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ABSTRACT



The present invention provides manufactured seeds and related compositions and methods. The manufactured seeds comprise a unit of a totipotent plant tissue. preferably in contact with a hydrated gel. Preferably. the shoot of the germinating embryo is enclosed in a shoot restraint that is resistant to penetration by the growing shoot. The manufac tured seed may be at least partially surrounded by a protec tive manufactured seed coat. The gel or the seed coat can include various additives, such as nutrients. antibiotics. or



plant growth regulators. 59 Claims, 5 Drawing Sheets
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MANUFACTURED SEED WITH ENHANCED PRE-EMERGENCE SURVIVABILITY CROSS REFERENCE TO REIATED



Hydrated gels used for producing manufactured seeds can rapidly lose water to the ambient air or soil after sowing and can thus fail to provide optimal protection to the plant tissue



from mechanical damage resulting from handling and mechanical sowing and from attack by various plant



APPLICATION This application is a continuation-in-part of US. patent application Ser. No. 07/781,773, ?led on Oct. 23, 1991, now



pathogens, herbivores, or other pests, either before or after



germination.



Previous attempts to circumvent these problems have



US. Pat. No. 5,427,593, incorporated herein by reference, which is a continuation-in-part of US. patent application Ser. No. 07/604,656, ?led on Oct. 26, 1990. now US. Pat.



been unsatisfactory.



FIELD OF THE INVENTION This invention relates to manufactured seed, each con taining a unit of totipotent plant tissue, that can be sown like



natural seed and produce viable germinants. This invention also relates to methods for producing such manufactured seed and methods for propagating plants using such manu factured seeds.



Hence, there is a need for an improved manufactured seed



10



that protects the embryo against mechanical damage. desiccation. and attack by pathogens, herbivores, and pests.



No. 5,236,469, also incorporated herein by reference.



yet promotes a high rate of germination. The present inven tion meets these and other needs.



SUMMARY OF THE INVENTION The present invention provides manufactured seeds com
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prising a plant embryo or other unit of totipotent plant tissue. The totipotent plant tissue is preferably protected from mechanical damage, desiccation, and attack by pathogens. pests, etc. by a manufactured seed coat, which can have one or multiple layers. In a preferred embodiment, at least a



BACKGROUND OF THE INVENTION



Modern agricultm'e, including silviculture, often requires



portion of the seed coat is impenetrable by totipotent plant



the planting of large numbers of substantially identical



tissue germinating within it, but a second portion is pen etrable. Preferably, the penetrable second portion is an



plants genetically tailored to grow optimally in a particular locale or to possess certain other desirable traits. Production



opening in the seed coat across which can be disposed a



of new plants by sexual reproduction, which yields botanic



penetrable end seal. Additives such as plant nutrients, antibiotics, and plant growth regulators can be included in or



seeds, can be slow and is often subject to genetic recombi national events resulting in variable traits in the progeny.



provided as a coating on one or more layers of the seed coat.



Also, such crossing is time- and labor-intensive. Further,



The totipotent plant tissue is preferably disposed relative



inbred strains such as those used to perform such crosses 30 to, and preferably surrounded by or in contact with, a often lack vigor, resulting in low seed productivity. hydrated gel so as to allow the transfer of liquid, dissolved



Despite the drawbacks of conventional crossbreeding by sexual means, botanic seeds produced by such methods have an important advantage in that each seed comprises food



storage organs and protective structures that shelter the plant embryo inside the seed from the harsh soil environment and nurture the embryo during the critical stages of sowing and germination. Without such organs and structures, the plant embryo would be incapable of surviving in nature until it



solutes. and gases from the gel to the plant tissue. The gel can comprise an inert oxygen-absorbing or oxygen-carrying compound such as a per?uorocarbon or silicone oil. or 35



oxygen relative to control gels. The gel preferably also includes one or more additives. e.g., nutrients, plant growth regulators, or antibiotics. to enhance the growth.



development, or survival of the germinating plant tissue.



grew to seedling size. Moreover, a botanic seed can survive



The gel serves as an “synthetic gametophyte" for the plant tissue in a manner analogous to the gametophyte portion of a natural botanic seed. i.e., the endosperm or other seed



for long periods of time, often for several years, until conditions are favorable for germination.



In view of the disadvantages of producing large numbers of identical progeny plants by sexual means, propagation of commercially valuable plants via culturing of somatic or



nutritive tissue, depending upon the species from which the



totipotent plant tissue originates. 45



zygotic plant embryos has been intensively studied. Such “asexual" propagation has been shown for some species to



yield large numbers of genetically identical embryos each having the capacity to develop into a normal plant. Unfortunately, these embryos, which are produced under laboratory conditions, lack the protective and nutritive struc tures found in natural botanic seeds. As aresult, the embryos must usually be further cultured under laboratory conditions until they reach an autotrophic “seedling” state characterized by an ability to produce their own food via photosynthesis. resist desiccation, produce roots able to penetrate soil, and fend o?‘ soil microorganisms. Such extensive laboratory culture dining several distinct stages in plant development is



time-consuming, resource-intensive, and requires skilled labor.



Some researchers have experimented with the production of “arti?cial” seeds (i.e., “seed analogs” or, preferably, “manufactured seeds") in which individual plant somatic or zygotic embryos are encapsulated in a hydrated gel. This method evolved from research showing that encapsulating natural seeds in hydrated gels can improve germination in some species.



otherwise comprise an increased concentration of molecular



A manufactured seed according to the present invention preferably includes some provision for a restraint enclosing at least the shoot end of the totipotent plant tissue. The restraint is resistant to penetration by a growing shoot. preventing the cotyledon(s) and/or other shoot structure of



the totipotent plant tissue from growing into and becoming entrapped in the gel, yet permitting access of the plant tissue to gases and liquids. The restraint along with structures attached thereto is adapted to be shed distally oil’ the shoot



end during germination of the plant tissue. 55



These and other features result in manufactured seeds



characterized by a high percent of germination of plant



embryos therefrom. The foregoing objects and other features and advantages of the present invention will be more fully understood as the



detailed description thereof proceeds. particularly when considered together with the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1A is a cross-sectional view of a manufactured seed



according to the present invention comprising a unit of



totipotent plant tissue encapsulated in a hydrated oxygenated



gel.
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termed “cleavage polyembryogeny” known in the art can be



FIG. 1B is a cross-sectional view of an alternative



induced during natural embryo development in seed.



embodiment of the manufactured seed shown in FIG. 1A. FIG. 1C is a cross-sectional view of another alternative embodiment of the manufactured seed shown in FIG. 1A. FIG. 2A is a cross-sectional view of a manufactured seed similar to that shown in FIG. 1A but also including a manufactured seed coat.



As used herein. a “unit" of totipotent plant tissue is a mass of such tissue that can be individually handled and that can



FIG. 2B is a cross-sectional view of an alternative



embodiment of the manufactured seed shown in FIG. 2A. FIG. 2C is a cross-sectional view of another alternative embodiment of the manufactured seed shown in FIG. 2A.
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develop into a germinant and ultimately a plant undu favorable conditions. For use in preferred embodiments of manufactured seeds according to the present invention. the unit of totipotent plant tissue preferably is developed su?ciently to have a shoot end and a radicle end. In certain species of plants, the shoot end includes one or more cotyledons in some stage of



development. For example, such totipotent plant tissue of



FIG. 3A is a cross-sectional view of a manufactured seed



gymnosperms usually has multiple cotyledons situated on or



usable in a mechanical sowing process. FIG. 3B is a cross-sectional view of an alternative embodiment of the manufactured seed shown in FIG. 3A.



dicotyledonous plants. In other types of plants. the cotyledon



near the shoot apex. This is also the case with many



(s) are situated in locations other than the shoot end



Hydrated Gels



FIG. 3C is a cross-sectional view of another alternative A “gel" is a substance that is prepared as an aqueous embodiment to the manufactured seed shown in FIG. 3A. colloidal solution and that will. or can be caused to. form a FIG. 3D is an isometric view of the exterior of an 20 semisolid material. (As used herein. “hydrated" denotes the alternative embodiment to that shown in FIG. 3C. presence of free water interspersed throughout the matrix of FIG. 4 is a cross-sectional view of a manufactured seed in gel molecules.) Conversion of a liquid gel solution into a



semisolid material is termed herein “curing” or “setting" of the hydrated gel. In manufactured seeds according to the



which totipotent plant tissue is inserted into a block of



hydrated gel. which is then surrounded by a rigid manufac



tured seed coat. 25 present invention. the hydrated gel, along with any other substances included therein, can serve as an “arti?cial game FIG. 5 is a cross-sectional view of a manufactured seed in tophyte" for the totipotent plant tissue. which totipotent plant tissue is placed on the surface of a unit As can be ascertained from the foregoing. “hydrated” of hydrated gel. which is then surrounded by a rigid manu denotes water-containing. Hydrated gels are prepared by factured seed coat. ?rst dissolving in water (where water serves as the solvent. FIG. 6 is a cross-sectional view of an alternative embodi or “continuous phase") a hydrophilic polymeric substance ment of a manufactured seed in which totipotent plant tissue (serving as the solute. or “disperse phase”) that. upon curing. is placed on the surface of a unit of hydrated gel. which is combines with the continuous phase to form the semisolid then surrounded by a rigid manufactured seed coat. material. In other words. the water becomes homogeneously FIG. ‘7 is a sectional view of a preferred embodiment of



a seed analog with provision for shoot restraint.



35



FIG. 8 is a stepwise sequential diagram illustrating ger mination of the FIG. 7 embodiment of a manufactured seed.



DETAJLED DESCRIPTION OF THE



INVENTION Totipotent Plant Tissue A manufactured seed. according to one aspect of the



touch as the relative amount of water in the gel is decreased. In addition to being water-soluble. suitable gel solutes are



present invention. comprises a unit of totipotent plant tissue. As used herein. “totipotent” refers to a capacity to grow and



45



develop into a normal plant. Totipotent plant tissue has both the complete genetic information of a plant and the ready capacity to develop into a complete plant if cultured under



not cytotoxic and substantially nonphytotoxic. As used herein. a “substantially nonphytotoxic" substance is a sub



stance that does not interfere substantially with normal plant development. such as by killing a substantial number of plant cells. substantially altering cellular di?'erentiation or maturation. causing mutations, disrupting a substantial num ber of cell membranes or substantially disrupting cellular metabolism, or substantially disrupting some other vital process.



favorable conditions. As is genmally known in the art. totipotent plant tissue is obtainable from any of several areas of a plant. such as meristematic tissue and plant embryonic tissue.



