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METHOD AND APPARATUS FOR REDUCING
FERTILIZER USE IN AGRICULTURAL OPERATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

This Application claims the benefit of U.S. Provisional Application Number
60/954,005, filed August 4, 2007, the entire disclosure of which is hereby incorporated
herein by reference.

FIELD OF THE INVENTION

The present invention relates to agriculture and more particularly to the use of
certain materials in agriculture to reduce the amount of fertilizer required to effectively
grow various plants and to diminish the amount of fertilizer contamination of ground
water.

BACKGROUND

In nursery operations, among other agricultural pursuits, the utilization of large
amounts of water and fertilizer are commonplace. While the utilization of such large
quantities of water and fertilizer help to produce better agricultural products, there are
serious side-effects associated with using fertilizer.

Escaping water carries much of the fertilizer with it. This not only increases the
amount of fertilizer that is necessary to effectively fertilize the plant, thereby increasing
the costs incurred by the plant grower, but the run-off can be a dangerous pollutant and can
lead to the creation of dead zones. Hundreds of the world's coastal regions have dead
zones, which are oxygen-depleted arecas where many forms of aquatic life cannot survive.
Fertilizer run-off from land is increasing the number, size, duration and severity of dead
zones across the globe. This is mainly because the use of fertilizers in agriculture is
increasing.

Nitrogen, which, makes up about 78% of the Earth's atmosphere, is an inert gas but
it has more reactive forms. One of these comes from making fertilizers, using the
Haber-Bosch process, which converts nitrogen gas into ammonia. Although some of the
fertilizer used on fields is taken up by plants and then by the animals that eat them, most of
it accumulates in the soil before being washed to the coast and eventually to the ocean.

SUMMARY
It is therefore an object of the present invention to solve the shortcomings of the

prior art while also reducing the amount of fertilizer consumed in agricultural pursuits.
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More particularly, the need has been recognized for a plant or root container that allows
water to pass through but prevents or otherwise inhibits the passage of certain chemicals
such as fertilizer, nutrients, pesticides, and other elements (e.g., Sodium, Potassium,
Nitrogen, Phosphorus, efc.). Additionally, the need for a material that can be used in
such plant or root containers has also been recognized.

It is therefore one aspect of the present invention to provide a semi-permeable
membrane or similar material that can be used to encompass a root area of a plant. The
semi-permeable membrane may be adapted to allow the passage of water while entrapping
fertilizer and/or other chemicals and nutrients. The entrapment of the fertilizer and/or
other chemicals and nutrients serves two purposes. First, by trapping the fertilizer and/or
other chemicals and nutrients in the semi-permeable membrane, the plant is able to
continue absorbing the previously provided fertilizer and/or other chemicals and nutrients
because the plant’s root system may also be capable of entering pores of the membrane
that have entrapped the fertilizer and/or other chemicals and nutrients.  This helps reduce
the amount of fertilizer and/or other chemicals and nutrients required to effectively grown
the plant, which also helps reduce operational costs.

Second, by trapping the fertilizer and/or other chemicals and nutrients, the amount
of fertilizer run-off can be reduced, thereby reducing the otherwise adverse effects of
fertilizer run-off. This fact is particularly useful for planting operations located in areas
that have strict guidelines related to the allowable amount of fertilizer run-off.

The semi-permeable membrane may be constructed from any type of material that
allows the passage of water but contains and entraps particulates and other matter carried
by the water. Certain types of semi-permeable membranes that can be used in
accordance with at least some embodiments of the present invention include those that are
currently used in dialysis. One exemplary material that may be utilized to construct the
semi-permeable membrane is activated charcoal. Activated charcoal or carbon is
particularly useful because it is capable of entrapping many types of chemicals, fertilizer,
nutrients, and other beneficial plant chemicals while allowing water to pass therethrough.

The applications in which the semi-permeable membrane may be employed can
vary. The form in which the semi-permeable is employed may also vary from application
to application. For instance, in accordance with at least one embodiment of the present
invention, the semi-permeable membrane may be utilized for large rooted plants, such as

trees. The semi-permeable membrane may be provided as a part or layer of a root bag or
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similar planter in which the tree is initially grown. The size and thickness of the
semi-permeable membrane may vary depending upon the size of the tree around which the
root bag is planted. In a root bag embodiment, the membrane is employed as a
temporary aid to the growth of the tree.

