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HIS STUDY is a tria! to provide knowledge about the main soil

factors or envirommental conditions that affect soil depositional
mode, profile development and its suitabifity for specific crops at the
desert belt between El-Fayoum depression and the Nile Valley at
Beni-Suef Governorate, Egypt. These items are considered of the
most urgent criteria that help in planning the proper agricultural
utilization of such promising areas adjacent o the desert road Cairo-
Asyut. It is essential to conduct the preliminary studies for evaluating
soil potentiality and favourable management practices for its
sustainable cultivation on both the short and long-terms.

The main physiographic-soil units in the studied area were
identified based on the visual interpretation of Landsat, which could
be categorized into seven units, ie., piedmont, alluvial terraces
(locally overblown sands), El-TFayoum alluviai plain (locally
terraced), El-Fayoum alluvial fan, the Nile alluvial depressed plain
(River bed), the Nile alluvial flat plain and rock structures. The
results of the fieldwork indicated that the soil depth was 150 em or
more, except for some localities at piedmont unit where the soil
depth was restricted by bedrock (45-75 cm). The studied soils have
different textural grades, i.e., sand, loamy sand, sandy loam, sandy
clay loam, clay loam and clay. Gravels or weathered eroded lime
rock-fragments were scattered distribution either on soil surface or
within some desert soil profiles. Also, sccondary pedogenic
formations of {ime and gypsum, which are ascribed to the diagnostic
horizons in some soil profiles.

The caleulated indices of soil profile uniformity show an
cvidence of partial homogeneity of soit materials developed on the
desert alluvial terraces and El-Fayoumn alluvial plain (i.e., moderately
sorfed) and transported by wind and water in mixed actions of
acolian-aqueous environmenis. While, some of the studied soils
developed on El-Fayoum alluvial plain, El-Fayoum alluvial fan and
the Nile sliuvial plain units gave an evidence of partial heterogenetty
of the poorly and very poorly sorted soil materials, which were
mainly transporied and deposited in aqueous media. The C-M pattern
dingram reveals that such seil deposits were transported mainky in
suspension suiles of uniform, graded and pelagic suspensions. On the
other hand, soil deposils developed on picdmont, desert alluvial
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terraces, El-Fayoum alluvial plain units were transportations in forms
of ralling and rolling & suspension.

The variations in light and heavy minerals of sand fraction are
mostly attributed to the nature of parent material, which could be
emphasized by either the multi-origin or muiti-depositional regime
of soil deposits. The presence of assessable minerals in high
percentages throughout soil profile layers in piedmeont, desert alluvial
terraces and El- Fayoum plain units; is more related with deriving
high weathering values and relatively low intensity of weathering
conditions, while the opposite was true in the other soil sites. Such
criteria can be taken as an indication of soil profile immaturity or
recent soil deposits in the first case. On the other hand, some soil
profiles, particularly those developed on both Ei-Fayoum alluvial fan
and the Niie alluvial plain units, exhibited a considerably developed
phase, probably due to the occurrence of some pedogenetic features.

Soil fertility status was identified through a soil survey for total
and available nutrient contents (N, P, K, Fe, Mn, Zn and Cu) as
related to the main physical and chemical properties (texture, pH,
ECe, organic matter, CaC0,, gypsum, CEC and ESP). Such
relationship gave typical models for the different studied soil sites
under the prevailing environmental conditions. This was statistically
confirmed from the stepwise data that was exacted by using the
program of SPSS (2003). However, the nutrients status showed a
wide variation depending uypon the nutrients bearing minerals that are
predominated soif mechanical fractions {clay, silt and sand) as well
as CaCQ,, organic matter and soil pH. That was true, since the
highest nutrient contents were associated with soils having high clay
and organic matter contents.

Maiching the parametric approach of land qualities with the
requirements of sixteen specific corps (ie., field, oil, fodder,
vegefable and fruit crops) was carried out to asses the crop-
physiography adaptations as well as to define the supreme and
subsequent prior potential suitability by shifting specific crop to be
cuitivated in the studied physiographic-soil units. Exceptional of
soils developed on El- Fayoum alluvial fan and the Nile alluvial
plain that are exhibited highly and moderately suitable classes, the
obtained data reveal that the current suitability classes of soils
developed on the different physiographic units of desert belt were
generally not suitable (N), except some scattered areas which are
suitable for olives, due to the relatively high valucs of soil salinity,
gravel carbonate and gypsum, besides shallow soil depth. On the
other hand, the potential suitability classes differed according to the
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
outpul as the major land improvements that are considered for the
land qualities of drainage, salinity and sodicity, io maximize the
current fand suitability to be potential one after re-evaluating the
physiographic land considering them free of those limitations.
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The highly preductive land of the Nile alluvium is denaturing by flurried
urbanization encroachment in El-Fayoum Governorate, which has a limited
cultivated area such as in the other ones in Egypt. This phenomenon is
reflecting a serious human mode, acting on a unique valued land. Such increase
in urban areas on highly productive agriculture land in El-Fayoum Governorate
is due 10 a result of overpopulation and economic growth. Egyptian National
Specialized Committee (2003) expected that Egypt will lose all its oid land by
the year 2080 and will be mainly depend on the total new reclaimed lands. This
incredible mode must create a deep dramatic impression to the pedologists,
economists and the decision makers. The problem has been clearly dawned and
an urgent solution has become inevitable. It is a downcast feeling being this
disastrous effect, is leading to the entire loss of this valued lands within the near
coming decades, meanwhile the bare areas in Egypt is a very vast for creating a
new formal demographic features.

Therefore, more concern is tequired to prevent the urban encroachment at
the expense of productive agricultural land as well as to a pay the suitable
attention to exist spread of productive land outside their desert rims. It is well
known that the outskirts of El-Fayoum Governorate are mainly desert areas and
such have less productive desert sandy or calcareous soils are commonly known
to have a poor soil structure, low water holding capacity and their limited
fertility. This is due to the main mechanical constituents are the sand fraction,
which is not partially capable to retain neither water nor autrients for growing
plants, and active CaCQ;, that affect distinctly different soil properties related to
plant growth such as crusting, soil-water relations, availability of plant
nutrients, etc... (Ragab, 2001). Therefore, the major policy of the Local
Government aims to attain self-dependence in the natural sources of soil and
water needs. To achieve this goal, efforts have been directed towards the desert
belt at the southern-east desert outskirt of Ef-Fayoumn depression for the purpose
of their overall development. Such area represents a natural desert formation in
landscape of alluvial terraces (locatly overblown sands), and it differs from the
other Western Desert ones, which is open on one or more sides, in being
entirely surrounded by El- Fayoum alluvial plain and the Nile alluvial plain
from the west and east directions, respectively. Evaluation of land for irrigated
agriculture as well as main Cairo-Asyut desert road is the base for making an
agricultural utilization.

Egyvpe. J. Soil Sci. 49, No. | (2009)
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So that, the data of the current study were created to support the local
knowledge concerning soil formation mode, profile development and fertility
status as affected by the prevailing environmental conditions (i.e., origin and
landform escape) to asses their significance as a guide to explzain and correct the
problems facing the future agricultural utilization projects in the area under
investigation and in turn the best use of land whether be under demand for
agriculture use or be planned for iater on use. 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 (RGB,
Geocover, 2003). These soil criteria represent a base for making a proper
agricultural utilization and conid be considered as promising items in soil
potentiality and its sustainable agriculture on the long-term. For this purpose,
the harmony of descriptive and processing systems, established by Sys (1991)
and Sys et al. (1993) were considered, being are highly required in this study.

