha gavha Obs Bxp
4.38 { 44 -
8.75 ¢ 70 -

0 4.3% 0

0 8.75 0 -

0 7.5 { -
4.38 4.3¥ 65 44
8.75 4.38 75 70
4.38 8.75 74 40
8.75 8.75 80 70
4.38 £7.5 60 40
.75 17.5 75 70
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Compound | Visual Weed
A Benzyl Halosuiforon- 1 ol (%) - 20
Ester metly] AN
LEFCH
gac’ha g ar/ha Obs Fxp
4.38 ¢ { -
.75 { 20 -
17.5 ¢ 40 -
O 8.75 0
0 17.5 0 -
4.38 8.75 15 {
.75 8.75 15 20
17.5 .75 60 40
4.38 17.5 15 O
.75 17.5 20 20
17.5 17.5 35 40

PCT/US2013/051327

Table 3. Synergistic Activity of Foliar-Apphied Compound A n-Butyl Ester and

Halosulfaron-roethyl Herbicidal Corapositions on Weed Countrol in a Rice Cropping Systern.

SUBSTITUTE SHEET (RULE 26)

Coropound | Visual Weed
Halosulfuron- |
A n-Butyl Control (%) - 20
methyt
Ester DAA
LEFCH

g ac/ha g ai'ha Obs Byp
35 O 48 -
0 35 5 -

35 35 68 54
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Table 4. Synergistic Activity of Foliar-Applied Compound A Acid and Pyrazosulturon-ethyl

{(Agreen” WG) Herbicidal Compositions on Weed Control in a Rice Cropping System.

Visual Weed

Compound | Pyrazosulfuron- N
Control (%) -
A Acd ethyl
20 DAA
DIGSA
¢ ac/ha gaha Obs Exp
212 { 10 -
{ 120 23 -
212 120 63 30

Table 5. Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and

Pyrazosulfuron-ethyl (Agreen™ WG) Herbicidal Compositions on Weed Control in a Rice

Cropping System.

SUBSTITUTE SHEET (RULE 26)

Compound Visual Weed
Pyrazosulfuron-
A Benzyl Control (%) -
ethyl
Ester 21 DAA
BRAPP
g ac/ha g aiha Obs Exp
4.38 0 50 -
0 15 0 -
{ 39 { -
0 60 i
4.33 15 80 50
438 30 70 50
438 60 74 55
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Compound i Visual Weed
Pyrazosulfuron- |
A Benzyl Control (%) -
ethyl
Ester 21 DAA
DIGSA
g ac/ha gaiha Obs Exp
17.5 0 23 -
38 { 38 -
{ 120 23 -
17.5 120 63 40
35 120 53 52

PCT/US2013/051327

Table 6. Sysergstic Activity of Foliar-Applied Compound A n-Butyl Ester and

Pyrazosulfuron-ethyl (Agreen® WG Herbicidal Compositions on Weed Control 1n a Rice

Cropping System.

Compound i Visual Weed
Pyrazosulfuron-
A p-Butyl Control (%) -
ethyl

Ester 20 DAA
DIGSA

g ac/ha gavha Obs | Exp
17.5 0 13 -
0 120 23 -

17.5 120 45 32

Table 7. Synergistic Activity of Foliar-Applied Compound A Acid and Esprocarb Herbicidal

Composttions on Weed Control in & Rice Cropping Syster.

SUBSTITUTE SHEET (RULE 26)

Corpound Vieual Weed
OHpY Esprocath | Control (%) - 22
A Acud Sy
AA
BRAPP
g ac/ha g ai/ha Obs Exp
4.38 0 45 -
{ $2.5 { -
{ 105 { -
4.3% 52.5 65 45
4.3¥ 105 55 45
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Corapound Visual Weed
/ A ;E‘z::id Esprocarb Control (%) - 22
- DAA
ECHCO

/
gac/ha

g ai/ha

Obs Exp

4.38 0 65 -
8.75 {} &0 -

0 105 0 -
438 135 &0 65
.78 105 88 &0

PCT/US2013/051327

Table & Synergistic Activity of Foliar-Applied Compound A Benzyl Ester and Esprocarb

