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ABSTRACT 
 
 Soils are well-known as the essential part of the landscape and their features are mainly controlled by the 
landforms on which they are formed. The main objective of this study is to set the correlation between soils and 
physiography for the area extended from Biba and Bani Mazar districts, west of the river Nile. The landforms of 
the study area were delineated by using the digital elevation model, Landsat ETM+ and ground truth data. The 
produced map was imported into a Geo-database as a base map. The data extracted from satellite images and 
digital elevation model indicated that the area under investigation includes three main physiography units i.e. 
flood plain, desert plain, and the interference zone. The main soil sets in the studied area were identified using 
the American Soil Taxonomy. Then, the soil map of the studied area were produced depend on the correlation 
between landforms and soils, using Arc-GIS 9.3 software. The results indicate that the soils of the study area 
represent a high correlation with associated landforms.  
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Introduction 
 
 The area selected for this study is located to the west of the Nile Valley and extends from Biba to Bani 
Mazar districts (Figure 1). It considered as one of the most promising areas for sustainable agricultural 
development. In this area, the river Nile is the main source of irrigation for the alluvial plain soils, while Bahr 
Yousef canal irrigated the desert plain soils. This situation provides sustained irrigation water in the investigated 
area. The physiographic influence on soil properties is recognized as it leads to evolution of the soil-landform 
relationship. In this context the landform can easily be recognized, and it also formed by the same geomorphic 
processes that were responsible for providing the substrate material of the soils (Gessler et al., 1995; Florinsky 
et al., 2002; Park and Burt, 2002; Henderson et al., 2005; Mini et al. 2007). The main objective of this study is 
to produce the physiographic and soil maps in digital format and set the correlation between soils and 
physiography in the study area.  
 

 
 
Fig. 1: Location of the studied area. 
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Materials and methods 
 
Remote sensing: 
 
 Landsat is one of the most important sources of satellite data. The Landsat 7 Scan Line Corrector (SLC) 
was failed in May 31, 2003 but the satellite still to gain data generating ETM+ images of about 22% missed data 
(Storey et al., 2005). In order to recover the capability of the image of the study area (Figure 2), the SLC-off 
data is replaced with calculated values using ENVI 4.7 software. Several image processing techniques were 
applied to the satellite data of the study area following which visual interpretation and map construction were 
performed employing the resulting images. These processing techniques are as the following: 
 
 Geometric and atmospheric correction: 
 
 Accurate per-pixel registration of multi-temporal remote sensing data is essential for change detection since 
registration errors could be interpreted as land-cover and land-use changes, leading to an overestimation of 
actual change (Stow, 1999). Image processing is performed on a pixel-by-pixel basis; therefore any mis- 
registration greater than one pixel will provide an anomalous result of that pixel. To overcome this problem, 
geometric correction was carried out using ground control points from topographic maps to geocode the image. 
The atmospheric correction was done to reduce the noise effect using ENVI FLAASH module. 
 
 Image enhancement and visual interpretation: 
 
 The goal of image enhancement is to improve the visual interpretability of an image by increasing the 
apparent distinction between the features. To improve the image contrast it was stretched, smoothly filtered, and 
their histograms were matched according to Lillesand and Kiefer (2007). The process of visually interpreting 
digitally enhanced imagery attempts to optimize the complementary abilities of the human mind and the 
computer. The mind is excellent at interpreting spatial attributes on an image and is capable of identifying 
obscure or subtle features (Lillesand and Kiefer, 1994). Contrast stretching was applied on all images and the 
False Color Composites (FCC) has been produced. These FCC are visually interpreted using on screen 
digitizing in order to delineate land cover classes that could be easily interpreted such as urban and water. 
 
 Digital Elevation Model (DEM): 
 
 Digital Elevation Model (DEM) is a 3D electronic model of the land’s surface (Brough, 1986). It provides 
better functionalities than the topographic maps. A DEM can be employed to offer varieties of data that can 
assist in mapping of landforms and soil types. Information derived from a DEM, i.e. surface elevation, slope % 
and slope direction, could be used with the satellite images to increase their capabilities for soil mapping (Lee et 
al., 1988). The Shuttle Radar Topography Mission (SRTM) is one of the most significant space surveys of earth 
ever undertaken, using precisely positioned radar to map its surface at intervals of 1-arc seconds (~30 meters). 
The SRTM data can be used in conjunction with controlled imagery sources to provide better visualization of 
the terrain. 
 
