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ABSTRACT

Eleven soil profiles were selected to representing the Nile
alluvial soils and fluvio marine soils for the distribution and chemical
fractions of soil iron and manganese as well as some relevant soil
characteristics such as ECe, pH, OM, CaCOs percentages and texture
class. Statistical analysis was then preformed to correlate Fe and Mn
fractions with soil constituents.

The obtained data indicate that the content of soil iron in the
exchangeable, bounded with organic matter, Fe-Oxides , Fe-
amorphous, Fe-crystalline, Sand, silt and clay fractions varied from
3.3 to 24.8; 1.15 to 17.8, 75 to 480, 1900 to 7700, 10300 to 16900,
230 to 6570m 1388 to 9420 and 28300 to 45230 pg g respectively.
In alluvial soils, while in the faluvio marine soil, the content of soil
iron ranged from 1.3 to 22.1, 0.2 to 12.3, 270 to 480, 1251 to 3685,
11320 to 16560, 1000 to 3430, 2160 to 8640 and 26590 to 40650 nug
¢! respectively.

Generally, the highest values of Fe were found in the clay
fraction, while the lowest contents were found in the sand fraction in
the studied soils. Also Fe fractions in the studied soils can be ranged
in the order:

Clay>Fe-crst.>silt>Fe-Amor.>sand> Fe-oxides> Exch-Fe> Fe-OM.

With regard to the distribution of soil Mn, data reveal that Exch.-
Mn, OM-Mn, Mn-oxideas, Mn-Amorphus, Mn-Crystalline, Sand
fraction, Silt fraction and clay fraction in the alluvial soil varied from
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0.5t0 7.5, 0.1 to 1.3, 66.8 to 290.3, 71.0 to 212.6. 28.4 to 162.1, 12.2
to 91.8, 14.1 to 192.3 and 13.1 to 77.5 ug g respectively. In the
fluvio marine soils, Mn fractions varied from 0.6 to 5.4, 0.1 to 2.4,
110.2 to 280.4, 35.7 to 160.7, 28.6 to 118.8, 6.7 to 91.7, 22.6 to 119.1
and 10.4 to 453 ug g' for Exch.-Mn, OM-Mn, Mn-Oxides, Mn-
Amprphous, Mn-Crystalline, Sand , silt and clay fractions,
respectively. Also, Mn fractions in the studied soils can be ranged in
the order:

Mn-Oxides> Mn-Amorphous> Mn-Cryst.> silt>sand>clay>Mn-
Ech.>Mn-OM.

Factor affecting between Fe and Mn fractions and some soil
variable were predicted through correlation coefficients which were
computed and discussed.

INTRODUCTION

Sequential extraction pro coheres use to separate, chemical
forms of elements especially metals, are binge impaled in the study of
soils and sediments. There techniques are wuseful to the
environmentalist, who uses them primarily in research dealing with
sewage sludge or sediments. Soil chemists use these schemes also to
investigate native form of micronutrients in soil fixation and mobility
of micronutrients in soils. Kabata Pendias and Pendias (1992) used a
sequential extraction scheme to partitioning of trace metals money the
various geochemical phases of sediments Singh (1997) also employed
this technique study march substrate fraction, andNa and Rao, 1977
used it do determine trace metals binding to sacriticial sediments.
Ahumada et al. (1999) employed sequential extraction to investigate
heavy metals as contaminations in street dusts and roadside soils.
Sequential extraction has also been important in contamination studies
from metal smelters (Kuo et al., 1983) and industrial complexes
Chlopecka et al. (1996). Anther field using fractionation procedures
extensively is swage sludge investigations, as in Sposito et
al.(1982).the technique has been put to other agronomic use (Lyengar
et al.,, 1981). Kennedy et al. (1997) evaluate a sequential extraction
procedure to separate chemical forms of soil micronutrients. Norvel
(1988) studied the distributions of soil iron and manganese in
sequentially extractable forms. Under the Egyptian soils, Hegazy et al.
(1991) studied iron contents in different fractions. He studied the
amounts of iron in exchangeable, adsorbed, organic, carbonate and
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sulfite fractions. Also, AbdAlla (2000) used different extraction
methods (DTPA, HCI, NH4OAC and NHsOAC+ 0.02%
Hydroquinone for some micronutrients (Fe, Mn, Zn and Cu).

