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ABSTRACT

Bahariya Oasis is one of the most geologically important areas in the Western
Desert. It is alsc a promising location for agriculture expansion projects due to the
plenty and good quality of ground water for agricultural activities. The objective of this
work was to develop a soil classification map of this area using remote sensing and
GIS techniques. Spot image, acquired in 2011 and digital elevation model (DEM) were
used to develop physiographic units. Three main physiographic units were identified in
the casis, which are plains, depression floor with low, moderately high and high lands
and pediment. Thirty one soil profiles were dug throughout the oasis to represent soil
physiographic units. These profiles were described, and sampled. Soil samples were
analyzed for the physical and chemical characteristics. Soils in the studied area were
classified under 11 soil map units (SMUs), which are: 1. Sandy, sificeous, calcareous,
thermic, Lithic Calcigypsids, 2. Sandy, siliceous, thermic, Lithic Haplogypsids, 3.
Sandy, siticeous, thermic, Typic Haplogypsids, 4. Sandy, siliceous, thermic, Typic
Aquisalids, 5. Sandy, siliceous, thermic, Typic Haplosalids, 6. Loamy, mixed, active,
thermic, Typic Gypsiargids, 7. Sandy, siliceous, thermic, Typic Quartzipsamments, 8.
Sandy, siliceous, thermic, Lithic Torripsamments, 9. Sandy, siliceous, thermic, Typic
Torripsamments, 10. Loamy, mixed, super active, thermic, Typic Torrifluvents, and 11,
Sandy skeletal, siliceous, thermic, Typic Torriorthents. Calcium, gypsum, and sal
accumulations were found in most of the studied soils. Few accumulations of silicate
clays were also observed in certain areas of the depression.

Keywords: Bahariya Oasis, Remote sensing, GIS, Soil classification, Physiographic
maps. :

INTRODUCTION

Remote sensing can be defined as the measurement and recording of
electromagnetic energy either reflected from or emitted by the earth’s surface
and relating of such measurements to the nature and properties of surface
materials. In a general sense, remote sensing include all the activities of
recording, processing, analyzing, interpretation and finally obtaining useful
information from the data generated by the remote sensing system
{Shreathe, 1999). Remote sensing and digital image classification in
particular is the fast advancing field, which provides access to spatial
information and spatial data analysis. Remote sensing techniques have haen
applied in many disciplines including biology, geography, geoiogy,
geomorphology, hydrology, ecology and agriculture {Lillesand and Kiefer,
2003; De Jong and Van Der Meer, 2005; Hord et al, 2006 and
Schowengerdt, 2007).

Geographical information system (GIS) is a system for the collection,
storage, management, query, analysis, and presentation of spatial data
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(Bregt, 1997). GIS is used in many applications as a tool for spatial analysis
Burrough and McDonnell (1998), Nehme and Simées (1999), Aronoff (2000)
and Valenzuela (2004) explained that the most important characteristics of
geographic information systems are their capabilities for data analysis and
spatial modeling. These analysis capabilities include map overlaying,
reclassification, proximity analysis, optimum correlation and other
cartographic modeling techniques.

Bahariya depression is located nearly in the mlddle of the Western desert
of Egypt and occupying a total area about 2100 km?. The area falls under the
arid condition as the total rainfall is 3-6 mm/year. Springs and wells are the
two main groundwater resources for irrigation and civic purposes (Salem,
1987). It is 360 km southwest of Cairo and 180 km west of the Nile Valley.
The depression is open from one or more sides and is being entirely
surrounded by escarpments. It also has a great number of isolated hills
scattered on its surface. lts greatest length is about 94 km and greatest width
is about 42 km. The average depth from the surface of the piateau to the floor
is less than 100 m (Al-Baraa, 2011). The depression surface is almost leveled
with little or no local relief. it is formed from sandstone and layers of clay.
Vegetation is concentrated in the northern parts close to the main villages
such as Mandisha and El-Zabu. There are some bogs and salty lagoons in
other parts of the depression due to the excessive evaporation (Darwish,
2004).

Soils in Bahariya Oasis are promising for agricultural activities due to the
availability and good quality of ground water for irrigation (Salem 1980 and
1987, Sabry 1997). Rizk (2003) stated that the physicochemical analysis
indicated that the Bahariya Oasis soils in general are coarse in texture, poor
in organic matter content with a moderate alkaline reaction mostly exhibiting
high content of both CaC0O3;% and total suspended salts. Salem (1987) found
that the soils of Bahariya Oasis can fit into two orders (Entisols and Aridisols),
three sub-orders (Psamments, Orthents and Fluvents) and four sub-groups
(Typic Torripsamments, Lithic Torripsamments, Typic Torriorthents and Lithic
Torriorthents). However, more detailed soil classification to the family level is
required for decision makers, and development managers.

The objectives of this work were to study the physical and chemical
properties of soils in Bahariya Oasis, their spatial dlstnbutlon and develop a
more detailed soil classification map.

MATERIALS AND METHODS

Site description of the study area:

Bahariya Oasis is located essentially between latitudes 27° 48' - 28° 30' N
and longitudes 28° 35' - 29° 10’ E as represented in Figure 1. It represents a
great depression in the surface of the "Libyan plateau”, but it is different from
the other depressions of the western desert in being surrounded on all sides
by high scarps and in having a great number of isolated hills scattered all
over its surface.
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Fig.1: Location map of Bahariya Oasis showing topography of the
studied area.

Geology of Bahariya Oasis was described by Ball and Beadnell (1937),
Stromer (1944), Liebling (1959), Salem (1980 and 1987) and Khalifa (2006)
stated that the stratigraphic rock units of the Oasis have been identified from
greatest to lowest in this order: 1. Bahariya Sandstone and variegated Shale
(Cretaceous), 2. El-Heiz formation, 3. El-Hufhuf formation, 4. Ain Giffara
formation, 5. Khoman Chalk (Cretaceous), 6. Plateau Limestone (Upper
Middle and Lower Eocene), and 7. Volcanic rock (Oligocene). Native
vegetation in Bahariya oasis commonly associated with dry salt marshes
could be distinguished into four communities dominated by Sporobolus
spicatus, Alhagi maurorum, Desmostachya bipinnata and Tamarix nilotica.

The topography of Bahariya is essentially somewhat flat Sandstone floor,
interrupted by a large number of isolated hills within the depression that
usually rough and irregular. The floor is covered with dark large stones that
consist of either Basalt or ferruginous Sandstone. The Hills within the
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depression impede the visibility and give Bahariya an appearance quite
different from the other depressions. This type of topography has been
described by Peel (2001).Surface elevation of Bahariya Oasis varies from 73
to 358 m above sea level (ASL) (see Figure 1). The lowest part of the Oasis
floor is in the neighborhood of Ei-Qasr, where the altitude is about 73 m ASL.

Air temperature of the Oasis varies from (10-20 °C) in winter and from {20-
30 °C) in summer. According to the Soil Taxonomy (Soil Survey Staff, 1995)
climate of Bahariya Oasis falls into the hyperthermic temperature regime and
forric soil moisture regime.

Physiographic units and filed work:

Spot 4 images (acquired in 2011) and digital elevation model of the Oasis
(developed from the SRTM data) were used to define the physiographic map
in the studied area. Three physiographic units were developed, which are 1.
Plains, 2. Depression floor with low, moderately high and high lands, and 3.
Pediment as illustrated in Figure 2. Thirty one scil profiles were selected to
represent the identified physiographic units. The exact locations of these
profiles were precisely defined by using the Global Positioning System (GPS)
as illustrated in Figure 2. Soil profiles were described in the field according to
procedures described by the USDA-NRCS (2002) and they were classified
according to U.S. soil taxonomy (Soil Survey Staff, 2010). A total of 68 soil
samples, representing the different soil horizons of the selected profiles were
collected, air-dried, crushed to pass through 2 mm sieve, and stored for
physical and chemical analyses.

