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Abstract: The main objective of this study is to define the optimum land uses for some areas west

of the Nile Delta, Egypt. To fulfill this objective Digital Elevation Model (DEM) and Landsat ETM+

image were used in a Geographic Information System (GIS) to delineate the physiographic map of

the area. The physiographic units were represented by 10 soil profiles. morphological description was

carried out and 28 disturbed soil samples were collected for physical and chemical analysis. The

laboratory analyses and field observation data were linked with the attribute table of the physiographic

map. Physiographic units and soils were correlated to produce the digital soil map of the studied area.

The attribute data of the digital map and climatic normal’s of the area were imported to ALES and

CROPWAT 4.2 programs to assess the suitability classes and water requirements of the main crops

in the studied area. The results indicate that the most suitable crops are Wheat, Beans, Sugar beet,

Maize, Sunflower, Tomato, Groundnut, and Sesame. Where, the calculated water requirements of these

crops are 490.4, 328.2, 556.65, 668.5, 619.5, 765.7, 467.5 and 445.3 mm/season respectively.
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INTRODUCTION

Traditional soil survey methods have in the past been criticized, perhaps justifiably, for being too

qualitative in character. In response to these criticisms, quantitative models have been developed, especially

within the last thirty years, which are being used to describe, classify and study the spatial distribution patterns

of soil in a more objective way (McBratney et. al., 2003). With the great explosion in computation and

information technology come vast amounts of data and tools in all fields of endeavor. Soil science is no

exception,  with  the  ongoing  creation  of  regional,  national,  continental  and  worldwide  databases

(Hastie et. al., 2001). In addition to this, in soil science, the increasing power of tools such as geographic

information systems (GIS), GPS, remote and proximal sensors and data sources such as those provided by

digital elevation models (DEMs) are suggesting new ways forward. Worldwide organizations are investigating

the possibility of applying the new spanners of information technology and science to the old engine of soil

survey. In the language of digital soil maps, different from that of conventional cartography, scale is a difficult

concept, and is better replaced by resolution and spacing (Bishop et. al., 2001). These quantitative methods

enable precise statements about the soil and offer a good data for horizontal expansion policy, land use

planning, optimum land use and sustainable development. 

The policy of the horizontal expansion represents a very great importance for Egypt, since the rates of

overpopulation increase annually with more than 2.1%, which is considered to be one of the sustainable

development impediments. The desert immigration, which is representing the majority of the Egyptian lands

considered to be the core resolution to re-draw the population, social and economic map of the Egypt, this will

provide for each individual true job opportunity and a better standard of living and services (MALR, 1994).

The west of the Nile Delta region is one of regions that enters in the horizontal expansion policy, this is an

expansion for the alienation policy of small areas (ranges between 6-10 feddan) added to the areas that ranges

between (10-20 feddan) this region differs from other newly reclaimed regions in Egypt which some of them

located in the saline soils derived form the marine deposits, while this region has sandy texture soils

(GARPAD, 1997). The studied region incorporates an area of approximated 96819.14 feddans. It is bounded

by longitudes 30º 00  and 30º 25  E and Latitudes 30º 30  and 30º 45  N, (figure 1). According to Egyptian

meteorological  Authority  Egyptian sMetrological Authoritym, (1996) and the American Soil Taxonomy

USDA, (2006) the soil temperature regime of the studied area could be defined as Thermic and soil moisture

regime as Torric. The studied area belong to pleistocene sediments which includes, young Pleistocene terraces

covered  by  sands  and  gravels,  sand  dunes  sand ripples and sand accumulations and marine deposits

(Said, 1993).  
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Fig. 1: Location map of the study area

MATERIAL AND METHODS

Landsat ETM+ (path 177, row 39) acquired in 2003 and digital elevation model were used to delineate

the physiographic and soil units. The data merge process has been done to enhance the spatial resolution of

Landsat ETM+ using ENVI 4.2 software (figure 2). The enhanced Landsat ETM+ image (figure 3) was draped

over the digital elevation model (figure 4) and processed in ERDAS Imagine 8.7 software to define the

different physiographic units of the studied area following the geomorphic approach (Dobos et. al., 2002 &

