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@ Plant propagation system and apparatus.

@ A modular plant propagation system and apparatus
utilizes a first or lower hermetically sealed reservoir contain-
ing a liquid plant nutrient in fluid communication with a
second or upper partially hermetically sealed reservoir in
which a plant prapagation support module utilizes a sterile,
low water retention, linear foam plastic providing fluid
communication between the exterior and interior of the
second or upper reservoir. The nutrient fluid in the first
nutrient reservoir is forced up into the second reservoir by
compressed gas for predetermined cycles and periods of
time to provide nutrients to the roots of the plants supported
by the linear foam plant propagation support module. A
computer is used to control air and root temperatures,
humidity, nutrient quality, nutrient cycling rate and level in
the first and second reservoirs and utilizes an image
recognition apparatus to measure plant growth rate and
produce maturity or ripeness to achieve optimum or max-
imum growth rate potential for the plant being propagated.

A self-contained nutrient plant propagation module
utilizes a sterile, low water retention, linear foam piastic in
which generally parallel, elongated interconnecting cellular
channels provide fluid communication from the top of the
module to the bottom of the module in which is uniformly
disbursed a comminuted, water soluble, time release plant
nutrient.
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PLANT PROPAGATION SYSTEM AND APPARATUS

Background of the Prior Art

This invention relates generally to Plant propagation devices
and in particular to hydroponic and aeroponic plant propagation
devices and to seed germination and plant propagation support
media including self-contained nutrient plant support media
incorporating a plant nutrient.

The hydroponic and aeroponic plant growing apparatus of the
prior art is varied and quite extensive.

Some priof art apparatus utilizes horizonﬁally disposed
tubular containers through which a nutrient fluid is adapted to
flow about plant containing cups which are installed in holes in
the walls of the tubular containers.

The tubular containers are mounted parallel to each other in
either a vertical or horizontal array and are serially connected
by conduits. The nutpient fluid is pumped serially throuéh the
horizontally arrayed containers or allowed to flow by gravity
through the vertically arrayed containers, serially from top to
bottom.

The various prior art seed germination and plant propagation
support devices or media generally utilize an organic media such
as peat moss incorporating a binder and a fertilizer or an
inorganic media such as sand, gravel or a comminuted plastic

material or inert mineral material.

Some plant support media utilize randomly interconnecting
cellular plastic material incorporating a comminuted plant
nutrient disbursed throughout the media.

Much of the prior art hydroponic and aeroponic apparatus
failed to provide for greater control over the amount of time the
Plant roots were exposed to the liguid nutrient and the amount of

time the plant roots were exposed to air, a gas or mixture of
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gases. » o
| In addition, the prior art hydroponic and aeroponic apparatus

failed to provide for testing of the nutrient fluid for harmful
anaerobic bacteria or other harmful organisms until the plant was

5 too seriously infected to apply corrective action.

Also, the prior art hydroponic and aeroponic apparatus of the
prior art failed to allow for sterilization of the apparatus and
system without having to destroy or remove the plants being
propogated.

10 In most cases, where sand, gravel or the like were used as
the plant support or propagation media, corrective action
required sterilization of the entire media from the outset. With
sand, gravel or other mineral material, sterilization was a
tedious and expensive procedure.

15 Where the plant support media utilizes a randomly
interconnected cellular plastic material, although the material
was initially sterile, its water retention characteristics were
relatively high such that some of the nutrient fluid would remain
in the same cells for long periods of time. If unwanted

20 anaerobic bacteria were inadvertently introduced into the
nutrient, the stagnant material in the cells would become a
breeding ground for the bacteria or other harmful‘brganisms which
could not be completely flushed out all of the cells of the
randomly interconnecting cellular plant support media.

25 Thus, the sﬁerilization of the apparétusvof the prior art and

the nutrient solution could not be corrected except by tedious

and expensive flushing or removal of all of the infected plant
support media.
Furthermore, the prior art hydroponic and aeroponic apparatus

30 were all concerned only with the plant nutrient and plant support
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aspects of plant growth and were not concerned with total plant
environment and control for maximum growth potential of the

particular plant being propogated.

Summary of the Invention

The plant propagation system and apparatus of the present
invention comprises, basically, a first partially hermetically
sealed nutrient reservoir disposed below a second partially
hermetically sealed nutrient reservoir, means for fluidly
communicating the first reservoir with the second reservoir, a
plant propagation module in fluid communication with the second
reservoir, the module comprising a generally low water retention,
porous material having a plurality of elongated, interconnecting
cellular channels providing fluid communication between the
exterior of the second reservoir and means for periodically
transferring liquid nutrient from the first to the second
reservoir and back again to the first reservoir.

