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ABSTRACT

The southwestern region in Saudi Arabia is located within Al-Sarrawat high
elevation mountains. In these mountains the dominant igneous and metamorphic
rocks (granite, basalt, diorite, gabro, mica-schist and othersj was relatively high
leading to the formation of weathering products rich in amorphous materials,
particularly in the residual soil profiles. The main types of parent materials in the study
area are residuum in the soils formed in-situ from the source rock particularly at
mountains, alluvium and colluvium particularly in slopes. The present study aimed to
evaluate soil characteristics, the content and distribution of amorphous silica and
alumina and free iron oxides of soils developed on different parent materials (i.e.
igneous and metamorphic rocks) in the southwestern region, Saudi Arabia. This
investigation alsc aims to test the impact of amorphous materials on some soil
characteristics.

Results showed that the studied soils are differing considerably in their
characteristics and morphological features, these differences are mainly related to
variation in parent materials, elevation, climatic conditions and vegetation cover. The
free iron oxides (Fey) (9.8 - 14.8 %) is the largest components forming the
amorphous materials in all the studied soils followed by amorphous Siam (0.1 — 8.4%)
and Al (Alam) (0.1 — 9.2%) in some soils or in the others. Distribution of these
components with depth indicated no specific depth wise distribution trend in most
cases. Contents of amorphous inorganic materials in soils are mainly associated with
the parent rock from which these soils are derived. Thus, soils derived from
metamorphic rocks (schist) have amorphous inorganic materials more than these
derived from igneous rocks {granite and basalt). There is no direct correlation
between some soils characteristics and the amorphous inorganic materials. This may
be attributed to the effect of environmental conditions in the studied area on these
relationships.

\Keywords: Soil characteristics, amorphous materials, southwestern mountainous
region, Saudi Arabia

INTRODUCTION

Parent material exerts the greatest influence in arid region and
during the early stages of soil formation. They also influence development of
many soil properties but with varying degrees. Soil constituents such as sand
and silt sized particles may be inherited directly from the parent material with
little if any change. Other constituents such as clay minerals evoive through
chemical changes in material components. Parent materials influences may
or may not be obvious. For example, coarse-grained parent materials often
produce coarse-textured soils. Coarse-grained parent materials that weather
easily from clay, on the other hand, tend to produce fine-textured soils. Thus,
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coarse-grained granitic rocks composed mostly of minerals not susceptible to
chemical weathering generally produce coarse-textured soils high in sand.
Basaltic rocks that contain mostly minerals quite susceptible to chemical
weathering yield fine-textured soils high in clay content. Soils formed on
granitic rocks also generally are deeper than soils formed from basalt
because granitic parent materials are more susceptible to physical
disintegration than basaltic parent materials in which smaller mineral grains
are tightly interlocked (Jenny, 1980). Weathering products of basaitic parent
material, and transported materials greatly affect both physical and chemical
soil properties as well as management practices and land use decisions as
reported by Isotok (1981).

In addition, the amorphous content in soils also affects many soil
characteristics. The amorphous fraction of soils relates to management
problems such as dispersion, flocculation aggregation, infiltration, erosion
and landscape stability. Nonetheless, their function in soil in terms of their
influence on soil properties; has been received little attention. (Wada and
Harward, 1974 and Jones et al., 2000).

Free oxides and hydroxides of soils include crystalline and
amorphous compounds of silica, alumina, iron and manganese (Jackson,
1975). The term free and hydrous oxides refer to compounds having mainly a
single and two or more co-ordinating cation species, respectively, the most
abundant kinds in soil being the aluminosilicates. The amorphous
aluminosilicates of soils, non-crystalline gel-like compounds, contain mainly
Al, Si, O and H;0, but less Fe, Mg, OH and cccasionally phosphate or other
ions. Some of the amorphous aluminosilicates have been designated as
allophan. Furkert and Fieldes (1968) proposed the use of the name allophan
for any clay size material characterized by structure randomness. Van
Olphen (1971) defined allophan as a member of the series of naturaily
occurring hydrous aluminosilicates having widely varying chemical
composition and characterized by short range order due to the presence of
Si-O-Al bonds, and usually its DTA curve displays a low temperature
endotherm.

