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Abstract:

This research was carried out in the Telkayf District of Nineveh Governorate,
utilizing three distinct soil textures characterized as calcareous and slightly alkaline
. A logarithmic scale was used to analyze the relationship between infiltration
time (1-180 min) and cumulative infiltration depth (mm). The modeling results
demonstrated that soil water infiltration behavior was best represented |,
consistent with the results of the Gebul eq . , with a high coefficient of
determination (R’= 0.99). An inverse relationship was observed between the
slope parameter of the linear equation (n) and the fine soil particles,
confirming the crucial influence of soil texture on infiltration dynamics.
Moreover, the measured cumulative infiltration depths closely matched the
values predicted by the Gebul eq., as indicated by an r =0.99. Field
measurements indicated initial infiltration rates ranging between 300 and 360
mmh™ 1, which then decreased over time. The steady-state infiltration rates were
72 mm h ! at Kibah, 60 mmh™ 1 at Qawsiate, and 21 mmh™ ! at Telaskuf.
The initial infiltration rates predicted by the Gebul and Horton equations were
consistently lower than the corresponding field-measured values. In contrast, the
Gebul eqg. showed a tendency to overestimate the basic infiltration rate,
reaching approximately twice the measured value in Kibah soils. Therefore, this
study aims to establish the foundations for selecting a suitable infiltration
equation for different soil sites, this reduces the burden of fieldwork in assessing the
filtration rate.

Keywords: Infiltration modeling; Horton equation; Gebul equation; Calcareous
soils
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Introduction
Infiltration
movement of water
surface into the soil profile [13]
Cumulative infiltration represents the
total depth of water that has enter
the soil surface over time. Several
factors influence cumulative
infiltration, including saturated
hydraulic ~ conductivity and  soil
absorptivity, which are linked to the
capillary properties of the soil [1] .

the  vertical
from the soll

refers

According to [14] , infiltration
models can be classified into three
main categories: Empirical models-

derived from field infiltration data,
these models are simple and widely
applied. A common example is the
Kostiakov  eq.[7] Semi-empirical
models-Incorporating simplified
hydraulic ~ factors,  these ~ models
include the widely used Horton eq.
[4] Physical models are widely
used to  simulate  soil  water
dynamics because they are based on
physical principles related to water
flow in  porous media.  These
mathematical models  describe  soil
water  movement by  combining
Darcy's law with the continuity
equation, resulting in the Richards
equation,  which  represents  water
flow under non-constant saturation
conditions. This equation incorporates
soil hydraulic properties, such as
hydraulic ~ conductivity —and  water
retention curve. These indicators are
essential  for predicting infiltration,
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drainage, and water redistribution in
the soil and are typically
represented using mathematical
models such as the van Genochten-

Mualem  formula.  Thus, physical
approaches are the standard
framework  for  soil water flow

modeling, and their applications are
used in irrigation management and
hydrological modeling { [12] [9] }
. [2] investigated infiltration in field

soils from the Agricultural Research
Center of lIrati University in the
state of Amazonas, Brazil, using a

double-ring (10 and 30 cm diameter,

15 cm height). Field data of
infiltration rate versus time, plotted
on graph  paper, allowed for

parameter estimation usingthe Horton
eq.[4: f,=f+(f, —f)e ™. The
Horton equation was developed for
the study of soils with coarse
texture:  f, = 261 + (290.64)e ™14 ¥,
Cumulative infiltration was described
using the Kostiakov eq.. [ =a t".
For soil with a coarse texture and
an instantaneous infiltration rate of
(840 mm h') the Kostiakov eq.
provided  estimates  that  closely
matched  actual  field infiltration
measurements: i =401 t= 08451
According to [3], measuring
infiltration is essential not only for
understanding crop growth but also
for water resources management and
irrigation planning, as it is directly
related to effective rainfall and
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groundwater ~ recharge. A field
experiment  was conducted to
estimate cumulative infiltration using
a double-ring infilrometer at a
depth of 30 cm in a sugar beet

field at  Haramaya  University,
Ethiopia. Measurements were taken
at five sites with varying soil

textures (clay, silty clay, silty clay,
sandy clay, and sandy clay loam).
Field data were analyzed using
a graphical method to determine the
parameter of the Kostiakov equation
(an empirical power function). Since
initial infiltration rates are extremely
high (approaching infinity) and basic
infiltration rates are near zero, [3]
proposed a modified version of the
equation to better represent field
conditions. The basic infiltration rate
(fc) was measured using  two
furrows at each site, each 16-32 m
long with a slope of 0.5%.
Therefore, he suggests modifying the
equation to make it more realistic:
I=a t" + f (c) t The infiltration
rate equation can be derived as
follows: i= ant™'+f c. The

