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(57) Abréege/Abstract:

The present invention entalls a plant/seedling/cutting/plug growing tray and container system that includes a tray with a plurality
of Individual plant cells and container with each cell and container having an open top and bottom and a detachable screen
bottom, and that allows plant removal either from the open bottom of the tray/container or open top of the tray/container. As plant
roots emerge through an open-bottom tray or container supported above ground, the roots shrivel due to contacting dry air and
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(57) Abréege(suite)/Abstract(continued):
temporarily suspend their growth. This bare-root growth phenomenon is known as air pruning. Proper app
pruning process in conjunction with the use of properly shaped tray-cells and containers (small at the top ar
larger at the bottom) significantly increases plant production, improves crop gquality and promotes mechani
alone without the right tray and container will not provide these benefits. The present invention which
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lication of root air-
d gradually getting
zation. Air pruning

utilizes computer

optimization technigques to determine the proper inner sidewall angle of tray-cells and containers also allows air-pruned plants to

be manually or automatically removed from the open tops of tray-cells and containers. Alternatively, in one embodiment, the
plant container consists of more than one piece of sidewalls which can be put together to form a plant container. In addition, the
detachable screen Is provided with a series of projecting legs designed for self-supporting so as to detachably secure the

screen into the plant tray and container structure to facilitate root air pruning.
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PUSH-PULL ROOT ATR-PRUNING TRAY AND CONTAINER SYSTEMS

ABSTRACT

The present invention entails g plant/seedling/cufting/plug
growing tray and container aystem that inc¢ludes a tray with
a plurality of individual plant cells and container with
each cell and container having an open top and bottom angd a
detachable screen bottom, and that allows plant removal
either f£rom the open bottom of the tray/container or open

top of the tray/container. As plant roots emerge through an

open-bottom tray or ¢ontainer supported above ground, the
roots shrivel due to contacting dry air and temporarily
suspend their growth. This bare-root growtlh phenomencon is
known as air pruning. Proper application of rocot air-
pruning process in conjunction with the use of properly
shaped tray-cells and containerg (small at the top and
gradually getting larger at the bottom) significantly
increases plant production, improves crop quality and
promotes mechanization. Ailr pruning alone without the right

tray and container will not provide these benefits. The

present invention which ut:lizes computer optimization

techniques to detertmine the proper inner sidewall angle of
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tray-cells and containers also allows air-pruned plantse to
be manually or automatically removed from the open tops of
tray-cells and containers. Alternatively, in one
embodiment, the plant container consists ©of more than one

piece of sidewalls which can be put together to foxrm a

plant container. In addition, the detachable screen is
provided with a series ©of projecting legs designed for

self-supporting so ag to detachably secure the screen into

the plant tray and container structure to facilitate root

Alr pruning.
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FIELD QF THE INVENTION

The present invention relates to plant trays and containers
with a detachable screen structure for growing and handling
air-pruned plants/seedlings/cuttings/plugs for superior
plant growth and to increase agricultural and forestry
plant production, including both greenhouse crops and field
crops. It relates more particularly to a push-pull air-
pruning tray and container gstructure that allows
plant/seedling/cutting/plug removal eaither from the open

bottom or open top ¢f the trays and containers.

BACKGROUND OF THE INVENTION

Greenhouse utilization is increasing worldwide due to an
ever increasing demand for improved crop gquality, higher
vield per unit area of production, reduced growing time,
and reduced production costs. It ig estimated that farmers

ags well ags other segments of agriculture are faced with the

challenge of producing three times as much food by the year

2040. The further challenge 1s to produce the extra food on

noe more land than farming uses today and with fewer

environmental side effects than farming has today.

ST R T e B R L L S e L VTR T LS PIEIT 2t PRI - T TR UTE B T0 e i Sttt . ' T T Tt r e Vi o b WA PINLCER) ORI LA K i | L e e bt e Fee = v T rerme o n RN TR M P 403 1o r ! gl el gt



10

15

20

CA 02389143 2002-06-05

An integral part of greenhouse production is the use of
trays and containaers for growing plugs, seedlings, cuttings
and plants. A common problem assoclated with traditional
tray and containerized production is root tangling and root
spiraling, c<¢ommonly referred to asg "root binding." Root
binding results in various disadvantages, such as deterring
root branching and development, slow and nonuniform growth
in trays/pots/containers and afterx
vlugs/cuttings/seedlingas/plants are transplanted, resulting

in significant losses in profate for growers and farmers.

