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methods for providing nutrients, fertilizers, crop protection agents
and other crop inputs for a plant. The disclosure also relates to
methods for increasing the uptake of a crop active compound into a
growing plant.
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TITLE
AGRICULTURAL SYSTEMS, COMPOSITIONS AND METHODS FOR INCREASING
CROP YIELD

FIELD
[0001] The disclosure relates to systems, compositions and methods for providing
nutrients, fertilizers, crop protection agents and other crop inputs for a plant.

BACKGROUND
[0002] Current commercial agricultural practices apply a large amount of fertilizer,
especially nitrogen fertilizers, to the soil prior to, during, or shortly after the planting of a
propagule. Significant amounts of fertilizer are lost due to volatilization and leaching.
The leaching and other losses reduce the net amount of the fertilizer that is available to
a growing plant thereby reducing yield, especially for those crops that depend on late-
season nitrogen for yield increase.
[0003] Additionally, pressure from pests and disease causing agents can require
multiple applications of pesticides and other crop protection actives such as
insecticides, fungicides and nematicides. Late season pest pressure is generally
difficult to control effectively in large fields where the entry of the application equipment
within the field may injure growing plants and may require multiple passes for effective
control.
[0004] There is a need to improve the delivery of fertilizer, pesticides and other crop
protection materials to crops such that the appropriate amount of such crop inputs are
available at the appropriate stage of a crop’s development and pest pressure.

SUMMARY
[0005] A fertilizer composition includes a fertilizer core comprising from about 0.1 to 0.8
grams of nitrogen; and a polymer layer surrounding the fertilizer core; wherein the
polymer layer has a water permeability of about 1 to about 2000 g/m2/day at 25
degrees Celsius and wherein the fertilizer composition is configured to be placed in a
field at a predetermined distance from a row crop seed whereby the fertilizer
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composition delivers an effective amount of nitrogen during late growth stages of row
crop development, such as for example, late vegetative growth stages or the
reproductive growth stages of the row crop when nitrogen demand and uptake is higher.
[0006] An agricultural composition includes a fertilizer core; and a layer of a polymer
surrounding the fertilizer core; wherein the agricultural composition has a water
permeability of about 1 to about 2000 g/m2/day at 25 degrees Celsius; and wherein the
fertilizer composition is between about 6 and 14 mm in diameter.

[0007]In an embodiment, the fertilizer composition has an aspect ratio of between
about 1 and 3. In an embodiment, the fertilizer composition is in the form of a sphere. In
an embodiment, the fertilizer composition is in a non-spherical form. In an embodiment,
the fertilizer composition is in the form of a cylinder. In an embodiment, the cylinder
comprises either flat or rounded ends. In an embodiment, the fertilizer composition is in
the form of a briquette. In an embodiment, the fertilizer composition is in the form of a
mono-dispersed composition, e.g., a sphere.

[0008] In an embodiment, the fertilizer composition is configured to flow through a seed
planter. In an embodiment, the seed planter moves at a speed about 5-15 mph and the
agricultural composition is planted at a density of about 10,000 to about 300,000/acre,
wherein each of the agricultural composition comprises about 100-500, 500, 600, 700
mg of nitrogen.

[0009]In an embodiment, the polymer layer is a biodegradable aliphatic polyester. In an
embodiment, the polyester is polylactic acid comprising a weight averaged molecular
weight of about 20 kDa to about 150 kDa. In an embodiment, the polymer layer is about
0.3 mil to about 10.0 mil thick. In an embodiment, the polymer layer constitutes about
0.5% or 2% to no more than about 10% of the total weight (or amount) of the fertilizer
composition.

[0010]In an embodiment, the fertilizer composition has a release profile of about 15-
25% cumulative N release in a crop growing field by about 40 days after planting. In an
embodiment, the cumulative N release is about 50-100%, 60%, 70%, 80%, 90% and
100% in a maize growing field by about 50-90, 60, 70, 80, 90 and 100 days after
planting.
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[0011]In an embodiment, the fertilizer composition has a hardness parameter between
about 50N to about 500N. In an embodiment, the hardness parameter is about 100N.
[0012] A method of producing an extended-release fertilizer composition, the method
includes providing a fertilizer core having a size aspect ratio of between about 1 and 3;
placing the fertilizer core in a polymer layer film, wherein the polymer layer comprises a
thickness of about 0.3 mil to about 10.0 mil; and applying force such that the polymer
layer substantially wraps the fertilizer core and the polymer layer is substantially in
contact with the fertilizer core.

