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Planning of Revegetation in Severe Environments

Based on Provision of Vegetational Shelter
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Abstract

Severe environments are related to a high level of environmental as well as
man induced stress and disturbance. If such environments are not rehabilitated
by revegetation, a desert-like condition might develop.

In this study for revegetation of these environments the concept of vegetational
shelter has been introduced. This is defined as live shrubes, bushes and trees,
which, while growing themselves, at the same time, contribute to the development
of planted trees around them and their environments ; by providing stability (reduc-
tion of the level of stress and disturbance) and by adding organic matter to the
system.

Coastal sand dunes and devastated hillslopes have been chosen. Site factors
such as edaphic, plant, temperatures of air, surface soil and erosion of hillslopes
have been taken as indicators of the effects of vegetational shelter. Based mainly
on the results of this study, patterns (models) for planning the revegetation of
unstable sand dunes and devastated hillslopes have been developed. The most
important elements of this planning are the establishment of vegetational shelter
and the planting of first main tree species (needle leaved) and second main tree
species (broad leaved) in several years and in different stages.
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Introduction

The increasing population and rapid industrialization in the world, particularly,
in recent decades, have caused a substantial incease in the level of exploitation of
natural resources. In this process land resources, especially, forest and range
resources, have been over exploited in many places, leaving vast areas of land
without a vegetation cover. Where the climatic conditions are very harsh, natural
recovery of vegetation could not take place and the bare land surface are exposed
to the action of rain and wind resulting in severe erosion and other disasters and
leading to the formation of devastated and severe environments. If the damage
goes on unchecked in such environments the ultimate result will be the formation
of desert-like barren areas.

The situation is especially grave in developing countries, where with increase
in population and economic activities, demand for wood as fuel and as timber for
domestic as well as export item is increasing.

All these put pressure on forest and range resources of these countries, result-
ing in depletion of these resources and in some instances even leading to deserti-
fication.

This is a complex and difficult problem related to diverse fields of social and
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natural sciences. Naturally, solving it, especially, restoring the vegetation cover
also will not be a simple task and will definitely require long term research. It
will also require a correct perception of the problem by people, difficult and some-
times controversial decisions by governments and costly investments.

Without any doubt, protection against unplanned cutting of wood and over-
grazing is recommended as a very necessary first step. This will prevent further
deterioration of forested and range lands and will achieve at least, a partial reha-
bilitation of these environments. The second step could be the revegetation.

This study, however, has been undertaken to tackle part of the above mentioned
problem, namely the restoration of vegetation cover and especially the forest estab-
lishment in severe and devastated environments. For this purpose the environ-
mental conditions of bare, forested sand dunes as well as those of devastated,
afforested hillslopes have been investigated. Based on the results and conclusions
from this study and the findings of other workers, patterns for planning the
revegetation of severe environments were recommended. One of the most important
element of this planning is the concept of vegetational sheltering as a means of
reducing the level of disturbance and stress. Also by this method organic matter
is added to the system which improves the site factors in severe environments.

I. Study method and study areas
1. Study method

Severe environments are thought to be related to a high level of environmental
disturbance and stress. Many workers such as Grim (1977), WHiTE (1979), SMITH
(1985) discussed the effects of stress and disturbance on individual plant as well as
upon vegetation as a whole. GRrim (1979) whose work is the most comprehensive
in this regard, divided the external factors, which are limiting plant biomass in
any habitat, into two categories of stress and disturbance. He defines stress as
“conditions that restrict production e. g, shortages of light, water or mineral nutrients
and suboptimal temperature”, and the disturbance as “being associated with the
partial or total destruction of the plant biomass and arises from the activities of
herbivores, pathogens, men (trampling, mowing and plowing) and from phenomena
such as wind damage, frost, desiccation, soil erosion and fire”.}¥

It seems, however, that stress and disturbance also strongly influence plant
growth, especially, the growth of tree seedlings in the initial stages of the establish-
ment of forest and can be said to be limiting factors for afforestation in severe
environments.

To minimize the level of the effects of stress and disturbance on planted
seedlings in severe environments, sheltering of trees is thought to be a necessary
step in the process of forest establishment. Many workers referred to various
types of shelter and their effects on the growth of trees in the process of forest
establishment and also on the growth of trees for other purposes. PaPER (1983)
recommended plastic net tree guards as shelter for trees.® TUELY (1985) suggested
plastic tubes as individual tree shelter, which will reduce animal damage and enhance
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early growth by providing a greenhouse effect.® Jensen (1985) mentioned shelter-
ing properties of screens.®

All such and other forms of mechanical shelter protect individual, also groups
of trees, against damage by man, animal, snow and strong wind. In severe environ-
ments, however, in addition to the above mentioned effects of a shelter, the soil
improvement effect of it, especially, the addition of organic matter to the system,
with the help of a shelter, is certainly very important.

Other workers mentioned the combination of mechanical shelter (wooden
fences) and the fast growing pioneer bushes and trees as shelter for protection of
newly planted trees in severe environments. HicasHI (1976) suggested the zensei-
rin (preforest tree belts) sheltering method for forest establishment in severe environ-
ments in Hokkaido.”” According to this method at the first stage, several rows
of fences (composed of poles and bamboos) are erected and tree planting is carried
out between these fences. Since the fences are usually destroyed by strong winds
and seedlings are exposed, thus resulting in injury and damage to the plants. A
simultaneous planting of fast growing trees such as willows (in the first line) and
the planting of needle leaved trees (behind the first line) as main species have to
be carried out. The willows attain sufficient height in a short period of time and,
therefore, will provide shelter for the main trees — even when the fences are
destroyed by strong winds.

Sarro (1984) and Ito (1985) put forward the ‘‘gisei-rin” (sacrifice and nursing
tree lines) sheltering method. In this method fences are erected and the pioneer
tree and bush species are planted around the main trees — usually a needle leaved
tree species.®#

Using woody material for sheltering could be beneficial in areas where such
material is abundant and easily available. But in those regions, where the vegetation
has been destroyed and there is already a shortage of wood for use as fuel and
building material, the use of poles and other woody material for shelter will put
an extra burden on the forest. Because the woody material used for construction
of fences and other structures as shelter are supplied from man-made or natural
forests and other areas containing vegetation. Especially in large scale afforestation
projects, where for creation of shelter a considerable amount of woody material
might be used, this will indirectly contribute to the over-exploitation of the very
forest; for creation, expansion and protection of which these projects will be
implemented.

In this study, however, the concept of vegetational shelter has been introduced
for revegetation of severe environments. Vegetational shelter is defined here as
live shrubs, bushes and trees, which, while growing themselves, at the same time,
contribute to the development of planted trees around them and their environments ;
by providing stability (reduction of the level of disturbance and stress) and by
adding organic matter to the system.

Hereinafter, for the sake of brevity the vegetational shelter will be called only
shelter, and other forms of shelter when referred to will be mentioned by their
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respective names.

According to this concept, in the initial stages of revegetation in severe environ-
ments, the surface of land is stabilized by using locally available non-woody material
such as stones, soil and clods of earth and by constructing alternate terraces. The
revegetation is carried out in several stages: by planting soil improving, fast growing
shrubs, bushes and trees or trees other than these in several lines as sheltering
trees in the first stage. In the subsequent stages when the sheltering trees grow
to a certain height, in a block of land, the outside lines are kept intact, but the
alternate inside lines are cut and the main tree species are planted between them.
In this process, with each time planting of the main species the sheltering species
will be cut. The outside lines are not cut, until the canopy of the main species
is closed. The cut parts of sheltering plants are mixed with soil.

In this way, two objects are accomplished : i) shelter is provided for the main
species, ii) soil improvement and surface stabilization is achieved by the addition
of organic matter (leaves, twigs and branches of sheltering species before and after
cutting) to the soil. Another advantage of this concept is that the material men-
tioned above can be procurred free of charge or with nominal charges. These
are available almost everywhere and can be transported by simple means, available
in the villages to the project site. Also by handling the material and working in
the project, employment opportunities can be provided for a large number of seasonal
or fully unemployed people, specially in developing countries.

After the plantation reaches to maturity, among the groups of trees a mutual
vegetational sheltering is established. In this stage, e.g, in areas where strong
winds are the main agent of disturbance and stress, first line(s) of trees facing the
wind, sand or snow drift, act as shelter for trees in the middle of the forest. Tree
line(s) in the middle of the forest act as shelter for trees and their environments
in the end of the forest. These sheltering trees reducing the level of disturbance
and stress, add organic matter systematically and continuously to the sheltered site
and help the organic matter to remain in place and accelerate its decomposition,
finally advancing the process of mineralization of organic matter and the development
of environmental site factors. In this way each line(s) of trees in a plantation acts
as shelter for trees growing behind them, and the effects of shelter are expected
to increase progressively, the further and deeper the forest extends.

At the advanced stages of plantations established in devastated hillslopes where
the main disturbance is soil erosion by run-off water, the forest canopy, the under-
story and the undergrowth act as a multilayered shelter for the ground surface.
A dense canopy and its understory are expected to absorb the intensity and energy
of rain drops, prevent run-off, add organic matter to the site and provide stability
for its decomposition and mineralization. This will consequently lead to the impro-
vement and development of environmental site factors in such areas.

It, therefore, can be said that in the advanced stages of plantations established
in severe environments, where wind is the main agent of disturbance, shelter is
frontal and horizontal, and where the rainwater as run-off is the main agent of
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disturbance shelter is layered and vertical.

The vegetational shelter as mentioned before, implies in the beginning stages
of the revegetation of severe environments as well as in the advance stages when
the plantation is mature.

In this study, in addition to defining the concept of shelter and its possible
effects on newly planted seedlings in the initial stages of revegetation in severe
environments, an attempt has also been made to evaluate the effects of shelter in
the mature plantations in coastal sand dunes and in devastated hillslopes. For this
purpose a number of environmental site factors (edaphic, plant) have been used as
indicators of the effects of shelter, in these environments.

Waterlogged, saline, bare and active sand dunes, bare and devastated hillslopes
are all disturbed and stressed and, therefore, can be called severe environments —
though in different forms and levels. In this study, however, coastal sand dunes
and hillslopes, devastated mainly by man’s action have been investigated. Based
mainly on the results and conclusions of this study, patterns of planning for reve-
getation of bare sand dunes and devastated hillslopes in semi-arid regions has been
developed.

The reason for choosing these two types of environments for this study in
Japan, where in general humid climatic conditions prevail, is the fact that: though
bare and devastated sand dunes and hillslopes in humid regions and in semi-arid
regions could differ in many aspects, nevertheless, most of the limiting factors for
revegetation of these environments given below ; 1) erosion of the surface, 2) in-
stability of the surface, 3) high temperature on the surface, 4) low moisture content
of the soil, 5) deficiency of clay and nutrient material, are the same in both humid
and semi-arid regions. :

2. Study areas
1) Natural conditions

Sunasaka seaside forest and sand dunes are located 8 km to the north of the
town of Esashi, Hiyama district in the southern part of Hokkaido (Fig. 1). It
covers a total area of about 88.0 ha (1.5 km long and about 0.58 km wide), out of
which 65 ha are planted with Pinus thunbergii and 23 ha consist of either bare
sand dunes or sand dunes covered, mainly, with natural vegetation of seaside dunes.
It is marked as compartment 545 in the forest map of Hiyama district.

The northern border of the area is Sunasaka sandy hills and its southern
border adjoins the River Assabu. The unforested part of the dune system is com-
posed of three ridges running more or less north-south, parallel to the coast line.
Starting from the seashore, first comes the fornt dune which was formed as a
result of vertical fencing at the early stages of sand dune stabilization work. After
slacks and depressions there is a discontinuous middle dune, slightly higher in eleva-
tion than the front dune. In front of the pine forest, in the more inland areas,
there lies a discontinuous natural dune.

From shoreline to inland there is an open area, about 50 m wide, parallel
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Fig. 1. Location of studied areas.

to the fornt dune, which has been exposed to strong winds from the sea and
contained few plants of Carex kobomugi. Then until the seaward side of the front
dune, C. kobomugi formed a fairly dense cover and is dominant. “This is a dune
forming plant which has the capacity to renew growth in response to sand covering,
it has xerophilous nature: coriaceous glossy and thick leaves and a deep rooting
system. Also it has the capacity to produce vertical and prostrate rhizomes against
sand accumulation and so when a shoot is overwhelmed by sand, one or more
buds develop a vertical shoot which unfolds leaves on reaching the surface. Thus
the more covered with sand, the more vigorous kobomugi will be” [Naokr (1979)].2

The ridge of the front dune was sparsely covered with Elymus mollis (Hamanin-
niku) and kobomugi. These two species grow in April and are present until the
end of October or beginning of November. Their over-ground parts, which provide
a vegetation cover, though sparse, for the ground surface, however, die in winter;
the season when strong wind blows.

The inland side of the front dune contained a mixed vegetation of E. mollis,
C. kobomugi, Plantago japonica, P. lanceolata, Poa annua and Artemisia stelleriana
— E. mollis being the dominant species. The vegetation of the middle dune and
of the depressions between the middle and natural dunes was composed of Rosa
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rugosa, E. mollis, Amorpha fruticosa and A. stelleriana. The seaside of the
natural dune supports a sparse cover of shrubs and bushes, while its inlandside has
a thick vegetation cover and the land surface is fairly stabilized in comparison to
front and middle dunes. R. rugosa formed the principle plant on this dune as well
as on sandy hills to the north of the study area. It seems that this plant invades
the more inland and relatively stable sand dunes. Other bushes covering the
natural dune are Elaeagnus umbellata and A. fruticosa, both natural and planted,
and Qenothera lamarckiana. ,

A few meters from the natural dune, the plantation of Pinus thunbergii began.
The understory of the plantation is mainly composed of Quercus mongolica, Q.
dentata, Elaeagnus umbellata and Populus alba.

According to the climatological data recorded from 1967 to 1971 at the Esashi
weather station, the annual mean air temperature was 9.5 degrees centigrade, and
data from 1979 showed the maximum temperature to be 32.8 and the minimum
minus 10.3 degrees centigrade. Total annual precipitation was between 1200~
1300 mm which come down as snow during the winter and as rain during the
spring and summer. Strong winds blow in the months of December and January.
Monthly average wind force during these months reaches to more than 9.0 m/sec.
which is one of the strongest all over Japan (Fig. 2).- The most {requent direction
of wind from autumn to early spring is WNW from the sea of Japan to the
inland, and during the summer is in WSW direction.

Ishikari sand dune system is located about 15 km to the northwest of the city
of Sapporo and is extended to the northeast and southwest sides of the bay of
Ishikari on the Japan Sea, into which the Ishikari River drains. The sand dunes
close to the coast contain some sparse natural vegetation such as Carex kobomugi
and Elymus mollis. The dunes in more

inland areas, however, are mostly planted
104 +———e Sunasaka

with Pinus thunbergii. o— Esasi
e —-e Hakodate

The average annual precipitation and
temperature inthis area are 1,117 mm
and 7.3 degrees centigrade, respectively,
with heavy snowfall from November
through March. In inland areas, the
snow depth reaches to more than one
meter mostly in February. As Ishikari
sand dunes are situated along the Japan
Sea coast, strong winds blow from late
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winter through May. Wind direction is J F M A MUJIJ AS O ND
mainly southeast throughout the year, Months of the year
and has an annual average speed of 4.1 Fig. 2. Average wind speed (1979-1983) in
m/sec. Sunasaka and adjacent areas.

. . . (Based on data from Hokkaido Me-
Ashio district, with an area of 185 teorological Department and Suna-

km? js situated at the extreme western . saka Meteorological Station).
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edge of Tochigi prefecture of Japan. The average annual precipitation, temperature
and wind speed are 1,636 mm, 11.3 degrees centigrade and 1.7 m/sec, respectively.
The highest temperature, however, is 34.3 degrees centigrade and the lowest
minus 15.0 degrees centigrade. The temperature of May-September plant growing
season averages 20.4 degrees centigrade. Most of the rain falls during the growing
season and is under the influence of Typhoons during the months of August and
September.

