Asian Journal of Geographical
Research

Asian Journal of Geographical Research

A 4(2): 44-54, 2021; Article no.AJGR.67523
— ISSN: 2582-2985

Application of Electrical Geophysical Method in Site
Selection for Viable Area for Agricultural Practices:
A Case Study of Ukpenu-Ibhiese and lruekpen

Edo State-Nigeria

Aigbedion Isaac!” and Salufu Samuel?!

1Geophysics Physics Department, Ambrose Alli University, Ekpoma, Nigeria.
Authors’ contributions

This work was carried out in collaboration among all authors. Author Al designed the study, performed
the statistical analysis, wrote the protocol, and wrote the first draft of the manuscript. Author SS
managed the analyses of the study. Authors Al and SS managed the literature searches.

All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/AJGR/2021/v4i230130

Editor(s):

(1) Dr. Nadhir Al-Ansari, Lulea University of Technology, Sweden.

(2) Dr. Xu Chong, China Earthquake Administration, China.

(3) Dr. Hani Rezgallah Al-Hamed Al-Amoush, Al al-Bayt University, Jordan.
Reviewers:

(2) Irffan Ahmad Afip, Universiti Malaya, Malaysia.

(2) P. Samatha Chowdary, R. V. R. and J. C. College of Engineering, India.
Complete Peer review History: http://www.sdiarticle4.com/review-history/67523

Received 27 February 2021

Original Research Article Accepted 02 May 2021
Published 17 May 2021

ABSTRACT

Electrical geophysical method was applied, to select viable area with essential soil nutrients for
plant’'s growth. Conventional soil test analysis was carried out for the purpose of confirmation. A
case study was done at Ukpenu-lbhiese and Iruekpen in Ekpoma. The result of the electrical
resistivity geophysical method showed that southwest and northwest of the area has resistivity
values that ranged between 80Qm to 170Qm while the remaining part of the area has values higher
than 170Qm, ranged from 580Qm to 950Qm. Values of organic matter, Nitrogen, Phosphorus, and
Potassium, obtained from the soil test in area with 800m to 170Qm indicated good proportion of
essential soil nutrients for plant growth while area with resistivity values that ranged from 580Qm to
9500m was deficient in essential soil nutrients for plant growth. The results further proved that soil
electrical physical properties thus detected and mapped can be used as a proxy of physical,
chemical, and biological features relevant for the appropriate site selection and soils management,
based on their resistivity behavior, spatial variability, and time dynamics in the area of study.
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1. INTRODUCTION

Geophysics is the application of physical quantity
measurement techniques to provide information
on conditions or features beneath the Earth’s
surface [1]. Geophysics provides a set of robust,
cost-effective, and completely noninvasive or
minimally invasive technologies for near-surface
investigations able to estimate the physical
properties of the shallow layers of soil and
subsoil.

Agro geophysics is a pioneering technique in
precision agriculture. It has not yet reached its
full potential, and it is continuously being
developed. The role of geophysical methods in
agriculture is becoming more important in Nigeria
and all over the world. Geophysical methods
have been increasingly popular for shallow and
environmental studies worldwide. In particular an
electrical geophysical method is helpful in soil
investigation which focuses on an interval from
the ground surface down to a depth of 2 meters
[2]. The three geophysical methods suitable for

electromagnetic induction and ground-
penetrating radar. Geophysical methods not
traditionally employed in the past for agricultural
purposes will find significant use in the future
[3,4]. Soil structure is defined as the spatial
arrangement of soil constituents (minerals and
organic matter) and void of soil [5] . Soil electrical
conductivity (EC) is a measure of the amount of
salts in soil (salinity of soil). It is an important
indicator of soil health. It affects crop yields, crop
suitability, plant nutrient availability, and activity
of soil microorganisms which influence key soil
processes including the emission of greenhouse
gases such as nitrogen oxides, methane, and
carbon dioxide [6].

