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ABSTRACT

Pedology has developed recently to include quite
precise quantified methodologies for soil spatial
distribution. These are generally based on the hypothesis
that soil properties have distributed spatially over
landscape through repeated patterns according to soil
forming factors and processes. This study is based on the
concept that catenary soil evolution is characterizing
watershed basins in response to terrain features which
guide drained water movement through or over land
surface and consequently affect sediments and solutes
transport and redistribution. Studied location occupies
1920 feddans representing the catchment basin of Al-
Shobeity watershed which locate 68 km west of Mersa
Matroh. As a toposequence, soils have been surveyed
through the observation of thirty soil profiles, along a
couple of parallel transects crossing the existing
geomorphological units starting from southern plateau
towards northern coastal plain. According to field survey
and laboratory analysis eight soil mapping units have been
differentiated with respect to profile depth, texture, and
salinity. Accordingly, about 59.77% of the area is
dominated by moderately deep soils, whereas deep and
very deep ones covering only 21.6 % of the whole area.
Most soils (88.4%) are sandy loam to sandy clay loam in
texture. The area is dominated by slightly - to moderately
saline soils, only 26.7% of the entire area is considered
saline. DEM was generated over grid resolution 100 m,
and then used to calculate primary topographic attributes
which include slope, aspect, specific catchment area,
maximum flow path, and profile curvature. Secondary
terrain indices including wetness, stream power, and
sediment transport indices were calculated and mapped.
Results revealed that elevations of Al-Shobeity watershed
decrease downward from 80 to 5 m ASL, in which surface
slopes range between 0.3 and 8.4 %. Gentle slopes (1-2%)
cover 52.8 % of the ground surface while slopped sites (5-
10%) were found covering only 8.4 % of the entire area.
The basin is classified into three classes according to
wetness index where 25.8 % of the area is considered
“'saturation zone". Generally, sediment transport and
stream power indices have non significant values except
for some scattered zones over 17.5% and 21.6%,
respectively, of the total area. Correlation matrix showed
that slope is the highest correlated primary terrains
attribute orderly with profile depth, salinity, sand, silt,
clay, pH, and lime, where correlation coefficient ranged
between 0.58 and 0.81. While wetness index was the most
correlated secondary terrain quality orderly with sand,
profile depth, clay, silt, and salinity, where correlation
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coefficient ranged from 0.51 — 0.77. Deep and very deep
soils don't exist unless slopes and wetness index were less
than 1% and more than 5, respectively. Moreover, saline
soils don't occur at slopes and wetness index more than 2%
and less than 5, respectively. Stepwise linear regression
analysis was used to relate numerically topographic
attributes with soil properties. Significant regression
coefficients were achieved at 0.01 significance level for soil
depth, salinity, sand, and clay, respectively, as 0.68, 0.48,
0.55, and 0.40. Spatial distribution of estimated soil depth,
texture, and salinity were mapped based on topographic
attributes, and then compared with actual soil properties.
Reasonable similarity degree was achieved between
measured and estimated soil spatial distribution based on
low standard error of prediction, in addition to finding out
details and variations inside each soil mapping unit. This
study indicate that the terrain-based technique carried out
in Al-Shobeity watershed basin has shown a rather
successful results concerning the estimation of soil
attributes for more than 75 % of the total tested sits.
Extrapolation trials may be done to enhance detection of
soil variation at traditional maps which permit
minimization of costs, efforts, and time.

Keywords: Terrain analysis- Soil properties— Soil
survey — Soil mapping — Correlation analysis— Regression
analysis- Rainfed - Wadi Al-Shobeity — Northwestern coast
of Egypt.

INTRODUCTION

Soil survey has played a key role in the development
of pedology, and soil maps have become valuable tools
for natural resources managements (Simonson, 1991).
But, standard soil surveys were not designed to provide
the high-resolution (about 1:5000) models and maps of
the soils continuum required in detailed environmental
modeling applications and site specific crop
managements (Peterson, 1991). Traditional soil survey
is associated with existing of some problems including:
(1) Traditional soil map neither delineate all of the
general field's variability nor represent specific soil
attribute variation, (2) Ranges of some soils attributes
(e.g. hydraulic properties) often vary by an order of
magnitude, (3) The nearest sampled pedon used to
derive a mapping unit (for specific soil attribute) could
be kilometers from the point of interest, (4) Creating
detailed soil maps (1:5000) is expensive by traditional
methods. Thus, accurate and inexpensive quantitative
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alternatives are needed (Burrough, 1986; Gessler,
1990).

There have been many attempts to characterize the
spatial variability of measured soil attributes (Webster,
1985; Yates and Warrick, 1987; Loague and Gander,
1990; Gopu et. al., 2011; Tomer et. al., 2003 ). These
attempts have concentrated on the characterization of
patterns, rather than on the linkage of pattern to process.
Quantitative interpolation techniques (e.g., kriging)
often ignore pedo-genesis, while methods based on
landscape position have lacked a consistent quantitative
framework (McBratney et al., 1991). Methods that
organize the land surface according to land form
modeling show potential for improving soil attribute
prediction, that is because geomorphological position
influences horizonation and soil attributes (Moore et al.,
1993). The relationships between topographic attributes
and erosinal processes occurring in landscapes have
been outlined by Speight (1974), Moore et al., (1991),
Wilson and Gallant, (2000), and Florinsky, (2012).
Martz and De jong (1991) stated that, "The general
pattern of association between soil loss and land form
class supports the earlier suggestion that water is the
dominant erosional agent in the basin. Low soil loss is
associated with sites of low catchment area™.

