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ABSTRACT:

The desert zone located on the east-northern rim of Qarun lake
represents one of the promising desert outskirt of El Fayoum Governorate
whether be under demand for agriculture use or to be future planned
projects for later on use. That is true, since it is considered a good model
for representing many of the landscape features in El Fayoum depression.
So, it selected to be identified within the context of physiography, soil
classification and land evaluation for specific agriculture land use. This
area includes both the continental alluvium of the Nile and desert sediments
that were derived from local parent rocks. The physiographic features were
identified, using visual interpretation of Landsat data ETM7 (Enhanced
Thematic Mapper 7), according the applied physiographic approach, and
found to be as the Nile alluvial terraces, desert alluvial terraces, dissected
slopes, aeolian plain, pediplain, bajada, cuesta fronts, cuesta summits and
wadis. The later landforms whether are almost flat or gently slopping. The
relatively high tableland structures were delineated as dissected cuesta of
summits and fronts. Forty-five mini pits were located and studied for
setting up a characteristic map legend. The differences were represented by
nine soil profiles to be fully described and soil samples were selected for
laboratory analyses.

Soil taxa were categorized according to the Key of Soil Taxonomy

(USDA, 2006) till the soil family level into:

i) The Aridisols, soil families are a) Typic Haplocalcids, coarse loamy,
mixed, hyperthermic in_pediplain unit b) Typic Haplogypsids, coarse
loamy, mixed, hyperthermic in _bajada unit; c¢) Soils of wadis unit are
found in a complex pattern of Typic Haplogypsids, fine loamy, mixed,
hyperthermic and d) Typic Calcigypsids, fine loamy, mixed, hyperthermic
in the desert alluvial terraces unit.

i) The Vertisols include a) Chromic Gypsitorrets, fine clayey, semectitic,
hyperthermic in the Nile alluvial terraces unit.

iii) Entisols include a) Lithic Torriorthents, fine loamy, mixed,
hyperthermic in_cuesta summits unit; b) Typic Torriorthents, coarse
loamy, mixed, hyperthermic in_cuesta fronts units; ¢) Typic
Torripsamments, siliceous, hyperthermic in aeolian plain unit and d)
Lithic Torripsamments, siliceous, hyperthermic in dissected slopes unit.

The supreme and subsequent prior potential suitability of sixteen
specific corps, i.e., field crops (wheat, barley, maize, cotton and onion), oil
crops (sesame and sunflower), fodder crops (alfalfa and sorghum),
vegetables (tomato) and fruit trees (banana, citrus, guava, mango, oil palm
and olive) to be cultivated in the studied physiographic-soil units was
carried out by matching between the parametric approach of land
evaluation classes and their crop-physiography adaptations. The obtained
data show that the potential suitability classes differed according to the
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satisfaction conditions between different properties of soils developed on
the studied physiographic-soil units and plant requirements. These
adaptations can be promising for rather higher output as the major land
improvements that are considered for the land qualities of drainage, salinity
and sodicity to be achieved when the land considering free of those
limitations.

Key words: Physiographic-soil units, land evaluation, soil taxa, EI Fayoum region.

INTRODUCTION:

The progressive increase of human pressure on limited cultivated areas
in  El-Fayoum Governorate requires to a pay an attention towards two main
aspects, i.e., conserving the productivity status of cultivated soils and the
horizontal expansion for the desert outskirts of ElI Fayoum depression. The
later soils have less productive desert siliceous or calcareous in nature. The
desert soils under studv at both north and east rims of Qarun lake are
considered ones of the promisina areas for aaricultural utilization and
developnina the economical activities of El Favoum Governorate. Accordina to
Hiah Dam Soil Survey Proiect (1963). the studied area are identified into
four soil units for the northern-east rim of Oarun lake. i.e.. saline loose sand
soils. foot slopes. partlv shale and soft sand stone. Shendi (1984) classified the
soils adiacent to OQarun lake from the eastern and southern rims as Typic
Calcigvpsids, Tvpic Haploavpsids and Typic Torripsamments.

The scientific benefits of the current work should be created to update
and support the local knowledae. concernina the best use of land whether be
under demand for aariculture use or be planned for later on use. The obiectives
were to identify the physioaraphic-soil units of a unique area in EI Fayoum
depression by mappina them to be a diagital model in a harmony of
physioaraphy and soil data set, serving the extrapolation approach when other
areas will be under study.

It is also to find the best adaptation between certain land units with
specific crop to aive the maximum output. For this purpose. the harmony of
descriptive and processina svstems. established by Svs (1991) and Svs et al.
(1993) were considered, beina hiahly required in this study. The collective
findinas of this study create and document copy data sets, using visual
interpretation of Landsat imaae, basic and topoaraphic maps to obtain a
physioaraphic-soil map, soil taxa and land suitability classes. The result is a
comprehensive land evaluation database for a certain area in Eaypt. These data
can be matched with the other products, produced as the same global standard.