Herbicidal Compositions on Weed Control 1 a Rice Cropping System,

Compound Visual Weed
A Benzyl Bsprocarb | Control (%) - 22
Ester DAA
CYPIR
g ac/ha g at/ha Obs Exp
4.38 { 25 -
8.75 {} 50 -
0 52.5 0 -
{ 103 {} -
4.38 52.5 95 25
8.75 52.5 10 50
4.3% 135 G4 25
8.75 105 100 50
Compound Visual Weed
A Beazyl Hsprocarb | Contral (%) - 22
Ester DAA
SCRIU
g ac/ha g ai/ha {bs Exp
8.75 0 a0 -
0 52.5 0 -
{} 1035 { -
8.75 52,5 100 &0
8.75 135 100 80

SUBSTITUTE SHEET (RULE 26)
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BRAFP Urockhioa platyphyila (Nash) R.D. Webster

or Brachiaria platvphiviia (Griseb.) Nash  signalgrass, broadleat
CYPIR Cyperus ivia L. flatsedge, rice
DIGSA Digitaria sanguinalis (L) Scop. crabgrass, large
ECHCO Echinochloa colona (L.} Link tunglerice
LEFCH Leprochloa chinensis (1) Nees sprangletop, Chinese
SCPIU Schoenopiectus juncoides (Roxb.) Palla bulrush, Japanesc

g ae/ha = grams acid equivalent per hectare

g arvha = grams active ingredient per hectare

Obs = observed value

Exp = expected value as calculated by Colby’s equation
DAA = days after application

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

Transplanied Paddy Rice

Weed seeds or putlets of the desired test plant species were planted 1n puddied soil
{roud) prepared by muxing a shredded, non-steritized mineral soil (50.5 percent silt, 25.5
percent ¢lay, and 24 percent sand, with 2 pH of about 7.6 and an organic matter content of
about 2.9 percent) and water at a 1:1 volumetric ratio. The prepared mud was dispensed in
365 miL aliquots into 10-ounce (oz.) non-perforated plastic pots with a surface area of 86.59
square centimeters (cm’) leaving a headspace of 3 centimeters (em) in each pot Mud was
allowed to dry overnight prior to planting or transplanting, Rice seeds were planted 1n Sun
Gro MetroMix® 306 planting mixture, which typically has a pH of 6.0 to0 6.8 and an organic
matter content of about 30 percent, in plastic plug trays. Scedlings at the second or third leaf
stage of growth were transplanted into 840 mL of mud contained 1 32-0z. non-perforated
plastic pots with a surface ares of 86.59 cm” 4 days prior to herbicide application. The paddy
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 fimgicide treatrent 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
vutrients ) at 2 g per 16-0z. pot and 4 g per 32-0z. pot. Water was added on a regular basis 1o

maintain the paddy flood, and supplemental lighting wag provided with overhead metal
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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-amuno-3-chloro-5-thuoro-6-(4-chloro-2-
fluoro-3-methoxy-phenyhpyridine-2-carboxylic acid (compound A} cach formulated as an
5 SC {(suspension concentrate) and various herbicidal components alone and in combination,
Forms of cormpound A were applied on an acid equivalent basis.

Forras of compound A (compound of formula [) tested include:

NH,

O
HiC”

Compound A Acid

NH,

Compound A Benzyl Ester

Other herbicidal components were applied on an active ingredient basis and included
{ £

15 acetolactate synthase (ALS)-inhibiting herbicides formulated as Permit™ 75 WDG,
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pyrazosuifuron-ethy! formulated as Agreen” WG or Sirius® G, and VLCFA inhibiting
herbicide esprocarb (technical grade material).

Treatment requirernents for cach compound or herbicidal compounent were calculatec
based upon the rates being tested, the concentration of active ingredient or acid equivalent n
the formulation, an application volume of 2 mb per component per pot, and an application
area of 86.39 co” per pot.

For formulated compounds, @ measured amount was placed in an individual 100 or
200 mL glass vial and was dissolved in a volume of 1.25% (viv) Agri-Dex” crop oil
concentrate to obtain application solutions. H the test compound did not dissolve readily, the
mixiure was warmed and/or sonicated.

For technical grade compounds, a weighed amount was placed in an individual 100 to
200 mb glass vial and was dissolved in a vohime of acetone to obtain concentrated stock
solutions. If the test compound did not dissolve readily, the mixture was warmed and/or
sonicated. The concentrated stock solutions obtained were diluted with an equivalent volume
of an aqueous muixture containing 2.5% (v/v) crop ol concentrate so that the final application
solutions contained 1.25% {v/v} crop ot 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
made so that all trested plant material received the same concentrations of acetone and crop
ol concentrate.

