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Introduction

Japanese cedar (Sugi, Cryptomeria japonica D. DoN) is the greatest tree species
planted throughout the country excluding Hokkaido, because of the production of
superior timber for the Japanese wooden house. Though a lot of varieties are bred
in the different regions, the tree is peculiar to Japan, consisting of only one species
of one genus and is energetically growing in the artificial forests, fitting for the
Japanese climate.

Meanwhile, in Hokkaido situated under very cold circumstances in winter such
trees as Abies sachalinensis, Picea glehnii, Lariz kaempferi etc. have been generally
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afforested. The cedar seedlings, however, have been considerably planted in the
southern part of Hokkaido including Hiyama Province, where the climatic condi-
tion is similar to northern Honshu.

According to the latest Hokkaido Forestry Statistics®® it is reported that the
area where the cedar was planted in 1982 was 223 ha, or 1% of the entire affore-
station in Hokkaido, and that the cumulative cedar plantation area amounted to
31,000 ha, while 70% of it was contained in 5th age-class (25 years old of stand
age) or less. It seems the cedar is the most promising in southern Hokkaido from
the viewpoint of growth and wood quality. In Hiyama Experiment Forest of
Hokkkaido University, the species has been also planted since 1957, and the area
occupied by the artificial forests attains to 44 ha, in which the pruning and thinning
are being gradually practiced for the production of valuable knottless timbers.

The studies hitherto reported on the cedars have almost dealt with those
produced in Honshu, Shikoku or Kyushu, but hardly in Hokkaido.®1»® In present
study the authors investigated the artificial forests in Hiyama Experiment Forest,
relating the site to the growth and quality of the Japanese cedar. First of all
the soils of several stands including the natural secondary forest were surveyed and
analyzed on physical and chemical properties. After 4 experimenral plots of the
cedar forests were chosen and surveyed on both soils and trees, the each average
and typical tree was felled and used for the stem analysis as well as the examina-
tions of. physical property. Furthermore, biomass of these stands was estimated
under consideration of the utilization of the branches and needle leaves, which are
now neglected after timber cutting.

A part of this study has been already announced at the Meeting of Hokkaido
Branch of the Japanese Forestry Society.”?

The authors are deeply indebted and would like to express their gratitude to
the members of Hiyama Experiment Forest for kind helps in the surveys.

Outlines of Hiyama Experiment Forest?

Hiyama Experiment Forest, Hokkaido University, was founded in 1956 with
the forest of a 100-ha area contributed by Kaminokuni Town after main trees had
been cut. It is situated in 140°11 east longitude and 41°50' north latitude, the
southern part of Hokkaido as shown in Fig. 1, and lies in the cool temperate forest
zone. The forest consists of broad-leaved trees such as dominating Fagus crenata,
Quercus mongolica var. grosseserrata, Tilia japonica, Acer species, Betula species
etc. with a little of Thujopsis dolabrata and Abies sachalinensis var. mayriana
which grows at high altitudes with a south limit in Japan. Meanwhile, Cryptomeria
Japonica which does not originally grow, is now widely planted in this district, on
account of similar climatic conditions to northern Honshu. In terms of the topo-
graphy, it is on the east slope of Mt. Taiheizan (alt. 365 m) and generally steep.
The geological features show it belongs to the Paleozoic Strata classified into Mera
Formation, which is composed of sandstone, clayslate, shale and chert.” Concerning
the climate, mean monthly climatological data recorded at the Experiment Forest
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Fig. 1. Location of Hiyama Experiment Forest.

Table 1. Climatological data of Hiyama Experiment Forest

Jan, Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mean

Mean temperature (°C) —2.1 —2.6 0.8 6.6 11.2 156 204 222 179 114 55 14 9.0
»  max. » (°C) 05 01 44 109 154 192 236 256 220 159 92 41 126
» min, » (°C) —52 —52-27 24 70 120 173 189 138 6.8 17 —18 5.4

Precipitation  (mm) 1136 826 97.4 89.8 710 70.6 955 1652 187.2 1300 90.4 123.4 109.7
(131674

Mean wind force (m/s)*2 81 73 75 60 67 61 51 51 — 69 75 67 66

*1  The figure in parenthesis is the yearly precipitation.
*2  (Observed at Kaminokuni Station of National Railway Board.
Observed period: 5 years from 1980 to 1984,

Station are shown in Table 1. The annual mean temperature is 9.0°C, while the
mean maximum and minimum are 25.6°C and —5.2°C, respectively, and the dif-
ference between cold and warmth is not so remarkable. Total yearly precipitation
is 1,317 mm which comes down almost equally by month, having a little much
rain in autumn corresponding to “the typhoon season”. Mean wind force is strong,
6.6 meters per second, which blows over the mountains from the Tsugaru Straits
in spring and blows from the Sea of Japan during winter. Accordingly, the forests
are always exposed to the strong wind throughout a year, which gives an injurious
effect on the growth of trees.

The forest management has been concentrated on the afforestation of the
Japanese cedar since the foundation. The other studies now investigated are as
follows: 1) Tending of secondary forests of Fagus crenata. 2) Underplanting by
cutting of Thujopsis dolabrata in the beech or cedar forests. 3) Silvicultures on
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the slope constantly suffered by snowslide or on the coastal side constantly suffered
by windblow.

Experiments

1. Experimental Plots and Surveys of Soils

The surveys of soils widely distributed in the Experiment Forest were carried
out in 1972. The stands chosen were: 1) Natural secondary forest (compartment
7, designated as H 7-1) consisting of such broad-leaved trees as Fagus crenata and
Quercus mongolica var. grosseserrata occupied at 88% of total stem numbers in
the experimental plot after main trees were clearly cut in 1955 (before the property).
2) Artificial forest of Lariz kaempferi (compartment 7, designated as H 7-2) planted
in 1957, and now replanted with Cryptomeria japonica, because the former trees
had been drastically suffered by Guignardia laricina. 3) Artificial forest of C.
Japonica mixed with Abies sachalinensis (compartment 4, designated as H 4) planted
in 1957.

Each pit was made in the plots by digging till some 60 cm depth, correspond-
ing with the appearance of fine roots of the trees. In the profile obtained, the
soils were divided into 2 to 4, composed of A and B horizons. The observation
and description of the features were done by the standard method, while the soils
under natural condition were collected from each horizon for the measurements of

Mt, Taihei

] 500m

Fig. 2. Experimental plots surveyed in
Hiyama Experiment Forest.
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apparent specific gravity, moisture content and volumetric distribution of threee
phases using a core sampler with a 100-ml cylinder.

