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Abstract

The fundamental properties for wood quality such as basic density, annual ring width,
and moisture content were examined, together with YOUNG’s modulus in the bending of
standing trees. ‘The specimens used were 226 grafted trees of Abies sachalinensis, consist-
ing of 46 clones row-thinned from the seed orchard in the Forest Tree Breeding Experi-
mental Station, Hokkaido University. The results obtained were statistically investigat-
ed. The averages of basic density, annual ring width, moisture content in heartwood, and
YouNG’s modulus were 342 kg/m3, 3.9 mm, 141.2 9%, and 86.0 tons/cm?, respectively. The
analyses of variances of these properties showed significant differences among clones.
The repeatabilities, heritabilities as a broad sense, of the properties were generally low, as
reflected in 0.13 for YOUNG’s modulus to 0.46 for basic density. Correlations between two
factors in the properties were also low, the coefficients of which, however, were
statistically significant between basic densities and diameters at breast height or annual
ring widths, and between moisture contents in heartwood and basic densities of heartwood
or annual ring widths of heartwood, and not significant between YOUNG’s moduli and basic
densities or annual ring widths.
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1. Introduction

According to “A Guide for Forest Tree Breeding Projects”!? decided by the Forestry
Agency of the Japanese Government in 1956, a new large-scale tree breeding program was
started with the selection of plus-trees, followed by propagation using graftings or cuttings
and development of seed orchards. In the Forest Tree Breeding Experimental Station of
Hokkaido University, a number of plus-trees of Abies sachalinensis MAsT. (Sakhalin fir,
Japanese name ; todomatsu), one of the most popular species in Hokkaido, were selected
in 1967 from natural forests mainly in the University Forests. After the scions were
grafted and the resultant saplings were cultivated in a nursery for several years, they were
then planted in a seed orchard in 1971¥. We can expect a large quantity of excellent seeds
to be produced from the orchard in the near future.

The wood of A. sachalinensis is soft, creamy-white in color, and light in weight, and
is used extensively in house construction, and the waste for pulp. However, the wood
often is too light and too wide in annual ring width to be used in structural timber.
Furthermore, the tree often has an extremely high moisture content in heartwood called
wetwood, which can cause the tree to crack in winter, and deteriorate (split, collapse, stain,
etc.) when it is dried.

We have previously investigated the wood quality of A. sachalinensis clones obtained
from national seed orchards®”'?. In this study, using A. sachalinensis clones thinned from
the seed orchard of the Forest Tree Breeding Experimental Station, such fundamental
physical properties of the wood as basic density, annual ring width, moisture content were
examined, including the measurement of YOUNG’s modulus in the bending of standing trees.
We also examined the results statistically by analyses of variances, repeatabilities, heri-
tabilities as a broad sense, and correlations. Even though the specimens used in this study
were too young to be used in house construction, and the management of the seed orchard
was carried out more carefully than usual plantations, the results in this study based on
genetics and statistics are believed to be very useful.
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Studies on the estimation and cultivation of wood of high quality have been reported
by the Forestry Department of Hokkaido Prefecture?, Forestry Agency”, and the Institute
for Technical Development of Forestry®. The YOUNG's modulus, also known as the
modulus of elasticity (MOE), is a measure of stiffness or rigidity and is said to be the best
indicator of wood strength using a non-destructive method. Since 1991 it has been decided
by the Japanese Agricultural Standard (JAS) that the YOUNG’s modulus in bending is
measured for structural timber*®. Strength tests are usually conducted in a laboratory
with small, clear specimens of air-dried wood. However, this method developed by
Ko1zuMt ef al. can be easily carried out on a standing tree in a forest®!*!*. The results
of their tests agreed with the results of laboratory tests on logs obtained from the same
trees, and the values were proportional to those of small specimens®.

We thank Mr. S. HavasHi, Ex-technical official, for his help in the measurements,
and also the members of the Forest Tree Breeding Experimental Station for their
managerial efforts of the seed orchard. This study was supported in part by a Grand-in
-Aid for Scientific Research from the Japanese Ministry of Education (No. 05660151).

II. Outline of the Seed Orchard?

The seed orchard (Photo 1) from which the specimens for this study were collected, is
in the Forest Tree Breeding Experimental Station of Hokkaido University. The Experi-
mental Station was started in 1965 with the purchase of a 20-ha wild field. The location
is in the outskirts of Nayoro City in the center of the Nayoro Basin, northern Hokkaido.
It lies at 142°25 east longitude and 44°30" north latitude. The mean annual temperature is
5.1 °C. Due to the location of the basin, it has an inland climate with a wide range in
temperature. A recent ten year survey shows a maximum temperature in summer of 34.5
°C and a minimum temperature in winter of —35.7 °C. There is also often a heavy frost
as late as June. The yearly precipitation is around 1,000 mm, mainly falling as snow which

Photo 1. The seed orchard of A. sachalinensis in the Forest Tree Breeding
Experimenal Station.
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A

Photo 2. The seed orchard of A. sachalinensis after row thinning.

covers the ground at a maximum depth of 150 cm in winter. The soils are composed of
thick peat!®, which meant soil amendment had to be carried out by soil dressing with river
sand and culvert-drainage before cultivation of nursery stocks.

In order to produce good seeds and supply their seedlings for plantation, the selection
process of plus-trees of Abies sachalinensis and Picea glehnii was carried out in natural
forests of the University Forests from 1967. The standard of selection was based on
apparent qualities, phenotypes, such as tree height over 20 m, DBH over 30 cm, no decay
and defects, straightness of stem, full bole, and power of growth compared with neighbor-
ing trees'”. The scions collected were grafted and cultivated in the nursery over several
years. In 1971, a 1-ha seed orchard for A. sachalinensis was made by planting 1,600 of the
resultant saplings in an arrangement consisting of 49-types of 7x7. Fertilyzers and
agricultural chemicals have been occasionally added, and a few cones have fruited. In
April 1993, row-thinning was first carried out, as shown in Photo 2, according to the
programs.

III. Materials and Experiments

1. Materials

Specimens were 46 clones of A. sachalinensis totaling 226 trees, which were selected at
random by five ramets per clone from the planted lines thinned in April 1993.

