W 96/ 32010 PCT/ US96/ 04487
-1- _FUNG CVDAL COVPCOSI T1 ONS FOR ENEANCEVENT _OF TURE_QUALITY Field of_the

| nvention The present invention relates to methods and conpositions for the
enhancei nent of turf quality and the control of crown and root rot in
turfgrass, and rmre ‘particularly to synergistic conbinations of fungicides
useful therefore. Background of the Invention Crown
and root rot i¥e a"gﬁ‘ll‘?ous di sease of turfgrasses, especially [RCEAISY6/04487

mai nt ai ned turfgrasses as found in | awns, ¢golf courses, nursery crops, and
ot her | andscape architecture appli cations. Current techniques for
controlling this disease are not entirely satisfactory, and there is a
continuing need for new 10 treatnents thereof. U S. Patent No. 4,698,334 to
Horriere et al. and U S. Patent No. 4,806,445 to Horriere et al. propose
fungi.ci dal conpositions based on al k osphi tes | n conbi nation with
various contact fungicides HINGIEID, é-nd&l ns are useful
for treating mldewin vi nesEWOEMENTI@F'HHRFlle to Ducret et
‘al . describes fungicidal conpositions based on al kyl phosphites. None of
these references relate to the treatnment of turfgrasses. U S. Patent No.
5,336,661 to Lucas discl oses nethod éi& o??ﬂ@'iﬁ’v&ﬂn; rf quality of bentgrass
usi ng conpositions conprising a m'x ure of a nonoes salt of a
phosphorous acid, and an embmblxmdnﬁdmmmmodsmnﬂa:ompbﬂﬂqisCﬂOdme 20

H gh quality, healthyturf ass |.s essential t he If| |nd stry
Accordingly, theFRhanESAenY PQ"EQ‘@E‘ ‘ﬁ% ?ﬁ?"?"ﬂﬁg& t#%ns

whi ch enhance t Ugjordl paitichidrip i6! sytiefifife  coftibitiafiohs sfrmgiciaeﬁugeaﬂtméretoxe n
turfgrass to provide high quality, healthy turfgrass.

5 o Background of the Invention
' Crown and root rot is a serious disease of turfgrasses, especially
highly maintained turfgrasses as found in lawns, golf courses, nursery crops, and
other landscape architecture applications. Current techniques for controlling this -
disease are not entirely satisfactory, and there is a continuing need for new
10 treatments thereof. ,

U.S. Patent No. 4,698,334 to Horriere et al. and U.S. Patent No.
4,806,445 to Horriere et al. propose fungicidal compositions based on alkyl
phosphites in combination with various contact fungicides such as Mancozeb.
These compositions are useful for treating mildew in vines. U.S. Patent No.

15 4,139,616 to Ducret et al. describes fungicidal compositions based on alkyl
phosphites. None of these references relate to the treatment of turfgrasses.

U.S. Patent No. 5,336,661 to Lucas discloses methods of enhancing
turf quality of bentgrass using compositions comprising a mixmre of a monoester
salt of a phosphorous acid, and an ethylenebisdithiocarbamate contact fungicide.

20 High quality, healthy turfgrass is essential to the golfing industry.
Accordingly, there remains a need in the art for fungicidal compositions which
enhance turf quality and protect against crown and root rot in turfgrass to provide
high quality, healthy turfgrass.
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-2- Summary of the Invention As.a first aspect the present invention
provi des a fungicidal conposition for enhancing the quality of turfgrass
and protecting against crown and root rot. The conpositions conprise a
synergi stic conbination of: 5 . (a) a first active agent

sel ected fromthe oup consisting of (i) a nonoester salt of a bhosphorous
acid of Fornulgnfﬁgn err] wherein: Ris an ﬁlkyl radi cal haw?lﬁlp %7
car bon atons, Me is an al kal'¥” netal, al kaline earth netal,

or alun1nun1aton1 and n is a whol e hunber f equal to the val ence

Q
of Me; and (ii) phosphorous acid o W&Etﬂ%iwm‘! earth metal salt
t hereof, and (b) a benzoporggyilﬁ}stc &unﬂe ﬂrésg,m fmven ion é,mw&igu?fﬁg%ig{ag

aspect, the present invention provi des a meth
and protecting ag&bmpositierfor em%lilyméummmdcmcmagwpbmmg

ronoest er salt - of 8 AAdRh Pt couReelRlR bt Bobtits Satonly

phosphorous acigl or an al kafd) aofirspadtint iagem sélbcted from 98 lgkovphwhsisting id
' ({) a monoester salt of a phosphorous acid of Formula (I):

H
n—o—%-or Mo -
o @

n .

wherein:
R is an alkyl radical having 2 to 4 carbon atoms,
10 Me is an alkali metal, alkaline earth metal, or aluminum atom, and
n is a whole number from 1 to 3 equal to the valence of Me; and
(ii) phosphorous acid or an alkali or alkali earth metal salt
thereof; and
(b) 2 benzoporphyrin compound.

15 As a second aspect, the present invention provides a method of
enhancing turf quality and protecting against crown and root rot. The method
comprises applying |

(a) a first active agent selected from the group consisting of
(i) a monoester salt of a phosphorous acid of Formula
20 (1) above, and '
{ii) phosphorous acid or an alkali or alkali earth metal salt
thereof, and
(b) a benzoporphyrin compound.
The compounds are applied in an amount effective to enhance wrf quality and/or

25 protect against crown and root rot. In one embodiment, the active agents applied
consist essentially of the monoester sait and the benzoporphyrin compound.

The benzoporphyrin compounds useful in the method of the present
invention include substituted and unsubstituted benzoporphyrins and derivatives
thereof. Suitable benzoporphyrins include tetrabenzoporphyrine, alkyl-substituted



(b) a benzoporphyrin conpound. The conpounds are applied in an anount
effective to enhance turf quality and/or 25 _protect againsi crowa and root
rot. In one enbodinent, the active agents applied consist essentially of

t he nmonoester salt and the benzoporphyrin conmpound. The benzoporphyrin
conpounds useful in the nmethod of the present invention include substituted
and unsubstituted benzoporphyrins and derivatives thereof.

benzopor phyri W& @301 de t et r abenzopor phyri ne al kyl - substi t ut g’a}r%%«‘l
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benzopor phyrins, hal o-substituted benzoporphyrlns and the |iKke. Accordlng

to one embodi ment benzaporphyrinspbalpayhs W@W@Mﬂ%?ﬂ%ﬁe@m

F la L L
o A herr] St Cebodiihd, hid SeodpondiGiinlik b Shiktinabf Sﬁbﬁeh{e]g&-ﬂﬂw[ orr]
Llerr], Llerr], L!-elwx.xzdaﬂ.,mmm ¥ ent X Hare each B of &i and X sogother ared 5

isoindole groups, . an . Wher e

coval ently j oi ned A% dt ﬁrb{r | i‘? iﬁ*e aB{leIT‘e*'% J&C%&EM gf)r’#’%@ﬁ%‘f“&
L[erc], L[err]s§ Lisainﬂbke gradpdrmméiﬁw Dy, nL,a dnuga.nﬁembvﬂmnwjomeﬁltb)om
mhereln a, b, ¢, and d are each |ndependent sel ect frompositive

i ntegers 04, 10 &?R!h% @PM "éREH"ﬂhdidylﬂs ogetherformn e
group consisting g apf .0 substltuted or unsubstituted,
saturated or unsatuFaed | near, branched or cyclic al kyl, al koxy,

al kyl am no, al kylthi o, onium sulphonlun1 sul phate, and carboxyl ate. The
foregoi ng and other aspects of th ‘gsent i nventi e 15 explained in
detail in the detailed description s orth bel Det ai | ed Description of
the Invention

x ® | a

wherein a, b, ¢, and d are each independently selected from positive integers 0-4,
10 and R, R;, R,, and R, are each independently selected from the group consisting
of H, halogen, C,,, substituted or unsubstituted, saturated or unsaturated, linear,
branched or cyclic alkyl, alkoxy, alkylamino, alkylthio, onium, sulphonium,
sulphate, and carboxylate.
The foregoing and other aspects of the present invention are
15 explained in detail in the detailed description set forth below.

