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On the rehabilitation of soil p~roperties in Sabo-forests * 

Hidehiro ISHIBASHI 

(Laboratory of Forest Engineering) 
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(1) I ntroduction 

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 

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 Todaiji 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 Sabo-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 Sabo-forests in Mie Prefecture by request from 

Kinki Chiho Kensetsukyoku (Kinki Regional Construction Bureau) Authorities 

On completion of this report, J express my profound gratitude to Mr. T. Tsutsumi, Assistant 

Professor of Ky6to University, for his kind and valuable guidance. His reports concerning the 

soils of Sabo-forests in Kurita, Rokko, Tamano, Saij6, and Kure District have offered '-Lne many 

instructive ways of investigation 

Thanks are extended also to Dr. T. Shidei, Dr. N. Shibata of Ky6to 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 '~Sabo " untranslated whrch accordrng to Dr. 

Lowdermilk, foreigners also seem to be able to pronounce fluently by euphoniousness 

The forest or stand on which the Sabb-works were carrred out will be expressed as **Sab6 forest" 

or *~Sabd-st and". 
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Murakami, Prof. T. Narita, Prof. T. Tooyama, 

and Assistant Professor T. Miyake of Shimane 

Agricultural College, for their helpful advices 

(II) General aspects of the investigated 

territories 

In the regions within the jurisdiction of the 

Kizugawa Saho Construction Office, i. e., Lrom 

Nabari City to lga-Ueno City in Mie Prefec-

ture, there are a great many mountains or 

hills on which the Sabo-works (erosion control 

works on hillside) had been carried out 

They include regions of granite, gabbro, 

and fluviatile deposit 

The investigation was carried in only the 

granite region which has most extensive areas 

and most serious problems from the point of 

erosion control. 

Some Sabo-stands of various age and several 

natural stands in this vicinity were picked 

out for investigation ; the former to trace 

the development of soil with increasing years, 

the Jatter to obtain the values to which the 

Sabo-forests in this vicinity will approach 

The Sab6-forests in this district have reha~ 

bilitated satisfactorily and the planted trees 

have grown vigorously except a few excep-

tions. The poor natural stands were also 

picked out intentional]y for comparison 

The kinds of the hill side Sabo-works 

applied in this district were Tsuminaeko 

(terracing with sod), Ishizumik6 (hill side 

masonry) SuJiko (t rracing '~lvithout sod) 

Most prevailing work in this district was the 

first, whereas the second and the third were 

confined to the places of special topographies 

To serve the consideration of measured 

data, the samples were collected from only 

the terraces of Tsuminaek6. The sampling 

depths were I : O cm, 2 : 15 cm, 3 : 30 cm. 

(In this paper the depths will be indicated 

concisely; l, 2, 3.) 
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N. S. 

N. S. 

D. L. 

65 

N. S. 

64 

N. S. 

N. S. 

N. S. 

26 

s pecies 

A. pendula 
P, Thunbergii 

A. pendula 
P. Thunbergii 

A. pendula 
R. pseudacacia 

A. firma 
A. pendula 

A, tinctoria 
R, pseudacacra 

A, pendula 
R, pseudacacra 

P, Thunbergii 
A. pendula 

P. Thunbergii 
A. pendula 

P. Thunbergii 

A, pendula 
P. Thunbergn 

P. densiflora 

P. densiflora 

P, Thunbergii 

P densiflora 

P. Thunbergii 

P. densiflora 

P. densiflora 

P. densiflora 

P. Thunbergii 

Growth 
of 

plants 

good 

good 

good 

good 

good 

good 

good 

good 

poor 

good 

good 

good 

poor 

poor 

poor 

poor 

good 

poor 

poor 

( Note) 

1 . Number of plot 

2
 
5. 

4
.
 

Roman numerals : Permanent Plot (P.P.) 
N. S. ･ Natural Stand D. L. : Denuded Land 

Botanical name of species 
Alnus tinctoria Sarg. var. obtsiloba Carr. 

Alnus firma Sieb et Zucc 

Alnus pendula Matsum 
Robinia pseudacacia L 
Pinus Thunbergii Parl 
Pinus densiflora Sieb. et Zucc. 

Plot No. Vl. : Pinus Thunbergii has disappeared. 
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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. l 

In this table only t¥'70 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. W 

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. 

(III) Method of experilnent 

Physical and 

base area, 4 cm 

Soil Surveying 

chemical properties of the 

height) and bag respectively 

Method"(1). 

soil sample collected with metal 

were measured according to the 

cylinder (100 cm2 

"National Forest 

(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 Ao layers are presented in Fig. l. 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 
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Accumulation curve of organic matter 

of the terrace and the side-slope in respective 

stands. 

Some investigators have pointed out that a 

simple equation exists between thickness and 

dry weight of org-anic matter, th.oug-h the 

coefficients in those equations differ in dif-

ferent species. According to data obta.ined in 

the Sabo-stands in Rokk6 (Hy6go Prefecture) , 

Kurita (Shiga Prefecture) , Tamano (Okayama 

Prefecture) , Saij6 (Hiroshima Prefecture) , and 

Kure (Hiroshima Prefecture) District by Tsu-

tsumi(gx3), dry weight of litter of Akamatsu 

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

as heavy as that of Oobayashabushi (Alnus 
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f1rma　S1eb　et　Zu㏄var　S1ebo1d1ana　W1nk1）and　Yamahannok1（A1nus　t1nctona　Yar　obtus11oba

Carr）correspondmg　to　any　g1Yen　accumu1at1ng　th1ckness

　　As　stated1n　Tab1e1，the　good　o1d．Sab6－stand．s1n　thls　d1str1ct　cons1st　prmc1pa11y　of　broad．

1eaved．trees，and　natura1stands，by　way　of　contrast．of　con1fers

　　Therefore，1t　can　be　ded．uced．fro皿the　f1gure　that　the　accumu】ated．organ1c　matter　m　even　the

26－year－o1d．good．Sab6－stand1s　no　m．ore　than　one　ha1f　the　we1ght　of　that1n　natura1stand．s

　　Regard．ed　the　naturaユstand．s　a　probab1e　f1na1state　wh1ch　the　forest　m　th1s　ne1ghborhood．

wou1d．reach　to，the　a㏄umu1at1on　curye　d－rawn　here1s　sm11ar　to　ones　reported．by　many

workers

　　Good　stand．s　and　poor　stands　are　p1otted1n　d1fferent　symbo1s　m　F1g1　The　f1gure1nd，1cates

that　a㏄umu1ated　amounts　m　the　poor　stands　are1ess　tb．an　ha1f　of　that　m　the　good，stands　of

the　identica1age．This　is　d－ue　to　the　scanty　supp1y　of　the1itter　and　remova1by　rain　water，and－

not　to　rapid．decomposition．

12）　Spec1f1c　grav1ty　of　f1ne　s011

　　There　are　two　ma〕or　factors　wh1ch1nf1uence　the　spec1f1c　grav1ty　va1ue　of　f1ne　s011

　　　　｛aエMmera1compos1t1on　of　s011

　　The　f1rst　and．pr1mary　factor　wh1clh　d．eterm1nes　the　k1nds　and　contents　of　m1nera1s　m　the　s011

1s　the　mnera1compos1t1on　of　the　parent　rock，espec1a11y　the　rat1o　of　heavy皿1nera1s　to」1ght

m1neralS

　　A11of　the　s011s　mvest1gated　here　are　der1ved．fro㎜gran1te　However，there　are　some　d1舐erences