The plant propagation system and apparatus further comprises
a computer, a nutrient testing means having its output data
communicated to the computer, means for measuring temperature and
humidity both inside and outside the greenhouse also connected to
the computer, means for measuring and controlling nutrient
temperature connected to the computer, means for heating and
cooling greenhouse air and controlling humidity connected to the
computer, means for measuring plant growth connected to the
computer and means for controlling the total plant environment to
achieve maximum or optimum plant growth poteﬁtial.

The plant growing module comprises, basically, a generally
rigid, water impervious housing having a pair of openings at

opposite ends thereof, a chemically neutral, generally water
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insoluble, plant support media disposed within the housing
comprising a generally low water retention, porous material
having a plurality of elongated, interconnecting cellular
channels providing fluid communication between the pair of
openings at opposite ends of the housing and containing a seed
proximate the middle of the module.

The self-contained nutrient plant growing module comprises,
basically, a chemically neutral, generally water insoluble, plant
support media comprising a generally low water rétention, porous
material having a plurality of elongated, generally parallel,
interconnecting cellular channels providing fluid communication
generally linearly from top to bottom of the media and contaihing
a water soluble, time release, comminuted plant nutrient
homgeneously distributed throughout the porous material and
containing a seed proximate the middle thereof.

It is, therefore, an object of the present invention to
provide a plant propagation system and apparatus.

It is a further object of the present invention to provide a
plant propagation system and apparatus that is computer
controlled to achieve optimum or maximum plant growth potential.

It is still a further object of the present invention to
provide a plant propagation system and apparatus in which the
parameters of plant growth rate and maturity, nutrient
temperature, plant exposure to nutrient time, air temperature,
air humidity and nutrient quality are controlled by a computer to
achieve optimum or maximum plant growth potential.

It is yet a further object of the present invention to

measure plant growth rate and produce maturity utilizing computer

image recognition techniques.
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It is another object of the present invention to provide a
piant propagation system and apparatus utilizing a two-reservoir
nutrient system in which nutrient is periodically transported
from a first reservoir to a second reservoir containing the roots
of the plant being propagated and back to the first reservoir
whereby the plant roots are cyclically exposed to the nutrient
solution and to a gas or gases in a generally hermetically sealed
system free of anaerobic bacteria or other harmful organisms.

It is still another object of the present invention to
provide a plant propagation system and apparatus that can be
completely flushed of nutrient and anaerobic or other harmful
bacteria or organisms without the removal of the plant
propagation support media or the plants being propagated.

It is yet another object of the present invention to provide
a sterile seed germination media.

It is another object of the present invention to provide a
Plant propagation support module utilizing a linear foam plastic
having elongated, generally parallel interconnecting cellular
channels.

It is yet another object of the present invention to provide
a8 self-contained nutrient Plant propagation module utilizing a
linear foam Plastic in which is dispersed a comminuted,
water-soluble, time release nutrient.

These and other objects of the present invention will become

manifest upon study of the following detailed description when

taken together with the drawings.

Brief Description of the Drawings
Figure 1 is a schematic diagram of the overall plant

propagation system and apparatus of the present invention.



10

15

20

25

30

0142989

_6_

Figure 2 is an elevational, partial cut-away side viey of the
two-reservoir plant propagation apparatus of the present
invention.

Figure 3 is an elevational, cross-sectional view of the
two-reservoir plant propagation apparatus of Figure 2 taken at
lines 3-3.

Figure 4 is an isometric view of a typical plant propagation
module with installation collar used in the two-reservoir plant
propagation apparatus of Figures 2 and 3.

Figure 5 is an isometric view of a typical plant propagation
module of the present invention.

Figure 6 is a cross-sectional, elevational view of the
typical plant propagation module of the present invention showing
the cellular channel arrangement of the low water retention,
porous plant propagation material of the present invention.

Figure 7 is a cross-sectional, elevational view of the
typical plant propagation module of the present invention shown
with a typical ungerminated seed contained therein.

Figure 8 is a cross—sectional, elevational view of the

) typical plant propagation module of the present invention shown

with a newly germinated seed contained therein.

Figure 9 is a cross-sectional, elevational view of the
typical plant propagation module of the present invention shown
containing a mature plant stalk and root system.

Figure 10 is a cross-sectional, elevational view of the
typical plant propagation module of the present invention showing
the method of hermetically sealing the module for shipping and
storing.

Figure 11 is an isometric view of a further embodiment of the

plant propagation module of the present invention utilizing a
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flat slab of linear foam plastic as the Plant support media.

