
Zeitschrift: Veröffentlichungen des Geobotanischen Institutes der Eidg. Tech.
Hochschule, Stiftung Rübel, in Zürich

Herausgeber: Geobotanisches Institut, Stiftung Rübel (Zürich)

Band: 112 (1993)

Artikel: Kryokonservierung von "Lemnaceae" = Cryopreservation of
"Lemnaceae"

Autor: Sauter, Peter Richard

Bibliographie

DOI: https://doi.org/10.5169/seals-308976

Nutzungsbedingungen
Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich für deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veröffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanälen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation
L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En règle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
qu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use
The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 31.07.2025

ETH-Bibliothek Zürich, E-Periodica, https://www.e-periodica.ch

https://doi.org/10.5169/seals-308976
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en


124

LITERATURVERZEICHNIS

Alberts B., Bray D., Lewis J., Roff M., Roberts K. and Watson J. D., 1983: Molecular
biology of the cell. Garland Pubi., Inc., New York. 1146 S.

Amado R., Mueller-Hiemeyer R. und Marti U., 1980: Proteingehalt,
Aminosäurezusammensetzung und Neutralzuckergehalt von Lemnaceae (Vorläufige Mitteilung).
Veröff. Geobot.Inst.ETH.Stiftung Rubel, Zürich 70, 102-117.

Andreica A., Sparchez C. and Soran V., 1988: Germination of wheat pollen under nor¬
mal and under cryopreservation conditions. (In Rumänisch). Stud.Cercet.Biol.Ser.Biol.
Veg. 40(1), 55-58.

Angell CA. and MacFarlane D.R., 1982: Conductimetric and calorimetrie methods for
the study of homogeneous nucleation below both Th and T Adv.Ceram. 4, 66-72.

Angell CA. and Tucker J.C, 1980: Heat capacity changes in glass-forming aqueous so¬

lutions and the glass transition in vitreous water. J.Phys.Chem. 84, 168-272.
Asahina E., 1962: Frost injury in living cells. Nature (London) 796, 445-446.
Ashby E., Wangermann E. and Winter E.J., 1949: Studies in the morphogenesis of

leaves III. Preliminary observations on vegetative growth in Lemna minor. New Phytol.
48, 374-381.

Ashworth E.N. and Abeles F.B., 1984: Freezing behavior of water in small pores and the

possible role in the freezing of plant tissues. Plant Physiol.(Bethesda) 76, 201-204.
Ashworth E.N., Davies G.A. and Anderson J.A., 1985: Factors affecting ice nucleation

in plant tissues. Plant Physiol.(Bethesda) 79, 1033-1037.
Bajaj Y.P.S., 1977: Survival of Atropa and Nicotiana pollen embryo frozen at -196°C

Curr.Sci.(Bangalore) 46, 305-307.
Bajaj Y.P.S., 1979: Freeze preservation of meristems of Arachis hypogaea and Cicer

arietinum. Indian J.Exp.Biol. 17, 1405-1407.
Bajaj Y.P.S., 1981: Regeneration of plants from potato Solanum tuberosum meristems

freeze preserved for 24 months. Euphytica 30, 141-146.

Bajaj Y.P.S., 1983a: Cassava Manihot esculenta plants from meristem cultures freeze pre¬
served for 3 years. Field Crops Res. 7(3), 161-168.

Bajaj Y.P.S., 1983b: Production of normal seeds from plants regenerated from the meri¬
stems of Arachis hypogaea and Cicer arietinum cryopreserved for 20 months. Euphytica

52, 425-430.
Bajaj Y.P.S., 1984a: The regeneration of plants from frozen pollen embryos and zygotic

embryos of wheat and rice. Theor.Appl.Genet. 67, 525-528.
Bajaj Y.P.S., 1984b: Induction of growth in frozen embryos of coconut and ovules of cit¬

rus. Curr.Sci.(Bangalore) 53, 1215-1216.
Bajaj Y.P.S., 1985: Cryopreservation of embryos. In: Kartha K.K. (ed.), Cryopreserva¬

tion of plant cells and organs. CRC Press, Inc., Boca Raton, Florida. 227-242.
Bajaj Y.P.S., 1988: Regeneration of plants from frozen minus 196°C protoplasts oî Atropa

belladonna L., Datura inoxia Mill., and Nicotiana tabacum L. Indian J.Exp.Biol.
26, 289-292.

Barnes J.D. and Wilson J.M., 1986: Effects of hormones on morphogenesis and cold re¬

sistance in berseem clover (Trifolium alexandrium L.). J.Exp.Bot. 37, 1542-1551.
Becwar M.R., Stanwood P.C. and Leonhardt K.W., 1983: Dehydration effects of freez¬

ing characteristics and survival in liquid nitrogen of desication-tolerant and desication-
sensitive seeds. J.Amer.Soc.Hort.Sci. 108(4), 613-618.

Ben-Amotz A. and Gilboa A., 1980: Cryopreservation of marine unicellular algae. 1. A
survey of algae with regard to size culture age, photosynthetic activity and chlorophyll
to cell ratio. Mar.Ecol.Prog.Ser. 2(2), 157-162.

Benson E.E., Harding K. and Smith H, 1989: Variation in recovery of cryopreserved



125

shoot tips of Solanum tuberosum exposed to different pre- and post-freeze light
regimes. Cryo-Lett. 10, 323-344.

Bertrand-Debrunais A., Fabre J., Engelmann F., Dereuddre J. et Charrier A., 1988:
Reprise de l'embriogenèse adventive à partir d'embryons somatiques de caféier (Coffea
arabica L.) après leur congélation dans l'azote liquide. CR.Acad.Sci.Paris Sér.III 307,
795-801.

Boutron P., 1984: More accurate determination of the quantity of ice crystallized at low
cooling rates in the glycerol and 1,2-propanediol aqueous solutions: Comparison with
equilibrium. Cryobiology 21, 183-191.

