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ABSTRACT 
 

Siwa Oasis represents a promising area for agricultural expansion projects in the western desert of Egypt due to the 
availability of water resources. However, these areas are suffering from land degradation problems, especially soil salinity. 
Accordingly, the main objectives of this work were to evaluate and map soil salinity as well as groundwater quality in Siwa 
Oasis.  Therefore, twenty representative soil profiles were randomly distributed throughout the studied area. These profiles were 
sampled based on the development of soil horizons. A total of 46 soil-samples were collected and these samples were analyzed 
for their physical and chemical properties. Groundwater samples were collected from irrigation-wells and they were analyzed for 
their chemical parameters. Landsat images were also acquired at three different periods to monitor the changes in vegetation 
cover, soil salinity and water logging. The obtained results indicated a wide variability within soil physical and chemical 
properties in the Oasis. Most of the suited soils were very saline, non-sodic based on the EC and ESP values (EC= 77 dSm-1 and 
ESP= 14.62 in average). Agricultural areas were increased from 22 km2 in 1992 to 81 km2 in 2015. On the other hand, saline soils 
were increased from 35 km2 to 64 km2 and water logged areas were also increased from 19 to 51 km2 from 1992 to 2015, 
respectively. These results could be due to the expansion in reclamation-projects, increase in crop irrigation and poor drainage. 
The salinity of groundwater varied from 2.28 to 5.45 dSm-1 (3.76 in average), which indicates a degradation in its quality.  In 
summary, soils in Siwa Oasis are salt-affected and they need a proper land reclamation program and development of effective 
irrigation and drainage systems.  
Keywords: Siwa Oasis, salinity, water quality, water logging, vegetation, GIS. 
 

INTRODUCTION 
 

Soil salinity is a serious environmental problem 
especially in arid and semi-arid areas. It either occurs 
naturally or human-induced. High levels of soil salinity 
have serious negative impacts on various aspects of 
agriculture and environmental sustainability (Singer and 
Munns, 1996; El-Swaify, 1997; Toparkngarm, 2006). 
Soil salinity don’t only inhibit plant growth and 
subsequent agricultural output but it also result in land 
degradation phenomena such as dispersion of fine 
particles and increase in soil erosion (Metternicht and 
Zinck, 2003). Salt-affected soils cover about 1000 
million hectares or about 7% of the earth’s continental 
surface (Ghassemi et al., 1995). Accordingly, it is 
important to monitor and map soil salinity at an early 
stage to develop an effective soil reclamation program 
that could help in reducing or preventing future increase 
in soil salinity. 

Increase in the amount of soluble salts in the root 
zone restricts plant roots from withdrawing water in the 
soil solution by the osmotic potential. In other words, 
high levels of soil salinity reduce the amount plant 
available water (Hanson et al., 1999; Bauder and Brock, 
2001; Attibu, 2014). This leads to reduction in water 
uptake and increase in plant stress. 

The conventional methods used in determining 
soil salinity depend on collecting soil samples, making 
soil extracts and measuring electrical connectivity (EC). 
These methods are expensive, labor-intensive and time-
consuming. Nowadays, remote sensing data and GIS 
techniques have proven to provide reliable and up-to-
date information on the recent changes in land cover 
dynamics.  They can provide a great help for monitoring 
the changes in soil salinity and the expectations for 
further land degradation (Goossens et al., 1993; Casas, 
1995). Spectral indices have been widely used for direct 
and indirect detection of soil salinity. Vegetation indices 

such as the normalized difference vegetation index 
(NDVI) and the soil adjusted vegetation index (SAVI) 
have been used as indirect indicators for soil salinity 
(Huete, 1988). Water logging indices as the normalized 
difference water index (NDWI) and the modified 
NDWI, have also been used as indirect indicators for 
poor drainage and consequently soil salinity (Mcfeeters, 
1996). On the other hand, the salinity index (SI) and the 
normalized difference salinity index (NDSI) have been 
utilized as direct indicators for soil salinity (Tripathi et 
al., 1997).  

Siwa Oasis is a closed depression at the 
northwest of the western desert of Egypt. It was selected 
in this study because of its promising capabilities for 
agricultural development. However, soils in this Oasis 
are suffering from many environmental problems such 
as water logging, soil salinity, and wind erosion. These 
problems result in deterioration of land productivity and 
reduction in agriculture income.   

The main objectives of this work were to 
evaluate and monitor changes in soil salinity within 
Siwa Oasis either directly through using salinity indices 
and soil analyses or indirectly based on changes in 
vegetation cover and water logging areas.  
 

