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Fig. 1. A freezing curve (time-temperature curve) of sapwood.
(specimen No. is A-8.3-5). The temperatures at each point of a, b, ¢, d and
f of this curve mean; /
a: initial temperature (room temperature)
b: 0°C - ’

¢: temperature at which super cooling state was broken, i.e., the
freezing of specimen began from this temperature

d: freezing point of specimen

f: terminal temperature.
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Fig. 2. Sketch showing method of cutting up specimens
and showing their form and sizes.
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Fig. 3. Diagram of apparatus used for cooling specimen.

a: Vaecum bottle b: Thermo-meter

c: Thermo-junétion d: Aditator

e : Freezing mixture (NaCl-+ice) f, g: Glass tubes

h: Test specimen

i: Ice needle used for breaking super cooling of specimen.
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Table 1.

Freezing point of wood tissue cut
from green Todomatsu trunk.

Tab. I-1. Trunk A: Without frost crack.
Height | Specimen No.: ¥1 ‘ *1
above No. of annual | Cooling rate | Super cooling | Freezing point Moisture
ground [rings sap to pith o content
m °C/M —-°C —-°C %
Bark 13 3.2% 11
2 - 09 2.7% 0.2 186
4 1.0 2.7* 02 195
6 11 8.0% 0.2 184
11 3.0% 0.3 156
10 12 2.9% 0.2 158
13 2.1 3.6% 0.5 82
22 21 4.4% 05 45
03 24 17 2.5% 04 54
27 2.0 4.4* 04 67
36 14 3.1* 0.5 M
42 1.7 0.8 0.5 62
69 1.0 10 03 143
80 14 8.3 0.5 95
85 11 2.8% 03 155
Pith (95) 12 3.3% 0.3 116
Bark 0.8 71 1.2
2 1.0 2.8% 0.3 220
4 2.1 16* 0.3 193
6 1.0 2.1* 0.3 150
8 17 1.5% 03 166
10 13 2.6% 0.3 49
12 1.6 2.4% 0.3 90
13 12 2.8% 0.5 91
4.3 14 15 5.0 0.4 90
19 13 5.8 0.3 113
22 0.3 1.8% 0.8 147
26 13 7.0 06 - 153
35 10 2.2% 0.8 137
52 2.0 2.56% 0.5 76
63 1.0 29% 0.4 5
69 05 0.6* 05 105
Pith (78) 0.5 2.1% 0.6 123
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Height | Specimen No.: *1 ) 2
above | No. of annual | Cooling rate | Super cooling | Freezing point Moisture
ground |rings sap to pith content
mo °C/M —C —C %
i Bark 18 6.3 0.9
2 14 6.5 0.1 192
4 16 45 01 191
6 14 5.5 0.1 191
8 . 16 6.2 0.2 171
10 - 256 6.2 0.3 112
12 20 48 0.2 90
88 14 22 65 0.5 108
16 20 46 04 82
18 25 5.3 0.6 64
19 1.3 5.9 0.3 71
20 20 74 07 69
24 2.1 7.2 0.7 71
Pith 11 6.6 0.7 153
Bark 1 - 08 2.8% 12
w2 10 8.2% 16
» 3 ll.O 3.0% 14
» 4 1.2 5.0% 13
23 ” 53 1.0 3.3* 15
Bark only » 6 12 3.2¢ 13
” 7 11 3.3* 15
” 8 1.2 2.7 1.0
» 9 1.0 2.8% 12
» 10 13 2.6% 12 »
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Tab. 1-2. Trunk B: With a frost crack from
7 to 9m height above ground.

