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ABSTRACT

The aims of the present study are to characterize the main soil units and evaiuate
the land capability and suitability in some soils east of Idko Lake, Egypt, using coupling
between Geographic information systems (GIS) and ALES-Arid model. The results of spatial
variability and dependence in the surface layer indicate that the hest fittinc semi-variogram
models were the gaussian model for soil salinity and CaCO3; and the spherical model for
soluble magnesium (Mg™) and soil depth. In the same time the optimum sampling distance
for any further study of EC, Mg"*, CaCO; and scil depth were 195, 400, 308 and 484 m,
respectively. Spatial interpolation maps coupling GIS and kriged maps indicate that the soits
of the studied area were classified into four main soil mapping units and seven subunits. The
main units are: Non saline and shallow soils (40.98%), Non saline and deep soils (52.7%),
Saline and shallow soils (2.74%) and Saline and deep soils (3.58% of total area).

The Agriculture Land Evaluation System for arid region (ALES-And) pregram has
been used to calculate the index values of land capability and soil suitability, as well as their
classes and limitations. Resultes indicated that most of the studied soils belong to class 3
(fair or moderate), while others belong to class 4, which reflect weak or marginal degree of
land capability. Also, Wheat, Barley, Rice, Onion, and Alfalfa are the most suitable crops to
be grown in the studied soils. However, most of the studied soils are considered conditional
suitable to actually unsuitable (5S4 to NS2) for fruit trees. The main limiting factors for land
capability and crops suitability in the studied soils are soil depth, saturated hydraulic
conductivity (Kh) soil salinity (EC) and alkalinity (SAR). Using ARC view / GIS software,
incorporate the data obtained from ALES-Arid model were mapped to show the distribution
of spatial variability of capability and suitability classes for different crops.

Introduction

The soil as’ an open system is characterized by vertical and
horizontal variations of soil properties. Different tools of analysis may be
used to describe soil variability and distribution of soil properties in space.
Among of them, semi-variogram is the most important one in geostatistical
applications in soil studies. 1t can quantify the scale and intensity of spatial
variability and provides the essential spatial information for local estimation
and optimizing sample intensity (Oliver, 1287 and Lark and Beckett, 1998).
Some studies were carried out to show the patterns of semi-variogram for
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different soil properties in some Egyptian soils and to find out the optimum
sampling distance of the studied properties (Morsy, 1994; Abdel-Kader and
Ramadan, 1995; Bahnassy and Morsy, 1996; Fayed, 1998 and Ei-
Menshawy, 2000). Ramadan (1997) studied the spatial interpolation and
simulation of soil salinity and water table in three farms namely saabahia
El-Bosily and Nubaria farms. He found that semi-variogram of water table
level was spherical, exponential and gaussian models in BF, SF and NF,.
respectively. Furthermore, semi-variogram of water table salinity was
gaussian, spherical and linear models in BF, SF and NF, respectively. The
level and salinity of water table had the highest nugget variance (105,
1.77m}), (152, 0.51m) and (83.2, 4.2m) in BF, SF and NF, respectively,
which indicate their strong spatial dependence and high inherited variability.
El-Zahaby et al (1999) studied the spatial distribution of EC, CaC0;% and
clay% in southeast Mariut Lake soils. They found that EC, clay% and
CaCO0;% had a gaussian model while EC transformed had spherical model.
The optimum sampling distance for any further study of CaCO;%, clay%
and EC dS/m, were 1408, 1293 and 963m, respectively.

Geographic Information System (GIS) is a computer system
designed for input, storage, retrieval, analysis, and display of interpreted
geographic data (Burrough, 1986). The applications of GIS technology in
soil survey indirectly impact land use and natural resource planning. Soil
survey is often a layer in GIS appiications, which range from land use and
natural resource planning at local municipality levels to global resource
inventory (Driessen and Konijn 1992). The spatial analysis in GIS using
overiay of attributes on a pixel-by-pixel basis ignores interactions. We can
imagine a vertical vector of attributes (suct as, soil map over topographic
map) containing relevant information about the point. The sets of all points
or pixels containing the values of a single attribute define an overlay. The
value in attribute vector could be a code or a display obtained as the result
of an operation, U =f (A B,....... ) on the afttributes A, B, ......... at the
points and U could be the result of overiaying ( Burrough, 1987).

