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ABSTRACT

Evaluation of soil fertility of alluvial soils in the Nile-Delta of Egypt is very important, especially after long periods of
intensive cropping and loss of Nile-sediments after building the High Dam in the 1960s. The main objective of this work was to
evaluate soil fertility in some of Dakahlia Governorate soils by using GIS techniques. Accordingly, 17 georeferenced soil
profiles were randomly distributed within the studied area. Soil samples were collected from each profile at 0-30, 30-60, and 60-
90 cm soil depth interval. Collected soil samples were analyzed for their physical, chemical, and fertility properties. Water
samples were also collected from both irrigation and drainage canals close to each soil profile. These water samples were
analyzed for their chemical properties. Evaluation of land capability and suitability for some crops production was performed
using the Agriculture Land Evaluation System for arid and semi-arid regions (ASLEarid). Soils in the studied area were classified
into two classes (excellent and good) according to theirphysical index andone class (excellent) based on their chemical index.
Accordingly, the soil index was ranged between excellent and good. Soils were fit into two classes according to their fertility
index, which are poor and very poor. Water quality was excellent and the environmental conditions varied from good to fair. The
final index indicated that soils in the studied are fit into two classes (fair and poor). Land suitability for the selected crops varied
from moderately suitable to very suitable. The limitations for crop productivity in the studied area can be alleviated through using

proper fertility and land management practices.
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INTRODUCTION

Soil fertility represents one of the most important
factors; which play a critical role in determining the
farmer’s choices regarding agricultural production,
fertilization and soil and water conservation regimes
(Mulder, 2000). Soil fertility depends on its chemical
and physical properties such as acidity, organic matter
content, soil texture and ability to hold water and
nutrients. The productivity of agricultural land is also
affected  byclimatic  elements;  which include
precipitation, evaporation, solar radiation, temperature
and wind speed. These climatic elements are beyond
farmer’s control. Another factor is soil fertility, which
is influenced by farmer’s past and present activities.

In precision agriculture, evaluation of soil
fertility represents the principal for land management. It
doesn’t only help in assessing the level of land
productivity but also guide the rational development and
utilization (Liu, 2010).Land evaluation is the process
used for predicting land use based on its attributes,
where a variety of analytical models can be used in
these predictions, ranging from qualitative to
quantitative (Rossiter, 1996).

The fertility of soil can be considered in different
ways, depending on the type of land use. For instance,
in intensively managed agricultural and horticultural
systems, soil-fertility can be defined in terms of the
value of produced products relevant to the inputs used.
On the other hand, the concern may be focused only on
the quality or the productivity. Consequently, the
concept of soil-fertility could be very useful when it is
being used in a certain context. However,soil fertility in
all contexts depends mainly on soil physical, chemical
and biological properties. Soil  physiochemical
properties are very criticalin case of soil fertility is
measured in terms of the highest practical-level of

productivity(Ramadan and El-Fayoumy, 2005; Salem et
al., 2008;NajafiGhiri et al., 2010). On the other hand,
addition of fertilizers can affect some features of the
biological component of soil fertility, which is not a
simple phenomenon. The addition of fertilizer increases
plant growth, which is associated with an increase in
other features of the biological activity in the soil.

Soil testbased represent the conventional method
infertility management practices. This is an effective
tool for increasing soil agricultural productivity for soils
having a high degree of spatial variability. However,
there manylimitations that constraint the application of
that method over a large scale,especially in most of the
developing countries.In the recent decades, GIS has
provided effective tools for evaluating and mapping soil
fertility. Soil fertility maps can support decision makes
with more accurate and valuable information needed in
developing nutrient management programs. They can
also help in reducing the necessity to elaborate a plot-
by-plot soil testing(Iftikar et al., 2010; El-Sirafy et al.,
2011).1t also helps inreducing the amount of applied
fertilizers, which is not only help in saving money but
the most important, is saving human health and the
surrounding environment. Accordingly,one of the most
important aspects of this work is testing the efficiency
and the applicability of GIS models in evaluating land
capability and its suitability for certain crops.