Boutron P., 1986: Comparison with the theory of the kinetics and extent of ice crystallisa¬
tion and of the glass-forming tendency in aqueous cryoprotective solutions. Cryobiology

23, 88-102.
Boutron P., 1988: Vitrification of aqueous solutions. Cryobiology 25, 555.
Boutron P. and Arnaud F., 1984: Comparison of the cryoprotection of red blood cells by

1,2-propanediol and glycerol. Cryobiology 2/, 348-358.
Boutron P. and Kaufmann A., 1978: Stability of the amorphous state in the system wa-

ter-glycerol-dimethylsulfoxid. Cryobiology 15, 93-108.
BOUTRON P. et MEHL P., 1986: Nouveaux cryoprotecteurs pour la cryopreservation des cel¬

lules par vitrification totale. Bull.Soc.Bot.Fr. 133(3), 27-39.
Boutron P., Delage D., Roustit B. and Körber C, 1982: Ternery systems with 1,2-

propanediol - A new gain in the stability of the amorphous state in the system water-
1,2- propanediol- 1-propanol. Cryobiology 19, 550-554.

Boutron P., Mehl P., Kaufmann A. and Angibaud P., 1986: Glass-forming tendency and

stability in the aqueous solutions of linear polyalcohols with four carbons. 1. Binary
systems water-polyalcohols. Cryobiology 23, 453-469.

Braun A., 1988: Cryopreservation of sugar beet germplasm. Plant Cell Tissue Organ Cult.
14, 161-168.

Breierova E., Kavacovska R. and Kockova-Kratochvilova A., 1987a: Cryoprotection
and freeze drying of yeasts. Biologia (Bratislava) 42(3), 239-245.

Breierova E., Kockova-Kratochvilova A. and Delgado R., 1987b: Storage of Candida

albicans, C. tropicalis, and related species in liquid nitrogen. Folia Microbiol.
(Prag) 32, 426-430.

Chen T.H.H., Kartha K.K., Constabel F. and Gusta L.V., 1984a: Freezing characteris¬
tics of cultured Catheranthus roseus L. G. Don cells treated with dimethylsulfoxid and
sorbitol in relation to cryopreservation. Plant Physiol.(Bethesda)75, 720-725.

Chen T.H.H., Kartha K.K., Leung N.L., Kurz W.G.W., Chatson K.B. and Constabel
F., 1984b: Cryopreservation of alkaloid producing cell cultures of periwinkle
Catheranthus roseus. Plant Physiol.(Bethesda) 75, 726-731.

Chen T.H.H., Kartha K.K. and Gusta L.V., 1985: Cryopreservation of wheat Triticum
aestivum cultivar Norstar suspension culture and regenerable callus. Plant Cell Tissue
Organ Cult. 4, 101-110.

Chin H.F., Krishnapillay B. and Alang Z.C, 1988: Crypreservation of Veitchia and Howea
palm embryos: Non-development of the haustorium. Cryo-Lett. 9, 372-379.

Das R.R. and Gopal B., 1969: Vegetative propagation in Spirodela polyrrhiza. Trop.Ecol. 10,
270-277.

De Boucaud M.-T and Cambecedes J., 1988: The use of 1,2-propanediol for cryopreservation
of recalcitrant seeds: The model case of Zea mays imbibed seeds. Cryo-Lett. 9,94-101.

Delvallée I., Guillaud J., Beckert M. and Dumas C, 1989: Cryopreservation of immature
maize embryos after freeze-hardening in the ear and in vitro. Plant Sci.(Shannon) 60(1),
129-136.

Dereuddre J., Galerne M. et Gazeau C, 1987: Effets du saccharose sur la résistance à la con¬

gélation dans l'azote liquide (-196°C) des méristèmes apicaux d'oeillets (Dianthus cario-



126

phyllus) cultivés in vitro. CR.Acad.Sci.Paris Sér.III 304, 485-487.
Dereuddre J., Fabre J. and Bassagua C, 1988: Resistance to freezing in liquid nitrogen

of carnation (Dianthus caryophyllus L. var Eolo) apical and axillary shoot tips excised
from different aged in vitro plantlets. Plant Cell Rep. 7, 170-173.

Dereuddre J., Scottez C, Arnaud Y. et Duron M., 1990a: Effets d'un endurcissement
au froids des vitroplants de poirier (Pyrus communis L. cv Beurré Hardy) sur la résistance

des apex axillaires à une congélation dans l'azote liquide. CR.Acad.Sci.Paris
Sér.III 310, 265-272.

Dereuddre J., Scottez C, Arnaud Y. et Duron M., 1990b: Résistance d'apex caulinaires
de vitroplants de poirier (Pyrus communis L. cv Beurré Hardy), enrobés dans l'alginat à

une déshydration puis à une congélation dans l'azote liquide: Effets d'une endurcissement

préalable au froids. CR.Acad.Sci.Paris Sér.III 310, 317-323.
Dereuddre J., Blandin S. and Hassen N., 1991a: Resistance of alginate-coated somatic

embryos of carrot (Daucus carota L.) to desiccation and freezing in liquid nitrogen: 1.

Effects of preculture. Cryo-Lett. 12, 125-134.
Dereuddre J., Hassen N., Blandin S. and Kaminski M., 1991b: Resistance of alginate-

coated somatic embryos of carrot (Daucus carota L.) to desiccation and freezing in liquid

nitrogen: 2. Thermal analysis. Cryo-Lett. 72, 135-148.
Diettrich B., Popov A.S., Pfeiffer B., Neumann D., Butenko R. and Luckner M., 1982:

Cryopreservation of Digitalis lanata cell cultures. Planta Med. 46(2), 82-87.
Diettrich B., Haack U., Popov A.S., Butenko R. and Luckner M., 1985: Long-term

storage in liquid nitrogen of an embryogénie cell strain of Digitalis lanata. Biochem.
Physiol.Pflanz. 180(1), 33-43.