The North West Coastal zone of Egypt extends over
350 km from west of Alexandria to the Libyan border.
There are 218 drainage lines cutting the area with their
watersheds and sub-watersheds (FAO, 1970). Land use
is entirely dependent on rainfall and on various forms of
water harvesting (Moustafa, 1994). Annual rainfall is
restricted to the winter months and to a narrow 20 km
strip along the coast, where the 60 years average at
Mersa Matrouh is 144 mm (Abdel-Kader and Fitz
Simon, 2002). Potentially productive areas in terms of
runoff accumulation and soils are concentrated within a
small number of wadis and depressions (Abdel-Kader,
et al. 2004).

This study represents an incorporation of based
information process in relation to soil formation
patterns in the landscape, based on the hypothesis that
catenary soil development occurs in many landscapes in
response to the way water moves through and over the
landscape (Buol et al., 1989). Furthermore, terrain
attributes can characterize these flow paths and
therefore, soil attributes. For this study, the chosen site
at Al-Shobeity valley catchment area, west Matrouh has
relatively uniform parent material, so that a large
proportion of the local soil variation can be attributed to
changes in landforms. The overall objective of this
study is to estimate some soil properties according to
their confirmed relations with topographic attributes.
Coupling between Geographic Information System

(GIS) and landscape modeling is essential for Digital
Elevation Model (DEM) creation and soil attributes
prediction through statistical framework (Burrough and
McDonnell, 1998).

STUDY AREA

1- Site:

Studied location occupies an area of about 1920
feddans representing the catchment basin of Wadi Al-
Shobeity which lies 68 km west of Mersa Matroh in the
Northwestern coastal region of Egypt. The area is
bounded by latitudes 31° 26' 30" and 31° 29' 30 N and
longitudes 26° 38' 00" and 26° 38' 40" E. as shown in
map (1).

2- Geology:

The area under investigation is dominated by a
sedimentary succession ranging from Middle Miocene to
Quaternary. The Middle Miocene sediments are widely
spread in the table land. Quaternary deposits are
differentiated into Pleistocene formation and Holocene
geologic and environmental units which have wide
distribution and constitute the bulk of the coastal plain
(El-Shazely et. al., 1975)

3- Hydrology

The studied area is characterized by an unstable rainy
winter and a stable warm and dry summer. The
distribution of the rainfall along the coastal zone is not
even, its average amount ranges between 102 mm at
Sallum and 180 mm at Alexandria. The amount of
rainfall shows steady decrease in the inland direction
where it reaches about 50 mm within the southern limit
of the defined catchment area of the coastal zone (FAO,
1970). Consequent deep wadis found in the area cutting
the table land drain its water towards the Northern semi-
closed depressions in the coastal plain.

Temporary surface run off occurs immediately after
rainy periods and represents a definite percentage of the
rainfall. Water run off differs from one locality to
another depending on some factors such as slope, ground
topography, nature of cap rock, field water capacity and
the catchment area.

4- Geomorphology

The study area could be characterized
geomorphologically as a coastal plain bounded inland by
first escarpment of the northern elevated plateau as a part
of Marmarica formation belonging to Lybian Plateau.
That plateau could be subdivided, with regard to the
nature of drainage systems into eastern, central and
western sectors. The western sector extends between Ras
Om EI-Rakham and El-Sallum along 110 km where the
plateau lies very close to the sea.


http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=John+P.+Wilson
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=John+C.+Gallant
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1 Studied area

Mapl. Location of Wadi Al- Shobeity, West of Matrouh.

The elevated plateau or table land is dissected at the
eastern portion by numerous deep and long high density
drainage lines or wadis. Most of these wadis end in the
piedmont plain or the coastal plain which are formed
mainly of Marine deposits and contain some
longitudinal sand dunes formed by eolian deposition.
The depth of these wadis ranges between 20 and 50 m.
The majority of them have certain morphologic features
allowing the construction of dykes for soil and water
conservation. At the foot slopes of the plateau, an
aggradational piedmont resulted from the coalescence of
the fans of the dissecting wadis is well developed (Abu
El-1zz, 1971). Wadi Al-Shobeity extends from South to
North along 4.2 km cutting the lime plateau at 80 m
A.S.L. and forming a very narrow and shallow stream.
The stream becomes wider as attached to the terminal
fan in the coastal plain at 10 m A.S.L. The lower
catchment area is nearly level with very few surface
gravels and varisized highly weathered limestone grits.
While the upper catchment is obviously undulating with
abundant rock fragments.

5- Land use:

The whole catchment area of Wadi Al-Shobeity is
plowed for rain fed Barely and Wheat. Some scattered
areas located in the down streams irrigated
supplementary by ground water and cultivated with
vegetables like Tomato, Piper and Cantaloupe, while the
wadi course is fully occupied by Fig and Olive trees.
Lots of cemented stony dykes are established between
different levels along the stream (DRC, 2010).

