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Studies on Freeze-preservation of Fruit Tree Germplasm

II.

Influences of freezing temperature and the collecting time and low

temperature (0°C) storage of plant materials on survival of apple
leaf bud apices excised, frozen and thawed artificially

Takashi Suzuki, Hideaki MivaTa, Takashi HARADA
and Toshiro YAkKUwA

(Department of Horticulture, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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Freezing temperature (°C)

Fig. 1. Seasonal changes in survival rates of apple leaf bud apices frozen at various minimum
temperatures of —5° to —196°C.

Samples were collected from March 19 through November 12. Stored samples were
collected on March 19 and stored at 0°C until the days indicated above each figure.
Experiments of freezing, thawing and culturing samples were carried out on the same
days as the sampling dates. The horizontal solid line separates figures of cv. ‘Summer-
land’ (upper) and of ‘Spartan’ (lower).
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Fig. 2. Seasonal changes in survival rates of
apple leaf bud apices frozen in liquid
Nz-
Symbols are as follows: [, samples collected
on each sampling date; [, samples collected
on March 19 and stored at 0°C. Figures fol-
lowing ‘sp’ (days of storage periods) near closed
squares stand for periods of storing the March
19-collected samples.
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Summary

Seasonal changes in survival rates of apple
(Marus pumira MILL. var. domestica SCHNEID., c¢v.
‘Summerland’ and ‘Spartan’) leaf bud apices asepti-
cally frozen, thawed and cultured were examined.
Cryoprotectant (DMSO) penetration into the apices
prior to freezing was made at 20°C through two-
hour immersion in a freezing solution containing
8% DMSO and 30 g/¢ sucrose. Samples contained
in 1-m# plastic tube (123 cm in length, 3.5 mm in
diameter) together with freezing solution were
cooled gradually to —5°, —10°, —20° or —40°C at

a rate of 0.5°C/min with a programing freezer.

Cooling rates were monitored by measuring tem-
peratures of both the plastic tube and gas in a
chamber with thermocouples. Freezing treatments
of plunging the tube into liquid nitrogen, following
cooling to —40°C (prefreezing as described above)
were made by direct immersion at a rate of 400°C/
min. Samples kept at each temperature for 10
minutes or held in LN; for 30 minutes were thawed
quickly by warming in 38°C water, then cultured
on a regrowth medium (containing MS medium,
30 g/¢ sucrose, 1 mg/¢{ BA and 7 g/¢ agar; pH 5.7)
at 25°C under 4,000 Ix {16-hour daily illumination).

1. Survival rates of apices frozen in liquid Ny,
collected from field-grown trees in Sapporo (Hok-
kaido, Japan), gradually decreased from mid April

(about 50%), regardless of the varieties, and showed
0% in summer. Thereafter, it appeared that the
survival rate gradually increased from mid to late
October and were maintained at high levels (100%)
in winter. Seasonal changes in survival rates
resulting from —20°C and —40°C freezing were
similar to those in LN, (—196°C) freezing. How-
ever, the survival rate in —20°C freezing slightly
increased from July through August.

2. Survival rates of apices excised from winter
twigs collected on March 19 and stored at 0°C
maintained a high level (more than 50%, except
for the results at —20°C on April 8) from March
to mid November at —20°, —40° and —196°C fre-
ezing, regardless of the varieties. Results obtained
from this experiment using apple shoot apices sug-
gests that in apple, low temperature (0°C) storage
of appropriate portions of the plant, such as sizable
twigs, could realize a year-round supply of plant
materials {ex. shoot apices) available for freeze-
preservation. We may speculate that the results
will be the same in other kinds of plants.

3. Tt was considered that the necessity of discri-
minating the concept of ‘superlow temperature-
surviving ability’ from ‘freezing resistance’ conven-
tionally used exsisted, because the former included
artificial essentials of penetration of a synthesized
cryoprotectant such as Dimethyl sulfoxide and of

specialized cooling techniques.



