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ANTI-FUNGAL SEED COATING
FORMULATIONS AND METHODS

BACKGROUND

o021 Aspects of the present disclosure generally relate (o seed treatmeni Tormulations,
treated (e.g. coated) seeds. and methods of protecting emerging root systems from fungal
growth. In particular. embodiments of the seed treatments described herein are capable .
of reducing and/or substantially eliminating fungal contaminants from emerging root
systems and the surroanding environment. where such fungal contaminants include but

are not limited to species of Fusarium, Pythium, and Riizoctonia.

[O003] The increasing popularity of spinach ameng consumers has caused a significant
increase in the amount of spinach grown in the U.S. in recent years. Persistent
pathogenic infection of spinach and other leafy greens in.the early stages of development,
however, can cause up to a 70% loss in vield (see Larsson et al., "Disease progression -
and yield losses from root diseases cansed by soilborne pathogens of spinach,”
Phytopathology 82:403-406 (1992)), resulting in substantial economic loss for growers
and increased food prices for consuimers. Specifically. spinach and leafy greens are
particularly susceptible toinfection by "damping off” complexes and similar root rot
discascs, which cad causc poor germination and root cstablishment in infected ficlds:
during the first weck of development. In infected soils, for cxample, yield may decrease
as the result of desiceation or death of scedlings cither pre- or post-cmergence, as well as
poor overall growth and yellowing of leaves. Susceptibility to such "damping off™ and
root rot can be exacerbated by poor ficld conditions, including overwatering, inadeguate

drainagce, and/or crowded planting. While various pathogenic specics Tound in soil can
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cause “damping o[ or root rot, the more common pathogens include (ungal species and
(ungi-like species (comycetes) of Fusarium, Pyrthium, and Rhizoctonia. The poor
emergence and/or growth of seedlings due to “damping of” and/or root ol may also

alfect other crops, including corn, wheal, potato, and soybean, among others,

100041  In gencral, control of damping o[l and root rot has been atiempled by a varicly ol
methods. One method that may be cmployed in an cffort to reduce or climinate damping
off is to sow seeds in a sterilized growing medium; however, such a method may prove
ineffective as fungal spores may be intreduced to the growth medium either on rh seeds
themselves or after sowing (e.g. iﬁ water or by wind). Methods requiring sterile growing
enviromments may also be impractical and/or increase costs. particularly for commercial
growers managing significant crop acreage. Turther methods to prevent damping off
include soil drenches, which are not economical due to the fast production cycle where
time from planting to harvest is less than 30 days. And, most soil drenches have t_ﬁé
added undesirable requirement of long re-entry intervals befare workers are permitted to

return (o the [iclds.

fosest  Another method widely used in the agricullural indusiry to ¢ontrol fungal
infections is the use of fungicides, Fungicides such as metaduxyl (N-(methoxyacetyl)-N-
(2, 6-xylyl)-DL-alaninate), thiram (dimethylcarbamothioylsullanyl N,N-
dimethylcarbamodithioate), and ipconazole (2-[4(chloropheylmethyl]-5-(1-methylethyl)-
1-(1H-1,2 4-trazol-1-ylmethyl)cyelopentanol) have been shown to efectively control
fungal infections in emerging root svstems, but such use of conventional applied
chemistries render these materials unsuitable for the commercial production of organic
crops. Copper (1) hydroxide has also found widespread application in the agricultural
indnstry as a fungicide and bactericide. Commercially available in liquid and water
dispersible granule form (Champ®, Kocide®), copper (IT) hydroxide formulations have, -
however, traditionally been applied to crop ficlds by spraying or otherwise coating the
lcaf surface (i.c. foliar sprays); that is, application occurs post-cmergence. Such a contact

fungicide in its typical spray form is thus ineffective to treat or prevent soil-borne fungal
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conditions that invade the emerging root system at the early stages of development (e.g.

in the first week alter planting).

towes1  Current sced treatments marketed for the prevention of damping off and root rot
arc available, bul suflcr [rom significant drawbacks. For the organic market in particular,
such sced treatment formulations comprise microbial specics, knowri as bio-pesticides,
which arc intended (o mitigate the ellects of insccts or discasc. Bio-pesticides can be
difficult to control under constantly changing environmental conditions, including
variations in soil and ajr temperature, humidity, soil moisture, and nutrient content. The
slow growth of these microbial species is similarly problematic, as the microbes may not
develop in a manner appropriate to outcompete soil pathogens for root colonization. This
slow microbial growth ts particularly disadvanrageons with respect to Pythium and other
fungal species, which become established in the emerging root system within just 7 to 10

days after planting.

foon7]  To address the shortcomings of the methods currently available in the agn_‘iz‘:ultural
industry to mitigate or prevent damping olT and root 1oL, it would be advantagect.+ (o
provide a chemical sced (reatment formulation that combines root development nuirition
and root protection to combat both pre-emergence and post-emergence fungal infection,

where the seed (reatment is suitable for use in organic crop production.
BRIEF SUMMARY

jooos]  Sced trcatment formulations for efficiently and cost-cffectively protecting sceds

and emerging root systems {rom [ungal infections.

[o0os]  In some embodiments, a coated seed comprises a seed and a coating at least
partially surrounding the secd. The coaling comprises a [ungicide, a micronutrient melal,
a bactericide and a chelaiing agent, the fungicide comprising copper (11) hydroxide, wherein the

amount of copper (TI) hydroxide is from about 0.05 mg/ sced 10 about 0.21 mg/ sced.

jomor  In some embodiments. a method for applying a sced treatment (o a sced or a
population of seeds comprises distributing on the surface of (he seed or (he population of

sceds a seed treatment formulation comprising a fungicide, a micronuirien metal, and a
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chelating agent. The fungicide comprises copper (1) hvdroxide in an amount ranging

from about 2 wt.% 1o about 20 wi.% of the total sced treatment formulation.

joo1l  In some embodiments, a method of protecting an cmerging root system from
fungal infection comprises (i) providing at least one seed, (ii) coating the at least one sced
with a sced treatment formulation comprising a fungicide, a micronutrient metal, and a
chelating agent. (iii) drying the sced treatment formulation to form a coating, and (iv)
planting the coated sced under conditions suitable for germination. The fungicide
comprises copper (1) hydroxide. The amount of copper (1I) hydroxide comprises at least

