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Abstract

The present work aims to study the sorption of sulphate anion by
alkaline soils, using wetting and drying technique at different soil moisture
content. Soil samples were taken from two profiles representing the alluvial
soils of the Nile Delta region, at Baltim (Kafr El-Sheikh governorate) and
at Shibin El-Kom (El-Minufiya governorate). Two sets of soil samples were
mixed with NaS04, K804, FeS8O4 and CuSO4 at three sulphate
concentrations 7.8, 15.6 and 31.2 m.mol SO42' / Kg soil. The first set was
wetted with distilled water to saturation, and the second was wetted to field
capacity. After one and seven wetting and drying cycles, water soluble SO4*
was measured. The amount of adsorbed SO4 was calculated by the
difference between added SO,* concentration and water soluble SO4* . The
obtained data showed that SO4> sorption was greatly dependent upon the
associated cation. No sulphate sorption had been occurred when Na,SO,
was added to the soil samples. Moreover desorption and solubilization
processes had taken glacc and produced a negative value of SO4* recovery
percent. While, SO4~ sorption process has been occurred with the other
sulphate salts. The amount of SO~ sorption increased with increasing the
concentration of the added sulphate salts and followed the order CuSO4 <
FeSQO4 < K804, with clay loam soil (Shibin El-Kom), and the K;S80, <
FeS0O4 < CuSOy4 with sandy loam soil (Baltim). Sandy loam soils have lower
capacity to sorb SO, than the clay loam soils. Application of sulphate salts
to the tested soils slightly decreased soil pH of the clay loam soils, except in
case of Na;SQOy, and increased soil pH of sandy loam soils with sodium and
potassium sulphate and slightly decreased with iron and copper sulphate.

It is clear that, SO4> sorption increased with increasing number of
wetting and drying cycles and vise versa with the recovery percent of SO,
indicating that SO4 " retention is a continuous process. And that SO42'
sorption process occurred at high proportion at field capacity than that at
saturation. The obtained data showed also that, applications of sulphate salts
tended to increase the EC values and both soluble calcium and magnesium.
A computer program was used to calculate the percent of active SO4> and
ion complexes of soil solution for the added sulphate salts. Generally, the
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caleulated values of active SO percentage had decreased with increasin
levels of sulphate salts and those of Na;SOy4 had the highest active SO~
percent as compared with the other sulphate salts. The computed neutral
sulphate complexes such as CaSO,4 aq and MgS8O4 aq varied, depending on
added sulphat salts. These neutral sulphate complexes reduced the electric
conductivity by nearly their relative formation percent.

Key words: Sulphate sorption- SO4-extractants- alluvial soils— Nile delta—
wetting and drying cycles.

Introduction

Very little efforts have been made on sulphate sorption by alkaline
soils. Bornemisza and Lianos (1967) mentioned that amount of sulphate
adsorbed by soil varied from a few parts per million to tens of m.mol/100 g.
The amount of SO sorbed was not constant but depended upon
concentration of sulphate in solution (Couta et al., 1979). Actually
adsorption of sulphate differes fundamently from that of phosphate (March
et al,, 1987). Randlett et al., (1992) found that adsorption and microbial
immobilization were not significantly different among sampling dates, they
concluded that sulfur retention in forested ecosystems should be viewed as a
combination of geochemical and microbially mediated processes.

Harward and Reisenauer (1966) stated that the capacity for sulphate
adsorption by soil varied widely with soil properties, and increased with
decreasing pH in the range 6.5 - 4. Curtin and Syers (1990 a) suggested that
the mechamsm of SO42' adsorption was by penetration of SO42' into the Stern
layer thereby inducing positive charges by OH' release. Comfort et al. (1991)
showed that SO4* sorption capacity increased up to 320% when dried soils
were compared with field-moist ones. Agbenin (1997) concluded, from his
study on sulfate retention by kaolinitic Alfisols from Nigerian Savanna, that
the capacity of soils to adsorb SO4* was fundamental to SO, leaching and
availability. He suggested that the forces of SO,* retention in the soils were
more than Coulombic and might involve inner-sphere complexation. The
amount of sulphate-S increased with increasing clay content this was largely
dependent on the types of clay minerals (Neller, 1959).

