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ABSTRACT:

Trickle irrigation is considered one of the main methods in field irrigation. Studying and understanding the
moisture distribution pattern beneath the drip irrigation is of great importance to reduce deep percolation losses and the
number of emitters. The current study aims to understand the effect of initial soil moisture on the wetting pattern and
moisture distribution in layered soils under a linear drip source. The study included tests to monitor the advance of the
wetting front during both the wetting phase and moisture redistribution phase over time and for a constant volume of added
water using two types of soils, sandy loam and clay, for two conditions of layered soil (sandy loam over clay) and (clay
over sandy loam). Water was added at two rates and two levels of initial moisture for each soil type were considered.
Empirical equations were derived for estimating both the horizontal surface advance with determination coefficient of
(R2=0.979) and vertical advance under the trickle source with determination coefficient of(R2=0.979). The results showed
that the ratio of horizontal advance to vertical advance for the wetting front increases with an increase in cumulative
infiltration in the layered soil (sandy loam over clay) whhile this ratio decreases with an increase in cumulative infiltration
in layered soil (clay over sandy loam). It was also found that the ratio of horizontal advance to vertical advance decreases
with an increase in the initial soil moisture of the upper layer and that vertical advance is greater in the case of high
moisture compared to low soil moisture for the lowere layer. In addition, the vertical advance in the subsoil isidentical for
all cases of initial moisture and water application rates in layered soil (clay over sandy loam) while there is a clear

difference in the effect of moisture and water application rate in layered soil (sandy loam over clay).
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1. INTRODUCTION

Trickle irrigation is the slow and frequent
application of water in the form of separate drops
or very low flow through small openings called
emitters installed along the lateral. Its primary
objective is to maintain a portion of the root zone
area wet and moist through shallow irrigations
provided continuously or intermittently without
significant deep percolation losses. The efficient
design of a trickle irrigation system depends on
understanding the shape and volume of wetted soil,
which is influenced by various factors including
soil texture arrangement, initial soil moisture,
emitter discharge rate, applied water volume,
application method (continuous or intermittent),
and water and soil temperature [1, 2, 3, 4, 5, 6, 7,
8, 9]. Water movement continues due to hydraulic
gradients during the infiltration phase during water
application, called the wetting phase, as well as
after stopping water application from the emitter
during the moisture redistribution phase. Water

movement within the soil results from capillary
forces in all directions and gravitational forces
downward. Consequently, fine-textured soils with
relatively small pores are more affected by
capillary forces than coarse-textured soils with
relatively large pores, which are more influenced
by gravitational forces [1, 5, 10, 11, 12, 13, 14, 15,
16]. Water infiltration from a surface emitter
generally occurs in three-dimensional flow, where
water spreads in the area surrounding the emitter
with saturated moisture, surrounded by another
area with unsaturated moisture ending with a
moving edge called the wetting front, which
separates the wetted and dry zones [12]. In fine-
textured soils, the horizontal advancement of the
wetting front is greater than in coarse-textured
soils, while the opposite is true for vertical
advancement [5, 17]. In fine-textured soils and at
the same applied water volume, the horizontal
advancement increases relative to the vertical
advancement of the wetting front with increasing
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emitter discharge rate, and this is more pronounced
than in coarse-textured soils [5]. Increased soil
permeability makes the soil lighter by increasing
the ratio of vertical to horizontal advancement [6].
In coarse-textured soils, both horizontal and
vertical advancement of the wetting front increase
with increasing applied water volume, with the
increase in vertical advancement being greater and
more pronounced compared to horizontal
advancement [5, 6]. Similarly, in both intermittent
and continuous application, the horizontal and
vertical advancement of the wetting front will
increase when using an equal volume of applied
water, because applying the same volume of water
will make the total time for this application longer
in the intermittent case, depending on the periods
of stopping or cutting water addition for a certain
application rateas in these periods there is moisture
redistribution [5]. Both horizontal and vertical
advancement of the wetting front increase with
increasing initial soil moisture at a certain water
application rate and time, and the magnitude of
change in horizontal and vertical advancement
during the moisture redistribution phase is more
pronounced in soil with higher initial moisture [1].
The shape and pattern of wetting resulting from a
trickle source are affected by soil surface slope and
the deviation of the wetting pattern center from the
emitter location [18, 19, 20,]. When there is
localized surface runoff, this will lead to increased
water advancement in the direction of soil surface
slope below the emitter. Water movement in soil
occurs due to hydraulic gradient and not due to
moisture content gradient [21]. In layered soils,
water movement is similar to that in homogeneous
soils until the wetting front (vertical water
advancement) reaches the interface between the
two soil textures. There are two cases: in the case
of fine-textured soils in the upper layer and coarse-
textured soils in the lower layer, horizontal
movement in the surface layer will increase until
the tension decreases enough to allow penetration
into the lower layer [22, 23, 24]. In the case of
coarse-textured soils in the upper layer and fine-
textured soils in the lower layer, horizontal
movement will also increase, despite the different
cause, due to the lower hydraulic conductivity of
finer-textured soils, thus making horizontal
movement greater than vertical movement in the
soil profile [22]. Tilled soils in the field are layered
(tilled surface soil and untilled subsurface soil) [5,
25]. The layered effect also results from water
droplets impacting bare tilled soil surface [26]. In
the current research, the effect of initial moisture
on the wetting pattern (surface horizontal
advancement and vertical advancement under the

