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(57) ABSTRACT 

A plant propagation apparatus is disclosed Which comprises 
a ?exible transparent enclosure. The enclosure is disposable, 
and could be formed of a polymer such as polyethylene. The 
enclosure Would have at least tWo Walls, formed of ?exible 
material that facilitates transmission of light through the 
Walls. Plant material is sealed Within the enclosure, and 
nutrient solution is made available Within the sealed enclo 
sure for the plant. The enclosure is a low cost and effective 
method for propagating young plants and transporting them 
betWeen the laboratory environment and a greenhouse or 
?eld. The enclosure may be con?gured to receive gas or 
carbon dioxide on its inner surface to a predetermined level 
of pressure, thereby affording the enclosure a ?exible but 
stiff mechanical resistance that protects the young plant 
While it is groWing. 
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APPARATUS AND METHOD FOR PROPAGATING 
PLANTS 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to plant propagation systems, 
and more particularly to aseptic propagation systems and 
methods. 

[0002] Tissue culture propagation, sometimes referred to 
as micro propagation, is the process of groWing plants from 
a piece of plant tissue that has been extracted from a parent 
plant. Horticulturists favor plant propagation as a groWing 
method because its provides relatively high production 
ef?ciency and greater uniformity of plants. The process 
results in mass production of plants having certain desirable 
characteristics because substantially all the plants produced 
are genetically identical to and have all the desirable traits of 
the parent plant. 

[0003] Plant micropropagation may be described as sub 
divided into stages. Stage one is sometimes said to comprise 
initiation, in Which a plant bud is initiated in a groWing 
media. Stage tWo comprises a multiplication phase in Which 
nutrients and hormones are provided to enable rapid cell 
division and substantial groWth of the platelets. In stage tWo, 
it is very important to keep pathogens and biological pests 
from infesting the culture. It is important to avoid subjecting 
the entire crop or ?eld to biological pests, and one Way to 
avoid subjecting the entire crop or ?eld to biological pests is 
to propagate the plants in an environment that shields the 
maturing plant from pathogens, While also facilitating rapid 
and vigorous groWth. 

[0004] In stage three, leaves and shoots expand and the 
plant tissue becomes more capable of photosynthesiZing. In 
stage four, the plant is moved out of the laboratory envi 
ronment and into a greenhouse, Where the plant may begin 
to take on larger amounts of light, and therefore heat, 
developing roots that Will be needed for transfer to the ?eld 
in the natural environment outdoors. 

[0005] Environments conducive to root and shoot forma 
tion of the developing plant facilitates rampant spread of 
pests. Therefore, it is important to minimiZe the chances of 
introducing pests on plant material or media. 

[0006] Apparatus and methods have been devised to 
micropropagate plants in the above referenced manner. For 
example, US. Pat. Nos. 5,525,505 and 5,597,731 are 
directed to plant propagation systems. These tWo referenced 
patents disclose sealed, semipermeable membrane vessels 
for completely enclosing plant material therein. The sealed 
vessels typically are translucent and permeable to gases and 
liquids While remaining impermeable to biological contami 
nates. Plant tissue extracted from a parent plant may be 
placed Within the sealed vessels and groWn heterotrophi 
cally. Once it develops, the plant may be transferred to a 
greenhouse environment for photoautotrophic groWth. In the 
greenhouse environment, the sealed vessels are supported in 
trays, and exposed to light, gases, Water, and a liquid nutrient 
solution for optimiZing groWth. 

[0007] At least one patent has disclosed the use of a sealed 
sterile container With support members provided for plant 
tissues Which are positioned betWeen surfaces of the support 
members. US. Pat. No. 5,943,821 discloses support mem 
bers Within a sealed sterile container having opposing sur 
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faces for supporting plant tissues made of a material that is 
suitable for impregnation by a nutritive medium. In the ’821 
patent, a cylindrical container that resembles a Petri dish is 
disclosed. In fact, a Petri dish is the suggested container to 
be used in the practice of the invention disclosed in the ’821 
patent, Whereby such a hard cylindrical container may be 
sealed by means of plastic ?lm, Wax, or other material. 