Figure 12 is a cross-sectional, elevational view showing the
method of installing the plant propagation module shown in Figure
11 in the upper plant nutrient reservoir housing.

5 Figure 13 is a cross-sectional, elevational view of the

self-contained nutrient plant propagation module of the present

invention,

Description of the Preferred Embodiment

With reference to Figure 1, there is illustrated a schematic

10 diagram of the overall plant propagation system and apparatus 10
of the present invention comprising, basically, a first or lower
hermetically sealed nutrient reservoir 12 and a second or upper
partially hermetically sealed nutrient reservoir 14 in fluigd
cormmunication with fiist reservoir 12 by means of conduit 16.

15 Several plant propagation modules 18 containing plants 19 are
adapted to be in fluigd communication with the interior of second
nutrient reservoir 14.

A nutrient supply tank 20 is in fluid communication with
first reservoir 12 through conduits 22 and 24 to provide nutrient

20 solution 26 in first nutrient reservoir 12 for pumping up to
second nutrient nutrient reservoir 14.

Two conduits are used so that as old nutrient is being
removed from one end of first nutrient reservoir 12, fresh
nutrient is pumped into the other end of first nutrient reservoir

2512 to avoid Creating a pressure difference within reservoir 12
which would allow outside air to enter the reservoir housing.

If a liquid fuhgicide is to be used, a fungicide pump and
supply tank 21 is arranged to be in fluid communication wfth

lower reservoir 12 through conduit 23, Fungicide pump and supply
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tank 21 is also electrically connected to computer and data
processor controller 80 in order to control the flow of fungicide
into nutrient reservoir 12 to prevent prevent the growth of
harmful organisms on the roots of the plants 19 contained in
upper reservoir 14.

A conduit 30 connects first nutrient reservoir 12 with
compressed gas tank 32. The flow of compressed gas from tank 32
is controlled by solenoid valve 34.

A nutrient testing means 38 is also connected in fluid

communication with first nutrient reservoir 12 by means of
conduits 40 and 42.

A nutrient temperature transducer 46 is located in first
reservoir 12 to measure nutrient temperature.

A first nutrient reservoir level transducer indicator 48 is
also mounted in first reservoir 12 to measure the level of

nutrient therein.
A second nutrient level transducer indicator 50 is mounted in

second nutrient reservoir 14 to measure the nutrient level in

that reservoir.

A nutrient heating element 54 is also mounted inside first
nutrient reservoir 12 to maintain the nutrient 26 at a constant
temperature or at various predetermined temperatures during the
growing cycle as determined by the plant growth and maturation
characteristics.

An air temperature transducer 58, a light level transducer 60
and a humidity detector transducer 62 are all located within the
greenhouse or the area proximate plant propagation modules 18 in
second reservoir 14.

An additional air temperature transducer 64 and humidity

transducer 66 are located outside the green house as indicated by
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dashed line 68 schematically marking the extent of the the
greenhouse shelter or closed environment for plant propagation
modules 18 in order to compare exterior to interior growing
parameters.

5 A light source 70 is also mounted within the greenhouse
proximate plant propagation modules 1s.
An air heating device 72 is also mounted within the green

house in order to maintain air temperature at a predetermined
level of levels.
10 A motor driven vent mounted in the greenhouse roof is used to
vary the atmospheric conditions within the greenhouse depending
upon exterior and interior temperature and bumidity
differentials,
A computer and data brocessor controller 80, utilizing a
15 cathode ray screen (CRT) console 82 and keyboard 84, is used to
measure and control the parameters affecting growing conditions.
Plant growth rate and produce maturation rate are measured by
an image transducer 86 which converts the plant image to digital
data for measuring differential plant growth and maturation rate
20 i5 also connected to computer and data brocessor controller 80
through relays 102 and 104, respectively.
In addition, interior temperature transducer 58, interior
light level transducer 60, interior humidity transducer 62,
exterior temperature transducer 64, exterior humidity transducer
2566, first nutrient level transducer 48, second nutrient level
transducer 50, nutrient temperature transducer 46, nutrient test
device 38 and nutrient supply tank 20 are all connected to
computer and data processor controller 80,
Further, light source 70, air heater 72, motor operated vent

30 74, nutrient heater 54 and solenoid valve compressed gas control
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34 are all connected to electric power source 90. They are,
however, also controlled by computer and data processor
controller 80 through various relays. In particular, nutrient
heater 54 is controlled by relay 92, light source 70 iEs
controlled by relay 94, air heater 72 is controlled by relay 96,
solenoid valve 34 is controlled by relay 98, and air vent 74 is
controlled by relay 100.

