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Abstract: A pulling effect by side roots 18 one way in which roots help to side in-plane strong of a little depth
soil mass. In contrast to the effect of vertically-enlarge roots, whereby soil is strengthened by an increase in
its shear strength, the pulling effect strengthens the soil by increasing the tensile strength of the rooted soil
zone. To verify whether or not a pulling effect exists in the root system of Prunus avium in the Roudsar, North
Tran and to study the importance and size of this effect, a direct in situ test was led at a site in the Chaboksar
Forests. The results from the site showed that, in the surface soil (0-30 cm), Side roots can provide a pull force
of up to 490-712 N (Newtons) over a vertical cross-section area of 20-50 cm® or an enhance in the pulling
stability of the rooted soil by about 48.1%. The test results suggest that, together with the Prunus avium
vertical roots, which keep the little depth rooted soil zone to the deep and more stable soil mass, the side roots
of the Prunus avium, with therr pulling effect, are able to make less against little depth instability in the forest

slopes, such as little depth slide, to a certain degree.
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INTRODUCTION

A pulling effect by side roots 13 one way m which
roots help to side in-plane strong of a little depth soil
mass. In contrast to the effect of vertically-enlarge roots,
whereby soil is strengthened by an increase in its shear
strength, the pulling effect strengthens the soil by
increasing the tensile strength of the rooted soil zone. As
the importance of river side vegetation for quality of
water, aquatic habitat and stream restoration i1z well
accepted, the effect of vegetation on river side are
multiple and have not to be fully studied (Mosley, 1981;
Hickin, 1984; Abernethy and Rutherfurd, 2000
Bibalam et al., 2007a). Stream protection plan and river
side vegetation shield need to be studied for long time
period.

Many of the benefits of river side vegetation are
connected to distribution of root systems in soil. River
bank retreat typically results from erosion of the bank.
Roots add to the resistance of soil, support them more
resistant to erosion and bank landslide. Root systems of
woody plants protect bank soils in place, adding to the
so1l critical shear stress. Additionally, root exudates may
mcrease soil cohesion chemically (Abernethy and
Rutherfurd, 2001; Mamo and Bubenzer, 2001 ). The erosion
rate decreased linearly with increases in the percentage of

root biomass. Rate of soil Erosion was inversely
proportional to root length density and root volume,
respectively (Wynn et al., 2004).

There is important discuss in the papers about the
good related of herbaceous versus woody tree vegetation
in river bank stability (Lyons et al, 2000, Simon and
Collison, 2001). Herbaceous vegetation has a greater
density of very fine roots, as compared with woody tree
vegetation (Tufekcioglu et al, 1999). This high root
density will probably produce greater soil critical shear
stress under herbaceous vegetation;, however, river side
stabilization develops only with rooting depth (Thorne,
1990). While trees have little fine roots, they also have a
large rooting depth (Gregory and Gurnell, 1988). Density
of root at the river side toe is more critical for river side
stability, as hydraulic shear stress increases with
stream depth. As a research, undercutting of grass banks
is commonly observed by Davies-Colley (1997) and
Bibalani et al. (2007b). Millar and Quick (1998) identified
that the mean soil critical shear stress for forested river
side was two to three times that of grass-covered river
side.

Pulling effect resulting from side roots 1s one form of
soil strong. This effect arises from the horizontal roots,
normally in little depth soil, which increases the in-plane
strength of soil in the rooted zone and resists shiding
with a tractive force exerted, by the roots. The in-plane
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Fig. 1: Schematic diagram of the ideal soil cuboid on
slopes (the in-plane strength). I, Pulling force,
F.: Stability of the cuboid and F;: Root tractive
force

strength is the tensile strength of a soil-root combined
membrane or skin that ties together the underlying soil
(Fig. 1). Tt is present in contrast to the effect of vertically-
enlarge roots, which strengthen the soil by increasing the
shear strength of the rooted soil mass over the sheared
surface. This side pulling effect i1s analogous to the lateral
reinforcement phenomenon mentioned by Sidle (1991).

A network of roots and intertwined side roots at little
depth form a continuous mat which provides good
keeping and so, a significant degree of in-plane strength
(Coppin and Richards, 1990). Dense networks of medium
to small side roots strengthen the top soil so that it acts
as a membrane of side or tensile strength that holds the
below soil in place (O’ Loughlin, 1982; Sidle et al., 1985,
Sidle, 1991 ). Swanson and Wanston (1977) and Schroeder
(1985) implied that side strong across planes of weakness
at potential failure sites may be an important resistance
mechanism in little depth and even deep soils.

