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ABSTRACT

A subsurface drip irrigation device having a tube having a first layer having a
releasable herbicide compounded in the first layer are on an inside surface of the first
layer, a second barrier layer adjacent the first layer, outlets extending through the tube
in a spaced relationship along the tube, drippers positioned on an inside surface of the
tube in a spaced relationship over an outlet where the barrier layer prevents outward
movement of released herbicide through the first layer and directs the released
herbicide into a flow path through the tube for exiting the drip irrigation device through
an inlet into the dripper and out the outlet in the tube for preventing root intrusion into

the device.
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ROOT INTRUSION PROTECTION OF SUBSURFACE DRIP IRRIGATION PIPE

FIELD OF THE INVENTION

This invention relates to slow-release materials and a process for controlling the
diffusion rate at which a slow-release material diffuses from a substrate or a carrier,
and more particularly, to drip irrigation devices having a controlled release rate of a
herbicide that inhibits root growth by incorporating a layer of barrier material between

the herbicide and the wall of the drip irrigation tube to reduce the movement of the

herbicide through the wall of the pipe.

BACKGROUND OF THE INVENTION

Subsurface drip irrigation is a well-known irrigation technique with many
advantages. A major problem with subsurface drip irrigation is root intrusion into the
drip irrigation device such as tapes and pipes. Three techniques exist for preventing
root intrusion and include periodic injection of a herbicide through the drip irrigation
system, continuous addition of a herbicide to the irrigation water, and/or compounding
a herbicide into the plastic material of the drip irrigation device to slowly release it into

the soil around the dripper of the device.

Dinitro-anilines are the herbicides most commonly used in these methods.
Dinitro-anilines have very low solubility in water. While some of the herbicide Is
carried in the water in suspension through the dripper into the soil, a large proportion
of the herbicide migrates through the wall of the drip irrigation pipe into the soil around
the dripper and a lot of herbicide ends up too far from the emission points from the

dripper that needs to be protected. The addition of dinitro-anilines to the dripper can

also impair the adhesion of the dripper to the wall of the drip irrigation pipe or tube.
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The slow-release of dinitro-aniline from polymers to protect subsurface drip
irrigation systems from root intrusion is well-known. In certain applications, dinitro-
aniline is incorporated into the dripper itself. This technology works well with heavy
walled tube and round drippers, however, does not work very well with thin-walled drip
irrigation tubes or tape. Tapes are formed by various techniques with embossed or
printed flow patterns. For tapes, there is no thick molded part or extruded sections into
which one can conveniently incorporate the dinitro-aniline. For thin-walled tubes,
small flat drippers which are stuck to the side of the wall have been developed and
adhesion to the wall is reduced by the addition of dinitro-aniline. Because the release
rate of dinitro-aniline is directly proportional to the surface area and inversely
proportional to the thickness, it was difficult to achieve a long life cycle for thin-walled
tubes and tapes incorporating dinitro-aniline.

Many subsurface drip irrigation systems are protected from root intrusion by
means of periodical or continuous injection of a herbicide into the irrigation water. In
these cases, between irrigation cycles a large proportion of the herbicide is absorbed
into the walls of the tube and from there into the soil far away from the outlet. And,
during irrigation cycles, the outlets closest to the injection point receive more herbicide
than those at the end of the system. The result is excessive application of the
herbicide with both environmental risks and economic costs. In the case of
compounding the herbicide into the drip irrigation device to create a herbicide
impregnated tube, due to the large surface area a low concentration of the herbicide In
the plastic of the tube will deliver enough herbicide to the water and then into the soll
to prevent root intrusion. However, in this scenario herbicide will be lost by moving
directly into the soil far away from the emission points where the protection against
root intrusion is needed. Further, because the herbicide is infused throughout the wall

of the tube, the diffusion through the wall and into the soil results in a short useful life

2.
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of the product. Consequently, a need exists for an improved subsurface drip irrigation

system to prevent root intrusion which addresses the drawbacks of existing systems.