Frost heaving is a problem for revegetation of the area because it damages
planted seedlings. According to the data from 1968~1972, the early frost first
occurs mainly during the month of October before the snowfall.

The bulk of the bedrock in Ashio is Palaeozoic strata consisting mainly of
shale. In this there are intrusions of various types of igneous rocks such as
granite and quartz — porphyry, etc, due to the occurrence of volcanic activities.
Covering these underlying rock types can be seen rhyolite, andesite, and/or volcano-
clastic materials. While, over much of the devastated land soil has been washed
away leaving the bedrock exposed, there is clay loam in mountainous and hilly
areas and on gentle slopes. In general, however, the soil is thin, and is of poor
fertility.

Prior to devastation, the natural forest in Ashio area was composed mainly of
Fagus crenata (buna), Quercus mongolica (mizunara), and Tsuga diversifolia
(kometsuga). In general, however, the natural vegetation of Ashio belongs to the
following five types: Pseudosasa purpurascens (suzutake), Sasa nipponica (miyako-
zasa), Betula ermanii (dakekanba), Miscanthus sinensis (susuki) and Clethra bar-
binervis (ryobu).

Tanakami mountains cover an area of 5,100 ha and are located in the upper
reaches of the Yodo River, which flows out of the Biwa lake. It is the extreme
southern part of Shiga prefecture in western Japan.

In comparison to the average annual precipitation of the country which amounts
to 1,700 mm, the precipitation of this area is in general low. This can be clearly
seen from the precipitation of Ueno 1,506 mm, Kobe 1,367 mm and Okayama 1,218
mm which are situated in this area. Air temperature is generally mild. The soil
temperature, however, on the surface layers of the bare ground reaches up to 50
degrees centigrade in mid-summer.

The base rock of the area is granite in which deep weathering has taken
place. The sandy material produced from this rock is “susceptible to dryness,
has a low absorption capacity for nutrients and is highly erodible” [IsHiBAsHI
(1981)].2

In the ancient times (as the documents from 17th century show) the Tanakami
mountains were covered with well stocked Cryptomeria japonica (Japanese cedar)
and Chamaecyparis obtusa (Japanese cypress).

2) Investigation in study areas

In Sunasaka, a belt transect, 10 m wide and 850 m long, was taken. This
extends across the front, middle and natural dunes and the stand of black pines,
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thus forming a cross-section of the whole area. Five sample areas were chosen
along the transect belt, three inside and two outside the forest. Along this transect
belt, tree height and DBH were measured in the plots of 10 mX10 m in the sub-
compartments which were planted in 1939, 1940, and 1943. Also the same measur-
ments were carried out outside the belt in plots planted in 1941, 1944, 1947 and
1949. The composition of vegetation was recorded along the transect belt as well
as outside it, including the undergrowth. The inclinations of ten most deformed
trees in each plot along the transect belt and in one plot outside it were measured
to determine the degree of stem deviation from the straight position. One tree
(the most deformed one) from each plot has been cut for stem and compression
wood analysis.

Soil profiles were dug up to a depth of 50 cm in all the sample areas. Soil
samples were taken from the surface, Ao layer, A horizon and from below the
Ao layers; 5, 20 and 50 centimeters deep. The samples brought to the laboratory
and their soil mositure contents were measured by the gravimetric method. The
pF of soil samples was determined using a Kokusan Centrifuger. A part of the
samples was airdried for one week and the airdry moisture was determined. The
total organic matter content was measured by ignition loss under 700 degrees cen-
tigrade in a furnace. Carbon and nitrogen were determined with a Yamagimoto
CN Corder, CEC (cation exchange capacity) with an Orion Ionmeter, and the pH
with a TOA Ionmeter. A mechanical analysis of the soil was carried out by siev-
ing and with a Recording Sedimentor RS 1000 using a chemical stabilizer for pre-
vention of the coagulation of particles.

Air and soil temperatures were measured (in Ishikari and in Sunasaka) using
a digital thermometer.

A preliminary field observation of the Ashio and Tanakami mountains was
carried out in July, 1982 and March, 1983, respectively. The purpose was, first to
become familiar with these two areas, which were considered to be the representa-
tive devastated hillslopes in Japan. Then in August, 1983 the revegetation systems
in Ashio and Tanakami were investigated. The plantations established as a result
of the application of these systems and their effects, mostly in the form of soil and
plant conditions, were studied.

The measurements were carried out in a series of eight plots (plot size 10 m X
10 m) which were set-up in slightly, medium and highly damaged areas of Ashio
mountains. In each plot tree height, DBH, litter thickness and soil pH were
measured. Kind of afforestation works applied, erosion features and the natural
invasion of plants were investigated. The effects of sabo dams (erosion and sediment
control dams) on rehabilitation of these areas was determined by investigating the
natural invasion of plants behind them. Two such dams were selected. The
amount of deposited sediments, percentage of the area invaded by plants and the
ages of deposits were studied by using tree ring method.

3) Degree of sheltering in study areas

It has already been mentioned in the section on the study method that in the
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mature stages of plantations, established in severe environments, a mutual shelter-
ing exist among the trees against the actions of agents of disturbance. The degree
of exposition, of the mutually sheltered areas, however, to the actions of these
agents is not the same. There could be areas highly exposed, as a result of which
some trees could sustain damage, lose some of their sheltering properties and not
provide complete shelter for other trees and their environments. The reverse
could be true for the least exposed areas where trees were not damaged and did
not lose their sheltering properties. Also there could be areas in between.

The possibility also exist that parts of a plantation may develope well and
providing sufficient cover and shelter for the surface of the land, while in other
parts the plantation develope poorly and, not been able to provide adequate shelter-
ing against disturbance. Thus, it can be said that in this way different degrees
of sheltering are found in a plantation. The significance of the degree of sheltering,
however, is that it could affect the development of site factors accordingly.

Based on the presence and absence of vegetation cover in critical seasons (time
when strong wind blows or strong rain falls), the damage inflicted by disturbance
to this cover (when present) and the significance of these damages to the sheltering
properties of trees, four degrees of sheltering has been found to exist in Sunasaka
seaside forest and in the plantations in Ashio and Tanakami mountains (Table 1).

In Sunasaka, plot 5 was located outside the forest on the front dune, very close
(41 m) to the seashore and was exposed to strong wind blowing from the sea
and had very sparse vegetation cover in summer and was found to be bare in
winter, when strong wind blows. As a result, this plot was continuously exposed
to the highest degree of disturbance from sand and snow drift. The ground in
Plot 4, located on the seaward side of the natural dune, was sparsely covered by
shrubs and bushes in summer, similar to polt 5 and was found to be mostly bare
in winter. Due to this and its closeness to seashore, sand and snow drift occurred
and strong wind constantly removed organic debris and disrupted their decomposi-
tion. This could be seen from the thickness of Ao layer in this plot. These two
plots, therefore, have been designated as “unsheltered”.

Plot 3, located at the beginning of the plantation and was covered by pine
trees which were directly exposed to strong wind, sand and snow drift and salt
spray from the sea. As a result of these disturbances a number of trees in this
plot were dead and the stems of living trees were highly inclined (ave. 29.0 degrees)
and branches grew only in their leeward side. This plot has been named ““partly
sheltered”.

Due to the absorption of the impacts of disturbance by trees in the plot 3,
the trees growing behind them in plot 2, in the middle of the forest, contained
very few dead trees and their inclination was 3.5 times less than the stem inclina-
tion of the former and some branches grew also in the windward side of the
stems. This plot was named “sheltered”.

Finally in plot No. 1 at the end of the forest there were no dead trees at all,
inclination of the stems of trees was 6.0 times less than that in the middle of the
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Table 1. Classification of degree of sheltering in mature plantations

Sunasaka seaside Ashio & Tanakami
forest (A) hillslopes (B) Degree of
Criteri sheltering
riteria Effects of Corresponding Effects of Correspond- proposed for
disturb- location in disturb- ing location fields A & B
ance plantation ance in plantation
Vegetation cover present all Not End of the Not Forests Highly
over the year and is not significant  plantation significant sheltered
affected by disturbance
Vegetation cover present all Tree stem Middle of the Slight Well Sheltered
over the year but slightly inclina- plantation danger of developed
affected by disturbance tion recycling plantation
of erosion
Vegetation cover present all High Begining of Danger of Poorly Partly
over the year but strongly degree of  the planta- recycling developed sheltered
affected and damaged by a stem incl-  tion of erosion and sparse
high level of disturbance intion, high plantation|
number of
dead trees,
branches
growing
only in the
leeside
Vegetation cover absent all  Erosion of Front, middle Erosion of Bare Unsheltered
over the year or only in the sand dunes and a the surface hillslopes
the seasons when there is a  surface, part of soil, rock-
high level of disturbance removal of natural fall and
the organic dune. soil flow
debris from
the land
surface

forest and branches were found growing in both windward sides and leeward sides
of the stems. This plot, therefore, was named “highly sheltered”.

In Ashio and Tanakami mountains, the cover which was provided for the
hillslope by the plantation and the thickness of Ao layer under the plantation were
taken as the indicators of the degree of sheltering. In both of these areas there
were places where revegetation did not succeed. The land surface was not sheltered
and was partly or completely bare. In such places soil erosion was active and Ao
layer was either very thin or not formed at all. In other parts, where plantation
was poorly developed and the land surface was partly sheltered, there was a danger
of recycling of erosion. The effect of shelter, however, is very clear in well de-
veloped plantations and in areas where already the forest has been established.
In the latter case, disturbances such as surface erosion (rills and gullies), soil flows
and rockfalls have not been seen. The Ao layer is thicker, due to the stability
provided by the shelter, than the Ao layers of the poorly developed plantations.

Thus it can be concluded ; i) in plantations, growing in windy areas, the impact
of disturbance by wind which is not absorbed by the first line of trees and are
penetrated further in the forest, is minimized by the trees in the middle of the
forest, and the effects of sheltering of the above mentioned two lines (beginning and
middle of the forest) are so strong that the impact of disturbance is not felt at
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the end of the forest; ii) in the devastated hillslopes, the cover provided to the
surface of the slope by shelter, results in the reduction of the impact of disturbance.
These indicate that the effects of shelter can vary, according to the degree of
stability it provides.- Also, the development of environmental site factors, which
depends mainly on the reduction of stress and disturbance, can be influenced by
variation of these degrees.

II. Some aspects of severe environments

1. Inland dunes of semi-arid and arid regions

Active sand dunes occur in several large sand — seas, that cover an area of
about 4,000,000 km? in the big deserts of the Sahara, Arabia, Asia, South Africa
and Australia. Other areas of the same desert, about 2,000,000 km? in all, are
covered by fixed dunes (Fig. 3).

The semi-arid and the total of arid and hyper arid areas in the five continents,
on the other hand, are 18,000,000 km? and 28,900,000 km?, respectively (BAUMER
and SALEM, 1980).® This indicates that the sandy areas occupy about 12.6% of
semi-arid and arid regions — a considerable area for exploitation.

BagNoLD (1954) classified the main observed characteristics of the various types
of sand dune formations, which are found in nature, as follow :¥

A — Deposits caused by directly fixed obstructions in the path of sand driving
wind, e.g, by bushes, rocks or cliffs. These are termed sand shadows and sand
drifts, that are dependent for their continued existence on the presence of the
obstacles and can not move away from it.

Fig. 3. World distribution of desert big active and fixed
o7 - Pleistocene sdnd dune fields. R
(After TSOAR and ZOHAR, 1985).
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Fig. 4. The barchan dune A, double barchan B, transition from
barchan to longitudinal dune C, and symmetrical longi-
tudinal dune chain D.
(After BAGNOLD, 1954).

B — True dunes. A single dune, may be defined as a mound or hill of
sand which rises to a single summit. Dunes may exist alone or attached to one
another in colonies or as dune chains, and are independent of any fixed surface
feature. Although capable of movement, from place to place, they are able to
retain their own characteristic shape. A special feature of all dunes, according to
BagNoLD (1954), is the slip-face where the slope of the dune surface reaches the
limit of steepness imposed by the angle of shear of the deposited material.®

True dunes assume two fundamertal shapes: 1, The Barchan or Crescent dune
and 2, The Longitudinal or Seif dune (Fig. 4). Seif and Barchan dunes are more
mobile and are generally without vegetation. Rounded longitudinal dunes are more
stable on the wind side and less stable on the downwind side. So the tail is
colonized by plants but the downwind side is not (GHosE, 1985).1®

C — Sand sheets

MAINGUET (1985), however, introduced a new classification.® He groups the
active dunes into three families which included a wide variety of forms and coincide
with three main aeolian regime :

A’ — Crescent dune family is generated by an aeolian flow with one dominant
direction perpendicular to the dune.

B — Linear dune family corresponds to an aeolian flow having two main
wind directions or a dominant wind direction divided by a topographic obstacle.
This is an oblique dune.

C -— Star dune family is indicative of an aeolian regime without dominant
wind. : bbb

MAINGUET (1985) also notes that parabolic dunes and sandridges correspond
to dominant deflation and exportation in a sand sheet, and are erosional forms of
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sand dunes.®

BacNoLD (1954) found no distinctive difference in the material, forming the
different dune shapes.? He concluded that the dune type was determined by the
character of the wind — by its relative period of variation in strength and direction.
According to him the longitudinal dunes form as a result of wind blowing from
several directions, while the barchans are formed when the wind is uni-directional.

He said that “sand have the power of self accumulation, utilization of the
energy of the wind to collect their scattered components together into definite heaps.
This is the reason that dunes can retain their identity and can move from place
to place”.

Sand dune texture affect the mobility of the dunes by the wind, the percolation
rate of water and its movement through the soil, the soil water holding capacity
and its temperature. All these characteristics of sand are very significant for plant
growth and for agriculture. Generally, soil particles have been classified into four
classes : gravel, sand, silt and clay. A number of different classification of grain

size have been devised all based on the above mentioned classification of soil particles
(Fig. 5)|

0.002 0.05 0.10 0.25 0.50 1.00 2.00 mm
P4
AN
very very
United States fine fine mediumcoarse| coarse | Gravel
Department of Clay Silt
Agricult
gric ure sand
Wentworth (1922) Sand
Sedimentological Silt
Scale very very
fine fine [mediunmlcoarse|coarse Gravel
0.004 0.0625 0.125 0.25 0.50 1.00 2,00 mm

Pig. 5. Terminology and class intervals of soil particle by the two
main classification systems.
(After TSOAR and ZOHAR, 1985).

GHoOSE (1985) notes that desert sand is composed of quartz grains mixed with
feldspar and some limes with very small percentage of hornblend and ilmenite.®
Iron oxid is also present as coating over the sand grains. This affects the colour
of sand grains. The pale colour of shifting sand is due to the removal of iron
coating, during saltation.

The source of the desert dunes, seems to be, mainly, alluvium and dead drainage
system, as well as weathering bedrocks leaving residual quartz grains in the form
of sand sheets (GHosg, 1985, TsoARr, 1985).

Tsoar and ZoHAR (1985) mentioned that “frequent winds are not capable of
drawing along particles coarser than 1.0~2.0 mm. The most mobile particle size for
the frequent winds is the fine sand —0.125 to 0.250 mm”#” The very fine particles
are moved by air in suspension, because turbulent air flow has vertical velocity
fluctuations, which exceed the sedimentation velocity (BAGNoLD, 1954). The higher
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the wind velocity, the greater its vertical velocity. The smaller the grain size, the
lower its sedimentation velocity (TsoArR and Zouar, 1985).

