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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, P;cea glehni;, Larix 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 StatisticslOO 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 knott less timbers. 

The studies hitherto reported on the cedars have almost dealt with those 
produced in Honshu, Shikoku or Kyushu, but hardly in Hokkaido.9.12.1S) 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.14l 

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 Forest2) 

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.G) 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. JuI. Aug. Sep. Oct. Nov. Dec. Mean 

Mean temperature eC) -2.1 -2.6 0.8 6.6 11.2 15.6 20.4 22.2 17.9 11.4 5.5 1.4 9.0 

max. (0C) 0.5 0.1 4.4 10.9 15.4 19.2 23.6 25.6 22.0 15.9 9.2 4.1 12.6 

min. " ("C) -5.2 -5.2 -2.7 2.4 7.0 12.0 17.3 18.9 13.8 6.8 1.7 -1.8 5.4 

Precipitation (mm) 113.6 82.6 97.4 89.8 71.0 70.6 95.5 165.2 187.2 130.0 90.4 123.4 109.7 
(1316.7)*1 

Mean wind force (m/s)*2 8.1 7.3 7.5 6.0 6.7 6.1 5.1 5.1 6.9 7.5 6.7 6.6 

*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 ef 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 Larix 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 

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, Band 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 .16,16) 

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 m2 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. Soil Properties 

The properties of soils surveyed in 1972 are shown m 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 7-1 Natural A 12 7.5 YR 2/2 
secondary B 20 10 YR 3/3 
forest A' 29 7.5 YR 3/2 

B' 10 YR 4/4 

H 7-2 L. kaempferi A 20 7.5 YR 2/1 
plantation B 10 YR 3/4 

H4 C. japonica Al 15 7.5 YR 2/1 
plantatioa A2 11 10 YR 2/2 

B 10 YR 4/4 

Table 3. Physical and chemical properties of 

Mechanical analysis (%) Maximum pH 
Air-dried water Real Exp. Hori- Soil moisture holding Bulk specific site zon Coarse Fine Silt Clay class capacity density gravity H2O KCl sand sand (%) (%) 

H 7-1 A 69 6 10 15 SL 9.4 160 0.56 2.30 5.3 4.6 

B 45 17 16 22 SCL 7.2 103 0.78 2.53 5.7 4.6 

A' 57 7 16 20 SCL 8.3 98 0.78 2.58 5.9 4.7 

B' 66 8 9 17 SCL 9.6 86 0.90 2.73 5.6 4.9 

H 7-2 A 15 28 18 39 LiC 6.9 109 0.78 2.37 5.9 4.7 

B 49 17 21 13 SL 9.6 86 0.89 2.73 6.2 4.5 

H4 Al 48 17 11 24 SCL 7.6 172 0.53 2.26 5.5 4.8 

A2 37 16 14 33 LiC 8.3 123 0.70 2.35 6.1 4.5 

B 62 9 9 20 SCL 8.5 85 0.92 2.71 6.1 5.0 

designated as H 7-1 under natural secondary forest consist 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 1741.6) 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 29% 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 em divided into Al 
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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 54.0 117.3 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 75 

0.96 0.53 45.4 83.2 3 22 44 34 78 
1.05 0.62 41.5 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 

Total 
Exchangeable cat-

Detree Absorption Ex- Loss on ions (me/100 g) 
change ignition C N C/N organic CEC of ase coefficien t 

acidity matter Ca Mg K Na saturation of P20 S 

(%) (%) (%) (%) (me/100 g) (%) (mg/100g) 

0.28 26.8 11.1 0.64 17 20.3 40.4 11.8 5.6 1.6 2.1 51 1,640 

0.47 13.9 4.7 0.26 18 8.7 28.5 1.7 1.0 1.0 1.4 18 1,500 

0.43 16.4 5.9 0.31 19 10.8 31.0 2.0 0.9 0.5 1.3 15 2,230 

0.15 9.9 1.3 0.17 8 2.4 17.7 1.5 0.8 2.1 0.6 28 2,170 

0.13 18.2 7.1 0.50 14 13.0 28.4 10.9 5.6 3.8 1.9 78 1,260 

0.15 9.9 1.3 0.18 7 2.4 22.1 1.5 1.6 1.2 2.0 29 1,930 

0.26 26.9 12.6 0.78 16 23.1 35.0 17.7 8.2 0.9 3.4 86 1,030 

0.54 19.1 6.9 0.39 18 12.6 29.5 3.5 2.0 1.0 2.0 29 2,170 

0.13 11.8 2.5 0.23 11 4.5 29.2 1.7 1.8 1.1 1.8 22 2,140 

and At by color. The moisture content of these soils are extremely high. 
In addition, the thickness of Ao layer measured at H 7-1, H 7-2 and H 4 was 

3.7, 3.0 and 2.5 em, 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 H 7-2 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 H 7-1 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 ion. Based on 
these results, it can be mentioned that the soils belong to typical brown forest soils 
corresponding to BD type of properly moist condition at H 7-1 and -2 and BE 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 