The objectives of this study were: (1} To estimate the soption of
sulphate anions by some alkaline alluvial Egyptian soils received different
sulphate salts, (2) To study the effect of the associated cations on sorption

process, (3) To explain the possible mechanism of sulphate sorption in
alkaline condition. '
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Materals and Methods

Soil samples were collected from two profiles of alluvial soils of the
Nile Delta at Baltim (Kafr EL-Sheikh Governorate), sandy loam soils, and
at Shibin El-Kom (El-Minufiya Governorate), clay loam soils. The physical
and chemical properties of the two studied soils are presented in Tables (1
and 2). Mechanical analysis was carried out using the pipette method, water
saturation percentage and field capacity were determined according to. Total
carbonates (calculated as calcium carbonate%) were measured
volumetrically using the calibrated Collin’s calcimeter method (Page et al.,
1982). Organic matter content was determined by the modified Walked and
Black method (Jackson, 1967). Soil pH was measured in 1 : 2.5 soil : water
suspension using an orion digital pH meter. Electrical conductivity (EC) and
the concentrations of different soluble anions and cattons were dertermined
in soil past extracts according to Jackson (1967). Sulfate ions were
determined by the turbidimetric method after precipitation of SO with Ba
tons, and the suspension turbidity was measured using spectrophotometer at
wavelength of 420 my (Bardslay and Lanacaster, 1965).

Table {1): Some soil characteristics of studied soils.

Location  Depth EC pH OM CaCO, Particle size
Cm dS/m % % distribution Texture
Sand Silt Clay%
% Yo
Shibin 0-30 349 8.0 103 2.80 39.7Y 3174 28.55 Clay loam
El-Kom  30-60 231 78 (.98 260 3401 3299 2400 -Loam
60-90 225 77 090 220 3737 3158 31.05 Clay loam
90-120 3.12 1.7 110 220 4275 3544 21.8% L.oam

Baltim 0-30 650 8.1 0.69 4,20 77.82 508 17.10 Sandy loam
30-60 600 82 (.82 340 77.26  5.05 17.69 Sandy loam
60-90 700 81 093 440 7162 774 2064  Sandy clay loam
90-120 4.50 8.2 0.82 4.40 8173  2.61 15.66 Sandy loam

Puplicate 100 g soil samples were thoroughly mixed with solution of
sodium sulphate, potassium sulphate, ferrous sulphate, and copper sulphate,
at three sulphate concentrations (7.8, 15.6, and 31.2 m.mol $O,% / kg soil).
Soil samples were wetted with distilled water to saturation (the saturation
percent were 29.32 % and 74.55 % for sandy loam and clay loam soils,
respectively) and then dried. The process repeated at room temperature for 1
and 7 cycles. Similar set of treatments were performed for the soil samples
wetted to field capacity. Measurements of soil pH, EC, water soluble Ca,
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Mg and SO,”, were cattied out on the clear solution which obtained by
shaking for 0.5 hour at 1 : 5 soil : water ratio. Amounts of adsorped sulphate
were calculated by the difference between the concentration of added SO,
and water soluble SO, at equilibrium (0.5 hour of shaking}.

