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COATING FOR IMPROVED GRANULAR FERTILIZER EFFICIENCY

Technical Field

[001] Compositions and methods for coating a granule containing nutrients to enhance

the delivery of nutrients to plants and crops and to improve the soil quality.

Background

[002] Fertilizers are generally compounds that are applied to soils or directly to plants to
supply one or more plant nutrients essential for the growth of plants. A variety of
nutrients, or elements, are all equally important for healthy plant growth. However, there
may be a significant difference in the amounts of specific nutrients required. For example,
the elements nitrogen (N), phosphorus (P), and potassium (K) are generally referred to as
primary nutrients due to the large amounts of each required for desirable plant or crop
orowth. Secondary nutrients are also important for plant growth but in certain
circumstances are not required in amounts comparable to the primary nutrients.

Secondary nutrients include calcium (Ca), magnesium (Mg), and sulfur (S). Other
elements are required in minor amounts compared to the primary and secondary nutrients.
Such elements, often referred to as micronutrients, may include boron (B), chloride (Cl),
copper (Cu), 1ron (Fe), manganese (Mn), molybdenum (Mo) and zinc (Zn).

[003] Solid fertilizers are often employed to distribute the essential nutrients to plants
and crops. The fertilizers are generally processed into an aggregate of nutrients in granule,
prill or powdered form. The granule materials, are 1deally uniform 1n size. However, the
fertilizers are prone to segregation and dusting problems especially when multiple
nutrients are blended together in their various powder to granular forms. Segregation of
the different nutrients leads to the uneven distribution of those nutrients upon application
on fields and crops. The granules, powders or prills, are usually water-soluble for quick

release to enable timely plant root uptake. The advanced large scale field applications of
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oranules may not result in a combined nutrient offering that effectively addresses the plant
orowth requirements of all the inherent variation of soils.

[004] Solid fertilizers may be inefficient at supplying plants or crops with sufficient
nutrient demands depending on so1l and other environmental conditions. There are several
potential mechanisms that interfere with the nutrient delivery to the roots of a plant or crop
for uptake. Upon dissolution and release of the nutrients from the granule form, the
fertilizer may encounter nutrient delivery inefficiencies due to phenomena such as
volatilization, denitrification, leaching, and immobilization through microbial and soil
interactions. One of ordinary skill in the art understands the inetficiency dynamics of
fertilizer loss. Nitrogen, in the form of urea, may volatilize at varying rates depending
upon environmental conditions. Leaching of nutrients may contaminate groundwater
sources or other pathways exiting the soil. Nutrient loss may also occur as run-off from
rain water or irrigation. The run-ofl may create environmental concerns, such as
eutrophication leading to hypoxia. Immobilization 1s the tie-up of available nutrients into
forms unavailable for plants. For example, phosphate 1n 1ts plant available form as an
anion 1s strongly attracted to the cation calcium in the soil. These reactions begin to occur
immediately once the P fertilizer 1s applied to the soil and thereafter becomes unavailable
quickly to plants. Microbial activity can impact both positively and negatively the
availability of soil nutrients.

[005] Additionally, other minerals like zinc, 1ron, manganese and copper may not be
readily available 1n the soil, not evenly distributed 1n the soil, or not accessible by the plant
roots to affect the efficient uptake of the nutrients. Also, erratic rain or 1rrigation causing
the wetting of the granule or the soi1l can negatively impact the uptake of the nutrients. For
example, a rain event of as little as 12.7 mm over a top-dressed application of urea can
exacerbate ammonia volatilization.

[006] It 1s estimated that the delivery of macronutrients alone are only about sixty
percent or less efficient and in some cases far less than thirty percent efficient at delivering
crop nutrients in the first year after application. The loss of efficiency in fertilizing the
so1l and plants 1s due 1n large part to the above-noted factors. The inefficient use, or the
resulting overuse of fertilizers due to such inefficiencies, has created economic,
environmental and social concerns as the demand for greater crop efficiency continues to

Increase.
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Summary

[007] Soil fertility management 1s of significant importance in the agricultural industry.
The effective and efficient growth of plants or crops must be balanced with the economic
and environmental impact of applying fertilizers in their various forms. This disclosure 1s
directed to enhancing and improving the effectiveness of granular fertilizers. In
accordance with this disclosure, a fertilizer granule can be at least partially coated with a
composition that not only delivers needed nutrients, but also addresses many of the
adverse factors that render fertilizers inefficient.

[008] The composition of this disclosure includes various embodiments that provide a
fertilizer granule having a coating on at least a portion of a surface of the granule. The
coating comprises one or more complexing agents and a coating agent. In certain
embodiments, the coating agent includes one or more of a fatty acid, fatty acid ester,
mineral o1l or combinations thereof. A granule with a coating enabled by this disclosure
reduces segregation of nutrients thereby allowing even distribution or application of all
nutrients and compounds included 1n the fertilizer. Furthermore, a granule coated 1n
accordance with this disclosure unexpectedly reduces the volatilization, denitrification,
leaching, and immobilization phenomena experienced by conventional agricultural
fertilizers on the market. The resulting granule additionally demonstrates a noted
improvement in the utilization of the nutrients of plants and crops.

[009] In certain embodiments, a fertilizer granule may be coated by blending a selected
ogranular fertilizer with a dry component and a liquid component. This embodiment results
1n at least a partial coating of the granule. The blending may be conducted 1in any
conventional blending equipment that 1s suitable for handling the liquid and dry
components. Additionally, the blending operation may be customized or take place near
the point-of-application 1n order to fully adjust to the varying nutrient demands of different
so1ls.

[010] Embodiments of the coated granule may address the factors that negatively impact
the uptake of nutrients by the plants. Certain embodiments increase the amount of
extractable phosphorus in the soi1l. Other embodiments are capable of reducing the

volatility of nitrogen 1n the soil. Overall, the coated granule of this disclosure 1s capable
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of achieving significant increases 1n the retention of available plant nutrients in the soil
and thereby offering an improvement in the uptake of such nutrients by the plant roots.
[011] The following terms used 1n this application are defined as follows:

[012] “Coating Agent” means a component or compound that aids in the bonding of
solid components.