SUMMARY OF THE INVENTION

Accordingly, there is described a subsurface drip irrigation device comprising: a
tube having a first layer having a releasable herbicide compounded in the first layer
Into a bead positioned into an inside surface of the first layer, and a second barrier
layer adjacent the first layer; a plurality of outlets extending through the tube In a
spaced relationship along a length of the tube; and a plurality of drippers positioned on
an inside surface of the tube in a spaced relationship such that a one of the plurality of
drippers is positioned over a one of the plurality of outlets, wherein the plurality of
drippers have an inlet for receipt of water flowing through a flow path within the tube,
and wherein the second barrier layer prevents outward movement of released
herbicide from the first layer directly through the first layer into surrounding soil and
directs the released herbicide into the flow path for exiting the drip irrigation device
with the water through the plurality of drippers and the plurality of outlets in the tube to
prevent root intrusion into the device.

There is also described a method for delivering a herbicide contained within a
subsurface drip irrigation device comprising the steps of: providing a drip irrigation
tube, having a first layer having a releasable herbicide compounded into a bead
positioned into an inside surface of the first layer, a second barrier layer adjacent the
first layer, a plurality of outlets extending through the tube in a spaced relationship
along the tube, a plurality of drippers positioned on an inside surface of the tube In

spaced relationship over the piurality of outlets in the tube; providing a stream of water

through a flow path In the tube; releasing the herbicide into the flow path; blocking the

CA 2929360 2017-08-16
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herbicide from movement through the tube by the barrier layer; and directing the

herbicide into an inlet in the dripper and out the outlet.

The drip irrigation tube may be extruded with a herbicide compounded into the
extruded tube. The tube includes a barrier layer on the outside of the tube to prevent
movement of the herbicide directly into the soil. The herbicide migrates from the tube
into the water and within the tube before exiting through the dripper into the soil.
Alternatively, a round bead containing the herbicide Is extruded and attached to the
inside wall of the tube or partially buried into the wall of the tube. The herbicide Is
slowly released from the bead into the water which in turn passes through the dripper
into the soil. The bead can be continuous or it can be In short lengths placed near to
the dripper. A layer of barrier material is placed between the bead and the wall to
reduce movement of the herbicide into the wall. The barrier layer can be a complete
or partial inner lining or the barrier material can be used as an outer lining of the entire
tube. Incorporating a barrier wall for the tube also improves efficiency for
embodiments where periodic injection of the herbicide into the water through the drip
system or a continuous addition of a herbicide into the irrngation water are utilized.

These and other aspects of the present invention will be more fully understood

by reference to the following detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 I1s a cross-sectional view of a drip irrigation tape or tube having an

internal flow path with a layer having a bioactive material comprising a herbicide within

a polymeric material and an outer barrier layer;

- 33 -
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FIG. 2 is a cross-sectional view of a drip irrigation tape or tube similar to FIG. 1
including a bactericide layer positioned with the herbicide layer;

FIG. 3 is a fragmentary cross-sectional perspective view illustrating a drip
irrigation tape or tube having an internal flow path with a continuous bead of slow
release herbicide-impregnated polymeric material extruded as a continuous bead
alongside the flow path and a barrier layer;

FIG. 4 is a fragmentary cross-sectional perspective view showing a drip
irrigation tape or tube similar to FIG. 3 in which separate beads are located adjacent to
the exit holes of a dripper flow path;

FIG. 5 is a cross-section view showing a drip irrigation tape or tube in which the
bead of herbicide-impregnated polymeric material is embedded within the wall of the
tape or tube having barrier material; and

FIG. 6 is a cross-sectional view of a drip irrigation tape or tube having an

external emitter or dripper.

DETAILED DESCRIPTION

FIG. 1 illustrates a cross-section of a drip irrigation tape or tube 10 In
accordance with the present invention. The tape or tube is a thin-walled product.
Such thin-walled tape or tube products are defined by wall thickness generally in the
range of about 4 to about 50 mils. It is believed that the present invention Is most
useful for a drip irrigation tape product having a wall thickness in the range of about 4
to about 20 mils. A typical wall thickness of such tape products is about 8 mils,
although tape products can have a wall thickness up to about 40 mils. The invention
also can be useful with thin-walled tubes generally having a thickness of about 30 to
about 50 mils. The tape or tube preferably is made of low density polyethylene. FIG.

