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ABSTRACT

The study aims to build up a geographic digital database related to Banger Elsokar
area for evaluation the characteristics and prosperities of the soil. This plays a great role in
choosing the best suitable kinds of crops to be grown on the study area through integration
of the Geographic Information System (GIS) and the Evaluation Program used (ALES-Arid)
and aiso using the (GPS). ALES-Arid aimed to evaluate the fitness of different land types to
produce different crops (field crops, vegetabies, forage crops, and fruit trees) to identify the
optimum land use. A total of 91 soil cbservations were made (9 profiles and 82 augers);
which soil covers a total area of 1521 hectars. Scil profiles were morphologically described
in the field and soil samples were collected for laboratory determinations. Also, irrigation
water samples were collected from EL- Nasr canal.

The results indicated that the studied area could be divided into five soil units as: 1)
Non saline, very calcareous, deep, 2- Non saline, very calcareous, moderately deep, 3- Non
saline, extremely calcareous, deep, 4- Saline, extremely calcareous, deep, and 5- High
saline, extremely calcareous, deep. The investigated soils mainly classified as C2 {good
capability), the main limiting productivity factors of Banger Elsokar area soils were soil
texture (f), and calcium carbonate content (Ca).Also, the results of this work indicated that
the investigated soils mainly classified as C4 (poor capabiiity} to C5 (very poor capability),
the main limiting productivity factors were organic matter (om), avaliable nitrogen (n), and
available potassium (k).

Different land suitability classes and indices for several crops were predicted based
on the matching between land qualities and characteristics and crop slandered requinament
using ALES-Arid program. The land suitability for sex crops (field crops, vegetables, and
fruit frees) was investigaied. The main limitations in the studied area are soil texture (1),
hydraufic conductivity (Kh), soil salinity (ece), availabie potassium (k}, calcium carbonate
content {ca), and soil depth (dp).

INTRODUCTION
Geographic information system, commonly referred to as a GI5, is a
computer system designed for input, storage, retrieval analysis, and display
of interpreted geographic data (Burrough, 1986). On the other words, GiS is
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a powerful set of tools for capturing, storing, management, retrieving, analysis,
and displaying spatial data from the real world for a particular set of purposes
(Burrough and McDonnell, 1998). Appiications of GIS technology in soll survey
indirectly impact land use and natural resource planning. Soil survey is often a
layer in GIS applications, which range from tand use and natural resource
planning at local municipality ievels to global resource inventory (Driessen and
Konijn, 1992). Land evaluation is defined as “the process of assessment of
the performance of land when used for specific purposes, involving the
execution and interpretation of surveys and studies of land forms, soils,
land use, vegetation, climate and other aspects of land in order to identify
and make a comparison of promising land use types in terms applicable to
the objectives of the evaluation” (FAO, 1983). Another definition for land
evaluation is “the assessment of the suitabiiity of land for man's use in
agriculture, forestry, engineering, hydrology, regional planning, recreation, etc.,”
(Stewart, 1968 and Van Diepen et al., 1991). The aim of land evaluation Is to
provide information on the opportunities-and constraints for the use of land
as a basis for making decisions on its use and management (Songcai,
1697). The main product of land evaluation investigations is a land
classification that indicates the suitability of various kinds of iand for
specific land uses, usually depicted on maps with accompanying reports
(FAQ, 2008). Ramadan (1992) and Abdel-Kader and Ramadan (1995) used
ILWIS/GIS software in their studies, and found that the capability classes in
Dabaa and Fuka areas comprised four classes: class 2, class 3, class 4, and
class 5. They applied the FAQ system to evaluate the_lands for. different jand
uses, mamely, wheat, barley, and fig plantation, and concluded that the
prevailing land use classes are S2, S3, and N. Bahnassy et al., (2001) used
coupling GIS with modeling tools to support land use planning and management
of Sugar Beet area, west Nubana. They found that the output from both
SALTMOD and MicroL EIS models were linked to the ARC View/GIS software to
show spatiai-temporal distribution of soil salinity, water table depth and suitability
of wheat plantation. Fayed (2003), evaluated the land capability of El-Bostan
region west Nile Delta, according to the systern elaborated by Ismail et al.
(2001), and found that some of the studied soils belong to land capability class 4
(weak or marginal), while others belong to class 3, which reflect fair or moderate
degree of land capability. Also he used the MicroLEIS software to determine the
soil suitabilty for crops. The Banger El Sokkar region of the western coastal of
Egypt has recently been subjected to attention for increasing the agricuftural
land use. The main goals of this study is to: characterize the main soil units and
evaluate the land for different land uses throughout integration of Geographical
information System (GIS) and modeling.
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Location of studied area