[013] “Complexing Agent” means a component or compound that maintains the
nutrients in forms more readily available for plants.

[014] “Fatty Acid, Fatty Acid Ester, Organic Oil or Mineral Oil” refers to natural or
synthetic oils that are capable of enhancing the coating process of this disclosure and
additionally may provide energy to microbes and plants.

[015] “Fertilizer Granule” means a particle or agglomeration of particles that include
nutrients to enhance plant growth. For purposes of this disclosure, fertilizer prill and
oranule can be used synonymously as the differences between the two are only related to
the size of the particle or agglomeration of particles.

[016] “Micronutrients” mean elements needed for plant growth 1n amounts not
equivalent to and less than primary or secondary nutrients, for example, boron, chloride,
copper, 1ron, manganese, molybdenum and zinc.

[017] “Nutrients” means elements essential for, or beneficial to, the growth of plants,
including mineral and non-mineral nutrients.

[018] “Primary Nutrient” means nutrients generally needed in large amounts to achieve
desirable plant or crop growth, such elements include nitrogen, phosphorus and potassium.
[019] “Secondary Nutrients” mean nutrients also important for plant growth but 1n
certain circumstances not in amounts comparable to the primary nutrients; such elements
include calcium, magnesium, and sulphur.

[020] “Surfactant” means a compound that enhances coating of the granule during the
blending process or may also enhance soi1l wetting and the solubility of nutrients for
dispersion into the soil.

[021] The above summary 1s not intended to describe each disclosed embodiment or
every implementation. The detailed description that follows more particularly exemplifies

illustrative embodiments.



CA 02976087 2017-08-08

WO 2016/130695 PCT/US2016/017373

Description of the Drawings

[022] FIG. 1 1s a chart demonstrating the improvement of soluble phosphorus of the
coated granule of this disclosure.
[023] FIG. 2 1s a graph demonstrating the reduction in ammonia volatility of the coated

granules of this disclosure.

Detailed Description

[024] This disclosure 1s directed at enhancing and improving the effectiveness of
granular fertilizers and certain soi1l amendments. In accordance with this disclosure, a
fertilizer granule has a coating on at least a portion of a surface of the granule. The
coating comprises a complexing agent and a coating agent. In certain aspects the coating
agent includes one or more of a fatty acid, fatty acid ester, organic o1l, mineral o1l or
combinations thereof. Other optional embodiments of the coating include surfactants or
nutrients, including micronutrients. The at least partially coated granule delivers needed
nutrients to the soil while also addressing many of the adverse factors that render
fertilizers inefficient. For example, the embodiments contemplated by this disclosure are
capable of minimizing such phenomena as nutrient segregation, volatilization, leaching,
and 1immobilization to enhance the uptake of nutrients by plants and crops.

[025] A fertilizer granule 1s a material of natural or synthetic origin that 1s employed to
distribute the essential nutrients to plants and crops. Any granule containing nutrients and
capable of accepting a coating 1s suitable for the purposes of this disclosure. The granule
1in certain embodiments may include one or more of the primary nutrients and the nutrients
may come from one or more fertilizer sources such as urea and muriate of potash. Primary
nutrients are often designated under the N-P-K rating convention. In some embodiments,
the fertilizer granule 1s processed as an aggregate of nutrients into a prill. In alternative
embodiments, the granule 1s a result of 1ts formation process, for example
monoammonium phosphate or dilammonium phosphate.

[026] In certain embodiments, the granule materials are generally uniform in size and are
readily handled to facilitate the coating process of this disclosure. The granules generally

are also water-soluble to enable release and dissolution into the soil and allow for timely
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plant root uptake. Non-limiting examples of granules suitable for use with this disclosure
include, monoammonium phosphate, diammonium phosphate, urea, ammonium sulfate,
muriate of potash, and sulphate of potash. The granules comprise from, but are not limited
to about 65 percent by weight to about 99 percent by weight of the total coated granule.
Those of ordinary skill in the art are capable of selecting a specific granule or combination
of granules to meet so1l demands and fertilization objectives for a given field or crop. For
example, primary nutrients are often applied at a rate of about 50 kilograms per hectare to
about 250 kilograms per hectare or, in U.S. customary units, about 45 pounds per acre to
about 225 pounds per acre.

[027] The granule may alternatively include other nutrients beyond the primary nutrients
such as secondary nutrients. For example, secondary nutrients are often applied at a rate of
about 10 kilograms per hectare to about 50 kilograms per hectare. This correlates in U.S.
customary units to about 9 pounds per acre to about 45 pounds per acre.

[028] The coating of this disclosure 1s applied onto at least a portion of the surface of the
ogranule. The coating 1n certain aspects 1s formed by applying one or more complexing
agents and a coating agent onto at least a portion of the surface of fertilizer granule.
Optionally, micronutrients and a surfactant may be utilized as well. The coating agent 1s
one or more of a fatty acid, fatty acid ester, organic oil, mineral oi1l, or combinations
thereof. For purposes of this disclosure, a coating on the fertilizer granule 1s meant to
indicate matter held 1n place on the surface of the fertilizer granule by bonding two, or
more solids through cohesion and/or adhesion. Such bonding 1s greater than static charge
or attractive forces. The coating 1s generally water-soluble to enable the release of the
nutrients into the soil and allow for timely plant root uptake. The coating generally
remains attached to the granule until such release and dissolution through contact with
water. The retention of the coating on the granule reduces potential segregation problems
and assists 1n the delivery of the desired amount of nutrients to the soil.

[029] In certain embodiments, the coating composition for purposes of forming the
coated granule comprises a dry component and a liquid component. The dry component
includes the micronutrients and or secondary nutrients, a complexing agent or combination
of complexing agents. The liquid component includes an optional surfactant and one or
more of a fatty acid, fatty acid ester, organic oi1l, mineral o1l or combination thereof. The

materials are combined with the fertilizer granule, typically 1n a blending or coating
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process, to form the coating on at least a portion of the surface of the granule. The liqud
and dry components represent but are not limited to 0.1 to 10 percent by weight of the
total coated granule.

