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(I) Introduction

It has been repeatedly pointed out that denuded lands distributed in the granite regions
have historic backgrounds and relations with the advances of civilization. =~ On the other hand,
however, ‘'we know a great many non-denuded lands which border on the denuded granite
regions and seem to had been attacked by same intensities of human agencies.

This leads to the conclusion that the denuded mountain is a landscape characteristic of the
geology.

Therefore it is probable that the process of devastation and rehabilitation of the forest soils
in those regions is quite peculiar.

Mie Prefecture is one of the most famous regions which has immense areas of the denuded
lands. They were once productive forests. At the later period a great many trees in those
forests had been felled down and transported for the construction of the Tédaiji Temple and
other temples or shrines in Nara City and its neighborhood.

Since the forest had continued to be devastated increasingly more severely until the Sabs-work
based on modern scientific technics had been carried out in the Meiji era (1868—1911 A. D.).

The writer had a favorable chance to survey the Sabé-forests in Mie Prefecture by request from
Kinki Chihé Kensetsukyoku (Kinki Regional Construction Bureau) Authorities.

On completion of this report, 1 express my profound gratitude to Mr. T. Tsutsumi, Assistant
Professor of Kydto University, for his kind and valuable guidance. His reports concerning the
soils of Sabdforests in Kurita, Rokkd, Tamano, Saij6, and Kure District have offered me many
instructive ways of investigation.

Thanks are extended also to Dr. T. Shidei, Dr. N. Shibata of Kydto University and Dr. K.

* Since each country has its own devastated conditions of lands and the characteristics in erosion
control works, we can hardly find out appropriate technical terms whose peculiar nuance fits in
well with the works which have feen carried out in Japan.

In this paper, therefore, I will use the term ‘Sab5-" untranslated, which, according to Dr.
Lowdermilk, foreigners also seem to be able to pronounce fluently by euphoniousness.

The forest or stand on which the Sabb-works were carried out will be expressed as “Sabb-forest”
or ‘Sabg-stand”,
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Murakami, Prof. T. Narita, Prof. T. Tooyama,
and Assistant Professor T. Miyake of Shimane

Table 1. Investigated Plots.

Agricultural College, for their helpful advices. Nurr;ber Age of ecie Gro(;’;th
p(l)ot stand species plants
(IT) General aspects of the investigated I ; A. pendula good
territories P. Thunbergii
In the regions within the jurisdiction of the I 27 9 %iﬂi%f‘rgii good
Kizugawa Sabé Construction Office, i. e., from I " A. pendula good
Nabari City to Iga-Ueno City in Mie Prefec- R. pseudacacia
ture, there are a great many mountains or A. firma
: . A . v 1 A. pendula good
hills on which the Sabs-works (erosion control
Kk hillside) h b . v % A. tinctoria ood
works on hillside) had been carried out. R, pseudacacia g
They include regions of granite, gabbro, u . A. pendula good
and fluviatile deposit. R. pseudacacia
The investigation was carried in only the I 1 P, Thunbergii ood
. . . . A. pendula g
granite region which has most extensive areas
and most serious problems from the point of il 5 11: g:;;g‘;rgu good
erosion control. X . P. Thunbergii soor
Some Sabo-stands of various age and several -
natural stands in this vicinity were picked X ] A. pendula ood
. . P. Thunbergii g
out for investigation; the former to trace
the development of soil with increasing years, 101 | N.S. | P. densiflora good
the latter to obtain the values to which the 105 | N.S. | P. densiflora good
Sabdforests in this vicinity will approach. 104 | D. L. — —
The Sabé-forests in this district have reha” 201 45 P. Thunbergii poor
bilitated satisfactorily and the planted trees 204 | N.S. | P. densiflora poor
have grown vigorously except a few excep- 206 64 P. Thunbergii poor
tions. The poor natural stands were also 008 | N.S. | P. densiflora poor
picked out intentionally for comparison.
. . . 209 | N. S. | P. densiflora good
The kinds of the hill side Sabd-works
. . . C . . N. S. P. densiflora poor
applied in this district were Tsuminaekd A1 enst
(terracing with sod), Ishizumiké (hill side ? 2 P. Thunbergii poor
masonry), Sujiké (terracing without sod). (Note)
Most prevailing work in this district was the 1. Number of plot

Roman numerals : Permanent Plot (P.P.).
2. N. S. : Natural Stand, D. L. : Denuded Land
confined to the places of special topographies. 3. Botanical name of species

To serve the consideration of measured Alnus tinctoria Sarg. var. obtsiloba Carr.
Alnus firma Sieb. et Zucc.

Alnus pendula Matsum.
the terraces of Tsuminaeks. The sampling Robinia pseudacacia L.

depths were 1 : 0 cm, 2 : 15 cm, 3 : 30 cm. Pinus Thunbergii Parl.
Pinus densiflora Sieb. et Zucc.
4. Plot No. V. : Pinus Thunbergii has disappeared.

first, whereas the second and the third were

data, the samples were collected from only

(In this paper the depths will be indicated
concisely; 1, 2, 3.
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Uniformity of the deepest sampling depth in 30 cm is due to the fact that the majority of
the terraces reach the bed rock in 30—40 cm, except a few plots where the depths of soil
materials are irregular from the topographical roughness before the execution.

The investigated plots are shown in Table. 1.

In this table only two species are described in the predominant order. It must be added,
however, that the planted Kuromatsu (Pinus Thunbergii Parl.) survives even in the plots
whose columns make no mention of it, except in Plot No. .

The soils in those investigated territories will be conveniently referred to as “Kizugawa Soil”

in this paper to distinguish from other soils whose data will be often referred to.
(ITI) Method of experiment

Physical and chemical properties of the soil sample collected with metal cylinder (100 cm?2
base area, 4 cm height) and bag respectively were measured according to the “National Forest
Soil Surveying Method”®,

(IV) Results and discussion

(1) Accumulation of organic matter

A part of the organic matter which has been supplied annually on the newly afforested land
is decomposed and added to the mineral soil, while the remainder accumulates on the surface.

Many workers who had studied the accumulating process of organic matter have generally
acknowledged that the amount of accumulating substance increases rapidly in the early period,
and slowly in the later period approaching to the value which is peculiar to the locality and
the species.

