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Fig. 1: surface tension Fig. 3: capillary rise in sand (left) and glass tubes 
(right)  

Fig. 2: Hydraulic conductivity
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Water repellency (Hydrophobicity) in agricultural soils can damage their hydraulic properties, increase the rate of runoff and erosion and reduce crop yields. The soils tend to become
hydrophobic as a result of coating of the soil grains with organic materials from irrigation with reclaimed water and the addition of organic residues. This study examined the effect of
lowering surface tension and contact angle by adding commercial surfactant (H2FLO) on water infiltration and flow processes in hydrophobic soils. We measure movement and flow of water
in hydrophobic soil, while examining the relationship between the surface tension, the contact angle and the hydrophobicity of the soil. The soils that were chosen for this research are
hydrophobic sand from the Shafdan recharge ponds which was compared to less hydrophobic sand from adjacent dune. The methods that were used include: The Wilhelmy method for
measuring of the water surface tension (Fig.1); Darcy’s test to evaluate hydraulic conductivity at saturation; (Fig.2) capillary rise measurement in glass tubes and soil tubes to estimate the
effect of the surfactant on capillary length (Fig.3); water drop penetration time (WDPT)to estimate degree of hydrophobicity (Fig.4); and CT scan over hydrophobic and hydrophilic surfaces
were done to measure contact angles (Fig.5).
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Lowering the surface tension and the contact angle caused:
I. Decreased soil hydrophobicity.
II. Increase in hydraulic conductivity in saturated soil.
III. Increase in capillary movement in the sand and decrease in glass tubes.
IV. Increase in the horizontal movement of water in hydrophilic and hydrophobic sand soil. 

Fig. 5: CT scanFig. 4: WDPT

The Young–Laplace equation was used to correlate
contact angle (θ) and surface tension (𝛾) to suction
of the water into capillaries (soil pores):

𝒉 =
𝟐∗𝛾∗𝒄𝒐𝒔(θ)

𝒓∗ρ∗𝒈
. 

When we add the sand, there is a different
results, the change in surface tension and the
contact angle caused an increase in the
capillary rise (Fig.8). From the results we
discover that the hydrophilic sand is not 100%
hydrophilic as it is influenced by the surfactant.
This is compared to sand burnt in the lab which
is assumed to be 100% hydrophilic and is
almost not influenced by the surfactant (Fig.8).

From the CT scans we extract the contact angle
by processing the image in ImageJ software. The
results support the hypothesis as the surfactant
decreases the contact angle. (Fig.6)

Fig. 7: the effect of adding the surfactant to water

Fig. 6: the effect on contact angle when adding the surfactant

A correlation was found between capillary rise in
glass tubes and surface tension (Fig. 7). As the
surface tension decreases, the capillary rise
decreases when the soil is taken out of the
equation.

Fig. 8: Comparison between different sands and glass when
adding the surfactant

2. There is an interaction between the contact angle
and the surface tension that affects the water
movement in the soil.
3. The effect of the contact angle is greater than the 
impact of the surface tension.

Measurement of hydrophobic intensity in the water drop penetration time test:
a. with surfactant (Fig.9).
b. with different water content percentages (Fig.10).
In both cases there is a decreased in soil hydrophobicity with the change in contact
angle and surface tension.

Fig. 9: WDPT with surfactant in different
concentrations

Fig. 10: the affect of adding the surfactant to water

To test the effect on the water flow we measured the hydraulic conductivity and
the horizontal movement. In the test of hydraulic conductivity in saturated soil,
the measurement with a surfactant, has a higher hydraulic conductivity both in
the hydrophilic (Fig.11) and hydrophobic (Fig.12) sand. In the case of horizontal
movement we can see the difference, (Fig.13). The flow was uniform and
continuous and more wide spread. Without the surfactant (Fig.14) the flow was
segmented and with preferential flow.

Fig. 13: horizontal movement with surfactant Fig. 14: horizontal movement with out surfactant

Fig. 11: hydraulic conductivity in hydrophilic sand Fig. 12: hydraulic conductivity in hydrophobic sand

From the results of the scan we can see that the
surfactant affect the contact angle of the water over
varied surfaces(Fig.6). Biggest change in contact angle
was observed over the plastic, which is a semi
hydrophobic surface. When we compare the change
of the contact angle to the change in surface tension
by placing the values of the factors into the Young–
Laplace equation we found that the contact angle
indicates a more significant effect on the suction at
the capillary (Table.1). Additionally from the results
we see the there is variability in degrees of influence
to changes of the surfactant depending on the
intensity of the hydrophobicity. This is evident also in
the capillary rise (Fig.8) and the water content
(Fig.10).

Table.1: the change after applying the surfactant

h0 h100 dh dh/h0

GLASS 0.04187 0.04168 -0.00019 0.00458

PLASTIC 0.00255 0.02150 0.01895 7.43992

PARAFILM -0.00255 0.00627 0.00882 3.46175

phil sandburnt phil sandglassphob sand

H2O 0.1720.2420.0360.131

H2FLO 0.250.250.0280.167
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