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Studies on some Low Lying Areas of Heavy
Textured Soils in Toshka Region

A. Al-Sharif
Soii, Water and Environment Research Institute, Cairo, Egypt.

OME CLAYEY soils in Toshka region were studied in this

investigation. They are characterized by wide cracks, gilgai and
slickensides throughout the profile. It could be classified as Vertisols.
They cover some low lying scattered areas ranged between 150-1500
feddans. The clay and silt contents varied between 40,0 and 47.1 % &
40.0 and 50.0 %, respectively. The ECe values amounted to 46.1
dS/m. These soils are difficult for management due to their shrink-
swell properties, high soil consistency when dry, plastic and sticky
when wet. Adding organic matter increases the moisture level and
prolongs the number of days available for soil tilltage, adding soil
amendment to reduce the ESP, improving the internal drainage by
preparing beds and furrows in contact with external drainage. Water
requirements for removing excess soluble salts from the soil depth of
50 cm arc about 1600 m*/feddan, whereas, the gypsum requirements
are about 11.0 ton/feddan. Most of these soils are classified as S, soil
suitability for agriculture. It could be cultivated with trees especially
date palms by excavating pits on the crest of beds and refilling it by
loamy soil. Also, the graminaceous such as wheat, sugarcane and
maize could be cultivated in these soils.

The south-valley region in Egypt is considered agriculturally a promising area,
especially in Toshka. It is located in the southern part of the Western Desert
between latitudes 22° 22" and 23° 26’ north and longitudes 30° 30" and 32° 00
East. This area is arid, i.e., hot rainless in summer with high evaporation and low
relative humidity. The temperature ranges during summer season between 22°C
and 45.7°C, while in winter it varies between 6.5°C and 25.2°C. The lithology of
Toshka area includes Precambrian formation (igneous rocks), Mesozoic
formation (Nubian sandstone) and Cenozoic formations (shale beds).

The soils in Toshka region vary widely in their physical and chemical
properties. Their elevation lies between +130 to +200 a.s.i. Areas lower than
+150 a.s.i. are submerged by flood water,

The objectives of this study are to identify the properties of the heavy
textured soils in Toshka region and classify it, study their management, soil
suitability and land evaluation.

Material and Methods

Eleven soil profiles were chosen from some areas which have clayey texture
and low elevation, these areas ranged between 150 — 1500 feddans. Soil profiles
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were morphologically s tudied in the field according to Soil Survey Staff (1993)
and sampled for laboratory analysis. Particle size distribution was determined
according to Page (1982). Gypsum content was determined according to FAO
{1970). Electrical conductivity and salts were determined in soil paste extract
according to Page (1982). Organic matter was determined by Walkely and Black
method (Jackson, 1967). The clay fraction was checked by x-ray diffraction (with
monochromatic CUK radiation). The leaching requirements were determined
according to Ramaznof (1988). The gypsum requirements were determmed
according to FAQO (1970). The soils were classified according to Soil Survey Staff
(1999). Land suitability was determined according to Sys ef al, (1991).

Results and Discussion
Soil characteristics
As shown in both field and morphological description (Tabie 1)} and the
particle size distribution (Table 2), the texture of the studied soil profiles arce
heavy, i.e., silty clay. Their clay contents ranged from 40 to 50 %. Moreover, the
high consistency for these soils is related to the relatively high contents of silt,
which ranged from 40 to 48 %.

This heavy soil texture is due to the depositional environment, developed on
shale material during humid period of Pleistocene period which established the
formation of montmorillonite clay minerals on lowest elevation parts in Toshka
region, of about +150 to +155 contours.

All the stdied soils have cracks at the surface of about 20 cm wide and
extending down to more than 1.0 m in depth, asrevealed by field d escription
(Table 1).

Also, the morphological description, Table 1 shows a well-developed
slickensides. The slickensides developed through the entire thickness of the
studied soil profiles No. 1, 4, 5, 7, 9 and 10 and in the subsurface in the other soil
profiles. They induced soil structure to become sirong coarse angular blocky in
most studied profiles.