Larger planters and other permanent plant locations may also be equipped with the
semi-permeable membrane in accordance with at least some embodiments of the present
invention. In one embodiment, the larger planter or permanent plant location may
include one or more layers of the semi-permeable membrane. For instance, a permanent
planter may comprise a first semi-permeable membrane layer for retaining the fertilizer
and/or other chemicals and nutrients close to the plant’s root system and a second
semi-permeable membrane layer for restricting any fertilizer and/or other chemical and
nutrient run-off from the planter. Both the first and second semi-permeable membrane
layers may be monitored for their absorption of fertilizers and/or other chemicals and
nutrients. If it is determined that one of the layers has become saturated with particulates
and its effective entrapment of the fertilizers and/or other chemicals and nutrients has
diminished, then that layer as well as the other layer may be replaced or otherwise
recharged.

The semi-permeable membrane may also be utilized in large acreage agricultural
applications (e.g., farms, golf-courses, city gardens, etc.). In these types of applications,
the root systems of the plants tend to stay relatively shallow as compared to the root
systems of trees.  For instance, the roots of grass on a golf course tend to only extend
about 3 to 4 inches below the surface. Thus, in accordance with at least some
embodiments of the present invention, a semi-permeable membrane layer may be
deposited at or below the root system and may be deposited relatively uniformly across the
acreage. Of course, the orientation of the semi-permeable membrane layer may depend
upon surface features (e.g., hills, valleys, ditches, gulches, efc.). For example, if the
surface in which the semi-permeable membrane is to be used is relatively flat, then a
membrane layer having a substantially uniform thickness may be utilized. Alternatively,
if the surface undulates due to a hill, then it may be preferable to set up columns of the
semi-permeable membrane in the root system or it may be preferable to lay down a
membrane layer with a non-uniform thickness (e.g., with a thickness that is greater toward
the lower elevation of the hill).

When constructing a semi-permeable membrane layer for applications where a
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relatively large amount of area needs to be covered, it may be advantageous to create a
semi-permeable mulch by combining shredded paper and/or fiber and activated charcoal.
The semi-permeable mulch may be spread across the acreage before seeds are planted or
before a sod layer is placed on the ground.  Alternatively, a slurry may be created by
combining the semi-permeable mulch with water or some other solvent. The slurry may
be advantageously utilized to embed the semi-permeable layer in an existing plant system
(e.g., in an existing golf course). While the slurry may be more easily deposited in-situ
than a mulch, one skilled in the art may also envision methods of directly embedding the
semi-permeable mulch in an existing root system.

In embodiments where a fiber is used in connection with the activated charcoal,
embodiments of the present invention may be provided whereby a membrane is made out
of fiber with the charcoal adhering to it. In such an embodiment, a membrane composed of
an active layer of charcoal or resin may be supported or otherwise held in place by two or
more structural layers, which can be made of paper, carton, fiber, ezc. This membrane
itself can be shaped into any form for various agricultural applications.

As noted above, more than one semi-permeable membrane layer may be utilized
for a particular plant or plant system. One or both of these layers may extend above
ground level, or be placed above ground level in the first place thereby preventing surface
run-off in addition to preventing the run-off through the ground. Additional layers may
also be provided depending upon the application and desired level of fertilizer and/or other
chemical and nutrient entrapment. In accordance with at least one embodiment of the
present invention, a root container may include four different layers: (1) a structural outer
layer; (2) an outer semi-permeable layer; (3) and inner semi-permeable layer; and (4) a
structural inner layer. This sandwich of layers may function as a relatively inexpensive
semi-permeable membrane that can be configured in multiple ways to tailor its
permeability and selective filtering characteristics for several different applications. An
inexpensive biodegradable water permeable membrane layer can be formed out of
loose-packed paper pulp and/or fiber or from recycled paper. The permeability of these
layers can be controlled by thickness, density, and/or non-toxic additives. The active
layer can be used to control diffusion of chemicals and/or fertilizer. This active layer
may include activated charcoal in accordance with at least some embodiments of the
present invention.

The movement of chemicals through dirt and multi-layer membranes can be
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controlled by chemical concentration gradients, such that the chemicals will diffuse from a
higher concentration toward a lower concentration, with the diffusion rate controlled by
permeability. Thus, a high concentration of fertilizer in the dirt (just after fertilizer
application) will be carried by water flowing outward when the plant is watered. Most of
the fertilizer will pass through the relatively thin inner permeable layer but will be
absorbed by the active layer. Later, as the fertilizer in the dirt is taken up by the plant
roots, the concentration gradient will reverse such that the fertilizer is most concentrated in
the active layer and less so in the dirt. At this point, the chemical diffusion reverses
direction and the active layer slowly gives up its chemicals, which flow back into the
lower concentration in the dirt. Preferably, the inner permeable layer is more permeable
than the outer one (e.g., being thinner) and therefore the flow of chemicals inward
predominates over leakage outward.