[030] The bonding of solid materials to the fertilizer granule with a coating agent 1s
believed to assist in the appropriate handling, delivery and application of the coated
oranule and incorporated nutrients and adjuvants. For example, the bonding of solid
components to the granule may prevent segregation and uneven delivery of the
components embodied 1n fines. Additionally, solid coated granules do not exhibit the
inherent handling problems recognized by those of ordinary skill with solutions sprayed
onto the surface of granules. The incorporation of materials by spray application onto a
surface of fertilizer granules can negatively impact equipment and cause inadequate
delivery of nutrients due to undesired coating and clogging of the delivery equipment.
Many of the adversities associated with the liquid application of materials onto granules
are addressed by embodiments of this disclosure.

[031] The micronutrients include the elements needed for plant growth in amounts that
are typically lower than the primary or secondary nutrients. Non-limiting examples
include boron, chloride, copper, 1ron, manganese, molybdenum and zinc. They may be
present but not limited to oxide or sulfate forms. The application of micronutrients to the
so1l will vary depending on specific soil conditions and deficiencies of the soil. In most
cases individual micronutrients may be applied to the soil at a rate of up to 10 kilograms
per hectare or about 9 pounds per acre in U.S. customary units. Micronutrients are
ogenerally included 1n the coating from about 0.1% by weight to about 40% by weight of
the entire weight of the coating.

[032] The complexing agent maintains the nutrients in forms that are more readily
available for uptake by the roots of the plants. Reactions that could assist in this process
may 1nclude but are in no way limited to electrostatic attraction, chelation, water bridging,
metal bridging or complex attraction. For example, a complexing agent may also
neutralize the osmotic pull of the salts in the fertilizers. Non-limiting examples of
complexing agents include lignite and derivatives thereof (including leonardite, humic
acid and fulvic acid), peat and derivatives thereof, humalite and derivatives thereof,

zeolite, amino acids, aminocarboxylic acids, carboxylic acids or combinations thereof.
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[033] In some embodiments, leonardite and 1ts derivatives are well suited as complexing
agents 1n the coating. Leonardite can be a soluble maternal that may also function as a soil
conditioner due to 1ts humic acid and fulvic acid content. Derivatives of leonardite are
non-acid forming 1n the soil and may include salts of humic acid or fulvic acid, for
example potassium humate.

[034] One or more complexing agents may be used 1n the coating composition. In certain
embodiments, 1t may become desirable to combine various forms of leonardite or 1ts
derivatives with other complexing agents to diminish the interference of nutrient delivery
for plant root uptake. Upon dissolution and release of the complexing agent from the
coated fertilizer granule, the complexing agent may prevent the immobilization of certain
nutrients 1n the soi1l. The complexing agent may be included 1n the coated granule at about
0.5 % by weight to about 10 % by weight.

[035] The coating agent of this disclosure 1s a compound with at least one liquid
component that aids in the bonding of solid components, such as the bonding of the
complexing agent as at least a partial coating on the fertilizer granule. The coating agent
1s generally employed without the adverse dissolution of a significant amount of
complexing agent or the formation of a paste. Additionally, 1t 1s preferred that the coating
agent not react with any of the other components. In certain embodiments, the coating
agent or the wet component of the nix includes a fatty acid, fatty acid ester, organic oils
mineral o1l or combinations thereof and optionally a surfactant. The combination of all
ligud components 1n the coating allow for immediate mixing and may permut application
to the field with no agglomeration of fertilizer granules.

[036] The surfactant may include any surfactant that 1s capable of enhancing the coating
of the granule during the blending process. Additionally, in some embodiments, the
surfactant may enhance the wetting of the soil, and the solubility of nutrients for
dispersion into the soil. In order to enhance the coating process, the surfactant acts as a
coupling agent by bringing the components together thus increasing coatability onto the
fertilizer granule. The surfactant may also emulsify the fatty acid, fatty acid ester, organic
oils or mineral o1l used 1n the coating and assist in uniting the dry components into the
coating. In some embodiments, the surfactant 1s a non-1onic surfactant. Non-limiting
examples of non-1onic surfactants include ethoxylated linear alcohols, ethoxylated

branched alcohols, alkylated poly sugars, lignosulfonates, block copolymers, or
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combinations thereof. One surfactant suitable for use with this disclosure 1s the Surfonic
N-95 surfactant from the Huntsman Corporation, Woodlands, TX. The surfactant 1s
included 1n the coated granule at about 0.1% by weight to about 5 % by weight.

[037] Any fatty acid, fatty acid ester, organic o1l or mineral o1l component, or
combinations thereof, that are natural oils and capable of enhancing the coating process of
this disclosure are suitable for use 1n the coating. In certain embodiments, the fatty acid,
fatty acid ester, organic o1l or mineral o1l may additionally provide energy to plants. Non-
limiting examples of fatty acid ester, fatty acid, organic o1l or mineral oils include
vegetable o1l, mineral o1l, and tall o1l. The fatty acid ester, fatty acid ester, organic o1l or
mineral o1l 1s included 1n the coated granule at about 0.1 % by weight to about 5% by
weilght.

[038] In certain embodiments, the fatty acid esters may include glycerine. Glycerine 1s a
byproduct from the manufacturing of fatty acid esters. Glycerine, may also be beneficial
to plants as quick energy to plant roots. In another embodiment, the fatty acid, fatty acid
ester, organic o1l or mineral o1l 1s methylated. Additional methyl groups can add
functionality to the liquid component.

[039] An alternate embodiment may include a combination of fatty acid esters from
vegetable oils and a fatty acid from tall o1l. Tall o1l can be added to enhance coating of the
fertilizer granule. The tall o1l may serve as a suitable tackifier and enhance the longevity
of the coating on the granule. Additionally, the tall o1l may serve as a microbial food
source.

[040] Other optional compounds may be added to the coating. For example, certain
compounds may be utilized to address stressed or slow growing crops. Fulvic acid 1s a
non-limiting example of an optional component that may be used to enhance either the
coating process or offer further functionality to the coated granules. Those of ordinary
skill in the art will recognize that the certain compounds known to enhance plants or crops
may be utilized 1n the coating as described 1n this disclosure.

