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Abstract---The North East area of El Baharya Oases represents one of 
the highest priority areas for future agricultural development in Egypt. 
The study area is located between longitudes 29° 9' 28.354" , 29° 27' 
38.264” East and  latitudes 28° 47' 26.562"  , 29° 3' 17.531"  North and 
covers an area of about 101294 feddans.  A physiographic map was 
produced to present  the mapping units of the study area.  The area 
was classified into two landscapes, i.e., plateau represents 23.77 
% of the total study area and plain which covers an area of about 77212.3 
feddans (76.23 % of the total study area).  Land capability was used to 
evaluate  the  soils  of  the study area. The study  area  was  classified  into  

four  capability subclasses, i.e.,  S2x,  S3x,n  , S3x,d  and  N1x,d,n  .The  soils  of  S2x  

(69.26  %  of the total area) have  moderate  limitations  for  agricultural  

crops, whereas texture is the most limiting factor. The area of S3,x,n (18.52 

%) whereas texture and salinity are limiting factors while the soils of S3xd 

(5.64 % of the total study area) whereas the texture and depth  are 
limiting factors.  On other, hand the soils of N1x,d,n  (6.58 % of the total 
study area) whereas the texture, depth  and  salinity  are  the  main 
limiting factors for  agriculture.  Four crops were selected  to  assess their   
soil   suitability   for   cultivation   in   the   study   area,   i.e.,   wheat, 
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barley, tomato and olive. The results indicated that olive was the best 
crop for growing in such soils. 

 
Keywords---capability, suitability, mapping, GIS, RS. 

 
 

Introduction 
 

Desert and uninhabited land represents approximately 95% of the total  area  of 
Egypt. Consequently, the majority  of  the  population  is  concentrated  around  the 
Nile valley and in  the  Nile  Delta.  This  unbalanced  distribution  of  inhabitants 
causes serious social and  economic  problems,  as  the  over-increasing  population 
has resulted in a decrease in agricultural area per capita from 0.12 ha. in 1950 to 
0.06 ha. In 1990 (Suliman 1991) and 0.04 ha. In 2009 (CAPMAS 2009). Land 
evaluation is an important step in the process of land use planning  where resources 
are limited. Land evaluation is concerned with the assessment of land performance 
when used for specified purposes (FAO, 1976). Although several land evaluation 
models have been developed  to  provide  a  quantified  procedure  to match land with 
various actual and proposed  uses,  there  is  no  single  or  unified land evaluation 
modeling approach (Rossiter, 2003). 

 
Computer based decision support model have been developed towards land 
evaluation (shim et  al  2002).  Land evaluation  through  map  analysis  techniques 
has been accomplished using geographic information system (Baja et al 2002, 
Kalogirou, 2002). The potential  of  the  integrated  approaches  using  GIS  and  RS 
data provides useful  tools  for  quantitative  land  evaluation  (Martin  and  Saha 
2009). The land  evaluation  and  mapping  for  North  East  El  Bahariya  Oasis  area 
are essential actions in order  to  maintain  the  sustainable  development  of  effort 
and investment as well as the sustainable  usage  of  the  soils.  The  present  study 
aims at producing physiographic soil map using sentinel data, field work and soil 
analytical data; evaluate the soils of the  study  area  to  assess  the  soil  limitations 
and constraints and assess the soil suitability for cultivation  for  wheat,  barley, 
tomato and olive. 

 
Materials and Methods 

Location 

The study area is located North East El Baharya Oases - Giza Governorate.  It 
covers an area of about 101294 feddans. It is far from Cairo city about 215 Km, 
and October Al-Wahat Road passes inside the study area (Figure 1). 
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Figure 1. Location map of the study area 

 
Satellite data 

 

Data of sentinel 2 dated in August 2021 with spatial resolution of 10 m and 
spectral resolution of the false color composite (FCC) bands 8, 4 and 2 was used 
for unsupervised classification and delineating the different mapping units. 