Meristematic tissue is comprised of undifferentiated plant



Candidate gel solutes include. but are not limited to. the



cells that divide to yield other meristematic cells. as well as



ditferentiated cells that elongate and further specialize to form sn'uctural tissues and organs of the plant. Meristematic tissue is located. for example. at the extreme tips of growing shoots or roots. in buds. and in the carnbium layer of woody



associated with the solute molecules without experiencing any substantial separation of the continuous phase from the disperse phase. However. water molecules can be freely withdrawn from a cured hydrated gel. such as by evapora tion or imbibition by germinating plant tissue. When cured. a hydrated gel has the familiar characteristic of a compliant solid. like a mass of gelatin. where the compliance becomes progressively less and the gel becomes more “solid” to the



55



following: sodium alginate. agar. agarose. amylose. pectin. dextran. gelatin. starch. amylopectin. modi?ed celluloses



Plant embryonic tissue can be found (in the form of a



such as methylcellulose and hydroxyethylcellulose. and polyacrylamide. Other hydrophilic gel solutes can also be used. so long as they possess similar hydration and gelation properties and lack of phytotoxicity. Also, it is important to



“zygotic” embryo) inside a botanic seed of the plant pro



be able to add, as required. other substances such as plant



duced by sexual reproduction. Also. plant “somatic” embryos can be produced by culturing totipotent plant tissue



nutrients. antibiotics, plant growth regulators. or emulsi?ed materials to a gel without substantially interfering with



plants.



such as meristematic tissue by standard methods under laboratory conditions in which the cells comprising the tissue are separated from one another and urged to develop into minute complete embryos. Alternatively. a process



gelling ability. 65



Hydrated gels are typically prepared by dissolving a gel solute. usually in ?ne particulate form. in water to form a gel



solution. Depending upon the particular gel solute. heating
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is usually necessary. sometimes to boiling, before the gel solute will dissolve. Subsequent cooling will cause many gel solutions to reversibly “set" or “cure” (become gelled).



NHMNO3 10103 CaClT2l-[2O MgSO‘JI-IQO K'HQPO‘ NaQEDTA FeSO4.7H2O MnSO¢4H20 2x18044150 H3130,



Certain gels are termed “reversible" because reheating the



cured hydrated gel will re-forrn the gel solution. Other gels typically require a “complexing” agent serving to chemi cally cure the gel by erosslinlcing gel solute molecules. For example, sodium alginate is cured by adding calcium nitrate (Ca(NO3)2) or salts of other divalent ions such as. but not



limited to, calcium, barium, lead, copper, strontium, cadmium, zinc, nickel, cobalt, magnesium, and iron to the
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K]



NaQMoO‘JHQO



gel solution. Many of the gel solutes requiring complexing



CuSO..5l-l2O 006261120 Glycine



agents are termed “irreversible” because reheating will not



re-establish the gel solution. The concentration of gel solute required to prepare a



satisfactory hydrated gel varies depending upon the particu lar gel solute. For example, a useful concentration of sodium alginate is within a range of about 0.5% wlv to about 2.5% wlv, preferably about 0.9% wlv to 1.5% w/v. A useful



the “% wlv” concentration unit is equivalent to grams of solute per 100 ml of solvent.) Gel concentrations up to about



083 mil.



0 25 mg/L



0005 lndL 0025 mg/L 0.2 mg/lil) cm’



N‘motinie Acid



0.05 mgll00 cm’



0.05 mg/lOO cm’ 0.01 myIOO cm3



Kinetin



0.1 mgr.



ME-inositol



100 mg/L



pH



about 2.5% wlv. preferably about 1.8% w/v. (As used herein,



mg/L m?L mg/L mgr. mg/L mg/L mg/L mg/L mgL mg/L



PyridoxineJ-ICI 'I'hiamineJ-[Cl 1AA Sucrose



concentration of agar is within a range of about 0.8% wlv to



1650 1900 440 370 170 37 25 27 85 22.3 8.6 6.2



10 mg/L 30000 mg/L



5.7-5.8



(Note: An “MS medium” will also contain 1.0% wlv agar. Mtn'ashige and Skoog, id.) Of course, when adding a nutri



24% wlv have been successfully employed for other gels. In



general. gels cured by complexing require less gel solute to



ent solution to a gel solution. the concentrations of both



form a satisfactory gel than “reversible” gels. It is preferable to provide the totipotent plant tissue with any of various additives, e.g., plant nutrients and other



mixture of the two solutions has the proper concentrations of



solutions should be high enough such that the resulting gel solute and nutrients. The nutrient solution can also include plant growth hor mones and other compounds serving to further increase the



bene?cial substances such as vitamins and a source of



carbon and energy (herein collectively termed generally “nutrients“), antibiotics, or plant growth regulators. See, e.g., the “adjuvants” listed in U.S. Pat. No. 4,779,376



probability of germinant survival. As used herein, a "nutrient liquid" is an aqueous solution of nutrients similar to the "MS liquid” formulation. A "nutrient agar“ is similar to the “MS medium” Changes in types and amounts of certain ingredients can be made to



(Redenbaugh). incorporated herein by reference. The addi tives can be provided by dissolving the gel solute in a solution of the additives or adding a volume of a concen
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trated solution (or suspension, etc.) of the additive to the gel solution before curing the gel. An additive also can be added to a gel by placing a cured hydrated gel, lacking the additive,



Since nutrient media. nutrient liquids. and any nutrient containing hydrated gel is a rich growth medium for micro



in contact with an additive solution, upon which additive molecules pass into the hydrated gel as a result of the concentration gradient from the solution to the interior of the



organisms and fungi, and other possible plant pathogens. it is important that all such liquids, as well as other additives and the totipotent plant tissue itself. be sterile before use.



gel mass. Although the hydrated gel unit preferably contains nutrients dissolved therein, it is possible to dissolve the additive in a separate additive-containing unit in contact with the gel unit. For example, the hydrated-gel mass



meet the needs of speci?c types of plants without departing in any substantial manner from the purpose and utility of a nutrient liquid or nutrient medium.



Totipotent plant tissue is kept sterile by culturing under sterile conditions. Liquids can be autoclaved or micro?l 45



tered.



lacking the additive is placed in contact with a second mass of the same or a di?‘erent type of hydrated gel containing the



Oxygenated Hydrated Gels Totipotent plant tissue of different species of plants



additive. As a result of a concentration gradient of the



require different amounts of oxygen to undergo germination.



additive between the two hydrated gel masses, the additive will migrate from the additive-containing gel mass to the gel mass originally lacking the additive.



Hence, an “oxygenated” gel as used herein has a concen 50



Yet another way to provide a hydrated gel with an additive is to place a gel mass lacking the additive in contact with a



tration of oxygen that is higher than the concentration of oxygen, at standard temperature and pressure. that would otherwise be absorbed from the atmosphere. An “oxygen carrying” gel is a similar type of gel containing any extra



hydrated gel mass comprising the additive in microencap



neously added oxygen-absorbing or oxygen-carrying sub



sulated form or the additive associated with any substan



stance. Therefore, an oxygen-carrying gel is a type of



tially non-phytotoxic substance that will allow the additive



oxygenated gel.



dissolved or suspended therein to be bulk-transferred, e.g., via water convection. to the ?rst gel mass. Representative substances include. but are not limited to, water, a second



Oxygenation of a gel can be achieved by any of several representative methods. as disclosed extensively in, for example, U.S. Pat. Nos. 5.236.469 and 5.427.593. both



hydrated gel similar to the ?rst hydrated gel, vermiculite,



incorporated herein by reference.



perlite, or any polymeric material that is non-phytotoxic and



The minimum oxygen concentration required for germi



that can release the additive over time.



nation of a manufactured seed is preferably at least adequate to support sufficient growth of the radicle (structure that



A number of appropriate nutrient formulations exist in the art. including a number of proprietary formulations. For



and ‘ Skoog, Physiologia Plantarum 15:473-497 (1962))



eventually becomes the plant root) to effect germination of the radicle. Generally. if the oxygen concentration is high enough for germination of the radicle. it is also high enough



containing the following dissolved in water:



to support germination of the shoot. The minimum concen



example. a popular medium is the “MS liquid” (Murashige
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tration of oxygen seems to depend in part on the particular



impermeable to gases, water, and soil microbes. Such a seed coat also preferably has a portion that can be penetrated by



plant species represented by the totipotent plant tissue and



the germinating totipotent plant tissue. particularly the



on the particular con?guration of the manufactured seed.



radicle. Preferably, the penetrable portion is an opening or ori?ce de?ned by the seed coat Alternatively. the penetrable



The minimum oxygen concentration can be determined for



a particular species and type of totipotent plant tissue. and



section is a region of the seed coat that is thin or weakened relative to other regions of the seed coat In such manufac



for a particular embodiment of manufactured seed according



to the present invention. by pm'forrning a simple germination experiment involving a series of otherwise identical manu factured seeds each of which having a stepwise different oxygen concentration from all other manufactured seeds in the series. Candidate oxygen carriers can be selected from the group



tured seeds, it is preferable that the radicle of the totipotent plant tissue be oriented toward the opening or ori?ce so as if)



per?uorocarbons



include



per?uorocycloalkanes, per?uoro(alkylcycloalkanes), per?uoro(alkylsaturated heterocyclics), and per?uoro(tert amines). These types of compounds are capable of absorbing large amounts of oxygen, and are also inert and substantially



non-phytotoxic. Use of these compounds in hydrated gels is disclosed extensively in US. Pat. Nos. 5.236.469 and 5,427,



20



593, both incorporated herein by reference. The PFCs and silicon oils, if used, are preferably in the form of a stabilized emulsion in the hydrated gel. The



emulsion is preferably stabilized by adding a substantially



non-phytotoxic surfactant. Representative surfactants



25



include methyl oxirane polymers. egg albumin, and other substantially non-phytotoxic surfactants such as those for food or ingestible pharmaceutical use. The concentration of per?uorocarbon (or silicone oil) can depend on the oxygen requirements of the plant tissue in the manufactured seed. the oxygen-carrying capability of the



Greenwich. Conn.). Alternative materials include. but are not limited to, wax-impregnated cellulosic tissue and any of various thin polymeric ?lms, e.g., Cellulonm. If the seed coat con?guration includes an opening with an end seal. an antibiotic can be placed under the end seal to prevent invasion by a bacterial or fungal pathogen or other pest. If the antibiotic is a bene?cial microorganism, the microorganism can “inoculate" the primary root as it pen



etrates the end seal during germination. If the seed coat lacks an opening or weakened or thin 30



section, the seed coat must not prevent the totipotent plant tissue germinating from within from growing out of the manufactured seed without fatal or debilitating injury to the



tissue. To this end, polymeric materials having a high dry



per?uorocarbon (or silicone oil) being used, the type of hydrated gel. or the size of the microdroplets comprising the emulsion. Generally, if used. the concentration of the per ?uorocarbon in the hydrated gel is about 15% w/v or less and the concentration of silicone oil in the hydrated gel is



germinating totipotent plant tissue from the manufactured seed. An end seal is preferably disposed across the opening. ‘The end seal is penetrable or capable of being dislodged by the germinating totipotent plant tissue (particularly the radicle), yet provides su?icient physical restraint to retain the plant tissue within the protective seed coat during handling of the manufactured seed. The end seal is prefer ably a gas-permeable, water-impermeable membrane such as pre-stretched Para?lm® (American National Can,



consisting of per?uorocarbons (PFCs) and silicone oils.



