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TITLE OF THE INVENTION
NON-CHELATED DIVALENT METALLIC SULFUR-NITROGEN COMPOSITIONS
Field of the Invention

[0001] The present invention relates to non-cheiating divalent metallic suifamic acid
salts and their stabilization with phosphoric acid, and to their use in plant nutrition |

compositions and systems containing the same, which exhibit storage stability.

Description of the Background

[0002] In agriculture, divalent metal cations, Ca, Mg, Fe, Mn, Zn, Cu and Ni, are
currently considered essential nutrients for piant growth, development, and disease
resistance. Plants can devetdp metal deficiency, because of the unavailability, loss or
exhaustion and are often the cause of ‘pooi' plant growth and development. AMetais
can be determinant.factors of growth and crop deficiencies may occur even at
extremely fow levels of metal deficiency, at levels.of parts per million in the plant

tissue,

[0003] Secondary macro (Ca and Mg) and micro (Fe, Mn, Zn, Cu, Ni} nutrients - must

be presented to plants in a form suitable for plant uptake, translocation and
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assimilation. Divalent metais and many nutrient ingredients, such as suifates,
ammonium and phosphates, are chemically incompatibie and have a tendency to
precipitate in soil, in solution and/or within the plant tissue, forming, for instance,
calcium suifate or gypsum, or in other instances, highly insoluble metallic ammonium
phosphates -aﬁd mefaliic phasphates. To compensate for such precipitation loss,
recommended dosage rates for metallic nutrients that are based on sulfates, oxides,
chiorides, nitrates, and other similar inorganic meﬁa!iic salts are often excessively high,
resulting in phytotoxicity and early senescence, higher costs and environmental

damage.

[0004] To counter divalent metallic precipitation, one way in which certain metals
have been successfully applied to and utilized by piants is by application of metal
chelate solutions. The tarm chelate is from the Greek for claw, and describes a
"complex” in which organic molecules form ring-like structures thrbqgh coordinate
bonds with meté! ions. The metal chelate strulcture loosely ties up the constituent
metal ion(s) in a form in which the metal component is less likely to dissociate or

~ precipitate in chemical reactiqns when the chelate is in the soil or in solution with
ather fertilizers, especially derivatives of sulfuric and phosphoric acids. The use of
chetéte, in theory, allows the metal from the chelate metal complex to remain

available until after the product penetrates and transiocates within plant.

[0005] Both root and foliar application of chelated metal ions may prevent, correct or
minimize ¢rop mineral deficiencies. Chelated complexes have been favored because

the chelated metal ions remain soluble in different or changing environments, such as
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alkaline soil. Conventiona products have used synthetic chelates. However,

administration of metal ions, synthetic chelates may contaminate the environment.

[0006] The use of naturally occurring organic acids, and their derivatives, as chelating
agents to provide an inexpensive and bicdegradeble alternative has been proposed.
However metal chelates of citric acid were reported as unstable at a pH above 7 and
as having low stability constant compared to the synthetic c.heiating agents. See, Cline,

et al, Soil Sci. Soc. Am. J,, vol. 46, pp. 1158-1164 (1982) and U.S. Pat. No. 5,372,626.

{0007] Because some syhthetic chelates are not biodegradable, the uses of such
compounds are being regulated in many parts of the world. See, Tiedje, "Mé-crobiai

' Degradatioﬁ of Ethylenediaminetetraacetate in Soils and Sediments," Applied Microbi-
ology, August 15975, pp. 327-329. Often the use of naturally occurring organic acids
and organic bases 't'n_af readily degrade are not always efficacious. The use of a
synthetic chelate that biodegrades may substitute for the synthetic compound with

environmental persistence and still may be ineffective.

[0008] In particular, ethylenediaminetetraacetic acid (EDTA) is a compound that forms
strong and very stable complexes with many metal cations (divalent and trivelent

ions), increasing the metal ion solubitity in agueous solution as water-soluble
complexes. It is one of the cheapest and most sutable muitipurpose chelating agents.
Besides acids, EDTA, may degrade by absorption of oxygen and Fe(II), which is the

most active form of iron, is usually available as Fe (III). Further, formaldehyde is
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produced from EDTA when it is oxidized by the photochemical reduction of ferric iron
and it ¢an accumulate to inhibitory levels. Replacing EDTA with other chelators, such
as tartaric or citric acid, is not likely to eliminate the loss of available metals because

several di- and tricarboxylic acid chelators have alsc been shown to be photo-oxidized.

[0009] Chelated metals are currently avaifable in the fertilizer industry in powder and
tiquid forms. Both forms tend to bé more expensive than inorganic metal compounds.
For example, aqueous metal chelate formulations typically are supplied in 2.5 or five
gailon plastic jugs containing from 5% to 11% by weight of the chelated metal. Cost
of shipping these products is high, primarily because of the relatively low weight per-
cent of the chelated metal in the product as compared to the volume of water in
which the metal chelate is dissolved. In addition, If temperatures drop below point
some metal chelates crystallize out of liquid formulations and concentrate at the
bottom of the container, Naturally this creates problems when subsequently applying

the metai cheiate solution to crops.

(0010} While powder metal chelate_s are available and solve some of the stability,
storage and disposai problems associated with metal chelate solutions, others

remain unaddressed, For exampie, to produce certain powdered metal chelates,
constituents are reacted in an aqueous solution and then dried, a process requiring
substantial time, energy and expense. Powdered metal chelates produced in this
manner include ethylene diamine tetraacetic acid (EDTA) chelates and lignin sufonate-

based metal chelates. While these powdered metal chelates can provide the
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constituent metal in greater concentration than metal chelate solutions, (e.q., 6% to
15% weight percent), powdered metal chelates are substantially more expensive, e.g.,
$1.50 to $8.00 per pound. The high cost of these broducts tends to limit their use to
the horticulture industry. See, Barak and Chen, Soil Sci. Soc. Am. 3., vol. 51, pp. 893-

896 (1987).

{0011] Furthermore, some metal chelates solutions are decomposed by acid. The
constituent metals may then exhibit reduced agronomic effectivehess. Thus, mixing
some metal chelate solutions, including reconstituted powdered metal chelates, with
certain acidic fertilizers must be avoided prior to appiication of the metal chelate
solution o plants. Yet appication of metals with macronutrient fertiiizers is typically
preferred, because it provides all the essential nutrients at the same time, minimizing
growth constraints. In alkaiine soil and/or in plants applied previously with glyphosate
~ herbicides that sequesters and precipitates metals, plants can be fed top down by

way of foliar application and shouid, in theory, be more economically viable.

[0012] One important method in correcting metallic deficiency of agricufturalv crops,
especially in alkaline soil, is the application of foliar metallic nutrient spray. However,
variable plant responses to metallic sprays, ranging from defoliation and leaf burns to
no effect, have been often described in fertifization literature. Studies show the choice
of an adequate electrolyte carrier compound is the one strategy to favor the

penetration of ions through plant leaves. Suitable element carriers for foliar
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fertilization should preferentially have a high solubility and a low molecular weight.
Ancther factor to penetration is the waxy cuticle that covers upper and lower leaves
and even the walls of stomata. This layer has a negative charge. Positively charged
particies will be stopped at this peint from further progress into the piant. Nutrients
that accumulate at the ieaf surface may become toxic to the piant. See Schinher, 3.,
2001, Cuticular penetration of calcium saits: effects of humidity, anions and adjuvants.
Journai of Plant Nutrition and Soif 5cience 164:225-231 and Schinherr, 3, and R.
Hber., 1977, Plant cuticles are polyelectroivtes with isclectric points around three.

Plant Physiclogy 59 145-150.