The Side roots have been relative to guy ropes by
Gray and Leiser (1982) in which they move stress from
place to place and solidify the soil mass by holding, with
root tensile stability and the root-soil bond (the maximum
bonding force per umt area on the soil-root interface), the
around soil against movement. These roots deliver a
sliding (normally horizontal) stress to a low-stressed but
stable soil mass, thus collect the pulling stability of the

stable mass. Collected stability is moved to the stressed
mass, in the form of tensile stability in the roots, to
increase its in-plane tensile strength. The magnitude of
the pulling effect depends upon the strength of the soil
and roots and the strength of the root-soil bond
(Bibalani et al., 2007a). If the maximum stability by the
roots does not balance the stronger sliding or pulling
force, roots will be either pulled out from the soil
(1.e., bonding failure), or broken (i.e., tension failure) and
the pulling effect fails. Where the roots are dense, they
tend to be more effective in stabilizing the rooted soil
(Bibalani et ai., 2005).

Generally, scil-mass sliding or creep results in a
mumber of crevices on the slope surface at an early stage
(Hunan Province Institute of Water Conservancy, 1983).
In any rooted soil, a number of roots will be found
crossing the crevices from both sides.

An easy way to conceptualize the pulling effect is by
considering an ideal cuboid of a soil body on a slope,
which 13 still joming the underlying soil mass on its
bottom surface and joming the mass around on its four
side surfaces. If we cut this cuboid at its four side
surfaces and pull it parallel to the slope surface, a shear
force will be set up at the cuboid’s bottom surface (the
shearing swrface). The cuboid will produce a shear-
resisting force, arising solely from the shear strength of
the seil, to resist the pulling force (F,). If there are some
roots coming from the soil mass behind and passing
through the cuboid, the bonding force at the seoil-root
interface and the tension in the roots will be mobilized at
this time. Thus, a root tractive force will be produced to
offset the pulling force. As a result, the soil cuboid
receives extra stability, due to the tractive force and is
able to bear a higher pulling force without changing the
actual shear strength on its bottom surface. If there are no
roots 1n the cubeid, however, the cuboid will resist the
pulling force only with the shear-resisting force of the
pure soil and the pulling force will be directed wholly
towards shearing the soil cuboid.

By considering an ideal soil cuboid and pulling it
under known conditions, the pulling effect can be tested
and measured. Here the increased side stability from the
roots 13 the main focus of the testing, although the shear
force of the cuboid was also recorded. On a forests slope
surface, we can consider an 1deal soil cuboid at any given
point and the potential crevices on the slope surface
caused by shiding can be considered as being represented
by the small vertical troughs between the cuboid and
stable soil mass behind.

Except for the occasional, relatively gentle cultivated
slope, most of the Chaboksar forests area is covered with
natural vegetation. Tree vegetation is the main vegetation
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Fig. 4: Schematic diagram of the apparatus of the direct in
situ test. (a) vertical view and (b) side view, Roots
(1), shearing box (2), displacement pole (3), meter
(1), steel cable (5), stability strain gauge (6), steel
thick nail (7), pull jak (), stable soil and (9) little
depth soil layer (10)

trough were left intact as much as possible. These roots
came from the stable soil mass up slope; enlarge mto the
cuboid from the back swface. Some roots enlarge
perpendicular to the pulling direction occasionally also
extend into the cuboid from its side surface, but were cut
when found. Altogether, eleven soil cuboids were
examined at this area (Chaboksar forests). Five of them
were control samples, which were cut completely on all
four sides, without any roots side roots entering mto the
cuboid. All the plots for the cuboid test were randomly
chosen from the top, middle and bottom parts of the large
rectangular plot.

After the soil down slope from the cuboid was
cleared and the three small troughs excavated (back and
sides), the shearing box was installed, which was
assembled around the soil cuboid. F, was increased as
evenly as possible and the shearing box was slowly
displaced. After each cuboid was sheared off and the

shear box later disassembled, the roots penetrating into
the cuboid were collected and weighed, to determine the
relationship between root biomass and the tractive force
exerted by the roots.

At any time during the pulling process, the pulling
force on the cuboid (F,, ) could be read from the stability
meter. Using the following Eq. 1, the tractive force by
roots at the time the cuboid was sheared off (F,, N) was
then was calculated.

FTf = FpE_FEnntml ave (1 )

where, F;is the F, at the time the cuboid fails and F . .
is the average pulling stability force on the non-rooted

cuboid.
RESULTS

When the shearing box was assembled, it was pulled
slightly forwards so that there was no space left between
the soil cuboid and the box frame at the back. The
sampled cuboid did not move much in the beginning of
the test when the pulling force (I,) alone was imposed. It
became somewhat deformed at the back of the shearing
box, to differing degrees. The soil in this area expanded
upwards slightly under the great pressure induced by the
shearing box. At thus stage, although the stability value
on the stability meter quickly rose, the whole cuboid
continued to stay in approximately the same place and
resisted the F.

