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Growth and .W ood Quality of Sugi and Hinoki Trees in 
the Plantations of the Wakayama Experiment Forest 

By 

Katsuyuki MINATO·, Masao UJIIE· and Yuhnosuke HISHINUMA • 

Abstract 

The present study was carried out to investigate the growth and wood quality of sugi 
(Cryptomeria japonica) and hinoki (Chamaecyparis obtusa) planted in the Wakayama 
Experiment Forest. Prior to the examination of the trees, the soils were surveyed in the 
plantations and a natural secondary broad-leaved forest. Trees over 50 years old were 
stem-analyzed, and the wood was examined for moisture content, basic density, annual 
ring width and the proportion of heartwood. The results showed that the soils were 
sufficiently wet or slightly dry brown forest ones (BD or Be type in the Japanese forest soil 
classification method) and rich in gravel. The growth and wood quality of both kinds of 
trees were excellent, even compared with those produced in the famous forestry districts. 
Though the hinoki was a little inferior to the sugi in its growth, it was superior to the sugi 
in its wood quality, for instance in its uniformity of annual ring width. The heartwood 
of the sugi trees was remarkably dark brown in color and had a high moisture content, 
as is often seen in sugi of other districts, and the wood of the sugi trees is con~idered a 
kind of wetwood. 

Key words; Forest soil, Sugi (Cryptomeria japonica), Hinoki (Chamaecyparis obtusa), 
Stem analysis, Wood quality. 
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Introduction 

Afforestation has been actively practiced in Japan since the end of World War II. At 
present about 40 % of the total forest area (25 millon ha) is occupied by artificial forests, 
in which sugi (Cryptomeria japonica D.DoN) and hinoki (Chamaecyparis obtusa ENOL.) have 
been mainly planted throughout the country excluding the greater part of Hokkaido. 
Sugi, which has a number of regional varieties, is the only species in the genus Cryptomeria 
and is well suited to wet brown forest soils and the warm and humid conditions occurring 
in the growing season peculiar to Japan, while hinoki is well suited to properly wet or 
slightly dry brown forest soils. Consequently, it is generally planted at higher elevations 
than sugi. Recently they are being planted at an annual rate of over 30,000 ha eachl). 
Both kinds of wood are widely used for structural timber and furnishings in Japanese 
houses. 

In the Wakayama Experiment Forest, Hokkaido University, the two species have also 
been widely planted since its foundation. However, studies on the growth and wood 
quality of the trees as well as on the forest soils in the Experiment Forest have been almost 
nonexistent. Thus, we investigated the forest soils of the plantations and a natural forest 
in March, 1982, and studied the sugi and hinoki which were over 50 years old in 1988 by 
examining their process of growth through the stem analysis method and their physical 
properties of moisture content, basic density, annual ring width and the proportion of 
heartwood. 

A number of studies on sugi and hinoki have been reported; with regard to the physical 
properties listed above, Yazawa2S.27), Miyoshp2), Hirai3-

S
), Sakata and SaekPS), Yazawa and 

Fukazawa28.29), and Fukazawa2) have described them in detail. Meanwhile, there also have 
been many general research books published on sugi and hinokps-ls.17-20). 

Weare deeply indebted to and would like to express our gratitude towards the 
members of the Wakayama Experiment Forest and Mr. I.Tanaka, former instructor, for 
their kind assistance in the surveys and examinations. 

Outline of the Wakayama Experiment Forest lO
) 

The Wakayama Experiment Forest was founded in 1925 with the purchase of about 
430-ha forest from private owners. It was purchased to allow the study of warm 
temperate forests and to provide a place for student training in the University. As shown 
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I 

42·N..,.....-+--

Fig.I. Location of experimental sites in'the Wakayama Experiment Forest. 
Note: The figures are the compartment Nos. 

in Fig. 1, it is situated at 135·40' east longitude and 33°40' north latitude, belonging 
adminstratively to Kozagawa Town, Wakayama Prefecture. In terms of geology, the 
area exists on Paleogenic strata classified into the Muro group composed of sandstone, 
mudstone and their alternated beds. The topographical features show the land is general
ly steeply sloped. The forest is located in the area around the uppermost stream of the 
Hirai River, a tributary of the Koza River. Concerning the climate, as shown in Table 1, 
the annual mean temperature is 15.4·C and yearly precipitation is 3,760 mm, over 70 % of 

Table 1. Climatological data of the Wakayama Experiment Forest 

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

Mean temperature (,C) 5.3 6.3 14.6 14.6 17.5 21.8 25.0 25.5 22.9 17.7 12.6 7.5 15.4 

Mean max. temperature ("C) 11.6 12.1 15.1 20.0 23.5 26.3 29.8 30.1 27.8 23.6 18.1 13.8 

Mean min. temperature (t) -1.1 0.6 2.9 8.7 12.5 17.4 20.9 21.4 18.4 12.7 7.0 1.6 

Precipitation (mm) 123.3 193.7 254.7 422.5 376.8 497.8 411.0 523.5 408.5 243.4 184.9 121.1 313.4 
(3.761) ., 

Evaporation (mm) 59.9 66.2 89.6 96.2 112.5 93.3 116.8 112.3 90.7 80.6 64.8 54.8 86.5 

Time of sunshine (hr) 151.0 154.5 156.5 144.8 163.8 106.2 142.4 140.4 121.2 150.4 122.7 147.4 141.8 
(1.701) .. . , The figures in parenthesis are the yearly precipitation and sunshine hours . 

Observed period: 10 years from 1971 to 1980. 
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which falls from April to September. Compared to other seasons, winters are dry with 
many hours of sunshine, though sometimes snowfalls of several centimeters deep occur. 

Since it belongs phytogeographically to the northern warm temperate zone, the natural 
forest is a mixed ever-green broad-leaved forest (called Shoyo-jurin) consisting mainly of 
Shiia and Quercus species, with some deciduous trees and conifers such as Abies firma and 
Tsuga sieboldi in the higher altitudes. However, as the climatic conditions are well suited 
to sugi and hinoki, they have been planted since 1928 under the management plan for the 
conversion of secondary forests in the Experiment Forest. At present, artificial forests 
account for 75 % of the total area. And research based on the new management plan is 
being actively pursued, including experiments on the conversion to an artificial multi
storied forest and the production of high-value wood like knotfree-faced boxed heart 
timber for Japanese housesll>. In the rest of the Experiment Forest there are various 
experimental arboretums and forest reserves including a 59-ha broad-leaved old growth 
forest. 

