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ABSTRACT

The present study was conducted during the two seasons of 2013/2014 and 2014/2015 in
North Sinai Governorate to investigate the spatial variations of (se) concentrations in inland
area. Two range plants (atriblex and acacia) were used as indicators plants. Selenium status,
(total and available) were determined in the soils of inland area of the governorate including
(El-Hassana and Nekhl). Soil samples were taken from (0-30, 30-60, 60-90 and 90-120cm)
layers. Soil samples were taken from three sites at any location were Atriblex or acacia range
plants were naturally grown. Leaves samples from two studied range plants were taken on
April during the two studied seasons, while selenium concentrations were determined in such
plant samples. The obtained results indicated that total selenium concentrations in the studied
soils ranged from 0.10 ppm to 0.45 ppm in the whole inland area studied soils compared to
global crustal concentrations of 0.083 ppm. The high content of the total selenium
concentration under such condition may be due to the effect of dry deposition of dust. The
obtained results cleared that the selenium contents in inland area are lower than that under
crustal area. Hence geographical aspects, specially the distance from sea could not be
complete ignored with respect to the selenium status under different studied areas conditions.
With respect to extractable Se from the studied soils, obtained results revealed that the Se
extractable using DTPA ranged from 0.010 ppm to 0.022 ppm, compared to those extracted
with water and CaCl, which ranged from 0.010 to 0.019 ppm and 0.011 to 0.018 ppm,
respectively. It is worth to mention that Se extracted with DTPA was higher than that
extracted using other two extract agents. At all cases, using all studied extracting agents,
extracted only a few quantities which ranged from 3.12% to 16.36% of total Se in the studied
soils. Such obtained results revealed that most total Se in the studied soils found in forms not
extracted with the studied extracting agents and hence, not available for plant absorption. The
average selenium concentrations in the two studied range plants varied from 2.87 to 3.46 ppm
in atriplex compared to 0.17 and 0.29 ppm in acacia plant. Such results clear that the potential
differences between range plants used by animals with repect to selenium concentration.
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INTRODUCTION leaching of native rocks. As well as
anthropogenic sources like Se fertilizers.

Selinun in soils can originate from both The sources which add selenium to the soil
local and regional sources. The first source include wet and dry atmospheric deposition.
include rocks (geogenic sources) which Se Although geogenic sources may be the
can be formed through weathering and major local source of selenium in soils, a
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comparison between the average Se content
in soils (ranging from 0.01 to 2.0 mg per
kg, world mean is 0.4 mg per kg). While the
average selenium concentration in the Earth
crust is 0.05 mg per kg, the surface sources
like atmospheric deposition may cause an
important role in the presence of selenium
in the soil.

Atmospheric fallout and parent materials
may be the main factors affecting total Se
content in the soils (Wang et al., 1995 and
Cao et al., 2007). Surface soil receive more
fallout and get more Se content than subsoil
especially in the coastal areas. Sun et al.
(2016) reported that the North western dry
region (<400mm) exhibit high Se especially
in the arid environment with annual
deposition less than 200mm such effect
could be due to dry or dust deposition
which can reach to 200g/m”/year at local
scale (0-10 km from dust source) and
20g/m?/year at regional scale (10-1000 km
from dust source), respectively much higher
than (0.4g/m*/year) at global scale (>1000
km) from dust source (Lawrence and
Nefff, 2009; Zhang, 2003).

Global Se dry deposition has been
estimated to be 1.7-24x10° g Se per year,
less than wet deposition of 3.5-10x10°g Se
per year. Aerosol concentration of Se has
been demonstrated to be highly enriched
relative to average crustal abundance
Ghauri (2001) and (Vriens et al., 2014). In
regions with low precipitation, such as the
Mediterranean climate area, dry deposition
is more important than wet deposition on an
animal basis (Muezzinogiu and
Cizmecioglu, 2006). Thus the relative
importance of wet versus dry deposition
may not only depend on the efficiency of
these two mechanisms but it also varies
with the local availability of precipitation
(Muezzinglu and Cizmecioglu, 2006). The
aim of the present investigate was to
evaluate the selenium status under remote

locations of North Sinai soils as well as
some range plants grown in that soils.

