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ABSTRACT

Egyptian desert occupies about 95% of the total
area of our country. Continuous increase of population puts
pressure on the limited Egyptian natural resources
particularly land and water, in the Nile Valley and Delta.
Thus, an urgent demand for agricultural expansion
horizontally as well as vertically is indispensable. The
Egyptian strategy for land reclamation takes into account
the area around El-Ismailya irrigation canal which covered
about 87000 fed., (GARPAD, 1997).

The study area covers about 3600 fed. situated at El-
Husyneya district. Sharkeya Governorate, Egypt. The main
research goals are to 1- characterize the soil and water
resources of the study area to planning for the best crop
pattern using land evaluation facilities for different uses
(capability and suitability), 2- determine the soil quality
indicators which affect the agricultural land reclamation for
the study area using mathematical methods, and 3- study
how to reduce the sample numbers using geostatistical
analysis (Kriging). To fulfill these goals a total number of
soil profiles were 163 that dug to a depth ranged from 150 to
170 cm.

The results show that soil of the study area are characterized
by sandy texture, low salinity and fertility soil with
capability classes of C3t and C4t which cover about 93.50%
and 6.50% of the total area respectively, and the main
limitation was the texture. The land suitability results show
that the area is suitable for all crops (fruit tress, field crop
and vegetables).
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The main soil quality indicators were divided into three
main separated divisions chemical (EC, CaCO3; and SAR
with weights 8.22%, 5.84%, and 84.26% respectively),
physical (Saturation percent, sand content, and available
water with weights 5.20%, 84.46%, and 8.59% respectively),
and nutritional (Available K and available Fe with weight
98.63% and 1.11% respectively). The final Relative Soil
quality Indicators (RSQI) was divided into five classes. Class
I11 covers about 83.00% of the total area followed by class
IVV which covers 12.00% of the total area, while classes I, V
and Il cover 2.00%, 2.00% and 1.00%o, respectively.

The punctual kriging results show that AW, SP and CaCO;
were fitted to the Spherical model. Salinity fitted to the
Gaussian model while SAR was fitted to the Exponential
model. The numbers of observations can be reduced from
163 to 83 with high correlation between observed and
predicated data for EC, SAR, AW, SP, and CaCOg;, as
shown by comparing the Kriging cross validation in the two
cases. According to the data of infiltration rate, the area
must be irrigated under sprinkler or drip irrigation system.

Keywords: GIS, land suitability, soil quality, punctual kriging.
INTRODUCTION

Soil survey (whether reconnaissance, semi-detailed, or
detailed) becomes increasingly expensive and time-consuming.
Therefore, there is increasing to use Geographic Information System
(GIS), Remote Sensing (RS) and Global Position System (GPS) which
enable to reduce costs per unit area and facilitate data storage,
retrieval and analysis. Well develop analytical modules (Multivariate
statistics, Soil quality indicators, Land evaluation, Sustainable
development indicators...etc.) could be coupled with the GIS/RS
database for modeling and supporting decision-making (FAO, 2002).

Stein et al. (2003) showed that geostatistics is now firmly
established in soil science as a key tool for making the most of
existing data. Numerous studies have demonstrated that much local
and even regional soil variability can be modeled as the result of
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random field (the somewhat disturbing theory behind geostatistical
interpolation), and its use is almost universal for field-scale studies. It
also provides a sound basis for designing optimal sampling plans
based on the structure of spatial dependence.

In recent years thematic mapping has undergone a revolution
as the result of progress of geographic information science and remote
sensing. However, mapping of soil types and characteristics has not
fully shared in this revolution, because of the complexity of soil
geography and the high cost of its direct observation. None the less,
the demand for soil information has never been higher, since the soil
resource is so important for rural and urban planning, for
environmental protection, and to understand water and geochemical
cycles. The advances which are leading towards multiple-use soil
information systems include: (1) low-cost, wide-area data, especially
elevations and spectral reflectances; (2) geostatistical interpolation
and sampling design; (3) terrain modelling; (4) predictive soil
mapping; (5) data integration; (6) pedotransfer functions and soil
inference systems; (7) powerful desktop computing environments. The
challenge is to integrate these advances into operational systems that
respond to the extensive actual and latent demand for soil information.
Today there is great demand for accurate soil information over large
areas from environmental modellers and land use planners (both urban
and rural) as well as more traditional agricultural users of soil resource
inventories. All these users want interpreted information; that is, soil
properties or behavior directly relevant to their application, and in the
form that they can directly use in their models (Rossiter, 2005).

