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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. 

Keywords: Soil fertility, Land capability, suitability, ASLEarid, GIS. 

 
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).It 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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31◦ 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
2
 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
o
C in January to 21.50

o
C in July with an 

average of 14.19
o
C.On the other hand, maximum 

temperature varied from 19.20
o
C in January to 34.10

o
C 

in July with an average of 27.03
o
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). 

 
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 - Db/ Dr) * 100 

Where, Db is soil bulk density (g cm
-3

) and Dr is soil 

real density (it was estimated by 2.65 g cm
-3

). 

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 KCl according to Hesse (1971) and determined by 

micro-kjeldahl apparatus. Available 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

2+
, and Mg

2+
) and anions (CO3

2-
, HCO3

-
, 

and Cl
-
) 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: 

 
RSC= (CO3

2-
+HCO3

-
) – (Ca

2+
 + Mg

2+
) 

Where; Na
+
, Ca

2+
 and Mg

2+
 are the concentrations in 

meq L
-1

 of sodium, calcium, and magnesium 

ions in water samples. CO3
2-

 andHCO3
-
 are the 

concentrations of carbonate and bicarbonates 

(meq L
-1

) 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), . . . , 

z(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)] = μ(x) 

Z(x) is not intrinsically stationary. Having a 

deterministic model for μ(x), then Z(x)−μ(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 
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underlying model assumption in ordinary kriging is: 

E[Z(x)] = μ With μ unknown, the model for Z(x0) is: 

Z(x0) − μ = 


N

i

i
1

 ( Z(xi) − μ)+ E (x0)  Or   Z(x0) = 




N

i

i
1

 ( Z(xi) + μ(1-


N

i

i
1

 )+E (x0) 

We filter the unknown mean by requiring that the 

Kriging weights sum to 1, leading to the ordinary 

kriging estimator: 

Z(x0) = 


N

i

i
1

 ( Z(xi) + E (x0) subject to 


N

i

i
1

  = 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.It 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
-3

 soil with an average of 

1.08 g cm
-3

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 54.41 7.59 9.91 

Fine Sand (%) 6.68 51.54 25.83 11.96 

Total Sand (%) 12.11 72.26 33.42 16.14 

Silt (%) 14.05 55.45 30.06 10.90 

Clay (%) 10.09 63.12 36.52 13.16 

Soil Texture -- -- Clay Loam -- 

Saturation Percentage (SP) 41 138 71 16.29 

OM (%) 0.19 1.43 0.67 0.34 

CaCO3 (%) 0.55 10.4 3.07 1.95 

Bulk Density (g cm-3) 1.00 1.16 1.08 0.05 

Porosity (%) 56.12 62.26 59.40 2.03 

 

 
Figure 2. Spatial variability within total sand (TS) at 

the subsurface layer (60-90 cm) of the 

studied soils. 
 

 
Figure 3. Spatial variability within clay content at 

the surface layer (0-30 cm) of the studied 

soils. 

 

 
Figure 4. Spatial variability within saturation 

percentage (SP) at the surface layer (0-30 

cm) of the studied soils. 
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Figure 5. Spatial variability within organic matter 

(OM) at the subsurface layer (30-60cm) of 

the studied soils. 

 
Figure 6. Spatial variability within total carbonates 

as CaCO3 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

2+
 and Mg

2+
) and anions 

(CO3
2-

, HCO3
-
, Cl

-
 and SO4

2-
), 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
2+

) varied from 0.05 and 0.60 cmol/kgsoil. 

Magnesium ions (Mg
2+

) ranged between 0.05 and 0.53 

cmol/kgsoil. 