MATERIAL AND METHODS:
Image interpretation:

Landsat images interpretation performed using the physiographic
analysis as proposed by Burniagh (1960) and Gossen (1967). Generally,
Landsat imaae composite of Enhanced Thematic Mapper (ETM7) with bands
2.3 and 4 was used to add an extra landscape assessment to the photo-
interpretation map. The imaae was helpful for gettina a collective overall view
of the studied area as well as usina the spectral sianatures of the used bands in
detecting the cultivated areas and drainage conditions.

Visual analysis of Landsat TM5:

Imaaes of Landsat 5 Thematic Mapper (TM) were used for the purpose
of visual analysis. The overall view for delineatina the promisina areas in East
desert soils of Menya characterized by the spectral signatures of an
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Orthorectified Land sat Thematic Manper (TM 5) Mosaic. It is a composite of
the bands 4. 3 and 2. The pixel size is a mixture of 28.5 and 30.0 meters. The
composite output was of benefit, especiallv when focusina on the infrared
bands that permit the detection and discrimination of broad combinations of
different veoetation cover tvpes and identification of water bodies, active
drainage, drainage conditions, cultivated areas, and rock types.

The image of Land sat 5 was used for the detailed physiographic analysis
for modeling the study areas. This Land sat 5 was acquired during the year
2004 (path 175 rows 42, resolution 28.5 to 30 m). The Thematic Mapper of
this Land sat is operating in eight spectral bands. The images are considered as
a source of recent information that can be aimed at transferring the recent or
modified infrastructures to the maps during the phase of cartography.

Field work:

The phyvsioaraphic units of space imaaes were checked in the field to
confirm the boundaries of the physiographic units or to revise what were
shifted. Soil profiles representing the predominant characteristics of the
identified physiographic units of the studied area were taken, however, eleven
soil profiles were dug to a depth of 150 cm or lithic contact, their locations are
shown in Fia. (1),

Soil profiles were described. usina the nomenclature of the Soil Survev
Division Staff Manual (USDA. 2003). The described soil characteristics
included land surface confiauration. soil slope. veaetation. parent material. soil
depth, master horizons, texture, rock fraaments, soil matrix color, soil
structure, consistence. roots, pores, secondary formation of calcium carbonate
and avpsum and boundaries of horizons and lavers. Soil samples were air
dried, crushed, with wooden hammer, sieved throuah a 2 mm sieve to obtain
the fine earth used for physical and chemical analysis. The elements of soil
color description, i.e.. the colour name and notations were determined using
the Munsell Soil Colour Chart (1975).

Laboratory analyses:

Particle size distribution was determined using the International Pipette
method (Piper, 1950) and sodium hexametaphosphate as dispersing agent
(Baruah and Barthakur, 1997). Calcium carbonate content was measured
using the Collin's Calcimeter method (Wright, 1939). Gypsum was
determined by the acetone method (Bower and Huss, 1948). Saturation soil
paste extract analysis, and soil pH in the soil water suspension of 1:2.5 were
determined according to the methods describe by Jackson (1973). Cation
exchange capacity and the exchangeable sodium were determined according to
the methods describe by Richards (1954).

Soil classification and evaluation:

Soils under study were classified into taxonomic units starting from the
level of soil order down to the soil family level accordina to Soil Taxonomv
Svstem (USDA, 1975) and usina the keys to Soil Taxonomy (USDA, 2006).
Soils under investioation were evaluated usina the parametric svstem for land
evaluation undertaken by Svs and Verheve (1978). Land suitability
classification for specific crops was done accordina to Svs et al. (1991) and
Svs et al. (1993). Matchina the land characteristics with the crop requirements
was undertaken by limitation approach.
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Map (1) Physioaraphic-Soil units of the studied area.

RESULTS AND DISCUSSION:

A general view on the physioaraphic-soil units and their taxonomic classes:
Physioaraphic-soil leagend has been set up as shown in Fia. (1),

associated with the morpholoaical description of the representative soil

profiles in Table (1). The identified physioaraphic-soil units were Landsat

imaaery delineated in two main formations, i.e., 1) The Nile deposits (flat or

almost flat Nile alluvial terraces) and 2) The desert formations (cuesta
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summits, cuesta fronts, baiada., wadis, pediplain, aeolian plain, dissected
slopes, desert alluvial terraces). Soil taxa after soil physical and chemical
analyses are presented in Tables (2, 3 and 4).

Table 1: Morphological description of the studied soil profiles.