application of the modified Gebul

Material and Methods

Table (1) shows the geographic
coordinates (latitude and longitude) of
the study sites. Soil ~ samples were
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equation yielded results that closely
matched field cumulative infiltration
data, with coefficients of
determination (R?) ranging from 0.98
to 099 and standard error values
between 0.005 and 0.20. [5] defined
soil sorptivity as the property that
characterizes the movement of water
toward the soil surface during the
early stages of infiltration, typically
within  the first five minutes. At
this stage, the factor (At)
approaches zero in  the initial
infiltration measurements: 1=S t °°
+At, 1=S t % In general, the
applicability of the equations used
to estimate cumulative infiltration
varies across sites, depending largely
on soil characteristics [15] . The
root mean square error (RMSE)
values were 145, 188, and 201
cm hr 1 for the Horton, Kostiakov,
and  Philip  models, respectively.
These  results  suggest that the
Horton ~ model  provides  higher
predictive accuracy than the
Kostiakov ~ model estimating
infiltration [11] .

for

collected from three sites within the
boundaries of Telkayf  District,
Nineveh Governorate .
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Table 1. Geographic coordinates of the study sites:

Location | longitude latitude Elevation (
m)
Kibah 430 00 157|360  24’15” | 233
E N
Qawsiat |43° 04> 39”7 |36° 27°39” | 283
E N
Telaskuf | 43° 06 06” |36° 34” 377|340
E N
Saturated  hydraulic  conductivity
(Ks) was measured using the
falling-head method with undisturbed
soil cores (10
The  double-ring infiltrometer cm in  diameter and 10.5 cm in
method (30 — 60 cm diameter and height), ~ following  [8] ~methodology.
40 cm he|ght )Was used to Study The hydraU“C COﬂdUCtIVIty was
the dynamics of water infiltration calculated as  follows:
into the soil at a constant depth, Ks = al/At Ln [ Hi/ Hp] ... 3

following the methodology of [8]
The size distribution of soil particles
was determined using the hydrometer
method,  while  undisturbed  soil
samples were collected to estimate
the bulk density (pb) according to
the methodology of [8] wusing the
following equation:

pb = Ms/Vt
Where: pb = dry bulk density,

pt = wet bulk density
Soil porosity was derived from
bulk density values assuming a

particle density of 2.65 Mg m®, as
suggested by [8] :

f={1-2}100
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The mean weight diameter was
determined using both dry and wet

sieving techniques, as described by

o

MWD = =W 4
i=1 Wi

The Potential Structural Deformation

Index was estimated according to

[10] .

PSDI = (1-222) . 5
DMWD

Based on the methods described
in [8] , the following was done:
Soil moisture retention curves were
obtained at water potentials of 0,
33, 100, 300, 500, 800, 1000, and
1500 kPa using a pressure plate
apparatus fitted with ceramic plates.
The soil  pH and  electrical
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conductivity were measured in a 1:1
extract using a pH meter and an

were determined by ftitration,

while

the soil organic matter content was

electrical ~ conductivity —meter.  The estimated by organic carbon
total soil gypsum content and soil oxidation and titration with
calcium carbonate (CaCO; ) content ammonium ferrous sulfate.
Result and Discussion
Table (2) shows that the soil non-saline, and have low organic
textures were sandy loam, loam, and matter content.
silty clay. They are also calcareous,
Table (2): Selected general properties of  the studied soils
properties Kibah Qawsiat | Telaskuf
Clay - 169 269 419
Silt 9 100 400 450
Sand 731 331 131
Class ISandy Loam Silty Clay
oam
EC 98 m" | 0.32 041 0.55
pH 7.6 7.7 7.2
OM - 10.6 13.1 8.9
CaCo; A PET 310 335
Gypsum Nile Nile Nile
Table (3) shows that the soil deterioration.  Increasing the clay
aggregates had low stability and are fraction in the studied soils was
therefore  highly  susceptible  to associated with a  decrease in
structural saturated hydraulic conductivity.
Table (3): Some physical properties of the studied soils
properties Unites | Kibah Qawsiat Telaskuf
Bulk density Mg 1.2 1.1 1.11
Total bulk density m* 1.25 1.27 1.3
Porosity % 54,71 58.49 58.11
Dry Mean Weight Diameter m deterioration | 5.74 6.94
Wet Mean Weight Diameter deterioration | deterioration | deterioration
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Potential Structural Deformation 0 | T 100 100
Index
Saturated hydraulic | cm hr | 7.2 2.88 1.97
conductivity !
ranged from 6.48 to 6.94, with the
The measured cumulative infiltration lowest value recorded in Telaskuf
curves showed a high coefficient of soil and the highest in Qawsiat
determination  (R=  0.99).  The soil. Parameter n, representing the
predicted  cumulative infiltration, slope of the linear  equation,
obtained using the Gebul equation, decreased ~ with  increasing  fine
demonstrated that the parameter particles. ~ The highest value (n=
0.69) was observed in Kibah (sandy
loam), while the lowest (n= 0.35)
was found in Telaskuf soil with
values (a and n) are soil-specific silty clay texture.
and vary with experimental data.
Parameter a
% _o0f® —&— measured
; ~-Gebul
’ Time / min
Figure (1-a) cumulative infiltration of Kibah soil
Figure (1) illustrates the Qawsiat and Telaskuf) soils
logarithmic relationship between time respectively.
(1-180 minutes, X-axis) and B 0.69
cumulative infiltration depth (mm, y- I'=6.69 Lot 12
axis) for the soils. These forms [=6 .94 t0'35 +1.0
show Gebul equation for (Kibah, I'=6 .48 t7>>+035
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Figure (1- b) Cumulative infiltration curve for Qawsiat soil
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Figure (1- c) cumulative infiltration for Telaskuf soil