Material and Methods

Location of the studied area and the identified physiographic units

The studied area is a natural desert belt located between El-Fayoum
depression and the Nile Valley at Beni-Suef Governorate (southern-east desert
outskirt of El- Fayoum depression) and it comprises a total area of
approximately 264 km”. Also, it is located between latitudes 29° 24' 22.50" N to
29° 11' 56.11" N and longitudes 30° 51' 51.00" E to 31° 14’ 43.19" E, in the
eastern part of Western Desert of Egypt. It bounded by the Nile Valley from the
Eastern, El-Fayoum depression from the western and Bahr Yousef from the
southern sides (Fig.1). It comprises a total area of approximately 264 km?,
mainly occupies & landscape of alluvial terraces (locally overblown sands), in
being entirely surrounded by El-Fayoum afluvial plain and the Nile alluvial
plain from the west and east directions, respectively

Landsat data interpretation

Landsat data interpretation of the Enhanced Thematic Mapper 7 (ETM 7},
during the year of 2005 (RGB, Geocover, 2005), with bands 2, 3 and 4 was
performed to visually analyzed and delineate the different physiographic-soil
units, based on the physiographic analysis as proposed by Burnigh (1960} and
Gossen (1967),

Egypt. J. Soil Sci. 49, No. 1(2009)
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Fig. 1. Pliysiographic units map of the studied area.
(Scale 1 : 250 000)

This approach 1s to identify soil bodies an the context of dynamic processes,
as the deposition types and development modes. The main physiographic units
in the studied area extracted from visual interpretation and spectral
classification are defined in soil map (Fig. !) and could be categorized into
seven physiographic units as follows: 1. Piedmont, 2. Alluvial terraces, lecally
overblown sands, 3. El-Fayoum alluvial plain, localiy terraced, 4. El-Fayoum
alluvial fan, 5. Nile alluvial depressed plain {River bed), 6. Nile alluvial flat
plain and 7. Reck structures. Also, fieldwork was performed to describe the
soils developed on these physiographic units and to collect soil samples for
laboratory analyses to recognize the different soil properties, which were used
as guidelines for covering the main topics of this study.

Fieldwork and sampling

Twelve representative soil profiles were chosen from the different studied
physiographic-soil units {Fig. 1} ie., Piedmont (profile Nos. 1 and 2), Alluvial
terraces, locally overblown sands {profile Nos. 3, 4, 5 and §), El Fayoum
alluvial plain, locally terraced (profile Nos. 7 and 8), El-Fayoum alluvial fan
(profile Nos. 9 and 10), Nile alluvial depressed plain, River bed {profile No. 11)
and Wile alluvial flat plain (profile No. 12). The soil profiles were dug to a
depth 150 cm or to lithic contact {bedrock). Soil samples were collected
according to the morphological variations throughout the soil profife layers and
were described according to the nomenclature of USDA {2003) and Munsell
Seil Colour Chart (1975}, as shown in Table 1. The disturbed soil samples were
air-dried, crushed, sieved through a 2 mm sieve, then the obtained fine earth
samples {< 2 mm) were kept for laboratory analysis.

Egypt. J Soil Sci. 49, No. 1 (2009)
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TABLE 1. Morphological description of the studied soil profifes.
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Gravel: 5G=Slight gravelly. G=Gravelly. VG=Very gravelly and ExG=Extreme gravelly.
Fing earth: S=Sand. LS=Loamy sand, SL=Sandy loam, SCL=Sandy clay loam, CL=Clay loam and

C=Clay.

Soil colour: d=Dry and m=Moist.
Sail structure: Sg=Single grain,Mas=Massive, Mmsbk=Medium moderate subangular
blacky, Cstsbk=Coarse strong subangular blecky and Cstabk=Coarse strong angutar blocky
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Laboratory analysis

The following soil properties were determined by using via standard
methods, ie, particle size distribution % was determined using the International
Pipette method (Piper, 1950) and sodium hexametaphosphate as a dispersing
agent (Baruah and Barthakur, 1997). CaCO; content was measured by using the
Collin’s Calcimeter (Black er af, 1965). Soil pH in 1:2.5 soil water suspension
and soil organic matter content as well as ECe in saturation soil paste extract
were determined according to the methods describe by Jackson (1973). Gypsum
content was determined by using the acetone method (Bower and Huss, 1948).
Cation exchange capacity and the exchangeable sodium percentage (ESP) were
determined according to the methods described by Richards (1954) and Tucker
(1954).

Statistical size parameters

Grain size distribution of sand fraction was carried out using five sets of
sieve diameters according to Dewis and Freitas (1970). Statistical size
parameter of sediments such as sorting was calculated according to Folk and
Ward (1957) by using the data obtained from graphicaily cumulative frequency
curves to define the environmental media of deposition regime. Also, the
transportation mechanism of the studied soil sediments was identified by the C-
M pattern according to Passega (1964).

Mineralogical of sand fraction and parameters of soil uniformity and
development

The heavy minerals were separated from the suitable size of sand fraction
(0.125-0.063 mm) for the microscopic investigation (El-Hinnawi, 1966} using
Boromoform (specific gravity 2.87). The separated heavy minerals were
collected and washed with alcohol and dried and monnted by canada balsam
according to the method outlined by Brewer (1964).

The systematic identification of some heavy minerals, i.e, amphiboles (A},
pyroxenes (P), mica biotite {B), zircon (Zr), tourmaline (T) and rutile (R} was
carried out using polarizing microscope and the principles of identification
reported by Kerr (1959) and Milner (1962). Calculations of percentage of such
heavy minerals were made considering the non-opaque minerals as 100 %. Soil
uniformity parameter was determined as a ratio of resistant minerals (i.e., Z1/T,
Zr/R and Zi/T+R). Also, soil profile development parameter was identified as a
ratio of minerals assessable to weathering/those of resistant to weathering (i.e,
A/Ze+T, A+P/Ze+T and B/Zr+T).

Total and available contents of some essential plant nutrients

Total nitrogen was determined in the digested solution, which was carried
out using a K,50,-Salicylic as mixture accelerators using Kjeldahl methods by
sodium hydroxide and boric acid according to Jackson (1973). Total macro
(phosphorus and potassium) and micronutrients (iron, manganese, zinc and
cooper) were determined in the digested solution, which was carried out using

Egypt. J. Soil Sci. 49, No. 1 (2009)
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perchloric-hydrofluoric acids according to Hesse (1971). Total P was
determined using ascorbic acid according to Houba ef af (1993) and the
measure absorbance was carried out on Spectro-photometer at 882 nm (model
690). Total K was measured using Flame Photometer. Total Fe, Mn, Zn and Cu
were measured using Atomic Absorption Spectro-photometer (model GBC
932).

Available N was extracted by using 2 M KCI (Page et «f, 1982) and
determined using Kjeldahl methods according to Jackson (1973). Available P
was extracted by using 0.5 M NaHCO; at pH 8.5 according to Olsen er al
(1954) and was determined used ascorbic acid (Van Reeuwijk, 1993).
Absorbance was detected using Spectro-photometer at 882 nm (immode! 690).
Available K was extracted by using 1| NH,OAC at pH 7 (Page et af, 1982) and
it was measured using Flame Photometer. Available Fe, Mn, Zn and Cu were
extracted using 0.005 M DTPA, 0.01 M CaCl; and 0.1 M TEA at pH adjusted to
7.3 using hydrochloric acid (1:1) according to Follet and Lindsay (1971) and
Lindsay & WNorvell (1978) and were measured using Atomic Absorption
Spectro-photometer {model GBC 932).

Land evaluation and its suitability for specific crops .