Conceming the formation of gilgai, it was recognized in stroug {orm in all
studied soils of heavy textures as shown in the morphological description
{Table 1).

As mentioned in the above discussion, the studied clayey soils have the
following properties:

1. Clay contents of more than O %.

2. Wide cracks in the surface to a depth of more than 1.0 m and more than
20.0 cm width,

3. Well developed slickensides all-through some of the studied profiles and in
the subsurface in the rest.

4, Strong gilgai formation.
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TABLE 1. The morphological description for the studied soil profiles.

Plﬁgle Horizon ?:21? Elevation | Texiure | Structure | Consistency | Siickensides | Some surface features Taxonomic unit
AC 0-20 ' Siltv clay | mcab Very hard Strong Gilgai, cracks . .
! C 20-150 P35+ Silty clay | scab Very hard Strong Gilgai, cracks, gypsum Typic Gypsitorrerts
AC §-45 Silty clay | scab Very hard Moderate Gilgai, cracks
2 G 45-100 153+ [ Siltyclay | scab Very hard Strong Gilgai, cracks Halic Haplotorrerts
C, 100-150 Silty clay | mcab Very hard Strong Gilgai, cracks
AC 0-33 Silty clay |  scab Very hard Moderate Gilgai, cracks
C, 35-100 . Silty clay |  scab Very hard Strong Commeon gypsum . .
3 Cx 100-120 152+ Silty clay | scab Very hard Strong Common gypsumn Typic Gypsitorrerts
Cs 120-150 Silty clay | wfab Very hard - -
AC 0-20 oA Silty clay | wmcab Very hard Strong Gilgai, cracks .
4 C 20-150 B Siltv clay | scab Very hard Strong Gilgai, cracks Sodic Haplotorrerts
ACy 0-20 Silty clay | mcab Very hard Strong Gilgai, cracks .
5 cy 3 20150 | P™ Usityclay) scab | Veryhard |  Strong Gilgai, cracks Sodic Haplotorrerts
: ACw 0-2¢ Silty clay | mcab Very hard Moderate Gilgai, cracks .
6 Cy 20-150 153+ Silyclay | scab Very hard Strong Gilgai, cracks Sodic Haplotorrerts
ACy 0-40 Silty clay | scab Very hard Strong Gilgai, cracks .
7 oy | 40-150 | ?T lsiyclay| seab | Veryhard | Strong Gilgai, cracks Halic Haplotorrerts
AC 0-20 Silty clay | mcab Very hard Moderate Gilgai, cracks .
8 ¢ Y ooaso | 3% lsiyelay| scab | Veryhard |  Strong Gilgai, eracks Sodic Haplotorrerts
AC 0-20 - Silty clay { mcab Very hard Strong Gilgai, cracks -
° ¢ 12050 | P Isiyclay| scab | Veryhard | Stong Gilgai, cracks Sodic Haplotorrerts
AC 0-50 Silty clay | scab Very hard Strong Gilga, cracks .
3 &
H0 ¢l sos0 | T iSuydeyl scab | Veryhard | Strong Giileai, cracks Sodic Haplotorrerts
ACy 0-20 147 Sitiy clay | meab Very hard Moderate Gilgai, cracks .
H C 20-130 153+ Siliy clay | scab Very hard Strong Gilgai, cracks Sodic Haplotorrerts

5= strong, m= moderate, w= weak, c= coarse, f= {ine, ab= angular blocky.
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TABLE 2. Particle size distribution and seil texture for studied soil samples.