Some industry people have been trying to resolve these
disadvantages in plant growth, but the basic problems

caused by the traditional design remain Lo be resolved.

In plant culturing prac¢tices and automation, the innovative
plant root-air-pruning technologiesgs invented by Dr. Barney
K. Huanga have demonstrated many advantages including:
elimination of root-binding, promotion of properly oriented
root-branching for increased root-mass and vigorous growth,
shortened plant culturing periods, increased vields and

guality, increased utilization cycles of greenhouse

facilities, savings on growlng medium, energy and
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fertilizer, thus decreasing pollution and improving the
environment. The alr-pruning tray design also utilizes the
plant shoot characterigtic that allows the foliage to fold
together to go through the top opening as the plant is

pullad from the bottom or pushed from the top. This plant

characteristic lends itself to an easy dislodging of the

plant from the open bottom and facilitates the fully
automatic transplanting for labor savings. The root-air-
pruning concept allows the development of unique tray
gystems and sgimple automatad/robotic transplanting systems

such as those disclosed by Dr. Barney K. Huang in U.S8. Pat.

Nos. 3,712,252 5,179,800, 5,254,140, 5,298,041 and
5,573,5588. Air-pruning tray-cells/pots have open bottoms
with detachable screenzs, The tray-cells/pots are larger at
the bottom and smallaer at the top to aliminate the inherent
disadvantages of conventional tray-cellsg/pots that have a
smaller closed bottom with drain hole(s) and a largex open
top that makes the container-wall tapered outward toward
the top resulting in improper wall angle to cause root

binding, slow and nonuniform growth.

Numerous field tests indicate that air-pruned

plants/gseedlings/cuttings/plugs are significantly superior
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in growth performance both in the trays and after they are
transplanted, and that effective fully automatic
tranaplanting can be performed with the air-pruned

seedlings for various cropse. However, computer optimization

technique basaed on the root development data was not
incorporated into the air-pruning tray/container design
until recently due to difficulties in obtaining such data
and due to the need for a push-pull air-pruning tray and
container system as disclosed in the present invention.
Bacause of the difficulties in observing and measuring the
actual mechanism of underground root development for
qualitative and gquantitative evaluation, there is vary
little information available on this subject matter even in
the field of crop sciences, horticulture scliences, or in
forestry. This is also due to the fact that many growers,
farmers, raesearchers and eéextensgion agents often take
commercially available conventional trays/pots/containers
for granted without thinking how much the properly designed
trays/pots/containexrs would affect their profits or
research results. Many growers and farmaers currently own
transplanting machines and equipment which were designed

for conventional trays/flats/pots/containers, yet, they

want to use air-pruning trays/flats/pots/containers which
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provide them with increased plant production, guality and
vields. Therefore, there has been and continues to be a
need for air-pruning trays/flats/pots/containers that
effectuata root air-pruning but will alsoc allow the air-

pruned plants/seedlings/cuttings/plugs to be removed from

the top of air-pruning trays and containers.

SUMMARY AND OBJBECTS OF THE INVENTION

The present invention entails plant growing air-pruning
tray and container systems that are designed to improve
overall performance and to overcome the disadvantages and
shortcomings of the prior art. In particular, the air-
pruning tray and container systemz2 of the present invention
are provided with tray-cell and container structure that
allows plant removal either from the open bottom or open
top of the tray/container. Among the vaxious means
disclosed is a detachable suppoerting screen provided with a
sexiea of projecting legs and which i1s press fitted or
3lide fitted to the tray/container structure to hold the
tray above ground for effective root air pruning and to
facilitate cycling watering of the tray culturing system.

In one embodiment, the plant container consists of more
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than one piace of side walls which can be put together to
form a self-watering plant container while the bottom
gcreen, provided with a series of projecting legs designed
to projact into a water-holding bottom pan, is dstachably
secured to the plant container structure itself The air-
pruning trays and containers can have a surrounding edge to
hold a water level above the tray and container top so that

it can also uniformly water the plants from top of the tray

caells and containers.

It is therefore an object of the present invention to
provide an ailr-pruning tray/container structure that allows
plant removal either from the open bottom of the

tray/container or open top of the tray/container.

Another object of the present invention resides in the
provigsion of a plant tray/container structure with easily
attachable and detachable gupporting bottom screen that
effectuataes root air-prﬁning and which also functions to
retain and confine the plant growing medium contained

within the plant tray/container systems

Another object of the present invention resides 1in the
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provision of a plant tray/container structure having a
surrounding édge to hold water for self-watering, having a
detachable screen, and to meet the requirements of plastic
or metal forming processes for quality mass production at

low cost.

