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ABSTRACT

Food security in Egypt is one of the most important issues of the interest of the Egyptian government to
face population growth. The north west coast (NWC) has a large area that can be added to the national agricultural
projects for achieving the sustainable development . The aimed to evaluate soil capability and suitability for crop
production using MicroLEIS DSS approach. The study area located between Ras El Hekma ,Marsa Matrouh, El
Negilla and Sidi Barrani , between longitudes 25° 44" and 27° 55" E, latitudes 30° 58" and 31°22° N.The
soil was evaluated based the variation of their physical, chemical properties, geomorphological characteristics in
addition, the climate parameters. The results showed that, the soils were classified into two classes using
CERVATANA model; Moderate capability (S3r) for most soil profiles where, the limiting factor was the soil
erosion and (S3Ir) as the limiting factor was soil. on the other hand the soil suitability for crop using
(ALMAGRA) model was suitability (S2) that covers an area of ranges between 41.17 % ( ~7880.2 hectare) for
peach and citrus to 76.47% (~14936.5 hectare) for olive. moderately suitable (S3), has few limiting factors,
marginally suitable (S4) and not suitable (S5) that has several limiting factors such as coarse texture and hard pan
layers near the surface, this class occupies an area of about 3000 hectares. The study demonstrated that soil

suitability and capability maps may support decision-makers to determine the optimal use of the area.

Keywords: land suitability for crops, soil characteristics, agricultural soil suitability model (ALMAGRA)

INTRODUCTION

Egypt has a unique geographical location and large area,
itis estimated at about one million square kilometers, agricultural
development faces many obstacles and limitations factors such as
climatic conditions, water scarcity (Hegazi et al. 2005). In
addition, about 92.4% of the total area of the Arab Republic of
Egypt is not used in agricultural sustainable development.
Statistics indicate that the population of Egypt exceeded 100
million (August 2019, https:/AMwww.capmas.gov.eg). The
Egyptian population is concentrated in the Nile Valley and the
Delta, in addition to the coastal areas along the Red Sea and the
Mediterranean Sea, and some scattered areas in the Western
Desert. The continuous population increase has led to an increase
in human pressure, competition for limited natural resources, and
thus the gap between food and population has increased
.Recently, the Egyptian government has increased its interest in
establishing agricultural development projects in many areas in
the Western Desert. And given that the north coast has many
advantages such as the unique location and the appropriate
climate for the establishment of new communities. The soils of
the North Coast, with a length of 500 km, are characterized by a
sandy texture, which is suitable for most horticultural and field
crops. (Belal et al. 2019).There are many challenges facing the
Egyptian government to achieve sustainable development NWC,
the most important of issues which is to optimally utilize natural
resources to achieve sustainable development in the NWC
region, to be more attractive for investment in the agricultural
and industrial aspects.(Sayed 2013). According to Dent and
Anthony (1981) the main aim of land evaluation is to predict the
consequence of change. Thus, Land evaluation becomes
necessary where change is contemplated. Therefore, The
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assessment of land helps determine alternatives to soil use
according to soil characteristics, water quality, and climatic
conditions, in addition to social and economic conditions, as well
as the preservation of environmental resources to ensure better
exploitation in the future for the following generations. (Sys et al.
1991).The MicroLEIS program is characterized by its ease to use
in evaluating soils under various ecosystems, as well as providing
alternatives to various crops that suit the conditions of the
Mediterranean countries. Darwish et al. (2006) reported that,
MicroLEIS (Mediterranean Land Evaluation Information
System) has evolved towards an agro-ecological DSS. Recently,
MicroLEIS DSS is a set of tools for decision-making which in a
wide range of agro-ecological schemes. CERVATANA general
land capability model and ALMAGRA agricultural soil
suitability model are one of the MicroLEIS micro-computer DSS
models. In addition, the computer based land evaluation
information system (MicroLEIS) was investigated by Ozcan
(2006) in Turkey, where the development for optimal use of
agricultural under Mediterranean conditions were identified. This
system includes the assessment of the ability of the land to
produce crops as well as the degree of suitability of the soil for
various crops. Moreover, the outputs of the CERATANA Land
Assessment Model include different degrees, as S1 indicates the
highest degree of suitability, S2 indicates moderate suitability, S3
indicates low suitability, while N denotes unsuitability of the soil
for crops. There are many studies that used this model on the
northwest coast, where they showed that it is suitable for most
crops, except for citrus, olives, and peaches because the sail
texture is very heavy (Said,et al.,2020).According to Sayed
(2013), CERVATANA and ALMAGRA models were applied
based on a computer program and MicroLEIS web, the soils
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adjacent to EI-Hammam canal were classified as follow: good
suitable (S2), moderate suitable (S3), and Marginal suitability for
crops (N). In addition (ALMAGRA) model was used to evaluate
soil suitability for crops. the author indicted the soils suitability of
El-Hammam were ranged between S2 to S5 .The most
suitability crops were arranged from high to low as follow olive
, citrus , peach , wheat, alfalfa, melon and sunflower. The
objective of the current study is to evaluate the soil of NWC to
make the optimum land use based on the land and water resource

MATERIALS AND METHODS
IN-SITU Study Area
Location and climate
The study area is bounded by longitudes 25° 44" and
27° 55" E, latitudes 30° 58 and 31° 22" N Figure 1. Four
promising areas for agricultural development were identified
for the present study; these areas from West to East are Ras
El Hekma, Marsa Matrouh, El Negilla, and Sidi Barrani. The
investigated regions have a special interest due to its
agricultural activities, which has more soil and water
resources to be sustainable. The climate of the studied area is
characterized by long rainless at summer and short rainy at
winter, from October to April, with limited variations in daily
temperature. In general, the zone is related to the arid or
hyper-arid Mediterranean climate. In the current study, the
main rainfall was shown from five meteorological stations
representing the area, namely; EI Sallum, Sidi Barani, Mersa
Matruh, El Dabaa and Alexandria (105, 144, 140, 141 and
199, respectively) Sivakumar and Ndiang (2007).
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Figure 1. Location of the studied soil profiles