Profile No. c OS/:md F. g:‘nd Soit Col/a:y Texture
| 30 12.4 43.1 41.5 Silty clay
2.0 4.5 48.0 45.5 Silty clay
4.1 10.1 41.5 43.0 Silty clay
2 1.7 6.3 455 46.5 Silty clay
1.3 4.1 47.1 47.0 Silty clay
6.0 10.5 42.2 413 Silty clay
3 1.8 7.7 454 45.1 Silty clay
1.7 4.3 47.7 46.3 Silty ciay
2.2 2.7 48.0 47.1 Silty clay
4 3.0 16.0 41.0 40.0 Silty clay
2.1 5.3 45.1 475 Silty clay
5 3.0 13.0 44.0 40.0 Silty ciay
3.0 5.3 45.2 46.5 Siity clay
P 2.7 7.3 480 420 Silty clay
1.5 9.3 44.0 45.0 Silty clay
. 25 7.5 40.0 50.0 Silty clay
0.5 3.5 45.0 51.0 Siity clay
R 4.5 55 45.0 45.0 Silty clay
0.5 2.5 50.0 47.0 Silty clay
9 25 10.5 44.0 43.0 Silty clay
1.5 4.5 47.0 47.0 Silty clay
10 1.5 11.5 40.0 47.0 Silty ciay
1.5 35 47.0 48.0 Sifty clay
T 5.5 14.5 40.0 400 Silty clay
1.5 5.5 45.0 47.0 Silty clay

Soil Survey Staff (1999) identified the soils which have clay content more
than 30.0 %, cracks on soil surface of width more than 5 ¢m and up to 60 cm in
depth and gilgai as Vertisols. The studied clayey soils in Toshka regions have all
these aspects, therefore, they are considered as “Vertisols” order. Also, they are
classified at the suborder as “Torrerts”.

The surface layer of the studied soil profiles are considered as A horizon, due
to the developed pedogenic features, i.e., soil structures, gilgai and slickensides.
This agreed with Soil Survey Staff ( 1975) who described A horizon for some
Torrerts soils.

Gypsum content of horizon A, profile No. 1is 7.1 % and it is 10.3 % and
5.1 % at A and CI of profile No. 3 (Table 3). Therefore, these horizons are
considered ‘gypsic’ and these two profiles are classified as Typic Gypsitorrerts
according to Soil Survey Staff (1999). Meanwhile, profile No. 2 and 7 could be
classified as Halic Haplotorrerts, due to their surface horizon AC and ACy
contained a soluble ions of 17.1 and 19.1 dS/m, respectively in soil extract of 1:1
{Table 3). On the other hand, the respect studied seil profiles could be classified
as Sodic Haplotorrerts due to their containing of exchangeable sodium percent
(ESP) of more than 15.0 (Table 3},
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TABLE 3. Chemical analysis for the studied soil profiles.

* luble ions
P;‘]’E‘e Horizon I?;‘%h ( d%?m) : _SO ble:m (m:qu) 1 SAR | ESP | Gypsum 0}“
: CO;” |HCOy | Cr 1 80,7 | Ca™ | Mg Na K o
1 AC 0-20 93 ~ 20 1010132011020 | 56.1 {1053 1.0 | 140 | 101 7.1 0.5
C 20-150 5.1 - 20 {780 | 300 ] 280§ 163 ) 671 ] 05 § 141 | 160 2.1 0.3
AC 0-45 17.1 Z 25 [57801 250 1 750 | 305 [4513 ) 1.3 | 67.3 | 497 3.5 0.7
2 ¢, 45-100 ! 93 - 20 (2500 320 { 610 | 178 (2010 1.0 { 301 | 316 25 0.5
C. | 100150 | &1 - 25 11920} 180 ] 250 § 131 J 17304 05 } 373 | 361 1.5 _
AC 0-35 137 - 20 | 4780 111012700 833 [230.1 ) 1.1 | 251 | 8.1 10.3 0.6
3 C 35-100 8.1 - 25 | 18401 140 { 61.0 | 41.1 {1358 05 [ 19.1 | 11.1 5.1 0.4
Cy 100-120 | 6.5 - 25 | 1720 320 § 320 | 773 1 913} 03 | 120 | 141 35 0.3
Cy | 120-150 | 6.3 _ 2.5 (1600 ] 140 | 280 | 301 [ 1103 [ 03 | 210 | 249 1.0 -
4 AC 0-:20 | 9.1 - 25 [2960] 510 ) 770 ] 553 {2171} 05 } 273 | 275 - 0.3
C 20-150 8.1 - 25 [ 2260 250 | 55.0 | 273 [ 1803 ] 05 | 278 | 27.8 - 0.2
s ACy 0-20 41 - 2.0 | 610 | 310 | 307 | 220 { 403 | 10 | 81 8.5 1.3 03
Cy 20-150 6.5 - 22 1903 ] 482 | 400 | 200 | 701 | 0.8 | 148 | 13.8 2.1 0.1
6 ACy 0-20 15 - 30 [ 200 | 11e | g0 [ 43 T 217 | 11 87 | 9.0 - 0.3
Cy 20-150 5.1 - 25 | 751 ] 474 ] 250 | 100 | 803 | 0.7 | 195 | 21.7 - -
7 ACy 0-40 19.1 _ 20 [3105] 1485 595 | 831 [317.1] 13 | 396 | 41.5 3.1 05
Cy 40-150 9.1 - 20 (1100 ] 712 | 300 | 408 | ti12§ .1 {181 [ 197 1.7 0.1
% AC 0-20 45 _ 25 933 172107 1 100 ] 913 ] 1.0 J 303 7 331 - 0.4
C 20-150 | 4.1 - 25 | ot1 | 208 | 1371601931} 05 12731 205 - 0.1
5 AC 0-20 6.1 - 25 1103342 330200930 05 [ 179 7 191 1.5 0.3
C 20-150 93 - 20 1513 ] 507 § 331 | 192 {15170 1.3 § 297 | 333 0.5 0.1
0 AC 0-50 5.1 - 25 (1107 218 [ 300 { 140 [ 913 [ 1.7 [ 193 | 215 1.3 0.5
C 50-150 3.5 - 25 1 912 1 218 ) 23.0 7 103 | 8171 07 ) 210 | 233 0.3 0.1
" ACy 0-20 71 _ 20 13311 299 [ 163 | 350 [113.7] 1.5 | 231 | 257 - 0.5
c 26-150 | 6.3 — 0020 112034 287 § 100 { 339 { 971 | 0.7 [ 210 | 235 - 0.1

