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(57) Abstract: In accordance with, the present invention, there is provided an antimicrobial composition comprising an aqueous
solution containing copper and/or zinc ions, optionally a hydroxide salt, and phosphorous acid. The composition, is additionally
sporicidal and scleroticidal when combined with a salt of nitrous acid such as sodium nitrite. The present invention may also include
chemicals containing the phosphite or phosphonaie group (PO/1 which can inhibit the formation of scierotia at concentrations that
are readily achievable for agricultural applications. Compositions of the present invention, inhibit, scierotia formation by fungi and
may therefore be used in the field to prevent the continuation and advancement of pathogenie fungi.
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Antimicrobial and Agrochemical Compositions

CROSS REFERENCE TO RELATED PATENT APPLICATIONS

This application claims priorily to United Sates Patent Application Senal No.
62/172,501 filed June &, 2013 entitled “Antimicrobial and Agrochemical Compositions™ by Dr.
Tony John Hall,  the eatire disclosure of which iy mcorporated herein by reference as

permissible by national or regional lows.
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TECHNICAL FIELD

This invention relates generally to antimicrobial compositions that also inhibit fungal
sclerotia formation, and more specifically o aquecus compositions comprising copper ions with
or withowt zine jons, a hydroxide salt and phosphorous acid as active ingredients. The
compositions are additionally sporicidal and sclereticidal when combined with salts of nitroas
acid such as sodium nitrite. The compositions are inhibitors of fungal sclerotia formation by

virtue of their containing phosphorous seid with a phosphite or phosphonate (PO™) group.
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BACKGROUND ART

The globalization of agriculture has fead to crop plants being grown in areas where they
may b oxposed to new pathogens or now strains of existing pathogens, such as fungt and
bacteria, 1o shich they are susceptible. 1t is estinated that 70% of all major crop discases are
caused by phytopathogenic funui and it is now acknowledped that plant discases threaten food
supplies worldwide.

The development of commereial antifingal agents in agriculture began with copper-
based Bordeaux mixture In the 19% contury. In the 20" century, many new classes of synthetic
organic fungicides with defined modes of sction were produced, but the development of fungsd
resistance to many of these agents has been an increasing problem. In addition, many of these
fungicides have toxic effects on the eavironment or on other species, and they can persist in
crops and enter the food chain, Consequentdy, there s a growing need for new fungicides that
are safer for the environment and the consumer.

Many fungl are disseminated in the form of spores and phytopathogenic fungl whose
spores are spread by the wind arve responsible for some of the most damaging crop diseases, for
example, coffee rust (Hentfleda vastarrix), rice blast (Mapraporthe orveaey and black sigatoka
{Mycosphaerella fljienyis) on banana plants. Pungad (and bacterial) spores are highly resistant to
cold, heat, ultraviolet light and mest fungicides, In fact, most spores are 50 resistant that
chemicals such as hypochiorous acid {bleach) and hydrogen peroxide, which are sporicidat at
high concentrations {e.g. 3-10% and > 10%, respectively), are also highly damaging to plants,
amimals and even the built envirenment at these sporicidal concentrations.

fn addition to spores as a means of dissenuination snd supvival, many fungt can produce
survival stroctures called sclevotin that represent an important source of phytopathogenic
diseases atintbuted to Riizoctonic, Ferdeillivm, Sclerotinia and Macrophorming  species.
Sclerotia are asexual, nwiticellolar, dormant and bighly chemically-resistant structures.
Selerotia ave usually melanized, which affords them resistance to ultraviolet light exposure and,
consequently, they are often identified as black spots or bodies i the soil or on plants, fruits
and vegetables. Once sclerotia are present in the soil they can survive for many years, infecting
newly planted crops when contact 18 made with plant roots leading o sclerotial germination and
the growth of fungal hyphae that invade the plant via the roots. Consequently, a need existy for
an eavironmentally safe and cost-effective product that can control selerotia formation in

agriculture.
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Copper-based fungicides are still extensively wsed in agoiculiure today, including
organic farming, sinee they are widely gvailgble, nexpensive and relatively safe o use, In
addition, fongal resistance to copper-based produets is low because copper exerts multiple toxic
effects including coll membrane damage and nactivation of won-sulfuy chusters of dehydratase
epzymes, However, currently available copper-based products are suspensions of copper
compounds, sach ax copper hydroxide and copper oxyveblonide, which are used proventatively
by sticking to the leaves of plants to prevent fungal development. These copper-based
fungicides require frequent application and contain relatively large mmounts of copper - foliar
sprays of Bordeaox mixture and copper oxychloride products typically contain 2.3 grams/liter
of clemental copper ~ bevause they provide little jonie copper which s the
fungicidalbactericidal form of copper.

Phosphorous acid in the form of salts, such as potassium phosphite, iy classified as a
biopesticide by the US Environmenial Protection Agency. Phosphites have hoth direet and
indirect modey of action against conpvestes and fungi. Direct effects inclnde inhibition of
myeehial growth, and suppression of sporulation and gernunation. Indivect effects of phosphites
include the activation of plant defence responses by mechanisms that are not vet fully
ghicidated. Phosphites have low toxicity, and ke copper-based fungicides, they have the
advantage of being inexpensive, relatively safe 10 uge and by acting via muliiple sites of action
avoid the development of resistancs,

Global health and environmental regulations are becoming increasingly stringent with
respect o pesticide restdues. Thus, farmers around the world face the dilemima of the need to
control destructive pathogens, which requires more fungicide/bacterictde use, whilst regulatory
agenoies are demanding loss chemical residue on crops and o the soil. Phytopathogenic fung
spread ’b}-' spores present a particulardy difficult target and currently there are no commeercially
available proven sporicidal products. 1t is ovident that if spores could be killed/inactivated on
infected plants hefore release Info the alr this would prevent their spread and lead to effective
disease control.

Therefore, a need exists for effective and safe sporicidal agricultural compositions that
are non~phviotoxic. It is known that the reaction between acidy and sodivny niteite leads to the
genetion of highly reactive nitrogen oxides that huve antimicrobial and sporicidal activity.
Experiments carried out by the inventor using compositions containing copper andfor zine jons
and phosphorous acid combined with sodinmy nittde surprisinaly  revealed  synerpistic
antifungal, sporicidal and scleroticidal activities compared to copper andfor mine tons alone o

phosphorons acid alone combined with sodium npitrite. Importantly, these compositions when
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combined with sodiom nitrite were not phytotoxie at sporicidal/scleroticidal concentrations. In
adidition, those compositions when combined with sodium nitriie advantagecusly have both @
short-lived {up o around 6 hours) sporicidal/scloroticidal activity and extended {days to weeks)
antifungal and plant defense-inducing effects. Furthenmore, these compesitions can be made
and used in a safe, cost-effective and environmentally friendly manner. The present invention
deseribes such compositions.

Rhizoctonia solen (B solard) s a widespread, soilsbore plant pathogeme fungus that
canses root ror and damping off n many plant species, and black scorf on potato tubers. R
sodand forms melanin~rich sclerotia that can survive for long perieds in soil and act as the
primary ineculum in newly planted crops. Whilst assessing the effects of compositions
containing copper, vine and phosphorons acid in fungad growth inhibition assays with R, solasi
that were usually examined after 1 1o 2 days of culture, the Inventor noted that in plates kept for
move than week the formation andfor the maturation of sclerotia was inhibited at concentrations
of certain compositions that only partially inhibited the growth of R soladf after | to 2 days of
culture. Such partially inhibied cultures usually become confloent after 2 to 4 days of culture
and at thiz point, as putrients become Hmiting, the fungus starts o produce selerotia that first
appear a8 white patches or bodics and then become melanized, mature black struciures that
remain viable for many months, even in culture plates that have dried out.

This unexpected observation was Investigated further and the results prosented here
show that the presence of phosphorons actd in the compositions was responsible for the
inhibitton of sclerotia rmation. Further expertments surprisingly revealed that widely used
agrochemicals such as phosphorous aecid, Hy salts c.g. potassium phosphite, and the herbicide
ulyphosate (2-[{phosphonomethyanine] acetic acid), all of which contamn the phosphite or

; Je \ ) . [ N Sa g ,
phosphonate (POy7) group are all potent inhibitors of selerotia formation.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described by reference to the following drawings, in which like numerals

refor to like elements, and 1o which:
Figure 1 depicts the structures of selected phosphite and phosphonate (PO} chemicals.

Figure 2 is a praph depicting the selerotieidal effeetz of composition Cu-ZAn#31 alone and ia
combination with sodium nifrite (NaNO;).

Cudnd3] was weed ar 135 of stock solution with sodium nitrite from 1 o 100 millimolar.
Immature (white) avdd mature (Klack) sclerotia of R solani were treated for 1) minutes and
subsequent fungal growth on PRA was assessed after 2 days of culnere. NG = no growrh,
Figure 3 is a praph depicting the effect of phosphorons acid (HP), glvphosate (GPY and
aminomethyl phosphonic acid (AMPAY on black sclerotia formation by Rhizoctonia solant.

The rexuliy shoawn are the mean + SIN from 3 xepavate experimenis (HE and GP}oand 2

separate experiments (AMPA).