Zinck, and Valenzuela, 1990) . The delineated physiographic units were checked through field observation, soil

patterns, land forms and characteristic landscape were surveyed in a semi detailed manner. Ten soil profiles

were taken to represent different mapping units; the morphological description of these profiles was carried

out according to the guidelines edited by FAO, (1990). Representative disturbed 28 soil samples have been

collected and analyzed using the soil survey laboratory methods manual (USDA, 2004). The soils were

classified to the sub great groups based on the American Soil Taxonomy, Then the the physiographic and

taxonomic units, were correlated in order to identify the major soil sets of the studied area (Elbersen, and

Catlan, 1987). Arc-GIS 9.0 software has been used as the main GIS software for physiography and soils

mapping. Actual and potential suitability calculated by using the Automated Land Evaluation system (ALES)

depending on soil rating after (FAO, 1985). The water requirements of crops calculated by using CROPWAT

4.2 program, the evapotranspiration (ET) was calculated using penmon-monteith method (Allen, 1998). 

RESULTS AND DISCUSSIONS

Digital Soil Mapping:

Physiography is assumed to be one of the driving soil forming factors and soil mapping criteria, concepts

provided by this discipline can converiently be used for soil data structuring. The combination of the

geomorphic approach as a hierarchic classification system of geoforms using the existing body of knowledge

in geomorphology, with the satellite data and field observations improved the results and allow us to use the

computer-assistance procedures. 

The delineation of the physiographic units from the satellite data needs a high spatial resolution images;

therefore  the  spatial resolution of the used Landsat ETM+ was enhanced through the data merge process.

This process is commonly used to enhance the spatial resolution of multi-spectral datasets using higher spatial
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(a) (b)

(c)

a- Multispectral ETM (bands 7, 4, 2) with pixel resolution of  28.5 m

b- Panchromatic ETM (band 8) with pixel resolution of 14.25 m

c- Merged image with pixel resolution of 14.25 m  

Fig. 2: Data merge process of a small portion of the studied area

resolution  panchromatic  data  or  single band (band 8). In this study merged data were performed using

multi-spectral bands (28.50 m) as a low spatial resolution with panchromatic band 8 of ETM  satellite image+

as a high spatial resolution (14.25 m) resulting in multi-spectral data with high spatial resolution (14.25 m).

The enhanced image was draped over the Digital Elevation Model (DEM) of the area to delineate the

physiographic map. The physical and chemical analyses of the studied soils (table 1) were linked to the

attribute table of the mapping units. 
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Table 1: The main physical & chemical characteristics of the representative soil profile

3M apping Soil profile Depth Texture pH O.M CaCO ECex (1:1) CEC meq./100 ESP Available nutrients (ppm)