{00137 In practice, the uptake and utilization of metatiic nutrients involves a tradeoff
between stability and uptake. For instance, chelating based metals have large
motecular size and targe molecular size has a highly detrimentatl effect on fast uptake
of metais into piants. For foliar applications, the pore size in the leaf is one of the
main factors affecting nutrients uptake, The smaller lonic melecular size has the
acvantage allowing easier passage through the pores in leaves, while 8 larger
moteculs is normally too large to fit into such pore and therefore has their access
slowed or blocked. On the other hand, soil is generally negative in charge, especially
clay soils, Pores bn the leaves of plants are aisg negatively cha'rged. Positive charged
metals frying to penetrate the plant get tied up thus slowing nutrient uptake. The
neutral charge of minerals allows them to enter the pores unimpeded. Stability
constant, which is an equilibrium constant for the formation of a complex in solution
and is a measure of the strength of the interaction between the reagents that come

together to form the compiex, shows that metallic chefates such as EDTA and EDDHA

-6
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have the highest constants and sulfuric acid salts based in citric acid the Eovs./est. This
tradeoff is also seen in the solubility of the metals. High stability constant metallic
chelates derived from EDTA show relatively low solubility, i.e. less than 100 g/l at 20°C.
Sulfuric acid salts witﬁ chelation have higher solubility, less than 300 g/1, but those are

still low compared with chiorides and nitrates based metals, over 600 g/t.

[0014] In foliar applications, chelates and metals with organic chelating agents are
often used with phytotoxical resuits. The commoniy used Iron (11} EDTA must always
hold on to a metal. For example, iron EDTA will correct iron deficiency in plahts, but‘in
order for the EDTA to release the iron it must hold onto some other metal. Often
EDTA will take up manganese in order to reiease the iron, thus causing a manganese
deficiency. Furthermore, EDTA is known to take caicium from cell walls in both plants
and animals. Once plants have absorbed the mineérals, the EDTA that may reach the
plasmalemma can scavenge calc’iu%n from the cell walls, thus causing leakage, cell
damage and disease. Cn the other hand, foliar appiication of metallic sulfate requires
substantially higher dosage rates due to their lower efficacy and compatibility, which

may burn the leaves or cause ather phytotoxical results.

[5015} Last but not least important, while much of the development of secondary
macro and micro nutrients is focused on stability and compatibllity issues there is a
need for metals to be binded With much higher proportion of sulfur. For instance, in
the essential clusters of iron-sulfur proteins in ferredoxin molecules, which mediate

electron transfer for a number of essentzal piant reactions, e.g., NADP+ in photosvn-
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thesis, nitrite reductase, sulfite reductase, N2 reduction, GOGAT, each iron is linked by
several atoms of sulfur, usually af the molar ratio of Fe:S is 1:4. Similarly, metals can
aiso be linked with éulfur and other micronutrients, such as Fe-Mo cofactor in
nitrogenase and its clusters of Fe:S:Mo is 7:9:1. Existing metallic products either Ea.ck
metallic sulfur altogether or have insufficient levels of sulfur combined with metals. In
cﬁefétes, such as EDTA, DTPA and EDDHA, and in metallic chioride and nitrates, met-
als are not bonded by any sulfur. High redox potential divalent metals based in sulfate,
such as Fe (1), Mn (II), Zn (I}, Cu (II) and Ni {II) suffate,l have a molar ratio of
metal;suifur at 1:1 and is substantialiy less than the optimal ratio required by
ferredoxin and other metaliic suifur protein, cofactors and others, Although calcium
and magnesivm thiosulfates have metal to sulfur molar ratio at 1:2, thiosulfates are
generally unavaiiabie for plant uptake untif it is converte_ed from thiosulfate te
tetrathionate and then to sulfate, reactions in soil that may take weeks. Thiosulfates
aiso lacks stability in strong acids as thiosulfates degrade into harmful sulfur dioxide

gas.

[0016] There are several important production and logistic considerations for the
utitization of metallic nutrients that have low dosage rates and higher compatibility
among essential nutrients. For instance, in foliar applications, where the nutrients
and other chemicals are dispersed by airplane, solubility of metals in water is critical.
In airplane spraying, water diiutién ranges from 5 to 10 gal. per acre, dissolving mi-
cronutrients, pesticides and fungicidés into a limited volume of water can easily over
saturate the solution. A product with a higher solubility than chelate based metals is

highly desirable in reducing application costs. Complete fertilizer with all macro and
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micro nutrients are maore efficient and economic. But, it is known that divalent metais,
such as calcium, magnesium, iron, manganese, zinc, copper, cobalt and nickel, may
precipitate out phosﬁhorus compounds commonly available in fertilizer, such as
monopotassium phosphate (MKP) and monoammonium phosphate (MAP), in mixing
tanks or within plant. Ammonium and phosphate can react with metals and
precipitate out either as metallic phosphate or as metallic ammonium phosphate.
Calcium and suffate can form calcium sulfate or gypsum. Incompatibility between
phosphate/sulfates and metals and metais themselves has required multiple tanks of
fertilizer instead of a single system. Usually two tanks with fertilizer mixtures.are
required: tank A for materials compatible with calcium and tank B for those
compatible with sulfur. In reality, all nutrients should be mixed and stored in one
single tank prior to plant application, foliar or root feeding. The one tank approach
would simplify productxon and increase yield. Also, the !ack of compatibility between
metals may restr:ct their use in Lompnete metallic mixtures with long shelf life,
especially in water based solution. In dry mixtures, inert materials are often added to
prevent metals from precipitating among themselves but these add to cost and add

fittle to plant nutrition.

10017} US 2,237,826 to Woodhouse teaches use of stilfamic acid and salts of sulfamic
acid in the preparation ¢f ammonium suifamaté and such nitrifying liquor is applied as
an ammoniating reagent in the neutralization of acid components in the
superphosphate, specm ally phosphoric adid. Accorcmg to Moose (US 2 033 389‘, in

the reaction of ammonia and phosphoric acid for the production of ammonium phos-
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phate, pH aﬁ‘écts the size of the crystals of ammonium phosphate and the tendency
to adhere to metaliic sun‘acés. At low pH, the érystals are smail and irregular and ad-
here firmly to métaﬂic surfaces of the saturator. At @ pH of between 7-7.4, the crystals
have. a tendency to crystallize with a minimum amount of occluded impurity giving a

very pure product.

[0018] Two fundamental distinctions must be emphasized. First, Woodhguse does naot
assert that divalent metallic sulfamates can be used to react with superphosphate with
the product thereof being mixed with other fertilizers, Rathey, this assertion is made
only for ammonium suffamate, a well known herbicide. That is, divalent metallic
suifamatés_. individually and/or combined with sulfamic acid, cannot neutralize the
excess acidity of the superphosphate. On the contrary, it would further iower the pH
of the superphosphéte. Woodhouse effectively equates suifamic acid and its salts with
ammonium suifamate or that ammonium suifamate can be substituted by any other
related ammonium salt, and that ammonium from the ammonium sutfamate 'isi
supposed to react with acidic compounds of superphosphate in a neutralization
reaction. Second, regardless of whether Woadhouse employs ﬁiva!ent metallic
sulfamates or not, the neutralization and displacement reactions produce neither
divalent metallic nor ammonium suifamates. During the neutralization reaction,

ammonium and other cations would turn into ammonium or other cationic sulfates:
(1) Ca{H,PO4), + 2NH3 > CaHPO4 + {NH4);HPO4

