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Characteristics of some Vertisols in Egypt
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Cairo, Egypt.

[X SOIL profiles representative of some Vertisols in Egypt have

been investigated to reveal their main characteristics of these soils.
Five soil profiles (nos. 1-5} were taken from the cultivated soils of the
Nile Valiey and Delta and one profile was taken from the non
cultivated ones in Kharga Depression. The resulis show that all the
profiles have cracks when dry. The depth and width of the cracks
varied from one location to another depending on the clay content,
moisture condition and salinity. Gilgai microrelief was difficuit to be
recognized in the cultivated soils under study due fo the levelling
processes. In non imrigated soils, the gilgai is very common.
Stickensides were present in the irrigated Vertisols of the Nile Valley
and Delta at the depth between 30 and 80 ¢cm however, in the non
irrigated Vertisols of KKharga Depression, the slickensides are present
throughout the whole profile to the depth of 110 cm. Soif structure was
mainly granular in the surface layers and parallelepiped in the
subsurface ones in the soils of the Nile deposits; the Vertisols of
Kharga Depression have mainly paralielepiped structure. The data of
mechanical analysis indicate that the studied soils have more than 30%
clay. Some chemical properties were discussed. The cuitivated clay
soils of well drained conditions in the Nile Delta are classified as
Torrerts. They belong to Haplotorrerts at the great group level. The non
cultivated Vertisols are classified as Torrerts at the suborder fevel.
They beiong to the Calcitorrerts at the great group level.

Keywords: Vertisols, Characteristics, Nile Valley and Delta, Egypt .

Egypt is located in arid region. Its climate is characterized by its hot dry summer, the
maximum temperature may reach 35° and mild winter and the minimum temperature
may reach 6 ° with an average of about 21°. The rainfall is low; it reaches about
150 mm in the northem coast and decreases gradual to reach about 20 mm in Cairo.
The agriculture is depending mainly on irrigation from the River Nile.

Vertisols are wide distributed in Egypt; they occupy about 35% of the area of
the Nile Valley and Delta, (Hamdi er af, 1982). They are also present in some
depressions in the westem desert.

According to the (USDA, 2003) Vertisols are soils that have the following features;
1} A layer 25 cm or more thick, with an upper boundary within 100 cm of the miterat
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soil surface, that has either slickensides or wedge-shaped peds; and 2) A weighted
average of 30 percent or more clay (mainly smectites) i the fine-carth fraction; 3)
Cracks that open and close periodically; and 4) Gilgai microrelief uniess irrigated.

Concerning the classification of Vertisols, six suborders are recognized in the
Vertisols order USDA (2003). They are differentiated by aquic conditions, soil
moisture regime, and the cracking characieristics of the soil. Although the fonmative
elements for soil moisture regimes are used in naming Xererts, Torrerts, Usterts, and
Uderts, the names do not necessarily mean that the soils have those soil moisture
regimes. Several soil moisture regimes are considered at subgroup level ranging from
dry to wet conditions.

The aim of this work is to study the characteristics of Vertisols in Egypt under
irvigation and non-hrigation conditions and to discuss their classification.

" Material and Methods

Six soil profiles were studied from different locations to represent the Vertisols of
Egypt; four soil profiles (No. 1- 4) are from the Nile Delta; one profile (No. 5} from
the Nile Valley and one profile from Kharga Depression {(No. 6). Location of the
studied profiles is shown on the map (Fig. 1).
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Fig.1. Location map of the studied soil profiles.

In cach location a profile was dug to a depth of approximately 120 cm. The
profiles were described morphologically according to FAO (1990). Special
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attention was paid to the crack characteristics (i.e., width, depth, shape, and
abundance) gilgai microrelief and the presence of slickensides.

Soil samples were collected from the profiles for different amalyses. The
samples were air dried and the less than 2 mum particles were used for physical
and chemical analyses. The mechanical analysis was carried by pipette method .
Calcium carbonate was determined using the Collins Calcimeter. Some physical
and chemical analyses of the soil samples were carried out according to Jackson
(1973} and Richards (1954).