unit No. (cm) class % % dS/m g. Soil % ----------------------------------

N P K

L111 1 0-20 Sandy 7.5 0.73 20.41 0.81 3.2 9.3 0.3 0.8 6.3

20-90 Sandy 7.3 0.26 17.82 0.43 3.0 8.4 - - -

90-120 Sandy 7.3 0.17 19.43 0.30 3.4 8.1 - - -

L112 2 0-20 Sandy 7.5 0.64 21.51 1.40 4.3 9.2 0.4 1.1 7.2

20-60 Sandy 7.6 0.21 40.26 0.52 6.1 10.1 - - -

E211 0-15 Sandy 7.2 0.82 14.31 0.51 2.9 7.4 0.2 0.9 4.63

15-70 Sandy 7.4 0.34 9.26 0.42 2.4 6.9 - - -

70-110 Sandy 7.2 0.16 6.74 0.23 2.5 7.1 - - -

E212 4 0-15 Sandy 7.8 0.51 15.31 0.84 6.6 8.4 0.4 0.7 6.2

15-70 Sandy 7.6 0.36 17.61 0.61 5.1 8.1 - - -

70-100 Sandy 7.5 0.19 20.83 0.46 6.4 9.3 - - -

E213 5 0-20 Sandy 7.9 0.62 12.32 1.24 6.8 9.6 0.5 0.8 5.7

20-70 Sandy 7.7 0.39 13.53 0.86 5.4 8.4 - - -

70-120 Sandy 7.8 0.23 16.64 0.56 6.3 10.4 - - -

E111 0-25 Sandy 7.3 0.79 8.72 0.71 3.6 6.5 0.2 0.7 5.26

25-60 Sandy 7.1 0.29 9.17 0.53 3.1 6.5 - - -

60-100 Sandy 7.5 0.20 9.34 0.40 2.4 6.3 - - -

E112 7 0-15 Sandy 7.4 0.62 35.72 1.3 4.2 7.5 0.3 0.9 6.1

15-70 Sandy 7.5 0.43 45.16 0.8 4.8 6.9 - - -

O111 8 0-30 Sandy 7.2 0.64 5.31 0.62 3.7 7.4 0.2 0.8 7.1

30-75 Sandy 7.3 0.19 3.42 0.46 3.1 7.1 - - -

75-115 Sandy 7.6 0.10 3.21 0.38 2.8 7.0 - - -

O112 9 0-35 Sandy 7.5 0.58 6.21 0.82 4.8 8.9 0.3 0.7 7.4

35-70 Sandy 7.6 0.25 7.33 1.51 5.2 7.5 - - -

70-100 Sandy 7.8 0.21 4.26 0.44 5.8 8.7 - - -

O211 10 0-20 Sandy 7.3 0.72 21.2 0.81 3.8 6.2 0.3 0.9 6.7

20-60 Sandy 7.4 0.28 36.4 0.63 4.1 7.8 - - -

60-90 Sandy 7.5 0.16 19.1 0.31 3.2 9.1 - - -

Fig. 3: Landsat ETM+ image of the studied area 
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Fig. 4: Digital elevation model of the studied area

The analytical data indicate that the soil texture is sandy; soil depth ranges from 60 to 120 cm, soil

salinity is low as the EC value is not more than 1.51 dS/m in the different soil samples, the exchangeable

sodium percent (ESP) ranges between 6.3 and 10.5%, cation exchange capacity is rather low as it ranges

between 2.4 to 6.8 meq/100 g soil, the available nitrogen, phosphorous and potassium are ranges from 0.2 to

0.5, 0.7 to 1.1 and 4.6 to 7.2 ppm, respectively. The soils were classified to the sub great groups based on

the American soil taxonomy and correlated with the physiographic units as shown in figure (5). The data

indicate that the main physiographic units in the studied area are aeolian plain (sand ripples of various

elevations & almost flat to undulating sand sheets), table land (almost flat & gently slope areas) and old deltaic

plain (sequence of old river terraces). The soils of these units can be classified as Typic Torripsamments, Typic

Torriorthents and Typic Haplocalcids.  

Crop Suitability and Water Requirements:

Soil quality was derived from the digital soil map attributed data, where the parameters of soil depth (d),

3soil texture (t), drainage condition (dc), macro nutrients (m), CEC (c), salinity (s),  alkalinity (a), CaCO  %

(k) and erosion hazard (e) were used. Table (2) represent the soil qualities of the different mapping units, the

given  data  reveal  that  the  macro  nutrients (m), CEC (c), soil texture (t) drainage condition (dc) and

3CaCO  % are the main limiting factors affect the soil quality in the area. The first two factors can be enhanced

through the traditional management (i.e. fertilization); therefore they omitted when assessing the potential

suitability for crop in the studied area. 

3The soil qualities (depth, soil texture, drainage condition, salinity, alkalinity, CaCO  content and erosion

hazard) were matched with the requirements of 20 traditional field crops using the Automated Land Evaluation

System (ALES) for evaluating their potential suitability in the studied area. The suitability classes were grouped

into five categories i.e. high suitable (S1), suitable (S2), moderate suitable (S3), marginal suitable (S4) and not

suitable (N). The results reveal that the most suitable crops in the area are Wheat, Beans, Sugar beet, Maize,

Sunflower, Tomato, Groundnut, and Sesame where the potential suitability of these crops ranges between

suitable (S2) to moderate suitable (S3) as shown in table (3). The spatial distribution of limiting factors and

potential suitability for crops are represents in figure  (6).  It is clear that the soils of almost flat table land
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Table 2: Land quality classes of soil mapping units 

Soil Qualities M apping units

-----------------------------------------------------------------------------------------------------------------------------------------

