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Abstract
High analysis fertilizer formulations of a low bulk density powdered ureaformaldehyde, having
soluble and insoluble components combined with soluble monopotassium phosphate and
polyamino acid salt in which the resulting mixtures are dry homogeneous blends and may be
carried in liquid for application to surface or subsurface areas by conventional liquid fertilizer

applying equipment.
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FERTILIZERS CONTAINING SALTS OF POLYAMINO ACID

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to fertilizer mixtures of synthetic organic and inorganic
materials and particularly to formulations containing monopotassium phosphate,
ureaformaldehyde and a polyamino acid salt to form dry homogeneous, low burn, high analysis
fertilizers which may be carried in liquid for application in surface and subsurface spraying and

injection fertilization.

[0002] The use of fertilizer blends of both organic and inorganic material has become
recognized as being advantageous in many fertilizer applications. Such blends not only supply
nutrients which may be immediately absorbed into the plant root system, but also provide a

source of long-term nutrient supply.

[0003] In order for any nutrient material to be absorbed by a plant root system, it must be
dissolved to create various ion structures or salts which are readily attracted and absorbed into
the root tissue by an ion exchange process. The conventional inorganic fertilizer material which
may include phosphates and potassium is soluble in water and forms ions readily when
dissolved. Therefore when such fertilizers are supplied to the soil in liquid form, the nutrient 1ons
or salts are immediately available for absorption, or, if dry inorganic fertilizers are used, the

nutrient ions or salts become available as water is percolated through the soil.

[0004] Various organic fertilizers, those structures which include animal, vegetable and
synthetic carbon structures, on the other hand, are advantageous in that they exhibit slower rates
of decomposition. That is, organic fertilizer material ordinarily is not readily soluble in water,
but only breaks down by microorganism action in the soil to release nutrient ions over a period
of time and thus a single fertilizer application may supply nutrients for an extended period. Such

organic materials are often referred to as slow release fertilizers.

[0005] As mentioned above, organic and inorganic fertilizers may be supplied in either soluble
or insoluble form and may either be spread or sprayed onto surface areas or injected or otherwise

supplied to subsurface areas. However, when using readily soluble fertilizers, one is limited to
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the amount of nutrients which may be etfectively supplied to the soil without causing damage to
plant tissues, a problem commonly referred to as plant or root burn. As the nutrients of the
soluble fertilizer are readily dissolved for plant absorption, an excessive amount of salt
concentration due to the number of ions released adjacent the root system, may suppress the
water absorption by the roots and in some cases may extract moisture from the plant causing the
plant to be subjected to a moisture deficiency. However, various fertilizer nutrients are less likely
to cause root burn even when in a soluble state. Generally, the potential for causing root burn 1s
determined by the salt index of the particular nutrient, as the greater the salt index, the greater the
ion concentration in the soil. Often fertilizers contain significant quantities of high salt index
ingredients which, although containing necessary nutrients, may be harmful if supplied in

excessive quantities.

[0006] Insoluble fertilizers, on the other hand, must be broken down by either chemical or
biodegradable action and thus the rate of salt supply may be reduced somewhat depending upon
climatic and soil conditions. Also, many insoluble fertilizers having particulate material of a size
to be readily blended with soluble material are generally not readily adaptable to the presently
increasing use of pressure or hydraulic fertilizer injection techniques since the particle sizes of
the insoluble material are not small enough to allow the fertilizer material to be injected through
small-bore nozzles. In addition, soluble fertilizers readily disperse throughout the root zone with
hydraulic soil injection. However, insoluble fertilizer must be ground to a particulate size small
enough that it is not filtered out by the soil particles, much like sand filters out insoluble particles

in a swimming pool. Otherwise, the fertilizer remains at the injection site, limiting root contact.

[0007] The possibility of root burn is further increased if high analysis fertilizers are used since
a greater concentration of available nutrient 1ons are present. High analysis fertilizer
compositions are generally viewed as those in which the total percent of the nitrogen is equal to
or exceeds 20% of the overall fertilizer weight and the total percent of the nitrogen, potassium

and phosphate nutrients is at least 40% of the fertilizer weight.

[0008] The use of high analysis fertilizers is often desirable for several reasons. Not only will

the nutrients be supplied to the consumer in less bulk, but the amount of nutrients applied per
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surface or subsurface applications may be significantly increased. Again, however, as the

concentration of nutrient ions is increased, the danger of root burn also increases.

[0009] In addition to their burn potential, all nutrient salts or ions are subject to leaching as
water dissolves minute quantities of the fertilizer material. Such dissolved material usually
moves with the water and leaches away from the area of the roots. However, all nutrients do not
leach to the same degree. As an example, nitrate salts (the form of nitrogen primarily absorbed
by plant roots) move with ground water and rapidly leach from the root zone while potassium is
moderately leached and only a trace of phosphorus is lost. Therefore, in order to insure that a
source of nitrogen is maintained in the soil, an insoluble nitrogen could be used to reduce ion

loss due to leaching.

[0010] Subsurface application of fertilizers is recognized as being a highly desirable method by
which to provide for the efficient and effective feeding and caring of trees, shrubs and lawns by
supplying nutrients directly to the area of the plant roots. Such application has the added
advantage, over surface fertilizing, of decreasing the amount of fertilizer runoff or leaching

caused by the action of surface waters.

[0011] In this regard, there are generally two widely accepted methods by which fertilizers
may be supplied to subsurface areas. These methods include subsurface treatment with a dry
fertilizer using drill or bore hole application techniques, and the subsurface injection of a liquid

type fertilizer using injection apparatus.

[0012]  There are, however, particular problems associated with the subsurface application of
fertilizers in either dry or liquid form, especially when considering possible plant damage,
economics and labor requirements. Thus, the objective of any fertilization process is the
application to the soil of an optimum quantity of various macro and/or micro nutrients to insure
the proper ratio and amounts of nutrient ions necessary for plant growth and nourishment in such

a manner that expenses and application time are maintained at a minimum.