Thicknesses of Ag layers are presented in Fig. 1. Because of the substantial difference in
thickness of an accumulating layer between the terrace and the side-slope, the values in the

figure have been corrected by the area ratio

%‘ ¢ of the terrace and the side-slope in respective
g{ 5 stands.
;fh 4 Some investigators have pointed out that a
> simple equation exists between thickness and
T 5 dry weight of organic matter, though the
E 2t coefficients in those equations differ in dif-
3 ferent species. According to data obtained in
3 ! the Sabd-stands in Rokkd (Hybgo Prefecture),
o 70 2 30 4o 50 4o y 70 N.S. Kurita (Shiga Prefecture), Tamano (Okayama
ears

o goo d }Sab’o‘-s-fand Prefecture), Saijo (Hiroshima Prefecture), and

Peot Kure (Hiroshima Prefecture) District by Tsu-
o gcod} Natural stand (N.S.) tsumi®®, dry weight of litter of Akamatsu
POOV

(Pinus densiflora S. et Z.) is about 2.5 times

g lati . : )
Fig. 1 Accumulation curve of organic matter as heavy as that of Oobayashabushi (Alnus
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firma Sieb. et Zucc. var. Sieboldiana Winkl.) and Yamahan-noki (Alnus tinctoria var. obtusiloba
Carr.) corresponding to any given accumulating thickness.

As stated in Table. 1, the good old Sabé-stands in this district consist principally of broad-
leaved trees, and natural stands, by way of contrast, of conifers.

Therefore, it can be deduced from the figure that the accumulated organic matter in even the
26-year-old good Sabd-stand is no more than one half the weight of that in natural stands.

Regarded the natural stands a probable final state which the forest in this neighborhood
would reach to, the accumulation curve drawn here is similar to ones reported by many
workers.

Good stands and poor stands are plotted in different symbols in Fig. 1. The figure indicates
that accumulated amounts in the poor stands are less than half of that in the good stands of
the identical age. This is due to the scanty supply of the litter and removal by rain water, and

not to rapid decomposition.

(2) Specific gravity of fine soil

There are two major factors which influence the specific gravity value of fine soil.
(a) Mineral composition of soil

The first and primary factor which determines the kinds and contents of minerals in the soil
is the mineral composition of the parent rock, especially the ratio of heavy minerals to light
minerals.

All of the soils investigated here are derived from granite. However, there are some differences
in contents of individual minerals among granites themselves. Furthermore, the intensity and
the duration of weathering agents which differ much in different environments exert influences
on the mineral composition of the soils.

(b) Organic matter

Because of the fact that the specific gravity of soil organic matter is smaller than that of
mineral soil, the increase in the content of organic matter in soil leads to the decrease in the
soil specific gravity. Under the conditions that the specific gravities of mineral soil and
organic matter are constant, Tsutsumi® worked out the following formula from data on the
Sugi (Cryptomeria japonica D. Don) forest of Kitd, Hinoki (Chamaecyparis obtusa Sieb. et
Zucc.) forest of Owase and others.

Y=Ax+B
Where Y : reciprocal of specific gravity of soil
x : Carbon content (%)
A, B : constant.

Fig. 2 represents the relationship between the organic carbon content and the specific gravity
of fine soil.

The variation of the specific gravity value corresponding to a certain carbon content value
is due to the difference in mineral composition or the degree of decomposition of soil organic
matter.

Fig.2 shows that within the limits of about 0.5% of carbon content the specific gravity of soil

seemed to be independent of the carbon content and, beyond that limit it began to decrease
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Fig. 2 Relationship between specific gravity and carbon contents.

with increasing carbon content. It suggests that the decrease in the specific gravity value caused
by the addition of less than 0.5% of organic carbon did not attain to measurable magnitude.
Therefore, the decrease of the specific gravity has occured only in the first layer, which is

abundant in carbon content, and not in the second or the third layer, which is scanty of carbon

content.
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Fig. 3 Relationship between specific gravity and years of stand.

The decrease of the specific gravity of the surface soil with years is represented in Fig. 3.

The changes occur rather rapidly in early 30 years after execution and slowly afterwards.

(3) Volume weight, Pore volume

A change of volume weight of the first layer soils with advancing stand age is represented
in Fig. 4 (fresh soil). The fine soils also exhibited very similar tendency. The figure indicates
decreasing tendency by years.

The decrease in the volume weight is principally due to the increase in the pore volume.
Becauce, as mentioned in the foregoing section, the changes of specific gravity of fine soil

were not so great as to produce the great changes in the value of volume weight.
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Fig. 5 shows the increasing tendency of pore volume with years.

P-V. W. graph, which has been proposed by Tsutsumi®, is convenient for an easy
understanding of the soil development from the standpoint of the relationship between volume
weight and pore volume.

Fig. 6 and Fig. 7 represent those relationships in Sabd-stands, and Fig. 8 and Fig. 9 those in
the natural stands.

The progress in soil formation means the decrease in volume weight and increase in pore
volume, that is, upward removal along the P—V. W. line. Numerals in the parenthesis indicate
the years after afforestation, i. e. the age of the stand.

Trends of the upward removal with years can be found in those graphs. Differences in the
positions of the stands of the same year are due to the differences in initial conditions, and
the inversion of the order of the position in the graphs of fine soil and fresh soil means a
difference in the contents of gravel in fresh soils.

Only brief explanation concerning growth of the planted trees will be given here.

In Fig. 4 the drawn line separates the points of the good stands from those of the poor
stands. The former are plotted in the lower part of this line, and the latter the upper part.

A similar tendency is observed in Fig. 5. In this figure the good stands are plotted in the
upper part and the poor stands lower part.

Moreover the plotted positions on the P—V.W. line of the good stands are much higher
than that of the poor stands of the identical age.

Though the points of the natural stands are generally plotted on the higher position, it must
be worthy of note that the 26-year-old Sabé-stand is located near the natural stand.

Various stages of the soil-forming process are observed among the different depths of a profile
as well as among the stands of different age.
A measured length between the point of

the third layer and that of the first layer of
the identical profile along the P—V. W. line
was presented in Fig. 10. The points plotted

ysbus| |prowsy
L]

on the upper part of the dotted horizontal
line mean that the point of the first layer

of the soil profile on the P—V. W. line is +) 8

situated higher than that of the third layer. t(
In other words, the soil of the first layer is =) \l’

in more progressed state of weathering than

7o 20 3o 46 50 4 o N.S.

that of the third layer. On the lower part Years

of the dotted line, the situation is just the
Fig. 10 Removal length on P-V. W. line from

opposite. Fig. 10 indicates that during the 3rd- to the Jst layer (fresh soil)
- O1.

several years after execution the first layer

soils have more higher volume weight and lower pore volume than the third layer soils. In
this period, therefore, it seemed as if the first layer soil was in less progressed stage of weath-
ering than the third layer soil.  After this period the points are plotted on the upper part of
the line. Results of the mechanical analysis illustrated that there was no significant difference

in contents of the fine-grained fractions between the first layer soil and the third layer soil in
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this period. Therefore the above-mentioned reversed phenomenon seems to be caused by
compaction in the surface layer by rain water, and not by retarded weathering.

Surface layer soils have much more chances to be compacted by rain water than the lower
layer soils, especially when the precipitation is not sufficient to reach to the lower layer.

