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Abstract: The agricultural expansion in the desert areas is one of the main objects of the national plan to meet
the food requirement for the tremendous increase in population. This research work presents an approach to
analyze the enormous complexity of land resources and its use and management from an agro-ecological
perspective. It discusses the efficiency of land evaluation for assessing land use changes in rural areas. Within
this framework, land evaluation is considered as the only way to detect the environmental limits of land use
sustainability. Sahl El-Baraka area, Farafra oasis, New Valley of Egypt was selected as a case study site. Thirty
representative profiles have been selected to assess the soil variation and validation for agricultural prospective
of the study area. The studied profiles are classified under subgroup of Typic Haplocalcids, Lithic-Haplcalcids,
Typic Haplogypsids, Calcic Haplosalids, Gypsic Haplosalids, Calcic Haplosalids + Gypsic horizon.
Agricultural soil suitability indices have been calculated for the Haplo-soils according to ALMAGRA model
of MicroLEIS micro-computer program. The obtained results reveal high suitability for wheat, potato and
sunflower cultivations in the soil unit Typic Haplogypsids, while the rest of this group has low suitable with
a dominant soil texture limitation. The soil units belong to Calcic Haplosalids and Gypsic Haplosalids show
moderate suitability with soil texture and drainage conditions as limitations. The other three soil types express
low suitability up to completely not suitable class with soil texture, sodium saturation percent and salinity as
the main soil restriction factors. With respect to soil suitability of alfalfa and citrus fruits cultivation, there is
only one soil unit (P11) express high suitability for alfalfa and citrus.  Moderate suitability sites for citrus
cultivation are located in soil units that belong to Typic Haplogypsids and units that classified as Typic
Haplocalcids with soil texture limiting factor. The major parts of the agricultural areas were classified as low
to almost not suitable for cultivation. These suitability indices are clearly reflecting the priority for agricultural
soil utilization with regard to the crop water requirements, water availability and the local socio-economic
factors. The output results are presented as georeferenced soil suitability maps using GIS utility. 

Key words: Agricultural soil suitability, ALMAGRA model, Farafra oasis, Geographic Information System
(GIS), Haplo-soils.

INTRODUCTION

Land suitability assessment for agriculture is meant
to evaluate the ability of a piece of land to provide the
optimal ecological requirements of a certain crop variety.
In other words, assessing the capability of land is enabling
optimum crop development and maximum productivity.
Without respect to economic conditions a physical
suitability evaluation indicates the degree of suitability for
a land use,[18]. The application of information and
communication technology has exerted an impact on
sustainable land use decision support systems (DSS).
Land evaluation decision support system, as the
assessment of land performance when used for specified
purposes, provides a rational basis for land use
planning[11]. DSS are computerized technology that can be
used to support complex decision-making and problem-

solving[20]. Many people consider geographic information
system GIS as very useful decision support system. Thus,
the use of GIS conceptual based methodologies for this
kind of undertaking is advantageous[4]. 

Since 1990, MicroLEIS (Mediterranean Land
Evaluation Information System) has evolved towards an
agro-ecological DSS. Today, MicroLEIS DSS is a set of
useful tools for decision-making which in a wide range of
agro-ecological schemes. ALMAGRA agricultural soil
suitability model is one of the MicroLEIS micro-computer
DSS models. It fits the types of biophysical evaluation
that use as diagnostic criteria those soil characteristics or
conditions favorable for crop development in function of
productivity[9]. It is based on an analysis of the edaphic
characteristics most directly affecting productive
development under different agricultural uses. Its
confection  follows  the general scheme proposed by Beek
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and Bennema[2], in the Expert Consultation Land
Evaluation for Rural Purposes, adapted to the conditions
and needs of a typical reference zone (Figure 1).

The main considered soil characteristics are: useful
depth, texture, drainage condition, carbonates content,
salinity, sodium saturation and degree of development of
the profile. The MicroLEIS software has been used before
by Yehia[22] to evaluate the soil of Banagr EL-Sokkar area
(Egypt). He found that the dominant capability subclasses
are S2I, S2TI and S3I with soil properties and topographic
conditions as main limitation factors. Bahnassy et al.[1]

applied land suitability using MicroLEIS program in
integration with SALTMOD to predict the effect of water
table and salinity on the productivity of wheat in sugar
beet area, west Nubaria, Egypt. They found that the
productivity of wheat will be decrease due to increasing
salinity and water table depth, as a result of
mismanagement practices.  

