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INEXPENSIVE FOUR-ELECTRODE PROBE
FOR MONITORING SOIL SALINITY?

J. D. Ruoanzs?

Abstract

Description is given of the construction and use of an inexpen-
sive four-electrode probe suitable for permanent installations
and for in situ monitoring of seil salinity. Data illustrative of
its use are presented.
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HE four-electrode method of measuring soil elec-
trical conductivity (EC,), developed for purposes

of determining field salinity (Rhoades and Ingvalson,
1971), is gaining acceptance as its utility and validity
are demonstrated and as its instrumentation is im-
proved. Theory of the measurement has been devel-
oped and verified (Rhoades et al., 1976) and a com-
mercially available probe® has been developed using
the four-electrode principle (Rhoades and van Schili-
gaarde, 1976). Accurate and simple methods have
been developed for calibrating soil salinity and soil
electrical conductivity (Rhoades, 1976; Rhoades et
al.,, 1977). Applications of the method for measuring,
mapping, and monitoring field salinity and water-table
depths, and detecting encroaching saline seeps have
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been demonstrated (Rhoades, 1976; Rhoades and Hal-
vorson, 1977; Halvorson and Rhoades, 1974, 1976).
The state-of-the-art is sufficiently advanced now to
recommend the method for many routine field salinity
measurements.

Though the portable commercial probe (Rhoades
and van Schilfgaarde, 1976) was designed for field
salinity appraisal, salinity monitoring sometimes re-
quires that repeated measurements be made over a
period of time in the same location. For such uses,
implanted probes offer certain advantages, such as the
labor required to make new access holes is eliminated,
repeated measurements at the same spatial position in
the soil can be obtained, and complications which may
arise from repeated coring of access holes in the sam-
pling area are minimized (Shea and Luthin, 1961).
For these reasons, an inexpensive four-electrode unit
has been developed that can be implanted and left in
the soil. This burial-type probe is described in this
paper.

Description of the Probe

The four-electrode unit was designed and comstructed using
only the components shown in Fig. 1. The probe casing is a
length of PVC pipe (0.75-inch schedule 80, 4.75 inches long)
in which four grooves (0.40 inches wide and 0.025 inches deep)
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Fig. 1—Four-electrode burial probe before and after assembly.

are made. The distance between the outside grooves is 2.5 inches,
the inside grooves are inset by 0.25 inches. The outside wall of
the pipe is tapered at 0.5° on a lathe. Two holes (1/16 inch)
are drilled in each of the grooves for the passage of 18-gauge
wire (Carol Cable Co. 05684 thermostat wire)’, with the in-
sulation removed from the last 4 inches of wire. Each of the
four bare wire ends runs from inside the pipe through a hole,
is rapped around the outside of the pipe in one of the grooves
to form one of the four electrodes, and is returned to the inside
of the pipe through a second hole in each groove. The returned
end of the wire is crimped against the pipe wall to firmly secure
the wire in place. A 1.37-inch-long tapered (7° on a side)
solid PVC tip is inserted into the head end of the probe and
cemented with PVC solvent cement to serve as a leading edge.
Tinally, the inside of the pipe is filled with laminating resin
to within 0.75 inch of the exit end in order to prevent water
entry.

Cgrrent material costs for a single unit are about: 0.75-inch
PVC pipe, $0.07; 1.0-inch PVC rod, $0.12; 3-foot length of wire,
$0.18; and laminating resin, $0.25. Total $0.62.

To facilitate implanting the probe at deep soil depths, the
wires are fed through a 0.5-inch pipe (electrical conduit tubing)
until the end of the probe butts against the shoulder of the
insertion tube (see Fig. 2). The unit can then be inserted into
the soil via a I-inch-diam access hole. I use an Oakfield soil

sampling tube for this purpose. The insertion tool is then
withdrawn, leaving the probe at the depth of insertion. The
access hole is backfilled with soil and compacted to prevent
water entry from the soil surface.

Once calibrated (the “cell constant” is determined from
readings made in salt solutions of known EC) and, buried in
the soil with the wires leading to the surface, soil electrical

Fig. 2—Four-clectrode burial probe, insertion tube tip, and
access hole in soil.
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Fig. 3—Plot of soil electrical conductivity vs. depth of water

infiltrated during the ponded leaching of salinized Pachappa
soil.

conductivity can be measured at any desired frequency, using any
appropriate electrical generator/meter unit (i.e., Austin and
Rhoades, 1979: Martek Instruments, Inc. Model SCT meter).
Units buried in a grain sorghum field for a period of 3 mo
did not significantly corrode or change in calibration during
this time.

Data illustrating the utility of the probe for monitoring pur-
poses are given in Fig. 3. Changes of soil electrical conductivity
were measured during the ponded leaching of salinized Pachappa
soil (Mollic haploxeralf). In this case, the probe was buried
on its side at 16,5 cm to obtain a sharper breakthrough curve.
Water was ponded at a depth of 18 cm. These data show that
essentially complete reclamation was achieved through the 16.5-
cm soil depth with the infiltration of 14 cm of leaching water.
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