&) = 3
= S & s 8 S > ]
o | 2 g S | Depth 23 B s |58
2'c 2 ) N Soil colour | © €| Soil structure 2 c o 2
= 3 = @ 5 (cm) o = S =] o «©
2 E g 7 s £ S g8 |3¢
= a R 3} = oy
o wn = 8
. A 0-10 |10YR3/4 Hard -
The Nile .
. By 10-30 |10YR3/3 Medium sub- | Very hard -- sfg
alluvial 1 | Almost flat Cc .
terraces Byz 30-80 |10YR3/3 angular blocky| Very hard | Diffuse sfg
By 80-150 |10YR 3/2 Very hard sfg
The desert Gentl A 0-25 |10YR7/6 Massive sfcg
alluvial 2 undulatiyn Bky 25-70 | 10YR 6/4 Sl Sub-angular | Slightly hard Diffuse sfCa
terraces 9 By 70-150 |10YR 7/6 blocky sfg
Dissected 3 Gently A 0-10 10YR7/6 | LS Massive  |Slightly hard -- --
slopes slopping Lithic contact
. A 0-30 |10YR7/5
Aeolian . . --
lain 4 | Almost flat C 30-75 |10YR6/6 S Single grain Loose Diffuse --
P C, | 75150 | 10YR6/6
Gentl A 0-25 |10YR7/4 -
Pediplain | 5 undulat?/n C 25-80 | 10YR6/3 LS | Single grain |Slightly hard Clear sfCa
91 ¢, | 80150 | 10YR6/5 -
Gentl A 0-30 |10YR7/5 Massive | Slightly hard -- sfCa
Bajada 6 slo ir): By 30-100 |10YR8/6 | SCL | Sub-blocky Hard Clear sfg
PPING 1 ¢ 100-150 | 10YR 6/4 Platy Hard Clear | -
A 0-30 |10YR7/6
Very gently . . . --
Cuesta fronty 7 slobin C 30-60 |10YR7/5 LS | Single grain |Slightly hard Diffuse --
P91 ¢, | 60-150 | 10YR6/6
Cuesta 8 Gently A 0-25 |[10YR7/5 | GSL Massive Loose -- B
summits undulating C 25-40 | 10YR6/6 | SCL Hard Clear
A 0-25 |10YR®6/7 Massive | Slightly hard -- sfCa
Wadis 9 | Almost flat C 25-80 |10YR5/5 | SCL Platy Hard Clear sfg
C; 80-150 | 10YR5/6 Platy Hard Diffuse --

Soil texture: S=Sand, LS=Loamy sand, SL=Sandy loam, GSL=Gravely sandy loam, SCL=Sandy clay loam, C=Clay.
Pedological features: sfg= secondary formations of gypsum, sfCa=secondary formations of lime

A brief note about each of the identified physiographic-soil units, which
are belonging the previous two formations in the studied area, was carried out
as follows:

1. The Nile alluvial deposits:

The Nile alluvium occurred under a specific depositional action of the
ancient lake of Fayoum depression “Lake Moeris” with the Nile fresh-water in
the Pliestocene period resulting in different physiographic-soil units,
particularly the Nile alluvial low terraces adjacent to Birkat Qarun. Thus, an
injection was occurred between fluvial deposits and local lacustrine ones,
which were richer in secondary formations of CaCO3and gypsum. Said (1990)
stated that, in the case of Lake Moeris, where the Fayoum depression fell
completely with the fresh Nile water, that reaches inundate its floodbasin. Due
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to the depositional processes rather than erosional processes, hence the Nile
suspended matter was deposited in different physiographic-soil units from the
seasonal and periodic flooding. Discharge that is fully confined to ElI Fayoum
basin maintains high competence, and when discharge exceeds basin capacity,
there is a dramatic increase in cross-sectional area associated with expansion
into the floodbasin.

Table 2: Particales size distribution %, calcium carbonate %, gypsum %,

CEC and ESP of the studied profiles.