A further object of the present invention is to provide

air-pruning tray/container systems with increased rigidity

that are self-supporting, relatively durable and
maintenance-free, and made for easy handling and shipping

of the air-pruned plants/seedlings/cuttings/plugs in the

tray/container systems.

Still a further object of invention is to provide a plant

tray/container systeém with an easily and quickly attachable
and detachable bottom tray/container screen so that it can
be adaptable to a fully automatic transplanter which

requires easy handling of a large number of air-pruned

saadlings.

Other objects and advantages of the present invention will

become apparent and obvious from a study of the following

description and the accompanying drawings, which are merxrely
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10

illustrative of such an invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of push-pull air-pruning basic
tray-cell/pot/container system, which is larger at the open
bottom and gradually gets smaller at the open top with
detachable supporting screen bottom, of the present
invention illustrating superior root formation and plant

growth, and effective use of cell/pot/container space and

growing medium.

FIG. 2 1is a sectional view of traditional or conventional

basic tray-cell/pot/container, which is small at the closed
bottom with drain hole(s) and gradually gets larger at the
open top, 1llustrating the root binding, inferior root

formation and plant growth, and ineffective use of

cell/pot/container space and growing medium.

FIG. 3 is a represgsentation of root-growth versus time
curveg for 7 individual roots illustrating various stages

of S-shaped growth curves for over a 60-hour period. The

old Roots #1 and #2 show slow-growth to non-growth stages
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of S-curves, Roots #3 and #4 ghow fast/exponential-growth
to slow-growth stages of S-curvesz, and the younger Roots

#5, #6 and #7 show the early stages of S=-shaped growth

CUEVES,

FIG. 4 1s a sectional view of the push-pull air-pruning
tray/container system with detachable supporting screen
bottom, of the present invention i1llustrating its
operational principle of cyeling irrigation method to

effactuate Yoot air pruning by fluctuating the

water/nutrient-solution level.

FIG. 5 1s a sectional view of air-pruning pot/container

system with detachable supporting screen bottom and the
water/nutrient-solution holding pan of the present

invention.

PIG. 6 18 a perspective view of a detachable supporting

screen bottom ¢f the presgent invention.

FIG. 7 is a perspective view of a disassemblable air-

pruning pot/container system with detachable supporting

screen bottom and water/nutrient-sclution holding pan of

n
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the present invention.

FIG. 8 is a perspective view of a disassembled alr-pruning

pot/container system with detachable supporting screen

bottom and the water/nutrient-solution holding pan ¢of the

present invention.

TRADITIONAL OR CONVENTIONAL TRAYS/CONTAINERS CAUSE ROOT

BINDING

A common problem associated with traditional or

conventional tray-cells, pots and containers 18 root
binding due to their improper designs, which are small at
the bottom and gradually get laxger at the top generally
indicated by the numeral 20 in FIG. 2. These designs
provide for easy plant removal from the top without
considering proper root physiology. For a conventional
tray-cell/container, the first emerging plant root grows
vertically down to the bottom of the tray cell. The roct
continues to elongate after reaching the bottom of the

cell, spiraling around the cell bottom. Root branching and

sub-branching occur at a much slower rate. As horilizeontally

developed branched roots encounter the container side wall
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21, they turn upwards 22 or sideways spiraling 23 around
the wall 21 rather than downward, due to less-than-90-
degree angles, to bend downward at the wall 21, while
anagles for bending sideways are 80.degree. (foxr round cell)
and angles for bending upward are more than 90.degree..
This 18 the nature of root physiology to lead tha roots to
least restricted direction even though by nature roots
would like to develop in downward direction. Tests showed
that root tips could detect an anglc less than 1 degree.
Thig is an artificlally imposed restriction against natural
root development. Most of the branched roots continue to
elongate, spiraling around near the cell bottom, so that
the growing medium 24 in the cells is not fully used. If
plugs/cuttings/seedlings/plants are left in a conventional
tray/container for a longexr period of time, severe root-
binding results (gee FIG. 2). This is particularly

important for plug traye because the individual cells are

very small.

Proper root orientation in the tray cells/containers is an
important factox for ftuture root development after

transplanting. Plant rootg in conventional tray-

cells/pots/containers spiral and many are forced to grow
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upward resulting in root tangling, which hinders root

development after transplanting. It is biotechnically

cruclial to elminate the above menticoned phenomena.