Meanwhile, the surveys of soils in the stands chosen for the comparison of the
cedar growth were carried out in 1984 in 4 plots (designated as Plots 1-4 in the
order from the upper site) as shown in Fig. 2, in the compartments 8 and 9, where
the trees were planted in 1967 and 1966, respectively. After each profile was made
with some 1-m depth, the soils were minutely divided into A, B and C horizons

with subindex number by the difference of color and texture with naked eye, and
examined in detail in the same manner as above-mentioned.

2. Analysis of Soils

The soils surveyed in 1972 were brought in the laboratory and air-dried. The
fine soils obtained by passing through a 2-mm sieve were analyzed by the standard
procedures with an exception of the following measurements: Real specific gravity
with a Beckman air comparison pycnometer, carbon and nitrogen contents with
a Yamagimoto CN corder, CEC with an Orion ionmeter using an ammonium ele-
ctrode, and exchangeable cations (Ca, Mg, K and Na) with a Seiko atomic absorp-
tion spectrophotometer.’®19

3. Surveys of Trees in Plantation Stands

The 4 cedar plantation stands were surveyed on the number of the trees, their
diameter at breast height and their height in each plot of a 10 X 10 m? area, including
the observation of the undergrowth. Each average typical tree was felled at a
30-cm height and measured exactly on the diameter, length, crown height etc.
The branches trimmed off were all collected by 1-m interval from the bottom of
the crown and examined on the number, length and weight including needle leaves.
Then samples selected from the branches in each interval were divided into the
real branch and the leaf which was distinguished with coloring in green, and
the both were weighed and determined on their moisture content in the laboratory.
The each stem was cut to obtain the wood discs in accordance with the method
of stem analysis, together with the extra discs at the same position, which were
used for the examinations of the physical property.

4. Stem Analysis and Examinations for Wood Quality

The stem analysis of the 4 typical cedars were carried out using the discs
by Nakajima’s method. The growths and annual as well as periodic increments
were calculated by every 5-annual ring on height, diameter at breast height, the
sectional area and volume. Meanwhile, the extra discs were cut by about 3-cm width
including the pith and also rectanglarly cut into blocks with every 5 annual rings
from the pith. The physical property was examined using them on moisture con-
tent, basic density, annual ring width and the rate of heartwood.

Results and Discussion

1. Seil Properties
The properties of soils surveyed in 1972 are shown in Table 2. The soils
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Table 2. Properties of Soils under natural

Exp. site Stand Horizon Depth Color by Munsell
{cm)

H 71 Natural A 12 75YR 2/2
secondary B 20 1I0YR 3/3

forest A’ 29 75YR 3/2

B’ 10 YR 4/4

H7-2 L. kaempferi A 20 75YR 2/1
plantation B 10 YR 3/4

H 4 C. japonica A, 15 75 YR 2/1
plantatioa A, 11 10YR 2/2

B 10YR 4/4

Table 3. Physical and chemical properties of

Maximum pH

Mechanical analysis (%) Sl Air-dried  water Bu Real

Eﬁz }ig;l- C::;(sie E;Ir:g sile Clay class moisture B:;géﬁgy density ;Ir’:sllfti; H,0 KCI
(%) (%)
H71 A 69 6 10 15 SL 9.4 160 0.56 230 53 46
B 45 17 16 22 SCL 7.2 103 0.78 253 5.7 46
A 57 7 16 20 SCL 83 98 0.78 258 59 47
B/ 66 8 9 17 SCL 9.6 86 0.90 273 56 49
H7-2 A 15 28 18 39 LiC 6.9 109 0.78 237 59 47
B 49 17 21 13 SL 9.6 86 0.89 2.73 6.2 45
H4 A 48 17 11 24 SCL 76 172 0.53 226 55 A8
A, 37 16 14 33 LiC 8.3 123 0.70 235 61 45
B 62 9 9 20 SCL 85 8 0.92 271 61 50

designated as H 7-1 under natural secondary forest conmsist of 4 horizons, the
surfaces of which seem to be colluvial soils mixed with volcanic ashes. The volcanic
ashes seen on the upland in the Experiment Forest are supposed to derive from the
eruption of an active volvano in Ohshima (a small island distant 50 km west from
Kaminokuni Town) in 1741.° Below B horizon being 20 cm thick, there lies a
brownish black A’ horizon which was temporarily a top-soil. The whole soils are
generally rich in gravels and have a high value in apparent specific gravity. How-
ever, the permeability of air also relatively high even in B’ horizon, as presented
at 2995 of gaseous phase in volume rate. The soils of L. kaempferi plantation
designated as H 7-2 consist of 2 horizons, a 20-cm thick and black A horizon and
a dull yellowish brown B horizon. The soils of the A horizon have high apparent
specific gravity and the rate occupied with solid is as considerably high as 22,
compared with the value of an average A horizon. The soils of C. japonica plan-
tation designated as H 4 have such a thick A horizon as 26 cm divided into A,
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condition in different stands

Apparent specific Moisture content Distribution of three
gravity based on (%) Gravel phases (vol. %) Porosity
Fresh soil Dried soil  Fresh soil Dried soil (%) Solid Liquid Gas (vol. %)
0.73 0.34 540 117.3 27 15 39 46 85
0.99 0.61 38.1 61.4 44 24 38 38 76
1.04 0.64 38.9 63.7 63 24 41 35 76
1.14 0.68 40.3 67.6 32 25 46 29 %
0.96 0.53 454 83.2 3 22 44 34 78
1.05 0.62 415 71.1 22 23 44 33 77
0.94 0.37 60.7 154.8 0 16 57 27 84
1.03 0.45 56.6 130.3 4 19 58 23 81
1.20 0.58 51.6 106.7 21 21 62 17 79

fine soils obtained in different stands

Exchangeable cat-

JEE Lomon ¢ N o cpc —ene(mei0g) PR Lo
acidity matter Ca Mg K Na saturation of P,Os
(%) (%) (%) (%)  (me/100 g) (%) (mg/100 g)
028 268 1L1 064 17 20.3 04 118 56 16 21 51 1,640
047 139 47 026 18 87 285 17 10 10 14 18 1,500
043 164 59 03l 19 108 3.0 20 09 05 13 15 2,230
0.15 99 13 017 8 24 177 15 08 21 06 28 2,170
013 182 71 050 14 130 284 109 56 38 19 78 1,260
0.15 99 13 018 7 24 221 15 16 12 20 29 1,930
026 269 126 078 16 231 350 177 82 09 34 86 1,030
054 191 69 039 18 126 205 35 20 10 20 29 2,170
013 118 25 023 11 45 202 17 18 11 18 22 2,140

and A, by color. The moisture content of these soils are extremely high.