Diettrich B., Haack U. and Luckner M., 1986: Cryopreservation of Digitalis lanata
cells grown in vitro. Precultivation and recultivation. J.Plant Physiol. 126, 63-73.

Diettrich B., Wolf T., Bormann A., Popov A.S., Butenko R. and Luckner M., 1987:

Cryopreservation of Digitalis lanata shoot tips. Planta Med. 53(4), 359-363.
Douzou P., 1986: Interactive effects of cryosolvents, ionic and macromolecular solutes on

protein structures and functions. Cryobiology 23, 38-47.
Dowell L.G. and Rinfret A.P., 1960: Low temperature forms of ice as studied by X-ray

diffraction. Nature (London) 188, 1144-1148.
Efrat Y., Pieterse A.H. and Bouman F. 1977: A comparative study of developing air

chambers in flat and gibbous fronds of Lemna gibba L. Acta Bot.Neerl. 26, 343-347.
Engelmann F. and Dereuddre J., 1988: Cryopreservation of oil palm somatic embryos:

Importance of the freezing process. Cryo-Lett. 9, 220-235.
Fahy G.M., MacFarlane D.R., Angell CA. and Meryman H.T, 1984: Vitrification as

an approach to cryopreservation. Cryobiology 21, 407.
Finkle B.J. and Ulrich J.M., 1979: Effects of cryoprotectants in combination on the survi¬

val of frozen sugarcane cells. Plant Physiol.(Bethesda) 63, 598-604.
Finkle B.J., Zavala M.E. and Ulrich J.M., 1985: Cryoprotective compounds in the vi¬

able freezing of plant tissues. In: Kartha K.K. (ed.), Cryopreservation of plant cells
and organs. CRC Press, Inc., Boca Raton, Florida. 75-113.

Flindt R., 1988: Biologie in Zahlen. (3. Aufl.). Fischer, Stuttgart. 283 S.

Franks F., 1986: Molekulare Grundlagen der Kälteresistenz von Lebewesen. Chem.unse¬

rer Zeit 20(5), 146-155.
Franz T.J. and Van Bruggen J.T., 1967: A possible mechanism of action of DMSO. Ann.

New York Acad.Sci. 141, 302-309.
FRICK H, 1991: Vitrification in vivo in Lemna minor and its maintenance by isopentenyl

adenine. J.Plant Physiol. 137, 502-504.
Fujikawa S. and Miura K, 1986: Plasma membrane ultrastructural changes caused by

mechanical stress in the formation of extracellular ice as a primary cause of slow freezing

injury in fruit bodies of Basidiomycetes. Cryobiology 23, 371-382.



127

Ganeshan S., 1986: Viability and fertilizing capacity of onion pollen Allium cepa stored
in liquid nitrogen minus 196° Celsius. Indian Trop.Agric. 63(1), 46-48.

Grimsley N.H. and Withers L.A., 1983: Cryopreservation of cultures of the moss Phys-
comitrella patens. Cryo-Lett. 4, 251-258.

Grout B.W.W.. 1979: Low temperature storage of imbibed tomato seeds: A model for re¬

calcitrant seed storage. Cryo-Lett. /, 71-76.
GROUT B.W.W., Westcott R.J. and Henshaw G.G., 1978: Survival of shoot meristems of

tomato seedlings frozen in liquid nitrogen. Cryobiology 15, 478-483.
Guern J., 1965: Corrélations de croissance entre frondes chez Lemnacées. Ann.Sci.Nat.

Bot.ParisSér.12 6, 1-156.
Guy CL. and Haskell D., 1987: Induction of freezing tolerance in spinach is associated

with the synthesis of cold acclimation induced proteins. Plant Physiol.(Bethesda) 84,
872-878.

Hahne G. and Loerz H., 1987: Cryopreservation of embryogénie callus cultures from bar¬

ley Hordeum vulgare. Plant Breeding 99(4), 330-332.
Hayes L.J., Diller K.R., Lee H.S. and Baxter CR., 1984: Definition of an average cool¬

ing rate during cell freezing. Cryo-Lett. 5, 97-110.
Heber U., 1968: Freezing and loss of enzyme activities. Cryobiology 5, 188-201.
Heber U., 1970: Proteins capable of protecting chloroplast membranes against freezing.

In: Wolstenholme G.E.W. and O'Connor M. (eds.), The frozen cell. A Ciba foundation

symposium. Churchill, London. (Longman group Ltd). 27-50.
Hegelmaier F., 1868: Die Lemnaceen. Eine monographische Untersuchung. Engelmann,

Leipzig. 169 S.

Henshaw G.G., O'Hara J.F. and Stamp J.A., 1985a: In: Kartha K.K. (ed.), Cryopreser¬
vation of plant cells and organs. CRC Press, Inc., Boca Raton, Florida. 159-170.

Henshaw G.G., Keefe P.D. and O'Hara J.F., 1985b: Cryopreservation of potato
meristems. In: Schaefer-Menuhr A. (ed.), Advances in agricultural biotechnology. In vitro
techniques: Propagation and long-term storage. Junk, Dordrecht. 155-160.

Hillman W.S., 1961: Experimental control of flowering in Lemna. 3. A relationship be¬

tween medium composition and the opposite photoperiodic responses of L. perpusilla
6746 and L. gibba G3. Amer.J.Bot. 48, 413-419.

Hillman W.S., 1975: Photoperiodism in seedling strains of Lemna perpusilla: Juvenility
without obvious morphological correlates? Amer.J.Bot. 62, 537-510.

Hillman W.S. and Culley D.D., 1978: The uses of duckweed. Amer.Sci. 66(4), 442-451.
Hincha D.K., Schmitt J.M. and Heber U., 1988: Cryoprotective proteins in plants.

Cryobiology 25. 557.
Hirsh A.G., 1987: Vitrification in plants as a natural form of cryoprotection. Cryobiology

24,214-228.
Hirsh A.G., Williams R.J. and Meryman H.T, 1985: A novel method of natural cryoprotection

(Intracellular glass formation in deeply frozen Populus). Plant Physiol.(Bethes¬
da) 79, 41-56.