The studied lands were evaluated for irrigated agriculture according to the
parametric system undertaken by Sys and Verheye (1978) as well as soils under
study were classified according to their suitability for certain crops using a
numerical system undertaken by Sys er af. (1991 and 1993), which is a program
developed through matching soil properties together with crop requirements.
The main soil parameters used in this system are climate, soil depth, soil
texture, gravel percentage, CaCO; percentage, gypsum percentage, salinity
(ECe), alkalinity (ESP), slope pattern and drainage conditions. A suitability
index of 21 crops for the studied soils was done according to this program.

Results and Discussion

1. A general view on the representative soil profiles

The field studies (Table 1), reveal that the topographic features of the soil
profiles developed on the studied physiographic units are almost flat for the
arable to gently undulating for the virgin areas that devoid scattered natural
vegetation and often steep or rolling slope for the barren limestone (original
structure)} outcrops. The effective soil depth was 150 cm, except for some areas
developed on Piedmont unit of shallow depth due to the existence of lithic
contact or bedrock at a depth of 45-75 c¢m. Exceptional of soils developed on
El-Fayoum alluviat fan and Nile alluvial plain units, which are characterized by
either medium or fine textured materials, the majority of studied soils are
gravelly loose sand to sandy loam. The secondary formations of CaCO; as soft
and hard lime nodules or accumulations as well as gypsum segregations are
found in subsoil layers of desert formations developed on Piedmont and alluvial
terraces units. The orthic signs of both the prevailing environmental conditions
and soil genesis played an important role for modifying scil structure types,

Eevpt’ J. Soil Sci. 49, No. | (2009)
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which are found in different features of single grain, massive, weak or moderate
granular, moderate medium sub-angular blocky and coarse strong angular
blocky. The existence of diagnostic horizons, ie., calcic, gypsic (Piedmont,
Alluvial terraces and El-Fayoum alluvial plain units) and salic horizons (Nile
alluvial depressed plain as a river bed unit) can be taken as a function of the
developed condition of soil profile.

Data in Table 2 indicate that the physico-chemical properties of the studied
soil profiles are largely responsible for performing a closely relationship
between soil origins and the prevailing environmental conditions. However, the
original phase of the piedmont (soil profile No. 2), alluvial terraces {(soil profile
No. 6), El-Fayoum atluvial fan (soil profile No. 9), and the Nile alluvial plain
(soil profile Nos. 11 and 12) units have been almost uniform texture throughout
the whole profile layers, 7.¢, sandy loam, sand, clay and clay, respectively. On
the other hand, the rest soils developed on either some of these units or the other
studied physiographic ones are characterized by different soil textured grades,
Le, sand, loamy sand, sandy loam, sandy clay loam, clay loam and clay),
besides different gravel contents (ie, slight gravelly, gravelly and very
gravelly) which are randomly distributed throughout soil profiles, indicate that
these soils are of multi-origins or subjected to multi-depositional environments.

In general, soil salinity tended to increase in the most of the studied soil
profiles, except of some scattered soil sites developed on Alluvial terraces,
El-Fayoum alluvial plain, El-Fayoum alluvial fan and Nile alluvial flat plain
units, which classified as non- (ECe < 4 dS/m) to slightly-saline (ECe < 4-8
dS/m) probably due to either relatively coarse textured grade or well seil
drainage conditions that alleviated salt accumulations or enhanced the removal
of the excess salts. On the other hand, the rest of the studied soils that developed
on the physiographic units under investigation are suffering from salinity (ECe >
12 dS/m) and often from soil sodicity (ESP), which may be associated with the
intensive of chemical weathering and dominance of soluble Na” that stimulated
more displacement of Ca and Mg by Na on soil colloidal complexes. It is quite
noticeable that the changes in the CEC value were more related to the
mechanical composition of soit sediments, however, it shows a relatively low or
moderate value extending paralle! close to the relatively low or moderate clay
contents vs a relatively high value (56.77 Cmolc kg™’ soil) in case of the
relatively high charged silicate clay content (56.43-67.00 %). The obtained data
in Table 2 showed a pronounced decrease in soil organic matter content,
especially in virgin soils of desert belt. These noticeable decreases may be
attributed to the hot climate desert zone, besides the absence of natural
vegetation and the directly reductive of its remnants. A reversible trend was
observed for both soil CaCO, and CaS0,.2H,0 contents, where their contents
are generally found in relatively high contents in the majority of the studied
desert localities, mostly due to the nature of lithic origin (Eocene limestone) as
well as the precipitation of dissolved Ca(HCO;3), in a form of secondary CaCO;.

Egvpr. J. Scil Sci. 49, No. 1 (2009)
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TABLE 2. Particle size distribution, pH, ECe, organic matter, calcium carbonate,
gypsum contents, CEC and soil sodicity (ESP) of the studied soil profiles.
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altuvial 75-110] 000 {21020 18j26,55]51.25] . | 824 [17.6910.32 [37.8219.75 }18.75[10.48

plain, 110-150] 0.00 [ 1.82115.39{29.18]33 .61 332 19.15] 018 28.60f 5.10 [19.23{11.17

locally 0-25 | 0.00 [6.45]s5.15{13.22|21 08} scL {791 fo7[035]123]6.54 [17.89]4.45

terraced { g [35.30 | 0.00 |5.71]79.30] 5.35 | 9.04 1.8 7961106021 {075|037(505]5.20

80-130T 060 F384l87 34 492450 S s 1457010 fadgl 030371 ]57s

0-23 0.0 [6.3223.15[25 6444 .59 776 | 447 | 152 35.93 ] 0.64 {37.94] 2.76

o [25-80 Fopofeealieor[290s44534] . 779596093 ]432(0.5713682}10.95

80-120 1 0.00 16.75 [22.30[29 364635 7811335 ]054]3.86 0411387541248

El-Fayoum 120-150] 0.00 |7.81 [21 96|12 78{40 45 786 1310 (0271245029 [33.61]11.97

alluvial fan 0-20 000 J4 156 aspr afsrsel - [7es[237 i85 490 0673114654

1o 12060 [000 [365125 721323338 30 76734010761 3.76]0.34 129.321 7.10

60-100] 000 29327 10]2445[4s52] . 177713.051065]280]0C.36}38.40{ 8.6

100-150[ 0 06 F1 5715 6425 7147 08 79x a2 oa0 154021 153955]8.93

- i 0-15 | 0.00 [235]26.70]1352[56.43 768 [19.74] 1791359023 [47.62]12.05

Nite alluvial - sGTT 00 184 141 |21 90ke2.13 776 18911095 [ 2.21 [ 0.57 [51.35}13.67

depressed | 14 g og T 000 |1.93 [0 00] 3 80fot 87| © {779 [16 60080 [ 1831 084 |5486[14.9

pram T00-150] 000 | ¢ 15 [17.43] 14,4067 00 787 |15.85] 064 | 146 § 0.96 |56.77]14.83

0-25 | 0.00 [4.85]22 34124 56{48 25 73612721247 13.20 ] 0.94 [40.65] 8.35

{7 |23:60 J0.00 5341198525 7089 13) 764304183 [ 21541075 [41.84] 762

Nile altuvial = [60-00 | 000 [3.71]28 2620 19]47 84 771 (251 1092]205]061}40.531 984

flat plain 90-150 ] 000 [4.55[27.51[22.45]335.09 775119610750 1.85]052[37.97110.03

Gravel: SG=Slight gravelly, G=Gravelly, VG=Very gravelly and ExG=Extreme gravelly.
Fine earth: $=Sand. LS=Loamy sand, SL=Sandy loam, SCL=Sandy clay loam, CL=Clay loam and
C=Clay
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2. Soil depositional mode

In order to study the depositional mode of the studied soil materials of the
physiographic-soil units under investigation, the values of sorting, which were
extracted from the graphic presentation of the soil mechanical fractions, are
taken as indices of soil sediment suite, f.e., either homogeneity or heterogeneity.
In general, soil sediments transported by wind are well-sorted nature {(uniform
suite), while those transported by water are poorly-sorted nature (many or multi-
suites). Accordingly, all the soils developed on the studied physiographic-soil
units, except two soil sites of 6 and 8, showed three types of sorted nature, /e,
poorly, very poorly and extremely poorly sorted and its values ranged between
1.34 and 4.12, indicating an evidence of multi-depositional regimes or partial
heterogeneity soil materials. In addition, such soil materials exhibit a mutual
relation between origin and mechanism of transportations, ie., transported by
the action of water in aqueous environments.

