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JRjﬁi“ﬁ,i'zozl Abstract

Accepted: Land slope, soil texture, emitter flow rate and volume of irrigation water are
ﬁggﬁif,égaﬁ?ﬁé among the main factors that influence the shape of the wetting front in the soil.
April 18, 2023 The experiments were conducted in four different groups of heterogeneous three-

layered soils, two of which were horizontally layered and two vertically layered,
at three slopes (0, 10 and 20%) and three emitter flow rates (2, 4 and 8 L/h) with
a constant volume of irrigation water (24 L). The results revealed that the
maximum value of the wetting front radius in the experiments varied from 33 to
Keyvx_/ords: 109 cm whereas the values for the wetting front depth under the emitter were in
Wet_tmg Front, the 39-71 c¢cm range. The highest increase in the maximum wetting front radius
Ho_nzontglly Layered belonged to the horizontally layered soil with the heavy layer at the top. The
Soil, Vertically Layered . ; . e )
Soil, Sloping Surface, wetting front depth under the emitter slightly decreased with increases in slope.
Point Source The maximum infiltration depth was that of the vertically layered soil with a light-
textured middle layer and heavy-textured top and bottom layers. When other
conditions were kept constant, the percentage of the wetted area Was decreased
with increases in the emitter flow rate. The highest percentages of the wetted area
downstream of the emitter varied from 74 to 78 percent at flow rate of 8 L/h and
20% slope.

1.  Introduction
Accurate estimation of moisture characteristics curve for the studied soil can play a very important and
major role in modeling water and salt transport in porous media (Calciu et al., 2011). Topography and
land slope influence the infiltration wetting front (Bodhinayake and Xiao, 2004, Patel and Rajput,
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2008). Infiltration depth decreases with increases in slope steepness (Haggard et al., 2005; Huat et al.,
2006). The wetting front formed by a point soil on sloping land is not semicircular in shape but egg-
shaped (Zur 1996; Hachum 2t al., 1976). Increases in soil clay content reduce the wetted depth but
increases the wetted radius (Freeman et al., 2003). Consequently, this research studied wetting front
dimensions in horizontally and vertically layered soils on flat and sloping surfaces under various
conditions.

2. Materials and Methods

A cuboid physical model was constructed with the width, height and length of 60, 120 and 160 cm,
respectively, to study soil wetting front advance in drip irrigation. Three light, medium and heavy
textured soil types free of any organic matter were used. The experiments were conducted at discharge
rates of 2, 4 and 8 L/h. The soil surface had horizontal slopes of 0, 10 and 20% and transverse slope of
0%. The experiments were carried out in four groups: groups 1 and 2 on horizontally layered soils and
groups 3 and 4 on vertically layered soils. The horizontally layered soils included three 25-cm thick
layers. Group 1 had light soil on the top, loam soil in the middle and heavy soil at the bottom. Group 2
consisted of heavy soil on the top, loam soil in the middle and light soil at the bottom. The vertically
layered soils included 3 layers with a 33-cm thick middle layer. In group 3, the middle layer was light
soil and the other two layers heavy soil whereas the middle layer was heavy soil and the other two layers
light soil in group 4. In each experiment, the contour lines at the mentioned time intervals were drawn
on the model using a whiteboard marker. The complete shape of the wetting front was also calculated
and drawn on the model.

3. Results
The largest increases in the maximum wetted radius were observed in groups 2, 4, 1, and 3 in that order.

The wetting fronts had larger maximum wetted radii on sloping surfaces in horizontally layered soils
with the heavy textured soil on the top and in vertically layered soil with the heavy textured soil in the
middle (groups 2 and 4). The wetting front in horizontally layered sloping soil with the light textured
soil on the top and in the vertically layered soil with the light textured soil in the middle (groups 1 and
3) had the smallest wetted radii. In groups 2 and 4, the effect of slope on the formation of the maximum
wetted radii of the wetting front was more pronounced compared to groups 1 and 3. The maximum
wetted radius increased with increases in the discharge rate at constant volume of applied water. In all
states at identical slope, the maximum infiltration depths along the emitter axis at constant volume of
applied water were observed in groups 3, 1, 2, and 4 in that order. Changes in slope and discharge rate
in groups 1 and 3 had less impact on the wetting front depth under the emitter compared to the other
groups.

4, Discussion and Conclusion

The results indicated that increases in discharge rate at the same volume of water under identical
conditions of soil slope and texture reduced the wetted area of the moisture bulb whereas increases in
the slope of land surface under identical conditions increased it. The percentages of change in the wetted
area at the slope of 10% were more pronounced but they decreased as the slope increased from 10 to
20%. It is suggested that emitter with lower discharge rates be used in soils with high slopes and heavy
textures so that water has more time to penetrate into the soil. This will increase infiltration depth thus
preventing runoff formation. Emitters with higher discharge rates are used for lighter soils because the
wetting fronts become more uniform.
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Study of the Expansion of Wetting Front from a Point Source in
Vertically and Horizontally Layered Soils

Naser Ramzanian Azizi !, Askari Tashakori* ?, Eisa Maroufpoor 3, Samad Emamgholizadeh 4

Abstract

Land slope, soil texture, emitter flow rate and volume of irrigation water are among the main factors
that influence the shape of the wetting front in the soil. The experiments were conducted in four
different groups of heterogeneous three-layered soils, two of which were horizontally layered and two
vertically layered, at three slopes (0, 10 and 20%) and three emitter flow rates (2, 4 and 8 L/h) with a
constant volume of irrigation water (24 L). The results revealed that the maximum value of the wetting
front radius in the experiments varied from 33 to 109 cm whereas the values for the wetting front
depth under the emitter were in the 39-71 cm range. The highest increase in the maximum wetting
front radius belonged to the horizontally layered soil with the heavy layer at the top. The wetting front
depth under the emitter slightly decreased with increases in slope. The maximum infiltration depth
was that of the vertically layered soil with a light-textured middle layer and heavy-textured top and
bottom layers. When other conditions were kept constant, the percentage of the wetted area Was
decreased with increases in the emitter flow rate. The highest percentages of the wetted area
downstream of the emitter varied from 74 to 78 percent at flow rate of 8 L/h and 20% slope.

Keywords: Wetting Front, Horizontally Layered Soil, Vertically Layered Soil, Sloping
Surface, Point Source
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