Table (2): Soluble cations and anions, SAR and total N in the studied

soils.
Soluble cations (Meqg/L) Soluble anions (Meq/L)
) _ Total
Location Depth Ca” Mg~  Na' K" HCO;” SO, SAR N
Cm %

Shibin 0-30 699 374 1494 748 19.59 1.93 647 0.109
El-Kom 30-60 537 299 15.35 049 16.35 368 751 04073
60-90 487 387 1460 049 1572 367 698 0.068
90-120 537 399 15.97 7.24 1522 948 738 0.063

Baltim 0-30 1720 420 48.12 215 42,00 2359 1471 0.060
30-60 1590 568 ° 4194 200 4000 2302 1277 0.060
60-90 1295 5.06 55.78 1.48  46.00 2456 18.58 0.085
90-120 1l.60 2,89 30.30 108 2800 1666 1126 0.058

Results and discussion
1- SO, sorption after one wetting and drying cycle:
A, At saturation percentage :

Apphcatlon of sodium sulphate had a umque influence on sulphate
sorption, since the data show a negative SO sorption values at all applied
sulphate levels (Table 3). Negative value means that, the soil releases more
sulphate anions than the initial applied levels. These findings exhibited
similar trend with the two soils. It is apparent that native as well as
occluded sulphate anions were solubilized or removed from various soil
components. Such effect may be related to the associated sodium cations
that created a dispeared particles medium and exposed new surfaces
containing further sulphate anions, accordingly negative sorption values
were obtained. In this concern, Curtin and Syers (1990 b) stated that no soil
with a pH value over approxzmately 6 adsorbed significant amounts of
SO.”.

Unlike the influence of sodium sulphate on SO4* sorption, the other
applied sulphate salts were subjected to soxptlon process and the soil
showed varied afﬁmty to retain SO4”. The Data in Tables (4, 5 and 6)
showed that SO, sorption mcreased with increasing increments of sulphate
salts. For instance, values of SO4° sorption were 1.84, 6.59 and 15.24
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m.mol / kg at 7.8, 15.6 and 31.2 m.mol / kg levels of copper sulphate,
respectively, with clay loam soil (Shibin El-Kom). The corresponding
values with sandy loam soil (Baltim) were 1.26, 5.48 and 17.65 m.mol / kg.
Both iron and 2potassium sulphates exhibited similar trend, with varied
amount of SO4~ sorption resulting from varied nature of the associated
cation.

A graph constructed between concentratlon of SO4 in the final soil
solution and the amount of sorbed SO4” is called sorption isotherm. As a
matter of simplicity, one representing isotherm is depicted for each soil
(Figs. 1 and 2). Shape of the curves of the different cationic composition are
similar in their type but varied in their posmon reflecting the impact of the
associated cation. The amount of SO sorption at 7.8 m.mol SO,/ kg
level had the following descending order CuSO4 < FeSO4 < K;804 for clay
loam soils. The corresponding order for sandy loam soils was FeSQ, <
CuSQ; < K;S04. The shape of the curve as well as the trend had been
changed above 7.8 m.mol / kg level and become similar for the two soils
and had the following sorption order CuSO4> FeSO4 > K»804. Sandy loam
soils of Baltim have lower capacity to sorb SO,4* than that clay loam soils
of Shibin El-Kom.

Sposito (1989) had proposed four categories of sorption isotherms.
Accordingly, type of obtained shapes in the present study is S-curve
isotherm, which is characterized by an initially small slope that increases
with adsorptive concentration, At the end of shaking time, part of SO
applied to the soil remains on water soluble form. Determination of this part
and related it to the total applied SO4* gave the recovery percent (all
concentrations in m mol/Kg) as follows:

SO4 Recovery Percent = Final 8O4 con. — Conc. of SO, in control x 100
Added SO4

No recovery percent corresponding to sodium sulphate treatment
was recorded with the two soils. This may be attributed to the solubilizing
effect of Na;SQ4 and to easily exchangeable character of SO,* anions. In
this concern, Sposito (1989) referred that the C17, NO5y", SO4%, HCO; and
CO,% anions are adsorbed mainly as diffuse ion swarm and outer sphere
complex species. Negative adsorption is produced by electrostatic repulsion
of the ion away from a surface of like charge sign. The values of recovery
percent were high in magnitude with Baltim sotl. (Table, 4). Such resuit
may be attributed in part, to the salinity character of Baltim soil.
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Table (3): Soil solution composition after one wetting and drying cycle for Shibin
El-Kom and Baltim soils treated with sodium sulphate salt.

