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ABSTRACT

Based on the visual interpretation of Landsat TM bands 7, 4 and
2, the obtained the main identified physiographic units could be
categorized into six units, ie, old terraces, young terraces, alluvial fan
basin, alluvial plain (locally terraced), alluvial plain and rock land.

The obtained results indicate that the studied soils have different
textural grades, ranged from clay to sand with dominance of clayey
texture. Soil Calcium carbonate content ranged from 4.3 to 154.0 g/kg,
while soil gypsum content ranged from 11.0 to 158.2g/kg. Soil salinity
ranged from non-saline to extremely saline as the EC values ranged
widely from 0.70 to 156.6 dsm™. Soluble cation contains in most soils
followed the order of Na” > Ca" > and/or Mg~ > K, while soluble
anions in general followed the order CI" or Sos~, CHO’; and CO™; was
not detected.

The X-ray diffract grams and semi-quantitative determination of
clays indicate that smectite (montmorillonite) was the predominated
one followed by kaolinite minerals, while illit occurs in a few ourorint
with trace of vermiculite.

According to the taxonomic system, the studied soils could be
classified into three orders (i. e Aridisols, Entisols and vertisols) with
further subdivisions of suborders, great groups, subgroups and
families.

INTRODUCTION

The fast growing population in Egypt, above a very limited area
of agricultural land confining to the Nile Valley and Delta, makes a
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pressing need to set up expansion programs to face and solve the
problems of food, energy, employment and housing. Plants to invade
the vast areas of desert, to introduce the possible into agriculture, have
been laid down. Priority has been given to develop the desert area
between El-Fayoum depression and the Nile Valley to reclaim these
soils.

The interference area between El-Fayoum and Beni-Suaif
Governorate could be considered as one of the availability of land and
presence the vital roads and railways.

Geology

According to Said (1962 and 1990) and Euroconsult (1992), the
area between El-Fayoum depression and the Nile Valley is essentially
occupied by sedimentary rocks of the tertiary and quaternary age with
tertiary basalts particularly formed in its northern and western parts.
Thickness of the recent deposits of clay, sandy clay and sand in the
depression, does not exceed 16.5m (Attia 1954). There are a close
relation between the relief and the underlying rocks and the nature of
rocks represents the main factor in landform development. The basalt
sheet at Gebel Qatran area is related to the volcanic activity of the
middle tertiary time (between the Eocene and Oligocene time), the
geological northward dip structure (homoclinal) on the foreland side
of the great Arabo-Nubian Massif, complicated by folding, faulting
and basalt extrusion (Said 1992).

The objectives of this study are to evaluate the soils of the
studied area for irrigated agriculture which consider the base for
making agriculture development. To achieve this purpose, collection
of available data and information was undertaken. Analysis of landsat
images covering the area under investigation was done to identify the
main physiographic units as well as collected soil samples for
laboratory analyses to recognize physical, chemical and mineralogical
properties. These soil properties were used as guidelines for soil
classification.

MATERIALS AND METHODS
I. Location

The studied area is located on the Middle Eastern part of the
Egyptian Western Desert. It is bounded by latitudes 29° 11" and 29°
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34" North, and longitudes 30° 51~ and 31° 16" East, and stretches over
three governorates Giza, El-Fayoum and Bani-Suwauf. Fig (1).

The length of this area is approximately 40 km from east to west,
and its width 41.5 km with area of about 1660 km®

II. Remote Sensing inventory for identifying the physiographic
units.

Landsat images of Multispectral scanner (TM-7) were used for
visual interpretation applying the physiographic approach (Fig 1).

Landsat TM-7 scene 176/40 from July 2006 was collected for
this purpose. The scene georeferenced to Egypt Transfer Marcator
(ETM) using Ground Control Points (GCPs) collected from map of
1:50,000 and 1:100,000 scales. During georeferncing total RMSE
were maintained below 0.30 pixels. The images were resembled to
30m x 30m pixel size for multispectral and 15m x 15m pixel size for
panchromatic images using Nearest Neighbor. The images of the
study area was subset taking only the boundary of the study area by
using Erdas Imagin 9.1.
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Figure (1): Location of study area.
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Resolution merge for images is a tool to combine multisource
imagery using advanced image processing techniques. It aims at
integration of separate and complementary data to enhance the
information apparent in the images as well as to increase the reliability
of the interpretation. This lead to more accurate data and increase
utility (Rogers and Wood 1990).