Van der Marel (1966) and Beutelspacher and Van der Marel (1966)
concluded that allophan occurs as a coating on crystalline constituents and it
is widely spread in many soils. Moreover, it may be present as a sheet
structure related to kaolinite.

Many soil morphological and micromorphological features, (such as
duripan, petrocalcic, petrogypsic horizons), are directly retated to the
presence of amorphous and poorly crystailine materials. It reacts with other
soil components to certain extent and forms hard cemented features, which
affect most of soil properties. In arid and semiarid climates, silica
cementation in some soils results in hard aggregates (durinodes) or horizons
{duripans) that do not slake in water. In arid regions, silica cementation in
soils is generally accompanied by calcite (Chadwick et al., 1987; Boeltinger
and Southard, 1995), whereas in semiarid climates, silica cementation is
often associated with iron oxides {Torrent et al., 1980). Duripans are found in
very old sofls on intrusive igneous rocks and the sediments derived from
them, or in young solils that contain rapidly weathering siliceous volcanic ash
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(Flach et al., 1969) or siliceous loess (Blank and Fosberg, 1991). Silcretes
are similar to duripans in that they are cemented with silica as a result of low-
temperature, surface or near surface processes. Silcretes also include silica-
cemented geologic material, similar to soils, and are not associated with
either calcite or Fe oxides (Qilier, 1991). Once formed, both silcretes and
duripans influence water movement through regolith (Torrent et al., 1980,
Qilier, 1991).

Saudi Arabia could be geologically divided into four distinct and
extensive terrains as described by Laurent (1993). These are the Proterozoic
Arabian  Shield, comprising metamorphosed  volcano-sedimentary
successions intruded by granite and gabbro; Arabian platform dipping gently
eastward; the Teriary ‘harrats’ mainly overlying the Shield; and the narrow
Red Sea coastal plain of Teriary and Quaternary sedimentary rocks and
coral reefs. Igneous and metamorphic rocks are dominant in mountainous
area and consisted mainly of granite, basalt, diorite, gabro, mica-schist and
others (Al-Sayari and Zotl, 1978).

The present investigation attempts to evaluate some solil
characteristics, the content and distribution of amorphous silica and alumina
and free iron oxides of soils developed on different parent materials (i. e.
igneous and metamorphic rocks) in the southwestern region of Saudi Arabia.
This investigation also aims to test the impact of amorphous materials on
some soil characteristics.

MATERIALS AND METHODS
Study area
Ciimatologically conditions in the southwestern region of Saudi
Arabia are variable according to the location and elevation. Data of climatic
elements for Abha stations in the period from 1982 and 1998 are illustrated in
Figure 1 (Ministry of Agriculture and Water, 1995).
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Fig. 1. Climatologically data, Evaporation {mm), Precipitation {mm) and
mean temperature ('C) of Abha station.
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The mean annual air temperature, rainfall {mm) and evaporation values are
18.3 C, 383.2 and 2330.7 mm respectively. These data clearly show the
existence of high variations in the climate of this region. Relatively high mean
annual rainfall and low mean annual temperature and evaporation follow the
variations in topography and gradient in elevations.

Natural vegetation in the southwestern region is variable and
followed the variations in topography, elevation, parent rocks and climate.
Stocked forests, mostly of Junipers occupy high elevation slopes and deep
inaccessible gorges (Ministry of Agriculture and Water, 1995). At elevations
between 1000-1500 above sea level (masl) Acacia glaucophylla
Commiphora association prevails. Differences in soil characteristics with
elevation were studied by Al-Barrak (1985). He reported that soils developed
on stable landscapes at elevation higher than 2000 m have well developed
soil profies and near neutral pH values. Much less research has been
conducted on the southwestern region despite its relative importance as land
resources for irrigated agriculture.

The main types of parent materials in the studied area are residuum
in the soils formed in-situ from the source rock particularly at mountains,
alluvium and colluvium particularly in slopes (Al-Barrak, 1985).