% § - Particle size distribution % 5 @ - :;
] = Q5 S =
.?g = ?gr%t)h g . g § CaCOs % %% E)J)ES ESP
5 o E 5 C.sand | F.sand | Silt Clay | <= § O a5 S
0-10 | - | 150 79 | 338 | 433 910 | 150 | 3855 | 7.58
The Nile 1030 | - | 143 82 | 333 | 442 1050 | 9.30 | 3367 | 6.58
f;:f:c':l 1 3080 |- 157 | 68 |346| 220 | © [ 810 [1130] 3408 | 565
80-150 | - | 1638 97 | 209 | 436 1130 | 1010 3578 | 9.67
The desert 030 | - | 564 | 200 [ 89 | 147 350 |[11.30| 1187 | 6.15
allwial | 2 | 3070 | - | 601 | 161 | 102 | 136 | sL | 1730 |11.70| 1043 | 7.84
terraces 70-150 | - | 652 | 144 | 83 | 121 510 |[1310| 868 | 9.76
Dissected | , [ 010 [~ ] 604 [ 158 [ 71| 82 Ls | 244 [112] 535 [1147
slopes Lithic contact
, 030 || 793 | 150 | 35| 25 248 | 137 | 276 [ 495
Asl‘;'i'r?” 4 | 36075 | - | 775 | 174 | 28 | 23 | s 197 |o084| 189 | 584
75150 | - | 765 | 167 | 33 | 35 206 | 075 | 212 | 7.03
025 |- | 654 | 191 | 82 | 73 | Ls | 1497 [375| 596 | 974
Pediplain | 5 | 25-80 | - | 595 | 187 | 73 | 145 [ s | 2750 | 402 | 687 |1235
80-150 | - | 677 | 175 | 53 | 95 | Ls | 2134 | 344 | 839 |1389
030 | - | 475 | 150 [125] 250 915 | 250 | 1611 | 8.36
Bajada | 6 | 30-100 | - | 502 | 155 | 113 | 230 |scL| 310 |1330| 1497 | 915
100-150 | - | 350 | 144 | 224 | 282 230 |370 | 1853 [11.74
030 | - | 637 | 200 [ 68 ] 95 254 | 394 | 747 1287
(f:rbcl)er?tt: 7 | 3060 | -] 673 | 160 | 60 | 107 | Ls | 28 |258| 895 |[1435
60-150 | - | 629 | 217 | 70 | 84 366 | 124 | 715 |1486
Cuesta | o [ 020 [413] 58 [ 214 [ 83 | 145 [GsL| 210 [124[ 1100 [1060
summits 2040 |51| 344 | 262 | 153 | 241 [scL| 730 | 197 | 1954 |1342
030 |- | 435 | 133 | 137 | 235 1095 | 3.12 | 17.85 | 7.99
Wadis | 9 | 3080 | - | 454 | 166 | 128 | 252 |scL| 455 [1184| 1840 | 8.87
80-150 | — | 379 | 153 | 197 | 271 279 | 250 | 2161 | 945
Soil texture: S=Sand, LS=Loamy sand, SL=Sandy loam, GSL=Gravely sandy loam, SCL=Sandy clay loam,

C=Clay.

The velocity and depth of water flowing inside of the floodbasin declines
rapidly with distance away from the water courses. The coarsest sediment
(usually fine sand and silt) undergoes rapid deposition immediately adjacent to
the entrance of the Nile water at Al-Lahun gap, while the finest sediment was
deposited away from the gap at the lowest level of Birket Qarun, resulting in
low-lying flat to almost flat (slightly depressed) Nile alluvial terraces with
somewhat well drained soils of heavy-textured soil material. These soils are
subjected to the swelling and shrinkage process fitting the main requirement to
be Vertisols. Also, these soils have a control section is fully characterized by
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clavev lavers. and are represented bv soil profile No. 1. The soils are more
developed due_ to the occurrence of QVDSi_C _horizon “BV”._and are classified as
Chromic Gypsitorrets, fine clayey, semectitic, hyperthermic.

Table 3: Chemical analysis od soil paste extract of the studied soil profiles.

Physiographic | Profile | Depth EC Cations (meq /L) Anions (meq /L)
units No. | (cm) PH (dS/m)| ca*™* | Mg™ | Na' K' | HCO; | CI™ | sS04~
) 0-10 | 7.50 | 46.15|150.50| 16.28 | 356.07 | 0.95 2.28 51.00 | 470.52
TaTﬁj\'::!f L 10-30 | 7.10 |41.14 |247.30| 75.72 | 163.60 | 0.89 2.23 380.00 | 105.28
terraces 30-80 | 7.20 | 84.99 |344.01| 62.46 | 632.87 | 0.95 2.54 620.00 | 417.74
80-150 | 7.30 |20.12 | 53.70 | 19.28 | 145.26 | 0.67 211 110.00 | 106.80
The desert 0-30 | 7.50 | 554 [38.71| 6.72 | 1046 | 056 | 1.91 | 42.00 | 1254
alluvial 2 30-70 | 7.70 | 13.58 | 40.99 | 11.28 | 90.60 | 0.67 | 2.41 95.00 | 46.13
terraces 70-150 | 8.00 |13.25|47.37| 1455 | 79.97 | 0.74 2.47 80.00 60.16
Dissected 3 0-10 | 7.80 |11.13|29.10 | 10.19 | 7495 | 0.84 1.98 55.00 58.10

slopes Lithic contact

0-30 | 7.25 | 17.10 | 21.69 | 11.94 | 143.12 | 0.24 1.81 75.60 99.58

Aeolian plain 4 360-75| 7.24 | 55.50 | 87.25 | 55.68 | 514.97 | 0.89 2.26 | 391.00 | 265.53

75-150| 7.18 | 21.37 | 28.62 | 15.54 | 187.90 | 0.45 1.89 108.00 | 122.62

0-25 | 7.90 |13.16 | 19.15| 7.36 | 108.30 | 0.47 1.89 69.00 | 64.39

Pediplain 5 25-80 | 7.80 | 75.10|35.12| 19.35 | 788.90 | 0.75 1.86 | 541.00 | 301.26