2 wL.% and no more than about 20 wt.% of the total seed treatment (ormulation

jomz]  Other aspects and features will be in part apparent and in part described in detail

hereinafter.
BRIEF DESCRIPTION OF THE FIGURES

(o3  The accompanying drawings, which illustrate embodiments, and together with the
general description given above, and the detailed description of the embodiments given

below, serve to explain the principles of the present disclosure.

om4]  FIG, 1is a photographic image of Halperin Field Trial, viewed from overhead of
randomized split plots planted with spinach seed treated with a seed treatment according
to the present disclosure ("CT" and "YT") and untreated spinach seed ("CR™ and "YR") at

six days after planting at Halperin, as further described in Example 2.

wmsp  FIG. 2 depicts an image analysis comparing canopy density of raw {i.e. untreated)
Callisto spinach seed to Callisto spinach seed treated with a seed treatment according to
the present disclosure, shown at six days (6) after planting at Halperin, as further

described in Example 2.

el FIG. 3 depicts an image analysis comparing canopy density of raw (i.e. untreated)

Callisto spinach seed to Callisto spinach seed treated with a seed treatment according to
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the present disclosure, shown at ten (10} days alter planting at Halperin, as [urther

described in Example 2.

oot FIG. 4 depicts an image analysis compuring canopy density of raw (i.c. untrcated)
Callisto spinach sccd (o Callisto spinach sced (reated with a sced treatment according 10
the present disclosure. shown at [ourteen (14) days alter planting at Halperin, as [urther

deseribed in Example 2. o

o181 FIG. S 1s a graph depicling the percentages of canopy ground coverage over time
for Callisto spinach sced planted ut Halperin, comparing raw sced and sced Geated with
the seed treatment in accordance with the present disclosure, as further described. in

Example 2.

019 FIG. 6 is a graph depicting the percentages of canopy ground coverage over lime
for Yukon spinach seed planted at Halperin, comparing raw seed and seed treated with
the seed treatment in accordance wili the present disclosure, as further described in

Example 2.

0] FIG., 7A - 7F are a series of graphs depicting canopy coverage for raw (i.e.
untreaied) seed and seed treated with a seed treatment in accordance with the prescnt.

disclosure. for two spinach varictics at various times after planting at Halperin.

o1 FIG. 8 is a photographic image of Chualar Ficld 'I'rial, viewed from overhead of
randomized sphit plots planted with spinach seed treated with a seed treatment according
to the present disclosure ("CT" and "YT") and untreated spinach seed ("CR" and "YR"} at

six days after planting at Chualar, as further described in Example 3.

ezzy  FIG. 9 depicts photographic and reverse images of canopy density of raw (ie:
untreated) Callisto spinach seed shown at ten (10) days after planting at Chualar, as

further described in Example 3.

tonz3}  FIG. 10 depicts photographic and reverse images of canopy density of Callisto
spinach seed treated with a seed treatment according to the present disclosure, shown at

ten (10) days after planting at Chualar, as further described in Example 3.
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00241  FIG. 11 is a graph depicting the percentages of canopy ground coverage over
time [(or Callisto spinach seed planted at Chualar, comparing raw seed and seed treated -
with the seed treatment in accordance with the present disclosure, as further described in

Example 3.

00251 FIG, 12 1s a graph depicting the percentages of canopy ground coverage over
time for Yukon spinach sced planted at Chualar, comparing raw sced and seed (reated
with the seed treatment in accordance with the present disclosure, as further described in

Example 3.

woze]  FIG. 13A - 13F are a series of graphs depicting canopy coverage for raw (i.e.
untreated) seed and seed treated with a seed treatment in accordance with the pre'sber‘)t

disclosure. for two spinach varieties at various times after planting at Chualar.
DETAILED DESCRIPTION

oez7}  Aspects of the present disclosure are directed 1o a seed treatment formulation for
prolecling an emerging root system [rom fungal infection, as well as a seed coated with
the formulation and method of using the formulation on seeds.” In one aspect, the seed
treatment formulation comprises a fungicide comprising copper (1) hydroxide, a
micronutricnt metal, and a chelating agent. In a further aspect, the copper (II) hydroxide -
1s provided in an amount of at lcast about 2 wt.% to no more than 20 wt.% of the fotal

sced treatment formulation.

[oe28]  Applicants have surprisingly ahd unexpectedly found that copper (11) hydroxide. a
micronutrient metal, and a chelating agent. when combined in a seed treatment
formulation and specifically a seed céating., act synergistically to combat fungal
pathogens and strengthen the emerging voot system. Without wishing 1o be bound by any
theary, it is believed that the sced treatment formulation is capable of providing
protcction against fungal speeies resident in the soil where seeds are planted. Tn
particular, in onc aspeet, the formulation may be capable of both acting as a fungicide as
well as promoting root growth to ensure healthy growth of plants from the planted seed,

substantially without succumbing to fungal infection. It is further believed that uptake of
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the anti-fungal and anti-bacterial agent copper (IT) hydroxide is significantly improved by
the incorporation of a chelating agent(, which both assists in the transport of copper (ID)
hydroxide across the (ungal cell membrane and improves absorption of beneficial
micronutrient metals by the emerging plant. Accordingly, the formulations provide a
means to offensively attack the tungal pathogen at a cellular level and strengthen the root
system in a manner that allows such root system to better defend against pathogenic

invasian.

loiz9] A "seed treatment™ according to the present disclosure may be defined as
application of a material to a seed prior to or during the time it is planted in soil to
improve the characteristics of the seed, protect the seed prior to germination, support-the
germination and/or support the growth of the resnlting plant. In the embodiments of the
present disclosure, seed treatments include agricultural active ingredients bound ta (e.g.
coated onto) a seed ar plurality of seeds. “Treating” as used herein refers to any effect,
for example, lessening, reducing or modnlating, that recults in the improvement of the

condilion, discasc, disorder, and (he like.

o307 The sced treatment formulation may be elfective (o mitigate (c.g. lessen the
severily of) or prevent a varely of plant discases and conditions, In particular, the seed
treatment formulation may successfully mitigate the elfects of, ar even prevent, invasion
of an emerging root system by [ungal containments. In some embodiments, the seed
treatment formulation may be effective (o mitigate or prevent fungal infection of an
emerging root system by one or more species of the following: Alternaria, Bnrryzfs,
Fusarium, Macrophomina, Phyllosticra, Phytophthora, Pseudomonas, Pythium,
Rhizoctonia, Sclerotium, and/or Thielaviopsis. in an exemplary embodiment, the sced
treatment formulation may be effective to mitigate or prevent fungal infection of ar_zk
cmerging root system by onc or more specics of Fusarium, Pythium, and/or Rhizoctonia.
In a particularly preferred embodiment, the sced treatment formulation may be effective
to mitigatc or prevent fungal infection of an cmerging roet system by Fusarium
oxysporum, Pythium ultimum, andfor Rhizoctonia solani. In yet other coubodiments, the

seed treatment formulation may also eflectively miligate or prevent bacterial infection of
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an cmerging root system, for example, an infection by the bacterial pathogen

Pseudomoniys syringae.