[0013] In an embodiment, heat is applied to the polymer layer to substantially wrap the
fertilizer composition. In an embodiment, the polymer layer has a water permeability of
10 to 500 g/m2/day at 25 degrees Celsius and wherein the fertilizer composition is
configured to be placed in a field at a predetermined distance from a row crop seed
whereby the fertilizer composition delivers an effective amount of nitrogen during the
reproductive growth stage of the row crop. In an embodiment, the fertilizer core
comprises about 0.1 to 0.8 grams of nitrogen.

[0014] A method of producing an extended-release agricultural composition, the method
includes extruding a first polymer layer on a plurality of agricultural beads such that the
plurality of the beads are substantially encapsulated by the polymer layer, wherein the
polymer layer has a water permeability of about 1 to about 2000 g/m2/day at 25
degrees Celsius and wherein the agricultural composition comprises about 0.1 to 0.8
grams of nitrogen, whereby the agricultural composition delivers an effective amount of
nitrogen during the reproductive growth stage of the row crop. In an embodiment, the
agricultural composition is between about 6 and 14 mm in diameter and comprises an
aspect ratio of between about 1 and 3. In an embodiment, the extrusion further
comprises a second polymer layer.

[0015] A method of increasing yield of a crop in a field, the method includes providing an
agricultural composition during planting of the crop seed in the field, wherein the
agricultural composition comprises a fertilizer composition, wherein the fertilizer
composition releases about 70-90 cumulative % of nitrogen between about 30-90 days
into soil after planting the crop seed; and a crop protection composition, wherein the
crop protection composition is released into the soil such that about 70-90 cumulative %
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of one or more active ingredients in the crop protection composition is available to the
crop during about 20-100 days after planting the crop seed; wherein the agricultural
composition comprises a biodegradable polymer layer and thereby increasing the yield
due to protection offered by the crop protection agents against late season pests and
diseases.

[0016]In an embodiment, the crop is selected from the group consisting of maize,
soybean, wheat, rice, sorghum, cotton, millet and barley.

[0017]In an embodiment, the fertilizer composition a nutrient selected from the group
consisting of nitrogen, phosphorus, potassium and a combination thereof. In an
embodiment, the nitrogen source includes urea, the phosphorus source includes for
example, ammonium phosphate, superphosphate, and rock phosphate; and the
potassium source includes potash.

[0018]In an embodiment, the agricultural composition is provided at planting of the crop
seed or prior to planting the crop seed.

[0019]In an embodiment, the soil is classified as a soil type that has a lower water
holding capacity.

[0020]In an embodiment, the crop protection composition is selected from the group
consisting of an insecticide, a fungicide, a nematicide and a combination thereof.
[0021]In an embodiment, the crop protection composition is selected from the group
consisting of an anthranilic diamide insecticide, a neonicotinoid insecticide and a
combination thereof. In an embodiment, the neonicotinoid insecticide is released into
the soil such that an effective amount of the insecticide is present in the soil when the
target pest is present in the field during the later developmental stages of the crop. In an
embodiment, the anthranilic diamide insecticide is released into the soil such that an
effective amount of about 5-60 g/hectare is present in the soil after about 20-100 days
from providing the agricultural composition in the field.

[0022] In an embodiment, the field is characterized by the presence of one or more late
season pests that target corn or soybeans. In an embodiment, the late season pest is
corn root worm.

[0023]In an embodiment, the crop protection composition is selected from the group
consisting of, thiamethoxam, clothianidin, imidacloprid, thiodicarb, carbaryl,
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chlorantraniliprole, cyantraniliprole, methiocarb, thiram, azoxystrobin, paclobutrazol,
acibenzolar-S-methyl, chlorothalonil, mandipropamid, thiabendazole, chlorothalonil,
triadimenol, cyprodinil, penconazole, boscalid, bixafen, fluopyram, fenpropidin,
fluxapyroxad, penflufen, fluoxastrobin, kresoxim-methyl, benthiavalicarb,
benthiavalicarb-isopropyl, dimethomorph, flusulfamide, methyl thiophanate,
triticonazole, flutriafol, thiram, carboxin, carbendazim and a combination thereof.
[0024]In an embodiment, the crop is maize and the yield increase in the field is about
5% to about 50% compared to a control field wherein a control fertilizer composition
comprising a normal release profile of nitrogen is applied, wherein both the fertilizer
composition and the control fertilizer composition comprise substantially the same total
nitrogen content at planting. Suitable yield increase compared to an appropriate control
includes for example, at least about 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%
and 30%.

[0025] In an embodiment, the crop is maize and the crop seed is planted at a planting
density of about 15,000 to about 70,000 plants per acre at a row spacing of about 15
inches to about 40 inches.

[0026] In an embodiment, the crop protection composition comprises an effective
amount of a pesticide that results in a reduced seed germination or reduced seedling
stand or reduced crop response if the effective amount of the pesticide is applied as a
seed treatment to the crop seed.