Site Added pH EC Ca Mg Final-80,  Sorbed 50,  Recovery
SO, dS/m mmolL mmolL mMmolL mmolke %
m.molkg -
At saturation percentage
0.0 785 035 2.32 1.44 0.56 - -
Shibin 78 780 092  3.56 1.84 1.94 0.91
El-Kom 15.6 785 149 5.10 1.92 6.4] -13.64
312 790 249 8.54 4.06 11.47 -23.36
00 795 086  3.82 2.20 1.88 - -
Baltim 7.8 825 155 .. 520 2.38 490 -7.29
156 2840 2.13 522 2.38 3.20 -15.98
31.2 8.45 3.36 7.24 2.56 14.38 -31.29
. At ficld capacity
0.0 770 0.38 2.66 0.82 0.66 - -
Shibin 78 770 096 4.98 2.14 3.12 -4.49
El-Kom 15.6 775 1.50 5.36 2.10 5.31 -7.65
nz 785 251 890 4.96 11.58 -23.42
0.0 790 030 4.70 2.80 1.80 - -
. 7.8 8.10 1.6l 4.86 2.28 4.38 -5.11
Balim |56 855 219 600 2.72 875 -19.14
31.2 860 3.33 6.44 2.44 15.99 -39.79

Table (4) : Soil solution composition after one wetting and drying cycle for Shibin El-Kom and
Baitim soils treated with potassium sulphate salt.

Sit Added 50 pH EC Ca Mg Final-SO , Sorbed SO ,  Recover
fte m.mol / kg ds/m  mmell. mmell  mmolL m.nol/kg %
At saturation percentage
0.0 785 035 232 144 0.56 - -
Shibin EFKom 78 775 0.55 278 1.20 1.38 373 52.18
15.6 165 0.33 592 235 296 31.59 76.99
312 7.60 1.21 984 510 - 429 12.56 5974
0.0 7.95 0.86 38 229 1.88 - -
Baltim 7.8 8.05 129 T 472 320 305 1.97 7474
15.6 820 1.59 528 3.96 452 242 86.71
312 835 205 6.98 EAL] 739 169 8317
At ficld eapacity
0.0 770 0.3% 266 - 082 0.66 - -
Shibin El-Kom 78 775 0.60 372 208 1.17 527 324
15.6 765 082 6.50 122 212 8.52 46.67
312 765 1.29 932 340 121 20.64 33.33
00 1.90 0.9 4.70 2.80 1.30 - -
Baltimn 78 3.00 125 5.00 368 265 354 54,62

156 8.05 1.61 498 436 199 4.36 7032
32 825 1.90 582 506 717 4.34 86.0%
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Table (5) : Soil salution composition after one wetting and drying cyde for Shilin E3-Kom and Baltim: sails

SO, @M B CG M FmelS0 SrbedSO  Recovery

Site mumt/ kg dSm mmollmmoll mmoll 4 mmolkg 4 %
At saturation perunag

00 7.85 035 232 14 0.56 - -
Shibin E-Kom 18 7.55 061 30 1 1.41 3.57 54.23
156 755 075 702 26 27 4.86 68.85
312 7.40 L12 1242 514 419 13.08 58.08

- 00 795 0.8 382 22 138 - -
Baltim 78 800 L1 424 564 347 0.00 0.00
156 7.85 1.30 498 936 403 486 68.85
312 765 1.56 13.80 832 5.69 1215 61.06

At field capncity

0.0 7.0 038 266 o082 466 - -
Shibin E-Kom 78 7.60 0.61 40 071 1.60 31t .13
156 745 0.82 730 334 234 7.19 53.91
12 735 i.31 1438 552 502 9.40 9%.32