(2) (NH4),HPQ4 + CaS0s > CaHPOs + (NH4)2504

SRS | LT —
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anc during the displacement reaction, either metallic ammonium phosphate or
metallic phosphate would be made resulting in highly insoluble products, unavailable
for plant nutrition. According to Casimer et al (US 3,416,910), in an
ammonium/phosphatic sturry, Cu™ from chelated EDTA reacts with Ca‘*é, releasing Cu
from the chelate, which Cu*? would react with NH* and PO,”. In contrast with highly
soluble copper sdlfamate,. the resulting copper ammonium phosphate has low
solubility and would not leach out of the soil as readily. Further, at a pH of 6-8 of the
superphosphate, copper ammoniurﬁ would précipétate out of solution. No metaliic
sulfamate would be available in the Woodhouse fertilizer. Similarly, according to Brown
etal (US 6,322,607), insoluble zinc ammonium phosphate (ZnNH4PO4) may be formed
in the presence of ammonium on and phosphate ion in the granufator which is no‘t'
avaiiable for crops, and particularly in sandy neutral or alkaline soils under dry
conditions. Further, Brown et ai discloses that when a synthetic chelate such as
ZnEDTA is mixed with phosphoric acid before ammoriation, acid decomposition of the
chelate molecule results in decreased availability of some Zn fertilizers. A pH 2, the
Ksp for ferrous ammonium phosphate is 1.8 X 107, and for magnesium ammonium
phosphate i 3 X 107, both at 25°C, Thus, no metallic su'famate would be available
from the Woodhouse fertilizer. Hence, the final mixture with other fertilizers cannot

hold either divalent metailic or ammonium sulfamates.

[0019] Further, there are ieast two more reasons why Woodhouse and/or an expert in

the art cannot possibly predict the usefulness of divalent metallic sulfamates as plant
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nutrients without extensive greenhouse andfor field testing, and at sharply lower

one of an ammanium carrier, effectively to neutralize acidic components of
superphosphate, rather than as a nutrient. Thére are many examples of chemical
compounds with one or more of the individual essentiai chemical elements that
cannot be used as a nutrient. For instance, some chemicals with wrong isomeric
position, such as in o-p in Fe EDDHA, or byproducts, such as biuret, or even
ammonium sulfamate, a registered herbicide, can be by varying degrees turn from
inefficient to phytotoxic. Woodhouse does not recomhﬂend or claim the use of
sulfamate as plant nutrient. Secondly, application of divalent metallic sulfamate at the
recommended dasage rate of equivalent metallic nutrients, such as suifates, nitrates,
chiorides, oxides, chelates, ete, should show that these divalent metailic sulfamate
salts are highly phytotoxic and can teach away by assuming these sulfamate saits are
generally unsuitable for plant nutrition. When a nutrient concentration increases from
deficient to optimal and then to excess levels, the latter can rapidly aiter the adequate
‘balance of all other autrients, e.g., bivalent metals calcium and magnesium competing
against potassium, stowing growth and even shrinking the size of ieaves, Contrary to
Voochouse's invention, recommended dosage rates for divalent metallic suifamates
must be reduced to a much safer range, three to fifteen times, compared to those
from equivalént products, before it ¢an be rendered effective and non-phytotoxic. For
instance, ferrous sulfamate in follar appiication shouid be used at the rate of 0.25to
0.5 ibfacre in corn while comparabie FeEDTA and ferrous sulfate must be used at 2
recommended rate between 1 1b to 5 ib per acre. While the reacticn of divalent

metaliic suifamates is known, the dual combination of lack of understanding of their

2
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bio-availability and its low level dosage requirement may help expiain why divalent
metallic sulfamates have not been used as plant nutrient and why some of these salts
of suifamic acid were neither registered in the TSCA Inventory at U.S. Environmental

Protection Agency (EPA) nor were commerciaily avaifable.

[0020] US 4,383,846 to Newsom teaches use of N-substituted sulfamic acids to

flocculate magnesium salts from fertilizers derived from the ammoniation of
phosphoric acids. The metallic carbonaceous particles are flocculated and float to the
surface, leaving a dlarified liquid below, free of metals, after treatment with -
surfactants based on N-substituted sulfamic acids. No metallic salts of sulfamic acid

are formed or intended as fertilizer.

[0021] US 6,353,1347 to Von Locquenghien et al discloses use of malonic acid diureid

bis (potassium sulfonate). It discioses imido and nitride derivatives of sulfuric acid
instead of amides derivatives of sulfuric acid, the latter being derivatives of suifamic
acid. In contrast to divalent metallic sulfamate salts, the compound described therein
is highly insolubie in water and require a “mineralization” by chemical hydrolysis,
enzymatic cleavage and/or microbial conversion prior to plant uptake, Further, the
preferred use of alkali metals such as celsium and lithium discloses no use of metals
as fertilizer from the suifonate in diur_eid compound andfor the displacement reaction.

No divalent metallic sulfamate salts are formed or intended as fertiﬁzer.
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SUMMARY OF THE INVENTION

[0022] Accordingly, there has been a long feit, but unfulfilled need for a new and
complete family of non-chelating metallic-suifur-nitrogen ionic autrients, which are
more efficient, economical and easier to use. The combination effect of more efficient
metal to sulfur ratio, small molecule size, non-chelating divalent metaliic cations,
higher stabilfity constant, higher phosphate and ammonium compatibility can yield
higher productivity and create greater demand for NPK and high solubility in plants.
More efficiency and higher uptake can translate into lower dosage rates. Having a
significant reduction in dosége rate has obvious additional beneficial effects, inc:iuding
reduction in foliar burning, delayed senescence and lesser discharge of metals into the
environment. In addition, idwer dosage rates may cut the n‘eéd for multiple
applications and lower its application costs. Further, lower recommended dosage

rates results in reduction of other costs, such as packaging and transportation. Itis
highly desirable to have products with greater solubility in water, higher chemically
stable and co.r'npatible with other fertilizers and with other metals, greater shelf life

and photo resistance, faster uptake of non-chelating divalent metals, nitrogen and
sulfur to plants, and for methods of producing such fertilizers with the readily available-
essential matal, sulfur and nitrogen nutrients necessary for plant growth. The present

invention solves those needs.

[0023] 1t is an object of the présent invention to provide chemical compounds which
may be used in mixtures with phosphates and ammanium and which are superior to

the known substances with regard to their compatibifity with water and superior plant
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uptake. Furthermore, divalent metallic salts with or without phosphoric acid contain a
multitude of plant nutrients, which may be applied without the need of organic

chelating agents.

10024] It is alsc an object of the present invention to provide chemical divaient

metallic sulfur compounds which provides higher ratio of suifur to metal.

[0025] It is also an object of the present invention to provide chemical divalent
metaltic sulfur-nitrogen compounds which provides an alternative source of
inorganic nitrogen, other than, for example, nitrate, ammonia and urea. Similar to

urea, sulfamates provide ~NH,, the nitrogen founc in amino acids and proteins.

[0026] The above obijects and others are provided by plant nutrient compositions

containing divalent metallic suifamate saits of the formuia:

M (H,NSOs)2

in which:

M is divalent metal which may be any of calcium, magnesium, iron, manganese,
zinc, copper, cobalt, or nickel or a combination therecf. Specifically, macronutrient
compositions are described below containing sulfamic acid salts of calcium and
magnesium, and ﬁwicronutrient compositions are described below containing other

divalent metallic salts of sulfamic acid.
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SUBSTITUTE SHEET (RULE 26)



WO 2014/007793 PCT/US2012/045216

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the effect of nutrient removal in petunias grown in hydroponic

solution,

Figure 2 illustrates dry weight matter of root and shoot of maize and tomato grown in

rockwool blocks, and collected after four {4) weeks.