Tsoar (1985) found that “suspended particles deposited on active sand dunes
are not stable, but are carried away during sand storms since the impacting sand
grains provoke the release of the silt and clay to the wind. If the dune is fixed
or has become semi-stabilized through vegetation, then the aeolian silt and clay
deposition is trapped by the coarser sand sizes and conveyed by the percolating
rain water to deeper layers. By this process, the clay and silt contents in the
dune system can be raised from less than 1.0 percent in active dunes to 10.0 percent
and more in fixed dunes”.?

The fine sand is moved by saltation — the bouncing and jumping movement
of grains. On falling back to the ground, these grains have enough momentum to
induce saltation in other fine sand grains on the surface. Medium and coarse sand
grains are too heavy to be thrown-up into the air, so that only a small forward
movement — creep occurs. TSOAR (1985) observed that “because of the difference
in pace between the jumping fine sand and the slower coarser surface creep, the
fine sand tends to accumulate into dunes separately from the coarser sand”.?

2. Coastal sand dune devastation and revegetation

_ The source of coastal sand dunes, which form less than one percent of the
total area of desert dunes (Tsaor and ZoHAR (1985)),* is the upstream watershed
of the rivers which flow to the sea. These rivers carry sand particles to their
estuaries, from where seawave carries these particles to the nearby beach, where
the dunés are formed. Strong winds carry the sand to more interior areas.

Coastal sand dunes are found in arid as well as in humid areas. The coastal
dunes in the humid regions of Japan are not wider than several kilometers. But
in arid areas, as TsoAR and ZoHAR (1985), are observed some ancient coastal dunes
which migrated inland, creating a wide belt of 70 to 80 km.

Sand dunes are formed in coastal areas of humid, semi-arid and arid regions,
as well as in the deserts. These dunes are, however, different in some respects :

Coastal dune

Important site for recreation, urban
and industrial activities, and to lesser
extent agriculture activity.

High water table.

Features masked by form, introdu-
ced by moisture and vegetation.

Sand is transported by water.

Uniformity of grain size
(mostly fine sand).

Desert dune
Occasionally inhabited and utilized
by nomadic tribes as pasture.

Low water table.

Lognitudinal and crescentic shape.

Origin of sand is either an escarp-
ment or a series of depressions and
sometimes the origin is not clear.

Grain size depends on the origin of

sand, but mostly are in the medium
and fine range.
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Fig. 6. Distribution of sand dunes in Japan.
(After NAKANO, 1962).

In Japan the coastal sand dunes occupy an area of about 100,000 ha [IKEDA
(1963)],2%* and are mainly located along the coasts of the Sea of Japan and the
Pacific Ocean (Fig. 6).

In the past, the vegetation cover of these dunes were destroyed, mainly, due
to the over-exploitation by man for use as fuel and for the processing of fish in
coastal villages. As a result, vegetated sand dunes turned bare. Where strong
wind blew, moving sand dunes encroached on agricultural land and villages and,
occasionally, even covered them partially. The fixation of these dunes, therefore,
become a pre-requisite for the exploitation of sand dune ecosystem. Also for the
development of the areas, threatened by the moving sand dunes. For this purpose
extensive sand dune stabilization work, especially, in the postwar period started in
Japan.  As a result of which, most of the bare and active sand dunes had already
been fixed and revegetated. Nowadays, sand dunes are very important sites for
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recreation and sometimes urban and (1) (3)
industrial activities. In areas where !
plantation for the sand dune fixation 2(m)
has already been established, the exploi- (2) (4)

tation of some forest products, such as

mushrooms, are also very common. e
In bare sand dunes in Japan forest (5)
was established by : fixation of moving N 12 omee e oo
dunes, followed up with planting of trees. Ot e N
Fixation of sand dunes was carried
out by the creation of an artificial dune, (6)
close to the seashore — called the front Kmmm e 12 ------- P
dune and by covering of inland bare T
dunes with straw mats. The front dune
is created 90 m to 100 m inland from (7)
the seashore, in order to cut-off the fresh oo 8 oo 12 ook 6 42
supply of sand blown from the sea to R
inland.
As a rule for the formation of (8)
front dune, first a nucleus, which is fom - 20----------cooko--geoooo
either brushwood fence, bamboo-blinded : o --1;.--.7_
fence, fern fence or paling fence, is 0 10m
created. All these fences are permeable, —
The nucleus is created by erecting one Fig. 7. iteps in the formation of front
fence or two fences a few meters apart, ( X?::r HIGASH]I, 1979).

parallel to the seashore and at a distance
from it corresponding to the position at which the crest is required (Fig. 7).

Brushwood fence is inserted 30 cm in the ground and remain 60 cm to 1.0 m
high on ground. First pales are driven with about 1.0 m intervals, iron wire or
bamboostalks are tied to them horizontally. Then brushwood is put on ver-
tically with a moderate degree, for the penetration of air. Finally, iron wires or
bamboostalks are tied horizontally on them. Fern fence is erected in almost the
same manner as the brushwood fence.

When the erected fence is nearly burried, a new fence is erected on the top
the former or at a place 50.0 cm windward from it. If the new fence is erected
on the leeward side of the old fence, it might be blown down by the force of the
already accumulated sand which may form a sand heap. If necessary, wing fence,
facing the prevailing wind at right angles, is erected on the windward side of the
main fence. By suitable combination of the main fence and wing fence, sand
dune will be formed in any desired direction.

A desirable front dune should attain the followings: a) the necessary height.

b) a windward side slope of not steeper than 12.0 degrees. c) a leeward side slope
as steep as the angle of repose of the sand dune. d) a broad and flat crest. Also
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the dune must run straight, parallel to the coast line and it must be far enough
from high water line to be out of danger of wave erosion.

After the front dune is constructed, the inland bare sand dunes are covered
with straw mat, as a means to prevent the erosion of sand surface. This work is
carried out simultaneously with planting. The tree widely used for the establishment
of sand dunes in Japan is Pinus thunbergii — Japanese black pine.

In 1870s the coastal dunes of Sunasaka were covered with a natural forest of
Quercus mongolica, Q. dentata, and Acer mono. From 1890-1910s, the natural
forest was cut for fuel and for the processing of Nishin (a kind of fish) by fishermen
living in the nearby villages. By the late 1920s, the whole area turned into bare
sand dunes. As a result, strong north-west wind, drifted the bare sand up to
a distance of 7.0 km inland. Thus burrying the agriculture land. To rectify the
situation the following actions were taken in Sunasaka:

— 1934, 25.6 ha of devastated land in Sunasaka was proclaimed as national forest
and protection area against sand drift. In the subsequent years a total of 59.32 ha
of national land was added to Sunasaka and the total area of national forest in
this area reached to about 84.9 ha.

— 1937-1938, construction of fences for sand accumulation and wind protection
started and Pinus thunbergii and Acer mono were planted in an area of 20.01 ha.
But due to the destruction of fences by wind almost all planted trees died.

— 1939-1940, distribution of natural dune, soil and plant conditions were investi-
gated and a vegetation map of the area was drawn. 33 species of plants were
examined for planting.

— 1941-1946, planting continued until 1945. Only 20.0 ha was planted.

— 1947-1953, construction of front dune started. New planting proceeded well
and re-planting of the failed areas was carried out. Fire protection facilities and
forest roads were constructed. Thinning started from 1953.

— 1954-1963, most of the main planting works were completed.

The sand dune stabilization work, which started from mid-thirties, composed
of the following : the creation of the front dune — close to the seashore, fencing
for protection against wind, and straw covering for protection from strong heat and
for soil moisture conservation in summer — in more inland areas.

In Sunasaka, starting from the seashore, first comes the front dune which
was formed as a result of vertical fencing at the early stages of sand dune stabiliza-
tion work. Two rows of fences, 1.8 m in height, 2.0 m apart and 1500 m long,
parallel to each other were erected. When the first fence was covered by sand,
a second fence was erected on the tope of it. The work continued until most of
the sand particles were deposited on the seaward side, ridge and inlandward side
of this artificially constructed dune, and the largest amount being on the leeside.
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Despite the formation of front dune, sand drift did not stop completely and was
still a problem util the year 1975. In the winter of 1974-75, for example, about
30 cm to 50 cm thick layer of sand was found eroded from the bare areas.

——

The Sea of Japan

fixition fence

1939

1948

1960

-~

-
- -
~

Fig. 8. Changes in topography of coastal sand dunes in Sunasaka
due to the construction of sand dune fixation fence.

(After HIGASHI, 1979).
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After the formation of the front dune, the position and direction of sand
dunes have changed considerably. As can be seen from Fig. 8: in 1939, when
the front dune was still in the process of formation, a large number of small
dunes, mostly directed towards the inland, existed; in 1948, when the front dune
was already formed, but did not attain the necessary height, the position of dunes
remains irregular; in 1960, however, when the front dune acquired the necessary

height and had affected the wind direction only few large uni-direction dunes were
formed.

For revegetation of the area, a total of the following 33 species of grasses,
shrubs and trees were planted experimentally : Pinus thunbergii (Kuromatsu),
Acer mono (ltayakaede), Quercus dentata (Kashiwa), Fraxinus mandshurica (Yachi-
damo), Populus alba (Gindoro), Elacagnus umbellata (Akigumi), Amorpha fruticosa
(Itachihagi), Abies sachalinensis (Todomatsu), Populus nigra (Popura), Prunus spp.
(Sakura), Betula spp. (Shirakanba), Pterocarya rhoifolia (Sawagurumi), Fagus
crenata {Buna), Ligustrum obtusifolium (Ibota), Acer negundo {(Negundokaede),
Gleditschia japonica (Saikachi), Populus maximowiczii (Doro), Deutzia crenata
(Utsugi), Larix kaempferii (Karamatsu), Cryptomeria japonica (Sugi), Thujopsis
dolabrata (Hiba), Paulownia tomentosa (Kiri), Sorbus spp. (Nanakamado), Castanea
spp. (Kuri), Juglans spp. (kurumi), Aesculus turbinata (Tochi), Albizzia spp. (Ne-
munoki), Quercus spp. (Nara), Ulmus davidiana (Harunire), Carpinus laxiflora
(Akashidej, Alnus pendula (Himeyashabushi), Alnus hirsuta (Keyamahannoki), and
Pinus pentaphylla (Himekomatsu).

According to a survey carried out by the Esashi District Forest Office, only
the first of the above mentioned eleven species could survive the harsh environ-
ment of Sunasaka.

Planting of trees was carried out wherever a stable area was found and -con-
tinued until late sixties. Two main species of trees, namely, Pinus thunbergii and
Quercus dentata were chosen for planting. Pinus thunbergii showed a very high
rate of survivability. At present this species forms more than 98.0% of the compo-
sition of the plantation in Sunasaka. Simple pits were dug for the planting of
bushes and trees. In the first line soil improving bushes such as Amorpha fruticosa
and Elaeagnus umbellata were planted and than the main tree of Pinus thubergii.
The soil improving bushes grew up to a height of more than 1.0 m. In order to
reduce their competition with the main tree, they were cut after four years. In
order to prevent the erosion of the surface of the bare sand, the surface of land
was completely covered with straw mat.

3. Hillslope devastation

Devastation of hillsolpes is closely related to destruction of its vegetation cover.
This can happen by natural causes such as volcanic eruptions, long lasting droughts
etc.,, as well as by man’s action. Here, however, land devastation caused by mis-
management and neglect of conservation measures by man, in the hillslopes of
Ashio and Tanakami mountains is discussed.
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In Ashio mountains, the main cause of hillslope devastation was SO, gas emis-
sion from the copper smelting factory (1884-1956). A large forest fire in 1887,
and indiscriminate forest cutting, as fuel wood for smelting and for mine timber
also greatly contributed to the destruction of vegetation cover in these areas.

From 17,828 ha natural forest of Ashio (main species before devastation :
Fagus crenata, Quercus mongolica, and Tsuga diversifolia), the vegetation cover
of a total of 14,263 ha was destroyed in different degrees.

The level of damage to vegetation cover was classified as light (7,860 ha), medium
(3,840 ha) and severe (3,155 ha). In the area of light damage, only leaves of the
plants were damaged for sometimes, then the leaves turned back to normal. In
general the vegetation survived. In the zone of medium damage, plant species
sensitive to SO, gas were seriously damaged and died and the remaining vegetation
were very scattered. Vegetation in the areas close to the smelting factory (source
of the SO, gas) and area along the valley (where the factory was located), were
destoryed completely and as a result bare mountain slopes appeared. These areas
were classified as heavily damaged.

After the cessation of the emmision of the gas from the smelting factory in
1956, vegetation to the light and medium damaged areas was restored to a great
extent by natural invasion of plants and by application of some revegetation work.
Heavily damaged areas, however, were not recovered completely. A total of 2,500
ha were remained bare until July, 1983.

In Tanakami mountains, however, the main cause of land devastation was
indiscriminate cutting of wood for fuel and for construction purposes. This area
was located close to the highly developed centers (Kyoto and Nara) of that time in
Japan. The precious wood of Japanese cedar and Japanese cypress from these
mountains were cut unsystematically without any provision for replanting, for
almost 1600 years, for construction of temples and shrines in those centers.

III. Development of some environmental site factors
in coastal sand dunes as affected by degree of
sheltering

1. Edaphic factors

In Sunasaka, some soil development was evident only in the top layers under
the forest. Here Ao layer from 3.6 cm to 9.1 cm thick and A horizon from 0.2 cm
to 0.8 cm thick were formed (Table 2). In all five plots, the layers below A horizon
did not show any significant evidence of soil development (sign of color change
and leaching), so the B horizon could not be designated. This indicates the im-
maturity of the soil and a lack of leaching from surface layers. A and C horizons
were distinguished by the A horizon’s dark color which is the result of accumulation
of organic matter. The predominantly sandy soils below A horizon which were
not darkened by organic matter and had the color of pure sand, were designated
as C horizon. Both the zones of accumulation and decomposition of organic matter