Subsoils have been compacted by the weight of upper soils which seemed to be not so great
as compaction by rain water applied to the surface soils. '

In the old stands the degree of soil maturation which is determined principally by production
of the finer-grained fraction and development of aggregates was superior to the agent of
compactness by rain water. Therefore they were plotted in the upper part of that line, and the
absolute values tend to be greater gradually. It must be added, however, that the significance
of a given absolute value differs in different position on the P.—V. W. line.

The value approach to the definite one which is determined by the parent materials and the
environments.

The similar relationship was also observed between the first layer and the second layer.

Wide variation in the initial conditions of the each soil makes it impossible to find out the
reversing phenomenon in the {irst layer soils of young stands in Fig. 4, 5.

Compacting tendencies of the topsoils in the younger forests had been observed also by
Tsutsumi @ in the above-mentioned forests. Moreover he had confirmed the facts successfully by

direct measuring of compactness by the penetrometer.®

(4) Maximum Water Capacity (Wmax.) and Minimum Air Capacity (Amin.)

As was mentioned above, the increase of pore volume results in the decrease of volume
weight.

It has been generally recognized that soil pores consist of capillary pores and noncapillary
pores.

Capillary pores, indicated by Maximum Water Capacity; Wmax., are considered to be respon-
sible for holding water against the force of gravity.

Noncapillary pores, expressed in Minimum Air Capacity; Amin., have an important significance
in soil aeration.

The increasing tendency of Amin. with advancing years is illustrated in Fig. 11. Fig. 12 and
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Fig. 13 show the similar processes of Wpax. .
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A ratio of noncapillary pores to capillary pores, Amin/Wmax., increases in early about thirty

years, and decreases afterwards approaching the value of the natural stands (Fig. 14).

In the younger forests, therefore, noncapillary pores seemed to increase more rapidly than

capillary pores.

It seems to require some consideration that the data obtained here are somewhat different

from that obtained from soils in Kurita, Rokks, Tamano, Saijé, Kure, and Yamanouchi (Ehime

Prefecture) District by Tsutsumi. @@
His data indicate the monoto- Whee 90

nous decreasing process of the b4

Minimum Air Capacity with years.

As the changes of the values %
with years are liable to be con-
fused by the wide variations in 70
each plot, relationships between
volume weight (V. W.) and Wpax. o
or Apin. shall be investigated, on
the assumption that the lower
volume weight means the more

developed stage of weathering or

the older age of forest. 40|

The values of Whmax. or Amin
corresponding to a certain V. W.

differ in different ratio of non-

capillary pores to capillary pores.

Sof-

Joy-

The correlation coefficients of
volume weight and Apin. or Wmax.
in the first layer of Kizugawa

Soils are represented in Table 2.

50 100 /50

¥ Yamanouchi (from data by Tsutsumi ) V.

Fig. 15 Relationship between Wmax. and V. W. of fine
soil in the {st layer.

(Refer to Fig. 14 for legend)



— 84 — BREBRAREHERE £95 A-2 % ZE (194

Table 2.
Amn (%)
Anmin. Wmax. 30 l’
V.W. | - 0.9 - 0.62 ¥ *
- 0.49 * - 0.53 * 2 | S *
[
upper figures : fresh soil ° g . . ®
o
lower figures : fine soil 2 a * *
* significant at th t level °or % g0 Lege %,
significant a e 5 per cent leve ° P .
** highly significant at the | per cent x o0z o
o o °
level ) , X
%o 100 150

VW

. f soils i y
Plotted positions of soils in Kuri Fig. 16 Relationship between Amin. and V.W. of fresh

ta, Rokkd, etc. differ much in the
V. W.—Wnax. graph (Fig. 15) and
little in the V. W.—Amin. graph (Fig. 16) from those of Kizugawa Soil.

soil in the ist layer.

Yamanouchi Soils plotted in those figures from data by Tsutsumi ® are derived from granite
and well matured. Therefore they can be considered to be in an almost extremely advanced
state of weathering to which soil of the identical material seems to be able to reach.

In general the values of V. W. corresponding to a certain Wpax. of Kizugawa Soils are larger
than those of Rokkd, Kurita, Tamano Soils, etc.

This suggests the coarser-grained texture of Kizugawa Soils, compared with the Rokks, Kurita
Soils, etc.

The increases of Wpax. which occur concurrently with that of Amin. would inevitably follow
the some amount of decrease in Apin.. Therefore the measured value of Amin. seems to express
a sum of the original increase (4) of noncapillary pore and the converted amount (—) from
noncapillary pore to capillary pore. The absolute values of those two agencies determine the
symbol.

One of the most effective agencies which promotes an increase in Amin. would be disintegration
of the rather coarse particles. And the increase in Wpax. seems to be caused to a large extent
by disintegration of the finer particles which are responsible for the development of aggregates.

As a rule, the agencies to promote the increase of Amin. seems to be constant through the
period, whereas that of Wnax. become greater in the later period when the supply of organic
colloids is expected to be abundant.

The relationship between Wmax. and Amin. of {ine soil is presented in Fig. 17. Based on the
tendency shown in Fig. 17, I should like to advance a proposal on the explanation of changes
of Whnax. and Amin. which is illustrated diagramatically in Fig. 18.

In the early period when the supply of organic matter is not plentiful the noncapillary pores
are likely to increase at more rapid rate than the capillary pores. This results in the increase
in measured Amin. Wmax. also increases, though in a slight degree. (A—B).

After some years the situation turns out somewhat different, which results in the increase in
Wmax. and the decrease in Amin.. (B—E). In this period the production of capillary pores is
superior to that of noncapillary pores.

Therefore, the contrary changing in the early period is not the reverse of maturing, but
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Amln.

Whax.

Fig. 18 Diagrammatic representation of a
course which the development of soil
seems to advance.

(E : extreme point of weathering)

merely the paradoxical process of it.

A position of the soil on the A—E curve
must be determined by the properties of
parent material and the degree of weathering.

I should like to propose a tentative explana-
tion that Kizugawa Soils are located in [
zone, whereas Rokké, Kurita Soils, etc. in [
zone.

Great differences in the values of volume
weight between Kizugawa Soils and Rokké,

Kurita Soils, etc. seem to have some significance.

The further investigation should be required for complete explanation.

(5) Textural development

Volume of the gravel and the fine soil in
1,000 cc fresh soil of the first layer, as influ-
enced by ages, is presented graphically in
Fig. 19 and Fig. 20, respectively.

The trend of the curve was approximately
the same in both cases; namely, the change
occured relatively rapidly during early about
thirty years, and slowly afterwards.

The results of a mechanical analysis of the
fine soils are illustrated by data in Table 3.
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Fig. 19 Change of the gravel volume in 1,(000cc
of the 1st layer, fresh soil.
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Fig. 22 Change of the contents of the
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And the relationships between the content of
the fractions (<{0.2mm, <{0.02mm, <0.002mm)
in the fine soil and the age of the stand are
presented in Fig. 21 (the first layer) and Fig.
22 (the third layer).