[0008] HoWever, there are disadvantages With the use of 
such hard plastic containers. Such containers are relatively 
heavy, and therefore typically are very costly to ship from 
the laboratory to a greenhouse. Further, the containers must 
be re-used many times to make the use of such containers 
economically viable. Re-use requires that the containers be 
Washed or steriliZed, and then sent back to the laboratory. 
Storage also presents a problem, as the containers are not 
compressible (and sometimes not even stackable) Which 
requires a large volume of space for storage. This storage 
problem adds to the undesirability of using such hard plastic 
tray containers as plant propagation containers. 

[0009] What is needed in the plant propagation industry is 
a method and apparatus for producing plants in a manner 
that facilitates the entry of gases such as carbon dioxide into 
the vicinity of the plant. An apparatus that provides for light 
transmission and a steady nutrient supply is desired. Fur 
thermore, a lightWeight and inexpensive method of propa 
gating large numbers of plants easily, reproducibly, reliably, 
and at a minimum cost to a groWer is needed. Adequate 
nutrients and gases must be provided to the plant While at the 
same time shielding plant seedlings from undesirable bio 
logical pathogens. Furthermore, the apparatus must be 
capable of maintaining the plant at an appropriate tempera 
ture While the plant is propagating. 

SUMMARY OF THE INVENTION 

[0010] The present invention recogniZes and addresses the 
foregoing disadvantages, and others of prior art construc 
tions, and methods. 

[0011] Accordingly, it is an object of the present invention 
to provide a plant propagation system. 

[0012] It is another object of the present invention to 
provide a neW method for propagating plant material. 

[0013] It is a further object of the present invention to 
provide a plant propagation system and method that does not 
rely upon hard rigid containers. 

[0014] It is another object of the present invention to 
provide a plant propagation system and method that prevents 
contamination of the groWing plant material. 

[0015] It is another object of the present invention to 
provide a plant propagation system and method that con 
tinually replenishes the nutrients and gasses necessary for 
plant groWth. 
[0016] It is further object of the present invention to 
provide a plant propagation system and method that facili 
tates the transportation of plant material. 

[0017] It is a further object of the present invention to 
employ an apparatus for cooling plant containers during 
groWth. 
[0018] It is another object of the invention to replenish or 
change the composition of nutrients and gases necessary for 
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plant growth. It is an objective to provide a system that is 
Well suited to grow plants in several physiological stages 
and production environments. 

[0019] The invention comprises plant propagation appa 
ratus having a disposable sealed transparent enclosure hav 
ing at least tWo Walls. The Walls, in one embodiment, are 
formed of a ?exible material that facilitates transmission of 
light through the Walls, the enclosure having an inner space 
and an outer surface. The enclosure is capable of sealing 
plant material in a substantially airtight manner. The enclo 
sure is capable of maintaining on its inner space a reservoir 
of liquid nutrient solution for uptake by said plant material. 
The enclosure is con?gured to receive gas on its inner space 
to a predetermined level or pressure, thereby affording to the 
enclosure a ?exible mechanical resistance. The enclosure is 
capable of protecting the plant material from mechanical 
stress during handling and transport While affording a ?ex 
ible packing mechanism for the plant material. 

[0020] In one embodiment, the apparatus also includes a 
gas diffusion membrane vent to facilitate diffusion of gases 
from the outer surface of the enclosure to the inner space of 
the enclosure. For example, air, oxygen, or carbon dioxide 
can enter the enclosure through such a membrane vent. 

[0021] In other embodiments, the apparatus is adapted to 
assume a con?guration that at least partially blocks the ?oW 
of gas across the gas diffusion membrane vent. This may be 
accomplished by folding over a membrane vent of the 
enclosure, or by blocking the membrane vent using a patch 
or cover. Furthermore, the membrane vent may be adapted 
to retard the communication of pathogens from the outer 
surface of the enclosure to the inner space of the enclosure. 