Kasawenth (1971) classified soil iron into the following (1)
water soluble (2) exchangeable and (3) non-exchangeable. Water
soluble iron fraction is readily available for plant uptake and when soil
solution is depleted of Fe, both exchangeable and non-exchangeable
forms are two sources that replenish soil solution with this elements.
Manganese like any other micronutrients is highly indispeuable for
plant. This element is belived to be available to plants in Mn"> from
and the supply comes from water-soluble, exchangeable and easily
reducible fractions present in soils Pickering (1986). All these forms
of Mn are in equilibrium with each other and the cource of reaction is
governed by a number of factors like moisture, organic matter, soil
reaction, Oxidation-reduction potential, soil texture and activity of
microorganisms.

The objective of this work points to investigate the distribution
and chemical forms Fe in alluvial and fluvio marine soils of Egypt and
investigate the relationship between soil properties and chemical
fractions of Fe and Mn in the studied soils.

MATERIALS AND METHODS

Physical and chemical properties for the eleven soil profiles used
the fraction procedure are given in Table 1. Soil properties were
determined using standard methods (Page et al., 1982). Soils were
selected to be representative of Nile alluvial plain (profiles Nos: 1, 2,
3,4, 5, 6) and fluvio marine plain. (Profiles Nos: 8, 9, 10, 11) of El-
Beherira governorates. Some physical and chemical properties were
determined according to Page et al., (1982).

The distribution of Fe, and Mn in the studied soils into various
forms was determined by sequent extraction methods. Magnesium
nitrate was used for the exchangeable ions instead of MgCl, (Shuma
1979). The organic matter extraction was carried out according to
Shuman (1985). The Mn oxide extraction was after Chao (1972). And
the amorphous Fe oxide method was that of McKeague and Day
(1966). Crystalline Fe oxide method was devised by Shuman (1985).

Separation of clay. Silt and sand was carried out according to the
method described by Shuman (1985).
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The separation of the solids was carried out using 8 g of soil.
The soil was extracted twice for crystalline Fe oxides at soil-to
solution ratio of 8:50 to rid it of Mn and Fe oxides. The separation
was carried out as before (Shuman 1979), using wetsiveing for the
sand and centrifuging and decantation to separate the silt and clay.

The soil separates were digested using HF, HNO3; and HCI as
were whole soil samples (Shuman 1979). All extract solutions were
centrifuged and filtered after shaking or heating with the soil. The
percentage of each microelement in the various fractions was
calculated based on the sums of the parts.

The content of Fe and Mn fractionations solutions were
determined by the atomic absorption spectrophotometer, Perkien
Elmer, 2380.

Data were statistically analyzed according to Snedecore and
Cochran (1967).

RESULTS AND DISCUSSION

Soil properties

Data of physical and chemical properties of the studied soil
profiles are presented in Table (1 and 2). Data indicate that soil texture
class of the Nile alluvial soils is clay throughout the entire profile
depths, except for the surface layers of profile 7 where the soils have
clay loam texture class. CaCO; content of the Nile alluvial soils varies
from 0.7 to 4.6%. The low content of CaCQOj5 of the Nile alluvial soils
may be due to the nature of parent materials. Organic matter content
was very low and did not exceed 3.8% of the soil components. The
low content of organic matter is common feature in soils of the arid
regions due to the high oxidation potential and climate conditions.
Soils are neutral to strongly alkaline indicating by the pH values
which varied from 7.3 to 8.7. ECe values ranged from 0.8 to 12.26
dSm™ indicate that the soils are non saline to moderately saline.

Regarding to the fluvio marine soils, data in Tables (1 and
2)reveal that the soil reaction ranged from 7.5 to 8.0 indicating that the
soils are slightly alkaline to moderately alkaline, the soils are non
saline to strongly saline (ECe varied from 1.1 to 27.9 dSm™). Soil
texture class are clay throughout the entire profile depth where clay
content varied from 42.9 to 72.2% CaCOs; content varied between 0.5
and 36.6% with irregular distribution pattern with depth. Organic
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matter content ranged from 0.4 to 2.4 with high content in the surface
layers.