MATERIALIS AND METHODS
1- Field work:

Area under investigation extending over 1920
feddans was surveyed using thirty soil profiles chosen
along double transects delineated through the wadi
catchment area. Location of soil profiles were chosen to
represent topographic variation associated with different
slope degrees along the descending ground heights over
sea level from southern table land towards Northern
costal plain (Map 2). Selected soil profiles were
morphologically described according to FAO (2006).
Seventy six soil samples were collected according to
profile stratification for further laboratory analyses. Soil
profile depth and A-horizon thickness were recorded.
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Map 2. Soil Profile Loication at Wadi Al- Shobeity.

2- Soil analysis:

Collected soil samples were analyzed to determine
(a) physical properties such as saturation percentage,
gravels percentage, soil texture class based on sand, silt,
and clay contents (Page et al., 1982); (b) chemical
properties such as electrical conductivity (EC), soil
reaction (pH) (Page et al., 1982) and total calcium
carbonate (Jackson, 1973)

3- Modeling of Hydro-Terrain attributes using GIS:

A grid-based DEM was designed using ARC-GIS,
9.0 (ESRI, 2006) to cover 1920 feddans toposequence
consisting of a single plot and encompasses a single
catchment area of Wadi Al-Shobeity. The DEM was
created at 100 m grid resolution in which coordinates of
crossing nodes were identified over the studied area.
Locations of studied soil profiles were chosen over 30
sites of the regular grid system. Some primary and
secondary topographic attributes were calculated from
the DEM grid based-system.

Primary topographic attributes were calculated
directly from DEM, which include elevation (m A.S.L.),
slope %, aspect (clockwise from N), specific catchment
area (m’m™), maximum flow path length (m), and
profile curvature (m™). Profile curvature is a measure of

the change rate of the potential gradient; therefore, it is
very important for water flow and sediment transport
process. A computationally efficient method of
estimating primary terrain attributes from a grid-based
DEM applies a second-order central finite difference
scheme centered on the interior node of a moving three
by three square grid network.

The secondary topographic attributes are parameters
related to surface and sub surface water and sediment
transport processes. They were included in an attempt to
relate the pattern to process. The secondary indices
involve combinations of the primary attributes and may
be derived empirically or by simplifying equation related
to the topographic aspects. Secondary attributes
includes: (1) Wetness index (wi) which characterize the
surface saturation and soil water in landscape, (2) Stream
power index (spi) which is a measure of erosive power
of over land flow, and (3) Sediment transport index (sti)
which characterize the effect of topography on soil loss
(Moore et al., 1991).

The wetness, stream power, and sediment transport
indices, in their simplest form, can be expressed as
mentioned by Moore and Wilson (1992), respectively,
as:
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Where As is the specific catchment area (m?m™), £ is
the slope angle (degree), and m=0.6,and n=1.3.

The contour lines and ground control points of the
topographic maps of the study area were used to create
Digital Elevation Model "DEM" using ARC-GIS, 9.0
(ESRI, 2006). The DEM was prepared using the
Geostatistical analyses through the best fit of an
experimental semi-variogram model then elevations
were interpolated using Ordinary Kriging (Stein, 1998).
Based on created DEM, Al-Shobeity watershed was
generated through DEM-Hydro Processing through 7
steps, starting with fill sinks, stream pattern, DEM
optimization, flow direction, flow accumulation,
drainage network ordering, and catchments extraction.
Watershed areas are normally defined as the total area
flowing to a given outlet. DEM also was used to
calculate the slope (in degrees) and aspect (measured in
degrees clockwise from north) maps of the catchment.

Drainage Network and sub-watersheds were
identified to estimate the runoff volume in the drainage
sub-basins using a rational formula (Abdel-Kader and
Fitz Simon 2002). This formula uses three parameters:
rainfall, drainage area and runoff coefficient based on
the topography, land uses and soils characteristics of the
drainage area. The runoff volume for each sub-basin in
the watershed area is estimated at average annual
rainfall equal to 150 mm.

Soil profile locations and associated spatial and
attributed data were georeferenced using UTM
coordinate system and exported to ARC-GIS, 9.0 (ESRI,
2006). Soil properties in different layers were
overlapped to generate the soil map of the studied area.
4- Statistical analysis:

Multiple linear regression analysis was performed
using SPSS software (SPSS, 2009) to relate soil
attributes to topographic features. Stepwise regression
was performed and only terrain attributes that
significantly improved the regression were brought into
regression at each step.

RESULTS AND DISCUSSION
1- General description of the studied area:

Area under investigation represents the catchment
basin of Al-Shobeity valley which has considerable
variation in elevations that obviously decreasing towards

North. Ground surface is gently undulated in general and
tend to be almost flat in the down stream. Weathered
limestone grits covering most of the area and sometimes
mixed with varisized gravels. Middle stream area is
characterized by existing non weathered rocky layers
which become very close to the surface and sometimes
exposed particularly over the southern portion. The
considered area was partially plowed for rainfed wheat
and barely, while valley course is cultivated basically
with figs and olives in addition to some vegetables.
Valley down stream receptor area is forming a fan which
is fully occupied by several fruit trees and vegetables.