80-150 | 7.70 |15.30 | 17.33 | 7.93 | 132.46 | 0.64 1.58 83.00 73.78

0-30 | 7.60 | 13.82 | 43.01 | 1437 | 86.22 | 0.54 2.36 115.00 | 26.78

Bajada 6 30-100| 7.70 |12.60 | 37.64 | 9.36 | 84.31 | 0.49 2.27 | 105.00 | 24.53

100-150| 7.30 | 5.58 | 32.38 | 4.15 | 20.17 | 0.44 1.96 40.00 | 15.18

0-30 | 7.90 | 14.77 | 18.25| 9.40 | 125.77 | 0.48 2.18 65.00 86.72

Cuesta fronts 7 30-60 | 7.70 | 94.19|40.78 | 21.73 | 1065.81 | 0.93 2.51 672.00 | 454.83

60-150| 7.60 | 12.25|32.39 | 16.27 | 77.17 | 0.59 2.06 65.00 | 59.36

Cuesta 8 0-20 | 7.70 |13.26 | 40.94 | 6.78 | 94.68 | 0.68 2.31 85.00 | 55.77
summits 20-40 | 7.30 | 7.18 | 12.38 | 12.69 | 4947 | 0.71 1.99 45.00 | 28.26

0-30 | 7.68 | 15.13|39.93 | 13.18 | 106.05 | 0.61 2.11 67.60 | 90.06
Wadis 9 30-80 | 7.24 |17.3448.99 | 16.83 | 118.61 | 0.59 2.00 | 101.50 | 81.52

80-150| 7.19 | 9.78 | 34.87 | 7.94 | 59.23 | 0.55 2.29 59.80 | 40.50

2. The desert formations:
2.1.Alluvial terraces:

These terraces are beainnina from the northern shoreline of Oarun lake
and extended towards the north direction. Accordina to Said (1990), they are
remnants of formerly erosional processes. On this area, consequent streams,
that follows the initial slope of the land (southwards) were rejuvenated,
resumina down-cuttina, thereby formina terraces. resultina in aullied surfaces
of concave convex complex slopes (aently undulatina topoaraphv). The soils
are classified as Typic Calciaypsids, fine loamy, mixed. hyperthermic. This soil
family is characterized by sandy loam in texture, and it is represented by soil
profile No. 2.
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2.2. Dissected slopes:

This physioaraphic unit represents the remnants of a structural plateau.
subiected to severe dissection resultina in a rockyv structure that be located on
rocky slopes covered by talus and pediments with a complex pattern of steep
and rollina concave convex surfaces. The soils are verv shallow depth (10 cm
depth) underlain lithic contact bed-rock, and they are classified as Lithic
Torripsamments, siliceous, hvperthermic. This soil family is characterized by
sand in texture, and it is represented by soil profile No. 3.

Table (4): Soil taxonomic units of the studied soil profiles.

Representative soil
Sub- | Great . .
Order Sub-group Family profiles and
order | group . L
physiographic units
2 §2] T » L n
2 o 25| E&5 Chromic Gypsitorrerts, fine clayey, 1 (The Nile alluvial
= = > = = >N = i R
g e 08| 508 smectitic, hyperthermic terraces)
. 8 S fa - - - - - .
S % 5O g_ Typic Calcigypsids, fine loamy, mixed, 2 (The desert alluvial
83 28 > hyperthermic terraces)
w
2 | 8 8
> | g 2
o > 2 = Typic Haplogypsids, coarse loamy, mixed, 6 (Bajada)
o P 2o hyperthermic
2 & 53
= T T
< 8 S
S S . . .
[ =]
" 3 T3 Typic Haplocalcids, coarse loamy, mixed, 5 (Pediiplain)
S o ow hyperthermic
[} o o ©
= [ >
O I [
Typic Haplogypsids, fine loamy, mixed, .
hyperthermic 9 (Wadis)
2
<
8 2z 2 Lithic Torripsamments, sili .
@ S = E thic To hpsa h ents, siliceous, 3 (Dissected slopes)
= e JF 5 yperthermic
2| s &
= a @
s = 0.l & . - -
o = == Typic Torripsamments, siliceous . .
%) o o & E yp p ) )
g 2 =8 = hyperthermic 4 (Aeolian plain)
= 2
|
(2}
22 2 | Typic Torriorthen rse loamy, mi
; % 553 ypic Torrio the ts,tﬁoa se loamy, ixed, 7 (Cuesta fronts)
£ 2 FrE yperthermic
a'qc—-: 5 [%}
o E Lt Lithic Torriorthents, fine loamy, mixed )
o o = O ’ 1 ’
2 59 % hyperthermic 8 (Cuesta summits)

2.3. Aeolian plain:

This unit is found in areas of the Earth where erosion and deposition by
wind are the dominant geomorphic forces, particularly under the dry climates
that are classified as arid deserts and semi-arid steppe. Different processes are
responsible for the transport of sediment by wind, like this rolling motion,
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which called traction and suspension. this tvoe of transport is called also
saltation. This plain is located on the marains of the plateau remnant,
immediatelv borderina the dissected slopes in the southern side. It is most
probably that, these aeolian deposits are coverina an old bed-rock that was
naturally excavated. The plain is locallv occupied by sinuous clustered low-
dunes. which are currentlv retreated as subiected to the natural veaetation.
This plain includes excessively well-drained coarse textured soils, that are
classified as Tvpic Torripsamment, siliceous, hyperthermic, and its soils are
represented by profile No. 4.

