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Abstract

Recently much of the attention is given to Gardud so:l as the
main alternative for the deﬁléiéamharginal sandy soils. A lack of
exact knowledge regarding these soils are evident.

For stﬁdying Gardud soil four sites were chosen according to
the annual rainfall. Two pits were excavated in each site to
represent the concaved and convexed locations plus composite
samples to cover the area hetween the two pits. Morpholog. cal,
physical, chemical and mineralogical investigations were mad-=.

The results showed that the Gardud soils were relatively

ﬁmAwithin and between sites due to the climate and the topography. The
dominant clay minerals are kaolinite, montmorillonite and illite.
The chemical and physical characteristics were poor. Some of he
restrictions limiting the use of these soils such as errosion
hardness, fertility, stoniness, drought and acidity.

According to the American system of soil classification, the
soils studied were given the following classification:

(1) Baradab soil:

(A) Kanhablic rhodustalf - fine clay, kaglinite,
isohyperthermic (concaved).

(B) Kandic paleustalf - very fine clay kaolinite,
isohyperthermic (convexed).

(2) Sodari:

(A) Typic comborthid - coarse loamy, mixed hyperthermic
{concave).

(B) Typic comborthid - coarse loamy, mixed hyperthermic

(convexed).



(3) Nihud (Rahad Elsilk):

(A) Rhodic paleustalf -

(concaved).

fine

(B) Aridic paleustalf - fine

(convexed).

{4) Umgamalla:

(A) Ustic haplustalf
(concaved).

(B) Ustic haplustalf

(convexed).

fine

fine

loamy,

loamy kaolinite

loamy

loamy

kaslinite

kaolinite

kadinite

isohyperthermic

isohyperthermic

isohyperthermic

isohyperthermic
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" INTRODUCTIONM

In most generalization, th¢ traditional rainfed agri-
culture is practiced throughout Kordofan state except in the
desert and semi-desert zones. The most used systems are
shifting cultivation, Hareeg ‘burning) and bunds cultivation
(terrace) in very small scales. All agricultural practices
were executed once annually anc only the superficial hoe was
used in preparing the land.

In south Kordofan-where the clay plain- the new mecha-
nized systems were introduced recently to suit the heavy clay
texture (40-60% clay). Range activities are found beside ﬁhe
traditional rainfed agriculture throughout the tegion whereby
the most hardy animals e¢.g goats ard camels are grazing in the
semi-descrt region. The cattles, sineeps and goats in arid and
semi-arid zones.

Due to the impact of overcultiv.tion and over grazing the
last decades, the soil are severely d-teriorated. They can not
fulfil the needs of the fast growing population any more. The
low productivity of already depleted marginal sandy soil (Goz
soil), in addition 1985 drought most o1y the animal were lost
due to the lack of pastures and drinking waters. The inhabit-
ants migrated to the south and south west areas.

Much attention is given to Gardud soil (local name) which

is red gritty truncated, nopr-cracking so:l occur in semi-



desert, semi-arid and arid-.zones of Kordofan to ease the
pressure from already exhausted sandy soil. .A state of
confusion. and contradiction and lack of knowledge regarding
these soils are evident. Hence the objectives of this study
are:

(1) To determine the physical, chemical and mineralogical
properties of Gardud soils.

(2) To identify the major constraints to their efficiént
agricultural utilization.

(3) To suggest ways and means for improving their

agricultural use.



- CHAPTER 1

LITERATURE REVIEW

Location:-

Kordofan statc is situated in the central part of the
Sudan Latitudes 16° 30°N, 9° 30°’S; Longitudes 27°E, 32° 25'E.
It covers an area of about 380,000 Km? (15% of the total area
of the Sudan).

Stratigraphy ané Geological history:-

The rock‘formation that underlies Kordofan state include
the basement complex, Nawa series, Nubian series, Laterite,
Umrawaba series and surfacial deposits. Hunting, (1963)
Warren, (1966) ; Rodis, (1975) ; Burymah (1971) showed the
stratigraphy and the geological history of the Kordofan state.

The oldest rock in the region that now constitute the
basement compiex were formed in the Precambrian time. Follow-
ing the emplacement of these rocks the region was subjected to
a period of prolonged errosion which apparently lasted through
most paleozoic.

Shallow seas invaded parts of the region in the late
paleozoic and deposited the sediment of Nawa series. Before
the close of paleozoic time, however the region was uplifted
and most of Nawa sediment were removed by erosion. Only a few
isolated remnants of Nawa series are now left in Kordofan as
evidence of this once-extensive geologic deposition of rock-
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forming materials in the area,-did not a gain take place until
Meso Zoic time when shallow continental seas covered much if
not all the state. During this time the clastic sediments of
Nubian series were laid in continental and/or near-shore
marine environment and over a basement complex rocks surface
of considerable reliefl. Near the close of Meso Zoic time the
seas receded as the region was again uplifted and then
subjected to prolonged erosion that apparently lasted untfl
Pliocene time. During this interval the erosion of most of the
Nuba rocks were stripped away and only those occupyving the
deeper basin in the basement rocks surface were left intact.

Extensive laterization of Nubian and possibly older rock
occurred during early or middle tertiary time when climatic
conditions were favorable to laterite formation prevailed in
much of the state. Tectonic movement in Eastern Africa,
prolonged during tertiary time resulted in the formation of
several structural basins in the Nubian and basement rocks of
Kordofan.

During Pliocene an<d early Pleistocene time these were
filled with fluvial and l.acustrine deposits that now comprise
the Umrawaba series. Several types of surfacial deposits were
followed and laid down that new form a virtually con&inuous
mantle over the Umrawaba and older rocks of Kordofan. In late
Pleistocene time, the southern part of the state was subjected
to widespread and Ttecurrent flooding. The flood prolonged

4



emanating in the Nile head water to the south. Strong northern
wind prevailed in the northern part and denuded the land
surface of much of it's residual soil cover.

A considerable part of eroded material was deposited in
sand dunes (Goz) in the central part of the state, and the
clay deposits in the south, stand today as evidence of the
climatic conditions since late pleistocene.

Topography and drainage:-

The land surface of Kordofan is largely a plain of low
relief, broken occasionally by isolated hills or by small
cluster of jebels. The marked ones in the Nuba mountain. The
altitude of most of the state ranges between 350m to 595m
above sea level.

Most of the region lies within the drainage basin of the
White Nile, but the northern part drains to the Nile river.
Climate:-

Continental climate prevail in the state. The southern
part merge into dry mansoon zone and the northern part merge
into the desert zone. Van der Kevie (1973) divided the state
broadly into five major climatic zones: desert, semidesert,
arid, semiarid and dry mansoon.

Rainfall in general are storm of short duration between
July and September in the northern part and between April and
October in the south. The mean annual air temperature for the
state is 27°C with temperature extreme of 10°C and 46°C common
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to most areas. The mean relative-humidity range between 21% in
the dry season to 75% during the rainy season. The prevailiog
winds in winter are from the north while the winds during the
rainy season are from the south west. Wind velocity are
usually less than 8 km/hour.

Vegetation: -

A vegetation cover which is a reflection of those
climatic zones and soil type range from a sparse growth of
drought resistant grasses and dwarf scrub in the north through
a belt of open wood and grass land in semi-arid central region
to open forest in the well watered south. The common trees
belong to species of genus Acacia. It includes mainly A.
senegal (hashab) and A. seyal (Talh) in the northern central
zone. Whereas the dominant species in the southern clayey part
A. melifera (Kitir). In the arid zone prevail Salonite

egvptica (Higlig) and Combretm sp. (habil). Tn the dry mansoon

zone the dominant trees are RBonsellia papyritera The major

genus are annual species like Schoenetedia grcidis, Tetrapegon

cnchriformis and Chloris sp.
Soils of Western Sudan:-

There were very few references.dealt with Goz soils, such
as Hunting (1963) ; Jewitt and Manton (1954) : Warrel (1961)
; Edward (1942) ; Buraymah (1971) ; Farah (1971) and Razig

(1978). A detailed work on soi! of Kordofan and Darfur was
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carried out by Hunting_(1963)'in which they described and
suggested ways and means of their utilization. A comprehensive
technical report about savanna development in the Sudan was
written by FAO (1974), in which four soil orders were distin-
guished (Arenosols, Vertisols, Xerosols and Yermosols).

Three main types of soils are widely distributed in
Kordofan state: sandy soil in the northern part (25 million
feddans), clay soil in the southern part (17 million feddans) .
and Gardud soil (5 million feddans) distributed all over the
state as stated by Kordofan Commercial Guidance Book (1992).