Detailed Description of the Invention
The methods and compositions described herein are useful for
improving turf quality and color in turfgrasses. In addition, the methods and
compositions described berein are useful for treating crown and root rot in
20 wrfgrass. Crown and root rot, which causes a decline in turfgrass quality during
hot, wet weather, is a disease complex apparently caused by Pyt}iium species and
Rhizoctonia species in combination with environmental and management stresses.



The met hods and conpositions described herein are useful for inprovi turf
quality and color in turfgrasses. In addition, the nethods and_conpasitions
descri bed herein are useful for treating crown and root rot in 20 °
turfgrass. Crown and root rot. which causes a decline in turfgrass quality
during hot, wet weather, is a disease conplex apparently caused by Pythium
speci es and Phiw@6drs20i02 species in conbination with envi ronrrenrermm
managenent stresses. WO 96/ 32010 4-

PCT/ US96/ 04487 The first active agent is selected fromthe group consisting

of nonoester salts of phosp '
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alkali earth nmetal salts thereof. Mnoester salts of

useful for carryi mm:makspfmmowmmmmmmwmmMzmmueym

0 hatent No- " 1R el Btsol, Motbonte il of Wosrhofyd acl futdly RiGatygiad, 5
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i sopropyl phosphi tgg, aﬁ&tpsmwmdsmqamﬁnem c%'al“’(tlﬁtmsdkfsﬁ&%%)éh g8
phosphi te, magnesi um et hyl phosphite, magnesi umisobutyl phosphite,

nmagnesi um sec- but patepmmhqrem ase toche incarRerBIGd }‘Pfeﬂh%mf@@e) aﬁmmmrmudm yI

phosphite, alumn y o&f]ﬁ\ﬁ ? b%h ﬂ+1 Elmphﬁ
Most preferred |sléa um nu (.éhn Eospﬁmte so cal'l ed al umi nLYmpéHI’%I
(0- et hyl phosphonansgngsiunhisopropyt phosphite; taiclﬁmrlmprepydphnsphiyelatummnlmpmpyl
phosphor ous ac a ! | r t t.her eof .
i T bl e af ka 10 o phostBinfmgen gy iy Bhas e, SilsbibfE sBbu irosmniRl EREpesipm ,
sodi um potassi U, sgsibitgl plidsphits i umasquutynupnospmenemmmimm phosphite,
strontium and barl um sal ts, of hoshphorous aci d., The sodiu
aluminum sec-butyl ;B:osp , and aluminum jsobutyl phosplnte ‘Most preferred
is aluminum ethyl phosphite (also called aluminum tris (O-ethyl phosphonate)).
Alternativly, the first active agent may be phosphorous acid or an
15 alkali or alkali earth metal salt thereof. Suitable alkali or alkali earth metal salts
include, for example, lithium, sodium, potassiu, rubidium, cesium, beryllium,

magnesium, calciu, strontium, and barium salts of phosphorous acid. The sodium,

potassium and caicium salts or phosphorous acid are currently preferred.
Benzoporphyrin compounds are the preferred class of porphine
20 compounds and derivatives thereof, which are useful in the methods of the present
invention. Examples of useful porphine compounds include substituted and
unsubstituted porphines and derivatives thereof. Suitable derivatives of porphines
include substimted and unsubstituted porphyrins. The porphyrins may be
benzoporphyrins such as tetrabenzoporphyrins, alkyl-substituted benzoporphyrins,
25 halo-substituted benzopoiphyrins, and the like. According to one embodiment, the
benzoporphyrin is a coordination complex of the Formula L,L,-X, X,-1,L,, wherein
X, and X, are each H or X, and X, together are a metal selected from the group
consisting of alkali metals, alkali earth metals and transition metals, and L, L,,
L,, and L, are each substituted or unsubstituted isoindole groups, and wherein L,,
30 L,, L,, and L, are covalently joined to one another (e.g., through a nitrogen or
carbon atom, preferably a nitrogen atom). As will be apparent, they are
covalently joined as a cyclic structure, i.e., -Ly-L,-14-Ly-cy, where ¢y means L,



pot assi um and cal ci um salts or phosphorous acid are currently preferred.
Benzoporphyrin conpounds _are the preferred class of porphine 20 conpounds
and derivatives thereof, which are useful in the nmethods of the present

i nvention. Exanples of useful porphine conmpounds include substituted and
unsubsti tuted porphines and derivatives thereof. Suitable derivatives of

por phi nes include substituted and unsubstituted porphyrins. The porphyrins
may be benzopd¥RAYAMMS such as tetrabenzoporphyrins, alkyl - suBEFE@%%Eé”
benzopor phyrins, 25 hal o-substituted benzop0|phyrins and the I|ke
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cy nmeans L[err] W96/ 3201
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X[err] together are a transi
| soi ndol e. groups represent edi%gﬁlﬁ%ﬁ%ﬁ El erﬁr?,ﬂpﬁf %f% %{J"Uz‘l&‘n%@@g
unsubstituted, or dLLeXp&tilel L, Ibhby and L, hagedmcl’onmdhgmdhfrﬁdrmuhﬂbt ituted
fromlto 4 times with a substituent selected fromthe group consisting 5
of hal ogen, CJerr] substituted or substituted, saturgted or unsaturated,
| i near, branched or cyclic alkyl, a al kyl am u kyl t hi o, onium
sul phoni um sul phate, and carboxyl ate one preed enbodi nent of the
coordi nati on conpl ex of Neswe-

10 ” % (I

wherein a, b, ¢, and d are each independently selected from positive integers 0-4,
and Ry, R;, R,, and R, are each independently selected from the group consisting
of H, halogen, C, ,, substituted or unsubstituted, saturated or unsaturated, linear,
branched or cyclic alkyl, alkoxy, alkylamino, alkylthio, onium, sulphonium,

15 sulphate, and carboxylate.
Examples of suitable benzoporphyrins of the coordination complex
L,L,-X,X;-L,L, include phthalocyanine dyes. Suitable phthalocyanine dyes may
be metal-free phthalocyanines, or metal phthalocyanines. The metal of metal
phthalocyanines may be selected from alkali metals, alkali earth metals and
20 transition metals, with transition metals being preferred. Examples of suitabie
metals include but are not limited to, lithium, sodium, potassium, rubidium and
cesium from the alkali metal family; berillium, magnesium, calcium, strontium,
barium, and radium from the alkali earth metal family; and copper, silver, gold,
zinc, cadmium, mercury, scandium, yittrium, lanthanum, titanium, zirconium,



Llerr],L[err]-Xerr] X[ err]-L[err]L[err], L[err], L[err], L[err] and L[err]
together forma ligand of Formula (I1) [err] 10 wherein a, b,_c._and d are
each independently selected frompositive integers 0-4, and Rerr], Rerr],
Rlerr], and R err] are each independently selected fromthe group
consisting of H halogen, Clerr] substituted or unsubstituted, saturated or
unsaturated, |inear, branched or cyclic al kyl, alkoxy, alkylam

al kyl t hi o, omYﬁNm@EW%honlunl 15 sul phate, and car boxyl at e. ﬂ%ﬁ@ydﬂf
sui t abl e benzopor phyrins of the coordi nati o8- conpl ex
Ll[err,L[err]-Xerr] X err]-L[err]L[err] include phthal ocyani ne dyes.
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pht hal ocyani nes. The netal of neta ht hgl ocyani nes nay  be sel ect from

alkali metals, alMa3NBANEsS, feqhnstium, rhenjymy dron, nitheniym, psginm, cobalt;
transition netal Sﬁn@ﬁhﬁmcaéxeiaammh aﬁﬁ%ﬁﬁﬁn%ﬁ%ﬁ@ﬂ&h&hﬁn&”e but

are not linited to, [ithium sodium pot assi um rubi dium and ceSiu rom
the alkali metal mickeh |opbalt, dran and zinc phikpleeyaning dyesiase particaerly preferred inahe um
and radiumfr %ﬁslﬁl kdnlt i a.famly; and copper, silver, gold,
zinc, cadm um mercury, scahdirum yit i um | anthanum titanium zirconium
WO 96/ 32010 Phthalocyanine dyes which are useful in the methcﬁﬁbftlﬁ&ﬁtﬂﬂS?