2.4. Pediplain:

This physioaraphic unit was formed under the prevailina aridic
conditions throuah an action of physical weatherino processes on the
limestone parent rock. This unit has very aentlv sloppina to aently undulatina
and includina somewhat well drained soils. Its polvaons are the remnants of
weathered limestone rock. includina residual parent material over limestone
lithic contact at the depth of 90-150 from soil surface. This parent material
developed to Aridisols. beina with diaanostic calcic horizon (BK). The
representative soils are with control sections dominated by loam sandy texture
grade. The soils were classified as Tvpic Haplocalcids. coarse loamy, mixed,
hyperthermic; and these soils are represented by soil profile No. 5.

2.5. Baiada:

This unit is a depositional belt in the studied area alona the elevated
structures of cuesta fronts when the fans coalesce laterallv to form that bajada.
It is somewhat relatively broad and gently inclined, alluvial piedmont slope
extending from the base of cuesta ranae out into relatively low basin southern-
eastwards. Bajada surface is gullied and gently slopping. The soils are well
drained, classified as Typic Haploaypsids, coarse loamy, mixed, hyperthermic.
These soils are more developed than those the pediplain, being with gypsic
"By" horizon, and they are represented by soil profile No. 6.

2.6. Cuesta:

This physioaraphic unit represents the remnants of a structural plateau,
subjected to severe dissection resulting in a rocky structure, that be divided
into two sub units as:

a. Cuesta fronts:

These fronts are located on aently sloppina area covered by talus
deposits and with a complex pattern of relatively rolling concave convex
surfaces. These soils are classified as Typic Torriorthents, coarse loamy,
mixed, hyperthermic. Also, this soil family is characterized by loamy sand in
texture, and it is represented by soil profile No. 7.

b. Cuesta summits:

These summits represent the oriainal elevation of the limestone body
before the dissection processes. The soils are very shallow depth (40 cm
depth) underlain lithic contact bed-rock, This unit has aently undulating to
aently slopina, aravely and stony surfaces including somewhat well drained
soils. and they are classified as Lithic Torriorthents, fine loamy, mixed,
hvperthermic. This soil family is characterized by sandy loam to sandy clay
loam in texture, and it is represented by soil profile No. 8.

2.7. Wadis:

The surface of this physioaraphic unit is almost flat to aently undulatina,
partly natural veaetated on well drained soils. Also, this unit is the resultant of
dissection action of the surrounding landscape as the interaction of erosional
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and depositional processes in the fluvial period. Thev appear as drv wadis. that
seasonally receive flush floodina. runnina from west to east or southeast.
drainina into the relativelv low areas. The soils of these wadis occur in a
complex pattern and dominated by one taxonomic unit of Tvpic Haploavpsids,
fine loamy, mixed, hvperthermic. These soils have a relativelv fine texture
class within the control section (sandyv clav loam) as compared to the other
studied desertic formations. This soil family is represented by soil profile No.
9.

It is noteworthy to mention that, based on the detected soil
morphological features and physico-chemical properties, the soils under
investigation could be classified up to the family level into nine taxonomic
classes according to Keys to Soil Taxonomy (USDA, 2006), as shown in Table
(4). 1t is most probably due to the studied soils are developed on different
parent materials differ in their mineralogical compositions, which are more
related to the physiographic positions. Also, the investigated area lies within
the climatic conditions characterized by a long hot rainless summer and short
mild winter with a rare rainfall. The majority of the studied soil profiles are
rich in secondary CaCOs; and gypsum accumulations, which satisfy the
requirement of calcic and gypsic horizons in some soil profile layers such as
Nos. 1,2,5,6and 9.

Soil limitations for productivity and land evaluation:

The physical parametric land evaluation system undertaken by Sys and
Verheye (1978), which is considered a favourable system under the conditions
prevailing in the soils of Egypt (Moussa, 1991), was applied to determine the
soil limitations and their intensities as well as land suitability classes accordina
to the current suitability ratinas. Since it is valid for irrigation purposes in arid
and semi arid reaions. By this approach. the classification was processed
according to the FAO Framework (1976), at the level of sub-classes.