Representative



to facilitate protrusive growth of the primary root of the



strength and low wet strength can be used. The seed coat can 35



also be so consn'ucted that it breaks apart easily upon application of an outwardly protrusive force from inside the manufactured seed but is relatively resistant to compressive forces applied to the outside of the seed coat. e.g.. a



about 30% w/v or less.



self-breaking capsule (see. e.g., Masuda and Sakarnoto, JP



The concentration of surfactant is dependent upon the surfactant being used and the size of the rnicrodroplets comprising the emulsion. As the diameter of the droplets in



59102308, published 1993; Redenbaugh. Introduction, In: Redenbaugh (ed), Synseeds: Application of Synthetic Seeds to Crop Improvement, Chapter 1. CRC Press, Boca Raton, Fla, 1993). However. such an embodiment is less preferred, since. when the seed coat breaks. the totipotent plant tissue can readily desiocate and is exposed to attack by pathogens, pests, and herbivores.



a unit volume of per?uorocarbon emulsion is decreased. the surface area of the disperse phase is increased, and corre



spondingly more surfactant is required to suitably stabilize the emulsion. Generally. the concentration of surfactant is about 10% wlv or less.



45



Manufactured Seed Coat The manufactured seed can include a manufactured seed



coat that. like a natural seed coat. protects the totipotent plant tissue and other internal structures of the manufactured



seed from mechanical damage. desiccation, from attack by microbes, fungi. insects, nematodes, birds. and other



50



innermost layer can comprise a relatively compliant and water-impermeable cellulosic material and the outer layer can comprise a polymeric material having a high dry strength and a low wet strength. Alternatively, the inner layer can comprise a rigid shape such as an open-ended cylinder. where at least a portion of the open end(s) is covered with



pathogens. herbivores. and pests, among other functions.



an outerlayer material having a high dry strength and a low wet strength.



The manufactured seed coat can be fabricated from a



variety of materials including. but not limited to, cellulosic



materials. glass. plastic. moldable plastic, cured polymeric



The seed coat can have two or more layers. each having the same or a di?’erent composition. For example, the



55



Further alternatively, the seed coat can comprise a rela



resins. para?in. Waxes, varnishes. and combinations thereof



tively compliant cellulosic or analogous material, shaped to



such as a wax-impregnated paper. The materials from which the seed coat is made are substantially non-toxic and pref



at least partially conform to the shape of the mass of



erably provide a degree of rigidity. It is preferable that the seed coat be biodegradable. although it is also preferable that the seed coat remain intact until after emergence of the



germinating totipotent plant tissue. It is also preferable that, until after emergence, the seed coat be resistant to penetra



tion by microbial or other plant pathogens. Preferably. the seed coat has a portion possessing su?i cient strength to prevent penetration by the germinating totipotent plant tissue (e.g.. the radicle) and is preferably



hydrated gel to be disposed therein, and having at least one tapered end. The tapered end terminates with an ori?ce which is preferably covered with an end seal. as described above. Additives such as plant nutrients, antibiotics. and plant growth regulators can be added to the manufactured seed



coat, for example, by incorporation into the material forming 65 one or more of the layers of the seed coat or by coating or



otherwise treating the layer(s) with the additive by conven tional means.
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Although it is preferred that a manufactured seed accord



conformable porous substance before the plant tissue is inserted in the ?rst cavity. Representative conformable porous materials include. but are not limited to, plaster



ing to the present invention have a hydrated gel disposed within the manufactured seed coat, the gel can be absent. If



the gel is absent, it is preferred that the manufactured seed



of paris. cement, natural and synthetic polymers. tree



coat be selected to prevent mechanical damage to the



resins, porous waxes. agar or alginate at a higher



totipotent plant tissue, e.g., be rigid and physically support the plant tissue. If the gel is absent, it is also preferred that the manufactured seed coat prevent desiccation and penetra tion by pathogens and pests while allowing gas exchange, as is the case, for example, with a rigid seed coat having an



opening covered by a gas-permeable. liquid-impermeable



concentration than used for the gel capsule. and clays.



10



membrane such as Para?lm®.



Shoot Restraint



A manufactured seed according to the present invention preferably is con?gured so as to prevent entrapment of the shoot (and/or of structures situated at the rear of the shoot) within the manufaaured seed, particularly in the arti?cial gametophyte. Such entrapment can prevent the growing



performing a “slnface drying” of the hydrated gel. or by adding a particulate material to the gel. Candidate particulate materials include, but are not limited to.



sand, plaster of paris, pulp ?bers. cement. and poly meric substances.



plant from emerging from the manufactured seed, thereby



(5) Inserting a sheet or piece of porous material between



causing abnormal growth and even death of the germinating plant tissue. Hence, a manufactured-seed con?guration allowing “natural” emergence of the germinating plant tis



the plant tissue and the hydrated gel as the plant tissue is inserted into the gel. Candidate porous matmials include. but are not limited to. paper, polymer-soaked



sue similar to what occurs with a natural seed is most



preferred. Preferred restraints include. but are not limited to, any of 25



various tube-like structures surrounding and contacting the totipotent plant tissue, paticularly all or part of the shoot end. The restraint. in turn, is disposed within the manufac tured seed, e.g., in a cavity formed in the hydrated gel. The restraint permits transfer of water, nutrients, and oxygen from the gel to the totipotent plant tissue and, to such end. is preferably porous. The shoot end of the totipotent plant



a porous barrier. Alternatively, a web-forming material can be applied to the walls of the cavity. such as gelatin



powder. sponge material. natural webbing. and foams.



(7) Forming a gel capsule (“arti?cial gametophyte") using a su?iciently concentrated gel solution to prevent a unit 35



the radicle to emerge from the open end of the porous tube.



Thus, the germinating totipotent plant tissue emerges from



term “antibiotic” is intended to broadly encompass agents known in the art that kill. prevent or inhibit the growth of. or repel pathogens, pests, and herbivores that are detrimental



a natural botanic seed.



Generally, appropriate shoot restraint can be achieved via a number of ways including. but not limited to, the follow mg:



to the growth and development of the totipotent plant tissue including, but not limited to. bacteria. yeast. fungi. 45



gel (“arti?cial gametophyte”). The preformed cylinder



(e.g., Mycostopm, Kemira Agro 0y. Helsinki. Finland) can be placed near the site of emergence (e.g.. an opening in the seed coat) of the primary root from the manufactured seed to colonize the root and preventing the root from becoming an area of entry for microbial pathogens in the soil.



elastomeric, ceramic. clay, plaster. cement. starchy, putty-like. synthetic polymeric. natural polymeric. and adhesive materials.



Microbes can also be added to enhance nutrient availability



(2) Forming a cavity in a hydrated gel “capsule” and 55



(e.g.. nitrogen ?xing bacteria or mycorrhizae) or otherwise to bene?t the unit of totipotent plant tissue or the germinant developing therefrom. Antibiotics used in the practice of the



present invention are compatible with growth and develop ment of the totipotent plant tissue. For example. a number of antibiotic compounds have



limited to, dialysis tubing, natural sausage casing material, paper, fabric, and collagen materials. (3) Forming a ?rst cavity in a hydrated gel “capsule”, ?lling the cavity with a conformable porous substance, then either forming a smaller-diameter second cavity in the porous substance coaxial with the ?rst cavity before inserting a unit of totipotent plant tissue into the second cavity. or inserting the plant tissue directly into the porous substance in the ?rst cavity. Alternatively. at least the shoot end of the plant tissue is dipped in the



nematodes. insects, rodents. and birds. The antibiotic can be either a chemical compound or a bene?cial organism that is



effective in inhibiting the colonization of pathogens or that produces antibiotics. For example. a bene?cial microbe



is preferably porous and can be fabricated from suitable materials such as, but not limited to, glassy, metal,



attaching a porous material to the walls of the cavity before inserting a unit of totipotent plant tissue into the cavity. Candidate porous materials include, but are not



of totipotent plant tissue germinating therein from growing into and becoming entrapped in the gel. Antibiotics, Plant Growth Regulators A manufactured seed according to the present invention can also comprise one or more well known antibiotics. The



the manufactured seed in a manner similar to germination of



(l) Enclosing the totipotent plant tissue in a preformed cylinder that contacts, and preferably at least partially surrounds the plant tissue (particularly the shoot end). The cylinder is preferably encapsulated in a hydrated



paper, fabric, and polymer sheets. (6) Forming a cavity in the hydrated gel, then applying a conformable porous coating on the walls of the cavity. Candidate coating materials include. but are not limited to, dry powdery materials such as plaster of paris or cement that. when wetted by liquid from the gel. form



tissue is oriented toward a closed end of the tube and the radicle is oriented toward an open end. As the shoot elon



gates during germination. it impinges upon the closed end of the tube, which prevents entrwment of the shoot and urges



(4) “Hardening" the hydrated gel itself. such as before or after forming a cavity therein, then inserting a unit of totipotent plant tissue into the cavity. As used herein. “hardening” refers generally to making the gel com prising the arti?cial gametophyte stiffer or more rigid Hardening can be effected by increasing the concen tration of the gel solute used to make the hydrated gel.