Field and laboratory work

Six soil profiles developed from residuum, alluvium and/or colluvium
parent materials were selected. The studied soils are derived from granite
{profile 1 & 2), schist (profile 3 & 4) and basalt rocks (profile 5 & 6). These
profiles were selected to represent the variations in the soil characteristics of
South-western region {Fig. 2). These variations included different types of
parent materials. The morphological features of each soil profile as well as its
surrounding environment were described in the field following the
terminologies outlined in the Soil Survey Staff (1993) and FAO (1977). Soil
samples (24 samples) were collected from the subsequent layers of each
profile, air dried, ground and passed through a 2 mm sieve, and kept for
analysis. Particle size distribution was carried out according to Day (1965).
Soil pH, total soluble salts were determined in the saturation paste extracts
according to Rhoades (1996) and.Thomas (1996), respectively. Organic
matter content was determined following the method of Nelson and Sommers
(1982). Calcium carbonate was determined using Collin’s calcimeter
{Loeppert and Suarez, 1996).

Amorphous Si and Al and free iron oxides, were extracted using
selected dissolution chemical techniques from clay particles size. Free iron
oxides {Fed) were extracted using sodium citrate bicarbonate- dithionate
method according to Jackson, (1975). Amorphous silica and alumina (Si ,n &
Alm) were dissolved using boiled 1 N NaOH for 2.5 min. according to the
method outlined by Alexiades and Jackson (1967). Fe, Al and Si were
dissolved in the different extracts following the procedure described in Page
et al (1982). These elements were detected using an atomic absorption
spectrophotometer equipped with graphite furnace (Perkin Elmer mode! A
Analyst 300).

6068



J. Agric. Sci. Mansoura Univ., 31 (9), September, 2006

Hal ¢ ‘o S g
Ad Dommam namam T

. . Buraydan s i fl.‘ Pargsan m,,’ A
BaYPT ﬂﬂa\H A
k, . & LV NP 4
EN s ku#,f—-.“,dg,d"*
} : ReyReh R AR

The studied areas

YEMEN -

Arahian Sea

Fig. 2. Location map of the studied areas

RESULTS AND DISCUSSIONS

The results showed that the studied profiles derived from granite
rocks differed substantially in their characteristics and morphologica!
features. The parent materials of the profiles were quite different ie.,
alluvium, colluvial and materials weathered residually from country rocks
predominate. Table (1) showed that the soil profiles were deep with no sign
of diagnostic horizon except the surface layer that has relatwely dark colour
as a result of high organic matter content (6 2-48gKg . EC., values and
CaCO; content were less than 0.61 dS m™ and 15.3 g Kg™*, respectively. It
appears that there was no clear variation in texture between the studied
profiles (Profile 1 and 2), except that of 4" layer 45-115cm (Profile 1).
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Moreover, the vertical distribution of total clay content decreased with depth.
CEC values were relatively low and more or less varied with clay contents
with few exceptions.

Tabte 1. Some Physical and chemical characteristics of the studied soil

profiles
ProfileHorizon Depth 2?;::,?;;::: Texture pH EC O.M. CaCO, CEC
" -1 -1 cmol
No. cm Sand Silt Clay class dSm g Kg K gq—

Granite parent material

1 Aq 010 751 114135 SL 76 061 48 11 134

Az 10-45 772 149 79 SL 76 045 6.2 9 1041

Ci 45-115 903 83 14 S 75 051 68 13 38

2 Ay 0-15 628 23 141 SL 7.8 049 215 63 1041

Az 15-35 611 24 149 SL 75 041 111 102 938

8 3575 719 16 121 SL 74 021 112 153 93

Cy 75-115 725 15 95 SL 77 049 62 11 83
Schist parent material

3 A 030 238 451311 CL 72 08 48 11 241

Brs 30-73 185 282533 C 74 03 17 18 582

Be 73110 389 289 322 CL 77 04 2 44 294

C 110-135 539 307154 L 79 03 3 82 165

4 A 0-35 371 35 279 CL 74 03 147 45 252

B 35-85 306 36 328 CL 73 03 22 6.1 302

C 854135 324 28 388 CL 73 04 138 88 284
Basalt parent material

5 Aq 010 741 121138 SL 82 05 11 26 106
Az 1040 642 201157 SL 79 05 3 41 95
Bk 40-90 833 109 58 LS 7.7 07 3 202 79
Ci 90-120 849 1114 40 LS 82 06 2 58 85
C 120-150 81.1 131 58 LS 79 04 1 111 841
6 A 0-20 31 30 3 CL 79 05 101 83 272
By 20-45 82 25 668 C 8 28 126 117 5938
B 45-75 99 25 6514 C 8.1 01 66 256 78.1
By 75150 388 22 392 CL 8 02 25 235 384
c 150-180 516 33.8 146 L 8 02 3 82 193