 
Digital Elevation Model (DEM) 

 
The geo-statistical analysis techniques were used to create Digital Elevation Model 
(DEM) using the semi-variogram parameters (Stein, 1998) of contour  lines  and spot 
heights (Figure 2). 

 

Figure 2. Digital Elevation Model (DEM) of the study area 
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Spectral classification 
 

Unsupervised classification based on statistical discriminate analysis (Daels, 
1986). The iso-data method is commonly used and utilized in the present analysis. 
The spectral classification was performed using Erdas Imagine software version 
14.0. A base map is produced through the integration between DEM, Geology and 
unsupervised classification of multispectral image for the study area based on 
analysis methods according to Zinck (1988). 

 
Field Work 

 
Seventy soil profiles and 82 minipits were collected to represent the soils of the study 
area. Morphological descriptions of soil profiles were described according to FAO, 
(2006). 

 
Physiographic map 

 
The minipits from the field work were used to confirm, correct and modify the 
mapping unit boundaries. In the process, the base map was developed to 
physiographic map (Zinck, 1988). Physiographic soil map was produced in GIS by 
using the physiographic map and all soil properties (Stein, 1998). 

 
Laboratory Analyses 

 
The collected soil samples were air dried, crushed and prepared for laboratory 
analyses, to determine soil chemical (pH, EC, soluble cations and anions, calcium 
carbonate , gypsum, cation exchange capacity and exchangeable sodium 
percentage) and physical (texture and soil profile depth) properties according to 
USDA (2004).  

 
Land Capability 

 
Land capability for agriculture was assessed according to the method of Land 
Capability techniques (Sys and Verheye (1978) and Sys et al. (1991)) using the 
rating tables of FAO (1985),. The method of land evaluation used according to the 
following equation: 
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Where: 
Ci = Capability index (%), 
t, x, d, I, y, and n are rating of Slope, Texture, Soil depth, CaCO3, Gypsum, 
Salinity, alkalinity, respectively. 

 
Capability classes according to the value of the index (Sys, 1991) as follows: 
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Capability 
class 

Land capability 
index (Ci) % 

Definition of the class 

S 1 > 75 Soils are highly suitable for agriculture. 

S 2 75-50 
Soils are moderately suitable for 
agriculture 

S 3 50-25 
Soils are marginally suitable for 
agriculture 

N < 25 Soils are not suitable for agriculture 
 

Land evaluation assessment for certain crops: 
 

The assessment of land suitability for four different land use types has been 
conducted for soil units (Sys et al, 1993) by implementing the FAO Framework for 
Land Evaluation (FAO, 1976). Soil characteristics of the different mapping units 
were matched with the requirements of each crop. 

 
Results and Discussion 

 
Physiographic map of the study area 

 
Using sentinel-2 image taken during August 2021, and Based on digital elevation 
model (DEM), the topography and field check, the physiography  of the  study  area 
has been identified. Two landscape units were delineated,  i.e.,  Plateau  (Pl)  and Plain 
(Pa), (Figure 3 and Table 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. The Physiographic map of the study area  

Table 1 
Legend of the physiographic map 

 
Landscap e 

Relief Lithology Landform 
Symbo l Area  

Fed. % 

  Plateau  Undulating  Moghra  Summit/Should Pl111 10039.8 9.91 
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(Pl) ng 

(Pl1) 
Formatio 
n 

er    

 Back slope Pl112 14041.9 13.86 

 Undulati 
ng 
(Pa1) 

Gable 
Qatrani 
formation 

Slope facet 

complex 
Pa111 14791.9 14.60 

Plain (Pa)    

Nearly level Pa112 24878.5 24.56 

  Tread Pa113 37541.9 37.07 

Total 
    101294. 

