
 

Results and discussion 
 

84 

 4-RESULTS AND DISCUSSION 

 

4.1. Morphological, physical and chemical properties 

         The most relevant physical and chemical properties of the 

studied soils are set out in Tables (2 and 3). To shed light on the 

nature, properties and distribution of soils in each areas, it is 

convenient to present the obtained results under the following 

subheadings. 

4.1.1. Soils of El-Nobariya area 

              These soils are represented by seventeen soil profiles 

located at Sugar beet farm. Topography of the land scape is 

almost flat to slightly undulating. The soil dry colour varies from 

light brownish gray (10YR6/2) to yellow (10YR7/6). These 

colour become grayish brown (10YR5/2) to brownish yellow 

(10YR6/8) on moist. Soil texture is generally sandy clay, sandy 

clay loam and sandy loam in the surface and subsurface layers, 

while being loamy sand to sandy clay loam downward the soil 

profile. In other words, soil texture tends to be finer in the deeper 

layers relative to those constituting the soil surface. Soil 

structure is usually massive in the uppermost surface, changed to 

subangular blocky downwards. Soil consistence agrees well with 

textural variations, being non sticky to moderately sticky and 

non plastic to moderately plastic in the coarse and fine textured 

layers, respectively The soils are highly calcareous as indicated 

by calcium carbonate content which varies from 23.04 to 

53.16%. 
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The increase with depth. Organic matter content is extremely 

low, not exceeding 1.5%. 

                Table (3) shows that soil reaction is generally 

moderately to strongly alkaline, pH values being in the range of 

7.9-8.85, with relatively higher pH in the deep substratum. Soil 

is non saline to slightly saline as shown by ECe values which 

range from 0.65 to 5.30 dSm
-1

. The highest salinity level is 

detected in the surface layer of profile 17 whereas the lowest 

level is found in the deepest layer of profile5. 

                The cationic composition of the soil extract is usually 

dominated by Ca
++

 followed by Na
+
 and Mg

++
, while K

+
 is the 

least. An exceptional case is found in the surface layer of profile 

6 and 7, all layers of profiles 8, 9, 11, 12 and 17 and the deepest 

layers of profile 10 and 16 where Na
+
 exceeds Ca

++
 ion. The 

anionic composition also follows a consistent pattern where 

anions are dominated by SO4
=
 and /or Cl

-
 followed by HCO3

-
, 

while CO3
=
 is absent. 

             Cation exchange capacity coincides very well with soil 

texture, being 4.2-25.5 c mole kg
-1

 soil. The lowest value 

characterized the subsurface layer of profile 17, while the 

highest value is detected in the subsurface layer of profile1. 
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The morphological description of the studied profile is driven as 

follows. 

Profile No.          : 1 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slop                     : Flat 

Vegetation          : Bean 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 20    :  Pale brown (10YR6/3,dry) to light brownish gray 

(10YR 6/2, moist) sandy clay; massive, soft ; 

moderately sticky; moderately plastic; many soft 

and hard CaCO3 concretions; many fine to 

medium roots; strongly calcareous, clear smooth 

boundary; 

20-80    : Yellow (10YR7/6,dry) to brownish yellow 

(10YR6/6, moist) clay; weak coarse sub angular 

blocky; firm; very sticky; very plastic; many soft 

and hard CaCO3 concretions; moderate fine roots; 

diffuse  smooth boundary; 

80-150  :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) sandy clay; weak coarse 

subangular blocky; firm ; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; strongly calcareous. 



 

Results and discussion 
 

00 

 Profile No.          : 2 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Maize and pepper 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 25    :  Very pale brown (10YR7/3,dry) to pale brown (10YR 

6/3, moist) sandy loam; massive, soft ; slightly 

sticky; slightly plastic; many soft and hard CaCO3 

segregations; many fine to coarse roots; strongly 

calcareous, clear smooth boundary; 

25-70   : Yellow (10YR7/6,dry) to brownish yellow (10YR6/6, 

moist) sandy clay loam; weak coarse subangular 

blocky; firm; moderately sticky; moderately 

plastic; many soft and hard CaCO3 concretions; 

moderate fine gravels; strongly calcareous; clear 

smooth boundary; 

70-150  :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/8, moist) sandy clay loam; massive; 

slightly hard ; moderately sticky; moderately 

plastic; few fine gravels; many soft and hard 

CaCO3 concretions; moderately soft gypsum 

segregations;  strongly calcareous. 
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Profile No.          : 3 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Clover 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 25    :  Light yellowish brown (10YR6/4,dry) to pale brown 

(10YR 6/3, moist) clay; weak coarse sub angular 

blocky, firm ; very sticky; very plastic; many soft 

CaCO3 concretion; many fine to coarse roots; 

strongly calcareous, clear smooth boundary; 

25-85    : Yellow (10YR7/6,dry) to brownish yellow (10YR6/6, 

moist) clay; moderate coarse subangular blocky; 

firm; very sticky; very plastic; many soft and hard 

CaCO3 concretions; moderate fine roots;  strongly 

calcareous; diffuse  smooth boundary; 

85-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) sandy clay; massive; soft; 

moderately sticky; moderately plastic; moderate 

gravels; many soft and hard CaCO3 concretions; 

strongly calcareous. 
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Profile No.          : 4 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Bean 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 20    :  Light yellowish brown (10YR6/4,dry) to pale brown 

(10YR 6/3, moist) sandy clay; weak coarse 

subangular blocky, firm ; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretion; many fine to coarse roots; strongly 

calcareous, clear smooth boundary; 

25-60    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sandy clay; moderate fine angular blocky; 

firm; moderately sticky; moderately plastic; many 

soft and hard CaCO3 concretions; moderate fine 

roots; strongly calcareous; diffuse smooth boundary; 

60-100    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) clay; moderately fine angular 

blocky; firm; very sticky; very plastic; many soft 

and hard CaCO3 concretions; few fine roots; 

diffuse smooth boundary; 

100-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/8, moist) sandy clay; massive; soft; 

moderately sticky; moderately plastic; many soft 

and hard CaCO3 concretions; strongly calcareous. 
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Profile No.          : 5 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Bean 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 20    :  Light yellowish brown (10YR6/4, dry) to yellowish 

brown (10YR 5/4, moist) sandy clay; massive, 

soft; moderately sticky; moderately plastic; many 

soft CaCO3 concretion; many fine to coarse roots; 

strongly calcareous, clear smooth boundary; 

25-70    : Yellow (10YR7/6, dry) to yellowish brown (10YR5/6, 

moist) sandy clay; weak coarse subangular blocky; 

firm; moderately sticky; moderately plastic; many soft 

and CaCO3 segregations; moderate fine roots; 

strongly calcareous; diffuse smooth boundary; 

70-100    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) sandy clay; moderate fine 

subangular blocky; firm; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; very few fine roots; strongly 

calcareous; diffuse smooth boundary; 

100-150    :  Yellow (10YR7/6, dry) to yellowish brown 

(10YR5/4, moist) sandy clay; massive; soft; 

moderately sticky; moderately plastic; many soft 

and hard CaCO3 concretions; strongly calcareous. 
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Profile No.          : 6 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Clover 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 25    :  Very pale brown (10YR7/3,dry) to pale brown (10YR 

6/3, moist) sandy clay; massive; soft ; moderately 

sticky; moderately plastic; many soft CaCO3 

concretions; many fine to coarse roots; strongly 

calcareous, clear smooth boundary; 

25-75    : Yellow (10YR7/6, dry) to yellowish brown (10YR5/4, 

moist) sandy clay; weak coarse subangular blocky; 

firm; moderately sticky; moderately plastic; many 

soft and hard CaCO3 concretions; moderate fine 

roots; strongly calcareous; diffuse smooth 

boundary; 

75-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) sandy clay; moderately fine 

subangular blocky; firm; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; very few fine roots; strongly 

calcareous.; 
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Profile No.          : 7 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Clover 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 30    :  Light yellowish brown (10YR6/4,dry) to yellowish 

brown (10YR 5/4, moist) sandy clay; massive, 

soft; moderately sticky; moderately plastic; many 

soft CaCO3 concretions; many fine to coarse roots; 

strongly calcareous, clear smooth boundary; 

30-80    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sandy clay; weak coarse subangular blocky; 

firm; moderately sticky; moderately plastic; many 

soft and hard CaCO3 concretions; moderate fine 

roots; strongly calcareous; diffuse smooth 

boundary; 

80-150    :  Yellow (10YR7/6, dry) to yellowish brown 

(10YR5/6, moist) sand clay loam; weak fine 

angular blocky; friable; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; strongly calcareous. 
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Profile No.          : 8 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Bean 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 20    :  Light yellowish brown (10YR6/4, dry) to brown 

(10YR 5/3, moist) sandy clay loam; massive, soft; 

moderately sticky; moderately plastic; many soft 

CaCO3 concretions; many fine to coarse roots; 

strongly calcareous, clear smooth boundary; 

20-60    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/8, 

moist) sandy clay loam; weak coarse subangular 

blocky; friable; moderately sticky; moderately 

plastic; many soft CaCO3 concretions; strongly 

calcareous; diffuse smooth boundary; 

60-80    :  Yellow (10YR7/6, dry) to pale brown (10YR6/3, 

moist) sandy loam; massive; soft; slightly sticky; 

slightly plastic; many soft and hard CaCO3 

concretions; strongly calcareous; diffuse smooth 

boundary; 

80-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) sandy clay; moderate fine 

subangular blocky; firm; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; strongly calcareous. 
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Profile No.          : 9 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Sugar Beet 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 25    :  Light yellowish brown (10YR6/4, dry) to brown 

(10YR 5/3, moist) sandy clay; weak coarse 

subangular blocky, firm; moderately sticky; 

moderately plastic; many soft CaCO3 concretions; 

many fine to coarse roots; strongly calcareous, 

clear smooth boundary; 

25-80    : Yellow (10YR7/6, dry) to yellowish brown (10YR5/4, 

moist) clay loam; moderate fine subangular 

blocky; firm; sticky; plastic; many soft and hard 

CaCO3 concretions; few fine roots; strongly 

calcareous; diffuse smooth boundary; 

80-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) sandy clay; moderate medium 

angular blocky; friable; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; strongly calcareous. 
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Profile No.          : 10 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Bean 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 30    :  Light brownish gray (10YR6/2, dry) to grayish brown 

(10YR 5/2, moist) sandy clay loam; massive, soft; 

moderately sticky; moderately plastic; many soft 

CaCO3 concretions; many fine to coarse roots; 

strongly calcareous, clear smooth boundary; 

30-70    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sandy clay; weak coarse subangular blocky; 

firm; moderately sticky; moderately plastic; many 

soft and hard CaCO3 concretions; few fine roots; 

strongly calcareous; diffuse smooth boundary; 

70-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/8, moist) sandy clay; moderately fine 

subangular blocky; firm; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; strongly calcareous. 
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Profile No.          : 11 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Bean 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 30    :  Light yellowish brown (10YR6/4, dry) to brown 