MATERIALS AND METHODS 
 

1. Description of study area       
Siwa Oasis is a natural depression in the western 

desert of Egypt. It lies between 25o 16' 2.36'' to 25o 51' 
3.04'' E and 29o 6' 10.14''- 29o 18' 36.24'' N as shown in 
Fig. 1. The studied area is approximately 613 km2. The 
Oasis is about 23 m below-sea-level (BSL). Its mean-
annual-temperature (MAT) ranges between 5.81 oC and 
37.83 oC in January and July; respectively. The 
maximum soil-mean-temperature is 32.8 °C in July and 
August, where the minimum soil-mean-temperature is 
13.3 °C in January as recorded by Abd El-Samie (2000). 
The mean- annual-precipitation (MAP) is 9.51 mm, 
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where it took a variable pattern.  Evaporation rates vary 
from 4.81 to 13.52 mm per day. The higher values were 
documented in June, whereas the lower rates were 
recorded in December. The mean annual relative 
humidity (RH) is about 41.2%, where it varies from 
30% in May and June to 56% in December. Wind 
erosion is very evident in April.  

Abu Al-Izz  (1971) reported that the most 
obvious geomorphologic-features in the Oasis are: hills, 
mountains, lakes and the sea of sand. Agriculture lands 
represent about 88 km2, where agriculture is the main 
activity in the Oasis. This is mainly due to the 
availability of groundwater resources (Samy, 2010). 

 
Fig.1. Location map of study area and soil profiles in 

Siwa Oasis. 
2. Soil sampling and analyses: 

Twenty representative soil-profiles were dug 
within the studied area in Siwa Oasis and their locations 
were recorded using the GPS (Garmin legend) as 
represented in Figure 1. Samples were collected from 
these soil-profiles based on the maturity of their 
horizons. These samples were analyzed for their 
physical and chemical properties as described by the 
Soil Survey Staff (2010).  
3. Groundwater sampling and analyses: 

In this work, groundwater samples were collected 
from some private irrigation-wells. These samples were 
analyzed for their chemical properties using the same 
procedures as in soils analyses. 
4. Geo-statistical analyses 

The ordinary Kriging was used to study the 
spatial distribution of the studied soils parameters 
throughout the studied area. It is working under the 
geostatistical analyst extension in ArcGIS desktop 
software (version 10.3). 
5. Satellite data and their analyses 
Landsat Data 

Landsat imagery was used in this work to 
evaluate vegetated, salt-affected and water logging 
areas. The studied area is covered by one image (path 
180 and row 40). The studied images were acquired at 
three different dates (1992, 2002, and 2015). These 
images were downloaded for free from the earth 
explorer website (http://earthexplorer.usgs.gov/), which 
is developed by the United States Geological Survey 
(USGS).  
Atmospheric and radiometric corrections  

Both atmospheric and radiometric corrections 
were carried out on the collected images to get rid of the 

effects of haze, dust and smoke in these images. The 
digital numbers DNs were also converted at atmosphere 
reflectance using ERDAS imagine software (version 
2014). 
Geometric Correction 

Geometric correction was also carried out to 
align all the studied images. It preformed using the 
polynomial projection tool under ERDAS imagine, were 
12 grounded control points were used in this process 
and the RMS error was less than one. They were 
projected using the UTM projection, zone 35N, and 
datum WGS1984.  
Vegetation Indices 

The soil adjusted vegetation index (SAVI) was 
used to study the spatial distribution of vegetation in the 
studied area. The SAVI is a modification of the NDVI. 
It corrects the influence of soil brightness in areas with 
low vegetative cover. The NDVI works effectively in 
these areas with > 30% of plant-cover, while the SAVI 
works better in areas with <15% of plant-cover (Xu, 
2008). The SAVI is computed according to the 
following formula (Huete, 1988): 

SAVI= (NIR - R) × (1 + L) / (NIR + R + L)  (1) 
Where, NIR is the near infrared reflectance and R 

is the reflectance of the red band. L is the soil brightness 
correction factor, which ranges between 0 and 1 based 
on the density of vegetation cover. In this study, a value 
of 0.5 was utilized.  
Salinity Indices 

The above mentioned vegetation indices were 
used as indirect indictors of salt-affected soils (SASs). 
This is mainly because SASs are usually characterized 
by poorly-developed vegetation covers. The Salinity 
Index (SI) was used to study the spatial distribution of 
saline soils in Siwa Oasis. This index illustrated a highly 
significant-correlation with soil-salinity in less-densely 
vegetated areas and bare soils (Douaoui et al., 2006; 
Elnaggar and Noller, 2010).The SI is computed 
according to the following formula (Tripathi et al., 
1997): 

SI=√ ((B * R))    (2) 
Where, B and R are the reflectance in the blue 

and red  portions of  visible spectrum, respectively.  
Water Indices 

The McFeeters’s normalized difference water 
index (NDWI) was used to evaluate the changes in 
water logged areas over time. The McFeeters’s NDWI 
is computed using the following equation (Mcfeeters, 
1996): 

NDWI = (ρ Green - ρ NIR) / (ρ Green + ρ NIR)      (3) 
Where; ρ Green and ρ NIR are the reflectance of 

the green and NIR bands; respectively.  
Calculation of agricultural lands, saline- soils and 
water-logged areas 

