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STATUS OF SOME TRACE ELEMENTS AND
HEAVY METALS IN THE SOILS OF DAKHLA
OASIS, WESTERN DESERT, EGYPT
1. Trace Elements

Abdel-Rahman, M. E.; E. A. Abdel -Hamid and F. A. Hassan
Soil Chemistry and Physics Department, Desert Research Center, El-

Matareya, Cairo, Egypl.

he soils of West El-Gedida, Dakhla Oasis (between

latitudes 25" 33" and 25" 39° N and longitude 28 40
and 28° 46" E) represent 43560 feddan. These soils were
investigated to assess their contents of Fe. Mn, Zn and Cu. A
total of 36 samples representing 9 virgin and cultivated soil
profiles were grouped into three soil groups, namely: coarse
to moderately coarse-textured soils represented by profiles |,
2 and 3; moderately fine (o fine-textured soils with coarse
surface represented by profiles 4, 5 and 6 and moderately
fine to ine~textured soils represented by profiles 7, 8 and 9.
Soils samples were analyzed for their physical and chemical
properties. Total and DTPA-extractable contents of the
studied clements were also determined. These soils are of
variable texture (coarse sand to clay), having low contents of
CaCO; and organic matter. Most soils were saline having
EC of paste extract exceeding 4.0 dSm’. The mean total
content of the studied clements in the different soil groups
ranged from 7470.7 to 8476.25, 250.89 10 399.48, 18.49 0
29.88 and 7.73 to 14.42 mgkg" for Fe. Mn, Zn and Cu,
respectively, The lowest means for Fe and Mn and Zn and
Cu were recorded in the soils related to the coarse (0
moderately coarse-textured soils and moderately fine to fine-
textured soils, respectively, while the highest means for Fe
and Mn ard Zn and Cu were related to the moderately fine
to [line-textured soils with coarse surface and coarse 10
moderately coarse-textured soils, respectively, The mean
DTPA-extractable content of the studied clements ranged
from 3.50 to 4.84. 3.05 to 16.56, 0.42 to 0.48 and 0.31 to
0.40 mgkg" for Fe, Mn, Zn and Cu, for the three groups,
respectively, The lowest means for Mn and Cu; Fe and Zn
were recorded in the soil groups:  coarse to moderately
coarse-textured soils, moderately fine to fine-textured soils
with coarse surface and moderately fine to fine ~textured
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soils, respectively, while the highest mean for Fe and Mp,
Zn and Cu was related to moderately fine to fine —textured
soils, coarse to moderately coarse-textured soils and
moderately fine to fine —textured soils with coarse surface,
respectively.

Keywords: Dakhla Oasis, trace elements, total content and DTPA-
extractable, Fe, Mn, Zn, Cu.

The Western Desert of Egypt is occupied by a series of natural depressions.
Among these depressions is Dakhla Oasis, which receives much concern due
to its land potentiality, regardless of its low population. Dakhla Oasis, as one
of the widest depressions of the Western Deserl, encompasses an arca of
about 2000 Km’, So it is one of the most promising areas for adding new
agricultural lands.

MATERIALS AND METHODS

1. Soil Sampling

Thirty-six samples were collected from nine soil profiles representing
the studied arca (Fig. 1) which lies between 25% 33° and 25° 39°- N and
between 28° 40" and 28° 46" E. These samples are related to 3 soil groups
namely: coarse to moderately coarse-textured soils represented by profiles I,
2 and 3 ; moderately fine to fine-textured soils with coarse surface
represented by profiles 4, 5 and 6 and moderately fine to fine ~textured soils
represcnted by profiles 7, 8 and 9. These samples were air dried, crushed,
passed through a 2.0 mm sicve and kept for analyses.
2. Soil Laboratory Analysis

. The particle size distribution of the soil samples was conducted using
the pipette method (Piper 1950) for the heavy- textured soils; where the size
distribution comprised the four international system fractions of coarse sand
(2.0-0.2mm), fine sand (0.2-0.02mm), silt (0.02-0.002mm) and clay
(<0.002mm) and the dry sieving method for the light-textured soils where
particle size distribution comprised five coarse fractions (from 2.00-
0.063mm), and one fine fraction (<0.063mm). A pH meter and a
conductivity salt bridge determined the pH values and electrical conductivity
of the soil saturation extract, respectively, as described by Jackson (19585.
Calcium carbonate was determined using the Collin's Calcimeter. Organic
?ul.lcr conllcnt was dctcnnicncd by rapid titration method (Walkley, 1947).
“ation exchange capacity (CEC) and ange: ati ere determine
us described by Ric il:ards “954).) exchangeable cations were determined
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Fig. 1: The map of Egypt showing the location of the study area.