Laboratory analysis:

- Physical analyses

Mechanical analysis was carried out using the pipette method, whereas soil
sample was treated by sodium hydroxide as dispersion solution (Kilmer and
Alexander, 1949 and Gee and Bauder, 1986). Soil color under both dry and
moist conditions was determined with the aid of Munsell's color charts
{(Munsell, 1975). Real density was determined according to the methods
described by (Dewis and Freitas, 1970). Bulk density was determined using
pycnometer as described by (Black et at., 1965). Saturation percentage (SP
%) and field capacity (FC %) of the soil were determined using method
described by (Richards, 1954).

- Chemical analyses

Soluble cation and anions in the saturation paste extracts were
determined according to the procedures described by Jackson (1975). Soil
pH was measured in the saturated soil paste using a Gllenkamp pH meter as
described by (Richards, 1954)]. Total soluble salts were measured in dS m?
using electrical conductivity (EC) meter (EC meter Model TDScan 3) in
saturation paste extract (Richards, 1954)]. Soil organic matter was
determined using Walkely's rapid titration method (Jackson, 1967). Organic
carbon was calculated by dividing the values of organic matter by 1.72.
Calcium carbonate was determined using Colflin’s Caicimeter as described by
Page et al, (1982). Cation exchange capacity (CEC) was determined using
sodium and ammonium acetate according to the method described by Hesse
(1971).Gypsum was determined by acetone method according to Black
{1965). Soil available nitrogen was extracted in using 2.0 M KC! according to
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Hesse (1971), and determined by micro-kjeldahl apparatus. Available
phosphorus was extracted using 0.5 N NaHCO; solution (pH 8.5) and
determined using spectrophotometer at a wavelength of 725 nm after treated
with ammonium molybdate and stannous chioride (Jackseon, 1973). Soil
available potassium was extracted using 1.0 N ammonium acetate solution
(pH 7) and determined using flame photometer (Hesse, 1971). Total nitrogen

was determined by micro-kjeldah! apparatus (Jackson, 1967).
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Fig.2: Physiographic units of Bahariya Oasis showing locations of soil
profiles.

RESULTS AND DISCUSSION

Physiographic units (landforms)

Three physiographic units were identified in Bahariya oasis based on
digital image process, image interpretation, and digital elevation modal (DEM
Fig.1). The presence of these units was verified during the field work and
they were described. Soil profiles were carefully selected to represent these
units. Also, soils on each physiographic unit were classified according to the
U.S. soil classification system (Soil Survey Staff, 2010). Data in Table 1 show
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the identified physiographic units, sub-great group of soils developed on each
physiographic unit and their percent of the total area. The identified
physiographic units are:

1. Plains, which occupy the majority of the north part in the Oasis. This
landscape covers about100 km? (about 4.65% of the total area) as illustrated
in Table 1 and Figure 2. The agricultural land and villages are concentrated in
the plain landform in the northern part of the depression. Soils on this
landscape are intensively cultivated by traditional crops due to their leveled
surface and relatively good soil quality. Also, plantations of palm tree mostly
occurred on the plain landforms of sand sheet, where the sand flat and sheet
plain fandforms provide large areas for cuitivation. Isolated small sabkhas
exist within shallow depressions. Aeolian sand deposits cover more than half
of the surface in the form of sand sheets, dunes and hummocks.

2, Depression floor: According to the elevations in this major unit,
three sub units were identified, which are: low lands, moderately high Iands
and high lands. These units cover an area of about 208, 1182 and 391 km?,
respectively. This major unit is covering most of the depression floor (84. 86%
of the total area. High lands are located in the center of the depression and
they separate the northern section from the southern one. The common
features in this unit are salinity, sand dunes, and isolated hills. Water table is
generally higher in some areas of this major unit due to surface irrigation,
poor drainage, and excessive evaporation. Shale deposits resulted in the
developed loamy to clay loamy soils covering certain areas in this unit.

3. Pediment: Pediments represent the rocky lands at the foot slope of
scarps. It covers about 11 km? (about 0.54% of the total area). They are
rocky in general covered with rocky fragments in some parts. These
fragments are silicified and ferrogenated at the surface.

Soil Taxonomy of Bahariya Oasis

- Soil Orders in Bahariya Oasis

Soils in Bahariya Oasis are located under two main soil orders, Aridisols
and Entisols as represented in Table 2. The spatial distribution of these soil
orders is illustrated in Figure 3. Aridisols represent about 75.05 % of the soils
in the Oasis, whereas Entisols represent about 15.04 % of the soils. Entisols,
which are less developed soils, were mainly developed over sand dunes and
recently alluvial deposits. Aridisols, which is the major soil order, were
developed over relatively old soils in the Oasis.

The main diagnostic horizons of aridisols are clacic, gypsic, salic, and
argilic horizons. Calcic horizon is common in most of the studied soils.
However, it is mostly located in the middie parts of the Oasis. It is usually
located at a shallow depth due to the very low rainfall in this very arid region.
Gypsic horizon is usually associated with the calcic horizon and it relatively
has the same behavior. Salic horizon usually exists in soils close to salt
marches and poorly drained area in the Oasis. These areas mostly located in
the northern parts of the Oasis close to Ei-Hara and Mandisha. Soils in these
areas are cultivated under poor or no drainage system. Sabkhas and salt
marshes are also common in these areas. Salic horizon is aiso located in the
southern parts of the Qasis due to intensive evaporation.
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Table 1: ldentified physiographic units, sub-great group of soils
developed on each unit and their percent of the total area

. . Soil .
Physiographic - Scil Taxonomy Are Area
Y Unsi,ts y P;‘?;“e {Sub-great group) ng %
24 |  Typic Torripsamments 97.69 464 %
Plains 26 | Typic Torripsamments
[ 3 Typic Quartzipsamments
- 5 Typic Torripsamments
£ 6 Typic Aquisalids .
= 9 Typic Quartzipsamments 207.79 | 9.90%
) 22 _Typic Aquisalids
- 23 Typic Quartzipsamments
| 29 Typic Torripsamments
1 Typic Torriorthents
2 Typic Torriorthents
4 Typic Haplogypsids
S 7 Typic Aquisalids
AJ | 10 Lithic Haplogypsids
- 1 Lithic Calcigypsids |
; 12 Typic Torrifluvents \
] 25 |13 Typic Quartzipsamments |
@ <5 | 14 ] Lithic Torripsamments | 118209 | 56.31 %
a 5= |15 Lithic Calcigypsids : e
(@] Bo |16 | Lithic Calcigypsids
=T 17 Typic Quartzipsamments
18 Lithic Haplogypsids
|21 Typic Torriorthents
|25 Typic Haplogypsids
27 Typic Gypsiargids
| 28 | Typic Haplogypsids
|30 Lithic Haplogypsids
- 31 Lithic Fégplggy_psids
58 |19 Lithic Calcigypsids o
£5 0 Lithic Calcigypsids 3916 | 18.66%
Pediment 8 L Lithic Calcigypsids 11.23 054 %

Argillic horizor was cobserved in one location in the north-west side of the
Oasis. This horizon is rich in clay minerals with evidence of clay films over the
bed surfaces. It is well known that argillic horizon is usually developed under
humid and warm conditions, which currently don't exist in this region. This
could indicate that the climatic condition in this region was different in the
past than the current situation. In other words the climate in the Oasis was
more humid.
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Fig.3. Soil Order map of Bahariya Oasis.

- Soil Sub-orders in Bahariya Oasis

Soil sub-orders under aridisols include: Gypsids, Salids, Argids, Gypsids,
and Salids. On the other hand, there were three soil sub-o-ders under
Entisols, which are Fluvents, Orthents, and Psamments. The percent of each
soil sub-orders relative to the total is represented in Table 2, and the spatial
distribution of these soil sub-orders is illustrated in Figure 4.
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Table 2: Soil classification according to Us Soil Taxonomy (2006) and
USDA-NRCS (2002).