There was some agricultural research activity in
the1930s and 1940s related to soil moisture
measurement with resistivity methods [7,8,9]; but
for the most part, the application of geophysical
methods to agriculture did not gain momentum
until the 1960s, and to a greater extent in the
1970s, with the use of resistivity methods for soil
salinity assessment [7].
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Fig. 1. Geological map of the study area (Modified after Salufu and Ujuanbi [12])
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Resistivity methods used in this study measure
the electrical resistivity, or its inverse, electrical
conductivity, for a bulk volume of soil directly
beneath the surface. Resistivity methods
basically gather data on the subsurface electric
field produced by the artificial application of
electric current into the ground. With the
conventional resistivity method, an electrical
current is supplied between two metal electrode
stakes partially inserted at the ground surface,
while voltage is concurrently measured between
a separate pair of metal electrode stakes also
inserted at the surface. The current, voltage,
electrode spacing, and electrode configuration
are then used to calculate a bulk soil electrical
resistivity  (or  conductivity) value  using
software. Electrical conductivity (ECa) or its
inverse resistivity (ER) is one of the most utilized
variable to indirectly assess soil spatial variability
in agricultural fields [10,11].The techniques
commonly used to measure the ECa variation
within the root zone at field scale are essentially
two: Electrical resistivity (ER) and
Electromagnetic induction (EMI).

This paper intend to show that electrical
geophysical methods when integrated with soil
test and textural analysis can assist in farm
planning and can provide valuable information
for agriculture purposes about oil fertility, water
table and soil characterization. The study further
intend to identify suitable crop(s) in the study
area.

2. GEOLOGY OF THE STUDY AREA

The area between Ukpenu-Ibhiese and Iruekpen
has high topography ranging from 910ft to 1185ft
forming a general flat terrain that forms a
plateau. The area falls within the Edo State-
Nigeria arm of Anambra Basin. It is underlain by
Okwashi-Asaba Formation of Nigeria. The
formation lithology ranges from lateritic
sandstone, sandstone, mudstone, siltstone and
clayey sandstone.

2. MATERIALS AND METHODS

A geophysical electrical investigation was
performed by carrying out six Vertical Electrical
Sounding (VES) in the study area (Fig. 2). The
geophysical electrical method was integrated
with soil test and textural analysis in the area of
study. Soil testing was carried out by collecting
five representative soil samples across the study
area as shown in Fig. 2, according to the
standard in the laboratory. Point of samples
collection was geo-referenced. Laboratory
analysis of soil test and textural analysis (soil
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particle size analysis) of soil were done and
results interpreted. Geophysical study of the
subsurface soil was done to determine the load
bearing strength of the soil, in-situ nature of the
soil and depth to water table across the study
area.

The Schlumberger configuration was adopted
due to its reliability in depth sounding and
strength of geology material determination. The
Schlumberger vertical electrical sounding was
carried out along the profile using SAS 1000
ABEM Terameter. The maximum electrodes
(AB/2) spread ranged from 200m to 390m in the
study area. The electrode movements on the
current electrodes C1, C2 are moved outward
symmetrically, keeping P1, P2 fixed at the centre.
With this procedure often called electric drilling,
the property of the subsurface was explored to
determine the load carrying strength capacity of
the soil, in-situ soil nature, and water table
across the study area.

In this way, it is possible to calculate the
apparent resistivity (p):
A
p== (1)

3. RESULTS AND DISCUSSION

The apparent resistivity result for the six VES
conducted in the study area is presented in Table
1. The inversion models for the six resistivity
result are given in Fig. 3 to Fig. 8. The result
showed that VES 1, VES 3, VES 4, and VES 6
from topsoil to depth of about 2m ranged from 80
Qm to 170 Om as shown in Fig. 3, 5, 6 and 8.
These values indicate good content of organic
matter good enough for crop nourishment while
VES 2 and VES 5 have values that ranged from
580 Om to 950 Om (Fig. 4 and 7). The result
indicates that the soil around VES 2 and VES 5
are devoid of organic matter that gives nutrients
for plants growth. The resistivity results of the soil
layers across the study area show that the soil
has good load bearing capacity to carry load
such as tractors, farm tools and implements,
without soil failure. The inversion model for the
VES results also shows that the ground water
table across the area ranged from 60m to 290m.
The shallow depths occur around AAU dam while
the deep depths are distributed across the
central to the north-east of the study area as
shown in Fig. 2. The water table depths across
the area shows that their won’t be excessive
influx of groundwater to the surface during the
peak of raining season.
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Fig. 2. Map showing soil sample collection points and VES points across the study area
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Fig. 3. Inverted model layer for VES 1 : Ukpenu-lbhiese and Iruekpen Edo State