Site 
Hori- Depth Thick- Color Hardness 

Plot ness 
Height Slope Direc- zon by with Tester 

(m) (0) tion (em) (em) Munsell naked eye (mm) Consistency 

1 228 16 W600S At 0-3 3 1.5YR2/3 very dark 
brown 12 soft 

A2 3-11 8 " 3/3 dark brown 18 hard 

A3 11-21 10 15 slightly hard 

BI 21-30 9 10YR3/3 16 

B2 30-50 20 " 4/3 dull I;ellow-
ish rown 14 

B3 50-63 13 " 5/4 15 

C 63- 41- 1.5YR6/4 dull orange 24 very hard 

2 205 17 W200S H-AI 0- 7 7 10YR1.1/1 black 7 loose 

A2 7-15 8 7.5YR2/3 very dark 
brown 14 slightly hard 

BI 15-26 11 " 3/3 dark brown 17 

B2 26-39 13 10YR3/4 16 

C I 39-74 35 " 5/4 dull bellow-
ish rown 17 

C2 74- 20- 19 hard 

3 178 25 W Al 0- 7 7 7.5YR2/2 bownish black 13 soft 

A2 7-15 8 10YR4/3 brown 17 slightly hard 

BI 15-30 15 " 4/4 18 hard 

B2 30-44 14 " 5/4 dull I;ellow-
ish rown 16 slightly hard 

C I 44-69 25 " 
yellowish 

brown 26 solid 

C 2 69- 70- 7.5YR5/8 bright brown 22 very hard 

4 162 0 W200S H-Al 0-10 10 7.5YR2/1 black 7 loose 

A2 10-17 7 " 3/2 brownish 12 soft black 

A3 17-27 10 .. 3/3 dark brown 13 

BI 27-38 11 " 4/4 brown 13 .. 
B2 38--49 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 

Soil 
Structure class 

crumby CL 

Humus 
content 

rich 

Gravel 
content 

(%) 

2 

blocky 

crumby 

S C L slightly rich 5 

SiL 5 

slightly con- 24 
taining 

massive C 

loose­
granular 

crumby 
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crumby 
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crumby 

coarse­
crumby 
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SL 

G 

SiL 

SL 

SiL 

CL 

C 

G 

SiL 

SL 

CL 

G 
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G 

loose- S iL 
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fine­
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crumby 

coarse­
crumby 

SL 

L 

CL 

C 

massive G 

scare 

no 

very rich 

rich 

33 

54 

90 

2 

3 

slightly rich 14 

containing 

scare 

no 

rich 

containing 

slightly 
containing 

no 

very rich 

rich 

49 

70 

97 

27 

54 

79 

84 

91 

92 

3 

1 

1 

containing 1 

slightly con- 17 
taining 

scare 80 

A Moisture con­
,?parent ~pe- tent based on 

clfic gravity (%) 

Fresh Dried Fresh Dried 
soil soil soil soil 

0.98 

0.99 

0.91 

0.97 

1.03 

1.34 

1.37 

0.86 

1.00 

1.01 

1.13 

1.32 

1.39 

1.02 

1.06 

1.32 

1.04 

1.04 

1.33 

0.56 

1.10 

0.98 

1.09 

1.03 

1.38 

0.46 

0.52 

0.41 

0.44 

0.53 

0.96 

1.00 

0.32 

0.45 

0.46 

0.68 

0.83 

0.76 

0.51 

0.66 

0.86 

0.66 

0.72 

0.89 

0.25 

0.58 

0.47 

0.60 

0.50 
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47.7 

51.7 
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51.7 

35.5 

91.1 
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82.8 

106.9 

55.1 

Distribution of 
three phases 

(vol. %) Porosity 
(vol. %) 

Solid Liquid Gas 
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16 

17 

20 

36 

36 
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18 

18 

26 

31 
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Photo L Circumsta nces o f C. )a/JolI ­

iea. plantation in Plot 1. 

Pohto 3. Cricumstances of C. japolI­
ica plantation in Plot 3. 

Photo 2. Circumstances o f C. japan­
iea plantation in Plot 2. 

Photo 4. Circumstances of C. japolI­
ica plantation in Plo t 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 Ao 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, A2 and As 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 Bs 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-Al 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 cif 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 Be, BD, BD and BE 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 10 X 10 m2 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 11.9 m and 19.3 cm in the 
above order. The each tree volume estimated by the volume tableS) 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 mS, 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 

Location Year Land Planted Survived Height at breast Grow-

Plot (compart- of height Slope and number number mean (m) height (cm) ing 

ment) plan- direction mean stock 
tat ion 

(m) (stems/ha) (stems/hal min.-max. min.-max. (m3/hal 

1 8 1967 228 16° WoooS 4,000 2,000 
5.6 9.9 

52.2 4.5-7.0 7-12 

2 8 1967 205 17° W200S 4,000 2,000 
7.9 13.7 

131.5 5.0-9.0 9-17 

3 9 1966 178 25° W 3,000 1,800 
10.9 16.1 

218.7 7.5-12.0 11-20 

4 9 1966 162 flat W200S 3,000 1,400 
11.9 19.3 

266.0 10.0-14.0 15-23 

in Plot 4 is 5 times as large as that in Plot l. 
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 4.2 m 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 4.19 m 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 5.71 X 10-8 and 4.42 X 10-8 mS in Plots 1 and 4, respectively, and 
afterwards, the one of the former shows to increase slowly to 2.54 X 10-2 mS, at the 
20-year end, while that of the latter shows to increase rapidly to 10.5 X 10-2 mS, 