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

Colby’s equation was used to determine the herbicidal effects expecied 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 two active ingrodicnts, A and B

Expected = A + B - (A x B/10O)
A = ghserved efficacy of active ingredient A at the same concentration as used i the

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

mixture.

Sorne of the compounds tested, apphication rates coployed, plant species tested, and

results are given in Tables 9-18.

Table 9. Synergistic Activity of In-Water Applications of Compound A Acid and

Halosulfuron-methyl Herbicidal Compositions on Weed Control in a Rice Cropping System.

43

Compound | Halosulhwron- | Visual Weed Control (%) - 20 DAA
A Acid methyl
ECHOR SCPMA
g ac/ha g avha Obs Exp {bs Exp
42.4 O 18 - 0 -
84.8 { 33 {

0 35 { - 65 -
424 35 S8 18 100 65
84.8 35 73 33 100 63

Corapound | Halosulfuron- Y‘ml V\‘Sed
A Acid methyl {"{?mﬂ (%) -
21 DAA
ECHCG
gac/ha gaiha Obs Exp
8.75 0 0 -
17.5 { 39 -

0 17.5 0 -
.75 17.5 39 {
17.5 17.5 85 30

Compound | Halosulfuron- ‘w isuél,we?d
A Acid methyl Contral (%6 -
’ 21 DAA
CYPRO
g ac/ha g ai/ha {Obs Exp
8.75 {} 30 -
17.5 0 50 -

35 0 65 -

0 8.75 60 -
875 3.75 100 72
17.5 .75 100 80

35 8.75 100 86
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Table 10. Synergistic Activity of Tu-Water Applications of Compound A Benzyl Ester and

Halosulfaron-roethyl Herbicidal Compositions on Weed Countrol in 2 Rice Cropping Systern,

Compound Halosulfuron- Visual Weed
A Benzyl ;; & ,1‘ Control (%) - 20
Hgter cHy DAA
ECHOR
g ae/ha g avha Obs Exp
35 0 73 -
{ 35 0 -
35 35 88 73
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Compound Visual Weed
A B};nzyi I{eﬁusiﬂ;’u;on— Control (%) - 20
Bster methy DAA
SCPMA
g ae/ha g ai/ha (bs Exp

70 0 0 -

0 35 65 -

70 35 98 65

Compound e Visual Weed
Halosulfuron- | N
A Benzyl mothyl Control (%) -
Ester 21 DAA
ECHOR
g ac/ha g ai'ha (Obs Exp
4338 0 -
3.75 10 -

{} 8.75 0 -

0 i7.5 0 -
43¢ 8.75 1) {
§.78 8.75 i3 10
4.38 17.5 15 0
8.78 17.5 [ 10

Compound ‘ Visual Weed
A Bgnzyl Halos'u‘ifuron-- Control (%) -
Ester methyl 21 DAA

CYPRO

g ac’ha gai‘ha (Obs Exp
438 0 20 -
.75 { 63 -

{ 8.75 &0 -
4.38 R.75 70 63
&.75 8.75 100 86

45

SUBSTITUTE SHEET (RULE 26)

PCT/US2013/051327



WO 2014/018412

PCT/US2013/051327

Table 11. Synergistic Activity of In-Water Applications of Compound A n-Butyl Ester and

Halosulfuron-methyl Herbicidal Compositions on Weed Control in a Rice Cropping System,

Compound Halosulfuron- | .. )

Ap-Butyl | Visual Weed Control (%) - 20 DAA
- methyl

Ester ’
ECHOR SCPMA
g ac/ha g ai/ha Obs FExp Obs Exp
35 ¢ 35 - ¢ -
70 { 40 - { -
{ 38 0 - 65 -

35 35 55 35 B 65
70 34 83 40 95 65

Table 12. Synergistic Activity of In-Water Applications of Compound A Acid and
Pyrazosulfuron-ethy! (Sirius” G) Herbicidal Compositions on Weed Controf in a Rice
Cropping System.