In accordance with at least some embodiments of the present invention, a
semi-permeable membrane is provided that exhibits about 97.5% absorption. More
specifically, the semi-permeable membrane may absorb up to about 97.5% of the fertilizer
and/or chemicals and nutrients (e.g., Nitrate) that are carried by the water. Thus, 97.5%
less fertilizer, chemicals, and nutrients may be used to effectively grow plants. As can be
appreciated, however, embodiments of the present invention are not limited to these levels
of absorption. Greater or lesser levels of absorption may be achieved depending upon the
type of materials that are used to create the semi-permeable membrane.

During its operational life span, the semi-permeable membrane (e.g., charcoal)
may collect more and more mineral nutrients in an exchangeable form. Once collected,
the semi-permeable membrane may act as a nutrient-loaded activated charcoal (e.g., a type
of slow release fertilizer). The advantage of the charcoal is that nutrients are released in
response to plant demand and would not be directly affected by soil moisture content or
temperature (two primary factors that currently effect release rate in current slow-release
fertilizers). Thus, the release rate would match plant demand and result in high fertilizer
efficiency.

To this end, a fertilizing pot or planter may be provided in accordance with at least
some embodiments of the present invention. The fertilizing pot or planter may comprise
a fertilizer preloaded semi-permeable membrane (i.e., fertilizer may be incorporated into
the membrane prior to planting the plant in the membrane). The roots of the plant may

then be able to grow into the semi-permeable membrane to extract the loaded as well as
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subsequently collected fertilizer on an as-needed basis. The amount of fertilizer that is
initially incorporated into the semi-permeable membrane may vary depending upon the
type of application in which the membrane will be used. As an exemplary ratio, the
membrane may be loaded to between about 5% to about 75% of its saturation level with
fertilizer and other nutrients. In one embodiment, the membrane may be loaded to about
50% of its saturation level with fertilizer and other nutrients. In another embodiment, the
membrane may be loaded to the point of saturation (e.g., 100% of its carrying capability).

The remaining capacity, if any, will be available for entrapping subsequently added
fertilizers and/or other chemicals and nutrients. The amount of subsequently added
fertilizers and/or other chemicals and nutrients may vary, however, based on the rate that
the pre-loaded nutrients are extracted from the membrane by the plant roots. In
accordance with one embodiment of the present invention, fertilizers and/or other
chemicals and nutrients may be added to a plant at a rate that is substantially similar to the
rate at which the plant roots extract the fertilizers and/or other chemicals and nutrients
from the membrane. The extraction rate may be determined based on empirical tests
conducted for certain types of plants with certain types and configurations of membranes.

Another fertilizing pot may include a plug at its drain point that incorporated a
membrane in accordance with at least some embodiments of the present invention. In
one embodiment, the plug may include a membrane that is preloaded with fertilizer.

The Summary is neither intended nor should it be construed as being representative
of the full extent and scope of the present invention. The present invention is set forth in
various levels of detail and the Summary as well as in the attached drawings and in the
detailed description of the invention and no limitation as to the scope of the present
invention is intended by either the inclusion or non inclusion of elements, components, etc.
in the Summary. Additional aspects of the present invention will become more readily
apparent from the detailed description, particularly when taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a diagram depicting an exemplary plant container in accordance with at
least some embodiments of the present invention;

Fig. 1B is an exploded cross-sectional view of the container in accordance with at
least some embodiments of the present invention;

Fig. 2 is a cross-sectional view of a plant container having a drain area and plug in

accordance with at least some embodiments of the present invention;
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Fig. 3 is an exploded cross-sectional view of a plant container plug in accordance
with at least some embodiments of the present invention;

Fig. 4A is a diagram depicting a root bag in accordance with at least some
embodiments of the present invention;

Fig. 4B is an exploded cross-sectional view of the root bag in accordance with at
least some embodiments of the present invention;

Fig. 5 is a cross-sectional view of a first membrane layer orientation in accordance
with at least some embodiments of the present invention;

Fig. 6 is a cross-sectional view of a second membrane layer orientation in
accordance with at least some embodiments of the present invention;

Fig. 7 is a cross-sectional view of a third membrane layer orientation in accordance
with at least some embodiments of the present invention;

Fig. 8 is a cross-sectional view of a fourth membrane layer orientation in
accordance with at least some embodiments of the present invention; and

Fig. 9 is a cross-sectional view of an urban plant container in accordance with at
least some embodiments of the present invention.

DETAILED DESCRIPTION

Referring initially to Figs. 1A and 1B, an exemplary root container 100 will be
described in accordance with at least some embodiments of the present invention. The
root container 100 may include a top portion 104 and bottom portion 120 interconnected
with a sidewall 116. In accordance with at least one embodiment of the present invention,
the container 100 may comprise a substantially cylindrical configuration. Thus, the top
104 and bottom 120 portions may be circular in nature with the sidewall 116 connecting
traversing the outer circumference of both. The container 100 may be adapted to assume
other non-cylindrical configurations without departing from the scope of the invention.
For example, the container 100 may alternatively comprise a box-type configuration with
several sidewalls 116.