Carbonates ions (CO3
2-

) 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 (Cl
-
) ranged between 0.05 and 1.77 

cmol/kg soil. Sulfate ions (SO4
2-

) 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
-1 

(about 1.88 dS m
-1 

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
2+

varied from 15.1 

and 38.19 cmol/kgsoil. Exchangeable Mg
2+

 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 

Soluble Cations 

(cmol/kgsoil) 

Na+ 0.04 2.17 0.93 0.55 

K+ 0.003 0.044 0.011 0.01 

Ca2+ 0.05 0.6 0.22 0.10 

Mg2+ 0.05 0.53 0.19 0.11 

Soluble Anions 

(cmol/kgsoil) 

CO3
2- 0.00 0.00 0.00 0.00 

HCO3
- 0.10 0.45 0.20 0.07 

Cl- 0.05 1.77 0.81 0.46 

SO4
2- 0.03 1.41 0.34 0.29 

pH  7.64 8.24 7.95 0.12 

EC (dS m-1)  0.41 4.65 1.88 0.95 

Exchangeable Cations 

(cmol/kgsoil) 

Na+ 1.03 5.13 2.1 0.92 

K+ 0.39 2.28 1.05 0.41 

Ca2+ 15.1 38.19 26.36 4.33 

Mg2+ 11.1 29.14 21.28 3.85 

CEC (cmol/kgsoil)  40.61 58.87 50.8 4.53 

ESP (%)  1.9 11.1 4.17 1.86 

 
Figure 7. Spatial variability within pH values in 

subsurface layer (30-60 cm) of the studied 

soils. 

 
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 (NH4
+
) 

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 



J.Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 7(10), October, 2016 

 717 

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 

NH4
+ (mg/kg) 32.96 120.16 77.74 21.80 

NO3
- (mg/kg) 21.55 97.37 45.95 16.65 

Available (NPK) 

(mg/kg) 

N 54.93 216.38 123.69 34.17 

P 0.17 8.68 5.4 2.02 

K 100.78 700.61 310.39 122.50 

Total Nitrogen 

(TN) 
(%) 0.11 0.39 0.26 0.07 

Organic Carbon 

(OC) 
(%) 0.2 0.83 0.47 0.19 

C/N Ratio (%) 0.99 5.03 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 l

-1
 

in irrigation, drainage, and mixed water samples; 

respectively. The average value of Ca
2+

was 0.94, 1.53, 

and 1.87meq l
-1

 in the same sequence of water 

samples.The average value of Mg
2+

was 0.83, 1.43, and 

2.33meq l
-1

 in the same sequence of water samples. The 

average value of K
+
was 0.12, 0.18, and 0.17meq l

-1
 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 (CO3
2-

) were not 

detected in the collected water samples.The average 

value of Cl
-
 was 2.92, 4.58, and 5.61 meq l

-1
 in 

irrigation, drainage, and mixed water samples; 

respectively.  The average value of bicarbonate ions 

(HCO3
-
) was 1.13, 2.26, and 2.63 meq l

-1
 in the same 

sequence of water samples.  The average value of 

sulfate ions (SO4
2-

) was 1.04, 1.52, and 2.22meq l
-1

 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
-1 

in irrigation water to 0.83 dSm
-1

in drainage water, 

and 1.05 dSm
-1

 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 l
-1

 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 
Parameter 

Min. Max. Aver. STD Min. Max. Aver. STD Min. Max. Aver. STD 

Soluble 
cations 
(meq/l) 

Ca2+ 0.48 2.13 0.94 0.60 0.90 2.30 1.53 0.59 1.50 2.10 1.87 0.32 
Mg2+ 0.30 2.70 0.83 0.84 1.20 1.94 1.43 0.35 1.08 3.49 2.33 1.21 
Na+ 1.25 10.58 3.20 3.30 2.87 7.47 5.23 1.90 2.20 9.05 6.09 3.52 
K+ 0.08 0.21 0.12 0.05 0.11 0.24 0.18 0.06 0.14 0.19 0.17 0.03 

Soluble 
anions 
(meq/l) 

CO3
2- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

HCO3
- 0.60 2.52 1.13 0.66 1.92 2.72 2.26 0.40 1.60 3.48 2.63 0.95 

Cl- 1.35 10.06 2.92 3.17 2.45 7.26 4.58 1.99 2.30 7.67 5.61 2.90 
SO4

2- 0.53 3.04 1.04 0.89 0.74 1.95 1.52 0.56 1.02 3.11 2.22 1.08 
pH pH 8.41 9.15 8.77 0.25 8.27 9.10 8.65 0.37 8.70 8.83 8.78 0.07 
EC dS/m 0.25 1.55 0.51 0.47 0.51 1.19 0.83 0.28 0.50 1.36 1.05 0.48 
SAR  1.68 6.81 3.14 1.75 2.80 5.13 4.24 1.02 1.94 6.09 4.07 2.08 
RSC (meq/l) -2.31 -0.05 -0.65 0.77 -1.52 -0.18 -0.70 0.60 -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 
Index 