0.0 790 090 470 230 1.80 - -
Baltim 78 785 1.20 478 496 34 1.62 7923
156 275 1.52 264 o070 353 6.95 5545
312 765 1.68 1450 1054 522 1409 54.84

Table (6) : Soil composition after one wetting and drying cycle for Shebin F-Kom and Baltim soils treated with

copper sulphiate salt.
AddSC , K G M FESC  SabedSC Pm:wy
Site mrol /g d%r mmoll mrdl  moeolld medbe 4 %
" : :

00 785 035 232 144 0.56 - ‘ -
Shibin B-Koxn 78 76 057 342 200 175 1.84 .41
156 750 0% 7.10 306 236 659 5176
312 74 1M 1096 i 15 1524 5115

00 795 0% iR 2% 188 . .

Beltim 78 % 135 520 43 3.19 126 821
156 6 12 5.88 616 391 548 . &N
32 755 135 1690 8 4% 1765 327

At fiekd capacity

0 70 038 260 0. 066 . .

Shibin B-Kom 78 5 06 420 19 158 27 6526
156 75 0® 698 3% 19 1.95 8750

312 735 12 13.56 49 475 0718 - &6l

: 090 785 QW 470 280 180 . -
Baitim 78 795 107 514 448 294 24 795
©156 75 12 an 62% 391 506 6156

312 18 165 1650 678 6N 557 215
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Fig. (1) : Sulfate sorption by Baltim soil treated with

sulfate salts at A : saturation percentage and at B :

field capacity after one wetting and drying cycle.
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Fig. (2) : Sulfate sorption by Shibin El-Kom soil treated
sulfate salts at A : saturation percentage and at B : field
capacity after seven wetting and drying cycles.
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With both soils, sulphate sorption was occurred in the range of
alkaline medium. Application of sulphate salts to both soils had slight
influence on soil pH reflecting the ionic character of the associated cation.
pH values of clay loam soil decreased slightly, except in the case of Na;SOq4
{Tables, 3, 4, 5 and 6). Application of 31.2 m.umol / kg of sodium,
potassium, iron and copper sulphates to Shibin El-Kom soil had changed
soil pH from 7.85 (when no sulphate salts were added) to 7.9, 7.6, 7.4 and
7.45 after sulphate addition, at saturation percentage condition,
- respectively. On the other hand, the same treatment with sandy loam soil,
had increased soil pH from 7.95 (when no sulphate was added) to 8.45, 8.35
with sodium and potassium sulphate and decreased to 7.65 and 7.55 with
iron and copper sulphates, respectively. The effect of applied sulphate
levels on SO4* sorption are the most pronounced effect rather than pH
changes. For instance, the pH of the control for clay loam soils at saturation
percentage was 7.85, then decreased to 7.75, 7.65 and 7.6 at the three levels
of K,80, treatments. On the other hand, SO4> sorption had a progressive
increase with increasing levels of sulphate addition, they were 3.73, 3.59
and 12.58 m.mol/kg, respectively. Similar trend was exhibited with sandy
loam soils under the different salts treatments. In general, alkaline nature of
~ the two soils, impact of the associated cation and negative charge
characterstics of soil particles played an important role in determining
capacity of the soils to sorp sulphate anions. Further pH changes caused by
application of different sulphate salts had little effect on SO, sorption by the
tested soils. Application of sulphate salts tend to increase electrical
conductivity of the two soils (Tables, 3, 4, 5 and 6). Such effect is expected,
since introduced ions into the soil solution by application of sulphate salts
tend to accumulate and caused electrical conductivity to increase. This trend
was observed for all sulphate salts, but higher increase was recorded by
adding sodium sulphate salt.

