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ABSTRACT: A soil columns experiment was run to investigate the
prospective efficiency of some amendments (phosphogypsum "PG",
normal gypsum "NG", sulfuric acid "SA" and rice straw '""RS") used
for reclamation of a degraded salt affected clay soil taken from Sahl
El-Tina in the northeast Mediterranean sea coast of Egypt, North-
Sinai, using continuous leaching.

There was a decrease in pH, EC and ESP values for the degraded
soil reclaimed using all amendments. Also, infiltration rate of water
increased due to amendments through enhancement of soil
aggregation. Incorporation of chemical amendments NG and PG
within the whole of soil column was more efficient than application
within the surface 10 cm of the column.

All amendments proved of greater efficiency as compared with
the control. The efficiency of soil amendments used in this study
followed the descending order: PG mixed with the soil column > NG
mixed with the soil column > PG applied within the top 10 cm of the
column > NG applied within the top 10 cm of the column > SA in one

_dose > SA in split doses > rice straw (RS).

Key words: Reclamation, leaching, amendments, gypsum, sulfuric
acid, and rice straw

INTRODUCTION the world food production; with
about three quarters of the irrigated

Irrigation-based agriculture land being located in developing
comprises a significant part of countries (Umali, 1993).

arable lands in many areas of the Salinization is one of most serious
world and accounts for one-third problems confronting sustainable
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agriculture in irrigated arable lands
in semi-arid regions. This problem
may be caused by the importation
of dissolved salts in irrigation
water or existing high salt levels in
the soil due to ancient matine
deposits or a combination of the
two. The most appropriate
reclamation procedure depends on
the nature of the ionic chemistry
affecting the soil. A different
approach is necessary to reclaim
each category. Low sodium water
would adequately leach the salts
from saline non-sodic soils, but in
the case of saline-sodic soils,
which are characterized by high

exchangeable sodium  percent
(ESP) there is a need for
application of appropriate
amendments to  aid  their

reclamation (Richards, 1954).

The desired effect of the
amendments is exchanging the
cation of calcium for that of
sodium, followed by a subsequent
leaching of sodium through the
application of leaching water.
Therefore, the amendments must
supply calcium, either directly or
indirectly. The most effective and
economical means of doing this
depends on the soil chemistry. If
the soil is low in carbonate
content, then the calcium must be
supplied directly. The most
common amendment in this case is
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agricultural gypsum
(CaS0,.2H,0), although in some
cases (generally those of low pH),
lime may also be used (Abdel-
Salam et al., 2002). If the soil has
sufficient calcium carbonate, acid-
forming substances (e.g. sulfur) or
acids (e.g. sulfuric acid) may be
applied. The acid reacts with
calcium carbonate to from Ca-
salts, more soluble than Ca-
carbonate, which then supplies
Ca™ which replaces Na™ on the
soil exchange complex. Elemental
sulfur must be incorporated into
the soil and then oxidized by
sulphur-oxidizing micro-organisms
to from sulfuric acid; sulfuric acid
in turn reacts to from gypsum
(Rhoades et al, 1988, 1997,
Mitchell et al., 2000)

Gypsum is commonly applied
as a soill amendment in
combination with leaching for
sodic soils. It may also be used
periodically, eg as annual
application to maintain adequate
infiltration of irrigation water in
heavy textured soils of sodic or
non-sodic nature. Suarez (2001)
found that placement depth of
gypsum affects the sodicity
distribution in the soil after 70 cm
of leaching, mixing it within the 80
to 100 cm was optimal for
reclamation of sodic soil where the
objective was to remove sodium
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from the profile. However, surface
application was most efficient
when irrigating with waters where
the objective was to keep the SAR
low in the surface and maintain the
existing SAR at depth.

For efficient crop production
salts must be leached from the root
zone. Leaching may be
problematic  because irrigation
water is scarce in most regions
where these soils occur. A further
problem arises if the irrigation
water is itself saline. Drainage of
the irrigation water always has to
be ensured.  After the initial
application of irrigation water for
leaching of salts a regular water
supply has to be maintained in
order to sustain intensive cropping.
Generally sodic soils give much
lower returns per unit irrigation
water than saline soils because
they require more water for their
reclamation.