-6- haf ni di t ch | ybgde t t
ronganese. 1 eohndtveln HERE ok s, ponbRneg s, SahHe st
i ridium nichel, M&Wdﬁamapbammépmhbﬁmﬂeawma@hﬁmwmly

Copper, ni ckel, cobal t, iron_and zi nc phthal ocyani pe dyes are particularly

preferred in the and ma¥tbeswbstispted from | 10,4 times op.sach ipindole group independently.
10 Examples of suitable substituents for the isoindole groups of phthalocyanine dyes

include but are not limited to, halogens, substituted or unsubstituted, saturated or
unsaturated, linear, branched or cyclic alkyl, alkoxy, alkylamino, alkylthio, onium,
sulphonium, sulphate, and carboxylate. Suitable phthaiocyanine dyes are
commercially available and include but are not limited to Pigment Blue 16, Vat

15 Blue 29, Pigment Blue 15, Heliogen Green GG, Ingrain Blue 14, Ingrain Blue §,
Ingrain Blue 1, Pigment Green 37, and Pigment Green 7. In one preferred
embodiment, the phthalocyanine dye is Pigment Blue 15. In another preferred
embodiment, the phthalocyanine dye is any phthalocyanine dye other than Pigment
Blue 15.

20 Synergistic combinations of the foregoirg two active ingredients (the
two together being referred to herein as the "active material”) are, in general, 1
part by weight of the compound of Formula (I) above in combination with from
0.01 to 0.1, preferably 0.04 to 0.05, parts by weight of the benzoporphyrin
compound. More preferably, the active material includes 1 part by weight of the

25 compound of Formula (I) above in combination with from 0.01 to 0.1 parts by
weight of the benzoporphyrin compound. A particularly preferred combination is
1 part by weight of the compound of Formula (I) above in combination with from
0.04 to 0.05 parts by weight of Pigment Blue 15. -

The synergistic combinations according to the invention may be used

30 with advantage in admixture with one another or with other known fungicides,
such as basic salts or hydroxides of copper (oxychloride. oxysulphate),
(tetrahydro)phthalimides (Captan, Captafol, Folpel), methy} 1-(butylcarbamoyl)-2-



Pht hal ocyani ne dyes which are useful in the nethods of the present
invention include subsituted and unsubstituted dyes. Suitable substituted
pht hal ocyani ne dyes nay be netal -free phthal ocyani nes, or netal

pht hal ocyani nes, and may be substituted from1 to 4 tinmes on each isoindol e
group independently. 10 Exanpl es of suitable substituents for the isoi ndol e

groups of pht I ne dyes include but are not limted to,

substituted o%ﬁ@%ﬁ |tut ed, saturated or unsaturated, Ilneam d or
cyclic al kyl, al koxy, alkyl ani no, al kyl thi o; “T-oni um sul phoni um sul phate,
and car boxyl at e. Sul f.abl e phthalo ni dyes. are co rcially ayvall able
and include but aPenzim ?ﬁaﬁ@ﬂl &B?FE;S éx‘ sVéFm{ESas B*‘E‘é‘hﬁ'g 1.3
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0.05, parts by wepghhone(T ﬁ&ﬁmh emnm.ad@soaﬁwmkmﬁmé@uﬁgﬁig@% iyt he

active material incl udes part by wei of the 25 conpoun Folmu

(1) above in conbpﬁamcempchwm ‘0 igvention 95 tq inceease,thei persigtenca.c
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hydr oxi des of copasd afdityealtsori de. oxysul phate), (tetrahydro)phthalini des
(Captan, Captafol. Fol pel ). pietnll practcal Yppiitaticnn "the adtive ingredients in the

synergistic combinations are used as part of a formulated product which, as a rule,

15 contains a support and/or a surfactant in addition to the active material according

to the invention.

In the context of the invention, a support is an organic or mineral,
natural or synthetic material with which the active material is associated to
facilitate its application to plants, seeds or soil, or its transportation and/or

20 handling. The support can be solid (clays, natural or synthetic silicates, resins,
waxes, solid fertilizers) or fluid (water, alcohols, ketones, petroleum fractions,
chiorinated hydrocarbons, liquefied gases).

The surfactant can be an ionic or non-ionic emulsifier, dispersant
or wetting agent such as, for example, salts of polyacrylic acids and lignin-

25 sulphonic acids, condensates of ethylene oxide with fatty alcohols, fatty acids or
fatty amines.

The compositions according to the invention can be prepared in the
form of wettable powders, soluble powders, dusting powders, granulates,
solutions, emulsifiable concentrates, emulsions, suspended concentrates and

30 aerosols.

The wettable powders according to the invention can be prepared

in such a way that they contain from 20 to 95% by weight of the active material,
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support and/ or arf#{lf];i‘@t&ﬁ’?'} in addition to the active material according to
the invention. | ext of the invention, a support is an organic or
“mneral, natural or synthetic material with which the active material is
associated to facilitate its application to plants, seeds or soil, or its
transportation and/or 20 handling. The s 8t can be solid (clays,

natural or. synthetic silpgme BB S S NS GGkt laCiatainlantais ) Or 1l ui d
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active material 80

| i quefi ed gases).

sodium lignosulphonate (deflocculant)
anionic wetting agent
antilumping silica

10

Powders soluble in water are obtained by mixing from 20 to 95%

15 by weight of the active material, from O to 10% of an antilumping agent, the
remainder being a hydrosoluble filler mainly a salt.

An example of a composition of the present invention as a soluble

powder is given in Table 2 below:
Table 2
20 Compound % by wt.
| active material 70
“ anionic wetting agent 0.5
antilumping silica 5
sodium sulfate (soluble filler) 24.5
25 Aqueous dispersions and emulsions, for example compositions

obtained by diluting with water a wettable powder or an emulsifiable concentrate
according to the invention, are included within the general scope of the invention.



The surfactant can be an ionic or non-ionic enulsifier, dispersant or
wetting agent such as, for_exanple, salts of_polyacrylic acids and lignin-

25 sul phoni c acids, condensates of ethylene oxide with fatty al cohol s,
fatty acids or fatty am nes. The conpositions according to the invention
can be prepared in the formof wettable powders, soluble powders, dusting
powders, granul ates, solutions, enulsifiable concentrates, enulsions
suspended conWOMSAMIBs and 30 aerosols. The wettabl e pomders’ql,‘[,saf’ﬁ‘??g to
the invention can be prepared in such a way?-that they contain from20 to 95
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i -1 ' L f.th
Composi Li one. of IR, 18 GARERS prochi, loids. sives on RGPt ppedpic ©

Conpound 5 agents, stabili¥er®or uRahtsy &s Well &< other active matenals knowh td Rave
sodi um | i gnosul phonat e (defl occul ant) 5.anionic wetting agent
| ami | unpi ng si | pessicidal properties, espgmpgg@p;r,xpl@s,qrp@ﬁegumdes 9

The present invention can be practiced with all turfgrasses, including
cool season turfgrasses and warm season turfgrasses. Examples of cool season
turfgrasses are Bluegrasses (Poa L.), such as Kentucky Bluegrass (Poa pratensis

10 L.), Rough Bluegrass (Poa trivialis L.), Canada Bluegrass (Poa compressa L.),
Annual Bluegrass (Poa annua L.), Upland Bluegrass (Poa glaucantha Gaudin),
Wood Bluegrass (Poa nemoralis L.), and Bulbous Bluegrass (Poa bulbosa L.); the
Bentgrasses and Redtop (Agrostis L.), such as Creeping Bentgrass (Agrostis
palustris Huds.), Colonial Bentgrass (Agrostis tenius Sibth.), Velvet Bentgrass

15 (Agrostis canina L.), South German Mixed Bentgrass (Agrostis L.), and Redtop
(Agrostis alba L.); the Fescues (Festuca L.), such as Red Fescue (Festuca rubra
L.), Chewings Fescue (Festuca rubra var. commutata Gand.), Sheep Fescue
(Festuca oving L.), Bard Fescue (Festuca ovina var. duriuscula L. Xoch), Hair