El-Banger region is located 55 km south west of Alexandria city. It is
bounded by Alex-Cario desert road from the East, El-Nasr Canal from the
South and the West, and Bahig Canal from the North. It lies approximately
between latitudes 30 45 and 30 55 N and longitudes 29 30 and 29 50 E. El
Banger region runs west and North West covering an approximately
113,750 feddans. The study area extends to cover El-Zuhur village {urban
and agricultural areas) which represent the first stage of reclamation with
total acreage of 1521 hectare (3650 feddan). It lies approximately between
latitudes 30 47 and 30 50 N and longitudes 29 32.30 and 29 36 E., map (1).
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Map(1): The location of the study area
Main characteristics of the climate in the study area are the long dry
summer and the scarce winter rainfall. According to Koppen's classification,
the climate of the region is described as a hot desert climate. The amount
of annual rainfall is low and reaches about 160 mm. Most of precipitation
falls in winter between October and March. The mean annual temperature
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is around 23.5°C. Average relative humidity over the year is 66%. The
geological history of El Banger region had been studied by the FAO/SF
(1964). The most striking structural feature shows that the study area is
sandwiched by two series of bridges.

MATERIALS AND METHODS

Field work: Systematic intensive soil survey was carried out in the
area throughout digging soil pits and auger observations (Ministry of
Agriculiure, 1995). A total of 91 soil observations were made (9 pits and 82
soil augers); which cover a total area of 1521 hectars. Soil pits were
morphologically described in the field according to the FAQ (1990), and
soil sampies were collected for laboratory determinations. Map (2) shows
the location of the soil observations. imigation water samples were
collected from EL- Nasr canal.
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Map(2): Location of soil observations in studied area
Satellite Image:

A window of Landsat?7 ETM+ (Enhanced Thematic Mapper) image
acquired in May 2002 was selected to represent the studied area.
Topographic Maps

The study area is covered by four topographic map sheets at scale
1:50000. The ArcGIS software (ESRI, 2008) using georeferencing model in
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Spatial analysis extension to project a topographic map to Universal
Transverse Mercator (UTM) coordinates (Easting-Northing) system.
Generation of DEM

DEM is defined as any digital representation of the continuous
variation of relief over space (Burrough, 1986 by means of digitized contour
lines of 1:50000 scaled topographic maps in every 10 m interval as welf as
spot heights, DEM of the study area was performed by using interpolation
procedure. Topo to raster model in 3D extension was used to generate the
Digital Elevation Model (DEM) within ArcGIS 9.3 (ESRI, 2008). DEM was
analyzed fo generate the degree of siope classes and Aspect.

Laboratory analyses:

Chemical and physica! analyses of soils were carried out according
to Page et al. (1982).

Descriptive statistical parameters:

Minimum, maximum, mean, standard deviation and coefficient of
variance were calculated using SPSS software Ver. 12 (2003).

Building up Digital Georeference Database:

Data input process is the operation of entering the spatial and non-
spatial data into GIS using ArcGIS software (ESRI, 2008). Each soil
observation was geo-referenced using the Global Positiong Systems (GPS)
and digitized. The different soil attributes were coded, and new fieids were
added to the profile database file in ArcGIS software.

Soil Units:

Map overlay is the hallmark of GIS. It could be done in2 ways,
either using a vector or raster data. The raster operation is more preferred
as it makes the calculation easier using map caiculator. Addition operation
was used to overlay the reclassified maps of EC, CaCO3 and depth to
explain soil complexity and variability and to evaluate the land for specific
uses.

Land evaluation:

Agriculture land Evaluation System for arid region (ALES-Arid) (Abd
El-Kawy et al., 2010) is a new approach for land capability and suitability
evaluation. ALES-Arid is described as a land use decision support system,
which is linked directly with integrated databases and coupled indirectly
(loose coupling) with GIS. Through ALES-Arid program, land -evaluation
algorithms are expressed in notation forms that can be understood by a
calculating device. Optimization tools based on land evaluation modeis are
considered very important to formulate decision alternatives. The caiculation
of capability index by ALES-Arid is an indication of land capability

Vol. 15 (4), 2010 1157



J. Adv. Agric. Res. { Fac. Ag. Saba Basha)

according to multiplication method. Three main groups of parameters were
included:

1- Soil physica!l and chemical parameters.

2- Soil fertility parameters, and

3- Water irmigation parameters.