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 3.4 3.6 12.7 

3 21 9.8 4.2 5.6 15.9 

4 21 11.3 4.2 4.8 18.2 



Table 7. Description of growths in a typical tree selected in Plot 1 

Hei~lit Diameter at breast liei~lit 
Age Growth Periodic Annual Mean Growth Growth Periodic Annual Mean Growth 
class increment increment increment rate increment increment increment rate 

(m) (m) (m) (m) (%) (em) (em) (em) (em) (%) 

5 0.97 0.97 0.19 0.19 
10 3.63 2.66 0.53 0.36 30.2 5.17 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 5040 0.53 0.11 0.27 2.1 9.95 1.85 0.37 0.50 4.2 

(20)* (10.54) 
::? 
0 

Sectional area at oreast neignt Volume 't:f 
(0 

Age Growth 
.. Periodic Annual Mean Growth Growth Periodic Annual Mean Growth ::l. 

class increment increment increment rate increment increment increment rate Ri· 
a> 

(m2) (m2) (m2) (m2) (%) (m3) (mS) (m3) (m3) (%) 0 ..... 
5 5.42 X 10-5 5.42 X 10-5 1.08 X 10-5 1.08 X 10-5 (fJ 

10 2.10 X 10-3 2.10 X 10-3 4.20 X 10-4 2.10x1O-4 5.71 X 10-3 5.65x1O-3 1.13 X 10-3 5.71 X 10-4 153.8 & 
15 5.15 X 10-3 3.05 X 10-3 6.10X1O-4 3043 X 10-4 19.7 1.55 X 10-2 9.79 X 10-3 1.96 X 10-3 1.03 X 10-3 22.1 '" 
20 7.78x10-3 2.63 X 10-3 5.30 X 10-4 3.89 X 10-4 8.6 2.54 X 10-2 9.90 X 10-3 1.98 X 10-3 1.27 X 10-3 lOA I» 

::t 
(20)* 8.73 X 10-3 2.95 X 10-2 !:I.. 

'-I» 
* Including bark. 't:f 

I» 

Table 8. Description of growths in a typical tree selected in Plot 2 ::t 
(0 
a> 

ileiglit Diameter at breast lieiglit 
(0 

() 
Age Growth Periodic Annual Mean Growth Periodic Annual Mean Growth (0 

Growth !:I.. 
class increment increment increment rate increment increment increment rate I» 

(m) (m) (m) (m) (%) (em) (em) (em) (em) (%) 
... 

5 0.80 0.80 0.16 0.16 a 
10 3.30 2.50 0.50 0.33 32.8 3.42 3.42 0.68 0.34 

';:: 

15 6.30 3.00 0.60 0.42 13.8 8.73 5.31 1.06 0.58 20.6 ,iii 
20 7.80 1.50 0.30 0.39 404 12.09 3.36 0.67 0.60 6.7 .. .. 

(20) 12.85 !:I 
!:: 

SectionaI area at breast hei~ht VoIume 
Age Growth Periodic Annual Mean Growth Growth Periodic Annual Mean Growth 
class increment increment increment rate increment increment increment rate 

(m2) (m2) (m2) (m2) (%) (m3) (m3) (m3) (m3) (%) 

5 2.23 X 10-5 2.23 X 10-5 4.46 X 10-6 4.46 X 10-6 

10 0.92 X 10-3 0.92 X 10-3 1.84 X 10-4 9.20 X 10-5 2.77 X 10-3 2.75 X 10-3 5.50 X 10-4 2.77 X 10-4 162.3 
15 5.99 X 10-3 4.07 X 10-3 8.14x10-4 3.99 X 10-4 45.5 2.09X10-2 1.81 X 10-2 3.62 X 10-3 1.39 X 10-3 49.8 
20 1.14 X 10-2 5041 X 10-3 1.OSX10-3 5.70X1O-4 13.7 4.65X10-2 2.56 X 10-2 5.12X10-3 2.33 X 10-3 17.3 

(20) 1.30x10-2 5.26 X 10-2 g, 
""I .... 



Table 9. Description of growths in a typical tree selected in Plot 3 ~ 
Ileight Diameter at breast height 

lSI 

Age Growth Periodic Annual Mean Growth Growth Periodic Annual Mean Growth 
class increment increment increment rate increment increment increment rate 

(m) (m) (m) (m) (%) (em) (em) (em) (em) (%) 
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 :::0 
15 7.30 4.00 0.80 0.49 17.2 9.93 6.73 1.35 0.66 25.4 (1) 

CIl 

20 9.30 2.00 0.40 0.47 5.0 14.32 4.39 0.88 0.72 7.6 (1) 
III 

21 9.80 0.50 0.50 0.47 5.4 15.51 1.19 1.19 0.74 8.3 ... 
n 

(21) 16.10 ::r 

Sectional area at breast height Volume 
t:l:l e.. 