For visual interpretation different colour composites were made
with Landsat TM bands 4. 3. 2, 5. 4. 3 and 7. 4. 2 in RGB. Among the
colour composites the one 7. 4. 2 showed the best contrast, and this
combination is used for geological application as it provides the
greatest distinction between rock types. On false colour with band
composite 742 visual interpretation was done. visual interpretation
was depending on many elements such as tone, shape, size, pattern,
texture, shadow, and association. The interpretation was done to
extract all important landscape. A physiographic analysis using visual
interpretation was carried out to delineate the different physiographic
units of the studied area. The pre-interpretation procedure was used as
described by Zinck (1988). The main physiographic units in the
studied area extracted from visual interpretation and spectral
classification are defined in soil maps, Fig (2) and could be
categorized into 6 units. i.e.

1- Old Terraces “Q;,T”

2- Young Terraces “Q,T”

3- Alluvial Fan Basin “A,”

4- Alluvial plain (Locally Terraced) “A;;”
5- Alluvial plain “A;,”

6- Rock Land “R”
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Figure (2): Physiographic units of the study area.
II1.Field work

The physiographic maps were checked for the study area
(Figure2) during the ground truth as well as excavating. Soil profiles
representing the different physiographic units for a ful soil description
according to Soil Survey Manual (USDA 2003).
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IV.Laboratory analyses

Laboratory analyses were carried out for particle size distribution
using the pipette method (piper 1950).

Calcium carbonate content was determined according to Black
(1965).

Gypsum content was determined by precipitation with acetone
(USDA, 1954).

« Soil reaction was determined using pH meter in the soil paste
(USDA 1954); salinity as electrical conductivity (ECe) in the soil
paste extract was assessed in the 1:1 soil water extract for salic
horizon identification (Jackson 1973).

« Organic matter content was determined using the modified
walkely and Black method (Jackson 1973).

« Cation exchange capacity (CEC) and the exchangeable Sodium
percentage (ESP) according to Tucker (1954).

«+ Separation of the clay fraction was carried out after the removal of
soluble salts, CaCO;, O.M and free iron oxides according to
Jackson (1973). The x-ray diffraction analysis of the separated
clay was conducted using Philips diffractometer with Cu, K oo-
radiation for an oriented Mg-saturated air dried sample, Mg-
saturated and glycerol solvated and K- saturated and heated to
550- °c for 4 hr (Jackson 1965). Semi-quantitative estimation of
the clay minerals proportions was then conducted by measuring
the peak area as outlined by Giems (1967).

* Soil was categorized to the level of soil family, using the Keys
Soil Taxonomy (USDA, 2003).

RESULTS AND DISCUSSION

1.General view on of the physiographic units:

A Brief descriptions about the identified physiographic units in
the studied area were carried out as follows:
a) Old Terraces “QT1”

This unit is founded in the middle part of the studied area
between El-Fayoum area and the Nile Valley with area 32306.4
feddans, and slopping from North West to South east. It formed when
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the river flowed at very high levels above the present day river
channel, while terraces of even greater age are those usually cut into
widely separated, isolated segments. This unit is represented by soil
profiles 1, 5, 6, 7 and 9.

b) Young Terraces “QT2”

This unit maybe essentially continuous along the entire length of
the trunk Valley, being dissected only where tributary streams emerge
from the valley sides and close in the elevation to the modern flood
plain. It is dominant in the middle part of the studied area between El-
Fayoum area and the Nile Valley with an area 37291.8 feddans, and
slopping from North West to South east. This unit represented by soil
profiles 2, 3, 4 and 8.