been tested and found to be effective for use with totipotent plant tissue of Douglas ?r as additives to the hydrated gel. These include (together with recommended dosages) the



antimicrobial compounds benzylpenicillin (100 mg/L). van comycin (100 mg/L), ticarcillin (100 mg/L). cefamandole 65



(10 mg/L), gentamicin (10 mg/L), andrifampicin (15 mg/L); the antifungal compounds mioonazole (1 mg/L). amphoteri cin (2.5 mg/L); and “combination” antibiotic/antimycotic
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agents such as "A 7292” (Sigma Chemical Co., St. Louis,



displacing molecular oxygen; or (2) by reversibly inhibiting



Mo., containing 10 mg/ml streptomycin, 606 mg/ml penicillin. and 25 ug/ml amphotericin B). Other dosages of



the biochemical processes involved in respiration, e.g., by binding to oxygen-binding sites in cellular enzymes. In order to prepare manufactured seed for storage. manu



these compounds and other antibiotics lmown in the art,



factured seed can be sparged with the respiration-limiting



particularly those employed for treating botanic seeds, can



gas for a time sufficient to allow the concentration of the gas



be employed as well, whether alone or in combination. An antibiotic can be present in any part of the manufac



inside the seed to reach a respiration-limiting level. Sparging can be performed during manufacture of the manufactured seed. e.g., prior to or after insertion of the totipotent plant tissue. The respiration-limiting gas is can be introduced at



tured seed. For example, the antibiotic can be added directly



to the synthetic gametophyte (hydrated gel) or be incorpo rated into or used to coat one or more layers of the seed coat.



If the antibiotic is toxic to the totipotent plant tissue at high



atmospheric pressure or at a pressure greater than atmo



concentrations, the antibiotic can be restricted to the seed coat alone (or an outermost layer of a multi-layer seed coat).



spheric pressure. The manufactured seed can optionally be



Various plant-growth regulators, alone or in combination



placed under subatmospheric pressure (i.e., a partial vacuum) prior to introduction of the respiration-limiting gas under conditions suitable to maintaining viability of the



can also be added to the arti?cial gametophyte or one or



plant tissue. The manufactured seed are preferably stored at



more seed coats of the manufactured seed. Representative



atmospheric pressure. (Less preferably, the manufactured



for example.



plant-growth regulators include auxins, cytokinins, gibber



seed can be stored under subatrnospheric pressure, with or



ellins (e.g., 6A3, 6A4”, etc), or other plant-growth reg]



without the presence of the respiration-limiting gas, with levels of molecular oxygen sufficient to maintain viability of the plant tissue but low enough to prevent germination.)



lators known in the art. It is preferred that such plant-growth regulators be present in the arti?cial garnetophyte. Long-Term Storage of Manufactured Seeds The components of manufactured seed, particularly the totipotent plant tissue but also the arti?cial gametophyte, can germinate or decompose, respectively. if stored for extended periods under ambient conditions. However, depending on the composition of the various components of the manufac tured seeds, manufactured seed can be prepared for long



20



After sparging with a respiration-limiting gas. the manu factured seed are then preferably stored in a substantially



gas-tight environment (e.g.. a substantially sealed container) 25



containing the same or a different respirating-lirniting gas. Preferably, the seed are stored at a reduced temperature but



above the freezing point of the plant tissue in order to improve the keeping quality of the seed, i.e.. at less than



assembled seed or one or more of the components of the



about 20° C., preferably less than about 10° C.. more preferably less than about 5° C., most preferably at about 0° C. As described above. a manufactured seed according to the present invention preferably comprises a protective manu factured seed coat, which can be gas-impermeable, and



seed before assembly. These storage methods can be com bined with each other and with other methods known in the



which can de?ne an opening over which is disposed an end seal. Such a seed coat can be conveniently sparged with a



art for preventing the germination of totipotent plant tissue while maintaining its viability, until time for sowing.



respiration-limiting gas after assembly of the manufactured seed, if the end seal is gas-permeable. Alternatively, the end seal can be disposed across the opening after spanging. It is preferable that, when the period of seed storage is



term storage. e.g., (l) by storing the manufactured seed (or at least the totipotent plant tissue) in an environment con taining a respiration-limiting gas and/or reduced oxygen concentration, preferably at reduced temperatures; or,



30



alternatively, (2) by freezing and/or dehydration of the



Storage after treatment with a respiration-limiting gas. A manufactured seed according to the present invention can be stored for extended periods of time in the presence of levels of a respiration-limiting gas su?icient to substantially reduce



over, the respiration-limiting gas be vented from the con tainer in which the seed is stored. Venting can be performed by purging the container with air or pure oxygen until the



the respiration of the plant tissue and thus preventing germination. while maintaining viability of the plant tissue.



concentration of the respiration-limiting gas in the synthetic gametophyte has fallen, and the concentration of oxygen has increased, to levels conducive to germination. If the manu factured seed contains a synthetic garnetophyte comprising



The respiration-limiting gas is of a type and at a concentra



tion effective to limit the respiration of the totipotent plant tissue. preferably effecting a substantial reduction in respi ration of the tissue. and thereby prevent germination of the plant tissue until a desired time. A “substantial" reduction in respiration is a reduction of



an oxygen-carrying compound, e.g.. a per?uorocarbon or 50



at least approximately 10%, preferably at least approxi mately 25%, and more preferably at least 75% or more, relative to a control. Respiration rates can be measured by any of various methods known in the art. and can be



indirectly determined by observing whether germination of



Storage after dehydration and/or freezing. The term 55



manufactured seed is reduced, preferably by 50% or more by



Weight. Totipotent plant tissue is preferably dehydrated to less than about 10% water content by weight. The term “freezing” as employed herein refers to the process by which the temperature of at least one component of a manufactured seed is reduced to below the temperature



or mixtures thereof can be employed according to the



present invention. e.g., nitrogen. carbon dioxide, or biologi cally inert gases (e.g., noble gases). The percentage of molecular oxygen in the respiration-limiting gas is prefer ably less than about 10% and more preferably less than about 5%. The respiration-limiting gas can limit respiration



by a number of mechanisms. for example, by (l) reducing gas environment of the totipotent plant tissue. e.g., by



“dehydration" as employed herein refers to the process by which the water content of at least one component of a



the totipotent plant tissue has commenced after a given time in storage. Any of a variety of well known respiration-limiting gases



the relative concentration of molecular oxygen present in the



silicone oil, the time for gas equilibration could be longer than for a synthetic garnetophyte lacking such a compound. Per?uorocarbons. for example. have a higher solubility for most gases than does Water, and thus are compatible with the use of rate-limiting gases.
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at which the totipotent plant tissue component of the seed, if untreated, would normally freeze. Totipotent plant tissue can be separately stored after freezing or dehydration or both and the manufactln'ed seed assembled shortly before use. It is preferable that the toti
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potent plant tissue be frozen or dehydrated together with a shoot restraint. if such a shoot restraint is to be present in the



(2) Freeze the capsule. preferably to below about —3° C.. more preferably to below about —l0° C.. by conven



manufactured seed.



tional freezing methods, e.g., using dry ice. liquid



The synthetic gametophyte and other components of the



nitrogen, or an on-line freezer.



seed can also be frozen, dehydrated, or both, either before or



after assembly of the manufactured seed. For example, the synthetic gametophyte can be frozen within a manufactured seed coat or frozen separately as a plug to be subsequently inserted in the seed coat. Iftlre manufactured seed comprises a synthetic gametophyte in the form of a hydrated gel, particularly a hydrated gel containing an emulsion (e.g., an



(3) Place a unit of totipotent plant tissue in a shoot constraint.



(4) Dehydrate the totipotent plant tissue and shoot restraint, preferably to a water content of less than about 10% or less. Conventional drying methods can be 10



emulsion of a perlluorocarbon or silicone oil oxygen



totipotent plant tissue is kept until dry. (5) Freeze the dehydrated totipotent plant tissue. prefer



carrier). it is preferable to freeze at least the gametophyte portion of the manufactured seed rather than dehydrate it for long-term storage. Some hydrated gels can be di?icult to



completely rehydrate. Moreover, if the hydrated gel com prises an emulsion (e.g.. a synthetic gametophyte containing



15



dry ice, liquid nitrogen, or an on-line freezer. (6) Finish assembly of the manufactured seed at a tem



carrier), the emulsi?ed material can coalesce upon dehydra tion in the absence of the stabilizing gel. 20



synthetic gametophyte, in order to ensure that the totipotent plant tissue has a ready nutrient supply upon germination. In such manufactured seeds, it is preferable that the seed



more preferably below about —l0° C.



the normal freezing tempm-ature of the plant tissue. preferably 0° F. or colder. 25



tissue has not been treated with a cryoprotectant. as dis



Upon thawing. e.g.. by exposure to room temperature. the water in the frozen synthetic gametophyte permeates the totipotent plant tissue and initiates the preliminary bio



If the manufactured seed is to be stored by freezing, it is



preferred that the totipotent plant tissue (preferably together



chemical processes of germination. The seed are then sown. 35



before freezing to reduce damage to plant tissues as a result



of ice crystal formation caused by freeze-thaw cycles during storage. Alternatively. the totipotent plant tissue can be



Desiccation and freezing of the manufactured seed par allels the process by which a botanic seed is formed and survives cold winter temperatures. In a preferred method of



long-term storage of the manufactured seed of the present invention. the totipotent plant tissue alone is desiccated. as in true seed. Desiccation of totipotent plant tissue alone is a common practice in embryogenesis protocols and can be performed without loss of viability. as described. for example, in US. Pat. No. 5,284,765. The gametophyte.



treated before freezing with a cryoprotectant, i.e., a sub stance that prevents the formation of tissue-damaging ice



crystals and is compatible with the growth and normal development of the totipotent plant tissue. Appropriate cryo protectants include. but are not limited to, the following, alone or in combination: thermal hysteresis proteins (see



US. Pat. No. 5.358.931, incorporated herein by reference),



By “normal freezing temperature” is meant the temperature at which ice crystals would normally form in the plant tissue. assuming the plant tissue is not dehydrated and the plant cussed above.