Table 2. Description of plant conditions and soil profiles in Sunasaka
Location and Vegetation Soil horizon |Inves Thickness of | Wei
A - ght
N?' dllsttan({fs glf tigated Colour of fresh soil Tex- [Struc- layers of fresh
p{)ots ps(e)aZho:-’e Species Planted| Age Layers Thickness| depth by Munsell ture| turel | g g litter
(m) vear | (cm) (cm) {cm) (kg/cm?)
Ay 9.1 Ay 5YR 3/1 brownisk black — —
L Efr;;le:tf 8%1(;: Pinus 1943 16 A 08 5 5YR 5/3 dull reddish brown s sg 19 16 56 07
slI;Iglgtngd thunbergii ) 20 5YR 4/3 dull reddish brown s sg ’ ) ) )
— 50 5YR 5/3 dull reddish brown s sg
Ay 4.0 Ay 5YR 2/1 brownish black — —
Middle of i 5 | 5YR 4/3 dull reddish brown s sg
2 the forest |P. thunbergii| 1940 49 A 0.6 . 19 08 13 0.6
525 Sheltered 20 5YR 4/3 dull reddish brown s sg
— 50 5YR 5/2 dull reddish brown s sg
. N A, 3.6 Ag 5YR 2/2 brownish black — —_
Close to the .
5 5YR 5/3 dull reddish b
3 | egee of the \p shunbergii| 1939 | 50 | A 02 /3 dull reddish brown | s 58 | 10 13 08| o6
Part(f;eZheltere d 20 5YR 4/3 dull reddish brown s sg
C —_ 50 5YR 4/4 dull reddish brown s sg
; Ay 0.3 Ay 5YR 4/2 grayish brown — —
OQutside forest [Rosa
4 | on the natural iavurica I _ _ 5 | 5YR 6/3 dull orange s 8 | 03 — _ 01
dune 151 . fruticosa ; : :
Unsheltered |E. multiflora 20 5YR 5/3 dull reddish brown s sg
C — 50 5YR 5/3 dull reddish brown s sg
Outside forest — — 0 5YR 4/3 dull reddish brown s sg
5 onsitc}ll: sfatvﬁird Carex _ . . . 5 5YR 4/3 dull reddish brown s s | .
front dune 41 kobomugi 20 5YR 4/3 dull reddish brown s sg
Unsheltered C — 50 5YR 4/3 dull reddish brown s sg

s: sand, sg: single grain
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Table 3. Some edaphic factors in Sunasaka seaside forest and sand dune as affected by shelter
Ig(f)' Depth ravel Sand silt Clay %g{sg;re Porosity %aii};? et gnllvI C N C/IN dB:r}ls{ity f_IH Exchangeable Cations
plots (cm) fresh soil capacity  loss (ratio) (g/cm?) Ca Mg K Na CEC
% mc/100 g
Ay — — —_ - 123.0 91.0 81.1 483 240 0.610 39.0 0.2 6.1 69 60 11 14 64.5
5 0 96.1 1.0 29 1.0 51.0 26.0 14 03 0.009 330 1.3 5.0 05 05 20 01 23.3
! 20 0 99.5 01 04 0.6 45.0 24.0 0.8 0.2 0.007 280 1.5 5.3 05 05 01 01 7.3
50 0 99.4 04 0.2 2.7 45.0 220 0.8 01 0.007 140 1.5 5.9 05 05 01 01 7.3
Ay — —_ —_ — 54.2 85.0 80.4 314 170 0330 510 04 6.1 25 1.7 02 02 55.0
o 5 0 99.5 0.3 0.2 20 48.0 24.3 0.9 01 0.009 110 14 5.6 04 03 01 01 25.0
20 0.2 995 0.2 01 1.0 46.0 20.6 0.7 01 0007 140 14 5.7 04 05 01 01 6.2
50 0.2 992 04 0.2 2.0 43.0 25.5 0.7 0.05 0.002 25.0 1.5 5.8 02 02 0.09 0.08 6.1
Ay — — —_ - 57.0 874 780 290 124 0.230 540 04 6.1 20 19 12 03 55.0
5 0.3 989 0.6 0.2 0.2 49.6 25.1 1.7 0.2 0006 330 14 5.4 03 05 01 0.2 10.0
3 20 0.3 987 04 06 2.3 43.0 24.3 0.8 0.1 0004 250 15 5.8 03 06 01 0.2 6.0
50 0.2 98.6 0.8 04 2.6 44.0 22.3 0.7 0.1 0004 250 1.5 5.7 04 06 04 02 2.2
Ap — — — — 0.4 62.0 39.0 6.6 33 0100 330 1.0 6.1 46 24 04 02 11.2
5 0 99.5 04 0.1 0.3 49.0 28.5 11 01 0.007 140 14 5.8 07 09 02 01 44
4 20 0 99.7 02 01 0.4 46.0 24.6 1.1 0.07 0.006 120 14 5.4 06 06 02 01 2.3
50 03 9959 02 001 2.5 46.0 237 0.8 0.07 0.006 120 14 54 — — — — —
0 99.2 0.7 0.1 0.3 48.0 23.0 0.4 43 0100 430 14 5.6 09 05 07 01 6.3
0 99.1 08 0.1 1.0 48.0 26.3 0.6 01 0100 100 14 5.6 08 05 02 01 6.0
> 20 0 99.7 02 01 2.0 53.0 26.5 0.9 0.1 0.100 10.0 1.2 5.1 06 05 03 0.07 6.0
50 0 99.73 0.2 0.07 2.7 45.0 25.1 0.8 0.1 — — 14 5.7 — — — — —
O. M: organic matter, CEC: cation exchange capacity
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Ao, and the zone of soil formation (A horizon) were relatively well developed in
sheltered plots, independent of the age of the trees.

Results of mechanical analysis in Table 3 (more than 90.0% sand grains), and
the working of soil between fingers and thumb in the field showed that the dominant
texture of soil in all horizons, in the unsheltered as well as in sheltered plots was
sand. The only difference, however, appeared in the A horizon in the sheltered
plots. Though the texture of soil of these horizons were not analysed separately,
they were found to be sandy loam, because they formed a cast when worked
between finger and thumb in the field.

Clay particles had the highest percentage (2.9) in the 5cm deep layers of
highly sheltered plot 1, containing 46 years old trees, while, in the same layer of
partly sheltered and sheltered plots, which contained 50 years and 49 years old
trees, the clay content is almost 14 times less than plot 1. Also in this plot the
clay content decreased regularly with depth. On the other hand in plot 2 and 3
clay content fluctuated with depth. The clay content in the 5cm and 20 cm
deep layers, in two profiles of unsheltered areas is the same (0.1%). There is,
however, a sudden drop in the clay content of 50 cm deep layers.

Among many factors organic matter may play a dominant factor in determinig
the other edaphic factors. When the organic matter in the soil increases than the
CEC value, the total nitrogen and carbon content will increase together (NAOKI et
al., 1979).# In the Ao layer of plot 1, where organic debris remained in place
and accumulated, as a result of stability provided by the shelter, organic matter
content is the highest (48.3%). This resulted in a higher moisture content, porosity,
maximum water holding capacity and CEC in plot 1 in comparison with plots 2
and 3. Whereas below the Ao layer (both in unsheltered and sheltered plots) the
values of organic matter are very low (Table 3). As a result the values for porosity,
maximum water holding capacity, CEC, carbon and nitrogen did not increase
significantly and were more or less the same. The value of bulk density increased
with decrease in the value of organic matter.

Carbon and nitrogen content are also consistantly highest in all the sheltered
plots, though only at the surface. This drastically declined with depth both in
unsheltered and sheltered plots. Small amounts of soil moisture, in the surface
layers of unsheltered plots, might have been a cause of soil instability, because dry
sand particles are easily removed by strong winds. Another cause of instability
is the lack of shelter. On the other hand, high moisture content in the surface
layers of sheltered plots resulted in the stability of the soil.

The soils in all plots are weakly acidic. But the acidity, as was expected, is
not higher in Ao layers. This might be due to the fact that: in these layers the
full decomposition of organic matter is yet to take place. The acidity, however,
increased in the 5 cm layers which are mixed with the A horizons, the zone of
intense organic activity. This does not vary considerably with depth in sheltered
plots. In the unsheltered plots, the Ao, surface and 5cm deep layers are slightly
less acidic than the 20 em and 50 cm deep layers.
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Increase in exchangeable cations with depth, which indicates leaching of in-
organic cations from upper soils (DAvVID and IvaN, 1985),? is not visible in any plot.
The contents of Ca, Mg and Na are the highest in Ao layer in plot 1. While,
that of K showed the highest value in plot 3. All values decreased with depth.
The higher level of exchangeable Ca in the two unsheltered plots, near the sea,
could be probably due to the influence of carbonate from shell fragments.

The most important color effects on the development of edaphic factors is the
darkening of the surface soil layers, due to the accumulation of organic matter.
Color of the surface layers in all plots inside the forest are lower in value (Mansell
color system) than the underlying horizons.

2. Plant factor

It has already been stated in section 1 of Chapter I, that forest trees provide
a degree of mature sheltering for the ground surface which influences the develop-
ment of edaphic factors. The degree of mature sheltering also affects some char-
acteristics of trees in plantations, growing in areas of strong wind. In this part
factors such as, the tree stem deviation from straight position, the tree heights and
the formation of compression wood, as affected by the degree of sheltering, is
discussed.

Where environmental conditions are not severe, trees grow and attain a height
in direct proportion to their age. But as can be seen in Fig. 9, in Sunasaka

m Highly sheltered Q.m: Quercus mongolica
Q.d: Q.dentata
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Fig. 9. Average tree height as affected by the degree of sheltering
in Sunasaka

The broken lines show the height of dominant understory
vegetation.
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seaside forest where severe environmental conditions prevail, 46 years old trees
in plot 1 (highly sheltered) and 49 years old trees in plot 2 (sheltered) are taller
than 50 years old trees in plot 3 (partly sheltered). A similar trend is also visible
among the trees outside the transect belt. The reason for this difference of height
of trees in these plots is the degree of their exposure to the direct wind action.
In other words, the degree of sheltering provided for them within the stand. Trees
in plot 1 are highly sheltered and, though they are four years younger than the
trees in partly exposed plot, their average height is 2.0 m more than the average
height of those in the other plot.

Trees growing in those parts of the stand in Sunasaka, which are directly
exposed to wind action, have the highest degree of stem deviation from the straight
position. These are highly deformed. But the deformation decreases as the degree
of sheltering increases. As it can be seen in Table 4, the degree of stem deviation
of trees from straight position, in partly sheltered plot, is 4.5 times larger in com-
parison to deviation in highly sheltered plot 1, and 2.5 times in comparison to
deviation in sheltered plot 2.

Table 4. Effects of shelter on minimizing wind action
damage as expressed by the degree of stem
deviation from straight positition

Stem deviation from

Il:Ilg.tsof tNr:;‘slbﬁf of gi“fg;l;;; doirg:e?t straight position (degrees)
each plot investigated Range Average

1 22 10 2-7 4.8

2 21 10 6-11 8.5

3 23 10 18-37 22.0

4 24 10 17-13 29.0

Compression wood which is described as an abnormal type of wood, developes
typically on the underside of inclined or crooked stems and branches of coniferous
trees. Together with the analogous tension wood of broad leaved trees, it is also
frequently termed reaction wood, because its formation is apparently a response to
unilateral gravitational stimulus. The compression wood has a reddish brown
color when fresh. It occurs usually in the wide and more solid appearing annual
rings. KiIiENHOLZ (1932) mentioned that it loses this color upon drying unless
treated with vaseline or fat. It regains its color upon soaking in water.5®

Though factors such as snow accumulation, injury, uneven lighting, spacing
and release from competition are thought to be the causes for the formation of
compression wood, the effects of wind are mentioned most frequently by several
workers (K1eENHOLZ, 1932 ; STEPHEN and MATTI, 1954 ; Low, 1964).% Compression
wood may develop on the leeside as a result of their stems becoming inclined.
The systematic influence of prevailing wind is especially responsible for the initial
development of stem inclination and the consequent compression wood formation.



482 Research Bulletins of the College Experiment Forests Vol. 45, No. 2
(m)
140 1985 \%
( I ‘& Wind Direction
1079
“ &M o 120 i «—
g 1
% 19m N g o o
—_———— 1974
ion © 3
F \ @ _loe8_ © (m)
[ _lees \ ) e85 _ @ 19:5
7022, © 1961 RUN ©
- 1;’62 - @ 60 _155_8- @ 1975
L piaagl ---- ®
R I PSS B
_195_5 R -1'95_‘_ @ 1971
1952 1951 40 _lgﬁﬂ_ - %
- (= -——— « 11966 @
1943 ) 1946 _1265 @
Egs---- H & 93 ---- © ges 12 @®

Pig. 10. Location of compression wood in stems of Japanese black
pine trees (from left to right) in highly sheltered, sheltered
and partly sheltered plots in Sunaska.

In Sunasaka, where topography is flat to slightly undulating and where strong wind
prevail for five months in a year the formation of compression wood could be as
a result of the influence of systematically prevailing wind.

Here, starting from the 30.0 cm height of the trees above the ground, samples
have been taken from curved as well as straight sections of the stems for com-
pression wood investigation (Fig. 10).

The location of compression wood in stems of investigated trees are more or
less similar : it has formed in the leeside in the stems of all trees. Above certain
heights (2.0 m in the tree from partly sheltered plot and 7.0 m in the trees from
sheltered and highly sheltered plots). However, the compression wood has also
formed in the windward sides of the trees. This indicates the fact that following
the inclination the trees might have bent upwards with formation of compression
wood on its lower side and eventually a stage might have been reached where
upper part of the stem is in a vertical position again.

In other words it can be said that; continued upward movement by the lower
portion might then had caused the upper portion to incline past the vertical. Thus
producing over-correction of the initial inclination and a change in compression
wood formation to the opposite side of the stem. Subsequent correction movements
resulting from this new inclination might have caused the upper part of the stem
to become inclined again in the original direction. It seems likely that the irregular
alternation of compression wood zones, found in the upper parts of investigated trees
in Sunasaka, are due to this phenomenon. Low (1964) called it “repeated slight
over-correction” and speculated that phototrophic responses of the tree crowns,
due to competition for light, may also have been involved.® But in Sunasaka,
where the forest is not very thick and a heavy thinning has not been carried out,
the possibility of phototrophic responses for over-correction can be ruled-out.
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In general the formation of compression wood in investigated trees, in Sunasaka,
showed the following patterns: a strong formation in the lower and middle parts of
stems for the first few years and then a slight formation of compression wood
which continued for many years until 1985 (the year when the samples for investi-
gation were cut). In the upper parts of the tree stems, on the other hand, only
a slight formation of compression wood have taken place in one or two years and
in the remaining years normal wood prevail. This pattern of the formation of
compression wood has been found in all investigated trees, irrespective of their
location in the plantation. This indicates that the formation of compression wood
had taken place in the early stages of forest establishment, when newly planted
young trees were exposed to strong wind. Because in Sunasaka, at that stage
adequate sheltering against wind was not provided for the newly planted seedlings.

3. Snow distribution

Another indicator of the effects of shelter is the extremely low level of dis-
turbance, such as erosion of the surface of sand, in sheltered dunes. Surface of
the sand dune is eroded when the dune is bare, the surface of soil is dry and the
wind velocity exceeds certain limits. In general “the threshold wind velocity (for
erosion of) heterogeneous virgin material is about 23.0 km/h and an average figure
of 16.0 km/h may be more common for graded dune sand” (JENSEN, 1976 ; GHOSE,
1985).152%® In Sunasaka though the amount of sand drift has not been measured
directly, deposition of sand on different layers of snow — as an indirect evidence
of sand surface erosion — has been investigated in February, 1985. As it was
mentioned before, in the unforested dunes of Sunasaka, the over ground parts of
the natural vegetation, such as Elymus mollis {(Hamaninniku) and Carex kobomugi
(kobomugi) die during the winter and the surface becomes completely bare. More-
over, in this area very strong wind blows from November to February. This
strong wind removes the fallen snow and prevents its deposition, which otherwise
will cover the bare sand. This occurs, especially, in strips close to the sea. The
combination of the absence of vegetation and the snow cover in winter, in Suna-
saka, thus causes the erosion of sand surface by strong wind. Since the erosion
of surface occurs continuously through-out the winter (November-February) and
at the same time snow also falls frequently, the eroded material are transported
by wind and are deposited on the surface of freshly fallen snow. So when a
snow profile is dug in sand dunes of Sunasaka, before the snow melts, layers of
sand deposited on each layer of snow are observed clearly.

This phenomenon was investigated in a total of 9 snow profiles by digging
show pits on the front dune, middle and natural dunes, as well as inside the planta-
tion (Fig. 11). As it can be seen in the Figure, layers of sand, though very thin,
were deposited in snow profiles of only unsheltered dunes.

Starting from the seashore an area of about 50 m wide and 1,100 m long
has been either not covered by snow or had a thin layer of snow. Ridges of
front and middle dunes were also not covered with snow and were bare. The
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Fig. 11. Snow profiles showing deposition of sand layers on the
to pof snow layers in Sunasaka.

ridge of natural dune had a thin layer of snow and some debris of natural vegeta-
tion on the surface. It was thought that the sand particles might have been eroded

from the areas, not covered by snow and deposited on the nearby areas containing
patches of snow cover.

The depth of snow as can be seen in the Figure, varied on the unsheltered
sand dunes, from the 50 cm near the sea to around 132 cm in the area between
the inland side of the natural dune and the beginning of the forest. The effects by
the crowns of the trees, such as, reduction of wind velocity might be one of the
causes of higher snow accumulation in this area.