¢) Alluvial Fan Basin “A2”

A low outspread mass of loose materials and/or rock material
commonly with gentle slopes, shaped like an open from or a segment
of a cone, deposited by a stream at the place where it issues from a
narrow mountain or upland Valley; or where a tributary stream is near
or at its junetion with the main stream. It is steepest near its apex
which points upstream and slopes gently and convexly outward with a
gradual decrease in gradient. This unit is located in the eastern part of
the studied area with an area 35955.2 feddans and represented by soil
profiles 10 and 11.

d) Alluvial Plain (Locally Terraces) “A1.1”

This unit is located in the eastern part of El-Fayoum depression
with area 82364.3 feddans and represented by profiles 12 and 13.
e) Alluvial Plain “A1.2”

A large assemblage of fluvial landforms (braided, streams,
terraces, etc.) that form low gradient, regional ramps along the flanks
of mountains and extend great distances from their. This is dominant
in the Western part of the studied area around the Nile River with an
areal 15681.0 feddans and represented by profiles 14, 15 and 16.

f) Rock Land “R”

This unit is identified in the South middle part of the investigated
area with area 1661.4 feddans.
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Physic-chemical properties

It could be concluded from the obtained data in tables (1 and 2).
That soil texture restricted between five extremes of texture closes
namely loamy sand, sand, sandy clay loam, clay loam and clay, the
latter class is fairly represented the soils of alluvial fan basin, alluvial
plain (locally terraced) and alluvial plain, while the soils of old
terraces and young terraces have texture classes varied from loamy
sand to clay and sand to sandy clay loam, respectively.

Considering the analytical data, calcium carbonate content varies
widely from 4.3 to 154.0 g/kg, the lowest values are recorded in the
soils of alluvial fan basin, alluvial plain (locally terraced) and alluvial
plain, while the highest content is detected in the old terraces and
young terraces soils.

Gypsum content is considerably high in the young terrace soils
ranges from 12.5 to 107.6 g/kg with a tendency to decrease with the
soils of old terraces, alluvial fan basin, alluvial plain (locally terraced)
and alluvial plain.

Organic matter content is very low not exceed 18.0 gkg™' and
such low content of soil organic matter is expected due to the
prevailing aridity of the region and its very scanty vegetation.

Table (2) indication that soil reaction is natural to strongly
alkaline as the pH ranges between 7.01 and 8.47. The electric
conductivity of soil paste extract show that the soils are non saline to
strongly saline with Ec value ranges from 0.7 to 156.6 dsm™.

The general cationic composition is dominated by Na’, Ca'",
Mg and K accompanied by anionic composition Cl" and/or SO4
followed by HCOs'.

Cation exchange capacity (CEC) values ranged from 4.57 to
48.95 Cmol/Kg soil. The highest values are recorded in the alluvial
plain (locally terraced) and alluvial plain soils, while the lowest
content is recorded in the old terraces and young terraces soils.

From the previous results it is obvious that the variation in CEC
is mainly affected by the clay contents in the soils. Also, exchangeable
sodium percent in the soils under consideration is generally more than
15% i.e these soils are classified as sodic soils.
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Table (1): Partiele size distribution, textural classes, Gypsum, O.M
and CaCQ03, contents of the studied soil profiles.

Physiographic | Profile | Depth | Gravel Sand% F Clay O.ML CaCo, Gypsum
. ‘?ﬁitp No. {Ul:l) % | Coarse | Fine i}:‘ o | Texture gkg E"k: g?kg
Sand | Sand

0-25 10.0 | 5.80 |78.50| 7.30 | 8.40 LS 38 153.0 1.0
25-75 3.5 14.30 | 7190 6.50 | 7.30 LS 2.7 102.0 11.0
1 75-120| 0.0 1530 {6520 420 |1530| SL 1.3 73.0 12.0
120-150| 0.0 950 170,000 790 |1260| SL 0.1 86.0 13.5
0-25 25.0 | 7.20 [70.70] 590 |1620| SL 34 75.0 21.7
5 25-65 | 200 | 340 |6990| 1130 | 1540| SL 1.9 94.0 523
65-90 | 15.0 [ 7.80 |69.20( 1040 | 12.60| SL 1.5 102.0 37.8
§ 90-140 | 0.0 470 |57.80| 1510 |2240| SCL 2.2 79.0 18.5
i 0-20 18.0 | 590 |73.10( 7.80 |1320| SL 3.0 104.0 347
s 6 20-60 3.0 340 |84.20] 490 | 7.50 LS 2.1 78.0 235
: 60-90 35 6.30 |81.80| 390 | 8.00 LS 1.1 63.0 17.4
=) 90-120 | 3.0 13.60 [72.50| 520 | 8.70 LS 1.0 52.0 23.0
0-25 15.0 | 13.00 |53.80| 1040 |22.80| SCL 6.5 64.0 157.8
7 25-75 3.0 | 2530|5790 7.50 | 9.30 LS 3.5 103.0 152.0
75-150 | 0.0 19.80 [64.70| 6.40 | 9.10 LS 2.0 96.0 151.6
0-25 2.0 290 [60.10] 17.20 [19.80| SCL 4.5 28.0 70.0
9 25-55 1.0 340 (7730 530 |14.00| SL 2.0 152.0 19.0
55-90 0.0 220 (4730 7.60 |42.90 C 4.5 39.0 17.0
90-150 | 0.0 250 [7890| 640 |1220| SL 1.2 105.0 14.0

