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Abstract: A study was attempted to assess the infiltration characteristics ot major soils ot Sohag governorate, Egypt. Twelve
soil profiles were exposed and morphologically examined to represent the soils of the study area. Horizon-wise soil samples
were taken and analyzed for physical and chemical properties. The infiltration field measurements were made for five hours
using a double-ring infiltrometer, and the empirical Kostiakov’s infiltration model was applied. The results indicated that the
soils were classified as Aridisols, Entisols, and Vertisols. Initial infiltration rates ranged between 0.80 and 6.67 m/day. The
highest values (6.47 and 6.67 m/day) were observed in locations No. 11 and 12, where the coarse texture prevailed. The fine
texture soils recorded the lowest values (0.80, 0.81, and 0.82 m/day) in locations No. 8, 4, and 7, respectively. Infiltration
rate is classified as very rapid, rapid, moderately rapid, and moderate. A correlation was found between steady infiltration
rates and sand, hydraulic conductivity, CaCO;3 content, and organic carbon in order r=0.95, 0.93, 0.74, and 0.79. However,
were found to be negatively correlated with the infiltration rates (r= -0.80, -0.91, -0.95, -0.97, -0.64, -0.91, respectively.
Whereas bulk density showed an insignificant relationship (p=0.05) with infiltration rates in the order of r=0.13. GIS
environment was used to generate different maps of soil parameters, and finally, the infiltration map was produced for the
study area.
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Mabharashtra region [5]. The obtained results indicated that
the basic infiltration rate of black cotton compact soil 1.2
cm/h, black cotton ploughed soil 1.6 cm/h, black cotton
harrowed soil 1.46 cm/h, and sandy soil 8.53 cm/h. The
infiltration rate of unploughed and ploughed clay was 1.2
cm/h and 1.6 cm/h, respectively. They found that Horton’s

1 Introduction

Water is one of the critical factors limiting crop growth in
arid and environments, especially under arid and semi-arid
conditions [1, 2]. Several environmental problems are
created with the rapidly increasing population, including

groundwater quality deterioration. Under these areas,
acceptable water management practices are needed for
solving irrigation-related problems. The downward
movement of water into the soil is known as infiltration, and
the rate at which it occurs is defined as the infiltration rate
[3]. It depends on the soil properties such as hydraulic
conductivity, soil texture, initial moisture content, porosity,
and organic matter [4]. The soil survey staff classifies
infiltration rates into seven groups varying from rapid to
very. GIS and remote sensing (RS) technology have
extensively effortlessly evaluated environmental resources.
In groundwater studies, GIS and RS are ordinarily used to
study different groundwater objectives.

Dagadu and Nimbalkar measured the basic infiltration rates
of different soils in Sangola, district solapur of the

model is the best fit, whereas the Green — Ampt model fits
ploughed clay soil.

The soil organic matter, bulk density, specific gravity, initial
soil moisture, soil type, and porosity are the crucial factors
influencing infiltration rate [6-8]. The obtained results
showed two infiltration rates i.e. very-fast infiltration (45.10
cm/h) and fast infiltration (17.70 cm/h). Uloma et al., 2014
determined the Ikwuano-Umuahia soils' infiltration model
parameters by applying the empirical kostiakov’s infiltration
model [9, 10]. They found that the infiltration rate varied
from 0.02 cm min™! to 0.88 cm min!. Another study assessed
the Harari region's infiltration characteristics of Zimbabwe's
reclaimed soils [11]. The results indicated that the studied
soils were characterized as loamy sand to clay loam texture,
nonsaline, and non-alkali. The soils can be classified as
moderate to moderately rapid. Thus, this study assessed and
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mapped the infiltration characteristics of Sohag
Governorate, Egypt's main agricultural soils. The obtained
data is important for the sustainable management of water
resources.

2 Experimental Section

2.1 The study area

Sohag governorate (Fig. 1) covers a part of the Nile Valley,
Egypt, and extends from the northern side of Qena
governorate at latitude 26°07'N to the southern side of Assiut
governorate at latitude 26°57'N. It is bounded between
longitudes 31°20" and 32°14'E.
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Figure 1. Location of the study area.

As stated by the Census estimation in 2019, the total
population in Sohag reached 5 (10°) people [12, 13]. They
represent about five percent of the Egyptian population. The
area's economy depends chiefly on crop production, namely,
wheat, cotton, sugar cane, corn, sorghum, and other crops.
The study area is generally characterized by hot summer and
mild winter with low rainfall and high evaporation (Figs. 2
and 3).
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Figure 2. The temperature in the study area.
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Figure 3. Mean evaporation and rainfall in the study area
during 2018-2019.