[0022] In general, the enclosures are adapted to be placed 
side by side in a shipping carton for transport, the enclosure 
having a gas pressure on its inner space that facilitates close 
packing Without substantial damage to the plant material. 
Large numbers of plants can be shipped easily in this Way. 

[0023] The invention also includes a system for propagat 
ing plants that comprises a disposable sealed transparent 
enclosure having at least tWo Walls, the Walls being formed 
of a ?exible material that facilitates transmission of light 
through the Walls. In this system, the enclosure has an inner 
space and an outer surface, the enclosure being capable of 
sealing plant material in a substantially airtight manner, 
Whereby the enclosure is capable of maintaining on its inner 
space a reservoir of liquid nutrient solution for uptake by the 
plant material. The enclosure is also con?gured to receive 
gas on its inner space to generate pressure to a predeter 
mined level. In this Way, it is possible to afford to the 
enclosure a ?exible mechanical resistance. 

[0024] A support tray is also provided, the tray being 
adapted to thermally buffer the enclosure by supporting a 
cooling ?uid, such as Water, upon at least a portion of the 
outer surface of the enclosure. 

[0025] The invention may also comprise a method of 
propagating plant material. In the method, several steps may 
be performed, at least some of Which include: providing a 
?exible ?lm, living plant material, and a nutrient solution, 
then sealing the ?exible ?lm to form an airtight three 
dimensional enclosure having an inner space. In the method, 
the enclosure has on its inner space living plant material and 
a nutrient solution. Also, gas is provided to the inner space 
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of the enclosure in an amount that affords mechanical 
stability to the enclosure. The enclosure is adapted to assume 
a volume and shape that is supportive of vertical groWth of 
the living plant material. The enclosure is adapted to facili 
tate shipping and transport of the enclosure in packed boxes 
or crates. 

[0026] In some methods, gas is injected through a hole in 
the Wall of the enclosure, then the hole is resealed to provide 
an airtight enclosure. The method, in some embodiments, 
may also comprise removing the acclimatiZed plant material 
from the enclosure and then planting the living plant mate 
rial in soil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] A full and enabling disclosure of this invention, 
including the best mode shoWn to one of ordinary skill in the 
art, is set forth in this speci?cation. The folloWing Figures 
illustrate the invention: 

[0028] FIG. 1 provides a perspective vieW of the sealed 
transparent enclosure of the invention; 

[0029] FIG. 1A shoWs an alternate embodiment of the 
enclosure having a membrane vent on a Wall of the enclosure 
for admitting gases into the enclosure; 

[0030] FIG. 2 shoWs hoW the enclosures of FIG. 1 or 
FIG. 1A may be packed for shipment from a laboratory 
environment to a greenhouse, or in some cases to a ?eld for 

planting; 
[0031] FIG. 3 shoWs an alternate embodiment of the 
invention in Which the enclosure has at least about ?ve Walls 
and gussets on tWo Walls; 

[0032] FIG. 3A shoWs the embodiment of the invention 
shoWn in FIG. 3 in Which contains the membrane vent and 
is partially blocked to reduce the movement of gases into the 
enclosure; 
[0033] FIG. 4 shoWs a partial cross-section of one 
embodiment of the invention in Which the enclosure is 
provided in a support tray that is adapted to thermally buffer 
the enclosure; 

[0034] FIG. 4A shoWs a partial cross-section of several 
support trays in parallel, as may be employed in a large 
volume groWing environment; 

[0035] FIG. 5 is an end vieW of the system shoWn in FIG. 
4 shoWing a cooling ?uid passing along the loWer surface of 
the enclosure; and 

[0036] FIG. 6 shoWs an alternate embodiment of the 
system shoWn in FIG. 5 in Which the support tray of the 
system is tightly ?tted to the sealed enclosure and is adapted 
for administering carbon dioxide into the enclosed space, 
thereby providing a carbon dioxide enriched gaseous envi 
ronment Within the enclosed space of the support tray. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] Reference noW Will be made to the embodiments of 
the invention, one or more examples of Which are set forth 
beloW. Each example is provided by Way of explanation of 
the invention, not as a limitation of the invention. In fact, it 
Will be apparent to those skilled in the art that various 
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modi?cations and variations can be made in this invention 
Without departing from the scope or spirit of the invention. 
For instance, features illustrated or described as part of one 
embodiment can be used on another embodiment to yield a 
still further embodiment. Thus, it is intended that the present 
invention cover such modi?cations and variations as come 

