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Comparison of Twelve Dielectric Moisture Probes for Soil Water Measurement under

Saline Conditions

M. Inoue, B.A. Ould Ahmed, T. Saito and M. Irshad
Arid Land Research Center, Tottori University, 1390 Hamasaka, Tottori 680-0001, Japan

Abstract: Recently the research on the determination of soil water content and electrical conductivity
using automated technique has received tremendous attention. Selecting the type of system that should
be used for soil water measurement under saline conditions depends on its precision. A laboratory
study was carried out to measure the soil water content (8) and soil solution electrical conductivity
(EC,) using eight portable dielectric moisture probes namely ML1, ML2, MP4, WET, SK8, MIN, EC2
and SM2 and four profile probes namely ES, AG, P1 and P2. Air-dried Tottori sand dune soil was
converted into saline by NaCl solutions of various concentrations. The out-put results of moisture
probes showed that measurement accuracy was strongly dependent on the concentration of salt in the
soil. Among the sensors WET, EC2 and ES exhibited higher sensitivity to the salts and over estimated
water content by 0.04-0.08 cm’® cm™ whereas MP4, WET, SM2, ES, AG and P1 sensors also over
estimated the volumetric water content by 0.02-0.03 cm® cm™ at 3.83 dS m ™' soil salinity as compared
to normal soil. Higher EC,, increased the relative error of soil water measurement across the sensors.
Among the moisture meters, commercially available ML1, ML2, SK8 and P2 gave sufficient accuracy

in the presence of salts.
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INTRODUCTION

Salinity is one of the major environmental
problems confronting agriculture especially in arid and
semi-arid regions'®. The accumulation of high soluble
salts in the soil can significantly decrease the value and
productivity of agricultural lands. Over-irrigation has
exacerbated the prevailing situation. It is necessary to
prevent soil deterioration through proper management
of water. Rehabilitating salt affected soils remains time
and labor intensive and economically not viable.
Fundamental knowledge on soil water content and salt
accumulation are important for the sustainability of
agriculture. Mwale et al''” reported that accurate
measurement of soil moisture content is crucial for
studies that aim to understand crop response to water
stress and is important for practical applications such as
irrigation scheduling. Rapid and reliable techniques for
monitoring in situ volumetric soil water content and
electrical conductivity of soils is necessary for the
prevention of soil salinization. Soil water contents are
measured in the field using gravimetric methods,
neuron scattering, or techniques based upon the thermal
or electrical properties of soil-air-water mixtures. The
studies of soil-water distribution at small spatial scale

are limited by the lack of suitable measurement
techniques''’.  Time-domain reflectometry (TDR)
method, frequency domain reflectometry (FDR) method
and the amplitude-domain reflectometry (ADR) method
are the current available methods for the electrical
measurements of the dielectric constant. Electrical
methods are advantageous because they are automated
to measure soil water and salinity at multiple locations.
Topp and Davis® reported the TDR measurement of
soil water content as well-accepted method. With
knowledge of the electrical properties of soil-air-water
mixtures and appropriate experimental calibrations, the
bulk soil dielectric permittivity can be related to the
volumetric water content and the bulk soil electrical
conductivity can be related to the soil water electrical
conductance. The variables which affect the electrical
response in soils are texture, structure, soluble salts,
water content, temperature, density and measurement
frequency'®’”.

The theoretical background for the use of TDR was
well explained by various authors'*”**'?/ Briefly the
TDR determines the dielectric constant (K4) by
measuring the propagation time of electromagnetic
waves, sent from a pulse generator of a cable tester
immersed in a medium. Capacitive dielectric sensors
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are a low-disturbance technique, inexpensive and
nonhazardous, that provides instantaneous readings of
volumetric water content, 6 (m3 m’3). As a result, some
capacitance sensors have become an alternative to the
more expensive TDR technique™*'*'*?>1% Capacitive
sensor reading may strongly depend on the electric field
frequency used by the system!" and the electrical
conductivity of the material®*!. Both TDR and
capacitance methods depend on changes in the soil
dielectric constant to measure soil volumetric water
content. Therefore, ease of use and other factors
affecting the output of the instruments (e.g.,
temperature, salinity) become considerations in the
choice of methods™'®!,

The concurrent measurement of both water content
and electrical conductivity provide new research and
management options. Moisture sensors based on
dielectric properties are powerful tool for real-time,
simultaneous measurement of soil water content and
bulk electrical conductivity on the same in situ soil
sample. However, the problems arise with the technique
in soils with significant salts as reported by
Topp et al.*®. Relatively less attention has been given
to the application of these automated techniques to the
highly saline soils. The effects of high magnitude of
salts in the soils on the simultaneous measurement of
volumetric water content (0) and soil salinity using
dielectric moisture probes are not fully investigated.
Therefore the current study was aimed to test the
dielectric moisture probes on the precise simultaneous
determination of 0 in saline sandy soil.