The clones were as follows : 1001, 1004, and 1007 derived from the Teshio Experimental
Forest (Toikanbetsu), 2001, 2002, 2003, 2004, 2008, 2009, 2010, 2011, 2012, 2013, 2015, 20186,
2018, 2020, 2022, 2023, 2025, 2026, 2027, 2028, 2030, 2031, 2032, 2033, 2034, 2035, 2036, 2037,
2038, 2039, 2040, 2041, and 2043 from the Nakagawa Experimental Forest (Otoineppu and
Nakagawa), 3001 and 3002 from the Uryu Experimental Forest (Moshiri). Also, Teshio
101C and 103C, Haboro 112C, Nayoro 101B, Shimokawa 127C and 130C, Asahi 101B and
102B were derived from respective national district forest offices. They are shown in Fig.
1 and Table 1.
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Fig.1. Location of the seed orchard (0) and locations of the plus-trees
selected for cultivation of clones (®).

2. Experiments

Prior to row-thinning, the measurements of YOUNG’s modulus in bending were carried
out on standing trees, after tree heights and diameters at breast height were measured. As
shown in Fig. 2, the instrument developed for measuring was made up a 120-cm long lever
arm and a middle-ordinate deflection sensor placed between two 1-m long boards, and it
was attached to the trunk pruned to a height of 2 m. The trunk was bent by loading
weights of 3, 6, or 13 kg at the end of the lever arm set at 180 cm above ground so as to
obtain bending stress of about 10 kg/cm? and the deflection was detected by the sensor
with a transformer (adjustable from 0.001 to 5 mm) fixed on the trunk at 120 cm above
ground on the side opposite to the lever arm. The deflection produced was shown on a
digital gauge induced by the sensor. To minimize the error involved, the measurements
were made in two loading directions, right angle to each other, and averaged. The radius
was calculated by measuring the circumference at the 180 and 120 cm heights. The bark
thickness was determined by inserting a scale-marked driver.

The YOUNG’s modulus in bending (E) for this experiment is given by following
equation® :

E = 2 M/278(r120 — t)*

Where s is the span of the sensor apparatus ; M is the bending moment calculated by
multiplying the weight by the arm length plus the radius of the trunk at 180 cm height ; 715
is the radius at the 120 cm height ; #, is the bark thickness, and § is the deflection
produced®.

Immediately after thinning, two disks of 5-cm thickness were cut near breast height
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Table 1. Tree heights and diameters at breast height by clones of A. sachalinensis

Tree heights

Diameters at breast height

cl Number
one ¢ -
names rar(rjnets Ranges Aver SD. CV. Ranges Aver S.D. CV.
(m) ages (cm) (%) (cm) ages (cm) (%)
1001 5 8.3~9.0 8.5 0.30 4 12.8~14.0 13.2 0.50 4
4 4 4.6~8.9 6.9 1.86 27 8.4~16.0 11.7 3.55 30
7 5 5.4~6.7 5.9 0.50 8 10.6~13.0 11.7 0.99 8
2001 5 5.5~7.9 6.4 1.02 16 8.4~14.0 11.5 2.28 20
2 5 5.6~8.0 6.8 1.00 15 11.8~19.6 16.6 2.91 18
3 4 5.2~8.3 6.7 1.51 23 8.5~15.0 10.9 2.84 26
4 5 6.3~8.0 7.0 0.63 9 11.6~13.0 12.3 0.61 5
8 5 5.8~8.2 7.2 0.94 13 10.0~16.8 13.7 2.69 20
9 4 5.4~7.6 6.3 1.01 16 11.0~15.4 13.5 1.84 14
10 5 6.8~9.0 8.0 0.83 10 10.8~18.8 15.2 3.25 21
11 5 4.7~7.6 6.5 1.19 18 9.4~16.5 12.9 2.85 22
12 5 3.9~7.7 6.2 1.52 25 8.5~12.8 10.7 2.13 20
13 4 5.4~7.8 6.2 1.11 18 9.6~14.4 11.4 2.18 19
15 5 5.9~7.7 7.1 0.70 10 8.4~16.5 12.2 3.03 25
16 5 5.4~7.9 6.5 0.96 15 10.5~15.0 13.4 1.89 14
18 5 5.9~7.9 7.1 0.78 11 14.0~19.1 16.1 1.99 12
20 5 7.1~8.8 7.9 0.70 9 13.0~19.5 16.1 3.15 20
22 5 6.2~8.3 7.1 0.86 12 10.5~14.8 12.6 1.53 12
23 5 6.1~-7.5 6.7 0.66 10 11.5~14.4 13.1 1.19 9
25 5 5.8~7.1 6.3 0.51 8 8.5~15.4 11.3 2.91 26
26 5 5.5~8.1 7.1 1.03 15 11.2~19.4 15.1 2.92 19
27 5 4.6~8.3 6.0 1.45 24 9.0~14.8 11.8 2.13 18
28 5 4.4~8.2 7.2 1.58 22 8.8~14.6 12.6 2.24 18
30 5 6.3~7.8 6.8 0.58 9 11.9~16.5 15.1 1.85 12
31 5 5.2~9.0 7.0 1.63 23 12.8~20.4 17.7 3.04 17
32 5 5.8~9.1 7.5 1.17 16 12.0~20.4 16.6 3.34 20
33 5 5.8~7.4 6.4 0.59 9 7.0~14.3 9.9 2.72 27
34 5 6.7~7.3 7.0 0.26 4 15.0~17.2 16.0 0.86 5
35 5 7.1~8.4 7.9 0.49 6 12.0~16.6 14.7 1.79 12
36 5 6.5~8.0 7.5 0.64 9 15.0~17.6 16.4 1.04 6
37 5 6.7~8.6 7.3 0.78 11 11.2~16.8 13.8 2.06 15
38 5 6.5~8.2 7.2 0.62 9 10.6~13.0 12.2 0.94 8
39 5 4.0~7.4 6.2 1.42 23 6.1~16.0 11.9 3.97 33
40 5 6.8~8.4 7.5 0.66 9 12.0~17.2 14.4 2.42 17
41 5 6.1—-8.8 7.7 1.00 13 12.1~15.4 13.8 1.18 9
43 5 5.5~7.4 6.4 0.68 11 9.8~15.6 12.3 2.60 21
3001 5 7.8~9.1 8.4 0.52 6 12.0~17.5 14.6 2.44 17
2 5¢ 5.9~8.4 7.2 1.00 14 10.4~14.6 12.9 1.55 12
T.101C 5 5.4~7.6 6.8 0.84 13 7.2~13.5 1.1 2.82 25
103C 5 5.8~8.1 6.9 1.10 16 10.5~16.0 13.4 2.24 17
H.112C 5 3.5~7.0 5.1 1.25 25 7.5~11.6 10.0 1.75 18
N.101B 5 6.6~8.0 7.3 0.63 9 10.1~14.8 13.0 1.81 14
S.127C 5 5.7~6.6 6.2 0.36 6 8.2~12.4 10.7 1.70 16
130C 5 6.2~9.0 7.9 1.16 15 10.0~17.5 14.0 3.26 23
A.101B 5 5.4~7.1 6.1 0.76 12 8.2~16.0 12.4 3.47 28
102B 5 4.5~8.4 6.6 1.47 22 7.5~16.6 13.1 3.42 26
Totals 956 3591 6.9 1.11 16 6.12~20.4 13.3 2.86 22

Notes : S.D. ; Standard deviations.