Each grope consists of number of characteristics (or qualities); which
are evaluated and described as an index that takes value from zero
(minimum value) to 100% {maximum value) then the logarithmic value of
each characteristic was calculated from its index value. After that the finai
capability index of each group was caiculated by multiplying the logarithmic
mean of its characteristics, and then the anti-logarithmic value (capability
index) caiculated. The ALES-Arid aimed to evaluate the fitness of different
land types to produce different crops (fieid crops, vegetables, forage crops,
and fruit trees) to identify the optimum land use. Land suitability
calculations have taken into consideration most of land capability related
parameters, as well as, climatic data (temperature). The land suitability
classes were identified using the matching between standard crop
requirements (Sys, 1875; FAQ, 1977, 1985 and Sys et al., 1993) and actual
land characteristics. The crop requirements were listed against soil
properties and rated to give classes of land suitability for theses crops.

The successful application of ALES-Arid implies the respect of
foliowing rule: the number of land characteristics to consider has to be
reduced (minimum dataset) to avoid repetition of related characteristics in
the formula (Sys et al., 1993).

RESULTS AND DISCUSSIONS
Land surface analyses:

Digital elevation model (DEM) of the studied area contributes to the
storage of elevation data as digital map and 3-D, (Map 3). The most
advantage of the GIS is the ability to process elevation data in a digital
format, and obtains valuable information about the land surface; (Carter,
1988). DEM was obtained from the digital contour map, using the
interpolation technique. The lowest elevation in the study area is -13 m
A.S.L. and the highestoneis 1 m, AS.L
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Map(3): the Digital Elevation Mode! (DEM) of the study area

Descriptive statistical estimates:

- The descriptive statistical analysis for the main variables at the
studied area is summarized in Table (1). The data show that the soil
samples were characterized by a wide range of salinity where the
maximum values of EC are 15 dS/m, and the minimum dropped to 1 dS/m,
with a median of 2.6 dS/m. Such over-spread salinity is expressed by
distinguished coefficient of variation (C.V.) value of 0.79 for soil samples. It
is also noticed that the higher EC variation is associated with the
dominated soluble ions variation, i.e., Na* and CI. Sodium adsorption ratio
(SAR) represents a high variation where the maximum SAR values are
9.36 and the minimum SAR values are1.11 in soll samples.
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Table (1). Statistical parameters of soil physical, chemical and fertility
properties

Soll Property  yuean  min Mex  SD. Var. CV  Median

pH 8.24 7.88 8.50 0.15 0.02 0.02 8.25

EC, d8/im 354 1.00 15.00 2.80 7.84 0.79 280

CaCOs, % 33.44 19.05 51.82 7.18 §1.60 0.21 33.33

OM, % 0.64 0.21 1.32 0.32 0.10 0.40 0.61

Sand, % 8120 61.20 94.80 9.16 83.93 0.11 83.10

SMt, % 6.22 1.30 18.30 4.31 18.58 0.68 5.05

Cwy, % 12.58 3.00 26.65 6.31 39.80 0.50 1.7

Ca,megi 2228 16.00 40.20 581 31.52 025 2040

Mg. meq/ 590 2.00 18.00 4.94 2444 084 4.00

Na, mogh 9.38 370 490.58 8.49 7218 0. 663

Soluble cations and
Anlons

K, megh .47 0.13 8.18 1.91 3.66 1.30 0.97

HCOy, megll  3.51 2.10 12.40 174 3.03 0.50 310

CLmegl 1527 875 47.50 7.35 53.95 0.48 12.50

SO.meqt 2025  B.82 5387 1181 13938  0.58 17.34

SAR 2.36 1.19 9.36 1.80 2.56 0.68 1.87

ESP% 213 0.38 11.15 2.14 457 1.01 147

g $ § K, ppm 8a.97 7.99 276.10 82.26 €766.83 0.92 74.16
B § P, ppm 1457 572 21.57 5.18 26.81 0.36 1378
e T Nppm 2345 663 6006 1222 14933 052 2243
Zn, ppm 0.50 0.10 280 047 0.22 0.94 0.20

§ %E Cu, ppm 0.28 0.02 0.69 017 0.03 0.62 022
5 E3 _ Feppm 2.07 981 6.24 1.23 1.51 0.56 1.61
Mn,ppm 285 0.29 1008  2.56 6.56 0.90 1.83

Soll depth, cm 114.67  90.00 120.00 11.53 133.03 0.10 120.00

SP % 37.58 14.62 54.15 7.70 59.35 0.20 3766

FC % 10.37 6.15 17861 2.33 545 0.23 9.94
WP % 5.56 2.56 10.26 1.58 2.50 0.28 513
Kh {cmfhr) 3.97 032 13.17 2.70 7.31 0.68 3.680
Bulk densiy
crd) 1.3 1.08 1.68 010 0.01 0.08 1.31
Available
tor (i m) 48.10 35.80 73.49 8.35 69.67 0.17 46.50
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Soil mapping Units:

The final soil map was compiled by GIS software (Arc GIS) after the
completion of the field work and laboratory analysis of the soil properties for
the entire study area. Generally, studied area could be divided into five soil
units (Map 4): -

1- Non saline, very calcareous, deep: the soil unit area 568.9 fed. (15.6%)
from the study area, soil salinity varied between 1.2 — 3.1 dS/m, calcium
carbonate content varied between 19 - 29%, and depth > 100 ¢m.

