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ABSTRACT
Changes in soil water content with increasing ambient relative humidity was examined using model
soils prepared by mixing silica sand with different types of organic matter and different types and contents of clays. In this study, we used commercially available hydrophobic and hydrophilic organic matter, and kaolinite and montmorillonite under four levels of relative humidities. Soil water content of all
the soils increased with increasing relative humidity. Hydrophilic organic matter, which is reported to
decrease the wettability of soils, was found to increase the absorption of water into soils in the vapor
form. In model soils without clay, hydrophobic organic matter, which is reported to impede water entry
in liquid form (water repellent), was found to have little or no effect on water vapor absorption. In contrast, when the model soils containing 1–2% clays, hydrophobic organic matter slightly decreased the
water vapor absorption. Montmorillonite containing samples showed higher water vapor absorption,
and therefore, higher water contents compared with those containing kaolinite. The difference in water
content between samples containing montmorillonite and kaolinite increased with increasing clay content. Increase in clays with high water absorption capacity was found to make the clay effects on water
vapor absorption prominent and to hinder the effects of hydrophobic or hydrophilic organic matter on
water vapor absorption. The absorption of water into soils in vapor form was found not to be comparable with previously reported wetting of soils with water, in liquid form.
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INTRODUCTION
Soil water content is a very important soil property
which related with many other important soil properties and processes. In fact, the water content in
the soil surface is very important for many soil
physical properties and phenomena, especially the
infiltration, wettability, and aggregate stability.
Ambient relative humidity (RH) or the water potential is one of the most important factors that affect
the water content and the wettability in surface soil
(Doerr et al. 2002; Goebel et al. 2004). Water content in the surface soil changes with increasing or
decreasing environmental water potential and is
dependent on the properties and the basic components of soils such as types and contents of organic
matter and clays present in the soil.
Soil organic matter consists of main two types that
are identified as hydrophobic and hydrophilic
(Ellerbrock et al. 2005). Hydrophobic organic matter has been identified to cause extreme water repellency in soils (Doerr et al., 2005; Franco et al.
2000; Leelamanie and Karube 2007). Water repellency retards the spontaneous wetting of soils when
water is applied on the surface. Water repellency in
soils will primarily affect the infiltration rates.
Hydrophilic organic matter, though it is called hy-

drophilic, is also reported to increase the soil-water
contact angle, which is a measure of the magnitude
of the water repellency. Therefore, hydrophilic organic matter is also considered to decrease the wettability of soils, the ability of soils to absorb liquid
water into the surface. This can be attributed the
surface free energy of organic matter, which is always lower compared with that of mineral soils.
The higher the surface free energy, the higher the
wettability. However, compared with hydrophobic
organic matter hydrophilic organic matter only
slightly reduces the wettability (Leelamanie and
Karube 2009).
Although both hydrophobic and hydrophilic organic matter are reported to decrease the wettability of
soils, their effect on water vapor absorption into the
surface soils has not been tested so far. Types and
contents of clays present in soils is another factor
that affects the wettability of soils. Clays are reported to decrease the extreme water repellency
(penetration time of water drop > 1h) in soils
(McKissock et al. 2000, 2002; Leelamanie et al.
2010), which might be a result of their high surface
free energy. On the contrary, clays may decrease
the wettability in wettable or non repellent soils
(Leelamanie and Karube 2007; Leelamanie et al.
2010). However, information on the water vapor
absorption into surface soils with different types
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and contents of clays, especially in combination
with different types of organic matter is not available.
It would be important to clarify the combined effects of organic matter and clay on the water vapor
absorption because the combined effects of these
components on soil wettability (liquid water absorption into the surface) are reported to be incomparable with their individual effects (Leelamanie
and Karube 2007).
Experimental observations are lacking for the effects organic matter and clays, which are reported
to be important factors affecting wettability of soils,
on water vapor absorption into surface soils with
the changes in ambient RH. The objective of this
study was to examine the effects of hydrophobic
and hydrophilic organic matter and different types
and contents of clays on water vapor absorption
into the soil under four levels of ambient RHs using
model soils prepared by mixing silica sand with
commercially available pure chemicals.

effects if any and kept for one day.
The sand was mixed with 10gkg-1 glucomannan to
prepare the model soils containing hydrophilic organic compound. Glucomannan was dissolved in
deionized water to prepare a suspension with hydrophilic organic matter. This suspension was then
thoroughly mixed with the sand using a spatula.
The samples were dried at 30°C for one day. To
prepare the model soils containing both hydrophobic and hydrophilic organic compounds, sand was
first mixed with stearic acid, kept for one day, and
next mixed with glucomannan as described above.
Air dried samples were placed in glass vials and air
dried kaolinite or Na-montmorillonite was added to
the model soils to obtain 1, 2, and 5% of clay contents. The vials were thoroughly shaken for 2
minutes to mix the clay with the model soils.
Model soils with 0, 0.5, 1.0, 3.0, 5.0, and 10.0g kg-1
stearic acid were prepared to find the effect of different stearic acid contents on water vapor absorption to the surface soils.