The first snow pit was dug just in front of the bare areas on the seaward
side of the fornt dune. Four layers of sand ranging in thickness from 0.4 cm to
0.7 cm were formed in different depth of this pit. The second pit was in the
opposite side of the first pit — in the landward side of the fornt dune. The ridge
of the front dune, which was exposed to strong wind, was devoid of snow cover
and the three sand layers — ranging from 0.4 cm to 1.0 cm in thickness — found
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deposited in the second pit, had probably come from the ridge and the bare area
mentioned earlier. Only one sand layer, 0.4 cm thick, was formed in the third
pit. While, in the fourth pit two layers each 0.4 cm thick were formed. The last
and a single sand layer of 0.2 cm thickness was observed in the pit five. In pits
six, seven, eight and nine, under the plantation, no sand layer was deposited and
only alternating layers of fine and coarse granular snow were formed.

Both the number of sand layers (from 4.0 cm in the first pit to only 1.0 cm
in the fifth pit) and their thicknesss (from 1.0 cm in first pit to 0.2 cm in the last
pit) depends, it seems, on the extent of the bare areas around the investigated pits
and the distance of these pits from the sea — from where strong wind blows to
inland areas.

The snow depth in sheltered areas under the plantation, along the belt transect
as well as outside it, remained relatively stable — from 51 cm to 53 cm deep.
Only under the forest openings the snow depth had increased and ranged between
75cm and 82cm. This could be due to the fact that “forest tend to accumulate
snow in the openings between trees because of the mechanical effects of the crown
in throwing snow away from the base of the trees and because surrounding tree
crowns reduce wind velocity over the opening. Also in evergreen forest the deepest
snow is found in small openings between trees” [Hoover (1962)].20

Inside the forest the snow depth, however, was not affected by the degree of
sheltering, as already been stated the snow depth was uniform in all investigated
plots. The density and water equivalent of snow of some investigated pits were
determined and are shown in Fig. 12. Both snow density and water equivalent
as can be seen in the Figure, had varied with snow depth.
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open (0-270 m) and under the plantation in Sunasaka.
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IV. Dry sand layer and its effects

1. Mechanism of formation of dry sand layer

Sheltered sand dunes always contain a layer of organic matter on the surface
(Ao layer) which prevents the direct contact of solar radiation with the ground,
thus a dry sand layer, on the surface of sand is not formed in such environments.
Where the sand dunes are very sparsely vegetated or are completely bare and
unsheltered, the above mentioned layer of organic matter is not formed. Under such
conditions two thermal properties of sand particles, namely, their thermal conduc-
tivity and heat capacity causes the formation of a dry layer on the surfaces of the
dunes.

Thermal conductivity is the rate at which heat will pass through the sand.
Quartz, which is the main component of sand, is a relatively poor conductor of
heat. About 40% of the sand volume consists of pore spaces filled with air
which has a two-grade lower thermal conductivity than quartz. These together
confer on dune sands a relatively poor thermal conductivity (TsoarR and ZOHAR,
1985).97

The sand’s heat capacity measures its ability to store heat. It is defined as
the amount of heat necessary to raise the temperature of unit volume by 1.0 degree
centigrade. The heat capacity of dry sand is relatively moderate. It is much
higher than that of air but lower than that of water (TsoArR and Zouar, 1985).

Due to the poor thermal conductivity of sand, transmission of heat into the
lower layers of the ground is very slow. Heat is accumulated in a thin layer on
the surface of the sand and causes evaporation of the soil moisture from this layer
and resulting in a thin dry layer of sand on the surface. Because of large differences
in soil moisture ratio between the dry and wet sand layers below it, the dry sand
layer is clearly visible and distinguishable with the naked eye.

2. Effects of dry sand layer
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in humid coastal sand dunes (measured by the author). But since the heat capacity
of dune sand is not very high, in the late afternoons and in the mornings the
temperature of this layer drops considerably.

Figures 13, 14 and 15 show the influence of dry sand layer on temperature
which is prominant up to the height of 5.0 cm from the ground surface. This
influence gradually decreases with the height and then a steady temperature prevails.

The data for Fig. 13 has been collected on a cloudless, sunny and calm day
(wind speed 1.6 m/sec at the time of the measurement) at the end of May —
beginning of growing season in Hokkaido. The measurements in Fig. 14, has been
taken at the end of July, which is the hottest month of the year in Hokkaido, on
a calm (wind speed 1.2 m/sec) but cloudy day. The maximum soil temperature at
the surface of dry sand in Fig. 14 is 39.8 degrees centigrade, while, in Fig. 13,
the temperature though expected to be lower, due to the lower air temperature in
the month of May in Hokkaido, it rose to 46.5 degrees centigrade — a difference
of 7.0 degrees. It, therefore, can be said that the rise of temperature at the surface
of dry sand could be also influenced by factors other than the thermal properties
of dune sand — the cloudness being one of these factors. Because the cloud
absorbs most of the thermal radiation, before it reaches the ground surface.

In Fig. 13, the solid, broken and dotted lines represent the temperature on the
surface of the land and the air temperature above it, i) on bare sand, ii) on sand
dune partly covered by bush type natural vegetation and iii) on vegetated sand
dune, in Sunasaka. The maximum temperature, measured between 2: 10 p.m. and
3 :50 p.m. simultaneously on the bare sand, inside the plantation and on the site
with natural vegetation, were 46.0, 24.5, and 16.0 degrees centigrade, respectively.
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The sites where the measurements have been carried out are close (approx. 100 m
apart) and of the similar soil texture. Therefore, a difference of i) 21.5 degrees
centigrade between the soil surface temperature of partly covered and afforested
dunes, ii) 8.5 degrees centigrade between partly covered and bare dune and about
30.0 degrees centigrade between bare sand and forested dune, are attributed mainly
to the presence and absence of shelter.

The facts in Fig. 13, is also confirmed by those in Fig. 14. The measurements
in this Figure have been taken in the same place (Sunasaka) as Figure 13. As
it can be seen from Figure 14, the difference of land surface temperature between
the bare sand (soild lines) and the forested dunes (broken line) at 12:00 o’clock
is 15.8 degrees centigrade. This difference is due to the effects of sheltering under
the plantation, which deposited organic debris on the surface of the soil. The
latter prevented the formation of dry sand and, therefore, caused the lowering of
surface temperature. On the surface of bare sand dune, on the other hand, the
presence of dry sand layer resulted in high surface temperature.

Fig. 15 shows the air and soil temperature of a bare sand dune, measured at
12:00 o’clock, 1:00 o’clock and 3:00 o’clock, in the Ishikari sand dunes, on a
partly cloudy but windless day. As can be observed, the temperature at 12:00
o’clock on the surface of dry sand layer rose to 46.0 degrees. At the height of
one centimeter it is 30.8 degrees — a difference of 16.0 degrees with the surface
temperature. While, at the height of 5.0 cm, it becomes more or less equal to the
air temperature above. At 1:00 o’clock the temperature of the surface of dry
sand layer rose to 51.4 degrees and at 1.0 cm height it is 44.0 degrees centigrade.
This gradually decreases to the level of air temperature at the height of 5.0 cm.
At 3:00 o’clock, however, the temperature of the surface rose only to 36.5 degrees
a difference of 10.3 degrees and 14.9
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have been 47.0, 39.0, 28.0 and 24.0 degrees, respectively. This shows that the shadow
provided by the fence can reduce the temperature of the surface of dry sand layer
to almost half. It, therefore, can be said that in the first stages of afforestation
of bare sand dunes, for the prevention of heat injury to the stems of young seedlings,
providing shade should be taken into consideration. Thus summarizing the findings
as shown in Figures 13, 14, 15 and 16, it can be said that the temperature is very
high on the surface of bare sand up to a height of about 5.0 cm above it. Over
this height the temperature becomes lower and at the height of 2.0 m, the effect of
dry sand layer on temperature vanished completely. In the forested sand dune, the
dry sand layer do not form and, therefore, fluctuations of surface temperature also
does not exist. Shade and cloudness are other factors, which reduce the high
temperature of the surface of dry sand layer. It, therefore, is recommended that
the direct sowing of tree and grass seeds on sand dunes should be avoided. Because
the high temperature of surface might seriously damage the young emberyos. JEN-
SEN (1976) reported that such damage to seeds and plants can occur even in tem-
perate regions.?” Also the provision of shade and shelter should be taken into
consideration for newly planted seedlings, when planning the revegetation of sandy
areas. The planting of trees in severe environments should be carried out, pre-
ferably, in cloudy days.

Another example of the influence of shelter on surface temperature can be
observed in Fig. 17. It shows an hourly, one day observation of soil temperature,
on the surface of a 17 years old man-made forest of Japanese larch, and 20.0 m
away, on the surface of a bare land. The surface of ground under the forest is
covered mostly by undecomposed needle leaves and some twigs. The soil texture
of bare land is clay loam. As it can be seen in the Figure, the temperature on
the surface of bare land at 12:00 o’clock rose to 45.5 degrees and at 2:00 o’clock
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Fig. 17. Hourly temperature of the surface inside a 17 years old
man-made plantation of Larixz leptolepis and 20 meters
away outside the plantation on bare clay loam soil.
(August 28, 1984).



490 Research Bulletins of the College £xperiment Forests Vol. 45, No. 2

to 46.7 degrees. The fall of temperature to 40.0 degrees at 1:00 o’clock is due
to a slight wind, which started from few minutes before 1:00 o’clock and stopped
at around 1:30.

Due to the effects of shelter, however, the temperature of surface inside the
forest has been steady and stable, from the beginning to the end, during the
period of measurement.

Also the soil temperature, which plays an important role in plant root expansion,
is affected by the formation of dry sand layer. Though the dry sand layer, as
mentioned before, is not thicker than a few centimeters, the soil temperature in
different parts of this layer lias been found to be fluctuating greatly. In Sunasaka
e. g., while a temperature of 46.0 degrees has been recorded on the surface of dry
sand layer (thickness 3.5 cm), the temperature in the middle of the layer (1.5 cm
deep) has been found to be 34.1 degrees centigrade, and the temperature of interface
between the dry and wet sand layers has been 30.3 degrees centigrade. This
shows a difference of 12.0 degrees and 16.0 degrees between the temperatures of
the surface and the middle of the dry sand layer, and between the temperature
of the surface and that of the interface between dry and wet sand layers, respec-
tively.

It can be observed from the lower parts of the Figures 13, 14, 15 and 16, the
soil temperature of the areas below dry sand layer, shows the same tendency as
the air temperature above it. In all these cases until the depth of 20.0 cm the soil
temperature is slightly higher than the air temperature of 20.0 cm above the dry
sand layer. From the depth of 20.0 cm, however, the soil temperature does not
fluctuate ; it becomes steady and is close to the air temperature of 20.0 cm above
the ground.

Also, the difference of soil temperature of sheltered and unsheltered areas which
are considerable until the depth of 20.0 cm, either disappeares or becomes insignifi-
cant in the lower depth. The difference of soil temperature, between sheltered and
unsheltered sandy environments, however, is significant only in areas close to the
surface of land. Here, due to the influence of dry sand layer in unsheltered areas,
the soil temperature fluctuates, while in sheltered areas it is steady.

3. Effects of dry sand layer on the soil moisture regime

The high temperature caused by the formation of dry sand layer immediately
above it, as discussed in sections 1 and 2, might be a disadvantage of this layer
for afforestation of sand dune environments. Because it might cause injury to
young and newly planted seedlings. In contrast to this, however, the effects of
dry sand layer on the soil moisture in the layers below it is a great advantage for
revegetation of sand dunes. Figures 18, 19 and 20, show the dry sand layer and
its effects on soil moisture of the lower layers, in the months of May and July,
in Sunasaka and Ishikari bare dunes, sparsely vegetated dunes and in dunes planted
with Japanese black pine. The thickness of dry sand layer, formed on the surface
of bare sand, ranged from 3.5cm to 6.0 cm. The moisture content of the upper
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parts of this layer has been very low — less than 1.0%. As observed in Fig. 18,
the soil moisture contents of upper and middle parts of dry sand layer are the
same. The soil moisture content in the lower parts of this layer (interface between
dry layer and wet layer), however, ranged from 2.0% to 2.7%.

Fig. 19 shows that the soil moisture content of a sand dune, containing natural
vegetation, up to the depth of 20.0 cm is 2.0, 3.7 and 49.0 times higher in com-
parison to the soil moisture of the same depth, in areas not shaded by fence, shaded
by fence and bare sand, respectively. The soil moisture contents of the area under
natural vegetation in the depth lower than 20.0 cm, however, is 2.0 times lower
than bare, shaded and partly shaded areas.

Fig. 20 shows the same tendency of low soil moisture contents in the upper
layers of bare sand dune and a high moisture content in the corresponding layers
under plantation, but a reverse situation in the lower depth. JENsSEN (1976) also
reported the same tendancy.?” In bare sand dunes, this could be due to the evapora-
tion-suppression effects of dry sand layer. In vegetated sand dunes, on the other
hand, it could probably be due to the absorption of water by plant roots for
physiological activities. Moreover, in the sand dunes planted with the needle leaved
trees, in addition to the effects of tree roots, this could be due to the high water
absorption and water infiltration prevention functions of decomposed humus layer
under forest. In Sunasaka, e.g., most of the water has been absorbed by the de-
composed part of Ao layers. The soil moisture content of these layers in highly
sheltered plot is 123.0%, in sheltered plot 54.2% and in partly sheltered plot 57.0%.
While the soil moisture contents of 50.0 cm deep layers, under the same plots
are 2.7%, 2.0% and 2.6%, respectively. The soil mosture content of 50.0 cm deep
layers in unsheltered plot, on the other hand, is 2.7% — equal to the amount of
soil moisture in the same depth, in highly sheltered plot. It is even slightly higher
than the soil moisturte content of 50.0 cm deep layers in sheltered and partly
sheltered plots.

In order to clarify the evaporation suppression effects of dry sand layer, on
soil moisture content of the layers below it, the following experiment has been
carried out in a bare sand dune in Ishikari: Two pits; pit No. 1 in the ridge of
the dune and pit No. 2 in the slight depression of the same dune were dug. Both
pits were 60.0 cm deep. The soil moisture contents of dry sand layers and the
layers below it were measured in both pits. Then a few centimeters from the
pits two new sites were chosen; No. 3 close to the pit No. 1 and No. 4 close to
the pit No. 2. The dry sand layers of the new sites were removed one time, in
three hours from site No. 3 and two times in three hours from site No. 4.

Ten minutes after the removal of the existed dry sand layer, new dry sand
layers were formed; measuring 0.4 cm in thickness in site No. 3 and 0.3cm in
thickness in site No. 4. At the end of three hours {(from 11:30 a.m. to 2:30 a.m.)
pits were dug in the sites No. 3 and No. 4. Soil samples for moisture measure-
ments were taken from the same depth of these pits, as were taken from pit No.
1 and No. 2 which were still covered with dry sand layers. The results of this
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Table 5. Soil moisture changes as affected by one time removal
of dry sand layer in a bare sand dune

Depth below dry Dry sand layer not Dry sand layer removed one .
sand layer (cm) removed time in three hours Difference

Soil moisture (percent of dry weight)

Dry sand layer 0.4 0.9 —0.5
5 44 3.2 12
10 5.0 41 0.9
20 5.0 5.0 0.0
30 5.5 5.5 0.0
40 6.0 60 7 0.0
50 6.0 60 0.0
60 6.0 6.0 0.0

Table 6. Soil moisture changes as affected by two times removal of
dry sand layer in a slight depression of a bare sand dune

Depth below dry Dry sand layer not Dry sand layer removed two

sand layer (cm) removed times in three hours Difference
Soil moisture (percent of dry weight)

Dry sand layer 0.5 0.9 —04
5 4.2 3.1 1.1
10 5.0 4.0 1.0
15 5.0 5.0 0.0
20 6.0 6.0 0.0
30 6.0 6.0 0.0
40 6.0 6.0 0.0
50 6.0 6.0 0.0
60 6.0 6.0 0.0

experiment are shown in Tables 5 and 6.

