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ABSTRACT 

 
The aim of the current study is to employ the advanced techniques of remote 

sensing and GIS to assess the soil mapping of large areas. 
The study area is located at the north east of the Nile Delta. It occupies the entire area 
of El-Ismaillia Governorate and covers an area of about 2800 km2. 
The ASTER data showed that the physiographic units of the area under investigation 
were fluvio- marine deposits, river terraces, outwash plain, plain, wadi, wind blown 
sand, sand dunes, Nile deltaic deposits, depression and rocky land.  

The soil map of the studied area generated from the produced physiographic 
map of the area and the morphological features combined with analytical data of the 
studied soil profiles. The soil map showed the following subgroups: Typic 
Haplotorrerts (14%), Typic Torriorthents (25%), Typic Torripsamments (50%), Vertic 
Torrorthents (2.6 %), Gypsic Haplosalids (2.3 % of the total study area). 

 
INTRODUCTION 

 
Agriculture is an important component of the Egyptian economy and 

essential for food supply. A great burden is put upon agriculture to increase 
the national income. Therefore, much attention has been paid on huge 
agricultural projects 

Soil survey and classification are important and even are essential for 
land use planning and management programmes for agricultural 
development. The information that is obtained through soil survey 
investigation may define the soil qualities and identify the soil capability for 
agriculture.  

However it is very important to maintain and conserve the land 
qualities which can be achieved through successful management programs 
and continuous and tedious monitoring. Remotely sensing data provide 
cheep and easy means for assessment and monitoring of agricultural 
projects.   

Ghabour and EL - Taweel (1998), used landsat-5 TM image to identify 
the physiography of Um-Shaihan area, Northern Sinai Governorate .They 
could map four geomorphologic units in the area, namely, wadi, floodplain, 
aeolian sand deposits and sand dunes. The soil of flood plains and terraces 
are classified as Xeric Torrifluvents, while the soils of aeolian deposits are 
classified as Xeric Quartzipsamments. 

Rajeev and Saxena (2004), experienced the soil mapping using remote 
sensing data. IRS-1C PAN merged data were interpreted visually in 
conjunction with Survey of India (SOI) toposheet and available ground data to 
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prepare the physiography-land use (PLU) map. The PLU delineation 
explained a three-tier approach comprising landform, slope and land use 
characteristics of a given parcel of land.  

Zhou and Wang (2003), developed a machine-learning approach for 
automated building of knowledge bases for soil resources mapping by using 
a classification tree to generate knowledge from training data. The knowledge 
base developed by classification tree was used by the knowledge classifier to 
perform the soil type classification using Landsat Thematic Mapper bi-
temporal images and geographical information system data. The accuracy 
assessment and analysis of the resultant soil maps suggested that the 
knowledge bases built by the machine-learning method was of good quality 
for mapping distribution model of soil classes over the study area. 

The aim of the current study is to employ the advanced techniques of 
remote sensing and GIS to assist the soil mapping of large areas. 

 
MATERIALS AND METHODS 

 
The case study area is located at the north east of the Nile Delta 

between longitudes 31º 45' 13" and 32º 27' 10" E and latitudes 31º 07' 12" 
and 30º 12' 22" N, (Fig. 1). It occupies the area of El-Ismaillia Governorate. It 
is bordered from the north by El-Manzala Lake and the east by the Suez 
Canal, by El-Temsah Lake to the south and from the west by El-Sharqia 
Governorate. It covers an area of about 2800 km2 (about 666490 fed.). The 
selected area for the current study has potentialities for agricultural use. 

 
Figure (1): Location map of the case study area 
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A number of 11 sheets of topographic map at scales 1:50,000 and one 
sheet at 1:100,000, covered the area, were scanned, geo-referenced and 
digitized using ERDAS software. Four sheets of the Soil Maps of Egypt at a 
scale of 1: 100,000 covered the study area. 

Two Landsat ETM+ images (path 176 - row 38 and 39 acquired on 
11/11/2000) with a Projection UTM (Projection type: UTM, Spheroid name: 
WSG 84, Datum name: WSG 84, UTM zone 36 N) were obtained. They were 
geometrically corrected images and covered the study area. A mosaic was 
assembled of Landsat ETM+ images and reprojected into the ETM system. 
This mosaic was used as master map to georeference the ASTER images of 
the study area using image- to image geometric correction module in ERDAS 
IMAGINE 8.4. The resampling method Nearest Neighbour was selected to 
resample those images. 