1n　contents　of　md1v1d－ua1mmera1s　among　gran1tes　themse1Yes　Furthermore，the　mtens1ty　and

the　d．urat1on　of　weathermg　agents　wh1ch　d．1ffer　much1n　d．1fferent　env1ronments　exert1nf1uences

on　the　m1nera1compos1t1on　of　the　s011s

　　　　（b〕　Organ1c　matter

　　Because　of　the　fact　that　the　sp㏄1f1c　grav1ty　of　s011organ1c　matter1s　sma11er　than　that　of

m1nera1s011，the1ncrease　m　the　content　of　organ1c　matter1n　s011Iead．s　to　the　d．ecrease1n　the

s011spec1f1c　gra▽1ty　　Und．er　the　cond1tlons　that　the　spec1f1c　graT1t1es　of　mmera1s011and－

organ1c㎜atter　are　constant　Tsutsum1（5）worked，out　the　fo11ow1ng　formu1a　from　d．ata　on　the

Sug1（Cryptomer1a　］apon1ca　D　Don）forest　of　K1t6，H1nok1（Chamaecypar1s　obtusa　S1eb　et

Zucc）forest　of　Owase　and　others

　　　　　　　Y＝Ax＋B

　　Where　Y　rec1p■oca1of　spec1f1c　g■av1ty　of　so11

　　　　　　　　　x　Carbon　content（％）

　　　　　　　　　A，B：constant．

　　F1g　2represents　the　re1at1onsh1p　between　the　organ1c　carbon　content　and．the　spec1f1c　grav1ty

of　fine　soi1．

　　The　var1at1on　of　the　spec1f1c　gray1ty　va1ue　correspond1ng　to　a　certa1n　carbon　content　ya1ue

1s　d－ue　to　the　d－1fference　m　m1nera1co血pos1t1on　or　the　d，egree　of　d－ecompos1t1on　of　s011organ1c

matter

　　F1g2　shows　that　w1th1n　the11mts　of　about05％of　carbon　content　the　spec1f1c　graY1ty　of　s011

seem．ed－to　be1ndependent　of　the　carbon　content　and　　beyond　that　11m1t1t　began　to　decrease
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Fig．2　Re1at1onsh1p　between　spec1f1c　grav1ty　and　carbon　contents

w1th　mcreasmg　carbon　content　It　suggests　that　the　decrease　m　the　spec1f1c　gray1ty　v・aIue　caused

by　the　ad．d．1t1on　of1ess　than0．5％of　organ1c　carbon　d1d　not　attam　to　measurable　magmtude

　　Therefore，the　d．ecrease　of　the　spec1f1c　gray1ty　has　occured　on1y　m　the　f1rst工ayer，wh1ch1s

abundantユn　carbon　content　and　not　m　the　second．or　the　th1rd1ayer，wh1ch1s　scanty　of　carbon
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Fig．3　Re1atlonsh1p　between　spec1f1c　gray1ty　and　years　of　stand

　　The　decrease　of　the　spec1f1c　grav1ty　of　the　surface　s011w1th　years1s　represented－1n　F1g　3．

The　changes　occur　rather　rap1d．1y　m　ear1y30years　after　executユon　and　s1ow1y　afterwards

　　　　　　　　（3）Vo1ume　we1ght　Pore　vo1ume

　　A　change　of　vo1u皿e　we1ght　of　the　f1rst1ayer　s011s　wユth　ad。▽anc1ng　stand　age1s　represented．

1n　F1g　4（fresh　s011）　The　fme　s011s　a1so　exh1b1ted　yery　s1m11ar　tendency　　The　f1gure　md1cates

decreas1ng　tendency　by　years

　　The　decrease　m　the　vo1ume　we工ght1s　prmc工paI1y　due　to　the　1ncrease1n　the　pore　Y01ume

Becauce，as　ment1oned　m　the　foregomg　sect1on，the　changes　of　spec1fユc　gra▽ユty　of　fユne　so11

were　not　so　great　as　to　produce　the　great　changes　m　the　ya1ue　of　vo1u皿e　we1ght
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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 (6), 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 Sabo-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. Iine. 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 po'*ition in the graphs of fine soil and fresh soil means a 

difference in the contents of gravel in fresh soils 

Only brief explanation concerning growih of the planted trees wil] 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 tende.ncy is observed in Fig. 5. In this figure the good stands are plotted in the 

upper part and the poor stands lower part 

M:oreover the plotted positions on the P-V.W. Iine 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 Sab6-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 cb S
Q
 the identical profiie along the P-V. W. Iine Q1~ 

~ was presented in Fig. lO. The points plotted -cb 

on the upper part of the dotted horizontal ~c5~ B ~
~
:
t
 

line mean that the point of the first layer 8 
of the soil profile on the P-V. W. Iine is (+) 

situated higher than that of the third layer. o -- -----
In other words, the soil of the first layer is (~' oo 

in more progre_ssed state of weathering than 

that of the third layer. On the lower part /o 20 so 40 5io lo 70 N.S 
years 

of the dotted line, the situation is just the 

opposite. Fig. 10 indicates that during Fig. I O Removal length on P-V. W. Iine from 

several years after execution the first layer the 5rd- to the I st layer (fresh soil) 

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 anal.ysis 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 soil,s 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. Iine 

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

env]ronments 

The similar relationship was also observed betwee.n 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 phe-n_omenon in the first layer soils of young stands in Fig. 4, 5 

Compacting tendencies of the topsoils in the younger forests had been observed also by 

Tsutsumi (4) in the above-mentioned forests. Moreover he had confirmed the facts successfu]ly by 

direct measuring of compactness by the penetrometer.(7) 

(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 W 
max 

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 differe_nt 

Lrom that obtained from soils in Kurita. Rokk6, Tamano, Saij6, Kure, and Yamanouchi (Ehime 

Prefecture) District by Tsutsumi. (2X3x4) 

His data indicate the monoto w~'. 70 

nous decreasing process of the 

Minimum Air Capacity with years 

As the changes of the values 

with years are liable to be con-

fused by the wide variations in 

each plot, relationships betw~en 

volume weight (V. W.) and W max. 
or Amin, shall be investigated, on 

the assumption that the lower 

volume weight means the more 

developed stage of weathering or 

the older a.ge of forest. 

The values of Wmax Or A ' 
. mm corresponding to a certain V. W 

differ in different ratio of non-

capillary pores to capillary pores 

The correlation coefficients of 

volume weight and Amin. or Wmax 

in the first layer of Kizugawa 

Soi]s are represented in Table 2 
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Table 2 . 

Amin. 

V. W. - 0.49 * 

- 0.49 * 

~,~~i~~F~~~~~f~~~1~~~i ~~9~~ A 2 ip~ ~ (1961) 

Wmax' 

- 0.62 ~~~ 

- 0.55 * 

upper figures : fresh soil 

10wer figures : fine soil 

* slgnificant at the 5 per cent level 

** highly significant at the I per cent 

level 
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50 lo o Isv 

v,w Plotted positions of soils in Kuri-
Fig. 1 6 Relationship between Amin, and V.W. of fresh 

ta Rokk6, etc. differ much in the 
soil in the I st layer 

V. W.-Wmax, graph (Fig. 15) and 

little in the V. W. -Amin, graph (Fig. 16) from those of Kizugawa Soj] 

Yamanouchi Soils plotted in those figures frorp data by Tsutsumi (7) are derived from granite 

and well matured. Therefore they can be consideTed 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 Wmax. of Kizugawa Soils are larger 

than those of Rokko, Kurita, Tamano Soils, etc 

This suggests the coarser-grained texture of Kizugawa Soils, compared with the Rokk6, Kurita 

Soils, etc. 

The increases of Wmax. which occur concurrently with that of Amin. would inevitably fol]ow 

the some amount of decrease in Amin.. Therefore the measured value of Amin. seems to express 

a sum of the original increase (+) 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 eEfective agencies which promotes an increase in Amin. would be disintegration 

of the rather coarse particles. And the increase in Wmax. seems to be caused to a large extent 

by disintegration of the finer partic]es which are responsi.ble 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 W become greater in the later period when the supply of organic max. 

colloids is expected to be abundant 

The r*"lationship between W and Amin. orr {ine soil is presented in Fig. 17. Based on the max. 

tendency shown in Fig. 17, I should like to advance a proposal on the explanation of changes 

of W and Amin. which is illustrated diagramatically in Fig. 18 max. 