[041] The coating may be formed on the fertilizer granule using conventional blending
and coating techniques. For example, the process may take place in any of the customary
mixing systems, such as but not limited to, declining weight belt or auger blenders, batch
blenders, tower blender, or tumble or barrel blenders. The coating system components

both dry and liquid may be added into the mix and evenly distributed before the granular
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blend 1s tumbled or mixing augured. In certain embodiments, 1t may be beneficial to add
the dry component after the fertilizer granules are tumbled or mix augured. The liquid 1s
then sprayed onto the granules using conventional liquid delivery systems while final
blending or tumbling 1s taking place. The process may either be in a continuous or batch
process. Drying of the granules 1s an optional step that may not be necessary depending
on the blending operation selected. Those of ordinary skill in the art recognize that
thorough mixing and blending impact the degree of coating on the fertilizer granules.
[042] The dry component and the wet component of the coating may be supplied
separately as a kit for application onto desired granular fertilizers. Soil variation may
result in a wide range of nutrient requirements. In that regard, the coating system of the
present disclosure 1s well suited for point-of-application processing. This allows for those
of ordinary skill in the art to specifically select a desired combination of nutrients along
with a surfactant, a complexing agent, micronutrients, and one or more of a fatty acid,
fatty acid ester, organic o1l, mineral o1l or combinations thereof, to tailor a specific coated
fertilizer granule to meet the needs of a selected crop or field. An optional feature of the
coating system 1s the ability for the resulting coated fertilizer granule be loaded and
delivered to the application site for application to the field location without any
requirements for drying time.

[043] The resulting coated fertilizer granules of this disclosure enhance the uptake of
nutrients to plants and crops and reduce factors such as volatilization, leaching, and
immobilization that interfere with conventional fertilizers. Some embodiments of the
coated fertilizer granules exhibit at least a 75%, at least an 80%, at least a 90% or at least a
95% 1ncrease 1n extractable phosphorus over the same non-coated fertilizer granule as
measured 1n accordance with soil column leachate test as described 1n this disclosure as
Test Procedure 1. FIG. 1 1s a chart demonstrating the improvement of the coated fertilizer
ogranules of this disclosure over non-coated fertilizers. The non-coated fertilizer 1s
monoammonium phosphate (MAP) from Agrium Inc., Denver, CO. Similar MAP
oranules were then coated in accordance with the method of this disclosure using the
coating composition of Example 1, Table 1. The amount of soluble phosphorus (P,Os)
available with the coating improves significantly over non-coated granules.

[044] Additionally, the coated fertilizer granule of this disclosure may exhibit at least a

5%, at least a 10%, at least a 15%, or at least a 20% reduction 1n the volatility of ammonia

10
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compared to urea when measured 1n accordance with the ammonia volatility loss test as
described 1n this disclosure as Test Procedure 2. FIG. 2 1s a graph demonstrating the
reduced ammonia volatilization losses of a coated urea fertilizer granule over the same
non-coated fertilizer. The urea granules are from CF Industries Holdings Inc., Deerfield,
IL. Simular urea granules were then coated 1n accordance with the method of this
disclosure using the coating composition of Example 1, Table 1. The amount of ammonia

lost 1s reduced with the coating when compared to the non-coated granules

Test Procedures

[045] Test Procedure 1: Soi1l Column Leachate - General Materials and Method:

Soil columns (15.25 cm) with filters were utilized to conduct a time elapsed fertilizer P
solubility study. About 300g of a silt loam so1l (low ppm P, high lime, not recently
manured) were added to each column leaving approximately 2.54 cm of headspace. About
5 cm of soil (at a set weight) were then removed to enable the application of treatments 1n
a 2.54 cm band (while not permutting the fertilizer to come 1n contact with the soil column
wall). Fertilizer treatments were applied at a 250 kilograms per hectare rate (225 pounds
per acre) and compared to an untreated control. The 5 cm of so1l were then replaced to
simulate a 5 cm injected band. The column was then tapped down on a bench 5 times to
provide a uniform bulk density similar to native soils.

[046] The columns were replicated 6 times to enable 6 treatments 1n a randomized
complete block design. Initially, each column was wet to field capacity with minimal
leaching (~50ml — test on spare columns treated as described above) and then cycled
between this moisture level and a nearly constant mass air dry state through the trial—
avolding loss of moisture from the bottom of the column. Water soluble phosphorus was
evaluated at 24 and 48 days after application. Soil columns were handled with care as not
to disrupt column soil structure. When attaching soil columns to hanging clamps, no
indentation of the columns occurred, however, columns were held tight enough to hold the
columns when filled with water. Once columns were 1n place, two pore volumes of water
were applied to the soil columns though a perforated cup and collect the leachate through a
DeWitt weed-barrier landscape fabric filter from the DeWitt Company, Sikeston, MO. The

amount of extract nearly filled the small vials (10ml) so equal volumes of leachate were
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collected. Minor adjustments of water were added to achieve uniform leachate volumes.
Special care was taken not to allow excess leachate to pass though the column after the
leachate samples were collected. Volumes for each extract were recorded. If preferential
flow was observed down the side of a column past the banded treatment and appears to

affect results, the treatment was omitted from results.

[047] Test Procedure 2:-Ammomnia Volatility Loss —General Materials and Methods:
Double column chambers were prepared with the exterior columns filled with sand and

interior columns with the following soil attributes so that N treatment applications could

be made at a 2.54 cm band depth.

Soil

Sandy Loam

pH 7.8
EC. dS/m 0.4
Carbonate 3.40%
Nitrate-N, ppm 3
Bicarbonate P,

ppm 22
K, ppm 330
Ca, ppm 2800
Mg, ppm 780
Na, ppm 120
Sulfate-S, ppm 20
/Zn, ppm 2.1
Mn, ppm 6.8
Fe, ppm 3.3
Cu, ppm 1.2
B, ppm 1.3

Treatment Applications were made at a rate of 250 kg N/hectare (225 pounds per acre).
Treatments were covered with 2.54 cm of so1l. Water was applied to generate water soil
moisture of 65-70%. Ammonia loss readings were taken by a photoacoustic infrared

spectrometer every two hours for one week.