[0013] Liquid injection usually is desirable over dry bore hole methods because a subsurface
application of fertilizer may be made in less time and therefore at a significant reduction in total

man hours. Also, the liquid injection technique disperses nutrients throughout the root area
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increasing root contact and, thus, absorption by the plant. Dry fertilizer in vertical holes does not
disperse laterally, providing only “spot” treatments of supplemental nutrients. However, most
liquid fertilizers utilize soluble nutrients which if applied at the recommended nutrient level
would cause root burn as an excessive amount of 1ons would be present in the soil immediately
after the application, thereby leading to the depletion of the root water supply, as previously
discussed. In practice, therefore, liquid injection techniques have necessitated a reduction in the
amount of available nutrients supplied per application. For example, if the optimum quantity of a
fertilizer nutrient supply 1s 6 1bs. of nitrogen per 1,000 square feet of root area per year, in
practice approximately 1/2 to 2 Ibs. per 1,000 square feet could be applied without fear of
damage due to the possible plant or root burn which would be caused if all the nutrients were

available in a soluble form.

[0014] Bore hole applications of dry fertilizers, on the other hand, permit the use of the
generally insoluble or less soluble particulate material. Currently, many dry type fertilizers
contain a combination of readily available inorganic and organic nutrients and slow release long
chain organic nutrients. If a fertilizer includes a long chain synthetic organic nitrogen supply, the
nitrogen 1s released only after the carbon chain is slowly broken down by chemical and
biological reaction as water seeps through the soil. Thus, with a dry fertilizer, the total nutrient
supply may be applied in a single application with a significant reduction in the immediately
available nutrient 1ons thereby reducing the possibility of plant or root burn. However, the time
and cost of labor to apply dry fertilizer is greater than that of using liquid injection techniques.

This 1s because holes must be bored or drilled around each plant to be fertilized.

[0015] Therefore, although subsurface applications of dry fertilizers are advantageous in
permitting an increased nutrient supply by way of slow release nitrogen components to reduce
burn potential, pressure or hydraulic injection of fertilizers is often preferred as it is a quicker
and easier method by which fertilizer may be applied to subsurface areas without the extra work
necessitated by more traditional drill or bore hole techniques. Hydraulic injection is also the best

method for nutrient dispersal throughout the root zone.

[0016] To obtain the joint benefit of liquid injection together with short and long term nutrient

release of some dry fertilizers, it is important to provide a mixture of organic and inorganic
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fertilizer material which, when mixed with water, forms a solution of the inorganic material and
a portion of the organic material and forms a suspension of the remainder of the organic matenal.
Normally a dry inorganic material is supplied in granular or pellet form. However, since such
material dissolves readily in water, it does not clog hydraulic equipment. On the other hand,
granular or pellet sized particles of some insoluble organic material are not suitable for use with
hydraulic injection equipment, as the particles do not pass through the openings in conventional
subsurface injection equipment. The problem is in providing a uniform blend of dry soluble and
insoluble organic and soluble inorganic fertilizer components which can be 1njected to

subsurface areas when in the presence of a liquid carrier.

[0017] Further, in mixing dry synthetic organic material such as ureaformaldehyde, or
ureaform, as the requisite particle size is decreased, the more the material exhibits an ability to
"flow" because of its low bulk density. That is, as the powdery organic particles are mixed with
various inorganic materials in granular or pellet form, they tend to readily separate or settle
through the mixture and thus the overall blend is not homogeneous or uniformly mixed. Various
prior art methods for effectively dry blending insoluble organic material such as ureaform with
soluble inorganic materials have necessitated that the insoluble particle size be approximately the
same size as the soluble particles and therefore the insoluble material is not suitable for

subsurface injection.

[0018] Therefore, to provide the market or consumer with a fertilizer having water soluble
inorganic material with very fine particulate water insoluble organic material uniformly
suspended therein which could be used for subsurface applications, it typically has been
necessary to blend the organic and inorganic material in a solution. By wet mixing, the problem
associated with dry blending may be avoided, however, shipping, packaging, consumer handling
and other such problems are increased due to the necessity that the fertilizer could only be
available as a liquid or slurry. Therefore, it would be desirable to dry blend the materials to

reduce shipping, packaging and other such costs.

SUMMARY OF THE INVENTION

[0019] The present invention relates to fertilizer blends containing one or more salts of

polyamino acids. The inclusion of an amino acid salt enhances the effect of nutrients both in
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fertilizers and in the soil. Affected nutrients include the macronutrients nitrogen, phosphorus,
potassium, calcium and magnesium. Furthermore, salts of polyamino acids have a chelating
effect on micronutrients such as zinc, improving the absorption and transportation inside the
plant. Amino acid salts are fundamental ingredients in the process of protein synthesis and are
precursors or activators of phytohormones or growth substances. Amino acid salts also improve
microflora in the soil thereby facilitating the assimilation of nutrients and improving soil
structure. The inclusion of amino acid salts can also increase root branching and root hair
development. Moreover, amino acid salts can directly or indirectly influence the physiological
activities of the plant. For example, the application of amino acid salts before, during and after
stress conditions such as high temperatures, drought and pest attack, can help ameliorate stress

physiology, thus having a preventing and recovering affect.

[0020] The present invention is embodied in dry homogeneous high analysis fertilizer blends
containing a salt of a polyamino acid. The blends typically contain a powdered synthetic organic
fertilizer material which is of a size to pass at least an 40-mesh sieve and which has an
approximate ratio in the range of 3:1 to 1:1 of water insoluble to water soluble nitrogen releasing
nutrients and combined with a water soluble inorganic monopotassium phosphate in mixtures to
form fertilizers having ratios of nitrogen, phosphorus and potassium of approximately 2 to 5
parts nitrogen to 1 part each of phosphorus and potassium, individually. The amounts of

phosphorus and potassium may be about the same but do not need to be.