DETAILED DESCRIPTION OF THE DISCOVERY AND INVENTION

A plant system consists of shoots and roots. Shoots are the
aboveground portions of a plant, which interact with the
atmospheric snvironment. Depending on plant species and

seasons, the shoot system can cantain leaves, buds,
flowers, fruits, stems, branches, and a trunk. Roots are

the underground portions of the plant that interact with
soil envirxronment, The root system anchors the plant to the
ground, holding it upright. It contains the main root,
branches, sub-branches, root hairs and tips, which search
for nutrients and water for plant growth. Each root tip has
a protective cap that i1s pushed ahead as i1t grows. The
shoot-to-root ratio of a plant system, dependent on the
species and stage of development, usually remains c¢onstant.

A larger root mass results in a larger plant.

Plant growth systems c¢an be described by discrete growth

periods (emergence of new gsheoots and roots), within which

-_—
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growth is continuous (elongation and expansion of shoots
and roots). The continuous greowth period starts at a slow
pace. Growth rate is accelerated following an exponential
curve, and then it steadily declines until the shoots and
roots reach their late growth stage of slow growth until
growth ceases. Therefore, the continuous growth can be
described by an S-shaped curve, Then, the discrete growth

period starts again. It is interesting to note that the
growth ¢f each individual plant leaf or root follows a
growth pattern of S-shaped curve, and that the root growth

can be suspended at any portion of the growth curve to

initliate the discrete growth. With reference to the

drawings, FIG. 3 illustrates the growth curves (root length
versus time) of 7 individual roots over a 60-hour period
for a tomato seedling. The oldest rcoot, Root #1, shows
upper and plateau portions or slow-growth and non-growth
portions of the S-curve. Roots #2 and #3 show the upper ox
slow-growth portion of the S-curve and.the transition
portion of the S-curve from the end of exponential growth
to s3low growth. Root #4 shows tChe entire exponential growth
gections of the S-curve. Roots #5 and #6 show the lower
portions of the S-curve starting with slow growth to

accelerated exponential growth, and root #7 shows the

L
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initial segment of slow growth., Under ideal environmental
conditions, the maximum Yoot growth rate is reached in the
early stage of growth following an exponential curve, and
from the end of exponential growth, it steadily declines
until the root reaches its late growth stage of slow-growth
and non-growth. The total root growth can be obtained by
superimposing the individual root growth at different
development levels in different historical periods to form
a larger S-shaped curve. This means that the continuous
growth peri@d of a plant-root growth system follows a
pattern of S-shaped growth as exhibitaed by all biological

growth systems including human and animals.

Since wvery early stage of plant root formation in the
tray/pot/container has profound effects on the future root
development and establishment as well as on the plant
growth performance, crop quality and yields, a
biotechnically advanced plant-culturing system is needed.
This includes systems capable of culturinhg normal vet
biotechnically altered plants through simple biophysical
manipulation of plant root systems. Biotechnology in root-
air-pruning utilizes plant system charactexisticsg in

conjunction with computer=-aided design and system
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optimization of tray-cell/container configuration to
eliminate root binding for proper and accelerated root
formation. From the above analysis the following important
factors must be considered for a push-pull air-pruning tray

and container system.

A. Proper Container-Wall Angle--The main factor to cause

root-binding is that conventional tray-

cells/pots/containers have a small closed bottom with drain
hole(s) and a larger open top which makes the container-
wall tapered outward toward the top, causing the downward
angle at the container-wall to be legs than 90.degree. as
shown in FIG. 2. Therefore, this improper downward angle at

the container-wall imposes restriction against natural root

development, and must be correctaed so that all roots can
properly develop downwardly. The fundamental problem thaft
needs to be regolved ig the intergection angles betwasn the

tray-cell/pot/container wall and growing roots.

It 18 a common misunderstanding to think that it is harder
to remove the plants from trays/containers if the container
wall 15 tapered i1nward toward the top, 1.e., larger at the

bottom and smaller at the top (FIG. 1). Even a plant with

L
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large shoot ¢ould be removed easily from the open bottom of
trays/containers without any damage to the shoot. This is
again a natural characteristic of a plant that the plant
foliage 15 tends to fold together when the plant is pulled
from the bottom and can pass through a small hole without
difficulty. This plant characteristic lends i1tself to an
easy dislodging of the plant from the open tray/container

bottom and t¢ fully automatic transplanting. No dislodging

equipment (such as a mechanical dislodger) i1s required.
Another advantage i1s that air-pruning trays filled with

plugs/seedlings/cuttings/plants can be shipped in boxes

without the fear of plants falling out from the larger top

in c¢onventional trays durxing shipping. This guaranteesg the
quality of plugs/seedlings for supportive plug/seedling

production systems i1n fully automated transplanting

operationg.

