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ABSTRACT

The current work has been performed to study the status of
different forms of calcium, magnesium and sodium in ten soil profiles
varying in their characteristics in some soils of South Sinai.

The obtained results show that total, exchangeable and acid
soluble Ca were ranged from 590-12000 ppm, 1.3-18 meq./100g soil
and 4.61-152.72 ppm, respectively. Also, it is found that total Ca
content depends to a large degree on CaCOs.

Exchangeable Ca is affected by the clay and silt contents. The
profiles Nos.5 and 6 that contain the lowest value of acid soluble Ca
exhibit the lowest average values of EC.

Data also indicate that total, exchangeable and acid soluble Mg
forms were differed from 500-9500 ppm, 0.35-4.95 meq./100g soil
and 1.05-29 ppm respectively. The highest values of total Mg are
accompanied by the highest values of EC, while the lowest ones
accompanied by the lowest ones of EC. Exchangeable Mg values are
generally lower than exchangeable Ca in the studied profiles.

On the other hand the values of total, exchangeable and
ammonium nitrate soluble Na were ranged from 1220-10000 ppm,
0.15-2.15 meq./100g soil and 2.65-3000 ppm respectively. The
highest values of total and extractable are due to the highest values of
EC.

Statistical analysis shows significant correlations between
different forms of Ca, Mg & Na and some soil properties.
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INTRODUCTION

All soils contain Ca and Mg cations (positively charged ions)
attracted to the negative exchange sites on clay and organic matter.
The amount and relative proportion usually reflect the soils parent
materials. Ca and Mg are plant essential nutrients and the ionic forms
of each held on the soil exchange sites is the form taken up by plants
(Sawyer, 2003). Since the base cations on cation-exchange sites are to
large degree available to growing plants, it follows that the availability
of Ca, Mg and Na is in varying lower in acidic soils than neutral or
alkaline soils. In strongly alkaline soils, those with pH values above
8.5 sodium is in varying the dominant cation on the exchange sites,
because Ca is precipitated as carbonate before such high pH values are
reached (Cresser et al., 1993). i.e.:

Ca’" + CO, — CaCO; + 2 H'

Soil Ca exists principally in two forms, as carbonate and as
exchangeable Ca in association with organic and inorganic colloids.
Too much lime reduces the availability of Fe, P, Mn, Cu and Zn.
Plants deficient in Ca show characteristic symptoms of this deficiency
(Abdel Gawad, 1972). Also, Nadia (1998) showed that the presence of
Ca in the soils reduces uptake of Mg and K. Mg is an essential
constituent of green molecule of plant chlorophyll where it contain 2.7
% Mg and characteristic chlorosis is developed by plant when Mg is
insufficient.

Sodium uptake in a given environment depends on the salinity
resistance strategy in a genotype (Asch et al., 1999). Na" compounds
are widely distributed in a nature and all organic materials contain Na
but the major sources of Na in soils are salts and inorganic minerals
(Tan, 2005). Sodium affected soils usually occur in arid, semiarid and
sub-humid climates where rainfall insufficient to leach soluble salts
from the soils (Ranttan, 2006).

The main objective of this work is to study total, exchangeable
and soluble content of calcium, magnesium and sodium in different
profiles at El-Qaa plain soils of South Sinai.

MATERIALS AND METHODS

Forty seven soil samples from ten soil profiles were collected
from some locations of El-Qaa plain in South Sinai, Egypt. These soil
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samples that varying in their chemical and physical properties were
determined by Abdel Gaffar (2004) and shown in Table (1). Particle
size distribution, calcium carbonate content, electrical conductivity
(EC) and pH were determined according to Page et al., (1982).
Organic matter content (O.M) was determined according to the
method given by Walkley and Black (1947).

Extraction of total Ca, Mg, and Na was performed by digestion
of soil samples according to Jackson (1958). Determination of total Ca
and Mg was carried by Atomic absorption spectrometer and total Na
by flame photometer according to Page et al., (1982). Exchangeable
cations (Ca, Mg and Na) and acid soluble Ca and Mg were determined
according to Page et al., (1982). Extractable Na was determined using
ammonium nitrate solution according to Faithfull (2002).