Within the scope of the appended claims and their equiva 
lents. Other objects, features and aspects of the present 
invention are disclosed in or are obvious from the following 
detailed description. It is to be understood by one of ordinary 
skill in the art that the present discussion is a description of 
exemplary embodiments only, and is not intended as limiting 
the broader aspects of the present invention, Which broader 
aspects are embodied in the exemplary constructions. 

[0038] In the high volume production of plants for con 
sumer and agricultural uses, it is critical to develop a system 
for containing and propagating plant material that is easy, 
inexpensive and effective in propagating the plants. Stage 
one of plant propagation is generally the initiation stage in 
Which a shoot or a bulb is initiated in the enclosure of the 
invention. In stage tWo of development, plants uptake nutri 
ents and groWth regulators to encourage rapidly dividing 
cells Within the plant. In the ?rst tWo stages of plant groWth, 
therefore, there are high metabolic requirements for energy 
consumption. In general, during the ?rst tWo stages of 
groWth, the plant tissue is not capable of carrying out 
adequate photosynthesis to meet this high demand for 
energy. 

[0039] The initial groWth of tissue in the enclosures of the 
invention is accomplished heterotrophically. Heterotrophic 
or photomixotrophic groWth is groWth in Which the organ 
ism obtains nourishment and energy from the ingestion and 
break doWn of organic matter. During this phase, the plant 
tissue is typically exposed to adequate light intensity to 
sustain groWth. The organic carbon is usually obtained from 
sugars such as sucrose. 

[0040] In general, micropropagation is commonly com 
pleted in a mist or fog enclosure in a greenhouse. These 
environments provide haven for biotic pests. Therefore it is 
common for the clean products of a lab to be shipped and 
sold in septic media from a mist or fog house. Furthermore, 
Water is constantly percolated through the soilless media, so 
the small plants With rudimentary roots do not dessicate. The 
percolation of Water leaches the soluble fertiliZer salts doWn 
through the media pro?le, making fertiliZer scarce for the 
rudimentary root system. Therefore, plants from a mist or 
fog house are also nutrient starved When delivered to the end 
user. 

[0041] In the third stage of plant groWth, leaves and shoots 
expand and the plant tissue develops the capability of 
photosynthesiZing. That is, the plant tissue, When exposed to 
light, gases, Water and essential nutrients, derives energy 
through the process of photosynthesis. Photoautotrophic 
groWth occurs When the plant organism synthesiZes organic 
nutrients by deriving energy from light. That is, once pho 
toautotrophic groWth begins, the plant tissue becomes 
capable of making its oWn food in suf?cient quantity to 
support photoautotrophic groWth. 

[0042] Generally, plants need oxygen, carbon dioxide, 
Water, nutrients, and light for carrying out respiration and 
groWth processes. Oxygen, carbon dioxide and light can be 
provided to the plant material from the atmosphere. During 
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photosynthesis, besides carbon dioxide and light energy, the 
plant material needs Water, in order to synthesiZe carbohy 
drates. HoWever, the liquid groWth media can include Water 
as an ingredient in concentrations suf?cient to support 
photoautotrophic groWth. 
[0043] As described, plants require carbon dioxide in 
order to carry out photosynthesis for producing carbohy 
drates. In the past, When sealed in containers, plants have 
been sloW to photosynthesiZe. A possible cause for this 
de?ciency may result from the depletion of carbon dioxide 
Within the container. In order to overcome this problem, the 
plant propagation system can optionally include enrichment 
from an external carbon dioxide source. 