Karimpour  (2002)  pointed
out that the problem of salinity
and sodicity in all the basic
problems in soils of arid lands.
Sodicity ~ damages the  soil
structure  particularly  clayey
soils by clay dispersion.
Understanding the damage
process of soil structure due to
Na accumulation will help in
reconstructing the structure and
render the soil more suitable
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for plants in soils of arid and
semi arid zones.

Shahid (2002) described recent

technological advances in the
reclamation of salt affected soils in
arid zones. There are four
approaches to reclamation,

physical, biological, hydraulic and
chemical properties.

Miyamoto and  Enriquez
(1990) pointed out that gypsum
application provided low ratios

of sodicity to salinity in
percolating solution and
relatively  uniform  hydraulic
gradient  throughout the soil
profile.  Abdurrahman et al
(2004) showed that the
sequential application of
gypsum followed by matured
mixed municipal solid waste

compost can effectively restore
degraded soils suffering from
high soluble salts and
exchangeable sodium content.
Laboratory  experiments by
Khamraev et al, (1992)
showed that the application of

phosphogypsum (a  by-product
of Ca-phosphate fertilizer
manufacture, is calcium

sulfates rich in phosphate) to
saline soils lowered pH values
and increased the infiltration
rate, thus  contributing to
accelerated removal of salts
from the soil . Siyal et al
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(2002)  reported  that  soil
amendments of (gypsum, sulfur
or sulfuric acid) are usually
used for the reclamation of soil
with  high sodium  content.
Abdel-salam et al (2002) in a
field experiment used gypsum,

sulfur, manured lime and non-
manured lime to reclaim a
saline sodic clay soil. They
found that mixing lime

(CaCO;3;) with organic manure
rendered it nearly as efficient
as gypsum.

There are 2 principal
methods of reclamation of salt-

affected soils (FAO, 1980 and
Tanji, 1990), the continuous
leaching (continuous ponding)
and the intermittent leaching.
The former involves
maintaining a constant head of
water above the soil surface
(usually allowing a constant

depth of water of up to 10 cm
above the soil surface). The
latter method involves
application of water in cycles,
each cycle consists of 2-water
applications firstly an
application of enough water to
dissolve salts and attain some
equilibrium  (particularly ~ when
using amendments);  secondly
and following some  days,
application of water in
excessive amount to remove

Sheha, et al.

salts from the required soil -
depth to the drainage system.
The first method is more
efficient but requires more
water.

Habib et al. (1994) found
that gypsum was equally
efficient in  reducing  soil
sodicity when it was applied
using ponding and intermittent

methods.

Ramirez et al. (1999) found that
addition of phosphogypsum to the
soil led to increasing the rate of
water infiltration into the furrows
as well as increasing onion yield.

The main aim of this
investigation in to assessment
efficiency of some soil

amendments i.e. phosphor gypsum
(PG), normal gypsum (NG),
sulfuric acid (SA) and rice straw
(RS) for reclamation degraded salt
affected clay soil taken from Sahl
El-tina area in  northeast
Mediterranean Sea Coast of Egypt.
Salts removal from the soil was

carried out by using continuous
leaching.

MATRIALS AND
METHODS

Soil sample was collected from
the 0-30 top segment Sahl El-Tina
area and used for this study. Soil
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was air dried, crushed, mixed
thoroughly and passed through a 2
mm sieve. Polyvinyl chloride
(PVC) cylinders of 75 cm height
and 16 cm inside diameter were
filled with the soil to be used as
leaching columns. The bottom of
each column was fitted with a
mesh nylon screen and glass wool.
Acid-washed coarse sand was
placed in the bottom 5 cm segment
of each column to regulate the
flow of water and to prevent
plugging the lower part of columns

with  the  immigrating fine
materials. About 13 Kg. of air-
dried soil was carefully and

