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Knowledge about root system distribution plays an important role in slope stability studies, as this
factor grants an increase in soil geotechnical properties (cohesion and angle of friction) and deter-
mines a different underground water circulation. Published studies about in situ application of
Electrical Resistivity Tomography analysis show how the root presence affects the measurable soil
resistivity values, confirming the suitability to investigate the application of such technique, aim-
ing to estimate root density in soil with an indirect and non-invasive method.

This study, laboratory-based and led on reconstructed samples in controlled condition, aims
to find a correlation between the resistivity variations and the various factors that can affect them
(humidity, bulk density, presence of foreign bodies).

The tests involved a clay-loam soil taken from Quaracchi (Florence, Italy), in an experi-
mental fir-wood (Picea abies) owned by the Scuola di Agraria of Universita degli Studi di Firenze,
the first-chosen site for field applications of Electrical Resistivity Tomography. The soil has been
dried out in a lab stove, sieved at 2 mm, and then placed in a Lexan box (30x20x20 ¢cm), without
compaction.

Inside the sample have been inserted 3 series of 4 iron electrodes, at three different depths.
Resistivity measures are conducted on the three levels using a Syscal R2 with electrodes connected
in a Wenner configuration. Root presence is simulated inserting 48 bamboo sticks (simple geome-
try, replicable root density). The tests were repeated in time, monitoring the natural variations in
humidity (evapotranspiration) and bulk density (compaction).

The first results show an increase in resistivity with the decrease in mean soil humidity and
increase in bulk density. Root presence, on equal terms, entails higher soil resistivity values whose
trend appears, on first impression, to be fixed in an exponential law in relation to humidity.

Keywords: root density, geophysics, water content, indirect detection, electrical survey.

Introduction

Slope stability is influenced by the presence of plants, both herbaceous and arboreal
[Preti, Petrone, 2013]. To evaluate the protective function of plants, within the hydrogeologi-
cal risk, it is therefore appropriate to evaluate the architecture of the root systems of plants
[Gonzalez-Ollauri, Mickovski, 2015], in order to study the specific effect of a single tree, of
arboreal species, and hopefully of a forest stand, in ensuring adequate stability on the slope
[Chirico et al., 2013].

To qualitatively evaluate the hypogeal organs of a plant, an estimate can be made by
observing the upper portion. Quantitative assessment appears to be a study that necessarily
requires higher costs, in terms of time and work [Schwarz, Cohen, Or, 2010]. To measure,
weigh and evaluate distribution, depth, etc. of the root system of an arboreal plant, it is
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necessary tocarry out an excavation, which allows the exposing of these organs [Bischetti et
al., 2009]. The excavation often causes irreversible damage to the roots, with consequent risks
for the epigeal portion. These methods are definable as direct and destructive.

Published studies [Amato et al., 2008, 2010; Rossi et al., 2011] confirm the suitability of
Electrical Resistivity Tomography (ERT) analysis for estimation of root density in soil with
an indirect and non-invasive method [Cassiani et al., 2012]. Analysis shows how the root
presence affects the soil resistivity values. The aim of this study, laboratory-based and led on
reconstructed samples in controlled condition, is to find a correlation between the resistivity
variations and some factors that can affect them (humidity, bulk density, presence of foreign
bodies, temperature), in particular the presence of roots of plants. The electrical surveys find
numerous applications for subsoil analysis, water flow analysis, study of the bedrock, pres-
ence of fossil fuel accumulations, studies regarding permafrost and seismic risk [Kaznacheev
et al., 2020; Lebedeva et al., 2019; Simakov et al., 2020; Skvortsova et al., 2016; Tiapkin et
al., 2019; Isaev, Kotov, Sergeev, 2020]. Electrical surveys, like ERT, can be used for in situ
soil mapping and monitoring, assessing the flow of the electric current, and then determining
a soil characterization [Pozdnyakov, Pozdnyakova, 2002].

This work concerns the influence of roots on the resistivity of vegetated soil [Zenone et
al., 2008]. The found correlation can allow quantitative analyses on the distribution of roots in
the soil [Amato et al., 2008], therefore the quantification of the space explored, the develop-
ment over time of the roots with time-lapse investigations [Mary et al., 2018], contributing
significantly to the understanding of slope stability and individual trees.