The present wmvention will be deseribed In connection with a preferred embediment,
however, i will be undersined that there i3 no intent to Hmit the invention (o the ambaodiment
deseribed, On the contrary, the intent is 1o cover all altomatives, modifications, and cquivalonts
as may be included within the spirit and scope of the tnvention as defined by this specification

amd the attached drawings.
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IISCLOSURE OF THE INVENTHIN

In accordance with the present invention, there is provided an antimicrobial, sporicidal
and scleroticidal composition comprising an aquecus solution comtaining copper andfor zing
ons, optionally a hydroxide salt and phosphorous actd when combingd with a salt of nitrous
acid; i a preferred embodiment the sall of nitrous acid being sodium mitrite. The present
invention mchudes, in some embodiments, chemicals containing the phosphite or phosphonate
QEOUD {’P();f“} which can inhibit the formation of sclerotia at concentrations that are readily
achievable for agrnicohural applications. Compositions of the present invention inhibit sclerotia
formation by fungl and may therefore be used m the field to prevent the continuation and

advancement of pathogenic fungi.

The foregoing paragraph has been provided by way of introdaction, and is niot intended
to Himit the scope of the invention as deseribed in this specification and the attached drawings

aml claims.
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BEST MODE FOR CARRYING OUT THE INVENTION

The present invention and the various embodiments deseribed and envisioned hergin

tnclude compositions, preparstions, methods and uses for the heretofore anknown synergistic

aptimicroblal  activity of compositions containing copper ions andfor rine fons with
phosphorons actd combined with salts of nttrous acid such as sodium nittite. The present
invertion will be described by oway  of example, and not limitation. Modilications,
mprovements and addittons © the invention described herein may be detormined after weading
thiz specification and viewing the accompanying drawings; such modifications, unprovements,
and additions being considered included in the spirit and broad scope of the present invention
and s various embodiments deseribed or envisionad herein,

Antimicrobial, as used herein, meludes anti-bacterial, anti-fungal, anti-pomycete, and

anti-pathogen. Sporieidal and scleroticida
The amunicrebial, sponcidal and scleretividal activity of the compositions deseribed is
surprisingly more potent than that of copper ions with or without zine ions alone or

R S S I R S L S S A R L8

phosphorous acid alone when combined with sedium nitrite. Importantly, these compositions
are also not phytotoxic at effvctive antimicrobial, sporicidal and seleroticidal concentrations.
Stnce the compositions contain copper andfor zine jons and phosphorous acid, they also
advantageonsly remain effective as anti-nucrobial and plant defense-stimulating chenucals after
the sporicidal/scleroticidal reaction with sodiwm nitriie is exhausied (after around 6 hours),

One embodiment of the present invention relates to the surprsingly synerpistic
inhibition of the growth of plant pathogenic fungi, and sporicidal and sclevoticidal activity of
compositions containing copper wons with or without zine fony and phosphorous acid when
combined with a salt of niivous acid, compared to the wti-fungal and sporicidal activity of
solutions of copper lons with or withewt zine lons slone or phosphorous acid alone, when
combined with a salt of pitrous acid, prefervably sodim nitote.

In another cmbodiment of the prosent vention it Is domonstrated  that the
aforementioned  compositions contatning copper salts with or withouwt zine salis and
phosphorous acid are surprisingly potent inhibitors of fungal sclerotia formation. Indesd, # s
further and unexpediedly demonsirated that a variety of chemicals containing the phosphile or
phasphonate group {PO;™) can inhibit the formation of sclerotia at concentrations that are
readily achievable for agricultural applications. The chenucals notably inclde the fungicides
potassivm phosphite, phosphorous acid and Allette, and the herbicide glvphosate, all of which

are widely used agrachamicals,
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The compositions containing copper 1ons with of withowt wine ons and phosphorous
acid are conveniontly propared secording 1o the general progcedure outlined below. These
disclosed embodiments of the present invention exemplify certain preferred compositions;
bowever, these examples are not itended to Himit the scope of the prescnt mvention. As will be
obyious to those skilled in the arl, mudtiple variations and modifications may be made withowt
departing from the spirit and bread scope of the present invention.

The antimicrobial compositions of the present invention comprise aqueous solutions of
copper fons that are provided by copper oxyehloride, two forms of which are: (1} The copper
oxyehloride Technical Product {CuOCITPY contains around 57% elemental copper and a 1%
contains around 50% clemental copper and a 1% suspension i water has a pH of 8.3, CalCl-
WP contains arotnd 10% bentonite and surfactant to increases the “wettability” of the water-
mnsoluble copper oxyehloride so that i remaing in suspension fonger than CaQCETPR. Copper
iony in the compositions can alse be provided from copper sulphate pentahydrate either mined
with CuOCT dwring the production of the composition, or made into a composition separately
and mixed together with the CaQCl-based compuosition later.

The copper fons in the compositions can be with o without zine jons. and phosphorous
actd, with the optional addition of a hydroxide salt to control the acidity of the compositions. In
this respect. the use of sodium hvdroxide or potasstum hydroxide sometimes led to instability
(turbidity, covstallization) of compositions made with CuDCHTE o copper sulfate, but not in
compositions made with CuOQCEWE. Surprisingly, ammonium hydroxide could be used with
all three copper compouonds to control the acidity of the compositions without issues of turbidity
or erystatbization and it i3, therefore, the preferred hydroxade for use m the compositions.

Some observations on a variety of such copper~ and copper-zine-based compositions are
shown in Table 1. The results show, for example. that copper sulfate is preferable to copper
chloride for the production of stable compositions. The resalis also surprisingly show that
CaOCEWP is preferable to copper CuOCETP for the production of copper-only compositions
owing io instability {erystallization) of the latter. However, it was surprisingly found that the
presence of zine lons prevents instability (crvstallization) in compositions made with CeQdCh

TR
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Table 1. Observations on the stability of a variety of coppet and copper-zine compositions with
phosphorous acid (HLPOs) with or without the addition of gmmontum hydreside (NHsOH)
made and stored at room temperature (22°C). In the Table, gram or grams is abbreviated with

the letter g aulliliter or milliliters is abbreviated with the letters mil, and decilitre s abbroviated

with the lefters d1L.

Composition
PO s 17.5 gidh
NHOH (36.6%
sodutionyat 2 miAdl

Copper
Elemental copper at @
goneentration of

TR ofdl .
2.3 gidl.

Copper and Zing
Elemental copper and
elemental zing both st a
concentration of .23

vidl

1=

1]

Conelusions

1 US{); \5§§1{\) _‘~
ZaS, 7;14\}

- Stable blag solution +

acdiiition of apunonium
hvdroxide.

Stable blue solutiony +
ammontem hydroxide,

Crystallization stans
within a few howrs &

addition of avunonium

hvdroxide.

Sigas of erystallization
after a fow days +
sdddition of amonium
hydroxide.

Copper saifate-based
conmpositions are
preferable o those
mude with copper
chiloride.

Turbid bloe solution

Stighuly turbid blue

sistution without addition
of amoniom hvdroxide,
but no erystatiization in
sither case,

CeQCETP* +
ZaSQLTHAQ
Frechuoical produet

CuOCEWPE, but not
CoQCETP, can be
used 10 make stable

with erystallization after
a few days + addition of

ammonimn hydroxide.
copper-only

omposiions,
Stable CuZn
cownpositions can he
madle with either
CaQCH product.

Clear gregn spfution,

s ‘s Clear green solution.
Bentonite precipitates

Bentonite does not
precipitate out with or
without the addition of
ammonium hyvdroxide,

CuOCLRWPY + fectivelv witt
o . more effectively with
d’fﬂs(};-?ii\u s - - .
FWetabl “}“ ’ addition of srmmoniam
*Wettable powder

hydroxideat fow
tomperalures €.8

AT,

The anti-microbial compositions of the present invention, and in particular the sporicidal
and scleroticidal compositions of the present invention comprise {1} agueous solutions of copper
fons, with or without zine ions., and phosphorous acid, with the option of addition of a
hydroside salt such as sodium hydroxide, potassium hydroxide and preferably smmoninm
bydroxide, and (1) combanation with a salt of nitrous acid, preferably sedium nitrite,

in one enbodiment of the present invention, the antimicrobial composition includes a
solution having copper oxyehloride or copper sulfate pentabydrate with or without a zine salt
{preferably zine sulfade) dissolved o water with phosphorous acid subsequently added fo the
solution, with the optional addition of a byvdroxide salt {preferably ammeniom hydroxide) ©

control the pH of the acidic copper or copper-zine compositions thus formed. These soluiions

10
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are designated, Tor example, Cu-31 or CuZn-45-N and Cu-32-N (N = with NH,OH added, see
Table 2)

In one embodiment of the present invention. the antimicrobial composition includes a
suspension baving copper oxyehlonide-WE mixed i water with the additien of ammoniom
fhiydroxide bedore the phosphorows acid which enhances the precipitation of bentonite at Jow
temperatares (20°C 10 30°C (see the EXAMPLE below for more detads)).

Copper oxychloride-based compositions are conveniently made osing CoQOCEWE that
containg copper oxyvehlonide, bemonite and surfactantis). It was found that the addition of
phosphoerous acid (1) solubilized CuOCIWP to form a stable solution, and (1) to a suspension
of CaQCLWP followed by incubation at 70°C 1o 80°C for 15 to 30 minutes encouraged the
rapid precipitation of the bentonite component leaving a clear dark green solution with or
witheut the addition of anmmontum hvdroxide.