12



CA 02976087 2017-08-08

WO 2016/130695 PCT/US2016/017373

Examples
[048] Maternials
Material Supplier
ammonium sulfate International Raw Materials Ltd.,
Philadelphia, PA
copper oxide NutraBlend LLC, Dallas, TX
elemental sulfur Tiger-Sul Products LLC, Stockton, CA
humic powder Live Earth, Emery UT
manganese sulfate Archer Daniels Midland Co., St. Louis, MO
methylated seed o1l Archer Daniels Midland Co., St. Louis, MO
monoammonium phosphate Agrium Inc., Denver CO
 potash, muriate of Intrepid Potash Inc., Denver, CO
~ potassium humate Lignotech USA, Inc., Bridgewater, NJ
surfactant Surfonic N-95,Huntsman Corporation,
Woodlands, TX
urea CF Industries Holdings Inc., Deerfield, IL
zinc sulfate Promising Chemaicals Co, Changsha, Huhan,
China

[049] Example 1

[050] Blending and Coating: Blending and Coating: A metric ton (1000 kg) of coated
fertilizer granules containing a base blend of granules of 985 kg with an N-P-K rating of
12-16-16-108 was produced by blending muriate of potash 0-0-60; ammonium sulfate 21-
0-0-24S; and monoammonium phosphate 11-52-0; and were added to a Ranco blender and
a mixing auger at a rate of 1020 kg/per minute at 900 rpm. The dry components of the
coating were then added to the blender 1n the following amounts: 3.69 kg of humic
powder; 1.23 kg of soluble potassium humate; 3.2 kg of zinc sulfate; 1.48 kg of
manganese sulfate; and 0.25 kg of copper oxide. The fertilizer granules and the dry
components were blended for 15 seconds before introducing the liquid component. The
liqguid component was generated by mixing 3.21 liters of methylated seed o1l; with 1.07
liters of surfactant in a 400 liter cone bottom tank. The liquud components were then
introduced 1nto the blender by spraying the liquid using a flat fan spray nozzle at a rate of
428 liters/minute. Table 1 lists the materials and their relative percentages used 1n the
total dry and liquid component mixtures. The batch was tumbled for an additional 15
seconds after the entirety of the liquid component was added to the blender. Upon
discharge from the blender, the fertilizer granules exhibited a coating on at least a portion

of the surface of the granules.
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[051]
Table 1
Per One Tonne of Fertilizer Dry Components Percent 1 Tonne Batch, Ibs./ton
kg/tonne
12-16-16-10S Blend 98.50% 985 1,970
Dry Powder Complexing Agent and Micro Nutrients
Components Percent kg/tonne Ibs./ton
Humic Powder 0.37% 3.69 7.39
Soluble Potassum Humate 0.12% 1.23 2.46
/Zmc Sulfate 0.32% 3.20 6.40
Manganese Sulfate 0.15% 1.48 2.95
Copper Oxide 0.02% 0.23 0.49
Total Powder 0.98% 9.85 19.70
Liquid Coating Agent
Components Percent liters/tonne gal/ton
Methylated Seed O1l 0.39% 3.21 0.739
Concentrated Non-1onic Surfactant 0.13% 1.07 0.246
Total Liquid 0.52% 4.28 0.985
Total Weight with Coating 100% 1,000 2,000

[052] Examples 2 and 3 and Comparative Examples 1 and 2

[053] Field tnals for pinto bean growth were conducted with farmers in Minidoka
County, Idaho and Cassia County, Idaho. Pinto bean production in each field was raised
according to Idaho best management practices for nutrients, soil, water, pest, and crop
management. Fertilizer blends for Comparative Examples 1 and 2 were prepared using the
farmer’s recommended rates for all nutrients required 1in each field. Comparative Example
1 was a dry blend of granules of monoammonium phosphate, ammonium sulfate, urea
from, potash, elemental sulfur, and zinc sulfate. Comparative Example 2 was a dry blend
of granules of monoammonium phosphate and ammonium sulfate. The nutrient content of
Comparative Examples 1 and 2 are listed in Table 2.

[054] Examples 2 and 3 were created by employing the method described in Example 1,
Table 1 to coat the fertilizer granules. The coated granules of Example 2 were formed by
coating a dry blend of granules of monoammonium phosphate, ammonium sulfate, urea,

potash, elemental sulfur and zinc sulfate with the coating composition of Example 1, Table
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1 using the method described in Example 1. The coated granules of Example 3 were
formed by coating a dry blend of granules of monoammonium phosphate and ammonium
sulfate with the coating composition of Example 1, Table 1 using the method described 1n
Example 1. The coated granules for Examples 2 and 3 contained the nutrients listed 1n
Table 2. The nutrient levels for Examples 2 and 3 were reduced by about 20% from the
respective Comparative Examples used for the same field. Treatments were broadcast
incorporated prior to planting the pinto beans. A treatment split was left for the entire
length of each field.

[055]  Yields were hand harvested from 6 paired replications near the treatment split.
Harvested areas (66 ft*/treatment or 6.13 m*/treatment) were in uniform soil type,
irrigation, and equal distance from the fertilizer split starting at 3.05 m (10 1t), then
increasing 1.52 m (5 {t) for subsequent replications. This pattern was observed from
replications 1-3 and then staggered back to the 3.05 m (10 {t) mark 1n replications 4-6
forming a diamond-like harvest pattern across the entire field. This harvest pattern ensures
samples were taken from the same rows on the planter for each treatment but also from
different sections of the planter. Samples were then threshed using a plot thresher from
Almaco, Ames, IA to obtain yield data. Yields are reported in Table 2 with the percent
yield increase of the coated granules of Examples 2 over the Comparative Example 1 and

the yield increase of Example 3 over Comparative Example 2.
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[056] Table 2
Example # Location Nutrients Nutrients Yield Yield % Increase
(kg/ha) (Ib/acre) (kg/ha) (cwt/acre) over
Comparative
Example
CEl Minidoka, ID | N=35.9 N=32 3528.0 31.5 -
P205:33.6 P205:30
K20222. 6 K20=20 2
SO4=26 1 SO4:23 2
ES=11.1 ES=99
/n=0.34 /n=0.3
2 Minidoka, ID | N=28.7 N=235.6 3911.7 349 10.9
P205:26.9 P205:24
KQO:182 KZO:162
SO4=21 4 SO4=l9 1
ES=11.1 ES=99
/n=0.47 /n=0.42
Mn=0.10 Mn=0.09
Cu=0.04 Cu=0.03
CE2 Cassia, ID [ N=63.2 N=56.4 3510.5 31.3 -
P205:67.3 P205:6O
S0,=56 S0,=50
3 Cassia, ID N=50.7 N=45.2 4023.3 359 14.6
P205:53.8 P205:48
SO4:45 6 SO4:40 3
/n=0.38 /n=0.34
Mn=0.16 Mn=0.14
Cu=0.06 Cu=0.05
[057] Examples 4-6 and Comparative Examples 3-3