RESULTS AND DISCUSSION

Data in Table (1) show the main chemical and physical
properties of the studied soil profiles obtained from South Sinai
(Abdel Gaffar, 2004). It is clearly that the studied soil profiles are
characterized by different texture grades (sandy loam to extremely
gravelly sand).

1. Calcium forms in soils:
1.1. Total calcium form:

Data in Table (2) reveal that total calcium content depends to a
large degree on soil calcium carbonate (Table 1) as a general trend the
highest values of total calcium are associated with soils (except
sample (0-100 cm) and (100-130 cm) depth of profile 8) attained the
relatively high content of CaCO;. These results agree with those
obtained by Abd Alla and Mohamed (2001). Surface layer (0-100 cm)
and subsurface one (100-130cm) of profile No.8 characterized by the
highest values of total calcium (11000 and 12000 ppm, respectively),
this may be attributed to the very high EC values of these samples
(206 and 210 ds/m, respectively). The lowest value (590 ppm) of total
calcium is located in profile No.5 (5-100 cm depth).Statistical analysis
( Table 4) shows a highly significant negative correlation between
total Ca and PH ( r =-0.608** ) ,highly significant positive correlation
with both of EC (r=0.720** ) and O.M ( r=0.604** ) and significant
positive correlation with CaCO; ( r = 0.367* ) . These results agree
with those obtained by Abd Alla and Mohamed (2001).
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1.2. Exchangeable calcium form:

Data in Table (3) show that the exchangeable calcium was varied
widely from 1.3 to 18.0 meq./100g soil. The lowest value is detected
in profile No.7 (47-60 cm depth) while the highest one is present in
profile No.l (0-25 cm depth). The highest value of exchangeable
calcium is mainly attributed to the relative high value replacing power
on exchangeable sites of the relatively high content of clay in this
sample (Table 1). The lowest value of exchangeable calcium, in the
sample of depth 47-60 cm of profile No.7, is mainly due to the lowest
content of clay (Table 1) which affects the exchangeable calcium.
Statistical analysis (Table 4) shows a highly significant positive
correlation between exchangeable Ca and both of clay ( r = 0.957** )
and silt contents ( r = 0.976** ) and a highly significant negative
correlation with sand content ( r =-0.973** ).

1.3. Acid soluble calcium:

Results in Table (2) indicate that acid soluble Ca varies from
4.61 to 152.72 ppm. The lowest value is detected in profile No.4 (9-26
cm depth), while the highest one is present in profile No.1 (70-110 cm
depth). The present data in Table (2) indicate that the lowest average
values of acid soluble Ca are present in profiles Nos. 4 and 5 (4.85 and
4.73 ppm respectively). The lowest value may be attributed to the
lowest average values of EC (Table 1) in these profiles (the average
values of EC in profiles Nos. 4 and 5 are 1.48 and 1.15 ds/m,
respectively). The highest value of acid soluble Ca (Table 2) may be
due to the affect of low pH value (Table 1), relatively high EC and
high amount of CaCOj; at the same time. Statistical analysis ( Table 4)
shows a highly significant negative correlation between soluble Ca
and PH ( r =-0.591*%*) and highly significant positive correlation with
each of EC (r=0.787**) and O.M content (r=0.636**).

2. Magnesium forms in soils:
2.1 Total Magnesium form:

Table (2) indicates that the values of total Mg varies widely from
500 to 9500 ppm. These results agree with those obtained by Abdel
Gawad (1972). The highest value is detected in profile No.8 (100-130
cm depth), while the lowest one is found in profile No.5 (10-15 cm
depth). Results indicate that total Mg is affected to a large extent by
EC (Table 1). The highest value of total Mg is accompanied by the



J. Biol. Chem. Environ. Sci., 2010, 5 (2), 357-368 361

highest value of EC (210 ds/m) as shown in Table (1), while the
lowest one exhibits the lowest content of EC (0.62 ds/m).