1 illustrates a thin-walled tube 12 comprising an inner layer 14 and an outer layer 16.

_4-
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The inner layer is a polyethylene or polyolefin containing a herbicide and the outer
layer 16 is a barrier layer preventing the herbicide from moving from the inner layer
outwardly into soil in which the drip irrigation device 10 is positioned during use.
Positioned on the inside wall 18 of the inner layer is an emitter or dripper 20
having an inlet 22 for receipt of water through the flow path 24. The flow path extends
continuously along the inside of the tube 12. The water enters inlet 22 in the emitter
and out of the device through outlet 26 which extends through the inner and outer
layers 14, 16. It is to be understood that the drippers are spaced along the length of
the tube at predetermined intervals and consequently the outlet 26 extending through
the tube are similarly spaced at intervals along the tube. The outlets 26 supply water
at a low drip rate and at predetermined spaced-apart intervals along an irrigation line.
As indicated, the tube 12 is a two-layer extrusion wherein the inner layer is a
polyolefin containing a herbicide that is slowly released into the water in the flow path
24 through known techniques. The herbicides most commonly used are dinitro-
anilines such as trifluralin or pendimethalin. The outer layer is a barrier layer
preventing the herbicide from moving from the inner layer directly into the soill. The
outer layer can be any one of several barrier resins including but not limited to Saran,
EVA, Nylon, PVDC, EVOH, Barex and compounds thereof with or without nano-clays
or other additives to further improve the barrier properties. The barrier layer can also

be a polyolefin compound containing a barrier material such as nano-clay or
submicron silica or a powdered iron oxide of magnetite. Since the barrier layer
prevents movement of the herbicide out through the inner layer, all of the herbicide will

be carried by the water through the dripper into the soil exactly where it is needed to

prevent root intrusion. In addition, the outside barrier layers can be selected to

improve the physical properties of the drip irrigation device.
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FIG. 2 illustrates an alternative embodiment drip irrigation device 30 similar to
drip irrigation device 10 with the addition of a bactericide layer 32 combined with the
inner layer 14 and including a dispersed bactericide for use in killing slime-producing
bacteria. The bactericide layer and the inner layer are the same layer.

FIG. 3 illustrates another alternative embodiment drip irrigation device 40
comprising a multi-layer tube 42 having an inner layer 44 and an outer layer 46. The
outer layer 46 is a standard flexible supply tube made of low-density polyethylene.
Inside layer 44 is a barrier layer comprising any one of several barrier resins identified
earlier. Alternatively, the inner layer can be the standard flexible supply tube and the
outer layer can be the barrier material layer. In the embodiment of FIG. 3 a continuous
bead 48 of a bioactive material extends continuously along the inside wall of the tube
adjacent the emitter or dripper 50 within the flow path 52. Alternatively the bead can
be positioned anywhere along the inside wall of the tube.

FIG. 4 illustrates another alternative embodiment drip irrigation device 60
wherein the bead 62 of bioactive material is not continuous as in FIG. 3, but rather Is
separate self-contained beads 62 located adjacent exit holes 64 of the irrigation line.
As a further alternative (not shown), the bead of bioactive material can be formed with

a larger cross-section as shown in FIG. 2 and a thinner or reduced cross-section

between the exit hole so that the largest surface area of the bead is present in the

vicinities of the exit holes.

The bead of bioactive materials can be formed by incorporating the bioactive
material into a suitable polymeric binder that can be extruded along the inside of the

tube and bonded to the inside wall of the tube. FIGs. 3 and 4 illustrate the bead
extruded as an elongated cylinder 48 or as separate cylindrical shapes 62 essentially
circular in cross-section. This configuration maximizes the surface area to volume

ratio of the bead which has a beneficial effect on long-term diffusion rate during use.