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 m the mcrease 

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) . Jn this period the production of capillary pores is 

superior to that of noncapillary pores 

Therefore, the contrary char;ging in the early period is not the reverse of maturing, but 

sokyu
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sokyu
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Fig. 1 8 Diagrammatic representation of a 

course which the development of soil 

seems to advance. 

(E : extreme point of weathering) 

The further investigation should be required 

(5) Textural development 

Volun]e of the gra'Jel and fhe fm- *cul m 

1,000 cc fresh soil of the first Jayer, 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 

70 

and Amm ' . of fine soil. 

~:._._.Q el '~o lo 

Wma;c ' 

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 I 

zone, whereas Rokko, Kurita Soils, etc. in ~ 

zone. 

Great differences in the values of volume 

weight between Kizugawa Soils and Rokk6, 

Kurita Soils, etc. seem to have some significance 

for complete explanation 
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Fig. 19 Change of the gravel volume in I , OOOcc 

of the I st layer, fresh soil. 
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Fig. 22 Change of the contents of the 
fractions with years. 

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 on]y 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 dif.ferences in initial 

conditions of the soils. In the third layer this 

irregularity was greater and changes by years 

were smaller than in the first layer. In the 

first layer the appreciable intensity of weath-

ering agencies tended to compensate for 
differences in initial conditions of the soils 
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Consequently the irregularity was diminished and the changes with years became greater 

(Practically speakin*a, how. ever, 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 Line 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. Or.L 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 amounf Of fine soil in Sab6-stand in this district is compara-

tively great. For example, the volume of the fine soils in the youngest Sab6-stand amounts to 

about 900/0 of that in the natural stand. And on the 30-year-old Sab6-stand it amounts to 99010 
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(<0.2mm) content. (<0 .02mm) content 
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 Sab6-stand soil. For example, the content of the fractions below 

0.2mm, 0.02mm. 0.002tnm of the old good Sabo-stand soil was 550/0, 370/0, and 250/0 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 Sabo- 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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Hidehiro ISHIB_ ASHI : 

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) (8), and decreases as the diameters 

of particles increase. 

The friction decreases with increasing the 

d egree 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 Sab6-stand the terracing has been well 

preserved and the sod on the side-slope 

survives, whereas in the old Sab6-stand the 

shadowiness which resulted from growth of 

planted seedlings has driven sod to disappear 

Consequently, the side-slope in the old stand 

On the rehabilitation of soil pro~erties in Sab~-forests 89 
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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. M 

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 Sabo-forest in this dist,rict 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 finer 

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. 

The relationship between i th ckness of Ao 

layer and the pH value is represented in Fig. _ g 
~ ~
 

32. The pH values were measured in August. 
,L 

On the assumption of the simplest case in G' o
 ~ ¥e o
 which the acid substance that seems to be 

~c4 ~ 
produced from litter is one. and the most o

 
q
,
 B o o ooe 
~
~
4
;
 dominant acidifying agent, there would surely 

e~e8 o ~~ oS9 exist a linear relationship between the pH EI x
 o 

~~4 value and the logarithm of thickness of Ao 

layer, because the amount of hydrogen ions 
7
 2 5 4~17 

e.~r 

dissociated is proportional to the amount of 
7hiCkf~ss AQ /~~r iee cm. 

o
f
 accumulated organic matter. However, Fig- 32 

Fig. 52 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 iogarithm of years after afforestation denotes 

that the young Sabo-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 A:_.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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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 Sabo-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 

pro perties 

Another worker (9) has reported the increasing tendency of the aciditJ with progressing of soil 

formation from granite 

(7) Organic carbon 

The amount of organic carbon per ha. from the surface to a 

fresh soil of the first layer, influenced by age of the forest, is 

35, respectively. 

The increasing tendencies with advancing age are shown 

depth of 30 cm, 

presented in Fig 

an d 

34 

in those figures. 
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tendencres in two figures seem to be resl~lted ~~.tQo, 

~._,~D ~ o,s e from the fact that the increases occured at 

S~; s; the slower rate at the greater depth than at e x ~~0,4 Q e I
~
 the smaller depth. That is clearly illustrated ~S ~~ e 

o /o 20 30 40 50 Io 70 N.S. in Fig. 36, which represents a vertical distribu- Years 

tion of the carbon content in 1,000 cc fresh Fig. ~8 Amount of total nitrogen per ha. to a 
s oi I . 

depth of 50 cm. 

The natural stands in this vicinity whose 

soil types belong to BB also exhibit the similar tendencies 

Minor differences in the value between 64- or 65-year-old poor Sab6-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 

signif icance 

70 20 50 40 50 60 70 N.S. 
Yea rs 

Artl_ount of nitrogen in surface soil. 

(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 il]ustrated in 

Fig. 39. 

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

wherea no remarkable mcreases has taken place in the second or the third layer 



Hid．ehiro　IS田BAS亘I： On　the　rehab111tat1on　of　s011propert1es1n　Sab6＿forests 一93一

　　Those　tend－enc1es　are　s1m11ar　to　that　of　the
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　弘

carbon　content　However，the　mtrogen　amount
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　星．②0

m　the　s011of　the　f1rst1ayer　of　about30－year－

o1d　Sab6・stands　reached。・to・丘さar1y　as　much　as　　　◎　1・8o

t・・t・ft・・・・・…1・・・…1・・1ff…m…　二、亀、鵬
f、。m、。ec，Se．fca、。。nc．n，e、。　　　圭

　　Fo11owing　two　main　reasons　are　consid－ered．　　8　脾o
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　8　　　1・l　q

f・・th・f・・t・　　　　　　　　　　限乱20馴同パ、
　　la）　The　o1d　Sab6－stands　cons1st　of　broad一　　　∫　　　　認鑓　　＼、
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　刊．00　2砕・　’
1eaYed－trees，whose　fo11age　has　h1gh　mtrogen　　　星
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　島　　吻＼・　＼

content　And－the　natura1　stand－s　1n　th1s　　　皇　蝸o　鵠　“　’’　・＼、
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　十　　　　　v㈹　　　　　、　　　’、
d1str1ct　cons1st　of　con1fers　whose1eaves　have　　　星　　　　刎臥’、ぐ’・’’　　＼

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　㌻㈱　　　’’・’“・、し＼、

1・w・・t・・g・・…t・・t　　　　　　　占　　　　　、・、ロ　ー、、、
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　∫　　　208園、　　　　’’、　’、一一、．．’＼

lblD・・…h・・工・w・・…1・・・…f・・t・・g・・　君㈱酪1’＼、、、・こき陸、、、　＼：目
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　§　　附1　　　’・＼、　一二、曳、　、。二圭
1n　the　ecosystem　the　n1trogen　content1n　s011s　　　　く〔
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　α20可ω　　　　　　x
d－1ffer11tt1e1n　the　forests　occup1ed　by　d1fferent　　　　　　　　　　‘榊。，△＿．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　工ω

species．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ヱ　　　　　　2　　　　　　3

　　　　　　　　　　　　（・）・。皿、1、、i㎝　　　　　　　　　坤仙
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　F1g　39　Vert1ca1d1str1but1on　of　n1trogen

　　In　th1s　paper　was　mvest1gated　the　rehab111・　　　　　　amomt　m　fresh　s011

tation　of　the　soi1properties　in　Sab6－stands

situated　i・n　Mie　Prefecture．

　　Organ1c　matter　supP11ed　from　the　new1y　p1anted．trees　mcreases　the　carbon－and．n1trogen

content　m　the　m1nera1so11s　Because　of　the　fact　that　the　Sab6－stand．s　cons1st　of　broad。一1eaved－

spec1es，1　e　n1trogen－r1ch　spec1es，the1ncrease　of　the　n1trogen　content1s　m－ore　rap1d　than　that

of　the　carbon　content

　　Those　changes　o㏄ur　m　tops011s　to　a　much　greater　d．egree　than1n　the　subs011s　The1mprove・