[0044] Turning to FIG. 1, a sealed enclosure 21 is shoWn 
having a generally transparent exterior. A ?rst Wall 22 is 
opposite a second Wall 23, and an inner space 24 is betWeen 
the ?rst Wall 22 and the second Wall 23. Furthermore, an 
outer surface 25 is provided on the outside of the enclosure 
21. Plant material 26, in the form of one or more propagules, 
is provided inside the sealed enclosure 21. Areservoir 27 of 
liquid nutrient solution is also provided in the sealed enclo 
sure 21. 

[0045] Injection area 28 comprises generally one corner of 
the enclosure, into Which a syringe may be introduced to 
provide sterile gasses through a ?lter capsule to the interior 
of the sealed enclosure 21 after the enclosure is sealed With 
plant material placed inside. Once gasses are provided to the 
sealed enclosure in the appropriate volume and pressure, the 
sealed enclosure 21 may be sealed at sealing line 29 in order 
to isolate the hole made in the sealed area 28 from the rest 
of the sealed enclosure 21, so that the sealed enclosure 21 
may be “resealed” after injecting gas into the inner space 24 
of the enclosure 21. 

[0046] In FIG. 1A, a sealed enclosure 121 is provided 
Which shoWs an alternate embodiment of the invention. In 
this embodiment, a ?rst Wall 122 and a second Wall 123 is 
provided, With an inner space 124 separating said Walls. An 
outer surface 125 is also provided. Plant material 126 is 
positioned betWeen the ?rst Wall 122 and the second Wall 
123. Furthermore, a reservoir 127 is provided near the loWer 
portion of the enclosure 121. In this embodiment, a gas 
diffusion membrane vent 130 is provided upon the ?rst Wall 
122 of the enclosure. The gas diffusion membrane vent 130 
provides an area in Which gasses may be transferred into the 
inner space 124 of the enclosure 121. HoWever, the mem 
brane vent 130 also serves as a screen against biological 
contaminants or pests that might otherWise enter the enclo 
sure 121 through the membrane vent 130. Furthermore, the 
enclosure of FIG. 1A may be folded over the membrane 
vent 130 so that Water loss is minimiZed at a time that carbon 
dioxide in the headspace is not so important. The het 
erotrophic or photomixotrophic phase of groWth is an 
example. 

[0047] FIG. 2 shoWs a method of transporting the enclo 
sures of the invention. In FIG. 2, a plurality of enclosures 
202a-h are shoWn arranged in a parallel fashion Within a 
transport box 200. Thus, When the enclosures are ?lled With 
plant material, and provided With the appropriate amount of 
gas and nutrient solution, they may be transported from a 
laboratory environment to another laboratory or greenhouse 
environment, for example. In other examples, the enclosures 
202a-h could be used to transport plant seedlings or other 



US 2002/0102719 A1 

plant material from a greenhouse environment to the ?eld. In 
some instances, it might be possible to transport plant 
material directly from the laboratory to the ?eld. In any 
event, transportation of plant seedlings may be easily and 
quickly accomplished using the enclosures of the invention. 
A box lid 201 optionally may be provided to support the 
upper surface over the enclosures 202a-h during transport. 

[0048] FIG. 3 shoWs an alternate embodiment of the 
invention in Which an enclosure 300 is comprised of at least 
four Walls and a bottom portion. Agusset 301 and gusset 302 
are provided on each side of the enclosure 300, and plant 
material 303 is shoWn Within the enclosure 300. An optional 
membrane vent 304 is shoWn near the top of the enclosure 
300, and the top margin of the enclosure may be heat sealed 
along sealed margin 305. 

[0049] FIG. 3A shoWs the embodiment of FIG. 3 in 
Which the top membrane vention of the enclosure 300 has 
been folded over to partially block the ?oW of gasses into or 
out of the membrane vent 304. Thus, for example it might 
be possible to ?ll the enclosure 300 With an appropriate 
amount of nutrient solution 307, and the correct gasses for 
healthy plant groWth. Then, the plants could receive gasses 
(i.e.: respire) in the laboratory environment While they are 
groWing, and just prior to transport the top portion of the 
enclosure 300 could be folded over to avoid gas exchange 
into the enclosure 300 during transport. Furthermore, fold 
ing over the enclosure 300 during transport Would perhaps 
pack the enclosure 300 in a more compact arrangement for 
shipping and transport. 