The main objectives of thisstudy were to evaluate
of soil fertility of some soils in Dakahlia Governorate
and their suitability for some strategic crops by using
GIS techniques.

MATERIALS AND METHODS

1. Site Description

This study was carried out at Al-Sembelawaan
and Temai Elamded districts, DakahliaGovernorate,
Egypt. Studied area is located between these longitudes
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312 19°57.52” to 31° 41° 29.22” E and latitudes 30 48’
13.20” to 30° 59° 46.65” N.It covers an area of about
431km? as represented in Figure 1.Elevation varies from
1 to 2 m above sea level and slop is changes from 0 to 1
%. Minimum temperature in the studied area varied
from 6.7°C in January to 21.50°C in July with an
average of 14.19°C.On the other hand, maximum
temperature varied from 19.20°C in January to 34.10°C
in July with an average of 27.03°C. The mean annual
precipitation is about 57.50 mm per year according to
the National Authority of Meteorology in Egypt
(unpublished data). Soils in the studied area are
developed on Nile silt deposits (EGSMA, 1981).

Field crops, vegetables and fruit trees in the
studied area includeWheat (Triticumaestivum), Barley
(Hordeumvulgare), sugar beet (Beta vulgaris), Tomato
(Lycopersiconesculentum), Potato (Solanumtuberosum),
Green Pepper (Clethraalnifoliarosea),Olive
(Oleaeuropaea) and date palm (Cocusnucifera).
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Figure 1. Location map of the study area and
distribution of soil profiles.

2. Soil and water samples

Seventeen representative soil profiles were dug
throughout the studied area. Coordinates of profile
locations were recorded using the Global Positioning
System (GPS). Soil samples were collected from each
soil profile at three consequent depths (0-30, 30-60, and
60-90cm). These samples were air dried crushed, sieved
to pass through a 2 mm sieve, and stored for soil
physical, chemical and fertility analyses.

Water samples were also collected from
irrigation, drainage and mixed water from irrigation and
drainage canals. These water samples were analyzed for
their chemical properties.

3. Physical analyses of soils samples

Mechanical analysis was carried out according to
the international pipette method as described by Piper
(1947).Bulk density was determined according to Dewis
and Freitas (1970). Saturation percentage (SP) was
determined using the method described by Richards,
(1954).Total soil porosity was calculated based on soil
real and bulk densities using the following equation:

Porosity = (1 - Dy/ D;) * 100
Where, D, is soil bulk density (g cm®) and D is soil
real density (it was estimated by 2.65 g cm™).
4. Chemical Analyses of soil and water samples

Total carbonates were determined as calcium
carbonate using Collin's calcimeterPiper, (1947).

Organic matter was determined according toWalkley
and Black method as described by Hesse (1971). The
total nitrogen was determinedby micro-kjeldahl
apparatusaccording to the method described by Jackson
(1967).Available soil nitrogen was extracted in the 2.0
M KCI according to Hesse (1971) and determined by
micro-kjeldahl apparatus. Awvailable phosphorus was
determined colorimetricallyusing the spectrophotometer
at wavelength of 660 nm in the sodium bicarbonate
extract as described by Olsen and Sommers
(1982).Available  potassium was extracted by
ammonium acetate (1.0 N, pH=7) and measured on the
flame photometer according to Knudesen et al.
(1982).Soil reaction (pH) was directly measured in the
soil paste using Beckman glass electrode pH meter
Jackson, (1967).Electrical conductivity (EC) of soils
was measured in the soil paste extract using the EC-
meter as described by Hesse(1971). Soluble cations
(Na', K*, Ca**, and Mg?*") and anions (COs*, HCOs5,
and CI") were measured in soil paste extract according
to the methods described by Jackson (1967).Sulfate was
calculated by subtracting the total soluble anions from
the total soluble cations.Cation exchange capacity
(CEC) was determined using sodium and ammonium
acetate according to the method described by Hesse
(1971).Exchangeable cations were determined as
described by Dewis and Freitas (1970).

