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Abstract: The relative salinity of soil is an important issue in today ’s sustainable, site-specific
Precision Agricultural practice. The need to replace salt has an enormous impact on
production costs, regarding current input prices. The standard method for measuring the
salinity of a soil, based on a laboratory test method, is expensive and cumbersome and only
the total salinity content can be determined. Growers need to get data faster and cheaper.
With the usage of on-the-go soil sensors, this process can be significantly improved. This
article presents the first step of developing a quick, cost-saving and easy-to-use measurement
method for determining the selective potassium content on the spot, in real time. In our work,
we developed a new measurement and calculation method using the analytical application
of multifrequency conductometry, to determine selective salinity. It is proved that the
electrical conductivity (EC) develops according to different functions, by applying solutions
containing K+ ions with a defined concentration, by saturating the soil with a continuously,
but reasonably varying measuring frequency. Based on this recognition, the selective salinity
of soil can only be determined by interpolation from a frequency-series of EC measurements,
in soils containing only one electrolyte.

Keywords: digital agriculture; electrical conductivity; soil salinity; variable frequency;
interpolation

1 Introduction

1.1 Digital Farming Concept

Nowadays, there is a constantly growing demand to know our soils as thoroughly
as possible and the precision technology toolkits already present in our machines
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provides effective support. Numerous smart solutions help farmers in all areas of
Precision Agriculture, onboard and offboard the tractor.

Digital agriculture is still a young concept. Synonymous terms are agriculture 4.0,
smart farming or precision farming, whereby the terms are to be considered
evolutionary. The latter term has its origins back in the 90s. As Figure 1 shows,
Griepentrog differentiates between the terms as follows [1]:

— Precision Farming focuses on site-specific processing in which the
growth conditions are optimized by means of sensors and application
technology

— Smart Farming adds a level of decision support through fusion and
analysis of information

— Digital Farming (or Agriculture 4.0 or Farming 4.0) includes the Internet
of Things as well as Cloud Computing and Big Data

Precision
Farming

Smart Farming

Digital Farming

Figure 1
The development of Precision to Digital Farming [1]

In the universe of digital agriculture, the basic goal of site-specific management of
agricultural inputs is to increase the profitability of crop production by improving
the quality of output and protecting our environment. The process of getting to know
our soil as is the Farm Management Information System (FMIS) designed
considering the benefits of data processing and data use provided by digitization,
functions as a unit of 5 processes [2]:

— Data acquisition: measurement and recording of data on the field, part-
fields

— Data collection and storage: collecting data on a specific field, a specific
location within a field

— Data processing: providing useful information for decision-making

— Decision-making: defines the cultivation technology in detail, broken
down for each operation, as well as the details of tillage, nutrient
replenishment, planting and other operations, together with characteristic
parameters and setup
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— Executing the operation: turning the decision-making results into
practice

As a first step of the recognition process, it is necessary to obtain data on the
variability of the parameters describing the soil properties within the field for geo-
positioning. With the correct and sensible use of sensor technology, farmers can
better understand their crops and soils while conserving resources and at the same
time saving resources and reducing their impact on the environment [3]. If we do
not have access to the necessary and relevant data, then the decision-making and
the performance of the operation are affected by the quantity and quality of the
collected data, which determines the intervention and the cost-effectiveness of the
intervention on the field.

1.2 Testing Soil Properties with Sensors

Today, sensor technology is one of the fastest growing areas of technology.
A sensor is a device that can detect a change in the physical or chemical
environment, which then converts it into electrical signals, both electric current and
voltage. The precision agriculture mainly relies on real-time monitoring of soil
conditions using information technology and (Global Position System) GPS
technology, and then analyzing and managing the spatial-temporal variability of soil
and field crops. These information help make decision on precision application of
crop inputs including water and fertilizer. It can improve the efficiency and reduce
the losses of water and fertilizer [4].

The ever-increasing prices of fertilizer and growing ecological concern over
chemical run-off into sources of drinking water, have brought the issues of precision
agriculture and site-specific management to the forefront of present-day
technological development within agriculture and ecology. Due to increases in the
cost of fertilizer production inputs—predominantly nitrate (N), phosphate (P), and
potassium (K) those in agriculture are looking for ways to optimize plant yield while
minimizing the application and consumption of fertilizer. Since these macro-
nutrients vary even on a small scale throughout a cultivated field, numerous
researchers have attempted to develop an on-the-go sensing apparatus that can map
the presence of these chemicals in situ so that this map, once overlaid with
parameters such as pH, electrical conductivity (EC), crop yield, and mechanical
properties of the soil, can give a precise spatially varying prescription for fertilizer
application [5].