2.2. Exchangeable magnesium form:

Data in Table (3) show that the values of exchangeable
magnesium varied from 0.35 to 4.95 meq. /100g soil. The highest
value is found in profile No.1 (0-25 cm depth), the highest value of
exchangeable magnesium is attributed to the relative high replacing
power on the exchangeable sites of the relatively high clay and silt
content in this sample (Table 1).The lowest value of exchangeable
magnesium that detected in profile No.7 (47-60 cm depth) may be
attributed to the lowest clay content (0.7 %). Because Mg compounds
are very soluble and because this element adsorbed by soil colloid, its
deficiency in soil is most probable. Statistical analysis ( Table 4)
shows a highly significant positive correlation between exchangeable
Mg and each of clay ( r = 0.779** ) , silt( r = 0.750** )and CaCOs ( r
=0.396") contents and a highly significant negative correlation with
sand content ( r = -0.765%** ).

2.3. Acid soluble magnesium:

Table (2) indicates that acid soluble magnesium differed widely
from 1.05 to 29.0 ppm. The highest value was found in profile No.8
(100-130 cm depth), probably due to high value of EC (Table 1). The
lowest value was detected in profile No.5 (15-25 cm depth), this
sample characterized by the lowest values of EC. Generally, the
profiles Nos. 5, 6 and 7 characterized by the lowest values of acid
soluble Mg as an average (1.33, 2.4 and 2.56 ppm, respectively),
while profile No.8 represent the highest value of acid soluble Mg as
an average (17.2 ppm). Statistical analysis (Table 4) shows a highly
significant negative correlation between soluble Mg and PH (r = -
0.426**) and highly significant positive correlation with each of EC (r
= 0.873**) and O.M content (r=0.820%%*).

3. Sodium forms in soils:
3.1. Total sodium form:

Data in Table (2) indicate that the values of total sodium content
varied widely from 1220 to 10000 ppm. The highest value located in
profile No.8 (100-130 cm depth) may be attributed to the highest
value of EC. This profile exhibit the highest value of total sodium as
an average compared with the other profiles. The lowest value was



362 STATUS OF DIFFERENT FORMS OF CALCIUM, MAGNESIUM

detected in profile No.2 (20-30 cm depth), this sample contain low
value of EC. Statistical analysis (Table 4) shows a highly significant
negative correlation between total Na and PH (r = -0.676**) and a
highly significant positive correlation with both of EC (r = 0.879*%*)
and O.M (r=0.683*%*).

3.2. Exchangeable sodium form:

The results in Table (3) indicate that the exchangeable sodium
range from 0.15 to 2.15 meq./100g soil. Data in Tables 2 and 3
indicate that the highest values of exchangeable sodium are present in
sample characterized by high contents of both clay and silt contents,
while the lowest ones are located in samples exhibit low contents of
both clay and silt. These results agree with those obtained by Abd Alla
and Mohamed (2001). The highest value of exchangeable sodium is
located in profile No.l (0-25 cm depth), while the lowest one is
present in profile No.7 (47-60 cm depth). Statistical analysis ( Table
4) shows a highly significant positive correlation between
exchangeable Na and each of clay ( r = 0.664** ) | silt( r = 0.633**
yand CaCOs ( r = 0.339") contents and a highly significant negative
correlation with sand content ( r = -0.656** ) and PH ( r =-0.386 ).

3.3. Ammonium nitrate extractable sodium:

The values of ammonium nitrate extractable sodium varied
widely from 2.65 to 3000 ppm (Table 2). The lowest value was
detected in profile No.5 (10-15 cm depth) and the highest one was
found in profile No.8 (100-130 cm depth). The results of ammonium
nitrate extractable sodium indicate a very big difference between low
and high values and the data in tables 2 and 3 reveal the high effect of
EC on ammonium nitrate extractable sodium. The highest value of
extractable sodium exhibits the highest value of EC. Statistical
analysis (Table 4) shows a highly significant negative correlation
between extractable Na and PH ( r = -0.350*) and highly significant
positive correlation with each of EC ( r = 0.938**) and O.M content
(r=0.971%%).
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Table (1): Some physical and chemical properties of the studied

soil profiles.