_ Fescue (Festuca capillata Lam.), Tall Fescue (Festuca arundinacea Schreb.),

20 Meadow Fescue (Festuca elatior L.); the Ryegrasses (Lolium L.), such as
Perennial Ryegrass (Lolium perenne L.), Italian Ryegrass (Loliwm multifiorum
Lam.); the Wheatgrasses (Agropyron Gaertn.), such as Fairway Wheatgrass
(Agropyron cristatum (L.) Gaertn.), Western Wheatgrass (Agropyron smithii
Rydb.). Other cool season turfgrasses include Beachgrass (Ammophila Host.),

25 Smooth Brome (Bromus inermis Leyss.), Timothy (Phlewm L.), Orchardgrass
(Dacrylis glomerata L.), Crested Dog’s-Tail (Cynosurus cristatus L.). Examples
of warm season turfgrasses are the Bermudagrasses (Cynodorn L. C. Kich),
Zoysiagrasses (Zoysia Willd.), St. Aungustinegrass (Stenotaphrum secundatum
(Walt.) Kuntze), Centipedegrass (Eremochioa ophiuroides (Munro.) Hack.),

30 Carpetgrass {(Axonopus Beauv.), Bahiagrass (Paspalum notatum Flugge.),
Kikuyugrass {Pennisetum clandestinum Hochst. ex Chiov.), Buffalograss (Buchloe
dactyloides (Nutt.) Engelm.), Blue Grama (Bouteloua gracilis (H.B.K.) Lag. ex



Powders soluble in water are obtained by mxing from20 to 95% 15 by wei ght
of the active material, fromQ. to 10% of .an antilunping agent—the—

remai nder being a hydrosoluble filler mainly a salt. An exanple of a
conposition of the present invention as a soluble powder is given in Table
2 below. Table 2 20 Conpound % by

wt. active materi al 70 anionic wetting agent %Ea“sz
antil unpi ng sWO 2632010 5 sodiumsul fate (soluble fill el;&'rm : 5
Aqueous di spersions and enul sions, for exdiple conpositions obtained by
diluting with wager tf abl e _powd or_an enul sifiable concenfrate
according to the%ﬁ%‘&%@ﬁ‘ﬁ %Mﬁ%fﬁ"?ﬂ@‘%%rﬁ?“§c%@ﬁwq'he
I nventi on. 14te preferred. More preferred is Bluegrass, Bentgrass and Redtop,
PCT/ US96/ 04487 -9- These enul sions can be of the water-in-oil type or of

t he oil -i n-wat er Fesppe, andRyecgeass. h Bontgeass isimest psfered-ency resenbling that of
a ""mayonnai se". The conpPoOSiytd ¥e ] t ggtd' n | tﬂé.lrn
ot her ingredients, for exZFrii) ga%?o? ec{iﬂ\k/erm%’oﬁ gl s,l' g@!iggﬁges gr Y
t hi ckeners, tBi xtgethpd ©rSseparatedys bys spiaying zer Bquid formulation 4egs, amsaqnedus as
ot her active matgria kno t o have. pesticidal, properties speci al
acaricides or in W@Pﬁ’eﬂ% ﬁP‘é’g'gﬁ? ?5%@'%@2%@%%%3 h all
turfgrasses, incluffris. TheethyRaesiithivcirbamaeeonaadungicite Beasicdlylappfiél iasses.
Exanpl es .of cool season )
an amount of from 10 to 25 pounds per acre (about 10 to 25 Kilograms per
Hectare), more preferably in an amount of from 15 to 20 pounds per acre (about
10 15 to 20 Kg per hectare), and still more preferably in an amount of from 17 to 18
pounds per acre (about 17 to 18 Kg per Hectare). The compound of Formula ()

is, in general, applied in an amount of from about 5 to 17 pounds per acre.

The following examples are provided to illustrate the present
invention, and should not be construed as limiting thereof.

15 EXAMPLES 1-3
These examples were carried out to identify fungicide and
combinations thereof which will improve turf quality and color, and have activity
against crown and root rot and brown patch. Fungicides were evaluated on a one-
year-old stand of the bentgrass cultivar "Penncross” planted in Raleigh, North
20 Carolina, USA. The bentgrass was planted in native soil and maintained under
conditions similar to a golf green with a mowing height of 0.635 cm (.25 inches).
The fungicides which have activity against Pythium species include KOBAN™
(active ingredient: etridiazole) obtained from Grace-Sierra, ALIETTE™ (active
ingredient: fosetyl-Al) obtained from Rhone-Poulenc, and SUBDUE™ (active
25 ingredient: metalaxyl) obtained from Ceba-Giegy. The fungicides which have
activity against Pythium and Rhizoctonia species is FORE™ (active ingredient:
mancozeb also including Pigment Blue 15) obtained from Rhom and Haas,
MANZATE™ (active ingredient: mancozeb) obtained from DuPont, LESCO
MNB80™ (active ingredient: mancozeb) obtained from Lesco, PENCOZEB DF 75™
30 (active ingredient: mancozeb) obtained from Elf Atochem. PROTECT DG 80™



turfgrasses are Bluegrasses (Poa L.), such as Kentucky Bl uegrass (Poa

pratensis 10 L.). Rough Bluegrass (Poa trivalis |I.). Canada_Bluegrass (Poa

conpressa L.), Annual Bluegrass (Poa annua L.), Upland Bl uegrass (Poa

gl aucant ha Gaudi n), Wbod Bl uegrass (Poa nenoralis L.), and Bul bous

Bl uegrass (Poa bul bosa L.); the Bentgrasses and Redtop (Agrostis L.), such
as Creepi ng Bent (Agrostis palusiris Huds.), Colonial B

(Agrostis tenl‘{k&ﬁ@tﬂh Vel vet Bentgrass 15 (Agrostis cani E(‘E\‘%II;S%?’ﬁ"ggﬁth
Ger man M xed Bent grass (Agrostis L.), and Fddtop (Agrostis alba L.); the
Fescues (Festuca L.). such as Red Fescue (Fesuca rubra L.), Chew ngs Fescue

(Festuca ni bra vdactiveoingredient: mamzsb) ohiaingd fost W-A.FElrana avdi PATHANE™ar d

Fescue (Festuca u“ HE@H ue (Festica
capillata Lam), Q%?'@é%ue' es uc)a ar undﬁnacke’gﬁgsc'ﬁfﬁgﬁ) 20 Meadow
Fescue (Fesca el atior L.); Thacfubyicijesseees appliddi sepatatdly axdicin esmbiaitivinael
Ryegrass (Lolium neL) Itall Loljum nmul tfl orum Lam

t he Weat gnsses (&&5‘8‘8 d2myl fms‘%‘tﬁéﬁ?&%?#avmtp&"ﬁ& g&f&%ﬁéron
cristatum (L.§5 G rm&mem%wmmerﬂ GO Backp: acB)éﬂﬁZé

O her cool season rasses I ncl ude BeachgraslﬂéAmm hi |'a Host 5

Snmoot h Brone ( Br SYAssh the, fuggicide freatments at (30 hspst) ysing FEREFITY

Da | |
e €5 of . ver %@%&%‘ﬁ “?E‘?%? et galfo) of RUBRY oGl o 53 ke )"‘Tf" c
Ri ch), Zoysi agr aq3@00 sg7fi)s ﬂheV\fungd:x)es v@re initiajlysapplied) and suh(sammby agapplied

Fack.) - 30  Car pabuPioR Kk 34 SRR ABRED 1 Siing il ARG B Spent

Fl ugge. ), Ki ki{yugvasased tdeapplys the treathentsor 30i ﬂmnﬁpsrméjet 8004%&11&; :
_Buf fal ograss (Buchl oe daca)i_lm_fu duaiuyg Nuttr )aan m dlseal%kugmclargsarvrva (Bout el oua

‘gntilis (H B.K) Lag. ex
' weekly, based on a scale from 1-9, with 9 being ideal turf quality and color and