EC'= In soil extract 1: 1, SAR= sodium adsorption ration, ESP= exchangeable soditm percent, 0.M.= organic matter,
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Clay mineralogy

X-ray identification for the clay fraction of the studied soils show that it is
dominated with smectite clay minerals (montmorillonite). By comparing
diffraction patterns of air-dried, ethylene glycol solvated and heating at 550 °C.
The glycol-treated preparation gives very strong 001 reflection at about 17 A°,
which in the air dried condition, shifts to about 15 A° (Fig. 1). With the
treatment at heating of 550°C, the peak of smectite collapses to 10 A®, which
confirms the majority of smectites in the studied soils. Also, the X-ray
diffractions for the studied soil samples indicate that kaolinite minerals constirute
the minority (Fig.1). Whereas, the peak at 7.1 A® and 3.55 indicate the orders of
001 and 002 of kaolinite clay minerals.

2.0
4.0
8
L0

fo.0

124
l1s.0
7.0
14.0
219
256
%6
7.0
%0

Fig. 1. X ray diffractions of clay fraction for the studied soil profiles No 3.
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The identification of X-ray diffraction for the studied Toshka soils confirms
that the high shrink-swell and high soil consistency property due to the presence
of domination of smectite ¢ lay minerals { montmorillonite) in the clay fraction
which had been formed in the humid period of Pleistocene, developing Vertisols,
which also confirm their high soil fertility. The domnation of smectite clay
minerals caused both gilgai, cracks on soil surface and slickensides features due
to shrink-swell processes.

Organic matter

The content of soil organic matter has a marked effect on soil consistency in
Vertisols (Ahmed, 1989). In particular, the organic matter affects the amount of
water needed to impart plastic properties, These soils have very low contents of
organic matter less than 0.7 % (Table 3). The increasing of organic matter level
in Vertisols raises the moisture content of the plastic limit with important
practical consequences, which cnable the farmer to manage the soil at a higher
moisture content without destroying the soil structure. Therefore, the increasing
number of management days when cultivations without structure degradation are
possible by increasing the soil contents of organic matter. Thus, it is
recommended to add organic matter to Toshka Vertisols to enabie tillage and
other cultivation operations.