Agriculture land Evaluation System for arid region (ALES-Arid) is a
new approach for land capability and suitability evaluation. It was designed
using MS-VB programming language based on the minimum dataset
concept, and its database was constructed using MS-access. The land
evaluation parameters used in this model were soil physical, chemical and
fertility characteristics; irrigation water quaiity; and climatic data. Ismail et
al. (2004) applied this system, their results showed that soils of the East
Wadi ElI-Natrun area could be classified into two capability classes (C3 Fair
and C4 poor). Wheat followed by Olive was the most suitable crops to be
grown in the studied area. The dominant limiting land capability and crop
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suitability factors were soil texture, available water, permeability, cation
exchange capacity, and fertility parameters.

Geographic information System (GIS) and Modeling are advanced
technologies and concepts -that are widely available for data handling,
processing and management. The integration of GIS and Modeling could
provide a powerful means for analyzing and synthesizing information about
land resources, and to provide land managers with information which will
improve the quality of land use decisions (Olsson, 1989).

Bahnassy et al., (2001) coupled GIS with modeling tools
(SALTMOD and MicroLEIS models) to support land use planning and
management of Sugar Beet area, west Nubaria. They show the spatial-
temporal distribution of soil salinity, water table depth and suitability of
wheat plantation.

The objectives of the present study are to characterize the main
soil units and evaluate the land capability and suitability in some soils east

of Idko Lake, Egypt, throughout integrating Geographic Information
systems (GIS) and modeling.

Materials and Methods

Study area: The studied area (Idko farm) is located at El-Bosaily in the
north-western part of the Nile Delta, Idko district, Behira governorate. It is
bounded to the north by Alex.-Rashid road, to the south by Debono village,

to the east by El-Bosaily tard drain and to the west by Idko Lake, as shown
in map (1).

Alex. - Rosenta road

Idko lake

Map (1): Location of the studied area.
Soil sampling: Thirty six representative soil observation (six profiles and
thirty augers) were georeferenced using topographic maps (1:50000) and
Geographic Position System (GPS). Soil profiles were morphologically
described according to the system of FAQ (1890). Samples were collected
from profiles according to the morphological variations and from pits for
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laboratory analysis of the different physical, chemical and nutritional
properties according to Page et al (1982).

Statistical analysis: It was carried out using Systat Statistical package
(SY-Stat, 1990) to calculate the different classical statistical parameters
{minimum, maximum, range, mean, variance, standard deviation,
coefficient of variation and median) of the main chemical and physical soil
properties ( EC, SAR, soil depth, CaCO;%, soluble Magnesium {Mg™),
%sand, and %clay).

Geostatistical analysis: The semi-variogram is the most important tool
in geostatistical analysis in soil studies. It represents the average rate of
change of a property with distance. it describes the pattern of spatial
variation in terms of its magnitude, scale and general form (Burgess and
Webster, 1980). It could be defined as:

y(h) = Y2 var [Z(x) — Z(x+h)]

Where; Z(x) and Z(x+h) are the values of a random function representing
the soil property of interest (Z), at places x and x+h separated by the vector
h known as the lag or interval, and var is the variance (Warrick et al.,
1986).The semi-variogram’s parameters for the soil properties that have
high range of variation were calculated using the GSPLUS (GS+)
geostatistical analysis software, Gamma Design (1991). The model with
best fitting which corresponds to the high correlation was selected to
express the spatial variability of each tested soil property. The semi-
variogram equations were created according to the fitted models (linear,
spherical, exponential or gaussian modei).