[0021] In accordance with one aspect of the invention, dry homogeneous high analysis
fertilizer blends are provided which contain the nutrients N, P and K as supplied by the
combination of an organic fertilizer such as ureaformaldehyde which has a large percentage of its
available nitrogen in a slow release form, an inorganic, water soluble, low salt index fertilizer
such as monopotassium phosphate and a salt of a polyamino acid which may be handled and
shipped as dry materials but which may be mixed with water for use with conventional fertilizer

injection and spraying equipment.

[0022] In accordance with certain aspects of the invention, high analysis fertilizers are

described having both slow release, generally insoluble, and fast release, generally soluble,
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nitrogen supply in an optimum ratio of about 2:1 respectively which may be applied to

subsurface areas.

[0023] High analysis fertilizers in accordance with another aspect of the invention contain both
organic materials having a substantial amount of nitrogen available in a slow release or generally
water insoluble form, inorganic materials having a low fertilizer salt index factor and a salt of a
polyamino acid so that an increased amount of nutrients may be supplied per application while

avoiding the possibility of "burn" damage to plant life.

[0024] High analysis fertilizers containing a salt of a polyamino acid and having an
approximate ideal ratio of about 3:1:1 of nitrogen, phosphate, and potassium, respectively, which
can be applied by liquid injection techniques without causing root or plant burn are also

described.

[0025] Dry fertilizers in accordance with particular aspects of the invention are capable of
being mixed with water for use 1in subsurface injection to provide localized short and long term

nutrients to plant root areas.

[0026] The present invention also provides long term fertilizers in which the total nutrients
available in a single fertilizing application are available over an extended period of time. The
tertilizers described herein are particularly useful for promoting health and vigor of woody

perennials.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0027] In accordance with the present invention, a fertilizer composition is provided containing
synthetic, organic and inorganic materials and, in particular, fertilizer formulations comprising
monopotassium phosphate, ureaformaldehyde and a salt of a polyamino acid. The inclusion of a
polyamino acid salt in the fertilizer composition has been found to significantly improve plant
performance. Fertilizer compositions in accordance with the present invention typically include
between about .25% and 2.5% by weight of the polyamino acid salt and, in accordance with
particular embodiments of the invention, the fertilizer composition would contain between about

0.3% to 1.0% polyamino acid salt. Examples of polyamino acid salts, useful in the present
invention, are described in U.S. Patent Nos. 5,814,582; 5,861,356; 5,593,947 and 5,935,909, the
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disclosures of which are hereby incorporated by reference. A particularly useful polyamino acid
salt 1s the salt of polyaspartic acid. A specific example of a salt of polyaspartic acid usetul

herein is the commercially available product Amisorb® (Donlar Corp.), which is the sodium salt
of polyaspartic acid. Other polyamino acids such as polyglutamic acid, polyglycine acid as well

as co-polymers and mixtures thereof may also be used in accordance with the present invention.

[0028] As previously discussed, high analysis fertilizers are desirable to minimize handling and
storage problems by reducing the bulk weight of a fertilizer in that a more concentrated source of
nutrients may be supplied per unit weight of material. The problem, however, is that the
concentrated nutrient sources increase the possibility of root burn. Therefore, in order to develop
an acceptable high analysis fertilizer in which the necessary amounts of nutrients may be
supplied for a particular application, the final fertilizer composition should be free of high salt
index nutrient sources, or if such sources are present, they should be generally insoluble so as to

be slowly released over a period of time.

[0029] One of the more widely used or common sources of organic fertilizer material has been
the synthetically manufactured product which contains amounts of nitrogen in both water soluble
and water insoluble form. Ureaformaldehyde or ureaform is one such fertilizer. This water
insoluble nitrogen source 1s advantageous for use in what may be considered slow release or long
term fertilizing. That is, the insoluble nitrogen or components of the ureaformaldehyde form a
suspension and not a solution when mixed with water and the nutrient value is therefore not
immediately released or made available to plant life upon the application of the fertilizer to soil

surfaces or subsurfaces.

[0030] The ureatormaldehyde is a mixture of unreacted and methylene ureas. The unreacted
ureas are soluble in water and provide a relatively quick release source of nitrogen as compared
to the slower release nitrogen of methylene ureas. The difference in the rate of nitrogen release is
due to the fact that the methylene ureas are relatively long chain polymers which require
bacterial decomposition to break down their structure and release the nitrogen while the short

chain unreacted urea is immediately available. The nitrogen salts available from urea, however,
have generally high salt indexes and if present in too great a concentration will tend to cause root

burn. Furthermore, ureaformaldehyde is believed to be the only slow release nitrogen fertilizer
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that can be pulverized to a 40 mesh particulate size and retain its slow release qualities.
[sobutylidene diurea (IBDU) is a similar synthetic organic, but it releases via the action of water

and, thus, its release 1s affected by the surface to volume ratio.

[0031] The counterions of the polyamino acid salts include, but are not limited to, alkali metals
and alkaline earth metals, specifically sodium, potassium, magnesium, calcium, strontium and
ammonium cations. Although sodium salts can be used, sodium is not a plant nutrient and 1s
toxic to plants in relatively low concentrations. Sodium also competes in plant roots for the
same absorptive sites as calcium, which is an essential nutrient for plants, and can result in
calcium deficiency. In addition, sodium can replace calcium on clay micelles, causing soil to lose
its structure and compact. Potassium, on the other hand, is an essential plant nutrient and does
not have the negative effects of sodium. Accordingly, the potassium salts of polyamino acids
have been found to be effective as nutrient enhancers. In particular, the potassium polyaspartate
is particularly useful in accordance with certain aspects of the present invention. One benetit
associated with the use of the potassium salt is that it provides a lower salt index than sodium.
Fertilizer compositions in accordance with certain aspects of the present invention have a salt

index of less than 10.