— 2 == - = — 2
> J= S S B 3
=30 § ‘3 ] Soil Sub- g S Soil Great Group % & | Soil Sub-Great % b Profile(s)
» =D G- & Order |F & - Group Fa No.
4 68.53 % R Lithic 19.18 % (8,11,15,16,
Gypsids Calcigypsids |2 ® | Calcigypsids 19,20
2 ! Lithic 3444 %
Gypsids Haplogypsids _|& | Haplogypsids 10,18,30,31
3 (e (e o° Typic 14.91 °ﬂ
2 P Gypsids Haplogypsids Haplogypsids 4,25,28
T 5 . 6.47 % Aquisalids © . Typic 276 %
4 | [~ Salids | o ° Aquisalids | 6,7,22
Qe Typic 3.72%
5 Salids Haplosalids |3 © | Haplosalids 1,2
0.05% 8 e Typic 0.05 %
6 Argids el Gypsiargids _|c © | Gypsiargids 27
7 13.92 % > Typic 579 %
Psamments| Quartzipsamments ; R | Quartzipsamme 3,9,13,17,
nts 23
8 . Lithic 0.14% 14
£ [ I°samments| Tormpsamments | | Torrpsamments
912 (3 o Typic 799% | 5.2629,
ik I>’samments; Tomipsamments Tornpsamments| 24
034 % & e Typic 0.34 % 12
10 Fluvents J Tomifluvents  |o ° Torrifluvents
11 Orthents | 0.78% Torriorthents @ e Typic 0.78 %
o ° | Torrorthents
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Fig.4. Soil Sub-Order map of Bahariya Oasis.

- Soil Great Groups in Bahariya Oasis

There were four great groups under both Aridisols and Entisols. Great
groups under Aridisols include: Aquisalids, Gypsiargids, Haplogypsids and
Haplosalids. Great groups under Entisols include: Quartzipsamments,
Torrifluvents, Torriorthents and Torripsamments. The spatial distribution of
these soail great groups is illustrated in Figure 5. Also, the percen! of each soil
great group to the total is represented in Table 2.
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Fig.5. Soil Great Group map of Bahariya Oasis

- Soil sub-Great Groups in Bahariya Oasis

Soil sub-great groups under Aridisols include: Lithic Calcigypsids, Lithic
Haplogypsids, Typic Aquisalids, Typic Haplosalids, Typic Gypsiargids and
Typic Haplogypsids. Soil sub-great groups under Entisols include: Lithic
Torripsamments, Typic Quartzipsamments, Typic Torripsamments, Typic
Torrifluvents and Typic Torriorthents. The percent of each soil sub-great
groups relative to the total is represented in Table 2, and the spatial
distribution of these soil sub-great groups is illustrated in Figure 6.
- Soil Families in Bahariya Oasis

Soil families in the oasis were identified based on the particle-size
distribution, mineralogy, cation-exchange activity, calcareous and reaction
classes, soil temperature, and soil depth. it is found that most of the studied
soils in the oasis are sandy in their texture; therefore they are siliceous in
their mineralogy. Most of the soils have no cation-exchange activity, atthough
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some little areas were super active in their cation-exchange capacity due to
their higher clay content. Some soils were rich in their carbonate content
(calcareous) and have strong effervescence with dilute HCL. The dominant
soil temperature regime in the oasis is thermic. Also, some soils were shallow

in their depth and have a root limiting layer.
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Fig.6. Soil Sub-Great Group map of Bahariya Oasls

Description of Soil Map Units:

Eleven soil map units were observed in the Bahariya Oasis. The
description and characteristics of these map units are mentioned below:
- Soil characteristics of soil map unit 1 (SMU1):

Soil map unit 1 is represented by profile numbers 8, 11, 15, 16, 19 and 20.
Physical and chemical properties of profile number 11 are represented in
tables 3 and 4 as a representative profile for this SMU. Land surface is
almost leveled. Soils are well drained, shallow, with sandy, loamy sand and
sandy loam textures. Real den5|ty ranged between 2.47 to 271 g cmy’ ? with
an average value of 262 g cm’ ® and bulk density values varied from 1.36 to
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1.92 g cm” with an average value of 1.71 g cm™ and both have relation with
sand and clay contents. Soils in this unit are slightly sallne to extremely
saline where the EC values varied from 2.80 to 46.30 dS m™* with an average
value of 14.59 dS m”'. Sodium was the predominant cation in all horizons
followed by calcium and magnesium (88.85, 33.91, and 21.91 meq/100 g soail
in average, respectively. On the other hand, chloride was the dominant
anions followec! by sulphates and bicarbonate (84.37, 53.76, and 5.45
meq/100 g soi in average, respectively. Soils in this map unit ranged
between slightly and moderately alkaline (soil pH ranged from 7.35 fo 8.62,
8.05 in average) where, ESP ranged between 12.74 to 14.65 % (13.72% in
average).

Soils are calcareous, where the total carbonate content ranged between
8.18 to 20.75 %, with an average of 15.14%). Soils also have lower content of
soil organic matter (0.16 to 1.17 %, with an average of 0.57%). Gypsum
content ranged between 3.14 to 8.95 % (5.94% in average). Cation exchange
capacity of this soil map unit ranged between 3.19 to 16.43 meq/100 g soil
(about 8.28 meqg/100 g in average) due to their coarse texture. This map unit
is low to moderate in available nitrogen and potassium, where they ranged
between 16.60 to 54.20 ppm and 84.40 to 227 ppm, respectively. Whereas,
available phosphorus content was low to high and ranged between 4.92 to
17.29 ppm.

According to Soil Survey Staff (2010), this map unit could be classified as
Sandy, Siliceous, ca/careous Thermic, Lithic Calcigypsids and this map unit
covered 402.67 km? (about 19.18 % of the total area). Soils in this unit are
classified as shown in Table 2 and Figure 8.

Table 3: Physical and some chemical properties for one of the
representative profiles of SMU1.

. 2
o . . - . P <
Particle size distribution ° =
Z | Depth . = | E |3
..c_; sr’:n Horizon (%) Texture| § | 2 | = 2rsn“‘ 221
& Coarse | Fine | o000 o) S &l o 9 9
sand | sand y Q

0-5 A 398 [85.88|5.93][4.21] Sandy | 9.86 [3.19]0.30] 2.64 | 1.73
5-13 | Bkyl | 3.13 [86.44]6.01[4.42] Sandy |15.91[7.22]0.36| 2.54 | 1.68
11 [13-33 | Bky2 | 291 [86.25[6.13]4.71 ] Sandy ]20.75/6.33]/0.39] 2.56 | 1.61
3346 | CByk | 2.40 [85.42]|7.11]5.07] Sandy [10.53[3.82]|0.44] 265 | 1.65

Table 4: Chemical Properties for one of the representative profiles of

SMUA1.
g Sohible cations Soluble anions - CEC
> |Depth (meq. L) {meq. L") EC oH meq/| ESP
. - o7,
B ™ Jcat | M| Na' | K | cos” [HCoy| cr |so,t| 5™ 100, ©
0-5 |98.9|41.2 [194.7| 0.18 | - | 15.8 |143.0|1762| 314 |7.44| 5.0 |14.8
41 513 [83.414261161.9]041 | - | 121 |131.6]144.3| 25.3 |7.48] 57 | 14.2
13-33(60.3]3C.9122.7] 006 | - | 8.3 |103.0]102.7| 192 |7.52| 5.9 | 138
3346371194 755 [0.02| - 42 | 609669 115 7J 64 [13.8
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- Soil characteristics of soil map unit 2 (SMU2):

Soil map unit 2 is represented by profile numbers10, 18, 30 and 31.
Physical and chemical properties of profile number 18 are represented in
tables 5 and 6 as a representative profile for this SMU. Surface is nearly
leveled. Soils are well drained, shallow, with sandy and sandy Ioam textures.
Real density ranged between 2.43 to 2.63 g cm™ with a an average of 2.54 g
cm™ and bulk density values ranged between 1.71 to 1.90 g cm™ with a an
average of 1.81 g cm™, both have relation with sand content. Soils in this
unit are hnghly to extremely saline where the EC values variecl from 9.90 to
36.60 dS m™' with an average of 22.42 dS m”'. Sodium was the predominant
cation in all horizons followed by calcium and magnesium (128.87, 48.81, and
34.06 meqg/100 g soil in average, respectively). On the other hand, chloride
was the dominant anions followed by sulphates and bicarbonate (119.66,
86.15, and 6.08 meqg/100 g soil in average, respectively). Soils are slightly
alkaline to moderately alkaline (soil pH ranged from 7.73 to 8.33, 8.04 in
average) and ESP ranged between 11.90 to 14.10 % (13.14% in average).