Soil quality cannot be measured directly, but must be inferred
from soil quality indicators. Soil quality indicators are measurable soil
attributes that affect on soil capacity to perform crop production or
environmental functions and are sensitive to change in land use,
management, or conservation practices. However, many soil attributes
are highly correlated. Soil quality indicators could be physical,
chemical, and biological properties, processes, or characteristics of
soils. They can also be morphological or visual features of plants.
Indicators can be assessed by qualitative and/or quantitative
techniques. A qualitative assessment is the determination of the nature
of an indicator. A quantitative assessment is the accurate measurement
of an indicator (Larson and Pierce, 1991; Seybold et al., 1997).
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Geostatistical analysis has been widely used in soil science for
assessing spatial patterns of variation of a number of soil properties at
a range of scales and with different sizes of sampling grids. Spatial
interpolation is a procedure for estimating the value of a variable at
unsampled locations. The interpolation techniques commonly used in
earth sciences include linear regression, ordinary kriging and co-
kriging (Kollias et al.,, 1999). The main research goals are to
characterize the soil and water resources of the study area to planning
for the best crop pattern using land evaluation facilities for different
uses (capability and suitability), determine the soil quality indicators
which affect the agricultural land reclamation for the study area using
mathematical methods, and study how to reduce the sample numbers
using geostatistical analysis (Kriging).

The Study Site:

The study area is situated at EI-Husyneya district, EI-Sharkeya
Governorate, Egypt. The total acreage about 3606 fed. and is located
between latitudes 30° 35' and 30° 45' N and longitudes 30° 45" and 32°
00'E, (map 1). Generally, the soils are characterized by sandy texture,
deep profile, and the presence of 50 cm red calcareous loamy layer
that appears at 40-60 cm depth. The main irrigation source is a new
branch of El-Ismalyia Canal with good water quality. There is no
drainage network due to use the new irrigation techniques (Drip and
Sprinkler irrigation).

t
973605.77 E
3405713.48 N

El-Husyneya District

96733228 E To El Tal El Kabir District

3400559.12 N

Map (1): General location of the study area.
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MATERIALS AND METHODS

Soil sampling design and analysis

The fieldwork aimed at characterizing the soil properties by
designing a regular 200x300 m grid system. The total number of soil
profiles was 163 having a depth ranging from 150 to 170cm, with total
number of 489 soil samples. The soil profiles were geo-located to
UTM coordinate system by the GPS. Four sites were selected to
measure infiltration rate (IR) in the filed to support irrigation and
drainage network design. The soil samples were prepared and
analyzed for chemical, physical and fertility characterization
according to Page et al. (1982) and Klute, (1986).
Terrain Analysis

One topographic map sheet at scale 1:50000 named EI-Tal EI-
Kaber was digitized using TerraSoft GIS software (Digital Resource
System, 1991). Contour lines and spot height were digitized and
exported to ArcView GIS software, and input to contour gridder
module to generate Digital Elevation Model (DEM). Slope and aspect
were derived using spatial analyst extension (ESRI, 1996).
Land Evaluation

Agricultural Land Evaluation System for arid region (ALES-
Arid) is a new approach for land capability and suitability evaluation
(Abdel Kawy, 2004). ALES-Arid is described as a land use decision
support system, which is linked directly with integrated databases and
coupled with GIS. Through ALES-Arid program, land evaluation
algorithms were expressed in notation forms that can be understood by
a calculating device. Optimization tools based on land evaluation
models are considered very important to formulate decision
alternatives. According to (Storie, 1964); six productivity classes were
identified as shown in table (1).

Table(1): Productivity classes and ratings according to Storie, 1964.

Class Description Rating (%)
Cl Excellent 80— 100
C2 Good 60 — 80
C3 Fair 40 - 60
C4 Poor 20-40
C5 Very poor 10-20
C6 Non-agriculture <10
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The calculation of capability index by ALES-Arid is an
indication of land capability according to multiplication method.
ALES-Arid evaluates the suitability for 32 crops (field crops,
vegetables, forage crops, and fruit tress) to identify the optimum land
use. Land suitability classes were identified using the matching
between standard crop requirements (FAO, 1977, 1985; Sys, 1975;
and Sys et al., 1993a, 1993b) and land characteristics.