皿ent1n　the　cb，em1c11propert1es1nf1uences　s011cond．1t1ons　d11recdy，because1t　offers　fa▽orab1e

nutr1ents　to　the　p1ants，and1nd－1rect1y，because1t　exerc1ses　profound　effects　on　the1mprovement

of　phys1ca1propert1es

　　Because　of　a　much1ower　spec1f1c　gra∀1ty　ya1ue　of　a　humus　substance　an　add1t1on　of　humus

into　minera1soi1s　apparent1y1owers　the　specific　gravity　of　fine　soi1and－proceed．s　the　deve1op－

ment　of　so11structu工e　by　b1nd1ng　together　the　f1ner　part1c1es　produced－by　d．1s1ntegrat1on

　　The　d，eye1opment　of　so11structure　resu1ts　m　the　decrease　m　vo1ume　we1ght，and－the1ncrease

in　pore　vo1ume．

　　In　the　tops011of　younger　Sab6－stands，however，s1tuat1on1s　somewhat　d1伍erent　Improvement

of　s011propert1es　seems　to　progress　reYerse1y　m　those　stand－s　It1s　noth1ng　but　an　except1ona1

phenomenon　wh1ch　seems　to　occur　m　ear1y　severa1ブears

　　Durmg　the　ear1y　th1rty　years　after　a伍orestat1on　the1ncrease　m　pore　yo1ume　seemed　to　be

resulted　from．the1ncrease1n　Amm　and　Wm。。　And　A㎜。1ncreased　more　rap1d1y　than　Wm。・

Subsequendy，Am1，tended　to　decrease，and　only　Wma．1ncreased

　　Th1s　tendency　so皿ewhat　d－1ffers　from　that　reported．by　another　worker，due　probab1y　to　the

d．i舶erence　in　the　initia1conditions　of　the　soils．
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　　In　th1s　paper　I　have　proposed．a　tentat1ve　exp1anat1on　wh1ch　seems　t01uustrate　those　apparent1y

opPosite　resu1ts　consistent1y．

　　Rehab111tat1on　of　texture，1　e　prod－uct1on　of　the　fmer　fract1ons　1n　the　s011，was　1east

progress1ve　Espec1a11y，the　contents　of　c1ay　and　s11t　fract1on　m　Sab6－stands　were　much1ower

than　that　of　the　natura1stands

　　It　must　be　added　that　eros1on　pavement　obseryed．on　the　surface　suggested↑he　remo▽a1of

cons1d－erab1e　amount　of　the　fmer　fract1ons　by　water

　　The　pH▽a1ues　of　the　tops011s　tend　to　decrease　approx1matmg　to　the　ya1ue　of　the　natura1

stands　in　this　district．

　　Ch1ef　characterユst1cs　of　s011s　m　poor　stands　were　hlgh　Y01ume　we1ght　and。⊥ow　pore　vo1ume

as　compared．w1th　good．stands　of　an1d．ent1ca1age　Howeyer，the　contents　of　the　f1ner　part1c1es

m　the　poor　forests　are　not1much1esser　than　that　o±the　good　forests　Therefore　a　supP1y　of

apPrec1ab1e　amount　of　humus　wou1d，seem　to　pro㎜ote　the　deve1opment　of　so11structure　In

Sab6イorests，espec1a11y，causa11ty　of　p1ants　and　s011　cond－1t1ons　1s　very　c1ose　Som－et1m．es　1n

former　years，the　stems　or　the　branches　of　Kuromatsu（P1ms　Thunberg11）1n　the　young　Sab6－

stand　had．been　cutted　by　bad．merchants　who　so1d．them　as　Kad－omatsu　（New　Year’s　p1ne

decoratユon　m　Japan）resu1tmg　the　checked　growth　of　the　trees　and．consequent1y　scanty　supP1y

of　orgamc　matter　It　seemed　to　be　probab1e　that　those　acts　had　mterfered－the　smooth　deve1opment

of　the　soi1s．

　　There　are　many　factors　w1th　wh1ch　the　d－egree　of　rehab111tat1on1s　est1mated．　One　of　them1s

an　apPearance　or　co㎜pos1t1on　of　the　spec1es　m　the　stand－　wh1ch　was　reported　recently　by

Nar1ta　and　Yasu1⑩　Although　the　repor仁showed　that　trees1n　the　good－Sab6－stand－s　ha▽e　grown

not工ess　abundant1y　than1n　natura1stands　much　attent1on　shou】d　be　g1Yen　to　the　deve1opment

of　s011propert1es　from．the　stand－pomt　of　eros1on　contro1　Because　the　spec1es　p1anted　m

Sab6－stand　requ1re1esser　of　s011cond1t1ons　by　nature

　　Therefore，rehab111tat1on　1n　p1ant　growth　d．oes　not1mmed－1ately　mean　the　correspond，mg

1mprovement　of　s011s

　　In　cons1der　the　mprovements　of　so11s　the　d1fferent　factors　by　wh1ch　the　degree　of1mproye・

ment　wou1d　be　est1mated1ead　to　d1伍erent　conc1us1ons

　　So㎜e　factors　apProac1hed　rather　rap1d．1y　to　the　va1ues　o｛the　natural　stan（1s　（∀o1ume　we1ght，

pore　Y01ume）　and　some　factors　very　s1owly（texture）　The　a皿ounts　of　changes　of　some　other

factors　were　so　sma11that1t　was　rather　d1ff1cu1t　to　f1nd　out　the　defm1te　tend，ency　（PH，spec1f1c

graYity）．

　　Changmg　of　another　factor　takes　at　f1rst　a　contrary　d1rect1on　but　afterwards　tums　toward－

the　Ya］ue　of　the　natura1stand（mm1mum　a1r　capac1ty）

　　From　the　standpoint　of　erosion　controユ，the　most　d－esirab1e　conditions　seem1ikely　to　be　the

great　amount　of　organ1c　matter　accu㎜u1ated　on　the　mmera1s011，t1ght　f1xat1on　of　the　s011bod1es

by　deve1oped・root　systems　and　deve1opments　of　s011stmcture　by　the　f1ner　part1c1es　bound

w1th　organ1c　co1101ds　Those　cond．1t1ons　have　been　rehab111tated　not　so　rap1d1y　as　those　that

1nf1uence　the　growth　of　p1anted　trees　The　deve1opement　of　s011texture　serves　as　an　example

　　Many　proposa1s　have　been　advanced　on　the　management　cons1dered　to　be　f1tted．for　those

forqsts　from　the　point　of　erosion　controL
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約