00317 A coated sced compriscs a sced and a coating at least partially surrounding the

sced. The coating compriscs a fungicide, a micronutricnt metal, and a chelating agent, a bactericide,
the fungicide comprising capper (I) hydroxide, wherein the amount of copper (IT)

hydroxide is from about 0.05 mg/ seed to about 0.21 mg/ sced. In some embodiments,

the amount of copper (1) hydroxide is from about 0.03 mg/ seed to about (.21 mg/ sezd,

such as about 0.055 mg/ seed to about 0.21 mg/ seed. about 0.06 mg/ seed to about 0.2

mg/ seed. about 0.08 mg/ seed to about (.21 mg/ seed, about 0.10 mg/ seed to about 0.2,

mg/ seed, about (.12 mg/ seed to about .21 mg/ seed, about 0.05 mg/ seed to about 0.19

mg/ sced, about 0.05 mg/ seed to about 0.15 mg/ sced, about 0.05 mg/ seed to about Q.12

mg/ sced, about 0.05 mg/ sced to about 0.10 mg/ secd, about 0.05 mg/ sced to about 0.08

mg/ sced, and about 0.05 mg/ sced to about 0.06 mg/ sced. The coating may have a pH of
6.010 6.4.

00321 In general, a sced treatment formulation in accordance with the present disclosure
compriscs a fungicide. In some cmbodiments, the fungicide comprises free copper ion
(Cu™). In onc cxemplary embodiment, the secd treatment formulation comprises copper
(II) hydroxide. Commercially available [orms ol copper (II) hydroxide that may be
cmployed in (he disclosed sced treatment formulation include, but are not limited to.
Champ® WG (Nularm Lid.. 77% copper hydroxide) and Kocide® 101 (Certis USA. 77%
copper hydroxide). Various concentrations of copper (II) hydroxide may be used in the
seed treatment formulation in an amount sufficient to mitigate or prevent fungal infection
of an emerging root system. Such amounts may be determined in light of this disclosuie

and in accordance with methods known to those of skill in the art.

1o033]  In one embodiment, the seed treatment formulation comprises copper (II)
hydroxide in an amount comprising between aboul 2 wi.% and abous 20 wi.% of the total
seed treatment formulalion. In another embodiment. the seed treatment [ormulation
comprises copper (II) hydroxide in an amount comprising between about 2 wt. % and
about 15 wt.% of the total sced treatment formulation. In another embodiment, the seed

treatment formulation comprises copper (IT) hydroxide in an amount comprising between
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aboul 2 wi.% and about 10 wi.% of the 1otal seed treatment formulation. In another
embodiment, the seed lreatment formulation comprises copper (ID hydroxide in an
amounl comprising beltween about 4 wi.% and about 8 wi.% of the total seed treatment
formulation. In another embodiment, the seed treaiment formulation comprises copper
(1) hydroxide in an amount comprising between about 5 wt.% and ahout 7 wt.% of the
total seed treatment formulation. In another embodiment. the seed treatment formulatico
comprises copper (I11) hydroxide in an amount comprising about 5 wt.%, 6 wt.%, 7 wt.%.
8 wi.%., 9 wt.%, 10 wt.%, 11 wt.9%, 12 wt.%, 13 wt.%, 14 wt.%, 15 wt.%. 16 wt.%, 17
wt.%, L8 wt.%, 19 wt.% or 20 wt.% of the total sced treatment formulation. In another
embodiment, the seed treatment formulation comprises copper (I) hydroxide in an
amount no less than about 2 wt.% of the total sced treatment formulation. In another
cmbaodiment, the seed treatment formulation comprises copper (M) hydroxide in an
amount 1o less than about 4 wi.% ol the (otal sced trcatment formulation. In another
cmbodiment. the sced treatment formulation corapriscs copper (1) hydroxide i an
amoun! no less than about 5 wi.% ol the total sced reatment fommulation. In another
cmbodiment. the sced {reatment formulation comprises copper (I hydroxide in an
amount no more than about 20 wt.% of the total seed treatment formulation. In another
embodiment. the seed treatment tormulation comprises copper (1) hydroxide in an
amount no more than about 17 wt.% of the total seed treatment formulation. In'znother
embodiment. the seed treatment formulation comprises copper (1) hydroxide in an
amount no more than about 15 wt.% of the total sced treatment formulation. Tn anather
cmbodiment, the sced {reatment formulation comprises copper (IIy hydroxide in an
amounl no morc than about 12 wt.% of the total seed treatment formulation. In another
cmbadiment, the seed (reatment formulation comprises copper (II) hydroxide in an
amount no more than about 10 wt.% of the total seed treatment formulation. In another
embodiment, the seed treatment formulation comprises copper (II) hydroxide in an
amount no more than about 8 wt.% of the total seed treatment formmlation. In another
embodiment, the seed treatment formulation comprises copper (1) hiydroxide in an

amount no more than about 6 wt.% of the total seed reatment {ormulation.