According to Pacheco and Dawoud (1978) the sandy and
loamy scoil are widely distributed in the desert zone whereas
in the central stabilizced area the soil has not been inter-
rupted showing a cambic B horizon. In the less stabilized
location the soil 1is wusvally without distinct diagnostic
horizon (Entisols). The soil which is slightly undulating in
the southern part of kordofan was believed to be formed from
country rocks. The rest of the southern part include inter-
mountain, plains, uplands, pediplains and low land which are
mainly covered by dark cracking soil (Vertisols). A complex
pattern of alluvial and acolian soils occurs in the south-
western corner.
Characteristics of arid and semi-arid soils:-

Bocquier and Margneim (1963) stated that reddish brown
(2.5YR to 10YR) soil of arid and semi-arid zones were formed

7



under hot and dry climate, where the annual rainfall rarely
exceeded 500mm (D'Hoore, 1964). Buravmah (1971) showed that
these .soils are without clear differentiation of genetic
horizons which could be due to the recently deposited parent
materials or could he due to aridity in case of old relic
parent materials. The dark brown and black soil color are
found in the depressions and fhe lower part of the sfope. They
were described as Vertisols of the topographic depressions’
It’s parent material is oftenly sediments enriched with
soluble constituents, all being derived directly or indirectly
from the surrounding high lands.

The ted soil (Alfisols) south of Sahara desert consists
mainly of Ustalf on the upper part of the slopes. The texture
of these soils is a loamyv sand or sandy loam at the surface
and a clay texture below and contains a few iron nodules
further down the slope. The structure of these soils is poor
due to the low content of clay and organic matter. However,
iron concretions increased with depth and progressively impede
drainage (Sanchez, 1976).

Kampnel (1979) shed some light on the main constrains of
these soils such as the intense rainfall, wunpredictable
drought, short rainy season, low infiltration rate and wind
errosion hazard. Alfisols often possess a surface layer of a
compacted soil that inhibit root development and water
percolation. The loamyv =sand texture of the top soil and the

8



predominance of kaolinite among the clay minerals make these
soils chemically weak in reaction (Charrean, 1977). Thus the
non-cracking topsoil become very hard when dry. The structural
instability of these so0ils will cause crusting when rain
alternates with dry periods.

Gardud soil:-~

Gardud soil! comprise about 22% of the total area of
Kordofan state where 8% lies in the northern part and 14% in
the southern part of Kordofan. According to Razig (1978)
Gardud soil represent 24% of the total available soils for
cultivation, grazing and forestry. Other names such as Naga’'a,
Atmur, Moglad, Barasa, I'cmira and Hadaba were given to Gardud
soils.

The general characteristics of these soils is the partial
truncation whereby the sandy top soil were removed by wind and
hence the loamy subsoil is exposed to the impact of rain drops
which render them hard and solid (Doxiadis, 1966). Two tyvpes
of Gardud soils were described, Kazgail and Abu Zabad associa-
tions with reddish bhrown and reddish color respectively
(Hunting, 1963). Dawoud (197S) indicated that the Gardud soil
was developed from colluvial on slightly convex higher ridges,
or it may be developed in situ from metamorphosed dikes in the
clay plain. Whereas A. A. . H. International (1992) suggested
that Gardud soil is a soil with non-cracking clay may have
crust that impedes infiltration. Madibo (1989) and Gaily, et.

9



al (1982) concluded_ that.Gardud soil is a potential soil if
properly managed. According to FAO (1974) the Gardud soil is
sevgrely erroded soils of Yermosols order. Pacheco and Dawoud
(1976) classified Gardud soil as Rhodic haplustalfs (south of
El Obied), whereas Razig (1978) classified the soil south of

El Obied as Typic vertic comborthid.
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~CHAPTER 11

MATERIALS AND METHODS

2.1 Profile description:-

The profile description was made according to the FAO
guideline (1974). Two profiles were made for each =site
representing the low and the relatively high levels. Composite
samples were also taken by auger to represent the area between
the two profiles (Map).

2.2 Sampling: -~

The samples were meant to rtepresent the different
sequence of horizons sedimentation.
2.3 Laboratory determination:-

All the physical and the chemical determinations were
carried out according to the internationa! procedures of soil
analysis (Page, 1982 and Klute, 1986).

2.3.1 Phygical analyvsis procedure:-
2.3.1.1 Particle size analysis:-—

The particle size distribution was made using the
modified bhydrometer methnd Day (1963) and American Society for
Testing & Materials. (A.3.T.M, 1985 d). The textural classes
were determined according to the American system using the
(U.S.D.A classification scheme).

2.3.1.2 Bulk & Particle Densities & Porosity :-
The bulk densities were determined using clod me hod, the

11



particle density by Pycnometer method and the porosity was
calculated according to the following formula:-
Where:

S = total porosity

Dy bulk density

D

?

particle density
2.3.1.3 Hydraulic Conductivity and infiltration rate:-

The hydraulic conductivity and infiltration rate mea-
surements were made using the constant head method and the
double ring infiltrometer, respectively.

2.3.2 Soi!l chemical properties:-

The chemical determinations were made according to the
procedures outlined in the methods of soil analysis (Page,
1982}).
2.3.2.1 Soil reaction:-

A pH meter Model No. (446/1) was used in measuring the
so0il pH in a soil paste and in a soil water ratio of 1:5.
2.3.2.2 Electrical condvrctivity of the saturation extract
(ECe): -

It was measured by 2n EC meter Model No. (CCS851).

to

.3.2.3 Soluble cations and anions:-

Ethylene diamine tetraacetate (EDTA) was uscd for tha
determination of calcium plus magnesium. Sodium and potassium
were measured using flame photoreter,

12
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The carbonate, bicarbonate were determined by titration
against 0.01IM sulfuric acid. The chloride was titrated against
0.005M silver nitrate. The sulifate was ohtained by difference.
2.3.2.4 Cation exchange capacity (CEC):-

The cation exchange capacity was determined by saturating
with sodium acetate and the displacement of adsorbed sodium by
ammonium acetate.
2.3.2.5 Calcium carbonate.

It was determined gravimetrically by carbon dioxide loss
and volumetrically by calcimeter method. |
2.3.2.6 Organic matter

Walkleyv and Black (wet oxidation) method was used in the
determination of organic carbon. To obtain the organic matter
a factor of 1.72 was used.
2.3.2.7 Nitrogen

Soil nitrogen was dete2rmined using macro Kjeldahl method

s8]

.3.2.8 Phosphorous
It was determined according to Nelson et. al (1953).
2.3.2.9 Free iron oxides:-

The free iron oxides were determined using the citrate
bicarbonate dithionite (C.B.D) and atomic absorption spec-
trophotometry.
2.3.2.10 Micronutricnts:-

The method of Gough {1980) was used in the determination
of trace elements.
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2.3.3. Mincralogy:-
2.3.3.1 Clay Minerals

The clay minerals were identified according to the
primary X-Ray diffraction (X.R.D) outlined as follows.
Preparation of samples.

1- Each sample was washed several times by distilled H,0 to
remove drilling mud and contaminations.

2- Each sample was mortared in a porcelain carefully to the’
cryvstal Jattice intact.

3~ Each sample was disagregated and dispersed in distilled
water using ultrasonic path. '

4~ The less than 2pm fraction was separated by centrifugation
of the suspension and each sample was centrifuged for 2min at
a speed of 2000 r.p.m.

S5- The fine particles in suspension were filtered through a
porous ceramic tube ‘t0o reconcentrate the suspension.The
filtration product which represents the clay fraction < 2um
was collected in dishes and kept in the oven under 60°C.
Analytical procedures:-

X-ray analysis was done on slides containing the < 2 um
fraction. The analysis was made at the University of khartoum
by Siemens X-ray diffractometer using cobalt radiation. Three
different patterns were obtained for each sample, air dried,
ethyvlene glycol and heating.

(A) Air dried treatments

14



Each sample was kept  in a desiccator for 24 hours to
remove the water then exposed to X—rays.'For the air-dried
samples the measurements made between 30-33°2@.

(B) Ethvlene glycol treatment

cach sample was Kept in a desiccator filled in it’s lower
part by ethylene glycol and left for 48 hours. The measuremen-
ts were carried out for the glyvcol samples between 30°20 and
33°28.

(C) Heating treatment:-

The fine diffraction pattern was obtained after the

heating of each samples to 550°C for 6 hours. In this case the

measurements were made betweep 3°2 (o 15°2

2

.3.3.2 Sand minerals:-

The minerals were separated into light and heavy frac-
tions and then identified microscopically according to their
optical properties such as color, cleavage, form, reliel and
extinction angle using polarizing microscope.

Description for the analytical procedure:-

The selccted grain-size range was 0.5-0.045 mm, (the
potentially useful heavy minerals species occurring in this
size range in suitable amount and suitable shape.

Removal of the magnetic and electromagnetic particles:-

These were done with the aid of horse shoe magnet and the

Isodynamic separator respectively.

5



Heavy liquid separatioﬁ:f‘W

It depends on the difference between the density of the
liqguid and the density of the minerals. The samples were
separated into light and heavy fraction using bromoform liquid
(density 2.89 g/ch). The sampie was poured into the liquid,
the heavy mineral (density>2.89 g/cma) sank down whereas the
light ones (density <2.89 g/mﬂ) remained floating.
Identification of heavy minerals:-

Using polarizing microscope the heavy minerals were
identified depending on their color, relief cleavage and

extinction.