Water samples were analyzed for their chemical
properties (soluble cations, anions, pH and EC)
according to the previously mentioned methods used for
soil analyses. Water quality parameter such as sodium
adsorption ratio (SAR) and residual sodium carbonates
(RSC) were calculated according to the following

equations:
Na

—
[Ca+ Mg

v 2
RSC= (CO5*+HCO3) - (Ca** + Mg®")

Where; Na*, Ca®* and Mg?* are the concentrations in
meq L™ of sodium, calcium, and magnesium
ions in water samples. CO,% andHCO; are the
concentrations of carbonate and bicarbonates
(meq L™) in water samples.

5. Geo-statistical Analyses

Ordinary Kriging (OK) was used in this study to
estimate the value of a random variable Z at one or
more un-sampled points or locations, from more or less
sparse sample data on a given support say: {z(x1), ...,
zZ(xN)} at {x1, . .. ,xN} (EPA, 2004).

Different kinds of Kriging methods exist, which
pertains to the assumptions about the mean structure of
the model: E[Z(x)] = u(x)

Z(x) is not intrinsically stationary. Having a
deterministic model for w(x), then Z(x)—w(x) is
intrinsically stationary (or even weakly stationary).

Ordinary Kriging is the most common type of
Kriging. It was used in this work to interpolate surfaces
of soil clay, available water, EC, bulk density, SOM,
soluble K, exchangeable K and available K. The

SAR =
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underlying model assumption in ordinary kriging is:
E[Z(x)] = n With p unknown, the model for Z(x0) is:

N
Zx0)-p= Y A (Z(x) - W+ E (x)) Or Z(x0)=
i=1

N N
DA (Z(a) + (1= Y A E (o)
i=1 i=1
We filter the unknown mean by requiring that the
Kriging weights sum to 1, leading to the ordinary
kriging estimator:

N N
Z(x0) = Y Ai (Z(x) + E (xo) subject to »_ Ai =1
i=1 i=1
The Geostatistical analyst in ArcGIS 10.3 (ESRI,
2008) was used to develop the semivariogram between
each pairs of points versus their separation distances.
This semivariogram was used in predicting the studied
soil physiochemical properties.
6. Land capability and suitability evaluation
Evaluation of land capability and suitability in
the studied area was carried out using the Agriculture
Land Evaluation System for arid and semi-arid regions
(ASLEarid) produced by Ismail et al. (2012).In this
system soil physical, chemical and fertility properties
are integrated.lt also takes into account quality of
irrigation water, climatic conditions and environmental
conditions in the studied area.

RESULTS AND DISCUSSIONS

1. Soil physical properties

Data in Table 1 show the ranges, averages and
Standard deviations of some soil physical properties of
the studied soil profiles. These properties include:
coarse sand, fine sand, total sand, silt, clay and
saturation percentage. Coarse sand in the studied soils
ranged between 0.17 and 54.41%. Fine sand varied from
6.68 and 51.54%. Total sand (TS) ranged between 12.11
and 72. 26% as represented in Figure 2. Silt percentage
ranged between 14.05 and 55.45%. Claypercentage
varied from 10.09 to 63.12%.Accordingly, the majority
of soil textures in the studied area were silt loam.
Spatial distribution within clay content at the surface
layer of the studied soils is represented in Figure 3.
Saturation percentage (SP) ranged between 41and 138%
(about 71.46% in average). SP values were associated
with higher clay content in the studied soils. Spatial
distribution of SP at the surface layer of the studied soils
is illustrated in Figure 4. Organic matter was very low
in the studied soils and ranged between 0.19 and 1.43%.
Figure 5 show the spatial distribution in OM within the
studied soils at 30-60 cm. These values were decreased
with soil depth. Calcium carbonates varied from 0.55 to
10.40% as illustrated in Figure 6. Bulk Density ranged
between 1.00 and 1.16 g cm™ soil with an average of
1.08 g cm’soil, which cauterizes fine-textured soils.
Porosity varied from 56and 62% with an average of
59%.