Experiment Sites 

As shown in Fig. 1 and Table 2, three experimental plots were selected : Plot 1 in the 

Table 2. Outline of the experimental sites 

Plot Site Forest Year Elevation Slope Planting Living Height D.B.H. Gro.;ng 
(Compartment) of (m) and number number (m) (em) stock 

plantation direction (seedlings/ba) (Stems/ba) average S.D. 02 average S.D. (m'/hal 

min.-max. min-max. 

1 0, 5 Sugi artificial forest 1936 520 2lrS 4.650 1.000 22.6 2.59 28.5 6.35 685 -- --
19-27 18-37 

2 0
' 5 Hinoki artificial 1936 560 19'5 4.650 1.200 21.7 1.44 26.5 4.52 748 forest -- --

19-24 16-32 

3 16 Natural secondary 
broad-leaved forest 320 38'SE 2.400 11.7 6.28 12.8 7.16 404 -- --

6-28 6-30 

Note; Surveyed in May, 1988. 
0' Two-storied forests, now made by underplanting of sugi seedlings in 1983 and 1984. 
.. S.D.; Standard deviation. 

sugi plantation of Compartment 5, Plot 2 in the hinoki plantation of the same Compartment 
and Plot 3 in the natural secondary broad-leaved forest of Compartment 16. Plot 1 is 
located at a mean elevation of 520 m and faces southward at a slope angle of 20'. Plot 2 
is situated upward from the sugi plantation at a mean elevation of 560 m and faces 
southward at a slope angle of 19'. According to the afforestation ledger and Management 
Materials1o>, sugi and hinoki seeds, purchased from a nearby forest owner, were bred and 
nursed in the temporary nursery in the forest for two or three years. Both kinds of 
seedlings were planted at the rate of 4,650 each per hectare in 1936, but tending, including 
weeding and pruning, was inadequately carried out due to the confusion and labor shortage 
during and immediately after the War. The first and second thinnings as improvement 
cutting were practiced in 1955 and 1962, respectively, Based on the new management 
plan, the two artificial forests now are being changed to the multi-storied forests(at present 
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two-storied forests) by the underplanting of sugi seedlings after the selection cutting of 
about 30% in 1982 to 1983. 

Each forest was surveyed as to the number of trees, their height and diameter at breast 
height (D.B.H.) in a 10 x 10 m2 area in May, 1988. At Plot 1, the living trees numbered 
1,000 per hectare, with the average height being 22.6 m ranging from 19 to 27 m, and the 
average D.B.H. being 28.5 cm ranging from 18 to 37 cm_ The growing stock was calcu
lated at 685 m3 per hectare. At Plot 2, the living trees numbered 1,200 per hectare, with 
the average height being 21.7 m ranging from 19 to 24 m, and the average D.B.H. being 26. 
5 cm ranging from 16 to 32 cm. The growing stock was calculated at 748 m3 per hectare. 
At Plot 3 located at a mean elevation of 320 m and facing southeast at a slope angle of 38°, 
the trees numbered 2,400 per hectare, consisting of 18 kinds of trees, including such species 
as Quercus gkluca, Q. paucidentata, Q.stenoPhylkl, Shiia cuspidata, Litsea adcuklta, Ikx 
sugeroki var. longepedunculata, Actinodaphne acuminata, Cleyera ochnacea, and Sapindus 
mukurossi. The average height was 11.7 m ranging from 6 to 28 m, while the average D. 
B. H. was 12_8 cm ranging from 6 to 30 cm. The growing stock was calculated at 404 m3 

per hectare. 

Methods 

1. Survey of soils 
The soils were surveyed at Plots 1, 2 and 3 in March, 1982. A pit was made in the 

center of each Plot by digging to a 70 to 90-cm depth, the exact depth depending on the 
appearance of the fine roots of the trees. The soils profile observed was divided by the 
naked eye into ~ layer, A and B horizons, and their thickness was measured. According 
to the standard procedure for analyzing soil properties in the field22

•
23

), color, hardness, 
structure, and soil class were examined_ The soils of each horizon were collected under 
natural conditions with 100-ml cylindrical core samplers and were tested for apparent 
specific gravity, moisture content and three-phase distribution in the laboratory. Gravel 
content in the soils was also determined_ 

2. Stem analysis 
As shown in Table 3, three trees (two sugi and one hinoki) were felled at a 30-em height 

from Plots 1 and 2, and stem-analyzed by Nakajima's method22
•
23

). One of the sugi trees 
from Plot 1 was 53 years old and had a nearly average size (sugi 1), while the other was 
54 years old and 4 m taller than the average (sugi 2)_ The hinoki tree from Plot 2 was 53 
years old and also somewhat taller than the average. From Plot 3 an arakashi (Quercus 
gkluca) tree was felled, having a D.B.H. of 9.5 cm and a height of 11.9 m. The annual ring 

Table 3. Trees used for the experiments 

Tree Site Height D.B.H. Age 
(Compartment) (m) (em) (yr) 

Sugil 5 23.6 28.4 53 

Sugi2 5 26.8 28.5 54 

Hinoki 5 23.8 25.7 53 

Arakashi 16 11.9 9.5 50·< 

• Annual ring number of the wood disc at l.3-m height. 
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of the tree numbered 50 at a 1.3-m height, and their width was as narrow as 1 mm, so that 
stem analysis was difficult and given up.· From the analysis of the sugi and hinoki trees, 
their general growth and their annual as well as periodic increments of height, D.B.H., 
sectional area and volume were calculated. 

3. Examination of wood quality 
Each wood disc used for stem analysis was measured for the diameter of its 

heartwood, and then cut into a rectangular piece of a 2-cm width including the pith, and 
also into the same piece at the right angle as it. These pieces were cut into blocks having 
a thickness of 5 annual rings from the pith. The examinations for wood quality were 
carried out with the blocks on moisture content, basic density, annual ring width and the 
proportion of heartwood. The volume figures for the basic density measured were 
determined using a mm-unit rule. The values were averaged over the four directions, 
neglecting the values obtained from knotty blocks. For the arakashi tree, only the wood 
disk cut at a 1.3-m height was used for the examination of these physical properties .. 