On the other hand, the other two soil sites of 6 {Desert alluvial terraces) and
8 (El-Fayoum ailuvial plain) possess one type of sorted nature, ie., moderately
sorted and its values of sorting ranged 0.65-0.75, which gave an evidence of
almost uniform sediments or partial homogeneity of the soil materials amongst
their soil profiles and transported by wind and water in mixed actions of
aeolian-agueous environments. That means the obtained data of sorting indices
for the studied soil profiles amongst the identified physiographic-soil units
(Table 3), reveal that the soil sediments were mainly transported and deposited
in aqueous medium by the action of water (aqueous environments) as well as
locally soil sites possess moderately sorted nature and are formed by the mixed
actions of wind-water (aeolian-agueous environments).

The obtained data of the C-M pattern diagram reveal that soil deposits of
both El-Fayoum alluvial fan and the Nile alluvial plain units are transported
mainly in a pelagic suspension form, as a mechanism of transportation, which is
more associated with the finest soil materials of the Nile sediments. In addition,
some of the studied soil deposits developed on El-Fayoum alluvial plain unit
(profile No. 7) are transported in suspension suites of uniform, graded and
pelagic suspensions. On the other hand, the mechanism of transportation for soil
deposits developed on piedmont, desert alluvial terraces, El-Fayoum alluvial
plain units are represented by many mechanism of transportations, /e, rolling,
rolling & suspension and uniform or pelagic suspension & rolling,

3. Soil profile uniformity and development _

Some identified heavy mineral assemblages of sand separate sized 0.125-
0.063 mm are used as a tool to evaluate soil profile uniformity and
development, which are accomplished through the petrographical examination,
i.e., pyroboles {pyroxenes, and amphiboles) and ubibuitous minerals (zircon,
rutile and tourmaline). The obtained data in Table 4 indicate that the noticeable
variations of the studied heavy minerals distribution either throughout the
profile layers or along the studied soil sites could be auributed to the
representative  soil  profiles are characterized by either multi-origin
(heterogeneous soil parent materials) or multi-depositional regimes. These
findings are emphasized by the pronounced variations in the data obtained from
soil uniformity ratios (ratios of resistant minerals, i.e., Zt/T, Zt/R and Zt/T+R).

Egypt. J. Soif Sci. 49, No. 1 (2009}
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TABLE 3. Sorting coeffictent, media of transportation or deposition and mechanism of
transportation for the studied soil profiles.

£ ) H One )
3 Surting g = purc:nL!ilc Median
8 z S E=
'i ] Depth = -Eﬁ:E
£ Ettem | 2 BE g_ _ = ] Mechanism of
& & = E|l=5=: £ ] g S transportation
Z | 2 z
| [0S 283 vps 17013400 1. 80 [300.0 Rolling
1545 | 2.131 vps -[.8013600[-1-00{2000 =
Picdmont 0-20 }3.63] vps -1.40{2800[3.001i25.0 . :
| 2 [2043 (336 vps ST30[3000[3 70 1600 olling & Suspension
45-75 [348] vps 166]3200] 1.70]325.0 Rolling
0-25 |3.63] vps =14 [2800] 3.00i123.0 Ro_i}ing& Suspension
2555 | 3.52| vps 1:503000( 5.00 | 31.2] Unilorm Suspension &
3 P Oleing o
. _ €lagic SUspens1on.
55-105[2.99 ) vpS | pquequs|”! 20[2400,7.00| 7.8 S Rollne
105-130 2.56] vps T 30[3000[ 230|187 5 Rolling
0-15 [4.10] exps -1.50[300C[ 3.004125.0] Roling & Suspension
4 (15-30 [3A8T vps -LG60{3200[ 1.70 [325.0 Rolline
50-95 12.84 | vps -1.60[3200] 1.80 [300.0 S
o 93-150F4.12 [ exps =1.30[3000] 3.00125.0] Rolling & Suspension
Alluyial 0-20 1239 vps 16013200] 126 13500
terraces, ) [30-65 [2.13] vps -1.80]3600[-1.00{2G00 Rolling
locally 6595 [2.28] vps -1.70]34C0(-0.30{ 1300 =
overblown 93-150]1.60] ps -1 7013400]-1.10[2200
sands 0-30 10.68] ms i o[-0.30]1300] 2,70 |162.5] Rolling & Suspension
6 [30-85 (0063 ms 00" N33 1697 [ 1.70 |308.0] Suspension & Rolling
85-150] 068 ms | 0301300 1.80 [300.0 Relling
0-35 12931 vps 1.04} 489 1426152.2]  Uniform suspension
El-Fayoum | 7 35-75 1334 vps 0.00 11000291 [133.6]  Graded suspension
. . 75-110] 3.27 | vps [Aqueous[ 0261835 [8.13] 36 | pejuo; .
‘““I‘”;‘;'ll‘l’]a’“ 110-150( 2.07 | vps 13618 (0a5 ] 1.5 | eicsuspension
lcurrace}::l 0-25 13.34] vps 0.0011000]2.91 [133.0] Rolling & Suspension
8 [25-80 | 0.75] ms [colian & 0.39 | 763 | 143 338.0 < .
80-15010.68  ms JAqueous[0.52 6071 T0[308.0] Suspension & Rolling
025 |246| vps 01| 266 {887 2.1
o [23-80 [3.T6] vps 2,00 350 {8.91] 2.1
80-120] 314 vps 2.35| 106 18.96] 2.0
El-Fayoum 120-130] 2.69 | vps 176|418 {8.131 3.6
atluvial fan 0-20 [1.34] ps 1.65]3191939] 1.5
2060 [ 1.97 ] ps 152[349|9.13] 1.8
10 [60-10012.56 | vps 126|418 |9.04] 1.9
100-1501 2.32 | vps 230 203 1809 3.7
_ ' 0-15 13.14] vps laqueous{ 0.30| 812 19.04]1.90|  pejagic suspension
Nile alluviall [ 15.50 | 183 ps 2.00[ 25019227170
depressed " oao]141] ps 374|150 [9.35] 1.50
am
(Ri':fcrbcd) 100-150 1L.39] ps 291133 195211.40
0-25 13141 vps 030l 81249220170
15 [25-60 |30 [ vps 043 742 {9.0911.80
Nile alluveal 60-90 |3.21] wps 0.26 [ 835 18.9612.00
flat plain 90-150{3.16 vps 0.35] 785 [8.91]2.10

Aqueous=soil materials transported by water, i.e.. exps=extremely poorly sorted (4.0},

. vps=very poorly sorted (4.0-2.0) and ps=pobrly sorted (2.0-1.0) vs Aeolian=soil -
materials transported by wind and water, i.e., ms=moderately sorted {1.0-0.5).
Egypt. J. Soil Sci. 49, No. 1 (2009)