In this work, a threshold value for the studied 
vegetation index was used to separate agricultural from 
non-agricultural areas.  This threshold was used to 
convert the SAVI image into a binary-image. This 
binary image only contains two-classes: non-
agricultural and agricultural areas. A similar method 
was utilized to differentiate non-saline from saline soils 
and water-logged areas from dry lands. The areas 
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allocated for each class was calculated based on the 
number of pixels in that class.  
Changes in the studied land covers within Siwa Oasis 

Changes in the studied land covers in the studied 
area were carried out through subtracting the binary-
images obtained from each of the studied indices for 
two consecutive years. A new image with three values is 
obtained as a result of this process. The positive value 
(+1) indicates positive toward the studied land cover 
(agricultural lands, saline soil or water logged area),  
Zero refers to no change in land cover, and the negative  
value reveals negative change in the studied land cover 
toward other activities.  
 

RESULTS AND DISCUSSION 
 

1. Soil-physical properties within Siwa Oasis 
Data in Table 1 represent the range and average 

of some soil-physical characteristics in Siwa Oasis.  The 
values of total sand (TS) in the studied area varied from 
55.25 to 98.03% (about 85% in average). Silt content 
ranged between 0.02 and 36.23% (about 8% in 
average). Clay content varied from 1.34 to 22.40% 

(about 7% in average). Consequently, sandy soils are 
most prevalent in the studied area; however there are 
small patches of clay soils distributed in the area. 
Saturation percentage (SP) was highly associated with 
the soil texture and it was ranged between 17 and 59% 
(about 34% in average). Soil organic matter (SOM) was 
very low in the studied soils, which could be attributed 
to the very arid weather and low additions of organic 
amendments. SOM varied from 0.09 and 1.3% (about 
0.43% in average). There was wide variability in the 
contents of total carbonates in the Oasis based on soil 
parent-material. Total carbonates, represented as CaCO3 
were ranged between 1.71 and 59.72% (about 27% in 
average). Soil bulk-density varied from 1.00 to 2.08 g 
cm-1 (about 1.58 g cm-3 in average) . The greater values 
were linked with coarse-textured soils but the lower-
values were linked with fine-textured ones.  Total soil 
porosity in the studied area was ranged between 21.51 
and 67.51% (about 40.70% in average). It took an 
opposite trend to that of soil bulk density, where the 
greater values were connected with the fine-textured 
soils and vise versa.  

 

Table 1. Some soil physical-properties of the studied soils. 
Property Unit Min. Max. Average 
Total Sand (%) 55.25 98.03 85.22 
Silt (%) 0.02 36.23 8.14 
Clay (%) 1.34 22.4 6.64 
Soil-Texture  -- -- Loamy Sand 
Saturation Percentage  (%) 17.00 59.00 34.02 
Soil Organic Matter (%) 0.09 1.3 0.43 
Total Carbonates (%) 1.71 59.72 27.04 
Soil Bulk Density (g cm-3) 1.00 2.08 1.58 
Total Porosity (%) 21.51 67.51 40.70 

 
2. Soil chemical properties within Siwa Oasis 

Soil chemical properties of soils in the studied 
area are represented in Table 2. Sodium was the 
dominant cation in soil solution of the studied soils. It 
was followed by calcium, magnesium and potassium; 
respectively. Na+ ions varied from 0.51 and 102.77 
cmol-kg-1 soil (about 17 cmol-kg-1 soil in average). Ca2+ 
varied from 0.55 to 15.51 cmol-kg-1 soil (about 3.24 
cmol-kg-1 soil in average). Mg2+ ranged between 0.15 
and 18.48 cmol-kg-1 soil (about 3.50 cmol-kg-1 soil in 
average). K+ varied from 0.04 and 1.26 cmol-kg-1 soil 
(about 0.23 cmol-kg-1 soil in average).  

Chlorides were the prevalent anions in the soil 
solution within the studied soils. It was followed by 
sulfates and bicarbonates; respectively. Cl- varied from 
0.86 to 110.76 cmol-kg-1 soil (about 19.03 cmol-kg-1 
soil in average). SO4

2- varied from 0.11 and 23.37 cmol-
kg-1 soil (about 4.24 cmol-kg-1 soil in average). HCO3

- 
ranged between 0.12 and 3.54 cmo- kg-1 soil (about 0.70 
cmol-kg-1 soil in average). Soil-pH varied from 8.10 to 
8.97 (about 8.41 in average). Most of the studied soils in 
the Oasis were highly-salinity. The EC values ranged 
between 4.25 to 427 dS m-1 (about 77 dS m-1 in 
average).  