E111 E112 E211 E212 E213 L111 L112 O111 O112 O211

11- Soil depth(d) 2 1 1 1 1 3 1 1 2

2- Soil texture (t) 3 3 3 3 3 3 3 3 3 3

3- Drainage condition (dc) 1 2 1 1 1 1 3 1 2 2

4- Macro nutrients (m) 4 4 4 4 4 4 4 4 4 4

5- CEC (c) 4 4 4 3 3 4 4 4 4 4

6- Salinity (s) 1 1 1 1 1 1 1 1 1 1

7- Alkalinity (a) 1 1 1 1 1 1 1 1 1 1

38- CaCO  % (k) 1 3 1 2 2 2 3 1 1 3

9- Erosion hazard (e) 2 2 2 2 2 2 2 2 2 2

Limitations t,m,c t,m,c,k t,m,c t,m,c t,m,c t,m,c d,t, m,c,k t,m,c,k t,m,c t,m,c,k

Fig. 5: Physiography and soils of the studied area
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Table 3: Potential suitability of some traditional crops in the studied area

Crops M apping units

------------------------------------------------------------------------------------------------------------------------------------------------------

E111 E112 E211 E212 E213 L111 L112 O111 O112 O211

S3Wheat S3 S3 S3 S3 S3 S3 S3 S3 S3

Beans S2 S3 S2 S2 S2 S2 S3 S2 S2 S3

Sugar beet S3 S3 S3 S3 S3 S3 S3 S3 S3 S3

M aize S3 S3 S3 S3 S3 S3 S3 S3 S3 S3

Sunflower S2 S3 S2 S2 S2 S2 S3 S2 S2 S3

Tomato S3 S3 S3 S3 S3 S3 S3 S3 S3 S3

Groundnut S2 S3 S2 S2 S2 S2 S3 S2 S2 S3

Sesame S2 S3 S2 S2 S2 S2 S3 S2 S2 S3

* In potential suitability the macro nutrients (m) and CEC (c) factors were omitted, as it can be enhanced by fertilization processes  

Fig. 6: Limiting factors and potential suitability classes of some traditional crops

(L112), moderately high sand ripples (E112) and severely dissected old river terraces (O211) are moderate

suitable for the selected crops. The rest of the area is high suitable for Beans, Sunflower, Groundnut, and

Sesame and moderately suitable for Wheat, Sugar beet, Maize and Tomato. 

The scarcity of water resources in the newly reclaimed lands of arid regions requires a considerable

improvement in the cropping pattern and irrigation method. The irrigation system in such areas must be

achieving the integration between the crop water requirements and land characteristics.

CROPWAT 4.2 program was used to calculate the water requirements of the proposed field crops. The

calculated water consumption of Wheat, Beans, Sugar beet, Maize, Sunflower, Tomato, Groundnut, and Sesame

are 490.4, 328.2, 556.65, 668.5, 619.5, 765.7, 467.5 and 445.3 mm/season respectively (figure 6). It worth to

mention that the calculated water requirements are available in the study area where supplies of irrigation

channel and wells are sufficient. 
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Fig. 7: Water requirements of the suitable crops (mm)

Therefore, the cultivation of Wheat, Beans, Sugar beet and Groundnut as main winter crops and Maize,

Sunflower, Tomato, and Sesame as main summer crops in the studied area is recommended. 

Conclusion:

This study emphasizes the importance of digital soil map applications, particularly, in land suitability

classification for crops. The format of digital maps allows the linking with the different models in a

geographical information system; this facilitates the integration of data to assist the decision support systems.

Sustainable agriculture in the newly reclaimed areas is depending mainly on soil qualities, cropping pattern and

the availability of irrigation water. Therefore, a suitable cropping pattern was proposed for the studied area,

also the crop water requirements are calculated. The most suitable crops in the area are Wheat, Beans, Sugar

beet, Maize, Sunflower, Tomato, Groundnut, and Sesame with water requirements of 490.4, 328.2, 556.65,

668.5, 619.5, 765.7, 467.5 and 445.3 mm/season respectively. These results can be used to define a suitable

irrigation schedule and system for achieving the adoption between the crop water requirements and land

characteristics in such areas. 
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