2.2 Remote sensing data

The present study used the Landsat ETM+ satellite data of
2018. The study area is covered by three images viz.,
(175Path /42 Row, 176 Path /42 Row, and 176 Path /41
Row). The digital data of geo-coded cloud free of three
images were downloaded from
http://glcf.umd.edu/data/landsat/. The ASTER data was used
to prepare a DEM and slope map of the study area (Figs. 4
and 5) with a spatial resolution of 15-m following the
procedure elaborated by Hirano et al. (2003). The land use
cover map (Fig. 6) was also generated [14].
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Figure 4. The slope map of the study area.
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Figure 5. The digital elevation model (DEM) map of the
study area.
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Figure 6. Land use and land cover map of the study area.

2.3 Methodology

The method followed in this study is presented in Fig. 7.
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Figure 7. Flow chart of the methodology followed in this
study.

2.4 Pre-processing of remote sensing data

Essential steps were done before DIP (digital image
processing). This includes the generation of false-color
composite images (FCC), mosaicking of the three images,
and sub-image extraction through on-screen digitization of
the area of interest (AOI) and masking out (Fig. 8) using
subset module of ENVI software (ver.4.8).
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Figure 8. FCC of the study area.
2.5 Spectral indices

Three different spectral indices were used in the present
study to recognize various targets. The main spectral indices
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used were NDVI (Normalized Difference Vegetation Index),
NDWI (Normalized Difference Water Index), and (SBI) Soil
Brightness Index.

2.6 Classification approaches

A decision tree classifier (DTC) is a hierarchically based
classifier i.e., a data set containing (®) themes are classified
into successive levels of lesser complexity till each class is
separated (Fig. 9).
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Figure 9. Example of a binary tree (®: specific class).

2.7 Soil samples collection

Twelve representative soil profiles were selected from
different mapping units. Consequently, the morphological
examination of these profiles was done according to FAO
guidelines [15]. In addition, disturbed soil samples (Fig. 10)
have been collected and analyzed following the methods
elaborated [16].
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Figure 10. Location of the selected soil profiles.

2.8 Soil Taxonomy

The American Soil Taxonomy [17] was followed to classify
the different soils of the studied area up to the sub great
group level (Fig. 11).
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Figure 11. Soils of the study area.

2.9 Infiltration rates measurements

Three infiltrometer tests were measured at the sites using
double rings at intervals of 1, 2, 5, 10, and 20 minutes, and
minutes and after 300 minutes, the constant rate was
obtained. The steady infiltration rate (I) in cm min'! and
cumulative infiltration (i) in cm as a function of elapsed time
(t) in min were approximated by Kostiakov's equation [10].
The infiltration rates were classified according to Kohnke
classification [18].

2.10 Generation of thematic maps

The obtained data were imported into a GIS database. The
spatial analyses function in Arc-GIS 10 was used to generate
the thematic map of infiltration rate.

2.11 Statistical analysis

The statistical software package STATISTICA Version 7
was employed to analyze data.

3 Results

The first zone is represented by two soil profiles, namely 11,
and 12 whose properties are shown in Table 1. The sandy
textural class is prevailing in this zone in which the field
capacity (FC) was 9.89 and 8.1%, whereas the permanent
wilting point (PWP) varied from 4.4 and 4.1% for profiles
No. 11 and 12, respectively. Consequently, the available
water was low, having values of 5.49 and 4 % for the two
profiles (11 and 12, respectively). Also, the hydraulic
conductivity (HC) was rapid for both profiles. Regarding the
chemical soil properties, the soils were nonsaline, very low
to low content of organic carbon (OC), low for both
exchangeable cation capacity (CEC) and exchangeable
sodium percentage (ESP) [19]. On the other hand, the CaCOs
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% was high for both profiles, indicating these soils'
calcareous nature. The infiltration rate (IR) (Table 2)
revealed that IR is nearly similar within the soil profiles and
classified as a moderate infiltration class. The values of IR
(Figs. 12 and 13) were 6.47 and 6.67 m/day for profiles No.
11 and 12, respectively. Furthermore, the values of
cumulative infiltration rate were 3534.5 and 3589.3 cm.

The second zone is represented by five soil profiles of sandy
(profiles No. 1 and 5) to sandy loam (profiles No. 6, 9, and
10) texture. As the soil texture is of paramount importance
for influencing other soil properties, there was a clear
distinction between the second zone profiles. The sandy
texture profiles (i.e., profiles No. 1 and 5) have similar FC,
PWP, and HC values. On the other hand, profiles No. 6, 9,
and 10 were relatively heavy textured (sandy loam) and had
greater FC and PWP wvalues but fewer HC wvalues.
Consequently, the first two profiles displayed a high IR of
5.04 and 5.78 m/day compared to soil profiles No. 6, 9, and
10, with relatively lower IR values of 3.83, 3.69, and 3.66
m/day. Hence, the soil IR of this zone was rated as rapid. The
cumulative infiltration rate values were 3340.1, 3489.2,
2645.6,2499.7, and 2508.5 cm for profiles No. 1, 5, 6,9, and
10, respectively. Concerning the chemical soil properties, the
soils were nonsaline, very low to the low content of organic
carbon (OC), and low for both exchangeable cation capacity

Table 1. Physical properties of soil profiles.