Soils are non-calcareous (total carbonate content varied from 4.45 to
5.41 % and 4.85% in average) and have low organic matter which ranged
between 0.23 to 0.72 %, with an average of 0.45%. Gypsum content ranged
between 3.32 to 8.70 %, about 5.33% in average. Cation exchange capacity
of this soil map unit ranged between 4.05 to 10.30 meg/ 100 g soil due to
their coarse texture. Soils in this map unit are low in their available nitrogen
and potassium, where they ranged between 18.90 to 38.10 ppra and 94.00 to
168 ppm respectively. Whereas, available phosphorus content was moderate
to high and ranged between 10.62 to 16.16 ppm.

According to Soil Survey Staff (2010), this map unit could be classified as
Sandy, Siliceous, Thermic, Lithic Haplogypsids and it covers about 722.80
km? (about 34.44 % of the total area).

Table 5: Physical and some chemical properties for one of the
representative profiles of SMU2.

S Particle size distribution i < 2
z D:';::h Horizon (% Texture | O § i ggrsrr’ 92:1
a_°- Coarse | Fine | Silt | Clay S 210
sand |sand o
0-3 A 6.1 84.0 | 5:38.] 41 Sandy |51 (3.0{03]| 25 1.7
3-19 By 5.6 841 (59| 44 | Sandy | 5.0 [8.7|C3| 26 17
18 | 19-35 CBy 5.1 839 /62| 48 | Sandy | 48]6.3/C4]| 26 1.8
3546 C 43 [833|72| 52 [ Sandy [45][34[C5] 26 | 1.9

- Soil characteristics of soil map unit 3 (SMU3):

Soil map unit 3 is represented by profile numbers 4, 25 and 28. Physical
and chemical properties of profile number 28 are represented in tables 7 and
8 as a representative profile for this ‘SMU. Soils in this map unit are almost
leveled, well drained, and deep, with sandy, loamy sand and sandy loam
textures. Real density ranged between 2.47 t0 2.70 g cm’ 3 with an average of
260 gcem * and bulk densrtg values varied from 1.31 10 2.11 g cm’ % with an
average value of 1.83 g cm™ and both have relation with their sand and clay
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contents. Soils are hlghly to extremely saline, where the EC values varied
from 9.80 to 38.40 dS m ™' with an average value of 21.11 dS m*

Table 6: Chemical Properties for one of the representative profiles of

SMU2.
g Soluble cations Soluble amons CEC
o imeq ) | £0, |y e 2P
E cm (Ca*|Mg” | Na' | K co,ﬂncos CI 1SS0, soil
0-3 [55.81 52.9 (203.1] 0.2 - 56 {2124{940 ] 298 | 82|48 |14.1
18 3-19 (41.9] 42.7 1143.2] 0.1 - 49 11532698 | 21.3 | 82 ] 5.3 |14.0]
19-35 35%4 28.8 11256 0.2 - 24 |1386]49.0] 16.7 | 83 | 6.1 [13.8]
35-46 119.7| 18.5 | 69.8 | 0.0 - 15 (791|274 99 [83 167 ]13.8]

Sodium was the predominant cation in all horizons foliowed by calcium and
magnesium (117.88, 57.83, and 30.49 meqg/100 g sail in average,
respectively). On the other hand, sulphate was the dominant anions followed
by chioride and bicarbonate (111.22, 91.16, and 3.96 meq/100 g soil in
average, respectively. Soils are slightly atkaline (soil pH ranged from 7.51 to
7.89, 7.68 in averagz) and ESP ranged between 11.96 to 13.25 % (12.31% in
average).

Soils in this unit are non-calcareous, where the total carbonate content
ranged between 2.83 to 4.26 %, with an average of 3.59%). Soils also have
fower content of soil organic matter (0.77 to 1.10 %, with an average of
0.90%). Gypsum coritent ranged between 2.18 to 9.25 % (5.92% in average).
Cation exchange capacity ranged between 10.92 to 15.40 meq/100 g soil
(about 12.69 meq/100 g in average). This map unit is low to moderate in
available nitrogen, phosphorus and potassium, where their values ranged
between 39.70 to 51.20 ppm, 6.24 to 10.29 ppm and 173 to 220 ppm,
respectively.

According to Soil Survey Staff (2010), this map unit could be classified as
Sandy, Siliceous, Tharmic, Typic Haplogypsids and it covers about 313 km?
(about 14.91 % of the total area).

Table 7: Physical and some chemical properties for one of the
representative profiles of SMU3.

: )
S Particle size distribution BlIEls
4 o &8
. Dt:z‘th Horizon (%) Texture | Q| 2 =| PS, PP
& Coarse] Fine [ o, T w|elo@cm g cm’)
i sand | sand ay °lé
- 28 . Sandy
0-3 A 8.2 58.3 [17.3{16.3 Loam 42130)08) 25 | 2.0
g Sandy
3-21 By 7.7 56.1 |19.1] 171 Loam 40(7.0{08] 26 | 20
5-56 [ 6.1 55.4 (20.1]18.4 ?_22‘2 3513209 25 | 21
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Table 8: Chemical Properties for one of the representative profiles of

SMU3.
S Soluble cations Soluble anions CEC
Z |pepth {meq. L) {meq. L") EC | 4 [meq/| ESP
" B - 0,
2| ™ |ca* [mg*| Na" | K |coy [HCos| cF |50, dSm 9133“ (%)
03 [272]134]682]| 02 | - | 17 | 51.9 554 [ 171 | 75 |11.2]121
28321 [219[138[5623] 01 | - | 15 | 443 1423 ] 142 | 76 |11.4]120
21-56] 136 | 84 [ 3491 041 | - | 114 1263|296 98 |76 |12.7]12.0

- Soil characteristics of soil map unit 4 (SMU4);

Soil map unit 4 is represented by profile numbers 6, 7 and 22. Physical
and chemical properties of profile number 6 are represented in tables 9 and
10 as a representative profile for this SMU. Surface is nearly leveied, poorly
drained, and deep, with loamy sand and sandy loam textures. Real density
ranged between 2.65t0 2.72 g cm’ with an average value of 2.69 g cm™ and
bulk densit% values varied from 1.23 to 1.59 g cm™ with an average value of
1.40 g em™. Soils in this unit are extremely saline where the EC values
varied from 35.10 to 45.60 dS m' with an average value cf 41.40 dS m™.
Sodium was the predominant cation in all horizons followed by calcium and
magnesium (289.48, 81.76, and 60.38 meq/100 g soil in average,
respectively). On the other hand, chloride was the dominant anion followed
by sulphate and bicarbonate (305.98, 112.54, and 13.29 meqg/100 g soil in
average, respectively). Soils in this map unit.are moderately aikaline (soil pH
ranged from 8.01 to 8.79, 8.35 in average) and the ESP ranged between
11.89 to 13.17 % (12.55% in average).

Soils are non-calcareous, where the total carbonate content ranged
between 2.06 to 6.01 %, with an average of 3.79%). Soils also have lower
content of soil organic matter (1.10 to 1.57 %, with an average of 1.29%).
Gypsum content was nil in all horizons. Cation exchange capacity ranged
between 15.68 to 20.05 meqg/100 g soil (about 17.74 meq/100 g soil in
average). Soils in this map unit are moderate in available nitrogen and
potassium, their values ranged between 51.80 to 66.80 ppm and 223.90 fo
264 ppm, respectively. However, available phosphorus is low and ranged
between 2.37 to 5.93 ppm.

According to Soil Survey Staff (2010), this map unit could be classified as
Sandy, Siliceous, thermic, Typic Aquisalids and this map unit covers about
57.83 km? (about 2.76 % of the total area).

