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Parker 3 OMEM: DR E SR BEICK > TERBY, —5C »5 —90°C L TOHFIC
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TREFICI>TERD, M3 —15°C 5 —30°C T TORBHPINICH 5, —MICHTH
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Summary

In previous papers it was shown that after a sufficient extracellular freezing, the twigs
of some woody plants could survive in liquid nitrogen or even in liquid helium, and that
the effective temperature for such a pre-feezing lies around —30°C in various plants. How-
ever, in order to keep a twig of willow alive in liquid nitrogen a pre-freezing at tempera-
tures below —15°C was enough in midwinter, while in early spring, a pre-freezing temper-
ature below —30°C was required. -This fact suggests that the effective pre-freezing temper-
ature may be variable according to the grade of frost-hardiness of plants employed. To
obtain more informations about this problem, some experiments were made.

Twigs (10 cm long, about 0.5 cm in diameter) were prefrozen within the temperature
range from —5°C to —70°C, and were then immersed directly in liquid nitrogen. The
cooling rate of the twig immersed into liquid nitrogen after prefreezing at —30°C was
about 22°C/sec. After being kept there for 30 minutes, they were transferred into air at
—10°C for 4 hours and then at about 0°C for 16 hours. After thawing, twigs were placed
in water under room temperature or were planted in moist sand in a green house to test
the capacity of their development.

1. In midwinter the effective prefreezing temperatures in various plants were as fol-
lows: below —15°C in willow, popular and white birch, below —20°C in Italian popular and
below —30°C in creeping pine, alpine rose, crab-apple and black elder. In the case of rose,
apple and black elder, buds put forth normally, but the tissues of their xylem and pith were
injured by deep frost. In twigs of willow and popular, the effective prefreezing temperature
ranged from —15°C and to —30°C according to the degree of their frost-hardiness: in
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general, the greater their frost-hardiness, the higher the effective pre-freezing temperature.

2. The effective prefreezing temperature can be used as a reliable index of frost
hardiness of the hardy plants, such as willow, popular, white birch etc. In these plants
the grade of their frost-hardiness can not be determined by usual method, because their
twigs which can withstand freezing at —30°C are not injured even when exposed to an
extremely low temperature. -The most effective temperature for the frost-hardening of wil-
low’s twig in winter was investigated by keeping the twigs for 5 days at 0°, —5°, —10°
and —15C° respectively. The resut showed that —10°C was most effective, and the effec-
tiveness decreased with rise in temperature of frost-hardening.

3. In willow and popular, as mentioned above, their twigs are not injured even when
exposed to an extremely low temperature, provided they can withstand freezing at —30°C.
In the twigs of alpine rose, crab-apple, black elder etc., their xylem and pith can survive
freezing at —30°C without any damage at least for 2 days, but cannot below —40°C, though
their buds survive and put forth after thawing from a freezing at —70°C as well as —30°C.
Moreover, the frost damage in xylem and pith increased with decreasing temperature to
—70°C. The mechanism of frost injury below —40°C in these tissues is not yet clear.
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