_B-
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The bioactive material is a herbicide such as trifluralin, pendimethalin or other dinitro-
aniline material, although other herbicides may be used. The herbicide is combined
with a suitable carrier, such as carbon black, and impregnated uniformly throughout a
polymeric binder material such as low-density polyethylene resin or other polyolefin
resins.

Slow-release products such as certain herbicides which are incorporated into
polymers such as polyethylene used as the encapsulation matrix are compounded by
initially absorbing the herbicide into particles of carbon black. The carbon black is
used because it is inert, in particulate form, and capable of absorbing and retaining
within it the herbicide molecules similar to the absorption characteristics of a sponge.
The carbon black and herbicide can be absorbed at a one-to-one ratio and then
blended with a small amount of polyethylene resin in particulate form, and this blendea
material is later mixed into a standard polyethylene carrier material which can then be
formed into the bead of bioactive material. In the embodiment of FIG. 4, the device
can be made by co-extruding the beads 62 at twelve inch intervals in which the
separate beads are approximately one inch long and extruded in the vicinity of the
dripper exit holes 64. This can be done by a timer control on the extrusion die output
to stop and start the bead extrusion process. The beads are bonded by hot meld

adhesion to the tube material.
The bioactive material can also include dispersed nano-clay particles for

reducing the diffusion rate of the slow-release bioactive material. The extruded bead

of bioactive material could include such nano-clay particles as described in U.S.

Patent 6,821,928.

The drip irrigation devices of FIGS. 3 and 4 since they include a barrier layer,

orevent the movement of the herbicide into the walls of the dripline so that all the

herbicide will be carrier by the water through the inlet 54 into the dripper 50 ana out

_7-
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the exit or outlet hole 64 into the soil exactly where it Is needed to prevent root
intrusion. For applications where the barrier layer is on the outside of the tube
herbicide can be added to both the bead and the inside layer which may be useful In
circumstances where a very long life of the device is required. For example, the
market for subsurface drip irrigation requires products designed to be used for a range
of periods of time. Permanent crops such as vines or olives could require a 20+ year
life. Crops like sugar cane and alfalfa are usually replanted about every 7 years.
Tomatoes are replanted annually. Using the drip irrigation device of the present
invention the device designer can engineer various thicknesses of the tube wall,
concentration of the herbicide and the use of nano-clay to match the expected life of
root intrusion protection with the crop and the cultural practices of the farmer. In
applications which include a bead, the designer can also vary the diameter of the bead
as well as the concentration of the herbicide. The decision to use the bead and/or the
addition of the herbicide to the tube and/or the impermeable inner or outer lining will
depend on the specifics of the particular application.

As indicated the barrier layer can include nano-clays which are nanometer
sized clay particles that can be incorporated into the polymeric host carrier to assist in

providing the barrier. The presence of the nano-clay particles reduces the porosity of

the polymer or to assist in providing the barrier. For example, the barrier layer could
contain 2% nano-clay. The specific type of nano-clay incorporated can be as

disclosed in U.S. Patent 6,821,928. Other types of particles can also be utilized such

as submicron silica or magnetite.

FIG. 5 illustrates another embodiment drip irrigation device 70 wherein the bead

72 of bioactive material is embedded in the inner wall 74 of the tube 76. The tube

includes a barrier layer of nano-clay particles or can be a multiple layer configuration

as shown in FIGS. 1-4. The emitter or dripper 78 is positioned over the bead 72 so

8-
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that water carries the herbicide out the outlet hole 80 into the surrounding solil after
entering the inlet hole 82 in the dripper from the flowpath 84. Alternatively the dripper
and outlet holes can be positioned at other locations on the tube.

FIG. 6 illustrates another drip irrigation device 90 having a tube 92 similar to
FIG. 1 (however any of the tube configurations shown if FIGS. 2-5 can be used)
having an external emitter or dripper 94 which is attached to the tube through the
outlet hole 96 by having a barb 98 located at an end of a post 100. Post 100 extends
through the tube so that the barb 98 is positioned on the inside of the tube. Dripper 94
has an inlet hole 102 in the barb and an outlet hole 104 on the opposite end.