The global Agricultural Sensors market was valued at USD 1,505.4 million in 2020
and expected to reach USD 3200.8 million by the year 2028, at a Compound Annual
Growth Rate (CAGR) of 11.04%. Smart Sensors allow farmers to maximize yields
using minimal reserves such as fertilizer, water, and seeds. By utilizing sensors and
mapping fields, farmers can commence realizing their crops at a micro-scale,
conserve resources, and lessen influences on the ecosystem. Smart agriculture has
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roots moving back to the 1980s when the Global Positioning System (GPS)
capability became accessible for civilian use. Once farmers were able to map their
crop fields accurately, they could monitor and use fertilizer and weed treatments
only to parts that required it. During the 1990s, early precision agriculture users
implemented crop yield monitoring to create fertilizer and pH correction
suggestions. As more variables could be calculated and entered into a crop model,
more accurate recommendations for fertilizer application, watering, and even peak
yield harvesting could be made. The device capture analyzes and transmits
information like temperature, humidity, pressure, water content, etc. using radio
signals. It gathers the data and sends it to the base station. The base station then
analyses the data and carries it for further processing. Usually, sensor networks have
a base station known as sink and several other sensors too, which sense and transmit
the signals along with sending information to other nodes. Weather stations are self-
contained units placed at various sites throughout growing fields. These stations
have a mixture of sensors suitable for the local crops and climate. Data such as air
temperature, soil temperature at various depths, dew point temperature, wind
direction, relative humidity, rainfall, leaf wetness, chlorophyll, wind speed, solar
radiation, and atmospheric pressure are measured and recorded at predetermined
intervals [6].

For sensor measurement, the following sensor groups can be found in crop
production: crop sensors, environment sensors, function monitoring sensors and soil
sensors. From the growth of forecast solutions using sensors, it is very easy to
recognize that the future of site-specific crop production is moving towards a
sensor-based approach because obtaining important soil characteristics quickly and
cheaply is still one of the biggest challenges in precision agriculture today.
A number of researchers and manufacturers are trying to develop on-the-go soil
sensors, to directly measure the mechanical, physical, and chemical properties of
the soil. The disadvantage of the practical use of the increasingly widespread ground
sensors is that they are less accurate than individual sampling and laboratory tests,
but the advantage is that they are suitable for rapid measurement and are therefore
cheaper in practice [7]. In the future, mechanized soil testing and nutrient mapping
solutions will become widely available using faster and more cost-effective
measurement tools. To implement sustainable agricultural and environmental
management, a better understanding of the soil at increasingly finer scales is needed.
Conventional soil sampling and laboratory analyses cannot provide this information
because they are slow and expensive [8].

1.3. Proximal Topsoil Sensors

Proximity detection is defined as using sensors applied in the field to obtain signals
from the ground with the sensor unit in contact with or near the ground (within 2
m) [9]. The following measurement principles and sensors are distinguished in
practice [10]:
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—  Electrical Conductivity (EC) Sensors
—  Ground Penetrating Radar and Reflectometers

— Visible (VIS) — Near-Infrared (NIR) — Mid-Infrared (MIR) Diffuse
Reflectance Sensors

—  Magnetic Susceptibility Sensors
— Gamma-Ray sensors
—  X-ray Sensors

— Other Proximal Soil Sensors like photoacoustic spectroscopy, laser-
induced breakdown spectroscopy laser-induced fluorescence spectroscopy
and inelastic neutron scattering. Mechanical sensors that measure soil
penetration resistance have also been used extensively and integrated with
other sensors in soil science and precision agriculture, with applications
ranging from soil compaction assessment to 3D modelling of soil layers.

Of course, the different sensors can be combined as desired, which is defined as
using a multisensory measurement.