Table (1): Cont.
Physiographic | Profile | Depth | Gravel Sand% Silt | Clay Texture O.M. CaCoy | Gypsum
unit No. (em) % | Coarse | Fine | % % gkg g/kg g/kg

Sand | Sand

0-25 15.00 | 15.80 [74.70| 3.20 | 6.30 SL 2.4 50.0 107.6
2 25-65 | 2.00 | 3.40 |78.20| 6.40 [12.00] SL 1.2 46.0 12.5
65-90 | 0.00 | 15.20 |71.60| 5.70 | 7.50 LS 1.0 112.0 73.8
o 90-150 | 0.00 | 13.40\[72.10] 5.00 [ 9.50 | LS 0.5 84.0 107.8
3 0-30 | 30.00 [ 14.20 |70.30] 9.20 | 6.30 LS 35 96.0 158.2
E 3 30-70 | 2.00 | 6.50 |77.10| 7.30 | 9.10 LS 22 102.0 13.6
ﬁ 70-150 | 0.00 | 7.20 [79.60| 5.20 | 8.00 LS 1.2 154.0 24.5
5l 0-25 15.00 | 830 [70.20| 7.30 |1420| SL | i 76.0 157.7
5 4 25-75 | 0.00 | 10.20 |84.60| 2.20 | 3.00 S 1.2 45.0 356
>°_ 75-110 | 0.00 | 15.70 {73.50] 4.30 | 6.50 LS 1.0 113.0 527
110-150] 0.00 ] 17.60 |71.00| 3.50 | 7.90 LS 0.5 120.0 109.6
0-25 [ 15.00 | 7.30 |52.60| 15.00 |25.10] SCL 4.5 70.0 103.8
8 25-75 | 0.00 | 2.20 |62.60] 1520 120.00] SCL 32 25.0 100.0
75-150 | 0.00 | 3.10 |63.30] 1640 |17.20] SCL 1.2 32.0 100.0
0-25 0.00 | 3.50 |28.60]22.30 |45.60 c 6.5 32.0 18.0
= 10 25-75 | 0.00 | 540 [B6.30| 3.00 |5.3.00] LS 34 73.0 17.0
E £ 75-150 | 0.00 | 2.10 [88.20] 2.50 | 7.20 LS 1.2 54.0 16.0
=z 0-25 0.00 | 345 |27.24| 2580 |43.51 [ 74 6.0 153 15.0
é = 11 25-65 | 0.00 | 2.50 [25.00]26.30 |46.20 c 1.7 12.8 12.0
= 65-90 | 0.00 | 2.85 |26.89|22.46|47.80 [ 6.5 13.6 13.5
90-150 | 0.00 | 3.65 |26.05]20.15 |50.15 C 23 4.3 23.0
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Table (1): Cont.