(10YR 5/3, moist) clay loam; massive; soft; 

sticky; plastic; many soft CaCO3 concretions; 

many fine to coarse roots; strongly calcareous, 

clear smooth boundary; 

30-60    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sandy clay loam; weak coarse subangular 

blocky; friable; moderately sticky; moderately 

plastic; many soft and hard CaCO3 concretions; 

few fine roots; strongly calcareous; diffuse smooth 

boundary; 

60-90    :  Yellow (10YR7/6, dry) to yellowish brown 

(10YR5/6, moist) sand clay loam; moderate coarse 

subangular blocky; friable; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; strongly calcareous; diffuse smooth 

boundary; 

90-150    :  Yellow (10YR7/6, dry) to yellowish brown 

(10YR5/4, moist) sandy clay loam; moderate fin 

angular blocky; friable; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; strongly calcareous. 
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Profile No.          : 12 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Sugar beet 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 30    :  Light yellowish brown (10YR6/4, dry) to pale brown 

(10YR 6/3, moist) sandy clay loam; massive, soft; 

moderately sticky; moderately plastic; many soft 

CaCO3 concretions; many fine to coarse roots; 

strongly calcareous; clear smooth boundary; 

30-80    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sandy clay loam; weak coarse subangular 

blocky; friable; moderately sticky; moderately 

plastic; many soft and hard CaCO3 concretions; 

moderate fine roots; strongly calcareous; diffuse 

smooth boundary; 

80-150    :  Yellow (10YR7/6, dry) to yellowish brown 

(10YR5/4, moist) sandy clay loam; moderately 

fine subangular blocky; friable; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; strongly calcareous. 
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Profile No.          :13 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Sugar beet and clover 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 25    :  Pale brown (10YR6/3, dry) to brown (10YR 5/3, 

moist) sandy loam; massive, soft; slightly sticky; 

slightly plastic; many soft CaCO3 concretions; 

many fine to coarse roots; strongly calcareous; 

clear wavy boundary; 

25-70    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sandy clay loam; weakly coarse subangular 

blocky; friable; moderately sticky; moderately 

plastic; many soft and hard CaCO3 concretions; 

strongly calcareous; diffuse smooth boundary; 

70-150    :  Yellow (10YR7/6, dry) to yellowish brown 

(10YR5/4, moist) loamy sand; massive; soft; non 

sticky; non plastic; many soft and hard CaCO3 

concretions; strongly calcareous. 
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Profile No.          : 14 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Bean 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 20    :  Pale brown (10YR6/3, dry) to brown (10YR 5/3, 

moist) sandy loam; massive, soft; slightly sticky; 

slightly plastic; many soft CaCO3 concretions; 

many fine to coarse roots; strongly calcareous; 

clear smooth boundary; 

20-40    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sandy clay loam; weak coarse subangular 

blocky; friable; many soft and hard CaCO3 

concretions; moderate fine roots; strongly 

calcareous; diffuse smooth boundary; 

40-80    :  Yellow (10YR7/6, dry) to yellowish brown 

(10YR5/4, moist) sandy clay loam; moderate 

coarse subangular blocky; friable; moderately 

sticky; moderately plastic; many soft and hard 

CaCO3 concretions; few fine roots; strongly 

calcareous; diffuse smooth boundary; 

80-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) clay; moderate fine angular 

blocky; friable; very sticky; very plastic; many 

soft and hard CaCO3 concretions; strongly 

calcareous.. 
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Profile No.          : 15 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Sugar beet 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 30    :  Light brownish gray (10YR6/2, dry) to brown (10YR 

5/3, moist) sandy clay loam; massive; soft; 

moderately sticky; moderately plastic; many soft 

CaCO3 concretions; many fine to coarse roots; 

strongly calcareous; clear smooth boundary; 

30-80    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) clay loam; weak coarse subangular blocky; 

friable; sticky;  plastic; many soft and hard CaCO3 

concretions; moderate fine roots; strongly 

calcareous; diffuse smooth boundary; 

80-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) sand clay; moderate fine angular 

blocky; friable; moderately sticky; moderately 

plastic; many soft and hard CaCO3 concretions; 

few soft gypsum segregations; strongly 

calcareous. 
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Profile No.          : 16 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Bean 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 30    :  yellow (10YR7/6,dry) to brownish yellow (10YR 6/6, 

moist) sandy clay loam; massive; soft ; moderately 

sticky; moderately plastic; many soft CaCO3 

concretions; many fine to coarse roots; strongly 

calcareous; diffuse smooth boundary; 

30-65    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sandy clay loam; weak coarse subangular 

blocky; friable; moderately sticky; moderately 

plastic; many soft and hard CaCO3 concretions; 

few fine roots; strongly calcareous; diffuse smooth 

boundary; 

65-150    :  Yellow (10YR7/6, dry) to yellowish brown 

(10YR5/6, moist) sandy clay loam; moderate fine 

angular blocky; friable; moderately sticky; 

moderately plastic; many soft and hard CaCO3 

concretions; strongly calcareous. 
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Profile No.          : 17 

Location              : El-Nobariya area. 

Geomorphic unit: Abu Mina basin. 

Topography         : Almost flat 

Slope                     : Flat 

Vegetation          : Sugar beet 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 20    :  Pale brown (10YR6/3, dry) to brown (10YR 5/3, 

moist) sandy clay loam; massive, soft; moderately 

sticky; moderately plastic; many soft CaCO3 

concretions; many fine to coarse roots; strongly 

calcareous; clear smooth boundary; 

20-70    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sandy clay loam; weak coarse subangular 

blocky; firm; moderately sticky; moderately 

plastic; many soft CaCO3 concretions; few fine 

roots; strongly calcareous; diffuse smooth 

boundary; 

70-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/8, moist) sandy clay; moderate fine 

subangular blocky; friable; sticky; plastic; many 

soft and hard CaCO3 concretions; strongly 

calcareous. 

100-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/8, moist) sandy clay; moderate fine 

subangular blocky; friable; sticky; plastic; many 

soft and hard CaCO3 concretions; strongly 

calcareous. 



 

Results and discussion 
 

55 

4.1.2. Soils of wadi Sannur 

 Soils related to wadi Sannur are fairly represented by six 

soil profiles. Topography of the land scape is almost flat to 

undulating with a general gentle slope towards north. 

Nevertheless, low hummocks of aeolian sand cover the surface 

of some patches. Soil dry colour varies from yellow (10YR8/6) 

to yellowish brown (10YR5/6) when dry and dark yellowish 

brown (10YR4/4) to brownish yellow (10YR6/8) on moist. Soil 

texture is sandy loam in the surface layers (profiles 18 and 20) 

and sandy downwards. Soil structure varies accordingly, being 

single grain to massive in the upper layers. Also, the soil 

consistence is non sticky and slightly sticky, non plastic 

corresponding to sandy and loamy sand texture. Meanwhile, the 

surface layers are loose with a tendency of increasing 

compaction downward the soil profile. 

  Calcium carbonate content is high and ranges from 

3.03 to 32.06%, it does not show any specific pattern with depth. 

The lowest value characterized the surface layer of profile 21, 

while the highest value is found in the subsurface layer of profile 

19. Organic matter content is extremely low not exceeds 1.12% 

owing to the prevailing aridity of the region and its very scanty 

vegetation. 
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 Data in Table (3) reveal that soil reaction is slightly acidic 

to moderately alkaline as shown by pH values (7.66-8.3). 

 Electrical conductivity of the soil saturation extract ranges 

from 0.41 to 141.9 dSm
-1

 indicating that the soils are non saline 

to strongly saline soil conditions. 

 `Soluble cations are dominated by Mg
++

 and /or Na
+
 

followed by Ca
++

, while K
+
 is of the least abundance. Soluble 

anions are characterized by the dominance of SO4
=
 followed by 

Cl
-
 and HCO3

-
 except for the deepest layer of profile 19 where 

HCO3
-
 exceeds SO4

=
. 

  With regard to the exchange characteristics, the 

obtained data show that CEC values are quite low and ranges 

from 3.04 to 6.65  c mole kg
-1

 soil. 

  

 The morphological description of the representative 

profiles are given here. 
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Profile No.          : 18 

Location              : Wadi Sannur. 

Geomorphic unit: Wadi bottom. 

Topography         : Almost flat 

Slope                       : Flat 

Surface cover  : Many different size gravels, few stones and 

very few boulders. 

Vegetation          : Many desert shrubs. 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 30    :  Yellow (10YR7/6, dry) to brownish yellow (10YR 

6/6, moist) loamy sandy; massive, soft; non sticky; 

non plastic; very few fine gravels; many soft and 

hard CaCO3 concretions; strongly calcareous; 

clear smooth boundary; 

30-50    : Very pale brown (10YR7/3, dry) to pale brown 

(10YR6/3, moist) sandy; massive; slightly hard; 

non sticky; non plastic; many fine and medium 

gravels; many soft and hard CaCO3 concretions; 

strongly calcareous; clear smooth boundary; 

50-80    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/8, moist) sand; massive; soft; non sticky; 

non plastic; very few fine gravels; many soft and 

hard CaCO3 concretions; strongly calcareous; 

clear wavy boundary;. 

80-150    :  Yellow (10YR7/6, dry) to brownish yellow 

(10YR6/6, moist) sand; massive; soft; non sticky; 

non plastic; very few fine gravels; many soft and 

hard CaCO3 concretions; strongly calcareous. 
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Profile No.          : 19 

Location              : Wadi Sannur. 

Geomorphic unit: Wadi bottom. 

Topography         : Almost flat 

Slope                       : Flat 

Surface cover  : Many fine gravels, and few stones. 

Vegetation          : Many desert shrubs. 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 20    :  Yellow (10YR7/6, dry) to brownish yellow (10YR 

6/6, moist) sandy; massive, soft; non sticky; non 

plastic; few very fine gravels; many soft and hard 

CaCO3 concretions; strongly calcareous; clear 

wavy boundary; 

20-45    : Yellowish brown (10YR5/6, dry) to dark yellowish 

brown (10YR4/4, moist) loamy sandy; massive; 

soft; non sticky; non plastic; many fine and 

medium gravels; many soft and hard CaCO3 

concretions; strongly calcareous; clear wavy 

boundary; 

45-85    :  Yellow (10YR8/6, dry) to brownish yellow 

(10YR6/6, moist) loamy sand; massive; slightly 

hard; non sticky; non plastic; very few fine 

gravels; many soft and hard CaCO3 concretions; 

strongly calcareous; clear smooth boundary;. 

85-150    :  Yellowish brown (10YR5/6, dry) to brown 

(10YR5/3, moist) massive; hard; non sticky; non 

plastic; moderate fine gravels; many soft and hard 

CaCO3 concretions; strongly calcareous. 
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Profile No.          : 20 

Location              : Wadi Sannur. 

Geomorphic unit: Terraces. 

Topography         : Almost flat 

Slope                       : Neary level  

Surface cover  : Common fine and medium  gravels. 

Vegetation          : Nil. 