Figure 3 illustrates the effect of iron (11) sulfamate with and without calcium and
magnesium sulfamates compared against iron DTPA and equivalent fertilizers on dry

weight matter in maize.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{00277 The divalent metaliic sulfarnate saits of the present invention can be prepared
using well known chemical reactions. For example, suifamic acid readily forms various
metal sulfamates by reaction with a metal or with the respective ;arbonates, oxiges or
hydroxides. See Kirk-Othmer Encyclopedia of Chemical technology, "Sulfamic Acid and
Sulfamates” {John Wiley & Sons). Plant nutrient compositions céntaining these salts
may be prepared, and are advantageously used {0 remedy eithér or both

micronutrient and/or macronutrient soit deficiencies to, thereby, promote plant growth.
In accordance with another aspect of the present invention, the plant nutrient

compasitions also contain phosphoric acid, as it has been discovered that phosphoric
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acid affords a long shelf life with resistance against phosphate and ammonium
precipitation while other acids, such as citric acid, sulfuric acid and nitric acid may
react with suifamic a'c‘td and its divalent rﬁetéllic salts and forming precipitates.
Generally, concentrated phosphoric acid, .., at least 50% by mass, is used. Preferably,
phosphoric acid of about 75% by mass is used. For convenience, technical grade
phosphoric acid of 85% by mass may be used directly or may be diluted with water to
a lesser concentration by mass prior to use. Such compositions may be prepared as

foilows, for example.

[0028] Concentrated phospharic acid, e.g. 75%, is added to one or more divalent
metalic sulfamate salts in water at a temperature of about 0 to 80°C, preferably about

10 to 30°C, to increase chemical compatibility with salts of ammonium and phosphate.

[0029] The preparation may be continuous or batchwise,

[0030] The compounds are highly soluble in water and are therefore suitable as a
source for foliar and fertigation application in plants. What makes these compounds
particularly interesting is their potential use as a combined nutrient source of primary
macro nutrients {N, P, K), secondary macro nutrients {Ca, Mg, 5}, and micronutrients
(Fe, Mn, Zn, Cu,' B, Mo, Ni} in-one tank instead of the customary tanks A and B, where
tank A contains compounds based in calcium salts and tank B contains compounds

that might react with the nutrients in tank A, such as sulfur and phosphate saits.
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[0031] The compounds are highly resistant for a pericd of days to months and vears
to metaiic ammonium phesphate precipitation without the use of an organic chelating
agent. For example, the present inventor has observed that in the absence of
phosphoric acid, divalent metallic sulfamates will precipitate in the presence of
ammornium and phosphates. However, in addition to shelf life, there are other
advantages in using an inorganic divalent metallic sulfamate as in the present

invention,

f0032] The size of the cuticule pores of the leaves is one of the limiting factors for
nutrient uptake; it is known that jonic molecules, having a small molecular size, has
higher permeation than those with organic molecules. See Marschner, Mineral

Nutrition of Higher Piants, pp. 120-121, 2™ adition.

{0033] A divalent metallic sulfamate has roughly half the melecular weight of an
equivalent EDTA metal, Fu.r%ther, as an organic chelating agent may not be absorbed if
its molecular size excesds the plant pore aperture size, metallic nutrients are exposed
to metallic phosphate precipitation within the plant. In tissue analysis of the leaves, it
is often difficult to distinguish and quantify what proportion of metal uptake is useable

and what is precipitated out.

[0034] For instance, metals such as ferrous iron will oxidize in a few hours. As for
ferredoxin type of molecules, there is an improvement in the supply of nutrient, the

molar ratio metal to suifur increases from 2:3 in ferric sulfate to 1:2 in ferrous
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sulfamate and 1.3 in ferric sulfemate. In the present invention, recommended
dosages of metallic sulfamate are lower than those for chelated formulations. Thus, in
accordance with the bresent. invention, a metal:suifur (Me:S) molar ratio of equal or
greater than 1:2 is used. Further, divalent metallic sulfamate salts are used
advantageously as the S source as oﬁposed to other sources of S which might
atherwise be used. For example, thiosulfate is not used in accordance with the
present invention because thiosulfate is only stable in neutral and alkaline solution.
Under acidic conditions, thiosulfate degrades to release suffur dioxide. This can
happen when vacuoles or other parts of plants are acidic, and must be avoided,
However, in the present invention, sulfur sources, such as sulfuric acid or ferrous
sulfate or both, for example, may be added to either macronutrient or micronutrient

solutions to increase the sulfur content of those solutions.

{0035] The compounds of the present invention can be employed élone or as mixtures
or in combination with: other customary fertilizers or additions. For example, they can
be formulated together with customary potash fertilizers (K fertilizers) such as
potassium nitrate, nitrogen fertilizers (N fertilizers} such as ammonium nitrate, urea,

" nitrogen/phosphorus fem_li_zers (NP fertilizers) such as ammonium phosphates,
potassium/phosphorus {PK fertilizers) such as maonopotassium p.hosbhate,
nitrogen/ potassium/phosphorus (NPK fertilizers) such as potassium ammonium
phosphate, ali of which are compatible in a water solution for extended pericds of

weeks and months.
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{0036} For use, they can be brought to a desired particle size in the known manner,

for example by granulation or compacting. They can also be brought to water

sotutions with contents of metal exceeding 10% in weight,

[0037] The present invention will now be further described by certain examples which
are provided solely for purposes of iiustration and are not intended to be limitative.

All reference below to metal/sulfur ratios for molar ratios.

Exampie 1

[0038] Preparation of manganese (1) suifamate solution: 237 g of manganese (I}
oxide is added to 523 g of sulfamic acid in water to make a 1 liter soluticn. Final
formulation has 10% Mn and 11% S in weight and with the molar ratio of Mn {0 S.at
1:2 and pH of solution in water is below 2. Phospharic acid is a_dgfed to increase

compatibility with phosphate, ammonium and other salts.
Example 2

[0039] Preparation of calcium and magnesium sulfamate sclution 222g of dolomite
(calcium and maganesium carbonate) and 530 g of sulfamic acid are stirredl for 6
hours in water to form a 1 liter solution. Formulation provides 3.6% Ca, 2% Mn, 5%
Nand 11% S and pH below 2. Phosphoric acid is added to increase compétibility with

phosphate, ammonium and other salts.
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Example 3

{00407 Preparation of 190 g of zinc oxide and 451 g of sulfamic acid in one liter of
water solution. Final formulation provides 10% Zn and 11% S in weight and a molar
ratio Zn:S at 1:2 and pH below 2. Phosphoric acid is added to increase

with phosphate, ammonium and other salts.
Example 4

[0041] Preparation of mixture with ali the essential micronutrients: 2.8 Ib of ferrous
carbonate, 0.44 ib of manganese carbonate, 8.6 Ib of zinc carbonate, 0.07 ib of
copper. carbonate are added to 6.7 Ib of suifamic acid in water, resulting in 4 liters of
solution with 5% iron, 1.% manganese, 0.5% zinc, 8% sulfur and 0.02% copper. One
can also add 60 g of boric acid and 0.8g of ammoniurm molybdate to make it complete
of boron and molybdenum as micronutrients in this micronutrient solution. It is also
acceptable to add other metals stich as cobalt and nickel to augment the
micronutrients in the mixture. This micronutrient solution is stable for a period of at
least one or more years. The final solution has a pH below 2. Quantities of different
micronutrients can be varied according to plants and growing conditions as needed.
Mixtures can be made with one or more micronutrients without limitation. Phosphoric
acid is added to increase compatibifity with phosphate, ammonium and other salts.
This concentrated micronutrient fertilizer solution must be cfifut_ed b'_efore application to

plants. Recommended foliar or fertigation varies with plants and growing factors, e.g.
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3-6 0z of concentrated micronutrient fertilizer diluted in 10-100 gal of water per acre
for follar, and 1,000 or more gal of water per acre for fertigation. Preferred sources of

metals are hydroxides, oxides or carbonates, but are not restricted thereto.
Exampie 5

