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ABSTRACT: The geophysical study of the spread of plant roots have become imperative due to its effect on
buildings. Most buildings constructed close to trees; without taking into consideration the extent of root spread, have
experienced cracks which sometimes lead to the collapse of such buildings. To investigate the horizontal and vertical
spread of plant roots at the University of Benin Engineering field, Edo State, Nigeria, a two-dimensional electrical
resistivity imaging was done using the Wenner-Schlumberger array configuration. Data were collected along two
profiles; profile 1 was taken along tree paths and profile 2 along grassland area, some distance from profile 1. Profile
1 showed a very resistive top layer underlain by a low resistive layer. The top layer which appeared to be highly resistive
was due to the presence of fluid absorbers within that layer. The fluid absorbers are the roots from the trees which are
distributed both vertically and horizontally within the layer. With the inversion results, the depths of the roots were
estimated to be between 5.00m and 7.50m from the surface; with resistivity values of between 610.00Qm to 1700 Qm.
The resistivity distribution obtained in profile 2 appears to be more homogeneous than the results obtained from profile
1 with resistivity values of between 320 Qm to 3500.00 Qm from the top layer to the bottom layer. The uniformity in

the resistivity distribution with depth was due to the absence of tree roots within the formation.
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The damage on structures caused by tree roots can be
direct or indirect. Direct damage is damage caused by
the mechanical action of any part of a tree in direct
contact with part of a structure. Roots encountering a
solid object will divert and follow the course of least
resistance, thereby causing no damage. The
continuous radial expansion of trunks and structural
roots in contact with a structure and in a restricted
space, however, may exert sufficient pressure to
displace heavy structures (Biddle, 1998b). Indirect
damage is caused by the influence of a tree on soil
moisture levels of a substrate prone to shrinkage and
expansion. The ground is de-hydrated through the
transpiration of leaves abstracting moisture from the
ground and, less significantly, by the interception of
rainfall by the crown. The ground contracts and this
can lead to crack in buildings or make foundations
unstable. A thorough near-surface investigation and
characterization prior to building construction is an
essential component of foundation design to ensure
safety of human lives and properties; where there are
inadequate or inefficient subsoil characterization and
soil strength determination, a potential foundation-
related failures or structural dilapidations may result
(Oyeyemi et al, 2017). Detailed geological
investigation is necessary where there are

heterogeneities and variations in the subsurface earth
due to the presence of tree roots in order to ascertain
the extent of the root spread. Usually winter rainfall
results in full recovery so that the process is seasonal.
On the other hand, removal of a tree results in long-
term recovery and expansion of the ground (Biddle,
1998b). According to Ward (1953), the influence of
tree roots on the stability of shallow foundations can
be reduced (or avoided) using the proximity rule,
which suggests that the distance, D, between a shallow
foundation and a tree must be equal to or greater than
the height H of the tree (i.e. D/H > 1). All species of
trees are categorized as, ‘high’, ‘moderate’ or ‘low’
water demanders. Species in the high group are
generally considered to extend their influence on soil
moisture levels over a distance of 125 percent the
height of the tree. Moderate water demanders extend
their influence over 75 percent of their height and low
water demanders extend their influence over 50 per
cent of their height. Several other nonempirical rules
have recommended distances for planting trees based
on their maximum expected heights at maturity to
avoid the differential settlements. However, these
rules cannot be extended to all types of soils and
regions around the world (Areghan et al., 2015).
Growing roots change soil structure, displace pore
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water and gas and increase porosity. Plant water
balance and physiological processes depend on the
control of root water uptake (Anderegg and
HilleRisLambers, 2016). There are significant gaps in
resolution and sampling volume between common
approaches to monitor root-zone moisture. Remote
sensing provides regional-scale estimates of water
content, but has limited spatial and temporal resolution
and marginal depth penetration (Scott ez al., 2003). In
contrast, time domain reflectometry and other probes
provide accurate point-scale estimates of soil moisture
with high temporal resolution, but cannot readily be
up-scaled (Robock et al., 2000). In addition, remote
sensing and point-based methods provide only limited
information about moisture percolation below the root
zone, and thus groundwater recharge rates that are
essential for water resources management. With
surface geophysical methods, such as electrical
resistivity imaging (ERI), it is possible to monitor
water content at soil-bedrock depths between 2.50 and
17.00m and at frequent time intervals (Beff et al.,
2013). ERI is a nondestructive, geoelectrical method
to examine soil properties (Martinez-Pagan et al.,
2013); it allows the generation of two- and/or three-
dimensional images and maps depicting both the
spatial and temporal variation in soil electrical
resistivity, corresponding to variations in soil water
content (Cosentini et al., 2012), and singularities like
cracks and fractures. The resistivity of rocks and soil
may vary depending on their water content, water
salinity and mode of pore distribution, with a wide
range of values (1-10°Qm™"); lower values indicate
higher water content and vice versa. ERI finds
application in the study of inhomogeneous medium
(Aigbogun et al, 2017), the determination of
contaminants in environmental study (Olaseni et al.,
2018), the determination of mineral deposit within the
subsurface (Ogunlana et al., 2019) and the study of
archaeological sites (Papadopoulos ef al., 2006). The
ground resistivity is related to various geological
parameters such as the mineral and fluid content,
porosity and degree of water saturation in the rock.
Although ERI has been used to characterize temporal
changes in moisture content (Jayawickreme et al.,
2008) explore for the first-time natural interactions
between seasonal soil moisture dynamics, climate
variability, and vegetation differences using time-
lapse ERI. For this analysis, they equipped a forest-
grassland ecotone with a suite of hydrogeophysical
equipment. Their observations from this ecotone
demonstrate that ERI can be used to accurately
quantify the spatiotemporal distribution of root-zone
moisture content, bridging critical gaps between
remotely-sensed and in-situ point measurements. This
information is essential to project the influence of
changing climate and land covers on hydrologic fluxes
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and ecosystem sustainability. The purpose of this
research is to investigate the depth and spread of plant
roots due to its effects on buildings.