　三重県名張市から伊賀上野市に至る木津川砂防工事事

務所管内の砂防林で，土壊性質の復旧遇程を調べた．

　林分の生立に伴い，新しく有機物が供給されるように

なると，表層土においては炭素里，窒素量が増大する．

とくに窒素は，砂防林の構成樹種が主として肥料木であ

るため急速に多くなるが，炭素の増大はそれに較べると

おくれている．

　この変化は，しかし，殆んど第1層に隈られていて，

下層にまでは及びにくい．

　これら化学性の変化は，それ自体としても直接，林木

の生育に好ましい条件を提供しているが，また同時に，

間接的に，土壌の物理性にも影響を与える点で，二重に

重要である．

　すなわち，鉱物質粒子にくらべて比重の小さい腐植物

質の混入は，細土真比重を小さくするが，砂防林の場合，

物に重要な作用は，物理風化によってできた微小粒子と

結合して構造を発達させることである。

　構造の発達は，容積重の減少，孔隙量の増大をもたら

す．尤も，施工後，日の浅い林分の表層土では，構造の

発達よりも雨水によって締め固められる影響の方が大き

いため，復旧とは逆方向に進むことが認められるが，こ

れは，はじめの数隼間だけに起る例外的な現象に過ぎな

い。

　孔隙量の増大は，はじめの30年くらいまでは，最小容

気量と最大容水量の増大の結果であり，しかも前者の増

大の速さの方が，後者のそれよりも大きいが，30年以後

は最小容気量は減少し，最大容気量だけが増大するよう

になる．

　この点は，堤が栗太地区その他の砂防林で得た測定結

果とや㌧違っているが，これは初期条件の違いを反映し

たものであろう．

　最小容気量を増大させる因子のなかで重要と考えられ

る，比較的大粒径分の細粒化作用と，最大容水量を増大

させるのに重要な小粒径分の生成，及ぴそれによる構造

の発達をとりあげてみよう．

　50年乃至100年ぐらいの短い期間を考えてみると，前

者は土壌生成の全過程を通じて，強さの変動が少いと思

われるが，後者は，鉱物粒子の生成は経過年数に無関係

にほゾ恒常であるとしても，それらを結ぴつけて構造を

発達させる有機コロイドは，林分の生立に伴って起るで

あろうから，若い時代には供給量は紗いが，後になるほ

ど高まってくると考えられる．

　また毛管孔隙の増大は当然，一部には非毛管孔隙から

の転換を伴うから，前者の生成の強さが高まれば，後者

は却って減少するようになる．

　従って，風化のじく初期には，最小容気量も最大容水

量も共に増大し，最小容気量の増大の方が；最大容水量

の増大よりも旺盛である時期もあるが，有機物の供給が

始まることにより，最大容水量の増大の速さが漸次高ま

り，両者の増大の相対的な強さが変ってくる。そのため

遂には，最大容水量の増大は即ち最少容気量の減少を伴

うようになる。

　砂防地の土壊がこの全遇程のう．ちのどの点から出発す

るかは，その母材料の初期条件によってきまることであ

ろう．

　以上により，栗太地区その他の測定結果をも総て矛盾

なく説明できるので，一つの考え方として提案しておき

たい．

　粒径組成の回復は最もおくれている．特に，粘土，微

砂などの微粒分の量は，付近天然アカマツ林のそれに較

べて著しく貧弱である．また，表層土では流亡によって

可成りの微粒分が失われ，エロージョン・ペイブメント

を形成している．

　PHは年数経遇と共に漸次減少し，付近天然アカマツ

林の示す値に近付く傾向を示している，

　不良林は一般に，同令の優良林にくらぺて容積重が大

きく，孔隙量が小さい．しかし微粒分は多く含まれてい

て，粒径組成のうえでは好ましい条件を備えているので

あるから，適当な腐檀の混入があれば構造が発達して，

孔隙量の増大が期待出来そうである．林分の成立と土壊

性質の間の因果関係は，砂防林では特に密接であり重要

である．その点からいって，当地方に曾て展々みられた

ように門松用材料としての盗伐で，クロマツが比較的若

い時期に主鞘及び枝を切りとられると忽ち生長不振に陥

り，林地への有機物の供給が衰え，これが発端となって

悪循環を繰り返すことはあり得るし，それは他の樹種，

他の立地の場合におけるよりも一層深刻であろう。

　砂防林の復旧の度合いを測るのには，いろいろの目安

がある。林内に出現する樹種及びその配分状態，または

それらの成長の模様から判断する立場もある。筆者の調

査に先だって行われた，成田・安井（10）の報告がそれであ

る．そして，優良砂防林においては既に天然林に劣らな

い生長をしていることが認められた．

　一方，防災的な見地からは，土壌物質そのもの㌧改変

にも注目しないではおられない．なぜならぱ，もともと

砂防林に植えられる樹種は，環境に対する要求の少いも
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のが選ばれている。従って，それらの樹木の生長振りが

旧に復したことを以て直ちに防災上からも安全な状態に

回復したと看傲すことは当を得ていない。

　土壊の変化をみる場合でも，とりあげる性質によって，

結果はまちまちである．或るものは比較的早く天然林の

状態に近付いているし（容積重，孔隙量），また或るもの

では非常にわそい（粒径組成）．

　また，変化量が非常に僅少で，測定誤差や採取地点間

のバラツキが相対的に大きいため，判断が困難な場合も

ある（PH，真比重）。

　また，一且は成熟化とは逆の方向に進み，その後で天

然林土壊の値に近付く方向に向きかわるのもある（最小

容気量）．　　、

　侵蝕防止という点からは，Ao層の集積，根系の発達

による表層土壌の固定のほか，土壌粒子の細粒化および

それによっておこる耐水性構造の発達などが重要であろ

うが，それらは決して速くは回復しない．特に，凝集カ

による土層の安定を期待できる微細粒子の生成が最もお

くれていることは重要である．

　このことは，たとえ，生立している林木が立派な生長

をみせていても，此処に他の普通林におけると同様の施

業を行うことが無謀であることを教える．

　これらの森林に加えられるべき作業種に関しては，従

来とも多くの報告がある．

sokyu
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2
 

Age 
of 

stand 

5
 

27 

19 

1
1
 

26 

19 

1
 

5
 

25 

1
 

Volume Weigh 

f resh 

soil 

1 49 . 5 

1 45 . 5 

1~4.7 

95 . 8 

122.1 

lc9.5 

1 02 . 8 

1 27 . 5 

121 .~ 

112.6 

1 50 . o 

1 25 . o 

92 . 9 

1 09.9 

105.5 

98 . o 

1 22 . 2 

1 25 . 1 

1 28 . o 

1 17.9 

1 20 . 4 

1 50 . 5 

1 24 . 2 

1 26 . 2 

114.0 

115.9 

115.9 

152.9 

151 .o 

f ine 

soil 

1 44 , o 

1 55 . 2 

1 27 . 8 

95 . 1 

119.6 

1 06 . 5 

96 . 4 

119.7 

115.8 

1 06 . o 

115.8 

115.7 

87 . 6 

1 05.9 

98 . 8 

90 . 6 

115.0 

116.4 

111 .8 

96 .8 

1 o0.0 

1 1 9.2 

1 08 . 6 

112.8 

1 05 . 8 

105.9 

1 05 . 9 

1 24 . 4 

124.7 

Pore Volume 
(olo) 

f resh 

soil 

45 . o 

45 . 5 

48 . 6 

61 .9 

54 . o 

57 . 8 

59 . 9 

51 .8 

54 . 5 

57 . 1 

51 .4 

52 . 8 

65 . 6 

58 . ~ 

59 . 5 

62 . o 

54 . 2 

52 . 6 

52 . o 

55 . 7 

54 . 8 

51 .6 

55 . 7 

52 . 6 

56 . 2 

56 . 6 

56 . 6 

49 . 5 

50 . 4 

f ine 

soil = 

45 . 5 

48 . 8 

5'1 .2 

64 . 1 

55 . o 

59 . o 

62. 4 

54 . 8 

57 . 4 

60 .6 

56 . 6 

57 . 1 

66 .' 6 

59 . 9 

65 . 2 

65 . o 

57 . 7 

55 . 7 

58 . o 

65 . 5 

62 . 7 

55 . 9 

59 . 5 

57 . 6 

59 . 8 

59 . 7 

60 . 4 

52 . 7 

52 . 8 

Wmax' (olo) 