[0042] Preparation of complete primary {N-P-K) and secondary (Ca-Mg-S)
macronutrients solution with 80 mi of soiution Ca/Mg sulfamate {from Example 2} and
15 mi phosphoric acid 75% are diluted in water and then 120 g of ammonium nitrate,
- 120 g of calcium nitrate, 80 g of potassium nitrate, 50 g of magnesium nitrate and
110 g of menopotassium phosphate are dilutec into this solution to form 1 fiter
solution. Final concentrated solution is complete with ali macro, primary and
secondary, nutrients and has 6% nitrogen (totat nitrogen includes nitrogen from
sulfamate), 6% phosphate (calculated as .PZOS)‘, 6% K (calculated as K;0), 2%
calcium, 1% suffur (sulfur comes from sulfamate) and 0.5% magnesium {(or
respectively in fertilizer notation 6-6-6-2Ca-15-0.5Mg). This concentrated fertilizer is
compiete with all primary and secondary macro nutrients and is stable for three years
at 20°C. This concentrated fertilizer must be diluted before appiication to plants.
Recommended foliar or fertigation varies with plahts and growing factors, e.g., 1to 3
gt of concentrated fertilizer diluted in 10 to 100 gal of water per acre for foliar and'
1,000 or more gal per acre for fertigation. Mixtures can vary the composition of any
andfor ali macronutrients without limitation. Preferred sources of nitrogen are, but not

restricted to,. saits of nitric acid and urea, Preferred sources of phosphate are, but not
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restricied to, saits of phosphoric acid and phosphoric acid. Preferred sources of

potassium are, but not restricted to, salts of nitric and phosphoric acids.

[0043] Preparation of a complete formulation with all essential macro and micro
nutrients in one tank solution may consist of mixtures of micronutrients described in
example 4 at the preferred dosage rate of 6 oz.facre and example 5 at dosages of 1
gt/acre in diluted in water for foliar feeding. Dosage rates and individual formulations
may vary according to method of feeding, crop, weather conditions, age of crop, soif,
pH of soil, ete. Individual nutrient deficiency can be corrected by adding the nutrient
as a suppf’e.?nent or in complete mixtures, For instance, in crops requiring more zing,
one would add more zinc sulfamate described in example 3 individually or in

combination with example 4 and 5, and so on.

[0044] To demonstrate the eompatibiiity of the compounds and their stability with
fertilizer based salts of phosphates and nitrates, the fdliowing studies were Carried out.
For most applications, except for commercial sheif life and péckaging, a few weeks of
compatibility between common fertifizer based in nitrate and phosphate and metal-

~ sulfur will result in satisfactory growth and blooming of plants, For instance, most
crops, such as corn, wheat, cotton, soybean, etc., have a short growth period of 1-6
months. Multiple applications, _by either foliar o root feeding, during the season is
done to insure metal-sulfur-nitrogen nutrients are sufficlent and to avoid any

deficiency during the growing season.
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Example 6

(00457 Mixing of final product, such as the product in exampie 2, with salts of nitric
and phosphoric acid and other nutrients, through a software and hardware system, on
internet or other devicés, resuiting in a complete mixture with all essential macro and
micronutrients stuch as the example 5. System could also provide information on

density of mixture, percentage of individual nutrient, parts per million, dilution, etc.

[0046) The present invention is practiced so that agronomists and farmers using a
dedicated software program running on a mobile device, such as a telephone or
portable computer, or on the Internet, can rapidly , yet economiéaily, formulate a
multitude of plant nutrient compositions by combining one or more prepared
concentrated plant nutrient solutions of the present invention with a small number of
singie chemical compounds, i.e., mainly saits of nitric and phosphoric acid, such as |
calcium nitrate and monopotassium phosphate and phosphoric acid. A computer
software program is especially useful to agronomists for mixing highly complex plant
nutrient compositions containing up to ail 16 essential nutrients in a solution stable
state, This reduces or eliminates the need for agronomists to stock a larger number of
specialty fertilizer formulas and to évoid having incompatible fertilizers in different
mixing tanks. Instead, any desired formula can be rapidly formulated and mixed from
a small number of raw materials. Typically, an infinite number of macronutrient
formulations can be mixed using no more than seven compounds. Generally, the

- precise final and complete formulation for any particular application wilt depend upon

a prefiminary soil or hydroponic analysis using any conventional testing or assay kits
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or tests to determine soil deficiencies. A suitable computer program for determining
amounts of micronutrients and macronutrients to be added for any particular type of
plant can be prepared by ane of ordinary skill in the art, once input values (baseline
soif concentrations of macronutrients and macronutrients) have been determined, and
the desired final vaiues of micronutrient and macronutrients are ascertained. As |
mentioned above, desired macronutrient and micronutrient levels are known for
different types of plants, and are, thus, well known to those skilled in the art.
Alternatively, the amounts of macronutrients and micronutrients to be added may be

determined by manual calculation without the aid of a computer.

[0047] Standard commercially-available soil tesf kits may be used to determine
whether any soil deficiencies exist, or a commercial firm may be used to conduct the
soil testing. In addition tissue analysis of the plants is also tésted. Many such firms
exist, such as, for example, Logan Labs, LLC of Lakeview, Ohio and Timberfeaf Soil
Testing of Murrieta, California. In either éase, soif and tissue results are obtained and
any deficiencies determined, e.g. Tabie 4.12. Sufficiency levels of plant nutrients for
several crops at recommended stages of growth, e.g., Sol Fertiiity Handbook,
Okiahoma State University. The macronutrient and micronutrient soiutions are then
formulated to rectify the soit deficiencies. Aiternatively, such tests may be by-passed
complete macro- and micronutrient formulations in accordance with the present

invention are used, if deemed suitable,

[0048) Preparation of complete macronutrient formulations is effected with a
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multitude of combinations. of NPK and Ca/Mg/S, e.q., a formulation with SN-7P-5K-
2Ca-15-0.5Mg, and preparation of a complete micronutrient formulation, with a
multitude combinations of Fe-Mn-Zn-Cu-8-Ma-Ni, e.g. SFe-2Mn-12n-0.001Cu-0.28-
0.001Mo, Concentrated solutions of macronutrients and micronutrients are diluted in

water applied in fertigation and follar application and other feeding techniques. -

[0049] Preparation of complete macronutrient formulations with @ commercially
‘available formulation NPK, e.g., 20-20-20, from a third party manufacturer and
CafMg/S from Example 2, e.g., a formutétion with 5N-7P-5K-2Ca-15-0.5Mg, and
preparation of a complete micronutrient formulation, with a multitude of combinations
of Fe-Mn-Zn-Cu-B-Mo-Ni, e.G. 5Fe-2Mn-172n-0.001cu-0.28-0,00 1Mo, Concentrated
solutions of macronutrients and micronutrients -are diluted in water and appiled in

fertigation and foliar application and ather feeding techniques.

100501 Thus, complete (i.e., ~aslrequired from soil or hydroponic anaé'ysis).
macrontrient and complete {i.e., as required from sail or hydroponic analysis)
micronutrient solutions are prepared and maintained in separate (first and second)
containing means. Prior to use, the separate contents of the separate containing

means are mixed, and then applied as needed.

