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Freezing Resistance of Conifers l )
By A. SAKA?)
and S. OKADA3)

Introduction
Desiccation injury in winter and frost injury occuring in
various seasons constitute the greatest limiting factors for
growing forest trees individually or in combination. From
an ecological point of view, these injuries are also known
to be the most important factors affecting distribution of
plants. However, no extensive survey concerning the freezing resistance of main coniferous species has been carried
out.
To clarify the characteristics in freezing resistance of the
main genera of conifer, and the relation between the freezing resistance and meteorological conditions of their native
habitats, the freezing resistance of over 100 coniferous
species native to the northern hemisphere was investigated.

Materials and Methods
Winter twigs taken from about 10 year old trees and
saplings of 3 to 6 years of age which are grown in the
Tokyo University Forest at Yamabe, Hokkaido, or the Hokkaido Branch of the Breeding Station of Forest Trees in
Sapporo were mainly used. The mean January temperatures in Yamabe and Sapporo are about 7 and -5O C
respectively. The Snow Cover in winter amounts to about
1 to 2 m at both stations.
Some coniferous species not wintering in Hokkaido were
sent from Honshu, chiefly from the Nagano prefecture in
late December to mid January. Thereafter, materials sent
3 and -5O C for 2 weeks
from Honshu were hardened at in hardy species and at 0 and -3O C for 2 weeks in less
hardy species respectively to enhance their freezing resistance maximum (SAKAI 1970 A).
In each experiment, 3 to 5 of saplings or 1-year-old
winter twigs were used. Twigs or saplings were placed in
a polyethylene bag. They were kept in a cold chamber at
50 C for one hour. Thereafter, they were transferred at
2 hours intervals to successively colder chambers varying
by 5 to 10° C until the desired test temperatures were
reached. These twigs or saplings were kept at the test
temperatures for 16 hours, and then were thawed in air at
00 C. To determine the pre-freezing temperatures (SAKAI
1960, 1965) which are effective in maintaining the viability
of the twigs, the twig pieces were bound with thread and
pre-frozen for 6 hours at temperatures of -15 to -70° C.
These pre-frozen twigs were then immersed directly in
liquid nitrogen (-196O C) for 30 minutes. They were transl) Contribution No. 1051 from the Institute of Low Temperature
Science.
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ferred to a chamber at -30° C for 2 hours before being
exposed to O0 C. The frozen twigs and saplings place in
polythylene bags, were kept at room temperature for 1
month. Thereafter, the freezing injury was determined by
the degree of browning in each tissue. The degree of freezing resistance in twigs and saplings was represented by the
lowest temperatures at which they survived freezing without injury.
Climatic zones in native habitats of conifers were divided
into 7 zones based on the annual minimum temperatures
(REHDER
1967). The average annual minimum of the temperatures of these zones are as follows: Zone I; exceeding
-50° C, Zone 11; 50 to -35O, Zone 111; -35 to -20° C,
20 to -10° C, Zone V; 10 to -5O C Zone VI;
Zone IV; 5 to 5
O C, Zone VII; 5 to 10° C (REHDER
1967).
The results of plantation of conifers in Hokkaido were
divided into 3 grades (good, bad, impossible) based on the
growing tests at Yamabe and Sapporo for several years.

Results
1. Seasonal variatio.ns of freezing resistance in different tis-

sues of Saghalien fir (Abies sachalinensis) und Crgptomeria
(Crgptomeria japonica)
Seasonal variations of freezing resistance in different
tissues of 5-year-old Saghalien fir native to Hokkaido were
investigated. As shown in Fig. 1, in any season the freez-
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Seasonal variations of freezing resistance in different
tissues of Abies sachalinensis.