The soil samples were also analyzed for total content of the studied
clements in the filtered extracts obtained from samples digested by

concentrated acids of HNOy + HaSO; + 60 9

% HCIO; as outlined by Hesse

(1971), while the DFPA-LXlF.lC(deL contents of the sludu.d elements were
extracted using 5x107 N DTPA in 10? N CaCl, and 10"M triethanolamine
(TEA) at pH 7.3 according to Lindsay and Norvell (1978). In all cases, the

elements  were
spectrometer.

determined using Unicam

929 atomic absorption

3. Statistical Parameters for Element Contents of Soils
Parameters of weighted mean (W), trend (T), and specific range (R)
were calculated according to Oertel and Giles (1963).

RESULTS AND DISCUSSION

1. Soil Properties

Table (1) shows the results of some selected physical and chemical
properties of the studied soil samples. Data show that the soils vary widely
in their textural class between sand and clay. The total carbonate content
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ranged from 0.40 to 7.0 % with the average of 2.79 %. The lowest content
was recorded in the deepest layer of profile 4, while the highest content was
found in the surface layer of profile 8. Data in table (1) indicate that soils
ranged from neutral to very strongly alkaline, where pH values ranged
between 6.77 and 9.43. The lowest value was recorded in the subsurface
layer of profile3. In general, soil salinity ranged from non-saline to very
strongly saline where EC values ranged from 0.20 to 63.40 dSm”. The
lowest value was found in the subsurface layer of profile 3, while the highest
value was recorded in the deepest layer of profile 7.

The CEC of the studied soils reflects the soil textural class. It ranged
from 1.15 to 69.24 mel00g" soil. The lowest value was related to the
medium sand of the subsurface layer of profile 3 (of the coarse to moderately
coarse~textured soils), while the highest value was recorded the clay-
textured layer (70-110 cm) of profile 4 (of the moderately fine to fine-
textured soils with coarse surface). On the other hand, data in table (1) show
that the exchangeable cations followed three different orders: the first order:
Ca > Mg > K > Na was related to the first soil group (coarse to moderately
coarse —{extured soils); the second order: Ca > Na > Mg > K was recorded in
the second soil group (moderately fine to fine-textured soils with coarse
surface) and the third order: Ca > Mg > Na > K which found in the third soil
group (moderately fine to fine-textured soils).

2. Trace Elements
Iron

Tables (2) and (3) give the total and DTPA-extractable of Fe. The
total content ranged between 899 and 10593 mgkg' with the average of
7930 mgkg'. The lowest content was recorded in the surface layer of profile
I (coarse to moderately coarse —textured soils), while the highest value was
found in the deepest layer of profile 4 (moderately fine to fine-textured soils
with coarse surface). Data in table (2) reveal that the distribution of total Fe
content between the different soil groups follows the order: moderately fine
to fine-textured soils with coarse surface > moderately fine to fine-textured
soils > coarse to moderately coarse-textured soils. These results are in
agreement with those of El-Demerdashe er.al.(1991) and Hafez et.al. (1992)
and Abdel-Rahman and El-Demerdashe (2003). According to Schwertmann
and Taylor (1989), Fe exists in the structural constituents of many clay
mincrals, may exist as an amorphous iron oxide coating clay external
surface, or may be bound to clay surface as an exchangeable cation.

The DTPA-extractable Fe in the studied soils ranged from 2.09 to
13.74 mgkg" with the average of 3.95 mgkg'. The lowest content was
observed in the (40-75 cm) layer of profile 7 (moderately fine to fine-
textured soils), while the highest value was recorded in the (30-70 cm) layer
of profile 9 in the same soil group. Based on the data tabulated in table (3),
the distribution of DTPA-extractable Fe in the different soil groups follows
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the order: moderately fine to fine-textured soils > moderately fine to fine-
rextured soils with coarse surface > coarse to moderately coarse— textured
soils. Viets and Lindsay (1973) and El-Gala et.al. (1986), reported that the
critical level, as determined by the DTPA method, is 4.0 mgkg-1. Soils
below this level are not able to provide most growing plants with their
nutritional requirements.