Geomorphological and Geological Settings

The study area reflect a portion of the Northwestern coast
of Egypt, which is characterized by three main geomorphological
units are identified as the tableland, piedmont plain, and the
coastal plain Figure 2, Yousif and Bubenzer (2012). The coastal
plain has a narrow strip of land that stretching along the
Mediterranean Sea. The maximum extent inland is 4.5 km. The
slopes northward and has elevations from 10 to 40 m above the
sea level. It comprises shallow depressions, elongated ridges, and
dunes. Inaddition, Hosny et al., (2005) showed that the piedmont
plain that extends south to the coastal plain forms a transition
zone between the tableland and the coastal plain. It covers an area
of 145 km?, awidth of 24 km, a length of 7 km andhas ridges that
separated by depressions. Moreover, (Raslan (1995) showed that
salt marshes are recorded in a few spots inside the plain. The
tableland reaches a maximum elevation of 170 mabove sea level.
The region dominated by hard limestone strata that developed
into a flat to slightly undulating plain at several localities revealing

closed to sub-closed hollows into which loamy deposits that
accumulated. Furthermore, the geomorphologic setting of the
investigated area influences the groundwater conditions and
strongly controls the spreading of the surface runoffthat either
accumulates in the depressions or drains into the sea.According
to Selim (1969), the Northwestern Mediterranean coastal zone is
occupied by sediment and sedimentary rocks are ranging in age
from Tertiary to Quaternary. Quaternary deposits are exposed in
the study area. It is formed of a thin cover of drift sands and loamy
deposits. Hosny et al. (2005) reported that, the study area is a part
of the Marmarica Homocline, which occupies the area north of
the Qattara depression.

375m:

A: Tableland
D: Piedmont plain

B: Coastal plain C: Qattara depression
E: Scarp of tableland (dashed white line)

Figure 2. Geomorphology of the area under study

Field and laboratory work

Based on the topographic and geomorphological maps
aswell as field observations, seventeen soil profiles were selected
to represent the recognized geomorphic units, four areas; Ras El
Hekma, Marsa Matrouh , El Negilla and Sidi Barrani .Fifty two
collected soil samples were air-dried, crushed, and passed
through a 2 mm sieve. The soil paste extract were prepared to
determine the soil pH, electrical conductivity, and soluble cations
and anions. Sodium and potassium ions were measured using
flame photometer. Calcium, magnesium, chloride, carbonates,
and bicarbonates were determined titrimetrically. Sulphates were
calculated according to (Black et al., 1982).

Cervatana model (land capability model)

A land capability model is built in Cervatana model for
defining the capability of the identified map units. The program
runs with sequences to match the land characteristics with the
conditions required for each capability class. The land unit is
assigned to a subclass that determined by the most limiting land
qualities (Aldabaa et al., 2010). The factors that considered are; (a)
site, (b) soil limitation, (c) erosion risks, and (d) bioclimatic
deficiency which are inferred from the generalized values namely
(a) slope, (b) useful sail depth, soil texture, stoniness, drainage and
salinity, (c) slope, soil erodibility, rainfall erosivity and vegetation
density, and (d) rainfall and frost risk (Mahmoud et al., 2019).
These parameters are used to identify the capability classes: Class
Sl-Excellent, Class S2-Good, Class S3-Moderate, Class N-
Marginal, and Not Suitable. De la Rosa et al. (1992) defined four
subclasses are also according to the maximum limitations of site (t),
soil (1), erosion risk (r), and bioclimatic deficiency (b).
Agricultural soil suitability: Almagra model Agricultural
soil suitability

The land suitability assessment has been conducted for soil
map units which has agricultural capability depending on the
results of the land capability assessment. The automated land
evaluation system, Almagra model - Agricultural soil suitability,
used to assessment the suitability of the soil map units for selected
land use types. The soil suitability model was based on the edaphic
factors that influence the production of the annual traditional crops:
wheat, corn, melon, potato, soybeans, cotton, sunflower, and sugar-
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beet. Semi-annual or perennial such as peach, alfalfa, citrus, and
olive were selected and used Almagra model for assessment
agricultural soil suitability (De la Rosa et al., 2004).
RESULTS AND DISCUSSION

Soil Characteristics

Among the recognized geomorphic units and subunits
already mentioned before, and four areas were selected to study
their soils from the East to West are: Marsa Matrouh, Ras El
Hekma, El Negilla and Sidi Barrani. Based on the specific soil
parameters, soil depth and texture of the studied soil profiles, the
morphological, physical and chemical properties of each soil
mapping unit are given in the following:
Ras El Hekma region
Deep coarse-textured soils

The soils in this mapping unit represented by soil profile
No. (1 and 2), the main features of th soil mapping unit are; depth

(>100 cm), coarse texture (sand to loamy sand), with a strongly to
extremely calcium carbonate contents (23.16 to 40.98 %), and a
moderately well drained soils. Soil structure and the dry consistence
are varied from massive and soft to friable on the surface and deeper
layers, respectively. Nevertheless, the soil reaction is varied from
slightly alkaline to moderately alkaline, as the pH values ranged
from7.6 to 7.9. Electrical conductivity values ranged between 0.21
and 0.36 dSm* indicating non saline soils, while the highest values
are detected in the deepest soils and increased throughout the soil
depth. The cationic composition of the investigated soil saturation
extract of the soil layers is dominated by Na* followed by Ca? and
Mg?while K* isthe least abundant cation. Cation exchange capacity
values are considerably low (3.79 and 5.48 cmol kg* soil) and
coincide well with soil texture, Table 1.