Results and Discussions
Soil morphology

Morphological description of the studied profiles

The soils of the aliuvial Nile deposits are represented by profiles 1 to 5 which
are characterized by remarkable cracks specially in the dry conditions (the end of
growing seasons) and soil color ranges from dark brown and dark grayish brown,
Soil texture varies from silty clay loam, clay loam, silty clay to clay. Structure
varies from granular in the surface layers to blocky in the subsurface layers with
distinct slickensides (Table 1).

Profile No. 6 in Kharga Depression is formed from lacustrine deposits and is
characterized by soil color from brown to yellowish brown, clay texture, blocky
structure, slickensides and many gypsum crystals in the subsurface layers.

In the following paragraphs these is a description of the field observations for
the most promiinent morphological characteristics of the studies profiles.

Cracks

Vertisols by definition (USDA, 2003) have at some periods in most years,
cracks that open to the surface or to the base of the plow layer or surface crust,
and are at least 1 cm wide at a depth of 50 cm unless the soil is irrigated. Cracks
in Vertisols with granular surface horizons become partly filled with granules
from this layer during the dry season.

In urigated Vertisols, represented by profiles 1 to 5, the cracks appear at soil
_surface in hexagonal and partially hexagonal patterns of rounded edges. They are
mainly about 2 cm width and 60 cm deep, and are partialiy filled with surface
materials and some plant residues, Profiles 1 and 2 are taken from areas cultivated
with cotton or maize on rows. In such conditions the cracks in furrows are rather
deeper and wider than those in the higher positions. Similar- observations were
obtained by Ahmed (1983).
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TABLE 1. Morphological characteristics of the studies soil profiles,

Prof. Horizon/
No. tepth cm Profile description
1 Ap (0-30) Dark brown (10YR 3/3) moist; silty clay loamy; granular structure; cracks (3
<m); coarse roots; clear boundaries.

Ac (30 - 60) Very dark grayish brown (I0YR 32} moist; clay; subgranular blocky
structure;cracks; distinet slickensides; fine roots; lime nodules; diffuse
boundaries.

C1 (60 - 100) Very dark grayish brown (10YR 3/2) moist; clay; subgranular blocky structure;
few cracks; distinct stickensides; few fine roots; diffuse boundaries.

CZ (10D -130) | Very dark grayish brown (10YR 3/2) moist; clay; subgranular blocky structure;
distinet slickensides.

2 {Ap(0-30) Very dark brown (10YR 2/2) mwist, clay loam; granular structure; many cracks
(5 cm); coarse roots; clear boundaries.

Ac (30 - 60) Very dark grayish brown (10YR 3/2) mwist; clay; blocky structure; cracks;
distinet slickensides; fine lime nodules; many fine roots; diffuse boundaries.

Ct1 (60— 90) Dark brown (IOYR 3/3) mwist, clay; blocky structure; few cracks; some
slickensides; fine root; diffuse boundaries.

C2 (90 - 120) Bark brown (10YR 3/3) moist; clay; subangulare blocky structure; few
slickensides.

3 1A@0-9 Very dark brown (10YR 2/2) moist; silty clay; massive; salt crystals; clear
boundaries.

Ac(5-3p) Very dark brown (10YR 32) moist; clay; blocky structure; distinct
slickensides; few lime accurnulations; wmany fine root; diffuse boundaries.

C1(30-75 Very dark brown (10YR 3/2) meist; clay, blocky structure, few lime
accumulations; diffuse boundaries.

C2(715-125) Very dark brown (10YR 3/2) moist; clay; subangulare blocky structure; few
cracks; distinct slickensides.

4 |Ap(@©-25) Dark grayish brown {10YR 4/2) moist; silty clay; granular structure; cracks (3
cmy); few fine nodules; few root; clear boundartes.

Ac(25-50) Dark brown (10YR 3/3) moist; clay, blocky structure; distinct slickensides;
few cracks; few root; diffuse boumdaries.