Age Growth Periodic Annual Mean Growth Growth Periodic Annual Mean Growth !! 
class increment increment increment rate increment increment increment rate E· 

(m2) (m2) (m2) (m2) (%) (m3) (m3) (m3) (m3) (%) CIl 

5 5.74 X 10-5 5.74 X -5 1.15 X 10-5 1.15X10-5 0 .... 
10 0.80 X 10-3 0.80 X 10-3 1.60 X 10-4 8.00 X 10-5 4.78 X 10-3 4.72 X -3 9.44 X 10-4 4.78 X 10-4 142.2 :T 
15 7.74 X 10-3 6.94 X 10-3 1.39 X 10-3 5.16x10-4 57.4 2.86 X 10-2 2.38 X -2 4.76 X 10-3 1.91 X 10-3 43.0 (1) 

20 1.61 X 10-2 8.36 X 10-3 1.67 X 10-3 8.05x10-4 15.8 7.86 X 10-2 5.00X-2 1.00 X 10-2 3.93 X 10-3 22.4 (j 

21 1.89 X 10-2 2.80 X 10-3 2.80 X 10-3 9.00 X 10-4 17.4 9.16x10-2 1.30 X -2 1.30 X 10-2 4.36 X 10-3 16.5 0 
:= 

(21) 2.04 X 10-2 1.00 X 10-1 (1) 
I)Q 
!D 

Table 10. Description of growths in a typical tree selected in Plot 4 ~ 
'0 

Height Diameter at breast height 
(1) ... 

Age Growth Periodic Annual Mean Growth Growth Periodic Annual Mean Growth S· 
(1) 

class increment increment increment rate increment increment increment rate 1:1 
(m) (m) (m) (m) (%) (em) (em) (em) (em) (%) 

.... -
'"Ij 

5 0.97 0.97 0.19 0.19 0 ... 
10 4.30 3.33 0.67 0.43 34.7 4.19 4.19 0.84 0.42 (1) 

~ 15 7.97 3.67 0.73 0.53 13.1 10.75 6.56 1.31 0.72 20.7 CJ) 

20 11.00 3.03 0.61 0.55 6.7 16.05 5.30 1.06 0.80 8.3 

~ 21 11.30 0.30 0.30 0.54 2.7 16.80 0.75 0.75 0.80 4.7 
(21) 17.53 

t3 
Sectional area at breast height Volume 

Age Periodic Annual Mean Growth Periodic Annual Mean Growth Z 
Growth Growth ? 

class increment increment increment rate increment increment increment rate 
(m2) (m2) (m2) (m2) (%) (m3) (m3) (m3) (m3) (%) '" 

5 3.64 X 10-5 3.64 X 10-5 7.28x1O-6 7.28 X 10-6 
10 1.38 X 10-3 1.38x 10-3 2.76 X 10-4 1.38 X 10-4 4.42 X 10-3 4.38X10-3 8.76X10-4 4.42 X 10-4 161.1 
15 9.08 X 10-3 7.70 X 10-3 1.54 X 10-3 6.05 X 10-4 45.8 3.62 X 10-2 3.18x10-2 6.36x10-3 2.41 X 10-3 52.3 
20 2.02 X 10-2 1.11 X 10-2 2.22 X 10-3 1.01 X 10-3 17.3 1.05 X 10-1 6.88x10-2 1.38 X 10-2 5.25 X 10-3 23.7 
21 2.22 X 10-2 2.00 X 10-3 2.00 X 10-3 1.06 X 10-3 9.9 1.19X10-1 1.40 X 10-2 1.40 X 10-2 5.67 X 10-3 13.3 

(21) 2.41xl0-2 1.31 X 10-1 
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Stem analysis of a typical 
tree selected in Plot 2. 
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Fig. 6. Stem analysis of a typical 
tree selected in Plot 4. 
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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/ms for the sample collected in Plot 1, while the lowest 
is shown at 247 kg/ms 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/ms, 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% moistureY And these figures do not attain to the 
lowest value. of 0.43 proposed for the higher structural timber grade for the build­
ing,Ul 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 Section of ring number from pith 
Average 

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

1 0.3 81 107 193 106 

1.3 98 192 134 

3.3 142 142 
(127) 

2 0.3 129 168 273 175 

1.3 104 144 221 142 

3.3 63 209 135 

5.3 146 146 
(150) 

3 0.3 49 70 205 95 

1.3 81 112 201 114 

3.3 72 162 108 

5.3 86 166 108 
(106) 

4 0.3 52 54 166 303 100 

1.3 53 75 205 88 

3.3 54 134 262 104 

5.3 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 
3.3 378 378 

(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 
1.3 331 292 296 307 
3.3 332 274 257 295 
5.3 335 327 331 
7.3 312 312 