Height Cardinal ?\l%eci)?e;lmll\g;i : ; Freezing Moisture
zk;gz;d direction riilgs_sap to | Cooling rate |Super cooling point ontons
pith ) -
m °C/M —-°C -°C %
2 0.8 2.9*% 0.2 210
4 1.0 8.1% 0.2 215
5 1.1 3.0% 04 200
7 0.9 2.8*% 0.4 140
9 0.8 3.2% 0.4 101
10 12 3.1% 0.3 94
1 14 30* 0.2 83
14 11 2.9* 04 95
16 15 8.3% 0.4 69
18 15 4.2*% 0.5 60
21 14 8.0% 0.5 56
North 24 1.8 2.5% 0.5 70
side 26 13 2.6% 0.4 5
29 16 28* 0.5 5
31 18 3.1* 0.6 49
34 11 24% 0.4 100
40 33 13 2.3% 0.3 70
a1 1.0 8.2% 0.3 95
Normal 45 11 8.0% 0.4 74
part 48 0.8 2.5% 0.5 65
55 0.6 26% 0.5 105
60 0.6 2.9*% 04 115
71 08 3.1* 04 208
Pith 1.0 8.0% 0.5 203
2 1.0 2.8* 0.2 180
5 1.0 2.1% 0.2 175
7 0.8 3.0% 02 200
9 1.2 25% 0.3 150
12 0.8 2.2% 0.2 151
South side 14 1.2 24% 03 110
16 147 3.1* 04 95
18 14 3.2% 04 85
21 1.1 2.9% 0.4 78
23 1.8 2.8*% 0.5 65
26 15 8.2% 0.4 59
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Height

Specimen No.:

gag:l‘;ed gi.‘;g;?:}l I\i-(i)'ngo;fi :}%I;)ng:l Cooling rate |Super cooling F‘;ﬁﬂgg ngg:lst?nrf
m °C/M —°C —C %
80 18 3.0% 0.5 70
32 20 28% 0.3 75
34 16 29* 0.5 76
38 13 3.0% 0.3 80
43 11 2.2¢ 04 50
South side| 46 15 2.1% 03 65
49 14 3.0% 04 68
53 0.9 3.1% 03 76
58 11 25% 05 95
65 10 2.9% 0.6 185
73 11 3.1* 0.4 135
1 12 6.4 0.2 150
3 13 6.7 04 190
5 11 57 0.3 200
7 12 5.7 0.2 210
9 14 6.2 0.1 110
12 L8 5.4 0.3 89
14 17 48 0.5 7
16 15 65 0.7 54
19 14 46 0.5 65
North side 21 13 35 0.3 48
80 24 16 5.3 04 43
27 11 49 0.4 85
Cracked 29 1.0 7.0 0.3 131
part 30 0.9 71 04’ 175
34 10 6.5 04 140
38 11 6.5 0.3 170
4 12 5.1- 0.4 151
54 11 7.1 0.6 146
Pith 10 6.8 0.5 215
2 1.0 3.1% 0.3 130
5 10 2.8% 04 181
south side 8 1.2 3.2% 0.2 169
10 14 2.9% 0.2 150
13 17 2.1% 0.2 126
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Hoight | Gurdinal Moot mn F Moistu
ardina o. of annua : : reezing oisture
above direction | rings sap to Cooling rate | Super cooling point content
ground pith
m °C/M —°C ~°C %
16 16 : 3.0% 05 89
19 15 2.6* 0.6 95
2 18 8.0* 0.5 8
24 15 8.1* 0.3 68
26 1.3 2.8% 0.4 71
80 29 1.6 2.6¥ 0.3 70
Crackeq | South side 33 1.0 3.2% 0.4 120
part 38 1.0 3.1* 0.3 150
43 11 8.2% 0.3 170
45 ’ 1.2 2.9% 04 140
49 08 2.5% 0.4 195
53 0.9 2.8% 0.3 201
58 0.5 8.5% 0.3 190
Note: 31 Specimens inoculated artificially are marked with an asterisk (x).
¥ 2 Moisture content (%) = ‘W%Wn %100
1}
here, Wy: Weight in green.
Wa: Weight in oven dry.
Table II. Summarized values from Tab. L
ggﬁgg above Cooling rate | Super cooling | Freezing point 'Mcgif::;f
m °C/M -C —-°C %
[Wood] |
l0.3 0.9~14~2.1 2.5~82~3.6% 0.2~04~05 45~119~195
Normal trunk{4.3 0.5~1.3~21 1.8~22~29% 0.3~04~0.8 49~124~220
18.3 1.1~18~25 45~5.6~T74 0.1~0.4~0.7 64~120~192
4.0 (N) 0.6~12~18 24~29~42% | 02~04~0.6 49~109~215
40 (S) 0.8~1.2~20 2.1~28~82*% 0.2~0.4~0.6 50~106~200
Cracked trunk
: 8.0 (N) 09~13~18 35~59~17.1 0.1~04~0.7 43~129~215
8.0 (S) 0.5~12~18 2.1~29~35% 0.2~0.3~0.6 70~133~201
Total 0.5~13~25 3.56~5.8~T7.4 0.1~04~0.8 43~119~220
2.1~2.8~4.2%
[Bark]
23 » 08~11~18 2.3~8.1~5.0% 09~18~1.6

*: Artificially inoculated.
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Fig. 6. A freezing curve of sapwood specimen (No. A-8.3-2)

Small vibrations and some of relatively large waves
appear on the plateau of the curve.
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No change of temperature appears for about one minute
after ice inoculated on bark tissue and then a small peak
head appears at beginning of plateau of this curve.
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Fig. 13. A freezing curve of bark

(No. A-2.3-bark-4).