C1(30-75) Dark grayish brown (10YR 4/2) moist; clay; blocky structure; few distinct
slickensides; some lime accumulations; few root; diffuse boundaries.

C2 (15-110) Dark grayish brown (10YR 4/2) muist; clay; blocky structure.

5 1Ap(0-25 Yellowish brown (10YR 5/4) mwist; clay; granular structure; cracks (2 em);
diffuse boundaries.

Ac (25-50) Yellowish brown (10YR 5/4) moist; clay; blocky structure; cracks; common
slickensides; many lime formations; many gypsum crystals of needle shape;
diffusc boundaries.

C1 (50— 75) Yellowish brown (I0YR 5/4) moist; clay; blocky stucture; cracks; few
slickensides; many gypsum crystals; diffisse boundaries.

C2(I8 -1 Brown (10YR 5/3) moist; clay; blocky structure; gypsum crystals.

6 JA@M-30) Yellowish bwown (10YR 5/4) most; clay; blocky steucture; few lime
taccurnutations; cracks; some spots of ankydrite; diffuse boundaries.

Ac(30—60)  §Brown (10YR 5/3) moist; clay; blocky strweture; slickensides; many gypsum
crystalg; clear boundaries.

1 (60 - 90) Brown (10YR 4/3) moist, clay; blocky strueture; slickensides; many gypsam
crystals; sharp boundaries.

C2(90-120) | Brown (10YR 4/3) moist; clay; ; blocky structure; slickensides; many gypsum

E

Crydtals.
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Furthermore there are more cracks in the furrows than in the higher places
because the differences in moisture content between wet and dry periods are more
remarkable. In the higher places the surface is affected by self mulching, so that
the subsurface layers have always higher moisture content compared to those in
furrows. The relatively high moisture content permits the formation of intensive
cracking. In the areas cultivated with Berseem (Alfalfa), represented by profiles
No. 3 and 4, the cracks are narrower {1 - 2 cm) and less deep (30 - 40 cm) than
those in the areas planted with cotton and maize. The moisture conditions of the
soil due to irrigation affect the depth and the width of cracks. The cracks in
profile No. 5 are even much narrower and shallower. They are 1.0 ¢cm wide and
25 - 30 cm deep. This is due to the moisture.

In non irrigated Vertisols, represented by profile No. 6 from Kharga
Depression, many cracks are present at the surface layer (Fig. 2). The cracks are
very wide from 10 to 20 cm and very deep (reaching 110 cm). Most of these
cracks are filled completely or partially with surface granules moved down by
gravity from the crack sides or by any other mechanical action (wind, animal,
man, ..}. In some locations the cracks are conmected at a depth of about one meter
due to churning of the whole pedon leaving hollows (about 30 cm in width)
which is called locally "Nawoase" (Fig. 3}. These hollows are wide enough to
allow some small animals such as rats or rabbits to escape inside them. The
absence or rare precipitation does not allow the cracks to close. However, in some
years heavy rainfall causes the close of the cracks. :

Gilgai microrelief

Gilgai is the microrelief that is typical of clayey soils that have a high
coefficient of expansion with changes moisture content and that also have distinct
seasonal changes in moisture content. The microrelief consists of eithier a
succession of enclosed microbasin and microknolls in nearly level area, or
microvalleys and microridges that run up and down the slope. The height of the
microridges conumonly ranges from a few centimetres to 1 m{USDA, 2003).

The gilgai formation is difficult to be recognized in the irrigated Vertisols due
to the continucus levelling of soil surface for better distribution of irrigation
water. However slight formation could be observed in the cultivated fields under
certain crops at the end of their growing season due to the continuous effect of
swelling and shrinkage processes. In non irrigated Vertlsols of Kharga
Depression, the formed gilgai microrelief is very common.