HUTNER S.H., 1953: Comparative physiology of heterotropic growth. In: Loomis W.E.
(ed.), Growth and différenciation in plants. Iowa State Coll. Press. 417-446.

Jacobs D.L., 1947: An ecological life history of Spirodela polyrrhiza (greater duckweed)
with emphasis on the turion phase. Ecol.Monogr. 17, 437-469.

Jochem M. and KOrber C.H., 1987: Extended phase diagrams for the ternery solutions

H20-NaCl-hydroxyethylstarch (HES) determined by DSC. Cryobiology 24, 513-536.
Kanno H, Speedy R.H. and Angell CA., 1975: Supercooling of water to -92CC under

pressure. Science (New York) 189, 880-881.
Kartha K.K., 1980: Cryopreservation of plant meristems - A novel approach for germ-

plasm storage. 2nd int. congr. of systematic and evolutionary biol. University of British
Columbia: Vancouver, B.C., 1980. Canad.Paper, 45.



128

Kartha K.K., 1981: Meristem culture and cryopreservation methods and applications. In:
Thorpe T.A. (ed.), Plant tissue culture: Methods and applications in agriculture. Symp.
based on the UNESCO training course. Campinas, Sao Paulo, 1978. Acad.Press, Inc.,
London. 181-222.

Kartha K.K., 1985: Meristem culture and germplasm preservation. In: Kartha K.K.
(ed.), Cryopreservation of plant cells and organs. CRC Press, Inc., Boca Raton, Florida.
115-134.

Kartha K.K., Leung N.L. and Gamborg O.L., 1979: Freeze-preservation of pea
meristems in liquid nitrogen and subsequent plant regeneration. Plant.Sci.Lett. 15, 7-15

Kartha K.K., Leung N.L. and Pahl K., 1980: Cryopreservation of strawberry meristems
and mass propagation of plantlets. J.Amer.Soc.Hort.Sci. 105(4), 481-484.

Kartha K.K., Leung N.L., Gaudet-LaPrairie P.G. and Constabel F., 1982: Cryopreservation

of periwinkle, Catheranthus roseus cells cultured in vitro. Plant Cell Rep. 1,
135-138.

Kartha K.K., Fowke L.C, Leung N.L., Caswell K.L. and Hakman I., 1988: Induction
of somatic embryos and plantlets from cryopreserved cell cultures of white spruce (Picea

glauca). J.Plant.Physiol. 132, 529-539.
Kaurbm Â. and Stushnoff C, 1985: Influence of dimethylsulfoxid on freezing resistance

of lettuce seeds. Cryobiology 22, 569-573.
Keefe P.D. and Henshaw G.G., 1984: A note of the multiple role of artificial nucleation of

the suspending medium during two-step cryopreservation procedures. Cryo-Lett. 5, 71-
78.

Kuo C.C. and Lineberger R.D., 1985: Survival of in vitro cultured tissue of "Jonothan"
apples exposed to -196°C HortScience 20, 764-767.

KuriYj\MA A. Watanabe K., Ueno S. and Mitsuda H., 1989: Inhibitory effect of ammonium

ion on recovery of cryopreserved rice cells. Plant Sci.(Shannon) 64(2), 231-236.
Kushad M.M. and Yelenosky G, 1987: Evaluation of polyamine and proline levels dur¬

ing low temperature acclimation of citrus. Plant Physiol.(Bethesda) 84, 692-695.
Lalk I. and Dörffling K., 1985: Hardening, abscisic acid, proline and freezing resistence

in two winter wheat varieties. Physiol.Plant.(Kopenhagen) 63, 287-292.
Landolt E., 1986: The family of Lemnaceae - A monographic study (vol. 1). Veröff.

Geobot.Inst.ETH.Stiftung Rübel.Zürich 77, 566 S.

Lj\ndolt E. and Kandeler R., 1987: The family of Lemnaceae - A monographic study
(vol. 2). Veröff.Geobot.Inst.ETH.Stiftung Rübel.Zürich 95, 638 S.

Lane L.B., 1925: Freezing points of glycerol and its aqueous solutions. Ind.Eng.Chem.
77,924.

Langis R., Schnabel B., Earl E.D. and Steponkus P.L, 1989: Cryopreservation of
Brassica campestris cell suspensions by vitrification. Cryo-Lett. 10, 421-428.

Langis R. and Steponkus P.L., 1990: Cryopreservation of rye protoplasts by vitrification.
Plant Physiol.(Bethesda) 92, 666-671.

Larcher W. und Häckel H., 1985: Handbuch der Pflanzenkrankheiten (begründet, v. So-
RAUER P.). Bd. 1, Teil 5 (7. Aufl.). Herausg. v. Rademacher B. und Richter H. Parey,
Berlin/Hamburg. 326 S.

Lawalree A., 1943: La multiplication végétative des Lemnacées en particulier chez Wolffia

arrhiza. Cellule 49, 337-382.
Leshem B., 1983: Growth of carnation meristems in vitro: Anatomical structure of abnormal

plantlets and the effect of agar concentration in the medium on their formation.
Ann.Bot.(London) 52, 413-415.

Levitt J., 1964: Cryobiology as viewed by the botanist. Cryobiology I, 11-17.
Levitt J. and Dear J., 1970: The role of membrane proteins in freezing injury and resist¬

ance. In: Wolstenholme G.E.W. and O'Connor M. (eds.), The frozen cell. A Ciba
foundation symposium. Churchill, London. (Longman group Ltd). 149-174.



- 129 -

Limasset P. and Cornuet P., 1949: Recherche du virus de la mosaique du tabac (Marmor
Tabaci Holmes) dans les méristèmes des plantes infectées. CR.Acad.Sci.Paris Sér.III
228, 1971-1972.