A pair of compressed gas tanks 33 and 35, respectively, are
arranged to be fluidly connected to solenoid valves 37 and 39,
respectively, through conduits 41 and 43. Both solenoid valves
37 ana 389 are fluidly_cdnnected to upper reservoir 14 through
conduit 45.

Solenoid valves 37 and 39 are also electrically connected to
computer and data processor controller 80.

By filling compressed gas tank 33 with, for example, carbon
dioxide gas, and tank 35 with, for example, oxygen gas, the ratio
of the gas mixture to the plant root system in upper reservoir 14
can be readily controlled.

Nitrogen gas could also be substituted for either oxygen or
carbon dioxide gases or a third or fourth compresséd gas tank and
solenoid valve flow control could be added.

Also, a gaseous fungicide could be substituted for any of the
above named gases in order to control any plant root diseases.

Thus it can be seen that by controlling the cyclic rate of
nutrientAfeeding of the plants growing in modules 18, as well as
controlling the parameters of differential plant growth rate, air
temperature, light level, air humidity, nutrient temperature and
nutrient éuality, gas exposure to the root system, optimum or
maximum plant growth rate and produce maturation potential can be

achieve.
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With respect to Figure 2, there is illustrated a more
detailed elevational, partial cut-away view of the two-reservoir
Plant propagation apparatus shown in Figure 1.

First nutrient reservoir 12 comprises, basically, a
cylindrical pipe or housing 110 having end caps 112 and 114 to
hermetically seal the pipe.

Pipe 110 can comprise a polyvinylchloride or other
non-phytotoxic plastic of sufficient size to store the necessary
volume of nuirient desired for periodically nurturing the plants
in second nutrient reservoir 14.

Conduit 30, in fluid communication with compressed gas tank
32, is also in fluid communication with first nutrient reservoir
12 and is connected to pipe or housing 110 by an airtight seal
fitting 116.

A controlled orifice bleed valve 118 is also mounted in pipe
or housing 110 to provide a controlled bleeding of gas out of
pipe or housing 110. Bleed valve 118 can also be provided with a
one-way valve to permit gas to escape from pipe or housing 110
and prevent air or gases from entering housing 110 and maintain
its hermetically sealed condition.

Conduit, 16 which fluidly communicates first nutrient
reservoir 12 with second nutrient reservoir 14, is hermetically
sealed to pipe or housing 110 of first nutrient reservoir 12 by
seal member 120 and to pipe or housing 130 of second reservoir 14
by seal member 122.

It will be noted that the bottom end 124 of conduit 16 is
located proximate the bottom of pipe or housing 110 whiie the top
end 126 of conduit 16 is located proximate the bottom portion of

Pipe or housing 130 of reservoir 14.
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Second or upper reservoir 14 comprises a generally
cylindrical pipe or housing 130 fitted with end caps 132 and 134
to hermetically seal the pipe ends.

A number of plant propagation modules 18 are mounted in the
top surface of pipe or housing 130 of upper or second nutrient
reservoir 14 with a blank module 136 provided with a cap 138
which can be removed for inspection of the interior of pipe or
housing 130 and be used as an opening for providing replacement
nutrient if nutrient éupply tank 120 is nbt used. |

With reference to Figure 3, there is illustrated a
cross-sectional, elevational view of the first and second
nutrient reservoir configuration of Figure 2 taken at lines 3-3.

With specific reference to conduit 16, it will be noted that
a hole 140 tangent the inside surface of housing 130 is provided
proximate top end 126 of conduit 16 in order to provide a drain
for all of the nutrient from upper nutrient reservoir 14 down to
lower nutrient reservoir 12.

To operate the apparatus shown in Figures 2 and 3, with
compressed gas solenoid valve 34 closed, gas bleed vent 118 is
Eirst adjusted to provide a very slow leakage of gas and out of
housing 110 to allow any fluids in second nutrient reservoir 14
to flow down into first nutrient reservoir 12. During this
condition, all of the roots 142 of plants 19 growing in plant
modules 18 will be exposed to gases such as carbon dioxide,
nitrogen or oxygen or a mixture of these or other gases. Upon
command by computer and data processor controller 80, solenoid
valve 34 is caused to open when it is energized by activation of
relay 98.