Table 9: Physical and some chemical properties for one of the
representative profiles of SMUA4.

Particle size ol 3®
distribution (%) Sl EI2|{ps|pb
Dz::‘th Horizon Texture: 8 2 |=|a9,
Coarse! Fine | Silt |Clay S g0 lem”iem’
sand |sand o
Loamy
6 0-5 A 63 1754)14214.1] sand [2.7|N.D{1.112.7]1.3
Loamy
570 | Bz 24 1809|105/6.2] sand {59(N.D|1.1]2.7]1.2
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Table 10: Chemical Properties for one of the representative profiles of

sSMu4

S Solutile cations Soluble anions CEC
2 {meq. L) (meq. L) EC meq/ eqp
w: [Depthl [ _|asm’| pH | 100 |, )
2| em |ca¥Mg™| Na* | K* |CO;"|HCOs| CF |80,™ g
o soil
6 0-5 {91.2]76.11324.5) 0.2 - ] 29.6 |335.4{127.0] 456 | 8.0 117.1{13.2

5-70 {77.1158.31277.4| 0.2 - {253 1289.6198.1]39.818.1[15.7]12.9

- Soil characteristics of soil map unit 5 (SMU5):

Soil map unit 5 is represented by prafile numbers 1 and 2. Physical and
chemical properties of profile number 2 are represented in tables 11 and 12
as a representative profile for this SMU. Land surface is almost leveled. Soils
are well drained, and deep, with a sandy clay loam texture. Real density
ranged between 2.68 to 2.73 g cm™ with an average value of 2.71 g cm™ and
bulk densitg values varied from 1.45 to 2.02 g cm ™ with an average value of
1.65 g cm™. Soils in this unit are extremely saline where the EC values
varied from 29.90 tc 41.70 dS m™ with an average of 35.83 dS m™. Sodium
was the predominant cation in all horizons followed by calcium and
magnesium (258.53, 78.50, and 42.87 meq/100 g soil in average,
respectively). On the other hand, chloride was the dominant anions followed
by sulphates and bicarbonate (291.97, 71.85, and 16.23 meg/100 g soil in
average, respectively). Soils are slightly alkaline (soil pH ranged from 7.84 to
7.96, 7.90 in average) and ESP ranged between 12.85 to 13.77 % (13.46% in
average).

Soils are calcareous, where the total carbonate content ranged between
2.35 to 14.36 %, with an average of 6.39%). They are low in their content of
soil organic matter (1.07 to 1.41 %, with an average of 1.28%). Gypsum
content was about 4.15 %. Cation exchange capacity ranged between 15.13
to 18.62 meq/100 g soil (about 17.32 meqg/100 g soil in average) due to their
coarse texture. Thic map unit is moderate in available nitrogen and
potassium, their values ranged between 50.70 to 62.70 ppm and 216.70 to
241.20 ppm respectivaly. On the other hand, available phosphorus content is
low and ranged between 3.12 to 6.31 ppm.

According to Soil Survey Staff (2010), this map unit could be classified as
Sandy, siliceous, thermic, Typic Haplosalids and it covers 78 km’ (about 3.72
% of the total area).

937



Elnaggar, A. A. et al.

Table 11: Physicai and some chemical properties for one of the
representative profiles of SMUS.

g Particle size distribution RE |

| Depth . (%) S 12 (2| ps pb

S| em Horizon 1o arse | Fine | Silt Clay Texture E:), é"\ (E)- g cm”|g cm™

o sand |sand o O
Sandy Clay L

2 0-3 A 5.0 38.8/29.0/273 Loam 25/ N.D{14] 2.7 | 1.5
Sandy Clay |

3-35 Bz 4.8 38.6 [29.11276 Loam 124|142 ]14]| 2.7 1.5

Table 12: Chemical Properties for one of the representative profiles of

SMUS.
Soluble catzons Soluble ani10ns CEC
Depth {meg. L (meq. L) EC | oy |mea/| ESP

-1
cm |Ca® |Mg® | Na" | K* |co, [HCOs| cr |so,|9Sm

B g soil
0-3 | 759 (376 (2653 0.2 - 152 {2943 /695 | 359 | 78 1182138

I ihall

3-35 | 65.8 ] 29.9 |1218.4| 01 - 9.7 125211524 | 299 | 79 [18.6{12.9

100 | (%)

» Prof. No.

- Soil characteristics of soil map unit 6 (SMU6):

Soil map unit 6 is represented by profile number 27. Physical and
chemical properties of profile number 27 are represented in tables 13 and 14
as a representative profile for this SMU. Land surface is almost leveled. Soils
in this map unit are well drained, and deep, with sandy, saniy clay loam and
clay loam textures. Real density ranged between 2.46 to 2.70 g cm’ with an
average value of 2.59 g cm™ and bulk density values varied from 1.48 to 2.39
g cm™ with an average value of 1.94 g cm™. Soils in this urit are moderately
to extremely saline, where the EC values varied from 7.7C to 22.30 dS m”
with an average value of 14.68 dS m™'. Sodium was the preclominant cation in
all horizons followed by calcium and magnesium (90.35, 42.95, and 23.80
meg/100 g soil, respectively. On the other hand, sulphates vrere the dominant
anions followed by chlorides and bicarbonates (82.69, 72.78, and 1.78
meq/100 g soil, respectively. Soils are slightly alkaline (sol pH ranged from
7.12 to 7.31, 7.23) and ESP ranged between 11.79 to 11.97 % (11.86% in
average).

Soils are calcareous, where the total carbonate content ranged between
8.16 to 13.71 %, with an average of 10.97%). Soils also have lower content of
soil organic matter (0.51 to 1.27 %, with an average of 0.86%). Gypsum
content ranged between 4.12 {0 8.16 % (6.53% in average). Cation exchange
capacity ranged between 7.19 to 17.53 meq/100 g soil (about 12.10 meq/100
g soil in average). This map unit is low to moderate in available nitrogen and
potassium, where their values ranged between 29.30 to 59.30 ppm and 139
to 234 ppm, respectively. In contrast, available phosphorus is low to
moderate and ranged between 3.96 to 13.25 ppm.

According to Soil Survey Staff (2010), this map unit could be classified as
Loamy, mixed, active, thermic, Typic Gypsiargids and this it covers about
1.05 km? (about 0.05% of the total area).
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Table 13: Physical and some chemical properties for one of the
representative profiles of SMU6.

. Particle size distribution e |
’2 Depth (%} e g1 R ps pb
o | PEPY Y Horizon Texture 8 2= cmlg e
21 Coarse | Fine | Silt { Clay Elsjof
sand |sand o
0-3 A 77 80.3 1671 53 Sandy 8.2 141105 2.7 | 1.7

Sandy Clay
27 | 3-16 Bt1 5.9 506 ]122.01215 Loam 10.5(8.2106) 27 { 1.5
16-41 B2 25 281 133.2136.2 | Clay Loam [11.5{7.0}11.1| 2.5 | 2.2
> 41 C 3.5 1226 [34.1]39.7] Clay Loam 13.7{6.9{13] 25 | 24

Table 14: Chemical Properties for one of the representative profiles of

SMUS6.
. Soluble cati10ns Soluble ani1ons CEC
o - -
= {mec. L") {meqg. L) EC meq/
= | Depth dsm’'| pM | 100 sz}';
2| em [ca®|mg*| Na* | K* [CcO;” |HCOs] CI' |80,° g |'”
o soil
0-3 166.2/31.5(138.1] 0.2 - 2.6 |114.0{119.41 223 (711721120
27 3-16 147.1(25.8]197.9] 0.2 - 19 1796(896! 1597287 (118
16-41135.8{21.3175.8] 0.1 - 1.4 158417321128 |7.3]149111.8
> 41 [22.7{16.6149.6| 0.1 - 1.2 13911487 7.7 17.3117.6]11.8

- Soil characteristics of soil map unit 7 (SMU7):

Soil map unit 7 is represented by profile numbers 3, 9, 13, 17 and 23.
Physical and chemical properties of profile number 17 are represented in
tables 15 and 16 as a representative profile for this SMU. Soils in this map
unit are almost leveled, well drained, and deep, with a sandy texture. Real
density ranged between 2.49 to 2.61 g cm™ wnh an average of 2.56 g cm™
and bulk density varied from 1.76 to 1.93 g cm™ with an average of 1.85 g
cm®. These soils are moderately to highly saline where the EC values varied
from 4.90 to 14.90 dS m™" with an average value of 7.96 dS m™'. Sodium was
the predominant cation in all horizons followed by calcium and magnesium
(565.84, 17.46, and 14.68 meqg/100 g soit in average, respectively). On the
other hand, chloride was the dominant anion followed by suiphate and
bicarbonate (64.70, 19.79, and 3.64 meq/100 g soil in average, respectively).
These soils also vary from slightly to moderately alkaline (soil pH ranged
between 7.79 and 8.50, 3.07 in average) and ESP ranged between 12.15 to
13.80 % (13.04% in average).