[0027]In an embodiment, the crop protection composition comprises an effective
amount of a pesticide that results in a reduced seed germination or reduced seedling
stand if the effective amount of the pesticide is applied as an in furrow application to the
soil.

[0028] A method of providing a plurality of extended release agricultural beads to a crop
field comprising a plurality of crop seeds, the method includes providing the agricultural
bead at a depth of about 1/3™ inch, 0.5 inch, and 1 inch to about 10 inches into the crop
field; at a distance of about 1 inch to about 15 inches from the crop seeds; and wherein
the agricultural bead comprises a biodegradable polymer layer and a fertilizer
composition such that a nitrogen release profile of about 70-90 cumulative % of nitrogen
between about 50-120 days into soil after planting the crop seeds is achieved and
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wherein the number of the agricultural beads is not substantially greater than the
number of crop seeds in the field. Suitable planting depths for the agricultural
composition include for example 0.5, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, and 12 inches from
the surface soil. In an embodiment, agricultural compositions disclosed herein are
broadcast applied either alone or in a blend with other surface applied components such
as soil such that when the agricultural composition is in the field, they are partially
covered by soil.

[0029] In an embodiment, the agricultural bead further comprises a crop protection
composition, wherein the crop protection composition is released into the soil such that
about 90 cumulative % of one or more active ingredients in the crop protection
composition is available to the crop during about 50-150 days after planting the crop
seed.

[0030] A method of fertilizing a crop, the method includes providing a plurality of
extended release agricultural bead to a crop field comprising a plurality of crop seeds
during planting, the method comprising providing the agricultural bead: at a depth of
about 2 inches to about 10 inches into the crop field; at a distance of about 1 inch to
about 15 inches from the crop seeds, wherein the agricultural bead comprises a
biodegradable polymer layer and a fertilizer composition such that a nitrogen release
profile of about 70-90 cumulative % of nitrogen between about 50-120 days into soil
after planting the crop seeds is achieved and wherein the number of the agricultural
beads is not substantially greater than the number of crop seeds in the field; and
providing a normal release fertilizer composition at the time of planting or sufficiently
prior to planting.

[0031] An agricultural composition comprising a blend of extended release fertilizer
composition comprising a biodegradable polymer layer and a normal release fertilizer
composition, wherein the extended release fertilizer composition releases nitrogen at a
release rate of about 70-90 cumulative % of nitrogen between about 50-120 days into
soil after planting, wherein the biodegradable polymer layer encapsulates the fertilizer
composition that is configured to be planted in the soil sufficiently adjacent to a crop
seed. In an embodiment, the blend comprises about one tenth to about two-thirds
extended release fertilizer composition. Suitable blending ranges include for example,
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extended release: normal release fertilizer in the ratio of 1:10, 1:9, 1:8, 1:7, 1:6; 1:5, 1:4,
1:3, 1:2 and 1:1. Depending on the amount of fertilizer component present in each tablet
or bead, the blending ratio can be modified for example from 1:20 to about 1:1. In an
embodiment, the blend comprises about one third extended release fertilizer
composition. In an embodiment, the biodegradable polymer layer is selected from the
group consisting of polylactic acid, poly butylene adipate succinate, polyvinyl acetate,
polyvinyl alcohol, polycaprolactone, alginate, xanthan gum and a combination thereof.
In an embodiment, the composition is planted in furrow. In an embodiment, the
composition is planted sub-surface.

[0032] In an embodiment, the polymer containing agricultural composition for example,
PLA-coated urea tablet or PLA or PBSA extruded beads containing crop protection
agents may include additional filler component such as starch or another biodegradable
component to modify the release profiles or to reduce the manufacturing cost of the
extended release compositions.

[0033] An agricultural composition comprising a fertilizer core comprising from about
0.01 to about 0.5 grams of phosphate or potash; and a polymer layer surrounding the
fertilizer core; wherein the polymer layer has a water permeability of about 1 to about
2000 g/m2/day at 25 degrees Celsius and wherein the fertilizer composition is
configured to be placed in a field at a predetermined distance from a row crop seed
whereby the fertilizer composition delivers an effective amount of nitrogen during the
reproductive growth stage of the row crop. In an embodiment, the fertilizer composition
is between about 6 and 14 mm in diameter.