Upon activation, solenoid valve 34 will allow compressed gas

to pass from compressed gas tank 32, through conduit 30 into
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first nutrient reservoir 12 thus causing pressure‘to be applied
to the surface or nutrient 26.
Pressure thus applied will force nutrient 26 into opening 124
of conduit 16 the bottom end thereof, up through conduit 16 and
out through top opening 26 and opening 140 to flood into pipe or
housing 130 of second or upper nutrient reservoir 14,
The level of nutrient 26 in upper nutrient reservoir 14 will
thus rise and flood roots 142 providing nutrients and water to
the plants 19 supported in plant Propagation support modules 18.
10 At a predetermined time, computer and data processor
controller 80 will deenergize relay 98 closing solenoid valve 34
to stop the flow of compressed gas through conduit 30 into first
nutrient reservoir 12.
When the flow of gas is stopped, the flow of gas being bled
15 from lower nutrient reservoir 12 by bleed valve 118 at a lower
rate than the incoming gas from compressed gas source 32 will
continue because of the hydraulic head of the nutrient solution
in upper or second nutrient reservoir 12. Thus, the nutrient
solution in upper reservoir 14 will slowly flow back down into

20 first nutrient reservoir 12 through conduit 16 depending upon the
rate of gas flowing out of bleed valve 118,

By using bleed valve 118, it can be seen that no outside air
will ever enter first or lower nutrient reservoir 12 since gas
will at all times be escaping from bleed valve 118 when nutrient

25 45 being forced up to second nutrient reservoir 14 by compressed
gas or flowing back down by gravity to first nutrient reservoir
12,

In addition, by controlling the flow of gases into upper

reservoir 14 from tank 33 or 35, & minimum amount of outside air

30 will enter upper reservoir 14 through cellular channels 158 in
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plant propagation module 18. In other words, just enough outside
air will enter cellular channels 158 to flush out any nutrient
solution but not enough air will be permitted to enter upper
reservoir 14 because of the injection of gases from tanks 33 and
35 to replace the volume of fluid flowing back down to lower
reservoir 12.

Thus, roots 142 in upper reservoir 14 will periodically be
fed nutrient to sustain their growth and be exposed to oxygen to
reduce the danger of anaerobic bacteria from growing and causing
damage to the plants.

With reference to Figure 4, there is illustrated a typical
plant propagation module 18 whose outer housing 152 is
frictionally engaged with a collar or sealing ring 150.

Collar or sealing ring 150 is adapted to be attached and
hermetically sealed to a hole in upper housing 130 with outer
housing 152 of the plant propagation module 18 frictionally
engaging the inner surface of sealing ring 150 so that it can be
removed and replaced readily once the plant has finished its
growing cycle.

With reference to Figure 5, there is illuétrated a more
detailed view of the plant propagation support module 18 shown in
Figure 4.

The plant propagation support mocdule 18 comprises, basically,
an outer housing 152 comprising a generally cylindrical water
impervious, rigid plastic pipe open at both ends and containing a
generally low water retention, porous material 54.

With reference to Figure 6 there is illustrated a
cross—sectional, elevational view of the plant propagation
support module 18 of Figure 5 showing the generally low water

retention porous material 154 which further comprises a plurality
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of elongated, interconnecting cellular channels 158 providing
fluid communication between the open ends of tubular housing 152.

With reference to Figure 7, the plant propagation support .
module 18 of Figures 5 and 6 is shown containing an ungerminated
seed 160 which has been forced down into porous material 154. It
can be seen that the resilience of porous material 154 must be
sufficient to hold seed 160 in place and, at the same time, close
off the entry point of the seed by expanding back into the hole
to prevent any exposure of seed 160 to the outside air or excess
moisture.

With reference to Figure 8, there is further illustrated the
plant propagation support module 18 of Figures 5, 6 and 7 showing
seed 160 now germinated into a plant having a stalk 162 and a
rcot structure 164.

It will be noted that the root structure 164 will generally
follow the line of least resistance to the nutrient solution
generally following cellular channels 158.

It will also be noted that as seed 160 expands, the
resiliency and crushability of porous material 154 is such as to
permit expansion of the plant without cracking or fissuring of
the block of material 154.

With reference to Figure 9, there is illustrated a further
progression of the growth of plant stalk 162 in the plant
propagation support module 18 shown in Figures 5, 6, 7 and 8
illustrating the compression and crushing of the cellular
structure adjacent stalk 162 to provide plant support while the
cellular structure at the outer edges near housing 152 remains
somewhat intact.

With reference to Figure 10, there is illustrated a further

embodiment of the plant propagation support module 18 of Figureé
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5, 6, 7, 8 and 9 further comprising a shrink wrap plastic or
upper or.top cap 168 and a similar bottom cap 170 to hermetically
seal seed 160 in porous material 154 to maintain the sterility of
plant propagation support module 18 and to prevent moisture from

5 entering and causing seed 160 to prematurely germinate.