Statistical analysis
Descriptive statistical analysis

Statistical analysis was carried out using Excel spreadsheet.
The following classical statistics parameters were calculated:
minimum, maximum, mean, standard deviation and coefficient of
variation (Webster 1977; and Wilding and Dress, 1983).
Geostatistical analysis
The Semi-Variogram

The semi-variogram is the most important tool in geostatistical
applications to soil. It represents the average rate of change of
property with distance. It is the basis for modeling the data set and for
drawing a contour maps or isarithms, (Burgess& Webster 1980).

The semi-variogram 7y (h) is defined as:

y(h)= %Var[z (X)—Z(x+h)] (1)

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. Under the zero
drift assumption E[z(x)-z(x+h)]=0, then the equation 1 becomes:

7(h) =2 EZ00-2(x+ ) @

An estimate semi-variance function is given by:
n(h)

* 1 ] ]
- - 2 (3
y (h) 2n(h) ;:1 [Z(xi+h)=Z(x)]* (3)

With n(h) number of pairs spirited by a distance h.

The obtained semi-variogram values for each lag were fitted to
one of the semi-variogram function using the GSPLUS software Ver.
5.3.1, Gamma Design (2001).

A spherical semi-variogram model given by:
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h h .,
y(h)=C, +C[L.5——-0.5(—)"], for h<A,
A0 A

y(h)=C, +C (4)
The Gaussian model:

y(h)=C, +C[1—exp<%)1 (5)

The exponential model:
—h
y(h)=C, +C[1-exp (E)] (6)

Where vy is the semi-variogram, C, is the nugget variance, (Co,+C) is

the sill variance, A, is the range distance, and h is the lag distance.
The nugget (C,) is the semi-variogram values due to short scale or
inherited variability, the range (A,) is the distance at each the semi-
variogram reaches its maximum, after which there is no spatial
dependence among the samples occur, and within it interpolation is
worth while; and the sill (C+ C,) is the plateau (constant value) the
semi-variogram reaches, Issaks & Srivastava (1989), Warrick et al
(1986).

Punctual Kriging:

Kriging is a method of interpolation using the weighted local
averaging. It is optimal in a sense that the weights are chosen to give
unbasied estimates, while keeping the estimation variance at minimum
(Webster, 1977). If a property is measured at a number of places, xi,

to given z(xi), i=1,2,........ ,n; then the estimate at point () will be
the Iine:ilr sum, so that,
Z () :212(x1)+/122(x2)+ .............. + ﬂ“nxn (7)

Where the A1 are the weights associated with the sampling points. The
estimate is unbiased since.

E[Z(B)-Z (B)]=0 (8
And this is guaranteed if the weights sum to 1, ie.
zin: 1 Wi=1 (10)

The estimation variance (kriging variance) at (/) is the expected
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square difference between the estimate and the true value, which is

B =Ez(s-2(®?) v
2

n _ n n _
=2 3 Aiy (Xi,f)— = x Aidjy (B.B) (12)
=1 i=1j=1
Where  (Xi,Xj) is the average semi-variogram of the property
between x; and x; taking into account the distance h separating them.
7 (Xi— f) is the average semi-variance between xi and the point to

be estimated (/) , and ¥ (Xi, 53) is the average semi-variance within
the block. In punctual kriging, the last

n n _
term( ¥ > Aidjy (B, 0))=0.
i=1j=1

Cross Validation

Cross validation is a technique used to compare estimated and
actual values using the information available in the data set. In cross
validation, the estimation method is tested at the locations of existing
samples. The sample value at a particular location is temporarily
discarded from the sample data set; the value at the same location is
then estimated using the remaining samples. Once the estimate is
calculated, it is compared to the actual sample value that was initially
removed from the sample data set. This procedure is repeated for all
samples. This could be expressed as (Isaaks and Srivastava, 1989):

Error=r=v’-v

Where v’ is the estimated value and v is the true value. Mean square
error (MSE) is calculated from the formula:

n

MSE = 12 r’

N5
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Selection of soil quality indicators

A soil quality indicator is a measurable soil property that
affects the capacity of a soil to perform a specified function (Karlen et
al., 1994). For evaluation of soil quality, it is desirable to select
indictors that are directly related to soil quality. Because soil quality
assessment is purpose and site specific, indicators used by different
researchers or in different regions may not be the same. Based on the
mathematical statistical analysis, eight indicators were selected for the
study site, as shown in table (2).
Weights of soil quality indicators

The contribution or importance to soil quality of each indicator
is usually different, and can be indicated by weighting coefficient. The
calculation of weights assigned to each indicator is as follows (Kock
and Link, 1971):
1- The sum squared deviation from the mean was obtained for each

observation

2- This amount was summed up for all observations for a specific

indictor

3- Obtaining the total sum squared deviation from the mean for all
indictors.