With this study, we try to understand how the presence of roots influences the soil resis-
tivity, in order to develop a field methodology, through which it is possible to carry out analy-
ses on tree root systems in an indirect way. The technique chosen for this purpose is the elec-
trical sounding survey. This technique measures how the electric current spreads in a medium
[Kulikov, Kaminsky, Yakovlev, 2017; Samouélian et al., 2005]. The basic assumptions are that
the presence of woody material in the soil leads to greater resistivity, given the poor conduc-
tivity of this material.

The novelty of this study, compared with the cited works, concerns the understanding of
the behavior of the woody material towards resistance, if this variation occurs because of the
evapotranspiration mechanisms of the plants, or if the presence of the roots implies a varia-
tion, given the insulating characteristics of the wood.

Materials and methods

With this study, resistivity measurements were carried out with the geoelectrical meth-
od. The used instrument is Syscal R2 [Batayneh, Al-Diabat, 2002]. The applied device fol-
lows the Wenner array configuration system, visible in Fig. 1 [Morris, Moreno, Sagues,
1996]. The transmission characteristics, for the carried out analysis, were: voltage: 12 volts
and typical current was ~1.25 to 0.625 amps.

The analyses were carried out with different soils, coming from different sites: clayey-
silty alluvial urban soil (sand 41 %, silt 27 %, clay 32 %), soil of calcareous origin with ex-
tensive rocky outcrops (sand 59 %, silt 38 %, clay 3 %), soil of arenaceous origin with scarce
rocky outcrops (sand 50 %, silt 30 %, clay 20 %). The tests were performed by measuring the
resistivity of the soil in different humidity conditions, adding water to the sample, and with
the presence in the sample of different materials (stones and roots). Resistivity measurements
were carried out with constant monitoring of humidity and soil density. Portions of roots were
taken from a spruce uprooted for other purpose.
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Fig. 1. Diagram explaining the principle of Electrical Resistivity Tomography. A, B — current elec-
trodes, M, N — potential electrodes, G — current generator, 4,, — ammeter, J' — voltmeter

Puc. 1. Cxema, nosgcHsIOImAs MPUHLUI IeKTpoToMorpadun. A, B — uznyuatomue snexrpoas; M, N —
U3MEpUTEIIbHbIC AIEKTPOIbl, G — UCTOYHUK TOKA, A, — aMIIepMETp, V — BOJIBTMETP

Equipment

The study was carried out using the geoelectric sounding survey technique performed
with Syscal R2, Iris instrument. An electric current is sent into the soil through a pair of elec-
trodes (current electrodes). A voltmeter, connected to a pair of receiving electrodes, allows to
measure the potential difference and therefore the apparent electrical resistivity of the soil,
multiplying the potential current drop sent by a geometric coefficient, depending on the dis-
position of the electrodes on the ground [Okpoli, 2013]. The equation used for this was [Her-
man, 2001]:

Ry =2maAViI, (1)

where, R, is the apparent resistivity in ohm'm; 27a is the geometric factor depending on elec-
trodes spacing a (5 cm); AV is the potential difference (volt) and / is the total current (amp).

During the varying of humidity in time, in the investigated sample, we observe a change
in soil resistivity, furthermore the testes are repeated adding the bamboo sticks and changing
soil density. Through the analysis of spatial resistivity gradients, it is possible to identify in-
homogeneities (bodies with different electrical conduction capacities) present in the investi-
gated soil, in the form of distortion of the normal distribution of the electric potential.

Preliminary tests with PVC pipes

The first laboratory tests (Fig. 2), performed by reconstructing the samples in construc-
tion pipes (PVC, diameter 20 cm) using material as it is taken from three different areas, were
carried out for the three types of soil, varying the content of water, the presence of roots and
the degree of compaction. Holes in the wall of the tubes were provided to insert the electrodes
with an interval of 5 cm and measure the resistivity at 4 heights.