CA 3049799 2020-02-06



100341  In general, the seed treatment formulatior. comprises a micronutrient metal”
source, Suilable micronutrient sources include zinc, manganese, iron, boron, chromixnm.
cobalt, copper, and molybdenum salts such as phosphates, oxides, sullates. carbonates,
chlorides, nitrates, borates, molybdates and the like and mixtures thereol, For exq_r'ril.ple/,
the following representative materials may be u:s‘ed as micronutrient sources: zinc
sulfate, zinc nitrate. calcium sulfate, calcium nitrate, magnesium sulfate, magnesihm
nitrate, ferrous sulfate, ferrous nitrate, manganese suifute, mang‘aﬁeke:nitmte, coppér '
sulfate, copper nitrate, boric acid, sodium borate, sodium molybdate. ammonium
molybdate and the like, cither alone or in combination. In a prcférrcd cmbodiment, the

micronutricnt source is zinc sulfatc. The seed treaiment formulation may be a liquid slurry.
and may comprise a coloring agent.
[oms]  The seed treatment formulation may he used with all types of seeds. - In some.

embodiments, the treatment formulation is used with spinach, peas. forage corn. sweet
corn. and soyheans. In some emhadiments, the treatment formulation is vsed with
spinach seeds. In some emhodiments, the treatment formulation is used with pea seeds.
In some cmbodiments, the treatment formulation is used with forage corn seeds. In some
embodiments, the treatment formulation 1s used with sweet corn seeds. In some

embodiments, the treatment formulation is used with soybean seeds.

(00361 In some embodiments, the coated seed is a spinach seed, which comprises «
coating at least partially surrounding the seed. The coating comprises a fungicide; a
micronutrient metal, and a chelating ageni, the fungicide comprising copper (II) .l ‘
hydroxide. wherein the amount of copper (1) hydroxide is from about (.05 mg/ seed to

about (.08 mg/ seed.

(0371 In some embodiments, the coated seed is a pea seed, which comprises a coating at
least partially surrounding the seed. The coating comprises a fungicide, a micronutrient

metal, and a chelating agent, the fungicide comprising copper (II) hydroxide, wherein the

amount of copper (I1) hydroxide is from about (.1 mg/ seed to about .21 mg/ seed.

100381 In some embodiments, the coated seed is a corn seed, which comprises a coating
at least partially surrounding the seed. The coating comprises a fungicide, a

micronutrient metal, and a chelating agent. the fungicide comprising copper (1I)

-10-
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hydroxide, wherein the amount of copper (II) hydroxide is from about 0.1 mg/ seed Lo

about 0.21 mg/ seed.

o391 In some combodiments, a sced trealment formulation containing zinc as the only
picronutricnt may be bound to (¢.g. coated on or applicd (o) a spinach sced. In this
cmbodiment. the sced (reatment [ormulation includces:at least about 1.5 wt.% and no morc
than aboutl 5 wi.% zinc bascd on the total weight of the seed treatment formulation. In
some embodiments, a seed treatment formulation containing iron as the only ‘
micronutrient may be bound to a spinach seed. In this embodiment, the seed freatiment
formulation includes at leaét about (.5 wt.% and no more than about 3 wt.% iron, Sﬁsed
on the total weight of the seed treatment formulation. In some"emb(')dimcnts, a sc'edA
treatment farmulation containing manganese as the only micronutrient may he houind ta a
spinach seed. In this embadiment, the seed treatment fbrmul aﬁbn includes at least aﬁhur y
0.5 wt.% and na maore than abont 3 wt.% manganese, based on the total weight of the .
seed treatment farmulation. In some embadiments. a seed treatment formulation
comaining copper as the only micronutricnt may be bound lo‘ a spinach sced. In this
embodiment, the seed treatment formulation includes at least about 2 wt.% and no more
than about 8 wt.% copper, based on the total weight of the seed treatment formulation. In
some embodiments, 4 seed treatment formulation containing chromium as the only
micronutrient may be bound to a spinach seed. In this embodiment, the seéd treatment
formulation includes at least about (.5 wt.% and no more than about 2 wt.% chromium,
based on the total weight of the seed treatment formulation. In some embodiments, a seed
treatment formulation containing cobalt as the only micronutrient may be bound to a
spinach sced. In this embodiment, the secd treatment formulation includes.at least about
0.5 wt.% and no more than about 2 wt.% cobalt, bascd on the total weight of the seed
treatment formulation. In some cmbodiments, a sced treatment formulation contains at
least two different micronutrients, wherein the seed treatment may be bound to a spinach
seed. In this embodiment, the seed treatment formulation includes at least about 2 wt,%
total micronutrient, based on the total weight of the seed treatment formulation.
Allematively, the seed treatmenl formulation comprises at least about 10 wi.%,

alternatively at least about 15 wi. %, alternatively at least dbout 20 wi.%, alternatively at
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least aboul 22 wi.%, allernalively al least about 23 wi.%, alternatively ai least about 30
wi.%, alternatively at Jeast about 35 wi.%, micronutrients based on the total weight of the
seed treatment formulation. Alternately, the compesition contains less than about 15 wt,
%, less than about 10 wi.%, or less than about 5 wt.% of boron, chromium. cobalt,
copper, iodine, iron, manganese, molybdenum, selenium, sulfur and zine, in combination,
again with reference to total weight of the seed treatment formulation. In each of fhes;e
embodiments, the spinach seeds may be substituted with pea, forage com, sweet comn, or

soybean seeds.

tomo  In general, the seed treatment formulation comprises a chelating agent. Withaut
wishing to be bound by any theory, it is believed that the coordinated bonds of the
chelating agent halds the micronutrient metal component of the seed treatment
formulation so that it remains readily available to the emerging raot system. As a result,
uptake of the micronutrient metal by the emerging root system is improved leading to
additional strength and viahility. Use of a chelating agent also advantageously hinds
copper ion, maintaining the presence of copper ion in the soil and facilitating contact with

undesirable fungal pathogens.

041 In some cmbodiments, the chelaling agent of the seed treutment formulation is
zeolite, EDTA, or a combination thereof. In some embodiments, which are suitable for
certilied organic agricullural applications, the chelating agent of the seed treatment
formulation is zeolite. In some embodiments, the seed treatment [ormulation comprises
zeolite in an amount ranging from about 3 wt.% to about 10 wt.%, based on the total
weight of the seed treatment formulation. In some embodiments, the seed treatment
tormulation comprises zeolite in an amount ranging from about 4 wt.% to about 8 wt.%,
based on the total weight of the seed treatment formulation. In some embodiments, the
sced treatment formulation comprises zeolite in an amount ranging from about 5 wt.% to
about § wt.%, bascd on the total weight of the sced treatment formulation. In some
cmbodiments, the seed treatment formulation comprises zeolite in an amount ranging
from about 6 wt.% to about 8 wt.%, bascd on the total weight of the sced treatment

formulation. In some embodiments, the seed treatmen! formulation comprises about 3
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wl.%, 4 wi.%, 5 wi.%, 6 wL.%, T wL.%, 8 wL.%, 9 wL.% or 10 wL.% zeolite based on the
total weight of the seed treatment formulation. These values are significant in that
amounts of zeolite less than about 3 wit.% do not provide sullicient chelation effect, while

amounts of zeolite greater than about 10 wi.% may resull in phylotoxicity.