The obtained data in Table (5) reveal that all the studied soils have no
limitations for their topography (except profile Nos. 1 and 3), wetness (w), the
effective soil depth (except profile Nos. 3 and 8) and gypsum content (except
profile No. 2). On the other hand, most of the representative soil profiles are
suffering from soil texture (s;), CaCOg (s3) content and salinity/alkalinity (n)
as limitations for soil productivity, which are put into variable intensity
degrees of (40-95, very severe-slight), (95, slight) and (50-85, severe-
moderate), respectively.

According to the same parametric system and the estimated data of soil
criteria, the suitability indices (Ci) for the studied nine profiles for current and
potential suitability classes are also assessed and recorded in Table (5). The
obtained results show that the estimated current ratings of the studied soil
profiles ranged between 11.99 and 76.61, indicate that the soils of the studied
areas could be categorized into four classes, as follows.

a. Not suitable soils (N):

The rating of this class is < 25, and represented by soil profile Nos. 3 and 4.
b. Marginally suitable soils (S3):

The rating of this class is 25-<50, and represented by profile Nos. 1, 2, 5, 7
and 8.
c. Moderately suitable soils (S2):

The rating of this class is 50-<75, and represented by soil profile No. 9.
d. Highly suitable soils (S2):

The rating of this class is 75 or more, and represented by soil profile No. 6.
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Table (5): Soil limitations and rating indices for the evaluation of the studied soil

profiles.
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i X Current 90 100 85 100 95 100 50 36.33 S3 S3n
Nile alluvial terraces | 1 -
Potential 100 | 100 85 100 95 100 | 100 80.75 S1 S1
Desert alluvial ) Current 100 | 100 75 100 95 80 85 48.45 S3 S3sls4
terraces Potential 100 | 100 75 100 95 80 100 57.00 S2 Slsls4
. Current 90 100 55 30 95 100 85 11.99 N2 | N2sls2
Dissected slopes 3 -
Potential 100 100 55 30 95 100 100 15.67 N2 N2s1s2
. . Current 100 100 40 100 95 100 58 22.04 N1 N1sln
Aeolian plain 4 -
Potential 100 | 100 40 100 95 100 | 100 38.00 S3 S3s1
Pedinlai . Current 100 | 100 55 100 | 100 | 100 58 31.90 S3 S2sln
ediplain
P Potential 100 | 100 55 100 | 100 | 100 | 100 55.00 S2 S2s1
Baiad 6 Current 100 | 100 95 100 95 100 85 76.71 S1 S1
ajada
! Potential 100 | 100 95 100 95 100 | 100 90.25 S1 S1
Current 100 | 100 55 100 95 100 58 30.30 S3 S2sln
Cuesta fronts 7 -
Potential 100 | 100 55 100 95 100 | 100 52.25 S2 S2s1
. Current 100 | 100 85 55 95 100 85 40.34 S3 S3s2
Cuesta summits 8 -
Potential 100 | 100 85 55 95 100 | 100 44.41 S3 S3s2
Wadi 9 Current 100 | 100 95 100 95 100 80 72.20 S2 S2n
adis
Potential 100 | 100 95 100 95 100 | 100 90.25 S1 S1

For ameliorating the suitability of these soils, major improvement
practices should be carried out such as removina the excess of soluble salts
and sodicity throuah applvina the avpsum and leachina requirements under an
efficient drainage ditches, in addition to oraanic fertilization and other soil and
water managements. Such aaro-manaaement practices will correct the ratinas
of soil potential suitability classes to be ranged 15.67-90.25, and potential soil
suitability becomes as follows.

a. Not suitable soils (N):

The rating of this class is < 25, and represented by soil profile No. 3.
b. Marginally suitable soils (S3):

The rating of this class is 25-<50, and represented by soil profile Nos. 4 and 8.
c. Moderately suitable soils (S2):

The rating of this class is 50-<75, and represented by soil profile Nos. 2,5 and 7.
b. Highly suitable soils (S1):

The rating of this class is 75<, and represented by soil profile Nos. 1, 6, and 9.

Land suitability for certain crops:

The physioaraphic-soil map was used as a base for presentina land
suitability classes. The simple approach that proposed by Svys (1991) was
selected for land suitability evaluation of the studied area, since it is valid for
irrioation purposes in arid and semi arid reaions. Bv this approach. the
classification was processed according to the framework of FAO (1976), at
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the level of subclasses. Ratings, attributed to land qualities, were matched with
each crop requirements. The land qualities are drainage (d), soil texture (x),
stoniness (g, gravel %), soil depth (p), calcium carbonate % (c), salinity (s,
ECe), sodicity (n, ESP) and fertility (f). Fertility ratings attributed to soil
reaction (pH), cation exchange capacity (CEC) and sum of basic cations
(exchangeable Ca, Mg and K). Suitability subclasses in Tables (6 and 7)
reflect the kind of limitations as indicated in symbols, using lower-case letters
synonymous with those limitations when any of them is moderate.