gradually packed to give a height
of 50 cm soil matrix above the
bottom segment and obtain a bulk
density of about 1.30 Mg m”. The
top 20 cm of the column was left
free to give sufficient space for
application of water used for
leaching. Four different sources of
soil amendments were used in this
experiment; normal gypsum (NG),
phosphogypsum (PG), sulfuric
acid (SA) and rice straw (RS); the
chemical amendments of NG, PG
and SA were applied in terms of
gypsum requirement. The amount
of each of these amendments
(except rice straw) was equivalent
to pure gypsum was calculated to
reduce the average initial ESP
from 29.8 to a final ESP of 12, and
for 50 cm soil thickness according
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to USDA (1954) as follows: 1. NG
(purity 59.5%) was added at a rate
of 136 g per column (16.56
ton/fed/30cm), 2. PG (purity
73.9%) was added at a rate of 110
g per column (13.33 ton /fed /30
cm) and 3. SA (98%) was added at
a rate of 45 ml per column (16.67
ton /fed) (Richard’s 1954). The
calculated amounts of NG and PG
were applied to soil columns either
mixed thoroughly with the 50 c¢cm
soil matrix or mixed with the upper
10 cm of soil matrix at the
beginning of the experiment. SA
was applied either in one dose on
the surface of soil at the beginning
of leaching process or divided to
four equal doses during the
leaching process.

Air-dried rice straw (RS) was
chopped into shredded pieces less
than 5 cm long using a hand
chopper. The shredded straw was
added at a rate of 125 g per column
(15.75 ton/fed) were thoroughly
incorporated into the soil before
the beginning of the leaching
process .

Water used in leaching was
collected from El-Sallam water

canal used for irrigating the
area  where the soil was
collected. The chemical
properties of the water are

shown in Table 1. The leaching
water increments were applied
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taking into of consideration
pore volume (PV) basis, which
equals to the volume of pore
space of the soil at saturation.
The volume of water used to
saturate one soil column was
7000 cm3 (34.82 cm) which is
equivalent to one pore volume

(1 PV). Leaching  was
preformed by continuous
ponding (Le. continuous

leaching). The amount of water
was supplied using rubber tube
to keep a constant head of 36
mm water on the soil surface.
The leachate was periodically
collected in volume increment
of 728cm’/column  (equivalent
to 0.1PV). Twenty leachates
were collected throughout the
duration of the experiment.

The leachates were analyzed for
the total soluble salts and soluble
ions. At end of leaching process,
the soil columns were separated
into 3 segments 0-15, 15-30 and
30-50 cm respectively. Each
segment was air-arid, crushed,
thoroughly mixed and passed
through a 2 mm sieves and
analyzed for the EC, pH, soluble
jons and exchangeable cations
follows:

Mechanical
determined according to the
international  pipette  method.
Sodium hexametaphosphate was

analysis was
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used for dispersion after leaching
the soluble salts (Piper, 1950).

Calcium carbonate was
determined using a calcimeter and
calculated as CaCO; % (Jackson,
1967).

Organic matter
determined using
Black method (Jackson, 1967).
Total soluble salts, were
determined conductometrically in
the saturated soil extract using a
conductivity meter according to
Richards (1954) and Jackson
(1967). The pH was measured
using a pH-meter with a combined
glass / reference. (Ag/AgCl)
electrode in the soil suspension
(1:2.5) soil-water ratio (Richards,
1954). Carbonate and bicarbonate
ions, were determined by titration
with a standard solution of sulfuric
acid using phenolphthalein as an
indicator for CO;~ and methyl-
orange for H COj3™ (Jackson, 1967).

content was
Walkley and

Chloride fons were
determined by titration with
silver nitrate using potassium
chromate as an indicator
according to Mohr’'s method
(Jackson, 1967).

Sulfates ions were
determined by difference

between total cations and total
anions.
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Calcium and magnesium ions
were determined by titration with
versinate using Eriochrom Black T
(EBT) as an indicator for Ca + Mg

and using murexide indicator
powder for Ca determination
(Richards, 1954).