In addition, the thickness of A, layer measured at H 7-1, H7-2 and H 4 was
37, 3.0 and 2.5 cm, respectively.

The properties of the fine soils are shown in Table 3. The whole soils gen-
erally are composed of loam classified by mechanical analysis, showing partly light
clay in the A horizon soils of H7-2 and H 4, which probably contain fine volcanic
ashes. Bulk density determined by YamaNaka’s method and real specific gravity
are low in the topsoils of H7-1 and H 4, which have greater water holding ca-
pacity as well as high humus content. The soils are weakly acidic as shown at 5
to 6 of pH with pure water, coinciding with low exchange acidity. Cation exchange
capacity is high, especially in the topsoils which hold mainly calcium jon. Based on
these results, it can be mentioned that the soils belong to typical brown forest soils
corresponding to By type of properly moist condition at H7-1 and ~2 and Bg type
of weakly wet condition at H 4, and that the soil properties in Hiyama Experiment
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Table 4. Properties of soils under natural

Plot Site Ho;i— Depth Trlllei:i{- Color Hardness
Height Slope Direc- Z° by with Tester .
(m) @) tion (cm) (cm) Munsell naked eye (mm) Consistency
o very dark
1 228 16 W60°S A, 0-3 3 75YR2/3 brown 12 soft
A, 311 8 » 3/3 dark brown 18  hard
A, 11-21 10 n = » 15  slightly hard
B; 21-30 9 10YR3/3 » 16 ”
B, 30-50 20 » 43 dullyellow- 5, ”
Bs 50-63 13 » 5/4 ”» 15 ”»
C 63 41- 75YR6/4 dull orange 24  very hard
2 205 17 W20°S H-A; 0-7 7 10YR17/1 black 7 loose
A, 715 8 75YRz3 VGV Ak y4 gighily herd
B; 15-26 11 » 3/3 dark brown 17 »
B, 26-39 13 10YR3/4 » 16 »
C, 3974 35 » 574 dull yellow- g ”
C 2 74~ 20— ” ”» » 19 hard

3 178 25 w A, 0-7 7 75YR2/2 bownish black 13  soft

A, 715 8 10Y R4/3 brown 17  slightly hard
B, 1530 15 v 4/4 » 18  hard
B, 30-44 14 » 54 dull yellows 46 Jjightly hard
. . . Yyellowish :
C; 44-69 25 brown 26  solid
C, 69— 70- 7.5YR5/8 bright brown 22 very hard
4 162 0 W20°S H-A; 0-10 10 75Y R2/1 black 7 loose
brownish
Ag 10-17 7 ” 3/2 black 12 soft
A; 17-27 10 » 3/3 dark brown 13 »
B; 27-38 11 » 4/4 brown 13 »
B, 3849 11 » 3/4 dark brown 15  slightly hard

C 49 65- » 4/4 brown 18  hard
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condition in Cryptomeria japonica plantations

567

Apparent spe-

Moisture con-
tent based on

Distribution of

three phases

. Gravel : ; .
Stracture S0l Humus oo o Cific gravity () (vol. )~ Porosity
class ¢ Fresh Dried Fresh Dried g 1.4 1.4 G VoLl /o
(%) soil  soil soil soil qut as
crumby CL  rich 2 098 046 527 1114 18 51 31 82
blocky SCL slightly rich 5 099 052 481 927 21 48 31 79
» SiL ” 5 091 041 548 1212 16 50 34 84
slightly con-
crumby " aining 24 097 044 549 1220 17 54 29 83
massive C scare 33 1.03 0.53 485 94.4 20 50 30 80
» SL M 54 134 096 285 398 36 38 26 64
” G no 9 137 100 460 852 36 55 9 64
Lﬂ‘;ﬁf&lar SiL  veryrich 2 08 032 629 1692 13 54 33 8
crumby SL  rich 3 100 045 549 1219 18 55 27 82
» SiL  slightly rich 14 101 046 548 1213 18 55 27 82
coarse- ¢y containing 49 113 068 401 668 26 45 29 74
crumby
massive C scare 70 132 083 373 595 31 49 20 69
» G no 97 139 076 455 834 29 63 8 7
crumby SiL rich 27 1.02 0.51 50.2 1009 20 51 29 80
crumby SL  containing 54 106 066 379 6L1 25 0 3 75
slightly
blocky CL 287 Y 79 132 08 346 529 32 46 22 68
» G » 84 104 066 367 580 25 38 37 75
massive G no 91 104 072 310 448 28 33 39 72
- G " 92 133 089 343 521 33 42 25 67
1 . . .
g‘;‘;ﬁﬁllar SiL  very rich 3 056 025 560 1270 10 31 59 90
fine- .
eramby S rich 1 110 058 477 911 22 53 25 78
crumby L - 1 098 047 517 1070 19 51 30 81
» CL  containing 1 109 060 453 828 23 5 27 7
coarse- slightly con-
cramby C taiaing 17 103 050 517 1069 19 53 28 81
massive G scare 80 1.38 0.89 35.5 55.1 33 49 18 67
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Photo 1. Circumstances of C. japon- Photo 2. Circumstances of C. japon-
ica plantation in Plot 1. ica plantation in Plot 2.

sy

Pohto 3. Cricumstances of C. japon- Photo 4. Circumstances of C, japon-
ica plantation in Plot 3. iea plantation in Plot 4.
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Forest are suitable for the silviculture.

Meanwhile, the properties of soils in the cedar plantations surveyed in 1984
are shown in Table 4. The soils in Plots 1, 2, 3 and 4 are on the whole divided
into 6 or 7 horizons, on which the A, layer covered at 2, 6, 6 and 3-cm thickness,
respectively. The soils in Plot 1 located at the upmost height have an A horizon
of 21-cm thickness divided into 3 subhorizons A;, A; and A; which are a little
mixed with volcanic ashes. The soils of the A horizon show loamy textures con-
sisting of different rate of sand, silt and clay, and are rich or slightly rich in humus
but hardly contain gravels. The topsoils are said to be excellent in term of physical
property, because they are not only moist but also high in air permeability. Though
the soils of B horizon are rich in gravel, they contain also much water. On the
other hand, the soils of C horizon underlying below the By horizon at 63-cm depth
or more are composed of parent material considerably weathered and very hard.
Accordingly, the rate occupied with air is only 9% by volume.