(308) 

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

Plot Height Section of ring number from pith 
Average 

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

1 0.3 5.4 3.4 3.0 3.9 
1.3 5.5 2.8 4.1 
3.3 3.6 3.6 

(3.9) 

2 0.3 5.5 4.8 3.6 4.9 
1.3 4.3 3.7 3.2 3.9 
3.3 4.3 4.4 4.3 
5.3 3.6 3.6 

(4.2) 

3 0.3 5.2 5.7 4.9 5.2 
1.3 6.2 6.0 4.6 5.6 
3.3 6.4 4.7 5.6 
5.3 5.6 3.8 5.0 

(5.4) 

4 0.3 4.2 7.7 6.7 6.5 5.9 
1.3 6.6 5.7 4.7 5.9 
3.3 5.9 5.7 5.0 5.7 
5.3 5.0 5.8 5.2 
7.3 4.9 4.9 

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

Plot Height Annual ring 
number of Rate of diameter Rate of area 

(m) heartwood (%) (%) 

1 0.3 7 41 17 

1.3 5 30 9 

3.3 2 14 2 

2 0.3 8 40 16 

1.3 7 41 17 

3.3 4 31 9 

5.3 1 6 0.4 

3 0.3 9 45 20 

1.3 7 39 15 

3.3 5 30 9 

5.3 4 19 4 

4 0.3 12 55 30 

1.3 8 53 25 

3.3 6 42 18 

5.3 5 27 7 

7.3 2 6 0.4 

as 308 kg/ms in 13 trees collected from Chubu Province4) as well as 333 and 340 
kg/ms in 4 and 7 trees, respectively, from Kanto Province.7,S) Meanwhile, the 
average annual ring width is so broad as 3.9, 4.2, 5.4 and 5.5 mm 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,u) 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 
30 % 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 

Length (em) Green weight (g) Moisture Dried weight (g) 
Location in content (%) 

crown Number standard standard real mean mean real real 
min.-max. deviation min.-max. deviation total branch leaf branch leaf total branch leaf 

First section 18 81 
15.4 

444 
291 8,000 1,220 

(2.8-3.8 m high) 60-120 200-1,400 6,780 49.4 58.5 3,431 618 2,813 "tJ .... 
0 

Second 24 60 319 " 18.8 159 7,650 6,770 "d 

(3.8-4.8 m high) (10) 20-90 880 51.6 56.9 3,388 427 2,961 
(D 

50-600 (100) (100) .... ... ;. 
Third 6 30 47 " 280 280 '" 
(4.8-5.4 m high) (10) 20-40 5.8 20-60 

12 (50) 0 (50) 57.2 142 0 142 0 ..... 

Total 48 15,930 13,830 
rJ) 

(20) 
2,100 6,961 1,045 5,916 S. 

(150) (150) ;--
P> 

( ) : Short twigs composed only of leaves. 
t:I 
Po ... 

"d 

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

(D 

'" (D 

Length (em) Green weight (g) Moisture (') 

Location in 
Dried weight (g) It 

Number standard standard 
content (%) P> 

crown mean mean 
total 

real real real .... 

min.-max. deviation min.-max. deviation branch leaf branch leaf total branch leaf 

First section 16 99 525 
g 

(3.4-4.4 m high) 50-140 20.0 100-1,100 
264 8,400 1,490 6,910 51.3 54.8 3,849 726 3,123 .Fi 

'" Second " 13 87 481 6,250 5,320 
.... 

(4.4-5.4 m high) (5) 80-100 
8.2 114 930 49.8 56.4 2,809 467 2,342 ~ 

300-700 (50) (50) {::> 

Third 19 67 
11.3 

271 5,150 4,710 
(5.4-6.4 m high) (3) 40-80 100-400 83 (50) 440 (50) 51.7 54.8 2,365 213 2,152 

Fourth 13 45 
13.4 

120 1,560 1,520 
(6.4-7.4 m high) (9) 30-80 100-250 42 (100) 40 (100) 53.3 56.8 719 19 700 

Total 61 21~ 2,900 18,460 
(17) 260) (200) --'- 9,742 1,425 8,317 

~ 
"'I 



Table 17. Length and weight of branches including needle leaves collected from a typical tree in Plot 3 
~ 

Length (em) Green weight (g) Moisture Dried weight (g) 
Location in content (%) 

crown Number mean standard standard real real real mean 
total leaf leaf leaf min.-max. deviation min.-max. deviation branch branch total branch 

First section 14 126 
38.4 

775 
369 10,850 2,660 8,190 51.3 53.0 5,144 1,295 3,849 (4.2-5.2 m high) 80-160 150-1,600 !;d 

Second 20 110 627 12,540 10,030 ~ 

22.0 307 2,510 49.9 55.3 5,764 1,258 4,506 en 
(5.2-6.2 m high) (4) 40-140 100-1,250 (50) (50) ~ 

P> 

Third 27 85 393 10,600 8,910 
... 