With the above mentioned advantages of an air-pruning
tray/container in mind, a proper push-pull air-pruning
tray/container c¢an be design with computer optimization df
the container wall angle in conjunction with experimental
verifications, so that the plugs/seedlings can also be

removed from the top as in conventional trays.
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B. Proper Container Dapth and Bottom Opening--Based upon

the above mentioned discovery it becomes clear that

tray/containar depth and bottom opening are the important

criterion related to effective utilization of the

exponential portion of the S-shaped root growth curve to

achieve a superior growth in a shortest period of time. For

a conventional tray-cell/containsr (FIG. 2), the firast root

continues to elongate after reaching the cell bottom,
avoiding the drain hole, spiraling around at the bottom
following the entire $S-sghaped curve 1ncluding the upper
portion of the S-shaped curve of slow growth and non-
growth. Therefore, branching and sub-branching occur at a

nmuch slowey rate. Most of the branched roots continue to

elongate to complete the entire S-ghaped growth curves,
spiraling around near the cell bottom or forced to grow
upwards regulting in unhealthy root formation and root
tangling (22 and 23). The growing medium 24 in the upper
portion of cells is not fully utilized resulting in
inferior growth and waste of growing medium 24. (FIG, 2).
Effective binding of the growing medium 24 with roots
cannot. be achieved causing poor handling and gripping

failure of plugs/seedlings. Therefore, the tray/container

b
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depth should be determine by the xroot growth ¢urves of the
plant (FIG. 3) so that the slow-growth and non-growth

sections of the S-curve can be eliwminated with a large open

bottom for effective root air-pruning.

With further reference to the drawings, the push-pull air-

pruning tray-cell/container system of the present invention

is shown therein and indicated generally by the numeral 10

in FIG. 1. As will be apprecdiated from subsequent portions
of this disclosure, the push-pull tray and container system

10 includes a main plant holding body 11 which has open top

and bottom and is larger at the bottom and gradually gets

smaller at the top with a detachable supporting screen
bottom 12 shown in FIG. 1. The effectiveness of ailr=-pruning

in promoting root branching 13 is also illustrated in FIG.
1. In an air-pruning trav-cell/container, the first
emerging plant root grows vertically down to the bottom of
tray cell following a pattern ¢f S-shaped growth. As it
encountersg the supporting screen 12 at the open bottom the
root growth is temporarily suspended ags soon as the root
tip is exposed to the air. Once a root is air-pruned, the
discrete growth process immediately causes the plant to

start new root branches, Several branchings occur (discrete

S N O T W T TV T P N TP CIN TSN
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growth) near the media surface first in evenly distributed
patterns in a horizontal direction. As root branches grow
and encounter a cell wall they turn vertically downward or

follow the sBidewall toward the bottom of the tray cell,

partially seeking better aeration, meoisture and nutrients,
and partially because the turning angles at the cell wall
are more than 90.degree. or the roots encounter least
regsistance. As soon as the root tips of those branches
contact air at the bottom of the air-pruning tray their
growth is temporarily suspended. In turn, new branching

processes oddur at those branches. Thus, the branching

process continues to £fill thae tray-cell/container with
properly oriented roots 13 in a short periocd of time,
uniformly bkbinding the growing media 14 in the
cell/container with fine roots. Proper application of an
Alr-pruning proc¢ess to a root system can suspend the root
growth at the end of the exponential growth portion of the
S-shaped growth curve and facilitates new branching. As
each branched root is air-pruned, new branches are
initiated, thus promoting seccondary root growth and
eliminating rootwbinding; resulting 1n a larger root mass,
As the suspension of root growth occurs just at the end of

axponential growth and adc¢elerated branching is repeated,

-y



10

13

20

CA 02389143 2002-06-05

22

the upper portion of S-shaped growth curves (slow growth
stages) are effectively eliminated, resulting in faster
root growth and branching, larger root mass, and
accelerated superior plant growth. Since the shoot-to=root
ratio of plant usually remains constant, a larger root mass

results in a larger plant. FIGS. 1 and 2 respectively

illustrate the significant difference between the shoot

growth 15 of root air-pruning tray-cell/container and the

shoot growth 25 of conventional tray-cell/container due to

aignificantly larger root mass 13 of air-pruned

plug/seedling/cutting/plant.

