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Summary

STUDIES ON FROST INJURY IN APPLE
TREES AND GRAPE VINES

Norio AKABANE

In the winter of 1952-1953, the severest cold in the past sixty years occurred in Hokkaido,

by which more than two-thirds of the apple orchards were injured. Orchards at Furano-chd, a
basin in central Hokkaido, may probably have suffered most from the cold. The author visited
- there in March of 1953, and observed various modes of frost damage in fruit trees (cf. AKABANE
1955). Since that time he has been carrying out an investigation on the relation between winter
killing and frost-hardiness in fruit trees. The conclusions arrived at are summarized as follows:

I. Cold Injury in Fruit Trees at Furano-cho
in the Winter of 1952-1953.

(1) Climate. The autumn of 1952 was unusually warm; the mean monthly tempsarature
of October was 1°-2°C, higher than usual. Besidas, the rainfall was three times as mnch as
usual in late August, and about twice in late October. Under thess conditions fruit trees did
not cease to grow even in late autumn when a severe cold spell suddenly occurred. A minimum
atmospheric temperature of —18.6°C, was recorded even in the middle of November. In the last
ten days of this month temperature frequently fell to —10°C, or lower, and sometimes even to
—20°C. 1In these days, however, daily maximum temperatures always reached above the freezing
point. In addition extremely cold tempsaratures of —24°C, and —28°C occurred in the beginning
and the end of Dacember respectively. Under these unsuitable circumstances the fatal injury in
fruit trees may probably have taken place within the year 1952.

(2) Culture conditions in fruit trees. The trees having lost early their leaves owing to
disease or insect pests were much injured by cold. This was also the case of those which were
cultured with unsuitable manuring or which had borne too much fruit.

(3) Variety of trees. In general, varieties of early ripening proved more cold-hardy than
those of late ripening; among apple varicties, Wealthy, Fameuse, Early Mclntosh, McIntosh Red,
Cortland and Yellow ‘Transparent were hardier than Ralls Janet, Jonathan, Indo, Habbardston,
Golden Delicious and King. Varieties of intermediate ripening such as American Summer Pear-
main and Delicious families showed moderate hardiness. In grape vines, Campbell Early was
hardier than Niagara and Delaware,

(4) Type of cold injury. An apparent frost-killing of plant tissue was observed in various
parts of fruit trees. The types of injury in apple trees can be classified to the next five;

A) Twig (inclusive of bud) injury.

B) Wood injury.

C) Main branch (inclusive of its crotch) injury.
D) Crown injury,

E) Splitting injury in trunk.
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In Japan the last type of cold injury was reported at first. On the other hand, grape vines were
damaged by freezing throughout all their tissues above the ground.

II. Frost-Hardiness in Apple Trees.

" (1) From autumn to winter, the capacity of resistance to freezing is highest in cortical tissue
just beneath the epidermis and is lowest in parenchym between cortical layer and cambium,
regardless of the environmental conditions in the trees examined.

(2) In some late varieties, such as Ralls Janet and Jonathan, one-year-twigs as well as their
leaf buds were hardier than flower buds at least in normal culture conditions. For instance,
one-year-twigs survived freezing at —30°C, for a full day but their flower buds did not at a
temperature lower than —25°C, to —27°C, for the same period of freezing in mid-winter.

III. Frost-Hardiness in Grape Vines.

(1) Frost-hardiness in grape vines gradually increases from the end of September, reaches
its maximum in the beginning of December and keeps the same degree of hardiness till the
beginning of March. It gradually decreases till the end of April when the vines may be easily
killed by a slight freezing. Among various vine tissues, phloem especially its pith-ray, is the
most susceptible one to frost injury, while xylem is the most hardy one throughout the winter.
In order to examine the frost-resistance of vines, it is therefore reasonable to test their phloem
in autumn especially until the end of November.

(2) Formation of cork layer around vine shoots is the last process in the maturation of
various tissues in vines, and also indicates the well prepared state of a whole cane to be hardened.
In autumn, the earlier the cork layer on a shoot forms the faster the increase of its frost-resistance
becomes, because only well matured plant tissue can eifectively be hardened.

(3) ‘The rate of maturation in vine tissues is remarkably affected by the state of the cambium.
From the beginning of August the active formation of young tissue in cambium gradually slows
down till the end of this month, but sometimes it is yet active even in September. After the
tissue formation ceases the maturation of shoot tissue promptly proceeds. Control of the cambium
activity in autumn is therefore necessary for early securing of good frost-resistance in vine tissue.

(4) The seasonal rate of growth in shoot has some correlation with the efficiency in frost-
hardening in the shoot. The shoot which showed the largest growth during the last half of
August and ceased to grow by the middle of September was remarkably hardened.