The following example describes the general protocol for making a 2X stoek acid-
solubilized copper oxyehloride composition (u-32-2X) that can be used in turn to make
formudations such as Cu-32 and Cu-dn-32, Unless otherwise stated, all chemicals were obtained
from Sigma-Aldrich Company Lid, The old Brickvard, New Road, Gillingham, Dorset SPS
4XT, UK, unless otherwise stated. Hortiphyte was obtained from Horifeods, Park Farm Park
Farm Road, Kettlethorpe, Lincoln LN 2LD, UKL Aliette (Fosetyl-aluminumn) and Glyphosate
(2~{phosphonomethvDamine} acetic scid) wore obtained from Bayer CropScience, 230
Cambridge Science Park Milton Roead, Canbudge CB4 0WR, UK. Aminomethyl phosphonie
acid was obtained from Fisher Sciemtdic UK, Bishop Meadows Read, LEHSRG
Loughborough, Leicestershire, UK. Potassium phosphife was purchased from Wahan Rison
Trading Lad, 498 Hanshe Ave, Wuhan, China. Copper oxyehlonide 30-Wettable Powder
{CuOCE-WPY and copper oxychloride-Technical Product {(CuOCHTPY were obtained from
Muanica 8.P. A 4 Via all’ Adize, 380068 Rovereto, Haly.

18.0 grams of CaOQCL-WE {containing 30% clemental copper) is added to 70 nulliliters
of distiled water in a plass beaker: 8 magnetic stiveer and stir bar is used to mix and form a
greenish-blue suspesision. If the beatonite is to be precipiiated out at low temperature (20°C 1o
S0°C), then addition of 8.0 milliliters of ammonium hydroxide (536.6% solution) at this point to
the CaOCLWE suspension surprisingly will accelerate bentonite precipitation. 35,0 grams of
phosphorous acid is gradually added resulting in the solubilization of CoQCERWP to form a dagk
green solution which s stirred for a further 3 minutes and then made up 10 a volume of 90
milliliters with distilled water. The solution is then warmed. for example, to 37°C for 24 howrs

or during which time the bentonite of the CuQCEWP {ormulation precipitates out. The

11
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bentonite s removed by centrifugation, followed by decanting of the soluble composition, I the
hentonite is 1o be precipitated at high temperature {e.g. 60°C 1o 90°C), at tus point the pH of the
acidic solution can be modified by the addition of ammonium hydroxide (1 o 80
militditersiter), and the 1otal volume can then be finally adjusted to 100 milliliters with distilled
witer,

This Co-32-2X concentrate can be mixed with other formulations o conveniently make
a variety of other products. Thus, to make Cu-32, the 2X concentrate s mixed 101 with distifled
water. To make CaZn-32, equal volumes of Cu-32 and Zn-32 (see Table 2) were combined
with stiring.

ft should be noted that CuOCHTE cannot be used to make stable copper-only
compositions by addition of phosphorous scid and optiondd neniralization with a basic
ammonim salt, because such compositions made with CuOCETR {with or withowt addition of
ammonium hydroxide} crystallize out within g Tew days (see Table 1), However, copper-zing-
based compositions made by making a suspension of CuOCETY and a zine salt (preferably zine
sulfatey in water, followed by addition of phosphorous acid {with or without addition of
ammoninm hydroxide) are surprisingly stable compositions that advantageously do not show

stgns of crystallization even after several woeks and do not reguire time and/or heating 0
precipaiate out bentonite as with the CuQCL-WP-based compositions described above {see
Table 11

Copper  sulfafe-containing  compositions are  preferably made  with  ammonium
hydroxids.

Forthermore, copper- and  copper-zine-based  composiions made  with  copper
oxyohioride (WP or TP} cap be combined with copper- and copper-zing-based compositions
made with copper sulfate in proportions ranging from 11 to D100 without any noticesble
change iy antimicrobial activity as Hlustrated with the various compositions made by combining
Cu-31 and Cu-32 m differing ratios as shown in Table 2.

For copper- and copperszinc-based compositions, it is preferred thar the total
concentration of elemental copper and 2zine in the compositions is of the order 1 to 30
grams/liter.

{n copper-zinc-based compositions, the mtio of elemenial copper to clemental zine
concentrations may be of the order 1001 fo 100, preferably 100 to 1:10 and even more
preferably 111,

1f the concentration of the hydroxide salt (preferably ammonium hydroxide} solution is

14.5 Molar, then #t 15 added 1o the composttions in the order of 1 to 80 milliliters/liter,

12
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The selected acid for the composilions i3 phosphorous acid. It ig prefersed that the
concentration of phosphorous gcid in the compositions is of the order 40 to 800 grams/liter.

The preferred solvent phase for the compositions i3 distilled or deionised water.

For examples of other copper oxvebiloride-based compositions based on the protocols
described above, see Table 2.

in some embodiments of the present vention, copper and copper-zing compositions
based on copper oxyehloride and copper sulfate can be combined in ratios of 1:100 10 100:1. As
copper oxyvehloride is usually significantly more expensive than copper sulfate and the protocol
to produce the associated composition is more complex, such combinations may be useful not

only for their utilitarian applications, but also for their cost effectiveness.
For examples of other phosphorons acid-solubilized Cuf, Cu-Zndf and Znd compositions
based ot this protocol see Table 2. In the Table, gram or grams is ablweviated with the letter g,

il e or miilliliers 18 abbroviated with the letters ml
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Table 2. Examples of compositions and thelr components and their 30%  inhibitory
concentration (ICse} on the growth of Riizoctora sedepdl in culture.

Ingredients added pey deciliter of distilled water

Contposition

Qltgﬂqvﬁf‘lgﬁ {(S}\
CaOCEWER (WP
CpQCRTETR)

S THH

HP O,

NHOH 56.6%
solution
{optional)

I (% of stoek
selution) on
growth of &,

solanit#*

Cu-31 CS 00y . 175 g . 015
Cp~33-2X WP G g Rt 8.0 mb -
Cu-328 WPS0g . 1750 . pae®
Cu-32-N% WPSOg . 175 ¢ 2.8 m 0.17
206.mi
s . HLPOY . -
Cu-32-PO4 WES0g (855 1.0 0d 0.15
sodution}
Cu-3 10032 100 misiare 417
Cu-J31:Cu-32 168: 1 mixiure .15
Cu-31:Cu-32 160:1 mixture - - - g.15
Cu-31:CaZ 32T mixtare 0.317
Cu-3:Cufn-32-TA mixture 15
32 ~ H1.0g 175 g (2.0 nih) .19
CuZn-32 WPS0g 33 173 ¢ (2.4mb iy
Cu-323-T TPdd e ~ 17.5¢ PRI his
CuZn-32-T TP232g 28¢g 17.5¢ (2.8 miy 017
Zine acetate
CuZn-32- . \ . .
. Pile dibydrate 175¢g (L0 mb .47
TA A
S D .- T . T
Zivic witrale
Cudn-3-
P22y hexahydrate 175 (2.0 mb} 0.13

TN

28w

Cu-36

S0mi

2.0 mi

0.26

(18.7:)
CuZn-46-N C$2S g 275 175g 4.0 328

CuZn-47-N

& {mi
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MNHOH {19%
Compeoxition CulOuSH0 ZnS0uTH H:POy g $6.6%
solution}
Cufdg»* CSla0g - 4.0 g 4.0 ml {19%) (.18
Cu#i3l CS 10.0 ¢ . (75¢ | 2.0 i {S6.6%) 0.3
Culukid CS 8.0 g 88y i0¢g 4.0 ml {19%%) \«1;:;3 j Z?)Gi‘: P
ol - i7.6¢ $0¢g - 40ml(19%) 017
CuZn#3l C$3.0¢ 558 1758 | 20mi(56.6%) 0.20
CuOCEWE WHEI0g - - “ 2.4
CuQCHTP T4 g - - ~ 1.8
Cals0y C5 160 - - - .39
ZaS0, . 1768 : . .33
PO, ; ) 10g | ; 0.64"

*ompositions do not contain a basic ammonium salt (e.g, Cu-32) or the ammoniun hydroxidie

was optionally added afier the phosphorous acid to inerease the pH of the composition (e.g. Cu-
32-N). ¥ Compositions designated with € are prepared as insoluble metal-ammonium
complexes that are solubilized with phosphorons acid. ¥*¥The concentration of compositions

reguired to inhibit the growth of R solani by 50% (1Cs) on potato dexirose agar after 24 bowr

culture at 22°C. “The 1:1 mixture containg a total of 2.5 g/dl of elemental copper, 1.25 p/dlL

from the CuSQLIH0 and CuOCH-WP compositions and has the expected s against R
sodand based on the resulfs of Cu-31 and Cu-32, as do the 11 and 10001 Owl31Cu-32
mistures. “CaZn#12 was used as an internal standard in most experiments. " Bquivalent 1o the

concendration i Cu#28, Andfdand CuZpHil

it 18 envisaged that for practical use in agricullure as a fohar spray, for oxample, the
stock solution of a compesition wonld be added to water with mixing or stivring {0 a dilution of,
for example, 100- o 1.800-fuld. An appropriate amowst of a stock solution of sodian nirite,
e, 690 grams/iter (10 M) would then be added with conminued stiering or mixing to a dilution
of, for example, 200-fold to produce a final concentration of 30 mM in the combined product.
An appropriate auxiliary, spreader-sticker, adjuvant, carrier, surfactant or extender may then be

added at an appropriaie concentration to the effeetive amount of the combined product.
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{n order that the present invention may be hstrated, mwre easity appreciated and
regdily carmied into offvct by those skitled in the art, embodiments thereol will now be preseaied
by way of non-limiting examples only and described with reference to the accompanying

drawings.