[0050] FIG. 4 shoWs a partial cross-section of a tray 
assembly 320 of the invention. In a greenhouse or outdoor 
environment, it Would be possible to place enclosures 321 
and/or 300 Within a support tray 322 to receive direct 
sunlight once the plants are capable of photosynthesiZing for 
themselves. In order to reduce the excess heat generated by 
intense sunlight upon the enclosure 321, a cooling ?uid 323 
could be provided Within the support tray 322, and alloWed 
to ?oW past enclosure 321 While it rests in the support tray. 
Thus, light could easily impinge upon the enclosure 321, and 
it Would be naturally cooled by the cooling ?uid 323 passing 
Within the support tray 322. In a commercial environment, 
a large number of enclosures 321 could be placed in series 
along support trays Which are substantial in their length. 
Support tray 322 could be comprised of an insulated mate 
rial such as styrofoam or ?berglass. 

[0051] In FIG. 4A, an embodiment shoWing a commercial 
use of the invention is shoWn in Which numerous support 
trays 322a-a' are shoWn arranged in parallel. These support 
trays could each support tens or hundreds of enclosures 
321a-a' and/or 300 along their inner surfaces. In some 
embodiments, it might be possible to provide support trays 
322a-a' in a matrix having both a vertical and horiZontal 
component. In other embodiments, the support trays could 
be placed in a rotating turret assembly Which rotates accord 
ing to the amount of light that impinges upon the trays 
during the path of the sun across the sky. Such mechanisms 
could be timed to receive an appropriate amount of light 
upon each support tray, and an apparatus could easily be 
devised by a person of skill in the art that Would provide an 
appropriate current of cooling ?uid along each support tray. 

[0052] FIG. 5 shoWs an end vieW of a support tray 401 
Which has Within it an enclosure 402 that contains plant 
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material 403. A cooling ?uid 404 is shoWn in the bottom of 
the support tray 401. The end vieW shoWn in FIG. 5 is an 
end vieW of the support trays shoWn in FIGS. 4 and 4A. 

[0053] In FIG. 6, on the other hand, an alternate embodi 
ment is shoWn. In that Figure, a support tray 501 Which 
extends in a tubular fashion nearly all the Way to the top 
membrane vention of enclosure 502 on each side is seen. By 
almost completely encircling the enclosure 502, an enclosed 
space 507a and 507b is formed on each respective side of the 
enclosure 502. LikeWise, cooling ?uid 504 is shoWn near the 
bottom of FIG. 6. Plant material 503 is shoWn Within the 
enclosure 502. Membrane vent 511 alloWs carbon dioxide to 
enter the enclosed spaces 507a-b. A partial seal 512 is 
provided as the buoyant enclosure 502 is raised to contact 
the tray 501 at partial seal 512. Importantly, the embodiment 
shoWn in FIG. 6 Would be capable of receiving carbon 
dioxide or other gaseous injection into the enclosed space 
507a or 507b to provide, for example, a carbon dioxide 
enriched environment surrounding the enclosure 502. Sev 
eral different embodiments could be devised by a person of 
skill in the art, and it Would be possible to provide the 
enclosure 502 at a higher level so that the plant material 
received direct sunlight, or in other cases indirect sunlight 
coming through the top of the tray 501 Would be sufficient. 