The ground was inserted into the pipe without any original structure modification. The
soil samples for the preliminary tests were collected in 3 different locations: the urban soil in
Quaracchi (Florence — 43°47'40.7" N, 11°10'38.3" E), the Calcareous soil in Farnocchia
(Lucca —43°58'56.3" N, 10°17'52.6" E) and the soil of arenaceous origin in Pomezzana (Luc-
ca — 43°59'15.8" N, 10°18'53.7" E). During these tests, the density and moisture of the soil
were not measured analytically, but we made changes between one test and another, simply
by compacting the soil inside the pipe and adding water. The roots were placed inside the
tube, before inserting the earth.
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Fig. 2. Preliminary tests, general view of the laboratory setup. / — container for soil samples (plastic
pipe); 2 — four bolts-electrodes installed on the surface of the pipe at a distance of 5 cm from each oth-
er; 3 — copper connecting cables; 4 — Syscal R2 equipment; 5 — a plate with information about the
measured values and types of soil

Puc. 2. [IpeaBapurenbHble UCOBITAHUS, OOIINI BUA JIAOOPATOPHOM YCTaHOBKH. / — KOHTEHHEp AJIs
00pas31oB MOYBHI (TIaCTHKOBasA TpyOa); 2 — deTbipe 00NTa-3JeKTPOIa, YCTAHOBICHHBIE Ha MTOBEPXHO-
CTH TpyOBI Ha PACCTOSIHUM 5 CM JIpYT OT Apyra; 3 — MeJHbIE COeMHUTENbHBIC Kabenu; 4 — anmaparypa
Syscal R2; 5 — Tabnnuka ¢ nHpopManued 00 H3MepsieMbIX 3HAYCHUAX U TUIIaX TPyHTa

Main test with Lexan box
Subsequently, in the geotechnical laboratory of DAGRI, a Lexan box (Fig. 3, on the

left) was created (dimensions 30x20x20 cm) to conduct further tests in density and humidity
controlled conditions on sample homogeneity.

Fig. 3. Main tests, start (on the left) and end (on the right) of the measurement cycle in the Lexan box
30%x20x20 cm in size. / — electrodes (thin iron rods in an insulating sheath); 2 — connecting cables; 3 —
bamboo sticks

Puc. 3. OcHoBHBIE UCTIBITaHMS, Ha4Yallo (Ccr1esa) U KOHell (cnpasa) IUKJIa U3MEPEHHUH B JIEKCAHOBOM

KoHTeiHepe pazmepoM 30x20x20 cM. / — 3eKTpoasl (TOHKHE KeJle3HbIe CTePKHU B M3ONHPYIOMIEH
00011049Ke); 2 — COeIUHUTENbHBIC Ka0benn; 3 — 0aMOYKOBBIC TAJIOUKH
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The test consists in measuring the resistivity of the soil at 3 different depths, at 2 cm,
6.5 cm and 13 cm (see Fig. 3). Root presence is simulated with the insert of 1 mm diameter
bamboo sticks (see Fig. 3, on the right). The soil, dried in the stove and crushed to eliminate
agglomerates, is inserted into the box without compacting it. The bamboo sticks permit a sim-
ple calculation of root area ratio (RAR), a parameter that describes the root density in a
known area. RAR is the ratio between the sum of root sections and the rooted area [Giambas-
tiani et al., 2017]. Placing a real root in the Lexan box and then filling it with soil, would have
led to problems, like empty spaces formation. Furthermore, a cutted root or a bamboo sticks
have the same behavior on evapotranspiration. A quantity of water equal to 50 % of the
weight of the soil is added. Then three rows of four iron electrodes are inserted, insulated up
to the measurement depth. The first measurements were carried out on the soil inserted in the
box without compaction, adding water initially and measuring during drying. Adding 48
bamboo sticks and the same amount of water made the second series of measurements. After
the second drying, the soil was mixed and compacted in order to obtain a higher density, and
then the measurements were repeated during drying and with the bamboo sticks. The first test
(incompact without bamboo sticks) was terminated when the last measurement performed
was the same as the previous one (this was considered an outlay and not reported in the analy-
sis). For the two cases with bamboo sticks, the tests were terminated until resistivity was un-
measurable (excessive drying and cracks formation).

