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X Studies on the Cold Resistance of Forest Trees (III)

Seasonal Change of Frost Hardiness of Current Year Needles of Sugi
and that of their Desiccation Resistance

Akimasa TAKEDA*
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Summary: From the previous experiments, it was supposed that frost hardiness of
needles of Sugi (Cryptomeria japonica D. Dom) was closely related to their desiccation
resistance. To substantiate the above preésumption, seasonal change of frost hardiness of
current year needles and that of their &esiccation,resistance were simultaneously inves-
tigated.

At the end of September, desiccation resistance (lethal range) of current year needles
was 130~95% (oven dry basis) (Fig. 2). It lowered during early winter and attained 70~
50% at the middle of January (Fig. 3~7). At that time, their frost hardiness reached the
maximum level (Fig. 1). These simultaneous change of desiccation resistance and frost
hardiness appear to support the above-described estimation to some extent. In this experi-
ment, however, no obvious evidence to prove that there is the causal relationship between
these two physiological properties of Sugi has been obtained.

On the other hand, following the increase of frost hardiness water content of needles
conversely decreased. This trend was observed not only in water content at usual state
but also in ones at full turgor (Tab.. 1). Comparing the seasonal change of frost hardiness
with that of water content, these two changes did not necessarily agree. This appears to
show that there is no direct relation between the degree of frost hardiness and total water
‘content of needles. :

It is a widely known phenomenon that hardy severly dehydrated resulting from ice formation im
plant cells freeze extracellulary. This phenomenon: intercellular space. After thowing, the needles of
was also observed in the mesophyll cells of Sugi?.’ Sugi in such conditions will remain alive, if the:
In frozen state, their. hardy mesophyll cells were freezing temperature is above their lethal point.
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From the above-described situation, it is of inter-
est in understanding the nature of frost hardiness
or frost injury of Sugi to study their desiccation
resistance at low temperature. So, in this paper,
seasonal change of desiccation resistance of needles
of Sugi and that of their frost hardiness were
simultaneously investigated.

Materials and Methods

1) Determination of frost hardiness of needles

Excised current year needles from two year old -

seedlings of Sugi (Cryptomeria japonica D. Don) were
used for this experiment.
potted in March 1970 and were grown in the open
seed-bed of Mie. University.

Needles from 10 seedlings (one needle from each
seedling) were placed on the wetted filter paper in
a Petri dish. Four Petri dishes were provided for
a freezing test. These Petri dishes were put in a

freezer kept at —5°C and air temperature.in the .
Petri dish was recorded with a thermojunction and

recorder. When temperature in the Petri dishes
reached
the determination of frost hardinessat —5°C, the

rest were transferred to the freezer kept at —10°C.

This process was repeated at —15° and —20°C.

The cooling verocity was approximately 6°C/hr.
After two hours at each te}nperafure, these Petri
dishes were put in a refrigerator méintained at 3°~
5°C and needles were allowed to thow. The thowing
verocity of this experiment was approximately 5°C/

hr. After thowing, these Petri dishes were kept at

25°C under continuous light for three weeks, and
the viability of needles were classified according to
the color change (browning) of needles by visual
inspection. -

2) Determination of désiccation resistance of
needles

On the same day when frost hardiness of needles
was tested, current year needles were excised from
the same seedlings for the determination of their
desiccation resistance. FEach needle -was weighed
and was desiccated on silicagel in a desiccator
(9cm in diameter and 15cm in height). One desic-
cator contained six needles and 10 desiccators were
provided for each experiment. These desiccators
were put'in a refrigerator' kept at 0°C. At intervals
of three or four days, two desiccators were
removed from the refrigerator. Each dried needle
was weighed and remoistened in a closed test tube
with a little water at 10°C for 24 hours. After
remoistening, each needle was weighed . again
and was let stand in the test tube for about three
weeks at 25°C under continuous light (approximately
2,000 lux) in order to estimate the degree of their

. Consequently,

These seedlings were -

—5°C, except one Petri dish to be used for .

Bk

visible injury. After that, these needles were dried
at 105°C overnight for the estimation of their water
contents. i

On remoistening, some needles absorbed water
sufficiently and their fresh weight reached the origi-
nal weight or more. But, some did not. The for-
mer were uninjured needles and the latter injured
ones, judging from the degree of visible injury.
lethal range of water content of
needles was detérmined by their recovery of a fresh
weight after remoistening and by the degree of
visible injury as an indicator of desiccation resistance
of needles.

" Results

1) Seasonal change of frost hardmess of needles
of Sugi

Frost hardiness change of materials are shown in
Fig. 1. At the end of September 1970 the needles
of Sugi were injured with freezing at —5°C for two
hours. From December to January, their hardiness
markedly increased, until the needles were little
damaged by freezing at —20°C for two hours. After
that time, their hardiness decreased gradually and
at the middle of March they were completely injured
by. freezing at —15°C.