Table 1. Analytical data of the profiles representing studied area (Particle size distribution and physical properties)
WP AW

Location Profile Depth Gravel CaCOs Particle size distributions (%) Soil texture FC
No. cm. % % Sand Silt Clay %
1 050 037 4098 90.90 2.50 6.60 Sand 804 552 2.52
- 50-100 020 40.56 90.90 250 6.60 Sand 804 552 252
IS 100-150 0.00 35.07 90.90 250 6.60 Sand 804 552 252
3 2 050 0.00 26.33 90.56 250 6.94 Sand 824 557 2.67
I 50-100 0.00 29.34 90.56 2.50 6.94 Sand 824 557 2.67
w 100-150 032 23.16 83.06 7.50 9.44 Loamy sand 1255 6.84 571
é 3 050 3221 2751 76.00 10.00 14.00 Sandy loam 16.35 8.09 8.27
50-90 1526 36.80 76.00 7.50 16.50 Sandy loam 1629 803 8.26
90-150 318  36.09 81.00 5.00 14.00 Sandy loam 1361 713 6.47
4 030 132 2251 79.95 5.00 15.05 Sandy loam 1416 7.30 6.86
3090 182 2501 79.95 7.50 12.55 Sandy loam 1423 7.36 6.87
90-150 1452 26.80 82.45 250 15.05 Sandy loam 1274 6.82 5.92
5 040 199 19.06 90.90 250 6.60 Sand 804 552 252
40-70 130 2417 90.90 250 6.60 Sand 804 552 252
70-120 055 14.69 83.40 5.00 11.60 Loamy sand 1232 6.75 5.57
5 6 050 241 1691 89.39 250 8.11 Sand 891 575 3.16
8 50-90 2579 1815 76.89 7.50 15.61 Sandy loam 1584 7.88 7.95
g 90-130 864 10.23 74.39 10.00 15.61 Sandy loam 1718 837 8.81
p 7 040 303 2516 71.00 1250 16.50 Sandy loam 1892 9.02 9.90
s 40-100 9.61 28.63 66.00 15.00 19.00 Sandy loam 21.38 10.00 11.38
= 100-150 5.38 2215 7350 10.00 16.50 Sandy loam 1763 853 9.10
8 050 357 2322 78.40 10.00 11.60 Sandy loam 1509 7.66 7.43
50-90 1119 21.79 71.89 10.00 18.11 Sandy loam 1843 881 9.61
90-150 17.69 14.79 74.39 7.50 18.11 Sandy loam 1710 831 8.79
9 0-30 1287 2197 84.95 5.00 10.05 Loamy sand 1147 650 497
30-65 6765 2324 69.95 10.00 20.05 Sandy clay loam 19.37 9.16 10.21
65-120 2331 20.36 69.95 7.50 2255 Sandy clay loam 19.25 9.06 10.19
FC is Field Capacity; WP is witting point and AW is available water.
Table 1. cont.
L ocation Profile Depth Gravel CaCOgz Particle size distributions (%) Soil FC WP AW
No. cm. % % Sand Silt Clay texture %
10 0-35 2.73 20.72 75.40 10.00 14.60 Sandyloam 16.66 8.19 847
= 35-85 0.66 21.08 67.90 10.00 2210  Sandyclayloam 20.34 9.52 10.81
> 85-115 171 18.14 70.40 5.00 2460  Sandyclay loam 18.87 8.85 10.02
2 11 0-20 30.11 18.06 7182 10.00 18.18 Sandy loam 1846 8.83 9.63
m 20-50 44.39 18.14 7182 7.50 2068  Sandyclayloam 18.36 8.74 9.61
50-90 33.00 3L.77 69.32 10.00 2068  Sandyclayloam 19.67 9.27 104
12 0-25 3.65 13.38 82.45 5.00 12.55 Sandyloam 12.83 6.90 5.93
25-75 0.93 20.01 82.45 7.50 10.05 Loamysand 12.88 6.94 5.94
75-115 449 2394 67.45 7.50 2505  Sandyclayloam 204  9.48 10.92
13 0-20 354 22.15 82.90 7.50 9.60 Loamysand 1264 6.86 5.77
20-57 151 11.70 85.40 250 12.10 Loamysand 1115 6.37 4.78
57-90 0.27 10.20 82.90 250 14.60 Sandyloam 125 6.75 5.75
‘= 90-130 1.10 11.29 75.40 10.00 14.60 Sandyloam 16.66 8.19 847
g 14 0-40 0.00 13.21 84.32 7.50 8.18 Loamysand 1185 6.62 5.22
& 40-85 1.36 18.06 81.82 7.50 10.68 Loamysand 1323 7.05 6.18
5 15 0-35 250 16.80 83.06 5.00 11.94 Loamysand 1250 6.80 5.70
(7] 35-80 5.64 18.81 78.06 7.50 14.44 Sandy loam 1523 7.68 7.55
80-115 254 19.90 80.56 5.00 14.44 Sandy loam 1384 7.21 6.64
16 0-40 0.63 16.72 89.95 250 7.55 Sand 859  5.67 293
40-110 64.77 21.79 82.45 5.00 12.55 Sandy loam  12.83  6.90 5.93
17 0-30 1.66 22.87 92.45 250 5.05 Sand 713 528 1.85
30-85 1.47 26.21 89.95 250 7.55 Sand 859  5.67 293
85-120 11.84 26.56 90.40 2.50 7.10 Sand 833 5.60 2.73
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Deep, moderately coarse textured soils