The top portion 104 may be open and adapted to receive a plant 108. The plant
108 may be planted in soil 112 that is contained by the sidewall 116 and bottom portion
120 of the container 100. The roots of the plant 108 are allowed to grow throughout the
soil 112.  Although the container 100 is depicted as an above-ground planter, one skilled
in the art will appreciate that the container 100 could also be adapted for use as an

in-ground container because it is both sturdy enough to be self supporting while it is also
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bio-degradable for use in-ground.

As can be seen in Fig. 1B, the containing portions (i.e., the sidewall 116 and
bottom 120) may have a unique structure that facilitates the passage of water while
restricts the passage of other particulates (e.g., fertilizer, chemicals, and/or nutrients such
as Sodium, Potassium, Nitrogen, and Phosphorus). In accordance with at least one
embodiment of the present invention, the bottom 120 and sidewall 116 may have a similar
construction in that both elements may be constructed to selectively entrap and capture
various particulates that are carried by water that is allowed to pass therethrough.
Alternatively, the bottom 120 and sidewall 116 may have dissimilar constructions such
that only water is allowed to pass through the bottom 120. In such a configuration,
however, both the bottom 120 and sidewall 116 may still be adapted to entrap and store
particulates that can be used by the roots 124 of the plant 108.

In accordance with at least one embodiment of the present invention, the
containing portions may include a construction that comprises an inner support layer 128,
a first semi-permeable layer 132, a second semi-permeable layer 136, and an outer support
layer 140. The inner support layer 128 may be constructed of loose-packed paper pulp or
some other bio-degradable material. The inner support layer 128 may also be adapted to
allow the passage of water and particulates therethrough.

The first semi-permeable layer 132, which is adjacent to the inner support layer
128, may be constructed of a material that is operable to allow water to pass there through
while selectively entrapping and containing fertilizer that is carried by the water such that
the fertilizer is maintained within proximity to a plant root 124 located near the material.
The first semi-permeable layer 132 may also be adapted to entrap and contain other
particulates that can either (a) act as a pollutant to water escaping from the container 100
or (b) act as a beneficial nutrient/chemical to the plant 108. In accordance with at least
some embodiments of the present invention, the first semi-permeable layer 132 is
constructed of activated charcoal, flyash, a resin, or some other sorbent material that is
capable of containing particulates without disturbing the flow of water therethrough.

The second semi-permeable layer 136, which is adjacent to the first
semi-permeable layer 136, may also be constructed of a material similar to the first
semi-permeable layer 132.  Collectively, the first 132 and second 136 semi-permeable
layers act as a trap for fertilizer and other nutrients that are added to the plant 108 in an

attempt to make the plant 108 grow effectively. The fertilizer and other particulates that
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are trapped and contained by the semi-permeable layers 132, 136 may be accessed by the
plant’s roots 124 that have grown through the inner support layer 128 and into the
semi-permeable layers 132, 136. Thus, the fertilizer and other nutrients can be consumed
by the plant 108 on an as-needed basis without requiring the continual addition of fertilizer
and other nutrients to the surface of the soil 112.

In accordance with at least one embodiment of the present invention, the first
semi-permeable layer 132 may comprise a permeability that is different from the
permeability of the second semi-permeable layer 136. Accordingly, a permeability
gradient may be created via the utilization of multiple (e.g., two, three, four, five, or more)
semi-permeable layers 132, 136. In one embodiment, the first semi-permeable layer 132
is more permeable than the second semi-permeable layer 136. This allows the flow of
chemicals inward (i.e., toward the roots 124) to predominate over leakage outward (i.e.,
away from the roots 124).

The outer support layer 140 may be adapted to contain the other layers of the
container 100. In accordance with at least one embodiment of the present invention, the
outer support layer 140 may be adapted to allow water to pass therethrough. In an
alternative embodiment, the outer support layer 140 may be adapted to restrict the flow of
water therethrough. As noted above, the functionality of the outer support layer 140 may
vary depending upon its location within the container 100. For example, the outer
support layer 140 of the bottom portion 120 may be adapted to allow the passage of water
while the outer support layer 140 of the sidewall 116 may be adapted to restrict the
passage of water.