{0051] The compatibility results are shown in Table 1-5. In Tables 3, 4 and 5 below,
low pH vaiues were obtained by addition of phosphaoric acid. For divaient metallic salts
of sulfamic acid to be stable against phosphate- and ammonium-induced precipitation,

phosphoric acid must be added to the mixture. Thus, phesphoric acid functions as a
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solution stabilizer to prevent and avoid precipitation greatly increase storage stability.

Table 1

Solubiiity of 10 gff of metal 9% in 100 g of monopetassium phosphate

pius water is added to make 1 liter solution with pH 3

5 minutes 1 month 12 month/
Calcium suifamate Clear Clear Clear
Magnesium sulfamate Clear Clear - Clear
fron (11} suifamate Clear Clear Precipitate
Manganese {il) suffamate Clear Clear Precipitate
Zin¢ (11} suifamate Clear Clear Precipitate
27
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Table 2

Solubiiity of 1 mi of phosphoric acid in 100 mi of metal 9%

5 minutes 1 month 12 month
Calcum suffamate . Clear Clear Clear
Magnesium sulfamate - Clear Clear Clear
Iron (11) sulfamate Clear Clear Clear
Manganese (1) sulfamate Clear fear Clear
Zinc {1f) sulfamate Clear Clear Clear
Table 3

Sclubliity of 10 i of metal 9% in 100 mi of calcium nitrate (0-0-8-11Ca}

plus water is added to make 1 liter solution with pH 3

5 minutes L month 12 month
Calcium suifamate Clear Clear Clear
Magnesium sulfamate Clear Clear Ciear
jron (I} sulfamate Clear Clear Precipitate
Manganese (11} sulfamate Clear Clear Precipitate
Zinc (11) suifamate Clear Clear Precipitate
28
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Table 4
Solubility of 10 ml of metal 9% in 100 g of ammonium nitrate

pius water is added to make 1 liter solution with pH 3

5 minutes 1 month 12 month
Calcium suifamate Clear Clear Ciear
Magnesium stilfamate Clear Clear Ciear.
Iror (I1) sulfamate Clear Clear Precipitate
Manganese {II} sulfamate } Clear Clear Precipitate
Zinc (1) sulfamate Clear Clear Pracipitate
29
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Table 5
Sotubility of Ca/Mg sulfamate (5-0-0-4Ca-125-2Mg} in nitrate or phosphate to make 1

fiter solution with pH 2.5

5 minutes fmonth 24 montﬁ
100 g Ammonium Nitrate - Clear Clear - (ear
100 mi Calcium nitrate (lear Clear C.ﬁear'
100 g Potassium nitrate Clear Ciear Clear
100 g Magnesium nitrate | Clear Clear Clear
106 g Monopotassium nitrate Ciéar Clear Clear

Complete macro formulation Clear Clear Clear

(6-6-6-2Ca-15-0.5Mg)*

% 120 g of amronium nitrate, 130 mi of calcium nitrate (13-0-0-8Ca), 80 g of potassium nitrate, 4549 .
of magnesium nitrate, 115 g of monopotassium phosphate. Suifamate from calcium/magnestum
sulfamatas aiso contributes 1o total nitrogen and suifur content in & typical NPI-2Ce-15-8.5Mg

formuiation.

[0052] To demonstrate the efficacy of the present compounds against conventional

compounds, the following studies were carried out in Tables gand 7.

Table 6. Faliar application of ferrous suifamate 9% in three sorghum fields in Kansas.
Soil pH is 8. According to the Soil Fertility Handbook, Oklahoma State University, the

sufficiency levels of iron for sorghum varies between 65-100 ppm. At a dosage of &
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ozfacre, tissue analyzes show Fe at a minimum of 154 ppm and a maximum of 1130
ppm, depending on the availability of other macro and micronutrients. Recommended
foliar dosage for ferrous sulfate monohydrate and iron (III) EDTA is respectively 3-6

fbfacre and 1 Ib/acre.

Tissue Anal- : N:S

ysis N B K Ca Mg S Ffe Mn Zn Cu B ratio
NWof 4 418 0.42 278 219 051 028 1130 276 58 18 51 14.9
NW of 4 RE 542 0.31 152 178 035 02% 154 133 46 14 35 1.7
Cemetery 384 039 292 07 029 022 347 112 45 18 18 17.5

Organic

Soii Analysis | Nitrate P K Ca Mg § Fe Mn Zn Cu B Matter

NWof 4 11 26 373 5555 B44 20 4 3 06 Q7 NA 1.1
NW of 4 RE 4 32 227 5540 &BH4 21 4 3 08 07 NA 08
Cemetery ’ 0 44 318 5758 589 Y 3 2 07 08 NA 4.8

Table 7. Effect of Metals on Chlorophyil Content (corn test after 2 applications - meas-
ured by Minolta chiorophyll meter SPAD 502)

Appiication Chiorophvll

percentage change
Ca and Mg sulfamates foliar 8.2
Ca and Mg and Fe sulfamates foliar 43.2
Fe (1I1) EDDHA fertigation 12.0
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[0053] Corn plants without application were used as controls, and chl‘orophylé was
measured one (‘1) week after applications. Percentage change of chiorophyli reported
represents the difference between the two groups (test and control) as 2 function

of composition applied and means of application as shown. Note the significant
improverment caused by application of both macro- and micronutrients, as compared

to application of macronutrients alone, or application of Fe {III) EDDHA alone.

[0054] Thus, aqueous solutions of secondary macronutrients (CMS) in combination
with one or more micronutrients as described herein, may be used advantageously

to increase chiorophyil content of growing plants,

[0055] Additional resuits are shown in Figures 1, 2 and 3, which are described in more

detail below,

{0096] Figure 1 illustrates the effect of nutrient remgoval in petunia grown in
hydroponic solution. Calcium and magnesium sulfamate was formulated into a 5-7-5-
2Ca-15-05Mg formulation and compared with an equivalent formulation based on
ammoenium nitrate, monopotassium phosphate, calcium carbonate, potassium
phosphate énci magnesium sulfate, Triai perfod was 4 weeks, Sulfur content from
sulfamate cannot be directly measured as sulfur is traditionally measured by barium

suifate precipitation.

{0057} Figure 2 iflustrates dry weight matter of root and shoot of maize and tomato

grown in rockwool blocks and was collected after 4 weeks. Weekly foliar application
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of Fe sulfamate (“Fe- Suif") vs, Fe DTPA at the rate of 100 ppm Fe dilution.

[0058) Figﬁre 3 illustrates the effect of iron (11) sulfamate with and without calcium
and magnesium suifamates (CMS) compared against iron DTPA and equivalent

| fertilizers on dry weight matter in maize. Maize was grown in hydroponic soiution.
Calcium and magnesium sulfemate was formulated into a 5-7-5-2Ca-15-05Mg
formutation and compared with an equivalent formulation based on ammonium nitrate
(AN), monopotassium phosphate (MKP), potassium phasphate (KNC3) and

magnesium sulfate (MgS04). Trial period was 4 weeks.

[0059] Generally, the plant nutrient solutions of the present inventién have a pH of
less than 3.0, and preferably 2.5. Further, the use of concentrated phosphoric acid

In the present plant nutrient solutions affords a stabilizing, i.e., precipitation-retarding,
effect beyond simply reducing pH. This may be readily appreciated by the fact that
when other acids, incﬁuding citric acid and nitric acid, are used in place of phosphoric
acid for purposes of comparison, the present inventors observed the formation of ¢

precipitate in as little as 1-Z days.