4- The weight was obtained by dividing step 2 by step 3 and
multiplying by 100

5- Soil indicators that had a value less than 1 was dropped from
consideration.

6- The sum of all weights was normalized to 100%.
Subdivision of soil quality indicators and their indication

Each of the indicators was divided into four classes (I, I, 1ll,
IV). Class I is the most suitable for plant growth, class Il suitable to
plant growth but with slight limitations, class Il with more serious
limitation than class Il, and class 1V with severe limitations for plant
growth. The range for each class, which was based on previous studies
on soil quality and land evaluation as mentioned shown by FAO
(1976) and Sys et al., (1993a) and illustrated in Table (2). Marks of 4,
3,2 and 1 were given to class I, Il, 111 and IV respectively.
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Table (2): Soil quality indicators, their weights and classes.

Indicator Weight [ I i v
EC, dS/m 8.22 <2 2-4 4-8 >8
SAR 84.26 <15 > 15
CaCO3 % 5.84 <5 5-10 10 - 20 > 20
SP*, % 5.20 > 70 70 - 50 50 - 25 <25
Sand, % 84.46 <80 80 -85 85 - 90 > 90

Available Water 8.59 >100 100 - 80 80 - 60 <60
mm/m

Auvailable K, ppm 98.63 > 120 120-90 90 - 60 <60
Available Fe, ppm 1.11 >4 3-4 2-3 <2

* Saturation Percent.

Quantitative evaluation of changes in soil quality

By introducing the concept of relative soil quality index
(RSQI), and with the assistance of a geographical information system
(GIS), the indicators were combined into an RSQI. The equation for
calculating RSQI value is (Wang and Gong, 1998):

RSQI = (SQI/ SQIl ) X 100
where SQI is soil quality index, SQIly is the maximum value SQI is
calculated from the equation:
SQI=X W, I

Where W; are the weights of the indicators, I; are the marks of the
indicator classes. Therefore, summing up the indicator values can
produce the SQI value for a soil. The maximum value of SQI for the
soil is 400 and the minimum value 100. According to the RSQI
values, soils in the study area were classified into 5 classes from best
to worst, as shown in table (3).

Table (3): RSQI classes and their values.

Class RSQI value
I 90 - 100
] 80 -90
Il 70 - 80
v 60 - 70
V <60
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RESULTS AND DISCUSSION

Infiltration Rate and Method of Irrigation

Four sites were chosen in the study area to cover the
differentiations in IR. In general, basic IR values ranged between 11
to 42 cm hr*. So, the surface irrigation is not recommended for this
area and must be irrigated through sprinkler or drip systems.
Terrain analysis

The analysis of Digital Elevation Model (DEM) indicated that
the elevations varied from 9 to 27 m A.S.L. The northern part of the
study area has the lowest elevation. The dominant elevation ranged
from 13.5t0 18 m A.S.L. composed 42.70% of the total area as shown
in map (2). Slope ranged from 0 to 6.38% and the main slope class
was from 0 to 1.59% which covered about 94.47% of the total area as
shown in table(4). It is noticeable that the north facing directions (N,
NE, NW) are the dominant aspect classes representing 33.65% of the
total area, followed by the south facing directions (S, SE, SW) with
22.34% of the total area as shown in table (5).

Table (4): DEM and slope classes and area percentage of the study area.

Digital Elevation Model (DEM) Slope Classes

Elevation range, m Area, % Slope Class, % | Area, %
9.00 - 13.50 19.89 0-1.59 94.47
13.50 - 18.00 42.70 1.59-3.19 5.20
18.00 — 22.50 27.83 3.19-4.78 0.28
22.50 - 27.00 9.58 4.78-6.38 0.05

Table (5): Direction and area percentage of the soil aspect.

Direction Class Area, %

Flat 22.53
North 10.71
North East 7.20
East 5.62
South East 5.88
South 6.61
South West 9.85
West 15.86
North West 15.74
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Map (2): Digital Elevation Model of study area.

Descriptive statistical parameters and soil classification

The soil is characterized as sandy deep soil with low fertility
content. Table (6) shows the descriptive statistical analysis which
indicated that the sand content ranged from 94.5 to 99.6%, soil salinity
varied from 0.32 to 16.07 dS/m and low organic matter content (0 to
0.54%) with low calcium carbonate content (0.20 to 14%). Available
K shows highest variance followed by SAR. Based on morphological
characterization and laboratory analysis the soils are classified as
Typic Torripsamments.