It can also be seen that by utilizing the apparatus of
Figures 2 and 3 and the cellular structure of porous material
152, the fluid rises in upper reservoir 14, and by capillary
action ascends into channels 158 of the cellular structure,

10 nutrients can be provided to the seed as well as to the roots of
the growing plant.

Then, as the fluid flows back down into lower or first
nutrient reservoir 12, air will be drawn into the cells or
channels 158 from outside of upper nutrient reservoir 14 pulling

15 any water entrained in the cells and held there by capillary
action, back into the interior of upper reservoir 14. Thus a
very small amount of nutrient solution will remain in the
cellular structure in plant propagation support module 18 to
minimize the growth of any harmful organisms.

20 should the nutrient become contaminated, a sterile solution
.can be placed on the top surface of porous material 54 and be
drawn into cellular channels 158 to thus flush out any
contaminated nutrient without having to remove or destroy any of
the plants being supported by_plant propagation support module 18

25 shown.

In the alternative, a fungicide can be injected into the
nutrient from fungicide pump and supply tank 21 in the event the
nutrient become contaminated with an organism such as, for
example, that which would cause "damping off" or other common

30plant disease. Such contamination would be detected by nutrient
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test device 38,

With reference to Figure il, there is illustrated a further
embodiment of the plant propagation support module of the present
invention comprising a generally rectangular sheet 180 of a
generally low water retention porous plastic material having a
plurality of elongated, interconnected cellular channels 182
providing fluid communication between the upper surface 184 and
bottom surface 186 thereof.

A pair of I-beam reinforcing members 190 and 192 are disposed
along the parallel longitudinal edges of porous rectangular sheet
180 with the edges of sheet 180 abutting the web of I-beams 190
and 192, respectively, and enclosed, respectively, between the
top and bottom flanges of the I-beams.

With reference to Figure 12, there is illustrated the method
of installing plant propagation module 180 mounted in housing 130
of upper nutrient reservoir 14.

It can be seen that a slot is cut longitudinally in pipe or
housing 130 with the cut edges being adapted to abut the flanges
of I-beams 190 and 192, respectively, and be frictionally engaged
between the flanges of those two I-beans.

The use of the plant propagation support module shown in
Figures 11 and 12 permits more rapid and easier removal and
replacement of the support module from upper or second nutrient
reservoir 14 by merely sliding the module along the cut edges of
pipe or housing 130 and replacing it with a new module.

To operate the apparatus shown in Figures 1 through 12,
inclusive, computer and data processor controller 80 is initially
programed to the growth parameters of the particular plants being

propagated in plant module 18.
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These parameters would typically include the following:

1. Plant maturation period.
2. Optimum air temperature range during maturation
period.
> 3. Optimum root temperature range during maturation
period.
4, Variation of root temperature range during
maturation period.
5. Optimum humidity level and range.
10 6. Variation of humidity level during maturation
period.
7. Optimum root-nutrient exposure time.
8. Variation of root-nutrient exposure time during
maturation period.
15 9. Ratio of plant exposure to light and dark.

10. Variation of ratio of plant exposure to light and

dark during maturation period.

11. Ratio of nutrient to gas exposure time of roots

during maturation period.
20 With the above parameters established, the system is now
ready to start up for continuous operation.

During continuous operation, inside and outside temperature
and humidity are continuously monitored. As the temperature and
hunmidity vary from optimum, corrective measures are made as

25 girected by computer and data processor controller 80.

In addition, nutrient temperature is also monitored and
controlled by computer and data processor controller 80 should it
vary from the parameters set.

As an additional control, image transducer 86 constantly

30 monitors plant growth rate to determine whether the growth rate
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meets or exceeds that for which the maturation period parameter
has been set,

If growth rate is to low, nutrient rate and other parameters
are adjusted to assure optimum or maximum growth rate potential.

In the event nutrient test device 38 detects unwanted
particles, organisms or nutrient concentration in nutrient
solution 26, computer and data processor controller 80 will take
immediate corrective action by either filtering the nutrient,
adding fungicide or bactericide, or changing nutrient
10concentration, or other action necessary to correct the problen
and return the plant to its normal growth characteristics.

With reference to Figure 13, there is illustrated a
self-contained nutrient plant propagation module 200 which
comprises, basically, a block 202 of a generally low water
15 retention, porous material having a plurality of elongated,

interconnected cellular channels 204 providing fluid
communication between the top 206 of module 200 and bottom 208 of
module 200.
A comminuted plant nutrient 210 is uniformly distributed
20 throughout the porous material 202 to provide nutrients to roots
212 of plant 21s.

