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Abstract 

The use of plants for protection of slopes or river embankments against water and wind erosion is spreading in civil and 
environmental engineering. Naturalistic approach for slope stabilization has been more and more studied and experimented, and a
genuine discipline, that integrates traditional geotechnical engineering methods, has been created: Bioengineering. To evaluate
plants roots effect on soil shear strength and slope stability, theoretical and experimental studies about biotechnical and 
mechanical characteristics are needed, to better understand soil-root interaction mechanism. This work provides indications on 
mechanical strength parameters of some species of native plant roots. Tensile strength of two Mediterranean species have been 
analyzed caring out a series of experimental tests. Results indicate that tensile strength of roots is influenced by many factors, 
among which, the most important are root diameter, its moisture and the location where plants had grown up. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Bioengineering or Naturalistic Engineering is a discipline that uses living plants for erosion control and soil 
stabilization measures, generally in combination with other stabilization works such as timber piles, earth structures 
[1] etc. Positive effects of vegetation on slope stability has been noted and documented since Middle Age, but 
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techniques using plants for sliding slopes and river embankments stabilization have been described for the first time 
in Austria, in 1826. Many applications were made especially in Alpine Regions. Vegetation, combined with 
structural elements, can effectively contribute as a control measure against erosion or certain instability processes, 
especially shallow ones. In fact, plants plays an active role on slope stability, both on surface, protecting and holding 
soil particles, and in deeper layers, reducing pore pressure (hydrological effect) and increasing soil shear strength 
(mechanical effect). The use of vegetation is particularly appropriate in contexts where soil conservation measures 
are needed to correctly insert the intervention into landscape.  

Naturalistic engineering works costs depends on the material purchase and provision, its transportation, and on 
the realized work maintenance costs. In many cases they are financially advantageous (about 40-90%) with respect 
to conventional approaches using concrete. Nowadays only a limited number of studies about this topic, requesting 
an inter-disciplinary approach, both botanic and geotechnical, have been realized, most of them in Central Europe. 
Moreover, although in international literature experimental data on plant tensile strength can be found, those values 
must be considered valid only local conditions. 

This work provides indications on mechanical strength parameters of native plants roots. In particular tensile 
strength of native Mediterranean species have been analyzed by means of a series of experimental tests carried out at 
the Department of Civil Engineering and Architecture of University of Catania. Results indicate that tensile strength 
of roots is influenced by many factors, among which, root diameter moisture and the location where plants had 
grown. 

2. The role of vegetation in slope stability 

Vegetation can improve slope stability both influencing hydrological processes that determine stability conditions 
and modifying directly the soil mechanical properties. Soil hydrologic balance depends directly on vegetation for its 
influence on interception, infiltration, evaporation and transpiration. Roots water absorption reduce soil water 
content. Plants usually have a positive effect on mechanical properties due to reinforcement action, anchoring the 
shallower soil to the deeper (Fig. 1). Roots density within the soil mass and their tensile strength contribute to 
improve the capacity of the soil to resist against shear loads. The maximum tensile strength or pullout resistance of 
roots, together with an assessment of roots size and distribution (Root Area Ratio), can be used to evaluate the 
appropriate root reinforcement values to be used in the stability analysis of a slope.  

Development of the plants root apparatus is controlled by the interaction between genetics and environment. 
Roots maintain their basic characteristics, that depend on the genotype, but the same species could have deeply 
different root systems for as regards root density, diameters distribution, extension and depth that can be reached 
[2,3]. 

Laboratory data show that tensile strength generally decreases with root diameter: root strengths are lower for 
large diameters and higher for small diameters [4,5]. Moreover, root tensile strength depends on the biological 
components of the root: smaller diameter roots have more cellulose than larger diameter roots and therefore are 
characterized by higher strength [6]. 

The reliable benefit of apparent cohesion is limited to shallow depths, as root distribution is mainly concentrated 
within 1m from the ground surface (Fig. 4). The use of an enhanced value of the soil cohesion is appropriate for 
grass and shrub areas where fine root distribution with depth is consistent and easily defined [7]. Field studies of 
forested slopes [8] indicate that fine roots, 1 to 20mm in diameter, are the ones that contribute most to soil 
reinforcement. Grasses, legumes and small shrubs can have a significant reinforcing effect down to depths from 0.75 
to 1.5m [9]. Some researchers have attempted to compute the values of apparent cohesion due to the presence of the 
roots in the ground by designing and developing in situ shear tests for different types of root systems [10,7,11]. 
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