2- Soil Mapping:

Based on the variations in soil depth, texture class
and soil salinity shown in table (1) which summarizes
soil properties, studied area were classified into eight
soil mapping units as showed in map (3). Table (2) listed
the definition of the grouped soil mapping units and their
corresponding areas over the catchment basin of Al-
Shobeity valley.

The analytical data of soils as seen in table (1)
emphasizes that variation among the selected sites along
the wadi are due to the differences in topography. Soil
profile depth varied within four classes from 30 cm as
shallow soil depth to 160 cm as very deep soil depth.
Very deep soils occupy 9.2 % of the studied area while
deep soils cover 12.4 % of the area. Most of the studied
areas are considered moderately deep which represent
59.7%, while shallow soils cover areas of 18.7 %, (table
2 and map 3). Based on table (1) soils having medium to
light soil texture classes ranged from sandy clay loam to
loamy sand. Sandy clay loam soils locating close to coast
over 21.6 % of the area, while coarser textures
dominated the upper stream as seen in table 2 and map 3.
Commonly, coarser soil texture approaching the bottom
of studied profiles. Most of the studied soils were non to
slightly gravelly where gravels ranged between 1.7 — 7.5
%.

Wide range of soil salinity was found, as measured
electric conductivity varied from 1.5 dS/m (slightly
saline) to 12.4 dS/m (highly saline)with moderate
common tendency of salt decreasing with depth (table 1).
Most of the investigated soils are considered to be
moderately saline over 45.5% of the total area as
indicated from table (2) followed by salt affected soils or
saline soils over 41.2 %. On the other hand, soil reaction
values were neutral to moderate alkaline tendency as pH
ranged from 8.0 to 8.5 for the whole area. As usual at
coastal sites, lime content is high with increasing
tendency with depth. Soil calcium carbonate varied
widely from 28.2 % to 42.5 %.
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Mapping Unit A Cc D G
Rep. Profile 1 7 16 6
Depth to —cm 25 85 120 160 50 100 140 15 60 80 30
Physical properties

Profile depth Very Deep Deep Moderately Deep Shallow
SP % 18.4 20.5 21.2 16.6 22.2 18.0 15.4 18.8 14.4 15.5 14.2
Gravel % 4.2 1.7 2.5 3.4 5.2 6.4 3.8 3.5 4.2 5.8 7.5
Sand % 62.5 59.8 58.7 64.2 62.8 68.0 77.4 61.6 72.2 62.1 70.5
Silt % 15.1 14.8 17.3 17.3 15.8 13.8 7.3 16.0 17.3 24.5 18.0
Clay % 22.4 25.4 24.0 18.5 21.4 18.2 15.3 22.4 10.5 13.4 11.5
Texture class * SCL SCL SCL SL SCL SL SL SCL SL SL SL
Chemical properties

pH 8.1 8.1 8.2 8.3 8.0 8.2 8.3 8.2 8.3 8.5 8.4
EC dS/m 6.5 7.9 5.0 5.4 15 4.0 3.4 10.8 8.8 4.2 12.4
CaCO; % 34.5 32.4 38.7 40.2 28.2 30.4 33.6 35.1 41.6 42.5 32.8

*SL = Sandy Loam SCL = Sandy clay loam

0.5

1.0

1.5 km

Map 3. Soil Mapping Units of Wadi Al-Shobeity.

El-Shobeity wadi course

Deep sandy clay loam saline soils

Shallow sandy loam saline soils

Mod. deep sandy loam mod. saline soils

Mod. deep loamy sand sl. saline soils

Shallow loamy sand mod. saline soils

Very deep sandy clay loam mod. saline soils

Mod. deep sandy clay loam over sandy loam saline soils

Deep sandy clay loam over sandy loam non to sl. saline soils
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Table 2. Soil mapping units and corresponding areas at Al-Shobeity watershed.

Mapping Unit RSPW Description Area (%)
A 1 Very deep sandy clay loam mod. saline soils 9.2
B 2 Deep sandy clay loam saline soils 5.3
C 7 Deep sandy clay loam over sandy loam sl. saline soils 7.1
D 16 Mod. deep sandy clay loam over sandy loam saline soils 12.8
E 18 Mod. deep sandy loam mod. saline soils 35.4
F 30 Mod. deep loamy sand sl. saline soils 115
G 6 Shallow sandy loam saline soils 8.6
H 25 Shallow loamy sand mod. saline soils 10.1

M'R.S.P = Represented Soil Profile

3- Topographic attributes and indices:

DEM Map was created after glue the 16 contour
value maps with 5 meter height interval. Fill sink and
DEM optimization were used to improve the final DEM
values map (Map 4 - a & b) which is used to create the
catchments area. The analysis of digital elevation model
(DEM) revealed that elevations of the studied area
decrease gradually from 80 m A.S.L. at table land upper
stream to 5 m A.S.L. towards the North adjacent to
shore line, as shown in map (4 - a & b). Overall slope
degrees were derived from DEM and ranged between
0.3 % and 6.2 % as seen in table (3). Slopes could be
divided into five classes (FAO, 2006) indicating
significant slope which cover a wide range from flat to
sloppy surface. Table (4) and map (4 - c) illustrate the
classes, areas and percentage of detected slope in the
studied area where gently surface slope constitute about
52.8 % of the total acreage. The slope aspect of the area
is derived from DEM and characterized by an obvious
slope dominantly towards the North and Northwest
directions (Table 3). Micro-relief varied between
leveled and strong micro-relief corresponding to erosion
effect (Table 3).