Table 1. Ranges of soil physical properties in the
studied soil profiles.

Physical Property Min. Max. Average STD
Coarse Sand (%) 0.17 5441 7.59 9.91
Fine Sand (%) 6.68 5154 2583 11.96
Total Sand (%) 1211 7226 3342 16.14
Silt (%) 14.05 5545 30.06 10.90
Clay (%) 10.09 63.12 3652 13.16
Soil Texture -- --  Clay Loam --
Saturation Percentage (SP) 41 138 71 16.29
OM (%) 019 143 0.67 0.34
CaCO; (%) 055 104 3.07 1.95
Bulk Density (g cm™) 100 116 1.08 0.05
Porosity (%) 56.12 6226 59.40 2.03
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Figure 2. Spatial variability within total sand (TS) at
the subsurface layer (60-90 cm) of the
studied soils.
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Figure 3. Spatial variability within clay content at
the surface layer (0-30 cm) of the studied
sails.
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Figure 4. Spatial variability within saturation
percentage (SP) at the surface layer (0-30
cm) of the studied soils.
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and 38.19 cmol/kgsoil. Exchangeable Mg?* ranged
between 11.1 and 29.14 cmol/kgsoil. The CEC values
varied from 40.61 and 58.87 cmol/kgsoil (about
50.80cmol/kg soil in average). On the other hand, the
ESP valuesranged between 1.90 and 11.10 % soil (about
4.17%), which indicates that the studied soils were non-
sodic soils.

Table 2.Ranges of soil chemical properties in the

studied soil profiles.
Chemical Properties Min. Max. Average STD
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Figure 5. Spatial variability within organic matter
(OM) at the subsurface layer (30-60cm) of
the studied soils.
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Figure 6. Spatial variability within total carbonates
as CaCOs at the surface layer (0-30 cm) of
the studied soils.

2. Soil chemical properties

Data in Table (2) show the ranges, averages and
Standard deviations for some soil chemical properties of
the studied soil profiles. These properties include
soluble cations(Na*, K*, Ca** and Mg®") and anions
(COs*, HCO;, CI' and SO,%), pH,electrical
conductivity (EC),exchangeable cations,
cationexchange capacity (CEC), and exchangeable
sodium percentage (ESP).Sodium ions (Na*)varied from
0.04 and 2.17 cmol/kg soil. Potassium ions (K*) ranged
between 0.003 and 0.044 cmol/kgsoil.Calcium ions
(Ca?*) varied from 0.05 and 0.60 cmol/kgsoil.
Magnesium ions (Mg?®*) ranged between 0.05 and 0.53
cmol/kgsoil.

Carbonates ions (CO;*) were null in soil paste
extracts of the studied soil samples. Bicarbonate ions
(HCO3) varied from 0.10 and 0.45 cmol/kgsoil.
Chloride ions (CI) ranged between 0.05 and 1.77
cmol/kg soil. Sulfate ions (SO,*) varied from 0.03 and
1.cmol/kgsoil. Soil pH ranged between 7.64 and 8.24
(about 7.95 in average) as illustrated in Figure 7.
Electrical conductivity (EC) varied from 0.41 and 4.65
dS m™ (about 1.88 dS m™ in average). This indicates
that most of the studied soils are non-saline, which
could be contributed to the good management practices
in the studied area.These results agree with those
reported by Kaoud (1979).Figure 8 illustrates the spatial
variability within EC values in the surface layer (0-30
cm) of the studied soils.