The effactiveness of root air-pruning in eliminating slow-

growth and non-growth stages of the S-shaped curve and

promoting plant root branching can begt be enhanced by
cptimizing the depth of the main plant holding body 11 of
push-pull tray and container based on the root growth data.
This process can be achieved uaing computer logic by
relating the root growth rate, cell gize, branching and
gub-branching rates, 1n several stages of air-pruned root
development.. Plug/seedling production can be maximized
based on plant species, minimum root development time,

cell/container depth and opening by enhancing root
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branching and accelerated plant growth i1n the tray-cells

and containers and after the plants are transplanted.

Alxr-pruned plugs/seedlings ready for transplanting have a
cell full of young and vigorous rcotsga, and a cell bottom

full of root tips that are ready to produce new roots as

soon as the plugs/seedlings are transplanted. The air-

pruned reoots are similar to a brush hair, properly oriented

downward. It should be emphasized that proper root

orientation in the cells/pots/containers is an important

factor for future root development after transplanting. In

addition, air pruning is free and has no poisonous effects

and works much better than container-applied c¢hemicals that

prevent root spiraling.

From the foregoing specification and discussion it will be

appreciated that the present inventicon alao entails a plant
tray system that lends itself to air-pruning and automated
transplanting but is provided with a bottom detachable
screen 1z that assists in confining and holding the plant
growing medium 14 within the plant tray structure 11. A
push-pull air-pruning tray body 11 consists of a plurality

of aligned and uniformly spaced cells shown in FIG. 4. The
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air-pruning tray 11 ¢an have a surrounding edge 16 to hold
a water level above the tray top so that it can uniformly
water the plants from top of the tray cells. It is
appreciated that any conventicnal plant-growing medium 14
can be utilized in the push-~pull tray and container system

10 of the present invention. In use, it should be

appreciated that the tray/container system 10 can be filled

with plant-growing medium 14 from the top with the bhottom

screen 12 attached on the main body 11. The tray/¢ontainer
system 10 can be seeded, germinated and grown to a
transplanting size with effective air pruning of roots for

enhanced plant growth.

A detachable screen 12 (FIG. 4) secured to the bottom of
the push-pull tray/container plant holding body 11 to

provide root air pruning, can be conveniently removed from
the plant holding beody 11 for esasy removal of the
individual plants from the bottom. However, the optimized
inmer angle of plant holding body 11 allows air-pruned

plugs/seadlings/cuttings to be pulled out from the top and

also allows that all roots can properly develcop downwardly.

The push-pull air-pruning tray body 11 of the present

Pl e vt b by b R Dol VD S S el o PP T the She o .
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invention can alsc be used in an automatic transplanting

oparation. To accomplish this, the screen 12 can be

detached from the bottom of the tray body 11 so as to leave
the bottom of the plant tray open. This allows a tray
structure to be used in a manner where the respective
plants in each c¢ell are pulled from the bottom ©f the plant
tray structure 11 by the fully automatic transplanters such
as that disclosed by Dr. Barmey K. Huang in U.S5. Pat. No.
5,573,558, The plants can also be removed from the top by

nanual or mechanical means as used by a conventional

trangplanter.

Digclosed herein the detachable screen 12 can be provided
with a series of supporting legs 18 t£o project onto a
water-holding bottom pan 17 (FIG. 4), and 1s press fitted
or slide fitted to the tray structure 11 to hold the
growing medium 14 and to provide effective air pruning of
the plant roots 13 and facilitate cyecling watering of tray
culturing system. The water/nutrient level 19 can be raised
and lowered in the pan 17 for watering at high level and
for root air pruning at lower level. Of course, a push-pull
air-pruning tray/container system can be watered using any

conventional watering systems, such as overhead spray,

.-'l-
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misting, etc.

Turning now to FIG. 5 and another embodiment of the present

invention, the lowsr portion of container plant holding
body structure 1l is provided or integrated with a water-
holding bottom pan 17 and airflow openings 27. A screen
plate 12 is provided with a series of supporting legs 18 to
project onto a water-holding'bOttom.pan.;7 as 1llustrated
in FIG8. 5 and 6. The airflow openings 27 allow the air to
flow freely'underneaththa screen plate 12 to effectuate
root ailr pruning. A series of supporting legs 18 projecting
onto a water-holding bottom pan 17 also provide autcomatic
watering to the air-pruned root system by capillary action
as long as the water/nutrient solution is wmaintained in the
bottom pan 17. Of course, the air-pruning pot/container
system can be watered from the top or from the airflow
openings 27, and the water-holding bottom pan 17 sexrves to
catch any extra water as a bottom dish used for a
conventional pot/container. In use, the screen plate 12
(FIG. 6) can be inserted i1nto the bottom of the container
body 11 as illustrated in FIG. 5. It is appreciated that
the inner angle of the container body 11 i1s optimized 80

that it can provide effective alr pruning of roots for
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enhanced plant growth and the plant ¢an dbe pulled out from
the container top. It is also appreciated that the gdreean
plate 12 (FIG. 6) can be inserxted into the bottom of a
conventional peot/container with side drain holes to
eliminate some root binding to improve the growth

performance.