Single ion activity and speciation (Table 7) were calculated using a
computer program, Minteqa 2 / Prodefa 2 (Allison et al., 1990). The
program used electrical conductivity to calculate ionic strength, Davis
equation is used to calculate activity coefficient and a data base file
containes the most recent and recommended thermodynamic and formation
constants were included. All parameters and activities are computed by the
program in an output file. Notable in the Table (7) is the higher active
sulphate with the treatment of sodium sulphate. Chemical speciation
included also neutral sulphate complex such as CaSO4 aq and MgSQO, aq
ion complexes, which varied depending on the concentration of added
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Table (7): Predicted percent of active SO,> and ion complexes of soil
solution for the four sulphate salts.

Added SO, Shibin El-Kom soil Baltim soil
m.mol’kg  8O,~ CaSO4aq. MgSO4aq. | SOs” CaSO4aq. MgSO, aq.
soil
Na,SO; system
0.0 72.5 17.8 9.7 70.0 19.9 10.9
7.8 72.3 1 19.0 8.7 72.2 19.7 8.1
15.6 74.5 19.1 6.4 76.9 16.4 6.7
31.2 69.2 215 9.3 79.2 5.8 15.0
K>80, system
7.8 71.2 18.7 7.1 68.1 19.9 12.0
15.6 62.9 27.4 9.7 67.8 19.3 12.9
31.2 52.6 31.0 15.0 69.8 21.5 8.7
FeSO, system
7.8 68.7 22.3 9.0 - - -
15.6 58.0 31.5 10.5 556 | 166 27.8
31.2 474 38.5 14.0 60.2 6.2 33.6
CuSQy gystem '
7.8 69.2 20.3 10.5 64.1 20.7 15.2
156 63.8 49 313 61.2 20.1 18.7
31.2 50.7 36.6 12.7 40.6 422 17.2

sulphate salts. These neutral salts may reduce electrical conductivity by
nearly their relative formation percent. This means that, measured EC
values should be above the obtained values by their relative neutral sulphate
complexes percent. In this concern, Sposito (1989) stated that neutral
sulphate complexes reduced the contribution of SO,4* to the ionic strength
and therefore the electrical conductivity by nearly one-fourth. The result
showed that an ion exchange reaction had taken place (Tables, 3, 4, 5 and

6), since values of both calcium and magnesium ions increased as added’ "

sulphate salts increased. Evidently, monovalent cations (Na and K) .
replaced both Ca and Mg in small amounts when compared with the_
divalent associated cations { Fe and Cu). :

b. At field capacity : i
The results of soil solution composition after one wetting and drymg
cycle at field capacity are shown in Tables (3, 4, 5 and 6). The data showed
that at field capacity, similar result were obtained as mentioned before for
sodium sulphate treatments at saturation, since the two soils showed no
SO~ sorption affinity by soils. Morever, Na;SO4 addition enhanced -
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solubilization of native SO42' or desorption of native SO, With potassium
sulphate, a progressive amounts of SO,” sorption were obtained as
compared with saturation condition (Table, 4), SO sorption values were
3.73, 3.59 and 12.56 m.mol / kg when clay loam soils of Shibin El-Kom
treated with 7.8, 15.6 and 31.2 m.mol / kg as K,SQy, respectively. Sandy
loam soils of Baltim exhibited similar trend. In general iron and copper
sulphate treatments showed a higher proportlon of SO sorption for most
of the treatments. Such result means, that SO, sorption process occurs at
high proportion at field capacity than that at saturation. Decreased SO,>
recovery percent which related to high SO4* sorption was notably at field
capacity than that at saturation. This is well observed for K;SO, treatment
and to a limited extent for iron and copper sulphates (Tables 4, 5 and 6).
This may confirm that SO~ sorption had taken place mainly as diffuse ion
swarm and outersphere complex species.