Results 

1. Soil properties 
The properties of the soils under natural condition are shown in Table 4. All the soils 

observed had Ao layer, A and B horizons, and were brown forest soils being slightly dry (Be 
type) at Plot 1 and 3, and sufficiently wet (BD type) at Plot 2 which is, though, located in 
a higher elevation. The thickness of the Ao layer ranges from 2.5 cm at the sugi plantation 
(Plot 1) to 8.0 cm at the natural broad-leaved forest (Plot 3), with being composed mainly 
of the F layer. The reason why the Ao layer of Plot 3 is so thick might be because the 
forest is dark due to the high density of ever green trees. The A horizon of Plots 1 and 
3 is as thick as 40 cm, and rich in humus, showing a color of 7.5 YR2/3 or lOYR3/3 with 
Munsell's notation and a loose or soft consistency, while that of Plot 2 is 19 cm thick and 
not so rich in humus judging from its color. The brown colored B horizon is over 45 cm 
thick, scarce in the humus and slightly hard showing 15 to 17 mm on the hardness tester. 
Furthermore, the soils all have a loamy texture (L, SiL and SL by soil class), crumb 
structure and fairly high gravel content, which permit proper water permeability and 

Table 4_ Properties of soils 

Plot Site Forest Soil type Horizon Depth Thickness Color Hardness 

(Compartment) (em) (em) with by tester consistency 
Munsell naked eye (mm) 

5 Sugi Be A. 2.5 10YR2/3 brownish black 3 loose 
planted A 0-40 40 7.SYR2/3 very dark brown 14 soft in 1936 

B 40-85 45< 10YR4/4 brown 17 slightly hard 

2 5 Hinoki BD A. 4.0 10YR3/3 dark brown 3 loose 
planted A 0-19 19 10YR3/4 dark brown 8 loose in 1936 

B 19-70 51< 10YRS/6 yellowish brown 15 slightly hard 

3 16 Natural Be A. 8.0 7.SYR2/3 very dark brown 4 loose 
secondary A 0-40 40 10YR3!3 dark brown 7 loose broad-leaved 

B 40-90 50< 10YRS/4 dull yellowish brown 15 slightly hard 
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aeration. The gravels consist of breccia of 
some 5 cm in size, and are contained even in 
the Ao layer at Plots 1 and 3, which can prob· 
ably be attributed to settling from the top. 
Thus, under such soil conditions the trees 
could have sufficient growth. 

From the analysis with the core sampler 
it was found that the apparent specific gravi· 
ty of the soils is high and that their moisture 
content is moderate. However, the moisture 
content in the Ao layer is as high as 284.1% of 
dry matter at Plot 2. The three-phase distri
bution shows that the rate of solid is very 
high, especially in the B horizon, as compared 
with general forest soils. 

2. Tree growth 
Illustrations from the stem analyses of 

sugi 1, sugi 2, and the hinoki are presented in 
Figs. 2, 3, and 4, respectively. Since the di
ameter growth is usually calculated using the 
value from each disk, the disk surface is 
treated as true circle. The circle index of 
the different disks obtained from the pro
portion of the longer diameter to the shorter 
one is also given on the right side of each 
Figure. The growth in height and volume of 
sugi 1, and 2, and the hinoki are shown in 
Tables 5, 6, and 7, respectively. 

The trees selected have generally grown 
well, especially as seen in the process of 

under natural condition 

Structure Soil Humus Gravel Apparent specific 
cla~ content content gravity 

Circle 
24 index· 

1.00 

1.23 

1. 08 

2 

1.14 

1.08 

1. 05 

1.05 

1.11 

1.09 

1.17 

1.23 

1.16 

1.03 

1. 42 
o 4 8 12 1sAY.1.13 

Radius (c.) 

Fig. 2. Stem analysis of sugi 1. 
• The proportion of the longer diameter to the 

shorter one on the tree-disk at different heights. 

Moisture content Distribution of Porosity 
based on (%) three-phase (vol.%) (vol.%) 

(%) 
fresh soil dried soil fresh soil dried soil solid liquid gas 

very rich 21 0.57 0.30 48.2 93.0 15 28 57 85 

crumb SiL rich 15 0.99 0.59 40.5 68.2 25 39 36 75 

crumb L containing 10 1.46 1.00 32.1 47.4 37 45 18 63 

very rich 0 0.45 0.12 74.0 284.1 6 33 61 94 

crumb L containing 32 1.15 0.66 43.3 76.3 28 50 22 72 

crumb L scarce 32 1.37 0.89 35.7 55.4 33 49 18 67 

very rich 15 0.43 0.14 67.1 203.9 7 29 64 93 

crumb SiL rich 32 1.12 0.76 32.1 47.3 32 36 32 68 

crumb SL scarce 23 1.50 1.16 22.9 29.7 43 34 23 57 
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Circle 
index· 

1.10 

1. 07 
Circle 
index· 

1.06 1.00 

1. 00 

1.02 1.03 

2 

1.15 1. 04 

1.17 1.06 

1.17 1. 05 

1. 20 1.05 

1.23 1. 05 

1.16 1.06 

1.17 1.06 

1.19 1.09 

1.23 1.08 

1.07 

1.04 
4 8 12 0 4 8 12 16 AY.1.05 

Radius (c.) Radius (c.) 

Fig. 3. Stem analysis of sugi 2. Fig. 4. Stem analysis of the hinoki. 
• The proportion of the longer diameter to the • The proportion of the longer diameter to the 

shorter one on the tree-disk at different heights. shorter one on the tree-disk at different heights. 

growth in sugi 2 in its young stage. Concerning their growth in height, Tables 5, 6, 
and 7 show that sugi 2 attained a height of 7.3 m when 10 years old, while sugi 1 and the 
hinoki attained heights of only 3.3 and 3.8 m, respectively. However, the recent growth in 
height of both sugi was decreasing to a growth rate below 1%, while that of the hinoki was 
about l.6%. The final height of each tree was 23.6,26.8, and 23.8 m, the final volume was 
0.7126,0.7856, and 0.6265 mS including the bark, and the mean increment was 0.0123, 0.0136, 
and 0.0109 m3 per year for sugi 1, 2, and the hinoki, respectively. The most recent 
volume growth rate of the bigger sugi (sugi 2) was only 2%, while the rate of the others was 
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Table 5. Height and volume growths of sugi 1 

Age Height(m) Volume (m') 
class Growth Periodic Annual Mean Growth Growth Periodic Annual Mean Growth 

increment increment increment rate (%) increment increment increment rate (%) 