1.4 Conductometry - Measurement of Electrical Conductivity

Soil properties often vary significantly within a field, and one of the challenges in
precision agriculture is collecting enough soil data to accurately delineate this
variability. Soil electrical conductivity (EC) has become a widely used tool for
mapping soil variability within fields. Soil EC measurements are typically
correlated with soil texture, moisture, and salinity. Soil texture is an important factor
for crop yields, because it relates to the water-holding capacity, cation-exchange
capacity, rooting depths, drainage and other properties, that can impact crop
production [11].

The good conductance of parts is characterized by electrical conductivity.
Conductometry is an analytical method based on the measurement of the electrical
conductivity of solutions. In analytical chemistry, the electrical conductivity of
electrolyte solutions is measured by conductometric methods, and analytical
information is derived from this and its changes due to chemical reactions.
The conductivity of materials (symbol G, the unit is siemens, S) is the reciprocal of
their electrical (ohmic) resistance (symbol R, the unit is ohm, Q). Electrical
conduction requires the presence of charge carriers (e.g., electrons or anions and
cations) that are able to move under the action of the electric field. The ion migration
in the solution due to the electric field is the reason for the electrical conduction of
the solutions. Based on this, electrical conductors and insulators are to be
distinguished. Pure (distilled) water, since it contains only very small charge
carriers in the concentration [H'] = [OH] = 10”7 mol 1! corresponding to
autoproteolysis, conducts electricity only to a very small extent, therefore it can be
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considered as an insulator. However, the concentration of cations and anions in
aqueous solutions of electrolytes can be significant, making them mostly conductive
depending on the degree of electrolytic dissociation. Each ion in the solution makes
some contribution to the conduction value. These are inseparable, so conductometry
is not suitable for the selective measurement of individual ions, i.e., it is not an ion-
specific method [12]. Therefore, its analytical application is limited to the study of
systems that

— Contain only a single electrolyte (so the contribution of the “background”
is negligible)

—  Chemical reactions take place in them, during which the mobility of the
ions that make up the system changes significantly (compared to non-zero
“background”) [12]

1.5 Principles of Soil Electrical Conductivity

What about special solutions to sample the soil? Do conductivity measurements
only provide information on all salinity in the soil and are they not suitable for ion-
selective measurements? The measured conductivity is therefore only approximate
information [13]. Figure 2 shows the possible directions of displacement of the
charged particles during the 3-phase, unsaturated soil conductivity measurement.
The air acts as an insulating medium [13] [14]. Three pathways of current flow
contribute to the EC of a soil:

(i) A liquid phase pathway via dissolved solids contained in the soil water
occupying the large pores

(i) A solid-liquid phase pathway primarily via exchangeable cations
associated with clay minerals

(ii1) A solid pathway via soil particles that are in direct and continuous contact
with one another [15].

These three pathways of current flow are illustrated in Figure 2, the air is shown
in white, the liquid in gray, and the soil particles are scored [14].

Figure 2

Direction of electrical conduction in 3-phase soil [13] [15]
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Nevertheless, the explosive spread of EC measurements since the 90s can be
attributed to 2 reasons. On the one hand, with the development of technology, the
size of conductivity measuring devices has been significantly reduced and are also
available as mobile devices, and on the other hand, satellite positioning systems
have become a part of our lives and conductivity is an easily measurable feature.

1.6 Chemical Composition of Soil Moisture (Soil Solution)

Various inorganic salts, organic matter and gases are dissolved in the soil moisture.
Dissolved mineral salts are dissociated into positively and negatively charged ions
and the ions are surrounded by a hydrate shell. The following ions are mainly
present in the soil solution:

- Ca*, Mg*,Na', K, NH" and in some soils AI*", Fe** or Fe?" (cations)
— HCO?*, COs*, CI, SO4*, NO*, H,PO*, HPO4* (anions)

Most of the dissolved organic compounds are organic acids and low molecular
weight humic substances, with CO, and O» being the most significant dissolved
gases. Soluble substances in the soil are mostly products of weathering and soil
formation, but salts also enter the soil solution with groundwater close to the
surface. In addition, fertilizers and compounds applied to irrigation water in
agricultural areas modify the salinity of the soil [16].

1.7 Hydrated Ions

The interaction between solvated ions and water has been a subject of great interest
due to its importance in various chemical, biological, and environmental processes
[17]. Various experimental and theoretical studies have explored aqueous solutions
of ions, both in the bulk [18] [19] and at interfaces [20-22].