The soils in Plot 2 consist of 6 horizons, the topsoil of which is mingled with
humus layer and designated as H-A, of the horizon. It is black and naturally
enriched with much humus. And it shows, accordingly, high moisture content and
low apparent specific gravity, as well as low solid rate determined at 13%. The
C horizon composed of gravel appears from a 39-cm depth.

The soils in Plot 3 lying on a steep slope of 25° are generally rich in gravels
even in the A horizon, on account of the flow-out of the soils. On the contrary,
the soils in Plot 4 under a flat land are colluvial ones, the consistency of which
is loose or soft corresponding to 7 to 15 mm by a hardness gauge in the A and B
horizons. The topsoils having a total 27-cm thickness show the crumby structures
and hardly contain gravels. Generally speaking, the soils in Plot 4 are the most
excellent. Thus the results would give the type of B¢, Bp, Bp and Bg to the soils
in Plots 1, 2, 3 and 4, respectively.

2. Circumstances of Plantation Stands

According to the silvicultural ledger of the Japanese cedar plantations in the
Experiment Forest, the 3-year-old seedlings bred at a private nursery from the
seeds produced in Akita Prefecture were planted at the rate of 3,000 and 4,000 per
hectare in the compartments 8 and 9 in the spring 1967 and 1966, respectively.
Since then, the tending treatments have been carried out: Weeding for 5 years
after planting, pruning of 4 times, and improvement cutting including thinning of
5 times. The present circumstances are shown in Photos 1 to 4. The tree in-
ventory measured in each experimental plot of a 10X 10 m? area in 1984, is shown
in Table 5. In Plot 1 planted at the highest site the average tree height is 5.6 m
and the average diameter at breast height is 9.9 cm, while the average tree planted
at the lowest site or Plot 4, has such high values as 11.9m and 19.3cm in the
above order. The each tree volume estimated by the volume table® was totaled,
and the growing stock in Plots 1, 2, 3 and 4 calculated by conversion to a hectare,
is 52.2, 131.5, 218.7 and 266.0 m%, respectively. These figures show that the lower
the plantation site is, the greater the growing stock is, and that the value obtained
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Table 5. Tree inventory of Cryptomeria japonica plantations

Diameter
at breast Grow-

. Year
Location Land height (cm) ing

] Planted Survived Height
Plot (compart- of height Slope and

number number mean (m)

ment) t};lgg; direction : 'mean stock
(m) (stems/ha) (stems/ha) MID.~Max. MIN.~MAX. (;m3/hg)

1 8 1967 228 16° W60°S 4,000 2,000 4'55_'2.0 7?192 52.2
2 8 1967 205 17 WAPS 4000 2000 oo ol 131
3 9 1966 178 25° W 3,000 1,800 7'51_01'3.0 1E'210 2187
4 9 1966 162 flat W20°S 3,000 1,400 10.(];}_.194'0 1253 266.0

in Plot 4 is 5 times as large as that in Plot 1.

Meanwhile, the undergrowth consisted mainly of Sasa senanensis, which was
about 1 m high and grew at the rate of some 20 culms per square meter, together
with some kinds of shrub such as Celastrus orbiculatus and Benzoin umbellatum.

3. Tree Growths

The description of the typical trees used for the stem analysis is shown in
Table 6. The trees selected from Plots 1 and 2 were 20 years old and had the
crown height of 2.8 and 3.4 m, respectively, while the trees selected from Plots 3
and 4 were 21 years old and had the crown height of 4.2m due to the pruning.
The results of the stem analysis by 5 years are shown in Tables 7 to 10 and Figs.
4 to 7. Height growth in the first 10 years is not so different from each other
as estimated at 3.63 m of the sample in Plot 1 and at 4.19m in Plot 4, the most
excellent site. However, the 20-year lapse indicates a large difference, i.e. the
former attains to 5.40 m and the latter to 11.0 m. Similarly, the volume at the age
of 10 years is 5.71x107% and 4.42X1073m?® in Plots 1 and 4, respectively, and
afterwards, the one of the former shows to increase slowly to 2.54 X 10~2 m3, at the
20-year end, while that of the latter shows to increase rapidly to 10.5X 1072 m?,
corresponding to 4 times as large.

Table 6. Typical trees used for stem analysis

Plot Age Tree height Crown height Crown diameter D.B. H.
{m) (m) (m) (cm)
1 20 5.4 2.8 2.8 10.7
2 20 7.8 34 3.6 12,7
3 21 9.8 42 5.6 159
4 21 11.3 42 4.8 18.2




Table 7. Description of growths in a typical tree selected in Plot 1
Height Diameter at breast height
Age Periodic Annual Mean Growth Periodic Annual Mean Growth
class Growth increment increment increment rate Growth increment increment  increment rate
{m) (m) (m) (m) (%) (cm) (cm) {cm) (cm) (%)

5 0.97 0.97 0.19 0.19 — — — — — —
10 3.63 2.66 0.53 0.36 30.2 517 5.17 1.03 0.52 —
15 4.87 1.24 0.25 0.32 6.1 8.10 2.93 0.59 0.54 9.4
20 540 0.53 0.11 0.27 21 9.95 1.85 0.37 0.50 42

(20y* (10.54)
Sectional area at breast height Volume
Age Periodic Annual Mean Growth Periodic Annual Mean Growth
class Growth increment increment increment rate Growth increment increment increment rate
(m?) (m?) (m?) (m?) (%) (m3) (m3) (m3) (m3) (%)

5 — — —_ — —_ 542x10-5 542x10-° 1.08x10-5 1.08x10-5 —
10 210x10-3 210x10-3 4.20x10-* 2.10x10-¢ — 571x10-3 565x10-3 113x10-3 571x10-4 153.8
15 615X10—3 3.05X10-3 6.10x10-* 3.43x10—4 19.7 1.55X10-2 9.79%X10-3 1.96x10-3 1.03x10-3 221
20 7.78x10-3 263x10-3 5.30x10-¢ 3.89x10-% 8.6 2.64xX10-2  9.90x10-3 198x10-3 1.27x10-3 104