Manganese

Table (2) presents the amounts of total Mn in the studied soils.
Examination of these data reveals that total Mn content varies widely
between 80.70 and 662.70 mgkg" with an average of 308.96 mgkg'. It
should be pointed out that these values are much lower than the comparable
values for Fe. The least content characterizes the surface layer of profile 7
(moderately fine to fine-textured soils), while the highest content is that
recorded for the surface layer of profile 8 in the same soil group containing
moderate amount of CaCO,. These results are in agreement with those of El-
Demerdashe et.al. (1991).

With regard to the distribution of total Mn content between the
different soil groups, data in table (3) show that the distribution follows the
order: moderately fine to fine-textured soils with coarse surface >
moderately fine to fine-textured soils > coarse to moderately coarse-textured
soils.

The values of the DTPA-extractable Mn are given in table (3). They
ranged between 0,80 and 53.84 mgkg" with an average of 7.57 mgkg”. The
lowest content was recorded in the (40-70 cm) layer of profile 1 (coarse to
moderately coarse-textured soils), while the highest content was related to
the (10-30 ¢cm) layer of profile 9 (moderately fine to fine-textured soils). As
reported by Viets and Lindsay (1973) and El-Gala et.al. (1986), the critical
level of Mn as determined by the DTPA method is 1.0 mgkg™. It is clearly
apparent that the studied soils contain an average, which is far higher than
the critical level. It was reported by Miller (1955) that the optimum
concentration ratio of Fe to Mn in the nutrient medium of plant growth is
about 2.0 (i.e. Fe content being about twice Mn content). The Fe to Mn
ratios of the current study were 1.15, 1.13 and 0.26 for the coarse to
moderately coarse-textured soils, moderately fine to fine-textured soils with
coarse surface and moderately fine to fine-textured soils, respectively.
Therefore, such rates indicate excessive Mn over Fe, which might aversely
affect Fe uptake by plants growing in these soils.

Zinc

The total Zn content for the studied soils is given in table (2). The data
indicate that the content varies from 2.17 to 61.80 mgkg™ with the average
of 25.84 mgkg. The lowest content is found in the (30-70 cm) layer of
profile 9 (moderately fine to fine-textured soils), while the highest content
was related to the subsurface layer of profile 4 (moderately fine to fine-
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textured soils with coarse surface) which have higher organic matter contenl,
and organic matter is usually rich in Zn. The data of this work indicate the
presence of a positive correlation between total Zn and organic matter
content of the soils (Table 4).

The values of DTPA-extractable Zn are reported in table (3). where
they range from 0.04 1o 1.03 mgkg-1. The lowest content was recorded in
the deepest (70-120cm) layer of profile 1 (coarse to moderately coarse-
textured soils), while the highest value was found in the subsurface (12-40
cm) layer of profile 7 (moderately fine to finc-textured soils). Kamh (1981)
reported values ranging from 1.0 to 5.8 mgkg™" with the upper range in heavy
soils. Statistical calculation indicates that within all measured soil properties
of the current study work, DTPA-cxtractable Zn is correlated positively
significantly only with organic matter content (Table 4). Ibrahim et.al
(1994) developed a mathematical model to asscss Zn availability as 4
function of some soil factors. They reported that DTPA-cxtractable Zn was
significantly affected by organic matter, CaCO;, soil pH and clay content of
soils. However, it should be mentioned that the work of Ibrahim et.al. (1994)
dealt with “artificial™ soils, which were constituted of washed sand mixed
with variable amounts of calcite and clay separates. Based on the indexes of
Viets and Lindsay (1973) and El-Gala ef af. (19806), soils of the present study
are deficient in available Zn.