Physiographic | Profile | Depth | Gravel Sand % Silt Clay Text O.M. CaCoj Gypsum
unit No. (cm) %  [Coarse | Fine | % % e | kg g/kg glkg
Sand | Sand
12 0-30 | 0.00 | 525 (2277|2438 (476 | C 14.0 17.9 21.0
o a 30-70 | 0.00 | 9.24 [25.25120.21) 453 & 8.0 14.3 18.0
2=z=3 70-110 | 0.00 | 7.3 |21.3 | 252 [ 46.2 C 5.0 13.6 16.0
EEEE 10-130| 0,00 | 75 [2337]3038 (3875 cL | 13 | 221 | 140
&2 025 | 000 | 345 | 2781 |2237|4637| C 45 | 663 16.0
B 1 43 | 2560 | 000 | 427 [22.12(2541| 482 | C 76 | 825 18.0
60-90 | 0.00 | 3.29 |25.17(21.38]50.16| C 5.5 8§1.6 19.0
90-150 | 0.00 | 3.65 |23.76 |20.16| 5243| C 3.0 76.4 16.4
0-25 0.00 | 5.15 |[2721]22.34] 453 C 18.0 12.8 14.5
14 |25-60 | 0.00 | 324 [2326) 257478 | C 8.0 25.6 13.7
60-90 0.00 | 5.17 | 16.52| 28.6 | 49.71 C 5.0 21.3 11.5
< 90-140 | 0.00 | 324 |26.23| 223 |4823| C 2.0 17.0 12.0
= 0-25 0.00 [ 2.15 [32.74] 20.7 [ 4441 C 16.5 24.0 11.0
= 15 | 25-60 | 0.00 [ 654 |24.25|22.46]46.75| C 9.0 21.5 13.0
=z 60-90 | 0.00 | 3.14 |23.37|25.34(48.15| C 6.5 17.5 12.5
= 90-130 | 0.00 | 545 |2245|21.74|5036| C 2.5 13.4 10.0
< 0-25 0.00 ] 4.63| 2491 23.16] 4731 C 170 246 7.0
25-60 0.00 | 5.27 | 2091 24.17| 49.65| C 7.5 21.7 13.0
16 60-95 0.00 | 3.15|2785| 21.85| 47.15| C 4.5 20.1 12.0
95-150 | 000 | 4.87 [ 31.72]120.17]43.24| C 2.1 20.3 11.0
Texture legend:
S Sand LS Loamy sand SL Sandy loam
SCL  Sandy clay loam CL  Clay Loam C Clay

Table (2): Chemical composition of the soil saturation extract of
the studied soil profiles.