MATERIALS AND METHODS

Exposure to relative humidity

Materials
Fine silica sand with particle diameter of 94% of
mass ranging from 45 to 150 mm was used as the
base material to prepare the model soils. Stearic
acid (molecular weight: 284.5) and konjac-derived
glucomannan (Wako pure chemical industries, Osaka, Japan) were used as hydrophobic and hydrophilic organic compounds, respectively. Georgian
kaolinite and Wyoming Na-montmorillonite (The
Clay Minerals Society, USA) were used as clays.
Stearic acid was chosen because it can be considered as a common organic acid in natural soil
(Deng and Dixon, 2002). Glucomannan was chosen
because it is a neutral polysaccharide gum, as positive or negative charges might have an effect on
wetting properties.

About 5g of each sample in three replicates were
used for the measurements. Samples in weighing
bottles with 12-mL volume were exposed to RH
levels of 33, 57, 75, and 94% in a constant temperature room at 25°C for 20 to 22 h. The RH levels of
33, 57, 75, and 94% were obtained using saturated
salt solutions of MgCl2·6H2O, NaBr, NaCl, and
KNO3, respectively (The Japan Society for Analytical Chemistry 2004), in sealed glass chambers.
The exposure time was determined based on a water retention experiment in which hydrophobized
sand was first equilibrated at 30% and then exposed
to 75%RH. The equilibrium condition was observed to be achieved within 24h. During the measurements, the RH of the constant temperature room
was kept close to the respective RH in the chamber
using a humidifier and a dehumidifier. During the
experiments with 33, 57, 75 and 94% RHs, the RH
of the constant temperature room was 30–32, 56–
59, 72–75 and 90–95%, respectively. Water contents of the samples at each RH were measured
mass metrically.
Results are expressed in terms of mean ± standard
deviation.

Sample preparation
To prepare the model soils containing hydrophobic
organic compound, the sand was mixed with 1 g kg
–1
stearic acid, because the total lipid content in natural soil is considered to be about 1 g kg-1 (Martens
et al. 2003). Since stearic acid is insoluble in water,
it was dissolved in diethyl ether to make a solution
with hydrophobic organic compound. Then the solution was added to the sand in glass containers in a
fume hood. The containers were sealed immediately because the diethyl ether is a highly volatile. The
sand was thoroughly mixed with the stearic acid
solution in the sealed container and then placed in
open porcelain containers. In general, volatilization
of diethyl ether takes about 30 minutes. The samples were left for 2h in the hood to allow complete
volatilization of diethyl ether to avoid unnecessary

RESULTS AND DISCUSSION
Results of this study showed that the water content
of all the model soils increased with increasing ambient RH.
Increase in water content with increasing RH when
the soils were not treated with clay is presented in
Figure 1. Water content of glucomannan containing
soils gradually increased with increasing RH. In
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soils without glucomannan, the increase in water
content was slight up to 75%RH. The water content
of both glucomannan containing soils was high
compared with that of soils without glucomannan.
The water contents of samples without organic matter (sand only) and those with hydrophobic stearic
acid were found to be comparable. The figure
shows that the presence of stearic acid did not affect the water content of the samples free of clay.
Water content of model soils with 0, 0.5, 1.0, 3.0,
5.0, and 10.0gkg-1 stearic acid contents, where the
repellency was found to be in a range of nonrepellent to extremely repellent, is presented in Figure 2. The figure clearly shows that the increase in
hydrophobic stearic acid content did not affect the
water absorption in vapor form into model soils at
different RHs. Miyamoto et al. (1972) observed no
specific relationship between water vapor adsorption and water repellency using soils with contact
angles below 90°. The present results were agreed
with Miyamoto et al. (1972) in the absence of clay.
Adamson (1968) explained that the adsorbed water
layer have a relationship with contact angle of
plane surfaces, at RH higher than 80% and, presumably contact angles below 90°. This principle,
though it might be applicable for idealistic conditions as explained by Adamson (1968), seemed inappropriate for water absorption into soils in vapor
form as presented in Figure 1 and 2.
Water contents of samples containing 1, 2, and 5%
clay (kaolinite and montmorillonite) with increasing RH are respectively given in Figures 3, 4, and
5.
According to the Figures 1, 3, 4, and 5 the samples
containing glucomannan showed higher water contents compared with the other samples, irrespective
of the presence of hydrophobic stearic acid.
Organic matter, whether hydrophobic or hydrophilic, are reported to increase the soil-water con-