The amounts and distributions of free iron oxides (Fey), and
amorphous aluminosilicates extracted by sodium hydroxides (Sly, & Alyy)
from the soils developed on granite rocks are presented in Tabie 2 and Fig.
3. Data showed that free iron oxides (Fes) represented generally larger
components forming the amorphous materials in all the studied soil samples.
Nevertheless, amorphous Al (Alam)} and amorphous (Si,n) were more or less
similar, Distribution of these components with depth indicated that in most
cases they have no specific trend. This behavior may be atitributed to non-
homogeneity of the parent material from which the soil was derived (Al-
Barrak, 1985 and Sheta et. at., 2002). The formation of weathering products
rich in amorphous materials particularly in the residual soil profiles could he
attributed to the high intensity of chemical weathering on the dominant
igneous and metamorphic rocks in the studied area (Al-Sayari and ZOt),
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1978). Boettinger and Southard (1995) studied the distribution of minerals
and amorphous materials in soils formed from granite rocks. They concluded
that the lack of amorphous alumina in soils may be related to the composition
of parent materials itself, being poor in these componenis or due to stabilize
of amorphous Al,O, by silica in the allophon.

Table (2): Amounts of amorphous aluminosilicates, and free iron oxides
in the studied clay samples.
Sio:am* AI;O;,am* Fe;o;;d“
%

Profile Horizon  Depth/cm

Granite parent material

1 A, 0-10 0.1 15 3.1
Az 10-45 28 3.1 29
C: 45-115 1.5 2.3 1.8

2 Ay 0-15 0.4 1.1 3.6
A, 15-35 0.8 29 3.5
B 35-75 36 28 14
C, 75-115 2.1 1.9 1.4

Schist parent material

3 A 0-30 6.2 54 12.3
By 30-73 4.1 4.1 14.1
By 73-110 51 9.2 10.1
C 110-135 1.9 52 10.6

4 A 0-35 8.4 4.6 14.6
B 35-85 6.2 36 9.8
C 85-135 7.1 4.1 12.4

Basalt parent material

5 A, 0-10 1.5 5.1 35
A; 10-40 01 35 29
B. 40-90 29 4.8 4.2
C, 90-120 3.8 0.1 3.9
G, 120-150 3.2 0.1 3.1

6 A 0-20 0.9 4.2 57
B, 20-45 0.4 3.5 39
B 45-75 4.5 29 47
B« 75-150 3.8 0.4 28
C 150-180 3.8 0.4 3.6

*am: amorphous, **d. Na- Citrate, bicarbonate, dithionate

Both representative profiles (3 and 4); developed from schist parent
material were generally characterized with lower ECe {0.3 — 0.8 dS m™*) but
higher organic matter content (2.0 — 48 g Kg™') (Tabie 1). Soil texture ranges
from loam to clay texture. Horizen below the surface particularly By, (Profile
3, 30 - 73) are rmore reddish and contain relatively high total clay content.
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Data in Table 2 and Fig. 3 indicated that the soils derived from schist
rocks had relatively very high free iron oxides (Fey) values. They range from
9.8 — 14.6 %. with no specific distribution with depth, and reaches very high
contents (14.6% clay) in the surface layer at (0 - 35cm Profile 4 and 30 -
73cm Profile 3). This distribution was related to the presence of some
morphological features in the deep layers related to the accumulation of iron
oxides and the presence of iron oxide coatings on soil clods and around the
cracks. The relatively high contents of free Fe oxides in the Bt horizon may
result from the accumulation of Fe oxides as in situ weathering products or it
may translocate with other soil materials such as clays and organic matter
during scil formation. The amounts and distributions of free iron oxides (Fe,),
and amorphous aluminosilicates extracted by sodium hydroxides (Siam &
Alyn) for the soils developed on schist rocks are presented in Table 2. Data
showed that free iron oxides (Fe,} was the largest component forming the
amorphous materials in all representative soil samples followed generally by
amorphous Al (Alyn) in some samples or amorphous (Si,y) in the other
samples like the same trend in soils developed on granite rocks. Distribution
of these components with depth indicated that no marked trend could be
noticed in all cases.