1 being all turf dead. The percent disease ratings were calculated based on the
percent of area in each plot showing symptoms of brown patch. Turf quality and
15 color ratings were used as an indicator of the health of the bentgrass and the
amount of decline associated with crown and root rot. Pyrhium and Rhizoctonia
species of fungi were isolated from the bentgrass in the experiment during the test
period. '
Table 1 below indicates that an improvement in turf quality and
20 color was observed from application of ALIETTE™ + FORE™ (treatment #4),
with a turf quality of 7.5 and a wuf color of 7.8 with 9 being ideal. The
combination of ALIETTE™ + MANZATE™ had a lower turf quality rating of 6.8
and a turf color of 7.0.
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Cool
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The active materials are,
together or s
fornul ati on,

the turfgrass.
typically applied in an anmount of
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,_and Sideoats G ama (Bouteloua curtipendula (Mchx

Torr.).
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season turfgrasses are preferred. Mire preferred i s Bl uegrass,
Bentgrass is nost preferred.
applied to turfgrass either 5
eparately by spraying a liquid fornulation (e.g
P‘RM‘G&?‘ Bg enul si ons, an oil-based formulatio
The et hyl enebi sdi t hi ocar barrape contact fungicide is

US

5 pounds per acre (about 10

hect

ar e),

and sti

|n an anount of from1l5 to 20
nor e
FRORES W%e (about 17 to 18 Kg

per Hectare). The conpound of Formula (1) is, in general, applied in an
amount of fromabout 5 to 17 pounds per acre. The foIIovm' n exa | es are
provided to illugtrate e prgsent 1nventron, —ah onstr
as limting ther 15 : HE -
exanpl es were garmfryg£d | ' - de Qgﬁ gﬁ“ tpaftl S f
which w || |rrp$o *oe —,—a-n-eL.me'yC £
and root rot and for@wn paCHRCK Furlgi ctdes} were_epaldatleds.dn|aslhe year oI d
stand of the bentigr@ss} c "IP/decdoOF S 7 ant gg | | ¢l 0
Carolina, USA. Tie en} 9ICHPR60IS pmgd |Q'.-,{Q)‘Jat vg' SQ Iggn ?Y‘;.I Nglbérgd
under condi ti ons jst+rrter—t-o—a—got TeeT ' ' e cm
(.25 inches). Thg |ch aCF-f’Vﬁt &§ai pstO Pyt W unh JpRLI ks
i ncl ude KOBAN er i VANZATE o i MR70% ot ¢ 16i¥a7h) o) ing
G ace-Sierra, ALI abLiEraed | Mewpaoei gnf2 | 058t Y| -78) LObd ailnggodr
Rhone- Poul enc, afjd SUBDUEReRrReY ( dcwpwem2p 114zgredi enty netal axylf) obtafned
from Ceba- G egy- WLUCRRE SIS RO R L
FORE™ WDG 80| ~17.42 6.8 7.0 2.5 917
06 ALIETTE™ WDG 80 8.712 5.0 58 26.3
07 ALIETTE™ WDG 80 4.356 6.8 1.5 0
FORE™ WP 80™ 8.712
LSD (0.05) = 1.0 8 9.1
STANDARD DEVIATION = . . .
15 COEFF. OF VARIABILITY =

Table 2 below indicates that similar results were observed in a
second test. The data demonstrate that ALIETTE™ + FORE™ (treatment #8) gave
better turf quality of 7.8 and 8.0 than ALIETTE™ + mancozeb +

20

AURAGREEN™ (another type of green dye) (treatment #5) of 7.0 and 7.3. The

combination of the experimental formulation of ALIETTE™ and the blue pigment
(EXP 10622) + mancozeb (treatment #10) gave higher wrf quality ratings of 7.5
and 8.0 than treatment #5, and ratings as high as the ratings for ALIETTE™ +

FORE™.



activi ty agai nst Pyt hium and Rhi zoctonia species is FORE[err] (active
ingredient . _pmancozeb al sa includi ng_ Pignent Blue 15) obtained from.Rhom and
Haas, MANZATE[err] (active ingredient: nmancozeb) obtai ned from DuPont,

LESCO MN8O[ err] (active ingredient: mancozeb) obtained from Lesco, PENCOZEB
DF 75[err] 30 (active ingredient: mancozeb) obtained fromElf Atochem
PROTECT DG 80 err WD 96/ 32010

PCR/ US96/ 0448 zmC’act i ve ingredient: rrancozeb) obt ai ned f rRfY§oRK04487

Cl eary, and DI THANE[ err] (active ingredientr- 3Tancozeb) obt ai ned from Rhom
and Haas. The fungicides were applied separately and in conbination at

| abelled rates to 1.5 mx 1.5 m (5 ft x STAP}Epilots of bentgrass prior to
evi'dence of 5 any decline in turf quality due to crow and root rot. A
CJerr] backpack sprayer was used ﬂgIE‘EBE /HORE™ Interactione treat nents at . (30

| bs psi) using TEEJET[err] 8004 nozzles to apply 9.5 liters (2.5 gallons)

of fungicide dilu L y :

were initially ap@§l4j.ed and Fequent | r’ﬁﬁp | fnf] ﬁ)‘
schedul e. I n sdre jawpernaent Foman aBeAatl i Rl |paEd S datn O

apply the treatne NoLPS UsTg_atrlee|e W
col or and percent _ ' .
from1-9, with 9 N S5 it 14 0ANd dé| 6.5
dead. The percent fdss i at)i 5o e [ICalpav!jatied Nte Gf
area in each plot fisho NPWRA B8 | Gf120r AY Jat ch 15

color ratings werdq gfSEgbas arn m?ze,jt,gr pfpak e (ke
the amount of decliii nej mawozEBdt wamb s trhesdr ewway gnd r

Rhi zoct oni a SpRyi nea?9' V6 G 1 9%dsqt RBaY O
experi ment during tﬁe‘ WDG® | 1743 | 14DAY |
ALIETTE® | wDG 80 | 8712 | 14 DAY

06 | ALIETTE™ WDGS80 | 8.712 ] 14DAY | 25 53 16.3 6.0 6.3 2.5
07 | MANCOZEB | WDG 80 | 17.43 | 14 DAY 2.0 6.0 13.8 6.5 6.8 8.8 H

08 | ALETTE® | wpgso | 8712 14paY | 10 | 78 0 80 | 80 | o
FORE™ weso~ | 1743 | 14DAY
09 | EXPl0622 wDG80 | 8712 | 14DAY | 15 | 58 100 | 65 | 68 | 63
15 10 | Expro622 wDG80 | 8712 | 14DAY | 33 2.5 0 8o | 75 0

MANCOZEB. | WP30™ | 1743 | 14 DAY

LDS (0.05) = 8 1.0 94 .6 1.0 6.8
STANDARD DEVIATION = 6 7 6.5 4 7 4.7
COEFF. OF VARIABILITY = | 27.2 110 58.4 59 9.4 87.3

20 Table 3 is a comparative study of the effects of different
formulations of mancozeb. The formulations of FORE™ WP80™ and FL4.0™,
which contain mancozeb + Pigment Blue 15, gave better turf quality and wrf color
than other formuiations of mancozeb without the Pigment Blue 15. Treatment #7
of ALIETTE™ + FORE™ FLA.0™+ BLENDEX™ (a blending agent) gave better

25 results. Treatment #7 contains more Pigment Blue 25 than treatment #2.



period. Table 1 below indicates that an inprovenment in turf quality and 20
col or was observed from application of ALIETTE[err] + FORE[err] (treatnent
#4), with a twf—guality—of—7-5-=and a turf color—of 778 with 9 berng ideal.
The conbi nation of ALIETTE[err] + MANZATE[err] had a lower turf quality

rating of 6.8 and a turf color of 7.0. WO 96/ 32010

PCT/ US96/ 0448 -12- TABLE 1 ALIETTE[err]/FORE[err] Interactio Sderod4s9©

% Trt. z“)}‘%nol-[' Jurf Turf Br OV\AECF sease 5
No. Nanme For mu. LBai / A Quality Color Patch Control 01
CHECK fosle e = S e e : [ err]
WG 80  8.712 ] © 2.72
03 ALI ETTE[ err] ‘
MANZATE WP 70[ effr ] ‘

7.5 7.8 S
FORE[ err] !