Lindow S.E., Arny D.C. and Upper D.C, 1982: Bacterial ice nucleation: A factor to frost
injury to plants. Plant Physiol.(Bethesda) 70, 1084-1089.

Lockhart W.L., Billeck B.N., De March B.G.E. and Muir D.C.G, 1983: Uptake and
toxicity of organic compounds: studies with an aquatic macrophyte (Lemna minor).
ASTM Spec.Tech.Publ. 502, 460-468.

Lüönd A., 1983: Das Wachstum von Wasserlinsen (Lemnaceae) in Abhängigkeit des

Nährstoffangebots, insbesondere Phosphor und Stickstoff. Veröff.Geobot.Inst.ETH,
Stiftung Rübel,Zürich 70, 101 S.

LUYET B.J., 1960: On various phase transitions occuring in aqueous solutions at low
temperatures. Ann.New York Acad.Sci. 85, 549-569.

Luyet B.J., 1970: Physical changes occuring in frozen solutions during rewarming and

melting. In: Wolstenholme G.E.W. and O'Connor M. (eds.), The frozen cell. A Ciba
foundation symposium. Churchill, London. (Longman group Ltd). 27-50.

Luyet B.J. and Kroener C, 1958: Temperatures at which abrupt changes in configura-
tional order occur in vitrous mixtures of glycerol and water. Bull.Amer.Phys.Soc.Ser.il
3, 359.

Luyet B.J., Kroener C. and Rapatz G., 1958: Detection of heat of recristallisation in
glycerol-water mixtures. Biodynamica 8, 73-80.

Luyet B.J., T\nner J. and Rapatz G., 1962: X-ray diffraction study of the structure of
rapidly frozen gelatin solutions. Biodynamica 9, 21-46.

MacFarlane D.R., 1986: Devitrivication in glass-forming aqueous solutions. Cryobiology
23, 230-244.

MacFarlane D.R., 1987: Physical aspects of vitrification in aqueous solutions. Cryobiology

24, 181-195.
Maciejewska-Potapczyk W., Konopska L. and Reska J., 1976: Influence of IAA and

kinetin on Lemna minor L. proteins. Acta Univ.Nicolai Copernici Nauk.Mat.-Przyr.
37, 183-186.

Mackenzie A.P., 1977: Non-equilibrium freezing behaviour of aqueous systems. Phil.
Trans.R.Soc.Lond.B. 275, 167-189.

MacLellan M.R., 1989: Cryopreservation of diatoms. Diatom Res. 4(2), 301-318.
Maximov N.A., 1912: Chemische Schutzmittel der Pflanzen gegen Einfrieren III. Über die

Natur der Schutzwirkung. Ber.Dtsch.Bot.Ges. 30, 504-516.
Mazur P., 1969: Freezing injury in plants. Ann.Rev.plant physiol. 20, 419-448.
Mazur P., 1976: Mechanisms of injury and protection in cells and tissues at low temperatures.

Cryoimmunologie (INSERM) 62, 37-60.
Mehl P. and Boutron P., 1987: Glass-forming tendency and stability at the amorphous

state in the aqueous solutions of linear polyalcohols with four carbons. II. Ternery
systems with water, 1,2-propanediol or 1,3-butanediol or 2,3-butanediol. Cryobiology 24,
355-367.

Meryman H.T., 1958: X-ray analysis of rapidly frozen gelatin gels. Biodynamica 5, 69-
72.

Meryman H.T. and Williams R.J., 1985: Basic principles of freezing injury to plant cells:
Natural tolerance and approaches to cryopreservation. In: Kartha K.K. (ed.),
Cryopreservation of plant cells and organs. CRC Press, Inc., Boca Raton, Florida. 13-47.

Meyer M.A., 1983: The effects of proline and methanol on the freezing survival of a

marine diatome. Cryobiologie 20, 748.
Meyer M.A., Hooks CE. and Fryxell G.A., 1985: Introduction of two-step warming

rates for cryopreservation. Cryobiologie 22, 620.
Moor H., 1973: Cryotechnology for the structural analysis of biological material. In: Be-



130

nedetti EX. and Favard P. (eds.), Freeze-etching techniques and applications. Société
française de microscopie électronique, Paris. 11-19.

Morel G. and Martin C., 1952: Guérison du dahlias atteints d'une maladie à virus. CR.
Acad.Sci.Paris Sér.ffl 235, 1324-1325.

Morris G.J., 1976: The cryopreservation of Chlorella. 1. Interactions of rate of cooling,
proteine additive and recovery rate. Arch.Microbiol. 107(1), 57-62.

Morris G.J. and Clarke A., 1978: The cryopreservation of Chlorella. 4. Accumulation of
lipid as a protective factor. Arch.Microbiol. 119(2), 153-156.

Morris G.J., Smith D. and Coulson G.E., 1988: A comparative study of the changes in
the morphology of hyphae during freezing and viability upon thawing for 19 species of
fungi. Cryobiology 25, 517.

Orr W., Keller W.À. and Singh J., 1986: Induction of freezing tolerance in an embryonic
cell suspension culture of Brassica napus by absisic acid at room temperature. J.Plant
Physiol. 126, 23-32.

Persidsky M.D. and LUYET B.J., 1975: Analysis of the freezing process across temperature

gradients within gelatin gels. Cryobiology 12, 364-385.
Pirson A. und Goellner E., 1954: Beobachtungen zur Entwicklungsphysiologie der

Lemna minor L. Flora 140, 485-498.
Polito V.S. and Luza J.G., 1988: Low temperature storage of pistachio pollen. Euphytica

39, 265-270.
Pott R., 1981: Ökologie und Indikatorwert von Wasserpflanzengesellschaften. Mitt.Lan-

desanst.Ökologie, Landschaftsentw. u. Forstpl. Nordrhein-Westfalen, Sonderheft
Landestagungen 1980, 57-64.

Pribor D.B., 1974: PVP contrasted with dextran and multifactor theory of cryoprotection.
Cryobiology 11, 60-72.