Sodium and potassium ions
were  determined by  flame
photometer (Jackson, 1967).

Extraction of exchangeable

calcium and magnesium was done,
and the two cations were
determined by titration with
versinate along with extract of
exchangeable sodium and
potassium using I M ammonium

acetate solution and the two
cations was determined flame
photo  metrically  (Piper1950).

Stability of wet stable aggregates
was determined by using the wet
sieving technique described by
Yoder (1936) and modified by
Ibrahim (1964). The method in
brief consists of placing a sample
on a set sieves oscillated vertically
under water. The sieves have
opeming of 10, 2, I, 0.5, 0.25 and
0.125 mm. the determination was
made in duplicate by using 100 g
of soils aggregates having diameter
between 0.8 and 0.25 mm. The
sample was placed on the top sieve
and wetted to saturation by
capillary. The sieves  were
oscillated for 30 min. with a stroke
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length of 3.8 cm and a frequency
of fifty cycles per minute. The
amount of soil remaining on each
sieve was weighted. Then the
aggregates separated were
combined, dispersed by sodium
hexametaphosphate and washed
through the next sieves. The
remaining primary separates on
each sieve were used for analysis
and to calculate the water stable
aggregates size distribution and
wet sieving stability. The wet
sieving  stability (WSS) was
calculated by using the following
equation:

WSS = -ZA—;—X 100

Where: m = weight of the wet
sieving fraction (in g) and M =
weight of soil sample used (in g).

RESULTS AND
DISCUSSION

Soil Properties

" Physical and chemical
properties of the soil and the water
used for leaching are presented in
Table I. According to the U.S.
Salinity Laboratory Staff
(Richards, 1954) the investigated
soil would be classified as "saline-
sodic" where its EC exceeds 4dSm
and the exchangeable sodium
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Table 1. Physical and chemical properties of studied soil and
chemical properties of water used for leaching.

Property Soil water

A- Physical properties
1- Particle size distribution (%)

e (lay 45.40
o Sile 26.82
¢  Fine sand : 17.59
o  Coarse sand 10.19
o Texture class Clayey
2- Porosity (%) 50.59

3- Soil moisture characteristics (%)

. Saturation percent (SP %) 583

o  Field capacity (FC %) 29.14

o Wilting point (W.P %) 14.60
4 Density (Mg. m™)

o Real density 2.53

o  Bulk density 1.30

B- Chemical properties

1-EC @Sm™) £7.58 3.18
2-pH 8.99 8.72

3- soluble jons (mmol L")

° N.? 287.2 198
¢ K " 16.1 2.4
. Ca : 63.8 3.8
¢ Mg" 208.8 58
« (T 502.2 17.2
e HCOy 4.8 13.6
o (COs 0.0 0.0
. SO.;E 68.9 1.0
e SAR 24.6 9.1

4 Exchangeable cations (cmol, kg™ soil)

e Na 9.60
e K 2.18
e (a 13.28
« Mg 712
5- Cation exchangeable capacity (CEC) 32.18
6- Exchangeable sodium percent (ESP) 29.8
7- CaS0, (%) 0.29
8- CaCO; (%) 1.08

9~ Organic matter (%) 0.55
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percentage (ESP) exceeds of 15.
Its pH exceeds 8.5 despite its very
high salt contents. Such high pH
may by due to the extremely
highly soluble Mg content along
with the very high soluble Na
contents relative to Ca.

Soluble sodium was the
dominant soluble cation,
constituting nearly half of the
soluble cations. The SAR is also
extremely high to 25 which exceed
the 13 level considered sodicity
threshold. On the other hand,
chloride represents the major
anions followed by sulfate and
bicarbonate in the following
descending ocder: ClI' > SOy >
HCO;3". However, calcium was the
dominant exchangeable cation; the
cations are generally arranged in
the following descending order: Ca
> Na > Mg > K.