Results

From the first preliminary tests carried out with PVC pipes, a different behavior of the
soil resistivity is found based on the soil conditions and the presence of roots. The minimum
resistivity values are found with moist soil (groundwater or drinking water is a good current
conductor, in relation to dry soil), when soil is inserted into the PVC pipe with a higher den-
sity (compared to adding without compaction) the resistivity values are always less than in the
dry case. The resistivity values of the rooted soil are always higher than in the other cases. For
the three sites, we find different resistivity scales based on the chemical and physical nature of
the soil (Fig. 4).
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Fig. 4. Preliminary measurements in the plastic pipe. Resistivity values (p, Ohm-m) for different types
of soil: urban (on the left), calcareous (center), arenaria (on the right). 1-4 — soil conditions: dry (1),
wet (2), compacted (3), soil with roots (4)

Puc. 4. [IpensapurenpHble U3MEPEHUS B IIACTUKOBOM TpyOe. 3HAUECHHUS yAEIHHOTO CONMPOTUBIICHUS
(p, OM'M) 111 pa3HBIX THUIIOB TIOYBHI: TOPOJICKOM (cr1e6a), U3BECTKOBOH (10 yenmpy), necuanou (cnpa-
6a). 1-4 — coctosiHuA OUBHL: cyxas (/), BnaxHas (2), yiuloTHeHHas (3), mouBa ¢ KOpHIMU (4)
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The resistivity values measured for the three different types of soils are comparable with
the data in the literature, in particular author [Reynolds, 1997] reports that calcareous soils
(limestone) can have a resistivity range between 300 and 10.000 ohm'm, the origin arena-
ceous soil (sandstone) between 200 and 5000 ohm'm. Urban soil, net of anthropogenic dis-
turbances, can be associated with an alluvial soil, with a resistivity range between
50-1000 ohm'm [Reynolds, 1997].

Subsequent tests with the Lexan box show how the insertion of wooden elements into
the soil, of a size comparable to plant roots, significantly affects the resistivity of the soil
(Fig. 5), with high R-squared and p-value always <0.01. Fig. 6 shows all the values measured
at the three different depths, from what the graphs show, the average is well representative of
the trends. The three series of resistivity measurements carried out during the drying cycle are
well correlated with soil moisture, but show different trends with respect to the presence of
wooden elements and soil density.
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Fig. 5. Main tests in the Lexan box. Dependence of resistivity (p, Ohm-'m) on humidity (H, %) in the
process of soil drying. Each mark displays the average value of measurements at three depths: 2 cm
(1), 6.5 cm (2), 13 cm (3); p corresponds to the apparent resistivity R,, calculated by the formula (1).
The gray line is the approximating curve described by the equation y=3795.4¢ *'**" (determination co-
efficient R*=0.8558, p-level of the significance p-value=1.471-10") for uncompacted soil; dashed line
is the approximating curve y=941.73¢ "% (R*=0.9574, p-value=1.083-10") for the soil with bamboo
sticks; black line is the approximating curve, y=62.868¢ *"*'* (R*=0.8394, p-value=3.478-10"*) for
compacted soil

Puc. 5. OcHOBHBIC HCIIBITAHHS B JICKCAHOBOM KOHTEWHEpE. 3aBUCUMOCTh yIEIBHOTO CONPOTHUBICHUS
(p, OmM'M) ot BaxkHoctu (H, %) B mpolecce BhICHIXaHMs MOUBBL. Kaskaplil 3Ha4oK oToOpaxkaer cpen-
Hee 3Ha4YeHHe M3MepeHui Ha Tpex riryouHax: 2 cm (1), 6.5 cm (2), 13 cMm (3); p COOTBETCTBYET KaXy-
mEeMyCsl yIeTbHOMY CONPOTHUBICHUIO R,, paccuutanHoMy 1o dopmydie (1). Cepast nuHES — ammpok-
CHMHpYIOIIas KpUBAs, ONMMChIBacMas ypaBHeHHeM y=3795.4e """ (kooddumment nerepmunamuu
R’=0.8558, p-ypoBeHb 3Ha4UMOCTH p-value=1.471-10"") 115 HeyNIOTHEHHO MOYBBL; INTPHXOBAS JIH-
HUSL — almpoKCHUMHUpyrommas kpusasi y=941.73¢ 1% (R?=0.9574, p-value=1.083-10") mwis mouBsI ¢
6aMOYKOBBIMM MAJOYKAMH; dYepHas JIMHHS — aNIpOKCUMHUpyHomas Kpusas, y=62.868¢ "