Pritchard H.W., 1984: Liquid nitrogen preservation of terrestrial and epiphytic orchid
seed. Cryo-Lett. 5, 295-300.

Pritchard H.W., Grout B.W.W., Short K.C. and Reid D.S., 1982: The effects of growth
and water stress on the structure, metabolism and crypreservation of cultured sycamore
cells. In: Franks F. and Mathias S.F. (eds.), Biophysics of water. Wiley, Chichester.
315-318.

Pritchard H.W., Grout B.W.W. and Short K.C, 1986a: Osmotic stress as a pregrowth
procedure for cryopreservation. 1. Growth and ultrastructure of sycamore and soybean
cell suspensions. Ann.Bot.(London) 57, 41-48.

Pritchard H.W., Grout B.W.W. and Short K.C, 1986b: Osmotic stress as a pregrowth
procedur for cryopreservation. 2. Water relations and metabolic state of sycamore Acer
pseudoplatanus and soybean Glycine max cultivar Biloxi cell suspensions. Ann.Bot.
(London) 57, 371-378.

Pritchard H.W., Grout B.W.W. and Short K.C, 1986c: Osmotic stress as a pregrowth
procedur for cryopreservation. 3. Cryobiologie of sycamore Acer pseudoplatanus and

soybean Glycine max cultivar Biloxi cell suspensions. Ann.Bot.(London) 57, 379-388.
Reed B.M., 1988: Cold acclimation as a method to improve survival of cryopreserved Rubus

meristems. Cryo-Lett. 9, 166-171.
Reed B.M., 1989: The effect of cold hardening and cooling rate on the survival of apical

meristems of Vaccinium species frozen in liquid nitrogen. Cryo-Lett. 10, 315-322.
Reed B.M., 1990: Survival of in vitro grown apical meristems of Pyrus following

cryopreservation. HortScience 25,111-113.
Reuff I., Seitz U., Ulbrich B. and ReinHj\rd E., 1988: Cryopreservation of Coleus

blumei cell suspension and callus cultures. J.Plant Physiol. 133, 414-418.
Rey L.R., 1960: Thermal analysis of eutectics in freezing solutions. Ann.New York Acad.

Sci. 55, 510-534.
Richter H., 1968: Die Reaktion hochpermeabler Pflanzenzellen auf drei Gefrierschutz-



131 -

Stoffe (Glyzerin, Äthylenglycol, Dimethylsulfoxid). Protoplasma 65, 155-166.
Rimon D. and Galun E., 1968: Morphogenesis in Spirodela oligorrhiza: Ontogenesis of

fronds. Bot-Gaz. 129(2), 138-144.
Roth E.J., 1983: Freeze preservation of plant suspension cultures. Plant Physiol. (Bethes¬

da) 72 (suppl. 7), 48.
Sakai A., 1973: Characteristics of winterhardiness in extremely hardy twigs of woody

plants. Plant And Cell Physiol. 14, 1-9.
Sakai A., 1984: Cryopreservation of apical meristems. In: Janick J. (ed.), Horticultural re¬

views (vol. 6). Avi Pubi. Company, Inc., Westport, Connecticut. 357-372.
Sakai A., 1985: Cryopreservation of shoot tips of fruit trees and herbaceous plants. In:

Kartha K.K. (ed.), Cryopreservation of plant cells and organs. CRC Press, Inc., Boca
Raton, Florida. 135-158.

Sakai A. and Nishiyama Y., 1978: Cryopreservation of winter vegetative buds of hardy
fruit trees in liquid nitrogen. Hort Science 13, 225-227.

Sakai A. and Sugawara Y., 1973: Survival of poplar callus at super-low temperatures af¬

ter cold acclimation. Plant and Cell Physiol. 14, 1201-1204.
Sakai A. and Yoshida S., 1968: The role of sugar and related compounds in variations of

freezing resistance. Cryobiology 5, 160-174.
Sakai A., Yamakawa M., Sakato D., Harada T. and Yakuwa T., 1978: Development of

a whole plant from an excised strawberry runner apex frozen to -196°C Low Temp.
Sci.Ser.B 36, 31-38.

Saks N.M., 1978: The preservation of salt marsh algae by controlled liquid nitrogen freez¬

ing. Cryobiology 15, 563-568.
Seitz U., 1987: Cryopreservation of plant cell cultures. Planta Med. 53(4), 311-314.
Sibasaki T. and Oda Y., 1979: Heterogeneity of dormancy in the turions of Spirodela

polyrrhiza. Plant And Cell Physiol. 20, 563-571.
Sidyakina T.M., KisHKOVSKn Z.N., Koznetsova E.V. and Sakharova T.A., 1986: Application

of lyophillization and cryopreservation for long-term storage of wine yeast
cultures (in Russisch). Prikl.Biokhim.Mikrobiol. 22(6), 840-843.

Simemovitch D., Rheaume B., Pomeroy K. and Lepage M., 1968: Phospholipid, protein
and nucleic acid increases in protoplasm and membrane structures associated with
development of extreme freezing resistance in black locust tree cells. Cryobiology 5, 202-
225.

Singh J. and Miller R.W., 1985: In: Kartha K.K. (ed.), Cryopreservation of plant cells
and organs. CRC Press, Inc., Boca Raton, Florida. 61-73.

Slocum R.D., Kaur-Sawhney R. and Gxlston A.W., 1984: The physiology and bio¬

chemistry of polyamines in plants. Arch.Biochem.Biophys. 235, 283-303.
Songstad D.D., Duncan D.R. and Widholm J.M., 1990: Proline and polyamine involve¬

ment in chilling tolerance of maize suspension cultures. J.Exp.Bot. 41, 289-294.
Stanwood P.C., 1985: Cryopreservation of seed germplasm for genetic conservation. In:

Kartha K.K. (ed.), Cryopreservation of plant cells and organs. CRC Press, Inc., Boca
Raton, Florida. 199-226.