before sowing. with the shoot restraint) be separately frozen, then inserted into the frozen hydrated gel before long-term storage. It is preferable that the totipotent plant tissue be dehydrated



perature su?iciently low to avoid rehydration of the totipotent plant tissue, preferably below about —3° C., (7) Store the assembled seed at a temperature at or below



include a manufactured seed coat or other means to prevent



the loss of nutrients and prevent entry of microbes prior emergence of the germinant from the manufactured seed A manufactured seed that has been dehydrated (or dehy drated and frozen) for long-term storage can be imbibed in a biologically compatible aqueous solution such as water



ably to below about —3‘’ C., more preferably to below about —l0° C. Conventional freen'ng methods can be



used, preferably quick-freezing methods, e.g.. using



an emulsi?ed per?uorocarbon or silicone oil as an oxygen



It is preferable to incorporate a nutrient source in the



employed. e.g., use of a chemical desiccant such as



Ca(NO3)2 to create a drying environment in which the



45



polyhydric alcohols (e.g.. glycerol, ethylene glycol, propanediol. butanediol, butanetriol); dimethyl sulfoxide;



while not desiccated. is prevented in its frozen state from supplying the totipotent plant tissue with nutrients or water required for germination, as is the case with a true



gametophyte. which cannot hydrate the totipotent plant



tissue due to its dryness. polyvinylpyrrolidone; glucose; sucrose; and carboxymethyl Structural Embodiments of Manufactured Seeds cellulose. Suitable concentrations of such substances can Various possible embodiments of manufactured seeds vary widely, depending on, inter alia, the plant species, 50 within the scope of the present invention are disclosed in



concentrations of other components present, the cooling



US. Pat. No. 5.236.469, incorporated herein by reference. Embodiments of FIGS. 1-3. After preparing the gel liquid, preparing units of cured hydrated gel for use in



rate, and the lowest temperature reached, but are preferably from about 5% to about 35% by weight. The cryoprotective



substance (e.g.. in aqueous solution) is placed in contact



making manufactured seeds can be done in a number of



with the totipotent plant tissue, preferably by immersing the totipotent plant tissue in the substance, preferably through



ways. Fluid transfer between the totipotent plant tissue and the hydrated gel can be accomplished. e.g.. by direct contact



out the time the totipotent plant tissue is exposed to tem peratures below the normal freezing point of the tissue. Altemately, the totipotent plant tissue can be produced from



or via an intervening water-permeable “bridge" such as ?lter paper. In general. the totipotent plant tissue can rest on a surface of a unit of hydrated gel, rest in a preformed hole or



a plant that has been genetically engineered to express a



cavity in a block of hydrated gel. or be entirely encapsulated in the hydrated gel. In the ?rst two embodiments, the gel is



cloned thermal hysteresis protein by conventional methods. A preferred method of preparing a manufactured seed for



cured preformed into a preferred shape. or can be formed as a larger cured mass and cut to size before inserting the totipotent plant tissue. In the case of totally encapsulating a



long-term storage comprises the following steps: (1) Prepare a manufactured seed coat and partially fill the



seed coat with a synthetic gametophyte, thereby pro ducing a manufactured seed “capsule” (lacking a unit



of totipotent plant tissue).
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unit of totipotent plant tissue in the hydrated gel. the totipotent plant tissue can be inserted in a unit of gel having the desired volume before the gel is completely cured.
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15 FIG. 1A is a cross-sectional view of one embodiment of



71 of hydrated oxygenated gel. which preferably contains a



a manufactured seed 10 made by totally encapsulating a unit



stable emulsion of a PFC or a silicone oil. The gel block 71 de?nes a shelf 72 on which is placed a unit of totipotent plant



of totipotent plant tissue 12 in a hydrated gel capsule 14.



tissue 12 having a radicle 48 oriented toward the tapered ?rst end 73 of the seed 70. In addition. the seed 70 is shown having an optional separate nutrient unit 74 in contact with the gel block 71 and containing plant nutrients. The nutrient unit 74 can have any of a number of possible forms. including a hydrated gel containing dissolved nutrients. a mass of microencapsulated nutrients. a mass of slowly



FIG. 1B is a crosssectional view of another embodiment of a manufactured seed 20 wherein a large portion 22 of the



unit of hydrated gel is preformed. In FIG. 1B, the large portion 22 is shown in the shape of a cube. although other shapes will also su?ice. such as spherical or ovoid. The larger portion 22 has a bore 24. which can also be preformed or out after forming. into which the totipotent plant tissue 12 is inserted. If desired. the bore 24 can be sealed with a plug



26 after inserting the totipotent plant tissue 12. The plug 26



soluble nutrient compounds. and other possible embodi ments. Alternatively (not shown). the gel block 71 could



can be made of an additional piece of cured hydrated gel or



occupy a larger space in the seed 70 and also include



other suitable material such as para?in or similar material. As can be seen in FIG. 1C. the manufactured seed 30 can



nutrients dispersed throughout the gel block 71, thereby



be made by preforrning two opposing capsule halves 32a, 32b which. when pressed together to form a complete “capsule" 34. de?ne a cavity 36 for receiving the totipotent plant tissue 12. FIG. 2A shows a cross-sectional view of a manufactured 20



seed 40 comprising totipotent plant tissue 12. a “capsule" 42 comprised of a hydrated gel in surrounding relationship to the totipotent plant tissue 12. and a manufactured seed coat 44 in surrounding relationship to the gel capsule 42. The seed coat 44 preferably also has an opening 46 toward which the radicle 48 of the totipotent plant tissue 12 is oriented so as to facilitate protr'usive growth of the radicle 48 from the



25



manufactured seed 40 during germination and prevent entrapment of the radicle inside the manufactured seed 4!).



obviating the need for a separate nutrient unit 74. FIG. 3A also shows an manufactured seed coat 75 in surrounding relationship to the block 71 and nutrient unit 74 as well as the totipotent plant tissue 12. To permit use of commonly available materials as the seed coat 75, such as tubular materials. the seed coat 75 preferably has a circular transverse cross-section, giving the cuts shell 75 a cylin drical shape with a tapered ?rst end 73 and a second end 76. The seed coat 75 can be constructed of. for example, a cellulosic tubular mattn'ial similar to a paper drinking straw. Other materials such as plastic are also suitable. The tapered ?rst end 73 can be formed via radial crimps 77 or other constriction method to reduce the diameter of the seed coat 75 at the tapered ?rst end 73. The second end 76 can be similarly tapered (not shown) or it can be shaped as shown



FIG. 2B shows a cross-sectional view of a manufactured 30 as a transverse circular ?at contiguous with the seed coat 75.



‘The tapered ?rst end 73 preferably terminates with an ori?ce 78 toward which the radicle 48 is urged to grow by the



seed 50 comprising totipotent plant tissue 12 and a “capsule" 52 comprised of a hydrated gel in surrounding relationship to the totipotent plant tissue 12. where the capsule 52 is cast in a seed coat comprising an inner shell 54. to create a particular shape, such as a cylinder. and an outer layer 56 that is similar to the manufactured seed coat 44 of FIG. 2A. The inner shell 54 can be cut. for example. from a plastic or



tapered ?rst end 73 during germination. If required, the ori?ce 78 can be occluded with a covering 79 comprised of 35



a soft material such as para?in or a material having a high



dry strength and a low wet strength. Alternatively. the covering 79 can be comprised of a material that breaks apart easily upon application of a protrusive force from inside the



cellulosic drinking straw or analogous material such as glass



tubing. Then. the capsule-containing inner shell 54 is coated or otherwise layered with the outer layer 56. Again. it is



capsule.



preferable that the seed coat include an opening 58 to ease



can be deposited in soil or analogous plant-growing medium in any orientation. In the instance where the covering 79 has a low wet strength. subsequent irrigation would moisten and soften the covering 79 and allow the radicle 48 of the



During sowing (not shown). the manufactured seed 70



protrusion of the germinating radicle. It is also preferable that the outer layer 56 have a low wet strength and a high dry



strength. Another gel “capsule” surrounding a unit of totipotent plant tissue and having a manufactured seed coat is illus
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FIGS. 3B and 3C schematically show alternative embodi ments of the seed con?guration shown in FIG. 3A. In FIG. 3B. totipotent plant tissue 12 is fully embedded in a block 81



trated in FIG. 2C. which shows a cross-sectional view of a



manufactured seed 60. As in FIG. 2B. the FIG. 2C embodi



ment comprises totipotent plant tissue 12. a capsule 52 comprised of a hydrated gel in surrounding relationship to the totipotent plant tissue 12. and a seed coat comprising a rigid cylindrical shell 62 similar to the inner shell 54 of FIG. 2B. In addition. a cap 64 of para?in or other polymeric material is applied to at least the ?rst end 66 to afford



protection against desiccation and physical trauma as well as to properly restrain the shoot end of the plant tissue to



facilitate normal germination. A second cap (not shown) similar to the ?rst cap 64 can also be applied to the second



end 68 for additional protection. If the seed coat 62 is made ?'om a water-impermeable substance. it is preferable that the cap 64. especially if applied to both ends 66. 68, be made from a water-permeable substance to ensure adequate water



penetration to the totipotent plant tissue 12 to support



germination. FIGS. 3A-3C show cross-sectional views of three further



embodiments having a substantially bullet shape. FIG. 3A shows schematically a “shelf” capsule comprising a block



germinating totipotent plant tissue 12 to escape from the seed 70 into the soil.