MATERIALS AND METHODS

During this study the measurement of soil water
content and soil solution electrical conductivity was
carried out using various dielectric moisture probes at
Arid Land Research Center Tottori University Japan.
Eight types of portable dielectric moisture probes
namely ML1, ML2, MP4, WET, SK8, MIN, EC2 and
SM2 and four profile probes namely ES, AG, P1 and P2
were used for the determination of volumetric water
content (0) and soil solution electrical conductivity
(ECy). These moisture probes are classified into three
methods on the basis of measuring mechanisms: (i)
EC2, ES and AG probes are principally based on
capacitance method, (ii) SK8 and MIN sensors are
based on time-domain reflectometry (TDR) method™,
(iii)) WET sensor is based on frequency domain
reflectometry (FDR) method and (iv) ML1, ML2, MP4,
SM2, P1 and P2 probes are based on amplitude-domain
reflectometry (ADR) method. The TDR, FDR and ADR
are also known as Dielectric method. Dalton and van
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Table 1: Some physical properties of the dune sand soil

Value Property

96.1 Sand (%)

0.4 Silt (%)

35 Clay (%)

2.66 Particle density ps (gm_3 )

0.08 Field capacity, FC (cm® cm™)

0.024 Wilting point WP (cm® cm™)

0.02 Sat saturated hydraulic conductivity Ks ( cm s™)
1.55 Bulk density py (g cm™)

0.413 Saturated soil moisture content (cm® cm™)

Genuchten'® reported that the commercially available
TDR probe with rod length of 30 cm failed to provide
accurate measurements of 6 when the salt concentration
was higher. During this study, the TDR (SK8) custom
made probe was modified by a rod length of 6 cm and
tested for its output accuracy in higher saline soil.

Saline solutions were prepared with the addition of
sodium chloride (NaCl) salt at the rate of 0.05, 1, 2, 3.5,
5, 10, 20, 30 and 50 g L' to achieve the EC,, levels of
water as 1.01, 2.0, 3.83, 6.52, 9.15, 17.7, 34.1, 48.2,
74.7 dS m™'. Tottori sand dune soil was used in the
experiment. The physical properties of the soil are
given in Table 1. The soil was air-dried, sieved
(<2 mm) and calibrated with these saline solutions by
thoroughly mixing in 2L vinyl bags. The volumetric
soil water contents (0) attained in the respective salt-
soil treatments were: 0.0155, 0.031, 0.0465, 0.062§
0.093, 0.124, 0.155, 0.186 and 0248 cm’ cm
respectively. The saturated volumetric water contents
were calculated from the given mass of the dry soil to
the mass of water. The salinized samples of soil were
packed uniformly in the known volume of container
and left at room temperature before reading to diminish
the possible temperature effect. The portable sensors
were inserted into a container packed with known
volume of sand whereas the profile probes were
immersed into a purpose-built access tube set in the
center of the container'”. The output readings were
recorded and the measuring accuracy of the probes was
compared for the soil water content in fresh water as
well as saline soil solution. Water content was
determined by gravimetric simultaneously with
dielectric moisture probe readings.

RESULTS AND DISCUSSION

The experiment demonstrated that output reading
of the commercially available dielectric moisture
probes was profoundly affected by the salinity level of
the sandy soil. The conclusive data of the soil water
measured by the moisture probes are given in
Fig. 1 and 2.

The relationship between output voltage (x) and
volumetric water content (0) for ML1 probe was also
affected by the saline conditions. It was observed that at
the output voltage of 0.4, the volumetric water contents
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Fig. 1: Calibration of profile dielectric moisture probes
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Fig. 2: Calibration of profile probes

(m3 cm‘3) were noted as 0.16 for fresh water, 0.15 for
soil solution of 3.83 dS m™" and 0.13 for soil solution of
9.15 dS m™". Thus an overestimation of 0.01 and 0.03
cm’ cm™ for  was noted for fresh water as compared
to the salinity of 3.83 and 9.15 dS m™" respectively with
MLI.

The commercially available WET sensor has three
rods with length of 6.8cm and 0.3 cm diameter. It
measures the dielectric constant (K4), ECa and
temperature simultaneously. WET sensor is based on
FDR method and provides useful information
concerning water status in soils”). The WET sensor
exhibited an exceeded value of 0.04 cm® cm™ for fresh
water at K value of 8 as compared to 3.83 dS m™' soil
water. The accuracy of WET sensor for low water
content  (<0.01)  could not be guaranteed.
Regalado er al™ found that the WET sensor
measurement was not accurate when saline solution
increased above 3 dS m™".

The study investigated the effects of EC,, on the
output values of soil bulk dielectric constant (Ky) of
SK8 and MIN probes. Generally these sensors are
based on TDR method. The SK8 sensor is considered as
less affected by the salts concentration, was tested in
the saline soil solution of 17.7 dS m™' for measuring its
accuracy for O in relation to EC,. In case of SK8 at
output (Ky) value of 2.7, a similar 6 was measured (i.e.,
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0.15 cm® cm™) for fresh water as well as for 3.83 dS
m' soil solution. The low disparity in the water content
for highly saline soil solution may also show the lower
effects of salts on the SK8 output. For MIN sensor, at
Kd value of 2.6 the water contents were noted as
0.16 cm’® cm™ for fresh water, 0.14 cm® cm™ for the
salinity level of 3.83 dS m™" and 0.12 for salinity level
of9.12dSm™".