Chemical 
Index 

Soil 
Index 

Soil 
Class 

Fertility 
Index 

Fertility 
Class 

Water 
Index 

Water 
Class 

Environ. 
Index 

Environ. 
Class 

Final 
Index 

Final 
Class 

1 92.48 96.15 88.92 C1 16.57 C5 96.92 C1 75.77 C2 42.05 C3 

2 81.6 96.36 78.63 C2 12.47 C5 98.4 C1 59.91 C3 33.4 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 82.45 C1 13.6 C5 99.85 C1 59.91 C3 35.6 C4 

5 86.78 95.92 83.24 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 44.04 C3 

7 76.08 97.66 74.3 C2 19.07 C5 98.71 C1 64.86 C2 43.74 C3 

8 76.93 97.03 74.65 C2 17.79 C5 98.71 C1 64.86 C2 42.04 C3 

9 86.11 96.94 83.48 C1 20.15 C4 97.83 C1 64.86 C2 45.85 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 83.82 C1 18.31 C5 99.07 C1 64.86 C2 43.46 C3 

13 84.48 95.2 80.43 C1 19.09 C5 89.66 C1 64.86 C2 43.76 C3 

14 85.89 96.34 82.75 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 42.32 C3 

16 91.23 96.68 88.2 C1 20.49 C4 93.66 C1 64.86 C2 46.38 C3 

17 85.26 96.98 82.69 C1 19.21 C5 91.28 C1 64.86 C2 44.19 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 --- 41.48 --- 

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

 

 
Figure 9. Final land capability index for the studied 

soils. 

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. 

 

 

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

No 
Wheat Barley Maize 

Sugar 

Beet 
Peanut 

Faba 

Bean 
Alfalfa Potato Tomato Pepper 

Water- 

melon 
Onion Pea 

Date 

Palm 
Olive Fig Grape Citrus 

1 93.16 93.16 92.21 93.45 93.00 92.21 88.57 88.72 49.45 42.01 42.01 43.14 92.21 90.07 42.01 90.07 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 95.90 90.73 40.98 87.87 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 89.92 92.66 41.86 89.75 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 44.35 94.80 91.76 42.79 91.76 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 41.63 88.99 90.93 42.41 90.93 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 92.47 90.32 42.13 90.32 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 41.51 86.63 93.13 43.44 93.13 93.13 87.67 

8 86.74 86.74 87.89 89.07 96.46 82.02 82.46 92.02 51.29 43.57 43.57 41.11 82.02 93.43 43.57 93.43 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 42.60 88.90 92.15 42.98 92.15 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 41.43 88.57 94.04 42.48 91.08 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 40.00 81.73 94.12 43.89 94.12 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 43.23 92.41 91.42 42.64 91.42 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 42.38 83.32 91.46 42.66 91.46 89.39 86.69 

14 92.26 92.26 93.65 94.15 90.75 90.70 88.41 87.26 49.82 41.52 42.87 42.63 90.70 90.75 42.32 90.75 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 41.03 87.29 87.33 40.73 87.33 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 42.58 90.59 91.19 42.53 91.19 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 89.09 89.14 41.57 89.14 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 40.00 81.73 87.33 40.73 87.33 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 95.90 94.12 43.89 94.12 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 42.58 42.42 89.15 91.45 42.41 90.94 91.00 88.67 
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Figure 10. Land suitability for wheat and barley in 

the studied area. 

 

 

 
Figure 11. Land suitability for tomato and pea in the 

studied area. 
 