50



comprising a hydrated oxygenated gel. The gel block 81 preferably also comprises a suitably stabilized suspension of a PFC or a silicone oil. A separate nutrient-containing unit



84 is shown contacting the gel block 81. However. as in the FIG. 3A embodiment. the nutrients can be included in the gel block 81. which obviates the need for a separate nutrient unit 84. Surrounding the gel block 81 and the nutrient unit 84 is a seed coat 85 shaped similarly to the seed coat 75 of FIG. 3A. The radicle 48 of the totipotent plant tissue 12 points toward the tapered ?rst end 83 of the seed coat 85. The tapered ?rst end 83 terminates with an ori?ce 88 which is shown lacking the covering 79 of FIG. 3A to further illustrate possible embodiment variations. The FIG. 3B embodiment is preferred over the FIG. 3A embodiment



because the totipotent plant tissue 48 is secured against losing contact with the gel block 81. The FIG. 3C embodiment is similar to the FIG. 3B embodiment with respect to the bullet shape of the seed 90.
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The seed 90 comprises a nutrient unit 94. and a seed coat 95 having a tapered ?rst end 93 which tenninates with an ori?ce



inside each seed coat. One end 174 of each seed coat was



98 and second end 96. A hydrated gel block 91 in which the totipotent plant tissue 12 is embedded is shown as an ovoid shape rather than the cylindrical shape of the gel block 81 in FIG. 3B. The FIG. 3C embodiment illustrates that the gel block 91 containing the totipotent plant tissue can be formed separately instead of being cast in the seed coat as suggested



the atmosphere. where the radicle 177 of the totipotent plant



sealed using para?in 175; the other end 176 was left open to



tissue 173 therein pointed toward the open end 176. The resulting seeds 178 were placed on their sides on a nutrient



in FIG. 38. Again, for improved oxygenation, the gel block 91 preferably includes a suitably stable suspension of a PFC



10



or a silicone oil. The separate nutrient unit 94 can be



eliminated by incorporating the nutrients into the gel com



prising gel block 91. In the interest of clarity, FIGS. 3A and 3B show the tapered ?rst ends 73 and 83, respectively, located some distance away from the radicle 48. However, it is preferable, as shown in FIG. 3C, that the tapered ?rst end 93 be located



seed coat was sealed by dipping to a depth of 4 mm in



para?in 184, thereby causing the paratlin 184 to occupy about half the air space inside the seed coat. A unit of



totipotent plant tissue 185 was placed on the gel surface 182 (or “shelf’) inside each seed coat, with the radicle 186 pointing toward the open end 187, which was left exposed to the atmosphere. The resulting seeds 188 were placed on their sides on a nutrient agar surface during germination.



as close as possible to the radicle 48. This ensures that,



during germination, the radicle 48 has only a minimal distance to elongate before being urged toward the ori?ce 98 by the tapered ?rst end 93. Otherwise. geotropism of an elongating radicle could cause the radicle 48 to grow away from the tapered ?rst end 93 and make it di?icult for the tapered ?rst end 93 to urge the radicle to grow toward the ori?ce 98. FIG. 3D shows the exterior of an alternative embodiment 90a of the seed 90 of FIG. 3C, comprising a seed coat 95a, a tapered ?rst end 93a, and a second end 96a corresponding to similar features shown in FIG. 3C. In FIG. 3D, the tapered ?rst end 93a has a ?at crimp 99 rather than the bullet-shaped con?guration shown in FIG. 3C. As in FIG. 3C, the radicle



Again, the open capsule ends can be partially sealed using pre-stretched Para?lm®. Embodiment of FIG. 7. A preferred embodiment of a 25



manufactured seed otfering shoot restraint according to the present invention is shown in FIG. 7. wherein a manufac tured seed 250 comprises a seed coat 252 substantially surrounding a hydrated gel 258 that serves as an arti?cial
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of the totipotent plant tissue (not shown) inside the capsule 90a of FIG. 3D is oriented toward the tapered ?rst end 93a, particularly toward an opening 98a left in the crimp 99. Embodiments of FIGS. 4-6. FIGS. 4-6 show manufac



agar surface for incubation. Again. the open end of the seed coat can be partially sealed using pre-stretched Para?lm®. As shown in FIG. 6. rigid seed coats 180 were made by cutting a 4 mm diameter clear plastic drinking straw to 8 mm lengths. After sterilization, each seed coat 180 was oriented horizontally and ?lled about half full with a hydrated gel 181, leaving a ?at gel surface 182 inside each seed coat extending the length of the seed coat. One end 183 of each



gametophyte for the unit of totipotent plant tissue 266. The seed coat 252 provides physical protection for the interior of the manufactured seed 250 while allowing the germinant that develops from the plant tissue 266 to escape from the manufactured seed during germination. The seed coat 252 has an open end 254 and a closed end
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256. The seed coat 252 can be constructed. for example. of



tured seed in each of which the totipotent plant tissue (e.g., conifer somatic) is individually inserted halfway into blocks



a thin plastic material or a cellulosic material such as a portion of a common paper soda straw about 6.5 mm in



of hydrated gel or individually placed on the surface of a unit



diameter and 10-20 mm long that has been made water resistant by such means as dipping in a suitable liquid hot wax such as melted para?n. A seed coat 252 made of cellulose or other biodegradable material is preferred so that nursery beds will not be cluttered with spent seed coats from



of hydrated gel. Each unit of the gel is then surrounded by a seed coat comprising a rigid protective “shell” made of



40



either thin transparent plastic or glass. As shown in FIG. 4. the seed coats 160 comprising glass cylindrical shells were made each having a length of about



previous crops. although it is preferred that the seed coat



12 mm, an outside diameter about 7 mm. and an inside remain intact at least until emergence of the primary root. diameter about 5.6 mm. One end 161 of each seed coat was 45 The closed end 256 can be created by the use of a suitable



sealed with an elastomeric septum 162. After sterilization, the seed coats were oriented vertically open-end up and ?lled about two-thirds full with a hydrated gel 163. The totipotent plant tissue 164 was inserted halfway into the exposed gel surface 165 in each seed coat, shoot end 166



plug or barrier or preferably simply by crimping to form a somewhat dome-shaped or conical end. A seed coat 14 to 18
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?rst, leaving the radicle 167 exposed to the atmosphere. The resulting seeds 168 were turned on their sides on a nutrient



agar surface for incubation. In some embodiments. after



inserting the totipotent plant tissue in the gel, the open ends of the seed coats were subsequently partially sealed from the 55



atmosphere using a gas-permeable, water-impermeable membrane (e.g., pre-stretched Para?lm®). The ?lm was



mm long length will hold about 0.8 ml of gel. A volume of gel from 0.5 to about 1.0 ml is usually very satisfactory. The hydrated gel 258 can be any of the types of gels



discussed hereinabove, optionally comprising nutrients and oxygen carriers. A preferred gel 258 is agar-based because agar will gel (i.e., “set" or “cure") spontaneously by low ering the temperature. The hydrated gel 258 should be somewhat ?rm to prevent seepage of liquid from the gel into the cavity 262 containing the plant tissue. Flooding of the



applied to the open end in a manner that left a small hole



cavity 262 can cause low percentage of normal germinants. An agar concentration of about 1.8 g/L has proved to be very



through which the radicle could protrude during germina



satisfactory.



tion. As shown in FIG. 5, rigid seed coats 170 were made by cutting a 4 mm diameter clear plastic drinking straw to 4 mm



the species of plant being propagated. The dimensions and



The size of the seed coat 252 can vary, depending upon



gel capacities recited above are suitable for propagation of totipotent plant tissue of conifers and should not be consid ered limiting for this or other types of plants.



lengths. After sterilization, each seed coat 170 was oriented



horizontally and ?lled about half full with a hydrated gel 171, leaving a ?at gel surface 172 inside each seed coat extending the length of the seed coat. A unit of totipotent plant tissue 173 was placed on the gel surface (or “shelf‘)



65



The plant tissue 266 is contained within an inner tube 260 to provide. at least in part. sui?cient shoot restraint. The inner tube 260 has an open end 263 and a closed end 264.
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The plant tissue 266 is situated within the manufactured seed



the secondary end seal 274 is a gas-permeable. water



250 so as to orient the shoot 268 toward the closed end 264



impermeable membrane such as pre-stretched Para?lm®.



and the latent radicle 270 toward the open end 263.



which can be sealed in place across the open end 263 by heat annealing or mechanical pressure. As with the seed coat 252. an antibiotic can optionally be added to or inside the primary and secondary end seals.



The tube 260 can be made of various materials that are not



phytotoxic and that permit adequate access of the totipotent plant tissue 266 to moisture. gases. and nutrients necessary for germination. The materials are also preferably porous. Materials such as. but not limited to, ?lter paper, plaster of



The closed end 264 on the tube 260 has been found to be



advantageous. The closed end 264 prevents the shoot end 268 growing inside the tube 260 from penetrating the tube and expanding into the gel 258. Expansion of the shoot end 268 into the gel 258 causes its entrapment in the gel in a



paris. ceramics. and reasonably rigid open-celled foams have all proved satisfactory. A tube made from ?lter paper or similar material can optionally contain small perforations. For somatic embryos of conifers. a tube length of 4 to 8 mm



manner preventing the growing plant from escaping from



and an internal diameter of about 1.5 to 3 mm has proven



the manufactured seed. Such entrapment is believed to be a



very satisfactory.



signi?cant cause of germinant abnormalities. The growing shoot end is preferably only temporarily restrained within the tube 260. As it grows and elongates. the shoot end bears against the internal surfaces of the tube; this urges the shoot end out of the tube and. consequently. out of the hydrated gel. In this regard, the FIG. 7 embodiment effectively



The internal diameter of the tube 260 should be su?icient to allow a somewhat enlarged shoot portion 268 to be in intimate contact with the walls of the tube 260. The tube 260 allows access of nutrients, gases, and liquids necessary for



germination to the plant tissue. As stated above, the hydrated gel 258 should be ?rm enough to prevent excess liquid from seeping from the gel 258 into the cavity 262 occupied by the plant tissue 2466. The seed coat 252 can be filled with the hydrated gel 258 by any of a number of means that will apparent to those of ordinary skill in the art. A preferred method. especially for



simulates a natural seed.



FIG. 8 shows a stepwise germination sequence of a gymnosperm embryo 266 from the embodiment of a manu



factured seed 250 shown in FIG. 7. The ?rst, or leftmost, image shows the manufactured seed 250 resting on the surface 102 of soil or analogous plant-growth medium. The



automated processes, is by use of an automatic pipette or syringe pump. Each seed coat 2.52 is ?lled to within a few millimeters of the open end 54 and the gel 258 allowed to



manufactured seed 250 is shown, for simplicity. having been



set by cooling (if. e.g., agar is used) or by ion exchange (if sodium alginate is used). A coaxial internal cavity is formed in the hydrated gel 258



surface 102. In the leftmost image, reference designators are identical to those used in FIG. 7.