f resh soil 

volum e 

59 . 1 

41 .7 

40 . 5 

55 . 6 

47 . 8 

46.4 

50 . 9 

40 . 7 

45 . 4 

~7 . 8 

41 .1 

47 . 7 

47 . 2 

48 . 5 

49.4 

51 .9 

42 . 5 

44 . 5 

41 .9 

44 . 2 

46 . 7 

48 . 6 

48 . 7 

48.0 

55 . 7 

40 . 9 

59 . 5 

58 . 5 

41 .2 

weigh 

26 . 2 

29 . 1 

50. 1 

57 . 2 

59 . 1 

42 . 4 

49 . 5 

51 .9 

57 . 4 

55 . 6 

51 .6 

58.2 

50 . 8 

A4 . o 

46 . 8 

55 . o 

54 . 6 

55 . 6 

52 . 7 

~7 . 5 

58 . 8 

57 . 5 

59 . 2 

58 . o 

51 .5 

55 . 9 

55 . 9 

29 . o 

51 .4 

f ine soil 

volume 

41 .2 

44 . 8 

42 . 7 

56 . 9 

48 . 7 

47 . 5 

5~ . o 

45 . 1 

47 . 8 

40 . 1 

45 . 4 

51 .5 

49 . 5 

49 . 6 

52 . 5 

54 . 5 

45 . o 

47 . 1 

46 . 7 

50 . 4 

55 . 4 

52 . ~l 

54 . O 

52 . 5 

58 . o 

45 . 1 

41 .8 

40 . 9 

45 . 2 

weight 

28 . 6 

55 . i 

55 . 4 

~8 . 8 

40 . 7 

44 . 4 

55 . o 

56 . o 

42 . o 

57 . 8 

59 . 2 

45 . 5 

56 . 5 

46 . 8 

55 . 1 

60 . 1 

59 . 8 

40 . 5 

41 .8 

52 . 1 

55 . 4 

44 . 2 

49 . 7 

46 . 5 

55 . 9 

40 . 7 

59 . 5 

52 . 9 

54 . 6 

Amin' (olo) 

f resh 

soil 

5.9 

5.8 

8.1 

26 . ~ 

6.2 

11.4 

9.0 

11.1 

9.1 

19.5 

10.5 

5.1 

16.4 

10.0 

'0.1 

10.1 

11 .9 

8.1 

10.1 

11 .5 

8. 1 

5.0 

5.0 

4.6 

20 . 5 

15.7 

17.5 

11 .o 

9.2 

f ine 

soil 

4.1 

4.0 

8.5 

27.2 

6.5 

11 .7 

9.4 

11 .7 

9.6 

20 . 5 

11 .2 

5.6 

17.1 

10.~ 

10.7 

10.5 

12.7 

8.6 

11 .5 

15.1 

9.5 

5.2 

5.5 

5.1 

21 .8 

16.6 

18.6 

11.8 

9.6 

S pec. 

Gravity 

2 . 65 

2 . 64 

2 . 62 

2 . 65 

2 . 66 

2 . 60 

2 . 56 

2 . 65 

2 .67 

2 . 69 

2.67 

2.65 

2 . 62 

2 . 64 

2 . 68 

2 . 59 

2 . 67 

2 . 65 

2 . 66 

2 . 65 

2 . 68 

2 . 69 

2 . 68 

2 . 66 

2 . 65 

2 . 65 

2 . 67 

2 . 65 

2 . 64 

pH 

4.6 

4.7 

4.7 

~.8 

4.8 

4.8 

4.6 

4.7 

5.6 

4.4 

4.7 

4.9 

4.5 

4.5 

4.6 

4.6 

5.4 

4.6 

5.1 

5.2 

5.5 

5.2 

5.5 

5.1 

4.9 

4.7 

5.0 

6.5 

6.8 

sokyu

sokyu
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In　／，000cc fresh　soi1 Content of　fraction