Table (1): Particle size distribution, CaCO; and organic matter
contents of the studied soil profiles.

Phiso- | Profile | Depth Particle size distribution % Textural CaCO, OM
graphic | No. (em) | Coarse | Fine silt clay class % %
unit sand sand
1 0-20 36 19.7 23.8 52.9 Clay 4.6 26
20-55 1.7 19.6 28.0 50.7 Clay 3.5 1.5
55-100 16 18.8 26.8 52.8 Clay 23 1.5
100- 20 17:5 245 56.0 Clay 23 1.3
150
2 0-20 16.8 21.0 7.1 55.0 Clay 4.6 2.5
20-50 153 15.0 14.6 55.1 Clay 39 38
50-95 25.5 15.7 6.2 52.6 Clay 29 1.9
95-150 17.8 19.6 9.8 S2.7 Clay 2.8 1.9
3 0-20 3.6 28.8 16.5 51.1 Clay 3.2 2.8
20-60 1.2 24.7 17.8 56.3 Clay 332 2.2
= 60-100 13 20.6 17.1 61.0 Clay 32 2.1
= 100- 0.5 17.6 19.7 52.2 Clay 1.6 2.1
= 150
-§ 4 0-25 0.8 15.09 14.7 63.6 Clay 3.5 24
P 25-65 2.9 15.2 20.4 61.5 Clay 39 24
3 65-100 2.8 16.20 214 59.6 Clay 1.8 2.1
; 100- 23 17.00 21.8 589 Clay 3.2 2.2
150
5 0-20 12.7 15.6 1.7 | 60.0 Clay 39 2.7
20-60 134 153 5.7 65.6 Clay 2.5 2.6
60-100 32 42 58 86.8 Clay 0.7 29
100- 3.0 34 6.4 87.2 Clay 1.2 28
150 _ _
6 0-25 14 9.8 18.6 70.2 Clay 35 2.9
25-70 1.4 87 16.7 73.2 Clay 25 26
70-120 14 7.0 15.5 | 76.1 Clay 1.8 2.6
T 0-25 14 373 283 33.0 Clay loam 25 24
25-75 59 36.0 14.7 434 Clay 23 28
75-150 19 234 13.1 61.6 Clay 3.5 2.6
8 0-25 73 18.0 114 63.3 Clay 22.3 2.1
25-55 15.0 17.7 11.7 55.6 Clay 34.7 0.5
55-85 20.0 16.6 11.5 51.8 Clay 36.6 0.4
» 85-110 9.8 316 11.0 | 47.6 (_jla}-' 202 0.4
% 9 0-25 58 223 27.9 44.0 Clay 39 39
= 25-50 5.0 228 293 42.9 Clay 2.1 2.1
H 50-100 19 14.6 24.7 58.8 Clay 1.6 19
"_ﬁ 100- 1.6 16.0 26.5 559 Clay 09 1.9
E 150
2 10 0-25 0.9 12.0 197 | 67.4 Clay 1.8 24
E: 25-75 08 12.8 203 66.1 Clay 0.5 22
75-150 0.5 13.9 10.9 | 74.7 Clay 0.3 22
11 0-25 22 229 242 50.7 Clay 09 1.6
25-65 1.8 9.0 17.0 72.2 Clay 23 1.0
65-150 2.6 19.9 178 | 397 Clay 7.1 0.8
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Table (2): Chemical composition of the soil saturation extract of
the studied soil profiles.