In those figures only one representative
stand was selected from several good and
poor natural stands, respectively. If violent
soil erosion did not occur, the amount of
small particles must increase progressively
from year to year. Therefore, irregularities in
the curves mean the differences in initial
conditions of the soils. In the third layer this
irregularity was greater and changes by years
In the
first layer the appreciable intensity of weath-

tended

were smaller than in the first layer.

ering agencies to compensate for

differences in initial conditions of the soils.

Femenhges of t+he
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Fig. 23 Change of the sum of the percentages
of the fractions in three layers.
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Fig. 24 Vertical distribution of the fine soil
volume in the 1,000 cc fresh soil.
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Consequently the irregularity was diminished and the changes with years became greater.
(Practically speaking, however, a soil erosion was likely to occur to some extent in the- first
layer.)

The similar tendency is shown in Fig. 23 which represents the sum of the percentage values
of same fraction in three layers.

Vertical distribution of volume and weight of the fine soil in 1,000 cc fresh soil is presented
in Fig. 24 and Fig. 25. Fig. 24 shows that the volume of fine soil increases with increasing
years. On the contrary, the weight of that decreases.

This tendency becomes quite evident from Fig. 26 and Fig. 27. They represent the changing
process of them by years in the first layer where the weathering intensity is most drastic.

Production of fine soils in poor stands seemed to be not so active as in good stands.
However, generally speaking, the amount of fine soil in Sabé-stand in this district is compara-
tively great. For example, the volume of the fine soils in the youngest Sabé-stand amounts to
about 902, of that in the natural stand. And on the 30-year-old Sabé-stand it amounts to 999,.
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This is due probably to the facts that the granite in this district is of comparatively fine-
grained texture, and had been subjected to the deepseated weathering, and consequently has
become very brittle. And the elaborate, attentive works on grading or constructing terraces
must have strengthened that tendency. Nevertheless, Fig. 28, 29, 30 indicated that there is
a great difference in the content of the factions (<0.2mm, <{0.02mm 0.002mm) in fine soil
between natural stand soil and Sabé-stand soil. For example, the content of the fractions below
0.2mm, 0.02mm, 0.002mm of the old good Sabé-stand soil was 55%, 37%, and 259 of that of
the natural stand soil, respectively.

The same may be said of the amount of the each fraction in 1,000 cc fresh soil.

A remarkable fact is that the finer the particle size is, the greater the difference in the amount
between Sabd- and natural stand becomes.

This is highly important from the standpoint of plant nutrition and erosion control.

Mohr related that so far as the size of soil particle is concerned, resisting forces which retard
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soil erosion accelerated by water are caused
by (a) friction, and (b) cohesion produced by
soil particles.

The former is produced by gravity and
ncreases with increasing the diameter of soil
particles. And the latter is produced by an
annular ring or disc of water at the point of
contact of two particles (in moist soils), or by
the attraction between the solid particles (in
dry soils)®, and decreases as the diameters
of particles increase.

The friction decreases with increasing the
degree of slope, whereas the cohesion is
independent of that.

Although no detailed quantitative data have
been reported, as a general rule, on the steep
slopes the small-sized particle seems to be
more resistive than large-sized one.

Through the investigated territories, in the
young Sabg-stand the terracing has been well
preserved and the sod on the sideslope
survives, whereas in the old Sabé-stand the
shadowiness which resulted from growth of
planted seedlings has driven sod to disappear.

Consequently, the side-slope in the old stand,
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30 Vertical distribution of the fraction

(<0.002mm) content.

Soil material
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Fig. 31 Typical cross section of the terrace. (Plot No. ][)
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which has a steep inclination, tends to be bare of any vegetative protection.

A considerable amount of removed soil is indicated in Fig. 31 which shows a typical cross
section of the terrace in Plot No. T.

In general it is likely that the fine-grained soil is less erodible than coarse-grained one in the
steep slope, as in most of the forests in Japan. Therefore, in spite of the steady rehabilitation,
the Sabé-forest in this district seemed to be not sufficiently safe from the erosion by water.

Data in Table 3 indicate that the amount of each fraction in a given volume of fresh soil
was greater in the second or the third layer than in the first layer. That may be readily
accepted when one consider the fact that the volume weight of fresh soil was greater in the
lower layer than in the upper layer. Noteworthy is, however, that the percentage of each tiner
particle in fine soil of some stands shown in Fig. 28, 29, 30 and Table 3 was higher in the
second layer than in the first layer. This is probably in part due to the downward removal of
the finer particles accompanied by rain infiltration, and in part to transportation by surface
flowing water. That was assured by the facts that the foregoing phenomenon was observed
chiefly in the old stands and disintegration must be more intensive in the upper layer than

in the lower layers.

7 -
(6) pH
The relationship between thickness of Ag
layer and the pH value is represented in Fig. ~ 6}t
32. The pH values were measured in August. ]
&
On the assumption of the simplest case in g e
S
which the acid substance that seems to be - s °
“.
produced from litter is one and the most ; * ; a e
. YL < ® g0
dominant acidifying agent, there would surely ; ® e @
exist a linear relationship between the pH T 4 x a e o
value and the logarithm of thickness of Ag Q
layer, because the amount of hydrogen ions 25 7 2‘ 3‘, 4‘_ ;_‘ .
dissociated is proportional to the amount of Thickness ch. layer in cm.

accumulated organic matter. However, Fig. 32 . . .
Fig. 32 Relationship between pH value and

does not indicate such close relation. .

thickness of Ao layer.

On the other hand, Fig. 33 which represents
the relationship between the pH value and the logarithm of years after afforestation denotes
that the young Sabé-stands have rather wide variation of pH values which result from differences
in the initial conditions of the plots, and with increasing years the width of the range seems
to narrow into about 4.3 of pH value, which most of the soils of the neighboring natural forests
show. It might be acknowledged approximately that a linear relationship exists between the
two factors.

‘Those two facts suggest that the most predominant agents which exert an influence on the
acidification of soil in this district are dissociation and leaching of cations from the paroent
materials.

Under the conditions of appreciable amount of precipitation and great permeability of soils
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Fig. 33 Change of pH value in the st layer with years.

which make removal of the dissociated cations easy, the acidification develops proportionately
with years after afforestation.

The acidifying tendency is not so obvious in the lower layers as in the surface layer. As to
that matter, the situation is very simiar in Sabd-stands and natural stands. The probable is
that the soil-formation agents have been far more drastic in the surface layer than in the lower
layers. Those trends are observed not only in the pH values but also in many other soil

properties.
Another worker © has reported the increasing tendency of the acidity with progressing of soil

formation from granite.
(7) Organic carbon

The amount of organic carbon per ha. from the surface to a depth of 30 cm, and in 1,000 cc

fresh soil of the first layer, influenced by age of the forest, is presented in Fig. 34 and Fig.