Copper

Table (2) shows that the total Cu content of the studied soils varies
from 1.20 to 41.10 mgkg™" with the average of 12.03 mgkg™. The lowest
content was found in the (0-18 em)as well as the (90-120 ¢m) layer of profile
8 (moderately fine to fine-textured soils), while the highest value was
recorded in the decpest layer of profile 2 (coarse to moderately coarse-
textured soils). As was the case with Zn there is a positive correlation
between total Cu and organic matter content, This result is in agreement with
that of Tahoun ¢f al. (1999).

The DTPA-extractable Cu of soils, as given in table (3), ranges from
0.04 to 0.82 mgkg™” with an average of 0.35 mgkg"'. The least amount was
found in the decpest layer of profile 1 (coarse to moderately coarse—textured
soils), while the highest value was recorded in the (35-70 cm) layer of
profile 5 (moderately fine to fine-textured soils with coarse surface). Based
on the conclusion by Kabata Pendias and Pendias (1992) who reported that
Cu levels less than 2 mg Cu / kg soil are likely to be inadequate for growth
of most plants, all of the soils of current study are deficient in available Cu.
The reason for this phenomenon may be related to some intrinsic genetic soil
factors, which are related to the quantity and thermodynamic stability of the
native Cu phases.
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TABLE (2). Total content of trace clements in the studied soils of

Dakhla Oasis, Egypt.
Prefile Depih, nekg
Ne. on Fe I Mo | 7Zn ] Cu
Coarse 10 moderalely coarse lextared sails

0-15 809 4718 493 | 187

" 15.40 [ 149.5 G 148
4070 862K N6 0.1 13.]

0-120 #220 1238 51.3 18.1

010 7539 170.3 KK 15.2

" 10-45 7272 2158 8.3 118
N 45.75 7112 3.7 324 252
75-130 916 4T 61.0 41

0-30 7313 173.9 103 32

1 30.60 7515 2742 1.6 3.3
’ 060-9% 032| 97,0 13 12
05140 1518 191 152 4l

Moderztehy fine 1 fine-textared sails with coarse surface

(.10 4289 2330 233 21.2

4 30-70 0282 273.5 618 N3
70:111) KBS 206 8 41.8 234
110-150 10593 501.4 558 16.7
0)-10 S28 1.6 197 17 4
s 10.35 80106 8041 S4.8 164
1890 H1%0 494.1 218 15.9

70-110 8256 501.7 13.3 0.5

0-X 77 215.0 127 4.4

6 M0.05 1584 245.7 153 5.1
6590 8271 167.0 0.4 44

90-1%) RO 169.3 133 5.4

Maxdezately line 1o fine-textnred sails

0.12 TL7 %0.7 37.3 1044

2 12-40 7761 Bl 4 543 15,1
4075 4298 126.2 371 218
78-150 8820 1219 440 127

0-18 7500 6627 8.3 1.2

8 I 5-41) TR7R 318 85 33
4050 V866 3359 9.3 3.2

. 00120y TR0 2195 01 1.2
| Dl0 7472 261.2 1.5 0.9

9 10-34) 7581 283.0 40 18
3070 | 7497 241.9 2.2 5.1

0110 | Tako MM 0 43 4.0

Factors Alfecting Fe, Mn, Zn and Cu Status in the Studied Soils.

The presented data show that some factors are involved in controlling
the studied clements. To substantiate the relationship between total and
DTPA-extractable forms and some soil properties, correlation coefficients
were computed and presented in table (4).
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TABLE (3). DTPA- extraclable contents of trace elements in the studied
soils of Dakhla Oasis, Egypt.

i
PFrafile Diepih, s

Mo i

Fe Mn n {Ca

Conurse #or menderanely comrve-1gniuged soils

15 281 2m .51 R[]

| 1540 326 107 091 o

40-70 LR b R 077 oo

70-120 2 Rh 100 i (1%

{10 187 184 [ 50 4l

2 1045 154 I.24 056 L |

4575 1T .50 LT LR

15130 in 08% 005 LT

0-30 i 0§ 4% &6 04

1 a0 447 il 024 041

A1-55 a1l § 4% fn o3y

5. 14 432 1157 0iy (YA

Moderaiely fane 10 Ging-teatunsd wals with coare suiface

- 30 i8] | a7 ni (]|

M 30-T0 14l 140 87 LI L

T0-110 107 1M 0 30 0ll

110-130 124 119 0.40 0 1

f.1n 1E0 123 038 0Ty

5 1613 218 107 04 ns?