Semi-Variogram of the soil quality indicators

Three semi-variograms were mainly fitted to the individual
soil properties. Available water, saturation percent and CaCO3 were
fitted to the Spherical model. Salinity fitted to the Gaussian model.
Sodium Adsorption Ratio (SAR) was fitted to the Exponential model
as shown in figure (1). The parameters of these models for different
soil quality indicators are shown in table (7). It's clear that SAR has
the highest nugget variance followed by salinity; which indicates their
strong spatial dependence and high inherited variability, (Warrick et
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al., 1986). Maps (3, 4, 5, and 6) show the distribution and percentage
of some soil quality indicators in the study area.

Table (6): Statistical characterization of soil properties

Statistical parameters

Soil Property Min Max Mean | Variance DSetv C.V.

Ec, dS/m 0.32 16.07 1.22 1.75 1.32 108.19
SAR 1.00 | 43.30 5.30 17.56 4.19 79.05
pH 7.07 8.90 8.18 0.07 0.27 3.30

CaCOg3, % 0.20 14.00 2.55 1.31 1.14 44.70
OM, % 0.00 0.54 0.11 0.00 0.07 63.63
Av. K, ppm 0.52 | 200.00 | 53.93 194.38 13.94 25.85
Av. P, ppm 0.01 5.17 0.99 0.30 0.55 55.55
Av. Fe, ppm 0.34 13.48 1.97 2.62 1.62 82.23
Av. Zn, ppm 0.02 2.74 0.28 0.04 0.19 67.85
Av. Mn, ppm 0.04 2.98 0.43 0.08 0.29 67.44
Av. Cu, ppm 0.02 0.88 0.18 0.00 0.08 44.44
Clay, % 0.30 4.00 1.71 0.27 0.52 30.41
Silt, % 0.10 1.50 0.66 0.04 0.20 30.30
Sand, % 94.50 | 99.60 97.62 0.52 0.72 0.74

Sp, %0v 24.79 | 31.94 28.97 1.59 1.26 4.35

FC, %0v 8.16 10.59 9.42 0.16 0.40 4.25

PWP, %0v 2.62 4.14 3.39 0.06 0.25 7.37

AV. Water, | 5550 | 6450 | 6035 | 2.64 162 | 268

mm/m

Ks*, m/d 3.44 5.53 451 0.15 0.39 8.65

Bulk Denisty, | 456 | 171 | 149 | 000 | 008 | 536

Mg/m

* Hydraulic conductivity

Table (7): Semivariogram types and parameters of soil quality

indicators.

. I Nugget Sill Range 2 Lag
Soil quality indicator Model (C.) (C1) @) r (m)
EC, dS/m Gaussian 0.3600 1.036 5337 0.83 | 2500
SAR Exponential 0.9100 4.859 276 0.93 | 3000
Available water, Spherical 0.0010 2.882 822 0.75 | 1500
mm/m Spherical 0.0010 2.100 785 0.85 | 2500
Saturation percent Spherical 0.1000 0.518 7722 0.88 | 2000
%0,

CaCQO3, %
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Geostatistical analysis and sampling strategy: To test the high
density grid (163 observations) for estimating the soil characteristics
through variogram analysis, the number of observations was reduced
to 83 by removing every other column of samples. This was tested by
comparing the kriging cross validation r® in the two cases (163 and 83
observations). The results showed that there are high correlations (r?)
between the actual and predict data for EC, SAR, available water,
saturation percent, and total calcium carbonate (0.62, 0.98, 0.90, 0.61,
and 0.62 respectively), in the case of 83 observations. This indicates
that dense soil observations are not always good for interpolating soil
characteristics using geostatistical analysis methods.

water, mm/m

arinace CaCO;%

Semivarin,

Separation Distance. m Separation Distance, m

.——**j‘*-" 1 o

Ec, dS/m

arinace SAR

Semivarinace Ec,

Separation Distance, m Separation Distance, m

(((((

Separation Distance, m

Figure (1): The semivariograms of soil quality indicators.
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Land capability classes: The ALES-Arid model provides prediction
for general land use capability for a broad series of possible uses.
According to the model prediction, most of the study area was
classified as C3t, which indicated fair capability with soil texture as
limiting factors. Map (7) illustrates the distribution and percentage of
each land capability class in the study area.