The exchangeable cations indicated that Mg2+ is 
the prevalent cation on the colloidal-complex. This 
could be accredited to soils parent materials, where the 

majority of the soils in the Oasis were developed on 
lack deposits (Lacustrine-deposits) or in close vicinity 
from the existing lakes. Exchangeable Mg2+ ranged 
between 3.58 and 41.21 cmol-kg-1 soil (about 14.27 
cmol-kg-1 soil in average). Calcium was the second 
dominant cation on the colloidal complex followed by 
sodium. Exchangeable Ca2+ varied from 2.18 to 29.88 
cmol-kg-1 soil (about 11.25 cmol-kg-1 soil in average). 
Exchangeable Na+ ranged between 0.64 and 15.66 cmol-
kg-1 soil (about 4.31 cmol-kg-1 soil in average). 
Potassium was the least dominant on the exchange 
complex, where it was about 1.18 cmol-kg-1 soil in 
average.  

There were wide variations in the cation 
exchange capacity (CEC) within the studied soils. The 
CEC values were ranged between 9.84 and 70.70 cmol-
kg-1 (about 13.31 cmol-kg-1 soil in average). The lower 
values were linked with the coarse-textured soils, while 
the higher values were connected with fine-textured 
soils. Most soils in the studied area were non-sodic, 
where the values of exchangeable sodium percentage 
(ESP) were lower than 15%. The ESP values were 
ranged between 2.55 and 38.47% (about 14.55% in 
average). However, soil alkalinity due to exchangeable 
magnesium should be considered due to its dominancy 
on the exchange complex, where magnesium also has an 
influence on the structure of clay soils. Once the 
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exchangeable magnesium percentage (EMP) exceeds 
20%, the soil becomes difficult to work, where 
magnesium results in the dispersion of clay particles 

(Smith et al., 1949). EMP in the studied soils varied 
from 7.58 to 71.54% with an average of 45.09%, which 
indicates a higher soils alkalinity.  

 
Table 2. Soil chemical properties of the studied soils.  
Chemical Properties  Min. Max. Average 

Na+ 0.51 102.77 17.01 
K+ 0.04 1.26 0.23 

Ca2+ 0.55 15.51 3.24 
Soluble cations 
(cmol kg-1  soil) 

Mg2+ 0.15 18.48 3.5 
CO32- 0.00 0.00 0.00 
HCO3- 0.12 3.54 0.70 

Cl- 0.86 110.67 19.03 
Soluble anions 
(cmol kg-1  soil) 

SO42- 0.11 23.37 4.24 
pH  8.10 8.97 8.41 
EC (dSm-1)  4.25 427 76.76 

Ca2+ 2.18 29.88 11.25 
Mg2+ 3.58 41.21 14.27 
Na+ 0.64 15.66 4.31 

Exchangeable Cations 
(cmol kg-1  soil) 

K+ 0.27 5.03 1.18 
CEC (cmol kg-1  soil)  9.84 70.70 13.31 
ESP (%)  2.55 38.47 14.55 
EMP (%)  7.58 71.54 45.09 
 

2. Chemical properties of water samples  
There were wide variations in the chemical 

properties among the collected groundwater samples 
from Siwa Oasis. Data in Table 3 show that Na+ was the 
prevalent cation in the collected groundwater samples, 
followed by Mg2+, Ca2+ and K+; respectively. The 
average concentrations of K+, Ca2+, Mg2+, and Na+ were 
0.65, 8.90, 9.08, and 19.00 meq l-1; respectively. In 
contrast, the dominant anions were chlorides in water 
samples followed by sulfates and bicarbonates; 
respectively. The average concentrations of HCO3-, 
SO4

2- and Cl- were 2.07, 12.18 and 23.38 meq l-1; 
respectively.  

The pH values in groundwater samples ranged 
between 7.90 and 8.26 (about 8.09 in average). The EC 
values varied from 2.27 to 5.46 dS m-1 (about 3.75 dS 
m-1 in average). The higher EC values could be 

attributed to the collection of these water samples from 
the private wells and the poor drainage in the Oasis. In 
general, private wells have a shallower depth (< 150 m) 
when compared with the governmental wells (> 600 m). 
The calculated sodium adsorption ratio (SAR) was 
ranged between 4.33 and 8.08 (about 6.26 in average). It 
was also found that the residual sodium carbonates 
(RSCs) in water sample had negative values (about -16 
meq l-1 in average), which could be attributed to the 
prevalence of both Ca2+ and Mg2+ ions in water-
samples. This indicates little possibility for soils in the 
studied are to be converted into sodic soils when 
irrigated with this groundwater.  These results are in 
agreement with those obtained by Aly et al. (2016), 
where they stated that groundwater quality in Siwa 
Oasis is degrading over time.  

