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This paper describes 2 technique for in situ-measurement of
soil electrical conductivity using a four-glecttode EC-probe, The
study has been conducted in the field on & loam soil having & wide
rang of saliniyy levels and a calibration curve has been prepared
showing relationship between soil electrical conductivity (ECe } and
bulk soil elestrical conductivity ( ECo ) Inaddition a calibration
curve showing relationship between apparent solution conductivity
{ECs Jand actual EC of synthetic aaliae selutions has besn repor-
ted. The correlaticn found in both the above cases are highly
significant and results are reproducible.

INTRODUCTION

The electrical conductivity of saturation seil extract (FCa ) i3 2 conven-
tional measure of soil saliaity, though the ideal method of appraising the
salinity consists of measuring the selt concentration of &n exfract obtained at
field water content (Bower & Wilox, 1966). In the later method, the difficuliy
of cbtaining soif extract limits its routine use.

The standacd laboratery techoique in which soil samples are wetted to a
saturated paste has some demerits {McNeal ef ol., 1970; Oster & McNeal, 1971;
Ulrich & Xbhanaa 1972). The mest important may be the effect of diluticn upen
the EC of the extract, a disruptien of gaseous equilibria notably C0,—carbonate
system occurs which exerts a significant effect on the EC (Frear & Johnston, 1929},
Maoreover, the increased sclubility of soree ions, like bicarbonate or borate, may
cause an over-estimation of their concentration in soil.

To overcome these problems, the immiscible displacement (1D) technigue

was developed by Mubarak & Olsen (1977). With this method seil samples are
centrifuged in the presence of a suitable organic solvent which displaces the

soil solution, However, this method is also lengthy. In addition, these meth-



ods are laborious as they require transportation of samples and other laboratory
facilities. For in-situ determination of bulk soil electrical canductivity (ECy }
four-¢lectrode EC-probe was introduced and extensively used in the past decade
(Halvorson ef of., 1977; Van Hoorn, 1980; Rhoades & Corwin, 15981).

Now a variety of insxpensive and portable devices are availakle which
can be used for directly measuring the salt concentration in the field, i.e.
eliminating the need of s0il sampling and labaratory aanzlysts, The foor-slect-
rode BC-prabe i3 suitable for repeated non-destrvctive measurements of changes
in the concentration of salts in sail solution during irrigation and thus inferen-
c¢es on salt movement can be made easily, It is less time consuming (1-2 sec,)

For routive field use the four electrode EC-probe needs to be calibrated
separately for each soil texture. This study was undertaken to estimate the
relationship between ECe and ECb for a loam soil. In addition, for extending
the use of EC-probe to surface waters and fres waters in water-logged areas, the
relationship between ECh and EC of varfous saline solutinns (ECs ) is alwo
presented.,

MATERIALS AND METHODS

For the calibration of four electrode EC-probe for use in local conditions,
two experiments were conducted, one in the field {Experiment A) and the other
in the laboratory using synthetic saline waters {Experiment B),

A. Calibration of four electrode EC-probe in the field

The EC-probe E{JKELKAMP Model with GEOHM2 was used for
measuring ECy in the field. For this purpose twenty plots of differnet salinity
levels (1-24 d8m=1}, a1l being loam in texture, were selected at the NIAE campus,
The ECp of top 6 inches of soil of thase plots was determined by measuring the
resistivity of the soil with EC-probe. The EC-probe wase ins¢rted into the soil
by making a hole with a special aoil auger. At the same time, temperature was
also measured by inserting a thermometer in the soil. The effect of temperaturs
was accounted for and all values were calculated for a uniform temperature
25°C using conversion factors given in the manual, provided with the
instrument,

While measuting ECh in the field, soil samples were collected from the
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same points. These were later used to measure the salt concentration of seil
through a 1:1 suspension (USDA, 1954) method where equal weights of dried
soil and distilled water were mixed, shook for one hour, centrifuged and filtered.
The ECs of the filtrate was measured using an EC meter Model No. LF 530,

B, Calibration of four electrode EC-probe for saline watey

Twenty two solutions of different EC ranging from Q086 to 40 dSm-1
were prepared by mixing Na; S0y, CaCly, MgCl; and Nall in the ratio of
13:5:1:4. The ECp of the:e solutions was determined by EC-probe. The data
sa obtained with EC-probe and EC meter were statistically analysed to calculate
regression coefficients and calibration curves for the use of EC-probe both in the
so0il and fyee water systems,

RESULTS AND DISCUSSION
A. Calibration of EC-prabe in the fleld

In the field sxperiment, soil was loam having a saturation percentage of
41 {Table 1). Field moisture content ca dry weight basis ranged from EQ to 209,
and thus was close to the value of field capacity. The calibration slope and
intercept values determined were 2.98 and 0.085, respectively (Fig. 1}. The repro-
ducibility and accuracy of calibration was good as indicated by t value of 0,995
at 5% level of significance. The derived regression equation ECe =2.98 ECh +
0.065 may be used in the range of 0.2 to 20 d§ m~1 giving a suitable range for
calibration purpose for loam type soil at a moisture level ranging from 10to
20 24 oo weight basis, The calibration of EC-probe so determined was again
varified in the field on the same soil at a different time. The results obtained
were identical to the carlier ones as shown by the distribution of points very
close to the curve (Fig. 1),

The values of FCp were always lower than those corresponding value of
ECs . This discrepancy was likely due to the variation in wa ter content (Nadler
1881}, A high degree of relationship between ECa and ECh suggesied the use
of simple calibrations for the same soil type for appraisal of salinity under our
conditions. To extend the use of the calibration curve reported in this paper to

arbitrary walsr content {n the field, the effect of variation in water conteat in gail
could be accounted for (Rhoedes er 2f, 1976).
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Table 1. Characteristics of soils under study

ECy d8m=1 11024
pH 21+ 04
Clay, % §3.5 + 3.1
Silt, % 28,5 + 1.5
Sand, % 8.1 4 1.4
Textural class . Laom
Saturaticn percentage o 41.35 4 3.1
Field moisture '
status, % dry weight CE T 10--20

B. Calibratian of EC-probe for soline waters

The relationship between ECs and ECu haz bien shnwn in Figura 2.
The values of slope and mtercept were 2,556 aud 0.332, raspectively. The repre-
ducibility and accuracy of calibration age gaod as indicated by r value of 0.955
at 1 o fevel of significance, This calibration curve was verifisd for more than
20 solutions of different EC levels after thres months intérval and verificaiion
points were atso plottzd in Fig. 1& 2 indicating stability of calibration with
time, These resuits suggested the use of fonc-electrode EC-probe in the free water
system, e.g. for surfacs watscs or in the waterlogged soils.” Our laboratory and
field experiments suggested the use of EC-probe due to its efficieney, accursey
and simplicity for the appraisal of soil salinity undar field conditions.
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