5 1.0 1.0 0.20 0.20 - 0.0001 0.0001 0.00002 0.00002 -

10 3.3 2.3 0.46 0.33 26.97 0.0056 0.0055 0.0011 0.0006 123.69 
15 9.3 6.0 0.30 0.62 23.03 0.0287 0.0231 0.0046 0.0019 38.66 
20 11.8 2.5 0.50 0.59 4.88 0.0691 0.0404 0.0081 0.0035 19.21 
25 14.5 2.7 0.54 0.58 4.21 0.1209 0.0518 0.0104 0.0048 11.84 
30 16.5 2.0 0.40 0.55 2.62 0.1829 0.0620 0.0124 0.0061 8.63 
35 18.3 1.8 0.36 0.52 2.09 0.2477 0.0648 0.0130 0.0071 6.25 
40 20.0 1.7 0.34 0.50 1. 79 0.3338 0.0861 0.0172 0.0084 6.15 

45 21.7 1.7 0.34 0.48 1.64 0.4652 0.1314 0.0263 0.0103 6.86 

50 23.0 1.3 0.26 0.46 1.17 0.5769 0.1117 0.0223 0.0115 4.40 
53 23.6 0.6 0.20 0.45 0.86 0.6538 0.0769 0.0256 0.0123 4.26 

(53) (0.7126)· 

• The figure in parenthesis is the volume including bark. 

Table 6. Height and volume growths of sugi 2 

Age Height(m) Volume (m') 
class Growth Periodic Annual Mean Growth Growth Periodic Annual Mean Growth 

increment increment increment rate (%) increment increment increment rate (%) 

5 3.3 3.3 0.66 0.66 - 0.0004 0.0004 0.00008 0.00008 -

10 7.3 4.0 0.80 0.73 17.21 0.0252 0.0248 0.0050 0.0025 129.02 

15 11.3 4.0 0.80 0.75 9.13 0.0862 0.0610 0.0122 0.0058 27.89 

20 14.6 3.3 0.66 0.73 5.26 0.1546 0.0684 0.0137 0.0077 12.39 

25 16.9 2.3 OA6 0.68 2.97 0.2286 0.0740 0.0148 0.0091 8.14 

30 18.9 2.0 0.40 0.63 2.26 0.3107 0.0821 0.0164 0.0104 6.33 

35 20.9 2.0 0.40 0.60 2.03 0.3841 0.0734 0.0147 0.0110 4.33 

40 22.6 1.7 0.34 0.57 1.58 0.4740 0.0899 0.0180 0.0119 4.30 

45 24.3 1.7 0.34 0.54 1.46 0.5855 0.1115 0.0223 0.0130 4.31 

50 25.8 1.5 0.30 0.52 1.21 0.6809 0.0954 0.0191 0.0136 3.07 

54 26.8 1.0 0.25 0.50 0.96 0.7356 0.0547 0.0137 0.0136 1.95 
(54) (0.7856)· 

• The figure in parenthesis is the volume including bark. 

over 4%. 
The circle index shows that the cross section of the hinoki stem is as round as 1.05 on 

the average, but the cross sections of the sugi stems are more elliptical, with values at 1.13 
and 1.16. 

a. Physical properties of the wood 
The distributions of moisture content, basic density, annual ring width, and the 
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Table 7. Height and volume growths of the hinoki 

Age Height(m) Volume (m') 
class Growth Periodic Annual Mean Growth Growth Periodic Annual Mean Growth 

increment increment increment rate (%) increment increment increment rate (%) 

5 1.3 1.3 0.26 0.26 -- 0 0 0 0 -
10 3.8 2.5 0.50 0.38 23.92 0.0020 0.0020 0.0004 0.0002 -

15 6.5 2.( 0.54 0.43 11.33 0.0137 0.0117 0.0023 0.0009 46.94 
20 9.8 3.3 0.66 0.49 8.56 0.0469 0.0332 0.0066 0.0023 27.91 
25 12.1 2.3 0.46 0.48 4.31 0.1038 0:0569 0.0114 0.0042 17.22 

30 14.1 2.0 0.40 0.47 3.11 0.1659 0.0621 0.0124 0.0055 9.83 
35 16.1 2.0 0.40 0.46 2.69 0.2282 0.0623 0.0125 0.0065 6.58 
40 18.1 2.0 0.40 0.45 2.37 0.2973 0.0691 0.0138 0.0074 5.43 
45 20.1 2.0 0.40 0.45 2.12 0.3950 0.0977 0.0195 0.0088 5.85 
50 22.7 2.6 0.52 0.45 2.46 0.5025 0.1075 0.0215 0.0101 4.93 
53 23.8 1.1 0.37 0.45 1.59 0.5763 0.0738 0.0246 0.0109 4.67 

(53) (0.6265)' 

• The figure in parenthesis is the volume including bark . 

Table 8. Distribution of moisture content in the wood of sugi 1 
(%) 

Height Section of annual ring number from pith Average Average Average 
of of of Bark (m) -5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51- heartwood sap-wood wood' 

0.3 150 165 199 192 200 133 106 149 175 174 234 163 183 175 113 
1.3 167 186 185 192 183 97 162 219 205 234 168 205 190 123 

3.3 132 122 136 100 84 182 196 174 200 115 188 162 108 
5.3 127 73 82 82 93 144 187 170 204 91 176 148 107 
7.3 136 75 72 71 90 160 174 160 193 89 172 146 103 
9.3 167 181 124 81 156 158 144 180 138 160 153 106 

11.3 165 174 130 71 115 165 146 180 131 164 154 103 
13.3 172 159 92 120 156 136 179 136 157 152 110 
15.3 167 148 95 127 149 184 137 153 150 111 
17.3 167 109 140 156 180 138 159 156 119 
19.3 145 118 143 167 132 155 154 142 
21.3 141 129 161 143 143 144 
22.3 171 171 171 171 144 
23.3 170 170 170 145 
Grand average 132 170 159 120 

Min.-Max. 71-234 

, Weighted average calculated with the proportion of heartwood area (d. Table 11). 

proportion of heartwood in the wood of sugi 1 are presented in Tables 8, 9, 10, and 11, 
respectively. As shown in Table 8, the moisture content is as high as 159% on the average, 
including that of the heartwood. The range extends from 71 to 234%. Though the 
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Table 9. Distribution of basic density in the wood of sugi 1 
(kg/m3

) 

Height Section of annual ring number from pith 
(m) Average Bark 

-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-

0.3 448 382 366 371 356 377 363 315 331 358 314 362 423 
1.3 428 409 405 388 402 395 334 338 365 365 383 380 
3.3 335 372 402 396 391 363 325 412 365 373 382 
5.3 350 357 422 445 437 427 383 446 442 412 426 
7.3 395 408 389 403 421 379 363 426 399 398 404 
9.3 465 396 441 470 394 382 444 406 425 389 