Phiso- | Profile | Depth Particle size distribution % Textural | CaCO; | OM
graphic No. (cm) Coarse Fine silt clay class % %o
unit sand sand
1 0-20 3.6 19.7 238 52.9 Clay 4.6 2.6
20-55 Lk 19.6 28.0 50.7 Clay 35 1.5
55-100 1.6 18.8 26.8 52.8 Clay 2.3 1.5
100- 2.0 17.5 24.5 56.0 Clay 2.3 1.3
150
2 0-20 16.8 21.0 7.1 55.0 Clay 4.6 2.5
20-50 153 15.0 14.6 55.1 Clay 3.9 38
50-95 255 15.7 6.2 52.6 Clay 29 1.9
95-150 17.8 19.6 9.8 52.7 Clay 2.8 1.9
3 0-20 3.6 28.8 16.5 51.1 Clay 32 23
20-60 12 24.7 17.8 56.3 Clay 32 2.2
- 60-100 1.3 20.6 17.1 61.0 Clay 32 2.1
] 100- 0.5 17.6 19.7 522 Clay 1.6 2.1
B 150
-E 4 0-25 0.8 15.09 14.7 63.6 Clay 35 2.4
= 25-65 29 15.2 204 61.5 Clay 39 24
2 65-100 2.8 16.20 21.4 59.6 Clay 1.8 2.1
% 100- 23 17.00 21.8 58.9 Clay 32 22
150
5 0-20 12.7 15.6 11.7 60.0 Clay 39 2.7
20-60 134 15.3 5.7 65.6 Clay ZiS 2.6
60-100 32 42 5.8 86.8 Clay 0. 2.9
100- 3.0 34 6.4 87.2 Clay 1.2 28
150
6 0-25 1.4 9.8 18.6 70.2 Clay 35 2.9
25-70 1.4 8.7 16.7 73.2 Clay 2.5 2.6
70-120 1.4 7.0 15.5 76.1 Clay 1.8 2.6
7 0-25 1.4 37.3 28.3 33.0 Clay loam 2.5 24
25-75 59 36.0 14.7 434 Clay 23 25
75-150 1.9 23.4 13.1 61.6 Clay 35 2.6
8 0-25 13 18.0 11.4 63.3 Clay 223 21
25-55 15.0 17.7 1.7 55.6 Clay 34.7 0.5
55-85 20,0 16.6 11.5 518 Clay 36.6 0.4
" 85-110 9.8 36 11.0 47.6 Clay 20.2 0.4
-5 9 0-25 5.8 223 27.9 44.0 Clay 3.9 2.2
g-* 25-50 5.0 22.8 293 42.9 Clay 2l 2.1
2 50-100 1.9 14.6 24.7 58.8 Clay 1.6 1.9
E 100- 1.6 16.0 26.5 55.9 Clay 0.9 1.9
E 150
-5 10 0-25 0.9 12.0 19.7 67.4 Clay 1.8 2.4
E 25-75 0.8 12.8 20.3 66.1 Clay 0.5 2.2
75-150 0.5 13.9 10.9 74.7 Clay 0.5 2.2
11 0-25 2.2 22.9 242 50.7 Clay 09 1.6
25-65 1.8 9.0 17.0 72.2 Clay 2.3 1.0
65-150 2.6 19.9 17.8 59.7 Clay 7.1 0.8




J. Biol. Chem. Environ. Sci., 2010, 5 (2), 1-15 7

Iron fractions

Table (3) illustrates the obtained results of the representative soil
profiles from the Nile alluvial and fluvio marine plains under
investigation. Table (3) reveals that exchangeable Fe ranged from 3.3
to 24.9 pg g, and from 1.3 to 22.1 pg g in the alluvial and fluvio
marine plains, respectively. Generally, the highest values of the
Exch.Fe in the studied soils characterized the upper most surface
layers, while the lowest values are detected in the deepest layers.

With regard to the iron bounded to organic matter sites in the
alluvial soils ranged from 1.15 to 17.8 pug g'. The highest value was
in the surface layer of profile5, whereas the lowest value was in the
deepest layer of profile 6. In the fluvio marine soils, data show that Fe
bound by organic matter ranged from 0.2 to 12.3 pg g"'. The highest
value is detected in the top layer of profile 10, while the lowest value
is found in the deepest layer of profile 8. The small amount of
Exch.Fe and Fe bound by organic matter in the studied soils may be
due to the strong bound to specific sites on the surface of clay, CaCOs3
and organic matter constituents. These results agree well with those by
Aboulrose et al. (1990). Also, the values of Ech-Fe fraction are higher
than those in organic matter fraction for all the studied soils. These
results are similar to those obtained by Abd-El-Rahman (1995) and
Abdel-Aziz et al (2009).

Table (3) reveals that the distribution and levels of iron in
manganese oxide, Fe in amorphous and crystalline iron oxides in the
Nile alluvial soils ranged from 75 to 480 pg g™, 1900 to 7700 pg g’
and 10300 to 16900 pg g™, respectively.