[0034] A method of increasing yield of a crop plant, the method includes providing an
extended release agricultural composition to a field comprising a plurality of crop plants,
wherein the crop plant expresses an agronomic trait and wherein the extended release
composition comprises a polymer layer that has a water permeability of about 1 to about
2000 g/m2/day at 25 degrees Celsius; and wherein the extended release composition is
between about 6 and 14 mm in diameter; growing the crop plant in a crop growing
environment and thereby increasing the yield of the crop plant. In an embodiment, the
agronomic trait is a nitrogen use efficiency trait. In an embodiment, the agronomic trait

is an insect resistance trait. In an embodiment, the agronomic trait is expressed by a
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recombinant DNA construct. In an embodiment, the agronomic trait is a drought
tolerance trait. In an embodiment, the agronomic trait is engineered through a genomic
modification of the endogenous DNA. In an embodiment, the agronomic trait is a
disease resistance trait. In an embodiment, the insect resistance trait is due to the
expression of a component selected from the group consisting of Bt gene, short
interfering RNA molecule targeted to a pest, heterologous non-Bt insecticidal protein,
and a combination thereof. In an embodiment, the crop plant is selected from the group
consisting of maize, soybean, rice, wheat, sorghum, cotton, canola, alfalfa and
sugarcane.

[0035] An agricultural system includes a plurality of extended release agricultural
compositions comprising a polymer layer that has a water permeability of 10 to 500
g/m2/day at 25 degrees Celsius; wherein each of the extended release composition is
between about 6 and 14 mm in diameter; a planting equipment configured to place the
extended release agricultural compositions at a sufficient depth in a soil surface of a
crop field; and a plurality of crop seeds, wherein the crop seeds are planted at a
sufficient distance from the placement of the agricultural compositions and wherein the
crop seeds are planted immediately before or after the placement of the agricultural
compositions.

[0036]In an embodiment, the extended release composition comprises a fertilizer
composition. In an embodiment, the extended release composition comprises a crop
protection active ingredient. In an embodiment, the crop seeds are maize.

[0037]In an embodiment, the planting equipment is a seed planter. In an embodiment,
the planting equipment plants both the agricultural compositions and the crop seeds in a
single pass across the field. In an embodiment, the planting equipment alternates
between placing the agricultural composition and planting the crop seeds. In an
embodiment, the planting equipment is a pneumatic disc planter. In an embodiment, the
planting equipment delivers the agricultural composition that comprises a fertilizer
component and a crop protection active ingredient. In an embodiment, the planting
equipment delivers the agricultural composition that comprises a fertilizer component
and a crop protection active ingredient simultaneously.
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[0038] A method of increasing yield of a crop plant, the method includes broadcast
spreading an extended release agricultural composition to a field comprising a plurality
of crop plants, wherein the extended release composition comprises a polymer layer
that has a water permeability of 10 to 500 g/m2/day at 25 degrees Celsius; and wherein
the extended release composition is between about 6 and 14 mm in diameter; and
growing the crop plant in a crop growing environment and thereby increasing the yield
of the crop plant. In an embodiment, the agricultural composition comprises about 0.1 to
0.8 grams of nitrogen and the polymer layer is about 8-250 microns thick.

BRIEF DESCRIPTION OF THE DRAWINGS
[0039]FIG. 1 shows a variety of configurations of polymer containing extended release
agricultural compositions described herein. These include a nutrient core having a
polymer shell, crop protection active ingredient mixed within a core composition having
dispersed polymer, crop protection active in liquid formulation spray coated onto a
polymer containing core, and crop protection active ingredient mixed in with a nutrient
core surrounded by a polymer shell. In the illustration shown, the core is formed by
either by extrusion or by compaction and the shell is formed by either spray coating or
film wrapping.
[0040]FIG. 2 is a schematic illustration of a batch coating of PLA polymer on urea
tablets. Urea tablets are made from urea granulation of prills, followed by sizing step
that includes sieving and passing through a coarse mesh to select appropriate size
granules and urea tablets of appropriate shape and size are formed by compaction. The
polymer coating (PLA as in illustrative example) process starts with polymer dissolution
in a heated process, followed by dye mixing if a particular color is desired and batch film
coating of the urea tablets in a rotary compartment. Graphite may be added as a
lubricant during the coating process of urea tablets.
[0041]FIG. 3 shows the cumulative release of urea into water at 22°C from PLA-coated
urea prills (3-5 mm) which are coated at three different ratios (5.1, 7.4 and 9.7% based

on the mass ratio of PLA to urea).



WO 2017/165482 PCT/US2017/023524

[0042]FIG. 4 shows the cumulative release of PLA-coated urea (1600 mg) tablet into
water at 22 °C at five different ratios (2.6, 3.8, 5.0, 7.5 and 10% based on the mass ratio
of PLA to urea).

[0043]FIG. 5 shows the cumulative release of tablets that are 13 mm in diameter and of
standard shape and contain 1600 mg urea per tablet urea into water at 35 °C from PLA-
coated urea tablets which are coated at three different ratios (2.6, 3.8, and 5.0% based
on the mass ratio of PLA to urea).