[0S8] Three field trials growing sugar beets were conducted in Minidoka County, Idaho

on three pivot 1rmgated, silt loam fields. Crop production 1n each field was raised

according to Idaho best management practices for nutrient, soil, water, pest and crop

management. Comparative Examples 3-5 are dry nutrient fertilizer blends prepared for

each field using the farmer’s recommended rates consisting of monoammonium

phosphate, urea and elemental sulfur. For Examples 4-6, the same dry fertilizer blends

from Comparative Examples 3-5 were coated with the coating composition of Example 1,

Table 1 using the method described in Example 1. The amount of each base fertilizer

nutrient in Examples 4-6 were reduced by 20% over Comparative Examples 3-5. The

nutrient and treatment information for Comparative Examples 3-5 and Examples 4-6 are
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listed 1n Table 3. Treatments were broadcast incorporated prior to planting the sugar beets
leaving a treatment split the entire length of each field.

[059] Composite tissue samples for Comparative Examples 3-5 and Examples 4-6 were
taken 1n each treatment area 120 days after germination and sent to Brigham Y oung
University Environmental Analytical Laboratory, Provo, UT for analysis of plant nutrient
content. Yields were hand harvested from 6 paired replications near the treatment split.
Harvested areas (60 ft* or 5.57 m”) were in uniform soil type, irrigation, and equal distance
from the fertilizer split starting at 10 rows (22 inch or 55.9 cm row spacing), then
increasing 4 rows for subsequent replications. This pattern was observed from replications
1-3 and then staggered back to the 10" row in replications 4-6 forming a diamond-like
harvest pattern to ensure that samples were drawn from the same rows but from different
sections of the planter. Twelve tare samples from each treatment (two per replicate) were
collected at harvest and delivered the same day to the Amalgamated Sugar Co., Paul, ID
tare lab for analysis of percent sugar. The yield results in Table 3 and the tissue results
listed 1in Table 4 indicate that the coated granule of Examples 4-6 maintained equal or
higher yields and tissue nutrient levels with a 20% reduction 1n certain nutrients over

Comparative Examples 3-5.
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[060] Table3
Example # | Nutrients Nutrients Yield Yield Recoverable | Recoverable
(kg/ha) (Ib./ac) (tonnes/ha) | (ton/acre) Sugar Sugar
(tonnes/ha) (ton/acre)
CE3 N= 1121 N= 100 76.0 33.9 i47 5.33
pg(-)5: Pz()gz 1 00
1121 S = 150
5= 1681
4 N=H97 N= 8} 87.0 38.8 16.8 7.51
P.(3s= 897 | P,O:= 80
S = 1362 S=121.3
=063 Za=0.56
Mn={.26 Mn={ 23
Cu=0.09 Cu=0.08
CE4 N=112.1 N= 100 63.9 30.8 13.2 3.849
ch)gx‘ P'}_OS:: 100
1121 N = 150
S = 1681
5 N=§9.7 N= &{ 75.6 33.8 14.6 5,372
PQC)-_S:: ne .7 P':).Oj:: 3
5= 1367 N=121.5
S0, =1 38 | B, =1.23
In=.63 Zu=0.56
Mn=0.26 Mn=0.23
Cu=0.09 Cu=0.08
CE5 N=1121 N= {{( 793 356 149 6.64
PZ():’?: 1)2()5: 100
t12.1 5 == § 50
S = 1681
6 N= 897 N= &{ (.2 4.2 16.6 7.42
P.(3;= 89.7 | P,5= &0
b= 1367 5= 215
SOy =138 | SO,=1.723
710,63 Zn=0.56
Mn=0.26 Mun={.23
Cu=0.09 Cu=0.08
Combined 749 33.4 i4.1 5.29
Avg. CE3-
5
Combined 843 37.6 16.0 7.15
Avg. 4-6
Increase 9.4 418 P9 L8O
of 4-6
over CE3-
5
% mcrease 12.5% 12.5% £3.7% 13.7%
of 4-6
over CE3-
5
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[061]
Table 4.
Treatment Yo N Yo P Yo K %S  ppmZn ppm Mn ppm Cu
CE3-5 3.18 0.38 2.93 0.24 28.6 40.1 10.3
4-6 3.48 041 3.28 0.29 31.1 42 .6 11.6
Increase of 4-6 0.30 0.04 0.35 0.05 2.51 2.56 1.29
% Increase over CE3-5 9.5% 9.3% 12.0% 20% 8.8% 6.4% 12.5%

[062] Examples 7-16 and Comparative Examples 6-14

[063] Field trials were conducted on spring wheat and spring barley with growers 1n the
Magic and Treasure Valleys, Idaho. Crop production in each field was raised according to
Idaho best management practices for nutrient, soil, water, pest, and crop management.
Comparative Examples 6-14 were dry nutrient fertilizer blends prepared for each field
using the farmer’s recommended rates. The nutrient rates shown in Tables 5a and 5b were
composed of the following base fertilizer granule matenals: urea, ammonium sulfate,
potash and monoammonium phosphate.

[064] Examples 7-16 were created by employing the method described in Example 1,
using the coating materials listed in Example 1, Table 1 to coat fertilizer granules
containing nutrients listed in Tables 5a and 5b. The fertilizer granule materials for
Examples 7-16 came from the following sources: urea, ammonium sulfate, potash and
monoammonium phosphate. The base fertilizer nutrient level for Examples 7-12 were the
same as Comparative Examples 6-11. The nutrient level, crop location and the respective
yields for Examples 7-12 and Comparative Examples 6-11 are reported in Table Sa.
Examples 13-16 were 1n a field comparison where a treatment was reduced by 20% over
the Comparative Examples 12-14. The nutrient level, crop location and yields for
Examples 13-16 and Comparative Examples 12-14 are reported in Table 5b.