0 
100.0 
0 

Fed. = 4200 m2 

 
Soil Properties of mapping units 
Mapping Unit Pl111, Summit/Shoulder 

 
The soils are moderately deep to very deep as the depth ranged from 90 to 150 
cm. The soil texture varies between Loamy Sand  and Sandy Loam; pH values 
range between 7.7 and 8.38. CaCO3 ranges between 6.4 and 19.45 % with mean 
is 10.6 and standard deviation is 4.3. The soils of this unit are moderately saline 
to very highly saline (EC value in dS m-1 ranged from 5.9 to 26.1). Soil gypsum 
content ranged from 0.1 to 10.76 % with mean 4.13 % and standard deviation is 
3.08. The soils are not sodic as ESP ranged from 7.64 to 13.14 with mean 10.8 % 
and standard deviation is 1.8. (Table 2).  

 
Mapping Unit Pl112, Back slope 

 
The soils are very deep as the depth is more than 150 cm. The soil texture vary 
between Loamy Sand and Sandy Loam. The soils are alkaline in reaction as pH 
values are more than 7. CaCO3 ranges between 4.4 and 10.54 % with mean is 
7.9 and standard deviation  is  1.7.  The  soils  of  this  unit  are  slightly  saline  to 
highly saline (EC value in dS m-1 ranged from 2.9 to 13.5).  Soil gypsum  content 
ranged from 0.1 to 6.91 % with mean 2.4 % and standard deviation  is  2.3.  ESP 
ranged from 7.45 to 15.68 with mean is 11.3 %  and  standard  deviation  is  2.7. 
(Table 2).  

 

Mapping Unit Pa111, Slope facet complex 
 

The soils are moderately deep to very deep as the depth ranged from 60 to 150 
cm. The soil texture vary between Sand and Sandy Loam. The soils are alkaline in 
reaction as pH values ranged from 7.1 to 8.8. CaCO3 ranges between 7.3 and 13.0 
% with mean is 10.12 and standard deviation is 1.85. EC value in dS m -1 ranged 
from 5.0 to 68.6 whereas the soils of this unit are moderately saline to extremely 
saline. Soil gypsum content ranged from 0.09 to 10.0 % with mean 2.35 % and 
standard deviation is 2.65. The soils are not sodic as ESP ranged from 4.76 to 
17.27 with mean 11.6 % and standard deviation is 3.4 (Table 2).  

 
Table 2 

Range of some chemical and physical properties for surface layers of the study 
mapping units 

 
Mapping Unit Depth 

cm 
Texture CaCO3 

% 
Gypsum 
% 

pH ECe ESP 

Pl111 90 to 150 LS - SL 6.4 -19.45 0.1 – 10.7 7.7 – 8.3 5.9 - 26.1 7.64 -13.14 

Mean 121  10.6 4.1 8.2 10.3 10.8 
SD 23  4.3 3.0 0.2 6.3 1.8 

Pl112 150 LS - SL 4.4 -10.5 0.1 – 6.9 7.9 – 8.7 2.9 – 13.5 7.45 -15.68 
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Mean 150  7.9 2.4 8.3 6.6 11.3 
SD 0.0  1.7 2.3 0.2 3.2 2.7 

Pa111 60 to 150 S - SL 7.3 -13.0 0.1 – 10.0 7.1 – 8.8 5.0 -68.6 4.76 -17.27 

Mean 129.6  10.1 2.3 8.2 19.8 11.6 
SD 30.7  1.8 2.6 0.4 16.9 3.4 

Pa112 70 to 150 S - SL 5.5 -16.8 0.1 – 4.4 7.7 – 8.8 4.02 -29.8 6.88 -18.75 

Mean 133.8  9.7 1.2 8.2 13.5 11.0 
SD 29.6  3.2 1.3 0.3 7.8 3.1 

Pa113 60 to 150 S - SL 2.75 -15.4 0.06 - 5.9 7.3 – 8.2 1.58 - 29.0 3.22- 16.86 

Mean 135.4  8.0 1.9 8.2 9.7 10.5 
SD 27.3  2.8 2.8 0.3 6.8 3.0 

SL = Sandy Loam, LS = Loamy, S = Sand and SD= Standard Deviation 
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Mapping Unit Pa112, Nearly level 
 

