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SALINIZATION is the process of accumulation of soluble salts in 
soils, particularly occurring in arid and semi-arid regions, where 

precipitation is too low to maintain a regular percolation of rainwater 
through the soil. It is well known that salt concentration in soil has 
negative impact on crop growth, which results in reduced crop yield. 
Detecting salinity hazard is an important issue in precision agriculture. 
The aim of this work has been to carry out salinity mapping within an 
environmental context in the northern part of Bahariya Oasis (198.0 
km2) in Egypt, where soil salinity appears to be a major threat to 
agricultural production. In order to map soil salinity in an efficient way 
a step-wise approach is proposed using remote sensing and 
topographic data. The area is first subjected to geomorphic analysis for 
which a stereo-model is generated using satellite data and a digital 
elevation model is derived from interpolating contours lines. The 
second step is the application of a band rotation technique to transform 
near-infrared and red spectral bands to derive a soil line. The Soil line 
minimizes vegetation influence while maximizing spectral response 
from bare soil. Soil line values were used to map soil salinity levels. 
For the purpose of validation soil line values were correlated with 
topsoil conductivity measurements. Geopedologic modeling gave an 
overall view of the depth where salinization is active. 

Keywords: Geographic Information System GIS, Land degradation, 
Remote sensing, Soil line. 

In the literature, a compound process (a series of processes, together) termed as 
salinization/alkalinization, is referred to as the most frequently occurring land 
degradation type in (semi-) arid regions. These processes are the product of a 
complex interaction of various factors, which causes changes within a time 
period of about a decade, generally irreversible, leading to a lower production 
potential of the soil (Szabolcs, 1974 & Fauck, 1977). 

Land degradation, a decline in land quality caused by human activities, has 
been a major global issue since the 20" century (Eswaran et ai, 2001). It is 
reported that more than 50% of the dry areas of the world are affected by land 
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degradation (Gregne & Chou, 1994). Although water erosion is reported to be the 
dominant human-induced soil degradation process, a considerable part of the 
world land (0.8 million km2) suffers secondary salinization, caused by land 
mismanagement, with 58% of these in irrigated areas and nearly 20% of all 
irrigated land is affected by salt (Ghassemi et al, 1995). 

Salinity problems have a large impact especially in semi-arid regions since 
these areas with harsh climatic conditions are under high pressure to supply the 
required food and fibre for their rapidly increasing population. This pressure 
results from changes in land use, which is mainly due to the common policy of 
agricultural intensification. Usage in this manner accelerates land degradation 
processes, among others salinization/alkalinization, and eventually reduction in 
yield. 

Therefore, timely detection of salinization/alkalinization, assessment of its 
degree of severity and the extent, particularly in its inception is vital. In this 
respect, two different non-unique techniques (remote sensing and physiographic) 
can be used to identify, detect and predict the areas affected by salts. 

For salinity mapping various remote sensing and GIS techniques have been 
applied by various researchers (Metternicht & Zinck, 1996; Peng, 1998; Ben-Dor 
et al, 2002; Howari, 2003; Metternicht & Zinck, 2003 and Shrestha et al, 2005). 
Salinity is a dynamic process and may vary seasonally. Since moisture content 
affects surface reflectance, especially in the visible portion of spectrum mapping 
salinity can be tricky. 

Remote sensing data and techniques have been widely used to map salt-
affected areas (Hunt & Salisbury, 1976; Goetz et al, 1985; Hick & Russell 
1990; Verma et al, 1994 and Dehaan & Taylor, 2003). The potential of remote 
sensing in the study of salt-affected soils and in particular slightly to moderately 
affected areas is usually restricted (McGowen & Mellyon 1996). The sensors 
scan only the soil surface, while the entire soil profile is involved and should be 
considered. This limitation highlights the necessity of using other data and 
techniques, in combination with remote sensing. 

In the present paper, a step-wise approach is proposed to map saline soils 
using remote sensing and topographic data in a case study in the northern part of 
Bahariya Oasis in Egypt where soil salinity is a known problem which has a 
negative impact on crop growth and production. In Bahariya, it is found that the 
main unsuitability criteria restricting and eliminate more extend of additional 
areas for cultivation is the excess of salts. A salt-affected soil is a major soil 
degradation process affecting agricultural productivity in Egyptian soils 
(Darwish, 1998). In previous studies, it is found that Estimating spatial variability 
of soil salinity is an important issue in precision agriculture. The estimated 
spatial distributions of EC using the geostatistical methods with various reduced 
data sets were compared with the extensive salinity measurements in the large 
field (Darwish, 2004). 
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Methods and Techniques 
S.'-icU J.'-L't; 

Ffee Bahariya depression is located nearly in the middle of the Western desert 
ol ( gyp! and comprising a total area of approximately 2250 km il iy ! I The 
depies-uon !-. .urruunded b\ plateau escarpment The Moor of ibe ckprcsitu) 

.'•■is ol \mdsrone. ( fa . and Marls. The area falls under the arid condition a.s 
il.e total rainfall is (jMS) mra/year, Springs and wells are the main two 
inninduater resources lor irrigation and civic purposes (Salem. 1987). Based <>n 
I s goi] Tiaxonom) iioti.i) six taxonomic units (ai great group level) were 
identified in the study area; 1 onapsammentv Pusmmaquents. Torrifiuv-eni5. 
I orrjorthents, Saloitiiids, C alciorthids (l)an\ isli. 2004). 

Fig. I. Location of Bahariyn Oasis. 

in northern part of Bahariya (19.800.0 ha), it is found that the main 
uiiMutabiiil) criteria restricting and eliminate more extend of additional areas for 
cultivation is the excess of salts. A salt-affected soil is a major soil degradation 
process affecting the agricultural productivity in this area. 