grave1

CC

46，3

66，0

5／．0

11．3

／ア．5

／9．0

38，0

53，0

49．0

45，3

92，8

73．0

3215

24，8

44．3

42，5

59，3

56．8

／02．8

122．5

122．0

ア4，3

96，8

85．5

53，5

50，3

62．0

60，0

44．3

gr・

122．3

／74．0

／34．0

30，3

46，8

50．8

102．0

143．0

132．0

／22．0

249．8

197．0

8ア．3

66．5

1／8．5

1／4．8

／60．3

153．O

276．5

329．8

328．0

200．8

261．5

23／．0

142．8

／34．3

／65．8

160，

1／8．

fine soi1

CC

950．8

932．0

949．0

965．3

981．3

9ア9．8

960．0

945．0

949．0

942．5

906．8

925．0

955．3

9ア3．5

94／．8

952．8

939．0

942．8

896．8

877．0

874．0

923．5

902．8

9／3．3

939．5

948．0

937．5

939．5

955．3

gr・

1369．0

／260．0

／213．0

9／7．5

1174．0

／043．8

925．0

1131．0

1080．0

998．8

／050．0

1052．0

836．5

！031．3

930．3

863．0

1061．3

109ア．3

1003．0

849．0

874．0

1100．8

980．0

1030．3

994．

／003，

992．

8
8

／／68．3

1191．0

r00t　　　　　　　　　　　C

CC　　　gr．　　9「・

N
9「・

In　fine SOi1 （％） In　／，000cc fresh　soi1〔gr．）

3．0

2．0

　　0

23．5

／．3

1．3

2．0

2．0

2．0

12．3

0．5

2．0

12．3

1，8

／4．0

4．8

1．8

0．5

0．5

0．5

4．0

2．3

0．5

／．3

7．0

1．8

0．5

0．

0．

5

1．3

1．0

　0

／0．0

0．5

0．5

／．0

1．0

／．0

5．8

0．3

1．0

5．3

0．8

6．0

2．0

0．8

0．3

0．3

0．3

1．8

1．0

0．3

0．5

3．0

0．8

0．3

0．

0．

4，38

0，63

0．ア3

16，42

／．29

0．84

／3，69

0，68

0．65

4，50

0，74

0．33

9，62

3，82

／．77

11，31

2，76

2．20

5，52

0，59

0．52

3，74

0，78

0．93

6，66

1，51

1．09

0．

0
．

23

24

0，37

0，09

0．／2

0，89

0，11

0．／0

1，／8

0，／1

0．08

0，41

0，08

0．06

0，79

0，30

0．／6

1，06

0，54

0．2／

O．16

0，05

0．06

0，3／

0，08

0．09

0，4／

0，10

0．09

2；黒21

O．07

0．04

60，9

65，／

67．2

60，5

57，6

60．4

6ア．／

68．7

ア3．8

59，7

60，0

60．ア

60，5

64，2

68．0

69．ア

64．6

5ア．9

61，9

64，3

59．5

54，9

55，4

57．2

70，6

69，0

70．2

69，／

70．7

版、雌二。 ・0，002

　工nm

2；黒2晦、1 ll1云。1＜㌔票2

30，5

24，0

25．1

23，6

24，3

25．2

20，／

22，2

／8．4

3／．3

31，5

30．4

24，0

23，5

21．3

20，8

24，2

3／．0

2ろ．4

26，5

30．2

27．4

2ア．2

29．6

20，2

21，3

20．8

23，4

2／．6

4．2

4．6

／．9

9．2

9．5

8．5

6．8

5．8

4．8

5．6

5．3

6．1

8．0

7．0

7．7

5．5

4．9

3．3

7．5

5，9

6．3

10，7

10．1

7．9

5．／

5．9

5．4

5．2

5．6

4．4

6．3

5．8

6．7

8．6

5．9

6．0

3．3

3．0

3．4

3．2

2．8

7．5

5．3

2．9

4
．

6．

ア．

4
．

3．

4．

7
．

7
．

5．

4
．

3

3

2

2

3

3

4

8

4

833．7

820．3

815．／

555．／

676．2

630．5

620．7

777．0

797．1

596．3

630．0

638．6

506．1

662．／

632．6

60／．5

685．6

635．3

62⊃．9

545．9

520．0

604．3

542．9

589．3

701．8

692．6

697．O

807．3

842．0

417．6

302．4

304．5

2／6．5

285．3

263．0

185．9

25／．／

／98．7

3／2．6

330．8

3／9．8

200．8

242．4

198．2

179．5

256．8

340．2

264．8

225．0

264．0

301．6

266．6

305．O

200，

213，

206．

273．

25ア．

8

4

57，5

58，0

23．1

84．4

11／．5

88．ア

62，9

65，6

51．8

55，9

55，7

64．2

66，9

72，2

7／．6

47，5

52，0

36．2

75，2

50，／

55．／

1／ア．8

99，0

81．4

50，7

59，2

53．6

60，8

66．7

60，2

79，4

70．4

61．5

101，0

61．6

55，5

37，3

32．4

34，0

33，6

29．5

62，7

54，7

27．0

34，5

66，9

85．6

43，1

28，0

35．0

7ア，1

72，5

54．6

40，8

38，1

35．7

28，0

26．2
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Table 52 

Num-
,ber of 

P Iot 

1 ol 

1 05 

1 04 

201 

204 

206 

208 

209 

2'1 1 

9
 

De pth 

1
 

2
 

5
 

1
 

2
 

5
 

1
 

2
 

5
 

1
 

2
 

5
 

1
 

2
 

5
 

1
 

2
 

5
 

'
1
 

2
 

5
 

1
 

2
 

5
 

1
 

2
 

5
 

1
 

2
 

5
 

Age 
of 

Stand 

N. S. 

N. S. 

D. L. 

65 

N. S. 

64 

N. S. 

N. S. 

N. S. 

26 

Volume Weight 

fresh 
so j l 

94 . 9 

1 24 . 6 

1 06 . 1 

95 . 7 

1 54 . 6 

1~5.7 

118.9 

115.4 

118.2 

1 55 . o 

1 56 . 9 

1 57 . 2 

1 07 . 8 

1 29 . 2 

1 27 . 4 

1 58 . 7 

151 .9 

1 56 . 9 

1 25 . 4 

151 .6 

1 29 . 8 

82 . o 

111.1 

1 06 . 5 

90 . 4 

1 oo . 6 

1(0.5 

1 52 . 1 

1 44 . 9 

1 49 . 5 

f ine 

soi l 

94 . 6 

1 22 . 9 

1 05 .6 

96 . 1 

129.0 

1 28 . 5 

115.6 

1~5.2 

115.2 

1 52 . 1 

1 54 . 7 

1 54 . 6 

1 07 . 7 

1 29 . 6 

1 25 . 7 

1 55 . 2 

1 57 . 5 

141 .9 

1 22 . o 

151 .o 

1 29 . 5 

80 . 5 

1 05 . ~ 

98 . 2 

90 . 8 

100.7 

110.4 

1 26 . 6 

1 22 . 9 

128.0 

Pore Volume 
(olo) 

f resh 

soil 

61 .4 

52 . 1 

62 . 1 

61 .o 

49 . 2 

49 . o 

54 . 7 

56.0 

55 . 7 

47 . 9 

48 . 2 

48 . 6 

57 . 5 

50 . 6 

51 .7 

47 . o 

44 . o 

57 . 9 

51 .8 

49 . 8 

55 . o 

67 . 4 

58 . 5 

60 . 2 

64 . 5 

62 . 2 

58 . 9 

42 . 1 

45 . 1 

45 . 4 

f ine 

soil 

65 . 1 

52 . 7 

65 . 1 

62 . 9 

5'1 .7 

51 .7 

56 . 1 

56 . 8 

56 . 8 

49 . 4 

49 . o 

49 . 6 

58 . 7 

50 . 9 

52 . 4 

49 . 2 

49 . 9 

45 . 5 

52 . 9 

50 . O 

55 . 1 

69 . O 

61 .5 

65 . 2 

65 . 5 

62 . 4 

59 . O 

51 .7 

55 . 'I 

51 .2 

Wmax' (olo) 

fresh soil 

volume 

54 . o 

49 . o 

48 . ~ 

50 . o 

46 . 1 

46 . o 

46 . 8 

52 . 8 

51 .5 

59 . 2 

58 . 8 

Ao . 7 

47 . 4 

46 . 2 

44 .2 

5~ . o 

51 .8 

52 . 7 

42 . 5 

40 . 5 

41 .4 

46 . 5 

46 . 8 

51 .o 

44 . 7 

44 . 8 

45 . 7 

29 . 1 

55 . 5 

54 . 9 

weight 

56 . 8 

59 . 8 

45 . 5 

52 . 5 

54 . ~ 

55 . 9 

59 . 4 

45 . 8 

45 . 6 

29 . 4 

28 . 5 

29 . 7 

45 . 9 

55 . 7 

54 . 7 

25 . 8 

20 . 9 

20 . 9 

~4 . 5 

50 . 8 

51 .9 

56 . 5 

42 . 1 

47 . 9 

50 . o 

44 . 5 

41 .4 

19.1 

25 . 1 

25 . 4 

fine soil 

volume 

55 . 4 

50 . 1 

49 . 1 

51 .5 

48 . 4 

48 . 6 

48 . o 

55 . 5 

52 . 5 

40 . 4 

59 . 5 

41 .6 

48 . 5 

46 . 4 

44 . 9 

~4 . 5 

56 . 1 

59 . 5 

4~ . 4 

40 . 7 

41 .4 

47 . 4 

49 . 2 

55 . 5 

45 . 4 

44 . 9 

45 . 7 

55 . 7 

59 . 5 

41 .1 

weight 

58 . 6 

40.8 

47 . 4 

55 . 6 

57 . 5 

57 . 9 

41 .5 

47 . 5 

45 , 6 

50 . 6 

29 . 5 

50 . 9 

45 . o 

~5 . 8 

55 . 7 

25 . 9 

26 . ~ 

27 . 7 

~5 . 6 

51 .1 

52 . o 

58 . 9 

47 . 6 

54 . 5 

50 . o 

44 . 6 

41 .4 

28 . 2 

52 . 1 

52 . 1 

Amin' (olo) 

f resh 

soil 

7.4 

2.6 

15.8 

11 .o 

5.1 

5.0 

7.9 

5.2 

4.2 

8.7 

9.4 

7.9 

10.1 

4.4 

7.5 

14.0 

12.2 

5.2 

9.~ 

9.5 

ll .6 

21 .1 

11 .5 

9.2 

19.8 

17.4 

15.2 

15.0 

11 .6 

8.5 

f ine 

soil 

Spec. 

Gravity 

7.7 

2.6 

14.0 

11 .4 

5.5 

5.1 

8.1 

5.5 

4.5 

9.0 

9.5 

8,0 

10.2 

4.5 

7.5 

14.7 

15.8 

6.2 

9.6 

9.5 

11 .7 

21 .6 

12.1 

9.7 

20 . 1 

17.5 

15.5 

f6.0 

15.6 

10.1 

2 . 56 

2 . 60 

2 . 71 

2 . 59 

2 . 67 

2 . 66 

2.6~ 

2 . 62 

2 . 67 

2.61 

2 . 64 

2 . 67 

2 . 61 

2.64 

2.64 

2 . 62 

2 . 64 

2 . 60 

2 . 59 

2 . 62 

2 . 66 

2 . 60 

2 . 67 

2 . 67 

2 . 65 

2 . 68 

2 . 69 

2 . 62 

2 . 62 

2 . 62 

pH 

4.~~ 

4.6 

4.9 

4.2 

4.6 

4.8 

5.5 

5.5 

6.9 

4.4 

4.8 

4.7 

4.6 

6.8 

4.9 

4.2 

4.5 

4.4 

4.2 

5.0 

6, . 8 

4.5 

5.0 

5.0 

4.4 

4.8 

5.6 

4.7 

5.0 

5.5 

sokyu

sokyu
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In I , OOOcc fresh soil 

gravel 

cc 

7.5 

12.0 

15.8 

5.0 

45 . O 

55 . O 

20 . O 

14.0 

20 . O 

15.8 

16.8 

19.~ 

6.5 

0.5 

12.5 

42 . O 

115.5 

1 '.9.5 

12.8 

4.8 

1 .8 

10.5 

47 . 5 

47 . 5 

1 .5 

0.8 

0.5 

1 80 . 5 

1 49 . 5 

151 .2 

gr. 

20 . O 

52 . 5 

42 . 5 

15.8 

116.0 

1 42 . O 

60 . O 

58 . O 

55 . O 

A2 . 5 

45.0 

51 .8 

17.8 

1 .5 

55 . 5 

115.5 

506 . 5 

575 . 8 

~4 . 5 

15.0 

4.5 

27 . 8 

1 28 . O 

1 28 . 5 

4.0 

1 .8 

0.5 

486 . 8 

405 . 8 

408 . 5 

fine soil 

.* 

974 . ~ 

987 . 5 

985 . o 

969 . 8 

952 . o 

947 . o 

976 . o 

986 . o 

980 . o 

969 . 5 

982 . 8 

980 . _~ 

978 . F. 