The soil is heavy clayey with a
high clay content, low in organic
matter and CaCQ; content

Leaching Soluble Salts

Pattern

The ion concentration in the
leachates as a function of leachates
volume is presented in Table 2.
Generally, results show that the
salt removal by leaching depends
mainly on the leachates volume. A
very sharp decrease in the EC
values were observed for all
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treatments, particularly when a
volume of leaching water equal to
1.0 pore volume (PV) had
percolated  through the soil

column. The EC value showed a
sharp decrease at the beginning of
the leaching process, Thereafter it
slightly decreased until the end of
the experiment.

Following the first four
leachates increments (0.4 PV) of
water, EC was reduced to 37.15,
27.00, 45.25, 28.15, 26.25, 26.15,
39.05, 32.9 dSm™ for the control
(leaching alone), NG*, NG, PG",
PG, SA’, SA™ and RS,
respectively. (The symbol "+"
denotes application with thorough
mixing within the whole soil
column or one dose for SA; and
"++" denotes application within
the upper 10 cm of the soil column
or two split doses of SA)

Following the eight increments
(0.8 PV) of water, EC was reduced
to 19.25, 13.85 12.00, 13.15,
11.50, 16.00, 15.65 and 19.15
dSm™ for the control (leaching
alone), NG, NG", PG", PG™,
SA’, SA™ and RS, respectively.
Following the twelve increments
(1.2 PV) of water, EC was reduced
to 9.90, 965, 9.65, 940, 9.10,
1323, 13.35 and 14.65 dSm™ for
the control (leaching alone),
NG, NG", PG’, PG™, SA’,
SA™ and RS, respectively.
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Following the sixteen
increments (1.6 PV) of water, EC
was reduced to 7.35, 7.50, 7.90,
7.45, 6.96, 10.22, 11.15 and 10.12
dSm™ for the control (leaching
alone), NG', NG, PG', PG",
SA", SA""and RS, respectively.

Following the twenty
increments (2 PV) of water, EC
was reduced to 6.15, 6.2, 6.2, 6.45,
6.05, 7.65, 8.65 and 6.78 dS/m for
the control (leaching alone), NG,
NG™, PG", PG, SA", SA™ and
RS, respectively. Effect of
treatments on EC values during
continuous leaching illustrated in

Fig. (1).

There was considerable
decrease in salinity, the effect
was more pronounced where
the chemical amendments were
added. So the replacement of

exchangeable sodium by
calcium took place during the
percolation resulting in

formation of sodium sulfate.
Sodium and sulfates ions make

up a markedly high
concentration during the first
10 increments while most of
the chiorides have been

removed with the 1.5 PV
leachates. The sodium and
chloride ions took the same
trend as EC values are similar
in all treatments, these ions
concentrations showed a
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decrease as the collection
leachates progressed. The
chioride  decreased  drastically

with the 15 pore volume for
the  chemical and  organic
treatments.

On the above-mentioned
basis, data in Table 2 clarifies
that the majority of salts
removed out of the soil
columns were sodium chloride
and sodium sulfate.

Sodium  Adsorption Ratio
(SAR)

Adding the four increments
(0.4 PV) of water reduced the
SAR values to 4.87, 2608,
2967, 31.13, 16.19, 1931,
1411 and 4.59 mmolL" for
the control (leaching alone),

NG', NG, PG', PG", SA’,
SA"" and RS, respectively.

Adding the eight increments
(0.8 PV) of water reduced the
SAR values to 3.65, 7.58, 5.43,
8.59, 550, 2.81, 341 and 3.71
mmol.L™* for the control
(leaching alone), NG', NG,
PG’, PG"", SA", SA™ and RS,
respectively.