One of the suggested areas for the horizontal
expansion  is  Farafra  oasis.  Farafra  depression lies in
the  western  desert  300  Km west of Assiut city. It had
an  irregularly  triangular  shape with the apex to the
north; its breadth increases as one goes south. With
respect to soil reclamation in Farafra area, Bertoli et al.[3]

pointed out that a feasibility study for agricultural
development  of  20,000  hectare  in this region was
carried  out  with  particular  focus  on  the  exploitation
of  artesian  water  from the multilayered Nubian
sandstone  aquifer system. For crops suitability to
cultivate in El-farafra, El-Dakhla and El-Kharga oases
under different irrigation system (drips and sprinkler),
Ragheb et al.[16], investigated the suitability of faba bean
cultivars Assiut 154 and Assiut 159. The highest values of
growth yield of faba bean were obtained in CV. Assiut
154 using drip irrigation every two days. With respect to

the source of water in oases, Dabous and Osmond[6]

pointed out that at Bahariya and Farafra oases, the Nubian
artesian water migration from the south has been
augmented by local recharge during pluvial times.  With
respect  to  diversity  and distribution of plant species in
agro-ecosystem of Egypt, El-Ghani and El-Sawaf[13]

pointed out that 105 sites (63 in the oases of the western
desert and 42 in Nile land) of seven major irrigated crop
land in Egypt was survey using stratified sampling
technique. 

For the soil classification and mineralogy of New
Valley, El-Aziz et al.[12] found that the texture class of the
studied surface samples differs from sandy loam, silt loam
to clay with a finer texture in El-Dakhla and coarser one
in El-Kharga. Most of these samples are moderately to
strongly saline with low calcium carbonate and organic
matter in most locations. The studied soils were classified
according to soil Taxonomy as: Typic Torriorthents,
Typic Torrifluvents, Gypsic Haplosalids and Typic
Haplosalids. Thus, the soils were weakly developed,
pedogenically young and were formed from different
sources  smectites  (montmorillonite),  kaolinites; illite
and  playgorskite  were  present  in most cases. In this
point,  Sallam  et  al.[19]  studied  El-Farafra  depression is
a sandy landscape interlayer with gray and red shale
deposits  of  the  clay  fraction (72% of gray shale and
56% for red shale), suggesting their possible suitability as
soil conditioners. Mixing this shale with sand in different
ratios (15, 17.5, 20 and 22.5 % of the total weight)
showed that better physical properties were obtained with
gray shale than with red one. The optimum mixing ratio
of gray shale to sand (15%) must be considered in view of
costs and outputs.

The main objective of this research is to identify the
optimum land use for each defined land map unit taking
into account the soil properties as well as the
sustainability of soil resources of the selected study area
in Farafra oasis. In addition, this study focuses on the
development of a GIS linked with some adapted modules
of evaluation and decision systems using the required data
based expert’s knowledge.  

MATERIALS AND METHODS

General Situation of Experimental Area: The selected
study area is called "Sahl Baraka" and located in the
south-west of Bir Karawin in Farafra oasis, New-Valley
Governorate, Egyptian Western Desert (Map 1). It
comprises a total area of about 10000 fed . 106 km2.
Precisely, the area under investigation is located 8 km
south of "Sahl Baraka" with coordinates 27" 01  40¢ N
and 28" 15  32¢ E, which lies 35 km east of Farafra city,
along the well constructed (Farafra-Asyut) main road. 
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Map 1: Location of the studied area in Sahal Baraka, Farafra oasis, New-Valley.

Map 2: Location of soil profiles in the studied area.

Based on the pre-field interpretation and the
information obtained during the reconnaissance field
survey[17], the sample area was chosen. Thirty soil profiles
were examined in different locations in the selected
sample area covering all physiographic map units of
Farafra oasis. 

The  exact  locations  of  the   soil   profiles  and
auger  observation  points  were  precisely   defined  in the
field using the GPS “System Cooperation MAGELLAN”-
GPS NAV DLX-10 TM and plotted on Map 2. 