MATERIALS AND METHODS

The selenium status in North Sinai in
inland soils was studied in both El-Hassana
and Nekhl inland location are 20 and 25
mm, respectively (Annual Report, 2015).
The inland area in the governorate include
both of El-Hassana and Nekhl locations.

Naturally grown Atriblex and acacia
range plants were used as indicator plants.
Soil samples from the layers of 0-30, 30-60,
60-90 and 90-120 cm were collected from
three sites in every location and analyzed
for both physical and chemical properties as
well as both total and extracted selenium
using water, CaCl, and DTPA. Plant samples
(leaves) were collected from the two studied
range plants with the soil samples during two
successive seasons (2013/2014 and 2014/
2015) and selenium content in the plant
material was detected. Physical and chemical
properties of the soil samples were
determined using standard methods. Dan
(1957) Gee and Bander (1986). The main
physical and chemical properties of the
studied soils are presented in Table 1.

Analysis of Soil Selenium
-Total selenium of the studied soils was

determined using the method of
Elsokkary and Oien (1977).

-Water soluble selenium was determined using
the method of Gissel-Nelson (1976).

Analysis of Plant Selenium

Selenium concentration of plant samples
were determined using the method of Olson
(1973).
Statistical analysis

Correlation (pearson) analysis was used
to determine relations between some soil
parameters and both extractable Se in the
soil and that in both studied plants (SPSS,
2010).
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Table (1):Main physical and chemical properties of the studied soil in inland area of

North Sinai Governorate.

Parameter Rang value
Clay (%) 22-12.70
Silt (%) 8.6 —27.3

Coarse sand (%) 40.9 —55.0

Fine sand (%) 20.0-30.6

PH 7.43 —7.96

EC, dsm’ 2.01 - 6.21

Calcium carbonate (%) 12.21 -23.7
Organic matter (%) 0.022 - 0.080
Cation exchange capacity, cmol kg™ 7.33-12.72

Total selenium, mg kg'1 0.10-0.45
Water soluble selenium, mg kg'1 0.01 —0.019
Ca Cl; soluble selenium, mg kg'1 0.011 -0.018
DTPA soluble selenium, mg kg™ 0.01 —0.022

- Calcium chloride CaCl, extractable

selenium was determined using the
method of Gissel-Nelson (1973).

- DTPA extractable selenium was determined
using the method of Lindsay and Norvell
(1978).

RESULTS AND DISCUSSION

Total selenium content in the soil
obtained results in Tables (2, 3 and 4) show
that the total selenium content in Atriblex
growing soils of FEl-Hassana ranged
between 0.11 and 0. 28 ppm.

The corresponding values under acacia
growing soils were between 0.11 and 0.32
ppm. The variation may be to depending on
site location and soil depth. The obtained
results also show that the highest values
(0.26 and 0.46 ppm) of total selenium were
found in the surface layer (0-30cm) in the
atribex growing soils in both El-Hassana
and Nekhl locations while the lowest values
(0.1 and 0.012 ppm) were found in the 90-
120cm layer. The crrosponding values for
acacia growing soil were (0,1-0.11ppm)
Such findings were found true in both two
studied locations (El-Hassana and Nekhl).

It's clear that the total selenium contents
in the two studied locations were higher in
the surface soil layers than in the Earth
crust content of selenium (0.081 ppm).
Such findings may indicate that the total
selenium in the upper surface layers is
external in nature due to dry deposition
(Sun et al., 2016).