It can be seen that as water is applied to top surface 206 of
porous material block 202, it will flow down into elongated
cellular channels 204 by gravity and capillary action, there to

25dissolve some of the time release nutrient particles 210 and to
continue to pass down to bottom 208 of block 202.

As roots 212 grow, they will tend to follow the line of least
resistance to the nearest notrient particles 210 and then
continue down elongated interconnecting cellular channels 204 in

30order to reach further nutrient dissolved in the water poured
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along top surface 206.

Thus it can be seen that self-contained nutrient plant
propagation module 200, if placed on a surface which will hold
water, will support plant 216 without the addition of further
plant nutrients.

In the alternative, self-contained nutrient plant propagation
module 200 can be placed on the ground or slightly imbedded in
the ground to first allow germination and sufficient growth to
give plant 216 strength from nutrient 210 contained with
self-contained nutrient plant propagation mecdule 200 and then
permit the roots 212 to continue to grow in the earth to gain
further nutrients and grow to maturity.

As a further alternative, self-contained nutrient plant
propagation module 200 can be placed in outer housing 150, to
substitute for plant propagation module 18, and then be inserted
in the hole in upper reservoir housing 130.

Instead of a nutrient fluid 26 being held in first reservoir
12 and second or upper reservoir 14, sterilized water can be used
or water in which a fungicide or bactericide has been added.

The fluid is then raised up to second reservoir 14, as
previously described, to a level sufficient to enter cellular
channels 204 on module 200 in order to dissolve some of
comminuted nutrient 210. |

The fluid is then lowered to first reservoir 12 to thus
achieve an aeration of the root system in upper reservoir 14 as
well as provide nutrient to the root system from the dissolved

nutrients obtained from comminuted nutrient particles 210,
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CLAIMS
l. An apparatus for propagating élants comprising
a first hermetically sealed plant nﬁtrient reservoir,
& second partially hermetically sealed plant nutrient
reservoir disposed at an elevation above said first nutrient

reservoir,

means for fluidly communicating said first first

‘nutrient reservoir with said second nutrient reservoir,

at least one plant propagation module in fluid
communication with saigd second nutrient reservoir, said“plant
bropagation module comprising

a generally low water retention porous material having a
plurality of elongated, interconnecting cellular channels
providing fluig communication between the interior of said second
nutrient reservoii and the exterior of said second nutrient
reservoir, and

means for periodically transferring liquid nutrient from
said first nutrient reservoir to said second nutrient reservoir

and from said second nutrient reservoir to said first nutrient

reservoir.
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2. The apparatus for propagating plants as claimed in Claim 1
vherein said means for periodically transferring liguid nutrient
from said first nutrient reservoir to said second nutrient
reservoir comprises

a compressed gas supply,

means for fluidly communicating said compressed gas
supply with said first nutrient reservoir, said means comprising

a conduit having one end disposed proximate the bottom
of said first nutrient reservoir and its other end disposed
within said second nutrient reservoir whereby gas pressure
applied in said first reservoir causes nutrient fluid to flow
from said first nutrient reservoir to said second nutrient
reservoir until the level of fluid in said second nutrient
reservoir reaches the level of the end of said conduit disposed

proximate the bottom of said first nutrient reservoir.

3. The apparatus for propagating plants as claimed in Claim 2
wherein said first nutrient reservoir further comprises

a bleed valve fluidly communicating the interior of said
first nutrient reservoir with the exterior of said first nutrient
reservoir, said bleed valve having a gas flow rate less than the
rate of flow of compressed gas flowing into said first nutrient

reservoir from said compressed gas supply.
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4. The apparatus for propagating plants as claimed in Claim 1
further comprising
means for measuring the temperature of nutrient fluid in
said first reservoir, and
means for maintaining the nutrient fluid in said first

reservoir at a predetermined temperature,

5. The apparatus for propagating plants as claimed in‘Claim 1l
further comprising

a computer,

said means for periodically transferring liquid nutrient
from said first reservoir electrically connected to said
computer,

means for measuring nutrient level in said first
reservoir, said means electrically connected to saig computer,

means for measuring nutrient level in said second
reservoir, said means electrically connected to said computer,

means defining a nutrient supply tank in fluid
communication with said first reservoir, said nutrient supply
tank comprising means for pumping nutrient fluid to and from said
first nutrient reservoir, said pumping means electrically
connected to said computer,

whereby said computer controls the periodicity of flow
of nutrient fluid into said second nutrient reservoir and the

levels of nutrient fluid in said first and second reservoirs.
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6. The apparatus for propagating plants as claimed in Claim 5
further comprising

means in fluid communication with said first nutrient
reservoir for measuring nutrient gquality, said means electrically
connected to said computer,