As can be seen in the Tables, the moisture content of newly formed dry sand
layer is twice of the previously existed dry sand layer. This is natural, because
the evaporation of soil moisture from newly formed dry sand layer may take more
time. Due to the removal of the existed dry sand layer, the soil moisture contents
of the layers below it has been affected only to a depth of 10.0 cm in sites No. 3
and No. 4. Below this depth the removal of dry sand layer could not influence
the soil moisture contents. Also the one and two times removal of dry sand layer,
do not show a significant effect on changes of soil moisture below.

The results of the experiment indicates that the dry sand layer is playing the
role of evaporation-suppressor and soil mulch and conserves the soil moisture in
the layers below it. Its removal might enhance evaporation and the loss of soil
moisture, especially from deeper layers. The continuous removal of this layer, as
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may occur when strong wind blows for a long time, may affect the soil moisture,
in the layers deeper than 10.0 cm, too. ' It, therefore, can be argued that the
erosion of the surface of sand, which removes the dry sand layers, as a result of
which the soil moisture in deeper layers are lost, is the limiting factor for revegeta-
tion of sandy areas — not the lack of soil moisture as widely believed.

The water retention and available water capacity of different soil ldyers of
Sunasaka have been measured. It is observed that these factors are higher in A
horizons than the layers immediatly below it (Fig. 21a, b, ¢, d). As can be seen
in the Figures, the difference in soil moisture retention, between A horizons of
different parts of plantation, is remarkable only in the low pF (0 to 2.7) range.
The same is found to be true with soils of 5.0 cm, 20.0 cm-and 50.0 cm deep layers,
under the forest as well as in bare sand dunes. In the zone of high pF (3.2 to
5.7), however, these differences become -very small and insignificant. A part of
this figure shows that the available water capacity of A horizons is the highest in
soils of highly sheltered plots, in comparison to that of sheltered and partly sheltered
plots. This fact once again confirms the effects of the degree of sheltering, on
the formation of A horizon and conservation of soil moisture in that horizon. The
available water capacity of 5.0 cm deep layers under the forest and the natural
vegetation is twice that of the same layers under the bare sand dunes. This could
be due to the effects of A horizon on this layer and the high content of organic
matter in 5.0 cm deep layers, under the forest. But as can be seen in parts d and
¢ of the same Figure, the available water capacity of 20.0 cm and 50.0 cm deep
layers of bare sand dune is higher than that under the forest. This confirms the
finding as shown in Figures 18, 19 and 20 : the fact that the soil moisture content
in deeper layers under the bare sand dunes is higher in comparison to that under
forested dunes.

Soil moisture changes of sand dunes according to slope exposure and segment
have also been investigated in bare sand dunes in Ishikari (Fig. 22). In this investi-
gation soil moisture of summit and slope of north facing segment does not show
much difference up to the depth of 10.0 cm. From this depth, however, the soil
moisture of slope increased steadily in comparison to that of the summit. As it
was expected, the soil moisture of south slope and south-facing depression, due to
the exposure of this segment to radiation, is lower than the soil moisture of north-
facing slope.

The soil moistures of areas other than sand dunes have been investigated
inside a young, man-made forest of Larix leptolepis and outside it on bare ground.
The same measurements had been also carried out under an old mixed natural
forest of Ulmus davidiana and Acer mono and on bare soil outside it (Fig. 23).
The soil texture of all these areas is clay loam.. The surface of bare ground outside
the young forest is plowed. While, that outside the old forest undisturbed. The
root zone under the old forest continued deeper than 50.0 cm, while under the
young forest there is a high concentration of roots until 35.0 cm and then only few
small roots existed.
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Soil moisture changes according to topography in sand
dunes of Ishikari. (August, 1984).

As can be seen from the Figure, until the depth of 20.0 cm there is a signi-
ficant difference (more than 20.0%) between the soil moisture content under the
forest and in bare land. This is mainly due to the effects of shelter, which added
litter to the forest floor. In the lower depth where the influence of Ao layer

diminishes, the moisture content of soil under and outside the forest does not
show any significant difference.

This is in contrast to moisture regime of sand
dunes.

Here, in deeper layers moisture content of bare dune is almost twice higher
than that under the forested dunes and dunes containing natural vegetation. That
is mainly due to the formation of dry sand layer on the surface of dune sands,
the function of which has already been explained in detail. On clay loam soils,

such mechanism does not exist. Thus, the soil moisture of lower layers under and
outside forest does not show large differences.
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V. Shelter establishment in devastated
hillslope environments

1. Disturbance in devastated hillslopes

In Ashio, on steep valley sides, in heavily damaged areas there are bare rocks,
on the foot of which numerous talus cones are formed. MacHIpA et al. (1975)
have investigated one of these talus cones which were developed on a riverterrace
on the left bank of the Watarase River, near copper refinery (Fig. 24).% It had a
relative height of 54 m, a slope length of 92 m (from the apex to the base) and a
general inclination of 36 degrees. They found that the dominant factors of the
formation of the investigated talus cone, are the following three processes :

1) The coarse and well-sorted deposits (R type) were formed by rock-fall. The
small particles of these fragments settle near the apex and coarse ones near the

base of slope, with a tendency to increase in grain size towards the downslope

direction. The small fragments and the fine materials, however, are later forced
to move downslope by soil flow and debris flow.

2) The material composed of pebble-sized fragments (D type) which form a
small-scale tongue, are deposited by dry fragment flow (soil flow).

3) And finally, the poorly sorted deposits (W type) which forms a set of
small tongue and levee like elevation was supposed to be the product of debris
flow under the condition of heavy rain.

Similar disturbances (rock fall, soil flow, debris flow) are occurring in most of
the bare hillslopes in heavily damaged part of the Ashio mountains. When seeds
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of plants fall on such unstable surfaces, either they are displaced frequently and
are damaged in the process or if remained in place and germinated, they may be
destroyed by the impact of moving debris. Similarly, in such unstable hillslopes,
artificially planted seedlings will be damaged by rock fall and will die consequently.

Another form of disturbance, in heavily damaged areas of Ashio mountains,
is frost heaving. This occurs because in early winter ground surface is not suffi-
ciently covered with snow and at the same time the temperature drops to below
zero, resulting in the formation of ice lenses between the soil particles. When thaw-
ing, these ice lenses expand whithin the soil layer, thus forcing it upwards into a
frost mound. By this process the planted seedlings are displaced and their roots
are injured.

In heavily damaged area, due to the lack of vegetation cover, rills and gullies
are frequently formed. As can be seen in Table 7, in an area of 1200 m? in a
hillslope, four gullies from 7.0 m to 15.5 m wide and from 1.9 m to 5.1 m deep and
a total of 22 rills were formed. This area is completely bare and the soil texture
is Kanto loam (volcanic loess). This together with the concave shape of the slope,
which helps concentrate runoff water, made this area susceptible to the formation
of rills and gullies. In other sections of devastated areas, though rills and gullies
are formed, their intensities are far lower than on Kanto loam soil. In the heavily
damaged part of Ashio the above mentioned disturbances prevent the establishment
of vegetation cover, by both natural invasion of plants and artificial revegetation.

Table 7. Development of rill and gully erosion on a hillside at the
mouth, of Matsukizawa (elev. 810 m) in the heavily damaged
part of Ashio devastated mountains (plot size 1200 m?)

Length Ave. width Ave. depth Shape of Shape of Number of Soil

(m) (m) (m) gullies slope rills texture
70.0 15.5 5.1

68.0 7.0 2.7 v slightly o Kanto
43.0 11.0 . 28 concave loam
20.0 8.0 19

Isuisasur (1981) indicated that the predominant form of distrubance in Tana-
kami mountains is sheet erosion.» He found that when the forest cover had been
destroyed, the surface soil was removed mainly by sheet erosion to the extent that
the parent materials were exposed.

At present, if the plantation of Pinus thunbergii does not develop to a mixed
Pine-Alder stand, which is expected to provide a sufficient cover for the ground
surface, the area could face the danger of recycling of surface erosion.
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2. Shelter establishment and its effects on devastated hillslopes

In the heavily damaged hillslope in Ashio and in devastated hillslopes in
Tanakami, shelter has been established by air-seeding, application of vegetation bags,
direct planting of supporting and main trees and by natural invasion of plants. In
this section the establishment method and the effects of restoration of vegetation
cover (shelter) on these environments will be discussed.

In Ashio for restoration of vegetation cover, in very steep (more than 35
degrees) and unaccessible hillslopes, air-seeding by helicopter has been carried out
since 1965. This is because the execution of engineering and planting work have
been found to be very difficult and expensive in this area.

In air seeding, the following materials are sprayed: chemical fertilizer, base
asphalt, seeds, cover asphalt and second time fertilizer. These were sprayed at the
rate of 10.0 ton/ha with the total cost of 1,300,000 yen (1983 level). Seeds of plant
species used for this purpose are trees such as: Pinus densiflora (Akamatsu),
Alnus sieboldiana (Obayashabushi), A. hirsuta (Keyamahannoki), Amorpha fruticosa
{Itachihagi), Elaeagnus umbelata (Akigumi) and herbs and grasses such as: Poly-
gonum cuspidatum (Itadori), Artemisia montana (Yomogi), Miscanthus sinensis
(Susuki) etc.

In this way a total of 216.2 ha of very steep hillslopes in heavily damaged parts
of Ashio mountains have been revegetated by August, 1983. As a result of this
the slope had been stabilized and the occurrence of soil flow and surface erosion
has been minimized.

In moderately steep hillslopes of heavily damaged area, several methods of
revegetation such as: point seeding, direct tree planting in pits, step work with
vegetation blocks, terracing and vegetation matting have been applied, as trial and
error. Recently, however, a revegetation system have been developed for application
in heavily damaged hillslopes. This system is based on three years work: first
year, construction of fundation work, second year, putting of vegetation bags along
the contours and third year, tree planting (Fig. 25).

In this system foundation work comprises concrete plates, concrete blocks and
retention walls. These are constructed as small check dams, both on hillslopes and
along the stream channels.

Before work Foundation works Vegetation bags Tree planting
{first year) {second year) {third year)

Fig. 25. Plain figures (left) and a cross-section of the revegetation system developed
for application in heavily damaged parts of Ashio mountains.
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Vegetation bags (25 cm X38cm in size) are made of cotton meshes, which
does not interfere with growth of germinating seeds. Each of one hundred bags
contains the following material : soil 0.3 m3, chemical fertilizer 3.0 kg, compost and
other organic material for soil improvement 25.0 kg, and plant seeds such as:
Robinia psuedoacacia 0.4 kg, Amorpha fruticosa 0.3 kg, Cytisus scoparius (Enishida)
0.3 kg, Pinus thunbergii 0.3 kg and Alnus spp. 0.05kg. In separate bags instead
of seeds of trees, seeds of different herbs and grasses are put. In the past, both
the seeds of grasses and trees were put together in the same bag. Since this had
caused competition between early growing and late growing plants, it has been
abandoned. Currently, bags containing seeds of grasses and trees are separated.

On the contour lines on hillslopes, simple steps of 20.0 cm to 30.0 cm wide are
made and vegetation bags are put. The arrangement of putting bags up to the
down slope is either i) first two rows of bags containing seeds of grasses are
followed by one row of bags with tree seeds or ii) only one line of bags containing
seeds of grasses followed by one line of bags containing tree seeds and two lines
of bags with grass seeds.

In the third year seedlings are being planted behined the vegetation bags.
Seedlings are of mixed broad leaved and coniferous species such as: Robinia
pseudoacacia, Elaeagnus umbelata, Larix kaempferii, Pinus thunbergii and Alnus
spp.. Table 8 shows improvement of some site factors in an area revegetated by
the above mentioned system.

The effects of foundation work have been, mainly hillslope stabilization and

Table 8. Improvement of some site factors in the Ashio mountain’s
two formerly heavily damaged sites where three years work
revegetation system has been applied (plot size 10 m X 10 m)

Thick-
Soil Soil ness of Erosion
opment tex. pH litter features

No. ﬁzg‘ Ave. Number Degree Devel-

of  Tree species height DBH of of
sites trees cover

(m)  {(cm) {cm)
Robinia P. acacia 11.8 12.0 15
1* Alnus pendula 10.7 9.0 5 5 well Kanto 4.7 3.8 non
loam
Pinus thunbergii A7 6.9 5
Robinia P. acacia 4.9 55 4
Alnus hirsuta 6.3 8.0 6
2* Alnus pendula 34 2.8 21 5 well  clay 44 3.6 non
loam
Pinus thunbergii 1.8 1.7 4

* Soil retaining work Vegetation bags Tree planting
1. 1959 1960 1961
2. 1971 1972 1973
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stoppage of soil flow and rock fall. These not only provide an opportunity for tree
planting in these hillslopes, but also help the natural invasion of plants. Because
it creates a stable environment, where plant seeds are not removed and have a
chance for germination.

In denuded steep hillslopes, where soil is shallow and lacks the necessary
nutrient, vegetation bags create an artificial medium for plant growth. The main
effects of plants growing from vegetation bags have been a slow improvement of
the soil. This has happened through nitrogen ﬁxatlon by alder and the addition
of organic matter in the form of litter.

On the relatively stable deposits, such as old river terraces and on the sediments,
deposited behind the erosion control (Sabs) dams, a degree of vegetation cover has
been established by natural invasion of plants. The invaded plants are mainly
pioneer species such as Polygonum cuspidatum (Itadori), Alnus sieboldiana and
Salix spp.. Table 9 shows the nature of natural invasion of plants behind two
Sabo dams. The effect of vegetation on these deposits have been the creation of a
temporary stable condition. In the long run, however, these deposits are in danger
of being scoured by strong floods and the possibility, exist that the established
vegetation will be destroyed by it.

Table 9. The nature of natural invasion of plants on sediments
stabilized by sabo dams

Length Height Area Estimated Area covered oPecies & ages

. ; : : (years) of plants
o e dam dan demt Selments Dlniegcimeion and area (% hehind
() (@ (@) (m) (m?) plants
Matsukizawa 68.5 10.0 10,275 51,375 2,000 Alnus sieboldiana
5y 20%
Kuzozawa 30.0 9.0 3,070 13,818 1,512 Alnus sieboldiana
Saliz spp.
9y 41%

For the forest establishment in devastated hillslopes of Tanakami, a revegeta-
tion system, mainly based on slope stabilization and mixed planting of Pinus thun-
bergii and the nitrogen fixation tree of alder have been developed. In this system,
first terraces are constructed on denuded mountain slopes. To stabilize the hillside,
the face of the slope and the embankment of terraces in the upper parts of the
slopes, are covered with sod and straw. In the lower parts of the slopes, which
due to the incohesiveness of soil and the pressure from above, are considered to
be less stable than the upper parts. In addition to straw and sod, concrete plates
are also used for stabilization (Fig. 26).

Afforestation on the terraces has been carried out by a mixed planting of
Pinus thunbergii and Alnus pendula in 1 to 2 ratio. The planting density has
been from 6000 to 10,000 seedlings per hectare. The combination of black pine
and alder has been adopted after repeated trial and error. The black pine has
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Terractng

Fig. 26. A cross-section of hillside afforestation work in Tanakami
mountains. (After ISHIBASHI, 1981).

the advantage of greater increment in the early stages of growth, while the alder
produces litter by plant residues and also fixes nitrogen in the soil.

Ten years after planting, however, the growth of alder decline due to the
competition with pine and the natural characteristics of this tree.

The aim to revegetate Tanakami mountains has been to establish a mixed pine-
alder stand. In reality, however, all planted areas did not develop to such a
plantation. Instead the following three types of stands have developed: (a) mixed
pine-alder stand (b) alder stand and (c) thin pine stand.