The wetness index (Wetind) identifies catchment
areas in relation to the slope gradient to draw an idea of
the spatial distribution for saturation zones or variable
sources for runoff generation. Wetind is helpful for
crops and range land improvement as well as
identification of potential sites for water and soil
conservation (Map 4 — D). Table (5) indicates that 25.8
% of Al-Shobeity watershed area has a significant
wetness index indicating zones of saturation that could
be considered in planning for crops and rangeland
improvement. The sediment transport index (Sedtind)
formulates the effect of topography on water erosion,
consequently, on sediment migration downstream which
affect mainly profile depth and soil texture. Sedtind was
calculated over DEM network nodes and found with
high values, associated with hazardous effect of erosion,
comprising 17.5 % of the watershed area (Table 5). The
stream power index (Strpind) is the product of

catchments area and slope to indicate surface runoff.
Strpind is used to identify suitable locations for soil
conservation measures to reduce the effect of
concentrated surface runoff. Strpind was calculated over
generated DEM and found high serving 21.6 % of El-
Shobeity watershed as seen in table (5).

4- Correlation between soil and terrain attributes:

Table (6) presents a matrix showing the correlation
coefficients between pairs of variables belong to soil
and terrain attributes. From this matrix it can be seen
that slope as a primary terrain property is the most
highly, positively or negatively, correlated with soil
properties where (I R 1 = 0.58 — 0.81). Significant
correlations with slope were found orderly with profile
depth, salinity, sand and silt. Wetness index is the most
highly correlated secondary terrain measure with soil
properties where (I R 1 = 0.52 — 0.77). Sand and profile
depth are orderly most correlated with wetness index. In
addition, sediment transport index is moderately
correlated only with some soil properties (I R 1 =0.18 —
0.44). Except for gravel, slope was highly correlated
with whole investigated soil properties which orderly as
profile depth, salinity, sand, silt, clay, pH and lime
(Table 6). On the other hand, wetness index was only
correlated orderly with sand, profile depth, clay, silt and
salinity (Table 6). The correlation between these three
terrain parameters and soil attributes supports the
hypothesis that the soil catena develops in response to
the way water flows through and over the landscape.
Individually, correlated terrain attributes accounted for
about one-half of the variability of profile depth,
salinity, sand and lime content.

Negative and positive correlations are found between
profile depth with slope and wetness index, respectively,
that deep and very deep profile depths are confined
where slopes are less than 1.0 % and associated with
areas that have wetness index more than 5.0. Soil
salinity was negatively affected by steep slopes due to
leaching process and positively by high wetness index
associated with precipitations at downstream.
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Table 3. Primary topographic features of Al-Shobeity watershed basin

Profile no. Elevation m.A.S.L Overall Slope, % Aspect Micro-Relief
1 12 0.5 N Leveled
2 14 0.6 N Leveled
3 18 0.6 NW Slight M.R
4 22 0.8 NW Slight M.R
5 27 0.7 NW Moderate M.R
6 32 0.8 NW Moderate M.R
7 36 0.8 N Moderate M.R
8 42 0.9 N Moderate M.R
9 44 1.8 NW Moderate M.R
10 59 3.8 NW Moderate M.R
11 61 5.2 NW Strong M.R
12 68 1.5 NW Strong M.R
13 73 1.0 N Very Slight M.R
14 78 0.9 N Leveled
15 12 0.3 N Leveled
16 16 0.6 N Leveled
17 18 1.0 NE Slight M.R
18 23 0.2 N Slight M.R
19 32 1.2 NW Moderate M.R
20 37 0.9 N Moderate M.R
21 42 0.9 N Strong M.R
22 48 1.0 N Moderate M.R
23 50 1.8 N Moderate M.R
24 54 2.4 N Strong M.R
25 57 3.8 NE Strong M.R
26 62 6.2 NE Strong M.R
27 69 2.5 NW Moderate M.R
28 71 1.0 N Slight M.R
29 72 0.5 N Slight M.R
30 78 0.3 N Leveled
N = North NE = Northern east NW = Northern west M.R = Micro relief
Table 4. Slope classes and corresponding areas at Wadi Al-Shobeity
Class Value Area (Fed.) Percent
Level 0.0-0.5% 221 115
Nearly level 0.5-1.0 % 353 18.4
Gently slope 1.0-2.0% 1014 52.8
Moderate slope 2.0-5.0 % 171 8.9
Sloppy 5.0-10.0 % 161 8.4
Table 5. Secondary terrain indices of Al-Shobeity watershed basin
Secondary Terrain Indices Area (Fed.) %
Wetness index classes
(a) high runoff generation area 952 49.6
(b) low runoff generation area 472 24.6
(c) zones of saturation 495 25.8
Sediment transport index
(a) low (0-250) 1584.00 82.5
(b) high (250-500) 336.00 17.5
Stream power index
(a) low (0-10000) 1505.28 78.4
(b) high (10000-25000) 414.72 21.6




424 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL.34, No.4 OCTOBR- DECEMBER 2013

SRR — 26°138' 00" |38 30"
26°1 38' 00" 138" 30" 26°138 00" 13830

) @)
5
e
%
N -5 0
B 2050
[ Jiozo0 Hl - o0
N 0510 B 50100
N oo [ <50

Map 4. Topographyic attributes and indices of Al- Shobeity basin: A- Terrain 3D, B- DEM,
C- Slope, D- Wetness index.