I Soluble Anions (mmel,/L Soluble Cations (mmol /1)
? " s Depth (cm) | pH ( d;’fm) ( ) CEC
e é Cmol/| ESP
3|k How | ey | o | so, |G Mg | Nao | K| Kg
E
0-25 739 4130 3.50 | 000 [ 420,00 | 35470 | 15120 | 88.00 | 519.00 | 20.00 | 8.08 13.61
1 2575 743 | 26.60 260 | 0.00 | 24000 | 50325 | 12960 | 9920 | 508.80 825 | 584 19.69
75-120 | 728| 5604 | 400 | 000 | 78000 | 5160 [21600 | 137.60| 457.00 | 2500 | 956 | 119
120-150 | 7.56 | 20.90 240 | 0.00 | 220.00 87.60 | 118.80 | 37.20 | 150.00 4.00 | 1018 14.54
0-25 768 | 7220 1.60 | 0,00 | 200.00 | 2330.60 | 399.60 | 47.60 | 203500 | 50.00 | 10.75 17.21
5 25-65 791 | 11.65 045 | 000 | 71.79 4425 | 66.96 | 11.09 | 3720 1.24 | 1141 21.74
~ . 65-90 804 479 0.36 | 0.00 | 40.00 1.51 2741 | 131 6,96 0.29 9.93 13.60
2 90-140 7971 396 042 | 000 | 2263 16.54 | 2793 | 9.05 230 0.30 18.30 56.61
E 0-20 7.56| 43.30 220 | 0.00 | 180.00 | T79.65 | 194.40 | 44.80 6.15 16.50 11.55 | 3740
ﬁ 5 20-60 7521 37.70 240 | 0.00 | 200.00 | 540.20 | 205.20 | 44.40 | 478.00 | 15.00 10.0 370
- 60-90 753 | 3380 280 | 0.00 | 460.00 | 207.10 | 162.00 | 56.40 | 442.50 9.00 745 15.44
6 90-120 7.58 | 4130 5.00 | 0.00 | 50000 | 83270 | 216,00 | 23.20 | 107850 | 20.00 6.66 31.53
0-25 T38| 17.70 380 | 0.00 [ 180.00 | 135.80 | 129.60 | 68.00 | 115.40 6.60 21.13 55.37
7 25-75 739 | 11320 | 3.20 | 0.00 | 2120.00 | 2286.80 | 129.60 | 26.40 | 4174.00 | 80.00 | 7.20 23.61
75-150 7.5 | 156.60 | 4.00 | 0.00 | 454000 | 5894.80 | 118.80 | 110.00 | 10085.00 | 125.00 | 3.75 37.59
0-25 740 837 6.00 | 0.00 6.00 68.03 5.94 1.34 66.50 6.25 19.77 2590
9 25-55 781 | 378 249 (000 [ 950 258 2341 | 1118 297 0.23 8.62 23.20
55-90 783 | 449 259 (000 | 831 3399 | 17.67 | 5.56 2100 | 0660 | 27.36 19.77
90-150 805| 424 219 | 0.00 167 3253 | 1421 8.03 19.52 64 9.49 20.86
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Table (2): Cont.
% . Depth Soluble Anions (mmol,/L) Soluble Cations (mmol /L)
%E E (cm) pH EC CEC ESP
E. 5 % (dS/em) o | of | o | so” | o | Mgt | Nat | K Cmol/Kg
= 025 | 763 | 2150 | 230 | 0.00 | 1450 | 14930 | 8640 | 676 | 1386 | 40 | 614 | 2997
, | 2565 | 76 | 3190 | 180 | 0.00 | 280.0 | 28020 | 9720 | 900 | 3658 | 90 | 811 | 1467
© [6590 | 769 | 3370 | 200 | 0.00 | 5200 | 2960 | 1080 | 1000 | 5525 | 730 | 792 | 2632
2 90-150 | 776 | 4280 | 220 | 0.00 | 480.0 | 46630 | 1188 | 372 | 7725 | 200 | 782 | 2941
g 030 | 709 | 3090 | 220 | 0.00 | 2200 | 81320 | 2052 | 632 | 7500 | 150 | 641 | 3042
Eo| 3 | 3070 | 737 | 3370 | 160 | 000 | 2000 | 48925 | 2160 | 336 | 43125 | 100 | 650 | 2615
8 70-150 | 746 | 47.80 | 180 | 000 | 2400 | 1200 | 2268 | 332 | 1000 | 180 | 702 | 2739
o 025 | 757 | 8. | 038 | 000 | 73.06 | 1146 | 57.86 | 13.05 | 1358 | 0.61 | 1201 | 17.07
§ | , [3575 | 765 | 483 | 260 | 000 | 1800 | 6791 | 1836 4520 | 2035 | 136 | 490 | 73
2 75-110 | 775 | 3830 | 180 | 000 | 2800 | 124,65 | 2052 | 964 | 10180 | 305 | 703 | 3038