 

Table 3. Chemical analyses of groundwater-samples from Siwa Oasis. 
Chemical Property  Min. Max. Average 

Na+ 11.68 28.71 19.00 
K+ 0.43 1.01 0.65 

Ca2+ 5.81 12.95 8.90 
Soluble cations  
(cmol kg-1  soil) 

Mg2+ 4.64 12.25 9.08 
CO32- -- -- -- 
HCO3- 1.13 3.09 2.07 

Cl- 14.51 35.91 23.38 
Soluble anions  
(cmol kg-1  soil) 

SO42- 7.20 17.52 12.18 
pH  7.90 8.26 8.09 
EC  (dSm-1)  2.27 5.46 3.75 
SAR  4.33 8.08 6.26 
RSC  (meq l-1)   -24.09 -9.32 -15.90 
 
3. Vegetated areas in Siwa Oasis Based on the SAVI 

Index. 
Data in Table 4 represent the estimated 

agricultural areas in Siwa Oasis based on the SAVI 
index from 1992 to 2015. These areas were about 22.22, 
38.20 and 81.17 km2 in 1992, 2002 and 2015; 
respectively. Their percentages were about 3.62, 6.23 
and 13.24%, respectively. The spatial distribution of 

these areas is represented in Figure 2. In contrast, the 
estimated areas of non-agricultural lands were about 
591, 575 and 532 km2 in 1992, 2002 and 2015; 
respectively. Their percentages were about 96.38, 94 
and 87%; respectively. These results reveal a significant 
increase in agricultural areas from 1992 to 2015.  
However, the highest increase in these areas was 
observed in the last decade.  
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Table 4. Estimated agricultural area in Siwa Oasis from 1992 to 2015 based in the SAVI index. 
1992 2002 2015 Agric. 

Cover Area 
(km2) % Area 

(km2) % Area 
(km2) % 

Non-Agric. 590.78 96.38 574.80 93.77 531.83 86.76 
Agric. 22.22 3.62 38.20 6.23 81.17 13.24 
Total 613 100 613 100 613 100 

 

 
Figure 2. Spatial distribution of agricultural areas in Siwa Oasis based on the SAVI index in: a) 1992, b) 2002, 

and c) 2015. 
 

4. Salt-affected areas in Siwa Oasis Based on the SI 
Index. 

The assessment values of salt-affected areas in 
Siwa Oasis from 1992 to 2015 based on the salinity 
Index are represented in Table 5. Salt-affected areas 
were about 35, 40 and 64 km2 in 1992, 2002 and 2015, 
respectively. As a percentage, they represented about 
5.74, 6.49 and 10.46%, respectively. The spatial 
variability within these areas is represented in Figure 3. 
In the contrary, non-saline areas were about 578, 573 

and 549 km2 in 1992, 2002 and 2015, respectively. As a 
percentage, they represented about 94.26, 93.51 and 
89.54%; respectively. These data indicate an increase in 
salt affected areas within the Oasis. However, the SI 
index only included areas of wet sabkhas, which have a 
higher reflectance in the visible range. This could be 
linked with the increase in agricultural areas, where 
most of these areas are irrigated using the conventional 
irrigation systems and they are poorly drained.  

 
Table 5. Estimated salt-affected areas in Siwa Oasis from 2002 to 2015 based on the salinity index (SI).  

1992 2002 2015 
Land Cover Area 

km2 % Area 
km2 % Area 

km2 % 

Non-Saline 577.82 94.26 573.19 93.51 548.91 89.54 
Saline 35.18 5.74 39.81 6.49 64.09 10.46 
Total 613 100 613 100 613 100 
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Figure 3. Spatial distribution of salt-affected areas in Siwa Oasis based on the SI index in: a) 1992, b) 2002, 

and c) 2015. 
 
5. Water features in Siwa Oasis Based on the NDWI 

Index. 
Table 6 show that the estimated water features in 

Siwa Oasis based on the NDWI from 1992 to 2015. 
Water features were about 19, 48 and 51 km2 in 1992, 
2002 and 2015; respectively. As a percentage, they 
represent about 3.09, 7.84 and 8.32%, respectively. The 
spatial variability within water-logged areas is 
represented in Figure 4. On the other hand, the dry areas  

 
were about 594, 565 and 562 km2 in 1992, 2002 and 
2015, respectively. As a percentage, they represent 
about 96.91, 92.16 and 91.68%; respectively. These 
values indicate an increase in water features within the 
studied area, which could be attributed to the increase in 
agricultural areas and poor drainage. These results could 
be enhanced with those obtained by Masoud and Koike 
(2006). 

 
Table 6. Estimated water features in Siwa Oasis from 1992 to 2015 depending on the NDWI index.  

1992 2002 2015 
Land Cover Area 

(km2) % Area 
(km2) % Area 

(km2) % 

Dry Land 594.08 96.91 564.94 92.16 562 91.68 
Water Features 18.92 3.09 48.06 7.84 51 8.32 
Total 613 100 613 100 613 100 
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Figure 4. Spatial distribution of water features in Siwa Oasis based on the NDWI index in: a) 1992, b) 2002, 

and c) 2015. 
 