The size of the hydrate shell in aqueous solution is illustrated in Figure 3.
The smaller the diameter of the dehydrated cation and the larger its charge is, the
thicker the hydrate sphere in aqueous solution is. This also affects the mobility of
hydrated ions. Potassium is the most mobile element in the soil and as such readily
available to plants however care must be taken to avoid it leaching out of the vadose
zone of the soil because of its high mobility [23]. Explanation for conclusion:

NH, K Na Ca?

®  nen-hydrated ien @ hydrated ion

Figure 3

The size of the aqueous hydrate cover for each element in the soil [16]
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In fact, the common cations in soil have a wide range of sizes, as shown in Fig. 4.
Rengasamy and Sumner [24] showed that the dispersive effect of Na is greater than
that of K, and that the flocculating effect of Ca is greater than that of Mg.
Conventionally, these cations have been called base or base-forming cations [25].
Hydrated radii are critical to the composition of soil.

Li* Na* K* Rb* Cs*
e o O o o
lonic Radii: 0.71 A 097A 141A  150A 1.73A
Hydrated Radii: 3.40 A 276 A 232A 228A 228A
Mg?* Ca** Sr* Ba?*
° Q @ o
lonic Radii: 0.70 A 1.03A 1.25A 1.49 A
Hydrated Radii: 4.28 A 4.12A 412A 405A
Figure 4

The ionic and hydrated radii (effective sizes) in angstroms, of some of the common ions [26]

1.7 Electrical Conductivity Sensors

Because soil salinization is one of the critical global problems threatening land
productivity [27]. Saline soils have been reported from more than 100 countries
around the world and covers more than 1125 million hectares of land [28]. It is
increasing at about 1-2% every year and is estimated that 50% of the available
arable lands can be affected by soil salinity by 2050 and would pose a serious threat
to the sustainable development of global agriculture [29].

It is obvious that the measurement of electrical conductivity (EC) is one of the in-
situ tools for soil testing required for precision farming and accordingly there is a
large-scale literature on the development of EC detectors. These detectors typically
and traditionally have 4 electrodes [30-32]. The traditional current-voltage four-
electrode method to better fit for in-situ measuring and aimed at developing an in-
situ soil EC detector with low price, easy operation, high measurement precision,
integral control procedures and data processing procedures [30]. Apparent soil
electrical conductivity is one of the simplest, least expensive soil measurements to
obtain useful information about soil characteristics, which have a vital role in
precision agriculture [31].

The aim of this paper is to present the basic research of measuring selective
potassium content of the soil by multifrequency electrical conductivity
measurements based on principles of conductometry (EC measurement), which is
being developed within the framework of Hungarian University of Agriculture and
Life Sciences, Institute of Technology. The methodology development focuses on
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how to replace slower, more complex, and thus relatively expensive laboratory
determination of salinity with as many on-the-go measurements as possible. It is
noted that to the best of our current knowledge, conductivity tests with soil sensors
alone are not sufficient to infer the salinity properties of a given field.
The measurement is affected by the unequal distribution of different nutrients,
different pH conditions, different particle compositions, differences in organic
matter content or even temperature [13].

2 Methods and Materials

2.1 Specification of Solution

The measurements were performed in the Lab of Institute of Technology, in
Hungarian University of Agriculture and Life Sciences. The laboratory temperature
was set at a constant 22°C. The solutions and the soil were used for the measurement
at 22°C.

During the measurement we wanted to study the effect of the cations of the
dissolved salts in the soil moisture under natural conditions. The selected cation was
K", because the reasonable replacement of the use of K* microelements in cultivated
plants is a burning and expensive issue. We had to introduce these ions into the soil
solution in the form of water-soluble salts. The salts and chlorides are very soluble
in water, so we chose the chlorine salts of the K* cation for the experiment. We
prepared 1 M concentration (1 M = 1 mol dm™) stock solutions from Potassium
chloride, ACS Reagent, 99.0-100.5% CAS: 7447-40-7. These solutions were
further diluted with the dilution series: 1 M; 0.66 M; 0.5 M; 0.33 M and distilled
water i.e., 0 M was the reference measurement. Between the measurements we
always washed the system with distilled water, so that any ions left on the electrode
during the previous measurement, do not cause a measurement error.