food21  In gencral, the secd treatment formulation may comprisc once or more additives
scrving various [unctions, For example, the sced treatment formulation may comprisc a
binding agent for improved adherence of the seed treatment formulation to the seed, a
humic acid source for improved chelation (in addition to the chelation effect of EDTA or
zeolite), a soil conditioner for improved micronutrient availability and uptake, zujd' other

additives that may confer a beneficial effect on the emerging root system.

e43]  In some embodiments, the seed treatment formulation includes at least one soil
conditioner. Soil conditioners may be effective for stimulating antimicrobial activity and
improving growing conditions lor (he seed. One representative soil conditioner that miy
be employed is BorreGro CA (commercially available [rom LignoTech AGRO). a
purified calcium lignosulfonate product. Typically utilized as a soil-based product, a soil
conditioner for use with the seed treatment formulation is adapted for application to (c.g.
binding to or cvating ul) the sced sl 1athier i being depusited i the sunounding

s50il.

0441 In some embodiments, the seed treatment lormulation may comprise a soil
conditioner in an amount ranging from about 0.5 wi.% Lo aboul 3 wL.%, based on the total
weight of the seed treatment formulation. In other embodiments, the seed {reatment
formulation may comprise a soil condilioner in an amount ranging (rom about 1 wi.% 1o
about 2 wt.%. based on the total weight of the seed treatment formulation. In yet other
embodiments, the seed treatment formulation may comprise a soil conditioner in an
amount ranging from about (.5 wt.% to about 1.5 wt.%, based on the total weight of the
seed treatment formulation. In certain preferred embodiments, the seed treatment
formulation may comprise a soil conditioncr in the amount no greater than about 3 wt.%.
at which point the soil conditioner may have a negative cffeet on the cmerging oot

system as a result of toxicity.
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ods] In certain embodiments, the seed treatment formulation may comprise a binder
compenent. The binder component of the seed (reatment [ormulation may be comprised
of an adhesive polymer that may be natural or syniheiic and is without phylotoxic effect
on the seed (o be (reated. The binder may be selected [rom polyvinyl acetates, polyvinyl
acetate copolymers, polyvinyl alcohols, polyvinyl alcohol copolymers, celluloses,
including ethylcelluloses and methylcelluloses, hydroxymethylcelluloses,
hydroxypropylecellulose, hydroxymethylpropylcellulases, polyvinylpyrolidones, dextrins,
malto-dextrins, polysaccharides, fats, oils, proteins, fiber gums including gum arabics. .
shellacs, vinylidene chleride, vinylidene chloride copolymers, calcium lignosulfonates,
acrylic copolymers, starches, polyvinylacrylates, zeins, gelatin, carboxymethylecllulose,
chitosan, polyethylenc oxide, acrylimide polymers and copolymers, polyhydroxyethy!l
acrylate, methylacrylimide monomers, alginate, cthyleellulose, polychloroprenc asid
syrups or mixturcs thereof. Preferred binders include polvmers and copolvmers of vinyl
acclate, methyl cellulose. polyvinyl alcohol, vinylidene chloride, aerylic, ccllulosc,l'
polyvinvipyrrolidonc and polysaccharide. Particularly preferred classes of binders
include polyvinyl acclates (c.g. lor use in conventional growing) and liber gums (¢.g. (or

use in organic applications).

wods]  In one embodiment, the seed treatment formulation may comprise a humic acid
source, which functions as a complexing agent for soil nutrients and maintains soil
nutrients in forms that are more readily available to the plant. In an exemplary
embodiment, the seed treatment formulation comprises humic acid in an amount ranging
from about 0.5 wt.% to about 3 wt.% of the total seed treatment formulation. In another
cxemplary cnbodiment, the sced treatment formulation compriscs humic acid in 4n
amount ranging from about 0.5 wt. % to about 1.5 wt.% of the total sced treatment
formulation. In yet another embodiment, the secd treatment formulation compriscs about
1 wt.% humic acid based on the total weight of the sced treatment formulation. Tn certain
embodiments, the humic acid source is substantially free of [ulvic acid or fulvic acid -
additives, which yields undesirable precipilates in ke seed treatment formulation of the

present disclosure.

L 14-
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(00471  The seed (reatment [ormulation is applied to the seed and dried to [orm a ¢oating.
The relative amounts of the ingredients in the formulation will be the same as the relative
amounts in the coating with the exception of the evaporaled water. Any of the described

seed (reatment ingredients will also be ingredients in the coating.

foess1  The sced (reatment formulation may be applicd to a sced or population of sbéds
by mcthods known Lo those ol skill in the art. In particular, the seed treatment '
formulation may be applied to primed or unprimed seeds, with exemplary priming
techniques including hydropriming, solid matrix priming, drum priming, and the like.
Primed or unprimed seeds may optionally be dried at a tempei;atu!"e'. ranging from about
80°F to about 110°F, to reach a moisture content less than about 50%, 40%, 30%, 20% or
even 10%, prior to application of the seed treatment. The seed treatment may be hound
to the seed or population of seeds hy‘ any one of a variety of seed coating methads,
including drum coating, rotary coating, pan coating, fluidized bed coating, and the like.
In certain embhndiments, treated (i.e. coated) seeds may be put through a second drying
process (o reduce moisture content of the sced (reatment to less (han about 25%. 20%,
10%, or even 5%. In some embodiments, the (primed or unprimed) seed(s) to which the
seed treatment formulation is applied may be disinfected prior to application using one or
more of hot water, warny/moist air. steam, 1% bleach solution, peroxyacetic acid, and the

like.