Stephenson M., Turner G., Pope P., Colt J., Knight J. and Tchobanoglous G, 1980:
The use and potential of aquatic species for wastewater treatment. Appendix A: The en-
viromental requirements af aquatic plants. California State Water Res.Contr.Board 65,
291-440.

Steponkus P.L., 1985: Cryobiology of isolated protoplasts: Applications to plant cell cryo¬
preservation. In: Kartha K.K. (ed.), Cryopreservation of plant cells and organs. CRC
Press, Inc., Boca Raton, Florida. 49-60.

Steponkus P.L., Dowgert M.F. and Gordon-Kj\mm W.J., 1983: Déstabilisation of the
plasma membrane of isolated plant protoplasts during a freeze-thaw cycle: The influence

of cold acclimation. Cryobiology 20, 448-465.



132

Strauss A., Frankhauser H. and King P.J., 1985: Isolation and cryopreservation of
methyltreonine-resistant Rosa cell lines altered in the feedback sensitivity of L-threo-
nine deaminase EC-4.2.1.16. Planta (Berlin) 163(4), 554-562.

Sugawara Y. and Sakai A., 1974: Survival of suspension-cultured sycamore cells cooled
to the temperature of liquid nitrogen. Plant.Physiol.(Bethesda) 54, 722-724.

Sugawara Y., Matsushima H. and Takeuchj M., 1980: Cryopreservation of plant proto¬
plasts and their differentiation after thawing. Cryobiology 77, 623.

Sun W.D., Zhu H.Y., Hua T.C. and Lu P.J., 1988: Cryopreservation of Azolla sporocarp,
seedling and shoot apex. Cryobiology 25, 528.

Sutton-Jones B. and Street H., 1968: Studies on the growth of Acer pseudoplatanus L.
cells in suspension culture. J.Exp.Bot. 19, 114-118.

Tao D. and Lì P.H., 1986: Classification of plant cell cryoprotectants. J.Theor.Biol. 123,
305-310.

Toivonen P.M.A. and Kartha K.K., 1989: Cryopreservation of cotyledons of nongermi-
nated white spruce (Picea glauca [Moench] Voss) embryos and subsequent plant
regeneration. J.Plant Physiol. 134, 766-768.

Toner M., Cravalho E.G. and Chiang Y.M., 1988: Vitrification of biological cell sus¬

pensions - The importance of ultrarapid cooling and warming. Cryobiology 25, 551.
Towill L.E., 1981: Solanum tuberosum: A model for studying the cryobiology of shoot

tips in the tuber-bearing Solanum species. Plant Sci.Lett. 20, 315-324.
Towill L.E., 1983: Improved survival after cryogenic exposure of shoot tips derived from

in vitro plantlet cultures of potato. Cryobiology 20, 567-573.
Towill L.E., 1984: Survival at ultra-low temperatures of shoot tips from Solanum tubero¬

sum groups Andigena, Phureja, Stenotonum, Tuberosum, and other tuber-bearing
Solanum spp. Cryo-Lett 5, 319-326.

Towill L.E., 1985: In: Kartha K.K. (ed.), Cryopreservation of plant cells and organs.
CRC Press, Inc., Boca Raton, Florida. 171-198.

Towill L.E., 1988: Survival of shoot tips from mint species after short-term exposure to
cryogenic conditions. HortScience 23, 839-841.

Towill L.E. and M/kZUR P., 1976: Osmotic shrinkage as a factor in freezing injury in plant
tissue cultures. Plant Physiol.(Bethesda) 57, 290-296.

Tridech S., England A.J.Jr., Herbert M.J. and Wilkinson R.F., 1981: Tertiary wastewater

treatment by the application of vascular aquatic plants. Chem.Water Reuse 2,
521-539.

Tsuro S., 1973: Preservation of marine and fresh water algae by means of freezing and

freeze-drying. Cryobiology 10, 445-452.
Tyler N. and Stushnoff C, 1984: The effect of dehydration on cryopreservation of

vegetative buds. HortScience 79, 541.
Tyler N., Stushnoff C. and Gusta L.V., 1988: Freezing of water in dormant vegetative

apple buds in relation to cryopreservation. Plant Physiol.(Bethesda) 57, 201-205.
Ulmer W., 1937: Über den Jahresgang der Frosthärte einiger immergrüner Arten der alpi¬

nen Stufe, sowie der Zirbe und Kiefer. Unter Berücksichtigung von osmotischem Wert,
Zuckerspiegel und Wassergehalt. Jahrb.Wiss.Bot. 84, 553-592.

Ulrich J.M., Finkle B.J., MacKey B.E., Schaeffer G.W. and Sharpe F.,Jr., 1984: Re¬

sponses of 6 rice Oryza sativa callus caltures to deep frozen temperatures. Crop Sci.

(Madison) 24(1), 82-84.
Urbanska-Worytkiewicz K, 1980: Cytological variation within the family of Lemnaceae.

Veröff.Geobot.Inst.ETH,Stiftung Rübel,Zürich 70, 30-101.
Van Der Meer J.P. and Simpson F.J., 1984: Cryopreservation of Gracilaria tikvahiae

(Rhodophyta) and other macrophytic marine algae. Phycologia 23(2), 195-202.
Vassoille R., Perez J. and Tatibouet J., 1984: Internal friction measurements and stabili¬

ty of the vitreous phase of water-glycerol mixtures. Cryo-Lett. 5, 393-408.



- 133

Vicier G. and Vassoille R., 1987: Ice nucleation and crystallisation in water-glycerol
mixtures. Cryobiology 24, 345-354.

Vincent C, Pruliere G, Pajot-Augy E., Campion E. and Douzou P., 1988: Biophysical
chemical aspects of cellular cryobehavior. Biophysical Chemistry 29, 161-169.