Soils in this map unit are calcareous, where the total carbonate content
ranged between 4.26 fo 6.12 %, with an average of 5.29%). Soils afso have
lower content of soil organic matter (0.14 to 0.54 %, with an average of
0.26%). Gypsum content was 6.14 %. Cation exchange capacity ranged
between 2.71 to 7.71 meq/100 g soil (about 4.34 meqg/100 g soil in average)
due to their coarse texture. Soil in this map unit are poor in available nitrogen
and potassium, were their values ranged between 15.30 to 30.70 ppm and 78
to 144.20 ppm, respectively. On the other hand, available phosphorus varied
from moderate to high and its values ranged between 12.75 t0 18.17 ppr.
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According to Soil Survey Staff (2010), this map unit could be classified as
Sandy, s:l:ceous thermic, Typic Quartzipsamments and it covers about
121.53 km? (about 5.79 % of the total area).

Table 15: Physical and some chemical properties for one of the
representatlve profiles of SMU7.

Particle size distribution o | 3%
2lo i (%) e =
epth | Horizon Texture | O | Z | = | PS pb
"é cm c . ; ol ¢ = gemdlgem®
& oarse | Fine | Silt| Ciay S| o
sand | sand ¢
17 { 0-100 [§) 1.9 1899152 31 | Sandy | - [NDJ01] 25 [ 1.9

Table 16: Chemical Properties for one of the representative profiles of

cm

. sMuz.

o [Soluble cations (meq. L) Soluble anions {meq. L} |

= Depth i EC ESP
s Ca®{Mg™ | Na' | K' [COy |HCO;y| CF |S0,°|dsSm” (%)
o.

17

0-100[29.7[ 294 [101.9] 01 | - 3.5 [1136[ 44.0 | 149 13.7

- Soif characteristics of soil map unit 8 (SMU8):

Soil map unit 8 is represented by profile number 14. Physical and
chemical properties of profile number 14 are represented in tables 17 and 18
as a representative profile for this SMU. Soil surface of this map unit is nearly
Ieveled well drained, and shallow, with a sandy texture. Real density is 2.52
g cm™ and bulk densnty is 215 ¢ cm™ and both have relation with sand
content. Soils in this unit are moderately saline (EC valuz was 7.60 dS m’ )
Sodium was the predominant cation in this soil profile followed by calcium
and magnesium (59.60, 16.80, and 11.60 meq/100 g scif, respectively). On
the other hand, chloride was the dominant anions followed by sulphates and
bicarbonate (65.40, 17.54, and 5.10 meq/100 g soil, respectively). Soil is
moderately alkaline, where pH was 8.25 and ESP was 13.77 %.

Soils are non-Calcareous (total carbonate content was 3.44 %) and have
low organic matter content (1.16 %). Gypsum content was nil in this profile.
Cation exchange capacity of this soil map unit was 15.95 meq/100 g soil due
to their coarse texture. This map unit was moderate i1 available nitrogen,
potassium, where their contents were about 52.70, and 226.20 ppm,
respectively. Although, these soils were low in availablz phosphorous (5.76
ppm).

According to Soil Survey Staff (2010), this map unit could be classified as
Sandy, Siliceous, Thermic, Lithic Torripsamments and it covers about 3 km?
(about 0.14 % of the total area).
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Table 17: Physical and some chemical properties for one of the
representative profiles of SMUS.

S Particle size distribution X E <

Z | Depth | Horizon (%) S1Z2el s ps pb
S| om Coarse | Fine | Silt| Clay Texture | ¢ as = lgcm® |G cm®
= L o]

o sand |sand 0 |©
14 | 0-43 C 3.2 844 182] 42 | Sandy |34|NDj12] 25 2.2

Table 18: Chemical Properties for one of the representative profiles of

SMU8.
o | Soluble cations Soluble anions CEC
Z | pepth {meq. L") {meq. L") EC meq/|ESP
Sl oem [ o an2e] gt ] et [ = T “asm|PH 100 | (%)
& Ca®™"|Mg®" | Na” | K" [COs {HCO;5' | CVF |SO4 g soil
14| 0-43 116.8/ 1161596100 - 51 (6541175 76 {8.3 16.0113.8] -

- Soil characteristics of soil map unit 9 (SMUS9):

Soil map unit 9 is represented by profile numbers 5, 24, 26 and 29.
Physical and chemical properties of profile number 24 are represented in
tables 19 and 20 as a representative profile for this SMU. Soil surface is
almost leveled, well drained, and deep, with sandy and sandy clay loam
textures. Real density renged between 2.49 to 2.72 g cm’ wnth an average of
263 gecm and bulk density varied from 1.35 to 1.94 g cm™ with an average
of 1.71 g cm’ * and both have relation with sand and clay contents. Soils in
this unit are moderately to extremely saline where the EC values varied from
7.20 to 19.60 dS m ' with an average value of 11.02 dS m™. Sodium was the
predominant cation in all horizons followed by calcium and magnesium
(69.32, 32.37, and 20.32 meq/100 g sail in average, respectively. On the
other hand, sulphates were the dominant anions followed by chloride and
bicarbonate (60.75, §7.75, and 3.55 meqg/100 g soil in average, respectively.
These soils ranged between slightly and moderately alkaline (soif pH ranged
from 7.42 to 8.04, 7.76 in average) and ESP ranged between 11.91 to 14.43
% (12.70% in average).

Soils in this map unit are calcareous, where their total carbonate content
ranged between 3.95 to 11.75 %, with an average of 6.99%). They are low in
their content of soil organic matter (0.34 to 1.03 %, with an average of
0.64%). Gypsum content ranged between 2.14 to 5.51 % (3.81% in average).
Cation exchange capacity ranged between 5.25 to 14.41 meq/100 ¢ soil
(about 9.06 meq/100 g in average) due to their coarse texture. This map unit
is low to moderate in available nitrogen, phosphorus, and potassium, where
their values ranged between 23.50 to 48.30 ppm, 7.16 to 15.12 ppm and
112.00 to 212.70 ppm, respectively.

According to Soil Survey Staff (2010), this map unit could be classified as
Sandy, siliceous, Thermic, Typic Torripsamments and it covers 167.64 km?®
(about 7.99 % of the total area).
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Table 19: Physical and some chemical properties for one of the
representative profiles of SMUS.