Slickensides

Slickensides are polished and grooved surfaces that are produced by one mass
sliding past another. Some of them occur at the base of a slip surface where a
mass of soil moves downward on a relatively steep slope. Slickensides are very
comman in swelling clay in which there are marked changes in moisture content
(USDA, 2003). Studies on the Vertisols from different places in Egypt revealed
the presence of slickensides in the subsurface layers of the Vertisols of the Nile
Delta, and in sorne s0ils of Kharga Depression {Labib, 1970).
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Fig.3. Very wide and deep cracks, Kharga Depression .
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The polished surfaces (slickensides) could be observed on the soil aggregates
in all soil profiles under study. The depth at which slickensides are present and
their abundance differ from one profile to another.

In the Nile Delta and Valley, most of soil aggregates present at depths
between 50 and 80 cm have polished surfaces.

In Kharga Depression, slickensides are present throughout the whole profile
below the surface layer. Most aggregates have well developed and distinct
slickensides in all layers to the depth of 110 cm. The very deep cracks are the
main factor affecting the distinction and development of slickensides throughout
the different layers of profile No. 6.

Yaalon & Kamar (1978) reported that the depth of the soil at which the
development of slickensides is active determined largely by the depth of cracking.

Soil physical properties

Soil structure

Irrigated Vertisols of the Nile Delta and Valley have two types of structure in
the surface layer (0 - 30 cm) depending probably on the irrigation system. Mainly
loose, medium to coarse granular structure in profiles No. 1 and 2 where the
furrow irrigation system is applied. Fine to medium subangular to angular blocky
structures are observed in the surface layer of profiles No. 3 and 4, which are
irrigated by the basin system. The aforementioned structure types had been
observed by De Vos et al. (1969). Similar observations were also recorded by
Wahab (1969) and Abdel Rahman (1972) in their study on the clay soils of the
Nile Valley. The subsurface layers (30 - 60 cm) of the irrigated soil profiles have
mainly parallelepiped aggregates which are broken giving rise to angular and
subangular blocky structures in profiles No. 1, 2 and 5 or wedge like structure as
m profiles No. 3 and 4. According to Abmed (1983) the parallelepiped structure
which is formed from coarse prisms is strongly affected by the width and depth of
the cracks. In the soils cultivated by the row system, the paralielepiped structure
is formed from coarse prisms broken to smaller subangular to angular blocky
aggregates. Abdel Rahman (1972) observed the parallelepiped structure in
subsurface layers (30 - 60 cmn) of some Vertisols profiles of the Nile Valley. In
the irrigated Vertisols under study, the deeper layer (below 75 cm) has subangular
to angular blocky structure. This may be due to the overburden which increases
the packing and density of the soil, so that the fractional resistance to shearing is
greater than in higher layers. Thus shear planes would be less numerous in the
deep layers, particularly when the profile has uniform fine structure.

In non-irrigated Vertisols of Kharga Depression one profile under study has a
well developed wedge shape structure in the whole soil profile. In profile no. 6,
the surface layer (0-30 cmy} has a moderate, coarse angular blocky structure. The
subsurface layers (30 - 120 em) have wedge-shaped aggregates broken to strong
fine angular blocky structure in the upper part, while in the lower one the
aggregates are rather coarse.
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Shrink- swell potential

In the studied soils, swelling and shrinking influence formation or destruction
of favourable structure. Swelling in some soils helps to cause destruction of
aggregates and loosing their identity. On the other hand, shrinking favours
formation of aggregates from large mass of soil initially in poor structure.

Swelling may also be of considerable importance during heavy irrigations as a
serious reduction in infiltration rate may occur. Good soil structure and soil mwoisture
relations are very essential for maxirmum procuction of field crops on fine textured soils.

Soil texture

Particle size distributions of the studied profiles are shown in Table 2 . Data
indicate that all samples under study have more than 30 percent clay which fulfils
the requirement of the Vertisols. (USDA, 2003). Clay content recorded in
Vertisols of Egypt differs greatly from one location to another and even within
the same profile. It ranges from 30 to 70% or more, without any particular trend
with depth. Ahmed (1983) reported that variations in clay content with depth are
not due to clay migration but rather inherited from the parent material.

