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Abstract—To investigate the distribution of the electric charges on
some tropical soil of India was made by direct measurement of
adsorption of ions in the presence of varying concentration of
electrolyte. The results show that surface charge varies with soil
according to the variation of organic matter and sesquioxide content.
Surface charge also varies with organic carbon, composition of clay
and chemical components of soil. Variability in the magnitude of this
charge was attributed to the effect of contribution from various
organic functional groups or Al / Fe blocked exchange sites of clay.
Organic carbon and sesquioxide/allophone is responsible for charge
variation. Composition of clay is an important factor for soil surface
charge.

Keywords: Soil surface charge, iron and
aluminium oxide.

clay composition,

1. INTRODUCTION

One of the possible alternative approaches to the study of
amorphous coatings on soil particles is to study the exchange
reactions which take place at the interface between the soil
particles and soil solution. This can be done using the
potentiometric  titration technique, which utilizes the
adsorption and desorption of H™ and OH’ ions to measure the
surface charge characteristics. Specifically the titration curves
at different ionic strengths cross at a common point, thus
determining the zero point of charge, and providing a measure
of the permanent or pH —dependent exchange capacity.

This technique has been applied to soils of tropical
regions (Gallez et al., 1976), and to areas of soils developed
on volcanic ash (Epinosa et al., 1975), to soils of temperate
regions (Laverdiere et al., 1977).

The natural charge of soil particles is divided into
permanent charge and variable charge components (Uehara
and Gillman, 1981). A given soil may be dominated by either
permanent charge or variable charge or their mixture,
depending on the degree of its weathering and type on mineral
constituents (Sparks, 2002; Chorover et al., 2004; Sposito,
2008). The objectives of this research, therefore, were to
determine the charge characteristics of some tropical soils of
India.

2. MATERIALS AND METHOD
Sampling sites

Three soil samples were collected from Nandigram,
Patharpratima of South 24 parganas and Bethuadahari of
Nadia district of West Bengal, India. The soils are mostly
tropical climate with an annual rainfall of approximately
1250mm and mean temperature of approximately 24.8°C
(Metrological department, 2017).

The sampling sites and classification of the soils in this
study are given in Tablel. The soil samples are air dried,
crushed, and then passed through 2mm sieve for laboratory
analysis.

Physico-chemical Analysis

Soil pH as measured in a 1:1 soil : solution in H,O and 1M
KCI ( National Soil Survey Centre, 1996), Organic Carbon
(OC) was measured by the Walkley-Black method (Nelson
and Sommers,1996) and used to calculate the amount on
Organic matter (OM) (OM= OCX1.742). Cation exchange
capacity was determined by NH4OAC at pH 7.0 and is defined
by the some of the exchangeable cations that a soil can absorb
(Chapman., 1965). Anion exchange capacity is determined by
colorimetric methods (Frank E. Clarke, 1949). Particle size
distribution was analysed by the pipette method (Gee and
Bauder., 1986). The ApH index was calculated from the
difference between pHy, and pHyue (Mekaru and Uehar,
1972). Calcium and Magnesium by Sparks (1996).
Exchangble Al (Bertsch and Bloom, 1996) and exchangble Fe
Sparks (1996). The Fe and Al contents associated with
secondary minerals were determined in extracts obtained after
boiling both 1g of soil for 30minutes in 20ml 9(M) H,SO,.
The acid extract were analysed for Al and Fe. Soil fused with
alkali and total Fe and Al estimated by atomic absorption
spectrometry (AAS) (Sparks, 1996).
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3. SURFACE CHARGE ANALYSIS

lon adsorption method

An estimate of the CEC and AEC as a function of pH was
determined by measuring the amount of K" and CI retained by
the soils at different pH using a modification of Schofields
method (Schofield, 1949). Based upon the unknown
mineralogy of these soils, it was assumed that the clays
contained essentially no sites capable of specifically absorbing
K+; and therefore that KCI could be treated as an indifferent
electrolyte. Triplicate 2g samples of soil were weighed in
centrifuge tubes and washed with 0.1 (M) KCl to minimize
soluble Al; after discarding the supernatants, 20ml of the same
solution were added and the pH adjusted with KOH or HCI to
give a pH range between 2 and 8. The samples were
equilibrated at room temperature (24+/-2°C) by shaking
intermittently on a reciprocal shaker for 12 hr. Then the
samples were centrifuged, the supernatants discarded, and
20ml 0.01 (M)KCI added; this (0.01)M KCl wash was
repeated two more times. After the final washing, the
supernatant pH was measured as well as the CI', K™ and Al
concentrations. Next, the adsorbed K' and CIl” ions were
displaced by washing the soil with 0.5 (M) NH4NO;. The
amounts of K™ and CI displaced, after correction for the
entrained KC1 with in the soil volume, were used as estimates
of the negative and positive charges, respectively. Chloride
was measured using a specific ion electrode with a double
junction reference electrode filled with 100gKg' KNO;
solution in the outer chamber, and K™ by flame photometer.