[0054] Furthermore, plexiglass panels could be provided 
along the Walls of the tray 501 to alloW sunlight to come in, 
but still maintain an enclosed space 507a and 507b for 
facilitating an enriched gaseous environment. When using 
enclosures having a membrane vent on the surface of the 
enclosure, enriched carbon dioxide gas Would be alloWed to 
diffuse through the membrane vent, perhaps accelerating 
plant groWth. 
[0055] In other embodiments, it Would be possible to 
provide a gear sprocket or other mechanical device, Which 
could be attached to the end of the thermally buffered 
enclosure. Such a device could be constructed by a person 
of skill in the art, and Would be capable of facilitating shoot 
canopies to be manipulated so that leaves of the plant are 
coincident or oblique With respect to direct sunlight. This 
sort of device Would be useful to manage light and heat, 
cloud cover, seasons, and diurinal variation. It could rotate 
the apparatus along rotation tilt axis 600 to face the plant 
material toWard or aWay from the angle of solar incidence. 
The rotation could be up to about 45° in one direction, and 
up to about 45° in the other direction (i.e.: deviation from 

vertical). 
[0056] A further optional feature that can be added to the 
plant propagation system is a spectral ?lter for ?ltering the 
light before it reaches the plant material. Filtering can be 
accomplished using colored or shaded ?exible ?lm. Films 
that admit only light of preferred Wavelength also may be 
employed. Light re?ective ?lm may also be used. For 
instance, When plants ?rst arrive from a laboratory, solar 
radiation may be too intense for chloroplasts developed 
under loW light conditions. Also, some plants tend to groW 
better When only exposed to light in a particular range of 
Wavelengths. Particularly, red light has been demonstrated to 
increase groWth rates in some plant species. 

[0057] As constructed, the sealed enclosure is generally 
impermeable to biological contaminants. As such, plant 
material, enclosed Within the sealed enclosures, can receive 
light, oxygen, carbon dioxide, Water, nutrients and other 
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growth and respiratory needs While remaining shielded 
against pathogenic microorganisms. The plant material such 
as vegetative buds, bulbets, miocrotubers, or somatic 
embryos can be placed Within the sealed vessels When 
capable of forming shoots, but ill-suited for autotrophic 
groWth. At this stage, the sealed vessel can be exposed to a 
liquid solution containing organic carbon for the het 
erotrophic or photomixotrophic groWth and development of 
the plant. Once developed into a small plant capable of 
surviving in soil, the plant material can be transplanted as 
desired. Consequently, the plant material can be developed 
into a photosynthetic plantlet Without ever being removed 
from the sealed enclosures. 

[0058] Further, the sealed vessels can be used to facilitate 
transportation of the plant material to any desired location. 
For instance, some material is prohibited from international 
commerce due to possible accidental inclusions of biological 
contaminants on plant tissue or media. As plants in this 
invention are produced free from biotic contaminants, and 
on sterile substrata, quarantine regulations Would be satis 
?ed. 

[0059] It is understood by one of ordinary skill in the art 
that the present discussion is a description of exemplary 
embodiments only, and is not intended as limiting the 
broader aspects of the present invention, Which broader 
aspects are embodied in the exemplary constructions. The 
invention is shoWn by example in the appended claims. 

What is claimed is: 
1. A plant propagation apparatus, comprising: a dispos 

able sealed transparent enclosure having at least tWo Walls, 
the Walls being formed of a ?exible material that facilitates 
transmission of light through the Walls, the enclosure having 
an inner space and an outer surface, the enclosure being 
capable of sealing plant material in a substantially airtight 
manner, Whereby the enclosure is capable of maintaining on 
its inner space a reservoir of liquid nutrient solution for 
uptake by said plant material, the enclosure being con?gured 
to receive gas on its inner space to a predetermined level or 
pressure, thereby affording to the enclosure a ?exible 
mechanical resistance, the enclosure being capable of pro 
tecting said plant material from mechanical stress during 
handling and transport While also affording a ?exible pack 
ing mechanism for said plant material. 

2. The apparatus of claim 1 further comprising a mem 
brane vent to facilitate diffusion of gases from the outer 
surface of the enclosure to the inner space of the enclosure. 

3. The apparatus of claim 1 in Which the enclosure is 
adapted to be capable of assuming a con?guration that at 
least partially blocks the ?oW of gas across the membrane 
vent. 

4. The apparatus of claim 2 in Which the membrane vent 
is adapted to avoid the entrance of pathogens from the outer 
surface of the enclosure to the inner space of the enclosure. 