The soils in this mapping unit represented by soil
profile No. (3). The landscape has an almost flat to nearly
level sloping plain surface, while the mainfeatures of this soil
mapping unit with a depth of (150 cm), and thesoil texture
throughout the entire depth is sandy loam. Calcium carbonate
contents are strongly to extremely calcareous (27.51 to 36.8
%). Soil reaction mostly is slightly alkaline. Electrical

conductivity values of the soils vary from 2.6 to 14.8 dSm,
indicating a variation from free to slightly saline to strongly
saline soils. The lowest ECe values are detected in the surface
layer and increased with the soil depth. As to the
characteristics of soils in this mapping unit, the CEC values
varied from 9.39 to 11.89 cmol kg* soil and coincide well
with soil texture, Table 2.

Table 2. Analytical data of the profiles representing studied area (Some chemical and physico-chemical properties .)

Profile Depth pH EC Soluble Cations (mmole L) Soluble Anions ( mmole L) CEC ESP OM
No. cm. dSm?  Na* K*  Ca?” Mg? COsz? HCOz Cr SO42 cmolkg!soil % %
Ras El Hekma
1 050 758 021 102 008 050 050 nd 0.98 1.01 011 3.79 343 013
50-100 758 0.24 113 027 050 050 nd. 122 112 0.06 3.79 3.60
100-150 7.69 0.36 157 053 100 050 nd. 1.44 141 0.75 3.79 381
2 050 779 021 102 008 050 050 nd. 1.04 1.01 0.05 4.23 343 022
50-100 7.69 0.25 107 043 050 050 nd 1.02 1.01 0.47 4.23 351
100-150 7.77 0.23 107 023 050 050 nd. 1.00 1.01 0.29 548 351
3 050 782 266 1768 042 500 350 nd. 150 1509 10.01 9.39 10.79 0.33
5090 7.63 1263 9762 068 1650 1150 nd. 1.68 9581 2881 1064  28.82
90-150 769 1481 12542 068 1350 850 nd. 1.56 12356 22.98 11.89  40.90
Marsa Matrouh
4 0-30 786 0.32 141 029 100 050 nd 0.90 131 0.99 9.16 3.63 043
3090 795 021 101 009 050 050 nd. 0.88 1.00 0.22 761 342 035
90-150 791 022 102 018 050 050 nd 1.04 1.00 0.16 8.86 343
5 040 780 024 111 029 050 050 nd. 112 1.01 0.27 3.79 357 013
40-70 785 0.22 106 014 050 050 nd 0.98 101 0.21 3.57 350 0.07
70-120 765 0.27 146 024 050 050 nd. 12 141 0.09 6.07 4.07
6 050 776 0.27 144 026 050 050 nd. 114 141 0.15 447 405 011
5090 872 049 324 016 100 050 nd. 1.56 3.23 011 8.22 5.80
90-130 866 0.55 370 029 100 050 nd. 1.88 3.64 0.18 8.22 6.36
7 040 788 7.85 5926 124 1050 750 nd. 2.65 5552  20.33 1019 2229 051
40-100 765 1203 9862 068 1300 800 nd. 3.6 96.65 20.05 1106 3329 041
100-150 7.74  9.02 7482 038 900 6.00 nd. 2.8 7284 1456 9.81 30.09
8 050 752 025 128 022 050 050 nd 0.88 125 0.37 8.23 381 064
5090 753 022 107 013 050 050 nd. 0.90 1.01 0.29 11.49 351
90-150 749 0.21 102 008 050 050 nd 0.88 1.01 0.21 11.49 343
9 0-30 751 034 157 033 100 050 nd. 1.04 145 0.91 7.19 381 057
3065 719 043 208 022 150 050 nd. 1.50 1.75 1.05 14.24 409 111
65-120 745 0.32 152 018 100 050 nd. 1.26 151 043 15.49 3.76
Table 2. cont.,
Profile  Depth pH EC Soluble Cations ( mmole L) Soluble Anions ( mmole L) CEC ESPOM
No. cm. dSm? Na* K Ca? Mg? COs? HCOsz CI SO42 cmol kg™ soil % %
El Negilla
10 0-35 752 027 128 042 050 0.50 n.d. 0.88 121 061 1026  3.810.78
35-85 727 029 159 031 050 0.50 nd. 0.98 145 047 1352  4.27 0.65
85110 727 027 126 044 050 0.50 n.d. 0.88 122 060 1477 378

11 0-20 736 026 129 031 050 0.50 n.d. 0.86 117 057 1232 382085
20-50 737 021 100 010 050 0.50 n.d. 0.84 1.00 026 1327  3.400.77
50-90 722 025 128 022 050 0.50 n.d. 1.04 117 029 1327 381

Sidi Barrani

12 0-25 802 046 213 047 150 0.50 nd. 154 201 105 9.62 414 0.88
25-75 793 022 102 018 050 0.50 nd. 1.04 102 014 6.96 343051
75115 792 022 103 017 050 0.50 nd. 0.98 101 o021 1446 345

13 0-20 746 033 139 041 100 0.50 nd. 1.06 133 091 8.14 3.61 0.88
20-57 730 0.28 156 024 050 0.50 nd. 1.02 151 027 8.25 423058
57-90 724 026 142 018 050 0.50 n.d. 1.20 140 010 9.50 4.02
90-130 718 0.26 142 018 050 0.50 nd. 104 138 018 9.50 4.02