Figure (2) shows the axis) using the Gebul equation |,
correlation between measured with a linear equation and high
cumulative infiltration  (y-axis) and correlation  coefficient (r = 0.99)
predicted cumulative infiltration  (x- across the studied sites.
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Figure (2- a) measured and predicted cumulative infiltration value for Kibah

soil
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Figure (2- b). Measured and predicted cumulative infiltration for Qawsiat soil
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Figure (2- c). Measured and predicated cumulative infiltration for Telaskuf soil

Figure  (3) depicts infiltration
rate (cm h™ 1) wversus time (0-180
minutes). The initial infiltration rate,

measured in  the field, ranged
between 300-360 mm h™ 1,
depending on soil properties and
initial  moisture  content.  Infiltration
rates  declined  significantly  after
approximately one hour, stabilizing
at 72, 60, and 2lmm h ! for

Kibah, Qawsiat, and Telaskuf soils,
respectively. Predicted infiltration
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the  Gebul
the  basic

derived  from
revealed that
infiltration rate was overestimated,
reaching nearly double the field-
measured values, with the discrepancy
being most pronounced in Al-Kibah
(sandy loam soil). The reason may
be the effect of the value of the
factor (n-1), where is ranged of (-
031, - 0.42), on the result of the

eguation

rates
eguation
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Figure (3 -a). Measured and predicted infiltration rate for Kibah soil

i =401t~ %31 + 12
i =460 t~ 933 +10
i =3.718 t~ 9654035

Applying  Horton’s  equation also
indicated  that  predicted initial
infiltration  rates were lower than
field measurements. With increasing
time, infiltration rates decreased, and
the predicted basic infiltration rate
in  Kibah soil showed a high
correlation  coefficient  (r = 0.92),
which  declined (r = 0.77) with
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higher fine particle content (Telaskuf
soil). Horton’s parameter values (K)
were estimated as 0.048, 0.037, and

0.015 for Kibah, Qawsiat, and
Telaskuf  soils,  respectively.  This
result is in agreement with the

findings of [11] , who reported that
the Horton model provides superior

predictive  accuracy  compared to
other models for estimating soil
infiltration.

ISSN 2072-3857




Euphrates Journal of Agricultural Science-18 (2):769-782, (june.2026) Agha et al.

400
350
300
250
200 - ®

150

—e—measured
~»—Horton
—e— Gebul

Infiltration (mm/hr)

100 ~

50 4

0 20 40 60 80 1.(_)0
Time /min

120 140 160 180 200

Figure (3- b). Measured and predicated infiltration rate for Qawsiat soil
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Figure (3- c). Measured and predicted infiltration rate for Telaskuf soil

Figure (4) presents the
relationship ~ between  the  mass
moisture content at field capacity,
permanent wilting point, and
available water for all studied soils.
Telaskuf soil with silty clay texture
exhibited the highest available water
(AW= 0.83%), followed by Qawsiat
soil (7.32%) with loam texture and
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Kibah site (6.58%) with a sandy
loam texture.

The increased availability of water
observed in  Telaskuf  soil s
primarily due to its higher content
of fine particles, which enhances
water retention capacity relative to
the other studied soils.
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Figure

(4) Available Water for studied soils

780

ISSN 2072-3857




Euphrates Journal of Agricultural Science-18 (2):769-782, (june.2026) Agha et al.
Conclusions and Recommendations
The study demonstrated the feasibility of cumulative infiltration. In contrast, the

applying the Gebul eg. to soils of varying
textures in different locations within
Nineveh  Governorate  to  estimate
cumulative infiltration.

The results of the Gebul eq. showed a high
correlation coefficient with field readings of
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