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Résumé

Using a mulberry tree in frost hardy state, studies were made on the survival of

plant tissue at super-low temperatures.
1) The thin sections from the cortical tissue of twig were rapidly cooled down in liquid
N, and then rewarmed in water at 10°, 20°, 30° and 35°C respectively. All the cells in
the section rewarmed in water below 20°C were completely damaged, while 50 percent
of the parenchyma cells rewarmed in 30°C water and 70 percent of them in 35°C water
were found to be alive (Table. 1). ,

After having been treated in ethylene glycol solutions of various concentrations (0.5M
~4.0 M), thin sections are rewarmed in the air at room temperature after their removal
from the liquid N, bath; the percentages of survival of the cells in these sections are
as follows: O in the case of the normal control (untreated), 20 at 1.0 M, 50 at 2.0 M, 70
at 3.0M, 50 at 4.0 M and 30at 5.0 M. (Table. 2). As the concentration of the protective
agent was gradually increased, the percentage of survival rose after both rapid (in 30°C
water) and slow rewarming (in 5°C air), but the rise began at lower concentration and
was steeper after rapid than after slow rewarming in low concentrations of ethylene
glycol (Fig. 2). The difference between the effects of the two rewarming velocities on
frozen cells was quite obvious even after the treatment with high concentrations of
ethylene glycol (Table. 3). When treated with higher concentrations than 4 M solution
of ethylene glycol, some toxic effects were found on these cells.

After having been previously dehydrated by extracellular freezing at different tem-
peratures, the tissue sections were rapidly frozen in liquid O, and then were rewarmed
rapidly in water at 30°C or rewarmed slowly in the air at 5°C and —10°C. The survival
percentage of the normal control not pefrozen was nil at the slow rewarming velocities
and 50 at rapid rewarming. After prefreezing at —10°C, survival was nil in —10°C air
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and 35 Percent in 5°C air in the case of the slow rewarming velocities, but 70% at the
rapid rewarming (in 30°C water). However, after prefreezing at —20° and —30°C by
which most of easily freezable water in the cell may be drawn from the cell interior
by extracellular freezing, the survival value was more than 70 percent irrespective of
the rewarming velocities (Fig. 1).

2) All the cells in the thin sections which had been previously dehydrated by the hyper-
tonic balanced salts solution (3 & 3 M) were killed after rapid freezing irrespective of the
rewarming velocity. In the untreated cells (normal control), 30 percent of the parench-
yma cells were capable of plasmolysis normally when warmed rapiply (Table 4).

3) When the tissue pieces from the same twig prefrozen for 4 hours at —15°, —20°C
and —30°C were immersed in liquid O, and then allowed to stand for 1~5 hours in the
air at —10°, —20°, —30°, —45° and —70°C respectively, the survival values of the cooled
pieces prefrozen at —15° or —20°C and then held for 1~5 hours at —20° and —30°C
diminished considerably below that of the pieces held at —10°C or below —40°C. In
pieces prefrozen at —30°C, the decrease of the survival value was scaresely noted irre-
spective of the temperatures at which pieces were held after immersion in liquid O,
(Tables 9, 10, 12).

4)k A definite temperature zone in which easily freezable water in the cell can be drawn
from the cell interior by extracellular freezing seems to lie around —30°C. Below this
temperature, the intensity of cold seems not to exert any important effect upon living
organisms at least in the short period of freezing.