14 0-40 738 027 132 038 050 0.50 nd. 1.40 123 007 6.18 3.88 0.55
40-85 745  0.36 172 038 1.00 0.50 nd. 150 163 047 8.00 4.00 0.70

15 0-35 771 026 109 051 050 0.50 nd. 1.04 107 049 7.34 3.54 0.36
35-80 791 031 153 057 050 0.50 nd. 122 141 047 8.25 4170.27
80-115 782 048 267 063 1.00 0.50 n.d. 142 252 0.86 8.25 512

16 0-40 862 027 126 044 050 0.50 nd. 1.06 121 043 4.92 3.78 0.30
40-110 850 022 105 015 050 0.50 nd. 1.02 103 015 761 347 0.35

17 0-30 826 0.36 187 023 1.00 0.50 n.d. 142 182 036 317 417017
30-85 829 032 151 019 1.00 0.50 nd. 1.36 144 040 442 3.740.17
85120 838 032 150 020 1.00 0.50 n.d. 1.28 147 045 4.20 3.73

Marsa Matrouh region
Deep, moderately coarse textured soils

These soils cover a great portion of the study area of about
46500 hectare. The surface is almost flat, sometimes gently
undulating. The natural vegetation cover is common scattered

desert shrubs. The main features of the soil mapping unit are varied
from 120 to 150 cm, while the soil texture throughout the entire
depth is sandy loam to loamy sand in the deeper layers. Calcium
carbonate contents are moderate to extremely calcareous (10.2 to
28.6 %), while the soil reaction is varied from slightly alkaline to
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strongly alkalineand indicated by pH values witha range from 7.5
to 8.7. Soil salinity is very low as indicated by the EC, which
exceeds 1.2 dSmr?, except for the surface and subsurface layers of
profile No (8) whose soil salinity is strongly saline (9.0 to 12.02
dSmt). In addition, the results reveals that he cationic composition
is dominated by Na* followed by Ca?, Mg?* and K*. The anionic
composition is characterized by the dominance of CI followed by
SO and HCO3 while the CO# is entirely absent. The soil organic
matter content is varied from0.07 to 0.6 %.
Deep, moderately fine textured soils

The soil mapping unit results covers an area of 2530.0
hectare, and represented by soil profile 9, the common
characteristics of these soils are deep. Gravel content ranges
from 9.97 to 10.21 %, table (1). The soil texture throughout
the entire depth is varied from sandy loam to sandy clay loam.
In addition, the calcium carbonate content ranges from 20.3
to 23.2 %and the soil reaction is slightly alkaline as indicated
by pH values that ranged from 7.49 to 7.53. For the soil
salinity, The EC values varied from 0.21 to 0.34 dSm™. The
soil cationic composition is dominated by Na* followed by
Ca®* and Mg?, while the K* is the least abundant cation.
Moreover, the anionic composition is characterized by CI
followed by HCOs, while COs* in entirely absent. The
organic matter content is very low (0.57%).
El Negilla region
Deep, moderately fine -textured soils

The obtained topography result of the landscape is
almost flat with nearly level to gently sloping surface.
Whilethe main features of this soil mapping unit are deep
with115 cm and a texture of sandy clay loam and/or sandy
loam. Calcium carbonate content varies from 18.06 to 21.08
%, whereas the calcium carbonate content decreases with soil
depth. The soil reaction is generally slightly alkaline (pH 7.2
- 7.65). While the EC ranges from 0.27 to 0.43 dSm, with
the highest EC values being measured in the surface layer. In
addition, the cationic composition is dominated by Na*, while
the soil anionic composition is dominated by CI. Organic
matter content is low (0.8 to 1.1 %).
Moderately deep, moderately fine -textured soils

The obtained topography results of the landscape are
generally flat with the nearly level sloping surface. The main
features of the soil mapping unit are moderately depth of 90 cm
and a texture of sandy clay loam or sandy loam. Gravel contents
range widely from 12.8 to 67.6 %, the highest content is detected
in the subsurface layer. Moreover the calcium carbonate content
varies from 18.1 to 35.4 %, soil and coincides well with soil
texture. The investigated soil reaction is slightly alkaline that
indicated by pH value (7.3 to 7.4). EC ranges from 0.21 to 0.27
dSmt with the lowest value being obsrved in the deepest layer.
Regarding the levels of organic matter, the obtained data show
that soil organic matter content is 0.77 and 0.85 % in the
subsurface and the surface layer, respectively.
Sidi Barrani region
Deep coarse -textured soils

The soil map unit covers an area of 2120.0 hectare. The
main soil features of the unit depth are (110 and 120cm)doinated
with coarse texture, high calcium carbonate contents, and
moderate drainage. Texture of the entire soil depth of this mapping
unit is sand. The gravel content is widely ranges from 0.63 to
64.77%. That the soils are strongly calcareous, where the obtained
calcium carbonate content varies from 16.7 to 26.7 % in which the
highest calcium carbonate contents are detected in the deeper

horizons. In addition, the soil reaction is varied from moderate to
strongly alkaline, as indicated by pH values that ranging from 7.8
to 8.6. Furthermore, the soil salinity varies from 0.22 to 0.48 dSm*
indicating non-saline soils. The cationic composition is dominated
by Na* followed by Ca?*, Mg?* and K*, while the anionic
compositions are characterized by the dominance of CI. While the
soil organic matter content is very low (0.17 to 0.35 %).
Deep, moderately coarse- textured soils