(00491 In certain embodiments, the seed(s) may be substantially encapsulated by :he seed
treatment coating. In another embodiment, at least 95% of the surface area of the seed(s)
may be coated with the seed treatment formulation. In yet another emhodiment, at least
90% of the surface area of the seed(s) may be coated with the seed treatment formulation.
In yet another embodiment, at least 80% of the surface area of the seed(s) may be coated
with the seed treatment formulation. In yet another embodiment, at least 75% of the
surface arca of the sced(s) may be coated with the seed treatment formulation. In yet
another embodiment, at least 50% of the surface arca of the sced(s) may be coated with

the sced treatment formulation.
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ooso]  The seed (reatment formulation is used 1o produce a seed coating elfective o
prolect emerging root systems from [ungal inféclion. In some embodiments, the coating
is elfective 1o protect Lthe emerging root system {rom fungal infection for al least 5 days.
By way of [urther example, the coating is effective (o protect the emerging root system
from fungal infection for at least 10} days. By way of further example, the coating is
effective to protect the emerging root system for at least 12 days. By way of further
example, the coating is effective to protect the emerging root system for at least 14 days.
By way of further example, the coating is effective to protect the emerging root system
for at least 15, 16, 17, 18, 19, 20, or 2] days. The coating may be cffective to protect the
sced from pre-emergence fungal infeetion, post-cmcergence fungal infection, or both pre-

and post-cmergence fungal infection.

[ons1]  In certain exemplary embodiments, the seed treatment formulation is arganic (i.e.
certified organic). Tar a seed treatment formulation to be arganic it most satisfy specific
governmental standards. These governmental standards vary from conntry to country.
The term "organic™ or "certified organic” as used in the pending application is intended (o
indicate that the seed treatment formulation has satisfied the standards for being denoted
as organic in both the United States and the European Union. The United States
Department of Agriculture (USDA) regnlates organic certification within the United
States through a National Organic Program (NOP). To gualify to use the organic label,
the requesting organization must be certified as satisfying a variety of guidelines by an
NOP accredited certification agency; for example, certification by Agricultural Se!_’viéec

Certified Organics, LLC (ASCO).

1ns21 - While the present disclosure has illustrated hy description several embodiments
and while the illustrative embodiments have been described in considerable detail, it is
not the intention of the applicant to testrict or in any way limit the scope of the appanded
claims to such detail. Additional advantages and modifications may readily appear to
thosc skilled in the art.

16 -
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EXAMPLES

(o053 The following non-limiting examples arc provided to further llustrate rhc,p‘r.cscm
disclosure. It will be apparent to thosc of skill in the art that the techniques disé_lc:si_:d iﬁ
the cxamples that follow represent approaches that function well, and thus can be
considered to constitute cxamples of modes for practice. However. those of skill in the
art should, i Light of the present disclosure, appreciate that changes can be madg in .ﬂ;l'C
specific embodiments that are disclosed and still obtain a like or similar result withous

departing from the spirit and scope of the disclosure.

Example {:

f0es41  The sced reaiment formulation consists ol the materials Jisted in Table 1. which ,
are incrementally mixed, over a period of several minutes, in the indicated amounts to
form a solution. The material is fully mixed for an additional 30 minutes befare
application by film coating to approximately 1.00 Ib. of spinach seeds. The coated
spinach seeds are subsequently dried to 6-7% moisture content. In this example, while

the copper (1) hydroxide used is 77% pure, the weight percent of copper (I1) hydroxide is
op Y p gntp PP ¥y

8.6%
Table 1
Wt. % (Total
Ingredient Formulation)
Water 71.4%
Zinc Sulfate 16.2%
Lignosultonate Sil
Conditi_oncr 1.3%
Fiber Gum 1.6%
Zeolite ' 9.5%
Copper (II) Hydroxide
(77%) 8.6%
Example 2:

[00ss;  Randomized 60" split plots were planted with raw spinach seeds (control) and ‘
spinach seeds coated with the formulation of Example 1 in a commercial organic field

using commercial planting methods. All seeds were sown using commercial planting

217 -
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methods ata depth of 0.5 (o 1 cm, in 48 rows on an 80" wide bed at 3-4 million seeds per
acre. Spinach varieties Yukon and Castillo are shown in FIG. 1 ("CT" = castillo treated;
"CR" = castillo raw; "YT" = yukon treated; "YR" = yukon raw?}, which illustrates crop

density 6 days aflter planting,

100s61  Image analysis of canopy coverage is shown in FIG. 2 - 7. Images shown in
FIGS. 2 - 4 were taken using softwarc comparable to Imagel or Canopeo (iPhone-
compatible app), with reversal of image color to enable pixel count and subsequent area
determination. As shown in FIGS. 5 - 7, canopy development was significantly (P =
0.05) faster with treated spinach seed during first 2 weeks from sowing in both Callisto
and Yukon varieties. Additionally, canopy area was significantly Jarger (P = 0.05) and

less patchy when treated seed was sown compared with nntreated seed.

Example 3: ‘ ‘
ons71 - Randomized 60" split plots were planted with raw spinach seeds (control) ;ltid:. ;
spinach seeds coated with the formulation of Example 1 in a commercial organic ﬁ‘eld_
using commercial planting methods. All seeds were sown using commercial planting
methods at a depth of 0.5 Lo 1 cm, in 48 rows on an 80" wide bed at 3-4 million sceds per
acre. Spinach varictics Yukon and Castillo arc shewn in FIG. 8 ("CT" = castillo treated;
"CR" = castillo raw: "YT" = yukon treated; "YR" = yukon raw), which illustrates crop

density 9 days after planting.

rooss]  Limage analysis of canopy coverage is shown in FIG. 9 - 13, Images shown in
FIG. 9 und FIG. 10 were luken using software comparable (o Imagel or Canopeo
(iPhone-compatible app), with reversal of image color to enable pixel count and
subsequent area determination. As shown in FIGS. 11 - 13, early canopy development
was significantly (P = 0.05) faster with ireated spinach seed. Treated Callisto and Yukon
seed showed significantly (P = 0.03) faster development during the first 10 days and 7
days, respectively. Canopy area development from treated seed showed more advantage
at Halperin site (Example 2) due to higher soil-bome disease pressure there in

comparison with Chular trial site.

-18-
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Example 4: Peas ‘

100591 Pea seeds coated with the formulation of Example 1. except the amount of copper
{II) hydroxide was varied, were planied in clean, non-inoculated potiing soil as a control
alongside treated seeds planted in field soil with known Pythium Ultimum [ nga['; o
pathogen contamination. The seeds were coated with three different rates (3 wt. % - 15
wt.% of copper (II) hydroxide) in the formulation of Example 1. The seedling emergence
counts were evatuated on days 4 and 7 after planting. The number of healthy plants (no .

symptoms of basil root rot) were determined.

sy Rate 1 (3%): No efficacy observed, as indicated. only 1 -2 plants emerged from

the pathogen containing field soil.