[065] Treatments were broadcast incorporated prior to planting the spring wheat and

spring barley. The only exception was Comparative Example 13, Example 14 and
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Example 15 where treatments were applied by air-drill 2 inches below the seed at planting.
A treatment split was left for the entire length of each field.

[066] Composite tissue samples were taken 1in each treatment area at flag leaf stage from
Examples 12, 15, and 16 as well as from the respective Comparative Examples used for
the same field. Tissue samples were sent to the Brigham Young University Environmental
Analytical Laboratory, Provo, UT for analysis of plant nutrients. Yields were hand
harvested from 6 paired replications near the treatment split. Harvested areas were 1n
uniform soil type, 1rrigation, and equal distance from the fertilizer split starting at 3.05 m
(10 ft), then increasing 1.52 m (5 {t) for subsequent replications. This pattern was observed
from replications 1-3 and then staggered back to the 3.05 m (10 {t) mark in replications 4-
6 forming a diamond-like harvest pattern across the entire field. This harvest pattern
ensures samples were drawn from the same rows on the planter for each treatment but also
from different sections of the planter. Samples were then threshed using a plot thresher
from Almaco, Ames, IA to obtain yield.

[067] Table 6 suggests that fertilization with the coating system of this disclosure on
spring wheat and spring barley enhances the efficiency of traditional fertilizer blends by
increasing yields even when the rate of fertilizer 1s reduced by 20%. The tissue nutrient
data of Table 7 demonstrates that nutrient uptake 1s not inhibited with coated fertilizer

granules even while producing higher yields with lower fertilizer inputs.
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[068] Table Sa.
Examble # Treatment Nutrient | Nutrient Countv/Cro Yield Yield
P Blend (kg/ha) (Ib./ac) y P (tonnes/ha) | (bu/ac)
CE 6 Urea 773N 69N Canyon, ID / 9.24 137.4
Spring Wheat
77 3N, 69N,
0.227n, 0.27n, C 0 ID /
7 Coated urea 0.09Mn, | 0.08Mn, | ¢ alfl?l”o Who 10 148.7
0.03Cu, | 0.03Cu, pHng Whcd
0.49S0, | 0.43S0,
CE 7 Urea 64 AN 57 5N Minidoka, 1D / 8.05 149 6
Spring Barley
64 4N, 57 5N,
0.183Zn, 0.16Zn, ..
8 Coated urea 0.08Mn, | 0.07Mn, ?ﬁi"%ﬁ; / 8.93 166
0.03Cu, | 0.02Cu. PHIg Haticy
0.4S0, 0.36S0,
Urea and 62 4N 55 65N Jerome. ID /
CE 8 ammonium 04g T Srrine Barle 7.96 147.9
sulfate blend ' ' pHing y
62 4N, 55.65N.
9.4S. 8.4S.
Cosled meaand. | 6007y | 0.18Zn Jerome, ID /
9 ammonium . 3.006 149.7
Ifate blend 0.09Mn, 0.08Mn, Spring Barley
Sullate bic 0.03Cu, | 0.03Cu.
04580, | 0.4S0,
Urea and 62 4N 55 65N Jerome. ID /
CE 9 ammonium 948 ’ 848 ’ Sorin B’aﬂe 8.62 160.3
sulfate blend ‘ ‘ pHiig Y
62 4N, 55.65N.
948, 8.4S.
Coatedureaand | 5,7 | o 187n, Jerome, ID /
10 ammonium . 0.15 170.1
Ifate blend 0.09Mn, 0.08Mn, Spring Barley
Sullate bic 0.03Cu, | 0.03Cu.
0.4580, | 0.4S0.
CE 10 Urea 64 4N 57.5 N Ada, ID / 8 64 128.4
Spring Wheat
64 4N, 575N,
0.18Zn, | 0.16Zn,
11 Coated urea 0.08Mn, | 0.07Mn, | ¢ fifla’%)h/ t 9.19 136.7
0.03Cu, | 0.02Cu, pHng wihcd
0.4S0, 0.36S0,
CE 11 Urea 64 4N 57.5 N Ada, ID / 8 69 129.2
Spring Wheat
64 4N, 575N,
0.18Zn, | 0.16Zn,
12 Coated urea 0.08Mn, | 0.07Mn, | ¢ ‘f‘ifla’\l)\?h/ t 9.48 140.9
0.03Cu, | 0.02Cu, prinis WHCd
0.4S0, 0.36SO.
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[069] Table Sb.
Example # Treatment Nutrient | Nutrient | County / Yield Yield
Blend (kg/ha) (Ib./ac) Crop (tonnes/ha) | (bu/ac)
Potash,
monoammonium | 88.5N .
: Twin Falls
phosphate, 84.1P, 79N, 75P, .
S ammonium | 16.8K, 15K, 23S ID];;}’;“g 0.04 L12.3
sulfate, urea 25.8S
blend
67.9N, 60.6N,
Coated potash, | 66.5P, 59 3P,
tosphute. | 2045, | 1520, | TwinFalls
phosphate, A4S, . , .
= ammonium | 0.41Zn, | 0.37Zn, IDB{a%’e‘;“g A 4363
sulfate, urea 0.17Mn, 0.15Mn,
blend 0.06Cu, 0.06Cu,
0.9S50, 0.81S0,
Urea and 63 ON Cassia, ID /
CE 13 monoammonium 58‘3P, 57N, 52P Spring 9.18 136.5
phosphate blend ‘ Wheat
ggg 57N, 52P, |
Coated urea and 0 3 Zn: 0.267n, Cassia, ID /
14 monoammonium 0‘ 19Mn 0.11Mn, Spring 9.44 140 .4
phosphate blend 0‘ 04Cuy ’ 0.04Cu, Wheat
‘ ’ 0.58S0,
0.65S0,
51.1N, 45.6N,
Coated urea and 10.0%, 1.6, Cassia, ID /
15 monoammonium 0.242n, 0.2120, Spring 9.98 148.3
phosphate blend 0. 1M, 0.09Mn, Wheat
0.04Cu, 0.03Cu,
0.5250;, 0.4650,
Canyon, ID /
CEl4 Urea 77.3N 69N Spring 9.36 139.2
Wheat
Coated urea, 61.9N, 552N,
1.5qt N- 0.18Zn, 0.16Zn, Canyon, ID /
16 Yield/ton (Eco | 0.07Mn, 0.07Mn, Spring 10.77 160.1
Agro, Sarasota, | 0.03Cu, 0.02Cu, Wheat
FL) 0.39S0, 0.35S0,
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[070]