Land suitability for agricultural irrigated soils is the appraisal of specific
areas of land from a general point of view without mentioning the specific
kind of use. So, some soils may be suitable for a specific crop and unsuitable
for another. The ideal approach for land evaluation is based on evaluating the
land for utilization types which used as guides for the most beneficial use for a
specific productivity by replacing a less adapted land utilization type by
another promising one, and was applied in this study according to Sys (1991).
The evaluation indices of land characteristics are done by rating them and
specifying their limitations for certain crops by matching the calculated rating
with the crop requirements in different suitability levels as proposed by Sys et
al. (1993).

a. Current land suitability classification (Cs):

In the studied area, without major land improvements, the crop
requirements were matched with the present land qualities for processing the
current land suitability of the different land units. This approach enables
management of different alternatives for specific utilizations that are adapted
to the existing limitations to give maximum output. The current land
suitability classification of different physiographic units for the different
specific utilizations is shown in Tables (6 and 7).

b. Potential land suitability classification (Ps):

As for this purpose, the land utilization is applicable after executing
specified maior land improvements as proposed in the current study according
to their necessity. Potential land suitability classification can be established if
the main improvements for the studied area are considered regarding land
gualities of drainace, salinity and sodicity. The potential land suitability
classification of different physioaraphic units for the different specific
utilizations is shown in Tables (6 and 7) for the studied area. The obtained
potential land suitability subclasses were sorted in two productive levels.
These two levels were desianed to be quide charts for the best land utilization
alternatives aivina a possible maximum output. The two potential land
suitability levels are as follows:

1. Supreme potential suitability for specific utilizations:

Matching charts of the supreme potential suitability for specific
utilizations with the different physiographic-soil units of the studied area
shown in Tables (6 and 7).
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Tables 6, 7
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The resultant adaptations are as follows:
* Highly suitable (S1) adaptations:

a. Some soil sites of the desert alluvial terraces unit are suitable for
sesame, alfalfa and olives.

b. Some soil sites of bajada unit are suitable for maize, sesame, sunflower
and olives.

c. Some soil sites of cuesta fronts unit are suitable for olive.

d. Some soil sites of wadis unit are suitable for sesame, sorghum and
olives.

* Moderately suitable (S2) adaptations:

a. Some soil sites of the Nile alluvial terraces unit are suitable for wheat,
barley, maize, cotton, sesame, sunflower, alfalfa, sorghum, guava and
olives.

b. Some soil sites of pediplain unit are suitable for maize, sesame,
sunflower and alfalfa.

c. Some soil sites of cuesta summits unit are suitable for barley, sorghum
and guava.

* Marginally suitable (S3) adaptations:

a. Some soil sites of dissected slopes unit are suitable for wheat, barley,
sorghum and guava.

b. Some soil sites of aeolian plain unit are suitable for cotton, sesame,
sunflower, alfalfa, sorghum, onion, tomato, citrus, guava, mango and
olives.

2. Subsequent prior potential suitability for specific utilizations:
* Moderately suitable (S2) adaptations:

a. Some soil sites of the desert alluvial terraces unit are suitable for
sorghum and quava.

b. Some soil sites of bajada unit are suitable for wheat, barley, cotton,
alfalfa and guava.

c. Some soil sites of cuesta fronts unit are suitable for maize, sunflower,
alfalfa, onion, tomato, citrus, and mango.

d. Some soil sites of wadis unit are suitable for wheat, barley, maize,
cotton, sunflower, alfalfa and guava.

* Marginally suitable (S3) adaptations:

a. Some soil sites of the Nile alluvial terraces unit are suitable for banana.

b. Some soil sites of pediplain unit are suitable for wheat, barley, cotton,
sorahum, onion, tomato, citrus, quava and manao.

c. Some soil sites of cuesta summits unit are suitable for wheat, maize,
cotton, sesame, alfalfa, banana and oil palm.

From the aforementioned discussion, it could be concluded that the
results of the current work are created a local knowledae should be supported
the future projects of agricultural utilization in EI Fayoum area. Also, the
obtained can be use as a guide to explain and correct the problems facina the
future aaricultural utilization proiects in the area under investigation, and in
turn the best use of land whether be under demand for aariculture use or be
planned for later on use. That means the obtained results represent the best
adaptation between certain land units with specific land use in aaricultural
purposes as well as to give the maximum outputs from the agricultural
utilization proijects.

Moreover, identifying the physiographic-soil features of a unigue area in
the adjacent desert outskirts of EI Fayoum depression by mapping them to be a
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model is in a harmonv of phvsioaraphic and soil data set, serving the
extrapolation approach when other areas will be under study. In addition, this
work was carried out by using physiographic-soil units map obtained from the
visual analysis of Enhanced Images of Landsat Thermatic Mapper 7 of the
studied area. These soil criteria represent a base for making a proper
agricultural utilization and could be considered as promising items in soil
potentiality and its sustainable agriculture on the long-term.
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