The main features of this soil mapping unit are varied
from a depth 0f115 to 130 cm, while the soil topography of
the landscape is almost flat with a nearly level sloping
surface. Soil texture throughout the entire depth is sandy clay
loam to sandy loam at the soil surface. Calcium carbonate
contents are moderate to strongly calcareous (10.2 to 23.9 %),
the highest aclcium carbonate contents are mostly identfied in
the deeper layers. While the soil reaction is varied from
slightly alkaline to moderately alkaline as indicated by pH
values that range from 7.2 to 8.0. In addition, the EC values
showed a non-saline soil (0.22 to 0.46 dSm'®). The obtained
results show that the soil organic matter content is 0.27 and
0.88 % in the subsurface and the surface layer, respectively.
Moderately deep, coarse -textured soils

The obtained soil mapping unit covers an area of about
1800.0 hectare and represented by soil profile No.14. Topography
results of the landscape are generally undulating, the soil surface is
covered with common scattered desert shrubs. The common
characteristics of these soils are moderately deep (85 cm.), gravel
content ranges from 0.5 to 1.36 %. Soil texture throughout the entire
depth is loamy sand. The obtained soil reaction is slightly alkaline, as
indicated by pH values ranging from 7.2 to 7.4. In addition, the soil
salinity varies from 0.26 to 0.4827 dSm indicating non-saline soils.
Moreover, the cationic composition of most soil layers is dominated
by Na*, while the anionic compositions are dominated by CI. The
soil organic matter content is very low (0.5 %).
Land capability model and suitability for crops (Micro LEIS)
Cervatana model: General land capability

The main target of this study is to assessthe soil
characteristics (physical, and chemical), and their applicability for
land evaluation by using MicroLEIS DSS program, North western
coastal area, Egypt Applying CERVATANA model, the
weighted mean of sail profile properties, Tables 3 and 4 show that,
these soils could be followed the following classes: Moderately
suitable S3. That represented soil profiles for Ras El Hekma, Marsa
Matrouh, El Negilla and Sidi Barrani. These soils have very few of
extermely gravels content, and characterized by deep and
moderately deep soils, coarse to moderate fine textured soils
throughout the effective root zone depth,. The soils of this class
distinguished into (S3r and S3lIr). These soils are characterized by
moderate severe to severe limitations in their soil factors (I) or/and
erosion risk factors (r).
Almagra model: Agricultural soil suitability

ALMAGRA model for the soil suitability is depend on the
analysis of edaphic factors that affect the productivity of annual,
semiannual, and perennial crops. Land suitability evaluation of the
studied area was performed using useful depth, texture, drainage,
carbonate, salinity, sodium saturation and profile development as
limitation factors for crop's development. Twelve crops (annual
and semi-annual / perennial crops, Table 4) were selected and
evaluated according to their requirements with the land
characteristics of the mapping units. For semi-annual / perennial
crops, the main limitation factor for suitability classes are, calcium
carbonate, drainage, soil texture, and soil depth. The soils have very
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severe limitation in salinity. However, the main limitation factors Accordingly, the soils of the studied area associated
for annual crops suitability classes are soil texture (t), calcium  with the type of the mapping units are classified into four
carbonate (c), soil salinity (s) and alkalinity (a). classes of land suitability as follows:-

Table 3. Weighted mean of soil properties for the profiles representing studied area.
] Particle size
Profile Depth Gravel CaCOs distributions (%) pH EC CEC ESP

Location Mapping unit
No. cm. % % Sand Silt Clay dSm?T Cmol kg %
. 1 150 0.19 38.87 90.90 250 6.60 7.62 0.27 379 361
RasEl Deep coarse-textured soils 2 150 011 2628 8806 417 7.77 775 023 465 348

150 1632 33.78 77.67 742 1492 771 1037 10.68 27.44
120 6.80 2523 80.95 5.00 14.05 792 024 842 347

Deep moderately coarse-textured soils 3
4
5 130 097 1852 7022 354 868 795 0.8 642 5.30
6
7
8

150 998 1524 70.14 6.35 12.73 7.76 025 462 384
150 645 2554 69.8312.67 1750 842 297 888 1152
150 1125 1947 75.06 9.00 1594 762 6.52 959 20.64
Deep moderately fine-textured soils 9 120 2691 21.60 58.96 7.60 18.70 751 0.27 952 362

El Negilla Deep moderately fine -textured soils 10 115 114 1941 5196 848 1940 706 033 1330 371
Moderately deep moderately fine textured soils 11 90 2169 30.34 4243 917 2012 734 024 1329 362

12 115 212 1994 59.21 6.96 1581 7.81 0.33 949 382

Deep moderately coarse-textured soils 13 130 090 1280 50.36 5.58 1312 742 0.28 956 3.87

Sidi Barrani 15 115 287 1853 61.60 598 13.68 7.69 031 782 387
Deep coarse -textured soils 16 110 3073 19.95 80.95 4.09 10.73 833 0.35 613 4.27

17 120 363 2548 7257 250 6.79 833 031 464 387

Moderately deep coarse -textured soils 14 85 0.99 1578 66.41 750 950 7.29 0.27 774 3.9

Table 4. Land capability and suitability for crops using MicroL EIS DSS system.