Several researchers reported TDR as the reliable
technique for the measurement of 8*”>'"'?_ The use of
TDR for the measurement of apparent bulk soil
electrical conductivity was first demonstrated by the
Dalton ez al."”. Measurement of the EC using TDR is
based on attenuation of the applied signal voltage as it
traverses the medium of interest. As the traverse
electromagnetic waves propagate along TDR probes
buried in the soil, the signal energy is attenuated in
proportion to the electrical conductivity along the travel
path. This proportional reduction in signal voltage is
accurately related to the bulk soil electrical
conductivity'"*!.

The EC2 sensor which is a capacitance type
moisture meter can measure water content from
absolute dry to saturated soils. Upon calibration, the 6
value was noted as 0.17 cm® cm™ for fresh water at
voltage of 0.44 representing an overestimation of 0.08
cm® cm™ than 0.09 cm® cm™ as for 3.83 dS m™'.
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Table 2: Effect of electrical conductivity (EC) on measurement of volumetric water content ()

Symbol Out Output reading Fw EC (dS m_]) 3.83 EC (dS m_]) 9.15 EC @S m')17.7
Potable probe

MLI 0-1 (v) x =04 0.16 0.15 0.13 0.11
ML2 0-1 (v) x=0.36 0.15 0.14 0.12 0.10
MP4 0-1 (v) x =0.36 0.16 0.14 0.12 0.10
WET ke EC, T, = 0.165 0.125 0.105 0.075
SK8 ks EC, T, 05 =27 0.155 0.150 0.145 0.14
MIN ke EC, T, (Kd)*® =2.6 0.16 0.14 0.12 0.11
EC2 0.25-1 (v) x =0.44 0.17 0.09 0.06 0.04
SM2 0-1 (v) x=0.16 0.17 0.15 0.12 0.085
Profile probe

ES F (Hz) N, =0.52 0.16 0.125 0.10 0.08
AG F (Hz) N, =02 0.165 0.145 0.10 0.08
Pl 0-1 (v) x=0.2 0.18 0.14 0.09 0.055
P2 0-1 (v) x =0.56 0.17 0.16 0.13 0.10

The calibration results for ES and AG probes are
shown in Fig. 2. For ES sensor, the dimensionless
parameter (N,) was determined by the following
equation:

N -1k o))
FW _Fd

where F, F, and F,, denote the output values for the
sample, air and water respectively. It was found that at
N, 0.52, the 6 value was noticed as 0.125 cm’ cm” for
fresh water against the actual value of 0.16 cm® cm™
for 3.83 dS m' which was exceeded by 0.035 cm’
cm . The capacitance AG probe showed 0 value as
0.145 cm® cm™ for 3.83 dS m™' whereas the value for
fresh water was 0.165 cm’ cm™ indicating an
overestimation of 0.02 cm® cm™.

Studying the calibration data of P1 probe in Fig. 2,
we found that at 0.2 V, the 6 value was recorded as 0.18
cm® cm”™ for fresh water i. e., an overestimation of 0.04
as compared to 3.83 dS m’ ©=0.14 cm’ cm_S). For P2
at voltage 0.56, the ® was measured as 0.17 cm’® cm™
for fresh water and 0.16 cm® cm™ for soil solution of
3.83dSm™.

These results indicated that the dielectric moisture
probes overestimated 6 when the EC,, was apparently
high. At the salt concentration of 9.15 dS m™, the tested
ML1, ML2 and SK8 probes differed for 6 measurement
by 0.01-0.03 cm® cm™ as compared to fresh water
treatment (Table 2). For MP4, MIN, SM2 and P2, the 0
measurement difference was recorded up to 0.05 cm’
cm™ when comparing with fresh water. Among the
sensors, WET, EC2, P1, AG and ES were ranked as the
sensitive sensors due to the 0 difference of more than
0.06 cm’ cm™ at EC level of 9.15 dS m™".

CONCLUSIONS

The effects of EC,, on the measurement of 6
indicated that all the commercially available moisture
probes overestimated the © when the EC, was very
high. Our results showed that ES, AG and P1 sensors
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over estimated the volumetric water content by
approximately 0.02-0.04 cm’ cm™ when the salt
concentration was 3.83 dS m™'. With higher EC value, a
larger error was noticed. For agricultural purpose, it
could be necessary to use a sensor that may be resistant
to the salt concentration up to 4 dS m™'. Thus among
the commercially available moisture meters, MLI,
ML2, SK8 and P2 provided higher accurate readings
when EC,, value was 3.83 dS m™'. The low-priced EC2
sensor was found highly susceptible to salts among all
types of sensors tested. Low output accuracy was
observed for SK8 probe when the EC,, was higher and
the 6 was lower. The modified SK8 sensor output
displayed sufficient accuracy up to the range of
17.7 dS m™ for the simultaneous measurement of 6 and
EC,, in a saline sandy soil. Thus modifying
configuration of the sensor may mitigate the effects of
salts on sensor output values. Testing dielectric
moisture probes under various climatic and soils
conditions in the field would be the subject of our
future studies.
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