trickle source) was studied in non-homogeneous
soil (layered soil).

2. LABORATORY EXPERIMENTS:

The soil was compacted in layers, one
above the other, inside a rectangular parallelepiped
steel container with dimensions of 5.5 cm x 70 cm
x 140 cm. One face was made of transparent rigid
plastic through which water advancement could be
monitored and marked at selected times until the
completion of the added water volume from the
supply tank, as shown in Figure (1), which
illustrates the laboratory soil container and water
supply system. The soil was compacted in layers
of 5 cm thickness each, with their mass determined
based on the soil layer volume, initial moisture,
and required bulk density, at a height of 40 cm for
the lower layer texture B and 25 cm for the upper
layer texture A for all tests. Water was supplied
through a cylindrical tank with constant water level
to the trickle source after calibrating two emitters
with discharge rates of 1.515 cm3min/cm and
2.848 cm3/min/cm by maintaining constant
pressure head in the tank and using capillary

Drippers

't

Figure (1): Laboratory soil container and water
preparation system
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copper tubes coiled in spiral form with different
numbers of bends for each discharge rate. For the
soil profile preparations, the positions of the
wetting front advancement were marked on the
transparent face of the container at appropriate
time intervals. Water addition continued until the
added water volume reached 5 liters, at which
point water supply was stopped and the soil
surface was covered with a plastic cover to
minimize evaporation from the soil surface while
observing and marking the wetting front
advancement with time until the total time
reached 48 hours, after which it became difficult
to distinguish the wetting front advancement.
Table (1) presents the details of the soil textures,
bulk density, and initial volumetric moisture
content for the studied soils. Figure (2)
summarizes the laboratory test results, while
Figure (3) shows wetting patterns for various soil
conditions and initial moisture levels.

Table (1) shows the details of soil texture, bulk
density, and initial volumetric moisture content
for the study soils.

Initial
o ° N )
=8 R I S DBuII_( Volumetric
a2 8 =15 (e/::]rsrlw?)/ Moisture
o @ Low | High
& E
c 38|20 23|57 1.48 4.7 7.7
[35]
[
>
‘_5 49 | 37 | 14 1.37 10 15.1
2.848cm®/min /cm 1.515 cm®/min /cm
Water application rate Water application rate

A

High moisture clay High moisture sandy loam

High moisture sandy loam High moisture clay

Low moisture clay Low moisture sandy loam

Low moisture sandy loam Low moisture clay

Low moisture clay High moisture sandy loam

High moisture sandy loam Low moisture clay

High moisture clay Low moisture sandy loam

Low moisture sandy loam High moisture clay

Figure (2) Summary of the laboratory tests.