11.3 443 442 432 464 427 396 442 429 434 373 
13.3 443 446 457 433 406 480 411 439 390 
15.3 467 477 488 427 481 448 465 442 
17.3 457 427 416 490 432 444 432 
19.3 464 427 453 465 452 421 
21.3 393 388 462 414 379 
22.3 388 401 395 322 
23.3 400 400 320 

Grand average 409 392 

Min.-Max 314-490 

Table 10. Distribution of annual ring width in the wood of sugi 1 
(mm) 

Height Section of annual ring number from pith 
Average (m) -5 6-10 11-15 16-20 21-2526-3031-35 36-40 41-45 46-50 51-

0.3 4.0 5.5 3.3 3.1 2.4 2.2 2.3 2.7 3.4 3.5 2.6 3.2 
1.3 5.1 4.2 3.1 2.3 2.0 2.3 2.7 2.9 2.4 2.4 2.9 
3.3 5.1 3.4 2.7 2.4 2.2 2.1 3.0 1.9 2.4 2.8 
5.3 5.7 3.6 2.5 2.3 1.8 2.1 2.7 2.0 1.8 2.7 

7.3 5.0 4.5 3.1 2.3 1.8 2.1 2.6 1.8 1.5 2.7 

9.3 4.8 4.0 2.9 1.9 2.0 2.4 1.8 2.1 2.7 
11.3 3.7 4.7 3.3 2.0 2.1 2.7 1.7 2.3 2.8 
13.3 3.6 4.0 2.9 2.6 2.8 1.9 1.8 2.8 
15.3 3.2 3.4 3.1 3.3 2.2 2.0 2.9 
17.3 2.3 4.0 3.6 2.4 1.8 2.8 

19.3 3.0 3.4 2.5 2.8 2.9 
21.3 3.0 2.5 3.1 2.9 
22.3 2.3 3.4 2.9 

23.3 2.0 2.0 

Grand average 2.84 

Min.-Max. 1.5-5.7 



234 Research Bulletins of the College Experiment Forests Vol. 46, No.2 

Table 11. Distribution of heartwood proportion in the wood of sugi 1 

Height (m) Annual ring number of Proportion of diameter' Proportion of area 
heartwood (%) (%) 

0.3 31 64 41 
1.3 28 64 41 
3.3 23 60 36 
5.3 18 57 33 
7.3 17 56 31 
9.3 15 56 31 

11.3 13 54 29 
13.3 12 49 24 
15.3 10 43 18 
17.3 7 35 13 
19.3 3 17 3 
21.3 0 0 0 
22.3 0 0 0 
23.3 0 0 0 

, The average proportion of heartwood diameter to sectional diameter of each disk. 

Table 12. Distribution of moisture content in the wood of sugi 2 
(%) 

Height Section of annual ring number from pith Average Average Average 
of of of Bark (m) -5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51- heartwood wood wood' 

0.3 162 190 190 147 124 74 191 311 343 303 283 148 286 218 156 

1.3 146 151 112 86 89 134 146 219 287 230 251 117 253 188 147 

5.3 154 123 70 63 89 176 240 256 217 223 100 230 168 158 
7.3 125 69 53 76 186 230 241 209 207 81 215 159 164 
9.3 186 101 64 73 145 217 232 226 214 106 207 166 174 

11.3 111 104 63 128 236 252 222 228 93 213 170 174 
13.3 145 130 95 62 184 223 209 203 108 205 170 183 
15.3 142 111 76 145 208 185 185 110 181 157 156 
17.3 148 112 83 176 205 187 114 189 164 175 
19.3 103 57 143 195 191 80 176 157 162 
21.3 55 88 171 179 72 175 154 147 
23.3 104 195 185 104 190 189 161 
25.3 155 201 188 178 178 188 
26.3 239 239 239 189 

Grand average 107 216 177 167 

Min.-Max. 53-343 

, Weighted average calculated with the proportion of heartwood area (d. Table 15). 
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moisture content of heartwood is generally low in the coniferous trees, that of the sugi 1 
heartwood is extraordinarily high, 132% on the average. In addition, the values are 
greatly vary in different parts of the heartwood; at the 5.3 and 7.3-m heights the moisture 
content is relatively low except in the pith, while at the 0.3 and 1.3-m heights it is very high. 
The intermediate wood between sapwood and heartwood, seems to have comparatively low 
moisture contents. The average basic density is 409 kg/rna, ranging from 314 to 490 kg/ 
m3 (Table 9). In general, the wood from the upper parts of the tree appears to have a high 
density. The annual ring width is 2.84 mm on the average, ranging from 1.5 to 5.7 mm. 
Table 10 also indicates the diameter growth was large in the young stage and small in the 
final stage. As shown in Table 11, the heartwood, being a very dark brown color in its 
green state, accounts for over 60% of the wood present when measured by the diameter and 
about 40% when measured by the area up to the height of 3.3 m. The heartwood 
proportion gradually decreases with height, falling to 0% at 21.3 m and above. 

The physical properties of the wood of sugi 2 are shown in Tables 12, 13, 14, and 15. It 
can be said that sugi 2 has very similar properties to sugi 1. The moisture content is 177% 
on the average, a little higher than that of sugi I, with the maximum given at 343% (Table 
12). The average moisture content in the heartwood, likewise, exceeds 100%, and the 
distribution of moisture content values is widely scattered. From these results, the timber 
of the sugi trees in this plantation can be considered a kind of wetwood because they seem 
to have a characteristicly high moisture content in their heartwood. The average basic 
density is 371 kg/m3 (Table 13), a little lower than that of sugi 1. The lower density figures 
are obtained from the lower part of the wood. The annual ring width is 2.75 mm on the 
average, with a wide distribution, ranging from 0.7 to 8.3 mm (Table 14). The wider width 

Table 13. Distribution of basic density in the wood of sugi 2 (kg/mO
) 