CXAMPLE 1. Fungal growth inhibition assay with compositions,

Inhibition of fungal growth assay. The Rluzoctonia solani {R. solaniy strain was isolated
fromm selevotia on the skin of a potsto and was maintained v culture on potate dextrose agar
(PDA)} at room femperature (22°C). To assess the effects of the compositions on fungal growth,
10 microliters of the test compositions diluted in sterile distilled water was placed in the wells
of a 12vwell tissue cultore plate and 1 milliliter of PDXA weas added by pipette 1o cach well. The
plate was agitated to distribute the test composition evenly throughout the agar (distilled water
alone was used as conirol) and then the agar was allowed 1o set, Plugs of agar containing fungal
hyphae (3 x 3 millimeters) from an established fungal culture were cut out using 2 scalpel and
mserted nto holes cut into the centre of the agar i each well of the 12-well plate, which was
then cnltured af voom femperature. To assexs the effects of compositions on radial fongal
growth, the dismeter of the fungal hyphae was measured twice at ¢ 907 angle using @ vuler and
the average dismeter in millimeters was caleulsted. Concentrations of compositions required to

inhibit the raclial growth of R, sedand by 509 (1Cw0) were determined graphically,

Results:

As shown in Table 2, the vartous Cu, CoZn, Cu# and Co-Znd compositions all have ICxy
values 1w the range 0.14% o 0.28% of stock sohution {arcund 700- to 3530-Iokd dilution of the
stock solations, respectively), showing that the method by which the compositions are made
and the source of copper dees not dramatically alter the ability of the composttions to minbif the
growth of the plamt pathogenic Rmgus R soferd in culiure. In addition, copper (and CuZn}
conpositions based on copper oxvehloride and copper sulfate msy be mixed together over &
wide range of concentrations and still roatmain foll anfifungal activity.

It is noteworthy that the compositions are more active than the components from which they are
made. CuQCEHWP, CoOCHTP, copper sulfate, zine sulfate and phosphorous acid have 1l
values of 2.0%, 1.8% D.39%, 0.33% and 0.64% reapectively against R, solowi, so the fact that
all of the compositions have considerably lower s values (around 0.13%) than would be
expected when combining a copper composition and phosphorous acid; this indicates synergy

of the components when combined together in the compositions described, This synergy 8
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particularly noticeable with the copper oxyehlonide-dertved compositions since CuOCLWP and
~TP have particularly low 1Gs values of 2.0% and 1.8% respectively, and phosphorons acid has
an e of 0.64% and yvel Cu-32 and Cu-32-T have ICsqp values of 1% and 0.17%
respectively, Taken together, these results showing a synorgistic activity of the component paits
when combined in the compositions reveals a sorprisingly enhanced antinderobial potency of
these compositons made using the protocols described above in the “Best mode for camying

aut the mverdion”™ section.

It is also noteworthy that there are particular advantages of the copper-zine {(Cudn)
compositions: (1) Commercially avallable copper-based fungicides (g, Bordeaux mixture,
copper oxyehloride, copper hydroxide and copper oxided typically contain avound 2.3
gramaditer of clamental copper when diluted, for example. for foliar spraving. The copper salt
in these products is {argely insohuble and in suspension so the prodaocts stick onto feaves of
plants; when 1t rains and the product on the feaves becomes wet, a small amount of active onie
copper is refeased and this has antimicrobual activity. A negative side-efiect of rain is that it
washes the copper suspension off the leaves onto the ground, so frequent application of these
products 1s reguired.

Muost of the copper-only compositions deseribed in Table 2 contain 25 gramsfhiter of
elemental copper (4.4, 5 and 10 pramsideciliter of CaOCETP, CoOCEWP and copper sullade,

respectively} in the THIX stock solutions. so a 1100 diluted foliar apray of composition would
contain 0.25 gramyditer of clemental copper which s 10-times less than typical commerciad
products. The presence of fonie copper (and zinc) in the compositions (n addition to the
synergistic antimicrobial effect with phosphorous acid) partly explaing why they are so much
more active (10« to [34times) at inhibiting the growth of B sodand compared to the suspension
products CoQCH-WP and TP even in the PDA cultures in the presence of water (see Table 2}
In addition, the suspensions of current copper-based products tend to setlle and can bock
spraving cquipment, whereas the compositions described are ionie solutions that are more
suitable for use with spraying eguipment.

Crops such as grapevines and potatoes are typically sprayed 1 to 15 times in a season,
whereas a Cu or Culn composition deseribed herein used as a spray treatment would contain
reughly as much copper in a whole scason’s treatment as one application of a commercially
available copper-based product. The CuZan compositions are typically made with only 30% of
the amount of copper contained in comparable copper-only compositions {e.g. see Cud28 and
CuZn#ld in Table 2}, and yet they are comparable in activity as andifungal compositions; this
means that the copper concentration is reduced 1o 1 20" that of commercial copper-based
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products. It i wellecognized that large amounts of commercial copper-based fungicides
(insoluble, not fonic copper) must be appliod frequently 1o be effective and this leads o large
amounts of potentially toxic copper being washed into the soil by rain or watering,

Cultivated agnicndtural land (where copper-based fungicides are not used) is often
deficient in micronotrients such 8s copper and especially wine (Sillinpaa, M. (1982}
Micronutricnts and the nutnent status of soils: A glebal study. FAQ Soils Baolletin, No. 48,
FAQ, Rome, Htaly), and so the CuZn compositions desceribed herein could provide an effective

sutritional amonnt of these micronutrients when applicd to plasts.

EXAMPLE 2. Fungicidal assays with compositions and sodium nitrite:

Fungicidal assay, Plugs of agar contaiming fongal hyphae (3 x 3 millimeters) were cut
fron a cultre of Magnaporthe oryzae (M oryzee) on potate dextrose agar (PDA) and placed in
the wells of a 96-well plate containing 75 microliters of various concentrations of sodinm nitrite
or sterile distilled water (DWY. To start the reaction, 75 microliters of compositions {diluted in
DWY was added 1o the wells, The plate was carefully shaken and incubated at room temperature
for 38 minutes when the liquid was removed and 130 microliters of CM-1 medium was added
for 3 minutes to stop the reaction, The CM-1 medium was removed and the agar plugs were
inserted o holes cut into PDA 1 ¥ centimeter Petri dishes (6 1o 7 agar plugs per Peta dish),
which were then cultured at roony tomperature for 4 davs when fungal growth was measured
{twice al a 90° angle using a roler) and the average diarpeter in millimeters was ealowdated. I no
fungal growth could be detected by eve. the cultures were observed by phase microscopy (30X

to confirm that there was no growth (NG} as fadged by visaal examination.

Results:

The results in Table 3 show that, in the absence of sodium nitrte (NaNO») Cufn#l2
and its components, copper sulfate-zine sulfate (CuZn) and phosphorous acid (HiPOyg at the
highest concentration tested (194 of stock selution) were not fungicidal to M oryzae. However,
in the presence of 10 millimolar sodivm nitrite all three compositions showed a concentration-
dependent increase in fungioidal activity with just 30 minutes sxposure. It is clear that Cuda
was slightly less fupgicidal than phosphoroos acid and that both were considerably less active
thap Cun#l2. The result with phospherous acid was swprising since the geperation of
nitrogen oxides from NaNO; & pH-dependent and phosphorous acid hag a lower pH than
Cudn#l12 (Table 3). However, this unexpected result was explamed when the synergy between

Cun and phosphorous acid was caleulated.
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{n order to determine whather the combined activity of Cudn and phosphorous acid in
the form of CoZn#12 in the presence or ghsoneg of sodium nitrite was synergistic, the following
formula was used:

Sf=M7{A 801 x B (100~ A}

5 Where: 8f i3 the Synergy factor: A s the percent of control of CuZn: B is the percent of control
ot phosphorous acid; M ix porcent of contrel of the mixtare, Cufefl2 IF S > 1 thore
synergy. {Reference: Samoucha Y and Cohen Y (1984) Synergy between Metalaxyl and
Maneaozeb in controliing downy mildew in cucumbers. Phytopathology 74:1434- 1437},

When Synergy factor values were calenlated (Table 3}, clear synergy was observed at

10 composition concentrations of 0.3% (8= 1.37) and 1% (ST= 1.57) in combination with 10 mM
sodium nirite,

Therefore, these results show that the combination of CuZn and phosphorous acid in the
form of composition CuZn#i2 acts synergistically when combined with sodinm niirite to
generate a surprisingly greater than expected antimicrobialfungicidal effect.

15
Table 3. The fungicidal sffects of composition CaZngl2 and ity copper-zine {CuZn) and
phosphorons goid (HaPOy) components at equivalent concentrations on M emyzae in the
presence and absence of 10 millimolar sodium nifrite. NG indicates no growth, Control fungal
growih with distiied water (DW) was 20 mm. The pereent of control values in parentheses
20 were used to caleulate the Synergy factor (881 a value »1.0 indicates synergy) as deseribed in

S

the text.

M. oryzae fangsl prowth {mm} with composition

NaNO, | Lomposition | o ) HPO, CuZnil2 Sf

{mM} concentration |
& [%% 20 21 20 1
10 01% 20 20 20 i
10 0.3% 17 {A=15%) | 13(B=38%) 7 (M = 65%) 137
19 1% T4 A =30%) | LB =48 | NG (M = 100%) 1.57

pH of & P solution in DW 491 212 248
25 CXAMPLE 3, Sporictdal assays with compositions and sodigm nitrite.