(20)* 8.73x10-3 2.95x10—2
* Including bark.
Table 8. Description of growths in a typical tree selected in Plot 2
Height Diameter at breast height
Age Periodic Annual Mean Growth Periodic Annual Mean Growth
class Growth increment increment increment rate Growth increment increment increment rate
(m) (m) (m) {m) (%) (cm) (cm) (cm) (cm) (%)
5 0.80 0.80 0.16 0.16 — — — —_ -— _
10 3.30 2,50 0.50 0.33 32.8 3.42 342 0.68 0.34 —
15 6.30 3.00 0.60 0.42 138 8.73 5.31 1.06 0.58 20.6
20 7.80 1.50 0.30 0.39 44 12.09 3.36 0.67 0.60 6.7
(20) 12.85
Sectional area at breast height Volume
Age Periodic Annual Mean Growth Periodic Annual Mean Growth
class Growth increment increment increment rate Growth increment increment increment rate
(m?) (m?) (m?) (m?) (%) (m3) (m3) (m3) (m3) (%)

5 — — — — — 2.23x10-5 2.23x10-5 446%x10-6 4.46x10-6 —
10 092x10-3 0.92x10-3 1.84x10—* 9.20x10-5 — 277x10-3  275x10-3 550x10—* 2.77x10—4 162.3
15 599x10—3 4.07x10-3 814x10-4 3.99x10-4 455 2.09x10-2 1.81x10—2 3.62x10-3 1.39x10-3 49.8
20 1.14X10-2 541x10-3 1.08x10-3 5.70x10—4 137 465x10-2 256x10-2 512x10-3 2.33x10-3 17.3

(20) 1.30 X102 526 x10-2

(7v 32 ‘anrn) 1epe) ssouedef pue s[og jo sensadorg
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Table 9. Description of growths in a typical tree selected in Plot 3
Height . Diameter at breast height
Age Periodic Annual Mean Growth Periodic Annual Mean Growth
class Growth increment increment increment rate Growth increment increment increment rate
(m) (m) (m) (m) (%) (cm) (cm) (cm) (cm) (%)
5 0.63 0.63 0.13 0.13 — — — — — —
10 3.30 2.67 0.53 0.33 39.3 3.20 3.20 0.64 0.32 —
15 7.30 4.00 0.80 0.49 17.2 9.93 6.73 1.35 0.66 254
20 9.30 2.00 0.40 0.47 5.0 14.32 4.39 0.88 0.72 7.6
21 9.80 0.50 0.50 047 54 15.51 1.19 119 0.74 8.3
(21) 16.10
Sectional area at breast height Volume
Age Periedic Annual Mean Growth Periodic Annual Mean Growth
class Growth increment increment increment rate Gm‘_"th increment increment increment rate
(m?) (m?) (m?) (m?) (%) (m3) (m3) (m3) (m3) (%)
5 —_ — — — — 5.74%X10-% 574x-5 1.15%x10-5 1.15X10-5 —
10 0.80x10-3 0.80x10-3 1.60x10-¢ 8.00x10-5 — 478Xx10-3 4.72x—3 9.44x10—4 4.78x10—4 142.2
15 774103 6.94%10-3 1.39x10-3 516x10—* 574 2.86x10-2 238x -2 476 X10-3 1.91x10-3 43.0
20 1.61x10—2 836x10—-3 1.67x10-3 8.05x10—¢ 15.8 7.86x10—-2 500x -2 1.00x10-2 3.93x10—-3 22.4
21 1.89x10-2 280x10-3 2.80X10-3 9.00x10-4 174 9.16x10-2 1.30x-—2 1.30Xx10-2 4.3610-3 16.5
(21) 2.04 X102 1.00x10-1
Table 10. Description of growths in a typical tree selected in Plot 4
Height Diameter at breast height
Age Periodic Annual Mean Growth Periodic Annual Mean Growth
class Growth increment increment increment rate Growth increment increment increment rate
(m) (m) (m) (m) (%) (cm) (cm) (cm) (cm) (%)
5 0.97 0.97 0.19 0.19 —_ — — —_ —_ —
10 4.30 3.33 0.67 0.43 34.7 419 419 0.84 0.42 —
15 7.97 3.67 0.73 0.53 131 10.75 6.56 1.31 0.72 20.7
20 11.00 3.03 0.61 0.55 6.7 16.05 5.30 1.06 0.80 83
21 - 11.30 0.30 0.30 0.54 2.7 16.80 0.75 0.75 0.80 47
(21) 1753
Sectional area at breast height Volume
Age Growth Periodic Annual Mean Growth Growth Periodic Annual Mean Growth
class increment increment increment rate w increment increment increment rate
(m?) (m?) (m?) (m?) (%) (m3) (m3) (m3) (m3) (%)
5 —_ — — — —_ 3.64x10-5 3.64X10-5 7.28x10-¢ 7.28x10-6 —
10 1.38x10-3 1.38x10-3 2.76x10-¢ 1.38x10—4 — 442X10-3 4.38x10-3 8.76x10-* 4.42x10—4% 161.1
15 9.08x10-3 7.70x10-3 1.54x10-3 6.05X10-4 45.8 362x10-% 318x10-2 6.36x10-3 2.41x10-3 52.3
20 2.02x10-2 1.11x10-2 222x10-3 1.01x10-3 17.3 1.056x10-! 6.88x10-2 1.38X10-2 525x10-3 237
21 2.22x10-2 2.00x10-3 200x10-3 1.06x10-3 99 119101 1.40%x10-2 1.40x10-2 5.67x10-3 13.3
(21) 2.41 X102 1.31x10-!
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4, Physical Properties of Woods

The results of the physical properties in the typical tree woods are shown in
Tables 11 to 14, using the blocks having each 5-annual ring which were prepared
from another wood disc collected at the same position as the stem analysis.