[0044]FIG. 6 shows cumulative release of urea into water at 22 °C from PLA-coated
urea tablets. The samples are prepared by a spraying coating process using 10 wt%
PLA solution in MEK and tablets that are 11.1 mm in diameter and of different shapes
(standard, deep, extra deep and modified ball).

[0045]FIG. 7 shows cumulative release of 9.5 mm urea tablet into water at 22 °C from
PLA-coated urea tablets which are coated at three different ratios (4.1, 5.6 and 7.1%
based on the mass ratio of PLA to urea).

[0046]FIG. 8 shows the cumulative release of urea into water at 22 °C from 9.5 mm
PLA-coated urea tablets which are coated at four different ratios (2.8, 3.75, 5.5 and
6.35% based on the mass ratio of PLA to urea).

[0047]FIG. 9 shows the cumulative release of urea into water at 35 "C from PLA-coated
urea 9.5 mm tablets (535 mg urea) which are coated at four different ratios (2.8, 3.75,
5.5 and 6.35% based on the mass ratio of PLA to urea).

[0048]FIG. 10 shows the cumulative release of urea into water at 22 °C from PLA-
coated urea 9.5 mm tablets (535 mg urea/tablet) which are coated at three different
ratios (2.2, 4.1 and 6.5% based on the mass ratio of PLA to urea).

[0049]FIG. 11 shows the cumulative release of urea into water at 22°C from film-
wrapped urea tablets of 9.5 mm diameter and 535 mg of urea.

[0050]FIG. 12 shows cumulative release of urea into water at 22°C from film-wrapped
urea tablets of extra deep shape and contain 535 mg urea per tablet.

[0051]FIG. 13 shows cumulative release of total nitrogen into Fruitland soil at 25°C from
PLA-coated urea tablets (535 mg urea per tablet) which are coated at three different
ratios (2.6, 3.8 and 5.0% based on the mass ratio of PLA to urea).

10
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[0052]FIG. 14 shows cumulative release of total nitrogen into Sciota soil at 25°C from
PLA-coated urea tablets (535 mg urea per tablet) which are coated at three different
ratios (2.6, 3.8 and 5.0% based on the mass ratio of PLA to urea).

[0053]FIG. 15 shows cumulative release of total nitrogen into Sciota soil at 25°C from
PLA-coated urea tablets (535 mg urea per tablet) which are coated at three different
ratios (4.1, 5.6 and 7.1% based on the mass ratio of PLA to urea).

[0054]FIG. 16 shows cumulative release of total nitrogen into Sciota soil at 25°C from
PLA-coated urea tablets (535 mg urea per tablet) which are coated at four different
ratios (2.8, 3.75, 5.5 and 6.35% based on the mass ratio of PLA to urea).

[0055]FIG. 17 shows cumulative release of total nitrogen into Fruitland soil at 25°C from
PLA shrink-wrapped ammonium sulfate tablets (1900 mg ammonium sulfate per tablet).
[0056] FIG. 18 shows Thiamethoxam concentration in maize hybrid leaves from a
variety of sources. Positive control is the seed treatment application of Thiamethoxam.
[0057]FIG. 19 shows mean Clothianidin concentration in maize leaves from a variety of
sources. Pos. Ctrl indicates the Clothianidin 1250 applied as a seed treatment.
[0058]FIG. 20 shows the % Al release for Flutriafol in soil after 1-5 weeks after planting
for prototypes F-E and F-F.

[0059]FIG. 21 shows soil release curves for thiamethoxam containing bead
compositions. The bead prototype designation corresponds to those shown in Example
9.

[0060]FIG. 22 shows soil release for the fungicide active ingredient azoxystrobin
present in PLA coated tablet, uncoated struvite (magnesium ammonium phosphate)
tablet and PBSA extruded bead containing corn starch and calcium phosphate.

[0061] FIG. 23 shows soil release profile for the insecticide active ingredient clothianidin
present in PLA coated tablet, PLA coated urea tablet and PBSA extruded bead
containing corn starch and calcium phosphate. The Urea/clothianidin PBSA 4 mil tablet
corresponds to a film-wrapped tablet designated prototype I-D.

[0062]FIG. 24 shows the mean concentrations of Azoxystrobin for negative controls
grown in the corn controlled environments tests described in Example 10. The bars (in
most cases smaller that the plotted symbol) indicate the 95% confidence interval for the

mean values. Individual standard deviations were used to calculate the confidence
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intervals. DAD- day after delivery of the bead. No crop protection agent was used in the
control plots.