47



Isaac and Samuel; AJGR, 4(2): 44-54, 2021; Article no.AJGR.67523

Depth of Iayersﬁu 0
Cal. app. res. n0000. 0 ———rr -

Obs. app. res. I | I | I E
+ T . . ]
Iter. @ L. . __________ .I _________ .:. __________ |_ _________ . ___________
App. Res. : : :
RMS error 267% [ ! |  H 5 1
”"E"E'I wooo.of — — — — +— — - H e
5 | | i 5 ]
i E f-‘r:’____,l"’i ] E 4
N ] . I <l B N O O O ]
_ ; I/f*”’ |
Resis. i 7/( E
10000 — —— = H—— 1T ——
i i | i
---------- e I e B
N | s
100.045 10.0 1000 1000.0

Elec. spac.

Fig. 4. Inverted model layer for VES 2: Ukpenu-Ibhiese and Iruekpen Edo State
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Fig. 5. Inverted model layer for VES 3: Ukpenu-lbhiese and Iruekpen Edo State
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Fig. 7. Inverted model layer for VES 5 : Ukpenu-lbhiese and Iruekpen Edo State
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Fig. 8. Inverted model layer for VES 6: Ukpenu-Ibhiese and Iruekpen Edo State

Table 1. Result of apparent resistivity data obtained from the study area

SIN AB/2 MN/2 VES1 VES2 VES3 VES4 VESS5 VESG6
(Qm) (Qm) (Qm) (Qm) (Qm) (Qm)
1 5.0 20 2243 4109 234 2357 5623 3234
2 20.0 20 2700 9052 241 2257 2138 2345
3 50.0 5.0 306 775 150 2669 2145 3456
4 80.0 5.0 320 968 156 3454 2160 3678
5 110.0 10.0 326 128 120 3821 3202 3890
6 140.0 10.0 369 142 90 3892 3262 4567
7 160.0 15.0 365 120 80 3872 3254 4789
8 180.0 15.0 343 80 76 3861 2360 4678
9 220.0 20.0 154 78 70 3880 1345 5678
10 250.0 20.0 132 67 50 2091 1234 6816

The result of soil test analysis showed that the
soil pH ranged from 6.2 to 7.2 (Table 2) across
the study area which indicates suitable soil for
agricultural purpose. The organic matter
percentage of the soil across the study area
ranged from 5 % to 8.21 % (Table 2) with the
highest organic matter occurring in the south
west to the north west of the study area. This
result is in conformity with that of VES results
acquired in the study area. Sample A and C
gave the least organic matter contents in the
area, ranged from 5 % t0 6.75 % (Table 2). This
indicates that soil around the area where soil
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sample A and C were obtained has low organic
matter. This symbolizes that the area has low
crop nutrients which is similar to VES result that
showed resistivity values ranged from 580Qm to
950 Om. Similarly, in the areas where these
values of resistivity were observed, the nitrogen,
phosphorus, and potassium contents are general
low compare to other parts of the study area.
Nitrogen content of the soil ranged from 61.1 %
to 62.2%, Phosphorus content of the soil ranged
from 50 mg/kg to 54 mg/kg, and Potassium
content of the soil ranged from 205.3
k(colmol/kg) to 299 k(colmol/kg) while in the
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other parts of the study, southwest to northwest
has higher values. This spatial distributions of
soil nutrient in the study area shows that
southwest to northwest is rich in soil nutrient for
crop growth according to Standard soil test
nutrient classification of Kryzanowski et al.
(1988) s shown in Table 4. This result confirms
the resistivity result of the study area that
southwest to northwest is very rich in essential

soil nutrient necessary for plant’s growth (Fig. 9-
Fig. 11).