Sporicidal assays: (1) Spores of Batryiis cinerea (B, cinereq; also known as gray mold)
and Fusarinm oxysporum §Lsp. cubense (K oxysporum; causes Fanama disease of banang) were

isolated from matwe cultures growing on polato dexirose agar (PDA) In 9 contimeter Peird
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dishes by gentle washing with sterile distilled water {DW), The spore-containing solution was
passed through a 40 micron filter to remove debris and the Oltrate was sdiusted to 2 % i {8
cinerea) or 5 x 10 (F axysporm) sporesimillifiter in W, Ten microliter samples of sodium
witrite (dissobved in sterile DW)Y or DW were added to the wells o g 48-well tissue culture plate
containing 10 mycroliters of the spore solations. To start the reaction, the compositions swere
added (ime = ) and the reactants were thoroughly mixed by carefully shaking the plate. Afler
30 minutes incubation at room iomperatgre the reaction was stopped by adding 1 milliliter of
PDA at 60°C. The plates were then coltured at room temperature for 3 to 4 days when fungal

orowth was assessed visually, Fungal growth was scored as follows: Fungal growth eguivalent

e

o control cultwres {with DW) were scored as 2. T fungal growth was clearly less than the
conirol 1t was scored as 1. No fungal growth was scored as . When PDA was added
immediately after the composition (within 2 seconds} no fungal growth was observed regardiess
of the concentrations of sodivm nitrlie (up to 100 millimolar) or the composition {up 10 1%
ditution of stock solution) used, showing that PDA effectively inhibited the reaction even at the
highest concentrations of NalOs (100 mM) and Cudn# 12 (1%) wsed in the experiments.

(2) To assesy the sporicidal effect of compositions alone, B cinered spores {1 ¥ 10%
were exposed to various concentrations of the compositions or DW {or at 22°C in microfuge

tubes. After 1 hr exposure, the spores were washed twice with I ml of DW and then suspended

in PDA and incubated for 6 days when fungal growth was assossed as described in Table 4,

Results:

The results in Table 4 show that composttions Cofn# 12, CulR, Zndd woere shghtly
sporteidal at 10% of stock solution b pot at lower concentrations, whilst composition Cu-32
showed slight sporicidal activity at 18%% and 3% of stock solution, hut not at lower
concentrations. The greater sporicidal activity of Co#d2 cap be explained by its higher

concentration of phosphorous seid (17.5 gramyfdeciliter) compared o the other 3 compositions

(4 gramsideciliter; see Table 21
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Table 4, The sporcidal effect of compositions against spores of B cimerea after 1 howr
incubation at 22°C in the absence of sodinm nitniie. Spores exposed to distilled water for | lw
were controls®. Fungal growth was assessed afier 6 days of the treated spores being suspended

2

in potate desirose agat.

Fungal growth
2= Comtred prowth; 1= Redoeed prowth: 0= No growth
Yo of stock solution 3 Zo#d Culn#ll Cu-32
114 i 1 i {
5 2 2 2 !
2 2 2 2 2
| 2 2 2 2

2. The sporicidal effects of the 4 compuositions tested in the experiment shown in Table 4, were
relatively weak considering the high concentrations used (the compositions are designed to be
used at 1% of stock solution). However, hecause the compositions are acidie owing to the
presence of phosphorous seid, i was expected that they might show mercased spovicidal
activity when combined with sodium mitrife since the ensuing veaction would generate nittous
acid which Biberates highly reactive nitrogen oxides that are known to be sporieidal.

The results i Table § show that sodium niteite alone (NalNQ; + DW) and all of the

s

compositions alone (NalNQ; = 8) had no sporicidal activity against spores of B, cinerew at any
concentration tested (all scored 2 = control growth). Copper sulfate (Cu), zine sulfate (Zn),
copper sulfate with zine sulfate (Coda} only showed sporicidal sctivity in the presence of 100
mM sedium niirite, while phosphorous acid was aetive at 1% (equivalent 1o ds concentration i
the 3 compositions at 1%, but showed little activity at lower concentrations. Al 3
compositions showed & cuncsn‘imﬁi{m»*d.ependem icrease in sporictdal getivity with sodium
pitrife. The most active composition was Cuf#B, followed by Cudn#i2 and Zn#d. The
sportoidal aciivity of Culn#l2 wax greater than upwts.d from its components Cu-£An and
phosphorous acid (as discussed in the fungicidal experiment — see Table 33, despite the later
having a lower pH than Cuda#12 both 1n the presence and absence of 100 millinwolar sodium
nitrite. Siwpce Co#2E way considerably more sporicidal than Ca/n#12 and Zn#d despite the pH
values of the 3 composttions being sinnlar, 1t appesrs that the presence of copper in the
compositions Co¥28 and Cudn#l2 {the latter 13 less active than Cud28 presumably owing to the
presence of only half the concentration of copper ions — see Table 2} in comjunction with
phosphorons acid leads fo a surprising enhancement of sporicidal activity in the presence of

sodinm nitriie that is unrelated to simple pH ssues
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Time-course experiments revealed (1) that effective sporicidal activity was generated
within 1 minute of miking 100 millmolar sodiom nitrite and CuZa#tl2 (1% of stock solution),

and (11} that sporicidal activity was spent around 6 hours after mixing the reactants (data not

showil,

5 Exponiments with vartogs compositions and sodnum witrate or urea showed no signs of
sporicidal activity to spores of B giperea (data not shown), so the preferred compound for
generating sporicidal activity when combined with the compositions 1s sodium pitrite.

Table 8. The sporicidal activity of three compositions and thelr components: copper solfate
10 {(Cu, zine sulfate (n), copper sulfate and xine sulfte (Cudny and phosphorous acid (HaPOsy,
with and without sodiwn nitrite (NaNOy), against spores of B, cinerea. The pH values of
sefected 1% solutions with and without 100 millimolay sodivgn nitrite are also shown,
Fungal growth: 2 = Control growth ¥ 1 = Reduced growth; O = No growth
NaNO; | o | U T | 7 HPO (%) 2k (%) Cuid8 (%) CuZngl2 (%)
MMOLT U e 1% e R3] b el {03 1 Jerie3 1o ek |od] |

O O T R O I O A T A T T - T T T

T T 2 - R T O - S A S A S T A R O A O O

3 2 2 2 2 3 2 i 2 2 2 2 ¥ 0 2 2 i

i 2 2 2 2 < 2 Y 2 2 | 3 1 i 2 1 4

30 2 2 2 P 2 2 0 2 2 {t i 4 0 2 0 it

100 & { i i 2 l i 2 } G & 0 { 2 4 i
ph 1% in DW
pH: 1% in DW 5.95 422 470 4.38 57
100 mM NaN(h

15

20

The results in Table 6 show that copper sullaie and copper oxychloride-WP had no sporicidal
activity when combined with sodium nitrite &t concentrations up o 30 millimolar (100
millimolar sodium nitrite alone was sporicidal to F. expsporun spores, data not shown). The 2
compeositions tested, Cw-31 and Cue32 comtain copper sulfate and CaOCHWP respectively as
thelr copper salt with 17.5 grams/deciliter of phosphorons acid (Table 2), and both
compositions demonstrated synergistic sporicidal activity when combined with sodium nitrite,
when compared to their components alore when combined with sodinm nitrite at equivalent
concentrations.
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These results confirm and extend those i Table 3, by showing that 2 different copper
salts even in simple compositions with phosphorous acid demonstrate synergistically enhanced

sporicidal activity compared fo their components alone when combined with sodinm niteite,

Table 6. The sporicidal activity of two :;tmm.p@si&'iun_s and their components against spores of £
oxysporynn copper sullite (C80 m Cu-31), copper oxychloride- WP (CuQC) in Cu-32) and

phosphorous acid (HzPO3), with and witbum‘ sodinm nitride (NaNOg) against spores of 8

cinered,
Fangal grewth: 1% = Contred growth; | = Reduced growih: 8= No growth
NaNO, Lo ouoct P05 (%) Cud (%) Cu-32 (%)
U R % 1003 00 | 03 003 01 L 83 | 003 | o | 03
0 2% 2 2 - - 2 - - ", - ~ 3
] 2 2 2 2 2 3 2 2 2 2 2 2
3 2 2 2 2 2 i 2 i { 2 i ¢
10 2 2 3 2 2 {3 2 {i i 2 & it
3 2 2 2 2 ! ¢ 2 { 0 ! 0 {

Taben together, these results have important implications for potential use of these
sporicidal compositions 1n the feld. It is well known that acidified sodium niivite generates
aitreus scid which in tum decomposes into sporicidal nitrogen oxides. However, the resulis

preseated  here show  that copper-based {and copper-zinc-based compostiions containng

phosphorous acid surprisingly have greater sporicidal activity than eguivalent concentrations of

phosphorons acid alone when combined with sodium nitrite.

Furthermore, using the present compositions with sodium nitrite as, for example, a foliar
spray, would not anly exert a sparicidal effect that could kill spores hefore thotr reloase o the
air and therebhy reduce the spread of the associated fungal infection, but once the sporicidal

caction was spent {afier around & howrs), there would be a continuing, porsistent antimicrebial
and plant defense-stimulating sctivity afforded by the copper or copper-zine and phosphorous
geid-based composition romaining on the treated plants.