Adding the twelve
increments (1.2 PV) of water
reduced the SAR values to
292, 476, 358, 3.89 345,
194, 148 and 3.12 mmolL™

|
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Table 2. Salinity, ion composition, SAR of water leached from soil columns and average
hydraulic conductivity (HC) of soil following successive stages of leaching of soil
columns treated with normal gypsum (NG), phosphogypsum (PG), sulfuric acid

(SA) and rice straw (RS)
Treat- Cations mmol,L" Anlons mmol L™
ments ' ¢ & wmMgT_ Na K EF Weo, 80, AR HC

04 3715 101.60 200.76 59.94 .17 310.68 1.94 59.44 487 0.0003
08 19.25 58.64 99.94 3253 1.38 137.10 1.04 54.35 3.65 0.0006
Cont. 1.2 9.90 36.24 42.49 1845 0.77 26.48 1.32 71.81 292 0.0008
16 738 3342 32.09 6.87 1.13 18.77 0.91 53.83 1.20 0.0043
20 6.15 28.33 a7.22 497 0.96 15.92 044 45.13 0.94 0.0042

04 27.00 8.96 73.17 1671 17.42 139.03 298 108.6 2608 0.0036
0e 13.85 29,97 4742 4713 14.00 2799 1.85 108.7 7.58 0.0050
NG* 1.2 9.65 31.54 3233 26.90 5.53 17.94 1.28 T1.07 476 0.0056
16 7.50 25.05 24.54 18.92 6.95 1368 084 €0.49 3.80 0.0092
20 6.20 20.70 19.84 15.65 5.75 11.31 0.70 50.01 3.48 0.0182

04 4525 18.55 131.8% 25714 45.21 248.94 1.30 202.2 29.67  0.0025
oe 12.00 21.87 55.83 33.84 8.28 1943 1.0 99.23 543 0.0036
NG™ 1.2 9.65 22.38 46.71 21.06 647 14.39 0.55 81.38 3.58 0.0048
1.6 7.90 18.47 39.23 16.42 4.88 545 0.35 782 3.06 0.0075
20 6.20 14.51 30.80 12.88 3.83 427 0.27 57.47 2M 0.0125

04 2815 2044 25.60 1494 67.08 46.21 1.30 238.6 3113 0.0058
08 13.15 28.92 41.81 51.09 9.68 22.37 0.99 106.9 8.59 0.0071
pG* 1.2 9.40 31.38 32.63 2203 8.22 1848 0.87 74.03 3.89 0.0094
16 745 24.97 25.86 15.77 6.52 14.92 0.69 58.68 3.3 0.0124
20 €45 21.53 22.38 14,96 5.63 13.11 0.5¢ 50.79 3.19 0.0182

04 26.25 19.60 59.04 101.5 82.36 65.73 144 1953 16.19 0.0020
08 11.50 26.87 49.85 34.08 458 2716 1.07 87.15 5.5 0.0045
PG L2 9.10 30.74 36.01 19.93 432 19.32 0.51 .17 345 0.0055
16 6.96 23.62 30.33 13.82 1.83 12.74 0.40 56.46 2.66 0.0093
20 6.05 20.51 26.34 12.00 1.59 11.07 0.34 49,04 248 0.0099

o4 2615 26.20 80.73 141.2 13.37 81.89 1.88 177.9 1931 0.0025
68 16.00 22.70 108.99 2283 5.48 15.72 0.86 1434 181 0.0031
sAT 1.2 13.23 20.51 93.48 14,85 3.62 14.24 0.27 1178 194 0.0045
16 10.22 15.27 75.90 6.87 337 11.19 0.21 90.75 102 0.0065
20 7.65 1142 56.8% 4.32 255 8.38 0.17 67.96 0.74 0.0087

04 39.05 38.20 177.54 146.5 28.23 24910 2.25 139.2 41 0.0024
0.8 15.65 29.93 96.20 27.09 3.32 27.74 1.23 1276 34 0.0039
SA™ 1.2 13.35 21.38 98.32 1146 2.35 13.68 0.38 119.5 148 0.0049
1.6 11.18 20.52 80.28 8.65 2.05 1145 0.22 99.83 122 0.0058
20 8.65 15.94 62.28 6.1 1.55 8.89 0.16 7744 197 0.0085