T10-150 | 767 | 3030 | 220 | 0.00 | 300.0 | 5245 [ 4644 | 348 | 3173 | 100 | 531 | 2339
025 | 708 | 9160 | 3.00 | 0.00 | 1340.0 | 16520 | 3024 | 217.6 [ 24390 | 360 | 2173 | 2759
§ [ 2575 | 701 | 11400 | 220 | 000 | 21000 | 1039.0 | 4104 | 3488 23320 | 500 | 2425 | 2433
75-150 | 710 | 8730 | 240 | 000 | 14800 | 601.40 | 3024 | 2904 | 14660 | 250 | 1990 | 1568
025 | 810 | 092 | 369 | 0.00 | 326 | 224 | 323 | 186 | 384 | 027 | 2749 | 2896
— £ | 10 [2575 [ 819 | 13l | 500 | 000 | 800 | 560 | 7.56 | 388 | 666 | 030 | 451 | 82
2 3 75-150 | 826 | 168 | 500 | 000 | 1500 | 423 | 810 | 230 | 1347 | 036 | 600 | 300
E 05 | 752 | 978 | 500 | 0.00 | 500 | 8727 | 3.78 | 194 | 8830 | 305 | 3190 | 97
S8 || (265 [ 800 | 621 | 241 | 000 | 3044 | 2925 [ 2671 | 165 | 3310 | 063 | 3349 | 214
= 6590 | 777 | 442 | 120 | 0.00 | 1489 | 2805 | 1023 | 197 | 3110 | 042 | 3986 | 2434
90-150 | 800 | 482 | 120 | 000 | 1514 | 3179 | 908 | 294 | 3573 | 042 | 4003 | 2498
Table (2): Cont.
% } Zé Depth e EC Soluble Anions (mmel,/L) Soluble Cations (mmol /L) CEC
E g 2 (cm) (dS/em) Cmol/ | EsP
é £ How [ o | o | so” | & (Mgt | Nat | K | Kg
B 030 | 778 | 744 | 221 | 000 | 4479 | 2739 | 2679 | 546 | 411 | 103 | 4372 | 21.96
gl 12| 3070 [765 | 110 | 084 | 000 | 305 | 700 [ 110 [ 045 [ 931 | 013 | 4460 | 1413
- 7 70-110 [ 746 | 660 | 1.8 | 000 | 3363 | 3051 | 1819 | 553 | 4174 | 054 | 3886 | 1222
S5 5 10-130 [ 766 | 7.64 | 107 | 000 [ 4339 | 2793 [ 2563 | 400 | 4627 | 048 | 2781 | 2931
NG 025 | 743 | 208 | 200 | 000 | 1600 | 3592 | 694 | 276 | 1386 | 036
Z52{ 13| 2560 | 758 | 614 | 204 | 000 | 3497 [ 2439 [ 1642 | 736 | 3707 | 055 | 3246 | 2326
g 6090 | 760 | 576 | 200 | 000 | 2326 | 3474 | 2121 | 966 | 2850 | 0e3 | 1292 | 264
R 9 37, 23.
) 90-150 | 767 | 452 | 220 | 000 | 2000 [ 2625 [ 1197 1203 | 2345 | 100 | o | 20
025 | 798 | 130 | 107 | 000 | 667 | 527 | 308 | 100 | 872 | 020 | 4033 | 2094
14| 2560 | 783 | 154 [ 131 | 000 | 944 | 465 | 420 | 099 | 1007 | 004 | 4180 | 294
6090 | 782 | 160 | 154 [ 000 | 926 | 520 | 336 [ 155 | 106 | 019 | 4347 | 1840
g 90-140 | 774 | 110 | 200 | 000 | 900 | 182 | 231 | 075 | 956 | 030 | 4895 | 2063
2 035 | 756 | 1.86 | 220 | 000 | 1300 | 401 | 347 | 163 | 1386 | 025 | 39.08 | 3114
S [ a5 | 2560 [769| 192 | 260 | 000 | 1500 | 442 | 578 | 136 | 1463 | 025 | 3060 | 3414
2 6090 | 770 | 142 | 240 | 000 | 1200 | 289 | 347 [ 265 | 1077 | 040 | 4868 | 2405
3 90130 [ 776 | 1.60 | 240 | 0.00 | 1000 | 581 | 578 | 136 | 1077 | 030 | 4471 | 278
= 025 | 755 | 191 | 260 | 000 | 1600 | 103 | 405 | 239 | 1269 | 030 | 38.12 | 340
16 | 2560 | 790 | 070 [ 092 | 000 | 287 | 321 | 133 | 043 | 501 | 023 | 3925 | 2701
6095 | 805 | 850 | 196 | 0.00 | 4589 | 3715 | 1900 [ 703 | 5831 | 046 | 3600 | 3083
95150 | 847 | 146 | 120 [ 000 | 800 | 57 | 162 [ 150 | 14 | 033 | 4074 | 3724
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Mineralogy of the clay fraction