 

 
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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 الدقهليت, هصر لبعض أراضً هحبفظت الجغرافيت الوعلىهبث نظن حقنيبث ببسخخدام الخربت خصىبت حقيين
 1فبطوت عبد السالم البكري و 1هدحج عصبم الصعيدٌ،  2 جوبل هحود الشبينٍ ,1أحود أبى العطب هىسً ,1عبد الحويد أحود النجبر

1
 هصر -جبهعت الونصىرة  -كليت الزراعت  -قسن علىم األراضً 

2
 هصر -الجيزة  –الدقً  –هعهد بحىد األراضً والويبة والبيئت 

 

 الكثٕفرج الضسالرج ألره طُٔىرج يذرشاح ةعرذ مصرش لىرّ دس رج رتٕرشث ألره ا ٌمٕرج َخصُ ربة الىٕر  دلذرب الشسرُةٕج يرٓ الذشةرج  خصرُةج ٔعذترش ديٕرٕ 

 لرتع  الذشةرج العمر  ٌرُ ديٕرٕ  خصرُةج ٌرزي ألره الشئٕسٓ الٍذف يٓ سذٕىبح اليشن المبضّ. َربن العبلٓ السذ ةىبء ةعذ الىٕىٕج الشَاسب َييذان لىمحب ٕ 

 قطبلرب رساضرٕب ألعىُألرج ا ثرذا ٕبح ةطشٔيرج لةرُائٕج 71دُصٔع  رلك،د  الجغشايٕج. َةىبءلىّ عىُألبحالم وظ  ديىٕبح ةبسذخذام الذقٍىٕج ةمحبيظج ا ساضّ

 ةبلىسرتج لخصبئصرٍب الذشةرج لٕىربح دحىٕر  در  سر . َقرذ 00-00،  00-00،  00-0قطرب  لىرّ رلمرب   رر  أله دشةج لٕىبح  مع الذساسج. َد  ألىطيج داخ 

 لٕىربح دحىٕر  در  ألره رر  قطرب  رسضرّ. َقرذ اليشٔترج َالصرشف الرشْ قىرُاح ألره رر  أله ألٕبي لٕىبح  مع رٔضب َخصُةذٍب. رمب د  َالكٕمٕبئٕج الفٕضٔبئٕج

اليذسث اإلوذب ٕج لألساضّ َألذِ ألالئمذٍب لتع  المحب ٕ  ةبسذخذام وظبم ديٕٕ  ا ساضرّ الضسالٕرج  ديٕٕ  إ شاء الكٕمٕبئٕج. َد  ةبلىستج لخصبئصٍب المٕبث

 َيئرج لىمؤبرش الفٕضٔربئّ لىذشةرج َ ٕرذث( دتعرب يئذرٕه  ألمذربصث يرّ الذساسرج ألىطيرج يرٓ الذشةرج دصرىٕ  َدر  (.ASLEaridالجبيرج   يّ المىبطق الجبيرج َبرتً

  ٌَمرب الخصرُةج لمؤبرش دتعرب َ ٕذ. ََقعخ ا ساضّ يّ يئذرٕه ألمذبص ةٕه ألؤبشالذشةج دشاَح لزلك، الكٕمٕبئٓ. َدتعب المؤبش رسبط َاثذث  ألمذبصث( لىّ

لىيذسث اإلوذب ٕج لىذشةرج رن الذشةرج يرّ  ةٕه  ٕذث َألعذذلج. َرببسالمؤبشالىٍبئٓ التٕئٕج َدشاَثخ الظشَف  ذا. َربوخ  ُدث ألٕبث الشِ ألمذبصث ٕشثَيي ييٕشث

مكه الحذ ألره ألعُقربح ةٕه ألالئمج  ذا َألذُسطج المالئمج. َٔ المخذبسث َ ييٕشث(. َاخذىفخ ألالئمج الذشةج لىمحب ٕ  ألىطيج الذساسج ديع يّ يٕفئذٕه  ألعذذلج

 الذشةج. َإداسث لخصُةج  المىبستج الممبسسبح اسذخذام له طشٔق الذساسج ألىطيج يٓ إوذب ٕج الذشةج لىمحب ٕ 

http://www.soilhealth.com/soils-are-alive/what-is-in-soil/p-01.htm
http://www.soilhealth.com/soils-are-alive/what-is-in-soil/p-01.htm