“sown” on the surface 102. However, it will be appreciated that the manufactured seed 250 can also be sown beneath the



In the second image from the left. germination has begun and the growing radicle 302 has undergone suf?cient growth to burst open the secondary end seal 274. Thus. the radicle 302 begins to grow outward and downward from the “cap



to accept the tube 260. The cavity can be molded in the gel as the gel cures or formed after the gel has cured. Forming the cavity after the gel cures can be performed in a number of ways. For example, a thin-walled cylindrical steel tube used as a punch has proved very suitable. The gel core left within the steel tube can be readily removed by application of vacuum. The cavity thus formed in the cured gel should have an internal diameter about equal to the outside diameter



sule" 300 so as to eventually form a root anchoring the



germinant in the soil. At the onset of germination, before the germinating embryo 266 bursts from the manufactured seed 250. nutrients (if any). oxygen and other gases. and water in the gel 258 (“arti?cial gametophyte”) pass from the gel 258 to the embryo 266. Immediately after the growing radicle 302 has burst open the secondary end seal 274. atmospheric



of the tube 260 so that intimate contact therebetween is



maintained. The tube 260 can be inserted into the cavity by



oxygen can enter the cavity 262 to provide oxygen to the embryo 266. It can also be seen in the second image that the



use of a mandrel.



After forming or inserting the tube 260 in the cavity, the plant tissue 266 can be inserted into the tube 260 shoot-end ?rst.



After insertion of the plant tissue 266. the manufactured seed 250 can be oxygenated as described previously. A primary end seal 272 is preferably applied over the gel surface and around the protruding open end 263 of the tube 260 before insertion of the plant tissue in the gel. However. the primary end seal 272 should not cover the open end 263 of the tube 260. This result can be readily achieved by inserting an appropriate mandrel in the end of tube 260 while the primary end seal 272 is being formed. Many materials are suitable for the primary end seal 272.



Ordinary paraliin wax has proved very satisfactory. The



cotyledons 304 have begun to enlarge and elongate, where 45



upon they bear against the inside walls of a restraint 260 to



facilitate escape of the radicle 302 from the capsule 300. In the middle image of FIG. 8. the radicle has further elongated and entered the soil to form a root 306. The



cotyledons 308 have further elongated and are continuing to bear against the inside walls of the restraint 260. including the closed end 264 of the restraint. thereby further facilitat ing a “natural” germination. Nutrients (if any), water. oxygen, and other gases from the gel 258 continue to pass to the germinant 310. The restraint 260 prevents the coty 55



ledons 308 growing within the restraint 260 from penetrat ing the restraint 260. Thus. the cotyledons 308 are prevented



primary end seal 272 is typically 2 to 4 mm thick but this is not in any way critical. Preferably, a secondary end seal 274 is applied so as to



from becoming entrapped in the gel 258.



cover the open end 263 of the primary end seal 272. The



(although not always the case) lift the “capsule" 300 off the



In the fourth image from the left in FIG. 8. the germinant 312 has further grown to have a longer root 314 and



surface 102. The cotyledons assume a natural “bird cage" appearance as they further elongate out of the restraint 260. cally no more than about 1 mm thick. It can be made of the Finally. in the rightmost image. the germinant 318 has same material as the primary end seal 272. For example. one become fully upright and has shed the “capsule" 300 in a way to form the secondary end seal 274 is to heat the surface of the primary end seal 272 su?iciently to cause surface 65 manner analogous to the mural shedding of the remains of a botanic seed by a healthy germinant therefrom. The root melting thereof and draw a small amount of the molten 320 has continued to grow downward and the cotyledons material to form a ?lm across the open end 263. Preferably,



secondary end seal 274 is preferably very thin. most typi
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322 have spread apart. The germinant 318 has excellent prospects for developing into a healthy plant.



“Normalcy" denotes the presence of all parts (radicle. hypocotyl. cotyledon(s). epicotyl) of a germinant at time of



Further De?nitions



evaluation. In the case of gymnosperms. a normal radicle



The following terms as used herein are de?ned as follows:



“Somatic embryo” is a plant embryo that developed via the laboratory culturing of totipotent plant cells or by



5



has length greater than 3 mm and no visibly discernable malformations compared to the appearance of control bare “germinants" grown on the surface of nutrient agar or



induced cleavage polyembryogeny.



similar nutrient medium.



“Zygotic embryo” is a plant embryo removed from a seed



of the corresponding plant.



EXAMPLES



“Germinan ” is a unit of totipotent plant tissue that has



Example 1



undergone su?icient growth and development to emerge



The following antibiotics were tested alone and in com



from a seed coat, analogous to emergence from a natural botanic seed. “Radicle en " is that part of a unit of totipotent plant



bination with plant-growth regulators in bare-embryo stud ies in which bare Douglas ?r embryos were placed on nutrient agar with added antibiotics and/or plant-growth regulators. The following antibiotics were tested: cefo



tissue that develops into the primary root of plant. “Shoot” or "shoot end” is that part of a unit of totipotent



taxime (0.1. 1.0. 10. 100 mg/l); benzylpenicillin (0.1. 1.0. 10. 100 1118/1); carbenicillin (0.1. 1.0. 10. 100 mg/l); Strep tomycin (0.1. 1.0, 10. 100 mg/l); salicylic acid (0.1. 0.5. 1.0. 5.0, 10. 100 mg/l); vancomycin (0.1. 1.0. 10. 100 mg/l); ticarcillin (0.1. 1.0. 10, 100 mg/l); oefamandole (0.1. 1.0. 10. 100 mg/l); miconazole (0.1, 1.0. 5.0. 10. 20. 100 mg/l); amphotericin B (25 ug/ml, 2.5 mg/l. 5.0 mgll); Iifampicin (10. 15 mg/l); cipro?oxaein (10 mg/l); gentamycin sulfate (1.0. 10. 50, 100 mg/l); nystatin (1.0, 10. 40. 50. 100 mg/l);



plant tissue that develops into the aerial portions of the plant and includes the cotyledon(s). epicotyl. and/or hypocotyl. “Cotyledon” refers generally to the ?rst, ?rst pair. or ?rst whorl (depending on the plant type) of leaf-like structures on a plant embryo that function primarily to make food com



pounds in the seed available to the developing totipotent plant tissue but in some cases act as food storage or



photosynthetic structures. “Hypocotyl” is that portion of a plant embryo or seedling



arasan (0.1 ppm. 1.0 ppm); RBE limonene (0.1. 1.0. 5.0%).



located below the cotyledons but above the radicle. “Epicoty " is that portion of the plant developed after germination from the stem apex. “Capsule” refers to a manufactured seed exclusive of the unit of totipotent plant tissue therein.



Most antimicrobials do not appear to be detrimental to



embryo normalcy. However. the use of Product A 7292 (Sigma Chemical



Co., St. Louis, Mo.) an antibiotic combining several ditfer ent antibiotic compounds at concentrations that would not otherwise cause ill e?‘ects if the compounds were used alone



“Hypocotyl length” pertains to the length of the hypocotyl at the time the hypocotyl was measured.



(10 mg/ml streptomycin. 6.06 mg/ml penicillin. 25 ug/ml



“Hypocotyl germination” denotes the emergence of a



amphotericin B). resulted in somewhat decreased root



shoot from the capsule. caused by elongation of the hypo cotyl su?iciently to burst the capsule. This term does not take into consideration any length criteria or lack of hypo
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length. Experiments were conducted in order to determine



cotyl malformations.



whether increasing embryo vigor through the addition of



“Swollen hypocotyl” is an atnibute of an abnormal ger minant characterized by the hypocotyl or a portion thereof having a greater than normal diameter compared with hypo cotyls on control bare “germinants” grown on the surface of



“hormone”). particularly gibberellic acid (GAM. a mixture containing. as tested, approximately equal parts of GA‘ and GA,,, Abbott Laboratories, North Chicago. 111.). would over



nutrients or a plant-growth regulator (hereinafter.



come the decreased root length observed with the antibiotic



a nutrient agar or similar nutrient medium.



combination.



‘Twisted hypocotyl" is an attribute of an abnormal ger



minant characterized by the hypocotyl having gooves spi raling longitudinally up or down the length of the hypocotyl. This defect is usually found only in germinants exhibiting swollen hypocotyls.



Manufactured seed essentially as shown in FIG. 7 were 45



straws into 22-mm sections. One section was slid onto a mandrel inserted into a electric drill. and one end of the straw was closed to seal by pushing the mandrel into a hole in a stainless steel block while the mandrel was turning. The



“Swollen cotyledons” is an attribute of an abnormal



germinant of a gymnospm'm characterized by unusually large cotyledon(s) compared to cotyledons on control bare “genninants” grown on the surface of a nutrient agar or



similar nutrient medium. "Twisted cotyledon" is an attribute of an abnormal ger



minant of a gymnosperm characterized by the cotyledon(s) having a spiraled or twisted appearance.



“Radicle length" pertains to the length of the radicle at the time the radicle is measured. “Radicle germination” denotes the emergence or protru



sive growth of the primary root from the capsule, caused by elongation of the radicle su?icient to burst the capsule. This term does not take into consideration any length criteria. “Growth through seed coat” occurs when a unit of toti



potent plant tissue inside the manufactured seed coat under goes elongation both of the radicle and the hypocotyl and bursts the seed coat at both ends. This is usually evidenced by the seed coat remaining for a period of time as a captive



body around the hypocotyl.



prepared. Seed coats were created by cutting paper drinking
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resulting seed coat was approximately 18 mm long. Seed coats were then steam sterilized (121° C.). The paper in the seed coat was impregnated with wax by soaking the coats in a sterile molten wax bath containing parat?n and carnauba wax (9:1 by weight) for approximately 30 sec. As the seed coats were removed. excess wax was drained and the coats



were plunged into sterile cold water to quickly solidify the wax. The completed coats were then placed in a sterile dry Petri dish to dry in a laminar-?ow hood until needed. Additions to the resulting “standard wax coat" (e.g.. Arasan) were added to the wax after autoclaving. The shoot restraints were made from Seeleys Pearl White



Porcelain slips (Seeleys. Oneonta, N.Y.). Arti?cial gametophyte medium (containing a per?uoro carbon emulsion and containing an elevated concentration of



molecular oxygen compared to such medium lacking the emulsion) was prepared as described in US. Pat. No.



5,427,593, incorporated herein by reference. Hormone and
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antimicrobial additives were added directly to arti?cial



In no-nutrient sand. no signi?cant differences were detected between treatments for radicle length or hypocotyl



gametophyte medium after autoclaving. Afterward. the



length. However. in no-nutrient sand. signi?cant differences in normalcy could be detected by day 12.



medium was maintained at 44° C. to 50° C.. a temperature



is lowm' than normal (55° C.) due to the heat lability of the hormones and antibiotics used. Arti?cial gametophyte media



The results indicated that the addition of an antimicrobial



cocktail and/or GA”, to the arti?cial garnetophyte media is not detrimental to embryo development as gauged by nor malcy rates and by radicle and hypocotyl length. In fact.