2- Effect of wetting and drying cycles :

Data pertaining to sulphate sorption after seven wetting and drying
cycles are shown in Tables (8, 9, 10 and 11). With sodmm sulphate
treatments the two soils exhibited similar trend for SO4* sorption as for
one cycle i.e. there was no affinity to sorb sulphate by the two soils, since
quantities of SO, sorption have a negative sign. This was ewdent at both
saturation and field capacity conditions. Magnitude values of SO4> sorption
are lower at 7 cycles than that at 1 cycle, suggesting less native SO~
solubilization as well as slight negative sorption.

Regarding to SO4* sorption with K, Fe and Cu sulphates treatments
after 7 wetting and drylng cycles, the results showed that SO4 sorption
increased with increasing number of cycles. For example, SO4* sorption
values of clay loam soils of Shibin El-Kom subjected to 1 cycle were 3.73,
3.59 and 12.56 m.mol / kg at 7.8, 15.6 and 31.2 m.mol / kg of K380,
respectively. The corresponding values after 7 cycles were 5.8, 11.65
and 23.85 m.mol / kg. On the other side, the recovery percent decreased
after 7 cycles of wetting and drying. In addition, part of added sulphate may
be precipitated on the form of CaSOg, resulting in an apparent increase of
S04 sorption and low recovery percentage.

3- Mechanism of SO sorption :

There are many proposed mechanisms to explain SO,” sorption by
acid soils. Very little studies have been done on alkaline soils. March et al.
(1987) referred to the coexistence of positive and negative surface charges
in soils, which do not neutralize each other. This positive charge decreased
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Tahle(m S:ulwﬂtﬁummhma&ermwethmmﬂdmngcvdsfm

Shibin El-Kom 78 78 105 560 240 039 420
156 78 1.60 1R 288 164 -1.55
312 79 263 11.12 234 6.83 274
0.0 86 0% 584 308 0.73 - -
Baltim 78 81 1.53 568 312 263 170
156 82 240 540 316 458 3.65
312 84 340 812 256 9.36 -11.95
At fildd capacity
0.0 79 048 34 168 0.18 - -
Shibin B-Kom 78 78 124 584 414 183 045
156 78 177 732 5.96 171 202
312 79 288 12.43 6.6 7.69 £.35
00 80 0% 540 220 1.01 - -
Badtim 78 82 165 624 324 255 .10
156 83 2019 T 392 648 1175
312 85 375 9.56 280 11.92 2335
Table (9) : Soil soluuﬁl t;?ll after seven m d drying cycles for
O): trali'm potassmm sulp ;{‘ &
Added SO
. pH Mg Final-80 ,  Sorbed 30 , Rmovuy
Site m.mol / kg dSlm m.mnVL mmot.  mmol/L mmul/kg Y
At saturation percentage
0.0 30 040 2.92 1.4 021 . .
Shibin Ei-Kom 78 78 064 4% 192 061 58 2564
15.6 78 0.88 7.04 116 100 1165 2532
312 78 132 11.44 548 168 23.85 7355
0.0 80 0% 584 3.8 073 - .
Baltim 78 B! 1.17 5.68 23 £.96 1.65 78.85
15.6 1 1.53 6.88 376 322 315 79.81
312 83 192 6.56 296 387 155 5032
At field capacity
0.0 18 048 3.4 1.68 018 - .
Shibin E-Kom 78 78 070 516 244 058 580 2561
156 77 1.01 6.60 6.68 126 1020 3462
312 76 152 12.48 07 202 2200 2949
00 80 054 5.40 220 1.01 - -
Baltim 78 82 135 768 . 4% 247 0.50 93.59
156 82 1.56 812 3.84 287 6.30 59.62

312 82 227 10.20 492 5.09 10.80 65.38
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Table (10): Soil solution composition after seven wetting and drying cycles for