ALI ETTE[ err]
ALI ETTE[ err] :
WP 80[ err] 8. 742

TABLE 3
ALIETTE™/MANCOZEB intersctions

22 |8¢18¢ |8y |S¢ [S9 182 12| an

wg |wlws | € | 8x [€x J&s ) é
:

by | G660 |58 |5 |Gadlsd |

8 8 3 8 2 8 8 S
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15

10



LSD (0.05) = 1.0 . 8 9.1 23.5 STANDARD DEVI ATI ON =
7 .5 6.2 16.1 15 __COEFF._COF VARI ABI LITY =

10. 8 8.2 71.2 19.9 Table 2 below indicates that simlar results
were observed in a second test. The data denonstrate that ALIETTE[err] +
FORE[err] (treatnent #8) gave better turf quality of 7.8 and 8.0 than
ALI ETTE[err] . + nancozeb + 20 AURAGREEN err] (another ty of green
dye) (treatnme/WO®320 7 0 and 7.3. The conbination of the ex8€¥ ﬂﬁﬁfﬁ?
formul ati on of ALIETTE[err] and the blue pign¥nt (EXP 10622) + nmancozeb

(treatnment #10) gave higher turf quality ratings of 7.5 and 8.0 than
treatment #5, and ratings as OveraH, the resitltsindicate that the combimanion of ALIETTE™ +

FORE[ err] . WO 9
bOTT US06 0444787 - FORE M cuajning Fherigment BIRE ARePIvides @ belier, iraprpvement in tuc

Pesti ci de quality ahddolor over other combinations of %LIETTE"' and mancozeb withoi#

RF f Brown 5 I\‘Be Plgnmﬁglue 15. T’Fé)cat lt?ﬁemt tﬁ&ﬁn ‘I‘%‘f . Br %g]g Tur f

Qual . Patch Qla|Blue @'WW&!&M oENT ROIETTE™ and mancozeb in a*syncrg
1.0 50 25.0 ) ) 0 02 NCAD 1- SO 100

14 DAY 1.0 4. le‘Z!. 3 16. 3 03 NCAD 1 SG 100

3'0542. 7 ig DAL DA\lf' 34 NCADT{le Mmg %Gﬁ'fﬁlémze 5’6 “éﬁé“gcf@ %@Tﬂ &‘.&f% not “}ADO

7.5 6.8 7.8 te conguoed aslimitinpahereof. Theddventignlisefined by the following clalms.
with equivalents of the claims to be included therein.




10 05 01 SG100  0.545 14 DAY 5.5 7.0 2.5
i ’ VDG 80 17.43 14 DAY ALIETTE[err] \\DGS0
8 712 [err] WG 80 8.7 Y= 5.3

16. 3 7 MANCOZEB ~ WDO 80 [ 7THHS SHEET AR BEEND.

13.8 8 08 ALIETTEerr] Lung REPIACED 14 DAY

1.0 7.8 8.0 8.0 0 FORE[err] W8 43
14 DAY 09 E‘ﬂ@&%ﬂ? WOM 80 8.712 14 DAY 1.5 s""’%.’o

6. 36. 6. 3 15 10 EXP10622 -16-WDG 80 8.712 14 DAY 3.3
7.5 0 0 MANCOZEB WP 80[err]  17.43 14 DAY
LDS (0.05) - 'BhatWLhighIsClgimed Is: 6 1.0 6.8 STANDARD DEVI ATI ON =
6 .7 6.5 AB| LI TY =, 27.2. 11.0
58.4 5.9. o4 87320 imm%ﬂ%ﬁsw%@@ futtarags whjch Benerines

study of the ea‘piﬂymgsmcn‘mmrfgmssmaﬂ amnoatit 2ffective to enlianoe aet Quality:he
formul ati ons of FORE[err] ?1[‘5?” and FL4. g&erran whi ch cont.al n_nmancozeb
+ Pigment Blue 15, gave b &R} 2. first getive agemt; selpcted fram, the growp,consisting of her

formul ati ons of nancozeb \étlelhguﬁw @?_Wﬁoﬂeﬁrﬁto 5§‘S‘5‘ §#Zc1§’ gave

ALI ETTE[err] + FORE[err [erf]+ ENDEX[ err] (a ble agent
better 25 restl tkp ‘ment #7 contains nore Pignent Blue 25 t han -
treat ment #2. WD 96/ 32010

PCT/ US96/ 04487 -14- [err]
|poro M

®

wherein:
R is an alkyl radical having 2 to 4 carbon atoms,
Me is an alkali metal, alkaline earth, or aluminum atom, and
10 n is a whole number from 1 to 3 equal to the valence of Me; and
(ii) phosphorous acid or an alkali or alkali earth metal salt thereof;

(b) from 0.01 to 0.1 parts by weight of a benzoporphyrin
compound.

15 2. A method according to Claim 1, wherein said
benzoporphyrin compound is a tetrabcnzoporphy;in compound.

3. The method according to Claim 1, wherein said
benzoporphyrin compound is a coordination complex of the Formula
L,L,-X,X;-L,L,, wherein X, and X, are each H or X, and X, together'are a

20 transition metal, and L,, L,, L,, and L, are each substituted or unsubstituted
isoindole groups; and wherein L,. L,, L,, and L, are covalently joined to one

another.

T



WO 96/ 32010 PCT/ US96/ 04487
15- Overall. the results indicate that the _combination of ALI ETTE[err] +

FCRE[err] ”I’ﬂmmuumg" Rﬂ!’:l gment Blue 15, provides a better inprovenent in
turf quali B8 ot her conbinations of ALIETTE[err] and nmancozeb
wi t hout the Pignment Blue 15. The results denpnstrate that the presence of
the Pigment 5 Blue 15, enhances the activity of the ALI ETTE[err! and
mancozeb in WV&Y6M0i stic interaction. The foregoing is ill f the
present invention and is not to be construd® as liniti ng thereof. The

i nvention is defined bythefollovm calms W th equival ent t he
claims to be included therd The 33%g9pling  to Claim ™ 1 wherein ' Said

PCT/ US96/ 04487 - ﬂgj\mﬁy‘.ﬁh pond’ & na":‘dc&o‘idmiuonAéHP& of ®ehFofhme turf
quality in turfgrass corrprlsesam{)& yi ng to sald turf rass in an
2 A

amount ef f ect i veLilg-XaXpdabe whereingXia H ee X, 20di X toggther amepect ed

bhogphor oue. aqi EaRBsBRaC haf 13013 e %ym?ﬁh%”’gﬁ“q; pROEESRRI ) | 0"

to 4 carbon atons, Me is an al kaI| rretal al kaline earth, or alum num atom

and 10 nis a whol er from1l to qual to the val ence
of Me; and
\ s
5 &‘ ; a

wherein a, b, c, and d are each independently selected from positive integers 0-4,

and R;, R,, R;, and R, are each independently selected from the group consisting

of H, halo, C,, substituted or unsubstituted, saturated or unsaturated, linear,

branched or cyclic alkyl, alkoxy, alkylamino, alkylthio, onium, sulphonium,
10 sulphate, and carboxylate.

5. A method according to Claim 1, wherein said
benzoporphyrin compound is a phthalocyanine compound.

6.  The method according to Claim 1, wherein said step of
applying comprises applying 1 part by weight of said first active agent, and 0.05
15 parts by weight of said benzoporphyrin compound.