2- Non saline, very calcareous, moderately deep: the soil unit area 84.5
fed. (2.3%) from the study area, soil salinity varied between 2 — 3.5
dS/m, calcium carbonate content varied between 28.4 — 30.5%, and
depth < 100 cm.

3- Non saline, extremely calcareous, deep: the soil unit area 1987.6 fed.
(54.5%) from the study area, soil salinity varied between 1 ~ 4.2 dS/m,
calcium carbonate content 30 — 51.8%, and depth > 100 cm.

4- Saline, extremely calcareous, deep: the soil unit area 905.8 fed. (24.8%)
from the study area, soil salinity varied between 4 - 7.9 dS/m, calcium
carbonate content varied between 29.9 — 47.9%, and depth > 100 cm.

5- High saline, extremely calcareous, deep: the soll unit area 100.8 fed. {2.8%)
from the study area, soil salinity varied between 8.7 - 15 dS/m, calcium
carbonate content varied between 30.2 — 40.9%, and depth > 100 cm.

N

¥

Non Saline

7] Very caicerous, deep

B3 Very calcarous, Moderately daep
73 Exiremely calcstous, desp
Saline

[ Extremely caicerous, deep
Hight saline

EE Extremely calcarous, deep

12 1.8 24 3

Map(4): Soil units of the study area
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Evaluation Parameters:
Soil capability indices:

. Results (in Map. 5) indicated that the investigated soils mainly
classified as C2 (good capability), the main limiting productivity factors of
Banger Eisokar area soils were soil texture (T), and calcium carbonate
content (Ca). Results (in Map. 6) indicated that the investigated soils mainly
classified as C4 (poor capability) to C5 (very poor capability), the main
limiting productivity factors were organic matter (OM), available nitrogen
(N), and available potassium (K).

Table{2):Areas of Soil capability classes
Soil Classes  Area (fed.)  fertility Classes Area (fed.}

C2 (Ca) 100.8 C4 (OM, N) 1006.5
c2 () 84.5 C4 (OM.NK) 6534
C2(T,Ca) 3462 C5(0OM,N,K)  1987.6

Soif Class
E5C2(ca)
EEFC2 (tea)

S50 0306 12 18 24 3
T ——— Kiomelers

Map (5): Soil physical and chemical capability class and limitation of the area
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Map (6): soil fertility capability class and limitation factors of the studied area
Suitability classes for different crop:

Different land suitability classes and indices for several crops were
suggested basing on the matching between land qualities and
characteristics and crop standered requirement using ALES-Arid program
{Table, 3). The land suitability for six crops (field crops, vegetables, and
fruit trees) was investigated. The main limitations in the studied area are
soil texture (T), hydrauiic conductivity (K,), soil salinity (EC.), availabie
potassium {K), caicium carbonate content (Ca), and soil depth (dp). The
maps 7, 8, 9, 10, 11 and 12 summarized the iand capability and suitability
classes and the area suitable for each crop.

Table (3): Areas of land suitability classes for different crops grown in the area

Faba bean wheat Tomato Watermelon
Classes Area Classes Area classes Area classes Area

. (fed.) (fed.) {fed) (fed.)
S2(T) 26409 SATK,) 5689 S1(} 905.8 S1() 2640.9
S2(EC..T) 905.8 S3(TK,) 3078.6 S1{(K, 19876 S2() 905.8
S3 (EC) 100.8 S2(K,) 1853 S2(EC,) 1008

S3(Ky)  568.9
Apple Date palm
Classes Area Classes Area (fed.)
{fed.) .

S1(T) 568.9 S1() .905.8
$2(T) 19876  S2(dpK.) 84.5
S2(dp,T" 84.5 52 (Ku) 2088.3
S2(EC,) 1006.5 83 (Ky) 568.9
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Map(7): Soil suitability class for wheat
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Map(8): Soil suitability class for faba bean.
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Map(9): Soil suitability class for tomato.
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Map(10}): Soil suitability class for watermelon.

Vol. 15 (4),2010 1165



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

COITRIS 15 224 3 375

$
Apple class
NNEINTY]
M s:iot)
R s52(wce)

Map (12): Soi! suitability class for apple.
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