Data Handling and Pre-processing: Topoaraphic maps (scale
1:50000) which represent the studied area were obtained and their
geographic coordinates were transformed into Universal Transverse
Mercator {UTM) system, then digitized using Arc view-GIS 3.2 (ESRI,
1999). The studied area had been evaluated using ALES-Arid software
(Ismail et al., 2004). Spatial interpolation maps (kriged maps) of different
soil characteristics were export to Arc view-GIS 3.2, then overiain to
produce the soil units map. The resultant soil map units was linked with soil
capability and suitability databases to visualize different land capability and
crop suitabiiity maps. '

RESULTS AND DISCUSSION
Soil Characterization:

Descriptive statistical analysis are shown in Table (1). The data
show that the soils of Idko Lake are characteized by a wide range of
salinity and ai \alinity in surface and subsurface le yers. The maximum EC
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and SAR values are 7.67, 24.5 dS/m and 31.61, 45.16 while the minimum
values dropped to an average of 0.53, 0.55 dS/m and 1.13, 1.48 with a
median of 1.36, 1.62 dS/m and 4.41, 7.33 in surface and subsurface layers,
respectively. Such over-spread salinity and alkalinity values are expressed
relatively high coefficient of variation (C.V.} which ranged between 0.81 and
1.35. High variations are also observed in the values of soluble Mg where
maximum, minimum and C.V. values are (20.0-29.0), 0.6 and {(1.18-1.33) in
surface and subsurface layers, respectively. Although, the values of soil
depth and clay% have wide range 67 and (25-33.75), the C.V. is relatively
very low (0.14-0.16). Data of CaCO;% and sand% reflect intermediate
variations where C.V. values are (0.50-0.47) and (0.26-0.37) respectively,
as shown in table (1).

Table (1): Descriptive statistical analysis of some soil properties
for surface and subsurface horizons

Prope-rties Min Max. Range Mean V 5D CV% ?:ledia
0.5 7.8 7.2 1.8 30 1.7 10 1.4
EC dS/m
Sub 06 24.2 23.7 3.1 17.0 41 14 16
SAR S 1.1 31.6 30.5 8.9 316 56 0.8 54
Sub 15 452 437 10.2 703 B4 0.8 7.3
Soil depth, ¢m 630 130.0 67.0 931 225 150 0.2 97.0
1.5 9.5 8.0 3.4 2.8 1.7 0.5 3.0
CaCQO; %
Sub 14 9.0 7.6 3.t 2.2 1.5 05 3.0
Mg++, S 0.6 200 19.4 3.0 122 3, 1.2 2.0
meg/ Sub 086 29.0 28.4 3.8 251 5.0 1.3 2.1
S 12.5 35.0 22.5 200 278 53 03 18.5
Sand, %
Sub 95 375 28.0 17.7 436 66 0.4 15.6
36.3 61.3 25.0 439 490 7.0 0.1 50.6
Clay, %

Sub 313 65.0 338 54.0 620 79 02 55.0
V=variance , S.D=Stander deviation, C.V=Coefficient of variance, S=surface, Sub= subsurface

Geostatistical analysis:

Soil properties that have relatively high coefficient of variation were
selected to be analyzed geostatistically. These properties are EC, Mg™,
CaCO;%, and soil depth, in the surface horizons, to illustrate the spatial
dependence of these soil properties. Fig (1) illustrated the fitted semi-
variogram models for these selected soil properties. The fitted semi-
variogram models for ordinary kriging are Gaussian for soil salinity and
CaC0s;% while spherical mode! for Mg™ and soil depth.
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The general equation of the gaussian model is:
(h}= Co*+C [ 1 - exp ( 3h7A7) ]
While the equation of the spherical model is:
y(h)= Co+C [ 1.5(h/A,)- 0.5(hA.)° | forh< A,
y(h)= C,+C forh > A,
Where (h): is the semi-variogram ’
C,: is the nugget variance (inherited variability)
Cot+C: is the sill variance (structural variability)
A, is the rang (spatial dependence)