Physiography and soil mapping: 
 
 The Landsat ETM+ image acquired during the year 2011 (path 176 /row 40) was used with the digital 
elevation model (Figure 2 a & b) to produce the physiography and soil map of the study area. The physiographic 
units of the studied area have been extracted from the satellite images (i.e. landsat ETM+, and STRM) and land 
surveying data, Arc-GIS 9.2 and ENVI 4.7 software’s were used (Dobos et al., 2002). The physiographic units 
were classified according to their landscape, relief, lithology, landforms and soil. Zinck and Valenzuala, (1990). 
The produced map boundaries have been checked during the field work throughout 76 soil augers. 
 
Land surveying and laboratory analyses: 
 
 Satellite data analyses generate a preliminary physiographic map which needs to be checked and revised 
through field observation. A semi detailed survey was carried out throughout the investigated area in order to 
gain an appreciation on soil patterns, physiography and the landscape characteristics. A total of 14 soil profiles 
were collected to represent the revised mapping units. The morphological description of the profiles was carried 
out according to the guidelines outlined by FAO (2006). Laboratory analyses were carried out using the “soil 
survey laboratory methods manual” USDA (2004). 
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Soil taxonomy: 
 
 Using the field work and laboratory analyses data, the soils were classified to the great group level on the 
basis of the keys to soil taxonomy (USDA, 2010). The correlations between physiographic and taxonomic units 
were carried out in order to produce the physiographic - soil map of the studied area (Elbersen & Catalan, 1986). 
 

 
 
Fig. 2: Landsat ETM+ (a) and Digital Elevation Model of the study area (b). 
 
Results and discussion 
 
Physiography of the study area: 
 
 Digital Elevation Model (DEM) is a 3D electronic model of the land’s surface. It provides better 
functionalities than the topographic maps. A DEM can be employed to offer varieties of data that can assist in 
mapping of landforms and soil types. Information derived from a DEM, i.e. surface elevation, slope % and slope 
direction, could be used with the satellite images to increase their capabilities for soil mapping. The landforms 
of the study area were delineated by using the digital elevation model, Landsat ETM+ and ground truth data. 
The produced map was imported into a Geo- database as a base map (Figure 3) and Table (1). The data 
extracted from satellite images and digital elevation model indicated that the area under investigation includes 
three main physiography units i.e. flood plain, desert plain, and the interference zone. The landforms 
characterizing these units can be detailed as the following: 
 
- Flood plain: 
 
 The flood plain exhibit an area of 1137.06 km2 represents 43.62% of the study area. The river levee 
landforms are included in the flood plain as found close to the river Nile with an elevation of 23 – 26 meters 
above sea level (a.s.l.). It was divided into high levee (32.38 km2) and low levees (14.23 km2). The river 
terraces of various elevations (30 – 35 meter a.s.l.) occupy several locations of the flood plain. According to 
their elevations the river terraces were divided into low, moderate and high terraces with areas of 229.34, 91.76, 
and 138.06 km2 respectively. Occupying an area of 631.19 km2 (i.e. 23.34 %), basins are the main landform in 
the flood plain. It includes overflow and decantation basins with areas of 193.91 and 437.21 km2 respectively. 
 
- Interference zone: 
 
 This landscape occupies an area of 98.78 km2. It is found between the desert and flood plain landforms. 
The surface elevation of the interference zone in the study area changes from 40 to 45 m above sea level. 

a b 
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Fig. 3: Physiography of the studied area. 
 
Table 1: Legend of physiographic – Soil map of the studied area. 

landscape Origin Relief Land forms Mapping 
unit 

Area 
Km2 

Area 
% 

Flood plain 
(F) 

Alluvial deposits 
(1) 

Gently undulating 
(1) 

High terraces 
(1) 

Ft111 138.06 5.11 

Moderately 
high terraces 

(2) 

Ft112 91.76 3.39 

Low terraces 
(3) 

Ft113 229.34 8.48 

Gently 
slope 
(2) 

Overflow 
basins (1) 

Fb121 193.91 7.17 

Decantation basins (2) Fb122 437.28 16.17 
High levees (1) Fl121 32.38 1.20 
Low levees (2) Fl122 14.23 0.53 

Interferences 
Zone 

(I) 

Aeolian/ alluvial 
deposits (2) 