[0060] Generally, all cultivated plants may be treated in accordance with the present
invention, which includes ornamental, herbs and crop plants. For example,
ornamentals include, for example, roses, geraniums, hibiscus, holiyhocks, and daisies.
Herbs may include, for example, rosemary, thyme, sage or oregano. Crops may

include corn, wheat, rye, tomatoes, lettuce and carrots, for example. Of course, the

33
SUBSTITUTE SHEET (RULE 26)



WO 2014/007793 PCT/US2012/045216

above are only examples are are not intended tc be limitative. Notably, an excess of
macre- or micronutrients may cause phytotoxicity, and a deficiency of either may
cause under development. Thus, a balance must be struck between these two
extremes. However, what constitutes such a balance varies from one type of plant to
another, and dosage recommendations are determined based upon type of crop or
ornamental plant, temperature, soil and humidity, for example, Yet, such balanced
levels of both macro- and micronutrients are known for each type of crop and
ornamental plant, hence, these values may be used in formulating macro- and

micronutrient compositions for use in accordance with the present invention,

[.0061} Additionally, while -ﬁhe present macro- and micronutrient formulations are
stored and used in a form of aqueous solutions, these formulations may also be
stored and used in a dry powder or pellet form, or as a controned'-rgiease solid
form. Controlled-release formulations for fertilizers are described in U.S. 6,540,808

and 7,267,707, both of which are incorporated herein in their entirety.

{0062] The macro- and micronutrient formulations of the present invention may be
applied as aqueous solutions, powders or pellets by ground-based fertilization systems
or by airplane in diluted form.. If a peliet form for the macro- and/or micronutrient
formulation is used, the peliiets may be formed using conventional pelietizing or

prill forming methodologies. These are formed from diiute solutions, and most
commonly composite pellets of both macronutrient and micronﬁtrient compositions
are uséd. For example, see U.S. patents 5,851,261, a;zd 5,030,267 {specifically for

controlled release pellets and prills). Both of these patents are incorporated herein in
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their entirety. Generally, it is advantageous to use both complete macronutrient and
micronutrient compositions, and most commoniy in agueous solution form. As noted
above, macronutrient and micr_onu,trieht compositions are obtained in stock or
concentrated solution, and then diluted as indicated above, or as conditions wartant,
for use in diluted form. The aqueous solutions may be applied to soil separately or in
combination. Furthef, it is generally advantageous to usé macronutrient and
micronutrient soEutiqns as described above when treating hydropenic solutions
containing plants. therein in diiute form. It is preferred, in accordance with the present
invention to use aqueous solutions, but the present invention is not restricted to water

solutions.

[0063] The present invention provides differant compositions which may be used

for different specific purposes. For example, an aqueéus solution of primary and
secondary macronutrients containing calcium sulfamate, magnesium sulfamate

ora rﬁisxture thereof is pr{)vidéd‘ In sucé a solution, the primary macronutrients

may further contain salts of nitric acid or urea or both for nitrogen, salts of
phosphoric acid or phosphoric acid or both for_ phosphorus, and salts of nitric or
phospharic acids or both for potassium. These aqueous solutions generally have a pH
of 2.5 or more. However, to prevent and avoid precipitation and increase storage

stability, the pH may be reduced to 2.5 or less by adc;?étic‘m of phospharic acid.

[0064] The present invention aiso provides an aqueous solution containing zinc

sulfamate, copper suifamate, manganese sulfamate, iron sulfamate, cobalt suifamate
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or nickel sulfamate or a mixture thereof. This aqueous solution may also centain
salts of boric and/or molybdic acids, and generally has a pH or 2 or more. However, to

prevent and avoid precipitation and increase storage stability, a pH of 2 or less may be

effected by addition of phosphoric. acid.

[0065] Advantageously, divalent metallic salts of sulfamic acid compatibility with salts
of ammonium and phosphate shows “storage stability” by the addition of phosphoric
acid and ail of the aqueous solutions of the present invention contain no chelating
compound as none is necessary. Further, all of the aqueous solutions of the present

invention generally have a metal:sulfur molar ratio of equal or greater than 1:2.

[0066] The present invention further provides a plant nutrition system which entails

a first aqueous soiufion, containing primary and secondary macronutrients, wherein
the macronutrients contain calcium sulfamate, magnesium sulfamate or a mixture
thereof, the solution having a pH of 2.0 or less; in a first containing means; and a
second aqueous solution containing micronutrients containing zinc sulfamate, copper
sulfamate, manganese sulfamate, iron sulfamate, cobalt sulfamate or nickel sulfamate,
the aqueous so!utién having a pH of 2.0 or less; in a-second containing means. As
noted above, the first aqueous solution may further contain as primary macronutrients
-salts of nitric acid or urea or both for nitrogen, salts of phosphoric acid or phosphoric
acid or both for phosphorus, and salts of nitric or phosphoric acids or both for
potassium. These aqueous solutions generally have a pH of 2.5 or more, but the pH
may be reduced to 2.5 or less by addition of phosphoric acid. Further, the second

aqueous solution may further contain salts of baric and molybdic acids or a mixture

SUBSTITUTE SHEET (RULE 26)



WO 2014/007793 PCT/US2012/045216

thereof, the second aqueous solution having a pH of 2.0 or more. Generally, addition
of boric or molybdic acids or a mixture thereof causes pH to increase, but the pH may

be reduced to 2.0 or less by addition of phosphoric acid.

[0067] The present invention also provides a method of providing nutrition for plants
which entails difuting the first and second aqueous sofutions, which are stock or
concentrated solutions, then mixing the diluted first and second solutions, and finaily
applying the mixture directly to piants or soil adjacent to the plants. The application

may be foliar or fertigation or other forms of delivery.

{0068] The present invention also provides a method of providing nutrition for
hydroponic piants which entails a step of diluting the first and second aqueous
solutions as described above, mixing the solutions and adding the mixture into a

nydroponic basin containing the plants,

[0069] The present invention also provides a method of increasing chiorophyll
production in plants, which entails a step of applying an aqueous soiution containing
at least secondary calcium suifamate and magnesium sulfamate, and at least one
micronutrient selected from the group consisting of zinc sulfamate, copper sulfamate,
manganese suylfamate, iron sulfamate, cobait sulfamate or nickel sulfamate, to the
plant or soil adjacent to the plant. The appiica'ﬁon may be foliar or fertigation or other

forms of delivery.
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[0070] The present invention also provides a method of incréasing available suifur
and nitrogen content for a growing plant, which entails a step of applying to a plant,
or soil adjacent tb the plant, an amount of a divalent metallic salt of sulfamic acid to
the plant or sail either in 'aqueous solution, in powder or pellet or controliable reiease

form.

{0071] Thus, in accordance with the present invention, sulfamic
acid is not merely & carrier molecule for divalent metallic cations, but also a
scurce of both sulfur and nitrogen, the latter of which are both important, in and,

of themseives for promoting plant growth and health.

[0072] Additionaliy, while it is unnecéssary to use chelates with the disclosed
compositioﬁs and formulations, in another embodiment chelates may be included.
For example, NPK may be formulated with secondary macronutrients based upan
divalent metallic sulfamic acid salts and microgutrients containing metallic che‘fates_,
e.g., macronutrients from example 5 are combined with 0.1% iron EDTA or

DTPA and 0.05% Mn EDTA 0.03%, Zn EDTA and 0.001% Cu EDTA. As another
example, 3 mixture of NPK and chelated secondary macronutrients and divaient

metallic sulfamic acid may also be mentioned.
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{0073] Terms used in this application are defined as follows:

DM = Dﬁr weight matter

Fe - DTPA = Fe (111) diethylenetriaminepentaacetic acid

Fe EDDHA = Fe (11I) ethyienediamine-N,N"bis (2-hydroxyphenylacetic acid)
AN = Ammonium nitrate

KN = Pota.ssium nitrate

MKP = monopotassium phosphate

CMS-NPK = calcium - magnesium sulfamate/nitrogen/phosphorus/potassium
NPK = nitregen, phosphorus, petas:';&.um sources in.a mixture

EDTA =ethylenediaminetetraacetate

Storage-stable = means an agueous solution that can be stored without visible
precipitation occuring thereffom. Generally, the duration of storage-stability is at least

90 days, and more preferably at ieast 12 months.