The sand fraction of the soil profiles located in the Nile Delta is less than 20
percent, except in very few cases. Sand content decreases with depth profiles
{No. 2 - 5}, and it is mainly of fine size (50 - 125u). The highest content of total
sand is found in profile no. 6, from Kharga Depression, as it ranges from 30.3 to
43.9 percent and is almost of very fine size (125 - 50 p). The surface layer of that
profile has the highest sand content. This may be due to a local difference in the
depositional pattern.

The silt content ranges between 20.7 and 50.2 percent, in the Vertisols of the
Nile Delta and Valley (profiles No. 1 - 5). There is a slight variation in siit
content from one layer to the other in different profiles, but it decreases generally
with depth. The Vertisols of Kharga Depression, {profile No. 6) have increases of
silt content with depth, from 8% in the surface layer to 30.1% in the deeper one.

in the Vertisols of alluvial origin, (profiles No. 1 to 5) the clay content is higher
than 30% and increases with depth to 66.6%. About 80% of the total clay is in the fine
fraction (< 1.0 u). The clay content in the Vertisols of Kharga Depression ranges from
36.7 to 51.8%, and more then 75% of the clay is in the fine fraction.

Generally, it could be concluded that the variation in clay content with depth
is more likely to be due to the sedimentation processes

Soil chemical properties

Organic matter content in the studied profiles is generally low and decreaszs
with depth reaching its minimum in the C horizens. The surface layers have
values between less than 1% up to 2.6 %, (Table 2) depending on land use and the
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cultivated crops. Profile No. 6 has the lowest content of organic matter {0.2 -
0.4%) due to the very arid condition and absence of plant cover.

The pH values of the studied Vertisols range between 7.8 and 8.5. In most
profiles pH values increase with depth. The values increase locally with
increasing ESP values except in very few cases.

All irrigated Vertisols under studies are non-saline, as the EC values less than
1.26 dS/m The non-irrigated Vertisols, represented by profile No. 6, are
considered moderately saline soils, as EC values in its surface layer is 9.31 dS/m
and decreases with depth. This salinity is inherited from the parent material,
which is formed from lacustrine deposits.

TABLE 2. Particle size distribution of the studied soil profiles.

ProfMe| Depth | Particle Size Distribution % ]  Texture pH | EC {OM. [CaCO,
No. | (ems) {Samd] sit Clay class 25|dasm] % | %
2000- (50-2p| 2-1p[<1lp
0

0030 | 185 | 50.2 | 6.6 | 247 |Sityclayloam] 80 [021{ 11 } 30

. 3060 ) 200 § 378 | 139 { 283 Clay 80 o018 ] 11| 28
60-100 § 210 [ 349 | 83 | 358 Clay 81 1047 § 09 ]| 24

[ 100-1307 17.3 ] 324 | 102 ] 401 Clay 80 1 019] 04 | 21
00-30 § 213 {411 | 74 | 302 ] Clayloam | 80 J057] 28 | 24

5 060 | 67 ] 339 ) 116 ] 478 Chy 80 {1261 1.1} 17

: 6090 1 89 | 365 | 11.4] 432 Clay 80 J103] 09 | 17
90-120 { 75 { 37.3 ] 102 ] 450 Clay 80 J099 ] o8 | 23

0S5 J133 | s311521302]| Sikyclay 78 1032 16 | 60

3 530 § 115|397 ] 108 ] 380 Clay 79 [0241 24 | 56
3075 | 116 ) 322 | 151 1 4184 Clay 83 Joxz ] 10 | s8

75125 ] 43 | 314 | 119 | 524 Clay 84 (040 ] 08 | 38

00-25 ] 1541351 ] 139] 358 Chy g4 o] 16 ] 64

. 2550 § 92 | 22211538 | 508 Clay 84 JoMr ] 12 [ 43

, 50-75 { 146 | 207 | 11.1 | 536 Cly 85 [o57] 03 ] s3
75-110] 68 | 342 | 121 | 469 Clay 8s oss | o8 | 23