[0032] In order to develop a high analysis, low burn fertilizer which provides an initial
nitrogen release, as well as one which provides for extended nitrogen supply, a
ureaformaldehyde is selected which supplies between one-half to three-quarters of its available
nitrogen in a slow release form and from between one-quarter to one-half as unreacted urea for
immediate absorption. Therefore, the slow to fast release nitrogen ratio which is determined by
the ratio of methylene ureas to unreacted ureas, should range between 1:1 to 3:1, respectively.
The presence of a large percentage of slow release nitrogen insures that the nitrogen salts will not
be overly concentrated in the soil at the time of application but will be made available for plant
absorption over a period of time. Additionally, the large percentage of slow release nitrogen

insures that the nitrogen source does not leach away from the plant roots in a short time.

[0033] Although the ratio of slow to fast release nitrogen may vary somewhat, a preterred
ureaformaldehyde is selected which supplies approximately two-thirds of its available nitrogen

in a slow release form and one-third as unreacted urea which is soluble and therefore available



CA 02600239 2007-09-05

Docket No. 005882-01235

tor immediate absorption. By utilizing this 2:1 nitrogen releasing ratio, tests indicate that the
breakdown or decomposition of ureaformaldehyde to form soluble nitrogen salts occurs over a
period of several years under average soil and moisture conditions. In fact, over a period of the
first year, approximately 60% of the insoluble ureaformaldehyde may be decomposed and after
several years, amounts of up to 10% of the original nitrogen may still be available for ion release
for plant absorption. Therefore, this use of ureaformaldehyde enables the long-term availability
of nitrogen by a one-time fertilization process while simultaneously reducing plant burn due to

an overly concentrated source of nitrogen salts.

[0034] It should be noted that if the ratio of slow to fast release nitrogen is increased to 3:1, the
amount of nitrogen immediately available for plant absorption is decreased and the percentage of
residual nitrogen release over a 2 year period, as indicated above, is increased and the burn

potential further decreased.

[0035] Likewise, a slow to fast release nitrogen ratio of 1:1 decreases the effective residual
organic material available to provide for long-term nitrogen supplies but makes an increased
amount of nitrogen available for immediate plant absorption. However, the concentration of
avallable nitrogen salts is significantly increased and thus the possibility of plant or root burn is
more likely. This, again, is particularly true in high analysis fertilizers wherein a substantial

amount of nitrogen nutrient sources are available.

[0036] To etftectively utilize ureaformaldehyde in conventional fertilizer spraying and
subsurface injection apparatus, it is also preferable that it be used as a fine powder. The
ureatormaldehyde particles should be small enough to pass a standard 40-mesh sieve; however,
in accordance with certain embodiments, it is preferred that the major portion of such particles
pass a 150-mesh sieve with many passing a 200-mesh sieve, and thus be of a consistency of a
fine talc or hydrated lime. The particle size is desirable to permit the insoluble nitrogen sources
to pass freely through conventional spray and injection apparatus when suspended in water.

Moreover, this particle size is desirable to disperse readily in soil via hydraulic injection.

[0037] As previously discussed, to provide a high analysis fertilizer formulation having
immediately available inorganic nutrients, the synthetic organic nitrogen releasing material or

compound is blended with various inorganic compounds to form fertilizer compositions in which

10
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the total percent of the nitrogen is equal to or exceeds 20% and the total percent of the nitrogen,

potassium and phosphate nutrients is at least 40% of the overall fertilizer weight.

[0038] Ideally, the amounts, ratio, and types of nutrient ions to be applied should be based not
only on an individual or species of plant requirements, but also on the presence of nutrients
already in the soil. The nutrient compositions of a soil may be determined by various tests,
however, it is not always economically feasible to have such tests made for every fertilizer
application nor are such testing methods readily available to all consumers. Therefore, it 1s
preferable to supply a fertilizer composition which is formulated to supply nutrients in the proper
amounts and in the proper ratios for the plant itself. Further, if the fertilizer is made to contain
low salt index salts or ions and/or slow release nutrients such as long chain ureaformaldehyde,
the possibility of root or plant burn by an overfeeding is greatly reduced. That 1s, if various ions
are already available in the soil, the addition of a fertilizer having a low salt index inorganic
source of phosphorus and potassium, as well as a slow release nitrogen, will be less likely to

cause plant damage than other formulations.

[0039] In this regard, it has long been known that a preferred ratio of the macro-nutrients,
nitrogen, phosphorus and potassium for tree fertilization is in the range of 3:1:1, respectively,
based on nutrient uptake and utilization. The amount of fertilizer applied, however, may vary
dependent upon the size and type of tree or upon the square foot area defined by the drip line of a
particular tree as well as upon the composition of the fertilizer itself. Fertilizers having both the
necessary amount of nutrients and an approximate 3:1:1 ratio, allow for the desired promotion of
growth 1n spring and summer by providing readily available nitrogen and also make available an

annual supply of the macro-nutrients phosphorus and potassium.

[0040] In accordance with certain embodiments of the invention, the desired fertilizer
formulation meets the following criteria: First, the fertilizer should provide nutrients in the most
advantageous or beneficial preparations to support plant growth and nourishment which for trees
1S a rat10 of nitrogen to phosphorus to potassium of approximately 3:1:1, respectively; second,
the fertilizer should be blended using components or nutrient supplies of low burn
characteristics; third, the particle size should permit both surface applications and subsurface

injection; and fourth, the nitrogen nutrient source should include a significant percentage of slow

11
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release nitrogen which reduces burn potential, retards leaching, and provides for extended tree

growth.