Although the present invention has been disclosed with various embodiments, it

is to be understood that changes and modifications can be made therein which are

within the intended scope of the invention as hereinafter claimed.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A subsurface drip irrigation device comprising:

a tube having a first layer having a releasable herbicide compounded In the first

layer into a bead positioned into an inside surface of the first layer, and a second

barrier layer adjacent the first layer,

a plurality of outlets extending through the tube in a spaced relationship along a

length of the tube; and

a plurality of drippers positioned on an inside surface of the tube in a spaced

relationship such that a one of the plurality of drippers is positioned over a one of the

plurality of outlets,

wherein the plurality of drippers have an inlet for receipt of water flowing

through a flow path within the tube, and

wherein the second barrier layer prevents outward movement of released
herbicide from the first layer directly through the first layer into surrounding soil and
directs the released herbicide into the flow path for exiting the drip irrigation device
with the water through the plurality of drippers and the plurality of outlets in the tube to

prevent root intrusion into the device.

2. The device of claim 1, wherein the releasable herbicide is compounded

Into the first layer and the barrier layer is positioned around the first layer.

3. The device of claim 1, wherein the barrier layer is positioned around the

first layer.

_10 -
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4. The device of claim 1, wherein the barrier layer is positioned on at least a

portion of an inside surface of the first layer.

5. The device of claim 1, 3 or 4, wherein the bead is formed as an
5 elongated cylinder and is one of a continuous uniform cylinder, a continuous non-

uniform cylinder, and separate beads.

6. The device of any one of claims 1 to 5, wherein the first layer comprises
a polyolefin.
10
7. The device of any one of claims 1 to 6, wherein the barrier layer
comprises a barrier resin comprising one of Saran, EVA, Nylon, PVDC, EVOH and
Barex.
15 8. The device of claim 7 wherein the barrier layer includes nano-clay
particles.
9. The device of any one of claims 1 to 7 wherein the barrier layer is

polyethylene having one of nano-clay particles, submicron silica particles and

20 magnetite particles.

10.  The device of any one of claims 1 to 9, wherein the herbicide is a dinitro-

aniline.

25 11.  The device of any one of claims 1 to 10, wherein the first layer comprises

a bactericide compounded therein.

- 11 -
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12. A method for delivering a herbicide contained within a subsurface drip

irrigation device comprising the steps of:

providing a drip irrigation tube, having a first layer having a releasable herbicide
compounded into a bead positioned into an inside surface of the first layer, a second
barrier layer adjacent the first layer, a plurality of outlets extending through the tube in
a spaced relationship along the tube, a plurality of drippers positioned on an inside
surface of the tube in spaced relationship over the plurality of outlets in the tube;
providing a stream of water through a flow path in the tube;

releasing the herbicide into the flow path:;

blocking the herbicide from movement through the tube by the barrier layer; and

directing the herbicide into an inlet in the dripper and out the outlet.

13. The method of claim 12, wherein the second barrier layer Is positioned

around an outside surface of the first layer.

14.  The method of claim 12, wherein the second barrier layer is positioned

on an outside surface of the first layer.

15.  The method of clam 12 or 13, wherein the second barrier layer is

positioned on at least a portion of an inside surface of the first layer.

16. The method of any one of claims 12 to 15, wherein the first layer

comprises a polyolefin.

- 12 -
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17. The method of any one of claims 12 to 16, where in the second barrier

layer comprises a barrier resin comprising one of Saran, EVA, Nylon, PVDC, EVOH

and Barex.

18. The method of claim 17, wherein the second barrier layer includes nano-

clay particles.

19. The method of any one of claims 12 to 17, wherein the second barrier
layer is polyethylene having one of nano-clay particles, submicron silica particles and

magnetite particles.

20. The method of any one of claims 12 to 19, further comprising releasing a

bactericide compounded into the first layer into the flow path.

- 13 -
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Sheet 2/3

FIG.3
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