Compound | Pyrazosulfuron- VFS‘?} Vfﬁed
A Acid cthyl Coatrol (%) -
7 20 DAA
ECHOR
¢ ac/ha ¢ ai/ha Obs | Exp
42 4 0 18 -
§4.8 { 33 -
{ 70 70 -
42.4 70 93 73
84.8 70 98 80
Compound | Pyrazosulfuron- | Visual Weed Control (%) - 22
A Acid ethyl DAA
ECHOR SCPMA
g ac/ha g ai/ha Obs Exp Obs Exp
8.75 0 { - { -
17.5 { 0 - 0 -
35 0 2 - 0 -
{ 17.5 { - 80
0 35 0 74 -
8.75 17.5 20 { 85 R0
17.5 §7.8 40 O 35 80
35 17.5 40 20 95 R0
8.75 33 50 0 99 7
17.5 35 30 ¢ 95 76
35 35 1Y 20 100 70
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Table 13. Synergistic Activity of In-Water Applications of Compound A Acid and
Pyrazosulfuron-ethyl (Agreen” WG) Herbicidal Compositions on Weed Control in a Rice
Cropping System.

Compound Pyrazosulfuron- :ﬁsual ,zvee(i,,
AAcid | ety | Control 96)-22
DAA
ECHCG
gac/ha ¢ ai/ha Obs Exp
16 0 20 -
32 0 25 -
{0 7.5 20 -
0 15 20 -
16 7.8 70 36
32 7.8 &5 40
16 IS 70 36
32 IS 70 49
5
Compound {Pyrazosutfuron- w‘\/miuai r";Ns:egi
A Acid oty | Comrel %) - 21
DAA
CYPDE
g ac/ha g ai/ha Obs Exp
16 0 30 -
32 0 Sl -
0 7.5 70 -
0 15 80 -
16 7.5 100 79
32 7.5 100 97
16 1S 100 86
32 IS 100 9%
Table 14. Synergistic Activity of Tn-Water Applications of Compound A u-Butyl Ester and
Pyrazosulfuron-cthyl (Sirius® G} Herbicidal Corpositions on Weed Control in a Rice
Cropping Systent.
10
Compound Pyrazosulfuron- Visual Weed
An-Butyl | Control (96) -
Ester cthyl 20 DAA
ECHOR
g ac/ha g at'ha Obs | Exp
35 0 35 -
70 { 40 -
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Table 15, Synergistic Activity of In-Water Applications of Compound A Benzyl Egter and

Pyrazosulfuron-ethyl (Sirius™ ) Herbicidal Compositions on Weed Control in a Rice

Cropping System.

Compound purazosutfuron. | 7 isual Weed
ABenzyl | r”"‘f"}u 'lw L Control (%) -
Ester oy 20 DAA

HCHOR
g ac/ha gai'ha Obs | Exp
35 ¢ 73 .
{} 70 78 -
35 70 1 92
Compound Pyrazosuifuron- Visual W eed
A Benzyl ’ " Control (%) -
Ester ey’ 22 DAA
LEFCH
g ac/ha gat/ha Obs Exp
4.38 { 0 -
{} 17.8 { -
0 35 0 -
438 17.5 RS {
34 35 70 0
Cormpound . Visual Weed
A BE;nzyE Pyrazgzui?u‘m—- Control (%) -
Ester ety 22 DAA
SCPMA
g ac/ha o ai‘ha Obs | Exp
438 0 { -
875 0 0 -
17.5 0 { -
0 17.5 80 -
¢ 35 70 -
43¢ 17.5 10 80
€.75 17.5 85 80
17.5 17.5 90 ()
438 35 85 70
8,75 33 95 70
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Table 16, Synergistic Activity of In-Water Apphications of Compound A Beuzy! Ester and

Pyrazosulfuron-ethyl (Agreen® W) Herbicidal Compositions on Weed Control 1n a Rice

Cropping System.

Compound Pyrazosulfuron- Visual W@ed
A Benzyl [ Control (%) - 22
Ester chyl DAA
ECHCG
g ac/ha g aiha Obs | Exp
8 0 30 -
o 0 60 -
{ 15 20 -
8 15 70 60
16 15 &0 68
Compound APyrazosalfuron . \/’1@;11{2}{(\-}@(1
Benzyl Ester cthyl Control (%) - 19
DAA
ECRHCG
o ac/ha ¢ ai/ha Obs Hxp
8 0 35 -
0 5 { -
0 10 { -
0 20 30 -
& 5 50 38
& 10 50 38
¢ 20 K0 58

Benzyl Ester

Compound APyrazosulfuron-

ethyl

Visual Weed
Control (%) - 19

DAA
ECHOR
g ac/ha g at/ha Obs Exp
8 0 10 -
16 0 25 -
32 0 35 -
{ 5 0 -
i 11§ 0
8 5 20 10
16 5 30 25
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Table 17. Synergistic Activity of fn-Water Applications of Compound A Acid and Esprocarb

Herbicidal Compositions on Weed Control in a Rice Cropping System.