MATERIALS AND METHOD

The study location, the University of Benin
Engineering Field, is located in Ugbowo area of Edo
State, and lies within latitude 6°24°06” N and 6°24°12”
N and longitude 5°36°44” E and 5°36’51” E. It is
underlain by sedimentary formation of the South
Sedimentary Basin. The formation is characterized by
top reddish to reddish brown lateritic massive fairly
indurate clay and sand. This is often marked with
reticulate muderacks. This caps the underlying more
friable pinkish-yellowish white often gravelly-pebble
sands clayey soils, sands and clay (Akujieze, 2004).

In order to study the effect of tree roots on electrical
resistivity of the subsurface lithology in the study
location, data were obtained along two profile lines;
Profile 1 was taken along the path dominated by trees
and profile 2 was along a grassland area; some
distance from the tree area. A direction of W-E
azimuth was adopted for the two profiles as shown in
Figure 1.

Fig 1: Google Earth Image showing the profile lines for the survey
location

The materials used for data acquisition include; the
PASI Terrameter, battery, twenty-one (21) stainless
steel electrodes, four (4) electrode connectors or clips,
cables and reels, hammers, generating set, extension
boxes, measuring tapes, GPS device, notebook, pen
and umbrella.

Field Theory: The fundamental physical law used in
resistivity surveys is Ohm’s law; a law that governs
the flow of current in the ground. It should be noted
that Ohm's law applies in the vast majority of
geophysical cases unless high current densities occur,
in which case the linearity of the law may break down.
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The resistance offered by the subsurface geologic
feature is obtained by calculation using:

AV

R
I

Where; 4V is the electric potential difference across
the potential electrodes; M and N, [ is the current
introduced into the subsurface using a pair of current
electrodes; A and B.

The data collection was done using Wenner-
Schlumberger array configuration (Figure 2). The
choice of the configuration is largely because of its
good signal-to-noise ratio and better horizontal
coverage. The maximum depth of penetration of this
array is greater than the Wenner array configuration
(Loke, 2000). In this configuration, electric current is
introduced into the subsurface using a pair of current
electrodes; A and B. This current creates an electric
field within the subsurface. The electric potential
distribution due to this injected current is measured
across a pair of potential electrodes; M and N.
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Fig 2: Electrode configuration adopted for the survey

The n factor is the ratio of the separation between the
first current electrode; C1, and the first potential
electrode; P1, or the second current electrode; C2, and
the second potential electrode; P2, to the separation
between the potential electrode pair. The potentials at
the electrodes M and N are

