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Figure 1. Location of the Tuskestan—-Chaharbagh Road on the map.
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Table 1. Mean comparison of stable and debris slopes.

Slosisls slaaals J,il.,a )L\.:Lﬁ sladals J,il.,a [ESEP

(Parameters) s sl ;L
(Average debris slopes)  (Average stable slopes) (Units)

53.793 52.221 ) (Sand) 4wl

0.9714 0.3714 ) Mud) ¥

44.229 46.4 5 (Gravel) Jl S

49.067 49.311 ) (Coarse-grained granulation) &lscs s ghodls

1.8714 1.3714 (03] (Fine-grained granulation) «ils 3, (gXuails

0.1675 0.1739 (Kg/em?) (Shear strength of soil) S+ 2y o glas
43 35.5 (03] (Slope percentage) i Lo s

0.4588 0.4343 - (Aggregate stability) «lusl= (s ,lul

0.0999 0.0996 (KPa) (Soil cohesion) S+ St

8.9286 11.071 ) (Soil moisture) S =y b

108.93 183.34 (MPa) (Root tensile strength) a2y, 228 o glis

32.121 33.185 (Degree)  (Internal friction angle of soil) Sl= J=tls SKasl 4 5l5

Mkl bl s (15,0 QLS hdg 2 g 0515 5Sile - Y Jpur
Table 2. Mean density and canopy cover of rangeland plants in stable locations.

(Ao)3) iy 26 (Sl (s o2 al) (515 Sk
Average canopy cover (%) Average density (Basal in m?) s A glaa S (o) oliyl Dad
_ B _ . Dominant rangeland Elevation classes
S R0% sy S S R0% Sl s species (m)
Broad-leaved Bush  Grass Broad-leaved Bush
18 14.66 35 6.2 2.2 Melica persica 1400-1700
20.62 3.43 41.87 7.62 0.375 Dactylis glomerata 1700-2000
23.75 13.75  23.75 16.87 1.62 Astragalus sp 2000-2300

.6‘5}_)[9 &bu 2K Z)L&L_S/ Juﬁx G‘J 9 rS‘; o._gj‘._.c—\" J}J}
Table 3. Mean density and canopy cover of rangeland vegetation in the debris locations.

(Aoy9) iz 6 oSl (rre o &) S5 Ry
Average canopy cover (%) Average density (Basal in m?) s e S () i)l lib
¢ . ¢ ¢ : Dominant rangeland Elevation classes (m)
S R0% slon S 1S, o5 species
Broad-leaved ~ Bush  Grass Broad-leaved Bush
20 6 24 7.5 1 Cirsium lapaceum 1400-1700
14.62 5 26.42 7.21 0.35 Tussilago farfara 1700-2000
23.86 12.04  29.77 14.95 1.72 Crataegus monogyna 2000-2300
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Figure 8. Mean shear strength of soil in stable and Figure 7. Mean tensile strength of stable and debris
slope slopes.

debris slopes.
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Abstract

Background and Objectives: One of the problems that human beings face due to
maladministration and overexploitation of existing resources is the instability of the debris
slopes. Problems often caused by slope instability include road accidents, road blockage and
financial and human losses. There are various methods for stabilizing unstable slopes. One of
these methods is to apply the vegetation because of features such as bioengineering capabilities,
economical issues, bio-technical issues and high durability, self-regeneration, self-renewal and
no negative impacts on the environment at slope stability. The purpose of this study is to
investigate the role of plant species in the stability of debris slopes of Tuskestan-Chaharbagh
road as a bioengineering approach.

Materials and Methods: Firstly, the study area was investigated and 35 locations (14 locations
were stable and 21 locations were debris) were selected for sampling from plants and soil. The
sampling of roots was done at the depth of 0-30 cm of the dominant species at each slope and
the sampling of soil was conducted at the depth of 0-20 cm. The density and canopy percentage
of the vegetation at the grasslands and forests were measured respectively with square plot
(1 m®) and circular plot (100 m®). Some of the soil characteristics such as: shear strength,
cohesion, internal friction angle, humidity, aggregate stability, slope, gradation curves (the
percentage of fine-grained and course-grained particles) and the root tensile strength of the
dominant species were measured at some of the slopes. The study was tested by the independent
T- test using SAS software.

Results: The results of the experiment showed that the mean of the above parameters on the
stable and debris slopes were: 0.1739-15.82 kg/cm® for shear strength, 0.0996-0.0999 kPascal
for cohesion, 11.071-0.928% for humidity, 0.4343-0.4588% for aggregate stability, 35.5-43%
for slope and 183.34-108.93 mega Pascal for root tensile strength. Vegetation also had
meaningful impacts on the above parameters at the 5% level and it should be added that the
density and canopy percentage of vegetation, were more at stable slopes compared with the
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debris slopes. The dominant rangeland at the stable slopes were species (Melica persica) and
(Astragalus sp.) and at the debris slopes specie (Tussilago farfara). On the other hand, dominant
tree species at the stable slopes was (Carpinus betulus) and shrub species (Rubus sp.) at the
debris slopes. The species (Melica persica) and (Astragalus sp.), with the highest density
average of grassland herbaceous and bush plants with the highest average of canopy percentage
and also the tree species (Carpinus betulus) with the highest average of canopy percentage, has
had the most impact on the slopes stability and soil conservation. On the other hand, the specie
of (Crataegus monogyna) with the highest density average of shrubs plants and the highest
average of canopy percentage has had the most impact on the slopes instability.

Conclusion: The vegetation with a high density and canopy percentage leads to the increase of
shear strength, internal friction angle, course-grain particles percentage, soil humidity and root
tensile strength and causes a decline at cohesion, fine-grain particles percentage, aggregate
stability and slope at the stable slopes in comparison with the debris slope and therefore results
in the fixation of the slope. Therefore, vegetation is considered as bioengineering method for the
fixation of the debris slopes.

Keywords: Bioengineering, Debris slope, Root tensile strength, Slope stability, Vegetation
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