(5) Under normal climatic conditions hardening in vine is effective only after the end of
September. By chilling at 0°C, as a treatment for hardening, canes generally become resistant
to freezing at a temperature five degrees lower than the freezing temperature at which untreated
canes can hardly survive. After the middle of November, —5°C becomes more effective than
0°C, as a chilling temperature for hardening canes.

(6) According to an experiment on the freezing of canes, frost-killing occurs at first in the
outmost pith-ray of phloem or in parenchym just under the cork layer, then the whole pith-ray
is gradually damaged, while xylem is the last part to be injured. The tissue of lowest resistance
to dehydration injury seems to be also the lowest in frost-resistance. Xylem is far more frost-
hardy than phloem. For an example, in mid-winter the former can survive freezing at a tem-
perature as low as —35°C, but the latter can not even at the far higher temperature of about
—20°C. This is perhaps because of the difference between them in dehydration resistance, besides
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some unbalances in their metabolic process may play a part in frost-injury in these tissues.

In nature grape vines are usually injured by freezing only in their phloem but not in their
xylem, Frost-killing always occurs from the outmost layer in cane and proceeds towards the
pith. On the other hand, a Kkilling in vine tissue which originates from the pith and then en-
larges to the outer layer is not due to frost injury but to “the killing back of canes”.

(7) In spring or early summer after shoots have grown to considerable length even with
clusters on them, sometimes all the leaves on a shoot suddenly wilt followed by the death of
the whole shoot. The reason of such injury has been reported to be some physiological decease
in the vine, but it is perhaps because of some mechanical injury ; at least in Hokkaido it is mainly
due to frost-injury.

(8) In order to determine the mode of cell freezing in a cane under near natural condition,
fixation of frozen tissue was done by WoLMmAN’s method. When the cells froze extracellularly,
cytoplasm with nucleus was found to be normal under cell wall, while in the cells frozen in-
tracellularly the structure in both cytoplasm and nucleus was entirely destroyed and coagulated.

IV. Some Physiological Properties Related with the
Frost-Hardiness in the Apple and the Grape.

(1) In one-year-twig of apple tree the osmotic concentration of cell sap is closely correlated
with its frost-resistance. Both properties gradually are enhanced from the end of September,
keep their maximum from the end of November till the end of February and then are lowered.

(2) In the apple twig there is also found good correlation between the permeability to water
mn the tissue cells and their frost-resistance. The form of plasmolysed cells in a hardy twig is
clearly different from that in an unhardy one.

(3) As a rule, the apple tree is more frost-hardy than the grape vine. Similarly tissue cells
from an apple twig are more resistant to dehydration than those from cane.

(4) As the trees become frost-hardy, their water contents decrease.

(5) In apple twigs the carbon dioxyde elimination per hour is higher in a less frost-hardy
variety than in a hardy one.

(6) Some components of apple twigs were analysed in both healthy and frost-injured trees.
In the end of May the content of both crude profein and crude fat in healthy tissue was always
larger than that in injured one, although these components were abundantly found similarly in
both tissues in mid-winter.

V. Some Practical Methods to increase the
Frost-Hardiness of the Grape.

(1) By means of spraying malic hydrazid solution on leaf surface, studies were made on the
effects of artificial control of shoot growth on some morphological and physiological properties
including frost-hardiness. The best result for increasing frost-resistance was obtained by spraying
0.0525 solution of this chemical in the end of August when the grapes become full grown in size.
The spraying treatment is very effective in developing the formation of cork layer in shoot in
three varieties, i.e.,, Delaware, Campbe!l Early and Niagara. By spraying the solution in suitable
season the cambial activity in vine shoot was effectively arrested in autumn and after harvest
increased sugar content in shoot tissue resulted. The lowest temperature at which vine shoots
could survive freezing was about five degrees lower in the sprayed shoots than in control
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unsprayed ones in October, but after November there was no difference between them.

(2) As to the type of cross section of a cane, cylindrical canes were found to be usually
more frost-hardy than flattened or any other non-cylindrical ones. In a flattened cane the tissue
cells in the flat side were more frost-hardy than those in the ridge side. It follows, therefore,
. that some treatment to make canes cylindrical may also increase the frost-hardiness in cane
tissue. Some shoots were concentrically twisted at their base to about right angle in the begin-
ning of August when their cambial activity was very high: they became cylindrical. This fact
resulted in arresting the cambial activity followed by a clear increase in the frost-hardiness of
the shoot tissue. By this treatment not only the form of the pith was changed but also the
diameter of the pith became small. It must be noted that the pith form is remarkably influenced
by meristem activity around the pith or xylem pith-ray.