The soils are moderately deep to very deep as the depth ranged from 70 to 150 
cm. The soil texture varies between Sand and Sandy Loam; pH values range from 
7.7 to 8.87. CaCO3 ranges between 5.5 and 16.8 % with  mean  is  9.75  and 
standard deviation is 3.21. EC value in dS m-1  ranged from 4.02 to 29.8 whereas 
the soils of this unit are moderately saline to very highly saline. Soil gypsum 
content ranged from 0.11 to 4.4 % with mean 1.26 % and standard deviation is 
1.38. ESP ranged from 6.88 to 18.75 with mean 11.0 % and standard deviation is 
3.1 (Table 2).  
Mapping Unit Pa113, Tread 

 
The soils are moderately deep to very deep as the depth ranged from 60 to 150 
cm. The soil texture vary between Sand and Sandy Loam. The soils are alkaline in 
reaction as pH from 7.3 to 8.2. CaCO3 ranges between  2.75  and  15.4  %  with 
mean is 8.02 and standard deviation is 2.81. EC value in dS m-1 ranged from 1.58 
to 29.0 whereas the soils of this unit are slightly saline to very highly saline. Soil 
gypsum content ranged from 0.06 to 5.9 % with mean 1.47 % and standard 
deviation is 1.73 except profile No. 64 whereas gypsum content is 13.0 %. ESP 
ranged from 3.22 to 16.86 with mean 10.5 % and standard deviation is 3.0 (Table 
2).  

 
Current land capability assessment 

 
The aim of parametric system (Sys and Verhey,1978) Sys et al. (1991) and Sys et 
al. (1993) is to provide a method that permits evaluation for agricultural propose. 
This is based on the standard groundmetrical and physiochemical characteristics 
of soil profile. A land capability model was built using Arc GIS 10.4 software 
(database) and the resulting tables were imported into Arc GIS to produce the 
capability map. Based on superimpose between all soil properties to produce land 
capability map according to Sys, 1991 as follows (Figure 4 and Table 3). Land 
capability of the study area was classified into three current capability classes 
which reflect the limitation factors, i.e., S2 (moderately suitable), S3 (marginally 
suitable) and N1 (temporary not suitable) (Table 3). The soils of S2 have moderate 
limitations for agricultural crops, as texture is the main limiting factor. It covers 
an area of 70159.8 feddans (69.26 % of the total area). The capability index value 
ranged from 54.0 to 67.2 %. The soils are of marginally suitable S3 occupies an 
area of 24468.9 feddans (24.16 %) where texture and salinity are the limiting 
factors in 18.52 % of this class. The capability index value ranges between 37.8 
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and 49.0 %. While Texture and depth are  the  limiting  factors  in  5.64  %  of  this 
class area with capability index  value  range  from  34.47  to  44.89  %.  On other, 
hand the soils of N1 have severe limitations of texture, salinity and depth.  It 
represents an area of about 6665.2 feddans (6.58 %). The capability index value 
ranges between 21.77 and 24.68 %. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Current Land capability map for agriculture of the study area 

Table 3 
Current Sub classes of capability for agriculture (Sys et al., 1991) 

 
Sub Class Limitation factors Area feddans % 
S2x Texture 70159.8 69.26 
S3x,n Texture, Salinity 18760.8 18.52 
S3x,d Texture, Depth 5708.2 5.64 
N1x,d,n Texture, Depth, Salinity 6665.2 6.58 
Total  101294.0 100.00 

 
Potential land capability assessment 

 
For this purpose, the land utilization is applicable after executing specified major 
land improvements as proposed in the  current  study  according  to  their necessity. In 
the study area, land improvements is required to management the severity of 
limitations exiting in the area under consideration such as;  modern  irrigation 
systems such as drip and sprinkler to save irrigation water and  prevent  the 
formation or the rise of ground water  table.  Leaching  of  salinity  and,  adding 
organic fertilizers, green manures  and  soil  conditioners  to  increase  soil  fertility 
and improve the physical and chemical soil properties. The leaching requirements 
for reclamation (LRR) to maintain soil salinity at a minimum level (< 6 dS/m) are 
calculating using the equation proposed by Hoffman (1980). 
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Di 
* 