Forestry Agency.

C.V. ; Coefficients of variations.
Clone names of the 1,000, 2,000 and 3,000 levels mean clones grafted with the plus-trees
selected from natural forests of the Teshio(Toikanbetsu), Nakagawa(Nakagawa, Otoine-
ppu), and Uryu(Moshiri) Experimental Forests, Hokkaido Univ., respectively.
of T, H, N, S, and A mean clones grafted with plus-trees selected from natural forests of
the Teshio, Haboro, Nayoro, Shimokawa, and Asahi national district forest offices in

The names
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of the trunk from each specimen, and the P
boundary between heartwood and sapwood  Apparatus for

was marked. In the laboratory the green  measuring deflection Wire

disks were cut into parallelepipeds of 3-cm =]

width having pith, and then they were divided z } |

into parts of heartwood and sapwood, which _'; Loading

were used to measure basic density (kg/m? : H weight

dry weight-green volume basis) and average j‘_

annual ring width (mm), as well as to deter- e

mine moisture content (% : dry weight basis) %% %‘

according to previous reports™?. In this  Disital gauge & \

experiment, knots, compression wood and

other defects were avoided. Fig.2. A schematic diagram of the apparatus
Clonal differences of these wood for the measurement of YOUNG's

properties were examined by the analysis of modulus in bending.

variance, and their repeatabilities (% were estimated by following equation™? :

r? = ot/o% + o}
where 2 is the clone variance and ¢% is the environment variance. Furthermore, the
correlations between two factors in these properties were calculated.

IV. Results and Discussion

1. Tree heights and diameters at breast height

Table 1 shows the tree heights and diameters at breast height for the different clones.
The average height was 6.9 m, 22 years after plantation. The maximum was 8.5 m for
Clone 1001, and the minimum was 5.1 m for Haboro 112C. Tree heights ranged from 3.5
m obtained from a ramet of Haboro 112C to 9.1 m obtained from two respective ramets of
2032 and 3001, having a coefficient of variation of 16 9. The average diameter at breast
height was 13.3 cm. The maximum among clones was 17.7 cm for 2031, and the minimum
was 9.9 cm for 2033. The total range was from 6.1 cm obtained from a ramet of 2039 to
20.4 cm obtained from two respective ramets of 2031 and 2032, having a coefficient of
variation of 22 %. .

2. Properties for wood quality

The properties for wood quality by clones are shown in Table 2.

The average basic density of heartwood and sapwood were 342 kg/m® and 346 kg/m?,
respectively. The coefficients of variation were as small as 8 9% and 10 9, respectively.
The average of the basic density calculated by the weighted average of those of heartwood
and sapwood, the whole basic density, showed 342 kg/m?, equal to the value of heartwood.
The maximum of the whole basic density was 403 kg/m? for Clone 2033, and the minimum
was 303 kg/m?® for 2002. The total range was from 276 kg/m?® obtained from a ramet of
2002, which had the second largest average diameter of 16.6 cmm among clones, to 427 kg/m?
obtained from a ramet of Clone 2033, which had the smallest average diameter of 9.9 cm.
Basic density of wood seems to be inversely proportional to the diameter of trees. The
basic densities obtained from these clones were relatively high, in comparison with that the
average from clones of the Shiokari seed orchard similarly derived from natural forests in
northern Hokkaido, was 302 kg/m?®!?. Also MIYAJIMA reported that the average basic
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densities of planted A. sachalinensis measured in various locations were 335 kg/m? for 28
samples collected from Eniwa, 325 kg/m?® for 43 samples from Atsuga, 283 kg/m? for 23
samples from Shiraoi, and 313 kg/m? for 71 samples from Kami-ashibetsu®. However, the
specific gravity calculated from 342 kg/m?® of the average basic density became 0.415 at 15
9% moisture content®. The value is slightly less than the minimum specific gravity of 0.43
required for higher structural timber grades of A. sachalinensis according to JAS?.

The average annual ring widths for both heartwood and sapwood were the same at 3.9
mm. Their coefficients of variation were high at 19 % and 22 9, respectively. The
average of the whole annual ring width calculated by the weighted average was also 3.9
mm. The maximum of the whole width was 4.7 mm for Clones 2002 and 2036, and the
minimum was 2.7 mm for 2033. The range was from 2.4 mm obtained from two respective
ramets of 2013 and Asahi 102B to 5.6 mm obtained from a ramet of 2002, having a
coefficient of variation of 19 %, the same as that of heartwood. Generally, the average
annual ring widths from these clones were narrow for the clones of the plus-trees, because
the average from the clones of the Shiokari seed orchard was 4.9 mm, though fertilyzers
had been given to these clones every year’?. However, compared with MIYAJIMA’s study
in which the averages were 3.1 mm for samples from Eniwa, 3.6 mm from Atsuga, 5.0 mm
from Shiraoi, and 3.9 mm from Kami-ashibetsu®, the average of 3.8 mm in our study was
moderate. As the maximum annual ring width required for higher structural timber
grades is 6.0 mm, all the clones were within this standard.