16



CHAPTER 111

RESULTS

The physical & chemical data for Béradab, Sodari, Nihud (Rahad
Elsilk), and Umgamalla are shown in Appendix 1, 2, 3, and 4,
respectively.

3.1 Physical properties of soil:-

3.1.1 Particle size distribution:-

3.1.1.1 Baradab site:~

The textural class is clay. The clay increases with depth. The sand
and silt decreased with depth. The texture at the hottom of the profile is
sandy clay loam.
3.1.1.2 Sodari sites:-

The textural class sandy loam at the surface and loamy sand at the
hottom of the slightly concaved profile. While the texture is sandy loam in
the slightly convexed profile.
3.1.1.3 Nihud (Rahad Elsilk) sites:-

The texture is sandy clay loam in the two profiles.
2.1.1.4 Umgamalla sites:-

At Umgamalla the texture in the two profiles is sandy loam in the
surface and sandy clay loam to sandy clay at the bottom.

3.1.2 Bu_lk and particle densities:-

Figures la,b shows Lhe bulk densities at different sites and different
depths. Sodari shows slightly high bulk densities (1.5 - 1.9 g/cc) flowed
by Umgamalla (1.45 - 1.6 g/cc), Nihud(1.4 -~ 1.5 g/cc) and Baradab (1.3~1.5)

17
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respectively. The particle densities are slightly decreasing with depth
except in Sodari and Nihud sites. It ranges between 2.1 and 2.2 g/cc in
Baradab and Umgamalla, and 2.4-2.5 g/cc in Sodari & Nihud profiles.
3.1.3 Hydraulic Conductivity:-

3.1.3.1 Baradab sites:—

The hydraulic conductivity slightly increased with depth. The
hydraulic conductivity is higher at the slightly concaved profiles
Fig.(2.1a,b).
3.1.3.2 Sodari sites:-

The two profiles lavars is approximately shows a similar imperme-
ability level, with notice the permeability is slightly increased with time in
the concaved sites and slightly decreasing in the other, plus the relatively
high permecability of the top laver of the concaved profile in comparison
with the subordinated loweér lavers Fig. (2.2a,b).
3.1.3.3 Nihud sites:-

The permeability is de'creased with time and slightly increased with ’
depth,with regards to relatively less permeability of the slightly concaved
profile, plus the presence of less permeable layers within the two profiles
Fig.(2.3a.b).
3.1.3.4 Umgamalla:-

The permeability decronsed with time and depth, with relatively high
permenble top layver in the slightly concaved profile. Wherens in
the «lichtly convexed prafiles the noermenhility decreased with time and
ingcreased with depth Fig., (2400,

2.1.4 Tntate {(Infiltration Rrte):i-
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Baradab, Sodari & Umgamalla respectively exhibit a similar trend in
the rate of infiltration. The steady state was reached after 50 minutes. The
intake at Nihud site was opposite of the others. Tt began very low and
increased to a high rate Fig. (3).

3.1.5 Porosity:-

The porosity vary from site to another and within the profile. The
general trend at the concaved profiles was that the porosity decreased
with depth (Nihud, Baradab, Umgamalla & Sodari respectively). At the
convexed profile the porosity tend to increase with depth.

3

e

ro

Chemical results:-

3.

rJ

.1 Soil reaction:-
Figure 4 illustrates the different values of pH in different sites.
Generally the soil reaction on 1:5 ratio gave relatively high value
than that for the paste.
3.2.1.1 Baradab sites:-

The pH increased with depth from medium acid (5.7) to very mildly
alkaline (7.1) in the slightly concaved profile, and medium acid throughout
the profile with slight increase in the slightly convexed profile.
3.2.1.2 Sodari sites:-

The acidity increased with depth from very slightly acid (6.7) to
medium acid (pH = 6.0) in the concaved sites, and from medium acid to
very strong acid in the convexed ones.
3.2.1.3 Nihud sites:-

The two sites are exhibited an extremely acid pH throughout the two
profiles. with the slight increasc from 3.7 to 4.3 in the concaved and
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slightly decreasing from 4.3 (o 3% .in the convevwed profile.
22040 Umzamella sites:-

The pH increasced with donth from verv strong acid (pH = 5) to
slightly acid ard mildly alkalinz in the coneavoed nrofile. while the acidity
is very streng througzhout the coavexed profile.

3.2.2 Flectrical Conductivity (F.C):-

All the profiles are non-saline (less than 4 45/m). The ECe is less
at the convex compared to Lhe concaved profile Fig. (5a.b).
2.2.3 Cation Exchange Capacity (C.E.C):-

Generally the cation exchange capacity is medium. Baradab C.E.C is
ranging between 16-17 mmol/100r followed by Nihud 13-14, Umgamalla 12-
16.and Sodari 11-13 mmol/1000 T, (Gah),

22,4 Soluble Tation & Andopsi-

The scluble catjions vare from eone site to anther and within the
profile. The Ca, Mg and Na are increasing with denth, while the pntavssium
is decreasing with depth. A grvemarkable aceusmulation of sodium  in
Umgamalla slightly concaved profile was neticsd.

The dominant anjons are 537,, Cl. and FCO,.. Therefore the main salts
could be the =alts of sodium and potassivm sulfate and chloride.

3.2.5 Organic matter, Nitrogoen and Carbhon/Nitrogen Ratjo:-

Organic matter ranzed from low in Raradab sites to very low in the
other sites, with slight variation between the sites and within the profiles.

The Nitrogen is low, (hrevzhout the sites, degrading from Baradab.
Nihud. Umgamaila & Sodari respoctvoly. with stightlv increasing with depth

and there was no significant Jdiffzvence botween the slightly convaced &
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Fig. 9.a C/Id ratio of Baradab,
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Fig. 10.a Phosphorous (%) of Baradab,
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Table 1

Micronutrients concentration (ppm)

Site Depth Iro Copper Zin Manganese
cm Fe"P Cu?z Zn"f Mn?Z
Baradab 0-20 13.34 04.16 01.17 09.26
AB, 20-60 06.64 05.14 01.11 07.80
60-150 03.76 05.80 00.72 01.34
0-25 06.48 01.44 00.66 09.80
ABz 25-70 02.12 02.36 01.02 05.34
70-120 02.18 02.78 00.74 06.95
Sodari 0-30 07.62 08.40 01.11 05.99
AS, 30-70 03.42 06.32 01.36 04.75
70-120 02.68 06.48 01.08 01.51
0-20 00.82 04.36 01.03 01.95
AS, 20-70 01.86 00.54 01.01 03.64
70~140 00.62 08.18 00.84 02.33
Nihud 0-40 29.62 00.20 00.18 01.12
AN, 40-100 03.78 02.88 00.37 04.41
100~-140 01.54 00.26 00.40 05.13
0-40 03.46 05.34 00.89 00.71
AN2 40-70 01.44 07.10 00.78 01.13
70-100 00.90 06.44 01.22 00.24
100~150 01.64 06.00 00.53 01.73
Umgamalia 0-10 07.90 01.32 00.14 03.73
AU, 10-50 01.80 01.40 00.42 03.71
50-100 00.60 01.88 00.18 00.32
0-20 08.76 00.16 00.06 05.01
AU2 20-100 02.88 00.22 00.08 03.35
100~-160 05.28 00.24 00.12 01.99
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Raradalb iron oxide concentration is (1926-3340 ppm). Iron oxides in the
other sites ranged between 200 to 600 ppm. In the slightly concaved
profiles iron oxides are higher than the slightly convexed ones Table (2).
3.3 Mineralogy:-

3.3.1 Clay mineralogy:-

X-ray diffraction technique was used in the identification and
quantification of the dominant clay minerals. kaolinite, montmorillonite
(smectite) and illite are the dominant clay minerals Table (3).
3.3.1.1 Raradab:-

In Baradab profiles the dominant clay is kaolinite, followed by
montmorillonite., Kaolinite increased with depth in the slightly
concaved and convexed profiles Fig. (12) and (13).
3.3.1.2 Sodari:-

In the slightly concaved profile the dominant clay mineral is
montmorillonite (73% to 76%), followed by kaolinite and traces of illite
increased with depth Fig. (14) But in the slightly convexed profile kaolinite
is more at the surface and decreases with depth Fig. (15).
3.3.1.3 Nihud site:-

Kaolinite is dominant clay mineral (70% to 93%). It increased in the
slightly concaved and convexed profiles with relatively high in the former
Figs. (16,17).
3.3.1.4 Umgamalla:-

The dominant clay is kaolinite, 85% decreased sharply to 28% at the
bottom of the slightly concaved profile Fig., (18), while in the slightly
convexed profile kaolinite ranged from 63% to 57% Fig. (19).
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Table 2