Water table        : More than 150 cm depth 

Depth (cm)                                 Description 

0- 20    : Brownish yellow (10YR6/6, dry) to yellowish brown 

(10YR 5/6, moist) sandy loam; massive, soft; 

slightly sticky; slightly plastic; very few fine 

gravels; many soft and hard CaCO3 concretions; 

strongly calcareous; clear smooth boundary; 

20-50    : Yellow (10YR7/6, dry) to brownish yellow (10YR6/6, 

moist) sand; massive; soft; non sticky; non plastic; 

very few fine gravels; many soft and hard CaCO3 

segregations; strongly calcareous; clear smooth 

boundary; 

50-85    :  Very pale brown (10YR8/3, dry) to light yellowish 

brown (10YR6/4, moist) sand; massive; slightly 

hard; non sticky; non plastic; many fine to coarse 

gravels; many soft and hard CaCO3 concretions; 

strongly calcareous clear wavy boundary; 

85-150    :  Yellow (10YR7/8, dry) to brownish yellow 

(10YR6/6, moist) sand; massive; hard; non sticky; 

non plastic; very few fine gravels; many soft and 

hard CaCO3 concretions; strongly calcareous. 
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Profile No.          : 21 

Location              : Wadi Sannur. 

Geomorphic unit: Terraces. 

Topography         : Gently undulating 

Slope                    : Gently sloping to the north 

Surface cover  : Few fine and medium gravels, common stones 

and few boulders. 

Vegetation          : Nil. 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 15    :  Yellowish brown (10YR5/6, dry) to dark yellowish 

brown (10YR 4/6, moist) sand; single grains, 

loose; non sticky; non plastic; very few soft 

CaCO3 segregations; very few gypsum spots; non 

calcareous; clear smooth boundary; 

15-55    : Very pale brown (10YR8/1, dry) to pale brown 

(10YR6/3, moist) sand; massive; soft; non sticky; 

non plastic; moderate soft gypsum segregations; 

non calcareous; clear wavy boundary; 

55-90    :  Very pale brown (10YR7/1, dry) to pale brown 

(10YR6/3, moist) sand; massive; soft; non sticky; 

non plastic; very soft and hard gypsum 

segregations; non calcareous clear wavy 

boundary; 

90-150    :  Very pale brown (10YR7/1, dry) to brownish yellow 

(10YR6/6, moist) sand; massive; soft; non sticky; 

non plastic; very few soft gypsum segregations; 

non calcareous. 
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Profile No.          : 22 

Location              : Wadi Sannur. 

Geomorphic unit: Plateau. 

Topography         : Gently undulating 

Slope                    : Gently sloping to the north 

Surface cover  : Many fine to coarse gravels 

Vegetation          : Nil 

Water table        : More than 150 cm depth 

 

Depth (cm)                                 Description 

0- 25    : Brownish yellow (10YR6/6, dry) to yellowish brown 

(10YR 5/6, moist) sand; massive, soft; non sticky; 

non plastic; few fine gravels; few soft gypsum 

segregations; moderate soft CaCO3 concretions; 

strongly calcareous; clear wavy boundary; 

25-75    : Very pale brown (10YR7/4, dry) to pale brown 

(10YR6/3, moist) sand; massive; soft; non sticky; 

non plastic; many fine and coarse gravels; few soft 

and hard CaCO3 concretions; moderately 

calcareous; clear wavy boundary; 

75-150    :  Yellow (10YR8/6, dry) to brownish yellow 

(10YR6/6, moist) sand; massive; soft; non sticky; 

non plastic; many fine to coarse gravels; few soft 

CaCO3 concretions; moderately calcareous.  
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Profile No.          : 23 

Location              : Wadi Sannur. 

Geomorphic unit: Plateau. 

Topography         : Gently undulating 

Slope                    : Gently sloping to north 

Surface cover  : Many fine to coarse gravels 

Vegetation          : Nil 

Water table        : At 80 cm depth 

 

Depth (cm)                                 Description 

0- 30    : Yellow (10YR7/6, dry) to brownish yellow (10YR 6/6, 

moist) sand; single grains, loose; non sticky; non 

plastic; very few soft CaCO3 segregations; slightly 

calcareous; clear wavy boundary; 

30-80    : Very pale brown (10YR7/3, dry) to pale brown 

(10YR6/3, moist) sand; massive; soft; non sticky; 

non plastic; very few soft gypsum spots; very few 

soft CaCO3 concretions; slightly calcareous;  

80-------  :  Hard pan  
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4.1.3. General consideration of the morphological, 

physical and chemical characteristics 

 The studied soils have topography and slope ranging from 

almost flat to undulating, they have apparent textural variations. 

Coarse grained materials increased at the soils of wadi Sannur, 

while fine materials increased in the soils of El-Nobariya. 

However, the textural class is controlled by the parent material, 

sedimentation regime prevailed during soil formation, local 

environments of each profile as well as the contamination with 

aeolian sand carried in through wind activities in the studied 

areas. 

 In wadi Sannur, the parent material is classified as a 

mixed granitic and Eiocene limestone, which are dominant 

constituent, it well follow that soils would generally consist of 

coarse grained deteritus even at the soils of wadi Sannur. The 

breakdown of granitic rocks produces a granite granules which is 

composed of coarse sand material. On the other hand, soils of El-

Nobariya are characterized by the high content of fine materials 

(silt + clay) which were derived from calcareous parent materials 

rich in lime and shales. 

 The analytical data of total carbonate show that the lowest 

contents characterize the soils of wadi Sannur. It is mainly 

attributed to the weathering of the pre-Cambrian gniss and 

granite rocks which dominated these areas, in addition to the 

Cretaceous of Eiocene limestone. The highest contents 

characterize the soils of El-Nobariya wheres these soils are 
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formed of a calcareous parent material, enriched in carbonate 

(Miocene limestone). It appears that, carbonate content is a true 

reflection of the significant influence of parent material on the 

formation of these soils as well as the effect of sedimentation 

regime particularly in case of calcareous ones. Also, the absence 

of any distinct calcic horizons could be attributed to the low 

intensity of soil forming processes and the relatively short time 

of soil formation under the prevailing arid environments, as well 

as the dominance of parent material as a soil forming factor. 

 The soils of the investigated sample areas are very poor in 

their organic matter content. This is rendered to the fact that 

these areas are almost barren of natural vegetation or have few 

scattered desert shrubs, and also due to the prevailing aridity 

which facilitates the decomposition of organic matter. 

 The total soluble salts, expressed as EC in the soil-paste 

extract, indicate that, except for the soils of El-Nobariya area, the 

soils of wadi Sannur are generally saline or highly saline. 

Regarding the factors contributing to the soil salinity in the 

studied soils, the parent materials forming these soils, 

sedimentation regime as well as the prevailing arid climatic 

conditions are of special concern. 

 With respect to the cation exchange capacity, the studied 

soil profiles do not portray any specific pattern pertaining to 

certain locality. This in fact, is due to the variations in parent 

materials forming these soils as well as sedimentation regime. 

Apparently, all these soils are weathered, disintegrated and 
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transported under water action during the Pre-wet climatic 

conditions that prevailed in the area in the past geological 

periods. After sedimentation, they were reworked by windborne 

sediments as well as the local environments which contribute to 

soil properties in each locality. 

 All these factors have had their influence on the nature of 

soils and consequently on soil properties. Among these 

properties, the cation exchange capacity is shown to be in 

harmony with soil texture, clay and silt contents, amorphous 

inorganic materials and clay minerals. 

 

4.2. Calcium carbonate distribution  

 Calcium carbonate is one of the important soil 

components which are usually taken as criterion for soil 

development. Its presence may be attributed to the parent 

material from which the soil profile has been originated or 

through the chemical processes that prevailed in situ. So, it could 

have been transported after its formation. Accordingly, the 

deposits of CaCO3 may vary in dimensions from gravel to very 

fine clay as well as in the form of aggregates. 

 Table (4) presents the calcium carbonate distribution in 

the soil fractions of profiles representing the studied soils. 

Examination of the table reveals that the highest content of 

CaCO3 characterizes the soils of El-Nobariya whereas the lowest 

content is associated with the soils of wadi Sannur. 
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 With regard to the distribution of carbonate in the 

different soil subfractions Table (4). Reveals that in the soils of 

El-Nobariya the high content of CaCO3 occurs in the coarse and 

fine sand fractions within the different layers, it ranges from 0.49 

to 50% and 11.96 to 76.94%, respectively. 

 The only exceptions are the surface layer of profile 1, the 

deepest layers of profile 11 and all layers of profile 12 where 

high content of CaCO3 was recorded in the silt and clay fraction. 

These results indicate the effective role of physical disintegration 

of those soils. 

 With regard to the soil of wadi Sannur data of carbonate 

size distribution, presented in Table (4) reveal that the high 

content of carbonate is mainly confined to the coarse and fine 

fractions. This reflects the soil texture, mode of deposition and 

the degree of weathering during and after deposition. Khatter et 

al.(1986) suggested that the occurrence of CaCO3 content in a 

relative high content in the size of sand, followed by silt and clay 

show the dominance of physical and chemical disintegration of 

the existing water during transportation and deposition of 

sediments. 

 Generally, variations of carbonate distribution in the 

different fractions, could be ascribed to either different sources 

of parent materials or different depositional regime as well as 

type and degree of weathering. Particle size distribution of 

carbonate components in the soils reveal the dominance of 

carbonate in the fine fractions, at the soils of profile 12 
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, the deepest layers of profile 11and the surface layer of profile 1 

indicating that the chemical weathering predominates the 

physical ones. On the other hand, the main portion of carbonate 

content in the other studied soils is found within the sand 

subfraction. The increase of carbonate in the sand fraction may 

be possibly, due to lime segregation, nearest these sediments to 

parent rocks and soft nodules formations within the profile layers 

of these soils. Therefore, these carbonates could be considered as 

primary, i.e., inherited from the parent materials forming these 

soils. 

 

4.3. Grain size parameters 

 The size distribution of particles may be shown as a 

cumulative curve called "the sedimentation curve". From this 

curve, percentage of particles within any limit of size diameter 

could be computed. A number of important points representing 

the size values of particles (in mm) corresponding to the three 

successive quarters of the total weight. Percent (100%) of 

particles i.e.Q1, Q2 and Q3 are identified on the curve, and are 

called "Quartiles" (Pettijohn, 1975). These values are used to 

fine the "statistical measures" or parameters, which are "the 

degree of particle: "Sorting", and "the Symmetry of particle size 

distribution". Of these statistical parameters, the following three 

are of particular importance (Pettijohn 1975). 
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1-The medium diameter (Md) 

 This is an easily determined parameter which gives the 

"average size" (in mm) under which (also over which) half of the 

soil material is represented. It is determined on the cumulative 

curve by the point on the particle size axis which corresponds to 

the 50% ,i.e., the second quartile Q2 therefore,     Md = Q2 

2-Coefficient of sorting "So" 

 This is a parameter for the degree of statistical sorting of 

particles. A "Perfectly sorted" sediment has a coefficient of 1.0 

and 0" well sorted" sediment has a value within 2.5. values of 

about 3 represent "normal sorting". Values exceeding 4.5 

indicate "Poor sorted" (Trask, 1950). This parameter is 

computed as follows: 

So =  Q3/Q1 

Considering the mode of deposition of these sediments, the 

general idea that transportation by water or weathered in situ 

forms poorly-sorted particles, while the transportation by wind 

leads to well-sorted particles, (Inman, 1952). 