2.2 Specification of Soil

As a model soil for our investigations, the same pHmuoo <7 soil has been chosen
which had no detectable CaCOs content. The test soil was collected in Szaritopuszta
in Godollo town, using 0-20 cm layers of arable land (47° 35 47.65” N, 19° 21°
18.54” E). Soil type based on IUSS Working Group WRB, 2015 was Eutrict
Arenosol (Aeolic, Aric, Ochric, Raptic) from elevation: 232 m with texture of sand.
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2.3 Hardware Specification

Elements of the measuring circuit as in Figure 5:
1. SOURCETRONIC ST2829C Precision LCR meter with USB stick

2. SOURCETRONIC ST26011B Test Fixture: the resolution of the
instrument is 0.00001 nS, the basic accuracy is 0.05 %. During the
measurement, the voltage of the electrodes is 10 V DC. The output
impedance of the instrument was 100 Q

KSP-FO1A Dosing Pump
Measuring cup (500 ml, 50 ml increments) to store the input solution

Measuring cylinder & 61 mm x 137 mm

S N koW

Measuring electrodes 2 pcs, & 2 mm, length: 80 mm full length insulated,
uninsulated part length 5 mm, probe distance 12 mm, material is stainless
steel

Piping, inner & 3 mm

Tray with raiser

Figure 5

The measuring circuits

The LCR meter measured and recorded the electrical conductivity between the two
stainless steel electrodes placed in the ground paste in an endless series at a
predetermined program frequency and restarted the measurement in an endless
cycle upon completion of the measurement sequence. The frequency values used
for the measurements were recorded in the range of 20 Hz and 10° Hz.

Each new measurement was started by calibrating the peristaltic pump. The liquid
delivery of the pump was set to 0.5 g s”\. During the measurements, the liquid

— 240 -



Acta Polytechnica Hungarica Vol. 20, No. 7, 2023

solution was pushed into the cylinder (Figure 6) by a pump at the bottom of the
measuring cylinder, where the solution was introduced into the cylinder through a
distribution plug made of 3D printing so that the soil in the cylinder could saturate
evenly. The solution left the measuring cylinder on the perforation formed at the
top of the cylinder and collected on the tray under the measuring cylinder, from
which the used output liquid was continuously emptied.

Lﬁ/ Electrodes

Cylinder

Solutionin Distributor

\ —

Figure 6
The measuring cylinder and connecting parts

Before starting each new measurement, we washed the soil paste with distilled
water in the measuring cylinder so that the ions remaining after the previous
measurement did not affect the measurement results. The experiments were
repeated three times with each mixed input solution by adding 300 ml of the input
solution and each filling was followed by neutralization with 300 ml of distilled
water. If the soil paste was not reduced to less than 0.1 mS during the washing, an
additional washing with 100 ml of distilled water was performed. Each
measurement was repeated three times.

3 Results and Discussions

3.1 Reference Functions to Determine the K Content

From the reference measurements, we determined the arithmetic mean of the
measured EC values for each concentration and frequency by examining the
adjacent values and averaging them from the values where the change did not
exceed 5% (A < 5%). Therefore, the frequency-dependent averages for a complete
measurement were determined. After performing the calculations, it was possible
to record the measurement results for the calculated data sets per ion, concentration
and measurement frequency.
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Figure 7
EC values for different concentrations of KCl solutions with standard deviation

When examining the quality of the derived data through the standard deviation of
the mean estimate (Figure 7). It is much more informative to plot the change in EC
of the solutions of the investigated concentration as a function of the logarithmic
frequency. Figure 8 not only shows that the EC grows with increasing
concentration, but it is also clear that if the measurement frequency is increased, the
measured EC value also increases.