0.4 32.90 89.98 17719 53.09 8.66 275.14 173 52.65 459 0.0010
(2] 19.15 55.00 100.98 32,75 3.24 41.86 1.02 1478 kM) | 0.0013
RS 12 14.65 41.52 .27 24.04 250 32.26 084 113.2 3.12 0.0019
16 10.12 45.99 4.16 946 1.36 25.83 1.27 74.10 141 0.0024
20 8.78 30,82 29.61 6.08 1.04 17.28 085 49.70 111 0.0036

Notes: +: applied with thorough mixing in soil column (for NG and PG) or one dose (for SA)
++: applied on surface within top 10 cm of column (for NG and PG) or split doses of SA.
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for the control (leaching alone),
NG', NG™, PG", PG, SA’,
SA"" and RS, respectively.

Adding the sixteen
increments (1.6 PV) of water
reduced the SAR values to
1.20, 3.80, 306, 3.13, 266,
102, 122 and 141 mmolL"’
for the control (leaching alone),
NG', NG"™, PG', PG, SA",
SA*™ and RS, respectively.

Adding the twenty increments
(2 PV) of water reduced the SAR
values to 0.94, 3.48, 2.71, 3.19,
2.48,0.74, 1.07, 1.11 mmol.L" for
the control (leaching alone), NG",
NG™, PG", PG™, SA*, SA™ and
RS, respectively. Effect of
treatments on SAR values during
continuous leaching illustrated in
Fig. 2.

Hydraulic Conductivity and
Aggregates

The values of hydraulic
conductivity are  shown in
Table 2. The hydraulic
conductivity (HC) of  the
soil increased with  time,
except when  treated  with
rice straw. This could be
explained by the fact that, at
the beginning the high
electrolyte concentration of
the soil solution brings
about a reversible

flocculation of the

primary

Sheha, et al.

which remain
above a certain
electrolyte concentration
(threshold limit) below
which  dispersion occurs to
cemented particles.
Consequently, the HC  of
highly saline soil would be
relatively hgh, but  during
the leaching the electrolyte
concentration falls below a
threshold concentration, SO
the flocculating effect of a
high salinity becomes
negligible.

particles,
stable only

The amendment of sulfuric
acid, normal gypsum  and
phosphogypsum resulted in an
increase in the HC with time.
This could be due to the
CaCO3 dissolution which
supplies  the  soil  solution
gradually with soluble calcium.

So, the replacement of
exchangeable sodium by
calcium takes place during the
percolation, hence, improving

the soil structure and the HC.
In case of rice straw and the
control (untreated soil)
treatments there was a limited
supply of soluble calcium to
replace the exchangeable
sodum. Due to the high
hydration of adsorbed sodium
and the presence of high
clay content, which must
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have been dominated by
expanding clay minerals,
swelling and pore size

redistribution would take place
with leaching, leading to a
possible increase in small intra-
aggregate pores and total pore
volume. A considerable part of
the water would be present in
fine pores, bounded strongly to
the solid particles and would
show special semi-solid state
"dead  water".  Consequently,
this water cannot be removed
below a  certain  hydraulic
gradient. Thus a decrease in
hydraulic conductivity with
time was obtained. Effect of
treatments on HC values during

continuous  leaching illustrated
in Fig. 3.

Table 3 shows the values of
wet sieving stable aggregates
(WSA. %) as well as
distribution of aggregate size
fraction. The average value of

WSA % was 22.42 % initially.
At end of the experiment was
for the upper segments ranged
has 28.5 to 49.40%, ranges for
the middle and lower segments
were 25.60-48.91% and 13.24-
23.30% respectively. This
indicates a  distribution  of
aggregates size fraction in the
upper, middle and lower
segments of the soil columns.
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The content of  aggregates
having diameter between 0.5 -
0.25 mm, 025 - 0.125 mm and
0.125 — 0.062 mm were higher
than the  other  aggregate
fraction. This may due to the
high content of clay
fraction together with other
colloidal materials.

The obtained data of Table 3
reveal that percentage of WSA
fractions decreased with
increasing the sampling depth
in almost all profile this may
due to increasing exchangeable
sodum  with increasing the
sampling depth. The wvalues of
mean weight diameter
(MWD) are also shown in
Table 3.