Table 2: Example | formulation coated on Peas at 3%

4 DAP
(16
seeds Heaithy  Wilt/Dead

Treatmen!  Sail Type Rep perrep) {7 DAP) {7 DAP)

Raw Sunshine Mix  Rep 1 10 16

Raw SunghineMix  Rep2 15 18

Raw Sunshinc Mix  Rep 3 38 16

Raw Sunshine Mix  Rep 4 13 14
Example 1 Sunshine Mix  Rep 1 13 16
Example 1 Sunshine Mix  Rep 2 13 18
Example 1 Sunshine Mix  Rep3 14 16
Example 1 Sunshine Mix Rep 4 14 16

Raw Field Soil Rep 1 0 0

Raw Field Soil Rep 2 0 0

Raw Field Soil Rep 3 0 0

Raw Field Soil Rep 4 0 0
Example 1 Field Soil Rep 1 0 0 ‘
Example 1 Field Soil Rep 2 2 1 1
Example 1 Field Soii Rep 3 0 0
Example 1 Field Soil Rep 4 1 0 1

DAP means days after planting
fooét]  Rate 2 (9%): Example 1 formulation on treated peas at three times the active
ingredicnt concentration of ratc 1 shows cfficacy of the seed treatment with 56% - §7% .

of the sceds planted growing, producing a non- symptomatic healthy plant compared to

raw non-treated seeds.
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Table 3: Example i formulation coated on Peas at 9%

4 DAP
(16
seeds Healthy  Wilt/Dead
Treatment Soil Type Rep per rep) (7 DAP) (7 DAP)
Raw Sunshine Mix Rep 1 ih 16
Raw Sunshir:z Mix Rep 2 12 16
Raw Sunshine Mix Rep 3 12 16
Raw Sunshine Mix Rep 4 12 14
Example 1 Sunshine Mix Rep 1 13 14
Examgle 1 Sunshine Mix Rep 2 12 15
Example 1 Sunshine Mix Rep 3 12 16
Examgie 1 Sunshine Mix Rep 4 1 15
Raw Field Sail Rep 1 3 2 1
Raw Field Sail Rep 2 2 2 1
Raw Field Soil Rep 3 4 4 1
Raw Field Sail Rep 4 0 0
Examgle 1 Field Soil Rep 1 14 13 1
Examgle 1 Field Soil Rep 2 " 14
Example 1 Field Soil . Rep 3 " Q 2
Example 1 Field Sail Rep 4 5 12

(omz2]  Rate 3 {15%): Example 1 formulation on treated peas at five times the active
ingredient concentration of rate 1 shows the negative affect of the high concentration

reducing the number of healthy planls emerging from the fungal contaminated field soil.

Table 4: Example 1 formulation coated on Peas al 15%

4 dap
(out ot 16 .
seeds Healhy  WlHvDead (7

Treatment Soil Type Rep per rep) (7 dap) dap)

Raw Lak Soil Rep 1 12 15

Raw Lab Soil Rep 2 14 16

Raw Lab Soil Rep 3 13 16

Raw Lab Soil Rep 4 10 15
Example 1 Lab Soil Rep 1 10 14
Example 1 Lab Soil Rep 2 12 14
Example 1 Lab Soil Rep 3 11 16
Example 1 Lab Soil Rep 4 12 15

Raw Field Seil Rep 1 1 1

Raw Field Sail Rep 2 0 0

Raw Field Scil Rep 3 Q 0

Raw Field Saoll Rep 4 o] 0
Example 1 Field Sail Rep 1 3 9
Example 1 Field Scil Rep 2 2 8
Example 1 Field Sail Rep 3 7 7
Example 1 Field Sail Rep 4 10 11
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Example 5: Comparison with copper sulfate

ovs3)  Pea seeds coated with the formulation of Example 1, at rate 2 (9% copper (1)

hydroxide in the formulation), were planted in natural growing conditions for field peas
in the Pacific Northwest. Pea seeds treated with Nordox, which contains copper sulfate
as the active ingredient, were planted in the same conditions. The pea seeds coated with
the formulation of Example t produced 72% of the theoretical stand. while those treated

with Nordox only produced 349 of the theoretical stand.

Example 6: Foraece Corn

1mes]  Forage corn was treated with liree rates of the formulation of Example 1 (Com 4
at 4%, corn 5 at 119, and corn 6 at 17%). Table 5 shows data from one rate. Samples
17-20 show that that non-treated comn seed planted in field soil containing the fungal
pathogen does not emerge and produce a stand. In conirast. the corn seeds treated with
formulation of Example |, Samples 21-32, have virtually the same number of plants

growing when compared to corn grown in discasc free potting mix.
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Table 5

Healthy . Healthy (14 Healthy (21

Sample Treatrent  Soil Type Rep (3 DAP) DAP) DAP}
1 Raw Peat Soil Rep 1 Q 21 25
2 Raw Peat Soil Rep 2 0 22 25
3 Raw Peat Soil Rep 3 [ 23 24
4 Raw Peat Soll Rep 4 0 25 25
5 corn 4 Peat Soil Rep 1 0 21 2
6 corn 4 Peat Soil Rep 2 0 20 25
7 com 4 " Peat Soil Nep 3 0 11 25
8 com 4 Peat Soil Rep 4 0 15 24
9 o 5 Peat Soil Rep 1 4] 24 25