35, respectively.
The increasing tendencies with advancing age are shown in those figures. The similar
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Fig. 35 Amount of organic carbonfin 1,000 cc

fresh soil of the st layer.

Fig. 34 Amount of organic carbon per ha.

to a depth of 3Qcm.
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tendencies in two figures seem to be resulted $s ° *
) ®
from the fact that the increases occured at 3 ° o8 ° . :
s < %
the slower rate at the greater depth than at Eg ot S e x
A
the smaller depth. That is clearly illustrated (S 2 ) . ) ; , . .
in Fig. 36, which represents a vertical distribu- T Y::rs NS

tion of the carbon content in 1,000 cc fresh
soil.

The natural stands in this vicinity whose

Fig. 38 Amount of total nitrogen per ha. to a
depth of 30 cm.

soil types belong to Bp also exhibit the similar tendencies.
Minor differences in the value between 64- or 65-year-old poor Sabé-stand and good natural

stands are due perhaps to the difference in a rate of annual decomposition of organic matters.

An identical amount of carbon in different rapidity of circulation gives a different ecological

significance.

(8) Total nitrogen

The amount of nitrogen in 1,000 cc of fresh soil in the surface layer, and per ha. to a depth

of 5 cm, influenced by advancing age, is represented in Fig. 37.

Fig. 38 shows the amount of nitrogen per ha. to a depth of 30 cm.

A vertical distribution of the amount of nitrogen in 1,000 cc of fresh soil is illustrated in

Fig. 39.

Those figures indicate that the steady increases in nitrogen content has occured with years,

whereas no remarkable increases has taken place in the second or the third layer.
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Those tendencies are similar to that of the

carbon content. However, the nitrogen amcunt 21: :

in the soil of the first layer of about 30-year-

old Sabs-stands reached: to-néarly as much as 180§ -
that of the natural stands. It differs much 160

from the case of carbon content.’

Following two main reasons are considered 140
for the fact.

(a) The old Sabs-stands consist of broad-

leaved trees, whose foliage has high nitrogen

1.20

1.00
content. And the natural stands in this 080

district . consist of conifers whose leaves have

low nitrogen content. 0.60

(b) Due to the slow circulation of nitrogen 040

Amount of hitrogen in 1,000 c¢ fresh soll

in the ecosystem, the nitrogen content in soils
. . . 420
differ little in the forests occupied by different

species.

Depth

Fig. 39 Vertical distribution of nitrogen

(V) Conclusion

In this paper was investigated the rehabili- amount in fresh soil.
tation of the soil properties in Sabé-stands
situated in Mie Prefecture.

Organic matter supplied from the newly planted trees increases the carbon- and nitrogen
content in the mineral soils. Because of the fact that the Sabd-stands consist of broad-leaved
species, i. e. nitrogen-rich species, the increase of the nitrogen content is more rapid than that
of the carbon content.

Those changes occur in topsoils to a much greater degree than in the subsoils. The improve-
ment in the chemical properties influences soil conditions directly, because it offers favorable
nutrients to the plants, and indirectly, because it exercises profound effects on the improvement
of physical properties.

Because of a much lower specific gravity value of a humus substance an addition of humus
into mineral soils apparently lowers the specific gravity of fine soil and proceeds the develop-
ment of soil structure by binding together the finer particles produced by disintegration.

The development of soil structure results in the decrease in volume weight, and the increase
in pore volume.

In the topsoil of younger Sabé-stands, however, situation is somewhat different. Improvement
of soil properties seems to progress reversely in those stands. It is nothing but an exceptional
phenomenon which seems to occur in early several years.

During the early thirty years after afforestation the increase in pore volume seemed to be
resulted from the increase in Amin. and Wmax.. And Amin. increased more rapidly than Wmnax..
Subsequently, Amin. tended to decrease, and only Wmax. increased.

This tendency somewhat differs from that reported by another worker, due probably to the
difference in the initial conditions of the soils.
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In this paper 1 have proposed a tentative explanation which seems to illustrate those apparently
opposite results consistently.

Rehabilitation of texture, i. e. production of the finer fractions in the soil, was least
progressive. Especially, the contents of clay and silt fraction in Sabé-stands were much lower
than that of the natural stands.

It must be added that erosion pavement observed on the surface suggested the removal of
considerable amount of the finer fractions by water.

The pH values of the topsoils tend to decrease approximating to the value of the natural
stands in this district.

Chief characteristics of soils in poor stands were high volume weight and low pore volume,
as compared with good stands of an identical age. However, the contents of the finer particles
in the poor forests are not much lesser than that of the good forests. Therefore a supply of
appreciable amount of humus would seem to promote the development of soil structure. In
Sabd-forests, especially, causality of plants and soil conditions is very close. Sometimes in
former years, the stems or the branches of Kuromatsu (Pinus Thunbergii.) in the young Sabd-
stand had been cutted by bad merchants who sold them as Kadomatsu (New Year’s pine
decoration in Japan) resulting the checked growth of the trees and consequently scanty supply
of organic matter. It seemed to be probable that those acts had interfered the smooth development
of the soils.

There are many factors with which the degree of rehabilitation is estimated. One of them is
an appearance or composition of the species in the stand, which was reported recently by
Narita and Yasui®. Although the report showed that trees in the good Sabd-stands have grown
not less abundantly than in natural stands, much attention should be given to the development
of soil properties from the standpoint of erosion control. Because the species planted in
Sabo-stand require lesser of soil conditions by nature.

Therefore, rehabilitation in plant growth does not immediately mean the corresponding
improvement of soils.

In consider the improvements of soils the different factors by which the degree of improve-
ment would be estimated lead to different conclusions.

Some factors approached rather rapidly to the values of the natural stands (volume weight,
pore volume), and some factors very slowly (texture). The amounts of changes of some other
factors were so small that it was rather difficult to {ind out the definite tendency (pH, specific
gravity).

Changing of another factor takes at first a contrary direction, but afterwards turns toward
the value of the natural stand (minimum air capacity).

From the standpoint of erosion control, the most desirable conditions seem likely to be the
great amount of organic matter accumulated on the mineral soil, tight fixation of the soil bodies
by developed root systems, and developments of soil structure by the finer particles bound
with organic colloids. Those conditions have been rehabilitated not so rapidly as those that
influence the growth of planted trees. The developement of soil texture serves as an example.