7. The method according to Claim 5, wherein said
phthalocyanine compound is Pigment Blue 15.

8. The method according to Claim 5, wherein said
phthalocyanine compound is not Pigment Blue 15.



(i1) pnhosphorous acid or an alkali or alkali earth netal salt thereof; and

(b) f arts by weight _of a benzaporphyrin _caonpound 15

2. Al‘ﬂmunﬂil“uﬁl)HH ng to Caim 1, wherein said benzoporphyrin
conpound *I sta tet'*abenZopor phyrin conmpound. 3. The nethod according to

~Claim 1, wherein said benzoporphyrin conpound is a coordination conplex

of the Formula Llerr]L[err]-Xerr]X err]-L[err]L[err], whereip nd
Xerr] are eaWwLX[err] and X[ err] tog(igher are a 20 tr r?ﬁﬁwtal,

and L[err], L[err], L[err], and L[err] are“@ach substituted or
unsubstituted isoi ndol e grQups;q.an reinlerrk,.Llerr L[ et and
L[err] are covalently joi née)'d to“&@%@t%&é% ‘°\/¢5 /‘328&?5‘““ ”’JL@ ot

PCT/ USQ6/ 04487 - dpplyiflg is carriédcourdy applying caid fitiiagtive sgenCindisaid b‘énzoﬁﬁﬁph?ﬁﬂ

sai d benzoporphyrin conpound is a coordination conpl ex of the Fornula
Llerr]L[err]-X eF?‘]‘B@[‘@HETW?E’?WéPWP@H‘WgF‘F’and X[ err] are each H
or X[err] and X/ err] together are a transition netal; and L[err], L[err],

L[err]. and L[err] together forma ligand of Fornula (Il) Jerr] wherein a,
b, ¢, and d are each i ndep¥hdenkheymethodaccerding toflaigy 1« whereinsa gragsis  and

R1[err], R[errk, &r@\ﬁs and R[err] are each independently selected fromthe
group consisting 0O . halo, Clerr] substituted or unsubtituted saturated

or unsaturated, linear, branched or cyclic alkyl, alkoxy, alkylan no,
al kylthio, onium sul phoni ym 14 Llphal Sorefiiclo BN A said surtpras i

12.  The method according to Claim 1, wherein said first active

agent is applied to said turfgrass in an amount of from about 8 to about 16 pounds

10 active ingredient per acre, and said benzoporphyrin is applied to said turfgrass in
an amount of from about 0.2 to about 0.8 pounds per acre.

13. The method according to Claim 1 consisting essentially of
applying to said mrfgrasé, said first active agent in an amount of from about 8 to
about 16 pounds active ingredient per acre, and said benzoporphyrin in an amount

15 of from about 0.2 to about 0.8 pounds per acre.

14. A fungicidal composition for enhancing turf quality which
comprises an active material comprising:
(a) 1 part by weight of a first active agent selected from the group

consisting of ‘
20 (i) a monoester salt of a phosphorous acid of Formula (I):
T ow ]
! R-0-P-0 | Me"

wherein:
' R is an alky! radical having 2 to 4 carbon atoms,
Me is an alkali metal, alkaline earth, or aluminum atom, and



-~

5. A .method —accordimg—toe— Caim 1, wherein said benzoporphyrin
conpound i s onpound. 6. The nmethod according to Caim
1, wherein s lﬂ!ﬁ% H/ﬂﬂg j!lEng conprises applying I part by weight of
said first act 05 15 parts by weight of said

benzopor phyrin conpound. 7. The nethod according to Caim 5, wherein
sai d phthal ocyani ne conpound is Pi gnent Blue 15. 8. The net hod
according tWOPBMM 5 wherein said phthal ocyani ne conpo®EEUSR6044%7

Pi gnent Bl ue 15. WD 96/ 32010 -19-

PCT/ US96/ 04487 -18- 9. The net hod according to Claim 1. wherein said
step of applying is carri &dsauwholsnumberram 1 do 3equal totthe;valence of destandnd

sai d benzopor phyrin conpo .
carrier. 10. The net hodt@gzz‘% ?%“qt%ﬂérgﬁ%?%h %ﬁa@%ﬁn@m@aﬁ@?@ﬁ@@, is 5
bentgrass. 11. andhe net hod accord| ng to Claim1, wherein said-turfgrass is
bér mudagrass. 12. The hod acc i ng. to Claim1, eLeip said first
active agent is applied t )sal &%Bf(g 1050.1 parts, b&n’ﬂﬁ‘ﬁw}BF PEfFPROTB
about 16 pourgls Q},Q,paﬁﬁd_ve i ngredi ent per acre, and said benzoporphyrin is
applied to said turfgrass in an anmount of fromabout 0.2 to about 0.8
pounds per acre. 13.  The nmethod according to aim1l consisting
essential Iy of applying tqssai § tihaGASs acSstlifle’ td SClaif! 14,6 WHERRH dallt 20
amount of from about 8 to

benzoporphyrin compound is a tetrabenzoporphyrin compound.

16. The composition according to Claim 14, wherein said

benzoporphyrin compbund is a coordination complex of the Formula

10 LL-X,X-L,L,, wherein X, and X, are each H or X, and X, together are a

transition metal, and L,, L,, L,, and L, are each substituted or unsubstituted

isoindole groups; and wherein L,, I,, L,, and L, are covalently joined to one
another.

17. - The composition according to Claim 14, wherein said

15 benzoporphyrin compound is a coordination complex of the Formula

L,\L,-X,X;-L,1,, wherein X, and X; are each H or X, and X, together are a
transition metal; and L,, L,, L,. and L, together form a ligand of Formula (II)

R :
ii Ny ¥ ;
x‘)&\ N

ol

Rod Rae

an

wherein a, b, ¢, and d are each independently selected from positive integers 0-4,
20 and R, R;, R,, and R, are each independently selected from the group consisting
of H, halo, C, .z Substituted or unsubstituted, saturated or unsaturated, linear,



about 16 L ve edi ent per acre, and said benzoporphyrin in an
anount 151Wﬂ"@ﬂ%ﬁmlm[ 2_to about 0.8 pounds per acre. 14. A

fungi ci dal” «onrpoxi s enhancing turf quality which conprises an active
material conprising: (a) 1 part by weight of a first active agent sel ected
fromthe group consisting of 20 (i) a nonoester salt of a
phosphorous acid of Formula (1): [err] wherein: Ris an al kyl radical
having 2 to WQ¥3YR atons, Me is an al kaljg metal, al kal i ne REGHESISOHRT

al um num atom and WD 96/ 32010

PCT/ US96/ 04487 19 i n { . nce of
Me; and (i) phé’é%ﬁgéhogg %gili\%qo l’an a’F’L‘a{‘Fﬁglr”g“é’r %z]aﬁlﬁ@;?*%&rﬁr’e%@?%@’
t her eof ; and ( b)sulphate; &ndodarbaxylatel parts by wei ght of a benzoporphyrin 5
conmpound. 15. A conposition according to Claim 14, wherein said
benzopor phyrin conpound is a tetrabenzoporphyrin conpound. 16. The
conposition according to §§ai mA Jcémrwﬁdixeimaﬂhﬂ ke NZRER MY Wheréi® ngagind i S
a coordination conpl ex_of the Formula_ 10 . :
Llerr]L[err]-X MPWWEP@PPM%ﬁth,hW?@%C%W' and X[err] are each
Hor Xferr] and X[err] together are a transition netal, and L[err], L[err],
L[err], and L[err] are each substituted or unsubstituted _

5 19. The composition according to Claim 14, wherein said first

active agent is said monoester salt of phosphorous acid, and R is selected from the
group consisting of ethyl, propyl, and butyl.

20. The composition according to Claim 14, wherein said first
active agent is said monoester salt of phosphorous acid, and Me is selected from
10 the group consisting of aluminum, calcium, magnesium, and sodium.

, 21.  The composition according to Claim 17, wherein a, b, c, and
d are each 0, and X, and X, are H.

22.  The composition according to Claim 17, wherein X, and X,
together represent a transition metal selected from the group consisting of Group
15 IB and Group VIIIB transition metals.

23.  The composition according to Claim 17, wherein X, and X,
together represent a transition metal selected from the group consisting of cobalt,
copper, nickel, iron and zinc.