(R*=0.8394, p-value=3.478-10"%) anst ynmoTHeHHO#t MOYBHI
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Fig. 6. Main tests in the Lexan box. Dependence of resistivity (p, Ohm'm) on time (¢, days) since the
start of the measurement cycle when the sample dries for three soil conditions: uncompacted (above),
with bamboo sticks (center), compacted with bamboo sticks (below) at a depth of 2 cm (1), 6.5 cm (2),
and 13.5 cm (3) and an average value between them (4). Under the graphs — the equations of the ap-
proximating curves y(x) for depth values /—4 with the corresponding coefficients of determination R

Puc. 6. OcHOBHBIC HCITBITAHHS B JIKCAHOBOM KOHTEWHEpE. 3aBUCUMOCTh yIEIBHOTO CONMPOTHUBIICHUS
(p, OM'M) OT BpeMeHH (¢, CyT) ¢ MOMEHTa Hayaja HHKJIa M3MEPEHUH NpH BBICBIXaHWU o0pasua ajs
TPEX COCTOSHUI MOYBHI: HEYIJIOTHEHHOH (88epxy), ¢ 6aMOYKOBBIMH MAIOUYKaMH (10 yermpy), YIIOT-
HEHHOM ¢ 6aMOyKOBBIMH MTAJIOUKaMH (6Hu3y) Ha riryoune 2 cm (7), 6.5 cm (2) u 13.5 cM (3) u cpenHum
3HaueHueM Mexny Humu (4). [lon rpadukamMu — ypaBHEHUS! alNpPOKCUMHUPYIONINX KPHUBBIX (x) AJS
3HAYCHUH IITyOHHBI /—4 ¢ COOTBETCTBYIOMIMMH KOI(GHUIMECHTAMH JeTePMHHAINN R

The three drying cycles have different duration, but a homogeneous and gradual behav-
ior (Fig. 7). The influence of the presence of wooden elements, other conditions being equal,
is also evident in the resistivity difference measurement, during the bamboo sticks insertion
(Fig. 8). The results show a different behavior in terms of soil resistivity, at varying the pres-
ence of wooden elements, keeping constant humidity.
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Fig. 7. Main tests in the Lexan box. Dependence of humidity (H, %) on time (¢, days) since the start of
the measurement cycle when the sample dries for three soil conditions: uncompacted (/, black line —
approximating curve described by the equation y=44.446¢ "% determination coefficient R’=0.9283,
p-level of significance p-value <2.2:107'°); with bamboo sticks (2, gray line — approximating curve
y=45.027¢ "%, R*=0.9852, p-value=4.788-10"*); compacted (3, dashed line — approximating curve
y=42.225¢ %" R?=0.8394, p-value=1.521-10")

Puc. 7. OcHOBHBIE UCTIBITAHUS B JIGKCAHOBOM KOHTEiHepe. 3aBUCUMOCTh BiIaxkHOCTH (H, %) oT Bpe-
MEHH (f, CyT) C MOMEHTa Hayajla [IUKJIa U3MEPEHHH MPH BBICBIXaHUHM 00pasla AJsl TpPeX COCTOSHUI
HOYBBI: HEYIUIOTHEHHOM (/, YepHas IMHUA — alllIPOKCUMUPYIOIAsi KpUBAasi, ONMUChIBaeMasi ypaBHEHUEM
y=44.446¢ "%, xosddunment nerepmunarmn R°=0.9283, p-ypoBeHb 3HaunMOCTH p-value<2.2:107'%); ¢
6aMOYKOBBIMH Manoukamu (2, cepas IMHHS — AaNmpOKCHMHpYIOmas Kpusas y=45.027¢ %"
R*=0.9852, p-value=4.788-10""); ymnotseHHoii (3, IITPHXOBAs IHHHUS — ANNPOKCUMHUPYIOIIAs KPUBAS
y=42.225¢ %" R?=0.8394, p-value=1.521-10")
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Fig. 8. Main tests in the Lexan box. Dependence of the resistivity (p, Ohm-'m), averaged at a depth of
2 cm (1), 6.5 cm (2), 13 cm (3) and the average value between them (4), on the total sectional area of
inserted bamboo sticks (S, mm?). Dashed line — approximating straight line described by the equation
y=4.9902x + 247.19, determination coefficient R*=0.9542, p-level of significance p-value=0.004219