The numbers of observations were determined
mainly  by  the  inherent variability of the mapping units.
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Table 1: Qualitative land suitability classes for a particular land use.
Land characteristics
-----------------------------------------------------------------
Soil Salinity Slope

Suitability classes depth  cm Texture dS/cm %
S1 (Very high) > 120 Loam, silt loam, silt 0 to 2 0 to 3
S2 (High) 60 to 120 Silt loam to clay 2 to 4 3 to 8
S3 (Moderate) 30 to 60 Silt loam to sand 4 to 8 8 to 15
S4 (Low) 15 to 30 Sand 8 to 10 15 to 30
S5 (Not suitable) < 15 Clay > 10 > 30

Detailed morphological description were recorded for
each of the studied soil profiles by[17], on the bases
outlined by FAO guideline for soil profile description
ISSS-ISRIC-FAO[15] and classified according to USDA
Soil Taxonomy[21]. 

(ALMAGRA)  soil  suitability method: The
ALMAGRA  soil  suitability  method  as  described  by
De la Rosa et al.[9] was based on an analysis of soil
characteristics  which  influence  the  productive growth
of twelve traditional Mediterranean crops.  The
ALMAGRA  microcomputer  program  is an automatized
application  of  this  soil  suitability method, which
matches  soil  characteristics  of  the soil-units with
growth  requirements  of  each  particular  crop; and
results in the crop growth limitations being provided by
the computer. Following the criterion of maximum
limitation, each factor has a definite action and the
verification of the degree of a single variable is sufficient
to classify the soil in the corresponding category[5]. The
five suitability classes for each crop are presented in
Table 1. In this study, five traditional crops are considered
as follow: wheat (T), potato (P) and sunflower (G) as
annuals; alfalfa (Af) as semiannual; and citrus fruits as
perennials. These crops were selected to be evaluated on
the available soil conditions of the study area under
investigation.

Combining MicroLEIS with GIS: Integrating
MicroLEIS DSS with GIS system for mapping and
analysis allows the use of spatial techniques to expand
land evaluation results from point to geographic areas,
using soil survey and other related maps[7,14]. The current
research work used a simple map subsystem e.g.
(ArcView GIS) to show basic data and model results on
a map. It helps to extract information from the evaluation
models (MicroLEIS) to be used and displayed as thematic
geo-referenced  maps.  The  core  objects  can  be  used
for  retrieving  features  from  the  attribute  databases
(e.g. Almagra model), projecting layers and displaying
maps, creation/editing/deletion of spatial objects,
querying operations, mapping the projected layers, etc.
However, this level of assessment is where policy
decisions are usually made[8].

RESULTS AND DISCUSSIONS

The control or vertical section of soil for measuring
texture, carbonates, salinity and sodium character was
established by adapting the criteria developed for the
differentiation of Families and Series in the Soil
Taxonomy[21]. For annual crops - Section between 25 and
50 cm in depth, or between 25 cm and the limit of useful
depth when the latter is between 25 and 50 cm, or in some
part of the soil within the useful depth when this is less
than 25 cm. For semi-annual and perennial crops - Section
between 25 and 100 cm in depth, or between 25 cm and
the limit of useful depth when the latter is between 25 and
100 cm, or in some part of the soil within the useful depth
when this is less than 25 cm. A physical soil suitability
evaluation indicates the degree of suitability for a land
use, without respect to economic conditions[18]. In
Almagra soil suitability model, the evaluation results are
presented in the form of a matrix, that is, a two
dimensional array with rows including the soil
characteristics and columns consisting of the soil units
(investigated soil profiles) for which an evaluation was
computed. The intersection of the two (i.e. the cells of the
matrix) is considered as the result. The overall soil
suitability of a soil component (unit) was assessed
through the maximum limitation method; this means that,
the suitability is taken from the most limiting factor of soil
characteristics. The results show the agricultural soil
suitability subclasses at five suitability classes 1, 2, 3, 4,
5 corresponding to the classes; S1, S2, S3, S4 and S5 of
each soil profile for each crop type. Suitability subclasses
show type(s) of limitation by subclass suffixes codes. The
land characteristics for the suitability classes are shown in
Table 1. 

Agricultural soil suitability of some annual crops:
Table 2 shows the agricultural soil suitability results of
[wheat (T), potato (P) and sunflower (G)]. All the thirty
soil profiles were evaluated for their agricultural soil
suitability using the model ALMAGRA. It is evident from
the results below that the overall soil suitability of the soil
profiles does not differ. 