The average moisture content in heartwood was high at 141.2 %. The maximum was
192.2 % for Clone 1001, and the minimum was 92.0 % for 2032. The range was from 63 %
obtained from a ramet of 2032 to 224 9% from a ramet of 1001, and the coefficient of
variation was high at 24 9. Although the definition of wetwood is not yet clear, if the
wetwood is defined as wood which has more than 100 9§ of the moisture content in the
heartwood, these clones are almost all wetwoods. This seems to be caused mainly by the
soil condition, as the clones of the plus-trees selected from similar forests and planted in
the Shiokari seed orchard had an average moisture content in heartwood of 96.2 %, though
including a few clones of wetwoods'?. The average moisture content in sapwood was
189.1 %. The maximum content was 236.2 % for Clone 2002 which had the widest whole
annual ring width of 4.7 mm, and the minimum was 160.6 9 for 3001. The range was from
131 9 obtained from a ramet of 2037 to 252 % from a ramet of 2002, with a low coefficient
of variation of 13 9. Compared to the average moisture content in sapwood of the clones
from the Shiokari seed orchard which was 212.4 9%'?, it was generally low.

The average YOUNG’s modulus in bending was 86.0 tons/cm? The maximum was
112.9 tons/cm? for Clone 2011, and the minimum was 65.7 tons/cm? for 2025. The range
was from 45.4 tons/cm? obtained from a ramet of 2036 to 136.3 tons/cm? obtained from a
ramet of 2037, with a coefficient of variation of 22 %. Compared with the study by
KoizumMi et al. which showed 110.3 tons/cm? and 114.3 tons/cm? for YOUNG’s modulus
carried out by the same method on standing trees of A. sachalinensis planted in the Hiyama
Experimental Forest!'®, the value of 86.0 tons/cm? was relatively low, but belongs to E90
(80 tons/cm?-100 tons/cm? of the middle class among 6 grades for structural timber
according to JAS'™. Compared with our previous study in which an average of 50.13
tons/cm? was obtained using 98 trees of Cryptomeria japomica planted in the Hiyama
Experimental Forest'?, this value was considerably high.
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Table 2. Some properties for wood quality of clones of A. sachalinensis

Basic densities

Basic densities

Basic densities

Average annual ring

Clone Nun}ber of heartwood of sapwood widths of heartwood

names rax‘!)lets Ranges Av. S.D. CV. Ranges Av. S.D. CV. Ranges Av. S.D. CV. Ranges Av. S.D. CV.

kg/m® kgfm' kg/m* 9% kg/m*® g/’ kg/m* % kg/m® kgm'kg/m* ¥ mm mm mm %

1001 5 306~317 312 5.26 2 293~382 328 33.19 10 309~329 317 7.95 3 3.1~4.0 3.6 0.36 10

4 4 329~378 351 22.04 6 306~402 349 41.71 12 320~368 350 21.38 6 2.4~4.9 3.6 1.28 36

7 5 352~422 378 26.14 7 364~399 384 15.34 4 357~416 380 22.08 6 3.0~4.3 3.8 0.47 12

2001 5 310~421 344 45.06 13 303~383 331 31.85 10 308~391 340 34.37 10 2.4~4.4 3.3 0.77 23

2 5 275~332 299 23.39 8 278~331 310 20.11 6 276~332 303 21.54 7 3.6~6.4 4.7 1.03 22

3 4 353~390 368 15.90 4 312~392 347 33.52 10 340~390 356 23.04 6 2.2~3.2 2.7 0.41 15

4 5 345~367 360 8.79 2 328~380 345 21.60 6 338~366 353 10.03 3 2.5~3.2 2.8 0.27 10

8 5 332~367 352 15.42 4 298~369 332 31.37 9 322~362 345 15.65 5 3.4~4.23.9 0.30 8

9 4 304~323 315 8.10 3 278~351-322 33.00 10 297~330 316 13.94 4 3.6~4.2 3.8 0.27 7

10 5 308~359 333 23.93 7 286~374 333 32.75 10 307~364 333 24.93 7 3.7~5.1 4.5 0.54 12

11 5 324~418 363 34.59 10 334~394 371 22.64 6 327~413 365 31.15 9 2.8~4.6 3.8 0.86 23

12 5 318~383 352 25.86 7 348~419 383 34.14 9 335~395 362 26.70 7 2.2~3.8 3.1 0.60 19

13 4 323~360 336 16.50 5 315~388 341 32.71 10 326~353 337 12.69 4 2.6~4.4 3.7 0.84 23

15 5 297~358 326 28.36 9 291~459 347 69.07 20 295~374 329 32.33 10 3.1~4.2 3.7 0.44 12

16 5 335~355 347 7.69 2 318~360 332 16.80 5 330~351 341 7.70 2 3.3~4.2 3.8 0.4111

18 5 315~349 328 13.74 4 314~359 335 16.26 5 315~345 331 12.97 4 4.0~5.3 4.6 0.63 14

20 5 335~377 349 16.58 5 330~402 364 29.65 8 335~378 352 16.05 5 3.7~5.1 4.3 0.59 14

22 5 345~401 370 23.53 6 321~403 359 32.74 9 355~402 367 22.86 6 3.1~4.4 3.9 0.51 13

23 5 313~343 333 11.84 4 290~393 333 38.55 12 321~340 332 6.88 2 3.2~3.93.6 0.26 7

25 5 324~346 334 9.28 3 308~383 348 31.75 9 319~355 338 13.63 4 3.0~4.1 3.4 0.43 13

26 5 332~412 370 34.59 9 335~410 360 32.18 9 333~412 367 33.65 9 2.7~4.0 3.9 0.85 22

27 5 350~385 366 15.18 4 341~414 370 27.05 7 354~392 367 14.82 4 2.7~3.5 3.1 0.30 10

28 5 304~409 347 41.58 12 313~358 333 21.41 6 310~392 343 33.87 10 2.7~4.9 3.9 0.82 21

30 5 312~364 326 21.73 7 303~349 324 16.76 5 309~354 325 17.48 5 3.7~4.9 4.3 0.43 10

31 5 317~419 362 39.80 11 324~367 346 19.49 6 320~405 359 34.14 10 3.3~5.5 4.3 0.85 20

32 5 321~348 333 10.55 3 300~356 329 26.20 8 318~338 331 7.92 2 3.6~6.0 4.4 0.93 21

33 5 381~425 405 17.73 4 381~432 402 21.94 5 381~427 403 17.98 4 2.4~3.3 2.8 0.37 13

34 5 324~351 338 10.83 3 329~364 343 14.39 4 327~343 339 6.99 2 4.0~4.7 4.5 0.30 7

35 5 336~365 347 10.77 3 317~365 340 19.94 6 331~357 344 11.30 3 3.2~3.9 3.7 0.27 7