6. Changes in vegetated areas, saline soils and water 
logged areas 

Changes in non-agricultural versus agricultural-
areas in Siwa Oasis from 1992 to 2015 were determined 
based on the SAVI data. Changes within each two 
successive years are shown in Table 7 and Figure 5. 
About 1.83 km2 were The changed from agricultural to 
non-agricultural areas from 1992 to 2002, while about 
17.82 km2 were changes to agricultural areas during the 
same period. Also, about 1.23 km2 were changes from 

agricultural to non-agricultural areas from 2002 to 2015, 
while about 44.20 km2 were changes to agricultural 
areas during the same period. The total changes from 
agricultural to non-agricultural areas were about 1.33 
km2 from 1992 to 2015, whereas changes to agricultural 
areas were about 60.28 km2 at the same period. These 
results reveal that agriculture areas in Siwa Oasis were 
obviously increased from 1992 to 2015.  This could be 
associated with the development in land reclamation 
projects.   

 
Table 7. Changes in agricultural versus non- agricultural areas in Siwa Oasis from 1992 to 2015. 

1992-2002 2002-2015 1992-2015 
SAVI Area 

(km2) % Area 
(km2) % Area 

(km2) % 

To non-veg. 1.83 0.30 1.23 0.20 1.33 0.22 
No change 593.35 96.79 567.57 92.59 551.39 89.95 
To veg. 17.82 2.91 44.20 7.21 60.28 9.83 
Total 613 100 613 100 613 100 
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Figure 5. Changes in vegetated areas in Siwa Oasis from 1992 to 2015.

Changes in saline versus non- saline areas in 
Siwa Oasis from 1992 to 2015 were studied depending 
on the SI results. Changes between each two successive 
years are illustrated in Table 8 and Figure 6. Changes 
from saline to non-saline areas were about 14.81 km2 

from 1992 to 2002, whereas changes to saline areas 
were 19.44 km2 during this period. Also, changes from 
saline to non-saline areas were about 11.16 km2 from 
2002 to 2015, while changes to saline areas were 35.44 
km2 during this period. The total changes from saline to 

non-saline areas were about 18.86 km2 from 1992 to 
2015, while changes to saline areas were about 47.53 
km2 during this period. These results indicate that 
saline-areas in Siwa Oasis were also obviously 
increased from 1992 to 2015.  This could be attributed 
to the increase in crop irrigation associated with the 
expansion in land reclamation and cultivation projects. 
This is in addition to the used of conventional irrigation 
systems, which are low in their efficiency and the poor 
drainage within the Oasis.  

 

 
Table 8. Changes in saline versus non- saline areas in Siwa Oasis from 1992 to 2015. 

1992-2002 2002-2015 1992-2015 
SI Area 

(km2) 
% Area 

(km2) 
% Area 

(km2) 
% 

To non-saline 14.81 2.42 11.16 1.82 18.86 3.08 
No change 578.75 94.41 566.40 92.40 546.61 89.17 
To saline 19.44 3.17 35.44 5.78 47.53 7.75 
Total 613 100 613 100 613 100 
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Figure 6. Changes in saline areas in Siwa Oasis from 1992 to 2015. 

 

 
Changes in water-logged versus dry land areas in 

Siwa Oasis from 1992 to 2015 were studied based on 
the NDWI data. Changes between two successive 
periods are represented in Table 9 and Figure 7. 
Changes from water-logged to dry land areas were 
about 0.29 km2 from 1992 to 2002, while changes to 
water-logged areas were 29.43 km2 during this period. 
Also, changes from water-logged to dry land areas were 
about 3.90 km2 from 2002 to 2015, while changes to 
water-logged areas were 6.82 km2 during this period. 
The total changes from water-logged to dry land areas  

 
were about 1.29 km2 during the studied period of time 
from 1992 to 2015, while changes to water-logged areas 
were about 33.34 km2 during this period. These results 
reveal that water-logged areas in Siwa Oasis were 
noticeably increased from 1992 to 2015, which agree 
with the increase in saline soils in Siwa Oasis. It is 
noticed that some of the salt-affected areas (wet Sabkha) 
have changed into water-logged areas as shown in the 
north-western part of the studied area (Siwa Lake). This 
also could be attributed to the increase in crop irrigation 
and poor drainage within the Oasis.  

 
Table 9. Changes in water-logged versus dry land areas in Siwa Oasis from 1992 to 2015. 

1992-2002 2002-2015 1992-2015 
NDWI Area 

(km2) 
% Area 

(km2) 
% Area 

(km2) 
% 

To dry land 0.29 0.05 3.90 0.64 1.29 0.21 
No change 583.28 95.15 602.28 98.25 578.37 94.35 
To water-logged 29.43 4.80 6.82 1.11 33.34 5.44 
Total 613 100 613 100 613 100 
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Figure 7. Changes in water-logged areas in Siwa Oasis from 1992 to 2015. 