V_pI[Al 1] dV_pI[Al 1] 2
M= onlam ~ mBl "'V T 2z [aN T NB

The potential difference, (AVmn = Vm — VN), between the two potential electrodes is given as
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The resistivity, p, is obtained by rearranging Equation 3, and is given as
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For this array type, the geometric factor; K is given as
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Where: a = the separation between the potential electrode pair (a = MN); and L is the average separation between

the current electrode pair; A and B (L = AB/2).
The general expression for the geometric factor, K is
K=mnn+1)a 7

The electrodes were arranged along the profile lines
which were 200m long each with a minimum electrode
spacing of 10m. Starting from the origin, the output
terminals of the current cables were connected to
electrodes 1 and 4 with the aid of electrode connectors

or clips and the input terminals of the potential cables
were connected to electrodes 2 and 3. The input
terminals of the current cables and the output terminals
of the potential cables were connected to the
Terrameter. The cables are moved along each profile
line; keeping the 10.00m electrode spacing constant
for the first traverse. After the first traverse, the first
current and potential electrodes as well as the second
current and potential electrodes are kept 20.00m apart
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while the separation between the potential electrodes
is kept constant at 10.00m. This implies that the
current cables were connected to the first and sixth
electrodes while the potential cables were connected
to the third and fourth electrodes along the profile lines
before the second traverse was taken. Figure 3 shows
the electrode separation for the different traverses
along the profile.

Electrode spa-:i.r.‘tg for the third traverse
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Fig 3: Current and potential electrode separations for each traverse
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RESULTS AND DISCUSSION

Figure 4a showed a very resistive top layer underlain
by a low resistive layer. The resistive top layer with
resistivity values of Dbetween 610.00Qm to
1,700.00Q2m was between 5.00m and 7.50m thick. The
low resistive layer which was directly below the high
resistive layer has resistivity values of between
160.00Qm to 400.00Qm with thickness of between
13.56m and 16.06m at a horizontal distance of
between 27.31m to 108.46m and thickness of between
24.40m to 26.90m at a horizontal distance of between
130.00m to 200.00m. The low resistive layer was
partitioned by a resistive subsurface feature projecting
from the bottom to the top of the inversion model and
has resistivity values of between 1132.00Qm to
3500.00Qm. Figure 4b showed a fairly resistive
inhomogeneous zone to maximum depth of about
20.63m with resistivity values of between 320 Qm to
1113 Qm and to depths of between 9.27 m and 20.63
m. Below the inhomogeneous zone are layers that are
homogeneous with varying thickness and the
resistivity values are between 1113 Qm to 3500 Qm.
In Figure 4a, the subsurface resistivity within the tree
region to a depth of between 5.00m and 7.50m from
the surface appeared to be high due to the presence of
fluid absorbers within that depth. The resistivity
values to these depths were between 610.00Qm to
1,700.00Qm. The absorbers were the roots from the
trees which were distributed both vertically and
horizontally within the layer.
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Figure 4: Result of the 2D inversion for the (a) first profile (b) second profile

The roots absorbed the fluid content within the
subsurface, thereby resulting in the dryness of the
layer where these roots were located and also increase
in the resistivity distribution within the layer. The high
resistivity values measured indicates the absorption
rate of the roots. The plant roots also interfered with
the electric flux distribution within the subsurface.
This interference led to a reduction in the electric
current that passed through the tree roots; which made

the formation to be resistive. Directly below this high
resistive zone was an inhomogeneous, high moisture
content saturated zone with resistivity of between
160.00Qm to 400.00Qm and thickness of between
13.56m and 26.90 m. Below the high moisture content
layer were homogeneous layers with varying
resistivity values of between 605.00 Qm to 3500.00
Qm. The resistivity distribution in the 2D inversion
model in Figure 4b appeared to be more homogeneous
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when compared to the resistivity model in Figure 4a.
Figure 4b showed a very resistive model with the
lowest resistivity value of about 320 Qm and a
maximum resistivity of 3500.00 Qm. The resistivity
values of the layers increased from top to bottom.

Conclusion: The top layer in profile 1 appeared to be
highly resistive (up to about 1700 Qm) to depths of
between 5.00m and 7.50m. This was followed by low
resistive layer. The model obtained from profile 2
showed resistivity values of between 320 Qm and
1113 Qm within the top layer. The resistivity values
increased with depth unlike what was obtained in
profile 1. We therefore concluded that the high
resistive top layer which was followed by low resistive
layer in profile 1 was largely due to the presence of
fluid absorbers (plant roots). Hence, the two-
dimensional ERI can therefore be used to investigate
the extent of the horizontal spread and depth of tree
roots within the study location.
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