The order of the layers in the container may also be altered within the spirit of the
present invention. For example, one alternative configuration of layers may provide that
the inner most layer (i.e., the layer adjacent to the soil 112) is a semi-permeable layer and
the inner support layer 128 may be provided between the first and second semi-permeable
layers 132, 136, respectively. As another example, the inner support layer 128 may be
removed, leaving only the semi-permeable layers 132, 136 and the outer support layer 140.
As yet another example, both support layers 128, 140 may be removed and the
semi-permeable layers 132, 136 may be the only layers provided in proximity to the roots
124. This particular configuration may be particularly useful in situations where the
plant 108 is placed in the ground and the semi-permeable layers 132, 136 separate the
roots 124 of the plant 108 from the rest of the soil. Alternatively 132 and 136 can be
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combined into one functionally active layer.

The thicknesses of each layer may vary depending upon the application and the
type of plant 108 that is being contained. As one example, the inner support layer 128
may comprise a thickness of between about Imm and about Smm, the first
semi-permeable layer 132 may comprise a thickness of between about Imm and about
10mm, the second semi-permeable layer 136 may comprise a thickness of between about
Imm and about 20mm, and the outer support layer 140 may comprise a thickness of
between about 1mm and about 10mm. An indication may be provided on the outside of
the outer support layer 140 that describes the thickness(es) of the semi-permeable layer(s)
132, 136. In one embodiment, a color coding scheme may be employed whereby the
color of the outer support layer 140 or a color on the outer support layer 140 indicates the
thickness of one or both semi-permeable layers 132, 136.

With reference now to Fig. 2, an alternative configuration of a container 200 will
be described in accordance with at least some embodiments of the present invention. In
the depicted embodiment, the container 200 may include sidewalls 204 and a bottom
portion 208 that are impermeable to water. In other words, the container 200 walls 204
and bottom portion 208 do not allow the passage of water therethrough by design. A hole
216 may be provided in the bottom portion 208 to facilitate the passage of water away
from the roots of the plant. Without the provision of the hole 216, water would collect at
the roots and eventually begin rotting the plant. The hole 216 may be adapted to receive
a plug 212 that is constructed in accordance with at least some embodiments of the present
invention.

A more details cross-sectional view of the plug 212 can be seen in Fig. 3. In
accordance with at least one embodiment of the present invention, the plug 212 may
comprise a top portion 304, bottom portion 308, and a side portion 312. The plug 212
may be tapered from the top portion 304 down to the bottom portion 308 such that it is
secured by friction in the hole 216. In other words, the plug 212 may have a wider
cross-sectional area at the top than at the bottom. The plug 212 may be constructed to
facilitate the passage of water therethrough. At the same time, the plug 212 may also be
constructed to entrap and contain particulates that are carried by water. Examples of such
particulates include, but are not limited to, fertilizer, chemicals, nutrients, and other
beneficial elements. Another function of the plug 212 is to restrict the soil contained in

the container 200 from escaping through the hole 216.
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In accordance with at least one embodiment of the present invention, the plug 212
may comprise a first layer 316 and a second layer 320. One or both of the layers 316,
320 may be constructed of a semi-permeable material (e.g., activated charcoal) that traps
fertilizers and other particulates that would otherwise be carried away from the plant roots
with water. In the event that only one of the layers 316, 320 is constructed of the
semi-permeable material, the other semi-permeable layer 316, 320 may be adapted to
allow the passage of water and fertilizers. In an embodiment where both of the layers
316, 320 are constructed of a semi-permeable material, each layer 316, 320 may comprise
different permeabilities. The difference in permeability may be achieved in a number of
different ways. One way to vary the permeability between layers 316, 320 is to use
different materials for the layers. For instance, the first layer 316 may be constructed of
activated charcoal while the second layer 320 may be constructed of a resin or the like.
Another way to vary the permeability between layers 316, 320 is to alter the density
between layers. As an example, the first layer 316 may comprise a pure semi-permeable
material whereas the second layer 320 may comprise a combination of the semi-permeable
material and a filler material such as pulp, shredded paper, or some other filler that
decreases the overall density of the second layer 320. Combinations of these
permeability altering mechanisms may also be utilized.

One advantage to utilizing a plug 212 with a semi-permeable material is that the
plug 212 can be easily monitored and replaced. The frequency with which the plug 212
is replaced may vary depending upon how quickly the layers 316, 320 become saturated
with particulates and other elements that are carried by water and trapped by the plug 212.
The plug 212 may also be replaced each time a plant is removed from the container 208.
The reusable container 200 may therefore be employed to contain a number of different
plants.

Referring now to Figs. 4A and 4B a root bag 400 will be described in accordance
with at least some embodiments of the present invention. The root bag 400 is another
example of a root container that may be utilized in accordance with embodiments of the
present invention. The root bag 400 may comprise two or more layers that are adapted to
surround and support the root structure 412 of the plant. The root bag 400 may include
an outer layer 404 and an inner layer 408. The outer layer 404 may comprise a burlap
bag or some similar material that can be used to wrap the roots 412 of the plant. The

inner layer 408 may comprise a semi-permeable material 408 that is capable of trapping
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fertilizer and other elements that are found to be beneficial to plant growth. The roots
412 of the plant may be capable of growing into the inner layer 408 such that the trapped
elements can be extracted by the plant.