[0063] FIG. 25 shows the mean thiamethoxam concentration in leaf samples collected
during the corn controlled environments tests described in Example 10. The bars
indicate the 95% confidence interval for the mean values. Individual standard deviations
were used to calculate the confidence intervals. DAD- day after delivery of the bead.
[0064] FIG. 26 shows the mean clothianidin concentration in leaf samples collected
during the corn controlled environments tests described in Example 10. The bars
indicate the 95% confidence interval for the mean values. Individual standard deviations
were used to calculate the confidence intervals. DAD- day after delivery of the bead.
[0065]FIG. 27 shows the mean azoxystrobin concentration in leaf samples collected
during the corn controlled environments tests described in Example 10. The bars
indicate the 95% confidence interval for the mean values. Individual standard deviations
were used to calculate the confidence intervals. DAD- day after delivery of the bead
[0066]FIG. 28 shows the mean leaf E2Y (chlorantraniliprole) concentration in the corn
growth chamber trial. The bars indicate the 95% confidence interval for the mean
values. Individual standard deviations were used to calculate the confidence intervals.
DAD- day after delivery of the bead.

[0067]FIG. 29 shows the mean leaf HGW (cyantraniliprole) concentration in corn
growth chamber trial. The bars indicate the 95% confidence interval for the mean
values. Individual standard deviations were used to calculate the confidence intervals.
DAD- day after delivery of the bead.

[0068]FIG. 30 shows the mean leaf E2Y (chlorantraniliprole) concentration in soybean
growth chamber trial. The bars indicate the 95% confidence interval for the mean
values. Individual standard deviations were used to calculate the intervals. DAD- day
after delivery of the bead.

[0069]FIG. 31 shows the mean leaf HGW (cyantraniliprole) concentration in soybean
growth chamber trial. The bars indicate the 95% confidence interval for the mean
values. Individual standard deviations were used to calculate the intervals. DAD- day
after delivery of the bead.

12



WO 2017/165482 PCT/US2017/023524

DETAILED DESCRIPTION

[0070] The disclosures of the priority application U.S. Ser. No. 62/311,911 filed March
23, 2016, all cited patent and non-patent literature are incorporated herein by reference
in their entirety.

[0071] The use of numerical values in the various ranges specified in this application,
unless expressly indicated otherwise, are stated as approximations as though the
minimum and maximum values within the stated ranges were both preceded by the
word “about”. In this manner, slight variations above and below the stated ranges can
be used to achieve substantially the same results as values within the ranges. Also, the
disclosure of these ranges is intended as a continuous range including each and every
value between the minimum and maximum values.

[0072] Substantially free generally refers to absence of one or more components such
that the detectable amount of such components are below a certain level where such
low level presence does not alter the desirable characteristics of a compositions. For
example, substantially free can mean the presence of a component less than 0.01%,
0.1%, 1%, 2%, 3%, 4%, 5%, or up to 10% of the total composition by weight.
Substantially free can also include that a component is below the detectable limit
threshold. For example, the term “substantially free of polyurethane” means that
polyurethane is present only in trace quantity or at a low level that does not alter the
desirable characteristics of a composition, such as, for example PLA.

[0073] A fertilizer composition includes a fertilizer core comprising from about 0.1 to 0.8
grams of nitrogen; and a polymer layer surrounding the fertilizer core; wherein the
polymer layer has a water permeability of about 1 to about 2000 g/m2/day at 25
degrees Celsius and wherein the fertilizer composition is configured to be placed in a
field at a predetermined distance from a row crop seed whereby the fertilizer
composition delivers an effective amount of nitrogen during the reproductive growth
stage of the row crop. Other suitable ranges of water permeability for the polymer layer
include for example, about 10 to about 500; 100-200, 50-500, 100-500; 200-500; 300-
600; 500-1000; 50-100; 100-1000 g/m2/day at 25 degrees Celsius.
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[0074] An agricultural composition includes a fertilizer core; and a layer of a polymer
surrounding the fertilizer core; wherein the agricultural composition has a water
permeability of about 1 to about 2000 g/m2/day at 25 degrees Celsius; and wherein the
fertilizer composition is between about 6 and 14 mm in diameter. Other suitable
diameter ranges for the fertilizer composition include for example, about 8-12 mm; 7-10
mm; 8-14 mm; 7-14 mm; 6-10 mm; 9-13 mm; 5-15 mm and 10-15 mm.

[0075]In an embodiment, the fertilizer composition has an aspect ratio of between
about 1 and 3. In an embodiment, the fertilizer composition is in the form of a sphere. In
an embodiment, the fertilizer composition is in a non-spherical form. In an embodiment,
the fertilizer composition is in the form of a cylinder. In an embodiment, the cylinder
comprises either flat or rounded ends. In an embodiment, the fertilizer composition is in
the form of a briquette. In an embodiment, the fertilizer composition is in the form of a
mono-dispersed sphere.