Puc. 8. OcHOBHBIC HCIBITAHUS B JICKCAHOBOM KOHTEHHEpE. 3aBUCUMOCTh yACIBHOTO COMPOTUBICHUS
(p, OM'M), yepenrenHoro Ha TIryoune 2 cM (1), 6.5 cm (2), 13 cM (3) u cpenqHuM MeXIy HUMHU 3Hade-
HieM (4), OT CyMMapHOIi [UTOMAAN CeYCHHS BCTABICHHBIX 0aMOYKOBBIX manouek (S, mm). IlItpuxo-
Basi JIMHUS — alllIPOKCHUMHUPYIOIIAs MpsiMasi, ONUcbiBacMasi ypaBHeHueM y=4.9902x + 247.19, koaddu-
IMeHT feTepMuHaiu R°=0.9542, p-ypoBeHs 3uaunMocti p-value=0.004219

The resistivity trend is different for three tests, we find a linear progression for the “in-
compact without bamboo sticks” test, compared to the “with bamboo sticks” tests, which
show potential trends, both in relation to humidity (see Fig. 5) and the trend over time
(see Fig. 6). For the “incompact with bamboo sticks” test we have measurements that deviate
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from the trend curve, in particular the last measurements of the test. However, the determina-
tion coefficients remain high and show a significant relationship. The “compact with bamboo
sticks” test shows an intermediate trend between the first and second test, with some differ-
ence regarding the variation between the electrodes at different depths. The measurements
close to the bottom are larger than those at 2 cm and 6.5 cm, probably due to compaction.
However, the average values are well comparable with the other tests and also in this case the
significance coefficients are good (see Fig. 5, 6).

Discussion

The first tests show an evident influence of the presence of roots in the variation of resis-
tivity, depending on other conditions. Carried on the preliminary tests provide us with an over-
view of the soil behavior in terms of resistance, subjected to a different physical state (presence
of water, degree of compaction). The variations between the different types of soil are mainly
determined by the chemical differences of the investigated soil [Nassereddine, Rizk, Nasserd-
dine, 2013]. The results obtained are in agreement with what was found by other authors. Au-
thors in [Amato et al., 2008] found a good correlation between soil resistivity and the quantity
of roots in the subsoil. Also in the work [Amato et al., 2010] we find similar findings on the re-
sults obtained, moreover the quantity of roots and the resistivity are directly proportional. This
work shows comparable results with the work [Rossi ef al., 2011], as regards also the type of
soil (clayey). Authors in [Attia al Hagrey, 2007] also find comparable relationships. From this
work, we can also demonstrate how the presence of wooden material causes a change in soil re-
sistivity.

It is evident that the resistivity values, when there are simulated roots in the soil, belong
to a different statistical population compared to the non-vegetated soil. When the soil is more
compact, therefore with a density more similar to natural conditions, the exponential trend is
more similar to the trend of the dry series, this is because the greater proximity of the soil par-
ticles (which determines a greater density) determines a greater electroconductivity, compared
to conditions of greater porosity. The trend of the resistivity values with soil without simu-
lated roots has a linear progression (note the value of the exponential coefficient, markedly
closer to zero) compared to the exponential trends of the resistivity measurements carried out
with the presence of simulated roots.

The drying rate, therefore the number of days necessary to obtain the same soil mois-
ture, changes according to the other parameters. It appears that the rate is greater when the
wooden elements are present [Rao et al., 2020], this is because the bamboo sticks bring great-
er evaporation of water and affect the water circulation processes in the soil [Robinson, Slater,
Schdfer, 2012]. When the density increases, the chemical strength of the system changes, so
the water finds many more obstacles to break the strength from the bonds with the soil parti-
cles. Wood is an organic structure, [Liese, 1985] characterized by a high porosity (lymph
conducting vessels), in fact it is generally an insulating material (for example in construction).
The root acts as an interruption in the network on which the electric current moves, reducing
conductivity. The variation between vegetated and non-vegetated soil is irrelevant when the
soil is in high relative humidity conditions. Among the parameters that can affect the meas-
urement, which have not been investigated in depth, are the cracks created with the drying of
the sample and the edge effect [dizebeokhai, Olayinka, 2011], given the limited size of the
test sample. We believe that the cracks formation, visible in Fig. 3, on the right, may have in-
fluenced the last resistivity measurements for the “Incompact with bamboo sticks” test.