Data illustrated in table (3) that, in general, Semi-quantitative
determination of clay samples indicate that smectite (montmorillonite)
group was the predominated one in soils of young terraces, alluvial
fan basin, alluvial plain (locally terraced) and alluvial plain followed
by kaolinite, illite, and vermiculite as clay minerals as well as quartz,
dolomite and feldspars as accessory ones. On the other hand, kaolinite
group was predominated one in the old terraces soils followed by
montmorillonite, illite, and vermiculite as clay minerals as well as
quartz, dolomite and feldspars as accessory ones.

Table (3): Semi-quantitative estimation of the mineralogical
composition of the clay fraction (< 0.002mm) separated from some

layers of the studied soils.

Clay Minerals Accessory Minerals
g 8 g
’ ] @ - - m
= = 3 = = 5 = 2
Physiographic Unit é Degth £ 9 ¥ = £ 3 £ 8 =
’ s | (em) z @ = g e = & @ g
& - z = = 2 E 3 = 2
2| @ S| |3 :| 2
- i 25-75 | Com Mod. Few Tra. Few Few Few
O Tarios 1 75-150 | Com. | Mod. Few Tra. Few Tra. Few
9 25-55 | Com. | Mod. Mod. i Few Tra. Tra.
5590 | Com. Mod. Few Few Tra. Mod.
Youne Terraces 3 30710 | Mod. | Com. | Mod T Few Tra. Tra.
AT 70-150 | Few. | Com. | Few ) Few Tra. Few
i ; 2565 | Mod. | Com. Few s Tra. Few Tra. Mod.
‘1al I H I'ra. : : .
e R 6590 | Mod. | Com. | Mod. a Tra. Few Few Few
Alluvial Plain i 30-70 | Mod. | Com. Few Féir Tra. P Tra. Few
(Locally Terraced) 70-100 | Mod. | Com. Few Tra. Tra. Mod.
: : 25-60 | Mod. | Com. Few o Few Tra. Mod.
Alluvial Pl: 5 : - A :
AlwvialPlain | 15 | 6050 | Mod. | com | Few ™ | Few | Mod | Mod
Dominant (Dom.) > 40% Common (Com.) 25-40% Moderate (Mod.) 15-25%
Few 5-15% Trace (Tra) < 50/0 Absent (-)

Soil Taxonomy

By using the physical and chemical results and according to the

USDA system (2003), data in table (4) reveal that the studied soil
profiles could be classified into three orders, i.e, Aridisols, Entisols
and Vertisols as well as their followed sequence classification levels.
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Exception of two sites located at alluvial fan basin (profiles 10
and 11), all the studied soil profiles could be classified into two orders
Aridisols and vertisols which have four suborders of Salids, Gypsids,
Calcids and Torrerts, as well as seven families, as follows:

1- Gypsic Haplosalids, fine loamy, mixed, hyperthermic.

2- Gypsic Haplosalids, sandy, mixed, hyperthermic.

3- Typic Calcigypsids, coarse loamy, mixed, hyperthermic.

4- Typic Calcigypsids, coarse loamy over clay, mixed, hyperthermic.
5- Typic Calcigypsids, sandy, mixed, hyperthermic.

6- Sodic Haplosalids, sandy, mixed, hyperthermic.

7- Sodic Haplosalids, fine clayey, Smectite, hyperthermic.

The twosoil sites located at alluvial fan basin are characterized
by no evidence of development of pedogenic horizons and could be
distinguished under the order Entisols followed by suborder of
orthents and two soil families of

1- Typic Torriorthents, clayey, Smectite, hyperthermic.
2- Typic Torriorthents, sandy, mixed, hyperthermic.

Table (4): Soil classification of the studied soil profiles (According
to Soil Taxonomy System, USDA 2003).

i R iv
Order |Suborder| Great Group [ Subgroup Family s
’ profiles
Salids | Haplosalids | Gypsic Haplosalids Fine loamy, mixed, hyperthermic. 8
sandy, mixed, hyperthermic. 7
coarse loamy, mixed, hyperthermic. 2,5
Aridisols coarse loamy over clayey, mixed, 9
sandy. mixed, hyperthermic. 34
Calcids | Haplocalcids | Sodic Haplocalcids sandy, mixed hvoerthprmir 16
|
; : ; ; clayey, smectitic, hyperthermic. 1
Entisols | Orthents | Torriorthents | Typic Torriorthents el w
sandy, mixed, hyperthermic. 10
Vertisols | Torrerts | Haplotorrerts | Sodic Haplotorreris | fine clayey, smectitic, hyperthermic. 12,13, 14, 15,16
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