When a foliar spray mixture containing 1% of composition CuZn#12 and 30 millimolar
sodium nitrite was sprayed twice datly for 5 days onto 10-day old rice seedlings there was no

signiticant elffect on the growth of the seedlings and no chlorosis was observed compared to

control rice seedlingy sprayed with water alone. Interestingly. when the same foltar spray was
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used on rose plants whose rosebuds were infested with aphids (greenfly and blackfly) the
inseets were fonnd 1o be dead within 3 minutes of bemg spraved; observation of the spraved
rose plants over the next fow days showed that neither the plants nor the rosebuds were
damaged by the apray.

Taken together these results show that the composition combined with sodiom nitrite
was not phyvtotoxic to rice seedlings or rose plants. whilst the spray was ap offvetive isecticide
agamst aphids. As soch, vanous embodiments of the preseat mvention include the compositions

desertbed herelry used ax an insecticide,

EXAMPLE 4. Scleroticidal assays with compositions and sodium nitrite.
Scleraticidal assay. Plugs of agar containing white immature sclevotin (3 x 3
millimetersy were cut from a 6 to 8 day culture of R selowni, whilst msture melanized (black)
selerotig (aroond 10 x 3 millimeters) were exeised from 153-day old R, solasi cullures and cut
into 2 x 3 millimeter pieces with a sealpel. The sclerotia samples were then placed in the wells
of g 96-well plate containing 75 microliters of varions concentrations of sodiwm nitrite or sterile
distitled water (DW) as control. To start the reaction, 75 mieroliters of CuZn#3l {dilnted n
DWiwas added to the wells. The plate was carefully shaken and incubated at room emperature
for 10 minutes when the Hguid was carefully removed and 150 microfiters of CM-1 msdium
was added for § minuies o stop the reagtion. The CM-1 mediom was removed and the agar
plugs carefully inserted into boles cut futo PIRA in 9 om Peird dishes (4 plugs per Peri dish)
which were then cultured at room tomperature until fingal growth was measured twice at g 90
angle using o raler and the average diamoter in mitlimeters was calculated. H no fongal growth
could be detected by eyve, the cultures were pbserved by phase microscapy {(40X) to confinm

that there was no growth (NG) as judged by visual examination.

Resalts:

The results v Figure 2 show that the combination of CuZn#31 {(1%) and sodium nitrite
(1 1o 100 mullimolar) was concentration-dependently scleroticidal {o both immature {white) and
mature (black, plomented) sclerotia of R selwd with just 10 mimutes exposare. The white
sclerotia wire more sensitive (o the combination of reagents than bMack sclerotia, Cudnf3 1 {1%
+ 0} and sodinm nitrite {0 + 100} alone had little or no stgnificant scleroticidal effect on either
white or black sclerotia since fungal growth wag simifar o that seen in controls (), showing

that the generation of nitrogen oxides was essential for the observed scleroticidud activity,
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{t is noteworthy that paturally occurring microsclerotia of Ferticillivm dobiiae (V.
dakliaey in potato fickds are mostly (~%0%) less than 125 micrometers in diametor (Smith V6
and Rowe RO, Phytopathology 741 353-3536, 1984), and it is Bkely that microsclerotia would he
more susceptible to the scleroticidal effect of Cu-Zn#31 combined with sodium nitrite than the

2 x 3 rulpmeter preces of matwre sclerotia vsed here,

The results in Table 7 show the scleroticidal activity of fowr sinular compositions (the
components of which are shown in Table 7) against melamized (black} sclerotia of R soloni i
the presence and absence of mcreasing concentrations ol sodium nitrde. None of the
compositions was scleroticidal without sodivmy nitrite {0 + 1%) and cqually the highest
concentrabion of sodium witrde lested {30 + Q) was not scleroticidal, However, all four
compositions showed a dose-dependent mcrease in scleroticidal activity with increasing
concentrations of sodium ninte indicating that the generation of nltrogen oxides was essential
for the observed seleroticidal activity, (rverall, the four compositions had a similar scleroticidal
activity {measured by the ability of the sclerotia to produce hyphae when cultored on PDA after

treatment), with the two compostions contmning copper sutfate being slightly more active than

those containing copper oxvehloride, All four compositions were completely scleroticidal with

3 millimolar sodium nitrite, as was seen with composition CuZndi3 1 (Figure 2),
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Table 7. The scieroticidal activity of fowr compositions, with and without sodium nitrite
(NalNQ»), against black (molamized) sclerotiy of B solard, Trogted sclerotig weore cultured on
PDA for 2 davs when radial hyphal growth (in millimeters) was measwad, The components of

the compesitions are shown at the bottom of the Tabde.

Mean fungal growth in mm 28D, n=12)
of black sclerotia after treatiment

NaNOy (mM) + 196 of

o Ci-31 CuEdl Cu-32 Cu-32-N
composiiion

1+ 1% &2 3F42 37+ 4
3+ 1% 223 26+12 2% 3
10+ 1% 1322 12 1943
30+ 1%y Nz NG NG

L Amoant of compound in composition (pidl. or ¥midL)
CuSO3HO%* 18 10 - -
CuldCRWprs - ~ 3 5
NHOH (30%)* - 2 -

) 175 17.5 1

i

7.

b
(943

Phosphorous actd
*Both compounds provide 2.5 gL of elemental copper af the indicated

goncentrations,

EXAMPLE 3. Inhibition of fungal sclerotia formation,

{nhibition of fungal growth and inhibiiion of sclerotia formation assay: The Rbizocronia
sofend (R, solasd) strain used in these experiments was isolated from sclerotia on a potato and
mgintained 1 collure on potato dextrose agar (PDA) at reom emperature (22°C) To assess the
effects of compositions on fungal growth, 10 microliters of the test compositions dilwted in
sterile distilled water were placed in the wells of a 12-well ussue culiure plate and 1 milliliter of
PIIA was added by pipette to each well. The plate was agitated to distribute the test
composition evenly throughout the agar (distilled water alone was used as control} and then the
agar was allowed to set. Plugs of agar containing fungal hyphae (3 1 3 millimeters) from an
established fongal culture were cot out using a scalpel and nserted o holes cut into the centre
of the agar in cach well of the 12-well plate, which sas then cultured at room temperature

(22°C). To assess the offects of compositions on radial fungal growth, the diameter of the fungal
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hyphae way measured twice at a 90° angle using a ruder and the average diameter in mithimeters
was caleudated, I no fungal growth could be detected by eve. the cultures were ohserved by
phase microscopy {(40X) to confirm that there was no growth {(NG) as judged by visual
examination,

To assess the effects of compounds and composiions on sclerotia formation, the R
sedard cultures were examined daily and radial fungal growth was measured unty the cultures
were confluent, after which time the development of white (Immature) selerotia and mature
{hlack pigmented) sclerotia was noted and the number of mature sclerotia was counted on day

19 of caltwre.

Results:

The results in Table 8 show that composition Cn-32 {containing phesphorous acid),
completely inhibited the formation of immature and matwre sclerotia in caltures of R, solani,
Although Cu-32 partially inhibited the radial growth of R solani on day 1 (and day 2) of
culture, growth was confluent by day 3 of culture, but sclerotin formation was completely
absent at all three concargrations. Composition Cu-32-PO4 (contaning phosphoric acid) also
partially inhibited the growth of R sofand, but once confluence was reached white sclerotia and
then black sclerotin formed at the two lower concentrations tested, as wag seen in the controd
cultures {with distilled water). At the highest concentration tosted, Cu-32-PO4 was similar to
Cu32 af inhibiting growth and prevesting white and black sclerotia formation. Composition
Cu-36 (containing sulfuric acid) was the kast potent inhibitor of the growth of R sefand, and
selerotia formation was very stmifer in time course and numbers o the control cultures at all 3
concentrations tested.

These results clearly show that Cu-32 was the most potent inhibitor of sclerotia
formation. with Cu-32-PO4 having the same effect at the hizhest concentration tested and Cu-
36 having iittle effect on sclerotin formation. Since the theee compositions are identical apart
from the scid used and have similar pH values (Table 8 legend), the results surprisingly show
that the presence of phosphorous acid in the compositions is required for optimal inhibition of

selerotia formation by R, selesit,

27



WO 2016/200795 PCT/US2016/036194

Table 8 The effects of three compositions, varving onlyv in the acid they contain, on radiad

growth and sClerotia formation by Rivzoctenia sofand,

Cuntrol Cu-32 i) Cu-32-PO4 (6 Co-36 (%)

(=3 008 | 00 02 005 0 02 1005 a1 | o

Dayl growth i oun 19,19, 19 16 | 133 G I8 14 H &Y 9 14

Day

~

erowth confluent 222 2

ad

3 3 3 3 2 2 3

Dhay

white SCL Pseen®™ | 3,34 | - | - @ < 4 4 b . b4 o4 |3

Day

Ly
(V4
1
Ly
L4
o5

black SCL 7 seen™* 555 - - -

Nao it

shack SCL on day 10 38, 48, 31 ¢ & i 44

S
o
foued
Yty
Ly
Lt
3
14
b ]

1Q

15

24

25

Composition pH (diluted 111000 1o distilled water, sguivalent to 8.1% volivel of stock
solation): Cu-32 = 269, Cu-32-POd = 2.63; Cu-30 = 2.46.
*The compositions were identioal except for the acid used - see Table T (%) = percent of stock

solution, ¥¥White / black SCL = irpatare / mature {pigmented) sclerotia,

The results 1 Table 9 show that phosphorous aeid and ity alkalt metal salt, potassium
phosphite, both completely inhibited the ormation of mature (black, pigmenied) sclorotia by &
solani at concentrations of 40 milligrams/iiter and higher, At these concentrations both products
are ontly modest inhibitors of fungal growth, so the mhibitory otivet of phosphite on scleratia
formution oceurs despite fungal growth.