The methodology has some limitations, the lack of a real physical characterization of
the materials (soil, bamboo, water used) does not allow for a direct analysis. However, the

IF'EO®PU3NYECKHNE NCCIIEJJOBAHUA. 2021. Tom 22. Ne 2



Laboratory tests about resistivity variation in soil, in connection with root presence 55

procedure is repeated with the same process, the only differences are related to the condition-
ing factors, which have been modified in a specific and precise way.

This combination leads to a reduction of errors, or in any case a low impact of these er-
rors. The identified errors that could influence the test concern the margin (and bottom) effect
given the small size of the Lexan box, the interaction between the electrodes, the formation of
soil agglomerates near the bamboo sticks. We believe that errors related to the process are
offset or otherwise do not affect the study.

We believe that the stated objectives in this study are satisfied by the results, as we can
determine a clear influence of the soil resistivity, due to the presence of wooden elements.
This statement is also supported by other authors, for example in work [Cassiani et al., 2012]
we see how the presence of plants modifies the resistivity of the soil, but this variation cannot
be attributed only to the evapotranspiration processes carried out by the plants, through which
we obtain less humidity and a consequent decrease in soil resistivity.

Conclusion

From the data obtained from the performed experiments, we can see that the roots influ-
ence the resistivity of the soil. The different physical structure of the wood leads to a modifi-
cation of the local characteristics of the complex structure: vegetated soil. The soil resistivity
increases, for the soils under analysis, when the “simulated” roots are present and when the
soil humidity is less than 30 %. The roots can be considered “obstacles” to the current con-
duction, moreover they have a decisive role on the evaporation processes. In fact, they influ-
ence the soil humidity trend and consequently the conductivity variation. The study was car-
ried out with a preliminary test, in order to understand the relationship between soil and roots
in relation to resistivity. The goal of the work was achieved with satisfactory results, regard-
ing the influence of the roots in the variation of soil resistivity values. This study must be con-
sidered a starting point for further investigations of the geoelectric sounding technique for
analysis on the distribution of root systems. Future necessary developments concern the ap-
plication to real cases with live plants and natural soil conditions. The introduction of new
techniques, such as 3D analysis and VERS [Alekseev, Kostecki, Abakumov, 2017; Nemtsova,
Zhurbin, Zlobina, 2019] and as the tests replication over time with a 4D approach [Mary et
al., 2018], could give good results to detect the root system distribution of a tree, and monitor
the roots development and their physiological conditions, through a time-lapse analysis.
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AHHOTanmsi. 3HaHUE O PacIpellelICHNH KOPHEBOW CHCTEMBI PaCTeHUI UI'paeT BaXKHYIO POJIb B U3yUECHUH yCTOM-
YHBOCTH CKJIOHOB, ITOCKOJIBKY 3TOT (DaKTOp OINpPEAENseT HUPKYJSIHMIO NOA3EMHBIX BOJ M 00ECIieunBaeT MOBbI-
IIEHNE TaKUX T'€0TEXHHMUYECKUX CBOMCTB IMOYBBI, KaK CHJIA CLEMJICHUS U yron TpeHus. OmyOnnKkoBaHHBIE paHee
WCCIIEIOBAaHNS O NPUMEHEHUH in situ HIEKTPOTOMOTrpaduu AEMOHCTPHUPYIOT, KaK HAaJIW4YHe KOPHEH BIHSET Ha
u3MepsieMble 3HaYeHHUs! YAEIbHOTO CONPOTUBIICHHUS TIOYBBL. JTO TIOATBEPIKIAET BOSMOXKHOCTD IIPOBE/ICHHS JJIEK-
TPOTOMOTpadMIECKIX M3BICKAaHMI, HAIPABICHHBIX HA OLEHKY IUIOTHOCTH KOPHEH B II0YBE KOCBEHHBIM M HEWH-
Ba3UBHBIM CIIOCOOOM.