Data indicated also that, relatively high values of such materials
appeared in the surface horizons compared with the subsurface layers. This
finding may be atiributed to the effect of cultivation on the formation of poorly
crystalline and complexed iron materials. This explanation could be
supported by the presence of relatively high contents of organic matter in the
surface layers. Al- Barrak (1985) found that free iron oxides range from 0.61
— 13.44% in four soil profiles in the southwestern mountainous region, Saudi
Arabia. He referred the high contents of free iron oxides in residuum parent
material to the intensive weathering that might take place during the Eocene
time. He found geothite mineral in some Bt horizons in the area. Soils formed
under weathered basaltic rock and active weathering conditions that lead to
the release and oxidation of Fe and Mn forming the relatively high quantities
particularly in the Bt horizon.

The soils developed on basalt rocks represented by two profiles (5
and 6), the results elucidated that these profiles were deep with few of
horizonation except the surface layer that have relatively dark colour in some
areas as a results of relatively higher content of organic matter. Soil texture
ranges from clay to loamy sand. The ECe values are quite different between
the profiles layers and ranges from 0.1 - 0.7 dS m . except the second layer
of profile (6; 20-45cm), which reach 2.9 dS m™ Whlie the soil pH ranges
from 7.7 to 8.2. The organic matter content and CEC values are less than the
other soils. These soils had high CaCO; content (29 - 256 g Kg™') compared
with the other soils developed on granite or schist. Secondary CaCO, was
identified in Profiles 5 (By; 40-90cm) and 6 (By; 45-75 and B,; 75-150cm) as
soft lime spots.

The amounts of amorphous iron in these soils were comparatively
. low and showed tendency to decrease. Again the data showed that in
general free iron oxides (Fey) represented the major components of these
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materials. Nevertheless, the values of Al (Al,n) exceeded those of (Siyy) in
particularly at the upper layers (Table 2 and Fig. 3).

Correlation coefficients between amorphous materials and some soil
characteristics are presented in Table 3. Data indicated that there are
positive significant correlations (at 5%} between Fey and silt (r=0.729) and silt
+ clay (r=0.597). Also positive significant correlations (at 1%) between Fey
and clay (r=0.429). Nevertheless, negative significant correlations were
found between Fey and sand (at 5%, r=-0.597) and pH values (at 1%, r=-
0.501). On the other hand, positive significant correlations (at 5%) were
found between Si,n and silt content (r=0.527) and negative significant
correlation (at 1%) with pH (r=-453). No significant correlation was obtained
between Al,., and the studied soil characteristics. It seems that free iron
oxides, amorphous Si and Al have little or no effects on some soil
characteristics under the prevailing soils conditions.

Amorphous Si0,

Multiple regression analyses were computed to determine the
combined role of the studied variables. The multiple correlatlon coefficients
were highly significant in soil derived from granite rocks (R?*=0.678) and the
relation could be represented by the following equations:

Amorphous SiQ, (in gramte soils) =2.48 silt (%) +2.48 clay (%) +0. 387 Fe 04
(%) + 0.05 CEC (cmol ') +0.01 CaCO, (9 Kg') - 0.02 OM. (g Kg") -0.181
Al2O4 (%) - 0.41 sand (%) -0.45 EC (dS m™') - 2.48 silt+clay - 2.7 pH + 62.28

From this equation it may be concluded that, amorphous silica is
highly associated with increases of silt, ¢clay, CaCO,, CEC and decreases of
sand, silt+clay, pH, EC, and O.M. These may be attributed to the abundance
of mixed gels of hydrated silica with alumina in the igneous soils than free
amorphous silica. This silica is released from silica complexes under
reducing conditions
Amorphous Al,0,

Table (2) show that, soils of the studied areas have relatively high
amorphous - alumina contents in the soils derived from schist rocks
compared with the other soils derived from granite or basalt. With regard to
the statistical analyses, the obtained correlation coefficients (Table 3)
indicated a positive significant correlation with silt %. However, there are
positive and negative insignificant correlations with other variables. Results
of the multiple regression analyses indicate that, the different soll
components associated with amorphous - Al;O, in the mixed soils can be
arranged in a descending order as follows: Fe,0y> sand %> EC dS m™> pH
and the equation reads:

Al,O3 = 0.355 Fe,O; (%) + 0.194 sand (%) + 0.138 pH + 0.17 EC (dS m "
+0.001 silt (%) +0 001 clay (%)- 0001 silt+clay - 0.003 CaCO; (g Kg™')»
0.018 O.M. (g Kg™) - 0.083 CEC (cmol i"") -19.638

The multiple correlation coefficient is significant (R*=0.463), therefore
all the equation regression coefficients are highly significant in their effect on
amorphous - Al,O;. Thus, most of the amorphous - Al,O; in the igneous and
metamorphic soils is occurred as silica - alumina complexes, which are
mainly coated the negatively charged of clay fractions.
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With regard to the stlatistical analyses, results of the correlation
matrix Table (3), indicate positive significant correlation with silt %, clay %
and (clay + silt), but there is a negative significant correlation with pH and
sand. However, there are positive and negative insignificant correlations with
other variables,

Table 3. Correlation coefficients between amorphous Si and Al and free
iron oxides and seme soil characteristics.

soil characteristics Si0;am Al;Ozam Fe;0,d
Sand -0.395 -0.354 -0.597*
Silt 0.527 0.392 0.729*
Clay 0.258 0.277 0.429*
silt +clay 0.393 0.356 0.597*
pH -0.453* -0.297 -0.501"
EC -0.305 0.087 -0.085
oM. 0.072 0.074 0.291
CaC03 -0.020 -0.190 -0.242
CEC 0.276 0.180 0.371

**at5% and* at 1%

Resuits of the multiple regressron analyses indicate highly significant
multiple correlation coefficient (R*=0.684) and the equation read:

Fe,05; = 0.926 sand (%) + 0.080 CEC (cmol " + 0.001 51|t+clay - 0.001 silt
{%)-0. 001 clay (%) - 0.011 CaCO; (g Kg™') — 0.084 O.M. (g Kg”') -0.509 EC
(dSm™)-4.932 pH -52.053

From this equation it is indicated that higher values of Fe,O, are
mainly associated with the increase of sand, and the decrease of pH. This
may be attributed to the precipitation of Fe,O, as “Ferri-Silica” complexes
under conditions of high pH. Thus the Ferri-Silica complexes are considered
the abundance form of amorphous Fe and are dominated either as surface
coating or as discrete particles of clay and fine fractions.

Appraisal of soil properties of the studied profiles (Tabie 1) show that
the higher clay content was recorded for solls derived from basalt parent
material (Profile 8). The results also showed that the clay content of soils
developed from schist parent material {Profiies 3 and 4) was much higher
compared with that recorded for Profiles 1 and 2; which represents soils
developed from granite parent material. As expected, CEC values followed
the texture classes of the soil, i.e. the more fine texture is the higher CEC
(68.2- 78.1 cmol Kg™). The higher values of CaCO; were dlsplayed by the
profiles (5 and 6) assigned to basalt parent material (29- 256 g Kg™") followed
by those of profile (3) developed from schist parent materiai (11- 82 g Kg™).
But other profiles contained more or less CaCQ; content. Soils of profiles
derived from both granite and schist parent materials were slightly alkaline
(7.2- 7.9), while, those of basalt parent material were alkaline (7.7 - 8.2).

Generally, the southwestern region was-loested within Al-Sarrawat
high elevation mountains. Under this condition the intensity of chemical
weathering on the dominant igneous and metamorphic rocks was relatively
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high leading to the formation of weathering products rich in amorphous
materials particularly in the residual soil profiles. The obtained variations of
the content and distribution of amorphous-silica, alumina and iron of soils
developed on different parent materials in the southwestern region of Saudi
Arabia could be attributed to the sedimentation pattern as well as to the
intensity of chemical weathering of the parent _rock from which these
materials were formed. Moreover, the results indicated also that the residual
soils have the highest free iron oxides, the distribution of these components
indicated that free Fe oxides increased dramatically in the Bt horizon of the
residual soils while other profites showed no clear distribution trend with
depth, The amounts and distributions of free Fe oxides in the residual soils
are true reflection of both parent material type and the intensity of soil
farming processes encountered during soil formation.

From the above mentioned discussion, it is found that:
- Contents of amorphous inorganic materials in soils are mainly associated
with the parent rock from which these soils are derived. Thus, soils derived
from metamorphic rocks have amorphous inorganic materials more than
these derived from igneous rocks.
- There is no direct correlation between some soils characteristics and the
amorphous inorganic materials. This may be attributed to the effect of
environmental conditions in the studied area on the relationships.