Gently undulating 
(1) 

Interference zone (1) Ii211 98.78 3.65 

Desert plain 
(D) 

Aeolian/ 
deposits 

(3) 

Gently 
undulating 

(1) 

Old terraces 
high (1) 

Dt311 465.63 17.22 

Old terraces 
low (2) 

Dt322 261.30 9.66 

Undulating 
(3) 

Pediment (1) Dp331 153.08 5.66 

Aeolian/ alluvial 
deposits (2) 

Hilly 
(4) 

Dissected 
plateau (1) 

Du241 70.15 2.59 

Gently 
undulating 

(1) 

Depression (1) Dd211 24.35 0.90 
Alluvial fans 

(1) 
Df211 141.25 5.22 

Total 2351.49 86.4 
Plateau 53.14 1.97 

Rock outcrops 257.34 9.52 
Island 10.25 0.38 
Nile 32.16 1.19 
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- Desert plain: 
 
 The desert plain in the study area dominates an area of 1426.24 km2. It includes the land forms of alluvial 
fans (141.25 km2), depression (24.35 km2), dissected plateau (70.15 km2), high old terraces (465.63 km2), low 
old terraces (261.30 km2), pediment (153.08 km2), plateau (53.14 km2) and rock outcrops (257.34 km2). The 
surface elevation of the desert plain is significantly increased from the east to west direction. The elevation also 
differ from landform to another where it closed to 50 m for alluvial fans, 52 m for the depression, 85 m for the 
dissected plateau, 70 m for the high old terraces, 55 m for the low old terraces. For the pediment, rock outcrops 
and plateau the surface elevation reached 105, 135 and 239 meter a.s.l. respectively. 
 
Soils of the studied area: 
 
 The soils of the different physiographic units have been investigated. The morpho-pedological study and 
analytical data of the physiographic units in the studied area reveals the following: 
 
o Soils of the flood plain: 
 
 On bases of the physiography of the investigated area, the flood plain includes different land forms (i.e. 
river terraces, levees and basins) each land form was represented by a soil profile. The morphological 
description and laboratory analyses of these profiles were carried out; the obtained data reveals that the soils of 
the flood plain differ from land form to another as: 
 
- Soils of the river terraces: 
 
 The obtained results revealed that the dominant texture is clay in the different layers of the studied profiles. 
The mean CaCO3 content ranges between 1.83% and 3.43 % in the different soil profiles. Organic matter 
content ranges between 0.72 and 0.94 % in the different layers of the soil profiles. Soil salinity means revealed 
that the electric conductivity ranges between 4.50 dS/m and 11.40 dS/m in the different layers of the studied soil 
profiles. The relatively high salinity may be due to the high level of water table under the conditions of arid 
climate. The pH values are fluctuating between 7.95in the successive layers of the studied soil profiles. Cation 
exchange capacity (CEC) ranges between 33.36 and 47.12 meq /100g soil in the different layers of the studied 
profiles, the high values are due to the high content of clay. Exchangeable sodium percent (ESP) values range 
between 12.85 and 26.0 %, the high values represent the sub-surface and lower layers. The described soil depth 
is moderately deep (100 cm) as shown in profile 3 and deep (120 cm). Based on the American soil taxonomy 
system (2010) these soils could be classified as, Typic Torrifluvents. 
 
- Soils of the Basins: 
 
 These include overflow and decantation basins, as represented by soil profiles no. 4 and 5 respectively. The 
analytical data of these profiles indicate that the dominant texture is silt clay and silt clay loam in the different 
layers of the studied soil profiles. Values of CaCO3 content ranges between 2.55 % and 2.63 % at the successive 
layers of the studied soil profiles. Organic matter content ranges between 0.75 and 1.75 %, it decreases with 
depth in the successive layers in the different soil profiles. Soil salinity values revealed that the electric 
conductivity ranges between 3.85 dS/m and 10.89 dS/m. The pH values ranges between 8.1in the different 
layers of the studied profiles. Cation exchange capacity differ from 41.22 to 41.31 meq/100g soil, the high 
values represent the layers of high clay content. Exchangeable sodium percentage (ESP) ranges between 16.32% 
and 19.42 %. The described soil depth differs from 100 cm to110 cm. Based on the American soil taxonomy 
system (2010) these soils could be classified as VerticTorrifluvents. 
 