Hacrosimiee ucciienoBanie BBINOJIHAIOCH B JIAOOPATOPHBIX YCJIOBHSX Ha HMCKYCCTBEHHBIX O0Opasuax, H
OBLIO HAMPaBJICHO HAa MOWCK KOPPEIALUH MEXIY BapHALMSIMHU yIeIbHOTO CONPOTUBICHUSA U PA3IUIHBIMHU KOH-
TPOJIUPYEMBIMH (PaKTOPaMH, MPENOIOKHUTENBHO BIUSIOMMMA Ha PE3yIbTaThl 3KCIEPHMEHTOB, CPEIH KOTOPBIX
BJI&YKHOCTB, HACKIITHAS INIOTHOCTb, HAIMYNE HHOPOIHBIX TEIL.

OO0pa3upl U3roTaBIMBAIUCH U3 TIIMHUCTO-CYTJIMHUCTOM No4Bbl, B3aTOM M3 Kapakku (Quaracchi, ®no-
pernus, Utamus), B 9KCIIEpUMEHTAIEHOM €JI0BOM Jiecy (Picea abies), npuramexamiem Scuola di Agraria Uni-
versita degli Studi di Firenze. Yka3aHHOe MECTO BIIEpBbIE ObIJIO BBIOPAHO VISl SJIEKTPOTOMOIPa(hUIECKUX HCCIle-
noBanuid. [TouBa mpenBapurensHO ObUIa BBICYIIEHA B JaOOpAaTOPHOW MeuH, MpocesHa Yepe3 CUTO C pa3MepoM
SYeeK 2 MM, TIOCIIe 4ero 06e3 yIIOTHEHHS TOMEIIeHa B JISKCAHOBBIA KOHTeltHep pazmepamu 30x20x20 cMm.

[Tpn npoBeieHNH SKCIIEpPUMEHTa JBEHAALATD JKEJIE3HBIX AJIEKTPOJIOB MOMEIIANINCH B 00paserl 1o YeThipe
B psa Ha TayOuny 2, 6 1 13 cM. YaenpHOe CONPOTHRIICHHE U3MEPSIIOCHh C MTOMOIIBIO anmnapaTypsl Syscal R2 no
cxeme Bennepa. IlpucyTcTBre KOpHEH MMHUTHPOBAJIOCH BCTaBKOW 0aMOYKOBBIX Iajo4eK, BHIOPAHHBIX 3a IIPO-
CTYIO T€OMETPHIO U IUIOTHOCTb, OJIN3KYIO K IUIOTHOCTH KOpHEH. MakcUManbHOE KOJIMYECTBO MajlovyeK, HCIOIb-
3yeMBIX B XOJI€ SKCIIEPHUMEHTA, cOCTaBUIO 48 mTyK. MI3MepeHus: COpOTUBIIEHHS TPOBOAMINCH PETYJISIPHO B Te-
YEHHUE IUTUTENBHOTO MEPUoJa BPEMEHH ¢ KOHTPOJIEM €CTECTBEHHBIX KOJICOaHMI BIaKHOCTH (MCTIApeHHs) U Ha-
CBIITHOM TUIOTHOCTH (YTIOTHEHHMS).
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[TepBEIe pe3ynbTaTHl MOKAa3aIM YBEINICHUE YISIEHOTO COMPOTHUBICHUS C YMEHBIICHHEM CpPEeIHEH BIaX-
HOCTH TIOYBHI U YBEJIIMYEHUEM HACHIITHON IT0THOCTH. Hanmiaue KopHe# mpu paBHBIX YCIOBHAX BIIEYET 3a COOOM
0oyee BHICOKHE 3HAYEHHS YIECIBHOTO CONPOTHBIICHHS ITOYBHI, KOTOPOE, Ha MEPBBIN B3IV, SKCIIOHEHIMAIHHO
3aBHCHUT OT BJIAYKHOCTH.

KiioueBble c10Ba: MIOTHOCTh KOPHEH, reopu3nKa, BOAOHACHIIIEHHOCTh, KOCBEHHOS OOHApYKEHHE, 3IEKTPO-
pasBeika.
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