Exchangeable sodium

Exchangeable sodiurn percentage (ESP) is another factor affecing soil
consistency in Vertisols due to its natural clay system. High ESP values resulted
in decreased hydraulic conductivity and lower structural stability in Vertisols,
(Apassi ef al., 1985). Therefore, the high consistency for the studied Vertsols in
Toshka is related to their high content of exchangeable sodium percentage which
is more than 15 % and reached to 49.7 % and 41.5 % at A horizon of soil profils
No. 2 and 7, respectively, (Table 3). Thercfore, it is recommended to iower the
high values of ESP in the studied soils by adding gypsum to replace the sodium
by calcium cation and increase the structural stability of soil aggregates. in tirg
the hydraulic conductivity, and internal drainage.

Leaching requirementy

The chemical analysis for the studied soils (Table 3) showed that ail the
studied soils contained a high soluble salts except the surface horizon of soil
profile No. 6 whereas its ECe value was 3.5 dS/m. The electrical conductivity
{ECe) values varied between 3.5 and 46.1 dS/m for the surface horizons (Table 3),
and considered to be classified as strongly saline soils according to Soil Survey
Staff (1993) except soil profile No. 6.

Therefore, these soluble salts need to be leached out side the soil or a depth
of 50 cm from the soil surface.

The leaching water requirements for removing the salts out of the studied soils
varied between 700 to 2400 m*/fed. and the average is 1600 m/fed. { Table 4},

Egypt. J. Soil Sci. 44, No. 2. (2004}
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Which is relatively considered as low water quantity according to the following
equation of Ramaznof (1988) for determining leaching requirernents:

TABLE 4. Leaching requirements and gypsum requirements for the studied soils.

Leaching  requirements | Gypsum requirement

Profile No. m’/feddan ton/feddan
1 1400 1.0

2 2400 21.0

3 2000 17.0

4 1800 19.0

5 1300 not needed
b 700 not needed
7 2200 20.0

8 1100 19.0

9 1600 11.0

10 1400 13.0

it 1600 11.0
Average 1600 11.5

N = 10000 D log {(S0/S1)
Where
N = leaching requirements in m’*/hectar.
D = the depth of leached soil layer which is 50 cm in the studied soils.
S0 = the salt % to be leached.
S1 = the salt % need to be reached.
a factor varied according to soil texture (1.2 for the studied soil).

Gypsum requiremenis

The quantities of gypsum requirements for the stdied soil profiles varied
between 3.0 and 21.0 ton/feddan with an average of 11.5 ton/feddan (Table 4),
The lowest value (3.0 torv/feddan) is for soil profile No. 1 due to its low value of
exchangeable sodium percentage and the relatively high contents of gypsum in
soil (gypsum = 7.1 %) (Table 3). On the other hand, the highest gypsum
requirement for the studied soil profiles No 2, 4, 7 and 8, whereas, their values
are 21, 19, 20 and 19 ton/feddan, respectively {Table 4). This is due to the high
values of exchangeable sodium percentage and the low contents of g ypsumin
soils (Table 3).

Internal drainage

The studied soils of Toshka Vertisols have a poor internal drainage due to
their semectite clay systems and high swelling process. These soils need a long
period to be dry. The too much water adsorbed could be detrimental to crop
production due to poor drainage.

The surface drainage can be improved in Toshka heavy textural seils by
preparing systems of beds and furrows. The cultivation should be on the surface

Egypt. J. Soil Sci. 44, No. 2. (2004}
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of the beds to permit the water to drain to the furrows which will provide
drainage for the seed zone and result in higher yields (El-Swaify et al., 1985).

Evaluation for Toshka Vertisols soils

The parametric evaluation system of Sys et al. (1991) was used in this study
to provide a method that permits evaluation for agricultural proposes based on
physio-chemical characteristics of the seoil profile.

The studied Toshka Vertisols soils could be grouped into classes 84 of
suitability degree according to Sys ef al. (1991) and suitability subclass/tsd (Table 5).

TABLE 5. Rating of the studied soil suitability parameters.

. .