. AddedSO 4 pH  EC Ca Mg FinahSO4 Sorbed SO 4 Recovery
Site mmol/ kg dm  mmoli m.mol/L mmotl. mmoike %
At saturation pereentage
90 I 00 06 S0 2669
Shibin El-Kom .8 3 e A% 512 0.94 1195 2339
312 76 110 800 1228 229 20.80 3.3
o & Y ’ 308 0.73 - -
Baltim 73 a.? ?.ﬁ gg‘é 4.60 143 430 4487
15.6 80 1.72 488 7.20 253 6.60 5769
312 7.8 1.56 15.76 7.4 3% 1575 49.52
At field capacity
0.0 79 048 3.4 1.68 0.18 . .
Shibin E}-Kom 7.8 i3 04 6.28 6.28 0.62 5.60 2821
156 77 1.05 9.84 8.80 094 11.80 2436
312 76 149 1872 7.32 17 345 24,34
0.0 80 0N 540 220 110 - -
Baltim 7.8 8.0 L13 8.32 436 1.49 5.40 30.77
156 19 132 1228 5.40 287 6.30 59.62
312 79 165 18.52 6.12 455 13.50 56.73
Table (ls()) ti r n wefting and drying cycles for
teh‘ “ﬁ.“"ﬁ“ﬂlpﬂa‘t salt. i
. pH Mg  FialSO, SorbedSO ,
Site mmo”kg dSIm m.rmUL mmoll.  mmoll  mmolkg %
At saturation percentage
00 80 040 294 1.04 021 - .
Shibin FI-Kom 78 17 066 496 30 055 6.10 2179
156 77 089 7.64 496 031 1260 193
312 16 125 14.56 59 220 2125 31.89
0.0 80 0w 5.84 308 0.73 - -
Baltim 7.8 80 1.06 7.48 392 227 0.10 )
156 20 120 832 612 244 705 45581
312 79 162 17.88 684 336 18.05 42.15
At ficld capacity
0.0 79 048 344 168 0.18 - -
Shibin E-Kom 18 78 077 564 272 0.76 49 3718
156 76 032 728 9.00 112 1090 30.12
312 16 132 14.96 692 205 21.85 2997
_ 00 30 0% 5.40 220 1.0t - .
Baliim 78 80 1.9 1772 216 206 255 6731
156 80 131 11.04 5.88 254 795 4904

312 80 L57 17.80 5.00 432 14.65 5304
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with increasing pH. The possible mechanisms that are working on SO,*
sorption by alkaline soils that may be applied on the present study are :

a). Differences in SO4* sorption between added sulphate salts and finai-
SO4% are greatly related to the distinct behavior of the associated cation. In
the case of added sodium sulphate, no SO, sorption had been occurred.
Obtained negative SO4 sorption may be caused by further soulibization of
native and occluded sulphate. In addition, the observation of negative value
of S04 sorption is compelling evidence for significant diffuse swarm
species of SO4* anion. This condition is produced by electrostatic repulsion
of SO~ away from a like charge sign (Sposito, 1989).

b). The soils sorp SO4” by replacing OH  ion and / or H,O bonded to Al
and Fe ions, but they will not be able to apgroach quite as closely (Rajan,
1979). This may be valid in the case of SO~ sorption by sandy loam soils
of Baltim, when mixed with K;SOy, since the pH increased from 7.95
{control) to 8.05, 8.2 and 8.35 at 7.8, 15.6 and 31.2 m.mol / kg levels,
respectively. This was evident at saturation as well as at field capacity
conditions and at 1 and 7 wetting and drying cycles.

¢). Associated cations (sodium, potassium, iron and copper) replaced both
calcium and magnesium on soil surfaces. The extend of such exchange
reaction was related to the nature of the associated cations, particularly their
valences. Both calcium and magnesium that released to soil solution reacted
with sulphate ions producing CaSO4 and MgSO, precipitates.

d). Organic matter plays a certain role, some of the added SO,” is
immobilized or sorped by the organic matter. The relative magnitude of this
reaction varies with the amount of added SO,*, type of cropping, soil
properties and climatic conditions (Barrow, 1967; and Kang et al., 1981).
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