Although the root bag 400 is only depicted as having two layers, one skilled in the
art will appreciate that greater or fewer layers may be utilized to create a container that is
adapted to selectively restrict the passage of fertilizer and other agriculturally beneficial
clements away from the roots 412. As one example, additional semi-permeable layers
may be provided to enhance the efficacy of fertilizer entrapment. As another example, a
single layer may be utilized whereby the single layer acts both as a structural and
semi-permeable layer. In one embodiment, a burlap bag or a similar type of otherwise
permeable material may be laced or saturated with a semi-permeable material (e.g.,
charcoal dust, a charcoal mulch, or a charcoal slurry), such that the semi-permeable
material integrates itself within the bag, thereby causing the structural layer to also act as
the semi-permeable layer. Alternatively, a semi-permeable slurry may be created that is
sprayed/applied to the bag material (or a similar material such as paper used in other
configurations of the root container). The slurry may integrate with the bag or paper.
Then, the bag or paper may be allowed to dry at which point a semi-permeable support
material is created. The semi-permeable support material may then be used as a support
layer in the root container and/or as a semi-permeable layer in the root container.

Referring now to Figs. 5-8, various membrane layer configurations will be
described in accordance with at least some embodiments of the present invention. The
use of a semi-permeable material is not limited to agricultural applications whereby the
root system of a single plant (e.g., a shrub, tree, flower, efc.) is encapsulated by a
semi-permeable layer. Rather, a semi-permeable material may also be advantageously
utilized in acreage applications where the plant and root system is highly dispersed across
a relatively large area. As one example, the semi-permeable material may be utilized in
golf courses to maintain fertilizer and other elements that are applied to the surface
relatively close to the root system of the golf course grass. As another example, the
semi-permeable material may be utilized in farms to maintain fertilizer and other elements
relatively close to crop roots.

In a first configuration depicted in Fig. 5, a plant system 500 is shown with a
semi-permeable layer 508 provided just below a root layer 504. The semi-permeable
layer 508 may comprise a semi-permeable material that is capable of entrapping and
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containing fertilizer as well as other beneficial elements near the root layer 504. The root
layer 504 may then integrate itself into the semi-permeable layer 508 such that there is no
clear division between the two. In other words, as the roots 504 begin to grow into the
semi-permeable layer 508, the two layers may integrate into a single layer.

The semi-permeable layer 508 may be provided on top of the soil layer 512. The
soil layer 512 is a typical soil layer that includes dirt or the like. The thickness of the
semi-permeable layer 508 may range from about 1 inch to about 2 feet. In accordance
with at least some embodiments of the present invention, the semi-permeable layer 508
may comprise a relatively uniform thickness (i.e., uniform within a tolerance of about +/-
2 inches) across the entire arca of application. In an alternative embodiment, the
thickness of the semi-permeable layer 508 may vary depending upon surrounding land
structure. For example, it may be advantageous to provide a thicker semi-permeable
layer 508 in drainage arcas whereas a less thick semi-permeable layer 508 may be
provided on hilltops or the like.

Fig. 6 shows an alternative configuration where the plant system 600 comprises a
plurality of columns of semi-permeable layers 608 incorporated within the soil 612. The
semi-permeable layers 608 may also be included partially or fully in the root system 604,
although such a configuration is not depicted. The columns of semi-permeable layers
608 may behave similarly to other semi-permeable layers described herein and may
include a semi-permeable material provided in accordance with at least some
embodiments of the present invention. The spacing between columns 608 may vary
depending upon the nature of the plant system 600 and more specifically the nature of the
root system 604. In accordance with at least some embodiments of the present invention,
the spacing (i.e., the thickness of each column of soil 612) between columns 608 may
range from about 1 inch to about 12 inches. The columns 608 may be provided as a solid
semi-permeable material, a mulch semi-permeable material, or a slurry semi-permeable
material.

Fig. 7 shows yet another alternative configuration of the plant system 700 where
the columns of semi-permeable layers 708 are not uniformly thick about their
cross-section. Rather, the semi-permeable layers 708 may become relatively thicker as
their depth increases. In accordance with at least one embodiment of the present
invention, the semi-permeable layers 708 may have a first thickness near the root system

704 and a second thickness at their terminus in the soil 712.  The first thickness (e.g., the
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thickness at the higher point) may be less than the second thickness (e.g., the thickness at
the lower point). This may help to control the concentration gradient of fertilizers and
other chemicals and nutrients that are trapped and contained by the semi-permeable layer
708. The depicted configuration may help to promote deeper root growth since more
fertilizer and other beneficial elements will be located at the lower portions of the columns
708. One skilled in the art will appreciate that an opposite configuration of columns may
also be employed such that the semi-permeable layers 708 are thicker near the root 704
and thinner within the soil 712.