Many proposals have been advanced on the management considered to be fitted for those

forests from the point of erosion control.
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Table 3—1
Nume Age | Volume Weight Pore poyume Wmax. (%) Amin. (%) oo
ber of Depth) of |. fresh fine fresh | fine fresh soil fine soil fresh | fine Gravi pH
Plot stand . . K R - - . ) ravity|
soil soil soil soil: |volume| weightlvolume|weight| soil | soil

1 1 5 149.3]  144.0] 43.00 45.3] 39.1| 26.2] 41.2] 28.4 3.9 4.1 2.63 4.6
2 143.5 135.20 45.5 48.8 41.7] 29.1| 44.8 33.1| 3.8 4.00 2.44 4.7
3 134.7) 127.8) 48.4] 51.2 40.5 30.1| 42.7| 33.4 8.1 8.5 2.62 4.7

I 1 27 95.8 95.1|  61.9] 64.1 35.4] 37.2 36.9] 38.8] 26.3| 27.2] 2.65 3.8
2 1221} 119.6 54.0 55.0| 47.8 39.1| 48.7| 40.7| 6.2 6.3 2.664 4.8
3 109.5 106.5 57.8 59.00 46.4 42.4 47.3 444 1.4 1.7 2.40 4.8

i 1 19 102.8 96.4  59.9 62.4 50.9] 49.5 53.00 55.0] 9.0 9.4 2.5¢ 4.6
2 127.5) 119.7) 51.8] 54.8 40.7| 31.9] 43.1| 36.00 11.1 1.7 2.65 4.7
3 121.3)  113.8) 54.5| 57.4 45.4 27.4 47.8] 42.00 9.1 9.4 2.67 5.6

v 1 1 112.6) 106.0] 57.1 60.6] 27.8] 33.4| 40.1 37.8 19.3 20.5 2.9 4.4
2 130.0f 115.8] 51.4] 56.4 4.1 321.4 45.4] 39.2 10.3] 11.2 2.67 4.7
3 125.0f 113.7) 52.8| 57.1| 47.7) 38.2 51.5 45.3] 5.1 5.6 2.65 4.9

N 1 26 92.9 87.6] 63.4] 6.4 47.2] 50.8 49.5] 56.5 16.4] 17.1 2.62] 4.3
2 109.9] 105.9] 58.3] 59.9 48.3 44.0] 49.6 468 10.0] 10.3] 2.64] 4.5
3 105.5 98.8 59.5| 63.2| 49.4 46.8 52.5 53.1 10.1] 10.7 2.68 4.6

\'S 1 19 98.0 90.6] 62.0f 65.00 51.9] 53.0{ 54.5 0.1 10.1] 10.5 2.59 4.6
2 ) 122.2| 113.0f 54.20 57.7] 42.3] 34.4 45.0 39.8 11.9] 12.7 2.67 5.4
3 125:1 116.4 52.6] 55.7| 44.5 35.4 47.1 40.5 8.1 8.6 2.43 4.6

I 1 1 128.0f 111.8 52.0 58.0, 41.9 32.7] 46.7| 41.8 10.1] 11.3 2.64| 5.1
2 117.9 96.8 55.7| 63.5| 44.2] 37.5 50.4) 52.1 11.5 13.1 2.65 5.2
3 120.4] 100.0| 54.8 62.7f 46.7) 38.8 53.4 53.4 8.1 9.3 2.48 5.3

i 1 5 130.3 119.2] 51.4 55.9] 48.4 37.3] 52.7| 44.2 3.0, 3.2 2.69 5.2
2 124.2] 108.6 53.7| 59.5 48.7| 39.20 54.0 49.7] 5.0 5.5 2.68] 5.5
3 126.2)  112.8] 52.4] 57.4] 48.0| 38.0| 52.5 46.5 4.6 5.1 2.66 5.1

X 1 25 114.00 105.8] 56.2] 59.8 35.7] 31.3 38.0] 35.9] 20.5/ 21.8 2.63 4.9
2 113.9] 105.9] 56.4 59.7| 40.9 35.9 43.1 40.7| 15.7| 16.6] 2.63 4.7
3 115.9]  105.9] 56.4] 60.4 39.3 33.9 41.8] 39.5 17.3 18.4] 2.67 5.0

X 1 1 132.9| 124.4] 49.5 52.7| 38.5| 29.0 40.9] 32.9] 11.0] 11.8 2.63 6.5
2 131.0] 124.7| 50.4] 52.8] 41.2) 31.4 43.2] 34.4 9.2 9.6 2.64 6.8
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In 1,000cc fresh soil

Content of fraction

gravel

fine

soil

root

In fine soil (%)

In 1,000cc fresh soil (gr.)