The development of forest to type (a) is the most desirable, because it protects
the land surface and, therefore, helps in checking accelerated erosion. In Tanakami,
meanwhile, almost all of the stands planted before 1953, belong to the stand of
type (c). This was due to the infertile soil developed from granit and the heavy
damage to alder by insects. The stands of type (b) and (c), however, can not
develop a sufficient cover for erosion control purposes and if tending work for the
improvement of these stands are not carried out, the land will be subjected to
recycling of erosion. For this purpose, two kinds of tending works have been
developed : tending work (A) and (B).

Tending work (A) is carried out in plantation type (b), which is composed of
well grown alders and dominant black pine. It includes the toping of alders at
the height of 30.0 cm to 50.0 cm, in four years after planting and application of
chemical fertilizer, one ton/ha, with the nutrient content of N 13.0% and K 12%.
The aim of this treatment is to control the growth of alder and to stimulate the
growth of pine. It is repeated for seven and ten years after planting.

Tending work (B) is applied for the improvement of type (c) stands. The
main reason behind the poor growth of pine in this type of stand has been found
to be the lack of nutrient material in the soil. The aim of tending work (B),
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therefore, has been improvement of soil properties, for a full development of plant
roots, through application of fertilizer. This has been carried out by addition of
material (such as straw and compost) containing a high amount of organic matter
into the pit near plant root.

IsuiBasu1 (1981) reported that the effect of tending work (A) and (B) was
hardly noticeable after one year.?® In the third year after the treatment, however,
the pine trees in the stand attained a greater height increment than untreated trees.
Increment in the tree height growth, stimulated by tending work (B) has been as
follows :

Excavation depth Kind of organic Height increase
matter applied
(cm) {cm)
60.0 compost 10.0~28.0
60.0 rice straw 7.0~24.0
30.0 compost 6.0~19.0

In Tanakami, the effects of poorly developed plantation has not been very
significant. Because there is a danger of recycling of erosion in areas under this
type of plantation. The effects of the well developed plantation, on the other
hand, had been the checking of surface erosion and improvement of the soil. In
this kind of plantation, the terrace is completely covered with litter from alder
trees in 5 to 6 years. While under poorly developed plantation the degree reaches
to about fifty percent. IsHriBasui (1981) found that the amount of carbon, as
litter, has increased 120.0-510.0 kg/ha/y in the well established stands and only
20.0 ~40.0 kg/ha/y in poorly developed ones. He also found the increase of nitrogen
to be 2.0~21.0 kg/ha/y and 0.4 kg/ha/y, in well developed and poorly developed
stands, respectively.

VI. Discussion of the results

1. Effects of absence of shelter on plants

Shelter, when established in the initial stages of afforestation in severe environ-
ments, provide protection for newly planted seedlings from the effects of disturbance.
If this protection is not provided for these seedlings from the effects of disturbance
such as strong winds, the seedlings might be injured or when become mature
trees, develop some defects. This might persist until the end of the tree’s life
and will cause the lowering of the quality of wood produced by these trees. In
this part, as an e.g, compression wood formation in the stems of trees as a form
of defect, occuring as a result of the absence of shelter, will be discussed.

In Sunasaka, as can be seen in Fig. 27a, b, ¢, the compression wood is
strongly formed in the first years of the growth of trees. This has been observed :
i) in the first 9 years (1963-1972) out of 23 years, at the height of 0.2m, 1.2m
and 1.8 m in the stems of trees grew in partly sheltered plots, ii) in the first
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19 years (1946-1966, except in 1975) out of 39 years at the heights of 0.3 m, 2.0 m,
4.3 m and 5.0 m in the stems of trees of sheltered plots. And, finally, iii) In the
first 19 years (1948-1969, except 1964 and 1968) out of 37 years at the heights of
03m, 29m, 3.7m, 4.5m, 58m, 6.7m and 7.5 m in the stems of trees in highly
sheltered plot.

In the investigated tree, in partly sheltered plot, after 1972, only a slight forma-
tion of compression wood had taken place. In the tree grew, in sheltered plot,
after 1966, there was a slight formation of compression wood in lower parts,
moderate formation in the middle and normal wood in higher parts. In the tree,
in highly sheltered zone, there was a slight to moderate formation continuously
from the lower to a large section of middle parts and only in a limited section of
higher parts, normal wood existed.

The strong formation of compression wood from lower parts to a certain height
of the stem, e.g.: from 0.2 m to 1.8 m in partly sheltere tree, from 0.3 m to 5.0 m
in sheltered tree and from 0.3 m to 6.7 m in highly sheltered tree, had taken place
in the younger stages of the trees life. This is an indicator of the lack of shelter,
against the prevailing wind, at the beginning stages of the forest establishment, in
Sunasaka.

The slight to moderate formation in the middle and upper heights of the
stems is indicator of the fact: that after the passage of certain years and the
growth of trees to a sufficient height, a degree of mutual sheltering had come into
being within the plantation. This helped to reduce the rate of the compression
wood formation, in the middle and higher parts of the stems. Also, the fact, that
in the higher parts of the stems of all the investigated trees, only normal wood
was found, shows that after the passage of forty years from the establishment of
the plantation, and the closure of the canopy, more shelter has been provided for
the trees whithin the forest. As a result, the effects of wind is reduced to the
minimum and compression wood has not been formed in the higher parts of the
stems.

Compression wood, has exceptional high longitudinal shrinkage. This may
lead to serious distortion or spliting during seasoning when compression wood and
normal wood are present in the same piece of timber and this is considered the
most important defect of timber. The formation of it should be prevented in trees.
In areas where strong wind blows, the preventive measure against the formation
of compression wood should be taken, preferably, at the start of the establishment
of plantation, when seedlings could be curwed, bent and crooked easily by wind.

2. Edaphic factors

Edaphic, climatic and hydrological factors are the most important ecological
factors governing tree establishment, growth and the natural regeneration of vegeta-
tion on sand dune (KauL, 1985%% and GHOSE, 1985®). Among the edaphic factors,
however, organic matter and clay in the soil seems to be very important for the
improvement and development of the site, in sandy areas.
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. Davip and Ivan (1985) noted that “organic matter in the soil is one of the
main environmental factors which contribute to the improvement of other factors”.?
.Basically, bare sand dunes and devastated hillslopes are severely deficient in organic
matter. This is mainly due to the removal of organic debris, produced by vegeta-
tion from the soil, by wind action and water erosion. Therefore, addition of organic
matter to the soils, in severe environments, is an important aim of the vegetational
shelter proposed in this study and also its fundamental difference with other forms
of shelter. Another aim of vegetational shelter is to provide stability to the
environment.

In Sunasaka, with increase in the organic matter content of the soil, bulk
density showed a tendency to decrease, while nitrogen and CEC have an opposite
tendency (refer to Table 3). This is in accordance with the observations of Naoxi
et al. (1979).#% They showed the values of organic matter in sand dunes, covered
with natural vegetation, to be between 0.61% to 2.4% and 0.59% to 0.63% at
0~5cm deep and 10~15cm deep layers, respectively. They also found a positive
correlation between the organic matter, nitrogen and CEC factors and a negative
correlation with the bulk density.

In Sunasaka, the values of carbon is considerably high in the surface layers
under the plantation (12.4% to 24.0%), in comparison to the value of carbon in
the same layers outside the plantation on unstable dunes (3.3% to 4.3%). Nitrogen
also showed the same tendency; 0.2% to 0.617% in the upper layer of soil under
plantation and 0.1% in unstable sand dunes.

In a location in the semi-aird regions of India, the same tendency was observed.
Here, the values of carbon were found to be 0.21% in stable sand dune and 0.05%
in unstable sand dune, while the value of nitrogen in the corresponding areas were
0.009% and 0.006%;, respectively (DHIR, 1985).® The higher values of carbon and
nitrogen in stablized dunes in Sunasaka, in comparison to the values of the same
factors in stabilized dunes, in the semi-arid location in India could be due to the
high amount of organic matter produced under the humid climate in Sunasaka.

In the lower layers of forested sand dune in Sunasaka, the values of carbon
and nitrogen, however, did not show a significant increase over the values of carbon
and nitrogen in the same layers of bare sand dunes. MIURA et al. (1983) also
found the same trend.® The result of their studies in Kaetsu sand dunes showed
that both inside and outside the forest, below the surface, the values of carbon
and nitrogen are lower than 0.29]. Since no form of fertilizer is applied in Sunasa-
ka, in recent years, it is infered that the carbon and nitrogen enrichment near the
surface under the plantation could be attributed entirely to soil development, which
might have occurred as a result of the effects of shelter.

Below 1.0% clay, nutrient supply seems to be limiting factor for tree growth,
whereas aeolian sands with more than 2.0% clay may provide a very rich growth
medium (JENSEN, 1976).% The significance of these negatively charged particles is
in their ability to absorb, attract and exchange cations (JENSEN, 19762 and Davip
and Ivan, 1985).# In Sunasaka increase in clay content has taken place only in
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the surface layers (5.0 cm) of sheltered plots, especially, in highly sheltered plot.
In deeper layers the clay content is quite lower than the upper layers, which
fluctuates and does not show a regular pattern of decrease and increase.

The higher clay content in the surface of stabilized sand dune in Sunasaka
could be due to the protective function of forest where the fine particles (silt and
clay) blown-off from the surface of bare sand, might have been trapped and were
not removed by wind. The increase in clay, together with intense organic activity
in the surface, might have helped the formation of A horizon, which is considered
as an indicator of soil formation.

Table 10 shows that below dry layer, sand dunes contain a limited but per-
manent supply of soil moisture, even under driest environments. As can be seen
in the Table, there is no significant difference between the soil moisture content
of dry sand layer in coastal sand dunes of humid areas and dune sands of deserts.
The amount of soil moisture in the layers below 50.0 cm, on the other hand, is
two times higher in humid areas in comparison to dry climates: This is not
surprising in the face of the frequent and high amounts of rainfall, especially during
the summer, in the former areas and sporadic and low amount of rain fall in the
latter regions.

Table 10. Soil moisture of coastal and desert dunes

Depth of dry Soil moisture (percent of dry weight)
Areas sand layer
Dry sand layer 50 cm below dry sand layer
(cm)

Ishikari 4.9 0.2 5.8
Sunasaka 4.2 0.3 4.2
Tottori 6.0 0.4 5.0
Rajistan* 10.0 0.3 2.6
Najiev* ) 9.0 0.2 24

* Rajistan and Najiev deserts are located in central India and Israel, respectively.

Also, both in semi-arid and in humid regions, the soil moisture in deeper
layers of unstable and bare sand dunes are higher than the soil moisture in the
deeper layers of vegetated dunes. Under the semi-aird conditions, e.g., LAHIRI
(1985) found that “at the depth of 45.0 cm to 60.0 cm in bare sand dunes, in the
months of January, March, June and September, the soil moisture was 2.1%, 2.6 %,
2.1% and 3.12%, respectively. On the other hand, the soil moisture at the same
depth and in the same months, in vegetated dunes was 0.38%, 0.8%, 0.8% and
0.8%, respectively”.® The fact that in the lower layers of sand dunes, even under
very dry climatic condition, a limited but permanent supply of moisture exist is
very important for revegetation of bare sand dunes. It, however, should be kept
in mind that this limited amount of soil mositure might not always be sufficient
to support additional plants, that are necessary to fix the dunes. Development of
the fertility of the soil, therefore, might be an important factor for an optimum
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utilization of this limited moisture.

Another factor which affect the degree of utilization of soil moisture by plants,
in sand dunes, is the fact that the movement of soil moisture in sandy soils is
largely in the vapour phase (Tsoar, 1985*” and Duir, 1985).® The intersite
movement of soil moisture, e.g., from sites at lower tension to the sites of higher
tension, is very small in sandy soils. The degree of utilization of moisture in sandy
soils, therefore, will to a large extent depend upon the “degree of direct access of
the roots to the points of entrapped moisture” (Duir, 1985). Plants, having a
fibrous and multilayered root system, are expected to better suit sandy habitats.
The existence of Elymus mollis and Carex kobomugi — which are having these
root characteristics — in bare sand dunes, in Sunasaka, is definitely related to the
ability of their roots in utilizing soil moisture. This fact, therefore, should be
taken into consideration, while choosing species of plants for revegetation of sandy
areas.

In heavily damaged hillslopes of Ashio, as a result of revegetation, most of the
devastated mountains had been recovered. Only 1300 ha still remain bare. In
the recovered areas, the soil is mostly thin and fragile. Due to the addition of
organic matter in the form of litter, some improvements in the fertility of soil had
taken place. For further development of the soil, the stability of slope, which
affect the establishment of shelter and the remaining in place of litter, is thought
to be very important. Furthermore, if the slopes are stabilized, in the still bare
parts, a cover of vegetation can be established by natural invasion of plants. Because
in this area, climatic conditions, especially, the amount and timing of rainfall, is
favorable for the occurrence of natural invasion of plants. Under more severe
environmental conditions artificial revegetation might be necessary for the establish-
ment of shelter.

In Tanakami, the nutrient material in the soil is exhausted. This seems to
be due to the fact that the nutrient, as well as added organic matter, absorbed by
plants in the early stages of revegetation are restored in plantation surface, in the
form of littler. Meanwhile, the change of organic matter (litter) to absorbable form,
by plants (mineralization of organic matter), is slower than litter accumulation on
the ground surface, in the granit-derived soils. This means that the establishment
of an equilibrium between the rate of organic matter formation and its mineralization
takes a long time. The application of fertilizer, therefore, is necessary util nutrient
circulation reaches its equilibrium.

As was mentioned before, organic matter is the dominant factor in the de-
velopment of other edaphic factors and the shelter adds a certain amount of organic
matter to the soil and help its decomposition. But in the studied areas, it has
been observed that despite the establishment of shelter and addition of organic
matter by it to the site, the development of edaphic factors is a very slow and time
consuming process. In Sunasaka, e.g., 40 years after the establishment of planta-
tion development of edaphic factors have not taken place yet, in all the layers of
the soil. A slight development of these factors has been visible only in the surface
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layers of the plantation. Here, the development of the factors has been mainly
affected by the degree of sheltering.

3. Significance of site factors

Site factors are defined as combination of biotic, climatic and edaphic factors
of the studied areas in relation to the capacity of these areas to produce forest.