Free iron oxides (pom)

l

site

T

Denth
cm

Free iron
nvide

Paradab

0-20
2060
A0 180

N-"%
M50

1926
3a7n

2892

1982
432

"n-1on 1704
i
sodari ba.-an A18

—

20--70
AR I

N-"n
20-70

N--140

624
228

20,1
34
246

—

Pordinomspitrmgpn- oy

Nihud

0-20
40-100
100-140

0--10
40-70
70-100
70N-150

: 360

200
254

- AT L T N AR R T R I L T TR T

Umecamalla

0-10
10-50
50-100

0-20
20-60
GN-100
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Tahle 3

Clay mineral (%) in the Gardud soils tested

- p— . — - Tt o+ . . © it e

T ]
Site Depth Kanlinite™ Smectite % Tlite% ‘
cm |
'
maradah 0-20 b 52 a7 Traces
AP, 20-60 P oo sn g
! HN-159 g 1 29 Traces
! | !
! I n.-28 b2 52 Traces
AR, L2570 ! < 13 Traces
‘ 70-120 | ~7 22 Traces
T
! Sodari £-20 a7 73 Traces
AS, 30-70 N8 7S Traces
’ 70-120 20 76 04.00
0-20 56 a0 04.00
AS, 20-70 49 49 02.00
) T70-140 a7 61 02.00
Nihud 0-40 383 17 ——
} AN, 40-100 66 33 ———
‘ 100-140 a2 08 ———
{
' 0-40 70 16 02.00
AN, 40-79 73 a7 — !
70-100 75 28 —— I
| 100-150 6 14 _— |
' rmeamalla 0-10 a5 15 — {
AU, 10-50 28 15 —— i
' 50-100 | 26 70 —— i
i
0-20 <3 a1 n2.00 |
AT, | 20-100 | 55 1 06.00 !
- | 100-160 L7 04.00 l
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3.3.2 Sand Mineralogy:-

According to the optical properties, the flowing minerals has been
identified, Zircon, Rautile, Tourmaline, Staurolite. Epidote, Hornblend, Kynite
and Garnet. (Attached plates show their characteristics).
3.3.2.1 Baradab sites:-

The percentage of heavy & light minerals data is shown in Table 4.
Light Minerals:-

Comprised about 95.9% of the top soil, and dropped slightly to
95.66% at the subsoil, and are dominated by quartz 95% in the top and the
subsoil.

Heavy Minerals:-

The heavy mineral constitutes of about 4% of the total minerals. More
than 75% of which are opaques at the upper surface and 79% in subsoil .
Zircon constituted about 4.3% and 12.8%), tourmaline was about (1.5% to.3%),
rautile (2.9% and 4.3%), staurolite (1.5% and 0.0%), pyrite (70% and 0.0%),
Epidote (6.0% and 0.0%), and Hornblend, (1.5% and 0.0%) at the surface and
the subsail.
3.3.2.2 Sodari sites:-

The percentage of heavy and light minerals data were illustrated in
Table (5).

Light Minerals:-

They comprised of about 23.03% and 96.8% of the upper and

sublavers respectively. Quartz is the dominant mineral.
Heavy Mincrals:-
The opaque comprise 77% and 75% of the heavy minerals in the
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Raradah: Sand mineralogy
Depth Light mineral® Heavy mineral% ],
surface 095,17 4.08 !
!
Subsurface 95 "R 1,34 :

Nepth Light min- Heavy mincral (%)
cm erals (%)
¥
Qua | Oth Zircon Turm I Rautile i
rt7, ers aline
A 5 G n A R

Surface 95% 5% 2.0 114 - 1.5 - 2.9
Subsurface ! 95% 5% 2.5 14.3 - 4.3 - 4.3

Heavy mincrals (%)

1

]l

¥

D , i |
:: Stn Ky¥nite g Epidot | Hornhlend | Garnet ! Opagne ”
i nre 1 ! il
li lite { { : i
i 1 ! j i
1" t ? t i
W onnrfnee Iy = 7 =g b= - s ‘|
1 $ . i i ' i - {
L3 ¥ 1 H ‘!,

W svhsurface | - b - I b - 70 I
- O S S— —— - i |

1

&

H

Anoular
Y = Rounded
Groen
Rrown
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Tohle 8

Cndarys

Coveralooy

e == T T 7 ==
!: Nepth Tight miperal (77) Hepvy mineral (") 1,:
r 1
1 Surface 08,07 1,07 f
! 1}
Esubsurface 0G.0N I 3.20 I
L e e . e o

f 1

,“‘-ﬁ’Pth Light min- Heavy mineral i'

‘cm erals (%) (=) |

Qua | oth | Zircon Turm Ravtile i

Tt7 ers aline H

‘ 1 1 !!

A be ¢ IR A RN

Sur o077 | aw 7 { 2 - IS - 1 t

face i !

Sub 967 | 4% 7 2 2 ]34 2 1 !

,l surface !
ir T
;g Nepth !:
G oom ! ’ if I
H Sta Yvpite | Tpidot | Hor | Gar- 1 opa |l
:: nTo : z nhi net : ane ::
] ] lite ) j ond ! ,l
i i [ | | "
1 1 — f a t 1
] Sur 1 = { ¢ v e ‘. b H
TP ! 4 ! ! ? f
t— | ! e )
g.' “uh 0.7 4.2 b= | 1.3 lo.7 L7s [

! | { [

howrface | b0

Angeular

R = Roundcd
T o= Creen
N = Ryrown
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upper and sublayers respective'v. And the rest of minerals are Zircon
(27 at the upper and sublayvers. Tourmaline constituted about (5% and
4.17%), Raatile (1% and 2.3%), 3fauvelite (1% and 0.67%)., Pyrite (7% and
4.13%), FEpidote (0.0% and 0.67%), Hornblend (0.0% and 1.3%), and Garnet
(0.0% and C.677).
3.3.2.3 Nihud site:-

The heavy and light minervals data is shown in Table {6).
Light Mineral:~

The light minerals comprised about 97.25% and 95.6% of the total
sand minerals in the surface & subsurface soil respectively. Quartz is
dominant mineral (98.3% & 97%) in the top and sublavers respectively,
Heavy Minerals:-

The opague heavy minersls comprised 78% & 74% at the upper and
subzoil,respectively. Zircon is (11.1% & 3.6%), at upper and lower horizons.
Tourmaline (2.5 & 5.9), Rautile (1% & 0.0%). Staurcelite (1% & 0.0%) Kynite
(N.7% & 1), Hornblend (0.0% & 5.47) and Garnet (077 & 0.77%).
3.3.2.4. Umgamalla:-

Table 7 shows the data of ‘be heavy and light minervals.

Tioeht minerals: -

They comprised 97467 & 97.5% of the upper and subsoil lavers.
Ouartz is the dominant mineral [94%) in the two layers.
flosvy minerals:-

They comprised 2.34% & 2,497 in the upper and fower layers. The
opnque is dominant (75% & 77%) in the two layers, respectively. Zircon is
'5.6% & 12.47), Tourmaline (7.9% & 3.15%). Rautile (2.2% & 2.8%), Kyvnite (2.2%
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(0)

Heavy minerals
Subangular rautile : red in colour and character high relief

Subrounded rautile : reddish in colour and characterized by
high relief. ‘

Kynite : show high relief , two sets of cleavage and contain
some inclusions

Epidote : characterized by high relief , pitted and high
altered.

Brown tourmaline: characterized by high relief
Staurolite: goldish in color and show relief.

Green taurmaline: subangular to subrounded in form,
characterized by lack of cleavage and weathered appearance.

Zircon: green angular in form show high relief and contains
some liquous inclusion.

Garnet: characterized by high relief and irregular shape.






and 2.8%), Epidote (4.5% & 0.0%),. Hornblend (1.1 & 0.0%) and Garnet (1.1 &
0.0) at the upper and sublavers respectively (Plate).

3.1 Soil Mozpheology:-

3.4.1 Baradab site:-

Appendix S shows the profile description of Baradab soil. The Gardud
of Raradab sites occurred on flat surface, with some connected gullies. The
soil is deep in the upper profile (slightly convexed), and the lower one
(slightly concaved). The latter is subdivided to three clear layers
according to their color. |

Moist color for surface & subsurface in the slightly concaved profile
are dark brown (7.5 YR 4/6) to dark reddish brown (2.5 YR 3/4), below
which is dark yellowish brown (10 YR 4/6) to dark reddish brown (2.5 YR
3/4), below which is dark Yellowish brown (10 YR 4/6). Tl;e color of the
surface & subsurface of the slightly convexed profile is dark reddish
brown {5 YR 3/4) and (2.5 YR 3/4) respectively.