- Super cooling was not easily broken.
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Summary

Freezing behavior of green wood tissue is of interest, since-it influences the
physical properties of lumbers, logs and trunks of standing timbers.

Measurements of freezing point of successive growth rings from pith outward
were made of green wood tissue cut from varying heights in frost-cracked and
normal! Todomatsu trunks, Abies Mayriana, felled in the winter of 1957 in Coll.
Exp. Forest of Hokkaido Univérsity. Fig. 2 shows the method of cutting specimens
and their form and sizes. The individual specimens were numbered with their No.
of annual rings into which a thermo-junction had been inserted, counted from sap
to pith. The numbers were abbreviated to simple form such as ex. No. A-8.3-5.
Here, A: Normal trunk; 8.3: Height in the tree from which specimen was cut; 5:
Annual ring number.

The freezing point of each test specimen was determined from time-temperature
curve (freezing curve) obtained in cooling specimen from room temperature to difinite
low temperature. An example of freezing curve obtained is shown in fig. 1. The
writer has taken the temperature d of plateau of the curve as freezing point and
that of point ¢ as super cooling temp. The apparatus used for cooling test specimen is
shown in fig. 3. The test specimen into which thermo-junction had been inserted
was removed into cooling bottle from room condition as shown in fig. 3 and then
was subjected to freezing under definite rate of cooling (below 2.5°C per minute).
In majority of measurements super cooling was broken artificially by inoculating
ice on specimen. The temperature change of specimen was taken by use of a
copper-constantan thermo-junction every 15 seconds or 30.

~ Cooling rate, super cooling and freezing point, as determined from the freezing
curve obtained experimentally, and moisture content for each specimen are shown



144

in table I. They are summarized in table II. Values of cooling rate varied from
05 to 25°C per minute at 0°C and average 1.3°C/M (only wood specimen).
Temperatures at which super cooling was broken naturally varied between —3.5
and —7.4°C and temperatures which was broken artificially varied between —2.1
and —4.2°C for wood tissue. In the case of bark tissue it was harder to break super
cooling state than in wood tissue. The moisture content of specimen cut from heart
wood of Todomatsu trunk was fairly high because of being of wet heart wood in
both kinds of trunks. In total experiment values including sapwood of both trunks,

moisture contents ranged from 43 to 220 per cent and averaged 119 per cent. On
the freezing point, there were no significant distinctions between normal and frost-
cracked trunks. In total for wood tissue these values ranged from —0.1 to —0.8°C
(fig. 4), decreasing with decreasing moisture content of the test specimen as a
general tendency (fig. 5) and averaged —0.4°C. The freezing point of bark was
given lower about 1°C than wood tissue.

The freezing curve of tissue specimen can be understood as the expression of
temperature changes accompanied by freezing in tissue. Accordingly, the shape of
curve must be changed correspondingly to the mode of freezing of tissue. The
freezing curve obtained from present experiment has showed almost all the shape
of typical refreezing curve of living tissue. Some examples of the shape of freezing
curves are exhibited in figs. 1, 6, 7, 8 and 9 for wood and in figs. 11, 12 and 13
for bark tissue. Fig. 1 presents the usual form appearing in highly moistened
sapwood or wet heart wood which frequently occurs in Todomatsu trunk. It has
very smooth line throughout the entire part, especially on the plateau, of the curve.
Each of figs. 6, 7, 8 and 9 has more or less vibratory or corrugate line at certain
parts of the freezing curve. These irregularities of the plateau which correspond
to freezing of tissue seem to show that irregular freezing is going on. Fig. 11 is
one of the curves appearing usually in freezing of bark tissue and also the shape
shown in figs. 12 and 13 appears when bark tissue is frozen.