Visual Wead Control (%) - 21 DAA

SUBSTITUTE SHEET (RULE 26)

(‘?ﬁz?jd Esprocarb
FIMMI SCPIU
g ac/ha g at/ha Obs Exp Obs Exp
8.75 { { - 40 -
17.4 0 93 - 60 -
{ 105 0 - { -
0 210 { - {} -
.75 105 99 { 75 40
17.5 103 100 93 RS 64
875 210 50 0 85 40
17.5 210 100 95 835 60
50
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Table 18, Synergistic Activity of In-Water Applications of Compound A Benzyl Ester and

Esprocarb Herbicidal Compositions on Weed Control in a Rice Cropping System.

. Visual Weed
Compound . o
) - Control (%0} - 21
A Benzyl Esprocarb
- v DJ’)"\A&
Ester
CYPRO
g ac/ha g ai/ha Obs Exp
438 { 30 -
.75 0 60 -
i\ 103 { -
0 210 50 -
4,38 1S 30 30
3.75 135 85 64
4,38 218 83 65
375 210 70 a0
Compound Visual Weed
- o Controt (%) - 21
A Benzyl Haprocarb :
. DAA
Ester
FIMMI
¢ ac’ha gavha Obs Bxp
4,383 O 20 -
4 135 { -
& 210 O -
4,38 135 100 20
4,38 210 93 20
CYpDi Cyperus difformis L.
CYPRO Cyperus rotundus L.
ECHCG Echinochioa crus-galli (LY P, Beawv,
ECHOR Echinochloa orvzoides {Ard.) Fritsch
FIMMI Fimbristylis miliacea (1) Vahi
LEFCH Leptochioa chinensis (L.) Nees
SCRIU Schoenoplectus juncoides (Roxb.) Palla
SCPMA Bolboschaenus maritimus (1) Palla

or Schoenoplectus maritimus (L) Lye

(4
ooy

flatsedge, smallflower
nutsedge, purple
barnyardgrass
watergrass, carly
fringerush, giobe
sprangletop, Chinese

bulrush, Japanese

clubrush, sea
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g ac/ha = grams acud equivalent per hectare

g av/ha = grams active ingredient per hectare

Obs = observed value

Exp = cxpected vahue as calculated by Colby's equation

DAA = days after application
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CLAIMS

1. A herbicidal composition comprising a herbicidally effective amount of (a) a compound

of the formula (I):

e (D)

H;C
or a C4 alkyl or benzyl ester, or an agriculturally acceptable salt of formula (I); and
(b) halosulfuron-methyl, pyrazosulfuron-ethyl or esprocarb, or an agriculturally
acceptable salt, ester, carboxylate salt, or carboxylic acid thereof, wherein the (a) and (b) are
present in the composition in a ratio such that the composition exhibits synergy, and wherein the

ratio between (a) and (b) is from about 6.4:1 to about 1:48.

2. The composition of claim 1, wherein (a) is a benzyl ester of the compound of formula (I).
3. The composition of claim 1, wherein (a) is the carboxylic acid of the compound of
formula (I).

4. The composition of claim 1, further comprising a herbicide safener, adjuvant and/or
carrier.

5. The composition of claim 1, wherein the weight ratio of the compound of formula (I) or

agriculturally acceptable salt or ester thereof to halosulfuron-methyl or agriculturally acceptable

salt or ester thereof is from about 4:1 to about 1:4.
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6. The composition of claim 1, wherein the weight ratio of the compound of formula (I) or
agriculturally acceptable salt or ester thereof to pyrazosulfuron-ethyl or agriculturally acceptable

salt or ester thereof is from about 6.4:1 to about 1:13.7.

7. The composition of claim 1, wherein the weight ratio of the compound of formula (I) or
agriculturally acceptable salt or ester thereof to esprocarb or agriculturally acceptable salt or

ester thereof is from about 1:6 to about 1:48.