[0041] In order to achieve the desired characteristics, a urea-formaldehyde nitrogen source was
selected having both slow and fast release nitrogen components in which the fast release nitrogen
was available as a generally soluble unreacted or excess of urea and the slow release nitrogen
was available as a generally insoluble long chain methylene urea. In accordance with one aspect
of the invention, ureaformaldehyde granules are pulverized to at least 40 mesh. One method for

pulverizing the granules to the desired size involves the use of an air hammer (hammer mill).

[0042] The advantage of a product produced in this manner is that the size of the insoluble
nitrogen releasing components 1s such that they may pass through conventional sprayer or
injection equipment as long as they are maintained in a liquid suspension and not allowed to

settle after having been placed in suspension.

[0043] In order to complete the fertilizer blend, it was necessary to select a source of
phosphorus and potassium which would not be injurious to plants and one which could be dry
mixed with the fine particulate nitrogen source. In order to minimize the possibility of "root
burn" monopotassium phosphate or monobasic phosphate, KH; PO4 which has an extremely low

salt index, was chosen as the preferred inorganic nutrient source.

[0044] In this regard, other potassium phosphates have been considered; however, the
monopotassium phosphate is the most desirable potassium phosphate compound for several
reasons. First, the monopotassium phosphate has a salt index of 8.4 which is the lowest index of
any conventional fertilizer material and thus the lowest burn potential. Second, the
monopotassium phosphate is not hygroscopic and does not absorb moisture from the atmosphere,
while other sources of potassium phosphate are hygroscopic and therefore are not as acceptable
for dry blending. Third, the monopotassium phosphate has the additional advantage of having
less effect on soil acidity than other potassium phosphates. Many of the available potassium
phosphates are alkaline, having pH's of 9 to 10 or more. Such alkalinity may be undesirable for
general tree fertilization. Monopotassium phosphate, however, is acidic (pH of 1% solution 1s

4.6), and therefore is less likely to adversely affect the soil acidity.

12
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[0045] In order to provide sufficient nutrients in one application, the fertilizer should have a
high analysis formulation with a low "burn" potential. Further, to decrease bulk weight and
increase fluid applications, the fertilizer, in accordance with certain aspects ot the invention, may
be substantially free of fillers and binding agents. Therefore, one part of the monopotassium
phosphate in granular or other form may be combined with four parts of a 2:1 slow to fast release
ureaformaldehyde in powder form and blended together with from about 0.25 to 2.5% of a
polyamino acid salt to form a homogeneous mixture. A resultant fertilizer analysis of about (30-
10-7) is achieved using four parts of a ureaformaldehyde (38-0-0), blended with one part of
monopotassium phosphate (0-52-35) and a beneficial amount of a polyamino acid salt. The
actual nutrient percentage of the final (30-10-7) composition is generally 47% (30+10+7) of the
total weight. Deviations or limitations on this percentage are regulated by the agriculture laws of
various political jurisdictions. In Ohio, the Ohio Fertilizer Law, Regulation AG-61-01.06 allows
an analytical tolerance of 97%. Thus, the total nutrient value cannot be less than 97% of the 47%
fertilizer formulation, or 45.59% nutrients. On an individual basis, the percentage of the total
nitrogen, phosphorus or potassium may not vary more than 10% or below 2 percentage points
below the guaranteed analysis, whichever 1s smaller. For instance, for the (30-10-7), the nitrogen
may vary to 28%, as the 2 percentage points is less than 10% of 30 or 3%. However, a deviation
of 2% would alter the total nutrients to a value less than the allowed 97% of total nutrients. For
phosphorus and potassium, the percentage would be governed by the 10% deviation in the actual
analysis which would be less than a 2% percentage point deviation in the analysis and therefore

could be as low as 9.0 for phosphorus expressed as P, Os and 6.3% for potash expressed as K,O.

[0046] Again, the ratio of slow to fast release nitrogen may be effectively varied in the final
composition by selecting a formulation of ureaformaldehyde having varied ratios of methylene

ureas to unreacted ureas.

[0047] The previous example reflects approximately the 3:1:1 1deal fertilization ratio ot
nutrients desired for tree growth and nourishment using a (0-52-35) monopotassium phosphate.
In order to further adjust the weight percent of potassium relative to the phosphorus, additional
potassium compounds may be added, however, such additions increase the salt index of the
resultant fertilizer and therefore is not desirable. Thus, in accordance with this example, the

actual ratio is generally about 3:1:less than 1.

13
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[0048]) In developing the aforementioned example, the nitrogen source was available as
ureaformaldehyde (38-0-0) or 38% nitrogen per 100 lbs. (45.36 kgs) and the monopotassium
phosphate was available in a (0-52-35) or 52% phosphorus expressed as P,Os and 35% soluble
potash expressed as KO per 100 Ibs. (45.36 kgs) of the blend. When adding the nitrogen and
monopotassium phosphate sources, it is apparent that in order to achieve the approximate 3:1:1
ratio, 4 parts of the (38-0-0) or 400 1bs. (181.44 kgs) of the ureaformaldehyde should be
uniformly blended with one part or 100 lbs. (45.36 kgs) of the monopotassium phosphate to get a
500 1b. (226.80 kgs) (152-52-35) blend or approximately (30-10-7) per 100 lbs. (45.36 kgs) of
blended fertilizer.

[0049] Although this approximate 3:1:1 ratio reflected by the (30-10-7) blend is preferred, it
has now been determined that slight variations of the nutrients N, P and K could be made without
significantly altering the percent of each ingredient per 100 1bs. (45.36 kgs) and thus could be
acceptable when used for similar applications. Specifically, suppose that only 300 lbs. (136.08
kgs) of the nitrogen source (38-0-0) were blended with 100 lbs. (45.36 kgs) of the
monopotassium phosphate (0-52-35). The resultant blend would be a 400 1b. (180.44 kgs) (114-
52-35) equivalent to a (28-13-9) blend per 100 Ibs. (45.36 kgs). It can be seen that the (28-13-9)
formulation does not vary greatly from the (30-10-7) preferred blend and in practice would be an

acceptable fertilizer blend for many applications.