[0076] In an embodiment, the fertilizer composition is configured to flow through a seed
planter. In an embodiment, the seed planter moves at a speed about 2-20 or 5-15 mph
and the agricultural composition is planted at a density of about 10,000 to about
300,000/acre, wherein each of the agricultural composition comprises about 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, 1100, and 1200 mg of nitrogen. Suitable
ranges of nitrogen, for example in the form of urea, ammonia, or NH+ include for
example, up to 200, 300, 400, 500, 600, 700, 800, 900, 1000 and 1500 mg per bead or
tablet disclosed herein.

[0077]In an embodiment, the polymer layer is a biodegradable aliphatic polyester. In an
embodiment, the polyester is polylactic acid comprising a weight averaged molecular
weight of about 20 kDa to about 150 kDa. In an embodiment, the polymer layer is about
0.3 mil to about 10.0 mil thick. In an embodiment, other thicknesses include for
example, 0.2-5; 0.5-2.0; 1.0-5.0; 0.4-4; 0.5; 0.6; 0.7; 0.8; 0.9; 1.0; 1.5; 2.0; 2.5; 3.0; 3.5;
4.0;4.5;5;5.5;6.0;6.5;7.0; 7.5; 8.0; 8.5; 9.0; 9.5; and 10.0 mil. In an embodiment, the
polymer layer constitutes about 0.5% or 2% to no more than about 10% of the total
weight (or amount) of the fertilizer composition. Suitable weight % include for example,
0.2,0.4.05,06,0.7,0.8,1.0,1.5,2,25,3,3.5,4,45,5,55,6,6.5,7,75, 8, 85, 9,
9.5and 10.
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[0078]In an embodiment, the agricultural composition is in a shape as designated as
‘round convex’ tablets, made using tooling for “standard cup depth” or “extra deep cup
depth,” as defined in table 10 of the Tableting Specification Manual, 7th edition, page
71, American Pharmacists Association, Washington DC, 2006 (TSM-7). Table 10 of the
Tableting Specification Manual describes punch tip diameters ranging from about 3.175
mm for a standard cup depth of 0.432 mm or an extra-deep cup depth of 0.762 mm to
about 25.4 mm for a standard cup depth of 1.854 mm or an extra-deep cup depth of
4.851mm. Based on the description and guidance provided herein, one of ordinary skill
in the art can choose an appropriate size and shape for the agricultural compositions
described herein.

[0079]In an embodiment, the fertilizer composition has a release profile of about 15-
25% cumulative N release in a crop growing field by about 40 days after planting. In an
embodiment, the cumulative N release is about 60-90% in a maize growing field by
about 60-90 days after planting. In an embodiment, suitable cumulative N release
includes about 40-70%; 50-80%; 40-90%; 50-90%; 70-90%; 80-90%; 60-80%; 60-95%
and 50-100% within about 20-150 days of planting. Other suitable cumulative % N
release includes about 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, and 100.
[0080] Depending on the crop (e.g., annual or perennial) the % nitrogen released and
the timing of such release can be determined based on the disclosure herein and the
various release profiles of the compositions disclosed. Suitable timing ranges include for
example, of about 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160,
170, 180, 190, and 200 days for annual crops and longer duration for perennial crops in
the range of up to about 30, 90, 120, 150, 180, 210, 240, 270, and 300 days.

[0081]In an embodiment, the fertilizer composition has a hardness parameter between
about 50N to about 150N. In an embodiment, the hardness parameter is about 100N.
Suitable hardness parameter includes for example up to 200N, 250N, 300N, 350N,
400N and 500N; 100-300N, 50-500N, 200-300N, 250-500N, and any range within 50-
500N.

[0082] A method of producing an extended-release fertilizer composition, the method
includes providing a fertilizer core having a size aspect ratio of between about 1 and 3;
placing the fertilizer core in a polymer layer film, wherein the polymer layer comprises a
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thickness of about 0.4 mil to about 10.0 mil; and applying force such that the polymer
layer substantially wraps the fertilizer core and the polymer layer is substantially in
contact with the fertilizer core.

[0083] In an embodiment, the heat is applied to the polymer layer to substantially wrap
the fertilizer composition. In an embodiment, the polymer layer has a water permeability
of 10 to 500 g/m2/day at 25 degrees Celsius and wherein the fertilizer composition is
configured to be placed in a field at a predetermined distance from a row crop seed
whereby the fertilizer composition delivers an effective amount of nitrogen during the
reproductive growth stage of the row crop. In an embodiment, the fertilizer core
comprises about 0.1 to 0.8 grams of nitrogen.