0025 [ 153 { 4291 89 | 329 ] Sityclay { 78 043 ] 09 ] 33

s 2550 | 114 481 | 62 1343 ] Sityclay ] 80 071 ] 05 | 34
5075 {1251 388 | 105 | 382 Clay 80 067 ] 04 | 30

TS-120 | 94 ) 363 ] 97 | 447 Clay 79 Jo42] 03 | 28

00-30 | 439 ] 80 | 2801 201 Chay 79 J931 ) 04 | 175

¢ | 3060 {307 | 188 | 200)305] Cuy 81 {690 | o3 | 200
6090 ] 303 ] 1861241 ] 270 Clay 82 ] 565) 02 ] 125
90-120 { 327 { 301 § 223 {1 149 ] Chyloam § 83 {4671 02 | 165
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Cation exchange capacities of the studied soil samples are rather high. They range
between 30.7 to 84.5 meq/100 g soil. The increase in CEC values corresponds to an
increase in clay content Regarding to the exchangeable cations, Table 3 shows that
calcium and magnesium are the dominant cations on clay complexes followed by
sodium. Exchangeable potassium is present in lower quantities.

Calcium carbonate content of Vertisols of the Nile Delta and Valley {profiles No.
1 to 5) ranges from 1.7 to 6.4% (Table 2). Part of these carbonates is of pedogenic
origin as revealed from the morphological study. Other part is transported with the
irrigation Nile waier which has about 1.5 percent calcium carbonate.

Vertisols of Kharga Depression {profile No. 6) have a high content of calcium
carbonate, as it ranges between 12.5 to 20% throughout the profile. This proﬁle
which is formed from lacustrine origin has high shale content.

Soluble cations are predominated by Ca™ followed by Mg or Na’ in all
proﬁIes except profiles No. 3 and 4 in which Na' is predommant followed by
Ca"™ and Mg™" (Table 3). Potassium is found in minor amounts in all the samyples.
Soluble anions consist mainly of SO,~ and CI" and very minor amounts of HCOj; .
Carbonate ions are absent in all the studied profiles.

TABLE 3. Soluble and exchangeable ic . ; of the studied profiles,

Frof. | Depth [Soluble cations (m ~qll|)0 gl Soluble anions Exchangeable C.E.C.
soil) (mec/100 g soil}) ) cations mﬁqflﬂﬂ g
o
No. 1 (em) | Na* | K [Ca™ |Mg™{ CF [CO,"+180, ] Na* | K' |Ca™ +]meg/100]
: ) HCOy| Mg soi]
00-30 § 2.1 0.2] 116.18]1 3791023 | 226 {19790 09 | 0.9 2.1 339
1 30-00 1 1.60 1027 }164571 139 10.17] 226 T17.280 1111 1.1 [ 325 44.7
60-100 | 1.90 | 0.43 251 0821014 7.5 6.75 15 1.7 | 311 44.3
100-1301 2.00 } 0.40 100 1. 017 ] 68 7.82 321 21 359 512 ]
00-30 14201026 i 494 T)_.;is 451 [23.17] 4.7 1.0 { 283 34.0
2 30-60 [24.70] 0.51 }24.45]16.09) 1.89 226 [61.60] 115} 2.1 21.9 33.5
60-90 121.70{ 021 12107 3.17 ¢ 1. [ 226 140.26] 1.8] O8 | 205 33.
90-120 ] 20.10].0.31 {20611 3.15 ]_.57_1 2.17 141.12] 157 19 | 27.6 45.2
0-5 40 1004 10841079 | 217 042 ) 04 54 | 5.2 | 44. 54.7
3 530 [L10]002107610651136) 083 1034] 59| 47 ] 457 | 564
30-75 401001 [037 (04081771 025 10.l6] 65 | 4.6 | 43.9 55.5
75-125 ] 2.50 | 0.02 22102712111 083 00711037 49 | 544 69.6
D0-25 § 2.90 | 004 | 0.42 | 038 | 1.88 { 125 106GL | 7. 5.5 39.7 52.3
4 L_Zg-SO 2601004 1030032 [155] 108 [ 063 ] 7. 54 1 414 54.7
50-75 ] 3.00{ 0.18 09102311364 208 [00611401] 5.8 45.1 64.8
75-110]1 3207011 ] 608023 [ 1.59] 1.67 (0361621 63 | 61.9 84.5
00-25 1 1.I0J 0.04 } 215F 119 ] 1.0 1.5 196] 531 04 | 3128 8.5
s [ 230 1.20 | 0.18 ] 6.40 [ 3.09 | 1.15 | 3.60 [ 603 | 4211 03 | 330 | 385
50-75 1040 5003120571 193] 1.07] 1.5 1.83]19311 03 [ 30.1 39.7
75-120 301 0.02 _f 3 1.IS}1.IST 225 045]13.0i{ 0.2 | 32.1 45.3
00-30 ‘l@ D63 |80.68)19.23154.51] 1.51 |4762] 11.8] 2.0 69 | 30.70
6 30-60 | 4.09 1 0.53 [6395118.97]64.42}) 1092 J12.80] 11.0] 2.3 89 | 32.20
60-90 { 5.55 [ 047 [59.10§17.61]16.42] 2.25 |64.06] 104 | 2.2 9.8 32.40
00-120 | 3.55 | 0.46 |41.98]16.54110.39] 2.25 |49.89] 12.1 ) 2.5 { 226 | 37.24
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Pedogenic formations