Land suitability classes for specific uses: The ALES-Arid Model
was used to predict soil suitability for some common crops. Table (8)
summarizes agriculture soil suitability class and percentage for the
selected crops and trees. Maps (8, 9, 10, and 11) show the suitability
class distribution for some crops which can cultivated in the study
area.

|
973606.77 E
3405713.48 N
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EC, dS/m

[[] < 2(92.47%) Nonsaline

(I 2 - 4 (4.29%) Slightly saline
g >

967332.28 E

3400569.12 N 1 2 3 Kilometers

Map (3): Distribution of soil salinity classes.
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Map (5): Distribution of chemically calcareous soils.
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Map (7): Land capability classes.
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Table (8): Soil suitability class and percentage for each crop in the study

area.
Suitabilit Area, Suitabilit
Crops Class y % Crops Class Y Area, %
S2t 55.88 S2t 53.43
Wheat s3t 441 | Sugarcane S3t 46.57
S2t 90.09 S2t 90.09
Maize S3 ECe 2.25 Apple S3 Ece 2.25
S3t 7.66 S3t 7.66
S2t 87.19
Faba | S3ECet | 0.99 S2t 42.13
Banana S3ECe 2.25
Bean S3t 9.58 3t 55 02
S4ECe,t 2.24 '
S2t 88.64
Onion | S3ECe | 284 | Sorgum 25: 9369051
S3t 8.52 )
S2t 87.19 S2ECe,t 0.73
Pea S3ECe 0.99 Peanut S2t 97.69
S3t 9.58 S3ECe 0.53
S4Ec 2.24 S4ECe 1.05
S2ECe 0.73 S2t 53.43
Potato S2t 97.69 Pear S3ECe 2.24
S3Ece 1.58 S3t 44.33
S2t 87.19
S3ECet | 0.99 . St 87.11
Soyabean ' Citrus S3ECe 2.32
S3t 9.58 3t 9.97
S4ECe t 2.24 '

967332.28 E
3400559.12 N

Maize suitability

N
[T7] S2t(90.09%)
[[I1] S3 Ece (2.25%)
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Map (12): Relative soil quality index (RSQI) for the study area.
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Map (12) shows that the relative soil quality index (RSQI) for
the study area divided into five classes. Class Il is the largest one
cover about 83.00% of the total area followed by class IV, I, V, and I
which cover about 12.00%, 2.00%, 2.00% and 1.00% respectively.

CONCLUSION

The results show that the study area is suitable for all crops
and the only limitation was the sandy texture, which could be
eliminated by optimum agricultural management practices.
Geostatistical analysis (Kriging) played a key role in sampling
strategy by reducing the number of samples needed for mapping, and
consequently decreased the time, efforts, and costs required to carry
out the soil survey. Relative Soil Quality Index (RSQI) showed that
class Il was the dominant class for the virgin soil, which might be
improved after land reclamation practices. Topographic attributes
(DEM, slope and aspect) were very important, and should be taken
into consideration when designing the irrigation and drainage
networks. Environmental Impact Assessment (EIA) and sustainability
indictors should be considered for reclamation practices.



73

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.5 (3)2006

REFERENCES

Abdel Kawy, O. R., 2004. Integrating GIS, remote sensing and
modeling for agricultural land suitability evaluation at east Wadi
el-Natrun, Egypt. M. SC. Thesis, Faculty of Agriculture,
University of Alexandria, Egypt.

Burgess, T. M. and R. Webwter. 1980. Optimal interpolation and
isarithmic mapping of doil properties. I. The semivariogram and
punctual kriging. Journal of Soil Sci. 31: 315-331.

Digital Resource System 1991. Terrasoft Version 10.03, User
Manual. British Columbia, Canada.

ESRI. 1996. ArcView, version 3.2, users manual.

FAO. 1976. A framework for land evaluation. FAO Soils bulletin 32.
FAO, Rome.

FAO. 1977. Guidelines: Land evalution for rainfed agriculture. Soil
Bulletin 52. FAO, Roma.

FAO. 1985. Guidelines: Land evaluation for irrigated agriculture. Soil
Bulletin 55, 212 pp, FAO, Roma.

FAO. 2002. Land resources information systems in the Near East,
Regional Workshop Cairo, 3-7 Sept. 2001. FAO, Rome.

Gamma Design Inc. 2001. GS+ Geostatistical software user manual.
Plainwell, Michigan, USA.

General Authority for Reclamation Projects and Development
(GARPAD). 1997. Strategy for horizontal land reclamation in
Egypt until year 2017, Ministry of Agriculture, Egypt. (in
Arabic).