#0M 4033M +035M wm066M xIM

30 X
a4
%
25 "
*
*
- 20 ®
g X st
= % [
2 [}
15 x ]
x ¥ - - L n Il N
x L] *
10 5 L] 1 = . i = A ad
. .
: ¢ L oa 4 & AT
5 & 4
0 - - - - Ld - - - - - - - L
10 100 1000 10 000 100 000 1 000 000
Logarithmic Frequency (Hz)
Figure 8

EC as a function of the logarithmic measurement frequency for different concentrations of KClI
solutions

Plotting the measurements in a 3D space, the following diagram shown in Figure 9,
can be drawn:
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Figure 9
EC as a function of K* concentration and frequency

Finally, when plotting the frequency on a linear scale and plotting the EC
measurement results of the solutions of different concentrations and fitting a
function to the obtained points, considering that R? > 0.9. The reference functions
of the different K* cation concentrations are illustrated in Figure 10.

o OM 4 033M + 05M w 0.66 M % 1M
~——Linear (0 M) Power (0.33 M) Power (0.5 M) —Power (0.66 M) Power (1 M)
35
| *
30 - x ® o y=BB789x00
| R?= 0,981
x
25 x
X y = 7,0164x00733
~20 5 R?=0,9875
%
g i y=4,7791x00508
215 % R o
y = 4340061
R®=0,9947
10 L A
5
y = SE-09x + 0,0035
R*=10,9307
0
] 200 000 400 000 600 000 800 000 1 000000 1200 000
Frequency (Hz)
Figure 10

EC saturation curve for solutions with different K+ concentrations on a natural frequency scale
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3.2 How to Determine the Concentration of an Unknown
Solution Based on our Experiments

Relative EC is measured, but the selective salinity of the soil must be inferred.
The solution requires interpolating the obtained measurement results. The solution
is to determine the concentration by interpolating the reference values. Premises:

— The analytical application of conductometry is limited to the study of
systems that contain only a single electrolyte, so the contribution of the
“background” is negligible

— A complete measurement is a measurement performed over the entire
frequency range

— Itis necessary to use the same frequencies

3.3 The Application of the Following Notations for Deduction

- Xy <Xy < .. <X the preliminary measurement frequencies

- 74 <Zp <..<z, EC values for the measurement frequencies in a series
of measurements

According to Figure 11 at the given frequency x, of the previously measured
reference EC values, let u;and vq be the reference values which enclose the
measured value of z; i.e.:

uq < Zq < A\t (1)

and so on, inX,, it is u, and v,, that enclose the value of z,,, that is:

U, <z, < vy (2)
. Ck+1

2 /
7 -~ C
Z1
Uy

X1 X2

Figure 11

Determination of concentration by interpolation of reference values

Suppose that all points (x;, z;) fall between the same two adjacent EC curves.

Use:
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i=1,2,..,n fixed 3)
and these two curves correspond to the concentrations ¢y and ¢y 4

We are looking for a x; € [0,1] value, to which:

zi = x3u; + (1 — x)v; 4
from

Vi—Zn
X = , where (5)
i=1,2,..n (6)

x; is the average of interpolation constants

— 1

X=5 Yim1 X (7
This interpolates between ¢y and ¢y, reference concentrations:

C=Xcp + (1 —X)Cpyq (3)

Ergo, the estimated concentration of the unknown solution measured will be the
average of the concentrations that interpolated between the EC values given by the
reference measurements at the measurement frequency occurring in one
measurement.

Conclusions

With the current development of soil sensors, it becomes possible to measure soil
properties in real-time, so growers can now get immediate information about the
state of the most important resource, the soil, which can save resources and reduce
the impact on the environment. The use of soil sensors enables rapid, immediate
and cost saving soil testing [33] [34] and nutrient mapping solutions.

In our current research, we were looking for the answers to whether one of the
simplest and cheapest measurement methods, i.e., the new approach to measuring
the electrical conductivity as a parameter of the soil, offers the possibility to
measure selective salinity in the laboratory. Our experiments demonstrated that
there is a significant correlation between the salt concentration of the soil, the
measurement frequency and the measured EC. As the frequency has been increased,
the measured EC of the soil saturated with KCl solution of a given concentration
changed and increased according to the functions published in the results.

We have also developed a calculation model that can provide guidance for
calculating the selective salinity of soil in laboratory conditions using the analytical
application of conductometry. The model shows that by consistently changing the
measurement frequencies, the selective salinity of a known soil can be determined
by EC measurement under laboratory conditions. Because with solutions containing
K" ions of the same concentration, the EC is saturated according to different
functions depending on the measurement frequency.
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As we advance our research on reference measurements, we would like to prove
our thesis, by testing soils saturated with Ca®* cations. If that test yields positive
results, we will refine our model, under actual field conditions.