Statistical analysis

Each experiment was treated as a completely randomized
design. Because the experiments were performed individually
on each soil, comparisons of surface charge of the soils as a
function of pH were accomplished by the use of correlation
coefficient, were used to determine statistical significance of
any differences in the surface charge measurements.

4. RESULT AND DISCUSSION

Important soil chemical and physical properties of the soil
used in this study are given in Table 2.Clay content in the
Bethuadahari soil was higher than Nandigram and
Patharpratima, and this is reflected in the corresponding cation
exchange capacity values of these soils with relatively higher
cation exchange capacity of Bethuadahari soil than Nandigram
and Patharpratima, indicated the dominance of Kaolinite
mineral in the clay fraction of these soils.

Where it can be seen that Bethuadahari soils are more
acidic (5.2) compare to Nandigram (7.8) and Patharpratima
soil (7.1). All these experimental soils had ApH less than zero,
which indicate they present net negative surface charge
(Meakru and Uehara, 1972). Cation exchange capacity of
Bethuadahari soil is higher than the Nandigram and

Patharpratima soil probably an effect of organic matter content
(Morais et al., 1976).

Organic matter is an important source of cation exchange
capacity in these soils (Carvalho et al., 2009). With increasing
percent of organic matter, surface charge increases that
increament is very high even in small increament of organic
matter. In this study it appears that organic matter has an
increasing effect on surface charge. The evidence presented is
based on comparison of the surface charge characteristics of
samples which contain different amounts of organic matter,
but which are almost similar in other respects.

Surface charge of the soil is estimated by substracting the
cation exchange capacity value at a give pH from the
corresponding anion exchange capacity value; these values are
shown in Table 2 with the calculated surface charge values.
Bethuadahari soil possesses higher surface charge than
Nandigram and Patharpratima soil. This has been attributed to
the negative charge arising from the greater organic matter
content. Presence of dissociated organic functional groups and
unblocked exchange sites and amount of iron and aluminium
oxide are responsible for surface charge. Amount of clay and
their composition is an important factor for surface charge
formation (Table 2).

Total Fe and Al as well as Al and Fe oxide also contribute
surface charge characters that are reflected in Table 2 with
simultaneous contribution of soil organic matter. In all this
samples pH in water was greater than the measured in KCl
indicating that pristine point of zero charge of the untreated
soil located below the zero point titration.

Variability in the magnitude of this charge was attributed
to the effect of contribution from various organic functional
groups or Al / Fe blocked exchange sites of clay. Organic
carbon and sesquioxide/allophone is responsible for charge
variation.
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Table 1: Sampling site, Soil order, Vegetation Type and texture

Sl. No. |Location Soil order Vegetation type

L. Nandigram soil, Rice-rice-rice
West Bengal, India,

21.99°N, 87.88°E

Fluvaquent

2. Patharpratima soil, Rice-rice-rice
West Bengal, India

21.63°N, 73.29°E

Endoaquepts

3. Bethuadahari
West Bengal, India
23.59°N, 88.39°E

Haplustepts Tropical forest

Table 2: Chemical and Physical characteristics of soils

Soil plp |*A|% |% |Fe,|Al,|Ex. |Ca |Ex. |Mg|%
Sample |[H|H |pH |O. |O. [O; |O3 [Ca |0 |Mg|O |sa
wa | i C M |g |g |(& |(g |(& |(¢ |nd
er | 1( Kg |Kg |Kg |Kg |Kg)|Kg |,
N) ) ) ) sl
K t,
Cl cla
y
Nandig |7.]6. |- |1.42.5]97.133.12.8 3.9 0.6 {09 |32
ram 815 10.1(5 |1 |9 |0 2 9 |,
3 33
35
Patharp |7.|6. |- |[1.5]2.6 [10 |37.]3.0 (42 |0.6 |0.9 |29
ratima |1 (4 [0.7 |2 |3 1.7 19 0 9 N
32
39
Bethua |5.(4. |- [1.9(3.4 |26 |86.]52 |72 1.8 |2.9 |30
dahari |2 |3 [09|8 |2 [52]5 7 8 |,
26
44

* ApH= pHk c;-pHyater, EC= electrical conductivity,
OC= organic carbon, OM= organic matter, Ex= Exchangble

Table 3: CEC, AEC, Surface charge and their relation with
various chemical characters.

Soil AEC CEC Surface
Sample (Cmol, |(Cmol, |Charge | Correlati | Regressi
Kg?) Kg?) (Cmol, on on value
Kg?) between |(clay &
Surface |OC)
charge & | (r*<0.05
oc )
Nandigram | 18.2 22.1 3.9
Patharprati | 19.7 24.2 4.5 0.99842 | 0.94352
ma
Bethuadah |30.4 42.5 12.1
ari

AEC= Anion Exchange Capacity, CEC= Cation Exchange Capacity.
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