In FIGS. 7 and 8, yet another embodiment of the present

invention is shown and in this embodiment, the air-pruning
pot/container system consists of a disassemblable
pot/container body 11 with detachable supporting screen

plate 12 and water/nutrient solution holding pan 17. In

this embodiment, the main body 11 consists ¢f more than one
element of sidawall Ha which can be put togather or

assembled to form a pot/container bhody 11 ¢of any shape
(round, square, pentagon, etc.). Tha color of each element
or of gome elaments lla can be different to form a
decoratively designed pot/container. The lower portion of
each element ha c¢an be hinged at points 13 so that as the
top portion ©of all elements lla are clamped together with a
clamp 14 as shown in FIG. 7 the lower end ¢of each slement

lla is securely held by the surrounding edge of

water/solution holding pan 17 to form an air-pruning
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pot/container system 10 similar to the one shown ih FIG. 5.

In the smbodiment illustrated in FIGS. 7 and 8 the screen
plate 12 is held at the level of points 13 8o that the air
can flow freely through airflow openings 27 and underneath
the screen plate 12 to effectuate root air pruning. In
practice the screen plate 12 is disposed on the
water/solution holding pan 17 so that the top portions of

all elements 1la are clamped together with a clamp 14 to

form an assembled air-pruning pot/container system 10 shown

in FIG. 7. The air-pruning pot/container system 10 can be
disassembled by releasing the clamp 14, then opening

sldewall elements lla as illustrated in FIG. 8 for easy
removal of the plant-s0il system by pushing downward with
the supporting screen plate 12 or simply pulling upward to
function as a push-pull air-pruning pot/container system.
The water-holding bottom pan 17 together with supporting
screen plata 12 and hollow supports 18 provide automatic

watering to the air-pruned root system by capillary action

through the hollow supports 18 as long as the

water/nutrient-solution is maintained in the bottom pan 17.

From the foregolng specification and discussion it is

appreciated that the present invention entails the new
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discdovery on the plant root ¢haracteristics and a plant
tray/pot/container structure as well as their biophysical

interactions that lends itself to proper root air-pruning

based on S-shaped xoot growth curves of FIG. 3 for superior

plant growth, higher crop yields and quality. The invention

also allows the air-pruned plants/seedlings/cuttings/plugs
to be removed from the top or bottom of air-pruning tray

and container systems. Having thus described the preferred

embodiments, 1t 15 manifest that many changes can be made

in the details of construction arrangement and fabrication.

The present invention may, ©f course, be carried out in

other specific ways than those herein set forth without
daparting from the spirit and essential characterigtics of

the invention. The present embodiments are, therefore, to

be considered in all respects as illustrative and not

ragtrictive, and all changes coming within the meanings and

equivalency range ¢f the appended Claimes are intended to be

embraced therein.
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CLAIMS

What is claimed 1s:

1. A push-pull air-pruning plant container system

comprising:

- & plant holding structure having an open top and an open

bottom and a sidewall, the sidewall inwardly tapered toward

the open top;

a plant growing in a medium i1n tha structure, the plant
with roots and capable of being removed from the open top

or open bottom;

a scereen removably attached to the bottom end for retaining

the growing medium;

wherein, the depth of the atructure corresponds to the
particular length of the root system of the plant growing
in the structure such that air pruning at the open bottom

occurs when the roots are approximately at the end of their
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maximum growth rate.

2. The pugh-pull air-pruning plant container system of
claim 1 wherein the plant holding structure includes a
plurality of aligned and uniformly spaced basic containers
integratad together to form a tray body for holding a
plurality of plants and growing media which can be removed
by pushing downward or pulling upward; and a free-standing
screernn or a screen detachably secured to the open bottom of
thae plant tray body, to form a unitary tray-screen system
for retaining the plants and growing media and for giving

rise to root ailr pruning.