The parameters of these two models for different soil properties are
shown in table (2). The highest correlation coefficient (r°) value of fitied
curves was 0.99 for soii depth, while the lowest value was 0.73 for soluble
magnesium. The range (A,) which reflect the spatial dependence over
specific lag distance show that the maximum interpolation distance for EC,
Mg'*, CaCO; and soil depth were 195, 400, 308 and 484 m, respectively .
These distances are the ideal for showing the variability and should be
considered in any further study for these properties in the area under
. consideration. Magnesium has the highest nugget variance (3.87) which
reflect strong spatial dependence and high inherited variability, Xu and
Webster {1984) and Warrick et al {1986). On the other hand, EC has the
lowest one which reflects weak spatial dependence and low inherited
variability.

Table (2): Semi-variogram parameters of some soil properties

property Model Co C.+C A,m
EC Gaussian 0.01 3.89 1985 0.80
Mg** Spherical  3.87 17.70 400 0.73
CaCO; Gaussian 1.74 3.47 308 0.93
Depth Spherical 0.10 27.90 484 0.99

'C,: Nugget variance, C,+C: Sill variance and A,: Range distance.
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Fig. (1). Fitted semi-variograFn;zdels for some soil properties.
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Soil Mapping Units:

This study used GIS overly technique to map differentiated soil
characteristics. Map (2) illustrates the soil mapping units of the studied
area. This map was classified based on EC, Mg"*, CaCO., water table
depth (soil depth) and texture to explain soil complexity and variability and
to evaluate the land for specific uses. Table (3 ) showed the properties of
the soil mapping units in the studied area. Table (4) showed the water table
analysis of each sub mapping units and irrigation water analysis for the

studied area. Generally, studied area could be divided into four soil units
and seven sub units as flows:-

M} Hon sakne shallow soils
] W, (3408

B wz. (250 %)

BEEE v 8w

{5] Hon saline deep soifs
([0 =1, isz7a %

(&) Saline shallow seils
B et 0102%)

| IR

F| Saline deep solis,
fREEH| F1. 342 %)

an 1 Hismetars
R e e

Map(2). Soil units and sub units of studied area.

1- N, Non salin <4 dS/m and shallow soil depth < 90 cm (40.98% of total
area)
1.a- N1, Mg™ < 5 meg/l, CaCOs < 5 % and clay texture.
1.b- N2, Mg** < 5 mea/l, CaCQ; > & % and silty clay loam texture.
1.c- N3, Mg** 5-10 meg/l, CaCOj; < 5 % and silty clay texture
2-S. Non saline < 4 and deep soil 90 -120 cm (52.7% of total area).
2.a- S1, Mg"" < 5 meg/l, CaCO; < § % and Clay texture.
3- G, Saline 4-8 dS/m and shallow soil depth <90 cm  (2.74%. of total area)
3.a- G1, Mg"™" 5-10 meq/, CaCOs > 5 % and clay texture.
3.b- G2, Mg" =10 meg/, CaCO; > 5 % and clay texture.
4- F, Saline 4-8 and deep soil 80-120 cm occupied about (3.58% of total
area).
4.a- F1, Mg™ 5 3- 10 meg/, CaCQj; < 5 % and clay texture.
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Table (3): Soll unit properties of the studied area