Isaaks, E.H., and R.M. Srivastava. 1989. An Introduction to
Applied Geostatistics. Oxford University Press, New York.
Karlen, D.L., and Stott D.E. 1994. A frame work for evaluating
physical and chemical indicators of soil quality. Pages 53-72. In
J.W. Doran, Coleman, D.C., Bezdicek, D.F. and Stewart B.A.,
editors. Defining soil quality for a sustainable environment.

SSSa, Inc, Madison, Wisconsin, USA.

Klute A. (Ed.) 1986. Methods of soil analysis. Part 1. Physical and
microbiological methods. 2™ edition. Agron. Monogr. 9. ASA
and SSSA, Madison, WI.

Kock, G.S, and Link, R.F. 1971. Statistical analysis of geological
data. Dover Publications, Inc. New York.



74

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.5 (3)2006

Kollias, V. J., Kalivas, D. P., Yassoglou, N. J. (1999). Mapping the
soil resources of a recent alluvial plain in Greece using fuzzy
sets in in a GIS environment. European J. Soil Sci., 50, 261-273.

Larson, W. E. and Pierce, F. G. 1991. Conservation and
enhancement of soil quality. P. 175-203. In J. W. Doran, D. C.
Coleman, D. F. Bezdicek, and B. A. Stewart (Ed.) Defining soil
quality for a sustainable environment. Soil Sci. Soc. Am. Spec.
Pub. 41.

Page, A. L.; Miller, R. H. and Keeny, R. 1982. "Methods of soil
analysis. Part 2. Chemical and microbiological properties.
Agron. Monograph No. 9, ASA, Madison, WI, USA.

Richards, R.L. (Ed.). 1954. Diagnosis and improvement of saline and
alkali soils. Agriculture hand book No0.60, U.S. Govt. Printing
Office, Washington, USA.

Rossiter, D. G. (2005). Digital soil mapping: Towards a multiple-use
Soil Information System. Department of earth system analysis.
International Institute for Geo-information Science & Earth
Observation (ITC). http://www.itc.nl/personal/rossiter

Seybold, C.A., Mausbach, M.J., Karlen, D.L. and Rogers, H. 1997.
Quantification of soil quality. Cited from Karlen D.L. 1999
rotations and reduced tillage: practices for improving soil
quality.
http://www.mandakzerotill.org/book20/douglas%20karlen.htm.

Stein, A. and Ettema, C. 2003. An overview of spatial sampling
procedures and experimental design of spatial studies for
ecosystem  comparisons.  Agriculture,  Ecosystems &
Environment 94 (1):31-47.

Storie, R. E. 1964. Soil and land classification for irrigation
development. Transac. 8" intern. Congress of Soil Sci.,
Bucharest, Roma, 873-882.

Sys, C., 1975. Guidelines for the interpretation of land properties for
some general land utilization types. In report on the technical
consultation land evaluation in Europe. Soils Bulletin No.29,
FAO, Roma p. 107-118.

Sys, C., Van Ramst, E., Debaveye, J., and Beernaert, F., 1993a.
Land evaluation. Part 1Il, Crop requirements. International
Training Center (ITC) for post-graduate soil scientists.
University Ghent.



75

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.5 (3)2006

Sys, C., Van Ramst, E., Debaveye, J., and Beernaert, F., 1993b.
Land evaluation. Part Il, Methods in land evaluation. General
administration for development cooperation, Agric. Pub. No. 7,
ITC. Uni. Ghent.

Wang X., and Gong Z. 1998. Assessment and analysis of soil quality
changes after eleven years of reclamation in subtropical china.
Geoderma 81: 339-355.

Warrick, A. W, D. E. Mers, and D. R. Nielsen. 1986. Geostatistical
methods applied to soil science. In A. Klute (Ed.) Methods of
soil analysis. Part 1: Physical and Mineralogical Methods. 2"
ed. Agronomy 9: 53-81.

Webster, R. 1977. Quantitative and numerical methods in soil
classification and survey. Clarendon press, Oxford.

Wilding, L.P. and Drees, L.R. 1983. Spatial variability and
pedology. pp.83-116. In: L.P. Wilding et al. (Eds). Pedogenesis
and soil taxonomy. 1l:concepts and interpretation. Elsevier,
Amsterdam.