With regard to the fluvio marine soils, data in Table (3) show
that the Fe in manganese oxide, Fe in amorphous and crystalline iron
oxides varied between 270 and 480 ug g , 1251 and 3685 pg g’ and
11320 and 16560 pg g, respectively.

It is clear that occluded iron was presented in very high amounts
in the alluvial soils comparison to the fluvio marine soils. This may be
due to that the alluvial soils have reached in iron and aluminum oxide.
Almost results were obtained by El-Sayed (1988). Also, the value of
iron in occluded three fractions follow the following arrangement.

Fe in crystalline iron oxides> Fe in amorphous > Fe in
manganese oxides.



8 FRACTIONATION AND DISTRIBUTION OF SOIL IRON

Data in Table (3) reveal that the distribution and levels of Fe in
sand, silt and clay fraction very widely from 230 to 6570 pg g , 1388
to 9420 ug g and 28300 to 45230 pg g , respectively in the alluvial
soils, whereas in the fluvio marine soils, the values of the clay fraction
ranged from 26590 to 40650 pg g, from 2160 to 84640 pg g in the
silt fraction and from 1000 to 3430 pug g in the sand fraction. In
general, in the alluvial and fluvio marine soils, the highest values of
Fe were found in the clay soils, while the lowest values were found in
the sand fraction. These results agree well with those by Rabie et al.

(19996).

Table (3): Iron contents (ug/g soil) of eight fractions for the
studied soil profiles

Phiso- | Profile | Depth fixch, | O.M| Mn-| Amo.| Crystalling Sand| Silt| clay
graphic No. (em) s i 4 :
o oxides Oxideg iron oxides

1 0-20 5 3.3 480 2855 13600 2727 6080 | 37300

20-55 39 28 420 2630 13410 2340 | 7620 | 35410

55-100 36 23 410 2850 13100 1410 7450 | 33110

100-150 3.6 2.2 380 2910 12210 1313 7157 | 37310

2 0-20 224 1.5 407 2530 15600 2170 3410 | 35400

20-50 8.3 4.6 303 2640 14340 230 2980 | 35310

50-95 3.3 2.4 320 2310 12115 2000 2685 | 33204

95-150 4.5 21 300 2115 10300 1950 | 2470 | 32410

3 0-20 10.3 34 230 2550 15110 2307 | 2330 | 31340

- 20-60 5.6 3:1 210 2160 13315 2115 2190 | 35610
= 60-100 4.6 23 205 2160 12340 1200 1388 | 3720
E 100-150 33 2.6 190 2115 11680 1080 2115 | 37310
E 4 0-25 15.5 1.5 113.0 2800 16900 4320 6450 | 35500
= 25-65 6.2 2.15 118.0 2800 16900 3515 5420 | 34817
: 65-100 5.4 1.45 77.2 2100 15500 2306 1681 32430
E 100-150 4.8 1.31 75.0 1900 13600 1466 1850 | 32230
5 0-20 24.8 17.8 211.0 7700 13800 3300 3500 | 38600

20-60 8.5 3.35 190.0 5800 12900 2650 6750 | 38450

60-100 T 3.15 177.0 5200 12500 1200 5800 | 45230

100-150 6.2 2.13 167.0 4350 12300 1250 7850 | 45100

6 0-25 15.8 3.70 463.3 4356 16870 6570 | 9420 | 40200

25-70 5.9 225 2440 3915 15950 5100 9350 | 41600

70-120 3 1.15 230.0 3370 14280 3357 | 8770 | 42300

7 0-25 223 53 357 2250 13266 3350 | 4360 | 28300

25-75 10.7 25 240 2810 12100 2230 3800 | 28800

75-150 6.3 22 330 3150 11215 1140 | 3100 | 38107

8 0-25 6.3 21 480 3080 8250 1130 | 3630 | 40650

25-55 22 1.0 290 2670 7330 1050 3150 | 36960

55-85 1.5 1.0 280 2410 5360 1010 3150 | 33450

2 85-110 1.3 0.2 270 2315 4940 1000 2260 | 32655
= 9 0-25 T 3:1 450 2680 13415 3250 5420 | 28415
5 25-50 6.3 24 425 2110 13680 2330 4360 | 26860
E 50-100 5.4 2.2 420 1251 12410 1640 3415 | 29680
g 100150 | 52 | 13 | 410 | 1630 11320 1460 | 160 | 26590
) 10 0-25 221 12.3 340 3650 16560 3430 8640 | 37600
5 25-75 15.1 38 320 3638 14460 2640 | 8430 | 37410
= 75-150 7.6 3.2 315 3510 12620 1030 7932 | 38315
11 0-25 21.1 8.2 440 3685 13530 2192 8424 | 32310