The soil grain analysis (Textural) showed that silt
is the dominants grain ranges from 71% to Over
80% (Table 3). Clay has the second highest
percentage after silt, it ranges from 10.3% to
13.8% while sand is the least (Fig. 12)

Table 2. Results of soil test in Ukpenu —Ibhiese and Iruekpen , Ekpoma

Soil Parameters Sample A Sample B Sample C Sample D Sample E

pH 6.2 6.43 7.1 7.1 6.62

Organic matter (%) 5 7.37 6.75 7.16 8.21

Total Nitrogen (%) 62.20 72.11 61.10 74.00 69.20

Phosphorus (mg/kg) 54.22 64.23 50.14 71.00 65.02

Mg/kgExch acidity 0.5 0.4 0.4 0.4 04

Ca (mg/kg) 3.61 3.44 5.63 4.08 1.24

Mg (mg/kg) 1.16 1.15 1.32 1.14 2.59

K (cmol/kg) 299.0 402.0 205.3 400.3 397.2

Na (mg/kg) 2.02 1.01 2.96 2.92 3.97

Mn (mg/kg) 4.2 4,72 14.75 1.83 42.87

Fe (mg/kg) 21.53 21.48 20.17 27.1 61.5

Cu (mg/kg) 1.92 1.63 2.07 1.93 1.78

Zn (mg/kg) 1.19 0.84 1.09 0.82 4.2
Table 3. Results of soil particle size analysis

Samples Silt (%) Sand (%) Clay (%

A 81.2 8.5 10.3

B 81.4 6.7 115

C 73.8 10.3 15.8

D 76 8.5 155

E 80.4 6.8 12.8

Table 4. Standard soil test nutrient classification (after Kryzanowski et al., 1988)

Soi Test Nutrient m e
Nitrate Nitrogen (Dryiand) (Iblzc) (00 ‘i‘m e
Nitrate-Nitrogen (Imigated) (Ibiac) 2.‘_‘;‘1::; <0 240
Phosphorus (Ib/ac) ?;g:‘)' <1 I
Potassium (blzd) %ﬂg 3 <51 sl
Sulphur (Tbfac) (00- ‘iﬂ":; <6 §-10
Copper (opm) i <03
Manganese (ppm) ?(i; .f:)] =10
Tron (ope) o <20
Zine (ppm) ?;g:‘)' <03
Boror' (ppu) ‘gﬁ 3 <03
Chloride (ppm) %ﬂ; f:)' <150

Clossification’
Marginal Adequate
21-30 31-40 41-50 51-60 61-70 71-80 =80
41-60 61-80 81-100  101-120 | 121-40 M41-160 =180
21-5 26-30 3140 41-30 51-70 T1-50 =90
101150 | 151200 201250  251-300 | 300-400 401-600 =600
11-15 16-20 -5 26-30 31-40 41-50 =50
0510 =10
1.0-2.0 =20
20-40 =40
05-10 =10
0.35-0.50 0.350-3.50
16-30 =30
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Fig. 9. Map showing percentage spatial concentration of Nitrogen across the study area
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Fig. 10. Map showing percentage spatial concentration of Phosphorus across the study area
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Fig. 12. Map showing percentage of sand, clay and silt across the collection point in the study

4. CONCLUSION

area

analysis in this study, to select area with viable
soil nutrients for the purpose of crop cultivation.
The result has shown good conformity. The

Electrical geophysical method has been applied
and its result compared to conventional soil test

53

results from the Geophysical ,Soil test and soil



Isaac and Samuel; AJGR, 4(2): 44-54, 2021; Article no.AJGR.67523

grain size analysis, proved that soil physical
properties thus detected and mapped can be
used as a proxy of physical, chemical, and
biological features relevant for the management
of soils, based on their behavior, spatial
variability, and time dynamics in the area of
study. However, electrical geophysical method
has advantage of information about bearing load
capacity of the soil, water content, soil in-situ
information, and depth to water table over the
conventional soil test. Hence, site selection study
for agricultural purposes should be done by
integrating electrical geophysical method with
soil test analysis for adequate and reliable result.
Since the result of the soil test analysis has
showed that the soil in southwest and the
northwest area of the study area is rich in NPK
and other soil nutrients needed for crop growth in
require proportion hence we recommend that the
area should be used for agricultural purposes.
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