[0050] Likewise, 1f 200 Ibs. (90.72 kgs) of the nitrogen source were used or blended with 100
lbs. (45.36 kgs) of the monopotassium phosphate, the resultant 300 1bs. (136.08 kgs) blend
would be a (76-52-35) which 1s equivalent to a (25-17-12) based or 100 lbs. (45.36 kgs). Again
the (25-17-12) formulation would appear to exhibit similar characteristics of the (30-10-7)
formulation, although the degree of variation has almost become too significant to achieve the

desired nutrient application and thus this formulation would not be as desirable for widespread

application.

[0051] The two foregoing examples have reflected some possible acceptable deviations from
the preferred 3:1:1 ratio of N:P:K discussed above when lesser amounts of nitrogen were added.

Similarly, an increased amount of nitrogen could result in an acceptable formulation.
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[0052] For example, if 500 1bs. (226.80 kgs) of the (38-0-0) nitrogen source were added or
blended with the 100 lbs. (45.36 kgs) of the (0-52-35) monopotassium phosphate source, the
resultant blend would be a (190-52-35) blend based on 600 Ibs. (272.16 kgs) or equivalent to a
(32-9-6) fertilizer based on 100 Ibs. (45.36 kgs). Again, this formulation would be similar to the
(30-10-7) preferred example in providing an acceptable nutrient supply source for general

applications.

[0053] It should be noted that the same deviations in the actual percentages of the various final
compositions of the foregoing examples may be acceptably varied within ranges as discussed
above, dependent upon local regulations. Thus each fertilizer formulation should be understood

to be alterable within the limits defined by law.

[0054] In addition to the acceptable degree of variation in the ratio of nitrogen nutrients to the
Inorganic nutrients as defined by law, the commercially available sources of monopotassium
phosphate or nitrogen compound may also vary. That is, the (0-52-35) monopotassium phosphate
1s a commercially available food grade monopotassium phosphate. Another currently available
monopotassium phosphate source is a (0-47-31) monopotassium phosphate. Further the
ureaformaldehyde source may also vary from the preferred (38-0-0) depending upon

commercially available sources.

[0055] In view of the foregoing, it can be seen that by varying the ratio of the nitrogen
releasing source to the monopotassium phosphate between 2 to 5:1 respectively, and dependent
upon the nitrogen and monopotassium phosphate source, various high analysis fertilizers may be
blended to have a resultant nutrient percentage per 100 Ibs. of weight in the range of
approximately 25 to 32% nitrogen; 17 to 8% phosphorus; 12 to 5% potassium and 0.25 to 2.5%
polyamino acid salt. The resultant fertilizers, and especially those utilizing a 3 to 5:1 ratio of
nitrogen releasing component to monopotassium phosphate, respectively, are particularly
suitable for application to trees to provide the necessary nutrient value without causing root burn

or otherwise adversely affecting the acidity of the soil surrounding the plant root system.

[0056] As discussed above, in order to facilitate the dispensing of the fertilizer product when
used in a conventional sprayer or injector, it is desirable that the organic material pass an 40-

mesh sieve as the insoluble portions thereof will be suspended in a liquid solution when mixed
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with water for use. Because the monopotassium phosphate and polyamino acid salt are soluble
and will therefore form a liquid when mixed with water, there need not be any specific size
requirement with regard thereto; although a generally fine to granular size is preferred to insure a
more homogeneous mixture. Nonetheless, the monopotassium phosphate granules are preferably
compatible in weight and size with powdered ureaformaldehyde in order to blend properly and

remain homogeneous during shipping and handling.

[0057] Blending of the organic synthetic material and the inorganic material 1s complicated by
the fact that ureaformaldehyde of the size required tends to flow or separate from the larger
inorganic material when mixed by fertilizer blending equipment. However, by utilizing a curved
bladed rotary type bulk mixer which operates in much the same manner as a cement mixer, the
monopotassium phosphate and ureaformaldehyde were blended in a homogeneous mixture using
the above compound ratios. Further, the resultant fertilizer blend remained thoroughly mixed

even after shipping and handling.

[0058] Amino acid salts may be extremely hygroscopic, which can cause problems in a dry-
blending process. It has been found that the amino acid biopolymer salt, such as Amisorb®, can
be blended with the remaining components of the fertilizer compositions described herein to
protect the amino acid salt from moisture. Therefore, in accordance with one aspect of the
invention, a preblend can be prepared comprising the polyamino acid salt and a portion of the
remaining formulation. In particular, the polyamino acid salt can be blended with powdered
ureatormaldehyde to produce a preblend that can be used in subsequent compounding

operations.

[0059] In use, the high analysis fertilizer compositions of ureaformaldehyde, monopotassium
phosphate and a polyamino acid salt are mixed as described above and shipped to various supply
outlets and/or potential users in dry form, thus simplifying product handling and storage as well
as reducing the shipping weight. When it is desired to use the product, it can be mixed with
varying quantities of water depending upon the type of application. Fertilizer strengths which are

equivalent to six pounds of nitrogen to each thousand square feet have been safely applied to

lawn areas and trees without causing any plant or root burn.
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[0060] Further, due to the fact that the insoluble ureaformaldehyde particles which are
suspended in solution when the fertilizer is mixed with water are so small, the fertilizer may be
applied to surface or subsurface areas utilizing sprayers and pressure or hydraulic injection

equipment without clogging equipment valves and nozzles.

[0061] While representative of the present invention, the following examples are not intended

to limit the scope of the invention 1n any way.

EXAMPLES
Example 1:

[0062] One-year-old red maple (Acer rubrum) seedlings were planted in 5-gallon containers
using screened topsoil as the planting media. The 90 trees were weighed prior to planting and
had an average weight of 23 grams at the time of plotting. The sandy loam topsoil used in the

containers had a pH of 7.4, soluble salts of 0.15 and 2 ppm of Nitrate N prior to fertilization.