Exchangeable Na* varied from 1.03 and 5.13
cmol/kgsoil. Exchangeable K* ranged between 0.39 and
2.28 cmol/kgsoil. Exchangeable Ca**varied from 15.1

Na* 0.04 217 093 055

Soluble Cations K* 0.003 0.044 0.011 0.01
(cmol/kgsoil) Ca®* 005 06 022 0.0
Mg?* 005 053 019 0.1

COz* 0.00 0.00 0.0 0.00

Soluble Anions HCO; 0.10 0.45 0.20 0.07
(cmol/kgsoil) CI” 005 177 081 046
SO/ 0.03 141 034 029

pH 764 824 795 0.2
EC (dSm™) 041 465 1.88 0.95
Na* 1.03 513 21  0.92

Exchangeable Cations K" 0.39 228 1.05 0.41
(cmol/kgsoil) Ca?* 151 3819 2636 4.33
Mg®* 11.1 29.14 2128 3.85

CEC (cmol/kgsoil) 40.61 58.87 50.8 4.53
ESP (%) 19 111 417 186
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Figure 7. Spatial variability within pH values in
subsurface layer (30-60 cm) of the studied
soils.
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Figure 8. Spatial variability within EC values in
surface layer (0-30 cm) of the studied soils.
3. Soil fertility properties

Data in Table(3) show the ranges of available
NPK, total nitrogen (TN), organic carbon (OC) and C/N
ratio in the studied soil profiles.Ammonia (NH,")
ranged between 32.96 and 120.16 mg/kg. Nitrates(NO3)
varied from 21.55 and 97.37 mg/kg. Available (N)

ranged between 54.93 and 216.38 mg/kg (about 124
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mg/kg in average). Available (P) varied from 0.17 and
8.68 mg/kg(about 5.4 mg/kgin average); which indicates
a lower phosphorous content. This also indicates that
soils in the studied area are in need to fertilization with
phosphorus fertilizers. Available (K) ranged between
101 and 701mg/kg(about 310 mg/kg in average), which
reveals a higher content. This could be attributed to the
annuals additions of silt deposits before building the
High Dam (El-Agrodi et al., 1998). Total (N) varied
from 0.11 and 0.39%, which indicates a very low
content. Organic carbon (OC)ranged between 0.20 and
0.83% (about 0.47% in average). The C/N ratiovaried
from 0.99 and 5.03, which indicates that nitrogen
mineralization is the dominant process in the studied
soils

Table 3.Available NPK, total nitrogen (TN) and C/N

ratio in the studied soil profiles.

Property Min.  Max. Average STD
NH,* (mglkg) 32.96 120.16 77.74 21.80
NO, (mg/kg) 2155 97.37 4595 16.65
. N 5493 216.38 123.69 34.17
Available (NPK) 5 017 868 54 202
(mg/kg) K 100.78 700.61 310.39 122.50
Total Nitrogen 0
(TN) (%) 011 039 026 007
%g‘;”'ccarbo” %) 02 083 047 019
C/N Ratio (%) 099 503 1.83 0.69

4. Irrigation Water Properties

Data in Table (4) show the ranges, averages and
Standard deviations ofchemical parameters in the
collected water samples (irrigation, drainage, and mixed
(irrigation&drainage) water). Sodium was the dominant
cation in the collected water samples. This was followed
by calcium, magnisum and potassium ions, respectively.
The average value of Na*was 3.2, 5.23, and 6.09meq I

in irrigation, drainage, and mixed water samples;
respectively. The average value of Ca**was 0.94, 1.53,
and 1.87meq I' in the same sequence of water
samples.The average value of Mg*was 0.83, 1.43, and
2.33meq I in the same sequence of water samples. The
average value of K'was 0.12, 0.18, and 0.17meq I in
the same sequence of water samples.