Volkova L.A., Popov A.S., Nosov A.M. and Butenko R.G., 1983: Preservation of bio-
synthetic potential by cells of Dioscorea (D. deltoidea Wall.) after cryogenic storage.
Dokl.Adad.Nauk SSSR 265(2), 504-506.

Von Arnold S. and Eriksson T., 1984: Effect of agar concentration on growth and anato¬

my of adventitious shoots of Picea glauca [L.] Karst. Plant Cell Tissue Organ Cult. 3,
257-264.

Wangermann E. and Ashby E., 1951: Study in the morphogenesis of leaves. VII, 1. Ef¬
fects of light intensity and temperature on the cycle of ageing and rejuvenation in the
vegetative history of Lemna minor. New Phytol. 50, 186-199.

Waest R.C. (ed.), 1983-1984: Handbook of chemistry and physics (64th ed.). CRC Press,
Inc., Boca Raton, Florida.

Weber G., Roth E.J. and Schweiger H.G., 1983: Storage of cell supensions and proto¬
plasts of Glycine max [L.] Merr., Brassica napus L., Datura innoxa Mill, and Daucus
carota L. by freezing. Z. Pflanzenphysiol. 109, 29-39.

Weiser C.J., 1970: Cold resistance and injury in wood plants. Science (New York) 169,
1269-1278.

Willison J.H.M. and Brown R.M.Jr., 1979: Pretreatment artifacts in plant cells. In: Rash
J.E. and Hudson CS. (eds.), Freeze fracture: Methods, artifacts and interpretations.
Raven Press, New York. 51-71.

Wilson A.J. and Robards A.W., 1980: Some limitations of the polymer polyvinyl pyrroli-
done for the cryoprotection of barley (Hordeum vulgare) roots during quench freezing.
Croy-Lett. 1, 416-425.

Wilson A.J. and Robards A.W., 1982: Experience in the use of a polymeric cryoprotec¬
tant in the freezing of plant tissue. J.Microscop. 25, 287-298.

Withers L.A., 1978: The freeze-preservation of synchronously dividing cultured cells of
Acer pseudoplatanus. Cryobiology 15, 87-92.

Withers L.A., 1980: The cryopreservation of higher plant tissue and cell cultures - An
overview with some current observations and future thoughts. Cryo-Lett. 1, 239-250.

Withers L.A., 1982a: Storage of plant tissue cultures. In: Withers L.A. and Williams
J.T. (eds.), Crop genetic resources: The conservation of difficult material. IUBS/IBPGR
(IUBS Series B42), Paris. 49-82.

Withers L.A., 1982b: The development of cryopreservation techniques for plant cell, tis¬

sue and organ cultures. Proc.5111 int.congr.plant tissue cell cult., Japan, 1982, 793.
Withers L.A., 1984: In vitro techniques for germplasm storage. In: Lange W., Zeven

A.C. and Hogenboom N.G. (eds.), Efficiancy in plant breeding: Proc. 10th congr.Eucar-
pia, Wageningen, Netherlands, 1984, 182-193

Withers L.A., 1985a: Cryopreservation of cultured cells and meristems. In: Vasil I.K.
(ed.), Cell cultures and somatic cell genetics of plants (vol. 2). Acad.Press, Inc., London.

253-316.
Withers L.A., 1985b: Cryopreservation of cultured plant cells and protoplasts. In: Kartha

K.K. (ed.), Cryopreservation of plant cells and organs. CRC Press, Inc., Boca
Raton, Florida. 243-267.

Withers L.A., 1985c: Cryopreservation and storage of germplasm. In: Dixon R.A., Plant
cell culture (a practical approach). IRL Press, Oxford. 169-191.

Withers L.A. and King P.J., 1979: Proline, a novel cryoprotectant for the freeze preserva¬
tion of cultured cells of Zea mays L. Plant Physiol. (Bethesda) 64, 675-678.

Withers L.A. and King P.J., 1980: A simple freezing unite and routine cryopreservation
method for plant cell cultures. Cryo-Lett 1, 213-220.



- 134 -

Withers L.A., Benson E.E. and Martin M., 1988: Cooling rate / culture medium interac¬
tions in the survival and structural stability of cryopreserved shoot tips of Brassica na-
pus. Cryo-Lett. 9, 114-119.

Wu M.T., Hughes H. and Becwar M.R., 1981: Cold hardiness and cryopreservation of
vegetative buds of Rubus. HortScience 16,443.

Yakuwa H. and Oka S., 1988: Plant regeneration through meristem culture from vegeta¬
tive buds of mulberry (Moris bombycis Koids.) stored in liquid nitrogen. Ann.Bot.
(London) 62, 79-82.

Yarlett N.C, Yarlett N., Orpin CG and Llyod D., 1986: Cryopreservation of the an¬

aerobic rumen fungus Neocallimastix patriciarum. Lett.Appl.Microbiol. 3, 1-3.
Yoshida S., 1984: Studies on freezing injury of plant cells. Plant Physiol.(Bethesda) 75,

38-42.
Zavala M.E. and Sussex I.M., 1986: Survival of developing wheat embryos and bean ax¬

es following cryoprotection and freezing in liquid nitrogen. J.Plant Physiol. 122, 193-
198.

Zelman A., Lea S., Barthel D. and Gisser D., 1984: Stepwise glycerolisation of red
blood cells greatly reduces hemolytic losses during subsequent freezing-thawing and

deglycerolisation. Cryobiology 27, 693-694.
Zheng G.Z., ElE J.B. and Wang S.L., 1983: Cryopreservation of calli and their suspension

culture cells of Anisodus acutangulus. Acta Bot.Sin. 25(6), 512-518.
Ziv M., Meir G. and Halevy A.H., 1983: Factors influencing the production of hardened

glaucus carnation plantlets in vitro. Plant Cell Tissue Organ Cult. 2, 55-65.

Adresse des Autors: Peter Richard Sauter
Geobotanisches Institut ETH
Stiftung Rubel
Zollikerstrasse 107
CH-8008 Zürich


	