Particle size | Organic | . .
P\?} ; Depea distribution Textural class pH EC matter CatOy
No. (em) ~ ds/m 5 %
sand | silt | clay Yo
0-25 74.2 13.2 12.6 Sandy loam 7.9 94 0.14 31.70
25-50 920.4 4.3 53 Gravelly sand 7.7 | 275 0.07 18.60
1 50-70 925 33 4.2 Gravelly sand 1.5 35.0 0.06 19.90
70-110 933 2.7 4.0 Very gravelly sand 7.4 44.8 0.11 25.40
0-20 89.0 5.8 5.2 Very gravelly sand 8.0 4.3 0.07 29.7
20-30 924.0 3.0 3.0 Gravelly sand 8.5 1.0 0.09 5.10
5 30-47 93.2 24 44 Very gravelly sand 8.1 35 0.07 26.0
47-110 21.8 3.6 4.6 Very gravelly sand 8.2 28 0.09 283
0-10 824 8.8 88 Gravelly loamy Sand 77 | 456 0.10 283
3 10-50 95.1 24 2.5 Very gravelly and 7.7 | 542 0.12 21.9
50-85 88.1 6.0 59 loamy sand 7.7 | 420 0.13 248
85-110 91.2 4.3 4.5 Gravelly sand 8.0 30.5 0.12 229
0-9 924.6 26 2.8 WVery gravelly sand 84 1.42 0.01 6.60
9-26 95.1 24 2.5 Gravelly sand 8.3 1.50 0.01 8.20
26-47 96.1 20 19 Very gravelly sand 88 1.20 0.01 4.30
4 47-80 93.6 3.2 3.2 | Extremely gravelly sand | 8.0 | 1.54 0.01 8.20
80-120 96.7 1.9 14 Very gravelly sand 8.7 1.75 0.01 290
0-10 94.7 il 32 Gravelly sand 8.7 22 0.02 84
10-15 94.5 27 28 Very gravelly sand 89 | 062 0.03 7.4
15-25 95.1 20 2.1 Very gravelly sand 89 | 076 0.02 8.2
5 25-50 96.9 1.5 1.6 Gravelly sand 8.8 1.10 0.02 7.2
50- 100 95.6 2.2 2.2 Very gravelly sand 8.1 1.06 0.01 5.3
0-10 94.1 3.0 2.9 Sand 79 10.4 0.02 6.40
10-30 94.5 26 2.9 Sand 7.8 313 0.03 6.80
6 30-60 04.3 28 29 Sand 15 449 0.03 6.60
60-110 92.9 34 3.7 Sand 7.7 | 280 0.03 8.20
0-5 90.4 4.2 49 Sand 8.0 | 3.86 0.03 11.70
5-18 058 il 2.1 Gravelly sand 8.1 2.6 0.02 8.00
7 18-37 97.9 1.1 1.0 Very gravelly sand 74 | 182 0.02 5.80
3747 97.3 1.2 1.1 Sand 76 | 26.2 0.04 6.80
47-60 98.4 [{RY 0.7 Gravelly sand 15 20.0 0.04 3.00
60-100 92.3 38 39 Sand 7.7 17.1 0.07 8.80
0-100 95.4 24 22 Very gravelly sand 7.0 | 206.0 0.80 1.60
100-130 94.8 25 2.6 | Extremely gravelly sand | 7.5 | 210.0 0.10 3.50
130-175 95.7 22 2.1 | Extremely gravellysand | 7.8 | 51.5 0.11 2.30
8 175-245 95.3 2.5 2.2 Very gravelly sand 7.8 334 0.04 1.40
245-250 920.6 5.0 4.4 | Extremely gravelly sand | 7.5 427 0.01 2.70
250-300 90.3 54 4.3 | Extremely gravellysand | 7.7 | 25.6 0.06 1.40
0-20 92.7 36 3.7 Gravelly sand 7.8 250 0.05 14.60
20-33 854 7.0 7.6 | very gravelly loamy sand | 7.4 | 50.0 0.12 8.20
9 33-50 94.8 2.3 2.5 | Extremely gravellysand | 7.3 | 30.7 0.07 3.30
30-66 93.2 33 - I | Very gravelly sand 7.2 26.1 0.05 3.00
66-110 84.7 74 7.6 | very gravelly loamy sand | 7.3 | 78.8 0.16 6.80
0-40 85.3 74 7.3 Loamy sand 8.0 7.3 0.08 21.50
40-50 66.9 17.5 15.6 Gravelly sand loam 7.3 6.635 0.09 5.80
10 50-70 91.1 4.6 43 Gravelly sand 7.8 84 0.07 310
70-110 89.0 54 5.6 Very gravelly sand 7.8 25.7 0.04 4.50
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Table (2): Total contents of Ca”", Mg and Na+, acid soluble Ca™
and Mg and extractable Na" in the studied soil profiles.