Chloride was the dominant anion in the collected
water samples. This was followed by bicarbonates and
sulfates; respectively.Carbonates ions (CO5*) were not
detected in the collected water samples.The average
value of CI" was 2.92, 4.58, and 5.61 meq I* in
irrigation, drainage, and mixed water samples;
respectively. The average value of bicarbonate ions
(HCOg) was 1.13, 2.26, and 2.63 meq I™* in the same
sequence of water samples. The average value of
sulfate ions (SO,%) was 1.04, 1.52, and 2.22meq I in
the same sequence of water samples.

There weren’t significant variations in the pH
values of the collected water samples. The average pH
value was 8.77, 8.65, and 8.78 in irrigation, drainage,
and mixed water samples; respectively. On the other
hand, there were significant variations among the EC
values of water sample. They were increased from 0.51
dSm™in irrigation water to 0.83 dSm™in drainage water,
and 1.05 dSm™ in mixed water. The calculated SAR
values were 3.14, 4.24, and 4.07% in average within
irrigation, drainage and mixed water samples;
respectively. These values indicate no significant risk of
soil alkalinity when these waters are used in irrigating
field crops. The calculated RSC values were -0.65, -
0.70, and -1.57 meq I in average within the same
sequence of water samples.These negative values also
indicate no significant risk when used in crop irrigation.

Table 4. Chemical properties of the collected water samples from irrigation and drainage canals in the

studied area.

Type of Water Irrigation Drainage Mixed water
Chemical | Min. Max. Aver. STD Min. Max. Aver. STD Min. Max. Aver. STD
Soluble Ca” 048 2.13 0.94 060 0.90 2.30 1.53 059 150 2.10 1.87 0.32
cations Mg 030 270 0.83 084 120 1.94 1.43 035 1.08 3.49 2.33 1.21
(meg/l) Na* 125 10.58 3.20 330 287 747 5.23 190 220 9.05 6.09 3.52
q K* 0.08 0.21 0.12 005 011 0.24 0.18 0.06 0.14 0.19 0.17 0.03
Soluble COs” 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
anions HCO; 060 252 1.13 066 1.92 272 2.26 0.40 1.60 3.48 2.63 0.95
(meg/l) Ccr 1.35 10.06 2.92 317 245 7.26 4.58 199 230 7.67 5.61 2.90
q SO~ 053 3.04 1.04 089 0.74 1.9 1.52 056 1.02 311 2.22 1.08
pH pH 841 9.15 8.77 025 8.27 9.0 8.65 037 870 8.83 8.78 0.07
EC dsS/m 025 155 0.51 047 051 1.19 0.83 028 050 1.36 1.05 0.48
SAR 168 6.81 3.14 175 280 5.13 4.24 1.02 194 6.09 4.07 2.08
RSC (meg/l) -231 -0.05 -065 077 -152 -0.18 -0.70 060 -2.79 -0.95 -1.57 1.05

5. Land capability indices

Data in Table 5 show soil physical, chemical, and
fertility indices, water index, environmental index and
final land capability index of the studied
soils.According to the physical index the studied
soilswere fit into two classes, which are excellent and
good.Soils in the studied area were fitone class
(excellent) according to the chemical index.
Accordingly, the soil class of the studied soilswas fit
into two classes, which are excellent and good. The
fertility index was fit into two classes,which are poor
and very poor. This could be attributed to the intensive
cropping systems in the area, the lower addition of

organic fertilizers and loss of Nile-sediments after
building the High Dam(Lawrence et al., 2010)(Ali et
al.,2008). The water class in the studied area
wasexcellent and the environmental index was fit into
two classes (good and fair). Accordingly, the final land
capability index for the studied soilswas fit into two
classes,which are fair and poor as illustrated in Figure 9.
These limitations for crop productivity in the studied
area are not permanent and they can be improved
through applying proper fertility and land management
practices.
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Table 5 .Soil physical, chemical, and fertility indices, water, environmental and final land capability indices of
the studied soils.