(CEC) and exchangeable sodium percentage (ESP). On the
other hand, the CaCO3 % was high for profiles No. 1 and 5,
but low for the other profiles indicating the former
mentioned soil profiles' calcareous nature.

Only profile No. 2 was considered a third zone representative
with a sandy-clay texture. The tabulated data cleared that the
FC and PWP were 32.4 and 22.12 %. The HC was 2.14
mm/h, classified as slow permeability. The soils were
nonsaline, with low OC content, CEC, ESP, and CaCO;3
content. The IR was considered moderately rapid with a
value of 2.82 m/day. The value of the cumulative infiltration
rate was 4460.1 cm.

Finally, profiles No. 3, 4, 7, and 8 (the most heaver texture
among other profiles) represent the fourth zone. This zone's
soils have the highest FC values, PWP, and available water
but the lowest HC records. Additionally, the soil profiles
were nonsaline except profile No. 3, slightly saline. This
zone's soil profiles observed the most significant OC, CEC,
and ESP values. Inversely, the soils were noncalcareous. The
IR values were classified as a middle class and could be
arranged in 1.06, 0.82, 0.81, and 0.80 m/day for profiles No.
3, 7, 4, and 8. Consequently, the cumulative infiltration
values were 1315.4, 1335.1, 1352.8, and 1312.3 c¢m for the
same order as the former profiles (Table 3 and Fig. 14).

Location No. Sand Silt Clay Texture PWP FC BD AW HC

% % glem® % mm/h
1 88.70  5.80 5.50 s 3.22 1098  1.30 7.76 104.61
2 55.65 7.86 3649  sc 2212 3240 1.54 10.27  2.14
3 42.67 2933 28.00 cl 2527 3952 137 1425 11.2
4 40.57 1561 4383 ¢ 2785 3854 145 11.90  0.90
5 88.60 493 6.47 s 7.18 12.19  1.39 5.01 99.75
6 61.07 20.87 18.07 sl 1346  23.60 143 10.13  35.12
7 2621 2786 4593 ¢ 27.43 4035 137 1292  1.26
8 29.46 2159 4895 ¢ 29.21  41.62 138 1241  0.67
9 75.00 13.17 11.83 sl 9.95 17.50  1.67 7.55 29.57
10 7446  14.03 1151 sl 10.01 17.87 1.70 7.86 28.08
11 8329 9.83 6.88 s 4.40 9.89 1.51 5.49 120.78
12 91.73 341 4.86 s 4.10 8.10 1.43 4.00 129.02

PWP: Permanent Wilting Point; FC: Field capacity; BD: Bulk Density; AW: Available water; HC: Hydraulic Conductivity

Table 2. Chemical properties of soil profiles

Location | ECe u oC CEC ESP CaCOs;  Classification

No. dSm P % Cmoltkg % %

1 0.31 7.90 0.14 5.19 3.39 10.59 Typic Torripsamments
2 0.47 7.81 0.35 8.44 8.07 4.77 Typic Haplotorrerts

3 3.65 8.54 0.58 11.72 17.13 491 Typic Torrifluvents

4 0.89 7.88 0.55 10.98 9.43 4.40 Vertic Torrifluvents

5 1.94 7.70 0.41 3.12 8.15 19.16 Typic Haplocalcids

6 1.98 7.82 0.29 4.03 5.02 1.78 Typic Haplotorrerts

7 0.89 7.62 0.58 17.43 46.93 4.96 Vertic Torrifluvents

8 0.51 7.77 0.79 18.05 40.07 3.00 Vertic Torrifluvents

9 0.32 7.96 0.32 6.55 1.50 0.78 Typic Torripsamments
10 0.28 8.01 0.38 7.10 1.41 0.62 Typic Torripsamments
11 0.45 8.00 0.39 2.52 7.39 21.13 Typic Haplocalcids

12 1.20 8.05 0.08 2.25 5.36 33.94 Typic Torriorthents
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ECe: Electrical conductivity of soil paste; OC: Organic carbon; CEC: Cation Exchangeable capacity; ESP: Exchangable
Sodium Percentage.
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Figure 12. Infiltration characteristics (cumulative infiltration) of the soil profiles.
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Figure 13. Infiltration characteristics (infiltration rate) of the soil profiles.
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Table 3. Classification of IR and the suitability of soils for
surface irrigation.

i]l(t:,: E?/ day om/h Classification of IR
1 5.04 21.00 Rapid

2 2.82 11.75 Moderately Rapid
3 1.06 4.42 Moderate

4 0.81 3.38 Moderate

5 5.78 24.08 Rapid

6 3.83 15.96 Rapid

7 0.82 342 Moderate

8 0.80 3.33 Moderate

9 3.69 15.38 Rapid

10 3.66 15.25 Rapid

11 6.47 26.96  Very Rapid

12 6.67 27.79  Very Rapid
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Figure 14. IR of the studied soils.