Table 6. Correlation matrix between terrain and soil attributes at Al-Shobeity basin

Prf D

-0.58 Grav

022 006 pH

035 0.46 0.88 Lime

-0.52  0.28 0.45 0.35 Sal

068 007 -025 044 065 Clay

-0.16 010 -0.35 036 0.28 -0.52 Silt

0.44 0.45 048 -054 -074 -074 -0.77 Sand

-081 -022 062 -058 -0.76 -065 -0.72 0.75 Slope

018 018 -045 0.22 0.32 0.12 018 -028 -030 Asp

065 -025 -035 042 | 052 062 060 -0.7r -0.75 0.06 & Wet

-008 -022 028 -008 -0.17 043 -012 0.22 062 -025 0.65 Str

-039 -042 044 -018 024 048 035 034 092 -032 054 0.88 Sed

Prf D = Profile depth Grav = Gravels

Sal =SalinityasEC  Asp = Aspect

Wet =Wetness index  Str = Stream power index
Sed = Sediment transport index
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Saline soils occur mainly where the slopes are less than
2 % and where wetness index is more than 5.0. Spatial
distribution of lime content does not follow wetness
index while it was obviously negatively correlated with
slope, where lime content is more than 30 % associated
with areas that have slope degrees less than 2.0 %.

5- Estimation of soil properties:

The best combination of terrain variables for
explaining the variations in measured soil attributes was
found out using stepwise linear regression analysis.
Regression equations were formulated using calculated

Soil Profile depth
A- Estimated

B- Measured
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intercepts and terrain attributes coefficients. Regression
coefficients describe the slopes of linear regression
between properties (Table 7). Only variables that
improved the regression at 0.01 level were included.
Slope and wetness index were brought into regression at
three steps. Regression equations were then used to
predict the spatial distribution of profile depth, sand,
silt, clay and salinity. Soil texture was idenified at each
grid node according to texture triangle (Page et al.,
1982). The actual and estimated values of soil attributes
were compared as seen in map (5).

Soil texture
A- Estimated B- Measured

V. deep ) i - SCL
Deep = | Bl ScLSL
M. deep ] s
Shallow LS
Soil salinity
A- Estimated

il

B- Measured

\ 00 05 10 15km
i
| Saline
M. saline
Bl 5! saline

Map 5. Comparizon between (A) estimated and (B) measured spatial distributions of soil
profile depth, soil texture and soil salinity at Al- Shobeity Watershed basin.
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Table 7. Regression equations relating measured soil properties with significant terrain

attributes at 0.01 level

Soil prop. Terrain attr. Intercept Slope Wetness index  Stream power index R?
Profile depth (cm) 0.08 -0.08 (1) * 0.05(2) 0.04 (3) 0.68
Salinity (dSm™) 3.14 -0.82 (1) - 0.75 (2) 0.48
Sand (%) 5.72 1.14 (1) 1.08 (2) - 0.55
Clay (%) 7.86 0.54 (1) - 0.40

* Numbers between parentheses indicate the order in which the variable brought into regression

The regression analysis reasonably succeeded in
explaining from 40 to 68 % of the measured soil
attributes variability. High degree of similarity was
achieved for the soil spatial distributions between
measured properties and estimated ones using terrain
measurements as seen in map (5). Terrain attributes
succeed in prediction of profile depth, soil texture and
soil salinity over 89, 84 and 75 %, respectively, of the
sampled locations, which could be considered quite
good. That terrain—based technique succeeded in
achieving the inner variation of soil properties.
Traditionally, soil studies have not incorporate
information about local process like solute and sediment
transport according to hydrology, hence have not been
able to predict soil spatial variability within a soil map
unit. Estimation of soil attributes using their correlations
with terrain features may be applied as a first step to
guide sampling and model development in unmapped
areas. Results presented in this study emphasized on that
significant impact of catchment basin hydrology on soil
attributes re-distribution, therefore on crop production
potential. Surface soil properties are most modified by
land management, so lower horizons are most affected
by topographic attributes. High resolution DEM may be
hermeneutic for characterizing microscale variations in
the terrain.

The standard errors (SE) of prediction associated
with soil properties estimation were 0.22, 0.31 and 0.26
for soil depth, texture, and salinity, respectively. These
low values indicate reasonable results of similarity
between actual and estimated data.

REFERENCES

Abdel-Kader, F.H. and J. Fitz Simon, (2002) Participatory
Land and Water Management in Dryland Agropastoral
Areas. NW Coast of Egypt. Final Report, Department of
Soil and Water Sciences, Faculty of Agriculture, Univ. of
Alexandria, Egypt.