8. A method of controlling undesirable vegetation, comprising the steps of: contacting a
plant, wherein the plant is undesirable vegetation or the locus thereof with, or applying to soil or
to water, wherein the soil or the water allows for the growth of the undesirable vegetation, a

herbicidally effective amount of a combination comprising (a) a compound of the formula (I):

0 M

H;C~
or a C;4 alkyl or benzyl ester, or an agriculturally acceptable salt of formula (I); and
(b) halosulfuron-methyl, pyrazosulfuron-ethyl or esprocarb, or an agriculturally
acceptable salt, ester, carboxylate salt, or carboxylic acid thereof wherein (a) and (b) are present
in the combination in a ratio such that the combination exhibits synergy for the control of
undesirable vegetation that effects direct-seeded, water-seeded, or transplanted crops selected
from the group consisting of: rice, cereals, wheat, barley, oats, rye, sorghum, corn, maize, and

cotton, and wherein the ratio between (a) and (b) is from about 6.4:1 to about 1:48.
9. The method of claim 8, wherein the locus is a flooded rice paddy.

10. The method of claim 8, wherein the combination is applied pre-emergently and/or post-

emergently to undesirable vegetation which effects the crops.
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11. The method of claim 8, wherein the undesirable vegetation is controlled in glyphosate-,
5-enolpyruvylshikimate-3-phosphate synthase inhibitor-, glufosinate-, glutamine synthetase
inhibitor-, dicamba-, phenoxy auxin-, synthetic auxin-, auxin transport inhibitor-, pyridyloxy
auxin-, aryloxyphenoxypropionate-, cyclohexanedione-, phenylpyrazoline-, acetyl CoA
carboxylase inhibitor-, imidazolinone-, sulfonylurea-, pyrimidinylthiobenzoate-,
triazolopyrimidine-, sulfonylaminocarbonyltriazolinone-, acetolactate synthase or acetohydroxy
acid synthase inhibitor-, 4-hydroxyphenyl-pyruvate dioxygenase inhibitor-, phytoene desaturase
inhibitor-, carotenoid biosynthesis inhibitor-, protoporphyrinogen oxidase inhibitor-, cellulose
biosynthesis inhibitor-, mitosis inhibitor-, microtubule inhibitor-, very long chain fatty acid
inhibitor-, fatty acid and lipid biosynthesis inhibitor-, photosystem I inhibitor-, photosystem 11

inhibitor-, triazine-, triazine- or bromoxynil-tolerant crops.

12. The method of claim 11, wherein the tolerant crop possesses multiple or stacked traits

conferring tolerance to multiple herbicides.

13. The method of claim 8, wherein the undesirable vegetation comprises a herbicide

resistant or tolerant plant.

14. The method of claim 13, wherein the resistant or tolerant plant is resistant or tolerant to

multiple herbicides.

15. The method of claim 14, wherein the resistant or tolerant plant is resistant or tolerant to
acetolactate synthase or acetohydroxy acid synthase inhibitors, photosystem II inhibitors, acetyl
CoA carboxylase inhibitors, synthetic auxins, auxin transport inhibitors, photosystem I
inhibitors, S5-enolpyruvylshikimate-3-phosphate synthase inhibitors, microtubule assembly
inhibitors, fatty acid and lipid synthesis inhibitors, protoporphyrinogen oxidase inhibitors,
carotenoid biosynthesis inhibitors, very long chain fatty acid inhibitors, phytoene desaturase

inhibitors, glutamine synthetase inhibitors, 4-hydroxyphenyl-pyruvate-dioxygenase inhibitors,
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mitosis inhibitors, cellulose biosynthesis inhibitors, herbicides with multiple modes-of-action,

quinclorac, arylaminopropionic acids, difenzoquat, endothall, or organoarsenicals.

16. The method of claim 8, wherein the weight ratio of the compound of formula (I) or
agriculturally acceptable salt or ester thereof to halosulfuron-methyl or agriculturally acceptable

salt or ester thereof is from about 4:1 to about 1:4.

17. The method of claim 8, wherein the weight ratio of the compound of formula (I) or
agriculturally acceptable salt or ester thereof to pyrazosulfuron-ethyl or agriculturally acceptable

salt or ester thereof is from about 6.4:1 to about 1:13.7.

18. The method of claim 8, wherein the weight ratio of the compound of formula (I) or
agriculturally acceptable salt or ester thereof to esprocarb or agriculturally acceptable salt or

ester thereof is from about 1:6 to about 1:48.
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