Four ASTER scenes that covered the study area and acquired on 26-
2-2005, 2-2-2002 (the first two scenes), 31-5-2001 (the last two ones) were 
ordered. Each scene has 14 spectral bands and covers 60 x 60 km. They 
were geometrically and radiometrically corrected. These scenes were then 
joined together to create a mosaic representing the case study area. 

Contour segment map was created from the topographic map and 
used to produce a Digital Elevation Model (DEM) of the study area using 
ILWIS software. The ASTER colour composite of bands 6, 3 and 1 was 
draped over the DEM to create a 3D view of the study area. The 
geopedological approach, (Zinck, 1988) for the physiographic units 
interpretation was, then, applied to the 3D view. The visual interpretation, by 
employing the geopedological approach, was conducted to produce soil map. 
The soil units were checked, then after, in the field. Sixteen soil profiles were 
selected in the area, morphologically described following FAO (2006) and 
sampled for laboratory analyses according to Black et al (1982) and De 
Coninck (1978). They were then classified according to Keys to Soil 
Taxonomy, (USDA, 2006). 

Sixteen soil profiles (Fig. 2) were selected according to the produced 
physiographic map of the area as well as the variations of the landscape and 
soils in the field. They were dug, morphologically described on the bases 
outlined by FAO (2006) and tentatively classified according to USDA (2006). 
A total number of 37 soil samples representing the different layers of the 
selected profiles were collected for Lab analyses. 
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Figure (2): Location map of the selected soil profiles on a CC of ETM+ 

bands 7, 4 and 2 
 

RESULTS AND DISCUSSION 
 
Physiography of the area 

The interpretation of the remotely sensed data for mapping the 
physiographic units of the area under investigation had been implemented 
through visual interpretation of the 3D view of the colour composite of ASTER 
data band 6, 3 and 1. The 3D view was created by draping the colour 
composite over the DEM which was generated from the digitized contour map 
of the area.  

The classified image (Fig. 3) shows the physiographic units, the 
northern portion of the area occupied by the fluvio - marine deposits. This 
area was formed from Nile alluvium and Lake El-Manzala deposits. This 
physiographic unit covered almost 14% of the area in concern. The river 
terraces covered a considerable area of the middle part of the study area. It 
had an area of approximately 45% of the total area under investigations. The 
outwash plain represented nearly 13% of the area and located in the 
southern portion and to the north of the rocky land which covered almost 7% 
and laid along the southern boarder of the study area. Small area of about 
1.5% of the area was found to be wadi and was bordering the northern edge 
the outwash plain.  

Wind blown sand unit represented approximately 7% of the study area. 
It was located in the middle part and extended from east to west. Two areas 
of sand dunes were laying to the west in the middle portion of study area and 
represented almost 4.4% of the entire area under investigation. The Nile 
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deltaic deposits formed about 2.6% of the study area and were located to the 
west of the middle part.  A plain physiographic unit was found to the south of 
the fluvio - marine unit. It covered nearly 2% of the study area. 

The Nile deltaic deposits formed about 2.6% of the study area and 
were located to the west of the middle part.  

A plain physiographic unit was found to the south of the fluris-marine 
unit. It covered nearly 2% of the study area. 

The main depression unit was located to the east in the middle 
proportion of the study area and found to occupy about 2.3% of the total area 
under investigation. It was low situated area and characterized mostly by high 
water table level or submerging. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

           Figure (3): Physiographic units of the case study area 
 
FAO (1966), described two landscapes to the east of Nile Delta; a) 

fluvio-marine flats and b) river terraces. Both were originated from fluvial and 
deltaic origins. Between these two landscapes, there is a wide transitional 
zone, strongly affected by wind action and consisting of nearly flat plains, 
gypsiferrous swamps, gypsiferrous sandy soils, wind blown sandy soils, with 
dunes or hummocky relief and small strip of transitional soils. 
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Table (1): Area of the physiographic mapping units of the case study 
area 