(200 ml) was prepared for each treatment individually. The manufactured seed were allowed to germinate and grow in washed sterile sand with or without nutrients added to the sand. The aqueous nutrient solution added to the sand was as follows (to make up one liter solution): 10 ml of a



treatment of the embryos with either the antimicrobial



coclnail or GA”, resulted in apparently higher normalcy values. although the differences were not statistically sig



stock containing 14.295 g/l NH4NO3; 2.5 ml of a stock



ni?cant. Since the addition of an antimicrobial cocktail to the



containing 44.573 g/l K2804; 66.1 ul of 85% H3PO4; 10 ml of a stock containing 55.01 g/l CaCIJZHZO; 1.0 ml of a stock containing 50 g/l MgSO4*7H2O; 1.0 ml of a stock



containing 0.6 g/l MnSO4*H2O; 1.0 ml of a stock containing 0.08 g/l CuSO4*5H2O; 1.0 ml of a stock containing 0.088 g/l ZnSO4*7H20; 1.0 ml of a stock containing 0.008 g/l Nazi/I004; 1.0 ml of a stock containing 1.142 g/l H3BO3; 10 ml of a stock containing 2.985 g/l FeSO4*7H2O; and 10 ml of a stock containing 3.9925 g NaQEDFI‘A. The following treatments were tested: Treatment 1: Control (Standard wax seed coat with no arasan. Sigma A



7292 (hereinafter, “antimicrobial cocktail”), or GA added to the arti?cial gametophyte media; Treatment 2: 1 mill antimicrobial cocktail in the arti?cial gametophyte



arti?cial garnetophyte media did not decrease embryo vigor, 15
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neither the addition of nutrients to the sand nor treatment



with GA.“7 was necessary to promote germination. Addition of nutrients to the sand only increased germination in the control; embryos treated with the antimicrobial cocktail. GAm. or both actually germinated better in sand with no added nutrients. However. the germination of the embryos treated with both the antimicrobial cocktail and GA“, was the fastest observed in no nutrient soil (78% germination at



day 12). There is, therefore, a synergistic interaction between the antibiotics and hormones. the mechanism of 25



media; Treatment 3:



which is as yet unexplained. This synergism may result. for example. from the e?ects of both types of compounds on the development and extension of the primary cell wall. Example 2 The effects on embryo development of adding arasan to the seed coat of the manufactured seed were tested to determine whether arasan could be used in this fashion to



0.1 mg/l GA“, in the arti?cial gametophyte media; and Treatment 4:



provide an outer antimicrobial coating.



1 mill antimicrobial cocktail and 0.1 mg/l GA4,7 in the



Eight manufactured seeds were sown in each of six



arti?cial gametophyte media.



germination boxes. which were polycarbonate trays (18"X



For each treatment. nine manufactured seeds were tested in l2">


treatments). Each treatment is represented 5-10 times (individual seed) per block (or replicate). Table XI shows the



mg/l G‘,7 in the arti?cial gametophyte media. Treatment 3: Standard wax coat inner layer. outer layer standard wax



results of germination in sand with no nutrients at day 24. Table X11 shows the results of germination in sand with nutrients at day 24.



with 6% arasan. Treatment 4: Same as Treatment 3. except 6% arasan added to both standard wax coat and outer layer. Treatment 5: Same as Treatment 3. then third outermost layer of wax



TABLE XI Treatment



Gennination



Radicle Length



Hypocotyl Length



1 2 3



48% ‘73% 83%



0.93 cm 1.05 cm 1.00 cm



2.54 cm 2.35 cm 2.30 cm



4



93%



1.06 cm



2.44 cm



Germination



1 2 3 4



56% 67% 65% 78%



Radicle Length 1.12 0.95 0.73 0.98



cm cm cm cm



mg/l G4,, were added directly to the arti?cial gametophyte 55



TABLE 201 Treatment



(no arasan) added. In treatments 2-5, 1 rnl/l antimicrobial cocktail and 0.1



Hypocotyl Length 2.04 cm 2.00 cm 2.10 cm 2.04 cm



medium after the medium was autoclaved. The resulting mixture was maintained at 45° C. to 48° C. (a temperature lower than the usual 55° C. because of the heat lability of the hormones and antimicrobials). For treatments 3. 4. and 5. after the standard wax coat



cooled. a second. outer layer was provided by dipping the paper straw with the standard wax coat. seal end down. into



wax containing 6% arasan (Thiram 50W Neutral. Gustafason. McKinney. Tex.) by weight to coat the outside. In Treatment 5. a third layer containing no arasan was



applied in the same manner as the second layer. thereby In nutrient sand. no signi?cant differences were detected sandwiching the arasan-containing layer between two wax between treatments for normalcy. radicle length or hypo cotyl length. Block differences were detected for radicle 65 layers lacking arasan. The temperature of the seed coat wax with arasan was maintained between 70° C. and 75° C.. length in nutrient sand; control germinants had signi?cantly because a higher temperature will destroy arasan. shorter roots.



5,701,699 25



26



GA”, and antimicrobial additives were added directly to



The results are shown in Table )HV.



the arti?cial gametophyte media after autoclaving. The resulting mixture was maintained at 44° C. to 50° C., a



TABLE XIV



temperature that is lower than normal (55° C.) due to the heat lability of the hormones and antibiotics used.



Treatment



The results of these experiments are summarized in Table XIII. No signi?cant di?’erences were observed with regard to



normalcy in the various treatments, although signi?cant block di?erences were observed, probably resulting ?'om contamination present in blocks 1 and 5. The dilferences in radicle and hypocotyl length were signi?cant, as were the di?’erences in cap thickness.



Hypoeotyl Radicle Ga'mjmticu Length (cm) Length (cm)



Control - no antimicrobial,



40.7%



1.94 cm



no gibberellins 0.1 rug/1 gibberellin A."



0.57 cm



53.7%



2.03 cm



0.59 cm



59.3%



1.95 cm



0.86 cm



68.5%



2.15 cm



0.65 cm



68.5%



2.09 cm



0.83 cm



(6%.) mix in gametophyte



10 10.0 mg/l gibberellin A3



(GAB) in gametophyte 1.0 mil] antimicrobial



cocktail + 0.1 nag/l GA“



in gametophyte



These results indicate that 6% arasan under the conditions



1.0 ml/l antimicrobial



cocktail + 10.0 mgll GA,



tested is not detrimental to embryo germination. Thus,



in gametophyte



arasan at this concentration need not be prevented from



contacting the arti?cial gametophyte. A standard dip of the



Contamination was a problem in this study. with blocks 2



arti?cial gametophyte in a mixture of wax and arasan is



and 4 severely contaminated. with damping oil“ of gm'mi



compatible with germination and is easiest to implement both manually and in manufacturing process.



nants. The germinants that died after full emergence from the seed were scored and treated as normal. although hypo cotyl or radicle length could not be recorded.



TABLE XIII



The block ditferences in both hypocotyl length and radicle length were unexplained and could not be accounted for by the contamination. Signi?cant differences were found in cap thickness between treatments (0:0.0009). These diiferences probably resulted from the treatments being ?lled independently due to diiferences in the composition of the arti?cial gameto



"Ii-t 1 2 3 4 5



% Full Germ % Normalcy Radicle Length Hypocotyl Length 79% 90% 86% 87% 84%



78% 86% 83% 87% 66%



0.86 0.92 0.75 0.98 0.56



cm cm cm cm cm



2.14 cm no cm 1.98 cm 2.32 cm 2.17 cm



phyte (hormones and GA). Even with the contamination problem. it is clear that GAi has the same ability as GA”, to increase germination.



Example 3



although a higher concentration of GA3 is required to obtain



The experiments described above indicate a synergism between the antibiotic cocktail and hormones. particularly G4”. in increasing embryo germination kinetics as well as



similar results. No signi?cant di?erences were detected between treatments of GA3 and GA,”7 with or without the antimicrobial cocktail. Having illustrated and desu’ibed the principles of the invention in multiple embodiments and examples. it should



total germination. GA3 was tested as an alternative to G4”. Manufactured



be apparent to those skilled in the art that the invention can



seed were constructed as described above with a standard



wax coat (no added arasan). The hormone and antimiu'obial additives were ?lter-sterilized and added directly to the gametophyte media after the media was prepared. The temperature of the arti?cial gametophyte media was main tained at 44°-50° C.. a temperature lower than the normal 45



be modi?ed in arrangement and detail without departing from such principles. We claim all modi?cations coming within the spirit and scope of the following claims. What is claimed is: l. A manufactured seed comprising:



a totipotent plant tissue su?iciently developed to comprise a radicle and a shoot; and



55° C. due to the heat lability of the hormones and antibi otics. 100 ml of arti?cial gametophyte media was prepared individually for each treatment.



a manufactured seed coat enclosing the totipotent plant tissue comprising a ?rst seed-coat portion that is impenetrable by the totipotent plant tissue upon ger mination of the totipotent plant tissue except for an



Six repetitions of each of the following treatments were tested. with 9 seeds per repetition (for a total of 270 seeds): Treatment 1:



ori?ce de?ned by the ?rst seed-coat portion. and a second seed-coat portion comprising an end seal that seals the ori?ce and is penetrable or dislodgable by the



radicle upon germination of the totipotent plant tissue.



Control manufactured seed Treatment 2:



wherein the manufactured seed coat is water



irnpermeable until the radicle penetrates or dislodges



0.1 mg/l GA“,7 in the arti?cial gametophyte media



the end seal. 2. The manufactured seed of claim 1 wherein the end seal



Treatment 3:



10.0 mg/l GA3 (Sigma Chemical Co., St. Louis. M0.) in



is water-impermeable and gas-permeable.



the arti?cial gametophyte media Treatment 4: 1.0 ml/l antimicrobial cocktail +0.1 mg/l G4,7 in the arti?cial gametophyte media



3. The manufactured seed of claim 1 wherein the ?rst seed-coat portion comprises one or more members of the group consisting of a plant nutrient. an antibiotic. and a plant



Treatment 5:



1.0 ml/l antimicrobial cocktail +l0.0 rngll GA3 in the arti?cial gametophyte media



growth regulator. 4. The manufactured seed of claim 3 wherein the ?rst 65



seed-coat portion comprises arasan. 5. The manufactured seed of claim 1 wherein the ?rst seed-coat portion comprises two or more layers.
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