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Summary

To clarify freezing damage under natural coditions, and factors concerning freezing
resistance in grape vines, some experiments were made using vines of certain varieties
and species of grape.

First, the most effective method for enhancing the freezing resistance was investi-
gated using grape vines collected in winter and in early spring. Exposure to succes-
sively colder temperatures of —3, —5 and —10°C at 5 day intervals produced a far
greater increase in the freezing resistance than that of any given constant temperature
ranging from —3 to —10°C. It was also confirmed that after treatment in a tempera-
ture range from —3 to —10°C in winter or from 0 to —3°C in early spring, the vines
which were transferred at daily intervals to successively colder temperatures in 5°C steps
showed a far greater increase in their freezing resistance than those cooled down to
a final temperature within several hours.

The effect of rapid warming on the freezing damage were also investigated using
winter grape vines. The frozen vines at —20°C were warmed slowly in air at 0°C
(warming rate: 7°C/min) or rapidly by immersion in water at 10°C (warming rate: 200
°C/min). No damage was observed when rewarmed slowly in air at 0°C, while only the
buds were killed when warmed rapidly. To determine the effect of a rehydration by
keeping frozen cells at temperatures below the freezing point on the degree of damage
caused by rapid thawing, the vines frozen at —20°C were immersed into freezing mix-
tures kept at various temperatures of —10, —7, —5, —3 and 0°C respectively for 30
seconds, before a subsequent rapid warming in water at 10°C. No damage was observed
in the vines kept at —5°C. And in those kept at —3 and —7°C, the damage was
observed only in the main buds, while those kept at —10 and 0°C respectively were
found to be ineffective in lessening the damage caused by a subsequent rapid warming
in water at 10°C. It may be considered therefore that the damage of rapid thawing is
caused by the rapid flow into the cell interior of thawed water in intercellular spaces at
a temperature range around the freezing point.

The effect of rapid cooling on freezing damage was investigated by immersing grape
vines into isopentane cooled at —10, —15 and —20°C respectively. In the vines cooled
slowly in air at —20°C and in those cooled rapidly by immersion into isopentane kept
at temperatures above —10°C from room temperature, no damage was observed, while
the vines suffered serious damage, when cooled rapidly by direct immersion into isopen-
tane cooled at temperatures below —15°C (cooling rate: about 70°C/min). However, the
prefrozen vines at —5 or —10°C could resist a subsequent rapid cooling to —15 or —20
®C. These facts indicate that a partial dehydration by pre-freezing contributes in les-
sening the damage caused by a subsequent rapid cooling.

It was also determined that the maximal rates of cooling and warming in the grape
vines wintering above the snow surface were observed to be 0.6 and 0.7°C per minute
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respectively. As indicated above, these values are too small to cause freezing damage.
Further, it was confirmed that the higher the freezing resistance of grape vines, the
greater the resistance to both rapid warming and rapid cooling.

Using a potted 4-year-old grape vine (Delaware), 3 different part (about 5cm in
length) on the grape stem were locally cooled down to various temperatures of —22,
—24 and —26°C for 2 hours respectively with a thermoelectric apparatus. The phloem
tissues were killed when frozen at temperatures below —24°C, although a part of the
cambium and xylem tissues remained normal. Even in the part of the stem in which
phloem tissues and 2/3 of the total periphery of cambium were killed, the cambial cells
in the undamaged part still continued actively to differentiate new tissues.

The degree of freezing resistance in grape vines in winter varies considerably
among different tissues, and is generally as follows: xylem, cambium>phloem paren-
chyma>phloem pith-ray>accessory buds>main buds.

It is characteristic of grape that the cambium and xylem are the most hardy among
its vine tissues and the main bud which is the most important for bearing fruit is the
most susceptible to freezing injury.
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