25-65 13.3 6.2 410 2830 12510 2170 | 7580 | 38670

65-150 10.1 2.5 380 2100 12270 2110 6850 | 38360
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Relationship between some soil variables Fe fractions:

To evaluate the role of soil variables in affecting Fe fraction in
the soils representing the studied soils, correlation were computed and
recorded in Table (4). The data in Table (4) reveal that the amounts of
Fe-oxides were negatively and highly significant correlated with
coarse sand (r=0.782*%*), silt (r=-0.608**) and CaCO; content (r=-
0.465**) and negatively significant correlated with pH (r=-0.381%).

The amounts of Fe-amor. Were negatively and highly significant
correlated with coarse sand (r=-0.3542**) and CaCO; content (r=-
0.522**), while it was positively highly significant correlated with silt
content (r=0.587*%).

Also, the amount of Fe-crystalline were positively highly
significant correlated with silt content (r=0.499**) and negatively
significant correlated with clay content (r=-0.322%).

The amounts of Fe in the sand fraction were positively
significant correlated with silt content (r=0.369*) and negatively
correlated with CaCOj; (r=-0.396%*), while the amounts of Fe in the silt
fraction were positively significant correlated with fine sand content
(r=0.382%)

With regard to the amounts of Fe in the clay fraction, data in
Table (4) show that the amounts of Fe in the clay fraction were
positively significant correlated with fine sand (r=0.496**), and OM
content (r=0.344*) and negatively significant correlated with clay
content (r=-0.393*), CaCOs content (r=-0.386*) and pH (r=-0.466*%*).

These results agree with obtained by El-Sayed (1988) and Abd
El-Aziz et al. (2009).

Table (4): Correlation coefficients (r) between some soil
constituents and Fe fractions in the studied soil profiles.

Soil Exch. O.M | Mn-oxides Amo. Crystalline | Sand Silt clay
variables Oxides iron oxides

Coarse sand % 0.080 | -0.171| -0.782%* | -0.542%* -0.257 -0.211 076 -0.273
Fine sand% 0.030 0.003 -0.174 -0.017 0.253 0.297 0.382% 0.496%*
Silt % 0.010 | 0.143 | -0.608%* 0.587** 0.400%* 0.369*% | 0.009 0.299
Clay% -0.050 | -0.005 0.186 -0.044 -0.322* -0.304 -0.297 -.353*
CaC0; % -0.220 | -0.185 -0.465%* -0.552%* -0.227 -0.396 | -0.240 -0.386*%
OM % -0.083 | -0.025 0.074 0.181 -0.021 0.218 | 0.206 0.344*%
pH 0126 | -0.303 -0.381* -0.295 -0.199 -0.402 -0.003 -0.460%*
ECe 0.092 | 0.031 0.212 0.028 -0.185 -0.006 | -.166 0.08




10 FRACTIONATION AND DISTRIBUTION OF SOIL IRON

Manganese fraction

Data presented in Table (5) reveal that the values of Exch-Mn
and Mn bound by organic matter in the alluvial soils are ranging from
0.5to0 7.5 pg g and 0.1 to 1.3 pg g, respectively. In the fluvio
marine soils, the content of Exch-Mn and Mn-bound by organic
matter ranged between 0.6 and 5.4 pg g' and 0.1 to 2.4 pg g,
respectively. The highest values characterized the surface, layer of
profile.11, while the lowest value is detected in the deepest layers of
profile 8. Generally all the studied soil samples contain Mn organic
matter relatively low in comparison Exch-Mn. Here, it is worth
mention that the obtained data are in close agreement with those of
Rashed et al (1995) and El-Toukhy et al. (2008).