5. The apparatus of claim 1 Whereby the enclosures are 
adapted to be placed side by side in a shipping carton for 
transport, the enclosure having a gas pressure on its inner 
space that facilitates close packing Without substantial dam 
age to the plant material. 

6. A system for propagating plants, comprising: 

(a) a disposable sealed transparent enclosure having at 
least tWo Walls, the Walls being formed of a ?exible 
material that facilitates transmission of light through 
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the Walls, the enclosure having an inner space and an 
outer surface, the enclosure being capable of sealing 
plant material in a substantially airtight manner, 
Whereby the enclosure is capable of maintaining on its 
inner space a reservoir of liquid nutrient solution for 
uptake by said plant material, the enclosure being 
con?gured to receive gas on its inner space to a 
predetermined level or pressure, thereby affording to 
the enclosure a ?exible mechanical resistance, and 

(b) a support tray, the tray being adapted to thermally 
buffer the enclosure by supporting a cooling ?uid upon 
at least a membrane vention of the outer surface of said 
enclosure. 

7. The system of claim 6 in Which the cooling ?uid is 
Water. 

8. The system of claim 6 in Which the support tray 
provides a substantially enclosed space adjacent to the outer 
surface of the enclosure, the support tray being adapted for 
administering carbon dioxide into the enclosed space, 
thereby providing a carbon dioxide enriched gaseous envi 
ronment. 

9. The system of claim 8 in Which the enclosure further 
comprises a membrane vent to facilitate diffusion of gases 
from the enclosed space of the support tray to the inner space 
of the enclosure. 

10. The system of claim 8 in Which the enclosure is 
provided upon the support tray in a manner that facilitates 
direct contact of light With plant material Within the enclo 
sure. 

11. The system of claim 9 in Which carbon dioxide is 
capable of crossing the membrane vent, but substantial 
amounts of Water vapor are not capable of crossing the 
membrane vent. 

12. The system of claim 8 in Which the enclosure is 
adapted for facilitating the admission of gas, at an entry 
point, into the enclosure, and then sealing the entry point in 
an airtight manner. 

13. The system of claim 8 in Which the enclosure is 
adapted for facilitating the admission of liquid media into 
the enclosure at a liquid entry point, the system being 
con?gured for subsequently resealing said liquid entry point. 

14. The system of claim 6 in Which a netWork of support 
trays each containing a plurality of enclosures are provided. 

15. The system of claim 14 in Which the netWork of 
support trays are con?gured to afford a predetermined 
amount of light upon said enclosures to facilitate maximum 
groWth. 

16. The system of claim 14 in Which the support trays are 
con?gured in a timed sequence, the system being adapted to 
regulate on a daily basis the amount of light afforded to the 
enclosures on the trays to maximiZe the groWing potential of 
said plant material. 

17. The method of propagating plant material, compris 
mg: 

(a) providing a ?exible ?lm; 

(b) providing living plant material; 
(c) providing a nutrient solution; 

(d) sealing the ?exible ?lm to form an airtight three 
dimensional enclosure having an inner space, at least 
one Wall, and an outer surface, the enclosure having in 
its inner space living plant material and a nutrient 
solution; and 
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(e) providing gas to the inner space of the enclosure in an 
amount that affords mechanical stability to the enclo 

sure, the enclosure being adapted to assume a volume 

and shape that is supportive of vertical groWth of the 
living plant material. 

18. The method of claim 17 further comprising the step of: 

(f) injecting gas through a hole in the Wall of the enclo 
sure; and 

(g) resealing the hole to provide an airtight enclosure. 

Aug. 1, 2002 

19. The method of claim 18 further comprising the step of: 

(h) removing the living plant material from the enclosure; 
and 

(i) planting the living plant material in soil; and 
under aseptic conditions, subdividing the plant mate 
rial to form additional enclosures of plant material in a 
laboratory environment. 

20. The method of claim 19 further comprising the step of: 

(k) recycling the ?exible ?lm of the enclosure. 

* * * * * 