Height 
Section of annual ring number from pith 

Average Bark 
(m) -5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-

0.3 359 317 305 313 324 342 322 279 234 271 297 306 430 

1.3 328 314 343 378 368 374 327 311 310 319 313 335 379 

5.3 388 326 356 395 390 386 347 326 376 351 364 369 

7.3 330 331 396 403 390 352 341 353 348 360 368 

9.3 358 357 409 427 427 366 379 388 399 390 371 

11.3 342 375 413 397 352 326 373 359 367 344 

13.3 406 377 400 380 372 357 354 350 375 276 

15.3 397 431 429 397 372 419 409 408 298 

17.3 398 432 402 373 366 404 394 320 

19.3 486 457 399 390 406 428 329 

21,3 461 381 383 393 405 354 

23.3 399 374 441 405 334 

25.3 391 435 413 307 

26.3 435 435 320 

Grand average 371 343 

Min.-Max. 234-486 
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Table 14. Distribution of annual ring width in the wood of sugi 2 
(mm) 

Height Section of annual ring number from pith 
(m) Average 

-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-

0.3 4.1 7.3 5.3 2.8 3.8 2.2 2.5 2.0 2.3 1.8 1.3 3.2 

1.3 2.3 8.3 4.1 2.5 2.0 2.5 1.0 1.8 1.8 1.5 0.9 2.6 

3.3 6.7 5.4 2.8 2.0 2.3 1.5 1.5 1.7 1.1 0.9 2.6 
5.3 6.9 6.7 3.1 2.2 2.0 1.4 1.4 1.5 0.8 0.8 2.7 

7.3 7.4 4.1 2.6 2.1 1.4 1.5 1.6 1.0 0.8 2.5 

9.3 6.8 5.3 3.2 2.0 1.4 1.2 1.4 1.2 0.7 2.6 
11.3 6.7 3.8 1.9 1.6 1.8 1.6 1.1 1.0 2.4 

13.3 6.5 4.1 3.2 2.2 2.0 1.8 1.4 0.8 2.8 
15.3 4.7 3.8 2.7 2.3 2.3 1.5 1.1 2.6 
17.3 3.6 3.9 3.2 2.9 1.9 1.3 2.8 
19.3 3.3 4.4 3.0 2.4 1.3 2.9 

21.3 4.8 4.3 3.0 1.6 3.4 
23.3 5.1 3.8 1.7 3.5 
25.3 3.5 1.9 2.7 
26.3 2.8 2.8 

Grand average 2.75 

Min.-Max. 0.7-8.3 

Table 15. Distribution of heartwood proportion in the wood of sugi 2 

Height (m) Annual ring number of Proportion of diameter" Proportion of area 
heartwood (%) (%) 

0.3 26 69 49 
1.3 24 69 48 
5.3 19 69 48 
7.3 16 65 42 
9.3 14 64 41 

11.3 13 60 36 
13.3 12 60 36 
15.3 11 58 34 
17.3 10 58 34 
19.3 8 45 20 
21.3 6 44 20 
23.3 2 12 1 
25.3 0 0 0 
26.3 0 0 0 

" The average proportion of heartwood diameter to sectional diameter of each disk. 
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Table 16. Distribution of moisture' content in the wood of the hinoki 

Height _____ Se_c_tio_n_o_f _ann_ua_l_ring_n_UID_be_r _fr_om_pi_th____ Average 
of 

(m) -5 6:10 11-15 16-2021-2526-30 31-35 36-40 41-45 46-50 51- heartwood 

0.3 
1.3 
3.3 
5.3 
7.3 
9.3 

11.3 
13.3 
15.3 
17.3 
19.3 
21.3 
22.3 
23.3 

34 36 
34 33 
32 33 

38 40 
34 37 
33 37 

39 101 184 175 207 
70 169 162 176 
43 157 156 167 

37 
34 
35 
36 

35 
33 
34 
33 33 34 35 42 138 159 176 

34 33 34 34 35 35 124 158 167 
36 33 34 35 36 116 155 174 
32 32 35 34 107 144 157 
37 34 34 92 158 176 
33 33 58 149 174 
33 50 118 154 
51 93 119 
80 88 

73 

Grand average 

Min.-Max. 

37 
34 
35 
36 
34 
35 
33 
35 
41 
42 
51 

36 

Average 
of 

sapwood 

167 
144 
160 
158 
150 
148 
136 

142 
162 
136 
106 
84 
73 

142 

Average 
of 

wood· 

88 
79 
88 
87 
85 
85 
86 
96 

121 
120 
103 
84 
73 

92 

32-207 

• Weighted average calculated with the proportion of heartwood area (cf. Table 19). 

Table 17. Distribution of basic density in the wood of the hinoki 

Section of annual ring number from pith 

237 

(%) 

Bark 

99 
107 
107 
104 

112 
119 
125 
117 
125 
130 
127 
127 

80 

114 

(kg/mS) 

Height 
(m) 

----------------------- Average Bark 
-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-

0.3 
1.3 
3.3 
5.3 
7.3 
9.3 

11.3 
13.3 
15.3 
17.3 
19.3 
21.3 
22.3 
23.3 

404 433 
440 438 
462 459 
483 485 
487 479 

409 404 
426 396 
457 423 
417 398 
461 408 

533 507 455 388 
571 493 447 384 
570 495 467 385 
549 536 460 425 
594 581 491 471 
540 562 537 
579 550 
600 

Grand average 

Min-Max. 

401 
394 
441 
424 
372 

400 
402 
433 
412 
381 

385 372 
383 368 
397 395 
387 

407 
384 
423 
390 
398 
378 
362 

392 
376 
385 
397 
394 
374 

360 
384 
405 
385 
396 

380 
379 
399 

355 395 
402 
429 
421 
420 
424 
430 
452 
471 

534 
546 
565 
600 

438 

355-600 

385 
335 
356 
347 
373 
342 
334 
382 
336 
431 
409 
480 
470 

383 
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Table 18. Distribution of annual ring width in the wood of the hinoki 
(mm) 

Height Section of annual ring number from pith 
Average (m) -5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-

0.3 2.8 3.1 4.1 3.8 4.5 2.6 2.3 1.8 1.9 2.2 2.8 2.9 

1.3 3.0 4.1 3.8 4.1 2.4 1.7 1.5 1.7 1.9 2.1 2.6 

3.3 3.0 4.2 4.0 3.9 2.4 1.8 1.6 1.7 1.8 1.7 2.6 

5.3 2.7 4.6 3.6 3.2 1.9 1.8 1.9 1.7 1.9 2.6 

7.3 4.6 4.2 3.1 2.4 1.9 2.1 2.2 1.8 2.8 
9.3 3.3 4.4 4.0 2.8 2.6 2.3 2.1 1.8 2.9 

11.3 3.3 3.8 3.6 2.9 2.9 2.4 2.1 3.0 
13.3" 3.4 3.7 3.6 3.4 2.7 2.3 3.2 
15.3 2.9 3.5 4.7 2.6 2.9 3.3 
17.3 3.1 3.6 3.8 3.6 3.5 
19.3 2.9 3.3 3.6 3.3 