 

CONCLUSION 
 

It could be concluded that, the integration 
between field work, laboratory analyses, GIS techniques 
and remote sensing data, could provide valuable help in 
evaluating salt-affected soils in Siwa Oasis. However, 
laboratory analysis provide more accurate information 
about the degree of soils salinity, whereas RS data only 
classify salt-affected areas were salt-efflorescence is 
evident.  Most of the suited soils in Siwa Oasis were 
very saline, non-sodic soils. There was an obvious 
increase in agricultural areas within the studied area. In 
contrast, there was an obviously increase in both salt- 
affected and water-logged areas in Siwa Oasis from 
1992 to 2015. This could be accredited to the increase in 
land reclamation projects, crop irrigation and poor  
 

drainage. Moreover, the salinity of groundwater was 
also high. However, this could be attributed to the 
collection of water sampler from private wells, which 
are shallower in depth than the governmental wells.   

In conclusion, soils in Siwa oasis are suffering 
from very high soil salinity problem, which needs to 
develop an effective land reclamation program with 
effective irrigation and drainage systems.  
 

REFERENCES 
 
Abd El-Samie, M. K. K. 2000. Classification and 

evaluation of Siwa Oasis soils. PhD Thesis, Soil 
Sci. Dept, Fac. of Agric., Ain Shams Univ., 
Egypt. 

Abu Al-Izz, M. S. 1971. Land Forms of Egypt. The 
Amer. Univ., Cairo press, 282, Egypt. 



J.Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 8(1), January, 2017 

 
 

19 

Aly, A. A., Kishk, F. M.,  Gaber, H. M. and Al-Omran, 
A. M. 2016. Long-term detection and 
hydrochemistry of groundwater resources in 
Egypt: case study of Siwa oasis. J. of the Saudi 
Soc. of Agric. Sci., 15: 67–74. 

Attibu, P. K. 2014. Assessment of salinity and sodicity 
of water used for irrigation in the three sub-
catchments in the upper Athi river basin, Kenya. 
MSc Thesis, Dept. of Geography, Kenyatta 
Univ., Nairobi, Kenya. 

Bauder, J. W. and Brock, T.A. 2001. Irrigation water quality, 
soil amendment, and crop effects on sodium 
leaching. Arid Land Res. and Manag., 15:101-113. 

Casas, S., 1995. Salinity Assessment Based on 
Combined Use of Remote Sensing and GIS, Use 
of Remote Sensing Techniques in Irrigation and 
Drainage. FAO, Rome, Italy, pp. 141–150. 

Douaoui, A.E.K., Nicolas, H. and Walter, C. 2006.  
Detecting salinity hazards within a semiarid 
context by means of combining soil and remote 
sensing data. Geoderma 134(1-2): 217-230.  

Elnaggar, A.A. and Noller, J.S. 2010. Application of 
remote-sensing data and decision-tree analysis to 
mapping salt-affected soils over large areas. 
Remote Sens., 2(1): 151-165. 

El-Swaify, S.A. 1997. Factors affecting soil erosion 
hazards and conservation needs for tropical Steep 
lands. Soil Technol., 11: 3- 6. 

Ghassemi, F, Jakeman, A.J. and Nix, H.A. 1995. 
Salinization of Land and Water Resources. CAB, 
International, Wallingford, United Kingdom. 

Goossens, R., De Dapper, M., Gad, A., Ghabour, Th., 
1993. A model for monitoring and prediction of 
soil salinity and waterlogging in the Ismailia area 
(Egypt) based on remote sensing and GIS. In: 
Proceedings of the International Symposium on 
Operationalization of Remote Sensing, ITC 
Enschede, The Netherlands, 6: 97-107. 

Hanson, B., Grattan, S.R. and Fulton, A. 1999. Agricultural 
Salinity and Drainage. Univ. of California Irrigation 
Program, Univ. of California, Davis, USA. 

Huete, A.R. 1988. A Soil-adjusted vegetation index 
(SAVI). J. Remote Sensing of Environ., 25(3): 
295-309. 

Masoud A.A. and Koike K. 2006. Arid land salinization 
detected by remotely-sensed landcover changes: 
A case study in the Siwa region, NW Egypt. J. of 
Arid Environ., 66: 151–167. 

Mcfeeters S. K. 1996. The use of the Normalized 
Difference Water Index (NDWI) in the 
delineation of open water features. Int. J. of 
Remote Sensing, 17(7): 1425-1432. 

Metternicht, G.T. and Zinck, J.A. 2003. Remote Sensing 
of Soil Salinity: Potentials and Constraints. 
Remote Sensing of Environ., 5812: 1-20. 

Samy, A. R. 2010. A Desertification impact on Siwa 
Oasis: present and future challenges. Res. J. 
Agric. and Biol. Sci., 6(6): 791-805. 

Singer, M.J. and Munns, D.N. 1996. Soils: an 
introduction. 3rd ed., Prentice Hall, New Jersey, 
USA, pp. 279. 