Table 11 shows that the distribution of moisture content naturally reveals the
low value at the inner wood consisting mainly of heartwood as well as the high
value at the outer wood consisting of sapwood. The average moisture content is
127, 150, 106 and 118% in the samples obtained from Plots 1, 2, 3 and 4, re-
spectively. Meanwhile, the basic density is generally high at the inner wood, espe-
cially as indicated at 435 kg/m® for the sample collected in Plot 1, while the lowest
is shown at 247 kg/m3® for the outer wood cut at the 0.3 m stem height of the
sample in Plot 4. The average basic density is low in general, measured at 382,
299, 318 and 308 kg/m?, respectively. And this each value is converted to 0.439,
0.376, 0.401 and 0.388 in air-dry specific gravity by calculation of volume shrinkage
and a weight increase of 15% moisture.® And these figures do not attain to the
lowest value-of 0.43 proposed for the higher structural timber grade for the build-
ing,'? excluding the sample obtained from Plot 1. As regards the basic density
of several kinds of C. japonica grown in Honshu, the average was also so low

Table 11. Distributions of moisture content in the wood of

typical trees (%)
Plot Height Sectiqn of ring number from pith Aversge

(m) 1-5 6-10 11-15 16~

1 0.3 81 107 193 — 106

13 98 192 — — 134

33 142 — — — 142

(127)

2 0.3 129 168 273 - 175

1.3 104 144 221 — 142

33 63 209 — — 135

5.3 146 — — — 146

(150)

3 0.3 49 70 205 — 95

1.3 81 112 201 — 114

33 72 162 — — 108

5.3 86 166 — — 108

(106)

4 0.3 52 54 166 303 100

13 53 75 205 — 88

33 54 134 262 — 104

53 78 212 — — 129

7.3 169 — — — 169

(118)
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Table 12. Distributions of basic density in the wood of

typical trees (kg/m3)
Plot Height Section of ring number from pith Average

(m) 1-5 6-10 11-15 16—

1 0.3 435 387 377 — 414

1.3 363 338 _ — 353

33 378 — — — 378

(382)

2 0.3 356 279 275 — 331

1.3 290 258 253 — 267

3.3 301 267 — — 285

5.3 312 — —_ — 312

(299)

3 0.3 353 296 278 — 323

1.3 316 283 266 —_ 296

3.3 394 292 — — 346

5.3 307 295 — — 305

(318)

4 0.3 369 280 255 247 293

13 331 292 296 — 307

3.3 332 274 257 — 295

5.3 335 327 — — 331

73 312 — — — 312

(308)

Table 13. Distributions of annual ring width in the wood of
typical trees (mm)

. Height Section of ring number from pith
Plot

Average
1-5 6-10 11-15 16-
(m)
1 0.3 54 34 3.0 — 39
1.3 55 28 — — 41
33 36 — — — 3.6
(3.9)
2 0.3 55 48 36 — 49
1.3 .43 3.7 3.2 — 39
33 43 44 — — 43
5.3 3.6 — — — 3.6
(4.2)
3 0.3 5.2 5.7 49 — 5.2
1.3 6.2 6.0 46 — 5.6
33 6.4 4.7 — — 5.6
5.3 5.6 38 — — 5.0
(5.4)
4 0.3 42 7.7 6.7 6.5 59
13 6.6 5.7 47 — 5.9
33 5.9 5.7 5.0 — 5.7
5.3 5.0 5.8 — — 52
73 49 — — —

49
(5.5)
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Table 14. Distributions of rate of heartwood in the wood
of typical trees

Plot Height A;::::ﬂi rri:fg Rate of diameter Rate of area

(m) heartwood (%) (%)

1 0.3 7 41 17
1.3 5 30 9
3.3 2 14

2 0.3 8 40 16
1.3 7 41 17
33 4 31 9
5.3 1 6 0.4

3 0.3 9 45 20
1.3 7 39 15
33 5 30 -9
53 4 19 4

4 0.3 12 55 30
1.3 8 53 25
3.3 6 42 18
5.3 5 27 7
73 2 6 04

as 308 kg/m?® in 13 trees collected from Chubu Province? as well as 333 and 340
kg/m® in 4 and 7 trees, respectively, from Kanto Province® Meanwhile, the
average annual ring width is so broad as 3.9, 4.2, 54 and 5.5mm in the order
as - shown in Table 13, indicating the broader width in the samples of the more
excellent growth. The width, however, does not exceed the upper limit of 6 mm
standardized for the above mentioned grade for the building.® As presented in
Table 14, the rate of heartwood is greater in the large stem disc or the wood of
remarkable growth, indicating over 50% at the rate of the diameter and 25 to
309 at that of the area in the lower part of the sample selected from Plot 4.

5. Biomass in Plantation Sites

The distributions of the branches collected from the typical tree in each plot
are shown in Tables 15 to 18 and in Fig. 7. Table 15 indicates a total of the
branch from Plot 1 is 48 excluding 20 twigs composed only of the leaves. The
greatest branch is 120 cm long whose weight is 1,400 g. Naturally, the branches of
the lower part in the crown are generally long. The dried weight of the real
branches and leaves is 1,045 and 5,916 g, respectively. Meanwhile, the largest
number of the branch is given at 145 including 50 of the short twig in the tree
from Plot 3, as shown in Table 17, which also indicates this tree has the heaviest
leaf quantity of all the four selected. The tree from Plot 4, possessing the largest
growing stock, spreads 100 branches and twigs, excluding 3 of the withered branch.



Table 15. Length and weight of branches including needle leaves collected from
a typical tree in Plot 1

: Moisture . N
Location in Numb Length (cm) Green weight (g) content (%) Dried weight (g)
crown umper mean standard mean standard total real leaf real leaf 1 real leaf
min.—max. deviation min-max. deviation otal pranch 2 branch €a total pyapch 12
First section 18 81 4
(2.8-3.8 m high) 50-120 154 200-1,400 291 8,000 1,220 6,780 49.4 58.5 3431 618 2,813
Second » 24 60 319 7,650 6,770
(3.8-48 m high) (10) 5000 18.8 “B0600 159 {100) 880 {100) 51.6 56.9 3,388 427 2,961
Third » 6 30 47 280 280
(48-54m high)  (10) 20-40 58 2560 12 (50) 0 (50 57.2 4z 0 142
48 15,930 13,830
Total 20) — — — — de0) 2100 450, — 6961 1,045 5916

( ): Short twigs composed only of leaves.