c | N

5—0.20.2— [0.00— [<0.0027—0.20.9— [0.02— |<0.002
cc | gr. | cc | gr. | cc | gr. | 8 | &L 7 N 00mml0.002mm mm | mm |0.02mml0.002mm mm
4.3 122.3 950.8113¢9.01 3.0l 1.3 4.38 0.37] 40.9| 30.5  4.2| 4.4 8%3.7 417.6 57.5 0.2
66.0 174.00 932.0l1260.0 2.0 1.0 0.63 0.09 ¢5.1 24.00 4.4 -6.3820.3 302.4 58.00 79.4
51.00134.0 949.011213.00  of o 0.73 0.12 67.2 25.1] 1.9 5.8 815.1| 304.5 23.1| 70.4
1.3 20.3 965.3| 917.5| 23.5| 10.0 16.42 0.89 60.5| 23.4  9.2| 6.7/ 555.1| 216.5| 4.4 61.5
1751 46.8/ 981.311174.00 1.3 0.5 1.29 0.1| 57.6| 24.3  9.5| 8.4 476.2 285.3 111.5 101.0
19.0l 50.8 979.8/1043.8 1.3 0.5 0.84] 0.10] 0.4 25.2 8.5 5.9 630.5 263.00 88.7 61.6
38.0 102.0 960.0) 925.0[ 2.0 1.0{ 13.69 1.18 67.1 20.1 6.8 6.0/ 620.7] 185.9  62.9 55.5
53.00 143.00 945.001131.00 2.0 1.0 0.8 0.11 68.7 22.2 5.8 3.3 777.0) 251.1 65.4 37.3
49.0] 132.00 949.0/1080.0 2.00 1.0| 0.65 0.08 73.8 18.4 4.8 3.0 797.1] 198.7] 51.8 32.4
453 122.01 942.5 998.8 12.3| 5.8 4.50] 0.41] 59.7| 1.3 5.4 3.4 59.3 312.6  55.9| 34.0
998l 249.8 906.8/1050.0 0.5 0.3 0.74f 0.08 60.0{ 21.5 5.3 3.2 620.0] 230.8] 55.7| 33.6
73.0l 197.00 925.0l1052.00  2.00 1.0 0.33| 0.04 0.7 30.4 6.1 2.8/ 638.6 319.8  64.2 29.5
305 87.3 955.2 836.5 12.3 5.3 9.62| 0.79 0.5 24.0 8.0 7.5/ 506.1] 200.8  66.9 62.7
048 ¢6.5 975.5010%1.3| 1.8 0.8 3.82 0.30 64.2| 23.5| 7.0 5.3 662.1| 242.4  72.2] 54.7
44.3] 118.5 941.8 930.3 14.00 6.0 1.77] 0.1¢ 8.0 21.3 7.7 2.9 632.6] 198.2] 71.4] 27.0
4.5 114.8 952.8 863.0 4.8 2.0/ 11.31| 1.0 ¢9.7] 20.8 5.5 4.0[601.5 179.5  47.5/ 34.5
59.30 160.3 929.001061.3 1.8 0.8 2.74| 0.54 4.6 24.2 4.9 6.3 685.6| 256.8  52.0 66.9
56.8 153.00 942.811097.3| 0.5 0.3 2.200 0.21] 57.9 31.0 3.3 7.8 635.3 340.2] 36.2| 85.6
102.8 2765 896.811003.00 0.5 0.3 5.52| 0.1 61.9 26.4  7.5| 4.3 62).9 264.8 75.2] 43.1
1205 329.8) 877.0l 849.00 0.5| 0.3 0.59 0.05 4.3 26.5 5.9 3.3 545.9] 225.0| 50.1 28.0
122.01 328.00 874.0/ 874.0| 4.0 1.8 0.52| 0.04 59.5 320.2| 6.3 4.0/520.0[ 264.00 55.1| 35.0
74.2 200.8 923.511100.8 2.3 1.0 3.74| 0.31] s54.9] <27.4  10.7] 7.0] 604.3 201.4 117.8 77.1
96.8 261.5 902.8 980.0| 0.5 0.3 0.78 0.08 55.4 27.2 101 7.4 542.9 266.6  99.0| 72.5
85.5/ 231.0| 913.311030.3 1.3 0.5 0.93 0.09 57.2] 29.4 7.9 5.3 589.3 305.00 81.4 54.6
53.5 142.8 939.5| 994.00 7.0 3.0 6.6¢ 0.41 70.¢ 20.2  5.1| 4.1, 701.8 200.8 50.7| 40.8
50.3 134.3 948.001002.8 1.8 0.8 1.51| 0.10] ¢9.0] 21.3 5.9 3.8 692.6] 213.8 59.2| 38.1
.ol 165.8 937.5| 992.8| 0.5 0.3 1.09 0.09 70.2l 20.8 5.4 3.4 697.0| 206.5 53.4 35.7
60.0 160.5 929.5/1148.3 0.5 0.3 0.23 0.07] 69.1] 23.4  5.2| 2.4 807.3 273.4 60.8 28.0
40.3 118.3 955.311191.00 0.5 0.3 0.24] 0.04 70.71 21.4 5.6 2.2 842.00 257.3  66.7| 26.2




—100— BREBRASEMIHRE H9B5 A-2 % ¥ (19D
Table 3—2
Volume Weight| Pore Volume W, () Amin. (%)
Num_ Age (%) max. 0 min. /0.
fDepth| of fresh soil | fi il Spec | oy
‘ber ofiDep fresh | fine | fresh | fine resh sol ne soi fresh | fine .
Plot Stand . . . . R . |Gravity
soil soil soil soil  |volume|weight[volume|weight| soil | soil
101 1 [N. S 94.9 94.68]  61.4 43.1| 54.00 56.8] 55.4] 58.4 7.4 7.7 2.54 4.2
2 124.4] 122.9| 52.1| 52.7| 49.0/ 39.8  50.1 40.8 2.4 2.4 2.40 4.6
3 106.1 103.6)  62.1| 63.1] 48.3] 45.5 49.1 47.4) 13.8 14.00 2.7 4.9
103 1 |N. S 95.7 96.1 61.00 62.9] 50.0| 52.3 51.5 53.4 1.0 1.4 2.59 4.2
2 134.6]  129.00 49.21 51.7| 46.1 34.3 48.4f 37.5] 3.1 3.3 247 4.6
135.7) 128.3] 49.00 51.7| 46.0 33.9 48.4] 37.9 3.0 3.1 2.66 4.8
104 1 |D.L 118.9] 115.4| 54.7) 56.1| 46.8] 39.4 48.0,. 41.5 7.9 8.1 2.63 5.5
2 115.4 1*3.2 ©56.00 56.8| 52.8 45.8) 53.5 47.3] 3.2 3.3 2.62 5.3
3 118.20 115.2] 55.7| 56.8 51.5 43.4| 52.5 45.4] 4.2 4.3 2.67 6.9
201 1 65 133.00  132.1] 47.9] 49.4 39.2] 29.4 40.4 30.4 8.7 9.0 2.61 4.4
2 126.9] 134.7) 48.2 49.0| 38.8 28.3 39.5 29.3 9.4 9.5 2.4 4.8
3 137.2  134.6| 48.4] 49.4] 40.7| 29.7) 41.4 0.9 7.9 8.0 2.67 4.7
204 1 |IN. S 107.8) 107.7| 57.5 58.7| 47.4 43.9] 48.5 45.0f 10.1| 10.2] 2.61 4.6
2 129.2  129.60 50.6| 50.9] 46.2| 35.7| 46.4 35.8 4.4 4.5 2.64 6.8
3 127.4) 125.7] 51.7| 52.4) 44.21 34.7 44.9 35.7| 7.5 7.5 2.64 4.9
206 1 64 128.7)  133.20  47.00 49.2| 33.0| 23.8 34.5 25.9] 14.0] 14.7| 2.62 4.2
2 151.90 137.3] 44.01 49.9] 31.8 20.9 36.1| 26.3| 12.2] 13.8 2.64 4.5
3 156.9] 141.9] 37.9] 45.5] 322.7| 20.9] 39.3] 27.7] 5.2 6.20 2.4 4.4
208 1 [N. S 123.4) 122.00 51.8 52.9 42.5] 34.5 43.4 35.4 9.3 9.4 2.59 4.2
2 131.6 131.0] 49.8 50.0] 40.5| 30.8 40.7t 31.1| 9.3 9.3 2.62 5.0
3 129.8]  129.5 53.00 53.1| 41.4 31.9] 41.4 32.00 1.4 11.7 2.64 6.8
209 1 |N. S 82.0 80.5 7.4 69.0| 46.3] 56.5| 47.4) 58.9] 21.1| 21.4 2.60| 4.3
2 111.1]  103.3] 58.3 61.3] 46.8 42.1 49.21  47.40 11.5 12.1 2.67 5.0
3 106.3 98.2| 60.2] 3.2 51.0; 47.9 53.5| 54.5 9.2 9.7, 2.67 5.0
21 1 |N. S 90.4 90.8] 64.5 65.5 44.7) 50.0[ 45.4] 50.0, 19.8/ 20.1 2.63 4.4
2 100.4] 100.7| 62.2] 2.4 44.8] 44.5| 44.9] 44.4 17.4 17.5 2.68 4.8
3 110.3] 110.4] 58.9] 59.01 45.7| 41.4 45.7| 41.4 13.2] 13.3 2.69 5.6
9 1 26 152.1 126.6| 421 51.7] 29.1 19.1 35.7|  28.2| 13.0] 16.0 2.62 4.7
2 144.9)  122.9] 45.1] 53.1| 33.5| 23.1 39.50 32.1] 11.4] 13.4 2.62 5.0
3 149.5 128.00 43.4) 51.2] 34.9] 23.4 4.1 3.1 8.5 10.1 2.62] 5.3
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In 1,000cc fresh soil Content of fraction