Particle size distribution < | [
% “w | B R
szr:h Horizon ) Texture 8 g; = grsn grl')n
Coarse | Fine | Silt | Clay Slalopem)s
sand | sand j Q
0-7 A 2.0 84.0 | 79| 61 | Sandy (6021 /06| 26 1.7
b | 7-100 C 1.6 833 {8565 | Sandy 148/28]06] 25 1

Table 20: Chemical Properties for one of the representative profiles of

SMU9.
. Soluble cations " Bl
S t Soluble anions (meq. L CEC
Z | pepth {megq. L") s (meq. L) EC meq/ | ESP
Bl o™ |carmg | Na | K | cor | Heo, | o |so." asm’| PH | 100 | (o)
o a 9 a 3 3 4 g soil
24 0-7 261|151 (497 | 0.1 - 1.9 412 | 47.9 L7.9 74 81 1121
——
7-100 [18.5] 92 |362] 01| - | 14 [252|37.4| £7 | 75| 85 |12.1

- Soil characteristics of soil map unit 10 (SMU10):

Soil map unit 10 is represented by profile humber 12, . Physical and
chemical properties of profile number 12 are represented in tables 21 and 22
as a representative prefile for this SMU. Soiis in this rmap unit are nearly
leveled, well dralned and deep, with a sandy clay loam t<=xture Real density
was 2.49 g cm” and bulk density value was 1.31 g cm™ and both have
relation with particle size dnstnbutlon Soils in this unit are slightly saline where
the EC value was 3.20 dS m”. Sodium was the predoriinant cation in this
profile followed by calcium and magnesium (28.20, 7.30, and 4.50 meq/100 ¢
soil, respectively}). On the other hand, chloride was the dominant anions
followed by sulphates and bicarbonate (30.60, 6.61, and 2.80 meqg/100 g soil,
respectively). Soils are moderately alkaline (soil pH was 8.22), and ESP was
about 13.75 %.

Soils in this map unit are calcareous (total carbonate content was 18.41%)
and have low content of soil organic matter (1.13 %). Gypsum content was nil
in in this profile. Cation exchange capacity of this soill map unit was 16.12
meq/100 g soil due to their coarse texture. This map unit was moderate in
available nitrogen and potassium; where their contenis were about 53.10
ppm and 225.40 ppm, respectively. On the other hand, available phosphorus
content was fow (5.32 ppm).

According to Soi! Survey Staff (2010), this map unit could be classified as
Loamy, m/xed super active, thermic, Typic Torrifluvents and it covers about
7.06 km® {about 0.34 % of the total area).
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Table 21: Physical and some chemical properties for one of the
representative profiles of SMU10.

P Particle size distribution e | ® b
(%) | ElR|ps P
3 Dggth Horizon I Texture 8 2| = g%m'g%m'
2 Coarse | Fine | Siit | Clay glglo
sand |sand a
12 Sandy Clay
L 0-100 C 32 51.2 [23.21 225 Loam 18.4|N.D11.1] 25 | 1.3

Table 22: Chemical Properties for one of the representative profiles of

SMU10.
g Soluble cat1ions ] Soluble ani1ons CEC
(mec. L) meq. L) EC meq/|ESP
s De?nth ca®|Mg? | Na* | K | cos | Heos | cr [so,795™ PRI 100 | (%)
i c a g a 3 3 4 gSOﬂ
1210100173 ) 45 128210.0| - 28 (30666 32 B2 16.1/13.8

- Soil characteristics of soil map unit 11 (SMU11):

Soil map unit 11 is represented by profile number 21. Physical and
chemical properties of profile number 21 are represented in tables 23 and 24
as a representative piofile for this SMU.  Soils in this map unit are almost
leveled, well drained, and deep, with a very gravelly sandy texture. Real
densny ranged between 2.61 to 2.67 g cm™ with an average value of 2.65 g
cm” and bulk densnty values varied from 1.35 to 1.42 g cm™ with an average
value of 1.38 g cm®. Sails in this unit are shghtly to moderately saline, where
the EC values vaned from 2.10 to 4.90 dS m™', with an average of 3.40 dS m’

', Sodium was the precominant cation in all honzons followed by calcium and
magnesium (22.27, 11.10, and 6.63 meqg/100 g soil, respectively). On the
other hand, sulphate ‘wvas the dominant anions followed by chioride and
bicarbonate (20.27, 17.17, and 2.60 meq/100 g soil, respectively). Soils in
this map unit are slightly alkaline (soil pH ranged from 7.66 to 7.76, 7.71 in
average) and the ESI> ranged between 11.85 to 12.00 % (11.95% in
average).

Soils are non-calcareous, where the total carbonate content ranged
between 2.18 to 4.26 %, with an average of 3.00%). Soils also have lower
content of soil organic matter (1.23 to 1.50 %, with an average of 1.35%).
Gypsum content ranged between 2.19 to 4.72 % (3.34% in average). Cation
exchange capacity of this soil map unit ranged between 14.35 to 19.43
meq/100 g soil (about 17.21 meqg/100 g in average). This map unit is
moderate in available nitrogen, phosphorus and potassium, where their
values ranged between 57.80 to 64.90 ppm, 2.56 to 4.38 ppm, and 233 to
251 ppm, respectively.

According to Soil Survey Staff (2010), this map unit could be classified as
Sandy ske/eta/ Siliceous, Thermic, Typic Torriorthents and it covers about
16.41 km? (about 0.78 % of the total area).
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Table 23: Physical and some chemical properties for one of the

representative profiles of SMU11.
Particle size distribution

{ g. Depth (%) % § & ps pb
%1 em |HOMON G e Fine [Silt| Clay| eXre § 8. Zlgem®| 95
”_;g; L sand | sand L__L__ﬂ_,,,_,, oP o
Very Gravelly .

0-13 A 67.63 J 25.86 14.90] 1.61 Sandy 126(3.1113] 2.7 |14

21 Very Gravelly
13-40 AC 61.03 \33.12 4.12]1.73 Sandy 43/47(12| 26 [1.4

l Very Gravelly

> 40 Cc 37.95 {50.05(9.03|2.97 Sandy 2.2122(15] 27 |14

Table 24: Chemical Properties for one of the representative profiles of

SMU11.

(] Soluble cations . 1 CEC
Z | pepth meq. L") Soluble anions (meq. L) EC | y |mea/|ESP
"E; cm 2 2 B B = - . - | dSm’ 100 | (%)
& Ca“ | Mg Na K* | COy | HCOy | CI' |80, g soil

0-13 | 148 | 8.1 |30.1| 01 - 2.3 221|287 | 49 7.7 [17.8|12.0
2113401109 | 7.2 [20.98] 0.0 - 2.6 17.3 | 191 3.2 7.7 |14.4|12.0

>40 ) 76 | 46 |158] 0.0 - 1 29 12.1 ] 13.0] 2.1 7.8 |1194|11.9

CONCLUSION

It could be concluded that the integration of both remote sensing and GIS
data and techniques could provide an effective and versatile tool to
manipulate and produce the physiographic and soif maps of Bahariya Oasis.
This is in combination with the field observations and laboratory analyses.
Three main physiographic units were recognized in the studied area, which
are: plains, depression floor with low, moderately high and high lands, and
pediment. Also, eleven soil map units (SMUs) were identified in the oasis
depending cn the soil physical, chemical and morphological characteristics.
These SMUNSs include: 1. Sandy, siliceous, calcareous, thermic, Lithic
Calcigypsids, 2. Sandy, siliceous, thermic, Lithic Haplogypsids, 3. Sandy,
siliceous, thermic, Typic Haplogypsids, 4. Sandy, siliceous, thermic, Typic
Aquisalids, 5. Sandy, siliceous, thermic, Typic Haplosalids, 6. Loamy, mixed,
active, thermic, Typic Gypsiargids, 7. Sandy, siliceous, thermic, Typic
Quartzipsamments, 8. Sandy, siliceous, thermic, Lithic Torripsamments, 9.
Sandy, siliceous, thermic, Typic Torripsamments, 10. Loamy, mixed, super
active, thermic, Typic Tarrifluvents, and 11. Sandy skeletal, siliceous, thermic,
Typic Torriorthents. Calcium, gypsum, and salt accumulations were very
obvious in most of the studied soils. Silicate clay represented in the argillic
horizon was observed in few areas of the depression.

944



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 4 (9), August, 2013

REFERENCES

Al-Baraa, S. M. (2011).Vegetation and environmental changes in two oases,
Western Deset, Egypt, M.Sc. Thesis, Fac. of Sci., Al-Azhar Univ.,,
Egypt.

Aronoff, S. (2000). Geographic Information Systems. A management
Perception Ottawa, WDL publication.