- Soils of river levees: 
 
 The analytical data of these soils indicate that the soil texture is clay and loam. The CaCO3 content ranges 
between 3.45 % and 3.37 %; low values characterize the upper layers. Organic matter content ranges between 
0.71% and 1.40 %; it decreases with depth in the successive layers in the different soil profiles. The electric 
conductivity, which refers to the soil salinity, ranges between 5.40 dS/m and 7.38 dS/m in the different layers, 
the high values of electric conductivity represents the lowest layer. The pH values ranges between 7.88 and 7.96 
in the successive layer of the studied profile. Cation exchange capacity (CEC) ranges between 15.96 meq/100g 
and 50.93 meq/100g soil it is depending upon the fine fraction as well as organic matter. Exchangeable sodium 
percentage (ESP) values range between 12.09 % and 20.54 % in the different layers of the studied profile. The 
soil depth differs from 110 cm to120 cm. 
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 Based on the American soil taxonomy system (2010), these soils could be classified as Typic Torrifuvents. 
 
o Soils of the interference zone: 
 
 The analytical data of this profile indicated that the soil texture is sandy loam, it is noticed that the soil 
texture tends to be coarse in the surface layer. The values of CaCO3 reaches to 1.88 % in the surface layer while 
it is 5.81 % in the lower one. The organic matter (OM) is very low as it reaches to 0.8 % in the surface layer. 
The electrical conductivity (EC) values tend to increase with depth as it attains 4.20 dS/m in the surface layer 
while it reached to 14.40 dS/m in the lower one. The pH values are stable in the different soil layers with an 
average of 7.49. Cation exchange capacity (CEC) values are differing from 4.35 to 8.91meq/ 100 g soil, the high 
values characterizes the lower layer. The exchangeable sodium percentage (ESP) is increased with depth as it 
reaches 3.21 in the surface layer while attains in 9.04 in the lower layer. The soil depth is very deep as it reaches 
to 150cm. Based on the American soil taxonomy system (2010), these soils could be classified as Typic 
Torriorthents. 
 
o Soils of the desert plain: 
 
 On bases of the physiography of the investigated area, the desert plain includes different land forms (i.e. 
dissected plateau, pediment, old terraces, depressions and alluvial fans) each land form was represented by a soil 
profile. The morphological description and laboratory analyses of these profiles reveals that the soils of the 
desert plain differ from land form to another as: 
 
- Soil of the dissected plateau: 
 
 This landform occupying the north part of the study area, the analytical data of this soil indicate that the soil 
texture is sandy loam in all layers. Values of CaCO3 content range between 2.54 % in the upper layer and 6.69 
% in the lower one. Organic matter content is very low as it not exceeds 0.17 %. The electric conductivity is 
moderate (4.47 dS/m) in the upper layer and high (9.63 dS/m) in the lower layer. The average of pH values is 
7.57 Cation exchange capacity (CEC) ranges between 15.64 meq/100g and 18.97 meq/100g as it coincide with 
the fine fraction content. Exchangeable sodium percentage (ESP) values are rather low as it ranges between 3.40 
% and 7.87 %, low value characterizes the upper layer. The soil depth is shallow as it attains 50 cm. Based on 
the American soil taxonomy system (2010), these soils could be classified as Typic Torriorthents. 
 
- Soil of the pediment: 
 
 This landform exhibits the western part of the study area and was represented by soil profile 10. The 
analytical data of this soil indicate that the soil texture is sandy loam in the successive layers. Values of CaCO3 
content range between 9.76 % in the upper layer and 12.15 % in the lower one. Organic matter content is very 
low as it not exceeds 0.11 %. The electric conductivity is high (13.65 dS/m) in the upper layer and very high 
(31.55 dS/m) in the lower layer. The average of pH values is 7.89; it increased with depth to reach 8.01. Cation 
exchange capacity (CEC) ranges between 7.45 meq/100g and 14.60 meq/100g; corresponding with the fine 
fraction content. Exchangeable sodium percentage (ESP) values are low as it ranges between 10.16 % and 11.88 
%, low value characterizes the upper layer. The soil depth is moderate as it attains 80 cm. Based on the 
American soil taxonomy system (2010), these soils could be classified as Typic Haplosalids. 
 