properties UMt N s G F
sub unit N1 N2 N3 S1 G1 G2 Ft
EC dS/m Surface 1.19 2.28 345 1.21 5.38 7.65 7.76
Sub s, 1.72 3.95 5.17 1.41 7.98 24.20 7.05
SAR Surface 6.58 13.28 8.96 5.98 3161 12.08 12.97
Sub s. 11.40 9.19 10.70 11.00 12.33 4517 12.06
- Surface 0.80 4.20 €.00 1.20 5.40 20.00 11.60
Mg™ meq/i
Subs. 1.30 5.00 600 100 7.40 29.00 11,00
CaCOs, % Surface 2.00 9.50 4.00 2,50 6.50 8.50 3.00
Sub s. 2.00 9.00 3.50 2.00 3.20 2.50 2.00
Sand, % Surface 25.00 17.50 20.00 13.75 20.00 21.25 17.50
Subs. 27.50 32.50 30.00 22.50 T 11.25 20.00 15.00
Clay, % Surface 42.50 38.75 40.00 58.75 53.75 48.75 47.50
Sub s. 52.50 47.50 50.00 60.00 61.25 55.00 57.50
Depth, cm 85 . 85.00 70 106.00 68.00 63.00 105.0
Kh Surface 26 31.60 36 2408 28.1 0.8 13.00
cm/day Sub s. 5 12.11 13.5 2.00 5.70 0.7 9.00
Available Surface 69.50 18.75 15.00 45.00 8.75 52.50 2250
N, ppm Sub s. 62.50 12.50 10.00 25,00 7.50 52.50 15.00
Available  Surface  1.17 1.22 2.39 0.98 2.42 125 265
P, ppm Subs. 1.58 1.10 0.79
Available Surface 1287 858 1287 975 1482 1287 1287
K, ppm Subs. 1638 1716 1385
Available  Surface 2230 1579 24.40 2557 25098 2245 2128
water Sub s, 26.77 21.91 26.07 28.50 26.42 23.95 28.69
Soil Surface Clay silcl 1. Sil.CI clay Clay Clay Clay
texture Sub s. Clay Clay Clay clay Clay Clay Clay

Table (4): Water table and irrigation water analysis.

sub pH EC SAR Cations, meg/L Anions, meg/l ESP
units dS/m ca”  Mg" Na' K'  HCOo3 cr

water table
N1 8.2 14.9 28.5 1.8 26.2 106.5 2.4 26.0 50.0 411
N2 84 13.6 15.9 8.7 428 80.5 45 225 825 224
N3 7.9 28.2 32.5 50 70.7 20Q.0 5.8 15.0 220 47.2
31 8.4 17.3 38.7 5.0 220 142.0 2.2 16.0 1025 56.3
G1 85 16.9 18.1 4.5 50.9 8953 7.8 195 105 257
G2 7.4 95.5 115.2 40.0 3700 1649.0 165 120 24000 1703
F1 7.9 225 22.4 98 696 140.8 4.8 28.0 1565 320

Irrigation water (all units)

8.0 0.56 1.0 286 13 2.05 014 115 3.12 0.22
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Land evaluation using ALES-Arid software:

Land Evaluation System for arid region (ALES-Arid) is used to
define the land capability and suitability. The data obtained from ALES-Arid
model were input to the Arc View/ GIS software to map the spatial

variability and distributions of capability classes and suitability classes for
different crops.

A) Land capability classification:

The spatial distribution of the capability classes in the studied area
are shown in map (3). Table (5) show land capability classes, values of sail
index (S.l), area percent for each class and limitation parameters in the
studied area. These data show that 99.18% frrm the total area belong to
land capability class 3 (fair or moderate) while 0.82% belongs to class 4
which reflect weak or marginal degree of land capability. Soil index values
of the studied soils are low and ranged between 26.54 and 50.89%. The
dominate limitation parameters in the studied soils were saturated hydraulic
conductivity (h), soil depth (d), salinity (s) and alkalinity (a).

Soil class (Area %)

[ ] eaqmhsdy  wzom
(T e3¢ wnany 5277 %)
| T

Sy C3(khece)  (3.42%)

Map (3): Land capability classes and limitation factors of
studied area
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Table (5): Land capability classes and limitation of the
studied area

Sub units Soil class* Limitations Soil Index Area, %
N1 C3 kh, d 50.89 3496
N2 C3 kh, d 48.99 2.50
N3 C3 kh, d 50.28 3.53

§1 C3 kh, 50.59 52.70
Gl C3 kh,d,a 45.07 1.92
G2 C4 kh, 4, s,a 26.54 0.82

F1 C3 kh, s 46.87 342

*C1: Excellent, C2: good, C3: fair, C4: poor, C5: very poor, C8: non-agriculiure

B) Soil suitability classification

Different soil suitability classes and indices for several crops were
predicted based on the matching between land qualities and characteristics
and crop standard requirements using ALES-Arid program. The soil
suitability for twenty four crops (field crops, vegetables and forage crops,
and fruit trees) were investigated.