Fig. 8 shows still another alternative configuration of the plant system 800 where
the semi-permeable layer 808 is separated from the root system 804. More specifically,
columns of semi-permeable layers 808 may be provided that are vertically separated from
the root system 804. Soil 812 may be provided between the semi-permeable layers 808
and the root system 804. The separation of the semi-permeable layer 808 from the root
system 804 may serve two purposes. The first purpose is that such a separation may
promote deeper root growth through the soil 812. The second purpose is that such a
separation may allow the removal of the root system 804 from the soil 812 without
affecting the configuration of the semi-permeable layer 808. The second purpose may
prove particularly advantageous in sod farms and other farms where the plants are
removed and sold, but it is desirable to reuse the same semi-permeable layer 808.

The semi-permeable layer may be provided in a number of different form factors.
For example, the semi-permeable layer may be provided in a solid form factor. The solid
semi-permeable layer may be laid down on the soil before the grass or other crop is laid
down. Alternatively, the grass or crop may be lifted below its root layer (e.g., via a sod
cutter), and the semi-permeable layer may be laid down and then the grass or crop may be
replaced.

The semi-permeable layer may also be provided as mulch that is laid down before
or after the grass or other crop is laid down. The mulch form factor may comprise part
semi-permeable material (e.g., activated charcoal) and part filler material (e.g., shredded
paper, paper Mache, woodchips, fiber efc.). The mulch may be easier to handle than a
pure form of the semi-permeable material. Additionally, the composition of the mulch
can be varied to alter the density of the semi-permeable layer that includes the mulch.

The semi-permeable layer may also be provided as a slurry that is a combination of

at least a semi-permeable material and water. Preferably, the semi-permeable slurry may

14



10

15

20

25

30

WO 2009/020868 PCT/US2008/071966

also include mulch or some other filler material that helps to control the viscosity of the
slurry such that it can be more easily applied. One advantage to utilizing slurry is that it
can be sprayed to a soil surface before grass or other crops are planted. The layer created
by the slurry spray may be relatively more uniform than semi-permeable layers
constructed with other form factors. Another advantage of utilizing slurry is that the
slurry can be more easily deposited into an established crop, yard, or grassed area. More
specifically, the slurry may be injected into the root system of a planted area. The slurry
can then integrate itself within the root system where it can then dry and establish a
semi-permeable layer.

A number of different methods and machines may be utilized to integrate a
semi-permeable layer into an agricultural area. Examples of such machines and methods
are described in US 2007/074,496; US 7,347,037; EP 1,769,949, EP 1,413,190; US
6,571,544; US 4,579,363; US 4,326,594; US 6,712,155; US 6,460,624; US 6,505,687; US
6,247,267, US 2006/117,653; US 5,690,178; GB 2,390,289; and US 5,884,570, the entire
contents of which are hereby incorporated by reference in their entirety.

Referring now to Fig. 9, a root container utilized in an urban planter 900 will be
described in accordance with at least some embodiments of the present invention. The
urban planter 900 may comprise one or more cement sections 904, 916, 920 or other
permanent planters. The root system 912 of the tree 908 may extend within the planter
toward a first semi-permeable layer 928. The first semi-permeable layer 928 may fully
contain the soil in which the plant 908 is planted. A second semi-permeable layer 924
may be provided as a safeguard layer. The second semi-permeable layer 924 may be
utilized to ensure that no fertilizer or other elements escape into run-off water. The
semi-permeable layers 924, 928 may be utilized in a number of different urban planter 900
configurations, examples of which can be seen in US 4,019,279; US 2004/194,374; US
2002/100,211; US 6,243,984; US 5,953,858; US 5,647,169; US 5,528,857; US 5,613,605;
WO 9507018; US 5,383,302; US 5,305,549; US 5,331,9098; US 5,224,598; US
5,222,326; and US 5,442,891, the entire contents of which are hereby incorporated by
reference in their entirety.

The present invention, in various embodiments, includes components, methods,
processes, systems and/or apparatus substantially as depicted and described herein,
including various embodiments, sub combinations, and subsets thereof. Those of skill in

the art will understand how to make and use the present invention after understanding the
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present disclosure. The present invention, in various embodiments, includes providing
devices and processes in the absence of items not depicted and/or described herein or in
various embodiments hereof, including in the absence of such items as may have been
used in previous devices or processes, €.g., for improving performance, achieving case
and/or reducing cost of implementation.