Primary macronutrients = N-P-K (nitrogen/phosphorus/potassium)

Secondary macrenutrients = Ca-Mg-S (calcium/magnesiumy/sulfur)
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- Concentrated = means an as-prepared macronutrient and/or micronutrient solution
that must be diluted prior to use in fertilizing plants. It also means solutions that
contain macro and micro nutrients that may approach saturation point while
maintaming a shelf 'Iife of a commercial product and/or may satisfy government
labeling reguiations and/or have amounts considered unsafe to apply directly through

foliar or fertigation into plants without phytotoxicity.

Diluted = means a macronutrient and/or micronutrient solution that has been diluted
with water and the sclution may be applied directly to plants or soil or hydroponic
basir in which they grow. ft also means an amount of applied macro andfor micro
nutrients th‘ét may be appiied to plants that may be safely and properly ébsorbed

through foliar or fertigation into plants without phototoxicity.

Containing means = means any container, vessel, boﬁ!e,' tank or even paper or
plastic/aluminum foil bag or cardboard box, for example, that is used to hold, contain
or enveiope the first and second agueous solutions, which are macronutrient and

micronutrient solutions, respectively.

Fertigation = means the appiication of fertilizer, soil amendment or other water-

soluble products through an irrigation system.
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Available = means a plant nutrient, either macro- or micro-, that may be taken up by
plant roots, and not precluded from such availability by being binded or compounded

with other elements or substances in soil.

{00731 Generally, agueous soiutions of calcium- and/or magnesium sulfamate (CMS)
have a pH of 2.0 or less, usually less than 2.0; and aqueous solutions of micronutrient,

based upon salts of sulfamic acid, as described above have a pH of 2.0 or less, usually

fess than 2.0.

[0074] Generally, aqueous solutions of NPK have a pH greater than 6. A mixture of
NPK and CMS may resuilt in a solution with pH greater than 2. Aqueous solutions of
boron and molybdenum have pH éreater than 4. A mixture of metallic micronutrient
salts of sulfamic acid and boron and molybdenum may result in a solution with pH
greéter than 2. The boron and molybdenum are added, for example, as boric acid and
ammonium molybdate. The particular pH value of the latter depends upeon the amount
of boron and molybedenum added, since the pH of the added boric acid, for exampie,

in agueous solution is from 4 0 7.

[0075] As used herein, the term “system” means a combination of both primary and
secondary macronutrients, and micronutrients, with the former (primary and

secondary macronutrients) and the latter (micronutrients) in separate (first and
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second) aqueous solutions in a kit or package. However, the combination of these first
and second solutions in a single, mixed sclution may alsc be described as a system

beth in concentrated form and in diluted form for use,

[0076] Having described the present invention, it will be clear to one skifed in the art
that many changes and moedifications may be made to the above-described
embodirments, without departing from either the spirit or the scope of the claimed

invention.
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WHAT IS CLAIMED IS:

1. An aqueous solution of primary and secondary macronutrients for plant
nutrition, which comprise calcium sulfamate, magnesium sulfamate or a mixture

thereof.

2. The aqueous solution of claim 1, wherein the primary macronutrients further
comprise salts of nitric acid or urea or both for nitrogen, salts of phosphoric acid for
phosphorus, and salts of nitric or phosphoric acids or both for potassium, said

aqueous solution having a pH of 2.5 or more.

3. The aqueous solution of claim 1, wherein the primary macronutrients further
comprise salts of nitric acid or urea for nitrogen, salts of phosphoric acid or
phosphoric acid or both for phosphorus, and salts of nitric acid or phosphoric acid or
both for potassium, said aqueous solution having a pH of 2.5 or less effected by
addition of an amount of phosphoric acid sufficient to attain said pH; said phosphoric
acid being added to the aqueous solution prior to addition of the salts of nitric acid or
urea for nitrogen, the salts of phosphoric acid for phosphorus, and the salts of nitric

acid or phosphoric acid or both for potassium thereto.
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4. The aqueous solution of claim 1, having a metal/sulfur molar ratio by weight of

equal or greater than 1:2.

5. The aqueous solution of claim 1, containing no chelating compound.

6. An aqueous solution of micronutrients for plant nutrition, which comprises
sulfamic acid salts of divalent metals comprising zinc, copper, manganese, iron, cobalt

or nickel or a mixture thereof.

7. The aqueous solution of claim 6, which further comprises salts of boric and
molybdic acids and its acids or a combination thereof, said aqueous solution having a

pH of 2.0 or more.

8. The aqueous solution of claim 7, which further comprises phosphoric acid,
which is added to the aqueous solution prior to addition of the salts of boric acid and
molybdic acid or a combination thereof, whereby after adding said phosphoric acid

said aqueous solution has a pH or 2.0 or less.

44



WO 2014/007793 PCT/US2012/045216

9. The agueous solution of claim 6, having a metal/sulfur molar ratio by weight of

equal or greater than 1:2.

10. The aqueous solution of claim 6, containing no chelating compound.

11. A plant nutrition system, comprising:

a) a first aqueous solution comprising primary and secondary macronutrients for
plants, wherein the macronutrients comprises calcium sulfamate, magnesium
sulfamate or a mixture thereof ,the solution having a pH of 2.0 or less; in a first

containing means; and

b) a second aqueous solution comprising micronutrients for plants comprising
sulfamic acid salts of divalent metals comprising zinc, copper, manganese, iron,
cobalt or nickel, the aqueous solution having a pH of 2.0 or less; in a second

containing means.

12.The plant nutrition system of claim 11, wherein the macronutrients of the first
aqueous solution further comprises primary macronutrients in the form of salts of

nitric acid or urea or both for nitrogen, salts of phosphoric acid for phosphorus, and
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salts of nitric acid or phosphoric acid or both for potassium, said first aqueous solution

having a pH of 2.5 or more.

13.The plant nutrition system of claim 11, wherein the micronutrients of the
second aqueous solution further comprises of salts of boric and molybdic acids and its
acids or a combination thereof, said second aqueous solution having a pH of 2.5 or

more.

14. The plant nutrition system of claim 11, said first aqueous solution having a pH

of 2.5 or less by addition of phosphoric acid.

15. The plant nutrition system of claim 11, said second aqueous solution having a

pH of 2.0 or less by addition of phosphoric acid.

16.The plant nutrition system of claim 11, wherein both the first and second

solutions have a metal/sulfur molar ratio by weight of equal or greater than 1:2.

17. The plant nutrition system of claim 11, wherein neither the first nor second

aqueous solutions contain a chelating compound.
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18. A method of providing nutrition for plants, comprising diluting the first and
second aqueous solutions of the plant nutrition system of claim 11, mixing the
solutions, and applying the mixture directly to plants or soil adjacent to the plants by

foliar application or fertigation, or by adding the mixture to hydroponic media.

19. A method of increasing chlorophyll production in a growing plant, which
comprises the step of applying an aqueous solution comprising at least secondary
macronutrients comprising calcium sulfamate and magnesium sulfamate, and at least
one micronutrient comprising at least one divalent metallic salt of sulfamic acid
selected from the group consisting of zinc, copper, manganese, iron, cobalt or nickel,

to the plant, said applying being by either foliar application or fertigation.

20. The method of claim 19, whereby available sulfur and nitrogen content is

increased for the plants.
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