tact angle (decrease the wettability of soils, that is,
impede the liquid water entry into the soil). Though
hydrophobic organic matter increases the contact
angle in a greater degree, hydrophilic organic matter only slightly increases the contact angle
(Leelamanie and Karube 2009). These slight increases in contact angle, although it may not cause
apparent or extreme hydrophobicity, may affect the
hydrological processes of soils such as the infiltration rate (Wallis et al. 1991).
Accordingly, the ability of hydrophilic organic matter to decrease wetting of soils by liquid water can
be considered inapplicable for water vapor absorption by soils containing hydrophilic organic matter,
irrespective of the presence of clay.
As presented in Figures 3 and 4, presence of 1- 2%
clay was found to create a difference in water content between samples with and without stearic acid.
The samples containing stearic acid showed slightly
lower water contents compared with those free of
stearic acid. This effect was obvious in the presence
of both stearic acid and glucomannan. This suggests that the presence of small amount of clay and
hydrophilic organic matter induces the hydrophobic
nature of stearic acid to repel water vapors as well.
Figures 3, 4, and 5 showed that both the type and
the content of clay affected the water vapor absorption capacity of the model soils. Water content of
samples increased with increasing RH irrespective
of the type of clay. However, the increase in water
content was more obvious in samples containing
montmorillonite.
Water content of samples increased with increasing
clay content. The increase in water content was
more obvious in those containing montmorillonite.
In samples with 1% clay (Fig. 3), montmorillonite
containing samples showed slightly higher water
contents compared with those containing kaolinite.
This can be considered as a result of the higher wa0.5
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Figure 1 Water content at different relative humidities in samples with 0% clay. S, sand; SA, stearic acid; G, glucomannan. Error bars indicate ±S.D.
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Figure 2 Water content at different relative humidities in samples with 0, 0.5, 1.0, 3.0, 5.0, and 10.0 stearic acid. Error bars indicate ±S.D.
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Figure 3 Water content at different relative humidities in samples with 1% clay. S, sand; SA, stearic acid; G, glucomannan; K, kaolinite; M, montmorillonite. Error bars indicate ±S.D.
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Figure 4 Water content at different relative humidities in samples with 2% clay. S, sand; SA, stearic acid; G, glucomannan; K, kaolinite; M, montmorillonite. Error bars indicate ±S.D.

in samples containing 5% kaolinite, glucomannan
containing samples showed slightly higher water
content compared with other samples. This suggests
that the increase in clays with high capacity for water absorption, such as montmorillonite, can suppress the effects of hydrophobic or hydrophilic organic matter on water vapor absorption. The results
of this study revealed that the absorption of water
into soils in vapor form was not comparable with
the previously reported findings on wetting of soils
with water, in liquid form
CONCLUSIONS
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Figure 5 Water content at different relative humidities in samples with 3% clay. S, sand; SA, stearic acid; G, glucomannan; K, kaolinite; M, montmorillonite. Error bars indicate ±S.D.

ter absorption capacity of montmorillonite compared with that of kaolinite. The difference in water
content between samples containing montmorillonite and kaolinite increased with increasing clay
content as presented in Figures 4 and 5.
In samples with 2 and 5% clay (Figure 4, 5), all the
samples containing montmorillonite showed higher
water contents compared with those containing kaolinite. In samples with 5% clay (Figure 5), the difference in water content between samples containing kaolinite and montmorillonite was highly obvious. All the samples containing montmorillonite
showed considerably higher water content than
those containing kaolinite.
In the samples containing 5% montmorillonite, the
effect of hydrophobic or hydrophilic organic matter
on water vapor absorption was not clear. However,

Hydrophilic organic matter, which is reported to
decrease the wettability of soils, was found to increase the water absorption into soils in vapor form.
Hydrophobic organic matter, which is reported to
impede water entry to soils in great degrees, was
found to have little or no effect on water vapor absorption into the soils in the absence of clay. In
contrast, when the model soils were containing
small amounts of clays, hydrophobic organic matter
slightly decreased the water vapor absorption.
Montmorillonite containing samples showed higher
water contents compared with those containing kaolinite, which can be considered as a result of the
higher water absorption capacity of montmorillonite compared with that of kaolinite. The difference
in water content between samples containing montmorillonite and kaolinite increased with increasing
clay content.
Increase in clays with high capacity for water absorption was found to make the clay effects on water vapor absorption prominent and to hinder the
effects of hydrophobic or hydrophilic organic matter on water vapor absorption.
Absorption of water into soils in vapor form
was found not to be comparable with previously
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reported wetting of soils with water, in liquid
form.
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