High moisture sandy loam soil / High moisture clay soil

5 s e

Low moisture sandy loam soil / High moisture clay soil

- B ——

Low moisture loam/high moisture sandy loam soil

Figure (3) shows wetting patterns for different
soil profiles and initial soil moisture levels.

3. RESULTS:

3.1 Estimation of Wetting Front During the
Wetting Phase

Data for surface horizontal advancement
and vertical advancement under the emitter for the
wetting front were extracted at each measurement
time established during laboratory tests, totaling
187 values for each of the surface horizontal
advancement X cm and vertical advancement
under the trickle source Y cm with time T minutes,
water application rate g cm3min/cm, initial
moisture content of surface soil 0y, initial moisture
content of subsurface soil 0, basic infiltration rate
of surface soil I, cm/min, and basic infiltration rate
of subsurface soil I cm/min. The basic infiltration
rate of the surface layer I, cm/min applies when the
vertical advancement is less than the depth of the
surface layer, and the equivalent basic infiltration
rate le cm/min applies when the vertical
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advancement is greater than the depth of surface
layer A and is determined as follows:

A+B
o= ——
A/Iu+B/Il

Empirical equations were developed to
estimate both horizontal advancement X cm with a
coefficient of determination (R? = 0.979) and
vertical advancement Y cm with a coefficient of
determination (R? = 0.964) using the Solver tool
available in Microsoft Excel in the following
forms:

X = 0.956 TO541 0902 90507 1 0202 . )

(4.151 q0753 1e0-53 70984, 90-77+24.901>
q—0.086 100416 _1

Y= . 3)

(1+qleT)

3.2 Estimation of Wetting Front During the
Moisture Redistribution Phase

From the horizontal and vertical
advancement data after stopping water supply,
with 32 values for each of time and surface
horizontal advancement XX and vertical
advancement under the trickle source YY with
time T minutes, total experiment time T; minutes,
water application rate g cm3¥min/cm, initial
moisture content of surface soil 0y, initial moisture
content of subsurface soil 0, basic infiltration rate
of surface soil I, cm/min, and basic infiltration rate
of subsurface soil I, cm/min. Using the Solver tool
available in Microsoft Excel, despite the limited
data, empirical equations were developed to
estimate both horizontal advancement XX cm with
a coefficient of determination (R? = 0.986) and
vertical advancement YY c¢cm with a coefficient of
determination (R? = 0.974) in the following forms:

XX=2.64 T0.032 Ti0'364 q0.604 |u—0.208 0-0.48 ....... (4)
YY=1.785 T0:039 T,0584 q0.377 | 0246 0313 ... (5)
4. DISCUSSION

4.1. Cumulative Infiltration

Table (2) shows both the vertical and
horizontal advancement of the wetting front (from
equations 2 and 3) and the ratio of horizontal to
vertical advancement of the wetting front at
cumulative infiltration values of 1L, 2L, 3L, 4L, 5L
for water application rates of 1.515 cm3/min/cm
and 2.848 cm3min/cm, for cases of layered soil
profiles (sandy loam over clay) and (clay over

sandy loam) at low and high initial volumetric
moisture levels. This table shows that the
horizontal advancement of the wetting front
increases with increasing water application rate,
while vertical advancement increases with
decreasing water application rate. The horizontal
advancement increases with decreasing initial
volumetric moisture content of soils, and the
horizontal advancement in clay over sandy loam
soils is greater than in sandy loam over clay soils.
The ratio of horizontal to vertical advancement of
the wetting front increases with increasing
cumulative infiltration in layered soils (sandy loam
over clay) and decreases with increasing
cumulative infiltration in layered soils (clay over
sandy loam). The ratio of horizontal to vertical
advancement of the wetting front in layered soil
decreases with increasing initial moisture of the
surface soil at a specific initial moisture of the
subsurface  soil and specific cumulative
infiltration.