Table 16. Length and weight of branches including needle leaves collected from
a typical tree in Plot 2

. Moisture . .
Location in Number Length (cm) Green weight (g) content (%) Dried weight (g)
crown umbpe mean standard mean standard total real leaf real leaf 1 real leaf
min.—max. deviation min-max. deviation otal  pranch €2 branch €2 total pranch 2
First section 16 99 525
(3.4-44m high) 50-140 20.0 100-1,100 264 8,400 1,490 6,910 51.3 54.8 3,849 726 3,123
Second » 13 87 481 6,250 5,320
(44-54 m high) (5) S0-100 8.2 300-700 114 (50) 930 (50) 49.8 56.4 2,809 467 2,342
Third » 19 67 27 5,150 4,710
(5464 m high) @ ey 113 0400 83 %0, o M 517 548 235 213 215
Fourth » 13 4 120 1,560 1,520
(64-74m high)  (9) 30-80 134 100-250 2 o) 40 g B3 %8 79D T0
61 _ - _ 21,360 18,460 - _
Total & Begy 290 00 9742 1425 8317
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Table 17. Length and weight of branches including needle leaves collected from a typical tree in Plot 3
Location in Number Length (cm) Green weight (g) ccl)\ldl(t)i;tt“f%;) Dried weight (g)
crown mean Standard mean Standard l'eal real real

Tin—max. deviation min-max, deviation tOtal branch leaf branch leaf total branch leaf
Gatscion, M g B4 e %69 10850 2600 8190 513 530 514 1205 3809
S m gy ) o 20 eamy %07 2R 2m10 10080 499 553 5764 1258 4506
(Te.l;.i-% m high) (fg) %120 242 —M% 215 10(388) 1,690 B(g(l)g) 457 547 5045 918 4127
g"z‘fgtgm igh) 22 ‘E,inﬁ 124 15%-5200 82 5600 580 5020 479 590 2360 302 2,058
(%gt—lﬁ.z m high) (i% % 10.8 10(1:350 65 1@(5)8) 0 1(%) — 579 947 0 947
o3 em high) () — — — — @0 0 (20  — 50 2 o 8
Total (gg) — — — — 41(754°56) 7,440 34(»},%) — — 19342 3773 15,569

Table 18. Length and weight of branches including needle-leaves collected from a typical tree in Plot 4
Location in Number Length (cm) Green weight (g) cgﬁ?iittu f;:,) Dried weight (g)
crown mean standard mean standard real real real

min—max. deviation min—max. deviation total branch leaf branch leaf total branch leaf
Wrssm ey @ oo 85 wonm 192 Jagy M0 40 (B3 s1 30Me0  UES)
(sz"chs’_‘gm "high) (g) ﬂl)_%o 205 60(?_51(3500 322 6(‘15058) 1,740 4(’*1’(1)8) 539 585 2881 802 2,079
(T&gi_%m high) - 33.2 1507_42‘3300 552 11(}%) 260 5% 507 sz 4882 1316 3566
B mhigh) O mam %04 ol 191 5950 990 4960 492 590 2537 503 2,034
e omhigh @  motm 166 mom- 18 %0 110 590 sms  see  som sz 24m
s high O wodw 12 e 54 260 0 260 — 601 107 o0 1,037
(Si?)f'zefﬁ}.l:a m high) (g) ﬁ 0 5(?-050 0 (}%) 0 (igg) - 95 010 101
g8 - - - R B T

« »:

Withered branch.
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Tree

Tree
in Plot 1 in Plot 2

Tree
in Plot 3

Tree
in Plot 4

Fig. 7. Illustrated distributions of branches
in typical trees.

Table 19. Biomass calculated from a typical tree and undergrowth

growing in each plot

579

Plot 1 2 3 4
Typical tree stem 254x10-2  465x10-2  916Xx10—2  11.9x10-2
volume (m3) bark 041x10~2  0.61x10~2  0.84x10-2 1.2x10-2
stem 9.7 13.9 29.1 36.7
green bark 1.6 24 34 48
weight (kg) branch 21 2.9 74 82
leaf 14.0 18.7 35.9 318
stem 4,3 5.6 14.1 16.8
dried bark 0.9 1.4 2.0 2.8
weight (kg) branch 1.0 14 38 40
leaf 5.9 83 15.6 13.1
Undergrowth green weight
(tons/ha) 11.0 7.0 55 7.0
Stem density per ha 2,000 2,000 1,800 1,400
stem 8.6 11.2 254 235
bark 1.8 2.8 3.6 39
Biomass branch 2.0 2.8 6.8 5.6
(tons/ba) Jeaf 11.8 16.6 281 183
undergrowth 5.3 35 25 35
total 295 36.9 66.4 54.8
Available biomass 156 2.2 385 27.8

{bark+branch+leaf) (tons/ha)
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The greatest is 190 cm long and the heaviest is 2,300 g, obtained from the 6.2~
7.2m section. Table 18 reveals the amount of the branches including the leaves
is estimated at 17,141g in the tree selected from Plot 4, the second figure next
to the tree from Plot 3. As the pruning has been often properly carried out, it
should be considered the typical tree does not always show the amount of the
branches and leaves representing exactly the whole trees growing in each plot.

Biomass was calculated by multiplying the survived tree number by the weight
of the typical tree which was divided into the stem, barks, branches and leaves,
and by the hectare-weight of the undergrowth as shown in Table 19. The biomass
in Plots 1, 2, 3 and 4 was estimated at 29.5, 36.9, 66.4 and 54.8 tons per hectare,
respectively. The greatest given in Plot 3 might happen to account for the remarka-
ble amount of the leaves and the stem density of the site. However, the lower
height site has generally a greater biomass, while the upper height site has a lower
one. The biomass of the natural secondary forest investigated earlier was estimated
at 124.4 tons per hectare which contain the roots of broad-leaved trees and the
undergrowth consisting mainly of S. senanensis.’® The data showed that the roots
was considerably much and that the stem density was 2,460 per hectare. There-
fore, the Japanese cedar forests planted in good site would be believed to be a
match for the natural forests in a near future.

Available biomass composed of barks, branches and leaves which have been
hitherto neglected is unexpectedly a remarkable quantity. The greater parts are
left in the forests after timber felling and can be surely turned to the soils as a
fertilizer. But the branches and leaves fall every year and are sufficiently ac-
cumulated on the soils enough to supply the matters necessary for the tree growth.
Accordingly, these waste residues should be transported to the mill with the logs
and effectively utilized as a new forest biomass.