The foregoing discussion of the invention has been presented for purposes of
illustration and description. The foregoing is not intended to limit the invention to the form
or forms disclosed herein. In the foregoing Detailed Description for example, various
features of the invention are grouped together in one or more embodiments for the purpose
of streamlining the disclosure. This method of disclosure is not to be interpreted as
reflecting an intention that the claimed invention requires more features than are expressly
recited in each claim. Rather, as the following claims reflect, inventive aspects lie in less
than all features of a single foregoing disclosed embodiment. Thus, the following claims
are hereby incorporated into this Detailed Description, with each claim standing on its
own as a separate preferred embodiment of the invention.

Moreover though the description of the invention has included description of one
or more embodiments and certain variations and modifications, other variations and
modifications are within the scope of the invention, e.g., as may be within the skill and
knowledge of those in the art, after understanding the present disclosure. It is intended to
obtain rights which include alternative embodiments to the extent permitted, including
alternate, interchangeable and/or equivalent structures, functions, ranges or steps to those
claimed, whether or not such alternate, interchangeable and/or equivalent structures,
functions, ranges or steps are disclosed herein, and without intending to publicly dedicate

any patentable subject matter.
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What is claimed is:

1. A root container, comprising;:

a first semi-permeable membrane that is located around at least a portion of a
plant root and is operable to entrap at least a portion of fertilizer and/or other chemicals
and nutrients that are flowed through the membrane via water applied to the plant.

2. The container of Claim 1, wherein the semi-permeable membrane
comprises activated charcoal.

3. The container of Claim 1, wherein the fertilizer and/or other chemicals
and nutrients are/is substantially composed of fertilizer.

4. The container of Claim 1, further comprising:

a second semi-permeable membrane adjacent to the first semi-permeable
membrane, wherein the first semi-permeable membrane comprises a first permeability and
the second semi-permeable membrane comprises a second permeability that is different
from the first permeability.

5. The container of Claim 4, wherein the first semi-permeable membrane
comprises a permeability that is greater than the permeability of the second
semi-permeable membrane.

6. The container of Claim 1, further comprising at least one structural layer
adapted to maintain the semi-permeable membrane within a sufficient distance of the plant
root such that the plant root is capable of accessing the fertilizer and/or other chemicals
and nutrients entrapped and contained by the semi-permeable membrane.

7. The container of Claim 1, wherein the plant root is capable of extracting
at least some of the fertilizer and/or other chemicals and nutrients entrapped and contained
by the semi-permeable membrane.

8. The container of Claim 1, wherein the semi-permeable membrane is
pre-loaded with fertilizer.

9. The container of Claim 1, wherein the plant root comprises a tree root.

10. The container of Claim 1, wherein the plant root comprises a grass root
and wherein the semi-permeable membrane is deposited between about 1 inch and about 5
inches below the grass root.

11. The container of Claim 1, further comprising:

a plant container comprising a hole; and
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a plug adapted to reside within the hole, wherein the semi-permeable membrane is
included in the plug.

12. A planting material that is operable to allow water to pass there through
while selectively entrapping and containing fertilizer that is carried by the water such that
the fertilizer is maintained within proximity to a plant root located near the material.

13. The material of Claim 12, wherein the plant root comprises at least one
of a tree root, grass root, flower root, and shrub root.

14. The material of Claim 12, wherein the plant root is capable of extracting

at least some of the fertilizer entrapped and contained by the material.

15. A plant container comprising the material of Claim 12.

16. An acreage comprising a sub-root layer that includes the material of
Claim 12.

17. A semi-permeable membrane comprising the material of Claim 12,

wherein the semi-permeable membrane comprises activated charcoal.

18. A mulch comprising the material of Claim 12.
19. A slurry comprising the material of Claim 12.
20. An agricultural method, comprising:

obtaining a semi-permeable material that is adapted to allow water to pass there
through while selectively entrapping and containing fertilizer that is carried by the water;
and

placing the semi-permeable material within proximity to a plant root.

21. The method of Claim 20, wherein the semi-permeable material
comprises a mulch that is a combination of at least charcoal and paper.

22. The method of Claim 20, wherein the semi-permeable material
comprises a slurry that is a combination of at least charcoal, paper, and water.

23. The method of Claim 22, wherein placing comprises inserting the slurry
into soil where the plant root is situated.

24. The method of Claim 20, further comprising:

incorporating fertilizer into the semi-permeable material prior to placing the
semi-permeable material within proximity to the plant root.

25. The method of Claim 20, wherein the plant root is capable of extracting

at least some of the fertilizer entrapped and contained by the semi-permeable material, the
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method further comprising:
determining a rate at which the fertilizer is extracted from the semi-permeable
material by the plant root; and

adding fertilizer to the plant based on the determined rate of fertilizer extraction.
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