Physiographic units 
Area 

km2 fed 

Depression 65.60 15620.00 

Nile deltaic deposits 72.64 17294.25 

Outwash plain 364.22 86719.81 

Plain 57.73 13744.51 

River terraces 1302.45 310107.20 

Sand dunes 122.95 29274.52 

Wadi 32.25 7678.11 

Wind blown formations 198.54 47271.91 

Fluvio-marine deposits 387.54 92271.39 

Rocky land 195.34 46508.71 

Total area 2799.26 666490.42 

 
Soils of the area 

The soil map of the studied area, (Fig. 4) and the areal coverage, 
(Table, 2) were generated from the produced physiographic map of the area 
and the morphological features, (Table, 3), combined with analytical data, 
(Table 4), of the studied soil profiles. The soil map showed that the soils of El-
Ismaillia Governorate belong to five subgroups distributed over the entire 
area of the governorate at different localities and various acreages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4): Soil map of the case study area 
 
Table (2): Area of the soil mapping units of the case study area 

Soil unit 
Area 

km2 fed 

Gypsic Haplosalids 65.60 15620.00 

Typic Haplotorrerts 387.54 92271.39 

Typic Torriorthents 652.74 155414.35 

Typic Torripsamments 1425.40 339381.72 

Vertic Torriorthents 72.64 17294.25 

Rocky land 195.34 46508.71 

Total area 2799.26 666490.42 
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Table 4: Chemical analyses of the studied soil profiles 

Profile 
No. 