Calcium catbonate nodules have been observed in most of the studied
profiles. Different forms of calcite accumulation could be recognized in the field.
In Vertisols of the Nile alluvium deposits, calcite is mainly present as lime
segregations of white color, which are common in all layers with some
accumulation in the middle layers. Two types of lime nodules are observed in the
field; white, soft and rounded or irregular calcitic nodules. The latter is present in
the deepest layers of some profiles {(No. 3 and 4) which have a reduction
condition leading to precipitation of Fe-Mn hydroxides in and around the calcite
nodules (FitzPatrick, 1983 and Rabie et al, 1981). In Kharga Depression, hard
and rounded lime nodules are observed in profile No. 6.

Gypsum could be observed only in profile No. 6, as needle shape crystals grown
on the lower side of the soil aggregates forming large pockets. Most of the soil peds in
this profile have these gypsum crystals. The presence of gypsum crystals seems to be
of pedogenic origin, They could formed as follows: 1) parent material rich in Ca* and
$0,” ions; 2} in the past, under higher rainfall, the profile was saturated with water
and the soluble salts diffused in the whole profile; 3) with gradual evaporation due to
the high temperature in the dry periods, gypsum crystals could grow in the spaces left
after shrinkage of the soil peds.

Classification of the studied vertisols

According to the obtained results, all the soils under study could be classified
as Vertisols, as they have more than 30% clay in all layers, cracks of about 2 cm
or more wide that extend to a depth of 50 cm or more when dry, slickensides and
parallelepiped shaped structure 2t some depths below the surface and lacking any
diagnostic horizon or duripan. Conceming the gilgai microrelief, it was observed
only in the non-cultivated soils of Kharga Depression. In the irrigated Vertisols of
the Nile Valley and Deltz it could not be observed, due to the continues plowing
and leveling of these soils. In USDA (2003} it was proposed to consider gilgai
microrelief as a complementary requirement for the Vertisols.

Although the cultivated Vertisols of the Nile Delta and Valley (profiles No. 1 - 5)
receive about 5,000 m'/acre annually during their continuous cultivation, yet,
they are classified as Torrerts at the suborder level because of the Torric moisture
regime of the region. At the great group level they can belong io the
Haplotorrerts.

Concerning the non cultivated Vertisols of Kharga Depression they could be
classified as Torrerts at the suborder level and Calcitorrerts at the great group
level according to the presence of the calcic horizon with 100 cm of the soil
surface {(Table 2).
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