Marsa Deep moderately coarse textured soils
Matrouh

Location/area  Profile  Land capability Annual crops Semi annual / perennial crops
® & 5 88 8§ s g g 8 s 8 o

No Model & 3 3 § 2 E € § 8 g 5 %

= 2 2 & 5 6 5 5 < a O

1 S3r S4t SAt SAt SAt SAt SAt SAt SAt S4t S3tc  S3ftc S2ica
Ras El Hekma 2 S3r SAt SAt S4t SAt SA4t S4t SAt S4t SAt S3t  S3t  S2ta
3 S3Ir S5t Shta S5t S5t S5t Sht  Sht Sht S5t Sbs  Sbs  S4a
4 S3r S3t S3t S3t S3t  S3t S3t S3t  S3t S3t S2ptd S2ptd S2ptd
5 S3r S4t  SAt SAt SAt SAt S4t SAt Sat St S3t S3t S2ptd
Marsa Matrouh 6 S3r SAt SAt S4t SAt SA4t S4t SAt S4t SAt S3t  S3t  S2ta
7 S3r S3t S3ta S3t S3t S3t S3t S3t  S3t S3t S2tdc S2tdc S2tds

8 S3r S3ts S3tsa S3ts  S3ts  S3ts S3t S3ts  S3t S3ts S4s  Sds  S3s
9 S3Ir S3t  S3t S2tca S2tca  S3t  S2tc  S3t  S3t S3t S2tca S2tca  S2ta
El Negiilla 10 S3Ir S2ta S2tca S2ca S2ca S2ta S2c S2ta S2t S2ta S2dca S2dca S2da
9 11 S3Ir S3t  S3t S2tca S2tca  S3t  S2tc  S3t  S3t S3t S2tdc S2tdc S2tda
12 S3r S3t S3t S3*t S3qt SAqt S3;{t S3;t S S3t S2tdc S2tdc S2tda
13 S3r S3t S3t S3t S3t  S3t S3t S3t  S3t S3t S2tdc S2tdc S2tda

Sidi Barrani 14 S3Ir S4t  SAt SAt SAt S4t S4t S4t Sat St S4d  S4d  S4d
15 S3r SAt SAt S4t SAt SAt S4t SAt S4t SAt S3t S3t S2tda
16 S3Ir S5t S5t St St Sht St Sht Sht S5t Sot St S4td
17 S3r S4t  SAt SAt SAt SAt SAt SAt S4t S4t S3t  S3t S2tda

- Suitable (S2): In the study area, sails of this class cover a small et i L SR L i

area for annual crops, Table (4), these soils were represented by
deep moderately fine textured soils and moderately deep,

moderately fine textured soil units. On the other hand, slightly 31300 A
suitable (S2) are covering large an area for semi-annual / perennial \ ‘

(peach, citrus and olive), covers an area of ranges between 41.17 Olive
% for peach and citrus to 76.47% for olive, Figure 3. I : .

- Moderately suitable (S3): These are good soils with few s
limitations such as; coarse texture and high salinity. This soils 1
covers an area of about 4531.0 hectare, and represented by soil ) ; — N ‘
profiles located in EI Negilla, Marsa Matrouh and a small Figure 3. Land suitability for Olive crop
portion of Sidi Barrani and Ras El Hekma areas. 26°00°E 26°30'0"E 27°00"E 27°300"E 28°0'0"E

Marginally suitable (S4): Soils belonging to this class are those
of moderately deep coarse textured soils, deep moderately coarse
textured soils and deep coarse textured soils, they are occupied sesvon] T A
an area of about 40.0 % (about 7530 hectare). The soils are \ .. vy

marginally suitable for annual crops and alfalfa, Table 4. :

Not suitable (S5): The land belonging to this class is devoid — 5 il I Y
of any current potentialities that allow agriculture use. [ -
These soils were represented by deep coarse textured soils, Eﬂ *
It is extremely saline and highly alkaline. The land - - - - -
corresponding to this class is that coarse texture which Figure 4. Land suitability for Wheat crop
occupies an area of about 3000 hectare, Figure 4.

02 04 0.8
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CONCLUSION

In Egypt, the arid to semi-arid regions were characterized
by a scarcity of land and water resources, the coastal zone of Egypt
has become the major site for extensive and diverse economic
activities. The study area was carried out to investigate the land
suitability for some crops using MicroLEIS DSS system under
Mediterranean area conditions, and demonstrate the applicability
of quantitative systems for assessing land capability and suitability
for crops on basis of most soil properties relevant to pedogenetic
classification. Based on specific soil attributes, soil depth and
texture of the studied soil profiles, the studied area could be
classified to five soil mapping units. A Web-based program,
MicroLEIS, was used to compare the soil characteristics and
quality needed for 12 different types of crops. The Web-based soil
evaluation system indicated that the soils of the study area are
suitable (S2) to not suitable (S5) for the selected crops due to one or
more limiting factors. The results showed that methods integrating
properties to one index have a higher precision than methods that
qualify soils on limitations for single parameters. Modern software
controlled methods such as MicroLEIS are more suitable and
easier to apply than parametric methods. The classifications of land
suitable for crops generated by the ALMAGRA system have a
good result for the North Western coastal zone (Mediterranmnean
area). The study proved that the analysis of soil properties and the
application of tools to assess the land capability and suitability are
powerful tools that can be used to support decision-making.

REFERENCES

Aldabaa, A. A, Zhang, H., Shata, A,, El-Sawey, S., Abdel-
Hameed, A. and Schroder, J.L., (2010). Land Suitability
Classification of a Desert Area in Egypt for Some Crops
Using Microleis Program. American-Eurasian J. Agric.
and Environ. Sci., 8(1): 80-94.

Belal, A. A., Mohamed, E., Saleh, A., and Jalhoum, M. (2019).
Soil Geography. In The Soils of Egypt (111-136).
Springer, Cham.

Black, C.A., Evans, D.D. and Clark, F.E. (1982). Methods of soil
analysis.  American Society of Agronomy, IAC,
Madison, Wisconsiin, USA.