Physical Chemical Soil  Soil Fertility Fertility Water Water Environ. Environ. Final Final

Index Index Index Class Index Class Index Class Index Class Index Class
1 92.48 96.15 8892 C1 16.57 C5 96.92 C1 75.77 C2 4205 C3
2 81.6 96.36 78.63 C2 12.47 C5 98.4 C1 59.91 C3 334 C4
3 71.12 95.41 67.86 C2 11.47 C5 100 C1 59.91 C3 31.09 C4
4 83.77 98.42 8245 C1 13.6 C5 99.85 C1 59.91 C3 35.6 C4
5 86.78 95.92 8324 C1 20.25 C4 98.81 C1 64.86 C2 46.01 C3
6 82.64 98.06 81.04 C1 18.91 C5 98.06 C1 64.86 C2 4404 C3
7 76.08 97.66 743 C2 19.07 C5 98.71 C1 64.86 C2 43.74 C3
8 76.93 97.03 7465 C2 17.79 C5 98.71 C1 64.86 C2 42.04 C3
9 86.11 96.94 8348 C1 20.15 C4 97.83 C1 64.86 C2 4585 C3
10 67.5 96.39 65.07 C2 16.89 C5 100 C1 64.86 C2 40 C3
11 70.42 95.31 67.12 C2 18.27 C5 100 C1 64.86 C2 42.08 C3
12 86.31 97.12 8382 C1 18.31 C5 99.07 C1 64.86 C2 4346 C3
13 84.48 95.2 80.43 C1 19.09 C5 89.66 C1 64.86 C2 4376 C3
14 85.89 96.34 8275 C1 15.79 C5 88.4 C1 64.86 C2 39.17 C4
15 78.5 96.94 76.1 C2 18.26 C5 89.36 C1 64.86 C2 4232 C3
16 91.23 96.68 882 C1 20.49 C4 93.66 C1 64.86 C2 46.38 C3
17 85.26 96.98 8269 C1 19.21 C5 91.28 C1 64.86 C2 4419 C3
Min. 67.50 95.20 65.07 - 11.47 88.40 59.91 31.09  ---
Max. 92.48 98.42 88.92  --- 20.49 100.00  --- 75.77 46.38  ---
Average 81.59 96.64 78.87 - 17.45 96.40 64.63 4148 -

C1= Excellent, C2= Good, C3= Fair, C4= Poor, and C5= Very poor

6. Land Suitability:

Data in Table 6 represent land suitability results
for the selected field crops, vegetables, and fruit trees in
the studied area. These data indicate that soils in the
studied area are highly suitable for wheat, barley, maize,
peanut, faba bean, alfalfa, sugar beet, potato, pea, date
palm, fig, grape, and citrus. However, they were
moderately suitable for tomato, pepper, watermelon,
onion and olive. This may be due to the sensitivity of
these crops for soil salinity, alkalinity and heavy soil
texture.Figures 10 to 12 show the spatial distribution of
land suitability for some of the studied crops.
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Figure 9. Final land capability index for the studied
soils.

Table 6. Land suitability results for the selected field crops, vegetables, and fruit trees in the studied area.