ECs  0.1 
 

Where: 

Ds ECo 

Di = Depth of required water irrigation, 
Ds=Depth of soil; 
ECs= salinity of soils after leaching and 
ECo=salinity of soils before leaching 

 
Potential land capability of study soils as illustrated in Table (4) and shown in 
Figure (5) indicated two sub classes (S2Texture, and S3Texture, Depth) as follows: This 
capability sub class of S2x covers an area about 88920.6 feddans represents 87.78 
% of the total area. The capability index value ranges from 50.3 to 67.2.  S3x,d 

covers 12373.4 feddans (12.22 %of the total area). The capability index value 
ranges between 26.44 and 44.89 %. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Potential Land capability map for agriculture of the study area 

Table 4 
Potential Sub classes of capability for agriculture (Sys et al., 1991) 

 

Sub Class Limitation factors Area feddans % 

S2x Texture 88920.6 87.78 

S3x,d 
Texture, Depth 12373.4 12.22 

Total  101294.0 100.00 

 
Land suitability for certain crops 

 
Land suitability for four different crops, i.e., wheat, barley, tomato and olive was 
tested for the soils using Arc GIS 10.4 software. The results were imported to Arc 
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GIS to display maps. Soil characteristics of the different mapping units were 
matched with the crop requirements of each crop (FAO, 1976). The matching led 
to the current and potential suitability for each crop using the parametric 
approach and land index as mentioned by Sys et. al. (1993). 

 
Current suitability 

 
The data in Table 5 and Figures 6, 8 and 10 show the current suitability classes 
for the selected study crops. These data indicate  that  87.78  %  of  the  study  area 
was moderately suitable (S2) for olive, and 69.26 %  of  the  study  area  was 
marginally suitable (S3) for wheat and barley. 

 
Potential suitability 

 
From the previous discussion, the main limiting factors were soil, texture and salinity, 
which can be improved using good management practices such as salt leaching, use 
organic matter amendments, construction a good drainage system and follow good 
agriculture practices for crops. These improvements will develop the potential 

suitability. The results in Table  5  and  Figures  7,  9  and  11  showed that about 87.78 

% of the  study  area  was  highly  suitable  (S1)  for  olive.  While about 74.9 % of the 
study area was moderately suitable (S2) for tomato. On other hand, about 69.26 % of 
the study area was moderately suitable (S2) for wheat and barley. 

 

  
Figure 6. Current Land suitability map 

of Wheat and barley 
Figure 7. Potential Land suitability map 

of Wheat and barley 

  
Figure 8. Current Land suitability map 

of Tomato 
Figure 9. Potential Land suitability map 

of Tomato 
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Figure 10. Current Land suitability map 

of Olive 
Figure 11. Potential Land suitability 

map of Olive 
 

Table 5 
Current and potential suitability classes and areas % for growing crops in the study 

area 
 

Suitability 
Class** 

Wheat & Barley Tomato 
 

Olive 
 

 
Current 

Potentia 
l Current 

Potentia 
l Current 

Potentia 
l 

S1 --- --- --- --- --- 87.78 % 
S 2 --- 69.26 % --- 74.9 % 87.78 % --- 
S 3 69.26 % 24.16 % 93.42 % 25.1 % 5.64 % 5.64 % 
N1 31.74 % 6.58 % 6.58 % --- --- --- 
N2 --- --- --- --- 6.58 % 6.58 % 

Total 
100.00 
% 

100.00 
% 

100.00 
% 

100.00 
% 

100.00 
% 

100.00 
% 

* * S1  = Highly suitable, S2 = Moderately suitable 
N1  = Currently not suitable S3  = Marginally suitable N2 = Permanent not 
suitable 

 
Conclusion 

 
The soils of the study area are suitable for agriculture specially the soils of 
moderately suitable which represents an area of about 70159.8 feddans (69.26 % 
of the total area). the texture and salinity are the main limiting factors for agriculture. 
The fruit crops such as olive were the best crop with drip irrigation system for 
growing in such soils. 
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