4.2. Horizontal Advance of the Wetting Front
During the Wetting Phase

Figure (4) shows the change in the
horizontal advance of the wetting front with time
in a stratified soil for different levels of low and
high initial moisture for a mixed sandy surface soil
and a clay surface soil for application rates of 1.515
cm¥min/cm and 2.848 cm®min/cm. The figure
shows that the horizontal advance of the wetting
front increases with increasing water application
time for all cases of water application rate and
initial soil moisture. It is also clear that the
horizontal advance increases with increasing water
application rate for a certain volume of added
water. It is also clear that the horizontal advance
increases at a certain application time and at a
certain volume of added water with a decrease in
the initial moisture for the same soil texture, which
is in agreement with [6 ,1].

4.3. Vertical Advance of Wetting Front During
the Wetting Phase

Figure (5) shows the change in vertical
advancement of the wetting front with time for
different levels of low and high initial moisture in
layered soil (sandy loam over clay) at different
water application rates of 1.515 cm3/min/cm and
2.848 cm3/min/cm. The figure generally shows
whether for wetting front advancement in the
surface or subsurface layer, that the vertical
advancement of the wetting front increases with
time, and for a specific volume of added water, the
vertical advancement increases with decreasing
water application rate in all cases of soil profile and
initial moisture, which is in agreement with [6 ,1].
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For the advancement of the wetting front
in the surface soil, it is also obvious that the
vertical advancement until the interface is faster in
the case of high initial moisture, which agrees with
[1, 6]. There is no difference in vertical
advancement due to changing water application
rate at the same initial soil moisture level. Figure
(5) shows that at the interface between the two
layers, the vertical advancement rate increases in
all cases of initial moisture and water application
rate, with the increase being greater at higher water
application rates, and the increase is also greater in
the case of high moisture compared to low
moisture in the subsurface soil. In the case of

wetting front advancement in the subsurface soil,
the advancement in soil with high initial moisture
is greater than in low moisture for all cases of
initial moisture in the surface soil and both water
application rates. The vertical advancement is
greater with increasing water application rate at a
specific time, and the vertical advancement is
greater when the initial moisture of the surface soil
is high for all cases of initial moisture of the
subsurface soil and at the higher water application
rate. Figure (6) shows the change in vertical
advancement of the wetting front with time for
different levels of low and high initial moisture in
layered soil (clay over sandy loam) at different

Table (2): Horizontal and vertical advance of the wetting front and the ratio of horizontal to vertical
advance (X/Y) at specific values of cumulative infiltration for several water application rates and at

different levels of initial soil moisture and in different stratified soil profiles.

