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Mapping tree root system in dikes using induced polarization: Focus on the influence of soil water content

Keywords: 

In this study, we assessed induced polarization as potential non-destructive method for root detection in dike embankments. We used both laboratory and field experiment to describe the electrical signal with a focus on soil water content. Our objective was to determine in which hydric state of the soil, and related electrical properties, roots could be accurately discriminated. We hypothesized that preferential water zone absorption near roots could, in some conditions, contribute to locate them. During the laboratory experiments, we compared the response of containers filled with the same homogeneous silty clay bare material, and without (A) or with freshly cut root (B) at different levels of soil water content. Resistivity and phase variations with soil water content indicated that it was preferable to work in dry conditions since the contrast was higher. Interactions and overlapping between polarization effects of both root and soil made it difficult to interpret first chargeability maps. This led us to study temporal-spatial variations by considering the dynamics of water absorption during a field experiment. High resolution time lapses images showed a correlation between root location and complex resistivity anomalies. Although these first results have to be confirmed by further measurements, induced polarization seems to add useful information to interpret anomalies produced by woody roots.
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Introduction

Context and background

Controlling the vulnerability of dike embankment is one of the main concerns for river managers. A regular monitoring and diagnosis is necessary. Indeed, the failure of such dikes may have catastrophic socioeconomic impacts including casualties for neighboring populations. In the world, tens of thousands of kilometers of dikes were insufficiently maintained in the past (Sharp et al, 2013;Zanetti et al, 2011aZanetti et al, , 2011b) ) and sometimes planted with trees,leading to the development of woody vegetation on these embankments and their surroundings. Tree rooting in dikes generates significant risks, particularly a risk of and external erosion (Patrice Mériaux et al., 2006).Internal erosion by piping occurs when particles are torn off and transported along preferential pathways and is one of the main causes of dike failure (Foster et al., 2000). It can be initiated by the presence of root systems that constitutes areas of heterogeneities particularly with root decay (Bambara et al.,2013) after tree death or coppicing.Information on the soil type is useful to assess the behavior of the pipe after root decomposition. The more the soil material is cohesive, the longer the root way is preserved (Deroo and Fry, 2014). Dikes which material is in majority fine (silt and clay) as they generally have to be impermeable, are therefore vulnerable to root decay.External erosion (slopes and crest) is often related to trees blown over. Recent work by Vennetier et al. (2015) and Zanetti et al. (2015) allowed understanding the way tree root systems and more specifically large roots develop in dikes: they showed that this development depends on environmental conditions such as material type, water-table level and climate as well as tree position on the embankment. They related root system types and the architecture of individual roots to these conditions. This helps river managers to assess the level of risk related to these trees depending on their location and their age. Nevertheless uncertainties remain especially when the nature and spatial distribution of the materials are unknown.