Table 6. Average Yields

Wheat Average Yield, tonnes/ha Yield, bu/ac
CE6,10,11,13, 14 9.02 134.14
7.11,12, 14, 15, 16 9.78 145.38
Increase of 7, 11, 12, 14, 15, 16 0.76 11.24

% Increase over CE 6, 10, 11, 13, 14 8.38% 8.38%
Barley Average Yield, tonnes/ha Yield, bu/ac
CE7.8,9 12 7.67 142.53
8.9, 10,13 8.29 154.08
Increase of 8, 9, 10, 13 0.62 11.55

% Increase over CE 7, 8, 9, 12 8.10% 8.10%
[071]

Table 7. In-Season Wheat Tissue Results, % Increase of Coated Fertilizer Examples
Over Comparative Examples

N P K S /n Mn Cu

1% 11% 32% 8% 30% 18% 3%

[072] Although specific embodiments have been 1llustrated and described herein for
purposes of description of the preferred embodiments, 1t will be appreciated by those of
ordinary skill in the art that a wide variety of alternate or equivalent implementations
calculated to achieve the same purposes may be substituted for the specific embodiments
shown and described without departing from the scope of the present invention. This
application 1s intended to cover any adaptations or variations of the preferred
embodiments discussed herein. Therefore, 1t 1s manifestly intended that this invention be

limited only by the claims and the equivalents thereof.
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What 1s claimed 1s:

1. A composition comprising a fertilizer granule having a surface, a coating on a least of
portion of the surface of the granule, wherein the coating comprises, (1) one or more

complexing agents, and (11) a coating agent.

2. A composition according to claim 1, wherein the fertilizer granule comprises

phosphorus, nitrogen, potassium, calcium, magnesium, sulfur or combinations thereof.

3. A composition according to claim 1, wherein the coating further comprises calcium,

magnesium, sulfur, one or more micronutrients or combinations thereof.

4. A composition according to claim 3, wherein the micronutrients comprise boron,

chloride, copper, 1iron, manganese, molybdenum, zinc or combinations thereof.

5. A composition according to claim 1, wherein the coating agent comprises a fatty acid

ester, a fatty acid, an organic oil, a mineral o1l or combination thereof.

6. A composition according to claim 5, wherein the fatty acid ester, the fatty acid, the
organic o1l or the mineral o1l comprises a tall oi1l, a vegetable oil, a seed o1l, a methylated
o1l or combinations thereof.

7. A composition according to claim 1, wherein further comprising a surfactant.

8. A composition according to claim 1, wherein the complexing agent comprises lignite

and derivatives thereof, peat and derivatives thereof, humalite and derivatives thereof,

zeolite, amino acids, carboxylic acids or combinations thereof.
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9. A composition according to claim 1, wherein the composition exhibits at least a 25%,
at least a 75%, at least an 80%, at least a 90% or at least a 95% increase 1n extractable
phosphorus over the same non-coated fertilizer granule as measured 1n accordance with

the so1l column leachate test.

10. A composition according to claim 1, wherein the composition exhibits at least a 5%,
at least a 10%, at least a 15%, or at least a 20% reduction 1n the volatility of nitrogen

compared to urea when measured 1n accordance with the ammonia volatility loss test.

11. A method comprising, coating a plurality of fertilizer granules with (1) one or more
complexing agents, (11) a coating agent, and (111) optionally one or more micronutrients,

and (1v) optionally a surfactant.

12. A method for forming a coating of micronutrients on fertilizer granules, the method
comprising:

(a) providing (1) a plurality of fertilizer granules, (11) a dry component having at
least one complexing agent, and (111) a iquud component having a coating agent,

(b) blending the fertilizer granules with the dry component and the liquid
component to form a coating containing the complexing agent and the coating agent on at

least a portion of a surface of each of the plurality of fertilizer granules.

13. A method according to claim 12, wherein the fertilizer granule comprises phosphorus,

nitrogen, potassium, calcium, magnesium, sulfur or combinations thereof.

14. A method according to claim 12, wherein the coating further comprises calcium,

magnesium, sulfur, one or more micronutrients or combinations thereof.

15. A method according to claim 14, wherein the micronutrients comprise boron, chloride,

copper, 1ron, manganese, molybdenum, zinc or combinations thereof.

16. A method according to claim 12, wherein the coating agent comprises a fatty acid

ester, a fatty acid, an organic oil, a mineral o1l, a methylated o1l or combination thereof.
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17. A method according to claim 12, wherein the complexing agent comprises lignite and
derivatives thereof, peat and derivatives thereof, humalite and derivatives, zeolite, amino

acids, carboxylic acids or combinations thereof.

18. A granule fertilizer coating system comprising
(a) a dry component having a complexing agent, and
(b) a iquud component having a coating agent, wherein the dry component and the
liquud component when blended with a plurality of fertilizer granules are
capable of forming a coating on at least a portion of a surface of the fertilizer

granules.

19. A method of improving the nutrient uptake in agricultural crops, comprising applying

the composition of claim 1 to an agricultural crop.

20. A method according to claim 19, wherein the nutrient uptake of phosphorus 1s
improved by exhibiting at least a 25%, at least a 75%, at least an 80%, at least a 90% or at
least a 95% 1ncrease 1n extractable phosphorus over the same crop using a non-coated
fertilizer granule as measured 1n tested soils in accordance with the soil column leachate

test.
21. A method according to claim 19, wherein the composition exhibits at least a 5%, at

least a 10%, at least a 15%, or at least a 20% reduction 1n the volatility of nitrogen

compared to urea when measured 1n accordance with the ammonium volatility loss test.
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Fig. 1
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Fig. 2

Ammonia Volatilization
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