10 comn 5 Peat Soil Rep 2 0 24 24
11 com$ Peat Soil Ren 3 Q 12 25
12 comn s Peat Soll Rep 4 0 23 24
13 corm & Peat Soil Rep 1 0 - 24 23
14 zom 6 Peat Sail Rep 2 0 20 24
15 corn 6 Peat Soil Rep 3 0 24 25
16 corh 6 Peat Soif Rep 4 0 20 18
17 Raw FeldSol  Rep1 0
18 Raw Field Soil Rep 2 0 5 8
19 Raw Field Soil Rep 3 0 0
20 Raw Field Soil Rep 4 o} oo 3
29 corn 4 Field Soil Rep 1 0 2¢ 24
2 com 4 Field Soil Rep 2 0 11 17
23 com 4 Fieid Soil Rep 3 ol 7 17
24 corm 4 Field Sail Rep 4 0 4 19
25 com5 Field Sail Rep 1 0 14 22
26 corn 5 Field Soil Rep 2 0 21 24
27 com5 Field Soil Rep 3 [ 8 22
28 com 5 Field Soif Rep 4 ¢ 14 22
29 com s Field Soil Rep 1 0 7 16
30 com 6 Field Soif Rep 2 ] 16
31 com 6 Field Soil Rep 3 Q 18 23
32 cormn 6 Fleld Soil Rep 4 0 17 21

wosst A second replication of this trial with Corn 4. Corn 5, and Corn 6, treated rates of
the formulation of Example 1 is shown in Table 6. Raw seed in discased field soil not
providing a stand while Corn 4,5, and 6, ali showing improved seedling emergence as

the seed treatment is preventing root rot from occurring.
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Table 6

Seil _Healthy  Healthy (14  Heaithy {21
Sample Treatment Type Rep (9 DAP) DAP) DAP)

33 Raw PcatSoil  Rop 1 0 21 25
34 Raw PeatSol  Rep?2 ol 22 25
35 Raw Peat Soil Rep 3 0 23 24
36 Raw PeatSoil  Rep 4 0- 25 25
37 corn4 Peat Soil  Rep 1 0 21 24
38 corn 4 Peat Soil Rep 2 0 20 23
39 corn 4 PeatSoil © Rep 3 0 Ia 25
40 corn 4 PeatSoif  Rep4 0 15 24
41 coms Peat Soil Rep 1 0 24 25
42 comb Peat Soil Rep 2 0 24 24
43 corn 5 Pcat Soil Rep 3 0 12 25
44 cornS Peat Soil Rep 4 ] 23 24
45 corn € Peat Soil Rep 1 Q 24 23
46 com 6 PeatSoil Rep2 o 20 24
47 corn 6 Peat Soil Rep 3 0 24 25
43 corn 6 PeatScil  Rep4 0 20 18
49 Raw FieldScil  Rep 1 0 1 ‘ -6
50 Raw FieldScil  Rep2 D" 5 8
51 Raw FieldSail  Rep 3 0 ’ ' 0
G2 Raw Ficld Sail Rep 4 0 4] <]
53 com4 Field Soil Rep 1 0 20 24
54 corn 4 Field Sail Rep 2 0 11 17
55 cormn 4 Field Soil Rep 3 0 7 17
56 corn 4 Field Soil Rep 4 0 4 19
57 corn § FieldSoil  Rep1 0 14 22
58 corn 8 Field Soil Rep 2 0 21 24
59 . corn 5 Field Soil Rep 3 0 8 22
60 com 5 FleldSoil  Rep 4 0 14 22
61 comn e Field Soil Rep 1 0 7 16
62 corn 6 Field Soil Rep 2 0 4 16
63 cormne Field Soil Rep 3 0. 18 23
64 come Field Sait Rep 4 0 17 21

fomss]  In summary, the data collected Lo date indicates that the secd treatment
formulation has a very strong efficacy against the soil fungal pathogen Pyrhiom Ulrimun.
This has been demonstrated on leafy green vegetables species such as organic spinach,
field peas, and forage corn. It is believed that the efficacy of this seed treatment will
apply to other species such as soybeans, which when grown organically are prone to crop

losses from this soil pathogen.
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CLAIMS

What is claimed is:

1. A coating for use in coating a seed, the coating comprising:
a fungicide, a micronutrient metal, and a chelating agent, the fungicide
comprising copper (II) ion, wherein the amount of copper (II) ion is from about 0.12

mg/seed to about 0.21 mg/seed.

2. The coating of claim 1 wherein the copper (1) 1on is a copper (1L) hydroxide.

The coating of claim 1 wherein the micronutrient metal is selected from the group

[FS]

consisting of a metal selected from zinc, manganese, iron, boron, chromium, cobalt,

copper, and salts thereof.

4. The coating of claim | wherein the micronutrient metal comprises one or more zinc salt,

5. The coating of any one of claims 1-4 wherein the chelating agent is selected from the

group consisting of zeolite and EDTA.

6. The coating of any one of claims 1-5, wherein the coating further comprises a binding

agent,

7. The coating of claim 6, wherein the binding agent is selected from the group consisting of

a fiber gum and polyvinyl alcohol.

8 The coating of any one of claims 1-7, wherein the coating further comprises humic acid.

9. The coating of any one of claims 1-8, wherein the coating is substantially free ot added

Tulvic acid.
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10. The coating of any one of claims 1-9, wherein the coating further comprises a soil

conditioner.

11. The coating of any one of claims 1-10, wherein the coating further comprises a

bactericide.

12. The coating of any one of claims 1-11, wherein the coating has a pH in the range of 6.0 to

6.4.

13. The coating of any one of claims 1-12, wherein the coating encapsulates the seed.

14. The coating of any one of claims 1-13, wherein the seed is a spinach, pea, or corn seed.

15. A method for applying a seed treatment formulation to a seed or a population of seeds,
the method comprising:
distributing on the surface of the seed or the population of seeds a seed treatment
formulation comprising a fungicide, a micronutrient metal, and a chelating agent, and
drying the seed treatment formulation to form a coating,
wherein the fungicide comprises copper (11) hydroxide in an amount ranging from about

9 wt.% to about 20 wt.% of the total seed treatment formulation.

16. The method of claim 15, wherein the seed treatment formulation is a liquid slurry.

17. The method of claim 15 or claim 16, wherein the seed treatment formulation further

comprises a coloring agent.
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18. A method of protecting an emerging root system from fungal infection, the method

comprising:

providing at least one seed,

coating the at least one seed with a seed treatment formulation comprising
fungicide, a micronutrient metal, and a chelating agent,

drying the seed treatment formulation to form a coating, and

planting the coated seed under conditions suitable for germination,
wherein the fungicide comprises copper (11) hydroxide wherein the amount of copper (11)
hydroxide comprises at least 9 wt.% and no more than 20 wt.% of the total seed treatment

formulation.

19. The method of claim 18, wherein the coated seed is a spinach, pea, or corn seed.

20. The method of any one of claims 18-19, wherein the coating is effective to protect the

emerging root system from fungal infection for at least 5 days.

21. The method of any one of claims 18-20, wherein the conditions under which the coated

seed is planted are an organic growing medium.
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