Out of the thirty soil investigated points; only one site
is highly suitable (S2), three sites are moderately suitable
(S3), six soil sites with low suitability (S4), while the rest
are not suitable for the three provided land use types. The
suitability classes are based on maximum limitations
factors that cannot be corrected.

According to obtain results, the model show a
high suitability (S2) for wheat, potato and sunflower
cultivations in the soil profile number P11, which belongs
to Typic Haplogypsids soil type, while the rest of this sub-
group   is  consider  low  suitable  (S4)  with  soil  texture
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Table 2: Code of soil unit and suitability classes of each profile for wheat, potato and sunflower crops.
Soil ID Wheat Potato Sunflower Soil ID Wheat Potato Sunflower
Typic Haplocalcids 1 S4t S4t S4t Calcic Haplosalids 15 S3dcsa S4c S3csa

------------------------------------------------ ---------------------------------------------------------
2 S4t S4t S4t 16 S5s S5s S5s
------------------------------------------------ ---------------------------------------------------------
3 S4t S4t S4t 17 S5sa S5sa S5sa
------------------------------------------------ ---------------------------------------------------------
4 S5t S5t S5t 18 S3td S3t S3t

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lithic Haplocalcids 5 S5ta S5ta S5ta Gypsic Haplosalids 19 S5s S5s S5s

------------------------------------------------ ---------------------------------------------------------
6 S5t S5t S5pt 20 S5a S5a S5a
------------------------------------------------ ---------------------------------------------------------
7 S5sa S5sa S5psa 21 S5sa S5sa S5sa
------------------------------------------------ ---------------------------------------------------------
8 S5p S5p S5p 22 S4d S3d S3d
------------------------------------------------- ----------------------------------------------------------------------------------------------
9 S5t S5t S5pt Calcic Haplosalids + 23 S5a S5a S5a
------------------------------------------------ Gypsic horizon ---------------------------------------------------------
10 S5t S5t S5t 24 S5s S5s S5s

------------------------------------------------------------------------------ ---------------------------------------------------------
Typic Haplogypsids 11 S2 S2 S2 25 S5s S5s S5s

------------------------------------------------ ---------------------------------------------------------
12 S4t S4t S4t 26 S5s S5s S5s
------------------------------------------------ ---------------------------------------------------------
13 S4t S4t S4t 27 S5sa S5sa S5sa
------------------------------------------------ ---------------------------------------------------------
14 S4t S4t S4t 28 S3dcsa S4c S4csa

---------------------------------------------------------
29 S5t S5t S5t
---------------------------------------------------------
30 S5ts S5ts S5ts

p=Useful depth, t=Texture, d=Drainage, c=Carbonate, s=Salinity and a=Sodium saturation 
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Map 3: Agricultural  soil  suitability  map  of  a)  wheat,  b)  potato  and c) Sunflower in the selected study area of
Farafra oasis.

limitation (t). The soil profile numbers 15, 18 and 22
which belong to Calcic Haplosalids and Gypsic
Haplosalids, show moderate suitability (S3), with soil
texture (t) and drainage condition (d) as the main soil
limiting factors. 

The other three other soil types i.e. Typic
Haplocalcids, Lithic Haplocalcids and Calcic Haplosalids
+ Gypsic horizon, express low suitability (S4) up to
completely not suitable (N) classes. The dominant
unsuitability criteria in this type of soil are refereed to soil
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Maps 4: Agricultural soil suitability map of a) alfalfa and b) citrus crops in the selected area.

texture (t), sodium saturation (a) and salinity (s) as the
main soil limiting factors. 

Highly suitable areas have a high potential
production and sustainability of yield from year to year.

The selected evaluated crops do well on most soils but
less so on very heavy dense clay and very sandy soil
texture that are one of the common limitations appeared
in most soil profiles.
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Table 3: Code of soil unit and suitability classes of each profile for alfalfa and citrus crops.
Soil ID Alfalfa Citrus Soil ID Alfalfa Citrus
Typic Haplocalcids 1 S4t S3tc Calcic Haplosalids 15 S3dcsa S4dcs

-------------------------------------- --------------------------------------------------
2 S4t S3t 16 S4s S5s
-------------------------------------- --------------------------------------------------
3 S4t S3t 17 S4sa S5sa
-------------------------------------- --------------------------------------------------
4 S5t S4t 18 S3td S4d

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lithic Haplocalcids 5 S5ta S5ta Gypsic Haplosalids 19 S4s S5s