76

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.5 (3)2006

wﬂ‘ gdlall

e Ay il B g g Aadla Jail A an b 480 gl il glaal) aldi aladiiu
raa — pb pall diblaa i

2&*;&@&\&#316@9.\““;

IS e — Al g oball 5 (ual HY) sy g — A Sl g Al aal V) sy Jaza 2
Asel )5l &l

e Ay sean (oial Y LI Aalidll (10 %95 Al sa A pad) ol jaaall dabie Jins
olaall 5 im V) Aald danadall 3 ) gl 3505 5 ol giall (SISl alasill 3l 3 1 jdas g A el
el Y G BT e 3 a sl e e Y Adl 2S5 Laa (g0 5 W) ol i ddala
Jsa 4ihaidly 2017 e sin Ay paall ol [V #Slaind duail yiul Cacial &) 4y ) jaall
Aad )l dalie ) LiilaaY 408 5l ddadlaey (518 87000 Mo i )5 AdielenY) de 5
3600 ) say iy 48 5 Aailaay Apind) S je 8 Ayl Aiaia @5 2 sl de ) 30
O Ledlae) )5l i oum )l U 163 s 5 Al ) Alaiag sbaall g 4 il (al 53 Al jal ad
Al Al Gaagdy s ) (A Aeadiuaal) dpui )l de Sl (e slie Cilise pea di5 2 170 ) 150
3 A8 sl ) Alia ) gus AdliAal) Jualaall Aol 31 slaall 5 il AnSla ay i I
gohaind Gllee o 3 8l g 5 A Bapa AV 23 SIS pad Jalae
COlal s aladind A8 Aul 5o Liayl 5 data o)) g Alaall 3kl alasinly ol )
OSan 2n Ji ) Lelilii g clisal) en Al il gy (8 (R slas)) dblas) sl
Al prall Sl laal) ol Ay b i@l S

Ale )y alf el i Al ol Al ol i () i) Cona gl Bans Lo JDA (e
Glalue aaiy C4 & C3 0w s o Zaalil] 5,08 il 5 Aiadiie &) gead 5 Aa slo I3 Adsac
L A8 g oulasd) B small S5 N5 e Aalud) (sl 030 %6.50 5 % 93.50
JVa o5 Jralaall g5l alans el ) 3 daDle aal Y1 038 o Lyl il Caia gl 5 e )
Lo g o sl gy S5 4 i) A sle o Al ) Aiaiey salual) AlaSI) 4 53l 3350
Ll (s e %84.265 %5.845 %8.22 A ual Al o2 O s)) el a s seall
oal sl oda ol 5 5f) ZGall slall s Ja sl (pe Gy 5l (5 gina 5 il dawsd CailSa ALl SV
Ll 5 Uil o gandi gal) il samdll I35 (Vs e %8.59 5%84.465 %5.20
sasa iy 38 85 (s e %1.115 %98.63 ilS Lol all o3 ol j5f) Zliall auaal
dalusall Jleal (0 %83.00 () sm ity Aaluse ST Jing GG anill (IS5 el 4 5l
%12.00 Cilalisay (S andll | pal s Gaaladl o5 J5¥1 a8l 1 pudl) 4y Ay aal)
S e %1.00 5 %2.005 %2.005

i a sanallSI) gy S5 qadill At g Uil g lall () Saa ) Jilail) il Casa sf 8
Gaussian model L) 5 4 a4 il da slal 40l Spherical model ) s 4
lilse 324 3 &5 4l 35 Exponential model g Jabiall o g0 seall dausil dpusilly Ll
sse Jad ill5 2300 % 2200 ¢« Y 4600 X 2200 ¢S derdiivual) cilisal) 33 4800



77

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.5 (3)2006

LY Jalas Al 3 5 Ll (s saad) Jiatl Jae o5 gLk 83 (M 163 (e Sileadll
A Ll Y Jalas o) 22 5 Cross Validation alaaiuls cllall 8 Sleas) sal) Judasll o
& glhad 163 (e il s J) 3l ey 4l o Jay lae aillall 8 Cligall (g 2l o o
& 43&&‘; ! sall dilaill ) 53 i g5 Lt B 5 Lgas guda s iy bl (5S35 ¢ U 83
apall 2ulSH e Clrand gy Al el ary gk SIS ligal) pen Clias) jiud o
ol Y sl o e 8 Al daal ) 0 La (8l (g Ailiaia (65 Ll
e Al ) Al Apuiall Gyl 5 (5 1) CISLE avanais (ol V) 028 = Slaiul 8 sl die
Lelaladl s U sall 5 33a8 ) Cile i Y1 73 saty Lidle 5 Adall 028 2 5a s Hlic V) 8 22Y)
Alie aaine @llia 0 Sy Sin Aalaiosall dpaiil) J3V0 Al o Alaid ) e 2Y Ul