3-Coefficient of skewness, Sk 

 This is a measure of the degree of symmetry or 

asymmetry of particle size distribution curve. It shows 

prevalence of coarse or fine particles in the total mixture of 

particles. It is computed as follows:  

Sk =  Q3Q1/Md
2
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 The computed statistical measures for the studied soil 

profiles are presented in Table (5) and their cumulative 

frequency curves are illustrated by Figs ( 13 to 14  ) given 

hereafter. 

1-Soil of El-Nobariya area 

 The statistical size parameters of the soils of El-Nobariya 

area which are represented by profiles 1 to 17 are illustrated in 

Fig. (13) and their computed statistical size parameters are given 

in Table (5). The sorting data show that El-Nobariya soils are 

characterized by poorly and moderately sorted sediment classes. 

In this accord,, profiles 1, 3, 4, 5, 6, 7, 9, 10, 11, 16 and 17 

constitute poorly sorted sediments throughout their depth except 

for the surface layer of profiles 10,11 and 17 and subsurface 

layers of profile 9 which attain  moderately and well sorted 

sediments, respectively. In profiles 14 and 15 the sediments are 

moderately sorted down to 80 cm, changed into poorly sorted 

sediments in the deepest layers. Profile 12 is characterized by 

moderately sorted sediments throughout the entire profile depth. 

Profile 13 constitutes moderately sorted and well sorted in the 

top and deepest layers sandwitching a poorly sorted layer in 

between.  Values of Skewness indicate that the sediments are 

generally skewed towards coarse admixtures as indicated by log 

Sk, except for the upper most surface layers of profile 3 which 

are fine skewed. Therefore, water or weatherd in suit and water 

and wind are expected to be responsible for the transport and 

deposition of these soils. This could lead to the presence of 

different materials forming these soils. 
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2- Soils of wadi Sannur area 

         Cumulative curves of the soils of wadi Sannur (represented 

by profiles 18, 19, 20, 21, 22 and 23) are illustrated in Fig (14) 

and computed statistical size parameters are given in Table (5). 

From the table and the curves the Md, So and Sk parameters of 

the soils on the basis of particle size distribution for nearly all 

soils were of no values. The reason is that an upper limit 

exceeding 2 mm should have been used. 

 In conclusion, the data of the particle size distribution and 

its statistical size parameters may lead to the suggestion that 

water or water and wind are the main important factors affecting 

the formation and deposition of El-Nobariya soils. 

4.4. Micronutrients in relation to lithology and soils 

            Generally, micronutrients play a major role in soil 

fertility and its relationship to plants growth. Moreover, the 

geochemical distribution of micronutrients has devoted attention 

owing to its possible use in the differentiation between geologic 

sediments that may act as parent materials for soils, (Aubert and 

Pinta 1977). In the same connection, the levels of these elements 

could be used as a guide for substantiating the nature of parent 

materials, together with the pedogenic aspects which lead to the 

prediction of soil genesis and formation, (El-Demerdashe, 1980 

and Hassona et al., 1996). The following study points to an 

evaluation of some micro nutrients (Fe, Mn, Zn and Cu) 

distribution as related to geomorphic aspects in the area under 

study. It also includes a study of the factors governing the 

available from of these elements.  
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4.4.1. Total iron 

 The results of total Fe in the soils under consideration are 

shown in Table (6). The data indicate that total Fe content in the 

soils of El-Nobariya area ranged from 28517 to 50117 mg kg
-1

. 

The lowest content was recorded in the deepest layer of profile 

2, while the highest value was associated with the surface layer 

of profile 17. The vertical distribution of total Fe content in El-

Nobariya soils did not show a regular pattern except for profiles 

2,3,16 and 17 in which Fe tended to decrease with depth.  Total 

Fe content in the soils of wadi Sannur varied widely from 2523.3 

to 34083.3 mg kg
-1

. with an irregular distribution pattern with 

depth.  The highest value was found in the subsurface layer of 

profile 22, whereas the lowest value was detected in the deepest 

layer of profile21. From the data of total Fe, it is clear that the 

soil profiles representing the soils of El-Nobariya were 

characterized by higher content of total Fe among than these of 

wadi Sannur. Similar results were reported by El-Demerdashe 

(1980a) , Barakat (1998), Abdel-Razik (1999 and 2002). Come 

to conclusion that total Fe increased with increased of silt and 

clay content. 

 To substantiate the role of some soil factors and 

constituents in controlling total Fe content, the correlation 

coefficients between total iron and each of these factors were 

computed. The obtained coefficients imply that total Fe was 

highly significant and positively correlated with clay % (r = 

0.720
**

), silt% (r = 0.326
**

), fine sand % (r = 0.806
**

 ), CaCO3 % 

( r = 0.546
**

), organic matter content  (r = 0.43
**

),                                



 

Results and discussion 
 

45 

 



 

Results and discussion 
 

45 

 

 



 

Results and discussion 
 

44 

pH (r = 0.530
**

) and CEC ( r = 0.700
**

). In contrast, total Fe 

showed a negative and highly significant correlation with coarse 

sand (r = - 0.955
**

).  

 To work out a relationship between the distribution of Fe 

and locality of the studied profiles, the statistical measures, 

weighted mean, trend and specific range were calculated 

according to Oertel and Giles (1963). According to these 

authors, the weighted mean concentration for a profile is 

obtained by multiplying the concentration of each sampled 

horizon of the solum by the thickness of layer and then dividing 

the sum of these products by the total thickness of all the 

analysed layers. 

 Information on any change in concentration with depth is 

provided by a measure called the "Trend", defined by   

 T = (W-S)/W, or T = (W-S)/S where T denotes  the trend, "W" 

the weighted mean concentration and "S" the concentration in 

the surface layer. All values of "T" lie between -1 and +1, when 

" T" is large, the symmetry is distorted.  It is clear, that a small 

value for "T" does not necessary imply a small range in 

concentration throughout the profile. Definite information on 

this feature is therefore provided by the "specific range" which is 

defined by     R = (H-L)/W  where R is the specific range,  H is 

the highest and L is the lowest observed concentrations in the 

solum, and W is the weighted mean.. Values for R cannot be 

negative, but there is no definite upper limit. In this connection, 

a small value for T may be associated with any value for R, but a 
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large value for T is necessary associated with at least a 

moderately large value for R. 

 Table (7) includes the statistical measures weighted mean, 

trend and specific range of total Fe. The computed weighted 

mean of El-Nobariya soils ranged from 32658.7 to 48220.3 mg 

kg
-1

, and the lowest value was found in profile 2, while the 

highest one was recorded in profile 17. The computed trend 

indicates that Fe distribution in profiles 4, 10, 11 and 12 is more 

symmetrical than the other profiles. Specific range of Fe indicate 

that the soils of profiles 6,8,9,12,13 and 17 have homogeneous 

soil material, while the other profiles are heterogeneous. 

 With regard to the soils of wadi Sannur, the computed 

weighted mean of total Fe ranged from 32013.65 to 4547.53 mg 

kg
-1

. The highest value was recorded in profile 21, whereas the 

lowest value was found in profile 21. The computed trend 

indicates more symmetrical Fe distribution in profiles 18, 19 and 

22. The specific range of total Fe shows that the soil materials of 

profiles 18 and 21 are homogeneous, whereas the soil materials 

of profiles 19, 20, 22 and 23 are heterogeneous.  
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4.4.2 Total manganese 

              The results of total Mn content in the studied soils are 

shown in Table (6). From the table, the data indicate that total 

Mn content in El-Nobariya soils ranged from 600.8 to 1330.8 mg 

kg
-1

. The highest value was found in the top layer of profile 9, 

while the lowest value characterized the deepest layer of profile 

6. The vertical distribution pattern of total Mn did not portray 

any specific pattern with depth, except for the soils of profiles 6, 

7, 15 and 16 in which total Mn tended to decrease with depth. 

   Total Mn content of wadi Sannur soils ranged from 99.66 

mg kg
-1

, in the subsurface layer of profile 18 to 446.33 mg kg
-1

 

in the surface layer of profile 21. Total Mn content in wadi 

Sannur soils did not show any specific pattern with depth. Based 

on the observation results, it is clear that the values of total Mn 

content in the studied soils are of the following ascending order 

El-Nobariya > wadi Sannur. 

 With regard to the statistical analysis, the correlation 

coefficients show that total Mn was highly and significantly 

positively correlated with clay % ( r – 0.680
**

), silt % ( r = 

0.382
**

), fine sand % (r = 0.700
**

), CaCO3 % ( r = 0.660
**

), O.M 

% ( r = 0.496
**

), pH ( r = 0.630
**

) and CEC ( r = 0.770
**

), while 

it was highly significant and negatively correlated with coarse 

sand (r = 0.890
**

) and EC ( r =0.430
**

).  

 Table (8) reveals that the Mn weighted mean of El-

Nobariya soils ranged from 687.55 to 1074.3 mg kg
-1

. The 

lowest value was found in profile 2, while the highest are 
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characterized the soils of profile 15. The computed trend 

indicates more symmetrical Mn distribution in profiles 1, 2, 5, 

11, 14 and 16 .. The specific trend of Mn indicats that the soil 

materials of profiles 1, 2, 10, 11 and 16 are homogeneous while 

those of the other profiles are heterogeneous. 

 With regard to the soils of wadi Sannur, the computed 

weighted mean of total Mn ranged from 94.55 to 306.28 mg kg
-1

. 

The highest value was found in profile 22, whereas the lowest 

value was detected in profile 20. The data of computed trend 

indicate more symmetrical Mn distribution in profiles 19, 20 and 

21. The specific range of Mn in wadi Sannur soils shows that the 

soils of profiles 20 and 21 are homogeneous, while those of the 

other profiles are heterogeneous. 



 

Results and discussion 
 

555 

 

 



 

Results and discussion 
 

558 

4.4.3. Total Zinc 

           Total Zn content in the investigated soils are given in 

Table (6). The obtained data show that total Zn content in El-

Nobariya soils varied widely from 54.2 to 214.2 mg kg
-1

. The 

lowest value was recorded in the deepest layer of profile 14, 

while the highest value was found in 85-150cm depth of 

profile3.  In the soils of wadi Sannur, total Zn content ranged 

between 12.5 mg kg
-1

  in the subsurface layer of profile 20 and 

180.83 mg kg
-1

 in the 15-55 cm layer of profile 21. Depthwise 

distribution of total Zn in wadi Sannur soils did not portray any 

specific pattern with depth. 

  From the above mentioned presentation, one can 

conclude that El-Nobariya soils (fine to moderately textured) are 

relatively higher in total Zn content compared with wadi Sannur 

soils (coarse textured). Similar results were reported by Barkat 

(1998) and Abd El-Razik (1999 and 2000). 