Selenium Extracted From the Soil

Obtained results in Tables 5, 6 and 7
indicate that the concentration of selenium
extracted from the soils varied from
extracting agent to another. Selenium
content extracted from El-Hassana soil
ranged between 0.010 and 0.013 ppm using
water.

On the other hand, obtained results clear
that the percent extracted values ranged
from 3.12% to 9.09% Such obtained values
may indicate that, most of total selenium in
the soil are exit in non-soluble form which
are not available for plant absorption.
Selenium extracted using water from Nekhl
soils ranged from O0.11ppm to 0.019ppm
while the percent extraction values ranged
from 4.22% to 11% in both two studied
range plans growing soils.
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Table (2): Total selenium content, (ppm) in El-Hassana soils during the two studied
seasons of 2013-2014 and 2014-2015.

Selenium concentration, (ppm)

First season Second season

Atriblex growing soils

Soil depth, (cm) Sitel Site2 Site3 Sitel Site2 Site3 Average
0-30 0.27 0.27 0.28 0.28 0.26 0.28 0.28
30-60 0.19 0.20 0.22 0.23 0.22 0.21 0.21
60-90 0.26 0.28 0.26 0.27 0.27 0.27 0.27

90-120 0.12 0.11 0.10 0.11 0.12 0.11 0.11
Acacia growing soils

0-30 0.32 0.31 0.32 0.32 0.30 0.31 0.32

30-60 0.29 0.30 0.27 0.27 0.27 0.27 0.28

60-90 0.12 0.12 0.13 0.12 0.11 0.11 0.12

90-120 0.11 0.12 0.18 0.10 0.12 0.11 0.11

Table (3): Total selenium content, (ppm) in Nkhl soils during the two studied seasons of
2013-2014 and 2014-2015.

Selenium concentration, ppm

First season Second season

Atriblex growing soils

Soil depth,(cm) Sitel Site2 Site3 Sitel Site2 Site3 Average
0-30 0.44 0.46 0.46 0.45 0.44 0.45 0.45

30-60 0.18 0.17 0.19 0.18 0.17 0.18 0.18
60-90 0.27 0.19 0.19 0.18 0.17 0.19 0.18
90-120 0.10 0.11 0.09 0.11 0.10 0.10 0.10

Acacia growing soils

0-30 0.20 0.19 0.21 0.20 0.19 0.21 0.20

30-60 0.21 0.20 0.20 0.20 0.19 0.20 0.20

60-90 0.17 0.16 0.15 0.15 0.14 0.15 0.16
90-120 0.10 0.11 0.11 0.11 0.10 0.10 0.10
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Table (4): Total selenium concentration, (ppm) in the studied soils of inland area of
North Sinai Governorate.

Selenium concentration ppm

Soil depth (cm) El-Hassana Nekhl
Atriplex growing soil
0-30 0.28 0.45
30-60 0.21 0.18
60-90 0.27 0.18
90-120 0.11 0.10
Acacia growing soil
0-30 0.32 0.2
30-60 0.28 0.2
60-90 0.12 0.16
90-120 0.11 0.10

Table (5): Water soluble extractable selenium concentration (ppm) in El-Hassana soils
during the two studied seasons of 2013-2014 and 2014-2015.

Selenium concentration, (ppm)

First season Second season

Atriblex growing soils

Soil depth,(cm) Sitel Site2 Site3 Sitel Site2 Site3  Average
0-30 0.012 0.012 0.011 0.011 0.010 0.011 0.011
30-60 0.013 0.012 0.010 0.011 0.012 0.012 0.012
60-90 0.010 0.011 0.012 0.012 0.011 0.011 0.011

90-120 0.010  0.010 0.010 0.012 0.010 0.011 0.010

Acacia growing soils

0-30 0.012 0.010 0.011 0.011 0.010 0.010 0.010
30-60 0.011 0.010 0.012 0.010 0.010 0.011 0.010
60-90 0.012 0.011 0.010 0.010 0.011 0.010 0.011

90-120 0.011 0.010 0.012 0.011 0.010 0.010 0.010
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Table (6): Water soluble extractable selenium concentration, (ppm) in Nekl soils during
the two studied seasons of 2013-2014 and 2014-2015.