]::of. Texture| Depth | CaCO; |Gypsum i‘;:::;l‘:: Brainage Stope (2) Sunabiii:_y Suirability
0. t) (b} {c) y) ty (s) (d) index (Ci}|subclass
i 85 100 100 100 56 70 95 37 S4tsd
2 85 100 100 100 40 70 95 25 S4tsd
3 85 100 100 90 50 70 95 29 S4tsd
4 83 100 100 90 60 T0 95 31 S4tsd
3 89 160 100 100 75 70 95 41 S4tsd
6 85 100 100 90 77 70 95 40 S4dtsd
7 85 100 160 100 40 70 100 23 Satsd
8 85 100 100 90 63 70 95 33 S4isd
9 85 100 100 100 60 70 95 139 S4tsd
10 85 100 100 106 65 70 95 27 | Sdisd
It &5 100 N 100 90 69 70 95 39 l Sdtsd

Therefore, the studied clayey soils in Toshka region are almost suitable due
to the following limitation factors:

1. Their heavy soil texture (t) which is harmful for seed germination and
destroy the plant roots. Also, it affects the period of tillage and
management.

2. Their relatively high contents of soluble salts and exchangeable (s}.

3. Their status of poor drainage (d) related to soil heavy texture, which affect
plant growth and soil management.

Therefore, the limiting factors for the usage of the studied soils for
cultivation are the high contents of the soluble salts, the heavy texture and poor
drainage.

Management of Vertisols in Toshka

Vertisols are characterized by their high consistency. They are hard when
dry, sticky and plastic when wet. The period of favourable conditions for tillage
and preparation for agriculture is short. Factors affecting cohesion and adhesion
forces include clay mineralogy, i.e., high smectite c ontent, organic matter a nd
exchangeable cations.

Egypr. J. Soil Sci. 44, No. 2. (2G04)



236 A. AL-SHARIF

Land use

The Toshka Vertisol soils have a high fertility due to their high clay contents
(Table 2), and high cation exchange capacity, Considering the problems of soil
management , f.e., the period that tillage can be done in is very short, the high
shrink-swell process and very poor internal drainage, these soils are not suited
for tree crops. But these problems can be overcome by using highly cambered
beds on which a single rows of trees is planted at the crest of the beds. This
arrangement provides the maximum drainage possibie. Obviously, the drains
between the beds discharge into bigger drains at right angles and the inturn
discharges into the main drainage system.

In these heavy textured soils, special consideration should be given to
preparing the planting hole for tree crops. A large hole should be excavated and
filled with another more friable soil mixed with compost and fertilizers to enable
the young plants to grow. The best tree crops suitable to grow in these heavy
soils are the palms and oil due to their vigour and great proliferation of the roots,
and the fact that individual roots are never very thick which can penetrate in this
high consistency soil and can grow in the arid climate of Toshka region.

Also, graminaceous crop such as creals {wheat, maize), sugar canc and
pasture grasses can grow well on these soils. Their roots are vigorous and
extensive that the plant can better, without damage caused by soil cracking
{Ahmed, 1989).

Conclusions

The studied clayey textured soils in Toshka region are classified as Vertisols
according to Secil Survey Staff (1999). The following recommendations are
suitable for soil management:

1- Tillage operation must be carried out durmng the suitable peried in which
soil is not too moist nor too dry in order not to face structure degradation or soil
compaction. Adding composed organic matter to the soif would improve
moisture content without destroying its structure.

2- Excess soluble salts need to be leached out in a depth of 50 cm frem soil
surface, followed by adding gypsum requirements,

3- Adding soil amendments to reduce the ESP values of Toshka Vertisols is
necessary to increase soil aggregates and lower soil consistency. The gypsum
requirements for the studied soils varied between 3.0 to 20.0 tons/feddan.

4- Improving the internal and external drainage by preparing system of beds
and furrows and cultivation on the crest of the beds where excess water drains in
the furrows.

5- After leaching the salts out and adding the gypsum requirements, all these
studied soils will be classified as class S; for soil suitability according to Sys
et al. {1991}, and then would be suitable for cultivation by many crops therefore,
these soils are considered as promising area for future agricultural development.

Egypt. J. Soil Sci. 44, No. 2. (2004)
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