3. The push-pull air-pruning plant container system of
claim 1 wherein the container inner-sidewall angle is
cptimized based on the intersection angles between the

inner-sidewall and growing roots and allowing plant removal

either from the open bottom or open top of the plant

holding structure,

4. The push-pull air-pruning plant contalner gsystem of

claim 1 wherein the depth of the plant holding structure is

optimized g0 that the air-pruning process can be applied to

L
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plant roots to temporarily suspend the root growth at the
end of exponential growth stage of the S-shaped growth
curvae and to facilitate new branching and accelerated

growth, allowing the plants to grow at fast/exponential

ratce.

S. The push-pull air-pruning plant containex system of
claim 1 wherein sald free-standing screen or detachable
screen plate is provided with approximately 50% or more
openings to prevent root tips from avoiding direct air

contact and to achieve the effective air pruning of plant

roots.

6. The push-pull air-pruning plant container systam of

claim 2 wherein said free-standing screen or detachable
Becreen plate is8 provided with approximately 50% or more
openings to prevent root tips frxrom aveiding direct air
contact and to achieve the effective air pruning of plant

roots.

7. The push-pull alr-pruning plant container system of

claim 1 wherein the free-gtanding screen or detachable

screen 18 provided with one or more solid or hollow
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suppoxts to support the plant holding structure and plant-
root system above the ground to allow the air to flow

freely underneath the screen to effectuate root air

pruning.

8. The push-pull air-pruning plant container system of

claim 2 wherein the free-standing screen or detachable

gscreen is provided with one or more solid or hollow
Suppoxts to support the plant holding structure and plant-

root systems above the ground to allow the air to flow
freely underneath the screen to effectuate root air

pruning.

9. The push-pull air-pruning plant container system of

claim 1 wherein tha system includes a detachable or
integrated water-holding bottom pan which provides
automatlic watering <of the plant-root system by capillary

action as long as the water/nutrient-solution is maintained

in the bottom pan.

10. The push=-pull air-pruning plant container system of
claim 1 wherein the system i1ncludes a detachable or

integrated sidewall structure joining with plant holding
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body and/or water-holding bottom pan, having airflow
openings on the sidewall structure so that the air can flow

freely underneath the screen to effectuate root air

pPruning.

11. The push-pull air-pruning plant c¢ontainer asystem of

claim 1 further comprising; a disassemblable plant holding
gtructure; a detachable supporting screen; and a

water/nutrient-solution holding pan.

12. The push-pull air-pruning plant container system of
claim 11 wherein said disassgsemblable plant holding

structure consists of more than one element of plant

holding structure which can be put together or assembled Lo

form a plant holding structure body to facilitate plant
removal from the container system by pushing downward or

pulling upward.

13. The push-pull air-pruning plant container system of

claim 11 wherein at least one element of said plant holding

structure is of a different color so that they can form a

decoratively designed plant containex system as they are

put together or assemblad tc form a plant holding structure
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body .

14. The push=-pull alir-pruning plant tray container system
of claim 2 wherein said detachable securing means include
slide flanges formed around a selected portion of the plant
tray structure and wherein the screen includes a slide
groove that extends from the screen and 18 adapted to be
confined about the slide flanges such that the screen may
be supported by the slide flanges while alzo allowing the
gcreen to be removed from the plant tray structure by

sliding the screaen from the tray structure.

15. The push-pull air-pruning plant tray c¢ontainar aystem
of claim 2 wherein the surrounding edge structure of the
plant tray structure is designed to hold water above the
tray-cell top so that respective plants in the plant cells
can be uniformly watered from the top of the tray structure

and also designed for nesting of said unitary tray-screen

systems.

16. The push-pull air-pruning plant tray containaer system
of claim 2 wherein the detachable &s¢reen i1s provided with

one or more supports to project onto a water-holding hottom
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pan and is press fitted or slide fitted to the tray
structure to hold the plants and growing medium above water
level to provide effective root air-pruning for cycling
irrigation of tray culturing system by varying the
water/nutrient level in the pan for watering at high level

and for root air- pruning at lower level.

17. The push-pull air-pruning plant tray container system

of ¢laim 2 wherein the system is charged with water, and
the watar held within said tray system gives rise to a
generally uniform temperature throughout the plant-tray

container asystem.

18. The push-pull air-pruning plant tray container gystem
of claim 2 wherein the detachable screen can be removed
from the bottom of said tray body so as to leave the bottom
of the plant-tray open, such that respective plants can be
extracted downwardly or upwardly from said plant-tray in a
manual, semiautomatic or fully automatic transplanting

operation.
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