1570 im 241 n4l R

To-1 10 1w 219 LR L7

(8. 1] 4T} 645 146 iz

" 064 d 24 6215 12 037

055 LR 4 R4 04 024

Wi 130 17 163 021 03

Moderaiely line o fne-tevwred soils

011 2 I At 2 ik

7 | 1400 1104 142 103 043

4073 a0 11 0kl [

T4-1%0 it ] 1.52 V] o

018 i3 LRI o5l 045

W 14 443 14 417 (]} oM

4050 1w i3 a2 [} 30

ik | b | | 3217 1 | [ 1]

(- 10 BA7 sl D47 i ¥

8 10-30 112 514 RN 44

3070 1374 3130 (han 04

Tik1io T34 21.3R 0 [ 4}
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TABLE (4). Values of correlation coefficients between some soil
properties and total and DTPA-extractable elements in
soils of Dakhla Oasis, Egvpt.

Fe Mn in Cu
N o 2 k.
e} &~
sall g ‘g g :
variahle = - e o £
3 8 - 8 -
E| 5 | 8| 3| 2 | 3| & | ¢
< < s <
= = = E
a [w] o (m]
oH 0.10 019 [-032 [ om 028 | -0.09 | 028 | 0.6 |
EC 008 | -047° | 020 | -0382° | 0s4°" | 029 | 036" | D36°
CaCO, 0061 | 0500°* | -0.01 | 0S50** | -063°° | -0.11 | -057*° | 016
OM 0.18 019 | 005 | -0i7 | 063 | 035° | 052 | -b0+
CEC 0.13 008 | 00K | 004 007 | -019 | 013 019

* and ** denote the significance of correlation at 0.05 and 0.01 levels, respectively.

TABLE(S). Weighted mean (W), trend (1) and specific range (R) of
total content of trace elements in soils of Dakhla QOasis.

Egypt.
Ln Cu
Profile Fe Mn
Nou ;
@;;. T | R "E‘;!" (3 T Y I O A I R
Coarse 10 moderately coarse-seatured soils ]
1 746193 | 088 | 104 | 32444 [.045[ 099 | w302 [-015] 050 | 1629 |0.45] 033
2 BI32.15 | 010 | 032 | 26497 [ 032 | 051 | 4066 | 0.22 [ 1,05 | 27.82 (045 | 102
3 792632 | 008 [ 025 | 15303 [-004] 118 [ 1176 [ 012 | 025 ] 351 | 000 [ 026
Moderacely fine to fine-testured soils with coarse surface i
4 930660 1 0.11 | 025 | 30839 [ 024 | 096 | 47.17 | 0.51 | 082 | 2227 [ 0.05 | 048
S | 15973 ] 002 | 003 | 73936 | 046 | 0.67 [ 25.92 | 024 [ 160 | 1382 |-026] 037
6 1 81MS0 7004013 ] 19801 |-009] 040 | 2434 [ 011 [020 | 501 [oi2 020
Moderately finc 10 fine-textured soils
] B43368 | 0.06 [ 0.3 | 20305 | 062 [ 114 [ 4631 (019 [ 037 | 1573 | 028 | 0.66
(] 976615 | 023 | 004 | 36717 |-080] 121 895 [007 | 001 | 242 | 030 I)T"j
9 7578.62 | 001 | 003 | 27371 [ 005 | 023 | 339 [-003| 063 | 463 |.040( 067

The obtained coefficients show that no statistically significant
correlation was detected between total content of Fe, Mn and any of the soil
propertics, which were determined in this work. This result was in agreement
with those of El-Falah (1995) and Abdel-Rahman and El-Demerdashe
(2003). On the other hand. data in table (4) indicate that total Zn and Cu are
positively and highly significantly correlated with EC and organic matter,

Egypuan J. Desert Res.. 57, No.1 (2007)

, Scamed vith '

Bntcaner (M Cam Scanner


https://v3.camscanner.com/user/download

STATUSOFSOME .....ccovvveno .. 1. Trace Elements 27

but negatively and highly significantly correlated with CaCOj; content. This
result is in agreement with that of Ibrahim et al. (1994).