Depth 
Cm 

EC 
dS/m 

pH 
Soluble cations in meq/l 

Soluble anions in 
meq/l 

OM 
% 

Gypsum 
% 

CaCO3 
% 

Ca2+ Mg2+ Na+ K+ Cl- HCO3
2- SO4

2- 

1 
0-20 
20-60 

2.60 
5.27 

8.21 
8.25 

4.80 4.46 16.44 0.30 15.65 3.85 6.33 0.83 1.55 7.71 

10.23 9.38 32.19 0.90 32.76 6.97 12.33 0.26 3.66 2.79 

2 

0-40 3.12 8.60 6.48 5.92 18.66 0.14 18.38 3.21 9.00 0.33 1.78 3.91 

40-50 4.06 8.36 11.36 9.30 19.29 0.65 25.56 4.65 9.67 0.08 6.17 1.34 

50-90 4.32 8.42 12.00 10.31 20.62 0.27 24.56 4.84 13.33 0.26 4.22 2.91 

3 
0-30 66.3 7.72 154.84 96.9 391.16 20.1 500.6 9.85 151.67 0.48 25.13 0.78 

30-80 60.5 7.68 137.88 87.01 355.04 25.07 482.3 9.07 113.33 0.87 22.45 3.58 

4 

0-30 4.62 8.03 14.68 8.13 23.13 0.26 29.30 4.71 11.67 0.74 2.98 6.82 

30-80 5.01 8.41 15.15 10.19 24.50 0.26 23.84 6.07 19.67 0.24 3.81 6.59 

5 

0-20 0.88 8.31 1.44 1.63 5.52 0.21 5.73 1.49 1.33 0.67 1.02 3.02 

20-60 2.18 7.54 4.32 9.51 7.35 0.62 11.66 3.71 6.33 0.64 4.81 0.22 

60-100 2.92 7.75 7.92 2.28 18.92 0.08 14.93 3.70 10.33 0.27 5.29 3.91 

6 

0-25 1.02 7.83 1.44 1.04 7.41 0.31 4.91 1.42 3.67 0.28 1.47 3.80 

25-35 4.12 8.07 12.6 4.96 23.34 0.30 23.52 4.71 12.67 0.01 3.67 2.01 

35-90 2.93 8.38 10.08 7.90 10.88 0.44 8.60 2.75 17.67 0.48 2.23 4.02 

7 
0-20 4.71 7.88 6.40 7.00 31.47 2.23 32.94 4.87 9.00 2.07 1.55 3.35 

20-110 1.51 8.55 2.92 1.87 9.72 0.59 6.64 3.26 5.33 0.05 1.11 2.91 

8 

0-20 3.25 8.46 11.52 5.22 15.58 0.18 21.84 4.68 5.67 0.71 1.91 3.02 

20-50 2.25 8.60 4.01 3.56 14.83 0.10 11.83 4.69 5.67 0.12 1.23 4.36 

50-120 1.63 8.16 3.98 5.23 6.76 0.33 8.52 3.21 4.33 0.14 2.36 2.12 

9 
0-30 2.32 8.24 6.98 5.99 9.85 0.38 8.90 2.59 11.33 0.05 1.44 2.23 

30-110 2.56 8.15 8.88 5.16 11.25 0.31 13.96 4.27 8.03 0.12 3.45 2.79 

10 
0-30 1.56 7.98 4.98 3.55 6.79 0.28 7.91 2.17 5.33 0.12 2.45 4.02 

30-120 0.64 7.84 1.01 0.29 5.00 0.10 3.32 1.08 1.67 0.17 0.23 4.36 

11 
0-50 3.55 7.77 9.20 6.27 19.56 0.47 16.14 2.71 7.67 0.28 2.95 4.69 

50-100 2.80 7.45 3.78 11.09 13.05 0.08 13.99 4.49 9.33 0.28 1.88 3.13 

12 
0-30 2.98 7.62 8.48 6.73 14.16 0.43 16.38 4.71 8.67 0.12 2.51 2.46 

30-80 2.02 8.28 4.66 9.96 5.26 0.32 9.16 4.49 6.33 0.50 1.23 4.92 

13 

0-10 1.32 7.72 2.52 2.13 7.81 0.74 5.66 3.77 4.67 1.18 0.47 1.12 

10-40 2.09 8.74 3.38 4.68 12.76 0.08 10.25 4.28 8.67 0.10 1.25 3.27 

40-120 0.76 7.80 1.34 1.01 5.00 0.25 4.09 1.07 3.33 0.32 1.08 3.91 

14 
0-35 2.43 7.82 7.32 4.42 12.57 0.08 10.39 4.71 9.00 2.18 1.20 2.35 

35-80 1.06 8.10 3.14 1.49 6.59 0.38 5.72 3.07 1.67 0.01 1.01 4.69 

15 
0-10 3.28 7.60 10.44 6.82 15.21 0.33 17.56 4.49 10.67 0.01 2.43 2.46 

10-120 2.56 7.44 8.64 8.10 8.81 0.05 12.83 4.79 7.67 0.05 1.11 5.25 

16 
0-20 2.57 7.46 4.98 3.96 16.57 0.18 13.77 3.64 8.00 0.01 1.47 3.46 

20-120 1.15 8.14 1.74 0.89 8.77 0.10 5.28 3.37 2.67 0.01 1.01 2.79 

 
The main properties of these subgroups may be summarized n the 

following: 
Typic Haplotorrerts 

The soils belonged to this subgroup were found to be developed on the 
fluvio-marine landform and covered about 14% of the area. They were, 
generally, heavy textured soils, slightly to moderately saline having gypsum 
content ranged between 1.55 and 6.17% and lime fluctuated from 1.34 to 
7.71%. The remote sensed data showed that the area was under agricultural 
use where part of it was cultivated and another part was follow soils. It was 
also partially occupied by fish ponds. They are among 220 thousand feddans 
to be reclaimed and irrigated from El-Salem canal in the region west to Suez 
Canal. 
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Typic Torriorthents 
They were formed on different landforms namely wadis, plains, 

outwash plains and wind blown sand, therefore they were distributed at 
different localities over the studied area. These soils covered approximately 
one-fourth of the entire area under consideration. They were characterized by 
medium texture, non- to slight salinity, gypsum content between 0.47 and 
5.29% and lime content of 0.22% to 4.92%. These soils were mostly 
cultivated, specially around the irrigation canals (El-Ismaillia Channel), as that 
appeared on the colour composite of ASTER data bands 6, 3 and 1 or 4, 3 
and 2 or 3, 2 and 1 rendered into RGB, respectively. However, the rest of 
their areas were barren land. 
Typic Torripsamments 

The soil belonged to this subgroup were developed on both river 
terraces and sand dunes landforms. They occupied most of the middle and 
southern portion which represented about half of the study area. They were 
mainly sandy soils with deep profile, slightly to moderately saline, 1.11% to 
3.45% gypsum content and 2.12% to 5.25% lime content. The ASTER data 
showed that most of the area was barren land and there were attempts to 
cultivate and reclaim some parts especially, north and South of Wadi El-
Tumilat and along the Cairo – El-Ismaillia Road. 
Vertic Torrorthents 

This type of soil was formed on Nile deltaic deposits which represented 
nearly 2.6% of the total studied area and located at the west of the middle 
portion. This soil was characterized by clayey texture, non- to slight salinity, 
gypsum content of about 1% and lime content of almost 5% or less. The 
remote sensed data revealed that these soils were intensively cultivated with 
vigorous vegetation. 
Gypsic Haplosalids 

The gypsic soils were developed on depressions that mainly existed to 
the east of the middle part of the study area and covered almost 2.3% of its 
total area. They were heavy textured soils that had very high gypsum content 
up of 25% and lime to almost 7% as well as high salinity which reached to 
about 66 dS/m. The colour composite of ASTER bands 6, 3 and 1 coded in 
GB showed that considerable portion of the area occupied by swamps of 
deep and shallow water. However, it was noticed that there was some 
cultivated and newly reclaimed areas along the irrigation channels and the 
edges of the swamps. 