Generally, data of soil suitability class, subclasses and limitations
resulted from the application of ALES-Arid program on the study soils are
presented in table (8). These data indicate that most of the studied soils are
suitable (class 1 and class 2) for wheat, Barley, Rice, onion, and aifalfa,
while these soils are moderately (class 3) to low (class 4) suitable for Soya
bean, Faba bean, Maize, cotton, Cabbage, tomato and Pepper. However,
most of the studied soils are conditionally suitable to actually unsuitable
(5S4 to NS2) for fruit trees. Regarding the sub classes, data show that the
main limiting soil properties in most of the studied soils are saturated
hydraulic conductivity (kh), soil depth (water table depth), soil salinity (EC)
and alkalinity (SAR). The geo-spatial distribution of suitability for soya
bean, Pepper, faba bean and cotton are represented in maps (4 and 5).
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Map (4): Geo-spatial distribution of suitability ¢ asses and
limitations for soya bean and faba bean
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Map (5): Geo-spatial distribution of suitability classes and
limitations for cotton and Pepper
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Table (6): Agricultural soil suitability subciasses of the studied

area
Soil subunits
Crops
N1 N2 N3 1 Gt G2 F1
Field
Wheat S1 $1 st S1 S1 Sz2sal  Si
s4

Soyabean  Sddak S4dakh S4sadh S3ah NSsdah oo o %
Barfey S1 s1 s1 S1 S1 S2a s1
Fababean S3ah  S3ah S3sah  S3h  NS1sah NS1sah ssa‘:'
Rice s s1 S1 s1 81 $3sa S2s
Maize S3ah S3ah  S3ah §3h  S4 sah  NSisah ssai
Cotton S4dh  S4dh  Sadh S3h  S4 dsh  S4adh  S3h
Sugerbeat 51 S1a S1 81 33 a S3sa S1a
Sunflower  S4dh S4dh  S4dh S3h  S4dh S4sdh  S3h
vegetables and
forage
Onion S1 St s1 $1 82s S3sa S3s
Cabbage S3h  S3h S3h S3h Sésah  S3sh
Tomato $3h  S3h S3h S3th  S3h S4sah  S3 h
Pepper S3h  S3h S3h S3th S4sah  S4sah  S3sh
Watermelon 83k S3ah  S3h S3th  S4sah  NSisah ss;i
Pea 83n S3h S3Sh S3h 34 sh 54 sah 54 sah
Afafa S1 S1 51 St S2s S2 sa S2s
Sorghum S3h S3sh S3h 83h S4 ah NS1sah S3ah
Fruit trees
Banana NS2d NS2d  NS2d S3dh NS2d  Ns2d SS;;
Grape NS2d NS2d  NS2d S4th NS2d  NS2d ;‘,‘1

. NS1sd
Citrus NS2d  NS2d  NS2d  pguyn NS20 Ns2d
Fig NS2d NS2d  NS2d S3th NS2d  NS2¢ S3 ah
apple NS2d  NS2d  NS2d  \gqgn NS20 NS2d  gyadn
Date pam NS2zd NS2d NS2 d S4 th NS2d NS2 d S3ah
Olive NS2d NS2d  NS2d Sath NS2d NS2 d S3ah

S1: Highly suitable, S2: Moderately, S$3: Marginally, 34: Conditionally, NS1: Potentially

suitable and NS§2: Actually unsuitable

h: saturated hydraulic conductivity, d: soif depth, s= soil salinity, a= soil alkalinity t soil

texture
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