- Soil of the old terraces: 
 
 The old river terraces (high & low) dominate the desert plain; the analytical data of these soils indicate that 
the soil texture is loamy sand and sandy loam. Values of CaCO3 content ranges between 8.64 % and 11.15 %; it 
is noticed that the CaCO3 content is increased with depth in these soils. Organic matter content is very low 
attaining 0.12 % 0.09 % indicating the arid climatic condition. The electric conductivity (EC) reaches to 23.22 
dS/m and 13.08 dS/m the high values of electric conductivity are associated with the soils of high old terraces. It 
is also found that the EC values are increased with depth in the studied soil. The pH values are almost similar in 
the high and low old terraces with an average of 7.64. Cation exchange capacity (CEC) is rather low ranging 
between 8.06 meq/100g and 4.68 meq/100g soil where the soil texture is coarse and the OM content is very low. 
Exchangeable sodium percentage (ESP) values range between 10.98 % and 7.57 % the high values characterizes 
the lower layers. The soil depth differs from 80 cm to100 cm. Based on the American soil taxonomy system 
(2010), these soils could be classified as Typic Torripsamments. 
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- Soil of depressions: 
 
 Laboratory analyses and field work data of this soil indicate that the soil texture is loamy sand in the 
successive layers. Values of CaCO3 content range between 6.70 % in the surface layer and 13.51 % in the lower 
one. Organic matter content is very low as it not exceeds 0.56 %. The electric conductivity is high (11.30 dS/m) 
in the upper layer and very high (17.70 dS/m) in the lower layer. The average of pH values is 7.66; it increased 
with depth to reach 7.71 in the lower layer of the soil profile. Cation exchange capacity (CEC) ranges between 
19.01 meq/100g and 12.87 meq/100g; it is corresponding with the fine fraction content. Exchangeable sodium 
percentage (ESP) values are low as it ranges between 9.30 % and 11.06 %, low value characterizes the upper 
layer. The soil depth is deep as it attains 120 cm. Based on the American soil taxonomy system (2010), these 
soils could be classified as Typic Torriorthents. 
 
- Soil of alluvial fans: 
 
 Laboratory analyses and field work data of this soil indicate that the soil texture is loamy sand in the 
successive layers. Values of CaCO3 content range between 9.60 % in the surface layer and 2.30 % in the lower 
one, the high values represent the surface layer. Organic matter content is very low as it not exceeds 0.10 %. 
The electric conductivity is 5.05 dS/m in the upper layer and 6.39 dS/m in the lower layer. The average of pH 
values is 7.42; it increased in the surface layer to reach 7.81. Cation exchange capacity (CEC) ranges between 
17.89 meq/100g in the surface layer and 6.42 meq/100g reflecting the coarse fraction of the lower layer. 
Exchangeable sodium percentage (ESP) values are low as it ranges between 5.44 % and 7.83 %, low value 
characterizes the upper layer. The soil depth is deep as it attains 120 cm. Based on the American soil taxonomy 
system (2010), these soils could be classified as Typic Torripsamments. 
 
Soils / physiography correlation: 
 
 Soils are well-known as the essential part of the landscape and their features are mainly controlled by the 
landforms on which they are formed. In the area under investigation, the soils represent a high correlation with 
associated landforms. The examination of the soils provides the basis for placing them into taxonomic and 
mapping units. Each mapping unit was identified on the map by a symbol, and each of them were identifying by 
a name within the general system of soil classification. The main soil sets in the studied area were identified. 
Table (2) represents the correlation between soils and landforms. 
 
Table 2: Correlation scheme between physiographic and taxonomic units. 
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River terraces 3 Profiles --- --- --- --- 3 
Basins --- 2 Profiles --- --- --- 2 

River levees 2 Profiles --- --- --- --- 2 
Interference zone --- --- 1 Profile --- --- 1 
Dissected plateau --- --- 1 Profile --- --- 1 

Pediment --- --- --- --- 1 Profile 1 
Old terraces --- --- --- 2 Profiles --- 2 
Depression --- --- 1 Profile --- --- 1 

Alluvial fans --- --- --- 1 Profile --- 1 
Total 5 2 3 3 1 14 

 
Conclusion:  
 
 The use of remote sensing and GIS are good tools for setting the correlation between the soils and their 
relevant physiographic units. The soils of the study area represent a high correlation with the physiographic 
units. The application of unique management system in each landform is applicable. In few cases the correlation 
between soil and physiography is low, hence the application of variable rate technology for land management is 
a must. 
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