Selenium concentration, (ppm)

First season Second season

Atriblex growing soils

Soil depth,(cm) Sitel Site2 Site3 Sitel Site2 Site3  Average
0-30 0.018 0.018 0.019 0.019 0.018 0.018 0.019
30-60 0.012 0.012 0.010 0.011 0.013 0.013 0.012
60-90 0.010 0.010 0.011 0.012 0.011 0.011 0.011
90-120 0.011 0.011 0.012 0.010 0.011 0.011 0.011

Acacia growing soils

0-30 0.011 0.011 0.012 0.011 0.011 0.011 0.011
30-60 0.011 0.012 0.011 0.011 0.011 0.011 0.011
60-90 0.013 0.012 0.012 0.013 0.012 0.012 0.013
90-120 0.012 0.011 0.011 0.011 0.011 0.011 0.011s

Table (7): Water soluble extractable Selenium concentration, (ppm) in the studied soils
of inland area of North Sinai Governorate.

Selenium concentration ppm

Location
Soil depth (cm) El-Hassana (%) of total Nekhl (%) of total
Attriplex growing soil

0-30 0.011 3.92 0.019 4.22
30-60 0.012 5.71 0.012 6.66
60-90 0.011 4.07 0.011 6.11
90-120 0.010 9.09 0.011 11.00

Acacia growing soil

0-30 0.010 3.12 0.010 5.00
30-60 0.010 3.57 0.010 5.00
60-90 0.011 9.16 0.013 8.12

90-120 0.010 9.09 0.010 10.00
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Selenium concentration in soil solution
may be abettor indicator for defining Se
deficiency than the soil total Se. In low Se
soils, the solution Se concentration could be
as low as 2 ppm or about 1-2% of the soil Se.

In Se adequate soils, soluble Se
concentrations about 4-6% of the soil Se or
as high as 18 ppm. There is a correlation
between the concentrations of Se in soil
solution and the Se concentration in plant.

Only some of the Se found in soil solutions
is bio available to plants. Generally, 45% of
the soluble Se in soil solutions can be
utilized by plants or about 0.5-1.0% of soil
Se in low Se soils is available for plant
uptake in an situ experiment, using "°Se as a
tracer, it was estimated that about 0.2-1.3%
of the soil Se can be available for plant (Li
and Zhong, 1990).

On the other hand, selenium extracted
with DTPA solution in Tables 8, 9 and 10
varied from 0.011 to 0.018 ppm. In El-
Hassana studied soils, the percent extraction
values ranged from 4.07% to 15.45%.

The low percent extraction values may
indicate that the total selenium in the soil
are present in low soluble forms and could
not easily convert to available form to plant.

Obtained results cleared also that there
are appositive correlations between the
previous extracted selenium using the two
three studied extracting agents and the
content of selenium in the studied range
plants.

Obtained results in Tables 11, 12 and 13
indicate that the concentrations of CaCl,
extractable selenium from the two studied
soils.

The extractable selenium using the
previous extracting agent ranged from
0.011 to 0.018ppm in El-Hassana soils
comparing to 0.014 and 0.018 ppm in
Nekhl soils. The percent extraction values
varied between 3.92% and 16.36% in El-
Hassana soil comparing to 4.00% and
17.00% in Nekhl soils.

Selenium Content of Studied Rang Plants

Obtained results in Table 14 indicated
that the selenium content in atriblex plant
was higher than that in acacia plant in both
two studied locations. It of interest to
mention that both studied plants contain
selenium higher than required by grazing
animal (0.1 ppm). The content of selenium
in atreblex range plant ranged between 2.90
and 2.93 ppm in El-Hassana studied
location comparing to 2.86 ppm and
2,88ppm in Nekhl location.