Abdel-Kader ,F. H. ; J. Fitzsimons ; M. Bahnassy and A.
Moustafa (2004) Challenges in Resource Management in
Rainfed Agriculture in Wadi Naghamish, North Western
Coastal Region, Egypt. Egyptian J. Desert Res., 54, No.2,
237-258

Abu El-1zz, M. S. (1971). Landforms of Egypt, John Wiley
and Sons, New York.

Buol, S. W., F. D. Hole and R. J. McCracken (1989) Soil
gensis and classification. 3rd ed. lowa State Uni.

Burrough, P. A. (1986) Principles of geographical information
sys. for land resource assessment. Oxford Uni pub. UK.

Burrough, P. A., McDonnell, R. A. (1998) Principles of
Geographical Information Systems. New York: Oxford
University Press.

Desert Research Center (2010) Development of Northwestern
coastal wadies. Progressive report. DRC publications.

El-Shazely, E. M., Abdel Hady, M. A. and El-Ghawaby, M. A.
(1975) Geologic interpretation of LANDSAT satellite
images for west Nile Delta area, Remote sensing research
project. Academic of scientific research and tecknology,
Cairo, Egypt.

ESRI (2006) Arc-GIS user manual. Version 9.0. Redlands.
California.

FAO.(1970) Pre investment survey of the northwestern coastal
region. ESE : SF/UAR 49

FAO (2006) Guidelines for soil profile description. 4th ed.,
FAO Publications, Rome.

Florinsky, 1.V. (2012) digital terrain analysis in soil science
and geology. Elsevier / Academic Press, Amsterdam,
ISBN 978-0-12-385036-2.

Gessler, P. E. (1990) Geostatistical modeling of soil landscape
variability within GIS framwork. M.S thesis. Wisconsin
Uni. Pub.

Gopu S., Bimlesh K. and Achanta R. (2011) Variation of
stream power with seepage in sand-bed channels. Water
S.A. journal, vol.37 no.l. Pretoria.

Jackson, M.L., (1973). Soil chemical analysis. Advanced
course Ed.2. A Manual of methods useful for instruction
and research in soil chemistry, physical chemistry of soil,
soil fertility and soil genesis. Revised from Original
Edition (1955).

Loague, K., and G. A. Gander (1990) R-5, Spatial variability
of infiltration on a small rangeland catchment, Water
Resour. Res. 26: 957-972.

Martz, L. W. and E. De Jong (1991) Using cesium-137 and
land form classification to develop a net soil erosion
budjet for watershed. Catena 18: 289-308.



Mohamed E. A. Khalifa: Terrain Analysis as a Criterion for Soil Attributes at Wadi Al-Shobeity, Northwestern Coast, Egypt

McBratney, A. B., G. A. Hart and D. Mcgarry (1991) The use
of region partitioning to improve the representation of
geostatistically mapped soil attibutes. J. Soil Sci. 3: 513 —
533.

Moore, I. D., R. P. Grayson, and A. R. Ladson (1991) Digital
terrain  modeling: A review of hydrological,
geomorphological, and biological applications. Hidrol.
Process 5: 3-30.

Moore, I. D. and J. P. Wilson (1992) Length - slope factors in
the revised universal soil loss equation: Simlified method
of estimation. J. Soil Water Conservation. 47: 423-428.

Moore, I. D., A. K. Turner, J. P. Wilson, S. K. Jonson, and L.
E. Band (1993) GIS and land surface- sub surface process
modeling. Oxford Uni Pub.

Moustafa, A.T.A. (1994) Agriculture Development in the
Northwestern Zones of Egypt. In: FAO. 1994. Water
Harvesting for Improved Agricultural Production. Cairo,
Egypt 21-25 November 1993. FAO Water Reports 3.
Rome.

Page, A. L., Miller, R. H. and Keeny, D. R. (1982). Methods of
Soil Analysis, Part 2- Chemical and Microbiological
Properties. Agronomy Monograph No. 9. ASA, SSSA,
Madison, WI.

427

Petrson, C. (1991) Precison GPS navigation for improving
agricultural productivity. GPS World 2 (1) : 38-44.

Simonson, R. W. (1991) The U. S. soil survey — contribution
to soil science and its application. Geoderma 48: 1-16.

Speight, J. G. (1974) A parametric approach to landform
regions. Spec. Publ. Inst. Br. Geogr. 7: 713-230.

Statistical Package for the Social Sciences (2009) SPSS, V: 15
Command Syntax Reference SPSS Inc., SAGE London,
UK.

Stein, A. (1998) Spatial Statistics for Soil and the
Environment, soil survey course, ITC, lecture note,
Enschede, The Netherlands.

Tomer, M.D., D.E. James, and T.M. Isenhart. (2003)
Optimizing the placement of riparian practices in a
watershed using terrain analysis. J. Soil Water Conserv.
58:198-206.

Webster, R. (1985) Quantitative spatial analysis of soil in the
field. Adv. Soil sci. Vol. 3. Springer — Verlag. NY.