 With respect to the relation between total Zn and some 

soil variables in the studied soils, data reveal  highly significant 

positive correlations between total Zn and clay % ( r = 0.436
**

), 

fine sand (r = 0.378
**

), CEC ( r = 0.320
**

) and significant 

positive correlation with OM% ( r = 0.250
*
). On the other hand, 

total Zn displayed a negative and highly significant correlation 

with coarse sand (r = -0.470
**

). 

 Table (9) shows that the weighted mean for total Zn in El-

Nobariya soils ranged from 74.2 to 194.37 mg kg
-1

. The 

computed trend indicates more symmetrical distribution of total  
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Zn in profiles. 1, 3, 6, 7, 8, 16 and 17 than the other soil profiles. 

The specific range reveals that the soils of profiles 5, 6, 9 and 17 

are composed of homogeneous soil materials, while the other 

soil profiles are of heterogeneous ones. 

 The computed weighted mean of total Zn in wadi Sannur 

soils varied from 25.72 mg kg
-1

 in the soils of profile 23 to 

128.39 mg kg
-1

 in the soils of profile 21. The computed trend 

indicates more symmetrical distribution of total Zn in profiles 18 

and 22. The specific range shows that all soil profiles are 

composed of heterogeneous soil materials. 

 

4. 4. 4. Total copper 

             The results of total Cu content in the soils under 

consideration are given in Table (6). The data show that total Cu 

content in El-Nobariya soils varied widely from 20.0 mg kg
-1

 in 

the deepest layer of profile 2 to 87.2 mg kg
-1

 in the 85-150 cm 

depth of profile 3. 

 The obtained data show that total Cu content in wadi 

Sannur soils ranged from 5.66 to 37.83 mg kg
-1

 with an irregular 

distribution pattern with depth. The lowest content was detected 

in the deepest layer of profile 18 while the highest value was 

found in the subsurface layer of profile 22. Also, data in Table 

(6) reveal that the values of total Cu content in the different soils 

are of the following ascending order 

 To substantiate the role of some soil variables in 

controlling total Cu content the correlation coefficients were 
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computed. The obtained coefficients imply that the total Cu was 

positively and highly significantly correlated with clay % ( r = 

0.651
**

) , fine sand (r = 0.998
**

), CaCO3 % ( r = 0.445
**

), OM% 

(r = 0.407
**

), pH ( r = 0.586
**

) and CEC ( r = 0.583
**

) and has a 

negatively significant correlations with coarse sand (r = - 

0.740
**

) and EC ( r = - 0.388
). 

 Applying the statistical measures, Table (10) shows that 

the weighted mean for total Cu in El-Nobariya soils ranged from 

30.5 mg kg
-1

 in the soils of profile 2 to 54.33 mg kg
-1

 in the soils 

of profile 15. Considering the trend, data indicate that the soils of 

profiles 3, 5, 9, 14 and 15 are more symmetrical than those of the 

other profiles. Specific range of total Cu indicates that the soil 

materials of profiles 3, 7, 8, 13, 14 and 15 are homogeneous, 

while the other soil profiles are heterogeneous. 

 With regard to the soils of wadi Sannur, the weighted 

mean of total Cu ranged between 8.68 mg kg
-1

 in profile 19 and 

23.94 mg kg
-1

 in profile 22. The computed trend indicates that 

the soils of profile 21 are more symmetrical than those of the 

other profiles. The specific range shows that the studied soils of 

wadi Sannur are composed of heterogeneous soil materials. 
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4.4.5. DTPA-extractable iron 

 Data of extractable Fe with DTPA are tabulated in Table 

(6). The amounts of extractable Fe in studied soil profiles vary 

considerably from 1.13 to 30.84 mg kg
-1

. The lowest content 

characterized the deepest layer of profile 18, in wadi Sannur, 

whereas the highest content was associated with the surface layer 

of profile 2 in El-Nobariya soils. The vertical distribution of 

DTPA-extractable Fe reveals a tendency for Fe to accumulate in 

the surface layer of El-Nobariya soils, this behavior may be due 

to continuous addition of fertilizers and manures. Considering 

the critical level of DTPA-extractable Fe which has been 

reported by Soltanpour and Schwab (1977), the index values of 

DTPA extractable Fe are as follows 

Low 0-2 mg kg
-1

 

Marginal 2.1-4.0 mg kg
-1

 

Adequate >4 mg kg
-1

 

 The values of the studied soil profiles indicate that the 

soils of El-Nobariya belong to the adequate level, while those of 

wadi Sannur are either low or marginal. 

 The correlation coefficients between some soil variables 

and DTPA-extractable Fe were computed. The results imply that 

DTPA-extractable Fe was correlated positively and significant 

with silt % ( r = 0.239
**

) and highly significantly correlated with 

clay% (r = 0.649
**

), fine sand ( r = 0.355
**

), CaCO3 ( r – 0.354
**

) 

and CEC (r = 0.466
**

). On the other hand, available Fe has a 

negatively and highly significant correlation with coarse sand (r 
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= - 0.612
**

) and EC ( r = - 0.336
**

). These result agreement with 

those obtained by Barakat (1998) and Abdel-Razik (1999). 

 

4.4.6. DTPA-extractable Mn 

 Data illustrated in Table (6) represent the amounts of 

DTPA-extractable Mn from the studied soil profiles. From the 

table, it is evident that extractable Mn ranged from 0.23 to 21.2 

mg kg
-1

. The lowest content was detected in the subsurface layer 

of profile 20 in wadi Sannur soils, whereas the highest are 

characterized the surface layer of profile 4 in El-Nobariya. For 

further information about the distribution of extractable Mn in 

the studied soils, the results reveal that in the soils of El-

Nobariya extractable Mn displayed a wide range from 1.69 to 

21.2 mg kg
-1

, while in wadi Sannur soils extractable Mn varied 

in narrow limit and ranged from 0.23 to 1.56 mg kg
-1

. 

 Regarding the influence of depth on available Mn, higher 

values of it were found in the top layers in El-Nobariya soils, 

probably due to the surface application of both fertilizers and 

manures. 

  

According to Soltanpour and Schwab (1977), the critical 

values of DTPA extractable Mn are as follows: 

Low 0-1.8  mg kg
-1

 of Mn 

Adequate  >1.8 mg kg
-1

 of Mn 
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 The results of the studied soil profiles indicate that El-

Nobariya soils are belonging to adequate level, while wadi 

Sannur soils are belonging to low and adequate level. 

 The correlation coefficients between some soil variables 

and DTPA-Mn were computed. The obtained results show 

positive and highly significant correlation between DTPA-Mn 

and each of clay% (r = 0.492
**

), fine sand ( r = 0.303
**

), OM%    

( r = 0.453
**

), pH ( r = 0.339
**

) and CEC ( r = 0.515
**

). On other 

hand, DTPA-Mn content has a negative and highly significant 

correlation with coarse sand ( r = - 0.483
**

) and EC                      

( r = - 0.276
*
). 

 

4.4.7. DTPA-extractable Zinc 

   The data in Table (6) show that DTPA-extractable Zn 

ranged from 0.15 to 4.43 mg kg
-1

. The lowest content was 

detected in the surface layer of profile 21 representing the soils 

of wadi Sannur, whereas the highest value characterized the 

subsurface layer of profile 17, representing El-Nobariya soils.  In 

almost all cases the uppermost surface layers contains relatively 

higher Zn content if compared with the deeper layers. Also, El-

Nobariya soils which attained fine and medium textures are 

mostly associated with relatively higher content of DTPA-

extractable Zn than those of the coarser texture.    
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 According to Soltanpour and Schwab (1977), the index 

values used for Zn extracted from soils by DTPA method are as 

follows: 

Low 0-0.9 mg kg
-1

 

Marginal  1.0-1.5 mg kg
-1

 

Adequate  >1.5 mgkg
-1

 

 

 With regard to the nutritional status of Zn element, it 

seems evident that soils of El-Nobariya that belong to low, 

marginal and adequate level groups represent 16.1%, 51.8% and 

32.1%, respectively, while wadi Sannur soils are characterized 

by low level group of DTPA-extractable Zn. 

 The correlation coefficient between some soil variables 

and DTPA-Zn were computed. The obtained results show 

positive and highly significant correlations between DTPA-Zn 

and each of clay% (r = 0.522
**

), CaCO3% ( r = 0.485
**

), pH ( r = 

0.397
**

) and CEC ( r = 0.416
**

) and positive significant 

correlation with fine sand (r = 0.274
*
), whereas coarse sand and 

EC displayed a negative highly significant correlation where r 

values were – 0.475
**

 and – 0.372
**

 , respectively. 

 

4.4.8. DTPA extractable copper 

    Table (6) depicts the amounts of DTPA-extractable Cu, 

the table reveals that DTPA-extractable Cu varied widely from 

0.05 to 3.42 mg kg
-1

 The lowest content was detected in the 
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subsurface layer of profile 18 representing the soils of wadi 

Sannur, while the highest content was strictly associated with the 

surface layer of profile 7, representing the soils of El-Nobariya. 

Data also reveal that in most cased, DTPA-extractable Cu in the 

surface layer exceeded that of the layers beneath. Moreover, it is 

evident that in many cases the higher DTPA extractable Cu was 

associated with the fine texture in El-Nobariya soils relative to 

the coarse one in wadi Sannur soils. 

 Referring to the critical levels of DTPA-extractable Cu 

identified by Soltanpour and Schwab (1977), 

Low 0-0.5 mg kg
-1

 

High  > 0.5 mg kg
-1

 

 one can conclude that the soils of El-Nobariya are well 

supplied with Cu (High), while the soils of wadi Sannur 

belonging to low level.  

 The correlation coefficients between some soil variables 

and DTPA-Cu were computed. The obtained results show 

positive and highly significant correlations between DTPA-Cu 

and each of clay % (r = 0.583
**

), fine sand ( r = 0.922
**

), 

CaCO3% ( r = 0.463
**

), OM%    ( r = 0.554
**

), pH ( r = 0.435
**

) 

and CEC ( r = 0.645
**

). On the other hand, DTPA-Cu has 

negative and highly significant correlation with coarse sand ( r = 

- 0.676
**

) and EC ( r = - 0.345
**). 
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4-5. Mineralogy of the sand  fraction 

 Primary minerals is one of the useful tools in evaluating 

soil profiles uniformity, development, weathering sequence as 

well as delineation of the main soil formation processes. These 

minerals are generally distinguished into their distinctive groups, 

light and heavy minerals of which the latter are usually 

employed for predicting soil genesis and formation. In this 

accord, Haseman and Marshall (1945), stated that the origin of 

soils could be known from the amount and kind of heavy 

minerals. Pittijohon (1975) stated that arranging heavy minerals 

according to their relative stability to weathering "weathering 

sequence" is used for evaluating soil profiles uniformity. 