[0063] Nine treatments applied included combinations of Arbor Green (a 30-10-7 slow release
fertilizer), two sources of organic matter (humate and kelp) and an amino acid salt. The source
of humate 1s oxidized lignite in New Mexico and is available from Mesa Verde Resources. The
product, ground to a 50 mesh, is 70% humate with an analysis of 60% humic acid and 30%
tulvic acid. The source of kelp is Ascophyllum nodosum beds in the North Atlantic. The
product, ground to a 60 mesh, is available from Acadian Seaplants, Ltd. The sodium salt of
polyaspartic acid (sodium polyaspartate) is manufactured by Donlar Corporation as a 40% active
liquid or a spray-dried concentrate and sold under the trade name, Amisorb®. (See Table 1
below.) The surface area of each container was 10.75 inches in diameter or 0.6 sq. ft. per pot.

The study was conducted using a randomized complete block design with 10 replications per

treatment.

Table 1

BT Bl 5 O P
% of Blend Lb. Nitrogen / 1,000 sq.
Il il
(Arbor Green)

o
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3 Comparative | 26-10-7
|

4 Inventive

MKP......... 20.
Humate....... 9.5

Amisorb®...0.5

[nventive 26-10-7 UF.............. 69.5
MKEP.......... 20.5
Humate........ 9.5
Amisorb®...0.5
Inventive 26-10-7 UF............. 69.5
MKZP......... 20.
Humate.......... 6
Kelp............ 3.5
Amisorb®...0.5
7 Inventive 26-10-7 UF.............. 69.5 3 10
MKP.......... 20.
Humate........... 6
Kelp............. 3.5
Amisorb®....0.5
8 Inventive 30-10-7 UF............... 79.5 3 10
MKP............... 20

Amisorb®......0.5

9 | Comparative | Control
UF = Ureaformaldehyde MKP = Monopotassium Phosphate

[0064] Treatment responses were evaluated using growth, visual rating and color.

[0065] Growth was evaluated by carefully washing the soil from the root systems of the trees

and calculating the percent increase in total weight during the test period.
[0066] Visual Rating was evaluated using a scale of 0-5 where 5 = excellent and 0 = dead.

[0067] Color was evaluated using a Minolta SPAD-502 Chlorophyll Meter that assigns a

numerical number to the green color in leaves.

RESULTS

[0068] Color evaluations were conducted initially and after about 3 months. There were no

significant differences among treatments when color was compared.

[0069] When rating was evaluated visually using a scale of 0-5, two treatments had

significantly higher ratings than the untreated trees. Both of the top two treatments that out-
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pretormed the untreated trees included the essential amino acid in the form of the salt of

polyaspartic acid.

[0070] When growth was evaluated by calculating the percent increase in weight during the
test period, three of the treatments had significantly more growth than the untreated trees. All of

these treatments also contained the essential amino acid in the form of the salt of polyaspartic

acid.

Table 2

-
e

Arbo'r. Green 6# - . 2.9 | abc 95.56

O O o

1

2 26-10-7 + Humate + Kelp 6# 2.2 | bc 102.69

3 20-10-7 + Humate + Kelp 3# 2.4 | bc 75.467

4 26-10-7 + Humate + Amisorb® 6# 2.4 | bc 138.43

5 26-10-7 + Humate + Amisorb® 3# 3.4 | ab 103.02 | bc
6 26107 + Humate Amisorb® Kelp6# 3 | abc 149.25 [ ab
7 26-10-7 + Humate Amisorb® Kelp3# 2.9 | abc 144.844 | ab
8 Arbor Green + Amisorb® 3.8 a 168.656 | a
9 Control 1.8 [ ¢ 76.07 | ¢

Means followed by same letter do not significantly differ (P=.05, Duncan’s New MRT)

Example 2

[0071] The one-year-old red maple (dcer X freemanii ‘Jeffersred’) and crabapple (Malus
snowdrift) whips used in this study were 6-8 fi (1.8 — 2.4 m) tall at the time of planting. The

trees were planted on 10 ft (3 m) centers in a clay loam soil with a neutral pH 1n northeastern
Ohio.

[0072] The five treatments applied approximately 7 ¥ weeks after planting included
combinations of Arbor Green 30-10-7 slow release fertilizer, and potassium polyaspartate (PPA)
(Table 3). The fertilizer was applied using a subsurface fertilization probe with 4 lateral ports,
which applies 0.5 gallon (1.9 1) of material per injection point. Four holes were placed at the
cardinal points (N, E, S, and W), 12 inches (30 cm) from the trunk of the trees. The sub-surface

applications were made from 4 to 12 inches (10-30 ¢cm) below the surface using 90 psi1 (620
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kPa)at 7 gpm (0.4 1/s). The study was conducted using a randomized complete block design with

3 replications per treatment.

Table 3. Red maple, crabapple fertilization study, treatment rates. -

Nitrogen PPA
Treatment S Ib/1000 ft2 kg/ha | 1b/1000 ft2 kg/ha

1 Control — —

2 Arbor Green + PPA 3.00 146 | 0.090 4.3

3 Arbor Green 3.00 146 -

4 Arbor Green + PPA (2 3.00 146 | 0.045 2.2
rate)

. Arbor Green (¥ rate) + 2.25 109 0.090 4.3
PPA

- N S

[0073] Evaluations were conducted approximately 42 days after treating, by randomly
measuring twig growth, visually rating overall appearance and color. Visual rating was evaluated
using a scale of 1 to 10 where 10 is excellent and 1 is dead. Color was evaluated using a Minolta

SPAD-502 chlorophyll meter that assigns a numerical number to the green color in leaves
(Tables 4 and 5).