According to the Soil Map of Egypt, the soils of the case study area 
were classified into two main soil orders, namely, Aridisols and Entisols, 
(ASRT, 1982). The Aridisols were distributed among three subgroups, 
Aquollic Salorthids, Petrogypsic Gypsiorthids and Typic Gypsiorthids. The 
Entisols, on the other hand, were classified into Typic Quartzipsamments and 
Typic Torripsamments, Typic Torriorthents and Vertic Torrifluvents.  
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وإظدددتاخلو اووددد  اااقشددد  لاعددد اخ ددد لخىدددساخدادددقئ ختاقلإ ددد  اخ عددد خ ائدددلخ  اخأإ
اخلجغلخف ة

ا-1ف  وددددةاعخدددد اخلددددلحو ا دددد لسا-2ثددددلو ا  ودددد ا خددددولا-1حادددد اعخدددد اخلادددد اوشددددل 
ا2واحلاعخ اخلا ااا تاش ه  اا2وإ لاولخ اوهخ 

اـاقاتاخألخىساـا ا  اخلزلخعةاـاج و  اخلوإصولةا1
اخلل هلةا-خللووسالاخحوثاـاخل قسااـاقاتاخألخىساوإاقغلا اخلو  هاـاخلول زا2
 

يهدد ه اددلب ب إلددت إ ددا تقنيدده ب تقديددللإ ب عتق عددب   وتظددالم لددا إادد  قدندد  ب عا قعددللإ 
 ب جغمبفيب فا إل ب  خمبئط بلأمبضا   عوللللإ ب كإيمة. 

ودعللي يه  تل ب ديل قتظغل عولله عللفنه بلإ  مبوب ظعلل ظمق  ب عختلمه  عدطقه ب تقع ق 
 كي ق عتم عمإع.  0022إعق بم لقب ا 

قجدق   ASTER ق ق  أقضللإ ب  مبوب إإوتخ ب  إيلددللإ بلإوتظدالم لدا إاد  عدا ددق   
 ب قل بلإ ب فيزيقجمبفيه بلآتيه:

ـ ب وهقل ـ بلأق يه ـ ب معلل ب ولفيب ـ  قل ب فيضيبب تمويإللإ ب دهميب ب إلميب ـ ب ظمفللإ ب دهميب ـ ب وه
 تمويإللإ ب   تلقيه ـ ب عدخفضللإ قبلأمبضا ب صخميب .ب كوإلا ب مع يب ـ ب 

عخت فددب قكددل   ب قلدد بلإ ب فيزيقجمبفيددب ب  أختيددملإ  تع ددلقطللددل أمضدديل  61ققدد  تعددلإ  مبوددب لدد   
 ب لقل. ب تغيمبلإ ب عمئيب فا

مبفيددده قب خصدددلئ  طقددده ب  مبوددده عدددا ب خميطدددب ب فيزيقجق قددد  تددد  إدتدددللأ خميطدددب بلأمبضدددا  عد
ققجد  أا أمبضدا  ،يل ب عاع يب   قطللللإ بلأمضديه ب عع  ده   عدطقدب ب ع مقودبب عقمفق قجيه قب تلل 

 تا:قاا كللآ Subgroupب عدطقب تدقو  إ ا خعوه تللإ عجعقلللإ 
  Typic Haplotorrerts عا ب عوللب ب ك يدب إيدعدل ب دـ  %61قتع ل Typic Torriorthents  

عددا ب عوددللب  Typic Torripsamments 22% تلتددل ب ددـق ،عددا ب عوددللب %02تظددغل 
ـ عددا ب عوددللب ب ك يددب، قأخيددمب ب ـدد % Vertic Torriorthents 0,1 ب ددـ قتغطددا ، ب ع مقوددب

Gypsic Haplosalids    عا ب عوللب ب ك يب % 0,3تع ل. 