Commercial potassium phosphite products are fypically used at concentrations around 4
gramsiter ay foliar sprays to stimulate plant defenses apainst pathogen attack; this
copcentration ix 100-times higher than the concentration regoived o completely  provent

sclerotia formation (40 milligrams/iter) by R soland 1o culture.
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Table 9. The effects of phosphorous acid and potassium phosphite on radidd growth and

sclerotia formation hy R solani.

Control Phosphorons acid {mg/d) Potassium phosphite {mefl)
(=2} L jg P20 L 40 B0 | 160 1 10 0 20 L 40 ¢ 80 | 160
Pavl growth in nun 19, 19 R 1 IR 1161 14 it I L B A N ¢ L3
Day prowth confluent 2.2 2 2 2 3 3 2 2 2 2 3
Day white SCL 1% seen® 3.3 3 4 - - . 3 4 . - -
Day black SCL Y seen™ 5.3 3 - . - - 5 7 « - -
No. black SCL oncday 16 34,27 17 4] {1 & 0 Y 2 & & &
*White / black SCL = immature / mature (pigmented) sclerotia
5
The results in Table 10 show that Hortiphyte and Abette, comumercial products that
coptain potassinm phosphite and Fosetvl-aluminom {phosphonate) respeetivedy, have almost
wentical effects on the growth and sclerotia formation by R, sedami when adjusted to equivalent
concentrations of phosphite as phosphorous acid,
10 Hortiphyte 15 sold as g higuid tertilizer that provides a source of nitrogen and potassium

as well as phosphoruy in the form of polassium phosphite. Altette iy sold a3 a fungicide and i
contains the PO group in the form of alomunum tris O-cthyl phosphenate.

These results show that it is the concentration of phosphite/phosphonate group (PO,
andd not the form i which 1Uis present, that 15 nmportant for i to inhibit sclevotia formation by

18 R sofoni m caliwe.

Table 10, The effects of 3 different forms of phosphate (PO on the radial growth and

selerotia formation by Rhizecfonia solard in culiure,

Control i)iwsplmt:ml s ac id %‘}0;1 ;ph\?e ‘,*\iigﬂ"e‘

“'];:;} (mg.«-\i«}* 7 (LY i.;z'm:’i\,}f

2 40 0 12 L4000 F 12 0 40 D20 0400 F 12 1 40 110
Davl growth in oo 1919 ¢ 1§ 16 16 ) 16 0 17T 16 1 13 15 0 1 9
Day growth confluent 2.2 2 2 4 = 2 2 3 3 2 2 3
Day white SCL 17 seen¥¥ 3,3 3 - - ~ 3 - - . 3 & -
Day Black SCL 1Y seen®® 6, 6 & - - - ) - - - 6 - -
N black SCL onday 10 20,530 1 230 L0 {} 0 =20 @ { g =200 @ i

20 YAl compositions were adjusted 1o have squal amownts of the phospheate/phosphonate group

(PO, Hortiphyvie confaing potassiwmn phosphite (25%), Alictte i aluminum tris O-othyl
phosphonate or Fosetyl-ahaninwn (8% by weight), ** White ¢ black SCL = inmature { mature
(pgmented) sclerotia,

29




10

15

20

25

WO 2016/200795 PCT/US2016/036194

The results in Table T show that phosphorous agid 1s a more potent inhibttor of fungal
srowth {on day 1 of culture} and sclerotia formation {on day 10 of culture} than slyphosate or
aminomethyl phosphenic acid {AMPA), which a soil microbial breakdown product of
glyphosate. Owing to solubility issues, AMPA could only be tested at a highest concentration of
1 granviiter where 1t was similar in activity on K soland growth and sclerotia formation to
glyphosate, bt was considerably less active than phosphorous acid.

Figure 3 shows the mumber of black sclerotia formed with phosphorous acid, glyphosate
and AMPA from 2 to 3 replicate expernments. It is evident that phosphorous acid is avound 20-
times more aotive than ghvphosate and aroond 30-tumes more active than AMPA at inhibiung
black sclerotia formation by R, solani.

Phosphorous acid and phosphite salts are typically used at a concentration of 4 ¢f asa

folinr spray, but as shown it Tables 9 and 11, both products completely inhibit sclerotia

&

o . 4 ¥ e dd
formation at 1/100%

of this concentration {40 milligrams/iter). The glvphosate product tested in
these experiments 18 recommended for use as g Poliar sprav ar 8 pramgdliter {containing 6.8
gramsditer of active ingredient), but sclerotia formation ocowrs (atbeit &t & reduced level
compared 1o controls) at just 15 o 110" of this concenration.

However, although glyphosate (herbicide) amd phosphite (fungicide/plant  defense
inducery have quite difforent uses in agricnliure, 1 is potentially important in practical torms
that either product used alone cay significantly inhibit selerotia formation at concentrations 10-
to 100-times lower respectively, than those used as foliar sprays for the product’s primary
agricolivral application.

{n other experiments, where phosphorous aod and ghyphosate ware combined, there was
no evidence for synergistic or mhibitory effects of cither compound on the other (data not
shown); the effects of the combination were additive and dominated by phosphorous acid as
might be expected from the results shown in Table 11 and Figure 3. Since glyphosate and
phosphorous acid and its potassium salt were found to be compatible in solution, a combination
of, for example, glyphosate and potassium phosphite could also be used as an effective
herbicide/inhibitor of sclerotia formation product in the field, expecially since both products are

highly effective when applied on plants as a foliar spray.

30



10

25

WO 2016/200795 PCT/US2016/036194

Table 11 The effects of phosphorous acid, glvphosate and aminomethyl phosphonic acid

(AMPA) on the radial growth gnd sclerotis formation by Rbizoctonia seloni n culture,

Control | ¢ ‘”“""*Ei‘“f‘;i 3 Glyphosate (afL)* | AMPA (LY
R /1)
=2} TG 1120 1400 1 097 1 08 137 18 00 1 oa 13
Bayl growthinmm 1 2,38 v 20 19 P14 6 ¢ 20 1 14 1 8+ 6y 20 119 ¢ 4T
Day growth confluem 2.2 2 2 3 - 2 2 6 - i 2 2 2
Day white SCL 1Y seen?® 3,3 3 < - - 3 A & “ 3 3 3
Day black SCL 19 sean®* 3.5 G ~ - 3 6 & - 3 8 9
Nix. black SCL on day 10 St B SRS A i {3 >3 3 G U0 30201 8

*(rlvphosate is recommended for use as a follar spray at § @/L. which represents 6.8 ¢/l of
active ingredient. “AMPA s aminomethyl phosphonic acid. ¥*White/black SCL =

immatare/mature {pigmented) selerotia

It 1s well-known that acidification of sodium nitrite leads 1o the generation of reactive,
biocidal nitrogen oxides, but the resalis presenied berein clearly demonstrate that the novel
copper- and copper-zine-hased ionic compositions with phosphorous acid surprisingly have
synergistically greater antimicrobial (Table 3), sporicidal (Table 6) and sclerpticidal (Table 7)
activity than equivalent concentrations of phosphorous acid alone when combined with sedium
nitrite, even though solations of copper salts or copper and zine salts slone combined with
sodium mirite are only weakly antimicrobial (Table 3) or sporicidal (Table 53
The vantous copper- and copper-zine-based lonic composttions desceribed are olivetive
sntimicrobial products as shown by their ability to inhibit the prowth of the fungus R solod
with ICs values in the range 0.14% to 0.28% of stock solotions {Table 23, indicating that the
method by which the compositions are made does not greatly affect their potent antinderobial
aclivity of the composttions. In addition, copper {and copper-zinc} composttions based on
copper oxvehloride and copper salfate may be made or mixed together over a wide range of
concentrations whilst maintaimng foll antimicrobial activity. Unexpectedly. the compositions
conlaining copper jons or copper and wine lons together with phosphorons acid are more
antimicrobial than the components from which they are made (see Table 2). Taken together,
these results demonstrate a synergistic activity of the compositions compared to their
components and indicates a surprisingly enhanced sntimicrobial potency of the compositions

formulated as deseribed in the “Best mode for carrying out the invention™ section.
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{mportantly, when the compositions are combined with sodium nitrite both their

antimicrobisl and sporicidal activitios are synergistically onhanced (Table 3 and Table 3,

respectively). Such a combination used as, for example, a foliar spray, would not only exert a
sporicidal effect that could kil fungal spores before their release in to the air and thereby reduce
the spread of the associated fongal infection, but once the sporierdal reaction was spent {after
around & hoars), there would be a continung, porsistent antimicrobial and plant defense-
stimulating activity afforded by the copper or copper-zing and phosphorous acid components of
the composition rematning on the weated plants. It shoald also be possible to extend the
sporicidal reaction of the combination by including a stow-release form of sodium nitriie. This
wauld be beneficial if the time needed to make and apply the sporicidal combination is greater
than 6 hours.

Furthermore, the combination of compositions with sodium nitrite (neither of which are

scleroticidal alone) also surprisingly exhibits synergistic scleroticidal activity (Table 7). Indeed,
complete sclerotividal activity was achieved with a combination of the compositions diluted
LI00 (19%) of thetr stock solutions and 30 millimolar sodium nitrite with just 10 minutes
exposure. These resulty supgest that such combinations might be effectively uzed in the field
not only 1o prevent sclerotin formation by inhibiting fungal growth in the first place, but also by
killing sclerotis in dead plant materiad before tillage. which otherwise would result m
detrimental, long-term contamination of the soil with sclerotia.