Smith, H. V., Buehrer, T. F. and Wickstrom, G. A. 
1949. Effect of exchangeable magnesium on 
chemical and physical properties of some 
Arizona soils. Soil Sci., 68(6): 451-462. 

Soil Survey Staff (2010). Keys to Soil Taxonomy. 11th 
edition, Natural Resources Conservation Service, 
USDA, USA.Toparkngarm, B. 2006. Saline Soils 
in Northeast Thailand., Khon Kaen University, 
Khon Kaen, Thailand, pp. 177-223. 

Toparkngarm, B. 2006. Saline Soils in Northeast 
Thailand., Khon Kaen Univ., Khon Kaen, 
Thailand, pp. 177-223 

Tripathi, N.K.; Rai, B.K. and Dwivedi, P. 1997. Spatial 
modeling of soil alkalinity in GIS environment 
using IRS data. 18th Asian conference on remote 
sensing, Kualalampur, pp.1-6.  

Xu, H. 2008. A new index for delineating built-up land 
features in satellite imagery. Int. J. of Rem. Sens., 
29(14): 4269-4276. 

  
   نتاج خرائط األراضي الملحیة وتقییم جودة المیاه في واحة سیوة باستخدام نظم المعلومات الجغرافیةإ

  محمد فتحى البكرىو محمود موسى عمر ، خالد حسن الحامدى ،عبد الحمید أحمد النجار 
   جامعة المنصورة- كلیة الزراعة –قسم علوم األراضى 

  

تعتبر واحة سیوة واحدة من أكثر المناطق الواع�دة لم�شاریع التوس�ع الزراع�ي ف�ي ال�صحراء الغربی�ة بم�صر نظ�را لت�وافر الم�وارد 
وتبع�ا ل�ذلك، كان�ت األھ�داف الرئی�سیة . ومع ذلك، تعاني ھذه المناطق من مشاكل تدھور األراضي وبصفة خاصة ملوح�ة الترب�ة. المائیة بھا

لذلك، ت�م توزی�ع ع�شرون قطاع�ا أرض�یا ب�شكل . جودة المیاه الجوفیة في واحة سیوةوتقییم ملوحة التربة وإنتاج خرائط لھذا العمل ھى تقییم 
 عینة تربة وتحلیلھا 46وتم جمع . وأخذت عینات من ھذه القطاعات تبعا لدرجة تطویر آفاق التربة. عشوائي في جمیع أنحاء منطقة الدراسة

وت�م تحلی�ل ھ�ذه العین�ات للتع�رف عل�ى . ینات میاه من كل من آب�ار ال�ريكما تم أیضا جمع ع. للتعرف على خصائصھا الفیزیائیة والكیمیائیة
كما تم الحصول على صور الندسات خالل ثالث فترات زمنیة مختلفة لرص�د التغی�رات ف�ي الغط�اء النب�اتي وملوح�ة . خصائصھا الكیمیائیة

وك�ان معظ�م . الواح�ةبلترب�ة الفیزیائی�ة والكیمیائی�ة  تباین�ا كبی�را ف�ي خ�واص اال�ى وج�ودوأش�ارت النت�ائج الت�ي ت�م الح�صول   .وغدق الترب�ة
% ESP  =14.62ومت�ر /  دیسی�سیمنزESP ) EC   =77 و ال�ـ ECال�ـعل�ى أس�اس ق�یم وذلك  صودیةجدا وغیر عالیة الملوحة  األراضى

م��ساحة ، زادت م�ن ناحی��ة أخ�رىو. 2015ف��ي  2ك�م 81ال��ى  1992 ف�ي 2ك��م 22من�اطق الزراعی��ة م�ن م��ساحة الوق�د زادت ). ف�ي المتوس��ط
، عل�ى 2015 ال�ى 1992 م�نف�ى الفت�رة  2 ك�م51 ال�ى 19 أی�ضا م�ساحة المن�اطق الغدق�ة م�ن وزادت 2كم 64 إلى 35من األراضى الملحیة 

ملوح�ة وتراوح�ت . زیادة في ري المحاصیل وس�وء ال�صرفالویمكن أن یعزى ذلك إلى التوسع في مشاریع استصالح األراضي و. التوالي
 .جودتھ�ات�دھور ف�ي  وج�ود ا ی�شیر إل�ىمم�، )ف�ي المتوس�طمت�ر / دیسی�سیمنز 3.76(مت�ر /  دیسی�سیمنز5.45 ال�ى  2.28 بین المیاه الجوفیة 

ست�صالح إل  مناس�بال�ى برن�امجل�ذلك فھ�ى ف�ى حاج�ة الملوح�ة وم�ن م�شكلة ف�ي واح�ة س�یوة تع�اني ویمكن تلخ�یص ذل�ك ف�ى أن األراض�ى 
 .والصرفري فعالة للتطویر نظم باألضافة الى األراضي 