Total contents Acid soluble Extractable
Prof. Depth
No' (cm) ++ (pp]-llll) + + I(ppm) ++ (ppl-li-l)
Ca Mg Na Ca Mg Na
0-25 7964 1955 2630 20,97 7.14 348
25-50 6410 1068 4520 5315 4.00 138.0
1 50-70 6345 1168 4800 83.41 5.10 158.2
70-110 6631 1300 5010 152.72 4.95 210.5
0-20 6810 1900 1620 10.12 45 7.50
20-30 903 8350 1220 6.84 4.15 3.60
2 30-47 6650 1700 1530 13.13 =57 422
47-110 6790 1600 1590 11.12 4.10 4.95
0-10 6795 1600 4780 72.70 7.44 136.50
10-50 6590 1168 5030 73.20 5.84 29950
3 50-85 6600 1700 4930 73.80 3:55 185.0
85-110 6595 1180 4850 61.25 4.08 145.0
0-9 836 750 1510 7.50 4.40 3.95
9-26 984 834 1670 4.601 515 4.50
26-47 610 600 1520 4.95 3.95 3.85
4 47-80 1010 990 1920 7.99 4.95 4.65
80-120 600 526 1990 6.69 4.05 6.50
0-10 1478 1009 1670 7.85 1.36 4.70
10-15 590 500 1520 3.65 1.15 2.65
15-25 630 610 1640 3.85 1.05 3.10
5 25-50 833 740 1540 4.75 1.15 3.15
50-100 590 495 1700 3.60 1.96 4.25
0-10 4990 1100 2700 12.60 1.53 34.70
10-30 6200 1290 4700 25.40 1.26 166.50
6 30-60 7100 4191 5300 33.20 2.49 219.5
60-110 5805 2641 4400 29.80 4.36 120.80
0-5 4300 950 2200 983 1.46 15.50
5-18 1100 1000 1800 4.63 1.21 8.00
” 18-37 2700 1186 3000 15.26 1.30 53.50
37-47 3930 1600 4200 2795 3.27 91.50
47-60 3000 1500 4100 21.70 2.50 72.50
60-100 2550 1200 4250 20.50 3.06 81.50
0-100 11000 8500 9500 120.90 27.68 2500
100-130 12000 9500 10000 | 144 80 29.00 3000
130-175 7982 4200 5500 80.60 14.00 290
8 175-245 3177 2550 5017 32.80 6.16 210
245-250 6510 3110 6250 67.50 10.16 350
250-300 3875 1500 4100 10.50 16.20 185
0-20 4875 1500 4470 22.50 1.40 131
20-33 4750 4000 5000 81.50 9.20 247
9 33-50 4650 1100 3800 56.90 8.16 71
50-66 4030 1050 3650 50.60 3.90 67
66-110 10000 5500 5300 107.12 19.34 310
0-40 6700 950 1800 22:12 1.59 8.52
10 40-50 1030 640 1790 28.55 1.85 8.60
50-70 1302 995 2000 21.60 1.30 14.95
70-110 3985 1400 4400 33.95 1.90 130
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Table (3): Exchangeable cations of Ca™, Mg and Na' of the
Studied soil profiles.