SOIL DEPOSITIONAL MODE. FERTILITY STATUS AND SUITABILITY... 13

TABLE 4. Frequency of some heavy minerals {pyrobole, ubibuitous and biotite),
uniformity ratios and weathering values of some representative soil

profiles,
Tyrobules Ubibuituus Uniformity - Weanthering
Yo minerals % rutios values
1 - 2 ~
. s Depr - 1 = = = —_ = Fan
l’h,\'.\::i,;i:':ln!nc 1;::"':‘ z | :,j- g ; = |z N E é E
HEIEIE IR AR A
=R I I T O T T T I T B A
A Sy $
- i = £ =
0-20 {2145 126.07]12.51] 440 | 6.55 110.30] 2.84 | 181 [ 114 [ 127 ] 2.81 | 0.64
Picdmont | 9 1 20-45 [2261(2323/10408 400 [770 | 775 | 260 [ 135 1089 | 157 [ 308 | 0.54
45-75 2425254601370 380 |61 | 860 1 360 | 224 11381139 | 278 | 049
625 12570009.57) 891 | 2001760 | 584 307117 ) 085]2.18 ] 468 | 049
Alluvial 30| 25.85 |23353|2720011.641 2065 {879 7221439132102 t65]355]051
terraces,Jocally $3-105 | 2515 [28.41] 905 | 500 [ 635 ] 595 [ 302 | 142 ] 097 {209 | 444 | 0.49
overblown 103-150124.47 125900 725 [ 2.70 [ 7.56 | 6.70 [ 269 | 096 | 0.71 [ 246 | 5.06 | 0.67
sands 0-30 t1go3l2062) 585 [276 12381145 | 156 1246 | 095 | 187 | 402 015
6 [ 3085 1171401925604 [ a9 [247 Li20 [ vs0 [ 249 093 {168 ] 358 [ o2
85150 11667 05101 6.78 1420 1285 1131 [ 161 | 238097 ] 152 2897 0.12
035 119.56122.40] 947 | 490 [545 142011931 174 {091 [ 1.36 1292 | 0.29
Ei-Fayaum 35-75 (2032 1237010007 525 [ 3301 334 | 190 303 [ 107|133 [ 289 |02
alluvial plain, 7 75-110 (210712461 985 | 710|475 [ 4151139 | 207 (0383 | 124 [ 260 | 0.4
locally temaced [116-150]22.95 [25.82] 792 [ 605 [320 [ 298 | 131 | 247 [ 086 | 1.64 | 349 | 0.2
825 1176311081597 {374 {189 [ 085 | ve0 316 | 106 | 182295 | a1s
El-fayoun | | 2580 [1625]15:72 636 | 3.95 | 205 | 064 | 1.61 {340 | 1.06 158 | 2.89 | 0.06
alluvial far 30-120 [14.81 |12.60] 6.78 [ 410 [ 2.16 | 0.56 [ 165 [ 3.19 [1.08 { 136 [ 252 [ 0.05
£20-150112.40 ] 9.55 1 7.12 | 4.47 [234 | 048 | v.50 [ 304 [ 105 ] 107 ] 1se | 0.04
0-15 113.45(14.35] 832 [ 3.45 [ 2051 072 ] 243 [ 406 | 151 | 114 | 236 | 0.06
Nile aituvial 15-50 |10.90 [18.79] 780 {367 | 1.9t | 055 [ 2.05 | 4.13 | 141 | 004 | 196 | 005
depressed plain | 10 o0 ST To 85 | 821 | 3.50 | 183 ] 042 | 2.16 | 448 | 1.54 | 069 | 153 | 0.04 |
(River bed) 100-150] 7.81 | 8.64 [ 795 392 | 1771 037 | 234 | 449 | 1.40 | 0.65 | 1.38 | 0.03
0-35 15751331 748 {207 {225 [ 135 [ 252 (332146 | 151 [ 278|013
Nile aifuvia || 23-60 |13.63]i480] 765 |5.40 1239 | 110 ]2.47 1320 11.39 | 1.27 | 264 | 0.10
Hat plain 60-90 {10.56]11.72] 776 {324 | 2450129 [ 239|316 | 1.36 | 096 | 2.03 | 0.12
00-150 [ 9.2 1855793 |3s642.45) 13012233671 t38 |085} 163 | 0.11

In general, the obtained values of uniformity indices for the resistance
minerals are rather unlikely without any specific trend either amongst profile
tavers or soa! ites deveioped on piedmont, desert alluvial terraces (except soil
site No. 6}, El-Favoun alluvial plain units, indicating the stratification of parent

E 1 as the multi-~depositional regimes, which may result within
sathering conditions. ,\/‘mcns me dcvoc:fs of ear*h sm]
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It is well known that pyrobales (pyroxenes, and amphiboles) and mica
biotite are relatively low resistable or assessable minerals; hence their ratios to
the relatively high resistance ones (zircon, rutile and tourmaline} are quite
helpful in assessing weathering conditions, consequently soil  profile
development. Data in Table 4 show that the presence of assessable minerals in
high percentages: either along the studied soil sites or throughout the profile
layers in piedmont, desert alluvial terraces and El-Fayoum plain units; is more
related with deriving high weathering values and relatively low intensity of
weathering conditions. Such criteria can be taken as an indication of the
immature soil conditions or recent soil deposits. On the other hand, some soil
profiles, particularly those developed on both El-Fayoum alluvial fan and the
Nile ailuvial plain units, exhibited a considerably developed phase, probably
due to the occurrence of some pedogenetic features.

4. Soil fertility as expressed by essential nutrients status

Soil fertility status is generally judged by its capacity to supply plant
nutrients which being governed by several factors, i.e, nature of the studied soil
sediments. Judging from the previous itemn, a great attention should be focused
upen the different soil morphological features and physio-chemical properties as
related to the aspects of soil fertility, especially those affected positive or
negative influence on releasing the nutritive elements from the prevailing
mineral resources as well as their availability for plants. Data of total and
available contents of the studied macro and micronutrients for the different soil
sites under consideration (Table 5), reveal that the studied soil characteristics
give typical models to define the relation between soil fertility aspects and the
nature of soil sediments as well as influence of the prevailing soil characteristics
and environmental conditions, In general, soil texture of as a remnant
characteristic is not only affects the distribution pattern of nutrient-bearing
minerals throughout the different soii mechanical fractions, but also affects
plant roots penetration capability and nutrients status; in terms of released rate,
distribution and available content. That was true, since this study showed that
both silt and clay fractions, to a large extent, provided a clear indication about
the capacity of soil to adsorb or release nutrients for plant roots.

Visualizing soil chemical properties under study, data give a clear picture
about a close relationship between the origin of soil sediments and soil variables
such as soil pH, salinity (ECe) and/or alkalinity (ESP) conditions, cation
exchange capacity, organic matter, CaCQO; and gypsum contents, which could
shed some lights on the availability and behavior of plant nutrients, especially
phosphorus and micronutrients. The data obtained confirmed the aforementioned
trends, neverthiles, the unsuitable conditions of relatively high values of soil
pH, salinity (ECe), alkalinity (ESP) and calcareous in nature (CaCQ, content)
have pronounced adverse effects on nutrients availability due to their inhibitive
conditions on biclogical activity nutrients availability in roots zone. In adition,
releasing the plant nutrients from the nutrients bearing minerals is more
influenced by several factors such as the intensive conditions of chemical
weathering, agricultural cropping system and agro-management practices.