The textural class of the two profiles is gravely clay with Fe & Mn
nodnles and smell gquartz gravels, plus few patchy thin cutan. The
structure of the two profiles surface is strong fine to medium granular.
The subsurfoace lavers are strons course subhangular blocky, moderate to
strong coarse Sl.lbangula_r blocky. moderate-medium subangular blocky and
weak medium subangular blocky in corcaved profile. while in the slightly
convexed profiles sublavers strvcture are stronz course subangular Hlocky
and moderate-covrse to medium subangular blocky. The two profiles are

non-calcarecus, the soil reaction ranged between (pH = 5.7 to pH = 7.0).



2.4.2 Sodari:- -

The Gardud soil of Sodari {Rarasa) is deep occupied the flat surface
with the evidence of moderatc «and depcﬁita.

The moist color is dark roddish brown{5YR 3/4) to reddish brown
{5¥R 4/4) at the surface and subsurface to dark brown (7.3 YR 3/4) at the
bottom of the slightly concaved profile. The surface & subsurface of
slightly convexed profile are distinguished by brown to dark brown (7.5YR
4/4) to vellowish (5 YR 4/6), respectively. Followed by yellowish red (SYR‘
5/6) at the hottom. The texture changed‘ from sandy loam to loamy sand
and sandy loam with depth in the slightly concaved profile, where as it is
loamy sand all through in the slightly convexed profile. The structure is
moderate to fine medium granular at the two profiles s'u,rface, but the
snhsurface are moderate coarse subangular hlocky, weak to moderate
medivm subangular blocky, and massive in the slightly concaved profile,
while in the slightly convexcd profile the structure is moderate medium to
coarse subangular blocky, moderat medium subhangular blocky, and massive
ta wenk medium .f:uhan(;._z,u!ar hioky. The two profile arce non-calcareous, the
znil pH is between (5 and 6.7) Apprendix 6.
3.4,3 Nihud (Rsahad Tlsilk) Site:-

Appendix 7 shows the dnta of Nihud profile description.

Rahad Elsilk Gardud {Hemcra) soil occured on an undulating surface
ot hl R L A e D S DN Y SESPUE R S S,

The seil is deep and has two distinzuished horizon and/or lavers
according to thair color. The moist color for the surface and subsurface
of the slightly concaved profile is red (5YR 4/6) and dark red (2.5 YR 3/6)
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reapoectively. The slightly convexed prnfi?c color is dark red (2.5YR 5/6) to
dart rod (2.5YR 3/6) in the surface land subsurface respectively. The
texture is sandy clay loam for the two profiles, the structure is strong to
fine medium g2ranular in the surface, and the subsurface of the slightly
concaved profile is strong medium subangular blocky, moderate medium
subangular blocky. moderate medium subangular blocky, weak to moderate
medium subangular blocky and massive to weak medium subangular blocky.
While in the slightly convexed profile subsurfaces are moderate medium
subangular blocky, weak to moderate medium subangular blocky, and
massive te weak medium subanguler blocky. The twa profiles are non-
calcareous, and the soil reaction is ¢xtremely acid (pH = 3.8 to pH = 4.1)
in the two profiles.

3.4.4 Umeamalla Site:-

The surface of Um.'gnma]la Garduod seil is flat with some connected
cullies, The moist colot of the surfacs and subsurface is dark brown {10VR
3/3) to dark yellowish brown (10VR 3/4) below which is brown to dark
hrowwn (1OYVR 4/3) in the slightly concaved profile. Whereas the color of the
slightly convexed profile is brown to modevate brown (7.5YR 4/4) to vel-
lowish red {(SYR 4/6) in Lhe surface and subsurface respectively, At the
bottom is yellowish red (§YR 4/6). The texture is sandy loam to sandy clay
in the slightly convcaved site, while its loamy sand & sandy clay in the
shightly convexed profile. The structure is stronz fine to moderate &
moderate medium granuits at the two profiles surfaces respectively, but
the subsurface is moderate corrse <suhangular blockyv, and weak course
1

blocky in the slightly concave? nrefile, and strong coarse subangular
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blocky, moderate coarse subangular._Dblocky and weak coarse subangular
blocky. The two profiles are free from CaCO0,, non-calcareous, and the soil
K

reaction is between § to 7 Appendix 8.
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CFIARTT IS T2 TV
IS CUIS STON
1.1 Horizon:-

The different horizons has becn identified hased on the color. They
were further subdivided into subhorizon accordinz to the structure.
4.2 Calor:-

Appendix (5, 6, 7, §) show that thoe dominant colors are red, brown
and vellow respectively. This can he ovolained hy the behavior of iron in
the soil nnoa Tunction of their contrestine bydrolezy. The dominant iron
minerals could he hematite, maghamits »n ceothite. Also the dark color
may be dve to the organic matter comslevatinn, This finding is coinciding
with findinn of Tunting (1063), GT7 (1477}, Dawoud {1972), Razig (1978) and
Coanventry [(1082),

2.3 Texture and structure:-

Appendix (1, 2, 3, 4) show that the texture and structure were
different from site to another and with depth. The enrichment of surface
Inver with coarse particles is assumed te be n result of crosion and the
removal of proportionally greater amount of silt and clayv than sand. The
widesprend occurrencs of sedimentary. aranite and zneiss parent material
is an acceptable evplanation for a sand naturc of the top soil plus the
downmward clluviation of clay. At Sorlari the top soil shows less sand than
the subeail, which could be attributed to the recent eolian depositions that
containg higher amounts of silt and c¢lovs, The less granulation of the lap
surfaces compared with sublayvers is tue 1o the Iess orgenic matter, hare
surface, hot temperature and less clay content. This vesult is in agreement
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with the finding of Raziz (1978) ot Y}nj‘,.f;_ap)nlln and Nihvd sites and the
finding of Dawoud (1978) and GT7 (1977) at Baradal site.
1.4 Seoil Hardness:-

A marked hardening during the covrse of the dry sesson and friable
whoen moiat, with gvitty thin laminar ot the surface crust as o dingnestic
charactoristic of all detectad Nardud aila, The hacdness of these soils has
no clesr specific reason, Cenere'l= this hardening mayv be due to the
amorphous iron oxidas while the crevt is probably dve to the disperse:d
clay »r? sedimentation on the silt ard wrnd fractions. This interpretation
coincide with that of Tonas and Witd (1275, Dahrampeet (1985) and El Swaify
(1933
4.5 Eraszion:i~

AN Goardud soils underas severe wind crosion and/or water erosion
causing a truncated soil with exposced low lavers. The wind erosion prevail
at the northern part while the water erosion prevail at the southern part.

The field ob=ervation emphasized that the poor vegetation, the bare
surface, the drought and the mankind were the main possible reasons of
the erosion plus the intensive stormy erratic rainfall and the slope effect
in the southern part. The gritty top lavers and the rapidly breaking down
of kaolinite crumbs in rainfall increased the crodability of the sojl. This
finding supports the finding of BPnze (10462},

The principles vpen which ~eolective meassures to combat water
erosion are designed to provent wsl! Manersion and o reduce surface ron-
off. The dispersion can he minimizes! hy development of stable azeregates
and vesetation cover to hreak rain deapping and to rodace (s dispersive
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force plus the role of the root s;ym'r;-m_.ivxj_”l'y,i.ndin:_; the soil grains.

The reduction of run-off in th% vf.‘wardud s0il can be achieved by:-

- reduce _the slope for rill to develop. since the run-off increases
with the increase in percent slope.

- 2o00d vegetation cover negates completely the cffect of climate and
topography and <oil erosion.

The prennials bunch types an-d fibreous root sy<tam are superior than
annuals, Sod farming and tap rooting nlants (Mirchandani, 1958). Raghunath
(1962) ztated that the run-off excee!s 2-3 times on hare soil and 400-600
times the soil loss as camparved with the grass cover plots,

- strip cropping in closer rews and mulching mayv increase water
intake,

- terracing the Jand in herizonated steps.

- early planting.

- deep ploughing (20-30cm) at the end of the season with earlier
planting (Verney and Williame, 1965).

The reduction of the wind erosion could he accowmplished with the
increasing the colloidal content hy application of farm yvard manure ani
shelter belts of trees to form wind freak heside Feeping the soil covered
with vegetation ~»d r2siduees of plants threush the dry course.

4.6 Scil mineralogyv:-
.61 Ty mineralooyv:-
Hndte and moutmerillenite spe (he dosipant clee minerals followed

- .
Naok

by traces of jllite as shown in Trhle 2 The proportianal constituents of

these minerals are widely contrasting with denth and site. This could be



due to the different pedogenic process with  different periods and
pocitiones,

fofr;frr;-nt stages of weatharing appeared in these sojls. The prescnce
~f Laolinite and montmorillonit:: in abundont amount is an indication c¢f
irtermedinte stages of weatheving, while grartz and illite are attributed to
Iow Jevel of wanthering (weathe sine of clay asize mathod (Townsend, 1972).
This finding is =imilar to the finding »f Farah (1971), Burvmah (1971). GTZ
(1077) and Raziz (1973).

