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.Eizo ASAHINA : Analysis of the Freezing Process of Living Organisms.
II. Microscopical Observation of the Freezing Process in the Parenchyma of Plants.

Résumé

The small sections (about three cells layer) of parenchima of common vegetables
mounted in thin hanging drops of liquid paraffin were subjected to freezing in a special
thermostatt in the cold chamber, and their freezing process was directly observed under
the microscope. The temperature of the section was read with .a thermojunction during
the observation every 20 seconds. The cooling rate was regurated as about 4°C per minute
between —1°C and —3°C. The tissue was prevented from excessive supercooling by ino-

_culation of a sharp ice needle when it was cooled to —4°C. .

At first the cell sap that has oberflowed from damaged cells, and then the interior
of the injured cells freezes. During this period very small ice crystals are formed also on
the cell wall facing the intercellular space, and do not grow furthermore when the sur-
rounding cells entirely freeze. After these freezing, living cells begin to freeze. The types
of freezing of liviug cells are distinctly classified into two types, i. e..flash and non-flash
type. The former type is sudden freezing and occurs under sufficiently supercooled con-
dition, and thus frozen cells are filled with a large number of sap droplets or sometimes
minute ice spheres, and the space. between them is packed with homogeneous ice mass. On
the contrary, in the non-flash type,‘ice growing is slow and the ice formed in the cells is
only a homogeneous mass. The grade of supercooling at which the non-flash type can be
seen is lower than that in the flash type. During the freezing of tissue, sudden tempera-
ture changes caused by flashing of cells were distinctly recognized on the freezing curves.

"~ Fruits of white melon and pumpkin, scale leaf of onion, pea and legumen of been
freeze in the flash type, while midrib of cabbage and spinach and root of turnip and ra-
dish show another freezing type. In many other vegetables such as fruit of tomato, root
of carrot and sugar beat, both types of freezing are simultaneously observed, however, the
proportion of the two types varies in the different kinds of vegetables.

The mode of cell freezing is strikingly influenced by external and internal conditions

of the material. Ice formation in living cells was always fatal in the above related experi-
ments.