Acknowledgement

We would like to acknowledge the Hungarian University of Agriculture and Life
Sciences, Institute of Technology for the financial support and the for the great
interest work and concession of their areas allowing this work could be carried out.
The authors would like to thank Zoltan Varga and Imre Czinkota for their
intellectual suggestions when preparing the article.

References

[11] H. W. Griepentrog, ‘Smart Crop Farming’, Landwirtschaftlicher
Hochschultag, Landinfo Heft 3, pp. 13-14, 2017

[2] H.Lietal, ‘Field-Scale Characterization of Spatio-Temporal Variability of
Soil Salinity in Three Dimensions’, Remote Sensing, Vol. 12, No. 24, Dec.
2020

[3] J. Horvath and B. Schmitz, ‘Digitalisation in agriculture — From the
perspective of a global agricultural machinery producer’, Hungarian
Agricultural Engineering, Vol. 36, pp. 63-68, 2019

[4] J. Popp et al, “The prospects of precision agriculture’, International Journal
of Engineering and Management Sciences, Vol. 3, No. 1, Art. No. 1, Feb.
2018 (in Hungarian)

[5] J. V. Sinfield et al., ‘Evaluation of sensing technologies for on-the-go
detection of macro-nutrients in cultivated soils’, Computers and Electronics
in Agriculture, Vol. 70, No. 1, pp. 1-18, Jan. 2010

[6] ‘Agricultural Sensors Market’. https://www.reportsanddata.com/report-
detail/agricultural-sensors-market (accessed Aug. 28, 2022)

[7] J. Hajdd, ’Quick soil testing and soil mapping’, Agronaplo 22, pp. 65-67,
2018 (in Hungarian)

[8] V.I. Adamchuk and R. A. V. Rossel, ‘Development of On-the-Go Proximal
Soil Sensor Systems’, in Proximal Soil Sensing, R. A. Viscarra Rossel, A. B.
McBratney, and B. Minasny, Eds. Dordrecht: Springer Netherlands, pp. 15-
28,2010

[9] R. A. Viscarra Rossel ef al., ‘Chapter Five - Proximal Soil Sensing: An
Effective Approach for Soil Measurements in Space and Time’, in Advances
in Agronomy, Vol. 113, D. L. Sparks, Ed. Academic Press, pp. 243-291, 2011

[10] S. Grunwald ef al., ‘Fusion of Soil and Remote Sensing Data to Model Soil
Properties’, Advances in Agronomy, Vol. 131, D. L. Sparks, Ed. Academic
Press pp. 1-109, 2015

246 -


https://www.reportsanddata.com/report-detail/agricultural-sensors-market
https://www.reportsanddata.com/report-detail/agricultural-sensors-market

Acta Polytechnica Hungarica Vol. 20, No. 7, 2023

[11]

[14]

[15]

[18]

[19]

[20]

[21]

E. D. Lund, ‘Soil Electrical Conductivity’, in Soil Science Step-by-Step Field
Analysis, S. Logsdon, D. Clay, D. Moore, T. Tsegaye, Eds. John Wiley &
Sons, Ltd, 2008, pp. 137-146, 2008

G. Galbdcs et al., Instrumental analytical chemistry exercises, 3" Edition.
Szeged: JATEPress, 2015 (in Hungarian)

D. L. Corwin and S. M. Lesch, ‘Apparent soil electrical conductivity
measurements in agriculture’, Computers and FElectronics in Agriculture,
Vol. 46, No. 1-3, pp. 11-43, 2005

J. D. Rhoades et al., ‘Soil Electrical Conductivity and Soil Salinity: New
Formulations and Calibrations’, Soil Science Society of America Journal,
Vol. 53, No. 2, pp. 433-439, 1989

J. D. Rhoades et al., ‘Geospatial measurements of soil electrical conductivity
to assess soil salinity and diffuse salt loading from irrigation’, Geophysical
Monograph-American Geophysical Union, Vol. 108, pp. 197-216, 1999

P. Stefanovits et al., Soil science, Budapest: Mezdgazda, 2005 (in
Hungarian)

I. Waluyo et al., ‘The structure of water in the hydration shell of cations from
x-ray Raman and small angle x-ray scattering measurements’, The Journal
of chemical physics, Vol. 134, No. 6, 2011

H. Ohtaki and T. Radnai, ‘Structure and dynamics of hydrated ions’,
Chemical reviews, Vol. 93, No. 3, pp. 1157-1204, 1993