4,2.2 Sand mineralhgy:i-

Tables (4, 5, 6, 7) show that cuartz dominated the light minerals (95-
0g%), while the opaques dominated the heavy minerals (74-72%). The
presence of minersls such as guarts. rautile. zircon and tourmaline and the
relatively absence of the weathayable minerals indicated that these soils
developed on highly weatherad parent materials Townsend (1972). The
result also show different preportion of highly resistant mineral (zircon.
torrmaline and rautile) at the surfaces and subsurfaces is a good indicator
for their different source and/or encountered different pedogenic
vrocesses, The prosence of ansuolar and raunded structure also confirm the
different sources. So these sails conld he developsd from transported and
Jdepesited material (colluvivmt of differont wonthered material derived from
the dominant rocke in the rooinn which were mostly granite and gneins,

The result wore in surcoment with the findings of Dawoud (1978) and
Jones and Wild (1975} and in dizrcecenent vith the finding of Razig and
Hunting (19721) who stated thet those iy wwere develapied insitu, originaterd
from local meoterials, than from wind or water deposits.
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4.7 Phyuical properties:-
1.7.1 valk, particlte densities and porosity:-

Figures (1a,b) show that the brlk density increases with depth from
south “o north. The slightly concaved pits shaw relatively high wvalues
compared to the convexed anes. The valves vary between 1.3-1.9 g/cmj. The
high value with depth may be duve to the presence of compacted layers,
less agerezation and the influence ¢ovwed by the weight of the ov.e]‘ laying
Iavers, While the prescnce nf appreciabhle clay content and relatively high
arganic matter and inturn good aggregation may affect the bhulk density
causing the lower values,

The particle densities vary between 2.2 and 2.5 gg/cm3 which is low
in compariseon with the usual pn:'tic'h;‘ densilios of mineval soila (2.6-2.75
g/cm'ﬁ). The relative absence of the weathevahle heavy minerals and
incorporaticn of the organic matter with appreciable amounts could be
responsible for tha low values, The porosity increasad from north to south
and decrcases with depth,

1,7.2 Pydravlic conductivity:-

Fioures (214D 0 2.2a,b ¢ 230.h 0 2.4ah) shew the results of the
hydreulic conductivity, From the rermeability point of view (high 10 'ﬁ)-.
o 4 z »
me e, (1077, Tov (1077), Vilow /107 ~=noticall= dmpermeable(107 cm/g ) Nihud

appeared  slow  permeability, PRaradeh vare hetween  very  slow and .
impermeable, Soda~i and Imgamalla <hewed throuzhout impermeable layvers.

The pesmeability of Raedaly v Twer despite the high porasity, This
m=zyv b due to the ralatively high content of olay and wmonimorillonite clay
mincral which clog the pores when disparcad with water, While at Sodari
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and Umeamalla the itnpernv_\.:nh?i?.L;.'i __c.m.!ld be attributed to the compacted
lovers and the appreciahle accummlation of sedins cation, respectively.
Resjde the presspcs of mont-maritionite clav in a relatively high content,
1,73 Infiltration rate:—

The infiltration vesn’ts woarn shown in Flo. 3, where the
mperealility followed the zam-s manner of tbhe hudraulic conductivity ie
decreasing from Nihud to Bardad Sodari and Umeamalla o This may be due
to the relatively high content of clay and montmorilinite clay mineral at
Ravdab, apnreciable amovnt of sodivm cation at Umgamalla and the
compacted laver with appreciable amouvnt of montmorillonite clay mineral at
fodari. Thi= finding is in harmany with the concertion that the infiltration
rate is equal to the harmonic «we<an of hydraulic conductivity of the various
Invera, whers there was a non aniform soil,

4.8 Chemical propertips:—
4.2.1 Soil reaction »nd caleiurm carbanate -

The pH value varvy hetween extrewelv ncid (pH = 3.8) and mildly
atkaline (T = 7.4), increasine with depth . The result show a slightly
hizher pH valnes in 1:5 s0' water eatio compared to the soil paste due to
I contacst of the off electpale o 1he il paste,

The tendercy of thes =ailas mpy b due to the low amount of seluble
alkaline saltz which may be leached  down, heside the presence of neutral
solts (sulfate ard chloride s2'ts) in considerahle amount decrease the
pH. The acidic parent matoericl {zranite) and the presence of appreaciable
amounts of quartz and kaolinite mipersls with their acidity condition and

rare sourcas of O con be o

sonsihle of this acidity . These findings




core aereed with Chapman e, of (17231, Daver (1933, 5TF (1977} and
incontrast with the finding of Raziz ©7772) ans Funting (17274, The calcium
carbonale was entively abzont of oll =_:h-3 nrofifes, Thin could Dhe explained
by Jeaching. )
4.2.2 Soluble cations and anions:-

sapendix (1, 2, 3, 3) show that th dominant cations and anions. The
crpected galts are potassivm sulfpte at the upper Invers and  sodiom
chisride, sodium bicarbonate at the hotiom lavers. This is hecause the arid-
zone nails have alkaline subsoil and alkatine or neutral surface soil. The
accunmulation of sulfulc salls »t Lhe uwpper Inyers is a phenomenon occur in
the soil of arid region (Brady, 1974; Mengle and Kirtkby, 1935). The
clectrical conductivity data shown in Fizures (3a,h) reflect that the ECe is
low . The increase at the surface layers could he due to the recent
wepthersing d«."posit&
4.92.3 Creanic matter, Phosphorus, Nitrozen, carbon/nitrogen ratio:-

Fizures (7a.h ¢ Sa,b 1 %a,h) «hew that the organic matter, nitrogen,
are low, while the /N ratia is high in the north and low in the south due
to the relatively good vegetation cover ir the south and bare hot
tempesature in the northern u The phosphorous  content  ranging
betwern medium and low decreasing from =onth o north as showp in Fies.
(102.%). The phosphorous content  increases with  depth due to the
decrensing p™ with increasing depth.
1,82.4 Txchanocahle catinns:-

ppendix (1, 2, 20 4 show that Calecinm and magnesivm are Lhe

dominzal cations and increased with depth, Generally the exchangeable
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entions were Jow dus to the hichlv wsathore? gtatr e of theao old seils. The

lexwr amonnt of mopncesinm eoalt Lo e ta the Yose amount Nf eaatly

wertherable feropaencesion micceale and wome seenndare clay minerata goch
anoohlorite, vermionlito, illite,
1.°2.5 Cation evchanae eppacity (0.0 M)~

Figurog (Ga.h) show thoat ihe 8.0 5l The somewhat low values
san he attributed to thoe high content of kaolinite mineral
4.9.0 Sodjum adserption ritio (AAR -

The SAR is Jow cxcept at Umgamalla site, The SAR at Umgamalla site

increawed wilth dopth due Lo the Teaching of sodium,
$1.8.7 Microelements:-

Tabhls 1 sheavys that the corteont was Jowv. This could be attribuled ta
the <troncly leachod neid nandy anil and/or duae to their original d<ficient

povent maderinl,

4.2

o]

& Tree Tran ovides

The Tirding in Table 2 ilteatratoe b0t Froe— ipron avide was very

hieh in Baradah in comparinn wirh othor aite Jocroswed with depth .

T
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CONCI.OSETON ATNIY I3 MBI RIDATTONS
Gardud soil is a local name given to truncated, gritty, non cracking

clay <oil with crusted sorfacz. Evosion and compactionhazard is high. The

.l 1
Gardud sail (Alfisola ) and Gardud-like soil {(Aridisols or others) occur
’ . » ‘\

throughout 1the region under difFferent names (Gardud, Rarasa, Hadaba,

Sala’a, Mualad, and Naga'a )} mainly in arid and semi‘ arid region as a part

of the brown and reddish brown soil! .

The physiomorphelogy, chemical, physical properties were influenced
by the climate an‘l the topography with different severe limitations such
as (low fertility, stoniness, erosicn and compaction).

Aceording to soil taxon of Amevican classificalion system
The different site classification iy -

- Baradah «ites:—

1- Kanhaplic rhedusalfs, Fine  slayv.kaoline.  isohyperthermic  (slightly
concaved)

2~ kKandic plaenstalfs. very fine clay kacoline, isohyperthermic (slightly
convex)

~Nihad sites:-

1- Rodic

kandiustalf fine loamy. Kaoline izohyperthermic
(slightly concave)
2- Arid  paleustallfs. Tine loamy. Kaoline isohyperthermic
(slightly convex)
~Umgamalla
1- Ustic haplustalls . fine loam— Laolinge isohyperthermic
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(slightly-concave) S
2- Ustic paleustalfs . fine lnam-kaoline isohyvperthermic
Sodari
1- Typic comborthid. coarse loamy - mixed-hyperthermic

(slightly concaved)

2- Typic comborthid- coarse loamy ~ mixed-hyperthermic
(slightly convexed)

Gardud scil posses a relatively better chemical and physical
properties compared with already exploited sandy goz soil . To maintain
and improve Gardud soils propertiss, however, the following suggestions
and recommendaticns may contribute to achieve such an improvement:-

~Give no slope for rill to develop.