Some displacement of the shearing box was measured
at this time. This was caused partly by soil deformation at
the back of the cuboid and partly by a minor movement of
it, normally being too little to be observed at this stage.
When F, was increased to a higher value and the
displacement went beyond a specific displacement, or
critical displacement, the cuboid’s bottom surface then
was sheared off and it suddenly moved forwards. In the
case of the non-rooted samples, it was pulled away after
failure and F, declined to a low level of the residual
stability. For the rooted samples, F, did not drop
immediately after the failure and sometimes its value rose
slightly again. This 1s probably was because different
roots broke at different times and some roots still resisted
F, shortly after failure of the cuboid. Most rcots were
broken when they provided stability, very few were
pulled out.

It was assumed that the difference in soil property
between the rooted and non-rooted cuboids was
negligible and that all the roots examined were more or
less equally mvolved in the pulling effect. When pulled,
the two groups resisted the pulling force I, to different
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Table 1: Pulling force, tractive force and root biomass of Prurws avium at
Chaboksar forest

Increased Mean Mean Total
Fy Fy Fyr Fy Fre increased
Samples Aspect (N) (N) (%) N N Fy(%)

Rooted 1 520 2166 416 5935  290.1 48.1

2 650  346.6 533

3 610 306.6 50.2

4 512 20806 407

5 690  386.6 56.0

6 712 40806 573

7 600 2966 494

8 595 291.6 490

9 520 2166 416

10 490 186.6 38.0

11 630 3266 518
Non-rooted 1 312 303.4

2 315

3 310

4 290

5 290

Fy: Pulling force at failure of the cuboids, Critical X: Critical displacement,
Fre: Root tractive force at failure, increased F Increment of pulling stability
due to the root pulling effect, root biomass is the fresh weight

degrees. This difference in response to the F, is assumed
to be an indication of the result of the pulling effect and
an indication of the magnitude of the Prunus aviwn root
tractive force. Generally, the I, values of the rooted
samples at critical displacement (critical X), beyond which
the soil cuboid failed, are higher than those of the non-
rooted ones, showing their greater F, at critical
displacement (F,;). F; for the rooted samples averaged
593.5 N, with a variation from 490-712 N (Table 1),
compared with an average I;; for the non-rooted samples
of 303.4 N (290-312 N).

Table 1 shows that side roots increase the pulling-
stability force of the soil cuboid against F_. The higher F;
for rooted samples indicates that F,; has mobilized the
tractive force (F;) of the roots and the cuboids therefore
receive an extra level of stability. When the cuboids are
pulled, the average F; of the rooted samples increased
beyond the average stability (F, ., &) of the non-rooted
samples.

The soil conditions of the cuboid were similar and
therefore the soil-shear strength should not differ very
much from place to place.

The root tractive force F; at the critical displacement
(or Fyy), based on the average Fp, using Eq. (1) averaged
290.1 N.

Tractive force (F;) varied more or less with the root
biomass, as showed in Table 1.

DISCUSSION

The pulling effect has a magnitude which may vary
from point to point to a certain degree, due to the
variations of roots and soil, but the variation should not
be very large as mdicated by the field test results
(Table 1).

It should however be noted that the direct in situ
tests used in this study likely underestimated the
magnitude of the pulling effect to some extent. In the field,
after the small troughs had been dug to the rear of the
cuboids, the penetrating roots were hung across the
trough and consequently lost their original bearing points
for the pulling effect. They may not have provided as
great a tractive force as would otherwise have been the
case. For these reason, the pulling stability of the cut
cuboids tested 1s lower than it would have been under
entirely natural conditions. Also, the direct in situ test
further underestimates the tractive force in two ways.
Fistly, roots below 2 mm in diameter were mostly
destroyed during the excavation of the soil cuboids and
they are not included in the measwements. Secondly,
some roots from the stable mass may not have penetrated
into the cuboid, but rather extended into the trough along
on of the sides. Such roots also have not been taken into
consideration.

Due to this underestimation by the direct test, the
possible range of the magmtude of the potential tractive
force, provided by little depth roots in the given vertical
cross-section area within the top soil profile could be
somewhat higher than the results of the direct test.

The side roots of Prunus avium provide tensile
strength to the top seil and protect the soil mass below as
well. On the Prunus avium forests slopes, the combined
effects of vertical and side roots function together: while
the dense side roots bind the little depth soil mass to form
a membrane with increased tensile strength, the vertical
roots anchor the tensile membrane to the deep and more
stable soil mass. With the combimed effect, the side roots
are able to stabilize the top soil against little depth slide
and creep.

This study has revealed and quantified the pulling
effect of the Prumus avium tree n the Chaboksar forest
lands, a phenomenon by means of which the tree
stabilizes the slopes in the Roudsar and probably also in
other areas where the Prunus avium 1s growing. It s a
ploneer study and the results have given estimates of the
root tractive force of the Prunus avium for the first time in
Tran. The findings and methodology of the study may be
applied in other areas and to other tree plants.
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