Egypt. J. Soil Sci. 49, No. 1 (2009)
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Another aspect of nutrients status is that related to nutrients bound with
organic matter, which plays an important role in the soil fertility condition,
however, it is greatly affect the soil physio-chemical properties through the
behaviour of active charged surface of the humus materials. In addition, organic
matter is considered as a storehouse source for the essential plant nutrients,
especially micronutrients. In general, soil organic matter content is relatively
high in the surface layer of soil profile as weil as such condition is most likely
attributed to the differences in soil agro-management practices in the arable
lands, land use periods in agricuitural utilization, nature of soil sediments and
the prevailing local environmental conditions.

TABLE 5. Total and available contents of some nutrients in some rerpresentative
soil profiles.

Profile| Depth| Natrients]  Macronutrients (mg/kg) Micronutrients {(mg/kg)
No. {cm) stutus N [ [ K Fe | Mn Zn | Cu
Piedmont
0-20 Total 6647 | 203.18 [ 5295.64 | 927835 | 7581 + 20.17 [ 15.36
" Avaiiable | 21.34 318 142,75 442 0.87 0.65 043
- 3045 Total 20,42 | [82.53 | 4864.25 | B8167.79 | 6845 1763 | 1392
Available| 9.85 2.76 125.84 3.34 0.69 0.51 0.37
Altuvial terraces, locally overblown sands
025 Total 12140 { 18935 | 5736,72 | 1376940 | 78.65 | 24.51 | 19.87
3 Available | 23.45 4.98 145.60 3.39 0.97 0.76 0.70
5553 Total 9257 | 24590} 7351.95 | 24543.05] 11732 [ 3840 | 25.93
T VAvailab's ! 1642 5.02 254.12 4.96 0.85 0.68 0.62
0-30 Total 33.3 73.75 [ 221690 | 653485 | 53.40 | 1725 | 1470
6 Available | 23.15 3.97 46.87 3.25 (.83 0.73 0.42
10-85 Total 46.71 | 98.48 | 3483.55 1 7024.64 | 62.78 19.75 | 15.68
Available t 16.54 4.05 7540 2.86 0.56 0.64 0.39
El Fayoum alluvial plain, locally terraced
0-35 Tatal 420.71 | 39735 | 9105.84 | 3257030 21845 | 71.15 | 69.02
7 Available [ 36.08 4.78 405.63 5.12 1.05 0.97 0.8]
3573 Total 39533 | 423.10 [ 10154.75] 34273.54 | 227.03 | 64,65 | 5740
Available| 2773 3.94 358.05 4.96 0.80 0.78 0.65
El Fayoum alluvial fan
0.25 Total 109525 684.90 1 9862.47 | 43594.90| 306.55 [ 87.62 | 75.12
9 - Available | 63.10 12,50 | 512.80 11.47 430 3.02 1.76
25-80 Total [022.48] 64325 | 1074.63 | 44760.35] 29346 | 81.57 | 71.90
Available | 5743 10.67 | 48495 10.20 3.15 234 1.48
Nile alluvial depressed plain (River bed)
0-15 Tgtal 1170.50( 798.45 1 17145.041 54439.10| 37595 [ 110.65 | 87.63
0 Available | 54.75 12.93 | 536.84 13.65 348 236 195
1550 Total 978.80 | 695.94 | 16876.36] 55437.62| 341,50 § 162.20| 81.44
Available | 43.96 | 10.85 | 49507 998 2.15 1.84 1.32
Nile alluvial flat plain
025 Total 1210.46, 805.70 | 14352.05| 47165.90; 349.65 | 105.34 [ 81.67
12 Available | 62.54 15.97 | 58746 16.20 4.70 3.95 2.15
2560 Tglnl 1042651 773.94 | 15055731 50112.05[ 31525 | 9245 | 76.82
Avnilable | 56.30 13.35 54285 13.54 362 213 1.67
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Data presented in Table 5 show that higher contents of total N, P and K in
the studied soils are more associated with soil sediments rich in the clay and silt
fractions as well as soil organic matter component, /e, El-Fayoum alluvial fan
and the Nile alluvial soils of soil profile Nos. 9, 11 and 12, particularly at
surface layers. The reverse was true for the virgin soils characterized by either
calcareous or siliceous in nature such as profile Nos. 1-6. These results are
emphasized by the statistical data of simple correlation coefficients and the
contribution percentages of soil constituents (Tables 6 and 7). However, the
total N, P and K showed a highly significant and positive correlation with each
of clay and organic matter vs a negative correlation with total CaCOs, which
sometime exhibited a degree of significance with any of these nutrients. It is
noteworthy to mention that the total N and P contents in the different studied
soil sediments were, in general, relatively high in the surface layers of the
studied soil sites where the organic materials are relatively abundant. This
denotes to its role as a nutrient-source. This was true, since their contents tended
to lessen with increasing the soil depth, which was contemporary associated
with a decrease in soil organic matter content.

TABLE 6. Simple correlation coefficients between some soil characteristics and
both total and available nutrient contents.

Soil Macronutrients in mg kg Macronutrients in mg kg™
characteristics N | P K Fe | Ma [ Zan | Cu
Total contents
Clay % 0.894%* [ 0.944** | 0.798** | 0.983** | 0.962%* | 0.960** 1 0.948**
Silt % 376 0.389 0.460 0.412 0.412 0.410 0.471
Sand % -0.885%* | 0.931** 1 .0.710%* | -0.967** | -0.946** [ -0.943** | 0.945%*

Total CaC0y% | -0.582* | -0.592* | -0.316 -0.502 -0.502 .509 -0.508

CaS0. 2H,0% | -0.476 -0.399 -0.279 -0.485 -0.461 -0.488 -0.493

Organic matter% | 0.921** | 0.916%* | 0.729** : 0.879** | 0.870%* | 0.879** & 0.847**

ECe (dS m™} -0.339 -0.283 -6.075 -0.008 0217 -0.183 -0.225

Available contents

Clay % 0.802%* | 0.792*+ | 0.956%* | 0.812** 0.726 0.712%* | 0.825%*
Silt % 0.290 0.336 0.313 0.389 0.256 0.237 0.419
Sand % -0.835%* | -0.783** | -0.966** | -0.798** | -0.736** ]| -0.725** | -0.816**

Total CaCO:% | -0.560* | -0.597* § -0416 | -0.549* } -0.560* | 0.551* [ -0.548*

Ca80,. 2H,0% | -0.535% | -D.486 -0.422 -0.418 -0.395 -0.417 -0.466

Organic matter% | 0.910%* | 0.954** | 0.884** | 0.975%* [ 0.948** | 0.938** | 0.965%*

ECe (dSm™} -0.435 -0.312 -0.174 0.318 -0.407 -0.407 -0.289

pH (1:2.5) 0444 | -0.610* | 0202 | 0.577* | -0.584* | -0.569* | -0.590*

T
CEC (fo'i‘;;’lc kgt ggsse* | 0o18* | 09200 | 09t3** | 0850+ | 0.826%% | 0.915%*
S°i}é“s’gi)°i‘y 0.650% | -0.608% 1 -0.780% | -0580% | 0516 | -0521 | -0.662%*

“Correlation is significant at the 0.0 level and * Correlation is significant at the 0.05
level.