REFERENCES

Al-Barrak, S. 1985. Characterization and classification of some soils in Al-
Sawdah, southwestern Saudi Arabia. J. Coll. Agric., King Saud Univ., 7
(1):269 — 283.

Alexiades, C. A. and M. L. Jackson. 1967. Quantitative clay mineralogical
analysis of soils and sediments. Clays and Clay Minerals 14: 35-52.

Al-Sayari, S. §. and J. G. Zotl. 1978. {(ed.) Quaternary period in Saudi
Arabia. I: Sedimentological, hydrological, hydrochemical,
geomorphological and climatological investigations in central and
eastern Saudi Arabia. Springler Verlag, New York.

Beutelspacher, H. and H. W. Van der Marel. 1966. The application of
electron microscopy to soil mechanics. Meded. Lab. Grondmechanica
11; 17-52.

Blank, R. R. and M. A. Fosberg. 1991 Durlpans in Idaho, U.S.A.In situ
alteration of eolian dust (loess) to an opal-A/x-ray amorphous phase.
Geoderma 48:131-149,

Boettinger, I. G. and R. |. Southard. 1995. Micromorphology and mineralogy
of a calcareous duripan formed in granitic residuum, Mojave Desert,
California, USA. In L. A.Douglas (ed.} Soil Micromorphology, Elsevier,
Amestrdam.

Chadwick, O. A., D. M. Hendricks, and W. D. Nettleton. 1987. Silica in duric
soils: |. Adepositional model. Soil Sci. Soc. Am. J. 51:975-982.

Day, P. R. 1965. Particle Fractionation and Particle Size Analysis, pp. 545-
567, in Black, C. A. ed., Methods of Soil Analysis, part 1, American
Society of Agronomy, Madison, Wisconsin.

6076



J. Agric. Sci. Mansoura Univ., 31 (9), September, 2006

FAO. 1977. Guideline for soil profile description (2nd ed.) Soil Resources
Development and Conservation Service, Land and Water Development
Division, FAQ, Rome.

Flach, K. W., W. D. Netteiton, L. H. Gile, and J. G. Cady. 1969. Pedo-
cementation: Induration by silica, carbonates, and sesquioxides in the
CQluaternary. Soil Sci. 107: 442- 453,

Furkert, R. J. and M. Fieldes, 1968. Allophan in New Zealand soils. Trans.,
gth, Int. Congr. Soil Sci., (Adelaide, S. Aust.), 3:133-141

Isotok J. 1981. Clay mineralogy in relation to landscape instability in the
coast range of Oregon. M. Sc. Thesis, Oregon State Univ., Corvaliis,
OR.

Jackson, M. L. 1975. Soil Chemical Analysis, Advanced course. Publ. by the
author, Madison Wisconsin.

Jenny, H. 1980. The Soil Resource, Origin and Behaviour, Springer - Verlag,
New York.

Jones, R. C., CJ. Babcock and W. B. Knowlton. 2000. Estimation of the
Total Amorphous Content of Hawai'i Scils by the Rietveld Method. Soil
Sci. Soc. Am. J. 64:1100-1108.

Laurent, D. 1993. Kingdom of Saudi Arabia Atlas of Industrial Minerals. Saudi
Arbia, Ministry of Petroleum and Mineral Resources, Directorate
General of Mineral Resources, Jeddah, Saudi Arabia (pp:7-10).

Loeppert, R. H. and D. L. Suarez (1996). Carbonate and gypsum. Pp. 437-
474. In Sparks, D. L. (Ed). Methods of soil analysis. Part 3 Chemical
methods. SSSA. Madiscn, Wi, USA.

Ministry of Agriculture and Water. (1995). The Land Resources. Ministry of
Agriculture and Water, Land Management Dept,, pp. 1-33.

Neison, D. W. and L. E. Sommers (1982). Total carbon, organic carbon and
organic matter, pp 539 - 579, In A, L. Page et.al. eds. Methods of soil
analysis. Part 2 2nd ed, Agronomy 9, Amer. Soc. of Agron., Madison,
Wisconsin.

Otlier, C. D., 1991. Aspects of silcrete formation in Australia. S. Geo-morphol.
35:151- 163.