Wilson P. John and Gallant C. John (2000) Terrain Analysis:
Principles and Applications. Wiley — John Wiley & sons
pub. ISBN: 978-0-471-32188-0

Yates, S. R. and A. W. Warrick (1987) Estimation soil water
content using cokriging. Soil sci. Soc. Am. J. 51: 23-30.


http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=John+P.+Wilson
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=John+C.+Gallant

428 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL.34, No.4 OCTOBR- DECEMBER 2013

k},}’d‘ da.";.u.\
A cd‘}d\ Sleid! J.?L..J\ ‘Lsh-:?.“i‘j‘ $3 4 3..:}’{5\ ol )w&)% d\f—}hj‘ J,,L?:;:S\

il ol ue e #

Joo Jos @l Bl miy LUL &) 2S5 bl Ly
el ) 3> s —strind s 35 s — wetind JMxy)
e ot s K sl st B3l ) me csedind
el ly et Sl Yl OF il conagl L S
dor e Las 8 ol e B8 0 5 ) 80 oo 4]
Cio G %0.2 =0.3 o b comglj A Lpadons dmban
o By sl o Lo plal dd ) lenn (2,1 o Lo
oo %652.8 il Jo (%2-1)cnbl LU i3 mslodl 3l
dal o %8.4 Jo (%10-5)abl ~obudi jLad)y kil
oo wetind eyl Js o8 e lely diball cond i L
el o0 %25.8 o o llb B3 15 8 Bpme pLul
bl Bl bl wole Ly e sbles™ Ll
o ceait] A b e %49.6 Jo ubdl U "aisl)
dwg)ll) aalddls strind sl 5 sedind cols )l 3> L
Al e %21.65 %175 Lo L gpme Ld W e
oliall gn bl oMulee Bsine oAl e aLll
3o ol sk Sl U 0T ezl &0Vl 21250k
—eed) — o~ 4 e Sl s bl S
bl ol Al e A Jels k)
ShaeS Y1 s o Ly .0.81 -0.58 o L LY
—iA) gas = o) Slio e L) sV s 56 BlLesb
LU belas #ol e i glll —edd) - el
of Boeal) 200 OF Ll i) comngfy .0.77 = 0.52 0 b
% 1 oo b Laise L V) ikl 0555 Y gonl) s2])
oF Y 0sSs Y aedll 23 Of L™ 5 e ) s
o Y sl L5 e ST OS] sy %2 e 8T U
32) b A3l eglall liall bl o¥sles Olud 10 sias

L lagiy Syime B3| 39y o dly ) ouST o Lilian

o Ugmle sk 551 B3V 3 mglsld) (o ok i

s Cosd A3y S plee e duhall Sb cldans)
& o Bl Wlste g5 Y glly B ol olial) oIS
ods oy AL 5SS Slilasy Lalsad oy 1 Lad 2l
Gag @y gl Slio 3 Jededd ad OF Lo aul )
o o 3L Bbzal OSC JW mendl 2l ol
s Budy sl o ) mhe Jo 3 O clpe laaYl
bl o lely 2l aflas mjg ey ) 2ul)
s SW Bl iS5 e 5 Y1 8T s 1085kl wliall
Sy eyl adate gl oty Yy =W myj B3ke) o ¢
@l W el (o ) 06 1920 2l o it
oS08 4 makee o day sllly S Cpall ()l as T Lol
glas 30 sl o)l Akt auly ) 2ibie o & L2
Amslhygaschl gl (e oo cas slan) o Jut oo
Jedl B 5> dgedl Ll Aodl e ledy ddbaiad) dlzll
e el s ad)sadall UMY B Ltad il L)
L cald aed)] Ol O sde 5 SGI Laall st
Of oo o L amgllly plodlly o)) ol os Sliv (3 e
Loty ol Lowsta o) plad 13 gyl 2Ll 0 %59.7
sl Al 0 % 21.6 Ged)) supisy dhea)l L cas
S el iy el 2wl s
iawge 4] An das Wbl (s Ayl 2Ll 0 % 88.4
%26.7 il Jo a5l 35U 3M o ag] Lty 25l
@l W pendl (oot DLl () E3sadl cli] £
wieg (2100 oslaf DL~ sa2 bz S pllas plisanl
Sy BV a3LE L) Sliall Clas @ 2L 1Dl 1lse
SV sl JU sladl aeles —agdl - L) Less
Sy BpWl 2ileglll Y Clam & LS B3 mhaw oo



Mohamed E. A. Khalifa: Terrain Analysis as a Criterion for Soil Attributes at Wadi Al-Shobeity, Northwestern Coast, Egypt

A Olisy sl ol dly sapadl Leolad) 6 sl
Ll JMaza] dole 3 tadd) col ] b, aloV)
Al wlie ol Lad G phld Wik LR wlio
e R dat csly dwilbeae Bus)l Susy S 5l
G il Lol pliay] s 83k Wby gyl dilaial]
10,31 DY ik Gl ane i Uy B30 lia)
et ilas) dolas LISy gy <y 5 SYgxa] me Ll

429

—0.68 & Sy belee gliny Ui 0.01 agine sy
~al plad gas olial Col Je 0.40 -0.55 -0.48
SV @Yslee condsizal @ oplal) A = Jo )l 2 — il
olia) WY asgdlly sledlly LAl Ges  ailes 0l
cliall el i LIS Blayyy bis vy ao &35k
Ja OF o aahll ST o 2add) b Bl 5l
¢ adddly 5l L) Slisy o GBS il 3 S o)
wlo) el gl Lt o P s LS 0SS