Conclusion

Summarized through these results, the soils in Hiyama Experiment Forest are
generally good on the physical and chemical properties, especially the soils obtained
in Plot 4 are excellent for the tree growth, possessing the highest growing stock
in the 20-year lapse. However, the trees planted in the upper site such as Plots
1 and 2, do not show the good growth probably on account of the effect of wind,
though the vitality in the earlier stage is energetic. Wind force of the different
windy districts facing to the Sea of Japan in Hokkaido is shown in Table 20,
compared with that of Kaminokuni Town. This indicates Kaminokuni Town is
understandable to be a most windy district, where the strong wind blows even in
the summer, the growing season of vegetation, at the average speed of 6.6 meters
per second through a year. Accordingly, the top of the trees planted in the upper
site is always exposed to the strong wind, which is very harmful for height growth,
showing 52.2 m® of growing stock and 29.5 tons of biomass per hectare in Plot 1,
while Plot 4, the most excellent site from the viewpoint of both soils and wind,
possesses 266.0 m® of growing stock, 5 times as large as that of the former. These
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Table 20. Wind force in various districts facing to the Sea

of Japan in Hokkaido*! (m/sec)

District Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mean
Kaminokuni*? 81 73 75 60 67 61 51 51 — 69 75 6.7 6.6
Esashi 78 76 70 56 43 35 33 36 45 54 79 86 5.8
Wakkanai 52 49 47 47 51 44 40 39 42 49 49 5.0 4.7
Haboro 38 34 32 32 29 24 22 24 29 35 42 37 3.2
Rumoi 60 58 54 51 45 36 34 37 48 55 65 69 5.1
Otaru 30 28 28 26 22 17 16 19 22 26 27 28 24
Suttsu 62 60 58 59 56 58 54 50 48 49 54 55 5.6
Hakodate 26 26 30 31 27 24 21 24 24 26 28 26 2.6

*1

From the data of “Climate in Hokkaido” 19-40 (1982).

*2  Observed at Kaminokuni station of National Railway Board.

big trees, however, have generally low specific gravity and broad annual ring width,
though the characteristics are to some extent natural because the trees are young,
comprising relatively much juvenile wood.

It should be always considered to select the good site for tree growth and to
tend the trees for good quality in the case of afforestation.

Furthermore, the waste

residues now neglected in timber harvesting should be also utilized as a new forest
biomass. '

10)
11)

12)

13)
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¥ EE RO LB b AL ERERIUBFEE RO LB L, AFERKROBER T
WA AT, BILIFIRE L 1956 EORIREEK, A FOBRRBRBHIEZENTWS,

AR, ETTEEHO KRR SRR BOBEL ST 2T - 2. &K
1984 %, HRBE B XL 20 F2 BB LA A FERBHHERIIC 4 »FIEREBYEEL, £0 %
AREEZTRCTEEZHASN, IOLCRBORERREZEE Lz, ERBERCOWT, HREN
15 LARRE, KK - AREEER - FRiE - OHREOMEELARL, —K, £hbo
BAROEZEOE N EETNTED, Lo, &S, ERYILY, FREBCI DI LT
WOy v IARLREEELTWARS () &, #ENHLLLITY &) 220 T, tht
hOBEILABERHELI, ThHXBELT, F4rFToutiEom LRRATEEL~7 5 —
VBB TEE Lk, ¥-AFERBoIHED oW, FLLBHAEL TR,
DEDBERIIOEDLBYTH S,

L 2l FEERO LEOBLFHERIIEBMCRIFTHS, BATLIBBAEDA
Bicit 1741 FeB A LIc KED KUK R - Tv5b, fETHOoLEIHEL T A BED
Tre A, B BAEELTWS, —F, BT, BV, RoPOPHEE T, Bolk
WIEEK LB A B3R LT3 (Table 2, 3),

2. EBEANcH T4 » 7 (Plot 1-4) o X ¥k H3#iz, AR T6RWLT7 Besd
b, Plot 3 B &, BEuwv A BrizBRXiztA g EhTunint, 2o —BeHLE T,
KRB ONEBEOWED v, FOHTH, Plot 4 DEBUIEL T CELNL, MER
LENEELZELT, LRBFTHS (Table4),

3. BAHEORKE, EHOEVPtl TlE, ~7 & -1 hirREKH22m® THB
DXt L, Plot 4 Tixd>Tm 21 4T, FHiZ 266.0 m* DEELH LT\ 5 (Table 5),

4. Plotl 7o\ "L 4D 4 KDRERE, #E54m 55 11.3m, FEER 10.7cm H» 5 182
cm OHIF S b, Plot 1 & 4 DM B OB L, A—BHBT 45 b DIiF 5> T % (Table 6-10),

5 BERENTORMTRIT 5K, A—&CRRCHE - AR oW, b 5EEc
PV ILT, Ty 2%RHUL, TOEKBEERTHL, DHIENLYLLEBRABT
12 50% Fitk, AH LB IDTIRING CETHIDOLH 5, FHEKRIL106~150% O
#PACH % (Table 11),
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6. BAEFBERL, —BEL, Plot 1,2,3 8 X4 LB LARER TR ERLHhTH
382, 299, 318 ¥ X 1* 308 kg/m?® (Table 12) TH b, 15% K7 OREL B BRETSH &, 0.439,
0.376, 0.401 3 X 08 0.388 & /5%,

7. ERBIZEBRRA L, Plotl 0RBHM OAFE 39 mm THBH, Plot4 Do,
55mm b inoThb, UL, ZOBKIIREEMNOS5DSEEREERARLO T, ¥R
vl Liaseus (Table 13),

8. DLMEL, KEIABAKREATHD, Plot 4 T2 HhEREARD 1.3m UTOHM T
13, ERIETTTIRE0% 2 2 T\5 (Table 14),

9. ZERERIIVERMULELZAETS L, £OKL Plot 3 D OXAFKTEEN D 1D
B IEEEDHE M EFCLETSD, ¥, ThOOEERED Plot 3 DRBRKEKRT, KEE
ZERTH20kgiebins, —H, Plot 1 235 2 bh AREKR T Tkg TH % (Table 15-18),

10. B®MYT, SAR, BKELD, MBACAFEREO~7 2 -1 Yol LRBRFR
BEMTHE, Plotl 6 4% T, #h+¥h 295 369, 66.4 3 X 0'548 F v &b, Plot 3 ®
VHARETH o1, Plot 3 DREROEOENRAKTH o7 & &, UARERENLEHS
ZEN, FOBETHD, Lrl, FIIHIEWTUL, ZhE TRITHPRERAAEITH
RTEY, Zhilfa T THRERLOHEE LIETH 5,

PhELRCBEEOECIHTRIBEFEENS L, BRBVWEZAHAIZOBIIP LW
2 &5, FLEORIVWVThIEL, L ctRoBEWBATOBRMTHTHEERE, &
hEOREIREOBIIILALETLh TR D, SHRIAFEM &L —BCIHTED, Fh14
<AL LTHBCHBT Sz L3EE L\ (Table 19),

11, DEOHEE?S, AFOBEBRKY - CERHPHEBRARELEZER TS L ALET
BB, COWHRIBETLIRSANOE IR (Table 20) TH b, EY b O LVBRTCH
Z2HRIEAFE, 0ELBRBTHEELLARNELTL %, ¥HEBEOFARL THT
T, MEELDCHIHBCONTLEET L ENEETH S,