The corresponding values for acassia
range plant varied between 0.17 and 0.18
ppm in El-Hassana location comparing to
0.17 and 0.19 ppm in Nekhl studied
location. Wild grasses grown under grazing
regions, North Western part of Egypt,
contain the highest selenium content.
Consequently, it may be concluded that
animals in these regions are not subjected to
Se deficiency since their diets consist of
different herbaceous plants belonging to
miscellaneous families. These different
families contain either higher or lower
selenium content than the recommended
limit (0.1ppm) and this may lead to
somewhat balance in the animal diet
(Abdellah, 1983). Similar findings were
obtained by Ismil (2009) with respect to
atreblex range plant in the North Western
coast of Egypt.
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Table (11): CaCl, extractable selenium concentration, (ppm) in El-Hassana soils during
the two studied seasons 2013-2014 and 2014-2015.

Selenium concentration, ppm

First season Second season

Atriblex growing soils

Soil depth,(cm) Sitel Site2 Site3 Sitel Site2 Site3 Average
0-30 0.016 0.017 0.016 0.017 0.016 0.017 0.017
30-60 0.014 0.015 0.016 0.015 0.016 0.015 0.015
60-90 0.017 0.016 0.017 0.016 0.016 0.017 0.017
90-120 0.015 0.014 0.016 0.015 0.016 0.015 0.015
Acacia growing soils

0-30 0.016 0.014 0.015 0.016 0.015 0.015 0.015
30-60 0.010 0.012 0.010 0.011 0.010 0.010 0.0111
60-90 0.019 0.019 0.017 0.018 0.017 0.019 0.018
90-120 0.018 0.019 0.019 0.019 0.017 0.017 0.018

Table (12): CaCl, extractable selenium concentration, (ppm) in Nekhl soils during the
two studied seasons of 2013-2014 and 2014-2015.

Selenium concentration, (ppm)

First season Second season

Atriblex growing soils

Soil depth, (cm) Sitel Site2 Site3 Sitel Site2 Site3 Average
0-30 0.018 0.017 0.019 0.018 0.017 0.018 0.018
30-60 0.014 0.015 0.016 0.013 0.014 0.014 0.014
60-90 0.015 0.014 0.016 0.015 0.016 0.015 0.015
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0-30 0.016 0.017 0.015 0.014 0.015 0.015 0.016
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60-90 0.014 0.015 0.016 0.015 0.016 0.015 0.015

90-120 0.017 0.016 0.016 0.016 0.017 0.017 0.017
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Table (13): CaCl, extricated Se concentration, ppm in the studied soils of inland area of
North Sinai Governorate.

Selenium concentration ppm

Location
Soil depth cm El-Hassana % of total Nekhl % of total
Attriplex growing soil

0-30 0.017 6.07 0.018 4.00
30-60 0.015 7.14 0.014 7.77
60-90 0.017 6.29 0.015 8.33
90-120 0.015 13.63 0.016 16.00

Acacia growing soil

0-30 0.015 4.68 0.016 8.00
30-60 0.011 3.92 0.014 7.00
60-90 0.018 15.00 0.015 9.37
90-120 0.018 16.36 0.017 17.00

Table (14): Selenium concentration ppm in the two studied rang plants during the two
seasons of 2013-2014 and 2014-2015 in both El-Hassana and Nekhl.

Selenium concentration ppm

Location
El-Hassana Nekl
Atriblex plant
Seasons Site; Site, Site; Average Site;  Site, Site; Average
2013-2014 2.90 2.93 291 2.86 2.87 2.88
291 2.87
2014-2015 2.90 2.92 291 2.86 2.86 2.87

Acacia plant

2013-2014 0.16 0.17 0.18 0.18 0.19 0.18

2014-2015 0.17 0.18 0.17 0.17 0.19 0.18 0.17 0.18
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