d5 High moisture Low moisture High moisture Low moisture
§ GE.H_E E High moisture High moisture ‘Low moisture ‘Low moisture
SEAEE (5 |me | BB |we g T
Slas |85 |55 wy [ x| B8 > | wy [8E x| S5 5| wy |85 < [E5 | xy
1 ¢ [175(21.3|0.82 223 20.7 ({108 |175| 21.3 | 0.82 | 22.3 | 20.7 | 1.08
7 é 25.41303]0.84 (325 280 | 1.16 | 254 29.1 [0.87 | 325 | 29.1 | 1.12
> E ‘é 316357089 (405 | 327 | 1.24 | 316 | 346 [091 | 405 | 346 | 1.17
;;;i é 37.0]40.2 092 (473 | 36.4 | 1.30|37.0( 39.1 [095| 473 | 39.1| 121
g 5] = |[417 440|095 | 534 | 395 (135|417 | 429 | 097 | 534 | 429 | 1.24
‘_8 1 g 1219181121 |280( 175 | 160|219 181 (121 | 28.0 | 18.1 | 1.55
gz é 319 (219 |145)|408| 21.6 [ 189|319 219 | 145 | 408 | 219 | 1.86
n i‘% 39.7 (292136508 |27.15(1.88|39.7| 279 | 142 | 50.8 | 29.2 [ 1.74
i g 46.4 1333|140 594 309 (192 |46.4] 303 [153 | 594 | 333 | 1.78
5| © |524|365|143|67.0| 340 | 197 [524 | 356 |1.47 | 67.0 | 365 | 1.84
1 ¢ (198|169 | 1.17 [ 243 | 15.0 [ 1.62 | 19.8 | 16.9 | 1.17 | 243 | 150 | 1.62
7 é 2881250 ]115(354 | 242 | 146|288 | 259 [ 111 | 354 | 242 | 146
£ E % 3581328 |1.09 (441 | 322 | 137|358 31.8 [ 1.13 | 441 | 31.8 | 1.39
gi '-‘UH:; 419386 (109|515 384 (134|419 378 (1.11] 515 | 37.8 | 1.36
S5 7 (472423 | 112|581 | 424 | 137 (472 417 (113 | 581 [ 417 | 1.40
gi £ 248 1143|174 (306 | 123 | 248 | 248 | 143 | 1.74| 306 | 123 | 2.48
%i é 36.11221]|1.63 (445 204 | 218|361 22.1 [ 163 | 445 | 204 | 2.18
O 13| ¢ | 450|280 160|554 | 268 |207|450| 258 174 | 554 [ 26.2 | 2.11
| 9
i 3 5251321 | 1.64 (64.7| 31.8 | 2.04 | 525 | 315 | 1.67 | 64.7 | 28.7 | 2.26
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Figure (4): Variation of the horizontal advance of the
wetting front with time for different initial soil
moisture levels for a sandy loam topsoil and clayey

topsoil and at different water application rates.
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Figure (5): Variation of the vertical advance of the
wetting front with time for different levels of initial soil
moisture for layered soil (sandy loam over clay) at
different water application rates.
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water application rates of 1.515 cm3/min/cm and 50
2.848 cm¥min/cm. Figure (6) generally shows Layered soil clay gver Sandy loam at water
whether for wetting front advancement in the ~ E 40 fapplicationrate of 1515 cma/min/cm
surface or subsurface layer, that the vertical o
advancement of the wetting front increases with § 30
time for a specific volume of added water, and -§
vertical advancement increases with decreasing w 20 [
water application rate for all cases of soil profiles £
and initial soil moisture levels. For the £ 10T Low initial volumetric moisture/ Low
advancement of the wetting front in the surface 0 | Lowinitialvolumetrio molsturef High =
50|I_, it is glso cIear_that the v<_ert|cal advancem_ent 0 120 240 360 480 600
until the interface is greater in the case of high ) .
initial moisture, which agrees with [1, 6]. The 50 Time (min)
vertical advancement is greater at the higher water Layered soil clay over Sandy loam at water
application rate for the same initial soil moisture £ 40 | application rate of 1.515 cm3/min/cm
level. Figure (6) shows that at the interface S
between the two layers, the vertical advancement g 3¢ |
rate becomes very slow in all cases of initial §
moisture and water application rate, and this & 29 }
behavior continues for a longer period when the 8
initial moisture is high for the surface soil and for g 10 } .
all cases of initial moisture of the subsurface soil. = M Il volumethe mosturel 1 —
In the case of wetting front advancement in the 0 L L L L
subsurface soil, the difference in vertical 0 120 240 360 480 600
advancement is almost non-existent for all cases of Time (min)
initial moisture and both water application rates 50
under study. The vertical advancement is greater — __ Layered soil clay over Sandy loam at water
with increasing water application rate for aspecific ~ § ,, |2ddition rate of 2.848 cm3/min/cm
time. Water movement in soils is governed by E
capillary tension and gravity forces. As soil texture 830 |
becomes finer, the effect of tension becomes more '§
significant than gravity, and vice versa. With 5 20 |
increasing soil coarseness, gravitational forces B
become more significant than capillary tension. 2 10 |
Therefore, horizontal advancement increases with Low initial volumetric moisture/ Low
increasing  soil  fineness  while  vertical 0 | Low initial volumetric moisture/ High—
advancement increases with increasing soil 0 120 240 360 480 600
coarseness. When using the same volume of water, T .