As for the distribution available N, P and K fractions, data obtained indicate
that the greatest values are more related to the fine fractions, i.e, clay followed
by silt in exchangeable forms, as well as organic matter component: The
maximum values of their available contents were more associated with the fine
texture soil of the Nile alluviat sediments, while a relatively smaller proportion
Egypt. J. Soil Sci. 49, No. 1 (2009)
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of the total store of NPK is poiznnally available for mineralization in the soils
with higher clay content (Ta%ies Z and 7). Such effects are often ascribed to the
different physical properties, wi..ch are mainly associated with the soil texture.
This may be affecting the sut-ure availability to microorganisms and thus the
mineralization rates (Jensen, 1994). The obtained data showed a highly
significant positive correlation was detected between the studied available
nutrient contents and each of clay content, crganic matter content and cation
exchange capacity. Whereas, a significant negative correlation between the
studied available nutrient contents and each of total CaCO;, soil pH and sodicity
was observed.

TABLE 7. Contribution percentages of some soil variables constituents* on both
the studied total and available nutrients.

Soil variables % Total %
Nutrient | Parameter | Constant Chay | $and Organic| CaSQO,. C+CO, | R? |Residual
matter TH,O
Total conlents
, B STRI33 1 17960 - 242515 -- -
N R* - 21.9 === 74.1 -—- - 96.0 4.0
B 360988 1 3483 | -3332 31355731 gees | -28136
P R? — | 308 | 23 | s | 2 | ars [P0 M
B 1026118 |228.935 (208202 - - -
K R? . 0.7 17.0 . - 777 223
B 328333 |909.0477 - - | 470.4711-148.760
Fe R? | 954 | 29 o7 |0 10
- B 26426 | 4.763 - 41.345 - -1.307
M R? — loag l 1 49 15 08317
. B 7.636 1.324 - 14.088 [ -1.133 -
Zu R? 914 | s 19 .. |74 16
B 8.794 1.418 - - - -0.316
Cu R o 29,0 . . B 43 933 67
Available contents
Soil variables | Total %
Nutrient | Parameter | Constant Clay Sand Organic CEC pH R | Residual
matter
B 17.898 --- --- 22.422 - -
N R? n . N 813 . N 81.3( 187
B 3404 1 -0.119 - 3.439 0.231 -
P R? 238 90.2 43 N
B 308.186 - 4931 | 90.909 - -
K R — | 928 | ss .. (986 14
B 21611 - --- 3.808 0.081 -2.422
Fe R? N TRY 07 (82 18
B 0.457 - -- 1.850
Mn R 89.1 et 109
B 0.432 1310
Zn R? 87.0 87.0 13
B 0.287 - - 0.553 0.013
c ) N 5.
| R - — | 923 3.4 . P 4

Using the program of SPSS (2003).
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Data in Table 7 showed that the contribution of organic P sources to soif
fertility was directly related to the amount of organic matter in the soil (Deenik
& Yost, 2006). The content of total P may also reduce presumably due to its
adsorption on the surface of CaCQ; particles andfor precipitation due the
reaction with soluble Ca, besides the relatively high soil pH. The lowest
available P amount was detected in a virgin soils developed the Eocene
limestone (soil profile Nos. 1, 2, 3, 4 and 7), probably due to the relatively high
content of CaCOs. The relatively high amounts of available K in the surface
layer of the Nile alluvial sediments (El-Fayoum alluvial fan and the Nile
alluvial plain) could be mainly attributed to the relatively high content of
bounded K-organic and K-exchangeable fractions. An interesting observation
on the content of available K in relation to soil texture was noticed as the clay
fraction showed substantially higher concentrations of adsorbed potassium than
the sandysoils (Pal er af, 1999). These authors claimed that potassium
introduced into the soil is subjected to fixation by the finest fraction of the solid
phase. Such relationships are emphasized by the statistical data, Tables (6
and7), which exhibited a significant positive correlation between each of clay
and organic matter on one hand and the available potassium on the other hand.

Data in Table 5 showed that the amounts of micronutrients under study
represent very small fractions of the detected total amounts. In addition, the
relatively high amounts of available forms are mainly atiributed to the relatively
high contents of the nutrient-bearing minerals, which are predominated in the
different soil mechanical fractions as recorded in the Nile alluvial sediments,
While, the lowest available amounts are associated with the soils characterized
by either calcareous or siliceous in nature, may be attributed to the predominant
of CaCO; and quartz, which are poorer in nutrient contents. The later are
dominated in the relatively coarse texture soils developed on both piedmont and
desertic alluvial terraces of skeletal nature being of a very poor ability for
micronutrients retention. In this connection, Obrador et af. (2007) pointed out
those micronutrients availability may be limited by the amounts of both clay
and CaCO; present In soils as well as associated high soil pH, which inversely
affect micronutrients availability.

It is quite ciear that the studied total and available micronutrient contents of
Fe, Mn, Zn and Cu were more bounded with the exchangeable form on both the
inorganic colloids and organic matter fractions. This is true, since the statistical
results in Tables 6 and 7 showed a significant positive correlation between the
studied both total and available micronutrients and each of clay and organic
matter contents. The statistical data indicated that there are significant positive
correlations between the studied available micronutrient contents and both of
clay and organic matter contents, but there was a significant negative correlation
between available micronutrient contents manganese and both of soil pH and
total CaCO;.
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5. Land suitabilitv for certain crops

The phvsiosraphic-soil map was used as a base for presenting land
suitability classes. The simple approach that proposed by Sys (1991) was
selected for land suitability evaluation of the studied area. since it is valid for
irrigation purposes in arid and semi arid regions. By this approach, the
classification was processed according to the framework of FAQ (1976), at the
leve!l 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 % (), 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 § and 9 reflect the kind of limitations as
indicated In symbols, using lower-case letters synonymous with those
limitations when any of them is moderate, Severe or very severe limitation in
the case of slight limitation, it is expressed as minor limitation (m) what ever
they are.

Land suitability for agriculturat 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 uiilization 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 didicrent 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 phystographic units for the different specific utilizations are shown
in Tables 8 and 9.

b. Potential land suitability classification (Ps)

As for this purpose, the land utilization is applicable after executing
specified major 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 qualities of
drainage, salinity and sodicity. The potential land suitability classification of
different physiographic units for the different specific utilizations are shown in
Tables 8 and 9 for the studied area. The obtained potential land suitability
subclasses were sorted in two productive levels. These two levels were designed
to be guide charts for the best land utilization alternatives giving a possible
maximum output. The two potential land suitability levels are as follows:
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TABLE 8. Current and potential suitabitity of the soils developed on the identified physiographic units for fleld, oil and fodder crops.