-Good vegetation cover .

~Terracing the land in borizonta) steps.

-Tncrease the colloidal content (liming & Manure)

-Be!t of wind broken trees.

-Supplementary irrigation (water harvesting)

-Deep ploughing at the end of season with early planting next
vear in strip and closer row .(in the south).

-Using hoc and/or animal traction in bare - sites (in the north)

with early planting .
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Appendix (V)
Baradab site |
Information on the site:-
(a) Profile number: AB, AR,
(h) Soil name: Gardud El haradab
(c) Higher catezory classification: kanhaplic rhodustalf, kandic
paleustalf
(1) Nate of examination: 15/5/1093
(e) Authors: Abdel Moneim A . T ard Dawound Mohamadani
(f) T ocation: Assalamat ville 1o, ene Xm north El Raradah village which
i obhapt & Km north west of Yados! tewn.
(o) Flevation: 400-509 m.a !
M) T.and form:
i= Physiongraphic position: high vidge
ii—- Surrounding land form: almost flat
iii—- Microtaopography: nil
(i) Slone on which profile is sited: Jevel to nearly level, the
downwar? fraom north to south.
(7} T.oand use: At the time of examination land was under poor pasture
(1) Climate: The average annual rainfall is 600-850 mm. There is a
prorounced dry season with § to 7 dry months. The growing season is 5§

months, The mean annuanl temporatare is 10.0°C with maximum daily average

(1} Vegetotion: ¥adad (Dichrestachys cirerea), Arad (Albizia amara),

Hal: ACowheetnmr covdfanumd. Sahabh (Anoncisus  leiocarpus). Aboney

(Mithergin melanexylon), Im Ska' o Tveraphylls spinesa)



Genera] information on the soil:- ‘
(a) Parent material: Apparently, basement complex, mainly granite and
schist
(h) Drainage: Well to moderately drained
(c) Moisture condition:
{d) Nepth of ground water tahle: Unknown
(e) Presence of surface stenes, rock outerops: None
() Fvidence of erosion: Slishtly gullied erosion
(g) Presencae of salt or alks'i: None
{(h) Human influence: Nane
Prafile description:~
(a) Slightly concaved profite (AR)
0-Sem Strong hrown (7.5YR 4/6) dry, and dark brown (7.5YR 3/4)
moist, clay, strong fine to medium granular, stickv, plastic,
friable moist, slightly hard dry, few fine pores, few small quartz
and iron and manganese nodules, non-calcareous, few very fine
roots, pH 5.7, abrupt smooth houndary.
5-20cm Strong brown (7.5YR 4/6) Ary, dark brown (7.5YR 3/4) moist, clay,
moist sfrong coarse subhangular blocky, stickyv, plastic, friable moist,
slightly hard dry, few fine tubular pores, few small quartz and iron
and manganese nodules, non-calearenus, few very fine roots, pH 5.7,
clear smooth houndary.
20-A0cm Dark reddish bhrown {2.5VE 3/4) dry and moist, moderate to strong
conrse sthangular blocky. stictyv, plastic. friable moist, slightly hard
dry. few {ine patchy cint n, fewr fine tubular pores, few fine small

quartz and iron and mancanese nodules, non-calcareous, few very



fine roots, pH 5.7, gradual smoath.boundary.

6N-100cm Dark yvellowish hrown (1MYR 4/6) dry and moist. sandy clay.
moderate medinm subangular lwlr_v:k}'; sticky, plastic, friable moist,
kard dryv, few fine tahular pores, non calcareous, few very fine
onts, pvo(A.4) aradual smenth Heundary,

1N0-15ncm Park vellewish hrown (°0ve 4/6Y dry and moist, sandyv clay,
weak moedium saubancular hine! =0 sticky, plastic, firm moist, hard dry.,

very fine tahular pores, ron-onleareons, pH 701
slightly Convexed Profile( A, -

N-10em Yellowish rod (5YR A/6) dry, ond dark reddish brown,
YR 3/4) moist clay. strong fine to medium subangular blocky,
sticky, plastic, firm moist, slichtly hard dry, few medium tabular
pores, few fine small quartz and Fe & Mn nodules, few fine to
medinm roots. pH (5.4) abrupt smooth houndary.

10-25cm Yellowish Red (SYR 4/6) Jdry, and dark reddish brown (SYR
3/4) moist, clay, strong course subangular blocky, sticky, plastic,
Friable meist, slightly hard dry, few medium tabular pores, few samall
quartz, Fe & Mn nodules, non-celcarenus. few fine to medium roots,
PH (S.2) abrunt smooth bhaurdary,

25-70 em Nark vod (2.5VR 3/68) drv. and dark reddish braown (2.5VR
3/4) meint, elay, strong corcse wunhangular blocky, sticky, plastic,

Friahle moist, slightily hard dree, fow parehy thin cutan, few medinom

tnhulor pores, fow amall quorcty Fo & Mo nodules, non-calcareous, few

very Tine roots pq (5.6) graduval smooth houndary.

70-100 cm Dark red (2.5YR 3/7) dry & dark reddish brown (2.3YR

3/4) moist, clay, moderate course to medium subangular blocky,



sticky, plastic firm moist. «slight'y hard, fox patchy thin cutan,

fowe fine tabular pores. pH (5.7) sradunl ameoth houndary.

101-120 cm DNark red (2.5YR aY dee & dark reddish bhrown (2.5YR

3/4) moist, clay, waodecnte midiom =ubangular  blocky, sticky,

plastic, firm moist slightly hard dey. fow patehy thin cutan, few

fine tabular pores, ron-cnttarcons, p!to(

‘N
~J
S—r



fopendix No. (V1)
csodari Site:-
T, Infermation on the site:-
a) Profile No.: Asq, Asz
h) Soil name: Gardud Sodari (Barasa)
c) Hicher category classificatinon: Typic comborthids
d) Date of examination: 1.6.1903
e} Author : Ahdelmoneim, A.1 & Dawoud Mohamdani
f) Location: 25 Km west Sodari town. 2 Km west Um-maharik
Jepel and west Khur Elamin.
¢) Elevation:
h) Land form:

i) Physiographic position: High ridge

i) Surrounding land form: almost flat
iii) I\/Iicrotopography: Nil
i) Slore on which prefile iz =ited:  level to nearly level the downward
from south to north.
i) Tand-uso: very poor prstvre “o pare lend.
t) Climater The average anoua’ eainfall iz 100-225mm. The growing season
of 1-2 months, with a pronounced dry season 10-11 months.
The mean annua! temp. is 24°C with maximum daijly average of
a0-42°0,

1 Vegetation: (Accia mellifra), (Accin nubica), (Accia tortitis) (A.nilotic-

a), Oshr (Calot~opis porcera) Korsan (Bosia senezalensis)




1. General Information on the Site:-

a) Parent material: Apparently, Bascment

gencsis and schist,

h) Drainage: well to moderately drained.

2) Mnisture conditions

non

¢

d) NDepth of groundwater tahle: unknoewn

complex, mainly  granite,

o) presence of surface stone, rock oot crops: none

M Tridence of crosion: sever wind ocoosian,

nono

3

Y Presence of salt or alkali :

k) Human influcnce: none.

1I1) Profile description

Saodari

Slightly Tancaved Profile (As,)

O——-~10cm Reddish brown (YR 4/4) dryv and
4/4) moist, sandy loam, moderate to fine grnnula.y,
sticky non plastic, friable moist, slightly hard dry,
tahular pores,
boundary.,

10~——-30cm Reddizh brown (5YR 471} d=y and

i

3/4Y moist, sandy Joan.

sliohtly sticky, non-atotie,

dark reddish brown (5YR

slight!y

common

non=-calcareapna, few fine, pll (6.7) clear smooth

dark reddish brown (5YR

~adarate course subangular bhlocky,

frinkie moist, slightly hard dry,

comman tahular pores. noo-calearenvs, few fine roots. pl (6.7),

clear smooth bheundary.

IN=—==Tcm  Yeollowist red (SYR 4/6) drey, and

reddish hrown {SYR 4/3)



moist, leamy sand,. weak to moderate medium subangular
blocky, alightly sticky, slightly plastic, non-calcarcous, few
very fine roots. p!f (A.2) clear smoath boundary.

TO-~~=120¢m Brown to dr % hrpon (78YR 4/4) dry, and dark brown
(7.5YR 3/4) maist, aandy loam, massive slightly sticky.
slightly plastic, friable mojst. hard dry, common moder-
ate tabular pores, nen-calearenus, pH (5.0).

Slightly Convexed Profile (AS!)