994 . 5 

987 . o 

955 . o 

881 . 8 

852 . 8 

980 . ~ 

994 . 5 

998 . 5 

976 . 5 

950 . 8 

952 . o 

985 . o 

996 . 5 

998 . 5 

815.0 

850 . o 

848 . 8 

g.. 

92+ . 5 

121 ~ . 5 

1 O1 8 . 5 

9~2 . O 

1 228 . O 

1 21 5 . O 

1 128. O 

1116.0 

1 129. O 

128･ .O 

1 52*~ . ~~ 

1319.5 

1 05~ . 5 

1 288 . 8 

l 240 . 5 

1 272 . 5 

1210.~ 

1 181 .~ 

1 1 96 .5 

1 502 . 8 

1 295 . O 

786 . O 

982 . 5 

9~4 . 5 

894 . 5 

1 005 . O 

1 1 02 . 5 

1 052 . O 

1 044 . 8 

1 086 . 5 

root 

cc 

18.2 

0.5 

1 .~ 

25 . ~ 

5.0 

2.0 

14.8 

0.5 

0.5 

15.5 

5.5 

0.5 

6.0 

4.8 

28 . O 

7.0 

0.5 

15.5 

1 .8 

0.5 

15.5 

5.0 

1 .~ 

4.8 

0.5 

O
 

gr. 

7.8 

0.5 

0.5 

10.8 

2.0 

O
 

1 .O 

O
 

6.5 

0.5 

0.5 

6.5 

2.5 

O..z 

1 .5 

2.0 

12.0 

5.0 

0.~ 

O
 

5.8 

0.~ 

0.5 

5.8 

1 .5 

0.5 

2.0 

0.5 

C
 

gr. 

45 . 1 5 

1 o . 56 

8 . 76 

50.01 

1 o . 95 

8.14 

1 .58 

2.12 

2 . 60 

28 . 82 

10.19 

6 . 47 

25 . 07 

1 o . 44 

4 . 84 

47 . 46 

4 . 60 

7 . ~2 

1 6 . 87 

7 . 04 

7 . 89 

1 6 . 90 

4 . 81 

2 . 99 

1 5 . 55 

', . 81 

2 . 65 

4 . 54 

5 . 87 

5.11 

N
 

gr. 

1 .27 

o . 62 

o . 4~ 

0.81 

o . 50 

o . 45 

0.10 

0.11 

o . 07 

1 .06 

o . 25 

o . 25 

1 .05 

o . 59 

0.21 

1 .62 

0.19 

0.21 

o . 46 

o . 22 

o . 54 

o . 85 

o . 58 

o . 26 

o . 72 

o . 55 

o . 28 

o . 25 

o . 06 

o . 55 

Content of f raction 

In fine soil (olo) 

2- O . 2'O . 2-

mm O . 02mm 

27 . 9 

52 . 2 

41 .7 

16.8 

59 . 5 

40 . 8 

74 . 5 

75 . ~ 

76 . 5 

~2 . 9 

54 . 6 

59 . 6 

~9 . 8 

20 . U 

40 . o 

51 .1 

52 . 7 

54 . 5 

48 . 2 

46 . 4 

~6 . 1 

46.8 

50 . 5 

46 . 5 

44 . 5 

58 . o 

47 . 7 

67 . 2 

68 . o 

61 .6 

28 . 9 

27 . 1 

27 . 4 

29 . O 

24 . O 

21 .5 

19.9 

18.9 

18.l 

28 . 4 

26 . 8 

22 . 5 

27 . 4 

~7 . ~ 

29 . 9 

26 . 5 

24 . 4 

25 . 1 

55 . O 

55 . 9 

28 . 9 

25 . 5 

27 . 5 

29 . 1 

25 . 5 

27 . 5 

28 . O 

21 .6 

19.8 

28.7 

O . 02-

O . 002mm 

15.9 

17.2 

10.1 

26 . o 

16.1 

16.0 

2.4 

2.7 

5.5 

16.2 

16.6 

12.8 

16.8 

22 . 1 

15.5 

17.4 

7.5 

7.2 

6.8 

6.1 

15.9 

10.8 

8.2 

9.2 

16.7 

14.7 

11 .8 

4.9 

4.4 

4.0 

<0 . 0021 

mm 
27 . 5 

25 . 5 

20 . 8 

28 . 2 

20 . 4 

21 .7 

~.2 

5.1 

1 .9 

22 . 5 

22 . o 

25 . 1 

16.0 

20 . 6 

16.8 

25 . o 

15.4 

15.2 

12.0 

11 .5 

21 .1 

17.0 

'14.0 

15.5 

15.7 

19.7 

12.5 

6.5 

7.8 

5.7 

In 1 . OOOcc fresh soil (gr.) 

2-0.2 

~~ 
257 . 1 

590 . 7 

424 . 6 

1 56 . 6 

485 . 1 

495 . 7 

840 . 4 

840 . 4 

86~ . 7 

421 .5 

457 . 9 

522 . 5 

41 9 . 5 

257 . 8 

496 . 1 

595 . 7 

657 . 8 

645 . 8 

576 . 6 

604 . 5 

466 . 8 

~67 . 9 

496 . 2 

452 . 7 

596 . 2 

581 . 1 

525 . 8 

69~ . 5 

71 o . 5 

669 . 2 

0.2-
O . 02mm 

266 . ~ 

528 . 8 

279 . o 

270 . 5 

294 . 7 

261 . 2 

224 . 5 

21 o . 9 

204 . 4 

56~ . 8 

554 . 6 

296 . 9 

288 . 7 

480 . 7 

570 . 9 

557 . 2 

29J' . ~ 

272 . 9 

5~4 . 8 

467 . 7 

575 . 7 

200 . 4 

268 . 2 

271 .9 

226 . 5 

275 . 8 

508 . 6 

222 . 9 

206 . 9 

51 1 .8 

o
.
 o
.
 

02 -

002mm 

1 46 . 5 

208 . 7 

1 02 . 9 

242 . 5 

1 97 . 7 

1 94 . 4 

27 . 1 

50 . 1 

59 . 5 

207 . 5 

21 9 . 7 

1 68 . 9 

1 77 . o 

284 . 8 

1 65 . o 

221 .4 

90 . 8 

85 . 1 

81 .4 

79 . 5 

1 79 .7 

84 . 9 

80 . 6 

86 . o 

1 49 . 4 

1 47 . 4 

150.1 

50 . 6 

46 . o 

45 . 5 

<0 . 002 

~~ 
251 .6 

285 . 1 

211 .8 

262 . 8 

250 . 5 

265 . 7 

~6 . 1 

54 . 6 

21 .5 

288 . 2 

291 . 1 

551 . 2 

1 68 . 6 

265 . 5 

208 . 4 

~18.1 

1 86 . 4 

1 79 .6 

1 45 . 6 

1 49 . 8 

272 . 8 

1 55 . 6 

1~7.6 

144.9 

1 22 . 5 

1 97 . 6 

1 57 . 8 

65 . o 

81 .5 

61 .9 



1 02 ~~ A2~~~~ 
* (1 961 ) 

Photo. '1 Tsuminaek~ (terracing with sod) 

Photo. 2 Sujik6 (terracing with fascine.) 

Photo. ~ General view of Sab6-stand 

(Survived natural stands are also seen.) 

Photo. 4 nJJevastated land. 

(Note) 

1. Planted specieS in photo. I ., 2 : .Pinus _ 

Thunbergii I : Alnus firma 2 

2.~ Thos6 phdtographs were takeh in March, ' 

immediately after planting. - ' 

sokyu

sokyu

sokyu

sokyu

sokyu

sokyu

sokyu

sokyu

sokyu
planting. - '
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