With regard to the distribution of Mn element in Mn-oxides,
Mn-amorphous and Mn-crystalline iron oxides in the Nile alluvial
soils varied widely from 66.8 to 290.3 pg g”, 71.0 to 212.6 ng g and
from 28.4 to 162.1 pg g™, respectively. In the fluvio marine soils, the
distribution and levels of Mn-element ranged from 110.2 —280.4 ng g
' 357 -160.8 ug g and 28.6 — 118.8 pg g in Mn-oxides, Mn-
amorphous and Mn-crystalline, respectively. Generally, the values of
Mn-oxides fraction are higher than those Mn in amorphous iron
oxides and Mn-crystalline iron oxides fraction in all the studied soil
profiles. Also, Mn fractions in the studied soils can be arranged in the
order

Mn-oxides > Mn-amorphous iron oxides> Mn-crystalline iron oxides.

With respect to the distribution and levels of manganese in the
soil fraction (sand, silt and clay). Data in Table (5) reveal that Mn
values in the sand, silt and clay fractions in the Nile alluvial soils
varied from 12.2 to 91.8 pg g™, 14.1 to 192.3 pg g and 13.1 to 77.5
ug g, respectively. The highest values are detected in the surface
layer of profile 7, while the lowest values are associated with the
deepest layers of profile 5.

In the fluvio marine soils, data in Table (5) show that the values
of Mn ranged from 6.7 t0 91.7 pg g" ,22.6t0 119.1 pg g and 10.4
to 45.3 pg g in the sand, silt and clay fractions, respectively.

It is clear that, Mn values in the silt fraction are relatively higher
than those in the sand and clay fractions in most of the studied soil
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profiles. The Mn fraction in the Nile alluvial and fluvio marine soils
can be arranged in the order
Silt >sand > clay

Table (5): Manganese contents (ng/g soil) of eight fractions for the
studied soil profiles

Phiso- [ :

. | Profile | Depth | Mn- | Amo. | Crystalline ; . o
gr:::il:lc No. (cm) |E“h' o oxides| Oxides| iron oxides ]| SN | ey
1 0-20 1.3 0.1 260.1 | 2003 162.1 S15 | 604 | 56.2

20-55 0.5 0.3 267.8 210.1 153.1 41.3 55.6 46.9

55-100 0.5 0.2 280.7 212.6 138.2 28.3 45.2 35.2

100-150 1.1 0.2 290.3 199.6 115.1 18.6 353 283

2 0-20 L7 | 13 120.3 88.5 719.4 51.8 1604 | 455

20-50 L5 L1 115.6 81.3 73.8 61.5 | 1455 | 26.1

50-95 1.6 0.2 103.7 95.6 64.8 66.8 116.0 | 16.5

95-150 1.5 0.1 66.8 71.0 62.8 55.0 119.0 14.7

3 0-20 10 | 02 267.1 135.0 162.0 41.1 1522 | 6618

= 20-60 1.3 0.3 198.5 130.6 148.0 318 160.8 | 51.2
] 60-100 3 0.3 226.8 128.6 99.5 61.3 | 1923 | 453
= 100-150 1.6 0.1 1906 | 1112 95.9 60. | 1168 | 27.8
E 4 0-25 14 1.1 220.3 135.0 62.1 51.8 70.4 36.3
= 25-65 1.6 0.3 198.6 113.2 56.3 62.5 60.3 25.7
E 65-100 1.0 0.1 2268 129.5 335 50.3 60.1 16.3
; 100-150 | 16 0.3 142.3 111.2 28.4 44.6 50.7 15:1
' 5 0-20 1.6 0.3 186.2 151.8 62.3 18.8 40.3 511
20-60 1.0 0.2 180.3 143.2 56.4 14.3 34.5 41.1