36 5 336~355 344 10.41 3 350~407 376 24.05 6 340~367 352 13.01 4 4.3~4.94.6 0.26 6

37 5 331~362 348 12.75 4 309~343 331 13.10 4 336~351 343 5.97 2 3.2~4.53.9 0.50 13

38 5 298~339 316 16.77 5 291~372 324 33.95 10 302~341 316 16.23 5 3.1~4.5 3.7 0.58 15

39 5 334~368 349 15.96 5 301~341 324 15.57 5 326~354 339 11.78 3 2.9~4.2 3.6 0.52 15

40 5 300~336 317 16.36 5 305~360 330 22.93 7 302~342 322 18.19 6 3.3~5.1 4.3 0.67 15

41 5 326~367 348 18.90 5 282~358 313 27.70 9 313~363 337 19.98 6 4.0~5.4 4.6 0.51 11

43 5 344~370 359 11.14 3 319~376 344 25.44 7 337~372 352 16.38 5 3.0~4.8 3.9 0.66 17

3001 5 330~368 346 13.85 4 370~425 394 21.50 5 354~368 361 6.72 2 3.3~5.2 4.3 0.71 17

2 5 310~359 338 20.95 6 345~431 373 34.54 9 323~361 345 14.37 4 3.3~4.5 4.1 0.49 12

T.101C 5 319~364 346 18.12 5 341~410 367 26.16 7 325~376 353 19.32 5 2.5~4.4 3.5 0.68 20

103C 5 297~333 315 14.12 4 292~338 314 21.67 7 295~335 315 15.22 5 3.5~4.7 4.1 0-45 11

H.112C 5 300~343 329 19.07 6 327~390 354 27.59 8 331~346 337 6.22 2 2.9~4.33.5 0.67 19

N.101B 5 297~363 331 23.51 7 306~407 365 44.90 12 300~353 340 22.97 7 3.5~5.1 4.0 0.64 16

S.127C 5 323~341 334 6.86 2 314~357 342 18.88 6 327~346 336 7.77 2 3.3~4.2 3.6 0.37 10

130C 5 339~371 354 15.09 4 341~358 348 7.50 2 340~367 352 11.95 3 3.4~5.0 4.4 0.64 15

A.101B 5 293~319 310 9.90 ‘3 292~378 339 37.59 11 297~332 319 15.12 5 2.8~5.5 4.0 1.07 27

102B 5 289~311 301 7.92 3 287~342 321 24.45 8 288~319 308 13.08 4 2.3~4.5 3.8 0.87 23
Totals 226  275~425 342 27.74 8 278~459 346 33.58 10 276~427 342 2 ~

(Averages) : : 5.71 8 2.2~6.4 3.9 0.74 19

Notes : Av. ; Averages,

S.D. ; Standard deviations,

C.V.; Coefficients of variations.
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Average annual ring
widths of sapwood

Average annual
ring widths

Moisture contents
in heartwoo

Moisture contents

in sapwood

Younc's moduli
in bending

Ranges Av. S.D. C/Z Ranges Av. S.D. CV. Ranges Av. SD CV Ra

mm mm

mm

mm mm

mm

% % %

%

es Av S.D. CV. Ranges Av. S.D. CV

% t/cm® t/em®t/cm? %

3.0~4.5 3.8
2.9~5.5 4.1
2.9~3.5 3.2
2.4~4.13.3
4.3~5.2 4.6
3.2~3.8 3.5
3.0~5.0 4.1
3.0~4.5 3.9
2.8~4.2 3.8
3.7~5.7 4.8
2.6~4.2 3.5
2.8~4.3 3.4
2.5~3.7 3.0
2.2~5.5 3.6
3.1~4.5 3.9
3.7~5.0 4.5
4.4~6.0 5.1
3.1~5.2 3.9
2.2~5.3 3.8
2.9~5.1 3.8
3.6~5.7 4.2
2.6~4.0 3.2
2.2~4.13.5
3.4~5.0 4.3
3.5~5.5 4.1
3.2~5.3 4.1
2.1~-3.1 2.6
4.0~4.2 4.1
3.7~4.1 3.9
3.6~6.15.0
3.5~3.8 3.6
2.8~4.0 3.4
3.1~4.4 3.8
3.4~5.2 4.2
4.0~4.7 4.4
2.9~3.8 3.3
3.6~6.5 4.3
2.3~5.2 3.6
2.4~3.83.1
3.0~5.1 4.2
2.7~3.8 3.1
3.0~4.135
2.9~5.0 3.8
3.3~5.0 4.2
2.9~4.9 4.0
2.6~5.2 4.1

0.62
1.17
0.26
0.78
0.35
0.24

0.81

0.58
0.68
0.87
0.77
0.61
0.59
1.20
0.62
0.56
0.61
0.85
1.22
1.04
0.87
0.61
0.77
0.77
0.81
0.84
0.36
0.11
0.15
0.95
0.11
0.49
0.62
0.70
0.27
0.41
1.23
1.08
0.58
0.83
0.44
0.42
0.85
0.69
0.84
0.95

16 3.4~4.1 3.7
29 2.7~5.1 3.7
83.2~4.03.6
24 2.5~4.3 3.3
8 3.8~5.6 4.7
72.6~3.43.0
20 2.8~3.6 3.2
15 3.6~4.2 3.9
18 3.3~4.2 3.8
18 3.7~5.3 4.6
22 2.8~4.5 3.7
18 2.4~3.8 3.2
19 2.6~4.1 3.5
34 3.0~4.6 3.6
16 3.4~4.3 3.8
12 3.9~5.2 4.6
12 4.1~5.2 4.5
22 3.2~4.6 3.9
32 2.9~4.13.6
28 3.1~4.5 3.5
21 3.0~5.3 4.0
19 2.9~3.5 3.1
22 2.5~4.7 3.8
18 3.6~4.9 4.3
20 3.3~5.5 4.2
20 3.6~5.3 4.3
14 2.6~3.1 2.7
34.0~4.6 4.3
43.5~3.93.8
19 4.0~5.0 4.7
33.4~433.9
14 3.1~4.1 3.6
16 3.0~4.2 3.7
17 3.5~4.9 4.2
6 4.1~5.0 4.5
12 3.2~4.4 3.6
29 3.4~5.0 4.2
30 3.3~4.6 3.9
19 2.6~4.13.3
19 3.3~4.7 4.1
14 2.9~4.0 3.3
12 3.6~4.1 3.8
22 3.2~4.4 3.6
16 3.3~5.0 4.3
21 2.8~5.3 4.0
232.4~4.73.9