Y. Marcus, ‘Effect of lons on the Structure of Water: Structure Making and
Breaking’, Chemical reviews, Vol. 109, No. 3, pp. 1346-1370, 2009

P. Jungwirth and D. J. Tobias, ‘Specific Ion Effects at the Air/Water
Interface’, Chemical reviews, Vol. 106, No. 4, pp. 1259-1281, 2006

S. Ghosal et al., ‘Electron Spectroscopy of Aqueous Solution Interfaces
Reveals Surface Enhancement of Halides’, Science, Vol. 307, No. 5709, pp.
563-566, 2005

V. S. J. Craig and C. L. Henry, ‘Specific Ion Effects at the Air—Water
Interface: Experimental Studies’, in Specific lon Effects, WORLD
SCIENTIFIC, pp. 191-214, 2009

Dayo-Olagbende, G. O. and Ewulo, B. S, ‘lonic Mobility of Cations as
Affected by Redox Status of Two Different Soil Textures’, Bulgarian
Journal of Soil Science, Vol. 6, No. 1, pp. 18-32, 2021

P. Rengasamy, ‘Processes involved in sodic behaviour. In ’Sodic soils.
Distribution, properties, management, and environmental consequences’.
(Eds M. E. Sumner, R. Naidu) pp. 35-50°. New York Press: New York, 1998

P. Rengasamy, ‘Soil Chemistry Factors Confounding Crop Salinity
Tolerance—A Review’, Agronomy, Vol. 6, No. 4, 2016

247 -



J. Horvéth et al. Analysis of the Soil Selective Potassium Content by Multifrequency EC Sensors

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[32]

[33]

J. Luo et al., ‘Distinctive Trend of Metal Binding Affinity via Hydration
Shell Breakage in Nanoconfined Cavity’, The Journal of Physical Chemistry
C, Vol. 123, No. 23, pp. 14825-14833, 2019

S. Hossain, ‘Present Scenario of Global Salt Affected Soils, its Management
and Importance of Salinity Research’, International Journal of Biological
Sciences, Vol. 1, No. 1, pp. 1-3, 2019

B. Wicke et al., ‘“The global technical and economic potential of bioenergy
from salt-affected soils’, Energy & Environmental Science, Vol. 4, No. 8, pp.
2669-2681, 2011

F. 1. Massoud and R. FAO, ‘Salt affected soils at a global scale and concepts
for control’, Rome (Italy) FAO, 1981

X. Peiet al., ‘Development and Performance Test for a New Type of Portable
Soil EC Detector’, 6" Computer and Computing Technologies in Agriculture
(CCTA), Vol. AICT-392, No. Part I, p. 418, 2012

M. R. Seifi et al., ‘Design and development of a portable soil electrical
conductivity detector.’, Asian Journal of Agricultural Sciences, Vol. 2, No.
4, pp. 168-173, 2010

M. Li et al., ‘Development and performance test of a portable soil EC
detector’, Applied Engineering in Agriculture, Vol. 22, No. 2, pp. 301-307,
2006

M. Trosin et al., ‘Measuring Soil Surface Roughness with the RealSense
D4351’, Acta Polytechnica Hungarica, Vol. 18, No. 6, pp. 141-155, 2021

Md. S. I. Khan et al., ‘10T and Wireless Sensor Networking-based Effluent
Treatment Plant Monitoring System’, Acta Polytechnica Hungarica, Vol. 18,
No. 10, pp. 205-224, 2021

248 -



	1 Introduction
	1.1 Digital Farming Concept
	1.2 Testing Soil Properties with Sensors
	1.3. Proximal Topsoil Sensors
	1.4 Conductometry - Measurement of Electrical Conductivity
	1.5 Principles of Soil Electrical Conductivity
	1.6 Chemical Composition of Soil Moisture (Soil Solution)
	1.7 Hydrated Ions
	1.7 Electrical Conductivity Sensors

	2 Methods and Materials
	2.1 Specification of Solution
	2.2 Specification of Soil
	2.3 Hardware Specification

	3 Results and Discussions
	3.1 Reference Functions to Determine the K Content
	3.2 How to Determine the Concentration of an Unknown Solution Based on our Experiments
	3.3 The Application of the Following Notations for Deduction