DTPA-extractable Fe shows a significant negative correlation with EC
and a highly significant positive correlation with CaCOs; with no significant
correlation with organic matter. DTPA-extractable Mn shows a significant
negative correlation with EC and a significant positive correlation with
CaCOj; with no significant correlation with organic matter. Data also show
that DTPA- Zn and DPTA-Cu are positively and significantly correlated
with O.M and EC, respectively.

To work out the relationship between the distribution of elements (Fe,
Mn, Zn and Cu) and locality of the studied soil profiles, the three statistical
measures suggested by Ortel and Giles (1963) namely, weighted mean ,
trend and specific range were applied. '

Table (5) show that the weighted mean for total Fe, Mn, Zn and Cu in
the studied soils varies from 7461.93 to 9766.15; 153.15 1o 739.36: 3.39 to
47.17 and 2.42 to 27.82 mgkg'', respectively. The variation observed within
the studied profiles may be due to the variation of soil formation processes
or local conditions prevailing in each site.

With respect to the trend, data in table (5) indicate symmetrical
distribution of total Fe, Mn, Zn and Cu as indicated by the T values which
ranged from 0.01 10 0.88; - 0.80 t0 0.62; - 0.15 to 0.51 and — 0.49 to 0.50, for
cach of those elements, respectively. These results show that the studied
clements are cither somewhat lower in the surface are being higher in the
surface layer than in the deepest ones as indicated by the positive or negative
values for the trend.

Data in table (5) show that specific range for total content of Fe, Mn,
Zn and Cu was widely variable where ranged from 0.03 to 1.04; 0.23 10
1.21; 0.11 to 1.60 and 0.20 to 1.02, respectively. This show that the
pedogenic processes had acted in a fairly uniform manner through the solum.

Computation of the weighted mean, trend and specific range of the
DTPA- extractable trace elements were carried out in table (6). It is clear that
the weighted mean for DTPA-extractable Mn varied very widely where it
ranged from 1.09 to 40,81 mgkg'. It also, varied widely for Fe, Zn and Cu
where the ranges were 2.26 to 9.60 for Fe; 0.30 to 0.75 for Mn and 0.10 to
0.74 for Cu.

The results of T values indicate that Fe, Mn, Zn and Cu are often
higher in the surface layer than the deepest ones as indicated by the common
negative values for the trend.

The specific range for the studied clements varied widely and ranged
from 0.13 10 0.72; 0.30 to 0.75 and from 0.34 to 1.50 for Fe. Mn, Zn and Cu,
respectively. This indicates that the pedogenic processes had acted
throughout the solum in each soil profile.
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TABLE (6). Weighted mean (W), trend (T) and specific range (R) of
DTPA-extractable content of trace elements in soils of

Dakhla Oasis, Egypt.

Fe Mn Zn Cu
Profile
No. | w W W i R | W - "
mgkg-1 T R mgkg-1 T R Imgkg-l T |m|:kg-l
Coarse to moderately coarse-textured soils
1 206] -001 [ o014 [ 100 -0.84 [ 1171|034 ] -050 | 256 | 0.10 | -0.60 | 1.50
2 285| -001 | 020 [ 119 -055 | 081 ]075] 033 | 0.60 | 041 [ 0.00 | 095
3 467| -030 | 042 | 7.17 | 031 1321032 -044 [ 069 | 045 | 0.24 0.60

Moderately fine to finc-textured soils with coarse surface
345 -005 | 025 | 205] 048 [ 070|048 [ 050 [ 088 | 0.18 ) -072 | 1.1l
5 [341] 048 | 053 | 215] 043 | 055|062 | 039 |087]074 | -0.07 [ 034
6 362 -03 054 | s.11]-026|050]030| -053 [ 080 | 025 | -0.28 | 0.40
Maoderately fine to fine-textured soils
7 226| -002 | 013 [ 142[-010/028]052]| 060 | 158034 | 053 |[085
8 359 008 | 022 [ 448 | 031 [089]030| -077 | 1.07 ) 035 | -029 | 043
9 9.00 | 028 0.72 |40.81] -0.24 | 080 ] 052 | 0.10 [ 094 | 033 | -0.18 | 0.58

PN
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