0.31
1.24
0.28
0.66
0.64
0.33
0.30
0.28
0.37
0.63
0.80
0.55
0.63
0.66
0.42
0.57
0.43
0.54
0.48
0.59
0.83
0.24
0.81
0.47
0.83
0.70
0.23
0.24
0.15
0.41
0.34
0.40
0.53
0.59
0.33
0.47
0.65
0.51
0.55
0.55
0.48
0.19
0.50
0.64
0.99
0.88

8 163~224192.2 26.64 14
33 111~181134.0 32.42 24
8 92~141115.0 21.76 19
20 130~204 1%6.8 30.16 19
14 113~154138.2 16.84 12
11 107~142125.7 14.38 11
9 T77~128105.4 21.74 21
7 150~166158.0 6.52 4
10 120~222173.2 47.77 27
14 132~201170.6 25.48 15
22 117~183 145.8 26.38 18
17 91~183123.0 39.03 32
18 131~150144.5 9.11 6
18 132~222185.8 34.93 19
11 130~181163.2 20.63 13
12 102~198 150.8 40.92 27
9 96~145113.4 18.63 16
14 116~163138.6 22.14 16
13 90~129111.6 18.26 16
17 116~184139.8 29.38 21
21 99~164130.0 26.77 20
8 91~155130.2 31.45 24
21 99~184141.4 30.65 22
11 121~215178.6 37.03 21
20 133~183160.2 20.82 13
16 63~138 92.0 29.59 32
80~118103.8 16.18 15
85~112101.0 12.12 12
105~144123.6 14.05 11
149~201183.2 21.19 11
89~145115.0 21.22 18
111~190159.4 29.35 18
14 159~187175.0 10.56 6
14 111~216 161.2 44.28 27
7 112~174147.0 22.96 16
13 103~170 140.8 27.69 20
15 98~157123.6 25.06 20
13 110~174151.4 24.62 16
17 118~178150.0 21.80 14
13 149~199181.6 19.74 11
14 105~154129.4 21.71 17
5 101~151129.4 20.96 16
14 97~174128.0 31.26 24
15 86~148117.4 21.95 19
25 77~153103.4 31.24 30
22 143~159153.0 6.82 4

O O W N 00

11

165~211196.6 19.82
179~204 193.7 11.61
139~183163.0 18.93
159~198 181.8 16.65
210~25223.2 19.70
145~192 167.0 19.30
165~191178.8 9.60
185~250213.8 23.24
180~235209.2 23.26
172~218 202.8 18.43
162~187174.4 8.91
135~190 163.6 23.50
145~229187.2 35.78
177~214197.2 18.06
168~224193.6 21.59
158~205190.0 19.43
152~189175.8 15.96
156~220178.6 24.78
144~211187.0 27.72
185~22018.0 13.76
150~214 182.2 26.99
141~198170.4 20.77
156~211192.2 21.72
187~2111974 9.94
149~197178.6 20.07
181~230207.4 19.98
144~206 164.4 23.96
171~19718.0 9.69
176~2291%9.8 21.92
165~198180.0 13.71
131~217173.0 30.42
173~238200.8 27.32
186~211197.8 9.14
157~213190.6 20.90
187~238 216.4 19.81
172~202 186.0 10.93
141~183160.6 19.42
169~201181.0 11.98
151~180170.0 11.98
211~234220.8 9.26
162~213 185.8 20.30
166~192177.8 10.26
173~237200.8 23.22
178~191182.8 5.17
179~227 206.2 20.33
185~224 201.0 14.95

10 76.2~101.2 90.1 10.73 12
6 52.7~80.5 70.2 12.68 18
12 64.5~102.7 89.2 15.25 17
9 60.4~120.0 86.8 22.47 26
8 72.7~87.481.2 5.47 7
11 51.0~81.4 68.6 12.85 19
5 69.4~95.8 82.8 10.50 13
11 52.9~93.0 71.6 16.05 22
11 70.3~103.3 87.8 13.60 15
9 76.8~129.2 95.5 21.58 23
5104.6~120.0112.9 5.66 5
14 57.6~102.1 83.7 16.22 19
19 62.8~1%5.6101.2 29.59 29
9 55.1~99.8 76.2 18.41 24
11 76.9~95.787.6 6.75 8
10 65.1~126.3 93.4 24.76 27
9 75.0~111.4 98.0 14.59 15
14 65.2~108.9 84.6 16.77 20
15 81.6~122.5 98.1 16.87 17
7 63.4~68.465.7 1.79 3
15 60.4~95.4 77.5 13.10 17
12 80.0~96.9 88.7 7.07 8
11 76.4~135.0 99.3 25.58 26
5 61.2~92.5 78.9 14.15 18
11103.4~112.3108.8 3.40 3
10 48.8~107.2 69.3 22.49 32
14 56.4~130.0 80.2 29.36 37
5 70.3~118.3 93.9 16.99 18
11 75.7~114.4 90.6 15.43 17
8 45.4~120.1 82.3 29.53 36
17 61.1~136.3102.1 28.69 28
14 73.2~107.4 86.2 13.84 16
563.8~87.475.6 8.43 11
11 51.6~113.0 86.5 22.62 26
9 57.8~104.3 79.8 16.57 21
6 68.9~113.9 91.3 20.12 22
12 49.7~125.1 95.8 31.16 33
7 66.4~117.591.4 18.09 20
7 59.1~104.1 85.5 19.34 23
472.5~93.979.3 8.82 11
11 72.0~115.2 88.3 17.25 20
6 80.0~99.792.2 9.42 10
11 63.8~69.0 66.5 2.18 3
3 59.6~114.2 88.1 26.07 30
10 46.6~109.6 75.7 22.43 30
7 60.5~86.2 73.8 10.67 14

2.1~6.5 3.9

0.84

22 2.4~5.6 3.9

0.71

19 63~224141.2 34.23 24

131~252189.1 23.75

13 45.4~136.3 86.0 19.22 22
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3. Analyses of variances of properties

As shown in Table 2, the properties for wood quality varied among clones. They were
thus examined statistically by the analysis of variance. The results are shown in Table 3,
including tree height and diameter at breast height. The numbers of degrees of freedom
for clones and residuals are 45 and 180, respectively, the same through all the factors. The
values were all significant at the 0.1 9%, 1 9%, or 5 % levels. This means that the
differences exist among clones which were derived from the plus-trees selected according
to the same standard based on the phenotype, planted according to a fixed arrangement of
specification, and cultivated under the same soil and climatic conditions. Consequently,
the differences in properties seem to mainly depend on the inherent characteristic of the
parent trees. The clonal differences of such properties as growth of the diameter, basic
density, and moisture content were especially greater, while those of YOUNG’s modulus and
tree height were comparatively lower.