Sclerotia-forming fungi such as R solani, V. Daddiae and M Phaseoling are a major
problem o the sofl of ficlds wsed for the production of lettuces, potatoes, spinach and
strawherries. Killing sclevotia in the soil by fumigation s now hanned or heing phased ont, but
there are no coffcclive alternative  strategies cusrently  available. The combination of
compositions with sodiom nitrite ave scleroticidal and strongly inhibit fungal growth so that
sclerotia cannot be formed in the first place; in additiop, the phosphorous ackd i the
compositions was shown to inhibit the ormafion of sclerotin st concentmions (3 40
milligramediter) that are considerably lower than those presemt i fungieidal concentrations of
the compositions {at 196 of stock solution, the concentration of phosphorous acid is typically
the range of 400 to 1,730 milligrams/diter - see Table 2).

in addition o phosphorous acil, it way also demonstrated that potassium phosphite,
glvphosate and Aliette, which are widely used asgrochemicals that contain the phosphite or
phosphonate (POS™) proup, are all inhibitors of sclerota formation. However, phosphorous
acid, potassium phosphite and Alelte were the most potent inhibitors of sclerotia formation and

since these are inexpensive and widely used products, it could reasonably be expected that daily
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application of these products to crops at low concentrations in the water supply such as gprays,
deip lines or pivols could provide a convendent and cost-effective method 1o provemt the
formation of sclerotia by fungt in the field.

A scleroticidal composition comprising a phosphite or phosphonate ( PO containing
compound has been surprisingly shown to prevent the formation of selerolia by fungi. The
compound may be, for example, phosphorous acid er a salt thereof, for example, potassum,
soditm, calchan, copper, aluminam, zine, or ammoniam phosphites or combinations thereofl
The compound may also be, in some embodiments of the present invention, glyphosate (N-
{(phosphonomethyDglveined.

The composition may alse be, in some embodiments of the present invention, &
combination of ghyphosate with phosphorous acid or a salt therof.

In another embodiment of the present invention, a copper- or copper-zine composition
with phosphorous acid combined with sodium nirite for producing nitrous acid and nitogen
oxides resulls iy antimdcrobial (hactericidal, fungicidal} and sporicidal and scleroticidal
compasitions with applications for agriculture.

In some embodiments of the present invention, the nitrous actd salt ie sodium or
potassinm. In some embodiments of the present invention, the copper salt may bo copper
oxychloride or copper sulfate. In some smbodiments of the present invention, the copper salt
may be copper oxvehloride In the form of a wetiable product In some embodiments of the
prosent invention, the wine salt may be zine sulphate, wine acelate or zinc witrste. In some
embodiments of the present invention, the basic smmontum salt sy be anvmonium hydroxide,
sodiom hydroxide or potassium hydroxide, ammonium hydroxide being preferved. In some
cmbadiments of the present fnvention, the water may be distilled water, detomzed water,
purifled water, fillered water, pharmaceutical grade water, medical grade svater, and reverse
csmosis water, {n some embodiments of the present invention, the copper andior zine salt used
to make the solution is hydrated, In some embodiments of the present ivvention, the mafio of
copper © zine in the composition is in the range of 10011 to 110, more preferably 1001 to
1L and even more preferably il In some embodiments of the present inventinn, the
compaosition further comprises auxiliaries, adjuvants, carriers, surfactants or extenders.

Surprisingly, there is a more potent antimicrobial/Tangicidal and sporicidal activity of
Co/Codn with phosphorous acid (PA) compositions than with phosphorous acid (PA)Y only,
whether used alone or when mixed with g atrite salt. The phosphorous geid alse stimulates

plant defenses.
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A surprising enhancement of the sporieidal effect by the presence of copper tons when
using phosphorous acid as the activaior of NaNO» for agricultural applications was not
foresecable. Furthermore, the fungicidal experiments herein show that the enhanced
antinvicrotual effect afforded by the prescnce of copper with phosphorous acid was an
unpredicted synergistic effect.

However, while phosphorous acid and potassium phosphite alope are vary effective
inhihitors of sclerotia formation by R solani, (at concentrations of 40 mg/l. and higher), they
are relatively weak inhibitors of Tungal erowth (1Csq values with R seloni are around 250 and
400 mg/l., respectively) and neither product alone is sporicidal or scleroticidal at concentrations
less than the 4 gramsfiter tepically used gs a foliar spray. Therefore, so there are congiderable
advantages to using one of the conmpositions descrtbed herein, with or without sodiam nitrite, in
the field.

Interestingly, when used as g foliar spray on rice seedlings and rose plants, the
compositions combined with sodiuny nitrite were not phyvtotoxie and, on rose plants infested
with aphids, the combination was found to be rapidly msecticidal.

Ideally. agrochamicals should be easy and safe to use, environmentally-friendly, as well

o

as being inexpensive and effective. The present compositions combined with sodinm nitiite are

advaatageous 1 this regpect since the compositions are mexpensive and relatively safe to use
and environmentaliv-Triendly since they contain much lower levels of copper {around 10-times

less at a 1% dilution of stock selubion) than most currently available copper-based

agroechemicals.
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What 1s clatmed 1s;

1. An antinvicrobial composition that alse inhibits fungal sclorotia formation comprising

a copper oxyeblonde suspension B water containing clomental copper in the range of 1-530
grams/iier;

phosphorous acid added to the copper oxyehloride suspension in water at 40 to 800 grams/liter;

combined with hydroxide salt in the water.

2. The composition of claim 1, further comprising copper sulphate pentahydeate wherein the

total elemental copper of the composition s in the range of 1-30 gramsdiiter.

3. The composition of claim 1, further comprising a zine salt in water,

4. The composition of Claim 3, wherein the zine salt is selected from the group consisting of
zine sulfate heptahvdrate, anbydrous zine sulfate, zine acetate, and wine pitrate, providing atowd

of 1 to 30 gramy/liter of elemental zinc 10 the composition.

5. The composition of Clatm 3, wherein the ratio of copper 1o zine in the composition i3 in the
range of 111,

&, The composition of claim 1. wherein the water is selected from the group consisting of
distilled water, detontzed water, purified water, filtlered water, pharmaceutical grade water,

medical grade water, and reverse osmosis water,

7. The corposition of Claim 1, wherein the hydroxide sall solution in the water 1s selected from
the group consisting of sodivm hedroxide, potassium hydroside and anvmonium hydroxide,
where 110 R0 milfthitersfliter of hydroxide salt solution or the equivalent of a fesser or greater

Melar solution or selid 15 added to the composition to increase the pH of the composition.

& The composition of claim 1, wherein the copper oxyehloride 1§ in the form of 3 wetiable
powder comprising bentonite and wherein the hydroxide salt of the composition of ¢laim 1
enhances precipitation of bentonite st temperatures in the range of 20:50 degrees Celsius to

provide a stable copper only composition,
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8. The composition of claim 1, wherein the copper oxyehlonde 18 a technical product that

reguires addition of a zine salt 1o the compesition (© provide stability,

L Ao antiniorobial, sporicidal and scleroticidal composition that also inhubits fungal sclerotia
formation comprising:

a copper oxychioride suspension in water containing clemental copper in the rapnge of 1-30
grams/liter:

phospherons acid added o the copper oxyelloride suspension i water at 40 to 800 granmwdliter;
combined with hydroxide salt in the water; combined with

4 sodutton in water of nitrous acxd or & salt of nitrous actd or a solid salt of nitrous acid at a finald

concentratiom 1 the combined selution of 18 10100 millimolas,

11, The composition of claim 10, further comprising copper sulphate pentahydrate wherein the

total elemental copper of the composition is in the range of 1-30 gramwdliter.

ta

. The composition of claim 19, further comprising a zine salt in water,

13. The composition of Claim 12, whereln the zine salt is selected from the group consisting of
zing sulfate heptahydrate, anhvdrpus zing sulfate, zine acetate, and wine nitrate, providing a total

of 1 1o 30 grams/hter of elemental zine 1o the composition.

14, The composition of Claim 12, wherein the ratio of copper to zing in the composition i3 in
the vange of 1:1.

15, The composition of clam 1 wherein the water ix selected from the group consisting of
distifled water, deionized water, purified water, filtered water, pharmaceutical grade wader,

medical grade water, and reverse osmosis water,

16, The compostiion of Claim 10, wherein the hvdroxide salt solution in the water s selected
from the group counsisting of sodiom hydroxide, potassium hydroxide and  ammonium
hydroxide, where 1 to &0 millilitersfiter of hydroxide salt solution or the equivalent of a lesser
or greater Molar solution or solid is added w the composiiion to fncrease the pH of the

compaosition,
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17. The composition of claim 10, wherein the copper oxyehioride 13 in the form of a wetiable
powder comprising bentonite gnd wherein the hydroxgide salt of the composition of claim 1
arees Celsiug fo

P

enhances precipifation of bentonite at temporatures in the range of 20-30 de

provide a stable copper only composition.

18, The composition of claim 10, wherein the copper oxychloride is a technical product tha

regaires addition of a zine salt to the composition to provide stability.

19, The composition of claim 10, whereln the salt of nitrous acid is sodium nitrite and wherein

copper wons W the composition of claim 1) enbanee the production of NO from sodinm nitrite.

20, A composition that inhibits fungal sclerotia formation comprising a phosphite or
¥ g i g3 ‘

T e
phosphonate (POY) conlaining componnd,
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