gravel fine soil root C N In fine soil (%) In 1.000cc fresh soil (gr.)
2—0.20.2— |0.02— [<0.0022-0.20.2— [0.02— |<0.002

ccjer. | cc| er | cc e | & |8 P om 10.02mm0.002mm mm | mm |0.02mml0.002mm| mm
7.5] 20.0| 974.3] 921.5/ 18.2 7.8 45.15| 1.27] 27.9 28.9 15.9| 27.3] 257.1| 266.3| 144.5| 251.6
12.0] 32.50987.5 1213.3 0.5 0.3 10.54| 0.62| 32.20 27.1 17.2| 23.5) 390.7| 328.8| 208.7| 285.1
15.8) 42.3 983.0| 1018.3] 1.3 0.5 8.76] 0.43 41.7) 27.4 10.1| 20.8) 424.4] 279.0] 102.9} 211.8
5.00 13.8 969.8] 932.0] 25.3 10.8 30.01| 0.81] 16.8 29.0 26.0] 28.2 156.6] 270.3] 242.3| 262.8
43.0| 116.0 952.0] 1228.0] 5.0 2.0( 10.93] 0.50; 39.5 24.0 16.1| 20.4] 485.1| 294.7| 197.7| 250.5
53.0| 142.0] 947.0| 1215.0 0 0| 8.14] 0.43 40.8] 21.5 16.0] 21.7| 495.7| 261.2| 194.4| 263.7
22.0, 0.0, 976.01 1128.0] 2.0 1.0 1.58 0.10] 74.5 19.9 2.41 3.2/ 840.4) 224.5 27.1| 36.1
14.0{ 38.0] 986.0| 1116.0 0 0 2.120 0.11 75.3] 18.9 2.7 3.1/ 840.4f 210.9 30.1| 34.6
20.0] 53.0| 980.0| 1129.0 0 0 2.60, 0.07] 76.5 18.1 3.5 1.9 863.7] 204.4 39.5] 21.5
15.8] 42.5] 969.5 1281.0) 14.8 6.3 28.82] 1.04| 32.9| 28.4 16.2) 22.5 421.5| 363.8] 207.5| 288.2
16.8] 45.01 982.8 1323.3] 0.5 0.3 10.19] 0.23] 34.4 26.8 16.6] 22.0| 457.9] 354.4] 219.7| 291.1
19.3] 51.8 980.3| 1319.5( 0.5 0.3 6.47| 0.25 329.4 22.5 12.8] 25.1| 522.5 296.9| 168.9| 331.2
6.5 17.8 978.3| 1053.5| 15.3| 6.5/ 23.07| 1.05 29.8 27.4 16.8 16.0[ 419.3| 288.7| 177.0| 168.5
0.5 1.3 994.3] 1288.8 5.3 2.3 10.44] 0.39 20.0| 37.3 22.1 20.6| 257.8) 480.7| 284.8| 265.5
12.5] 33.50 987.0] 1240.3) 0.5 0.3 4.84) 0.21 40.0] 29.9 13.3] 16.8] 496.11 370.9] 165.0| 208.4
42.0] 113.3| 955.0( 1272.3]  3.01 1.3| 47.46 1.62] 31.11 26.5 17.4] 25.0| 395.7| 337.2] 221.4] 318.1
113.5 306.3| 881.8| 1210.3] 4.8 2.0| 4.40] 0.19, 52.7| 24.4 7.5 15.4] 637.8 295.3 90.8| 186.4
139.3| 375.8| 832.8 1181.3 28.0| 12.0| 7.22| 0.21] 54.5 23.1 7.2| 15.2] 643.80 272.9 85.1] 179.6
12.8 34.3] 980.3| 1196.3] 7.0] 3.0/ 16.87] 0.44] 48.2 33.0 6.8 12.0| 576.6| 394.8 81.4] 143.6
4.8 13.0] 994.5( 1302.8 0.5 0.3 7.04| 0.22 46.4] 35.9 6.0 11.5] 604.5| 467.7 79.5]| 149.8
1.8 4.5] 998.5] 1293.0, 0 0 7.89, 0.34] 36.1 28.9 13.9) 21.1] 466.8| 373.7{ 179.7| 272.8
10.3| 27.8 976.3| 786.0| 13.5| 5.8 16.90, 0.83 46.8] 25.5 10.8 17.0j 367.9] 200.4 84.9| 123.6
47.5) 128.0 950.8] 982.5 1.8 0.8 4.81] 0.38 50.5 27.3 8.2 14.0| 496.2| 268.2 80.6| 137.6
47.50 128.3| 952.0] 924.5 0.5 0.3 2.99| 0.24 46.3] 29.1 9.2] 15.5| 432.7| 271.9 86.0| 144.9
1.5 4.00985.0] 894.3] 13.5 5.8 13.33] 0.72) 44.3| 25.3 .16.7 13.7] 396.2) 226.3] 149.4) 122.5
0.8 1.8 996.3 1003.0] 3.0; 1.3 3%.81| 0.33 38.0 27.5 14.7) 19.7] 381.1] 275.8] 147.4) 197.6
0.3] 0.5 998.5 1102.3 1.3 0.5 2.65 0.28] 47.7, 28.0 11.8] 12.5 525.8 208.4| 130.1| 137.8
180.3| 486.8) 815.0( 1032.0| 4.8 2.0 4.54| 0.25( &7.2 21.4 4.9 6.3 693.5 222.9 50.4] 65.0
149.5| 40%.8 850.0| 1044.8| 0.5/ 0.3 3.87| 0.04] 68.0 19.8 4.4 7.8 710.5 206.9 46.0] 81.5
151.2| 408.5| 848.8 1086.3 0 0 5.117 0.35 61.4 28.7 4.0 5.7] 669.2| 311.8 43.5) 61.9
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Photo. 1 Tsuminaekd (terracing with sod) Photo. 3 General view of Sabd-stand.

(Survived natural stands are also seen.)

R 2 e

Photo. 4 Devastated land.

(Note)

1. Planted species in photo. 1, 2 : Pinus .

Thunbergii 1 : Alnus firma 2

o v 2. Those photographs were taken in March,
Photo. 2 Sujiké (terracing with fascine.) immediately after planting.
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