24.  The composition according to Claim 17, wherein X, and X,
20 together are copper.

25.  The composition according to Claim 17. whereina, b, ¢, and
d are each 2, and R,, R,, R,, and R, are each halogen.



i soi ndol e ¢ groups and Wg\jﬁln L[err] Ll[err], L[err], and L[err] are

coval ent| yulmnmu'mﬂ ot her. The conposition according to C aim
14, 4. wher ei il

rphyrin conpound is a coordination conpl ex of

t he Fornul a* L[‘err L err] Xerr]X[err]-L[err]L[err], wherein X err] and
X[err] are each Hor Xerr] and X[ err] together are a transition netal; and
L[err], L[e herr] and L[err] together forma ligand of Forrmula (I1)
[err] (I1) \M‘é?@? c, and d are eaélrll i ndependent | y sePEFUEWOM483,

positive integers 0-4, 20 and Rerr], Rlerr], and Rlerr] are each

-i ndependent |y sel ected f e group.consistin err
substituted or unsubstit ed %&?Bﬂ“?ﬁc m’eﬂgﬁ%g&' "“I%F‘E'Fé,‘!a?’ 'c-l‘\ﬂo

96/ 32010 d are each 4, and R,, R,, R,, 4fld R, are each halogen. PCT/ US96/ 04487
branched or cyclic al kyl, al koxy, al kyl'am no, al kylthi o, onium sul phoni um
sul phate, and carboxyl ate. 18. A conposition according to Claim 14,

wher ein sai d benzopor physq ndI i tu{bgflhﬁnécfg QﬁXlﬂpif‘%\r rtgtpi"v

19. The conposition accor arm erern sd

agent is sai d axhBgatecgachantunnf phosphorous acid, and Ris selected from
the group consisting of ethyl, propyl, and butyI. 20. The conposition
according to Claim 14, wherein said first active agent is said nonoester

salt of ph0$ph0r0us aci d28.andTRéxonfpositibeadcoding 1©0'Cldith 17)vheredyR,, FQNR], St i ng
of alum num cal E'Jm nes um and sodium 21. The corrposrtron accordi ng

to daim17, wA ‘%md d are each 0, and X err] and X err] are
H.

29.  The composition according to Claim 17, wherein a, b, ¢, and
d are each 0, and X, and X, together represent copper.

30. The composition according to Claim 14, wherein said first
10 active agent is said monoester salt of phosphorous acid, and said compound of
Formula (I) is selected from the group consisting of calcium ethyl phosphite, -
sodium ethyl phosphite, aluminum ethyl phosphite, magnesium isopropyl
phosphite, calcium isopropy! phosphite, aluminum isopropy! phosphite, magnesium
ethyl phosphite, magnesium isobutyl phosphite, magnesium sec-butyl phosphite,
15 caicium isobutyl phosphite, aluminum N-butyl phosphite, aluminum sec-butyl
phosphite, and aluminum isobutyl phosphite.

31.  The composition according to Claim 14, wherein said first
active agent is said monoester of phosphorous acid, and said compound of Formuia
(I) is aluminum ethyl phosphite.

20 32.  The composition according to Claim 18, wherein said
phthalocyanine compound is selected from the group consisting of Pigment Blue
16, Vat Blue 29, Pigment Blue 15, Heliogen Green GG. Ingrain Blue 14, Ingrain
Blue 5, Ingrain Blue 1, Pigment Green 37, and Pigment Green 7.

33. _The composition according to Claim 18, wherein said
25 phthalocyanine compound is Pigment Blue 15.



o
The~e—en°p05’f|on according to Gaim1l7, wherein X[err] and Xferr]
toget her Mrm‘ﬁl on_netal sel ect ed_fromthe graqup_consisting of

G oup 15 %‘@B “‘m transition netals. 23. The conposition
according t im 1A W’hefein Xerr] and X[err] together represent a
transition netal selected fromthe group consisting of cobalt, copper,

ni ckel, iron_and zinc. 24. The conposition according to CaimJl7. wherein
X[err] and XMQ9328 t oget her are copper. 25.  The conposi t POHUSIMMBYi ng
to Claim17. wherein a, b, ¢, and d are ea"@h 2, and Rerr], Rerr], Rerr],

and R[err] are each hal ogen. WO 96/ 32010
PCT/ US96/ 04487 -21- 26. The cH¥% GQF'PP%?P"a@EQﬂI@Pagmt Glaim, 18, whercjpsaid h o,

b,-c, and d are El'ac)?%nﬁ - ogb‘fg' ], and Rerr] are each

hal ogen. ?ﬁﬂg conpositi iéldclcsor i ng to glirjm 17, wher ein Rerr],

Rerr], R[err] and R4 are each onium 5 The corrp05|t|on
according to CI aim 17, V\/n ne eac
sul phate. 29. The conpo F@ﬁ%ﬁ“@’@ﬁ%@n&tal 14 %ﬁ&?ﬁ‘ﬁéémﬁ % c, and
d are each O, awixgﬂefsindm aliee agert agd bewsween em:t)emtmbmml%hns byThe
conposi tion accordi n gl m 14, .wherein . said first 10 active agent is
sai d nonoest ér ?&lﬁht E%B?@H@%E?'Bm“&ﬂd sai d conpound of Formula (1)

is selected fromthe group consi sting of calciumethyl phosphite, sodium

ethl hosphi t e, alumnumeth hosphi te, nmgnesi um i sopropyl
e P ’l'{e copmpos?tlon accordmg to Claim 14, ansmrt)l)lllg essentially

of 1 part by welght of said first active agent and between about 0.01 and about 0.1
parts by weight of said benzoporphyrin compound.

37. The composition according to Claim 14, wherein said

10 composition is an aqueous suspension.

38. The composition according' to Claim 14, wherein said
composition is a wettable powder.
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phgsphite, calciumisopropyl phosphate, al um numisopropyl phosphite,
frgfgnest um et hyl phosphite, magnesi um. sobut'yl “phosphi te, magnesi um
-gec- bu un m ﬂn cal ciumisobutyl phosphite, alum num N butyl

F hosph“nm E mmlu - butyl phosphite, and al um num i sobutyl phosphite.
3

K65 G

1. The €onpostti®on*according to Caim 14, wherein said first active
agent is said nonoester of phosphoroudgaci d, and said conpound of Fornmula
(1) is alum num et kg/l phosphite. 20 32. The conposition
accor di Athat WhichiIsnClaisedJFser ei n sai d pht hal ocyani ne conpound i s sel ected

el ogon o odn et bE S BHF doalh 45 nhfisant SnsEh Uipptien a0 " G ron
G een Szaidmgﬁgsgm aae efféctiveo enharldd 6@ tion according to Caim

18, wherein said_25 phthal ocyani ne conpound 1s Pigment Blue 15. WO
96/ 32010 (a) a first active agent Selected from the group consisting of PCT/ US96/ 04487

ot hal ocyam LG AR BB HOR<BEF A & hidsir (b 5F chflptifRh R Sy

acdordi®:to Claim1l4, conprising 1 part by weight of said first active
agent and between about. 0.01 and about 0.1 parts by 5 weight of said
benzopor phyrin conpound. 36. The conposition according to Caim 14,
consisting essentially of 1 part jby vlpi ght gf said first active agent and
bet ween about 0.01 and about 0.1 jmaptssobly Maei ght of said benzoporphyrin

compound. 37.  The conposition dccordli ng to Claim 14, wherein sai db

M

10 wherein:

R is an alkyl radical baving 2 to 4 carbon atoms,

Me is an alkali metal, alkalipe earth, or aluminum atom, and

1 is a whole number rom 1 to 3 equal to the valence of Me; and

(ii) phosphorous acid or an alkali or alkali earth metal salt thereof; and
15 (b)  from 0.01 to 0.1 parts by weight of a benzoporphyrin compound.

2. A method according to Claim 1, wherein said benzoporphyrin compound is
a tetrabenzoporphyrin compound.

. 20 3.  The method according to Claim 1, wherein said benzoporphyrin compound
~ is a coordination complex of the Forntuta L,L,-X,X;-1,L,, wherein X, and X, are each H
or X; and X, together are a transition metal, and L,, L,, L;, and L, are each substituted
or unsubstituted isoindole groups; and wherein L;, L,, L;, and L, are covalently joined to
one apother.
25

SUBSTITUTE SHEET



10 #Bnposi‘tion is an aqueous suspension. 38. The conposition é};ﬁ?ﬂﬁi%’(cr'{
Caim 14, wherein said-conposition-s—-a wettable powder.
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