 Brewer (1955) and Barshad (1964) suggested what is 

called" index minerals" for evaluating development and 

uniformity of soil profiles. Moreover, the ratio between two or 

more of highly resistant minerals and between highly resistant 

minerals and others susceptible to weathering are also suggested 

to test the uniformity and development of soils. 

 To interpret the obtained results precisely, it is of interest 

to present these results under the following subheadings. 

4.5.1. Mineralogy of light minerals 

 Table (11) shows that the light fraction (Sp. g.<2.87) 

constitutes 93 to 96.7% of the whole sand fraction. The lowest 

value was detected in the subsurface layer of profile 14, while 

the highest value was found in the subsurface layer of profile 11. 
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Quartz grains were predominantly present as single grains in 

different degrees of roundness and extinction.  

 Considering the distribution of quartz with depth, the data 

show that the distribution pattern is almost similar within each 

profile and even in all the studied profiles. 

 Feldspars were the least abundant and, among which the 

predominance was for orthoclase over plagioclase and 

microcline. Feldspars content ranged from 3.12 to 7.01%. The 

lowest value was associated with the subsurface layer of profile 

19 representing the soils of wadi Sannur, while the highest value 

characterized the subsurface layer of profile 14, representing the 

soils of El-Nobariya. 

 Orthoclase shows low index of reflection, cleavage and 

cloudy alteration products, while plagioclase is characterized by 

its clear twining band under crossed nicols. Microcline is 

detected by its cross hatchining. The vertical distribution of these 

minerals shows no specific trend with depth. 

 From the above mentioned results, one may conclude that 

quartz due to its relatively high resistance to weathering, is not 

affected much by the weathering sequence prevailed prior and 

throughout sedimentation course. This is quite evident from the 

constancy of its content either within or between profiles. This 

content may also be originated or inherited from the parent 

material itself and the minute variations within such parent 

material. On the other hand, feldspars content as such or as 

individual members shows apparent variability. This is a true 
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reflection of their susceptibility to weathering which modifies or 

alters the initial feldspars content originated from the parent 

materials. The variability encountered in the content of 

individual members of feldspars group could be explained on 

basis of the relative resistainvity of such minerals to different 

weathering processes. 

 

4.5.2. Mineralogy of heavy minerals 

4.5.2.1. Opaque minerals 

 These minerals are characterized by being isotropic 

between cross nicol, black coloured in plain light, non 

pelecohroic and having rounded  to subrounded angular grain, 

the minerals are composed essentially of iron oxide minerals 

(magnetie, illimanite and hematite). Due to the difficulty in 

discrimmation between their individual members, the opaques 

were counted and recorded as total opaque minerals. 

 As revealed from Table (12), opaque mineral content of 

the soils of El-Nobariya which were drived from Miocene 

limestone ranged from 46.8 to 61.9 % with an irregular 

distribution pattern with depth. The lowest value was recorded in 

the deepest layer of profile 11, whereas the highest value was 

detected in the 40-80 cm layer of profile 14. A striking feature 

was noticed in profiles 3 and 9 where opaques exhibit relative 

increase in the surface layers. 

 With regard to the soils of wadi Sannur which were 

drived from Eiocene limeston, opaque minerals ranged from 
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52.4 to 59.6%. The lowest and highest values were found in the 

surface and deepest layers, respectively. Concerning the 

depthwise distribution of opaque minerals through the entire 

depth of profile 19, it is evident that opaque minerals in this 

profile were characterized by a relatively increase of opaque 

minerals in their deepest layers. 
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4.5.2.2. Pyroboles 

a) Pyroxenes 

 This group of minerals is represented here by augite, 

hypersthene and diopside. These minerals are characterized 

mainly by being an isotropic, having oblique or parallel 

extinction and are non peleochroic. They are identified as grains 

having subangular to subrounded shape. 

 Pyroxenes in total, constitute 10.0% to 28.0% of non-

opaque minerals in the soils of El-Nobariya (Table, 12). Augite 

minerals predominated the pyroxenes, and its content ranged 

from 4.04% to 16.1% of the non-opaques followed by 

hypersthene, which constitutes 1.6 to 9.8%. Diopside is shown to 

be the least abundant mineral among this group. Pyroxenes as a 

whole, has no specific distribution pattern in these soils, but, 

hypersthene content increases in profile depths in profile 3. 

 Data in Table (12) reveal that the soils of wadi Sannur  

(profile 19) have a pyroxenes content in the range of 7.7 to 

11.4% of the non-opaque minerals. These minerals display a 

relative increase in the deepest layers. Augite predominates the 

pyroxenes followed by diopside, while hypersthene was the least 

abundant mineral in this group of wadi Sannur soils. 

b) Amphiboles 

 Amphiboles minerals are mainly represented by 

hornblende, glucophane and actinolite. They have common 

microscopic features in being peleochroic, having oblique 



 

Results and discussion 
 

555 

extinction and an isotropy. In general these minerals are detected 

as subrounded shaped grains. 

 As shown in Table (12), the amphiboles content of El-

Nobariya soils (derived on the Miocene limestone) ranged from 

as low as 10% to 31.9%. Depthwise distribution of these 

minerals exhibits non-uniform pattern, however, amphiboles 

tend to decrease with depth in profile 9. Hornblende 

predominates the amphiboles in all profiles as it constitutes 7.6-

22.9% of the non opaque followed by actinolite. Glucophane is 

the least in abundance as it constitutes 0.79 to 3.6% of the non-

opaque minerals. 

 With regard to the soils of wadi Sannur, Table (12) 

dictates that amphiboles contet varies from 17.04 to 27.54% of 

the non-opaque minerals. Hornblende predominates the 

amphiboles in profile 19 followed by glaucaphane. Actinolite 

mineral is the least abundance as it content varied from 0.96 to 

2.04% of the non opaques. 

 

4.5.2.3. Paramentamorphics  

a) Garnet 

 This minerals is characterized by being isotropic between 

cross nicols and having colourless or glassy pink colour in plain 

light. It is found in subangular shape grains. 

 Garnet constitutes from 1.6 to 5.5% of non opaque 

minerals in soils of El-Nobariya with an irregular distribution 

through the entire depth of profiles. The lowest value is detected 
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in the subsurface layer of profile3, while the highest value 

associated with the top layer of profile 9. 

 Soils of wadi Sannur (profile 19) are characterized by a 

relatively low content of garnit, it ranges from 2.3 to 5.1% of the 

non opaque minerals, Table (12). A relatively accumulation of 

garnite is easily recognized in 20-45 cm layer. This indicates that 

garnite portrays no specific trend pertaining to this soils. 

 

b) Stauralite 

 Staurolite is defined by its golden yellow colour between 

cross nicols and plane light, being non-peleochoric and has, 

parallel extinction and subangular shaped grains. This mineral 

forms 0.69 to 4.1% of the non opaque minerals in the soils of El-

Nobaryia, Table (12). The lowest value is detected in the deepest 

layer of profile 9, whereas the highest value is found in the 

subsurface layer of profile 3. Staurolite mineral tends to increase 

with depth in profiles 11 and 14, while in profiles 3 and 9, the 

mineral does not show any specific pattern with depth. 

 In soils of wadi Sannur, staurolite constitutes 0.96 to 

1.14% of non opaque minerals. The lowest and highest values 

are detected in the deepest layers, with irregular depthwise 

distribution through soil profile. 

 (c) Kyanite 

 Kyanit mineral is present as subangular grains having two 

perpendicular sets of cleavage, oblique extinction and it gives 

abnormal interference colour between cross nicols. 



 

Results and discussion 
 

555 

 Kyanit percentage of soils derived on Miocenes limestone 

(El-Nobariya) ranges from 1.3 to 5.1% of the non-opaque 

minerals. The lowest value characterized the deepest layer of 

profile 9, while the highest value is detected in the subsurface 

layer of profile 14. Kyanite tends to increase in profile 3, while 

the opesit trend is found in profile 9. In the rest profiles depthwis 

distribution of kyanite mineral does not show any specific 

pattern with depth. 

 With regard to the soil of wadi Sannur, Table (12) 

indicates that kyanite mineral ranges from 1.02 to 2.9% of the 

non opaque minerals with an accumulation in the deepest layers. 

 

 

d) Silimanite 

 Silimanite is identified by its characteristics, which are 

somewhat similar to kyanite except for being parallel extinction. 

 Data in Table (12) show that silimanite constitutes 0.8-

5.1% of the non opaque minerals with no distinct depthwis 

distribution along profiles, except for profile 3 where silimanite 

tends to decrease with depth. Nevertheless, a relative 

accumulation of silimanite is noticed in the deepest and 

subsurface layers of profiles 9, 11,14 and 19, respectively. 
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4.5.2.4. Ultrastable minerals 

a) Zircon 

 The mineral is recognized by its colourless, subrounded to 

subangular grain with very high relief and parallel extinction. 

Table (12) shows that this mineral constitutes 5.6-17.1% of the 

non opaque minerals in the soils of El-Nobariya. The lowest 

content is detected in the deepest layer of profile 14, whereas the 

highest is associated with 85-150cm layer of profile3. Depthwise 

distribution, indicates a discontinuity of parent sediments due to 

the depositional regime. 

 Soils of wadi Sannur which are derived on Eiocene 

limestone show a decrease in Zircon content, Table (12). It 

ranges from 6.1% in the surface layer and 77% in the 45-85 cm 

layer of profile 19. A relative accumulation of Zircon in these 

soils is recorded in the middle layers. 

b)Rutile 

  Rutilie is detected by its bloody red colour between cross 

nicols and plane light, it is detected as subangular grain with 

high relief and parallel extinction. In soils of El-Nobariya area, 

rutile varies from wide rang 1.5%-14.7% of the non opaque 

minerals. The lowest content is recorded in surface layer of 

profile 3, while the highest is detected in the deepest layer of 

profile 9. 

 Soils of wadi Sannur (profile 19) have rutile content that 

ranges from 4.8 to 6.8%, the lowest and highest contents are 

detected in 45-85 and 85-150 cm depth, respectively. The 
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vertical distribution of rutile shows a uniform trend in profile 3 

and irregular distribution in the rest of the studied profiles. 

c) Tourmaline 

 Tourmaline mineral is generally predominates the 

ultrastable minerals in all the studied areas. It is detected by its 

strong peleochroic phenomena and subangular shaped grain. 

Table (12) reveals that tourmaline content in the soils of El-

Nobariya varies widely, from 1.5 to 22.1 % of the non opaque 

minerals. The lowest content is found in the surface layer of 

profile 3, whereas the highest value associated with the 

subsurface layer of profile 11. The vertical distribution of 

mineral shows no specific pattern, except for the soils of profile 

3 where the mineral tends to increase with depth. 

 Soils of wadi Sannur attain tourmaline content that ranges 

from 13.3 to 22.1% of the non opaque minerals with an irregular 

distribution pattern with depth. The lowest and highest values 

are detected in the middle layers of profile 19. Although, 

tourmaline in the soils of wadi Sannur is more abundant than 

those in El-Nobariya soils. 