Mo 200m Strong brown (7.5YR 5/6) dry and brown to dark hrown (7.5YR
4/4) moist, loamy sand, fine to moderate medium subangular
hlocky. slightly sticky, nonplastie, friehle moist, slightly hard
dry. common fine tahuvlar pores, non-calcareous few fine roots,

pH (6.4), clear smooth bhoundary,
0———-T0em  Vellowish red (S¥Y= 4/6) dry ~nd moist, Joamy sand, moderate
medium to course subangular blocky, slightly sticky, nonplast-

ic, friahle moist, <Yightly hard dry, common fine tabular pores.

g — -10Ncm Yellowielyy ro (5VR G/8) drv, and vellowish red (5YR 5/6)
moist, leamy cand. medarate medivm subangular blocky,
slightly sticky, «lightly plastic, friable moist, hard dry,
fine tahula~ pores, non-colcarenus, pH (5.0). ;

100-~140cm Yellowish red (5YR 6/2) dry, ond yellowish red (SYR 5/6)

moist, loamy sand, massive to weak medium subangular blocky,

slightly sticky, slightly plastic, frinhle moist, hard dry, fine

tohular pores, non-calcaregne, pi (8),



pnendiv (VTT)

ihud fite

I} Information on the site:

n) Profile Yo AN, AN2

1) Seoil name: Gradud EBlnihud (Wemera)

c} High category classification : Rhodic pale ustalfs/aridic paleustalfs

d) Date of cxomination: 30.6.1993

2} Author: Abdelmoneim, A1 & Dawoud Mohamdani

)} Location: 50Cm. west Rahad Elsilk, and abount 25 Km south east Nihud
town.

a) Flevation:

h) Land form:

i) Thysiographic position: high ridge
it) Surrcunding land form : undnlating
iii) Microtopography: nor-

i} Slope on which profile ia <ted: nearly level,

D) land uue o peer pasture.

LY Climate:r The average nnnnal painfall is 225-400mm, the growing season
ef =4 months, with a proncunced dry seasen 2-9 month. The
mean annual lemperature with meaximum daily average of 40~
42%c and minimum daily average of 12-17°c,

1) Veagetation: Korsan {Deoy

nais), {Accia senezal), Haskanit (Cenchrus sp), U'mgala-

a4 S

zil (Aristalochia sp).



1Y Ceneral Information on the «aili-
#Y Parent material: anparently, Basement complex, mainly granite,

encsis and schist,

]

b)) Drainage: well to moderately drained
c) Moisture condition:
Ad) Depth of the groundwater table. unknown
2} presence of the surface stone, rock outcraps: very few boulders
I} Evidence of crosion: moderately to sever -wind erosion.
¢) Presence of salt or alkali: none
h) Human influence: none
1I7) Drofiles Description
Tlightly Concaved Profile (AN?)
0---10cm Red (2.5YR 5/6) dryv, and dark ved (2.5YR 3/6) moist,
sandy.clay.loam, Tine to moderate modjom granular, slightly
sticky, slightly plastic , firm moist, slightly hard dry, many
medium tabular pores, non-calcareous, few fine roots, pH (4.1)
clear smocth boundary.
10~~-40cm  Red (2.5YR 5/6) dry and dark red (2.5YR 3/06) moist sandy clay
locam, strong medium subangular blocky, slightly sticky,
slightly plastic, friable moist, slightly hatd dry, many medium
tabulat pores, non-calcareous, few roots, pH (3.4) gradual

amocth boundary.

40-—="

QD
[
3

red {2.5YR 4/8) dry and dark red (2.5YR 3/6) moist, sandy

v

clay loam, modorste medivm sohancular blocky alightly sticky,



{

slightly plastic, friable '1vnr._)i:~‘3+:,wsl1'r:,.hHy hard dry., few patchy
thin cutan, many medium to coarse tabular pores, non-calcare-
OUs, Common fine to medivm root, pH (4.0) gradual smooth
houndary.
T0--100cm Red (2.5YR 4/%8) dry and dark (2.5YR 3/6) moist, sandy clay
loam, weak to moderate maedivm subanguler blocky, slightly
sticky, slizhtly plastis. firm moist. few Ffine pores, non- .
coleareons fow fine oot o7 (4.2) oradenl smooth boundary.,
1N0-—-110cm Pol (2.5YR 4/%) Jdr-v and dorv (2.5YR3/6G) moist sandy
clay Jonm, massive 1o weak medium svhangular blocky,
slightly stioky, slich e plastic, Firm moist, sliohtly hareAd

dry, Forv very fine rarseq, non-calenrveouns, plt (4,40

Slightly Convened Profile (AN2)

N—-~-10cm  Red {2.5YR 5/6) dry, arnd red (2.5YR 4/6) moist, sandy clay
Ioom, strong medinm granular slightly sticky slightly plastic,
friable 1woist slightly drr many fine to medium pores non-
salcareovs, common fine roots, pH (4.4) ¢lear smooth boundary,

10---10cm Red(2.5YR 5/A) dry, and r=d (2.5YR 4/6) wmoist, sandy clay
Toam. maderate medivm  subangular blocky, slightly sticky
slightly plaatic friable meist, slightly hard dry, many fine to

medium tahunlar pores, non-enleareons, fow fine reots, pH (4.3)

~lenr gronth bBoundnrse,

8]

A0-—--70cm Red {2,5¥YR 4/83), and derclk red (2.5YR 3/4) moist, sandy clay

.

lenm, mederate medivm sehangnlar blocky, slightly sticky,

slightly plaatic, feiahle t, slightly hard dry, fow patchy



70----100cm

100--1200m

thin cutan, Many fw_nﬂh,xm tubular pores, non—'éa]careous, few
fine roots, pH (3.8}, kgrndual asmaoth haundary.

Red (2.5VR 4/2) dry, dark red (2.5YR 3/6) moist, sand clay
lorm, wenk to madornte medinm subangular blocky, slightly
sticky, slightly pleatic, Triahl's moist; slightly hard dry, few
fine pores, nen-colepraous, very few fine roots, pH- (3.8),
gradual smooth btamdary,

Pod (2.5¥YR 4/2) ¢-», pnad dark verd {2.5YR 3/A) moist, sandy
cley lonm, massive ta weals medinm suhangutar hlocky, slightly
sticky, slightly pl:n%ﬁt‘, friahle mnist, slightly hard dry, few

fine pores, non-calearecus, pH (R.9).



Appandic (VTTY)

Umgamalla

1. Tnformation on the Site:

a) Profile No. AUt, AU2
) Soil name: Gardud Umgamalla. .
¢} Wigh category classification: Mstic Haplustalfs/Ustic ﬁéleustalfs.
d} Date of examivnatimn: 1.5.1993
e¢) Author: Ahdelmoneim.A.I,, G.M. Madibho and Dawoud Mohamdani.
f) Location: 500m north Umgamalla village, 100 km south El Obied city.
g) Elevation: 500-600 m.s.l
h) Land form:
i) Physiographic position: flat
1) Surrounding land form: almost flat.
i1} Microtapography : none.

i) Slope on which profile is sited: level to nearly level.

i) Lend use : at the time of exvaminatior land under rather poor
pasture and =hTting agriculture are practice.

E) The climate; The avorags oot roinfa!t is 400-500mm. The growing
season of 3-1 wenths, with o pronounced dry scason 8-0
month. The merr snnual temp. is with maximum  daily
average of 30-10°¢c and minimum daily average of 13-

17°¢.

I} Veoctation: Korsan  (Boscia  sencegalensis), Tawot (Accia  nubica),

Tabaldi (Adansonin digitata), Sidir (Ziziphus spinec-

~ hristy), Diffra {Ecconochloa colava), Aish elfar (Eragrotis

termula) and (Borreria sn).



17, Ceeneral Tnformation on the @it -
) Darent materinly apparent!zs. Docement compleyr, mainly granite,
cenesis and schise,
b)Y Droainage: woll to moaderate deained.
~) Majsture condition

ey Presence of surface stone or rock out crops: none

-
2

Evidence of erosion: slightly wind erosion
) Presence of salt or alkali: none

h) Human influence: none

1IT. Trofile Description

Slichtly Conceved Profile (AU1T)

O-==-102m  Vellowish brown (10YR S/ dry. and dar® brown (10YR 5/3)
moist, sandy Joam. strong fine to moderate medivm granular,
slightly sticky, plastic, Triabhle moist slizhtly hard dry, few
very f;'ne pores, non-calcarenus, fow fine raots, pH (5), abrupt
smooth houndary.

10--=50cm Derk vellowish be-own (10VR 3/4) dry. and moist, sandy clay
Inam, moderate éoarQQ' sprangular blacky sticky, plastic, friable
moist, very hard Jdry, few patébhy thin ontan, few very fine
pores. non-calearcons, fow fine roots, pi (A7), gradual amooth
bonundary.,

S0--~100cm Rrown fo Jarl brown (10YR 2/3) dry and moist, sandy clay,
wenl covurse blocky, sticky, plastic, friahle moist, hard dry,

four patchy thin cortenp, very fine rore, con-caleareous, fow
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