24.2 215 1,690 45.7 54.7 5,045 918 4,127 
n 

(6.2-7.2 m high) (16) 40-120 100-800 (ZOO) (ZOO) t:T" 
IJj 

Fourth 22 71 
12.4 

255 
82 5,600 580 5,020 47.9 59.0 2,360 302 2,058 E:: (8.2~.2 m high) 50-100 150-400 a 

Fifth 12 60 
10.8 

163 
65 1,950 0 1,950 57.9 947 0 947 S· 

(8.2-9.2 m high) (17) 40-90 100-350 (300) (300) en 

Sixth 0 0 
(200) 0 (200) 59.0 82 0 82 ..... 

(9.2-9.8 m high) (13) ;. 
Total 95 41,540 7,440 34,100 19,342 3,773 15,569 ~ 

(50) (750) (750) (") 

~ 
Table 18. Length and weight of branches including needle leaves collected from a typical tree in Plot 4 

~ 

~ 
Length (em) Green weight (g) Moisture Dried weight (g) ~ Location in Number 

content (%) "0 
crown standard standard real real real ~ mean mean 

total leaf leaf leaf 
... 

min.-max. deviation min.-max. deviation branch branch total branch S· 
161 871 

~ 

First section 7 6,100 50.3 2,689 1,839 I:S 
13.6 192 1,710 4,390 58.1 850 ... 

(4.2-5.2 m high) «3» 140-190 600-1,150 «950» «30.0» «665)) «665» "'l 
Second 7 147 950 6,650 4,910 0 

20.5 322 1,740 53.9 58.5 2,881 802 2,079 ... 
(5.2-6.2 m high) (3) 120-180 600-1,500 (100) (100) ~ 

en .... 
Third " 15 119 740 11,100 8,430 en 

(6.2-7.2 m high) (3) 5O=i8O 33.2 150-2,300 552 (100) 2,670 (100) 50.7 58.2 4,882 1,316 3,566 
~ 

Fouth " 18 87 331 l"'"" 

(7.2-8.2 m high) 50-140 30.4 100-700 191 5,950 990 4,960 49.2 59.0 2,537 503 2,034 
~ 

Fifth 17 98 
16.6 

415 
133 7,050 1,130 5,920 53.8 58.6 3,014 522 2,492 Z (8.2-9.2 m high) (5) 40-120 100-700 (100) (100) P 

Sixth " 15 69 
11.2 

173 
54 2,600 0 2,600 60.1 1,037 0 1,037 "" (9.2-11.3 m high) 60-100 100-300 

Seventh " 2 40 
0 

50 
0 100 0 100 59.5 101 0 101 (10.2-11.3 m high) (8) 40-40 50-50 (150) (150) 

81 39,550 31,310 17,141 13,148 Total «3)) 8,240 
(19) (450) (450) «665» 3,993 «665» 

« »: Withered branch. 
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Tree Tree Tree 
in Plot 1 In Plot 2 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 

Plot 1 2 3 4 

Typical tree stem 2.54 X 10-2 4.65 X 10-2 9.16 X 10-2 11.9 X 10-2 

volume (m3) bark 0.41 X 10-2 0.61 X 10-2 0.84 X 10-2 1.2 X 10-2 

stem 9.7 13.9 29.1 36.7 

green bark 1.6 2.4 3.4 4.8 
weight (kg) branch 2.1 2.9 7.4 8.2 

leaf 14.0 18.7 35.9 31.8 

stem 4.3 5.6 14.1 16.8 

dried bark 0.9 1.4 2.0 2.8 
weight (kg) branch 1.0 1.4 3.8 4.0 

leaf 5.9 8.3 15.6 13.1 

Undergrowth green weight 
(tons/ha) 11.0 7.0 5.5 7.0 

Stem density per ha 2,000 2,000 I,BOO 1,400 

stem 8.6 11.2 25.4 23.5 

bark 1.8 2.8 3.6 3.9 

Biomass branch 2.0 2.8 6.8 5.6 
(tons/ha) leaf 11.8 16.6 28.1 18.3 

undergrowth 5.3 3.5 2.5 3.5 

total 29.5 36.9 66.4 54.8 

Available biomass 15.6 22.2 38.5 27.8 (bark + branch + leaf) (tons/ha) 

579 
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The greatest is 190 cm long and the heaviest is 2,300 g, obtained from the 6.2-
7.2 m section. Table 18 reveals the amount of the branches including the leaves 
is estimated at 17,141 g 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. l4l The data showed that the roots 
was considerably much and that the stem density was 2,460 per hectare. l4l 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 Kaininokuni 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 mS 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 mS 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*1 (m/sec) 

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

Kaminokuni*2 8.1 7.3 7.5 6.0 6.7 6.1 5.1 5.1 6.9 7.5 6.7 6.6 

Esashi 7.8 7.6 7.0 5.6 4.3 3.5 3.3 3.6 4.5 5.4 7.9 8.6 5.8 

Wakkanai 5.2 4.9 4.7 4.7 5.1 4.4 4.0 3.9 4.2 4.9 4.9 5.0 4.7 

Haboro 3.8 3.4 3.2 3.2 2.9 2.4 2.2 2.4 2.9 3.5 4.2 3.7 3.2 

Rumoi 6.0 5.8 5.4 5.1 4.5 3.6 3.4 3.7 4.8 5.5 6.5 6.9 5.1 

Otaru 3.0 2.8 2.8 2.6 2.2 1.7 1.6 1.9 2.2 2.6 2.7 2.8 2.4 
Suttsu 6.2 6.0 5.8 5.9 5.6 5.8 5.4 5.0 4.8 4.9 5.4 5.5 5.6 