Ball, J. and H. J. L. Beadnell (1937). Bahariya Oasis: Its topography and
geology. Egypt. Survey Dept., Cairo, 84-pp.

Black, C. A.; D. D. Evans; J. L. White; L.E. Ensminger and F. E. Clerk (1965).
Methods of Soil Analysis. Part 1 and 2 Amer. Soc. Of Agron. Inc. Pub.,
Madison, Wiscensin, USA

Bregt, K. A. (1997). GIS support for precision agriculture: problems and

* possibilities. Symposium on Precision agriculture: spatial-and
temporal variability of environmental quality, held in collaboration with
the European Environmental Research Organization,  Wageningen,
The Netherlands on 21-23 January.

Burrough, P. A. and R. A. McDonnell (1998). "Principles of Geagraphical
Information Systems". Oxford Univ., Press, Oxford.

Darwish, Kh. M. (2004). Potential of soil and water resources for agriculture
Development in Bahariya Oasis, Egypt Development of a GIS-based
Decision Support System .Ph.D. Thesis, Greifswald Univ., 335 S.

De Jong, M. S. and F. D. Van Der Meer (2005). Remote Sensing Image
Analysis: Including the Spatial Domain. Springer publication ISBN 1-
4020-2560-2, pp 359.

Dewis, J. and F. Freitas {1970). Physical and Chemical Methods of Soit and
Water Analysis. Soil Bultin 10, FAOQ, Rome.

Gee, G. W. and J. W. Bauder, (1986). "Particle Size Analysis". In. A. Kiute
(ed.): “Methods of Soil Analysis”. Part 1, Physical and Mineralogical
Methods. SSSA, Madison, Wi, PP 383-411.

Hesse, P. R. (1971). "A Text Book of Soil Chemical Analysis”. Jonn. Murry
(Publishers) Ltd. 50 Albemarle Street, London.

Hord, R. M. (2006). "Remote Sensing". John Wiley and Sons Inc. New York,
362 pp.

Jackson, M. L. (1967). "Soil chemical analysis advanced course" Puble. By
the auther, Dept. of Soils, Univ. of Wise., Madison 6, Wishensin, U.S.A.

Jackson, M. L. (1975). "Soil Chemical Analysis". Prentice- hall. Inc.
Englewood Cliffs, N.J.U.S.A.

Khalifa, M. A.; O. Catuneanu and H. A. Wanas (2006). Sequence stratigraphy
of the lower cenomanian Bahariya formation, Bahariya Oasis, Western

Kilmer, V. J. and L. T. Alexander, (1949). Methods of Making Mechanical
Analysis of Soils. Soil Sci., 68: 15-24.

Liebling, C. |. (1959). Geologische Forschungen in der Bahariya Oasis und
anderen Gebieten Agypten. Abh. K. Bayer. Akad. Wissensch.,
Munchen.

945



Elnaggar, A. A. et al.

Lilesand, T .M. and R.W. Kiefer {2003). Remote sensing and image

interpretation. John Willey & Sons. Inc. (2009). Link Bahrain, vol. 8,
- No. 1: 91-124.

Munsell (1975). Munsell Soil Color Charts. Baitimore, USA.

Nehme, C. C., and M. Simdes (1999). Spatial decision support system for
land assessment. ACMGIS Press New York, USA, ACM 1-58113-
235- 2/99/0011.

Page, A. L; R. H. Miller. and D. R. Keeny (1982). Methods of Soil Analysis.
Amer. Soc. Agric. in Madison., Washington, D. C., USA.

Peel, R.F. (2001). Denudation landforms of the Central Libyan Desert.
Journal of Geomorphology, Vol. 4, 2001.

Richards, L.A. (1954). Diagnosis and tmprovement of Saline and Alkali Soil.
United States Salinity Laboratory Staff. USDA Agriculture Handbook
60. Washington, D.C., USA.

Rizk, N.S. (2003). Status and distribution of soil boron in representative
physiographic units at El-Bahariya Oasis. Annals of Agricultural
Science, Moshtohor. 41(1): 359-367.

Sabry, M. H. (1997). The Inhabitance and development in Bahariya Qasis.
Arabic Journal of Geography, Vol. 29, No.1 -27. v

Salem, M. Z. (1980). Physical and chemical properties of Bahariya Oasis
soils. Egypt. M.Sc. Thesis, Fac. of Agric., Ain Shams Univ., Cairo,
Egypt.

Salem, M. Z. (1987). Pedological characteristics of Bahariya Oasis soils.
Ph.D. Thesis, Fac. of Agric., Ain Shams, Univ., Egypt.

Schowengerdt, A. R. (2007). Remote Sensing: Models and Methods for
Image Processing. 3red Edition. Elsevier publication ISBN 13: 978-0-

12-369407-2.
Shrestha, D. P. (1999). An introduction to remote sensing from space. ITC
lecture notes for RSD.60 course, ITC, Enschede, Netherlands.

Soil Survey Staff, (1995). Soil Taxonomy: A Basic System of Soll
Classification for Making and Interpreting Soil Surveys. USDA Soil
Conservation Service Agriculture Handbook # 435, U.S. Government
Printing Office, Washington DC.

Soil Survey Staff, (2010). Keys to Soil Taxonomy. 11" edition, Natural
Resources Conservation Service, USDA, USA.

Stromer, E. (1944). Die Topographic und geologic der strecks Gharaq Bahrije
nebst aus fuhrungen veber der gelogische geschichte Agyptens. Abh.
Bayer Akad, Wissensch, Math-Naturw. Ki. 7 and I, P. . C. F. El-Akkad,
S., and Issawi, B. (1936).

USDA-NRCS (2002). Field book for describing and sampling soils, ver. 2.
NSSC, NRCS, and USDA, Lincoin, Nebraska.

Valenzuela, C. R. (2004). Introduction to geographic information system.
Lecture notes, International Institute for Aerospace Survey and Earth
Science (ITC), Enschede, The Netherlands.

946



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 4 (9), August, 2013
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¥ A8 iluas danay

saa = B gaiall Aaala = Ao, LIS - o) ) aud %
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@ bial Bam g Adhia a3y ¢ Ay Al el jaall A Aan gl pall GRUL aal e dasly 3y adl itad
gl G el s Gagy L Ael 3 Aadadl Liaidley A padt obaall 3393 58 85 e 2l W s gl
(GIS) L jaall e gbad) alaiy axdl (o taddinl) i aladiunls Zilaiall o3g) 4y gl Cigieas Ay
S, YN e lgde Jgeandl 55 g o Spot 4 il peliall el ga Zieddiul Sua .
Silas g OB et o5 Ay L Akdall A8 ja g il Shas sl kil (DEM ) dpad  Slelii Y1 23 pa
L Depression floor aididl xhu « Plains Jsedl o algl & A, L8n 58
ls Al a3a oy el aily - Pediment & glis Y1 Alle y daw fiay daidia ool e Lygisy
O Ao e 380y Glelbdl 238 Cina g Hy A g sl Claa gl o3 S o pUSE TY 2xe
dileie B 3 s 5 dy . Gliall a3 o 3Larly dgpaglall Ul o) ja) S ddiaall GEY)
' Dt ¢ el U LK Y il L (SMU) G saag 1Y a3l
1. Sandy,. siliceous, calcareous, thermic, Lithic Calcigypsids, 2. Sandy,
siliceous, thermic, Lithic Haplogypsids, 3. Sandy, siliceous, thermic, Typic
Haplogypsids, 4. Sandy, siliceous, thermic, Typic Aquisalids, 5. Sandy,
siliceous, thermic, Typic Haplosalids, 6. Loamy, mixed, active, thermic, Typic
Gypsiargids, 7. Sandy, siliceous, thermic, Typic Quartzipsamments, 8.
Sandy, siliceous, thermic, Lithic Torripsamments, 9. Sandy, siliceous,
thermic, Typic Torripsamments, 10. Loamy, mixed, super actlive, thermic,
Typic Torrifluvents, and 11. Sandy skeletal, siliceous, thermic, Typic
Torriorthents.
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