Darwish, K. M., Wahba, M. M., and Awad, F. (2006). Agricultural soil
suitability of haplo-soils for some crops in newly reclaimed
areas of Egypt. J. Applied Sci. Res., 2(12): 1235-1243

De laRosa, D., Mayol, F., Diaz-Pereira, E., Fernandez, M., and De
la Rosa Jr, D. (2004). A land evaluation decision support
system (MicroLEIS DSS) for agricultural soil protection:
With special reference to the Mediterranean region.
Environmental Modelling & Software, 19(10), 929-942.

DelaRosa, D., Moreno, J. A, Garcia, L. V., and Almorza, J. (1992).
MicroLEIS: A microcomputer-based Mediterranean land
evaluation information system. Soil Use and Management,
8(2): 89-9.

Dent, D. and Anthony Y. 1981. "Soil Survey and Land
Evaluation™. School of Environmental Science, University
of East Anglia, Norwich.

Hegazi, A. M., Afifi, M. Y., El Shorbagy, M. A, Elwan, A. A.,,and
El-Demerdashe, S. (2005). Egyptian national action
program to combat desertification. Arab Republic of
Egypt, Ministry of Agriculture and Land Reclamation,
UNCCD, Desert Research Centre, 128p.

Hosny, M. M., El-Deen, E. Z. Z,, Abdallah, A. A., Rahman, A,
and Barseim, M. S. M. (2005). Geoelectrical study on the
groundwater occurrence in the area southwest of Sidi
Barrani, Northwestern Coast, Egypt. Geophysical Society
J., 3(1): 109-118.

Mahmoud, E., Sayed, A., Aldabaa, A. (2019). Land Capability
Classification of Wadi Jerafi Basin, North Sinai Egypt.
Alexandria Science Exchange Journal, 40JANUARY-
MARCH), 43-59. doi: 10.21608/asejaiqjsae.2019.27324

Ozcan, H., (2006). GIS based land evaluation of the high land in
east Mediterranean region,Turkey. Agric, Fac. HR.U,
10((1/2)): 17-27.

Raslan SM (1995) Geomorphological and hydrogeological studies
on some localities along the Northwestern Coast of Egypt,
M. Sc. Thesis, Fac. Sci., Menoufia University.

Said, M. E. S, Alli, A, Borin, M., Abd-Elmabod, S. K., Aldosari,
A A, Khalil, M., & Ahdel-Fattah, M. K. (2020). On the
use of multivariate analysis and land evaluation for
potential agricultural development of the northwestern
coast of Egypt. Agronomy, 10(9), 1318.

Sayed, A. S. A. (2013). Evaluation of the land resources for agricultural
development-case  study: El-Hammam canal and its
extension, NW coast of Egypt. Ph.D Thesis, Department
Geowissenschaften, Universitit Hamburg. Germany.

Selim, A A (1969). Geology of EI-Salum area, western
Mediterranean coastal zone, UAR Ph. D (Doctoral
dissertation, thesis, faculty of science.-Alexandria University).

Sivakumar, M. V., and NdiangUi, N. (Eds.). (2007). Climate and
land degradation. Springer Science & Business Media.

Sys, C., Van Ranst, E,, and Debaveye, 1. J. (1991). "Land
Evaluation, Part 1, Principles in Land Evaluation and Crop
Production Calculations™. Agricultural publications NO. 7.
General Administration for Development Cooperation.
Brussels, Belgium.

Yousif, M., and Bubenzer, O. (2012). Perched groundwater at the
northwestern coast of Egypt: a case study of the Fuka
Basin. Applied Water Science, 2(1): 15-28.

saa o g Al Skl Jald) — al g S geall o aladiady Jualaal) (g e ) 38 4 3 el anl

A Jaut 3 gana daaa
) ) and Ao 5 A0S 3 3831 daaly

Al o3 Cangd Al Bgail 5 o)) 3l s s e 5 pia 5 paal V1 Dl Bae ) o (sl adf (g sean o dans giall () sl o il el Jalid) ey

T35 - MICTOLEIS DSS alssiudy Jsalaal giaidle (530 GlliSs il 1 s (i Al () (00 o ad (el Jalidl Jsb e el 50 G )1 Al i )
ki) &5 Yei30° 58" and 31°22° (el i 55 25° 44" and 27° 55 Jskll i ol dikie o8 (ALMAGRA) 5 (CERVATANA)
0 e e A A 1 Gt e 2l s (s Al s g e gy s RSl ) b Gl ) a3l o8 ¢ Aol el B0 g (3l
Aadilly 3l allad (il Jle (CERVATANA) Y15 58 3 g0 axdiud Aol ) 54 50 4Dl dd j Fm jf s 5 (pmad ) Ayl il it (S ¢ ol
Tosal B 55 panal) / 3y sinad) o 53y gindl Jaalanall el ¥ AaDha o (8 2 581 e Ul alaal (S3) FanDlcall Alaus gia Ayl ans el W1 (o gl J gucanl) 5 )
A &y 5 Aliad) guial ) 5 (S5) Jpslonall Aol 4Dl 5 (S4) Al Fuiicla 5 ¢ (S3) Lo n () Ao ¢ (S2) bl LDl ixi (ALMAGRA)
& A0 (L e 7880.0) 7 41.17 G ¢ sl Aalse iy ¢ Ayl Ll (g0 B gl Gad ) ol o lan I8 e (s 5inds s ol ) (A ((S2) daalaal
2980.0 Aslusa Jasiis ol il 2333 ol V) alina Jisi (S5) sl del )3 ol il 3 3adle i ool S Aiaal) ol Y1 G (8,052 0 776,47 ) pmasll
A 38 o ALK gl ¢y g )l SATY By ool i Akl sl LiaDla 530 s 50 s ol s ) bt o )t Ly 5 S

829