21.3 2.5 3.3 2.9 
22.3 2.5 2.1 2.3 
23.3 2.0 2.0 

Grand average 2.86 

Min.-Max 1.5-4.7 

Table 19. Distribution of heartwood proportion in the wood of the hinoki 

Height Annual ring number of Proportion of diameter· Proportion of area 
(m) heartwood (%) (%) 

0.3 33 78 61 
1.3 29 77 59 
3.3 27 76 58 
5.3 25 76 58 
7.3 24 75 56 
9.3 23 75 56 

11.3 22 70 49 
13.3 16 66 43 
15.3 11 58 34 
17.3 7 42 17 
19.3 3 24 6 
21.3 0 0 0 

22.3 0 0 0 

23.3 0 0 0 

• The average proportion of heartwood diameter to sectional diameter of each disk . 
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is generally shown in the young stage, while the width in the outer areas is extremely 
narrow. As shown in Table 15, the proportion of heartwood exceeds 60% when measured 
by the diameter up to a height of 13.3 m. It has a very dark brown color in its green state, 
and its proportion gradually decreases as one goes upwards with the heartwood entirely 
disappearing at the height of 25.3 m. 

The distributions of moisture content, basic density, annual ring width and the 
proportion of heartwood in the wood of the hinoki are presented in Tables 16, 17, 18, and 
19, respectively. As shown in Table 16, the average moisure content in the heartwood and 
sapwood is 36% and 142%, respectively, which indicates that the hinoki tree can be called 
a normal one. The basic density is 438kg/m3 on the average, higher than that of sugi trees. 
In general, the density of sapwood is lower than that of heartwood, which has levels as high 
as 600kg/m3 in the upper parts (Table 17). The average annual ring width is 2.86 mm. 
The range is from 1.5 to 4.7 mm , showing less deviation than in the sugi. However, the 
growth in the early stage was larger and in the final stage was smaller, as was the case with 
the sugi (Table 18). Table 19 indicates that the proportion of heartwood is considerably 
high, showing figures of over 70% when measured by the diameter up to a 11.3·m height. 
The heartwood disappears at a height of 21.3 m. 

Discussion 

It is evident that the Wakayama Experiment Forest is a suitable area for planting sugi 
and hinoki on account of favorable climatic conditions such as an annual mean temperature 
of 15.4·C and yearly precipitation of over 3,700 mm mainly falling in the growing season, 
as well as good soil conditions. The soils have generally a thick A horizon of loamy 
texture with crumb structure, a satisfactory humus content and a fairly high gravel 
content. However, those of the sugi plantation surveyed at Plot 1 were found to be the Be 
type (slightly dry brown forest soils). Sugi, preferring humid circumstances, is usually 
planted in the soils of BE or BF type (slightly wet or wet brown forest soils). Compared 
with the sugi trees in the Hiyama Experiment Forest, southern Hokkaid09l, the trees in the 
Wakayama Experiment Forest are 6 to 9 m higher than the first class trees in the Hiyama 
Experiment Forest at the same age of 30 years. Also when compared with other trees 
produced in the famous sugi districts such as IbaragPl, Toyama and Gifu2l or Tottori 
Prefectures16l one finds that those in the Wakayama Experiment Forest are superior in 
growth. In addition, the hinoki trees grown in the Wakayama Experiment Forest also 
show remarkable growth, compared to the 91-year-old hinoki trees which have an average 
height of 22.7 m, planted in Gifu Prefecture28l. Moreover, the 79-year-old hinoki trees 
planted in Otaru, Hokkaido, a very cold region, have an average height of only 17.8 m6l, 
while Miyoshi has shown that 36 naturally growing hinoki trees from 75 to 325 years old 
collected from various districts have heights from 14 to 31 m and D.B.H. from 21 to 55 
cm12l. 

Concerning the physical properties of the wood, Fig. 5 shows the moisture content 
distributions of sugi 1, sugi 2, the hinoki, and the arakashi at a height of 1.3 m. With the 
hinoki, the difference in the moisture content between the heart- and sapwood is con
spicuous, while with the arakashi the distribution is on the whole approximately 60%, 
including the heartwood. With the sugi trees, the heartwood in both has a high moisture 
content with wide deviation in values, and the intermediate wood between the heart-and 
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Fig. 5. Comparsion of moisture content distribution in the 
different woods at a l.3-m height. 
o Boundary lines between sapwood and heartwood. 

sapwood seems to have somewhat a lower moisture content as is found in todomatsu (Abies 
sachalinensis), studied for its properties as a wetwood7

•
8

). According to Yazawa and 
Fukazawa's studies, the moisture content in the black heartwood of the bigger sugi trees 
grown at the first site class is generally higher than that in the red heartwood of stunted 
trees29

). Yazawa, who has divided sugi trees into two classes, A and B, according to the 
moisture content in the heartwood, has reported that sugi is one of the coniferous trees 
having the highest moisture content in its heartwood27

•
30

). Though the cause and mecha
nism of the high moisture content in the heartwood of some coniferous trees have not been 
fully elucidated, its occurrence seems to be connected with enviromental circumstances 
rather than genetic factors. Furthermore, the moisture is thought to be derived from the 
soil through the roots rather than from the sapwood or through rain entering through 
withered branches, judging from the concentration and the chemical composition of inor
ganic matter in the sap taken from the heartwood7•8•24)_ 

As shown in Fig. 6, the basic density of the arakashi wood is markedly high, being 760 
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Fig. 6. Comparison of basic density distribution 
in the different woods at a 1.3-m height. 
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kg/m3 on the average with a wide range, followed by the hinoki, sugi 1, and sugi 2. 
Comparing the basic density of the sugi trees the values from sugi 1 and 2 are a little higher 
than those from the sugi trees produced in Ibaragi3), Chiba4

), and Tottori Prefectures16~ and 
considerably higher than those from the sugi trees grown at the Hiyama Experiment 
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Fig. 7. Comparison of annual ring width distribution 
in the different woods at a 1.3-m height. 
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Forest.23
•
25

) The wood of the hinoki is also higher in its basic density than that planted in 
Gifu Prefecture26

•28) and Otaru6
). 