. . . ime (min)
this will lead to decreased vertical advancement
with increasing soil fineness and decreased 50 -
horizontal advancement with increasing soil Layered soil clay over Sandy loam at water

L. . —_ application rate of 2.848 cm3/min/cm

coarseness. Furthermore, as the initial soil €40 |
moisture increases, the effect of capillary forces ﬁ'
decreases, and gravity becomes more influential. E 30 |
Thus, we observe that increasing initial soil 3
moisture leads to a decrease in horizontal '_; 20 |
advancement and an increase in vertical 2
advancement. According to the information § 10 } S . -
mentioned above, when the effects of soil texture o ) vl oot rer by ——
and initial soil moisture interact on horizontal and 0 1 1 1 1
vertical advancement of the wetting front, the 0 120 240 360 480 600
greatest horizontal advancement and least vertical Time (min)

advancement occur at low initial soil moisture in
clay soil, while the least horizontal advancement
and greatest vertical advancement occur at high
initial soil moisture in sandy loam soil.
Consequently, the ratio of horizontal to vertical

Figure (6): Variation of the vertical advance of
wetting front with time for different levels of initial
moisture in layered soil (clay over sandy loam) at
different water application rates
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advancement will reflect the effect of variation
between tension and gravitational forces as
influenced by initial soil moisture and soil texture.
In addition to the above, the interactive effect of
water application rate on wetting front
advancement shows that increasing the water
application rate leads to increased surface ponding
area and increased horizontal dimension of the
saturated zone, which will lead to extended water
spread in addition to what occurs due to capillary
tension forces.

4.4. Horizontal Advancement of Wetting Front
During Moisture Redistribution Phase

Figure (7) shows the change in horizontal
advancement of the wetting front with time for
different levels of low and high initial moisture
during both wetting and moisture redistribution
phases for surface sandy loam soil and surface clay
soil at different water application rates. The figure
shows that horizontal advancement of the wetting
front during the moisture redistribution phase
increases very slightly with time after stopping
supply for all cases of initial moisture and water
application rates, which agrees with[1].

4.5. Vertical Advancement of Wetting Front
During Moisture Redistribution Phase

Figure (8) shows the change in vertical
advancement of the wetting front with time for
different levels of initial soil moisture during
wetting and moisture redistribution phases for
layered soil (sandy loam over clay) at different
water application rates. The figure shows that
vertical advancement of the wetting front during
the moisture redistribution phase increases with
time, and generally this increase is similar at
different initial moisture levels and also similar at
different water application rates. Figure (9) shows
the change in vertical advancement of the wetting
front with time for different levels of initial soil
moisture  during  wetting and  moisture
redistribution phases for layered soil (clay over
sandy loam) at different water application rates.
The figure shows that the increase in vertical
advancement of the wetting front during the
moisture redistribution phase is greater in the case
of high initial moisture in the surface layer
compared to low initial moisture in the surface
layer, and this increase is more pronounced at the
water application rate of 1.515 cm3/min/cm.
4.6. Moisture Distribution in Soil Profile at the
End of Wetting Phase
The Surfer program, operating under Microsoft
Windows, was used to illustrate moisture
distribution in the soil profile. Figure (10) shows
moisture distribution for layered soil (sandy loam
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Figure (7): Variation of the horizontal advance of
wetting front with time for different levels of initial

soil

moisture  during wetting and moisture

redistribution phases for surface sandy loam soil and
surface clay soil at different water application rates
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Figure (8): Variation of the vertical advance of wetting
front with time for different levels of initial soil moisture
during wetting and moisture redistribution phases for
layered soil (sandy loam over clay) at different water
application rates.

Figure (9): Variation of the vertical advance of
wetting front with time for different levels of initial
soil moisture during wetting and moisture
redistribution phases for layered soil (clay over
sandy loam) at different water application rates.