Page. A. L., R H. Miller and D. R. Keeney. 1982. Methods of soil analysis.
Part22 Ed., Agronomy 9, Soil Sci. Soc. Am., Madison Wi, USA.
Rhoades, J. D. (1996) Salinity: Electrical conductlwty and total dissolve
solids . Pp. 417-436. In Sparks, D.L. (Ed). Methods of soil analysis.

Part 3 Chemical methods. SSSA. Madison, WI. USA.

Sheta, A. S.; A. Sh. Sallam; M. Al-Sewailem, and A. Al-Amry. (2002). Sand
mineralogy, amorphous aluminosilicates, free iron oxides and nutrient
status in wadi Bishah basin soils. Saudi J. of Biol. Sci.,Vol. 9, No. 2,
pp. 111-124,

Soit Survey Staff, 1993. Soil Survey Manual. USDA. Agric., Handb. 18. U.S.
Gov. Print. Office, Washington, DC.

Thomas, G. W. (1998). Soil pH and soil acidily, pp. 475-490. In: Sparks, D. L.
(ed). Methods of soil analysis, Part 3: Chemical methods, SSSA Book
series 5, Madison, Wi, USA.

6077



Al-Farraj, A. S.

Torrent, J., W. D. Nettleton and G. Borst. 1980. Genesis of a Typic
Durixeralf of southern California. Scil Sci. Soc. Am. J. 44:575-582.

Van der Marel, W. H. 1966. Quantitative analysis of clay minerals and their
admixtures. Contr. Min. and Petri., 12: 96 - 138.

Van Olphen, H, 1971. Amorphous clay materials, Science, 171; 91 - 92.

Wada, K. and M. E. Harward. 1974. Amorphous clay constituents of soils.
Adv. Agron., 26:211-260.

Baskiall b g gaie s SlSibur oAy AN paliad o ARGSLN 4 el Hga il
(A smad iy Al ASlaah) Ay a0 Gy ind ZESaN A 5 a0 yaad dpuisly

£ A laslee &1 28

‘J‘,l-udu‘ ll.lL'_h ‘hu_}h_,i._::\i‘-"ﬁ P_,lﬁsglsti._uﬂi \._,lﬁ\u.u‘!

Agagacdl Ay adh Astaall VYV EOY ALY YEYN . Lque

oLty Sl ¢ g da® 1y gl ol D o Cagh jal) U gaial g 4508 )l Jad ol
S Aali g3 5yl ol gall (e L) slase (A Aail e iy oS W gas 00 Y Dy
REYLAPRUY P PR W T B H X PN -PIR L U PRT R EOL IS Oy (R X PR KR VR RUAPRL S
sl il o 22l B o b Tl Bhlia A Lalay hal il (o Leadl g
&5y 5 foa Ay Al pallad (gang apli (B el A ol Ciagd L2 paddl (B Aaded
Iy o clli A D A5al ol ks s el sl Uge Iy bl e o
b Ll Al Caagt LS A gl D pall ASLGD (3 gatey B U ) i) dilide Juad
DD palliad Gany o Bk e 3 oE 86l

o g Lealiliad (B iy Lud uilia] A ol dikia o o g0 o
-"':‘IL.I.‘!“ ﬁw‘.,tml.,\‘_lbm_)yi_’dhﬂv‘ a!_,..qj‘.:.\j)l:.i‘_yl u.‘}élﬁc.\_ﬁ_,sig:._,]ﬁ)_,all
(%) £,7=4,A) Gale Tiiay 3l 530 dikia 355l (a5 el alS) o 20N el Gl
A G B )i g (%4,Y- 1Y) Liegfy (%A 00V ) Wb gl
TS ORUNTPNOVLY, [N JPL-VORE By DR [P DRRTEO PR Y ) e TV XTIV = PRTTS
deia Gl A 4l Jadd 3 g 5 adl pal alSly 5510 p2 ) gad (e g aal G
O ot @l J pal el e (Cunlll) W pata haa Jo Sl A G N g giaa 8 13,
Lol Y1 e by ana (5D y caitjadl) Bl el e el S B
PRV - P QIRTPSRER JSVAR I JNSC PR SES T DT I
DL b e Al Aikia 5 SLD Al Cag bl aey 86 D elhs

6078