 In conclusion, the occurrence of ultrastable minerals in 

the heavy suit means either 

1. the minerals are being reworked from older sediments 

(Folk, 1968) or sedimentary rocks, e.g. the Miocene 

sandstone of the southern plateau and/or 

2. prolonged abrasion and /or chemical attach has occurred. 

The active physical and inactive chemical weathering 



 

Results and discussion 
 

550 

processes on multi-sources parent materials lead to the 

prevalence of immature soil pedons in the study areas. This 

is indicated by the irregular distribution of the ultrastable 

minerals in the different areas and also by the irregular 

vertical distribution of such minerals depthwise. 

4.5.2.6. Biotite 

 This mineral is identified by being strong peleochroie in 

plane light, becomes dark on horizontal line, and having 

subrounded and rounded-shaped grains. Table (12) reveals that 

biotite mineral constitutes 0.8-3.4% of the non opaque minerals 

in the studied soil profiles. The lowest content is found in the 

subsurface of profile 3 representing the soils of El-Nobariya, 

while the highest content is strictly confined to the deepest layer 

of profile 19 representing the soils of wadi Sannur. 

 From the pedological point of view, the presence of 

biotite as potassium bearing mineral in the studied areas is very 

important in clay minerals formation by weathering processes. 

4.5.2.7. Epidote 

 Epidote minerals are characterized by being an isotropic, 

highly peleochroic, having parallel extinction and subangular 

shape. 

 Epidote minerals constitute 5.1%- 13.1% of the non 

opaque minerals in the studied soil profiles. The lowest value 

characterized the subsurface layer of profile 14, wheras the 

highest value is detected in the subsurface layer of profile 3. 
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 A remarkable feature in the depthwise distribution of 

epidotes is their relative increase in profiles 9 and 11, otherwise 

no specific trend could be recognized.  

 4.5.2.8. Monozite 

 Monazite is characterized by its brick brown colour, high 

relief and parallel extinction. It constitutes from 1.6 to 3.5% of 

the non opaque minerals, Table (12). Among all profiles 

representing the studied areas, only profile 3 shows constancy of 

monazite mineral percent throughout the layers. Other profiles 

display an irregular depthwise distribution pattern. 

 

4.5.2.9. Glauconite 

 This minerals is identified by its dirty green colour, being 

non-peleochroic and has parallel extinction. It is found in less 

pronounced amount relative to other mineral constituting the 

non-opaques in the study areas. It constitutes from 0.72 to 3.1% 

of the non opaque minerals. The lowest value is found in the 

surface layer of profile 3, while the highest value is recorded in 

the surface layer of profile 19. 

4.5.2.10. Apatite 

 This minerals is recorded in colourless elongated 

prismatic grains. Round grains that sometimes show minute 

inclusions of iron oxides are also met with apatite is recorded. 

Apatite content ranges from 0.9 to 3.2% of the non opaque 

minerals, Table (12). The lowest value is found in the surface 
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layer of profile 14 (El-Nobariya), while the highest value is 

detected in the top layer of profile11. 

 

4.5.2.11.Ziosite 

 Ziosite is present in subangular to subrounded grains, less 

commonly in platy form. Pale yellowish green grains, like small 

chips of broken glass are also recorded. Table (12) reveals that 

ziosite vary in frequency from 0.6 to 3.4% of the non opaque 

minerals. The lowest value is detected in the deepest layer of 

profile 9, while the highest value is found in 80-150cm layer of 

profile 14. 

 

4.5.2.12. Andaluside 

 It is present as colourless, sub angular, more or less 

irregular, and rarely prismatic grains. It constitutes 0.7 to 2.1 % 

of the non opaque minerals with an irregular distribution pattern 

with depth. The lowest value is recorded in the surface layer of 

profile 3 (El-Nobariya), while the highest content is detected in 

the surface layer of profile 19 (wadi Sannur).  
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4.5.3. Uniformity of soil materials 

 This is based on the assumption that certain minerals are 

most resistant to weathering during sedimentation development 

processes.(Brewer, 1964). Such minerals are termed as index 

minerals. Generally, there is an agreement to consider zircon, 

rutile and tourmaline as index minerals because of their 

resistance to weathering processes. In this respect, if the total 

percentages of the index minerals and/or the ratio between any 

two of them are constant throughout the entire depth of profile, 

this might suggest one parent material dominancy and subjected 

to the same sedimentation cycle. 

 On the other hand, a difference in such trend in the profile 

marks the existence of parent material heterogeneity and/or 

many sedimentation cycles. 

 In the current investigation, uniformity within the 

different profiles has been indicated by applying different 

parameters, i. e., index minerals and weathering ratios (Barshed, 

1964; Mitchell, 1975; El-Demerdashe et al., 1976; Hassona et 

al., 1995 and Hassona, 1999). The uniformity ratios were also 

applied, i.e., Zircon / tourmaline; Zircon / rutile, Zircon / 

(tourmaline + rutile); (pyroxenes + Amphiboles) / (Zircon + 

tourmaline); Hornblend / (Zircon + tourmaline) and Biotite / 

(Zircon + tourmaline) for different layers of soil profiles as 

suggested by Haseman and Marshall (1945). 

 Results of weathering indices and the depthwise 

distribution of the most resistant minerals to weathering in the 
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studied profiles are presented in Table (13). These indices 

indicate that the studied soil profiles are non-uniform mass and 

not-well developed revealed from the non-smoothness of the 

distribution pattern through the entire depths of profiles. 

Exceptional being deepest layers of profile 19 which show to 

certain extent, some uniformity of the parent material from 

which they were derived  from the pedological stand point, the 

soils of the studied areas are considered young from the 

predominance of pyrobole minerals over the altrastable minerals. 

Exceptional cases are found in the uppermost surface layers of 

profile 14 where altrastable minerals predominate the pyroboles. 

It can thus be concluded that the studied soils are considered 

geogentic rather than pedogentic.   



 

Results and discussion 
 

555 

 

 



 

Results and discussion 
 

555 

4.6. Mineralogy of the clay fraction 

 The x-ray diffraction analysis is an essential tool for the 

study of clay mineralogy in soils. The x-ray diffraction peaks 

characteristic for each species of clay minerals present in a 

sample reveal its mineralogy. The intensity and sharpness of the 

peaks are affected by many factors, such as contents and fineness 

of crystals, crystal imperfection, degree of disordering, content 

of amorphous materials and the presence or absence of clay 

mineral mixtures. 

 The diagnostic criteria used for identification of the clay 

minerals as stated by Brown (1961), Patterson (1963), Jackson 

(1965), (1969), MacEwan and Ruiz Amil (1975), Sawhney 

(1977) and Dixon and Weeds (1977) may be presented as 

follows: 

1- Smectite (montmorillonite): is identified by the expansion of 

the basal reflection (001) from 14A
0
 in the Mg-saturated sample 

to 18 A
0
 upon glycerol solvation and its collapse to about 10 A

0
    

in K-saturated sample, heated to 550 
0
C for 4 hours. 

2- Kandite (Kaolinite) is identified by the presence of very 

sharp peaks at 7.18 A
0
 and 3.57 A

0
 in the Mg-saturated samples. 

These peaks are not affected by glycerol salvation and they 

disappear upon heating to 550 
0
C for four hours. 

3-  Hydrous mica (illite) is identified by the presence of the 

basal maximum of 10 A
0
 peak upon Mg-saturation, which 

remains constant throughout the different treatments. 
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4-Chlorite is identified by the presence of basal diffraction 

peaks at 13.6-14.3A
0
 (first order) and 7.07-7.2 A

0
 (second order) 

which remain constant throughout the different treatments, the 

presence of the third order reflection at 4.7-7.8 A
0
 further 

confirmed its presence. 

5- Palygorskite mineral is identified from the basal reflection 

(001) of strong intensity at spacing ranges from 10.2 A
0
 to 10.5 

A
0
 peak in the Mg-saturated sample which is not affected by the 

glycerol soluation treatment. Presence of other diffeaction peaks 

of moderate intensity at 6.44, 5.42, 4.50, 3.68, 3.24 and 2.15 A
0
, 

further confirms its presence. 

6- Interstratified minerals: These are characterized by the 

presence of small peaks around 20A
0
 in the air-dried samples; it 

is evidenced also by tailing of the 10 A
0
 to wads the 14 A

0
 and 

19 A
0
 peaks. 

7- Quartz  usually gives two fairly strong peaks at 3.35 A
0
 and 

4.26 A
0
 , the former being over twice as intense as the latter. 

8- Feldspars, Calcite and dolomite are identified by their 

characteristic diffraction peak at 3.1-3.29 A
0
 , 3.03 A

0
 and 2.82 

A
0
, respectively throughout the different treatments. 

 Semi-quantitative mineralogical determinations were 

estimated by measuring the area under the peaks, according to 

Gjems (1967). 

 An account of the mineralogical composition of the clay 

fraction separated from the studied profiles is given in the 

following: 
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4.6.1.Clay mineralogy of El-Nobariya soils 

  

 X-ray diffraction patterns of the clay fractions separated 

from some layers of profiles 3,9,11 and 14 which represent the 

soils of El-Nobariya are shown in Figs (15 to 22) and Table (14). 

These soils have considerable amount of calcium carbonate. 

 The diffraction patterns revealed that the clay fraction of 

these soils are dominated by kaolinite followed by palygorskite 

content is constant with depth, while in profile 9. Kaolinite is 

much lower in the subsurface layer and increases with depth 

from moderate to common. 

Smectite mostly in form of montmorillonite  is present in 

moderate amounts in profiles 3 and 11, while in profiles 9 and 

14, smectite detected in few amounts. 

 Palygorskite is found in moderate amounts in profiles 9 

and 14 and detected only in the deepest layer of profile 3 and the 

subsurface layer of profile 11 in moderate amounts. 

 Interstratified minerals and illite are presented in few 

amounts, while chlorite mineral is found in traceable amounts in 

profile 3 and 11. Accessory minerals are mainly quartz followed 

by feldspars and calcite, while apatite are in trace amounts in 

some layers. 
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4.6.2. Clay mineralogy of wadi Sannur soils 

 X-ray diffraction data of the subsurface layers of profile 

19 which represents the soils of wadi Sannur (Figs 23 and 24) 

show a dominance of kaolinite which is common amounts 

followed by smectite which is moderate. Illite and interstratified 

minerals are found in few amounts. The identified accessory 

minerals are mainly dominated by quartz, where it forms few 

amount throughout the entir profile depths. Feldspar is few the 

deeper horizon and absent in the shallower one, while cacite and 

apatite minerals are detected in traceable amounts in some 

layers. 

 Concerning the previous mineralogical studies on the 

western Desert of Egypt, the soils have attracted the attention of 

many scientists, i.e., El-Gabaly (1962), Gewaifel (1967), 

Hammad(1968), El-Kady (1970), Elwan(1975), Hassanien 

(1983), Abd El Lattif (2003) and Abd El-Razik(2005). 