I-Rafidain Engineering Journal (AREJ) Vol.30, No.1, March 2025, pp. 14-26



Yahya Farhan Yahya: Effect of Initial Soil Moisture on Wetting..... 23

Horizontal advance

7 60 50 40 30 20 10

e two

'andx. J1gam . witl
ow Initial moisture

R inifiakbistire

Ihe Dt unaarg r?r.\stween

Vertical advance

DFtween
{o]18]

<7_,. ________
T
ﬂlg init|a¥n¥0isture

the two

I he bounaal
Vertical advance

Horizontal advance

7 60 50 40 30 20
! !

pygpoeen

the two

Sandy loam. with low
nitia m%lﬁure_ O\I.eli
cIaYe%wu igh initial
maisture

I he boundal
Vertical advance

. 50
Horizontal advance

30

20

I he boundary between
the tWUrg(JIFS

\?v?%dxigh el
moisture.  over
claler with low
initial moisture

Vertical advance

Figure (10): Moisture distribution for layered soil
(sandy loam/clay) at the end of wetting phase with
application rate of 1.515 cm3/min/cm.

over clay) at the end of the wetting phase with an
application rate of 1.515 cm3/min/cm. The figure
shows that maximum moisture occurs in the area
extending under the trickle source up to the
interface between the two textures for all different
moisture level cases. The maximum moisture was
in the case of layered soil with low-moisture sandy
loam over high-moisture clay.

The greatest depth reached by wetting under the
trickle source was in the case of layered soil with
high-moisture sandy loam over high-moisture
clay, and the greatest lateral distance reached by
wetting on both sides of the trickle source was in
the case of layered soil with low-moisture sandy
loam over low-moisture clay. Figure (11) shows
moisture distribution for layered soil (clay over
sandy loam) at the end of the wetting phase with
an application rate of 1.515 cm3/min/cm. The
figure shows that maximum moisture occurs in the
area surrounding the trickle source for all cases.
The maximum moisture was in the cases of
layered soil with high-moisture clay over high-
moisture sandy loam and low-moisture clay over
high-moisture sandy loam. The greatest depth
reached by wetting under the trickle source was in
the case of layered soil with high-moisture clay
over high-moisture sandy loam, and the greatest
lateral distance reached by wetting on both sides
of the trickle source was in the case of layered soil
with low-moisture clay over low-moisture sandy
loam.

5. CONCLUSIONS

Under the conditions and limitations of

the study, the following can be concluded:
*The ratio of horizontal to vertical advancement
of the wetting front in layered soil decreases with
increasing initial moisture of the surface soil at
specific initial moisture of the subsurface soil and
specific cumulative infiltration.

*The horizontal advancement increases
at a specific application time and specific volume
of added water with decreasing initial moisture for
the same soil texture.

*In layered soil (sandy loam over clay) at
the interface between the two layers, the vertical
advancement rate increases in all cases of initial
moisture and water application rate, with the
increase being greater in the case of high moisture
compared to low moisture in the subsurface soil.
The opposite is true as it decreases with increasing
initial moisture of the surface soil.

*During the moisture redistribution
phase, the horizontal advancement of the wetting
front advancement increases with time, with this
increases very slightly with time, while vertical
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Figure (11): Moisture distribution for layered soil
(clay/sandy loam) at the end of wetting phase with
application rate of 1.515 cm3/min/cm

increase being similar at different initial moisture
levels and different water application rates in
layered soils (sandy loam over clay). However, in
layered soils (clay over sandy loam), the increase
is greater in the case of high initial moisture in the
surface layer compared to low initial moisture in
the surface layer, and this increase is more
pronounced at the water application rate of 1.515
cm3/min/cm.

*Maximum moisture occurs in the area
extending under the trickle source up to the
interface between the two textures, and the
greatest depth reached by wetting (vertical
advancement) under the trickle source is in the
case of layered soil with high moisture level in
both surface and subsurface layers, while the
greatest lateral distance reached by wetting on
both sides of the trickle source (horizontal
advancement) is in the case of layered soil with
low moisture level in both surface and subsurface
layers
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