Profile Depth Exchangeable c_a?i[ms
- (meq. / 100 g soil)
No. (cm) == 4 +
Ca Mg Na
0-25 18.00 4.90 2:15
25-50 4.00 2.50 0.50
1 50-70 4.15 2:35 0.85
70-110 2.90 1.05 0.95
0-20 7.11 2.85 1.05
20-30 355 2.23 0.98
2 30-47 4.01 1.75 1.05
47-110 6.25 212 0.55
0-10 9.95 4.80 1.05
3 10-50 2.95 1.90 0.59
50-85 =l 3.01 1.06
85-110 4.25 2.05 0.95
0-9 3.61 2.70 0.60
9-26 2.29 1.65 0.35
26-47 1.82 1.02 0.20
4 47-80 4.73 1.25 0.21
§0-120 2.29 1.45 0.21
0-10 3.36 1.65 0.22
10-15 3.81 1.00 0.21
15-25 2.69 0.95 0.19
S 25-50 3.09 0.90 0.32
50- 100 3.65 1.20 0.40
0-10 4.90 1.95 0.85
10-30 3.38 1.95 0.25
6 30-60 3.75 1.85 0.30
60-110 5.67 2.15 0.90
0-5 7.27 2.12 1.80
5-18 2.97 1.10 0.26
7 18-37 2.82 0.99 0.35
37-47 2.27 0.95 0.80
47-60 1.30 0.35 0.15
60-100 4.31 2.21 1.10
0-100 2.76 1.15 1.05
100-130 3.94 1.50 0.60
130-175 3.10 1.45 0.95
8 175-245 3.61 1.95 0.85
245-250 6.15 2.55 0.51
250-300 6.35 2.51 0.65
0-20 4.43 2.25 1.50
20-33 9.52 3.90 1:93
9 33-50 3.15 2.59 0.35
50-66 4.19 1.30 1.02
66-110 9.49 4.32 1.15
040 10.64 1.15 0.65
40-50 27.00 4.00 1.85
10 50-70 5.95 32 1.50
70-110 9.04 2.10 0.12
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Table (4): Simple correlation coefficient among soil properties and
each of Calcium, Magnesium and Sodium status.

Parameter Parameter ( X)

(Y) PH EC | OM | CaCO; Clay Silt Sand
Total Ca | -0.608" | 0.720% | 0.604** | 0.367* 0.221 0.166 -0.194
Exch. Ca 0253 | 0073 0.004 0257 | 0.957** | 0.976** | -0.973**
Sol. Ca 0591 | 0.787** | 0.636** | 0.140 0.137 0.094 0.115
Total Mg | -0.481%* | 0.921** | 0.848** | -0.185 -0.004 0.000 0.002
Exch. Mg -0.268 0.031 0002 | 0.396% | 0.779* | 0.750%* | -0.765**
Sol. Mg | -0.426** | 0.873** | 0.820** | -0.193 0.023 0.048 -0.036
Total Na -0.676%* 0.879%* 0.683%* -0.100 -0.035 -0.037 0.035
Exch.Na | -0386** | 0.112 0.137 0339% | 0.664** | 0.633** | -0.656**
Sol .Na -0.350* 0.938%* 0.971** -0.188 -0.128 -0.112 0.119

** Indicate significant at 1% probability level and * indicate significant at 5%
probability level

The data indicate that the effect of EC on the values of total Mg,
the same results were obtained by Abd Alla and Mohamed (2001).
Statistical analysis (Table 4) shows a highly significant negative
correlation between total Mg and PH (r =-0.481"") and a highly
significant positive correlation with both of EC (r = 0.921**) and O.M
(r=0.848%*).
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