The distribution of salinity in the study area shows .i eJear relationship with 
the geomorphologic setting (Darwish. 2G04}. Obviously, the visual interpretation 
of both physiographic map in relation to the DEM (Digital Elevation Model) end 
image of Stud) area give a good impression thai the geographical distribution of 
salinity characteristics is logical, taken into consideration the location from the 
salt effected soils units (playa). the relatively lower elevation units (depress ion s) 
.u\i[ the position III landscape in iheOasi.s. 

Saline ground water reaches the surface through natural channels I faults 
fracture*) oi through the openings created b) salt mining activities Sail alsn 
:i• •-■̂ • ■ -. upwards through bio-climatic factors, which influences the evapo-
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transpiration rate. Salt spreading mechanism ai the surface of paddy fields and 
playa geomorphic unit has been related to the occurrence of a saline crust, which 
can in -.time parts letting the saline groundwater reaching the surface, forming 
salirre spots and in the next stage spreading laterally to form surface crusts 
(flowari. ?f>03). This latter process is also effected by capillary rise of 

i through natural p Pishkar, 2003). 

e ÎUl.l\ area ti mainly cultivated with Date Palm trees [Phvemx 
Rie plum and partly peneplain geomorphologic units are the most 

ibk Ian -111 .-> fui agricultural purposes due to them flat or almost flat 
topography Here the highest yields of the area were found, especially for date 
palm tree> i 3 ') ton Fed yearj ami (I 1000 ton yean as ;i total production The 

M I I m Bahariya is quite simple, on!) fertilization is common, while 
. ice furrow irrigation is found in the agricultural fields tl l-Shreeif, 20011 

I he Stud) area is characterized by the presence o\' olive, apricots green 
grapes and citrus plantations Fruit trees Could he exploited in a better v\a>. but 

MIKII.II managemeni should paj more attention to fertilization in term i<\~ 
iirl: ■ "ig.uiK matter content, chemical treatments (salt leaching requirements), 

tnent and irrigation scheme development, where possibl 

ileppedo/ogK analysis 
l.andsat Satellite image blM- data ol the area, acquired in February 2003. 

was available (Fig. 2). The data was gcoreferenced by selecting ground control 
points from a (I: 50.000) topographic map This image was then georegistered 
and rectified to the UTM coordinate system (zone 35) with North America lc>82 
datttm cartographic projection 

Kig. 2. The F.TM+ satellite image in the Northern part of Bahari>a. 
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I'opographic map at scale 1:50,000 was scanned and the conrour lines were 
digitized on screen. Linear interpolation follows to get digital elevation model 
(PI M.) ol the area with }Q m. spatial resolution to lit l.andsai I'.. I'M- data. A 
stereo image was generated (stereo anaglyph) using J)l M and geomorphie 
interpretation was carried oui using red-green glasses (stereo anaglyph. Fif.3V, 
I (nes were delineated directly by on-screen digitizing The resulting 
interpretation map tor geopedologrcal survey is shown in Fig. 4. Advantage o;l 
on-screen digitizing is that the interpretation lines are geocoded and n.< 
transformation is required to transfer the interpretation fines to hase map. 

The Bahariya depression is a natural excavation, which is somewhat elliptical 
in shape, wiffl Its long axis towards a NE-SW direction, ami with a narrow hlunt-
poimetl extension at each end (Salem. 1987). 

Principally, the area under investigation is categorized into lour main 
dominant landscapes. These landscapes are; Hat to almost Hat Plain, gently 
undulating to undulating Peneplain, moderately to highly dissected Plateau with 
its escarpment surrounding the depression, and undulating Hilland wuh Kolau-d 
conical hiiK distributed aii over the depression of Bahariya. 

Hie Plain landscape and the Peneplain at the base of the Hilland are covered 
with a surface layer formatting the main soil recourses that support agriculture in 
Mime areas 

Hie Peneplain consists f isolated hills, rock out crop. Sand Sheet or J-'Jat md 
depressions whereas Plain consists of desert pavement, alluvium and eolluviu 
valley, sand sheet & flat. depression and playa. The remote sensing image was 
processed using the ENVI software and the maps were drawn with the ArcOis 
geographic information system. 

)i<;. 3, Stereo unat>lyph geaerateil lifting l.atulsai ETM* and HEM (North of Bahama). 
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Fig. 4. (.eopeilologic interpretation map. 

Results and Discussion 

Mas-king of geomorphic units having relation to soil salinity 
It is of general understanding that soil salinity develops in the lowest part of 

the landscape where ground water table is closer. Rise of groundwaier takes place 
due to capillary- rise and the evaporation of saline water results in salinity 
development in the soil. It is also shown by study carried out in the area 
(I)arwish. 2004). The geomorphic units thai occur in the lower part of the 
landscape such as; playa. depressions and sand sheets & flat were masked out. 
The resulting map shows only those areas which have potential soil salinity 
problems 

Imu • 
image transformation : uion using red and near infra 

maximizes information from soil surface features (Shrestha, 20Q5) Since 
salinity is *hown by W wee values due to formation of sail crusts 

on ihe surface, hand rotation was considered useful to enhance soil features and 
applied in the present case stud) Hand rotation angle was calculated b> taking 
training samples of hare soil surfaces in red and near infrared hands ol Landsal 
1 i"M • data lFig.5), A linear least square model was lined (r = 0.95) u.-v shown itl 
the equation below: 

y = 0.45x • 19.55 (Jj 