Table 4. Treatment Results, Red Maple

——— ey a— e a— e P

Color Visual Ratin Twig Elongation
Treatment (SPAD) (1-10) 5 5 (in) 5
1 Check 35.97 5.0 1.467
2  Arbor Green + PPA 38.87 8.7 1.633
3 Arbor Green 37.47 4.7 1.077
4 Arbor Green + PPA 34.97 6.0 1.333
_ 9 Arbor Green + PPA 38.87 7.7 1.733

e . - - —_—

Table 5. Treatment Results, Crabapple

— R et e e —

Color Visual Rating Twig
Treatment ~ (SPAD 1-10 o Elon_gatio_lf (inL
1 Check 42.83 4.7 1.083
2 Arbor Green + PPA 40.10 5.3 0.667
3 Arbor Green 40.67 4.7 0.500
4 Arbor Green + PPA 42.67 5.7 1.433
_ 9 Arbor Green + PPA 44.53 - 6.7 1.283
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[0074] At the time of evaluation, the Arbor Green at the % rate with potassium polyaspartate
(T3S) was rated 42% higher than the control (T1) visually with twig elongation 18% greater than
the control. In red maple, the full rate of Arbor Green with potassium polyaspartate (T2) was
rated significantly higher than the control (T1). Arbor Green at % rate with potassium
polyaspartate (T5) was visually rated 54% higher than control (T1) and with 18% more twig
elongation than control (T1). In addition, red maple treated with Arbor Green at % rate with
PPA (T5) was rated 64% higher than Arbor Green alone (T3) and twig elongation was 58%
greater than Arbor Green alone (T3). In crabapple, Arbor Green with PPA (T2) resulted in 43%

higher visual rating and 140% greater twig elongation than Arbor Green alone (T4).

[0075] Significant results were not expected since treatment evaluations were conducted only
42 days after treatment. However, obvious treatment differences were apparent and significant
in the case of red maple visual rating. At this point in the long term study, it appears that the
addition of potassium polyaspartate does enhance the nutrient effect of Arbor Green 30-10-7
slow release fertilizer and that, when potassium polyaspartate is added, the rate of fertilizer can

be reduced to %4 rate.

[0076] Example 3

Table 6 - Treatment Results, Ash Trees

——— — e v —. e — r— - E—- —— i re— e — e —— — e —

Visual Rating

Treatmep¢t 3 - ~ (1-10)
. Arbor Green plus PPA (1% by wt) at 2.25 Ibs. N/1000 ft” (7.51bs

Product) 8.3
2 Urea 6 1bs N/1000 ft* (13 Ibs) plus PPA (71mls) 8.6
3 Arbor Green plus aspartic acid 2.25 1bs.N/1000 ft* 7.4
4 Arbor Green plus Amisorb (sodium salt of aspartic acid at 34g) at

2.25 1bs.N/1000 ft* 7.7
S  Urea2.251bs. N 7.7
6 Urea6lbs.N 7.7
7 Arbor Green 6 Ibs. N 7.7
8 Check 7.0

!

—— EP——— EE— T — i/ e e — e A — i e———
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[0077] The results with the ash trees in Table 6 show that the inclusion of the potassium salt of
aspartic acid improved the performance of Arbor Green (AG PRO) better than did the sodium

salt or the parent amino acid. Furthermore, the potassium salt improved performance of urea, a

soluble source of nitrogen.

[0078] Example 4

Table 7 - Treatment Results, Sycamore Trees

g — e e— e S— ey w— e —ar—e— i~ —— e e s B e e - e B e s B - e B e e e e S e - e S e S e S e S i R S S e S S e S e S e S S e S o B e S e S

Visual Rating

Treatment 1-10)
1 Arbor Green plus PPA (1% by wt) at 2.25 Ibs. N/1000 ft° (7.51bs

Product) 9.0
2 Arbor Green plus aspartic acid 2.25 1bs.N/1000 ft’ 7.3
; Arbor Green plus Amisorb (sodium salt of aspartic acid at 34g) at

2.25 Ibs.N/1000 ft* 7.0
4 Urea2.251bs.N 8.7
5 Urea6lbs.N 8.7
6 Arbor Green 6 Ibs. N 8.7
7 Check 5.5

[0079] The sycamore from the study presented in Table 7 are still growing and the results
illustrate the improvement obtained by using the potassium salt of aspartic acid. Arbor Green
Pro (Arbor Green and the potassium salt of aspartic acid) at 2.25# N outperformed all other tests
including Arbor Green at 6#N. The potassium salt allows the rate to be reduced by about 25%

and still get better results than using conventional tree fertilizer without the salt.

[0080] The application rate may be a factor in the efficacy of the addition of salts of amino
acids. The rates typically tested on field crops varies between about 1 and 2 pounds of active

ingredient per acre; significant results were obtained when the rate approached 4 #./ acre.
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What i1s claimed is:

1. A method for enhancing uptake of the nutrients N, P and K in woody perennials
comprising:
a) providing a dry high analysis fertilizer composition comprising

ureaformaldehyde, monopotassium phosphate and potassium polyaspartate
wherein the effective percentages of the nutrients N, P and K are present in the
ranges between about 25% to 32% by weight for nitrogen, about 17% to 8% by
weight phosphorus expressed as P,0s, and about 12% to 5% by weight soluble
potash expressed as K,O; and

b) treating a woody perennial with the fertilizer composition.

2. The method of claim 1 wherein said composition comprises from about 0.25% to about

2.5% by weight potassium polyaspartate.

3. The method of claim 2 wherein said composition comprises from about 0.3% to about

1.0% by weight potassium polyaspartate.

4, The method of any one of claims 1 to 3 wherein said ratio of N, P and K is approximately
3:1:1.
J. The method of any one of claims 1 to 4 wherein said step of providing a dry high analysis

fertilizer composition comprises: preparing a preblend of ureaformaldehyde and potassium

polyaspartate.

6. The method of any one of claims 1 to 5 wherein said fertilizer composition has a salt index

of less than 10.
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