Zl;)oflle WheatBarIeyMaizesgg;rPeanutEig;‘AlfalfaPotatoTomatoPepper\mggﬁomon Pea PDgtr?lOIive Fig GrapeCitrus
1 93.16 93.16 92.21 93.45 93.00 92.21 88.57 88.72 49.45 42.01 42.01 43.1492.2190.0742.0190.07 90.07 91.12
2 92.29 92.29 92.88 94.13 90.73 92.88 90.59 89.36 49.81 43.69 42.31 44.86 95.9090.7340.9887.87 90.73 94.76
3 88.75 88.75 87.10 91.14 92.66 87.10 84.38 88.39 50.87 43.22 41.86 42.07 89.9292.6641.8689.75 89.75 88.85
4 90.62 90.62 94.80 93.05 94.74 94.80 88.95 93.31 50.37 44.18 44.18 44.3594.8091.7642.7991.76 94.74 93.67
5 91.99 91.99 93.09 94.34 93.88 88.99 87.45 89.56 48.35 42.41 42.41 41.6388.9990.9342.4190.93 90.93 91.98
6 92.84 92.84 95.47 93.71 90.32 92.47 91.13 88.96 49.59 43.49 43.49 44.66 92.4790.3242.1390.32 93.26 91.37
7 87.57 87.57 88.73 89.92 96.16 86.63 85.96 91.73 51.13 43.44 43.44 41.5186.6393.1343.4493.13 93.13 87.67
8 86.74 86.74 87.89 89.07 96.46 82.02 82.46 92.02 51.29 4357 43.57 41.1182.0293.4343.5793.43 93.43 86.84
9 89.87 89.87 91.06 92.29 92.15 88.90 88.22 87.90 50.59 42.98 42.98 42.6088.9092.1542.9892.15 92.15 87.14
10 84.67 84.67 85.79 86.94 91.08 85.79 83.11 89.71 51.63 45.29 43.86 41.4388.5794.0442.4891.08 94.04 84.76
11 84.38 84.38 85.50 86.65 97.17 81.73 80.22 92.70 50.04 43.89 43.89 40.0081.7394.1243.8994.12 94.12 84.48
12 91.21 91.42 92.41 93.66 91.42 92.41 86.72 87.21 50.19 42.64 42.64 43.2392.4191.4242.6491.42 91.42 88.44
13 91.14 91.14 90.15 93.58 91.46 83.32 84.59 85.18 50.21 41.85 41.85 42.3883.3291.4642.6691.46 89.39 86.69
14 92.26 92.26 93.65 94.15 90.75 90.70 88.41 87.26 49.82 4152 42.87 42.6390.7090.7542.3290.75 88.60 90.06
15 95.88 95.88 87.29 91.61 87.33 87.29 91.16 81.34 47.95 39.96 39.96 41.0387.2987.3340.7387.33 85.26 83.93
16 91.58 91.58 90.59 94.03 91.19 90.59 87.06 84.93 50.07 41.72 41.72 42.5890.5991.1942.5391.19 89.03 87.11
17 94.24 94.24 89.09 92.48 92.03 89.09 92.51 85.71 48.94 40.78 40.78 41.88 89.0989.1441.5789.14 87.02 88.45
Min. 84.38 84.38 85.50 86.65 87.33 81.73 80.22 81.34 47.95 39.96 39.96 40.0081.7387.3340.7387.33 85.26 83.93
Max. 95.88 95.88 95.47 94.34 97.17 94.80 92.51 93.31 51.63 45.29 44.18 44.86 95.9094.1243.8994.12 94.74 94.76
Average 90.54 90.55 90.45 92.01 92.50 88.64 87.15 88.47 50.02 42.74 4258 42.4289.1591.4542.4190.94 91.00 88.67
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Figure 10. Land suitability for wheat and barley in
the studied area.
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Figure 11. Land suitability for tomato and pea in the
studied area.
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Figure 12. Land suitability for citrus and grape in
the studied area.

CONCLUSIONS

It could be concluded that soil fertility evaluation
using GIS models and techniques could be very helpful
in providing more accurate and time-wise information
about the status of soil fertility within certain area. Soils
in the studied area varied from excellent to good
according to their physical index and they were
excellent depending on their chemical index. The soil
index was ranged between excellent and good.
However, these soils varied from poor to very poor
according to their fertility index. This could be
attributed to the use of intensive cropping system, lower
addition of organic fertilizers and loss of Nile-sediments
after building the high dam. Water quality of irrigation
water was excellent and the environmental conditions
ranged between good and fair. The overall index of land
capability within the studied area ranged between fair
and poor. Land suitability for the studied crops varied
from moderately suitable to very suitable.

In  conclusion, the limitations for crop
productivity in the studied area were not permanent and
they can be improved through proper fertility and land
management practices.
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