means for changing nutrient quality, said means

connected to said computer.
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7. The apparatus for propagating plants as claimed in Claim 5
further comprising

a greenhouse adapted to house said first and second
nutrient reservoirs,

means for measuring air temperature in said greenhouse,
said means electrically connected to said computer,

means for measuring air temperature outside of said
greenhouse, said means electrically connected to said computer,

means for measuring humidity of air in said greenhouse,
said means electrically connected to saigd computer,

means for measuring humidity of air outside saigd
greenhouse, said means electrically connected to said computér,

means for measuring nutrient temperature in said first
nutrient reservoir, said means electrically connected to gaid
computer,

means for heating air in saigd greenhouse, said means
electrically connected to said computer,

means for controlling the flow of air into and out of
said greenhouse, said means electrically connected to said
computer, and

means for comparing root temperature, inside andg outside
air temperature, and inside and outside air humidity to cause the
growth rate of plants being cultivated in saigd Plant propagation

support module to be enhanced.
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8. The apparatus for propagating plants as claimed in Claim 7
further comprising

means for measuring light level in said greenhouse, said
means electrically connected to said computer,

a light source adapted to illuminate plants being
propagated in said greenhouse, said light source being
electrically connected to said computer, and

means for regulating the on and off times of said light -

source to enhance the growth rate of said plants.
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9. A plant propagation module comprising

means defining a generally rigid, water impervious
housing having means defining a pair of openings disposed at
opposite ends thereof,

a chemically neutral, generally water insoluble, plant
support media disposed within said housing, said media comprising

a generally low water retention, porous material having
a plurality of elongated, interconnecting cellular channels

providing fluid communication between said pair of openings at

opposite ends of said housing.

10. The plant propagation device a claimed in Claim 9 wherein
said plant support media comprises

a generally low water retention, porous material having
a plurality of generally parallel, elongated, interconnecting
cellular channels providing fluid communication between said pair

of openings disposed at opposite ends of said housing.

1l. The plant propagation device as claimed in Claim 9 wherein

said plant support media comprises

a generally low water retention, porous material having
an interconnecting cellular structure of parallel disposed,
elongated cellular channels providing fluid communication between

said pair of openings disposed at opposite ends of said housing.
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12. The plant propagation device as claimed in Claim 9 wherein
said plant support media comprises
a generally low water retention, interconnecting
cellular material having an elongated, parallel cellular wall
structure providing fluid communication between said pair of

openings disposed at opposite ends of said housing.

13. The plant propagation device as claimed in Claim 9 wherein
said plant support media comprises

a crushable, generally low water retention material

10 adapted to permit a plant to increase in diameter as it grows

within said media sending its stalk out of one of said openings
in said housing and its roots out of the other of said openings
in said housing, said cellular material having an elongated,
generally parallel cellular wall structure providing fluid

15 communication between said opening disposed at opposite ends of

said housing.

l14. The plant propagation device as claimed in Claim 9 wherein
said plant support media comprises |
a linear, generally low water retention foam plastic
20 having a plurality of generally parallel, elongated,
interconnecting cellular channels disposed to fluidly communicate

one of said pair of openings in said housing with the other of

said openings in said housing.
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15. A self-contained nutrient plant propagation device
comprising

a chemically neutral, generally water insoluble plant
support media comprising

a generally low water retention porous material having a
plurality of elongated, generally parallel, interconnecting
cellular channels providing fluid communication generally
linearly from top to bottom of said media, and

a water'soluble, comminuted plant nutrient homgeneously

distributed throughout said porous material.

16. The self-contained nutrient plant propagation device as
claimed in Claim 15 wherein said generally low water retention
porous material comprises

a resilient material having a resiliency sufficient to
envelope a seed when imbedded therein and retain said seed while
allowing air to circulate to said seed through said cellular

channels before water is introduced into said cellular channels.

17. The self-contained nutrient plant propagaticn device as
claimed in claim 15 wherein said generally low water retention
porous material comprises

a material having a rigidity sufficient to support a
plant being propagated therein, said material being sufficiently
crushable and resilient to allow for expansion of said plant

without fracturing said plant growing device,
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18. A process for manufacturing a self-contained nutrient plant
propagation device comprising the steps of

mixing a water soluble, comminuted plant nutrient with a
non-phytotoxic plastic resin,
mixing said combined nutrient and non-phytotoxic resin
mixture with a foaming agent,
pouring said mixture into a mold having a pair of parallel
. outwardly movable side wall,
moving said parallel outwardly movable side wall after said

10 mixture has foamed and prior to full polymerization of said resin

mixture,
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