Generally, the clay mineral assemblage of these calcareous soils 

is dominated by palygorskite, kaolinite and illite and the 

interstratified minerals as a major admixture, while chlorite and 

vermiculitr are found in very low amount, Gewaifel (1967). 
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 Hammad (1968) showed that the clay mineral 

composition of the soils of the western desert is high amounts of 

illite, moderate amounts of palygroskite and kaolinite and traces 

of both vermiculite and chlorite and /or montmorilonite. Also, he 

ascribed the existence of palygroskite, kaolinte and hydrous mica 

to inheritance from the parent materials, while other minerals 

were thought to be formed by alteration of the accessory 

minerals especially the ferromagnesiens and biotite. Smectite 

(montmorillonite) is thought to be more inherited from the beds 

of shale alternaiting with limestone. Bolt (1982) concluded that 

in the arid region, pedogenic palygroskite scems to be more 

common than sepiolite particularly under alkaline conditions and 

at high Mg activity. 

 In the light of the obtained results and the previous 

review, one can conclude that most of the clay minerals of the 

soils considered are inherited from the parent limestone rocks. 

Variations in the clay mineral assemblages reflect either multi 

origin of the calcareous parent materials which range in age from 

Halocene to Carboniferous epochs, or to the variation of the 

environments of transportation and deposition. Soils of Miocene 

limestone (El-Nobariya) have highest amounts of kaolinite and 

palygorskite, moderate amounts of smectite, while the soils of 

Eocene limestone (wadi Sannur) are mostly inherited from lower 

calcareous formation containing kaolinite clay beds alternating 

with limestone strata.                          
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4.7. Soil classification 

 In light of the morphological, physical and chemical 

characteristics of the soil profiles representing the areas under 

study soils classification was conducted according to Soil 

Taxonomy (1975) and the Key to Soil Taxonomy (2001). Soil 

taxonomy is the standard reference used in organizing and 

communicating knowledge about soils. The soil classification 

system is used to provide means for understanding the 

relationship among soils within a given area and among soils in 

different types. 

 In the present study, the classification was carried out 

according to USDA (2001). This system is based on the 

following: 

1. Soil moisture and temperature regime 

2. Morphological characteristics 

3. Chemical and mineralogical composition 

4. Presence or absence of diagnostic horizon. 

  Generally, the soils under investigation are characterized 

by a Torric moisture regime. That is because the control section 

in most year is dry in all parts for more than half the time and the 

soil temperature at a depth of 50 cm is above 5 
0
C on the other 

hand, the soil temperature regime is defined as hyperthermic, 

since the mean annual soil temperature is higher than 22 

C the 

difference between mean summer and mean winter soil 

temperature is more than 5 
0
C (Table 1). 
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 On the basis of morphological characteristics, physical 

and chemical analyses, the examined soils were classified to the 

subgroup level according to the USDA (2001). Members of the 

Aridisols and Entisols were identified in the studied areas, Table 

(15). The characteristics of each of these sub group are discussed 

below. 

1- Order Aridisols 

 The soils of the order are widely spread in the Western 

Desert and wadi Sannur. The Aridisols are mineral soils that: 

1- Are dry most of the time because they occasionally take 

up water slowly and most of the rainfall runs off. 

2- Characterized by a torric moisture regime because the 

control section in most of the year is dry in all parts for 

more than half of the time and the soil temperature at a 

depth of 50 cm is above 5 
0
C 

3- Have one or more of the following with the upper 

boundary within 100 cm of the surface; an argillic, calcic, 

campic, gypsic, natric, petrogypsic or salic horizon or 

duripan.    

Aridisols can be differentiated into three suborders, i.e., 

Calcide, Gypsids and Salids (Table 15).. 

a) Calcids  

 These soils of Aridisols have a calcic or petrocalcic 

horizon that has it upper boundary within 100 cm of the soil 

surface. One great group is detected under such suborder in the 

study areas, namely Haplocalcids.  
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 Haplocalcids are calcic which have calcic horizon that 

has it upper boundary within 100 cm of the soil surface. One soil 

sub group is included in such great group, namely; Typic 

Haplocalcids. This sub group included five soil families: 

1- Typic Haplocalcids, clayey, carbonatic, thermic  

(profiles 1, 3, 4 and 5) 

2- Typic Haplocalcids, fine loamy, mixed, thermic 

(profiles 6, 7, 8, 12, 15 and 17) 

3- Typic Haplocalcids, fine loamy, carbonatic, thermic 

(profiles 10, 11, 13, 14 and 16) 

4- Typic Haplocalcids, coarse loamy, carbonatic, 

thermic (profile 9) 

5- Typic Haplocalcids, sandy, mixed, hyperthermic 

(profiles 18, 19, 20 and 22) 

b) Gypsids 

 Gypsids are Aridisols which have a gypsic or petrogypsic 

that its upper boundary within 100 cm of the soil surface. One 

great group has been detected under this suborder, namely; 

Calcigypsids 

Calcigypsids are Gypsids that have a calcic horizon that has 

it upper boundary within 100cm of the soil surface. One 

sub group is identified namely; Typic Calcigypsids. This 

sub group includes one soil family, namely; 
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1- Typic Calcigypsids, fine loamy, mixed, thermic (profile 2) 

 

c) Salids 

 These are Aridisols which have a salic horizon that has its 

upper boundary within 100 cm of soil surface. The only great 

group of Salids that has been identified in the study area is 

Haplosalids. These are Salids that are not saturated with water 

within 100 cm of soil surface. 

 The Gypsic Haplosalids is the only subgroup that could 

be detected. This subgroup includes only one soil family; 

namely.  

1-Gypsic Haplosalids, sandy, mixed, hyperthermic (profile 21) 

 

2-Entisols 

Entisols  are characterized by a mineral nature and they have no 

evidence of development of pedogenic horizons, so the 

diagnostic horizons are absent. One suborder in identified in the 

study area, namely; Psamments    

 

a) Psamments  

 These soils have less than 35% (by volume) rock 

fragments and texture of loamy sand or coarse within 100 cm of 

the soil surface. One great group is detected under such 

suborder, namely, Torripsamments 
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 Torripsamments are Psamments that are characterized by 

torric moisture regime. One soil subgroup is included in such 

great group, namely, Typic Torripsamments. This supgroup 

included one soil family, namely. 

1- Typic Torripsamments, Siliceous, hyperthermic, moderately 

deep (profile 23) 
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4.8. Land evaluation 

4.8.1. Land capability classification   

                The capability classification is one of a number of 

interpretive groupings made primarily for agricultural purpose. 

The prime aim of the system is to asses the degree of limitation 

to land use or potential imposed by land characteristics on the 

basis of permanent properties. In this respect, many systems 

have been suggested to evaluate the agricultural limitation 

affecting land capability under the prevailing conditions. All 

systems aim at gaiving better knowledge and understanding of  

the soil properties and defining limitations affecting their 

agricultural potentialities.Table (16)shows the values that can be 

used as a guide in rating the soils. 

 In this system the studied soils are classified according to 

Storie (1964) and Sys (1991) to the following 

Grade Rate (%) 

(I) Excellent soils 

(II) Good soils 

(III) Fair soils 

(IV)  Poor soils 

(V) Very poor soils 

(VI) Non agricultural soil 

100-80 

79-60 

59-40 

39-20 

19-10 

less than 10 

 Application of the capability index for the studied soil 

profiles is presented in Table (17). The results reveal that the 

studied soil profiles are placed between (II) and (V) grades 
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1-Soils of grade (II) 

 The soils of grade II are represented by soil of profile 2 

(belonging to soils of El-Nobariya). The soils of this grade are 

affected by slight limitations (mainly CaCo3). 

2-Soils of grade (III) 

 The soils of this grade are represented by sixteen soil 

profiles which representing the soils of El-Nobariya area 

(profiles 1 and 3 to 17). These soils have moderate limitations 

which are different in their kind and degree; as a general three 

different limitations are recognized. The dominant limitations 

are CaCO3 content, texture and drainage condition (wetness). 

3-Soils of grad (IV)   

 The soils of grade IV are represented by the soils of wadi 

Sannur (profiles 18, 19 and 21). These soils are affected by 

moderate to sever limitations. The dominant limitations are 

CaCO3 content, texture, drainage condition (wetness) and 

salinity, while the minor limitations of slope and erosion. 

 

4-Soils of grade (V) 

 The soils of this grade are represented by three soil 

profiles which represent the soils of wadi Sannur. This soils are 

affected by very sever limitations as CaCO3 content, salinity and 

texture grade, while available irrigation water, slope and erosion 

are minor limitations  
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4.8.2. Land suitability classification 

            The suitability classes are defined according to the values 

of the (S1) suitability index, which is suggested by Sys (1991) as 

follows: 

Index 

symbol 

Suitability classes Rang of index 

(S1) 

S1 

S2 

S3 

N 

Very suitable 

Moderately suitable 

Marginally suitable 

Non- suitable 

100 – 75 % 

75 – 50 % 

50 – 25 % 

25 – 0 % 

  

 The main soil parameters considered in calculating 

suitability index (S1) of a given soil for cultivating certain crops 

(Sys 1993). Table (18) are profile depth (A), gravel percent (B), 

climate (C), slop (D), drainage (E), texture (F), CaCO3 % (G), 

Gypsum content % (H), salinity (I) and alkalinity (J). Soil 

fertility is very important factor but due to the deficiency of 

nutrients in these soils, it is not included in estimating the 

suitability index. 

 

The equation used for these calculations is: 

S1 = A.B.C.D.E.F.G.H.I.J.  

   The studied crops are: 

1- Field crops; Alfalfa, Barley, cotton,  groundnut, onion 

and Wheat. 
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2- Vegatbles crops; Carrots, beans, green pepper, tomats, 

potato and pea 

3- Fruit trees ; Citrus, Guava, mango and Olive 

                   

 The studied soil profiles with capability class of grades 

(II) and  (III) are evaluated to determine its suitability for 

growing 16 crops (Table 18 ).  

 Data reveal that the studied soil profiles of El-Nobariya 

area include all the suitability classes (S1, S2, S3 and N) 

according to the values of the suitability indices (Table 18) as 

follows: 

 

Class 1: (S1) Highly suitable for growing many field crops 

(groundnut, barley and wheat), some vegetables (green 

pepper) and fruit trees (Guava and olives). The suitability 

index ranges between 76.11 and 99.5 

 

Class 2: (S2) suitable soils for growing some economic field 

crops as barley, wheat. Few vegetables as tomato. 

 

Class 3 : (S3) This class includes most of the studied area. The 

land in this soils can be cultivated a wide range of crops 

with moderate limitations. The soils can be cultivated 

with many field crops as cotton, alfalfa and wheat. some 

vegetables as pea and potato. 
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Class 4: (N) These soils can be considered non-suitable lands 

for cultivating most since suitability indices for most of 

the studied crops are less than 25% severe limitation 

which can be partly correct in such soils particularly 

CaCO3 and salinity problems. 

 

 From the obtained results, it can be concluded that the 

present cropping system in the area of El-Nobariya seems to be 

remain unchanged. The kind and level of management is the 

possible change in the present use. The soils of current study 

could be attain better suitability classes if management and 

conservation practices are applied in a proper manner.  . 
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