Hakodate 2.6 2.6 3.0 3.1 2.7 2.4 2.1 2.4 2.4 2.6 2.8 2.6 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. 
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~tW~WHmC9l:C9 mPIJ~~~ Q~tw~*~~JlJ:lt!r1JWtN#C9±;!ftc, A o¥:ii!i#*C9M:Jt~:tz: 

:f;t!!BIj~~W;\J""t.:o ~JlJ:f;t!!1JWtN#~t 1956 ifC9f1U~tJ*, A ¥C9:ii!i#~~~~~::tJ~r±\,,-r.:'\"Q 0 

*7i1F~-C~t, i:-rJ1\~WC9=l*#~~j't!~~l¥JtJ:±;!ftC9am1t c;t;fJT ~ ft tJ: "? t.:o ""?f!~ 

1984 if, ;f!Ut~jO.J:::t 20 if~ki!~ Lt':A o¥:ii!i#:I&iI'I?~il%BIjt~ 4 ;/JM~~:I&~;.g7E L, :tC94ii 

*am1t~fttJ:\"r1jt~am"", ~ 1?~~ft~l¥.JtJ::ii!i#*~{j(;1* Lt.:o *ft~*~~""?\,,-C, W~JW;fJT 

~~QC~~~, ~**·WMm •• ·if~m·~#*.C9#Jt~W;\J""ko -~ :thl?C9 

W*C9tit~JJC9~h'ki:i:~""-C~IJb, :tC9., :Ilt~, m:i:~~til'~, ~~~~~~iI'x."?k 

~kC9-lj-:/:flvil'l?m@'~~L-C\"Qf$;t (tit) c, ~@.iI'l?tJ:Qf$;t (~) ~;tvt-c, :th-f 

hC9m~c*;t~.7EL~ Chl?~.~L-C, *4;/JMC9:tz:.4iiC9.l:f$m~.~~9~­

lv~.-r.:·.l±I Lt.:o i: t':A ¥:ii!i#:f;t!!C9:tz::f;t!!4iiC9±:!jl~~",,?\,\-C~, tF L < m:f;t!!W;\J1t~fttJ:"? ko 

tJl:C9*Ei;!~Ht""?f! C9 c jO ~ -C~ Q 0 

1. ~JlJ:f;t!!1JWtN#C9±:!jlC9m1~~I¥.JM::tk~t~~I¥.J~~.tHr-r.:·~ Qo ~@. i: t.:~t~m@.C9 A 

JI~~~t 1741 if~~I!!l* Lk*JlC9 *JlJERiI'~ "? -C \,\ Qo ~1IDrf$C9±;!ft~tJVHI±-r.:·, A, B JlC9 

r~~ A', B' JliI;~:tEL-C\'\Qo -1J, 11Ii~:Jt-r.:·~t, ~iI;!H'iI;, t{C9iftC9f:tf!.:f;t!!-r.:·~t, ~C9tJ: 

""J~«ktJ:JJ\" A JliI,~nJ(;L-C\"Q (Table 2,3)0 

2. ~il%BIj~~7htt.: 4;/JM (Plot 1-4) C9A ¥;il!i#:JtC9±:fB~t, j}:J~-r.:' 6 tJ:\'\ L 7 Jlt~;tvt 

I?h, Plot 3 ~~~, If\,\ A JI~~~t~iI'~~ c Iv c'~i:h -C \',tJ:\' '0 C C9±:jfOt-~~~;!ft±Jt-r.:·, 

*;t~tiei\"iI;~~C9V161li ~ .J:: \, '0 :tC9 ift-c: ~, Plot 4 C9 ±;!ft~t~ < i: -r.:'* I? ii' <, kmti:tktJ:\' \ 

LB'lti.;il!i~~ L-C, c < ~~.IHr-r.:·~Q (Table 4)0 

3. 4ii*~1tC9*Ei*, ~il1bC9il1b\'\ Plot 1-c:~t, ~9 ~ -IV~ ~:tz:*i!1Ii1;52.2m8 -C:~Q 

C9~~%.t L, Plot 4 -r.:·~tb-ril' 21 if~-r.:·, ~~~ 266.0 mS C9i!lI~if L-C\"Q (Table 5)0 

4. Plot 1 tJ:\" L 4 C9 4 *C9ft~*~t, Wil1b 5.4 m iI'l? 11.3 m, lJ£gJi\1IiWif£ 10.7 em iI'l? 18.2 

em C9fimH~~ ~, Plot 1 c 4 C9#.C9;tt\,\~t, fi'U-W~-c:4 ffH~ ~ C91'1"? -C\"Q (Table 6-10)0 