The comparison of the degree of development of site factors, in two areas,
can be taken as indicators of the low level of disturbance and stress in environ-
ments, where these factors are highly developed, and as an indicator of the high
level of disturbance and stress in evironments where these factors are poorly de-
veloped. As has been shown in this study, in areas where the plantation is estab-
lished the site factors are usually highly developed in comparison to still bare
environments. This contrast clearly shows the influence of vegetation on the
improvement of environment and can justify its necessity for severe environments,

Also using the development of site factors as indicator of the level of disturbance
and stress in a particular area, the planner can have a knowledge of the severity
of the environment in that area. This will enable him to forsee measures in his
planning for the reduction of the level of disturbance, before the revegetation is
actually carried out. Because even if vegetation cover is established in a productive
but disturbed environment, it will not always develop as desired. SMmirH (1985)
also mentioned this point. He observed that “in productive, disturbed environments
some characteristics of vegetation such as biomass and size of plants are small, and
litter is sparse, often transient while, in productive undisturbed environments these
characteristics are large and copious often persistant”

Finally, on the basis of the evidence presented so far, about the development
of site factors in sheltered areas, it can be argued that to improve the environmental
conditions in bare sand dunes and devastated hillslopes the most reasonable way is
the revegetation of these environments. This should be carried out on the basis
of provision of vegetational shelter. Because as can be seen from the examples
of the studied areas, this kind of shelter supplies organic matter to the system,
prevents disturbance and creates favorable conditions for decomposition and minera-
lization of organic matter. It is, therefore, very important that from the beginning,
stages of revegetation until the plantation is matured, the concept of shelter should
be taken into consideration by the planners of revegetation of severe environments,

VII. Planning of revegetation in severe environments

Revegetation of severe environments should be thought as part of the process
of general rehabilitation of these areas, for environmental improvement and for the
human welll-being. This aim can be better achieved if rehabilitation is considered
in the context of land use planning (land development, land management) of the
country or even on regional basis. Because severe environments, e. g., sand dunes,
causing similar problems, can cross the boundries of two or more countries. A
collective action, for revegetation, by all countries involved, might give better results
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Table 11. Elements of planning for revegetation of severe environments
Ele- Types of severe environments
ments Bare sand dunes Devastated hillslopes
—Construction of series of low crossdunes —Alternate terracing if sheet, rill and small
9 (sand ridges) covered with stones. gully erosion are the sources of disturbance.
Q - . . . . . -
&.8 —Spreading of organicdebris (branches and —Construction of retaining walls if rockfall
5§ twigs of cut shelteringplants) on the surface.  and soil flow are the major source of dis-
0.3 .
g —Spreading of clods of earth and small stones turbance.
=i on the surface of land. —Protection against cutting and uprooting of
~ “® __Protection against cutting and uprooting of natural vegetation.
natural vegetation,
.. —Before planting the main species, planting —Before planting the main species, planting
=] of bushes and trees of Leguminosae and of bushes and trees of Leguminosae and
,.‘g other trees either in lines or in circles as other trees eitherin lines or in circles as
L2 shelter. In the coming years planting of  shelter. In the coming years planting of
®.Z  main species between them. main trees between them.
= . .
g —Surrounding with straw that part of stems
v d . < .
@ of newly planted seedlings which come into
contact with the dry sand layer.
—Adjusting planting time to before rainfall —Adjusting planting time to before rainfall
o g or snowfall seasons. or snowfall seasons.
B2 _Covering the basin of each pit with straw —Covering the basin of each pit with straw
kR4 or stones for prevention of evaporation. or stones for prevention of evaporation.
c 9 .
< & —Prevention of removal of dry sand layer by —Removal of snow from the watershed of
S creating a sparse layer of clods of earth, each alternate terrace and accumulating it
stones and branches and twigs on the surface. inside each terrace.
—Mixing compost and manure with the pit’s —Mixing compost and manure with the pit’s
soil. soil.
—Putting organic debris such as straw in the —Putting organic debris such as straw in the
- bottom of the pits. bottom of pits.
qg —Planting nitrogen fixation trees. —Planting nitrogen fixation trees.
& —Cutting some of the sheltering plants and -—Cutting some of the sheltering plants and
3 mixing their debris with the soil. mixing their debris with the soil.
=t
g‘ —In steep slopes where soil is totally eroded
R and terrace can’t be constructed; digging
- of individual pits and filling them with soil
& transported from other places.
—In steep slopes where omly coarse debris
remained ; 1, Construction of retaining walls
2, Putting vegetation bags, containing, soil,
seeds and fertilizer, on the contour lines.
«» —First stage; construction of low cross dunes —First stage; execution of engineering work.
] ) ¢
% and planting of some sheltering plants. —Second stage ; cultivation of legumes, vegeta-
% —Second stage; cutting of some sheltering tion bags.
] plants and planting of first main trees —Third stage; planting of shelter and first
- (needle leaved). : ¢
0 main trees (needle leaved).
& —Thi . i . .
= ih;rd saz‘cii ef:lbr)trl(l’as;algeeas‘é‘%lantmg of second —Fourth stage; planting of second main trees
=1 ain sp . (broad leaved).
A, —Result: a mixed plantation. —Result; a mixed plantation.

Selection of

planting

material

—Rapid early growth, adequate height, dense
crown fibrous and layered root system, thick
litter producer, drought resistant, wind
firmness, valuable wood product.

—Rapid early growth, adequate height, dense
crown, thick litter producer, drought re-
sistant, valuable wood product.
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Fig. 28a. A plain figure of an imaginary area threatened by
encroaching sand dunes.
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Fig. 28b. Cross-sections of series of low cross-dunes; a pattern
of revegetation for bare sand dunes.
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Fig. 28 c. Side view of series of low cross-dunes after completion
of construction work.
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Fig. 28d. Side view of low cross-dunes after the planting of
sheltering bushes and trees.

Sheltering legume bushes Third year - Second stage
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First main tree species
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Second malin tree species

Fig. 28e. Side view of series of low cross-dunes after planting
of first main tree.

than individual action. Also that part of the problem in severe environments
which is related to man’s action, may have been originated as a result of bad land
use planning or even a lack of such planning.

In either of these cases several human groups (farmers, landowners, land
developers, merchants, politicians, city dwellers etc.) and diverse factors (social,
cultural, historical, economical, climatic) might be involved. In planning the reha-
bilitation of severe environments, the perception of the above mentioned groups,
regarding different aspects of the problem, their socio-economic interests, as well
as the role of the factors mentioned above should be taken into consideration.
The interested groups, through some form of representation, even should be directly
involved in different stages of the planning.

In some cases, large areas might be recognized as severe environments, which
may need restoration of vegetation cover. This, however, may not be feasible both
economically and technically, especially, in developing countries. In planning the
rehabilitation of severe environments, therefore, priorities should be given to the
sites, where human settlements and vital economic installations and activities are
threatened.

One may argue that the hazards from severe environments, such as thé en-
croachment of sand dunes, could be contained by artificial means (spray of chemicals,
asphalt, cement etc), and not necessarily by revegetation. In very urgent and
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Fig. 29a. Cross-sections of a series of low cross-dunes after the
planting of first and second main trees.

Fig. 29b. A plain figure of an imaginary area protected from the threat
of encroaching sand dunes by application of a series of low
cross-dunes.

severe cases, this might be a proper temporary measure. But revegetation of severe
environments will always remain as the most reasonable, durable and economic
alternative of rehabilitation of these environments. Because, though this might
prove to be time consuming and very slow process, it has the ability to reduce
the level of disturbance and stress, restore the ecological balance between physical
and biotic environments and contribute to the economics well-being of the popula-
tion, by utilization of the forest products.

These advantages of revegetation, however, are not achievable in a single step.
In planning the revegetation of severe environments, immediate objectives and long
term objectives, should be taken into consideration. These could be:
“Immediate objectives”

1. Minimization of the level of disturbance and stress.

2. Improvement and development of the site factors.
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Fig. 29 c. Side view of series of low .cross-dunes after the planting
of first and second main trees.
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Pig. 29d. Side view of series of low cross-dunes after the
completion of work.

“Long term objectives”

1. Economic utilization (wood products for fuel, farm equipment and timber

andfodder)

2. Recreational utilization

3. Fauna habitat and conservation

Both of these objectives as mentioned before, should be incorporated in land
use planning drawn on the country or regional basis. The immediate objectives,
however ,will remain a concern of land conservationists, while the long term objec-
tives will be of interest to forest and land managers.

This study deals primarily with the immediate objectives of revegetation of
severe environments. To achieve these objectives elements of planning for revegeta-
tion of bare sand dunes and devastated hillslopes have been outlined (Table 11).
Based on the principles of these elements, the patterns (models) of revegetation
have been developed which could be taken into consideration, while planning
revegetation of the above mentioned environments (Figs. 28 4a, b, ¢, d, e; 29a, b, c,
d; 30a, b, ¢, d; 31a, b, ¢c and 32).

The elements of planning on the basis of their importance and their application
in time series are: 1. Land surface stabilization. 2. Shelter establishment. 3.
Moisture conservation. 4. Soil improvement. 5. Planting in stages. 6. Selection of
planting material.
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Fig. 30c. Completion of planting of first and second main trees

in alternate terraces.
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Layer of straw
7.0cm thick

Fig. 30d. A cross-section of an alternate terrace.

(1) Land surface stabilization: In severe environments unless first the ground
surface is stabilized, the planted material will either be damaged, carried away or
burried. This step should, therefore, be considered. for the reduction of the level
of disturbance, before any revegetation is carried out. For land surface stabilization
the debris produced from the cutting of sheltering plants are spread on the surface
of land. If there is a danger of removal of these material by strong wind or
run-off water, then mixing of the material with the soil i is carried out. This method
could be applied both in hillslopes and in sand dunes.

In the case of sand dunes threatening a village or an economic installation,
a series of low-cross dunes could be formed to stop the moving dunes. This
could be carried out by forming a main low-cross dune at a point about one kilo-
meter from the first and closest moving dune to the- village, towards the attacking
dunes. The low-cross dunes can be formed by moving sand from two sides by
shovel or other simple earth moving equipments. Then starting 50 meters from
the first main low dune, in each 20 meters or 50 meters series of low-cross
dunes (height 1.0 m to 1.5 m), are created. The slope and crest of these dunes as
shown in the Figures will be covered by stones. For stabilization of the areas
between the two low dunes clods of earth, small stones and organic debris are
spread on the surface of land.

(2) Shelter establishment: Establishment of vegetational shelter is necessary for
protection of planted seedlings from the effects of stress and disturbance, for surface
stabilization and for the improvement of the environment. Two species of plants
are used for revegetation : these are sheltering species and main species. Plants
which are chosen as sheltermg species should have fast growing and soil improve-
ment characteristics. Some of the sheltering species are cut in different stages
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Pertile soil brought

from other places

Debris from slope

e
Fig. 32. A pattern of slope stabilization and tree planting in highly
disturbed hillslope with very shallow soil.

2/

before the planting of main species as well as after its establishment. The debris
produced by the cutting of sheltering species are spread on the surface of the soil
or mixed with it. This will serve two purposes : provide cover for the land surface,
reduce the level of disturbance and, by providing organic matter to the soil, improve
the site. Because some sites may be too severely degraded to support a tree cover
without first being prepared by a pioneer herbaceous plant stage. But in every
stage, only one line of sheltering species are cut. The main species are planted
in between the remaining lines of sheltering species.

(38) Moisture conservation: Here the efficient utilization of precipitation, prevention
of excessive evaporation and timing of planting are given top priorities. By planting
in late autumn, e. g., precipitation from winter could be diverted around the already
planted trees. By infiltrating into deeper layers the precipitation could help increase
the moisture content of the soil around the roots of the planted trees. Since
evaporation is low in winter, the infiltrated precipitation will be conserved in deeper
layers for use by plants in summer.

In devastated hillslopes, alternate terracing is proposed for retention of rain
water and water flowing from melted snow. In this system, each terrace has a
catchment, from where the water flows to the terrace, where it infiltrate into the
soil. In areas of heavy snowfall, the snow could be removed by shovels or other
means from the catchment and stored in terraces. If the volume of snow overtops
the terrace, it could be pressed by trampling upon or some device. If snow is
accumulated and pressed inside the terrace, many times during the winter, several
compact layers of snow will be formed. The compacted snow melts slowly in
early spring and infiltrate to the soil where it will be conserved.

For moisture conservation in sandy areas, dry sand layer should remain intact
and be preserved while planting is carried out. For this purpose in this study, for
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stabilization of the surface of sand, spreading of earth clods (containing a high
amount of clay) and small stones have been proposed. Clods and small stones
should be spread in a way to form a sparse cover on the surface of sand. A total
coverage of sand surface which destroys the dry sand layer should be avoided.

Also in sand dunes the pits should be dug deeper than other places — pre-
ferably from 70.0 cm to 80.0 cm deep. In sand dune environments the low lying
interdunal areas always contain wet soils. From these areas, before planting of
the seedlings in the pits, a 20.0 cm thick layer of wet sand should be put into the
bottom of the pit, over which the plant root is put. If wet sand can’t be obtained,
one or two buckets of water should be poured at the bottom of the pit.

(4) Soil improvement: The soils in severe environments are generally infertile,
and are having a low water holding capacity. The plant growth in such soils is
presumably low. Under such circumstances the vegetation cover which is necessary
for protection of the land will not attain sufficient height and density. Before and
during planting, addition of fertilizer and compost to the soil, therefore, should be
taken into consideration. Soil improving, sheltering trees and the organic debris
produced by it, will also contribute to the improvement of soil.

(5) Planting in stages: Since severe environments are poor in soil fertility and
deficient in soil moisture, the sudden and mass introduction of main tree species
which require nutrient and moisture for their growth, might increase the level of
stress. It is, therefore, recommended that the planting is carried out in several
stages : in the first stage, execution of engineering work, in the second stage, intro-
duction of soil improvement and sheltring plants, and in the third and fourth
stages, planting of first main tree — needle leaved, and the planting of the second
main tree — broad leaved species. Depending on the conditions of the site, the
time interval between each stage can be one year or several years.

The plantation which will be established as a result, will be a mixed and
multistory forest of pioneering soil improving trees, evergreen and broad leaved
species. In devastated hillslopes, where rain drops and run-off are the main agent
of soil erosion and the latter being the main factor of disturbance; the storied
crowns of this kind of plantation successively reduce the energy of rain drops,
where the litter layer, physically prevent the soil particles from becoming disloged.
On the sand dunes, this kind of plantation prevents the erosion of the surface of
sand by accumulation of litter, and the ability of different layers of trees to reduce
the wind force and its speed. Also in sandy areas a mixed plantation with both
deep and shallow rooted plants might be able to utilize the soil moisture efficiently.

(6) Selection of planting material: The main characteristics of plant species in-
tended for use in revegetation of bare sand dunes and devastated hillslopes should
be to withstand the severity of the environment. These characteristics could have
(a) resistance to drought, (b). ability to grow in infertile soils, (c) ability to with-
stand strong wind, (d) ability to regenerate when damaged or partially cut. One
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way to find these is to choose plants already growing well and adapted in the
habitats where revegetation will be carried out. These plants can be propagated
in the nurseries, also established in the same localities.

Plants also should have properties such as soil improvement, fast growth to
provide cover for the ground surfaces, in a short period of time, and the ability to
produce good quality woods.

The fast growing, soil improving bushes and trees are recommended for use
as sheltering plants, and the needle leaved trees as the first main tree species. The
choice of needle leaved trees as the first main species is due to some characteristics
of this species which make it more suitable for planting in severe environments,
than the borad leaved trees. These are: lower soil fertility requirements, less site
preparation requirements, interwoven litter for soil protection, and evergreeness.

Cuttings of some plants are also used for revegetation of severe environments.
These should be taken from healthy branches and trees.

Direct seeding for revegetation of severe environments, especially, on bare sand
dunes will not, probably, give good results, because of high surface temperatures.
Even if seeds are planted at a depth of, e. g., 20.0 cm and germinate, when appearing
on the surface, their fragile stems, upon coming into contact with the strong heat
of the dry sand layers, might be damaged.

In devastated hillslopes if the surface of the terraces are prepared (slightly
scratched) and the shade is provided, direct seeding can be carried out. Seeds
used for this purpose should have the same, previously mentioned, characteristics
as cuttings and trees.

The elements of planning discussed so far, especially, the four elements of:
surface stabilization, shelter establishment, moisture conservation, and soil improve-
ment are highly interconnected and their functions are overlapped. Sheltering
provides surface stability, contributes to the improvement of soil, and might also
help moisture conservation. Measures intended for soil improvement also will
affect moisture conservation and vice versa. Surface stabilization will affect soil
improvement, moisture conservation, and sheltering. The following diagram shows
these interactions.

Planting in stages

surface shelter
stabilization———establishment™——— planting material

soil moisture
——— improvement———conservation

At the meantime, each of the elements discussed, have their main functions which
make them independent of other elements and justify their orderly application in
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time. - Shelter’s main function is protection of the first and second main tree species,
against the effects of disturbance, and the main function of the surface stabilization
is prevention of erosion of the land surface. Moisture conservation has the main
function of preventing soil moisture losses and keeping it around the roots of
plants, while soil improvement’s main function is the restoration of fertility of the
soil. The most important element among these, upon which other elements will
have a degree of dependency is shelter establishment. Because the main function
of protection of planted trees and improvement of environmental site factors are
carried out by this element.

Finally, with the application of the revegetation plan mentioned so far, the
level of environmental as well as man induced disturbance and stress is expected
to decrease substantially. This could lead to the improvement and development
of site factors and ultimately to the rehabilitation of severe environments.
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