Table 4 illustrates the relationship between infiltration rate
IR and soil properties. The results indicated a highly
significant positive correlation between sand %, HC, and
CaCOs % in the studied soil profiles and their IR. On the
other hand, there was show a highly significant negative
correlation.

Table 4. The relationship between infiltration rate IR and
soil properties.

4 Discussion

Efficient water management required greater infiltration
control to help solve many problems such as upland
flooding, pollution of surface and groundwater, declining
water tables, inefficient and uniform irrigation of agricultural
lands, and wastage of water [20]. As clear from obtained
results, different soil properties affect its infiltration rate
characteristics. According to IR viz, the soils of the study
area were classified into five zones, very rapid, rapid,
moderately rapid, and moderate. The infiltration rates are
influenced by the initial moisture content, surface condition,
hydraulic conductivity of the soil profile, texture, porosity,
degree of swelling of soil colloids, organic matter, vegetative
cover, duration of irrigation or rainfall, and viscosity of
water [21]. However these, soil texture plays a predominant
role [22]. Management practices such as tillage, by their
ability to vary the topsoil composition, also influence
infiltration. The coarse texture soil has the highest
infiltration rate.

The variation of infiltration rate with changes in the soil
texture has been investigated, and it was found that a high
level of dependence of infiltration rate on the soil fine
fraction [23]. This was observed in the high R2 value
obtained from the regression analyses. Also, the variations
of IR may be due to different land use and management
types. The value of soil infiltrability under different drylands
types has been estimated, and it was found that the highest
infiltration rate occurs in lowland rainfed (rainfed sawah
landuse) and the lowest rate of infiltration on the dryland
(Tegalan landuse) [6]. Soil infiltrability was influenced by
rainfall, vegetation type, soil water content, and soil
characteristics. Soil properties that affect infiltration are soil
structure, texture, soil organic matter content, bulk density,
particle density, and initial soil moisture content. In the same
trend, the constant infiltration rates of different soils under
different soil conditions and their results found that the
values of infiltration models vary from soil to another also
the soil condition also affects the infiltration rate [5]. Finally,
the hydraulic properties of the soil are influenced by many
physical and chemical factors, the majority of which are
difficult to measure and almost impossible to control. Both
spatial and temporal infiltration variability is present within
fields. Some of this variation can be linked to observable soil
factors, while much remains unexplained [24].

5 Conclusions

A study was attempted to assess the major Soils of Sohag
Governorate, Egypt. Different maps of soil parameters have
been generated under GIS environment, and finally, the
infiltration map has been produced for the study area. At the
same time, the fine texture soils recorded the lowest values.
Infiltration rate is very rapid, rapid, moderately rapid, and
moderate. There were strong relationships between steady
infiltration rates and hydraulic conductivity, CaCOs content,
and sand. Silt, clay, organic carbon (OC), permanent wilting

Soil Correlation The regression equation
properties | coefficient
Sand 0.95 IR=-2.143 + 0.08868 * Sand
silt -0.80™ IR=6.4013 - 0.2029 * silt
Clay -0.91™ IR=6.0741 - 0.1172 * Clay
oC -0.79" IR=7.0254 - 8.837 * OC
HC 0.93* IR=1.5475 + 0.04064 * HC
CaCOs 0.74™ IR=1.9858+0.16018 * CaCOs
PWP -0.95™ IR=6.6334 - 0.2071 * PWP
FC -0.97* IR=7.4202 - 0.1627 * FC
ESP -0.64* IR=4.6704 - 0.0948 * ESP
CEC -0.91** IR=6.4745 - 0.3722 * CEC
BD 0.13 IR=0.01559 +2.3532 * BD
© 2022 NSP
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point (PWP), field capacity (FC), exchangeable sodium
percentage (ESP), and exchangeable cation capacity (CEC),
however, were found to be negatively correlated with the
infiltration rates. In comparison, the bulk density (BD)
showed an insignificant relationship with the infiltration rate.
Different maps of soil parameters have been generated under
GIS environment, and finally, the infiltration map has been
produced for the study area. These obtained data are
important for the best irrigation management practices in the
study area.
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