-------------------------------------- --------------------------------------------------
6 S5pt S5pt 20 S4a S5a
-------------------------------------- --------------------------------------------------
7 S5pa S5pdsa 21 S4sa S5sa
-------------------------------------- --------------------------------------------------
8 S5p S5pd 22 S4d S5d
-------------------------------------- ----------------------------------------------------------------------------------------------
9 S5pt S5ptd Calcic Haplosalids + 23 S5a S5sa
-------------------------------------- Gypsic horizon --------------------------------------------------
10 S5t S5ptda 24 S4ts S5s

--------------------------------------------------------------------- --------------------------------------------------
Typic Haplogypsids 11 S2 S2 25 S5s S5s

-------------------------------------- --------------------------------------------------
12 S4t S3t 26 S4s S5s
-------------------------------------- --------------------------------------------------
13 S4t S3t 27 S5a S5sa
-------------------------------------- --------------------------------------------------
14 S4t S3t 28 S3dcsa S4dcs

--------------------------------------------------
29 S5t S5ts
--------------------------------------------------
30 S5t S5ts

p=Useful depth, t=Texture, d=Drainage, c=Carbonate, S=Salinity and a=Sodium saturation.

The  soil  should  preferably be well-aerated and
well-drained as the crop is susceptible to water-logging,
where some sites have unfavorable drainage conditions.
Despite the fact, that some areas with flat to almost flat
sloping topography, the evaluation model has reported
them as unsuitable for (wheat, potato and sunflower)
cultivations. That is due to, the access of salt and sodium
saturation percent in the soil profiles that restrict these
cultivations and influence it. 

Besides that, the annual crops are more appropriated
for the fine-textured soils than the coarse ones.  Annual
crops are considered sensible to an excessively drained
soil[10].

As mentioned, aspects of agricultural soil land
suitability for wheat, potato and sunflower cultivations are
determined based on soil characteristics. Combining soil
evaluation models through a GIS improves evaluation
models and enables an analysis more relevant to policy-
making than the original basic data. The following Maps
(2a-c) show the evaluation results.

Agricultural soil suitability of semiannual and
perennials crops: The agricultural soil suitability
processing for alfalfa as semiannual and citrus as
perennials crops according to ALMAGRA model are
summarized in Table 3. 

Referring to the obtained results, there is only one
soil profile (P11) is determined as highly suitable for the
selected analyzed crops in this area.

Moderately suitable sites for citrus cultivation are
located in profiles 12, 13 and 14 that belong to Typic
Haplogypsids soil type and profiles 1, 2 and 3 for Typic
Haplocalsids soil unit with soil texture limiting factor.
The largest parts of the agricultural areas were classified
as low suitable to almost not suitable (N) for alfalfa and
citrus cultivations. The physical soil parameters such as;
soil texture, useful soil depth and drainage condition are
considered the main physical restrictions in some areas.
Citrus as a perennial crop is considered the most exigent
crops for useful soil depth limiting factor, while alfalfa is
considered more sensible to an excessively drained soil[10].
Furthermore, the most limiting chemical factors being
considered are soil salinity and then sodium saturation
throughout the whole studied area. This does not exclude
the presence of small favored areas where conditions can
be much better. Other chemical factors such as CaCO3
content are almost infrequent as a limiting factor. The
following Maps (4a and b) show the evaluation results as
grid geo-referenced maps for alfalfa and citrus crops.

Conclusion: Using AIMAGRA micro computer program,
it could be conclude that the Typic Haplogypsids is most
agricultural suitable soil for the selected analyzed crops
with soil texture limitation. On the other hand, area
limitation of Haplo-soil is suitable for cultivation, while
only one soil unit in Typic Haplogypsids is high suitable
for wheat, potato, sunflower, alfalfa and citrus with soil
texture a limiting factor and the rest of this order are low
suitable. 
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The largest part of the agricultural area were
classified as low suitable to almost not suitable for
investigated crops due to physical and chemical soil
parameters such as: soil texture, useful soil depth and
drainage condition. Furthermore, the most limiting
chemical factors being considered in this area is soil
salinity which can be removed by reclaiming these soils
through leaching, especially by using the high quality of
irrigation water and applied management programs, which
can be decreased the salinity. On the other hand, the soil
maps for agricultural suitability designed in this research
can be helpful in carrying out the management processes.
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