Table 3. Analyses of variances of some properties among clones

Mean squares

Factors
Clones Residuals

Tree heights 2.19 1.00 2.19**
Diameters at breast height 17.88 5.79  3.09***
Basic densities of heartwood 2,167.34 419.84 5.16***
Basic densities of sapwood 2,328.24 827.57  2.81***
Basic densities 1,855.05 362.31 5.12***
Average annual ring widths of heartwood 1.17 0.39  3.00***
Average annual ring widths of sapwood 1.33 0.54 2.46**
Average annual ring widths 1.22 0.32  3.81***
Moisture contents in heartwood 3,157.80 675.36  4.68***
Moisture contents in sapwood 1,326.22 373.51 3.55***
YouUNG’s moduli in bending - 564.47 320.54 1.76*

Notes : The numbers of degree of freedom are 45 among clones, and 180 among residuals in
common with all properties. F : F values. The marks of *, * %, and* * % are
significant at the 5, 1, and 0.19% levels, respectively.

4. Repeatabilities of properties

While statistically significant differences in properties were observed among clones as
shown in Table 3, their repeatabilities were also calculated. Table 4 shows the re-
peatabilities including tree height and diameter at breast height. The numbers of degrees
of freedom are 45 and 180 for clone variance and environment variance, respectively.
Among the small values generally obtained, the maximum was 0.46 for basic density of
heartwood and whole basic density including both heartwood and sapwood, and the
minimum was 0.13 for YOUNG’s modulus. The repeatability of moisture content in
heartwood was high at 0.43, in spite of the fact that all the clones had a high moisture
content in heartwood (so called wetwood), probably caused by the soil condition. From
this fact, it is presumed that the development of wetwood is related also to environmental
conditions as well as heritability. Wood properties are greatly influenced by the environ-
ment of the planted trees and the manner of their cultivation. Our previous report showed
statistically significant differences in properties of the same clone among four different
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seed orchards'®. This may therfore mean that good wood properties of clones can not be
expected unless these clones are planted in a good environment and cultivated appropriate-
ly.

Table 4. Repeatabilities of some properties of clones

Variances Variances of Repeat-

Factors of clone environment abilities
Tree heights 0.24 1.00 0.19
Diameters at breast height 2.46 5.79 0.30
Basic densities of heartwood 355.71 419.84 0.46
Basic densities of sapwood 305.47 827.57 0.27
Basic densities 303.85 362.31 0.46
Average annual ring widths of heartwood 0.16 0.39 0.29
Average annual ring widths of sapwood 0.16 0.54 0.23
Average annual ring widths 0.18 0.32 0.36
Moisture contents in heartwood 505.31 675.36 0.43
Moisture contents in sapwood 193.93 373.51 0.34
YouneG’s moduli in bending 49.65 320.54 0.13

Notes : The numbers of degree of freedom are 45 for variances of clones, and 180 for
variances of environment in common with all factors.

5. Correlations

The coefficients of correlations were calculated between the two factors which seemed
to be related in different properties. The results are shown in Table 5. The values of the
coefficients were generally low, but the correlation between basic densities and diameters
at breast height or average annual ring widths, and between moisture contents in heart-
wood and basic densities of heartwood or average annual ring widths of heartwood were
statistically significant. This means that the smaller the diameter or the narrower the
annual ring width of trees, the higher the specific gravity of wood is, and wood of a lower
basic density has a larger lumen in the cells, and thus more water can be contained in it.
However, the correlations between YOUNG’s moduli and basic densities or average annual
ring widths were not significant. They showed low positive coeffients of 0.088 or 0.100,
respectively. Generally speaking, as woods of high specific gravity or narrow annual ring
width have high YOUNG’s moduli, this result is contradictory. MIYAJIMA reported also a
low coefficient of correlation of 0.29 between basic densities and YOUNG’s moduli using the
test pieces from planted A. sachalinensis, but a high coefficient of correlation of —0.64
between average annual ring widths and YOUNG’s moduli®. The reasons why significant
values were not obtained in this study were probably due to the fact that the YOUNG’s
moduli were measured using standing trees in which we could not obtain values of high
accuracy, all the clones were young, consisting of juvenile wood which had comparatively
low density, and the annual ring widths were moderate without any extremely narrow or
broad widths because of similar clones.

Scatter diagrams of the relationships having statistically signifficant coefficients of
correlations are shown in Figs. 3 and 4.



Table 5. Coefficients of correlation
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Factors

r

. . Diameters at breast height —0.234**
Basic densities - - -

Average annual ring widths —0.255**

Moisture contents  Dasic densities of heartwood —0.330**
in heartwood Average annual ring widths of heartwood 0.157*
Young's moduli  Basic densities 0.088
in bending Average annual ring widths 0.100

Notes : r ; Coefficients of correlation, *, % %x; Significant at the 59 and 1% levels. n=226
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V. Conclusion

The fundamental properties for wood quality such as basic density, average annual
ring width, and moisture content were examined using 226 grafted trees consisting of 46
clones of Abies sachalinensis, thinned from the seed orchard of the Forest Tree Breeding
Experimental Station, Hokkaido University. Prior to row thinning, measurements of tree
height, diameter at breast height, and YOUNG’s modulus in bending were also carried out.
The values obtained were analyzed statistically.