5. W~JW;fJTC9~*,,"~1*ltlti"Q~, ~-il%-r.:·~IWi~~1*"? kpj~~~",,?\,\-C, ail'l? 5 ifW;t~ 

-lj-:/ 7' !J :/!I L -C, 7' p 'Y 9 ~amtl! L, :tC9~**~7E:i:~ Q C, I()#~til' ~ iI'l? tJ: Q ~*""-c: 

~t 50% iW~, ill#iI'l?tJ:Q ~ C9-r.:·~t 300% ~~~~Q ~ C9 ~ ~Qo f~~**~t 106'"'-'150% C9 

film-c:~ Q (Table 11)0 
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6. ~.~IlJ!nt, -~tc~ <, Plot 1,2,3:to.t iJ 4 ;b>G:I*1& 1...-t.:~**"e~t-t.n~.n3f:Jq 

382, 299, 318:to.t iJ 308 kgjm' (Table 12) -eil; ~, 15% *7f0)~~!t 11 tc ~.-t G C, 0.439, 

0.376, 0.401 to J:: iJ 0.388 C t~ G 0 

7. :¥fiU'liHt~Mltl¥JtcJA <, Plot 1 0)~~#0)';'3f:Jq 3.9 mm -eil; G;b~, Plot 4 0) ~ O)~t, 

5.5 mm tc ~ t~ '? -CIt, Go 1...-;b> 1...-, t. O)W*~t*nlt~#O) J5~ G tUil";b~il1ii\,'*ti*t~O) -e, ~~ 

;b>~ 1...-.nt.J::\,' (Table 13)0 

8. 'I)#~~t, *~t~W*l'1c'*-c'il;~, Plot 4 -e::tG.nt.:~**O) l.3m tJ""fO)'€flHil:.-e 

~t, j([m!t-e-t-etC50%~t.::t-C\"G (Table 14)0 

9. *~**.t ~:I*1& 1...-t.:t!i~iJlq;E-t G C, -to)J!(~t Plot 3 0) ~ O);b'l\i*-e~~i;b> ~ ;b>G 

t~G'J\t!i~~6bG C 145 *tC ~~-tGo "*t.:, t..nGO)~1I:I:~ Plot 3 o)*;b~l\i*-c', t!ic~ 

~il"-1t-C*9 20 kg tc ~ t~ Go -15, Plot 1 ;b> G ::tG.nt-.:~**-c'~t*9 7 kg -c'il; G (Table 15-18)0 

10. W~fHJT, ~*~, !t1l;b> G, :li:}1g5]IJtc7. ~~f*}1g0) ~ ? jl - Iv ~ ~ O)jt!U:tmffl.:ff:l: 

~.I±l-tGc, Plot1;b>G4"*-C" -t.n~.n29.5, 36.9, 66.4to.tiJ54.8 I- '/ct~~, Plot 3 0) 

:li:}1g;b~l\iil1ii-c'il; '? t.:o Plot 3 O)~**O)~O) :I:;b~l\i*-eil; '? t.: t. c C, :li:**J!(;b'!t~I¥J~ \" 

t. c ;b', -to):@.ffi-c'il; Go 1...-;b> 1...-, * j'[}1gtcto\" -C ~t, t..n"* -c't!itr~-?~rl'l'tlG;b'fiiJll;b>ITb 

.n -C:to ~, t..n~t~ < "* -C'~ ~**;b> G1i;E 1...- t.:fill-c'il; Go 

vt.n c ~ -f;ttcI!Jl1IiO)~\":li::l'!!! -c'~tffl.:ff:l:iJ;~ <, ~tcil1ii\" c t. 6~t-tO):I:~tj,'t~\,' c It, 

::t.t:>o "*t-.:~O):I:~t\"f.n~~<, c < tc1:.:!ltO)~\"W*-C'O)~#tC)(;j-tGtUil";b;il1ii\"o t. 

.n~O)t!i~~ttlG"JO)ll~Hi c Iv c~-C G.n -C to ~, Lff&ft*# c -~tcI~tc:iliJ, ~f* ... ~ -1 ;t 

'77. C 1...- -C 1f~tcfUm-t G t. c iJ,m"* 1...- \" (Table 19)0 

11. tJJ:0) Mi:!f:;b> G, 7. ~ O)~f*tc~ '? -C ft 'ittcj'[:l'!!!-?M~*J!(~~!I-t G t. C ;b'~\~-c' 

il; Got. O)}1gl5~t~tw:IR-e ~ l\i ~ .m.}J0) S!tl\, '}1g~ (Table 20) -c'il; ~, J1.~ ~ O)/%( 1...- \, '~mtcM 

::tG.nt.:7.~n,w:¥~&~-tGc.1...-<1:.:!lt~.::t-C<Go "*t.:M~.O)¥A.n~+7fKIT 

t~ '? -C, #fi{fiiJ> ~ -et~ < #'Ntc "':n' -C ~ ~!I-t G t. c iJ'1I~-c'il; Go 