60-100 1.3 1.2 190.6 128.3 46.3 12.2 243 36.2

100-150 1.2 0.4 2400 110.3 30.5 22.6 14.1 35.1

6 0-25 2.0 0.3 2553 128.5 59.6 60.7 80.5 36.7

25-70 1.0 0.4 270.0 117.7 454 523 60.4 252

70-120 1.8 0.3 260.7 110.1 333 414 50.3 13.1

T 0-25 2.0 1.3 226.8 130.0 69.8 91.8 115371 715

25-75 2.1 0.6 190.6 1332 597 71.3 101.7 | 753

75-150 1.4 0.1 180.2 135.2 453 63.2 | 923 | 318

8 0-25 I3 0.5 171.3 81.5 483 41.1 50.1 13.8

25-55 1.2 0.3 130.6 71.6 385 16.7 322 16.7

55-85 0.6 0.1 120.3 51.3 36.1 18.8 29.5 14.8

8 85-110 0.9 0.1 110.2 35.7 28.6 6.7 226 | 104
E 9 0-25 1.8 0.8 2803 140.6 99.8 356 70.1 413
: 25-50 1.5 0.1 270.6 160.8 79.6 60.7 60.3 45.0
E 50-100 2.1 1.1 260.3 1513 69.1 63.2 55.8 33.8
g 100-150 25 12 265.6 129.3 68.6 26.8 55.0 36.4
= 10 0-25 26 1.3 2804 | 1531 114.6 6.3 | 703 | 36.7
'§ 25.75 23 0.6 290.4 140.3 118.8 414 60.2 31.9
= 75-150 2.5 0.3 2984 135.6 11.4 41.1 51.3 26.8
11 0-25 24 2.4 270.4 123.7 116.3 91. 1168 | 453

25-65 3.2 1.2 275.6 121.6 103.1 713 119.1 36.8

65-150 3:5 2.1 256.4 129.4 101.2 62.4 92.2 284

Relationship between some soil properties and Mn fractions

Concerning the relationship between Mn fractions in the studied
soil profile and some soil properties, it is clear from Table (6) that
Exch-Mn was positively significant correlated with OM content
(r=0.324*) and negatively highly significant correlated with pH (r=-
0.444*). Also, a negatively highly significant correlated was found
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between Mn-oxides and clay content (r=-0.367*) and pH (r=-0.527**)
and positively significant with silt content (r=0.354%*).

Regarding the Mn-amorphous oxides, data in Table (6) revel that
these was a negatively highly significant correlated between Mn-
amorphous and fine sand (r=-0.386%*), silt content (r = -0.406**) and
positively significant correlated with clay content (r =0.471**) and
OM content (r =0.363*).

A negatively high significant correlated is found between Mn-
crystalline and coarse sand (r = -0.414**) and CaCOj; (r = -0.735%%*)
and positively highly significant correlated with OM content (r=
0.659%*%).

The amounts of Mn fraction were negatively highly significant
correlated with coarse sand (r = -0.395*) and fine sand content (r = -
0.458**) and positively highly significant correlated with clay content
(r=0.451%%).

Table (6): Correlation coefficients (r) between some soil
constituents and Mn fractions in the studied soil profiles.

Soil Exch. OM | Mn-oxidess Amo. | Crystalline| Sand Silt clay
variables Oxides | iron oxides

Coarse sand % -0.068 0.033 0.014 0.061 | -0414** | 0259 ; -0.395% -0.119
Fine sand% 0.09 | -0.064] 0248 -0.386* 0.243 0052 | 0.468%* | -0.678**
Silt % 0014 | 0049 0354% | -0.406** 0.278 0.177 0.120 0.546**
Clay% 0.043 | 0037 | -0367F | 0471%* 0.205 0.166 | 0451* | 0.846%
CaCO; % 03000 | 0234 0.050 -0.0122 ~0735% <0290 -0.269 0.015
OM % 0.324% | 0267 -0.188 0.363* 0.659** 0.310 0.081 0.206
pH 0.444% | 0297 0.527%* 0.117 -0.028 0.286 | -0.150 (1.483%*
ECe 0.193 | 0.081 | 0.070 0.126 0032 | 0016| 0280 0.106

* = Significant at 5%]level (=0.312)
** = Hghly significant at 1% level (r = 0.403)

Data in table (6) indicate that highly significant correlated with
fine sand (r = -0.678**) and silt content (r= -0.546**) and positively
highly significant correlated with clay content (r= 0.846**) and pH (r
=0.483**). These results agree well with those obtained by El-Toukhy
et al.(2008).
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