[0084] A method of producing an extended-release agricultural composition, the method
includes extruding a first polymer layer on a plurality of agricultural beads such that the
plurality of the beads are substantially encapsulated by the polymer layer, wherein the
wherein the polymer layer has a water permeability of about 1 to about 2000 g/m2/day
at 25 degrees Celsius and wherein the agricultural composition comprises about 0.1 to
0.8 grams of nitrogen, whereby the agricultural composition delivers an effective amount
of nitrogen during the reproductive growth stage of the row crop. In an embodiment, the
agricultural composition is between about 6 and 14 mm in diameter and comprises an
aspect ratio of between about 1 and 3. In an embodiment, the extrusion further
comprises a second polymer layer.

[0085] A method of increasing yield of a crop in a field, the method includes providing an
agricultural composition during planting of the crop seed in the field, wherein the
agricultural composition comprises a fertilizer composition, wherein the fertilizer
composition releases about 70-90 cumulative % of nitrogen between about 30-90 days
into soil after planting the crop seed; and a crop protection composition, wherein the
crop protection composition is released into the soil such that about 70-90 cumulative %
of one or more active ingredients in the crop protection composition is available to the
crop during about 20-100 days after planting the crop seed; wherein the agricultural
composition comprises a biodegradable polymer layer and thereby increasing the yield.
In an embodiment, suitable cumulative crop protection active ingredient release
includes about 40-70%; 50-80%; 40-90%; 50-90%; 70-90%; 80-90%; 60-80%; 60-95%
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and 50-100% of the total active ingredient present in the composition within about 20-
150 days of planting. Other suitable cumulative % crop protection active ingredient
release includes 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, and 100. The mid
to late season pests for a particular crop depends on the nature of the crop, the location
and the appearance of the pest pressure. For example, mid/late season pests may
appear during the reproductive stage of a plant.

[0086] In an embodiment, the crop is selected from the group consisting of maize,
soybean, wheat, rice, sorghum, millet and barley.

[0087]In an embodiment, the fertilizer composition a nutrient selected from the group
consisting of nitrogen, phosphorus, potassium and a combination thereof.

[0088] In an embodiment, the agricultural composition is provided at planting of the crop
seed or prior to planting the crop seed.

[0089]In an embodiment, the soil is classified as a soil type that has a lower water
holding capacity.

[0090]In an embodiment, the crop protection composition is selected from the group
consisting of an insecticide, a fungicide, a nematicide and a combination thereof.
[0091]In an embodiment, the crop protection composition is selected from the group
consisting of an anthranilic diamide insecticide, a neonicotinoid insecticide and a
combination thereof. In an embodiment, the neonicotinoid insecticide is released into
the soil such that an effective amount of the insecticide is present in the soil when the
target pest is present in the field during the later developmental stages of the crop. In an
embodiment, the anthranilic diamide insecticide is released into the soil such that an
effective amount of about 5-60 g/hectare is present in the soil after about 20-100 days
from providing the agricultural composition in the field.

[0092] In an embodiment, the field is characterized by the presence of one or more late
season pests that target corn or soybeans. In an embodiment, the late season pest is
corn root worm.

[0093]In an embodiment, the crop protection composition is selected from the group
consisting of, thiamethoxam, clothianidin, imidacloprid, thiodicarb, carbaryl,
chlorantraniliprole, cyantraniliprole, methiocarb, thiram, azoxystrobin, paclobutrazol,
acibenzolar-S-methyl, chlorothalonil, mandipropamid, thiabendazole, chlorothalonil,
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triadimenol, cyprodinil, penconazole, boscalid, bixafen, fluopyram, fenpropidin,
fluxapyroxad, penflufen, fluoxastrobin, kresoxim-methyl, benthiavalicarb,
benthiavalicarb-isopropyl, dimethomorph, flusulfamide, methyl thiophanate,
triticonazole, flutriafol, thiram, carboxin, carbendazim and a combination thereof.
[0094]In an embodiment, the crop is maize and the yield increase in the field is about
10% to about 50% compared to a control field wherein a control fertilizer composition
comprising a normal release profile of nitrogen is applied, wherein both the fertilizer
composition and the control fertilizer composition comprise substantially the same total
nitrogen content at planting.

[0095] In an embodiment, the crop is maize and the crop seed is planted at a planting
density of about 15,000 to about 70,000 plants per acre at a row spacing of about 15
inches to about 40 inches. Suitable planting densities include for example, about
10,000; 15,000; 20,000; 25,000; 30,000; 35,000; 40,000; 45,000; 50,000; 55,000;
60,000; 65,000; 70,000 and 75,000.

[0096] In an embodiment, the crop protection composition comprises an effective
amount of a pesticide that results in a reduced seed germination or reduced seedling
stand or reduced crop response if the effective amount of 