The comparison of the annual ring width in sugi 1, sugi2, the hinoki, and the arakashi 
at a height of 1.3 m is presented in Fig. 7. The width distribution of the arakashi is 
uniform with its rings being about 1 mm apart, while the ring widths of planted trees that 
were examined, especially sugi 2, varied considerably wider widths in the early stages, 
caused mainly by a lack of tending, such as pruning. According to Fukazawa's study, the 
average widths for sugi trees are from 1.45 mm to 5.17 mm, with wide coefficients of 
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variation of 30 to 40% for each tree2
). Contrary to this, the width variation found in the 

hinoki examined is comparatively less, even though it was grown under the same conditions 
and with the same tending as the sugi trees. Yazawa and Fukazawa have shown that the 
average annual ring width of hinoki trees is from 1.26 to 2.17 mm (calculated from the 
annual ring density28), narrower than of hinoki trees in the Wakayama Experiment Forest. 

Meanwhile, Veda has studied the modulus of elasticity (MOE) of sugi and hinoki 
standing trees planted in the Wakayama Experiment Forest and sugi in the Hiyama 
Experiment Forest.21

) The values of MOE for hinoki trees are the highest, ranging from 
100 to 160 tons/cm2, followed by sugi trees whose values ranged from 60 to 110 tons/cm2 

in the former Experiment Forest and from 50 to 60 tons/cm2 in the latter Experiment 
Forest 

Conclusion 

To summarize the results, the sugi and hinoki trees planted in the Wakayama 
Experiment Forest grew very well, and their physical properties were excellent, compared 
with the trees produced in other districts. Though the hinoki tree was a little inferior to 
the sugi tree in its growth, it was quite superior to the sugi tree in its wood quality, as for 
instance its higher basic density and comparatively uniform annual ring width. However, 
the wider deviation of the annual ring width found in the sugi seems to have been caused 
by the lack of tending. A fixed annual ring width of the wood should be always main
tained throughout the growing period by constant thinning and pruning based on a 
management plan. The high moisture content and its uneven distribution often found in 
the sugi heartwood, the cause of which has not been clearly elucidated, is a defect. Sugi 
is considered a kind of wetwood, and like other wetwoods, utilization could be problematic 
because of difficulties in dtying schedule and the distortion of wood. It is to be noted that 
frost cracks are sometimes observed in the standing trees in cold regions. 

At present, in the Wakayama Experiment Forest the forests are being carefully tended 
and well managed. The project to convert to an artificial multi-storied forest and the 
high-value timber producing forest is underway. 
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~1:~li*~fD*,LlJ:l1I!.:n~Uf*Ii, Bi1W;ftI:: H It.Q ~'-:-MfJe (: ~1:.G')~U ~ § 89 '::, f.J 430 

ha G')~f*~ lJA. L -C, 1925 (*1£ 14) if. 3 Jj I::~:\L ~ ht.: o *f*Ii~fMi~1W 1:.1Ii1W~I:'Il~I::1:iL 

11 L, ~1' fJ ~ ~3:. (: i' .Q)lUII1G')=ikt*1Pt:, lj: t), if.~~111.i~ 15.4·C, if.~*:I: 3,700 mm 

W-1:. (1971-1980 if.G')"iRIJ~~1ii) I:: b:iii'.Q ijlll.i~jif,jG')111.f~'(' ~ .Q 0 1928 (BBfD 3) if. I:: 13 

nlt~ ht.:~ 1 ik1ilti~*I::1f":i"'>-C, .7.. =f. t / ~H*1iIti~tHrrrf**G')~:\L~3:.~T-71::, ::.h 

* '(·.if.jtf*~~1iIti L -C ~ t.:. ~Ifl . ~1~G')-IWiMG')lI:tJ> ~1.!}lj: "'> IflltJTli ~.Q iI\ ht~~f*G') 

75%ilf .7..=f' t / ~G')jtf*:l1I!.(: lj:"'? -C"'>.Qo ~ t) G')~f*Ii, *~LlJf*fH* (59 ha) ~*tJ>~fj: 

G')*f5E~'-:f*'(·~.Qo 3'l:tEli, 1984 (BBfD 59) if. I:: iinlt ~ ht.:~£MITOOH::~-J''''>-C, AIf* 

I:::tt L -C4!UiittfflMG')1:.~, :a1(*~M1:.~~.Q "'> Ii rd'ltlt (: 1trffii~':: J: .Q flJtU*G')@:nlt~, 

~1lG')~ L "'>~'-:iI{*,1J891::1iIti ~ h -C "'>.Q. 

*iJfJe'('Ij:, fD*,LlJ:l1I!.:n~Uf*G')±mG')11Jl c fii~*G')1:.£H J: LfitW ~remi'.Q § 89'(', 

* "f*f* 5 f*JH.I:: 1936 (BBf[] ll) if.1::fii~~ ht.:.7..=fH J: Lft / ~G')jtf*:l1I!.c 16 f*JH.G')J!«~ 

11~*;ftG') 3 :1JfiJTG')3'l:l1l!.±miI/iJ~~1T"'?t.:. 1988if.*I::IHU*iI1~(: C bl::, 5f**~G').7..=f 

2;;$: (.7.. =f 1, .7.. =f 2) (: t / ~ 1 *H J: Lf 16 f**G')7 '7 fJ ~ 1 *~tlti* L -C, -t-G')1:.£~'!~ 

~m:fJf L t.:. --::> ~I::::' h t:, G')MG')~*89~J!I!:t1: ~~.Q t.:~, ~fI}f'&iI' t:,tJ! ~)j.Q 2 *G')m:~i' 
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, ~~l1iii 22.6 m, IiijHlI1iiiii~ 28.5 em '(', t / ~jtf*:l1I!.(Plot 2)1i, ;;$:fll,200 

*, Itll748 m3
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2. ±.Ii "'>"fhbmt5~;ft±-C'1:> t), .7..=fjtf*:l1I!. (: J!«~m:t*:l1I!.Ii~~~1tG')Bd'17", 
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5. ~.~ltt!cli,7..~l C 2,"(-lif~409 C 371kg/ms'"(·1>·:d.:<7n:11L, l:::/~<7)t~1t 

Ii 438 kg/ms c .It*XB'-JiGiil' '? t.:o -t\t I: H<7) 4',G,$i3 J: If J:.$<7)~.~ltt!cli f.lj < , ~I:JllH$ 
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1*lHt~~iiT ~ J: -3 ~1J ~~'tl'''> < :. c iI{Wl1~~ tl~o 