0c

{6002) 1 ON ‘gF 19§ frog 1 1d@E7

Field crops Oil crops Fodder crops
P I:‘:' Tcl'lg';:' P;)(:'fle Wheat Barley Maize Cotion Sesame Sunflower Alfalfa Sorghum
cs PS | CS | PS | CS | PS [ CS | PS | CS | PS | CS | PS | CS | PS | CS I_PS
] 1 N2gs [S3xge | N2gs |S3xge N2ges | N2c |NZges| N2ge | Nls | 83gp jN2ges [N2gpe| N2gs | N2ge | N2gs | S3gxc
Piedmont 2 N2s | S3xy ! S3xys| 83xy | N2s { S3cy {S3cys| S3xy | N2s | 52x | N2s | S3ey | N2s | S3cy | 835 | S3y
3 N2s | S3x [ N2s | 82m { N2s | S2xc | N2s | S2c [ N2s | 82m | N2s | S2c | N2s | 82m | N2s | S2m
Alluvial terraces, 4 N2s § 82m | N2s | 82m | N2s [ S2¢ | N2s | 82m | N2s —S2m N2s | S2cy | N2s 1 52m | N2s | §Im
tocelly el [ Was | Six | S3x | S3x [NIs | S3x | Shxs | Six | Nas | S3g | N2s | Sixg | Nis | S3x | Sixs | Six
6 N2x § N2x § N2x | S3x b 83x | 83x } 83x | S3x | 83x { S3x | S3x | 83x } S3x } S3x | S3x | S3x
EkFayoum alluvial | 7 N2s | S3s | S3s | Slm | N2s | S3¢c INIs | S2m { N2s | Sim | Nis | 82m | N2s | 82m | Nis | $2m
P oy & [ sax | S3x | Stm | ST | Szm | Sam | S3x | S3x | S2x | S2x | S2x | S2x | S2x | S2x | S5 | 5%
El-Fayoum alluvial 9 Sim | 51 Sim | S1 Sim | Si SIlm | Sl S2x [ 82x | SIm | 81 Sim | S1 Skm { 81
fan 10 | Stm [ Sl Sim | 81 ] Silm | SI Sim | S1 Slm | Slm | Slm | 81 Sim | St Slm | S8t
df;:ﬂ:;’;;;zlm I | N2s | S1 | 83 | SI {Nis | SI |NIs | SI |Nis | 83x | Nis | Sim | N2s | s1 | N2s | §Im
Nile a:j:;:a‘ fat | 15 | sy ! st [ st | st | st | stjstofsto|saxlsax|st|s1]s|s1]st]si
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TABLE 9. Current and potential suitability of soils developed on the identified physiographic units for vegetable crops and fruit trees.

Physi hi Profile Vegcetable crops Fruit trees
ym:ﬁ;;a phic rNoof Chnign Tomato Banana Citrus Guava I Mango i Gil palm Olive
cs Ips s ps{csipslesipsios|psicsipslicsles | s | ps
Pied 1 iN2geys| N2gey [N2peysiN2gpey|[N2gpes| N2gpe [N2peysiN2gpey] N2s | S2m [N2peysiN2gpey N2cys | N2ey | N2ps | N2p
iedmont
2 |N2eys| N2cy |N2cys| N2cy |NZ2cys| Nacy |N2evs| N2ey | N2s [ S2m |N2cys] N2cv | N2cys | N2ey | N2p | N2p
3 N2cs | N2c | N2s | S3c | N2es | N2¢ [ N2cs | 83c | N2s | S2m | N2s | N2c | N2cs { N2c | N2s | Sly
Afluvial terraces,
4 N2s | S3c | N2s | S3cy { N2cs | N2c § N2s ¢ 83cy | N2s | 82m | N2s | S3cy |N2cys! N2ey | N2s | Slm
locally averllown
g 5 Nls S2c N2s S3x | N2s | S3x | N2s | S2x | N2s | 83x | N2s | S2m | N2s | S3xc | S2s | SIm
sands
6 S3x | S3x | S3x | S83x | N2x | N2x | 82x | 82x 1 83x | S3x | S3x | 83x | N2x | N2x | S3x | S3x
El-Fayoum alluval } 7 N2¢s [ N2c | N2s | S3¢c | N2c | N2¢ | N2s | S3cy } N2s | 82m | N2s j S3cy |N2cys| N2cy | S3s | S2m

plain, locally
8 S2x | S2x | S3x | S83x | S83x | S3x j $2m | S2m | S2m | S2m | S2x | $2x | S3x | S3x | SIm | SIm

terraced

EkFayoum atluvialj 9 S2x | S2x | Slm | SI S3n | Slm | S2m | 82m | S2m | 82m | S2x | 82x | 82c | S2¢c | 82m | 82m
fan 10 S2x | S2x Sl S1 $2n | Slm | S2m | S2m | S2m | S2m | S2x | S2x | S2¢ | S2c | 82m | S2m

Nile alluvial 1 | N2zs | s3x | N2s | Sim | N2sn | Sim | N2s | S2m | N2s | S2m | N2s | s2x | N2s | s2c | s3s | som
depressed plain

N””]'J'[‘a‘;’;a'ﬂ“‘ 12 [ stm| st iS2m | st | S3n | Sim [ S2m | S2m | Stm | Stm | s2x | s2x | S2¢ | $2¢ | sim | - 81

CS=Current suitability, PS=Potential suitability, S1=Highly suitable, S2=Moderately suitable, S3=Marginally suitable, N1=Currently not suitable,

N2=Potentially not suitable
[Soil limitations: d=drainage, x=texture, g=gravel%, p=soil depth, c=calcium carbonate %, y=gypsum %, s=salinity (EC), n=ESP, m= accumulation of minor

limitations},
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Supreme potential suitability for specific uiilizations

Matching charts for the supreme potential suitability for specific utilizations
with the different physiographic units of the current study are shown in Tables 6
ar.d 7. The resuitant adaptations are as follows:

Highly suitable (S1) adaptations

a. Some soil sites of the alluvial terraces, locally overblown sands unit are
suitable for sorghum and olives.

b. Some soil sites of El-Fayoum alluvial plain, locally terraced unit are suitable
for barley, sesame and olives.

¢. Some soil sites of El-Fayoum alluvial! fan unit are suitable for wheat,
barley, maize, cotton, sesame, sunflower, alfalfa, sorghum, tomato and banana.

d. Some soil sites of the Nile alluvial depressed plain unit are suitable for
wheat, bartey, maize, cotton, sunflower, alfalfa, sorghum, tomato and banana.

e. Some soil sites of the Nile alluvial flat plain unit are suitable for wheat,
barley, maize, colton, sunflower, alfalfa, sorghum, onion, tomato, banana, guava
and ofives.

Moderately suitable (52) adaptations
a. Soils of the piedmont unit are suitable for sesame and guava.

Subsequent prior potential suitability for specific utilizations

Maderately suitable (S2) adaptations

a. Some soil sites of the alluvial terraces, locally overblown sands are
suitable for wheat, barley, maize, cotton, sesame, sunflower, alfat{a, sorghum,
onion, citrus, guava, mango and ofl palm.

b. Some soit sites of El-Fayoum alluvial plain, lOcally terraced unit are
suitable for maize, cotton, sunflower, alfalfa, sorghum, onion, citrus, guava,
mango and olives,

c. Some soil sites of El-Favoum alluvial fan unit are suitable for onion,
citrus, gilava, mango, oil palim and olives.

d. Some soil sites of the Nile alluvial depressed plain unit are suitable for
citrus, guava, mango, oil palm and olives.

e. Some soil sites of the Nile alluvial flat plain unit are suitable for sesame,
citrus, mango and oil palm.

Marginally suitable (S3) adaptations

a. Some soil sites of the piedmont unit are suitable for wheat, barley, maize,
cotton, sesame, sunflower, alfalfa and sorghum.

b. Some seil sites of the altuvial terraces, locally overblown sands are
suitable for wheat, barley, maize, cotton, sesame, sunflower, alfalfa, sorghum,
onion, tomato, banana, citrus, guava, mango and oi! palm and olives.

c. Some soii sites of El-Fayoum alluvial plain, locally terraced unit are
suitable for wheat, maize, cotton, sesame, sorghum, tomato, banana, citrus,
mango and cil palm.

d. Some soil sites oi ihe Nile alluvia! depressed plain unit are suitable for
sesame and onion,
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Finally, it can be conciuded that the data of this study are created te update
and support the local knowledge, particularly the best use of land whether be
under demand for agriculture use or be planned for later on use. That means the
obtained results represent the best adaptation between certain land units with
specific seil properties to give the maximum outputs from the agricultural
utilization projects. Also, identifying the physiographic-soil features of a unique
area in the desert belt between Ei-Fayoum depression and the Nile Vailey at
Beni-Suef Governorate by mapping them to be a model is in a harmony of
physiographic and soil data set, serving the extrapolation approach when other
areas will be under study
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