FREEZING TEMPERATURE

: (°c)
DATE ,
-5 -10 -15 -20
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SEPT.29 | @ @ ,
T 1
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DEC. 12 - O { ° ] L]
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JaN. 4. O O o @
, s
FEB. 24 . O ® (RN |
‘MAR. 16 O ™ . E- (] [ ]
CO.O0B®. :  These signs show the

- degree of visible injury of needles; no injury,

- trace, slightly injured, moderately "injured,
severely injured, and killed in this order

Fig. 1. Seasonal change of frost hardmess of
materials

2) Seasonal ‘change " of dﬂsmcatxon resistance of
needles of Sugi

These results are shown in Figures (2~7) and in
Tab. 1. Lethal range (L. R.) progressively lowered
during the fall. Namely, lethal range was 130~95%
(oven dry basis) at the end of. September (Fig. 2)
and they lowered to 70~50% January (Fig. 5).
This lethal range was the minimum. level in. this
experiment. After that, lethal range ascended to
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Fig. 2. Materials were collected on the 29th
of September 1970
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Fig. 4. on the 12th of Dec.
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Fig. 2~7. Relation between water content of needles after desiccation treatment and recovery
~of their fresh weights after remoistening. Horizontal axis: Water content after desiccation
treatment (% of dry weight). Vertical axis: recovery of fresh weight after remoistening- (9 of

original weight).

Circles in figures show the degree of visible injury of needles; Open circle: no injury~trace,
Half darkened circle: moderately injured, Darkened circle: severely injured~killed. L. R.: Lethal

Range
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:some extent. From these observations, the desic-
«cation resistance of needles of Sugi seemed to have
the seasonal change like their frost hardiness.

3) Seasonal change of water content of needles
-of Sugi

As indicated in Tab. 1, water content of -current
-vear needles were above 2009 at the end of Sep-
tember. But it decreased markedly during the fall.
‘This reduction in water content, however, did not
«cause severe wilt of needles, because water content
at full turgor also decreased and remained at low
level. Thereafter, water content of needles increas-
ed gradually till early spring but did not reach
the level of previous autumn. '

Table 1. Lethal range and water content
of materials

Date Lethal Range* Water content™,**
*70 A B
Sept. 29 9%5~130% . 2449 37425
Nov. 12 70~100 185 234
Dec. 12 60~90 157 237
71
Jan. 14 50~70 151 211
Feb. 24 50~75 174 210
Mar. 16 60~75 205 233

: water content of needles at excision
: water content at full turgor

WP

: percent on an oven dry basis
“*; Mean from ten needles

Discussion

1) Relation between the frost hardiness and the
«desiccation resistance of needles of Sugi

In the previous papers®?®, it has been suggested
that the frost hardiness of needles seemed to develop
.after the change from intracellular -freezing to
.extracellular and hardy mesophyll cells seemed to
be markedly dehydrated in the neighborhood of
‘their lethal point. Moreover, the difference in frost
hardiness among varieties of Sugi was closely related
to their resistance to desiccation®. These observa-
tions seem to suggest that the ability of cells to
endure the dehydration state will play an important

role in the development of frost hardiness of Sugi. -

If this view is true, the desiccation resistance of
‘needles will vary with the change of their frost
Thardiness in late autumn and in winter. Actually,
-the above-mentioned presumption was ascertained
to some extent by the results of this experiment.
‘Such parallelism between frost hardiness and desic-
.cation resistance has been observed in some ever-
green® and deciduous trees®. At present, however,
whether or not there is causal relation between
these two physiological properties is uncertain.

B ke

Several current studies on freezing injury reveal
that the causeé of injury is basically related to de-
hydration”. Therefore, it may be easily assumed
that internal factors correlated with frost hardiness
have some points in common with those which are
responsible for desiccation resistance. But, direct
evidence for the above-described assumption on
needles of Sugi have not been found yet. Conse-
quently, further studies on these problems are needed
to clarify the mechanisms of injury and to devise
methods of preventing that injury.

2) Relation between development of frost hardi-
ness of needles of Sugi and lowering of their water
content

Low moisture content of plant tissue seems to be
an obvious factor of frost hardiness, because dried
plants are difficult to freeze»®. In some woody
plants, good correlation between frost hardiness and
moisture content was observed but at the same
time there were many exceptions?. In the case
of Sugi, the lowering of water content of needles
appeared to be followed by the increase of their
frost hardiness. The degree of frost hardiness of
needles, however, did not agree with the level of
their water content. So, obtained data may not
necessarily support that there is direct relation be-
tween the degree of frost hardiness of needles and
their water content. This view may be strengthened
by the fact that many attempts to increase the frost
hardiness of plants by artificial decreaseing of their
water content have failed?.

For the purpose of studying the relation between
frost hardiness of needles of Sugi and their water
content, water content at full turgor rather than
unstable one at usual state should be considered.
As shown in Tab. 1, the lowering of water content
of needles at full turgor during late autumn was
observed. From the lowering of water content of
needles at full turgor, increase of water stress in
needles may be expected. Since water stress often
has raised the frost hardiness indirectly?, the same
effect of water stress on the needles of Sugi also
may be expected. Further studies on these pro-
blems are required.
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