The results are as follows :

The averages of tree height and diameter at breast height were 6.9 m and 13.3 cm,
respectively, measured over a 22 year period after plantation. The averages of basic
density of wood, annual ring width of wood, moisture content in heartwood, and YOUNG’s
modulus in the bending of standing trees were 342 kg/m?® 3.9 mm, 141.2 9, and 86.0
tons/cm?, respectively. The specific gravity calculated from 342 kg/m?® of average basic
density became 0.415 at 15 9 moisture content, slightly less than the minimum specific
gravity of 0.43 required for higher structural timber grades of A. sachalinensis. The
reason for this is probably due to the fact that the trees were young that the wood was
mainly juvenile wood. The average annual ring width of 3.9 mm was moderate, compared
to the maximum of 6.0 mm according to the Japanese Agricultural Standard. The average
moisture content of 141.2 9% was very high and almost all the clones had a moisture content
of more than 100 9%, wetwood, even though a clonal significant difference was shown. The
cause of this high moisture content in heartwood, therefore, seems to be the soil of the seed
orchard which is composed of several layers of thick wet peat. The 86.0 tons/cm? of the
YOUNG’s modulus belongs to E90 for structural timber according to JAS'®. Among
clones, statistically signifficant differences of these properties were shown by the analysis
of variance. The repeatabilities, heritabilities as a broad sense, of the properties were
low, reflected in 0.13 for YOUNG’s modulus to 0.46 for basic density. This implies that
wood properties are greatly influenced by the environmental conditions of the planted tree.
Correlations between two factors apparently related in properties were also low, the
coefficient of which were, however, statistically significant between basic densities and
diameters at breast height or annual ring widths, and between moisture contents in
heartwood and basic densities of heartwood or annual ring widths of heartwood, and not
significant between YOUNG’s moduli and basic densities or annual ring widths.

Finally, we conclude that in order to obtain good wood properties in planted trees
cultivated from seeds obtained from a seed orchard, a good environment for plantation and
appropriate management are needed, even though the seeds produced from the clones of
plus-trees, are of excellent quality.
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L] B

b k= (Abies sachalinensis MAST.) 38k b0 <, B0 E LEABT, KEH
BEZOT, BEME L UECHAIN TS, LrL, LIFLITERECFRBELTES
MR, HEKEIBREICE VLY LIKEVH»REL, AIAEXELHMEEL > T3,

AFRTIE, LBEXFRARTERBRICERL T3 |+ FeVREBOFIRMRICH S
€T, 19934 4 ARt 23R L, RO LHETH 5 EREER, FHFERIE, BLUak
REREL 72, BRICKNLL, 7> Faicl7u—r82)55 4y 2 BRCEREREL,
FOWE L MEEEEZ KD, 2 LICHBENIE L L 2AOHMITY Y 7R EZRIEL 2,
DAFHEIZ 46 7u—2, 226 K TH Y, WTNLBEILRORRKICBNTEEEI N Fov i
ERIH L OERICL - THMEN, 1971 £i2 9 HOEE CHRERICHEEI N LD TH B, 4
BREDIHDH > T ig, WEMENE 2131Z5 cm DR T, RFFBIIESICE=—N4HiC
ANTERZIEY, @2 EB2EHKCUML, 5120 - Obical) TREERICRRL T,
FRRABEERL 22, D XI2E S NI DV THEHLE 24T TRITL 72, ZE4EOR
#H, HEHE2Z2ELVHIERKRTHE L RERL V) FHEHOQE L LW EIH»LRIL
22N DT, —BROBEICHCIERKREIZEL S, LrL, ZOEMIHEETHY), F—
NEBGTERENLBATHEZ L, FARBEHCRL 79— 2L LTWENT, 0
HRICL), 7u—CHOMROEES, RIZE, b5VidEL2OMEMOEBE%FE{ DAER
ABWEH/L LI TEL,

RBROBERIZ, knkiicFHons,

1. BB 2ENDODEKR} Fov7u—r0FERES L VWEERIE, ThFfN6.9m
L 13.3cm THo 72,

2. L B2 SUSEEER E FHERIE, OMEKESB L UBEBROMITY > 7RENE
RERMEIL, FhFh 342kg/m3, 3.9mm, 141.2%, 3 L1X86.0ton/cm? Th -7z,

3. FHAREER 342kg/m® % 15%EKENHEICHRET S &,0.415 £ %), HABRK
BB TED TS PV SR I EOREH FREEM ORIRILE 0.43 123 b2k
Eh o7z,

4, FHEGIR3.Omm TBELHETH ), FBEEOREEE mmTiZZEL Tk,

5. EHOLHEKE 141.2%3BHTEL, 1 79— 2BWT, wind 100%%82 T
B, WhRIKEVHEVWZE ). IOBAZFETIIL VY, REREBICERENT
B, 1EHIEICBETHI-HEEILNS,

6. BIEHITY > 7R FH) 86 ton/cm? i, 1991 44 & #EE I M I A & L FHE
o E 90(80 ton/cm? % & 100 ton/cm?* ¥ T) KL, 6 FHEXohohiciiEL, BENOAX
K bRPENENETH S,
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7. BN L> T, ZNLOMBEIRRVTRL 70— BTEETH- . INLbN 70—
Vid, ELEETRESINTHEERT, RLRRICHEZEINTWZINTHENT, 2Nk
RENFN 70—V ECEEOHEZ LI L 2FHRL T3, 72, LHZKERISENIC
B{Th, 20— E DR BOYH DI LHFD -1,

8. EMENEBOREZEL HONLIREARLZMBL 2L 25, ZDfHIZY > 7 ED 0.13
o, BMEELKD 0.46 T TOHETH Y, WTFhbEr -7, TNIIEHEE LRI L -
T, PUNVERTLIE2EHL T3,

9. £HEP, HEMTHE» S LBbNIRTIEOVWTHEZRDZEZ S, wTho
HEBRE L&, > 22, Lo L, OHEKELOHEREEE, BIURTKERLRSERIBENH
CREECHEES LNz, T3, BREEEIEN LR, F-FREEW LR,
—RICHBOREYNKRTH ), FIICAFA-TWELNEHEIND,

10, —%, BBy 7R FREEE, BIURY Y 7ERE L FREBOMICI, HB
PEHLNT, TNFTVubNTVWEIRKRLRIELX > Tz, i3, SENY > 7HREdE
DIBH VAT 10kg/cm? LR hr o 12 tzsh, BENRRBE, 22 L, WTRLE—OE
BTRELHEER>» LN 70— DT, BREBFREEEPERBOEIBONL» 72
MRETHDH) EHEL TS,

11. PlEk, EMEERARLCERDPS, RE2ZBEBN /7o—CRETic k> THLNEEY
HBTL LBERENZEARTH->TH, TOENLMELZRET 520113, R D EKICEEL
Tl PR, TLTHYLZERLZIT) Z LB UETHL LERINS,