Residual Seil Salinity and
Soluble Ions at the End of
Reclamation

The ligh imnitial soil salinity
(57.58 dS/m) was  sharply
reduced to wvalues average of
the 3 segments of soil columns
of 837, 473, 533, 4.69, 5.24,
542, 546 and 6.87 dS/m for
the control (leaching alone),
NG', NG, PG', PG™, SA"
SA™ and RS, respectively. As
observed from the data, the EC
increased with soil depth since,
the lowest EC was found in the
upper segment (0 — 15 cm) and
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Fig. 1. Effect of treatments on EC values during continuous leaching
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Fig. 2. Effect of treatments on SAR values during continuous leaching

, —o— ocontrol —O- PG+

0.01e0

~—r— NG+ —— S A
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0.0120

Pore volume (PV)

Fig. 3. Effect of treatments on HC values during continuous leaching
Notes: NG: normal gypsum, PG: phosphogypsum, AS: sulphuric acid, RS rice straw, +: applied with thorough
mixing in soil column (for NG and PG) or one dose (for SA) and ++: applied on surface within top
10 cm of column (for NG and PG) or split doses of SA.
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Table 3. The distribution of water stable aggregated (%) in the

different treatments.
Treat.  Soil Sicves ‘l"‘mf)“;f @“‘)0 g WSA MWD
v ™ o )= @,
ments depth 10-2 2-4 1-0.5 0.25 0.125  0.062 Yo mm
initial 019 073 202 622 13.97 167 2480 0.112

615 622 084 231 7.13 16.00 191 28.41 0.124
Cont. 1530 020 075 2.09 6.43 14.43 170 2560 0114
30-50 010 039 108 3.33 7.47 0.87 13.24 0.07

Aver. 050 0.17 066 1.83 5.63 12.63 1.49 2242 0.103
0-15 041 150 4.03 12.35 27.84 0.33 4946  0.201
NG" 1530 037 144 398 12.27 27.56 3.29 4891  0.197
30-50 018 069 190 5.84 13.12 1.57 2330 0.106
Aver. 0-50 032 121 330 10.15 22.84 1.73 40.56  0.198

0-15 038 144 399 12.29 27.61 3.31 49.02 0198
NG™ 1530 030 114 3.14 9.67 21.72 260 3857 0.160
3050 016 0.60 1.66 51 11.49 1.37 2039 0.095

Aver. 050 028 106 293 9.02 20.27 2.43 3599 0.151

0-15 038 149 4.02 12.38 27.80 3.32 49.39 0.199

PG" 1530 036 140 385 11.87 26.56 3.19 4723 0191

3050 016 063 174 535 12.03 144 21.35 0.098

Aver. 0-50 030 114 3.20 9.87 22.13 2.65 3932 0.127
015 038 143 399 12.29 27.60 3.30 4899 0197

PG 1530 016 113 312 9.61 21.58 258 3818 0.151
30-50 015 057 158 4.87 10.93 1.31 1941 0.092

Aver. 050 023 104 290 8.92 20.04 240 3553 0.147
0-15 030 114 3.14 9.67 21.72 260 3857  0.160

SA* 1530 021 080 221 6.80 15.27 1.83 2712 0119

3050 014 056 1.54 4.74 10.65 1.27 1890  0.09

Aver.  0-50 022 083 230 7.07 15.88 1.90 2853 0123
0-15 030 114 3.16 9.73 21.85 2.61 3879 0.161

SA™ 1530 020 077 212 6.52 14.65 1.75 2601  0.115
3050 015 059 162 4.99 11.22 1.34 1991  0.093

Aver. 0-50 0.22 0.83 2.30 7.08 15.91 1.90 28.24 0.123
0-15 0.25 0.87 232 7.14 16.03 1.92 28.53 0.126
RS 1530 020 0.79 2.18 6.70 15.05 1.80 26.72 0.118
30-50 020 0.44 1.08 3.33 7.49 0.89 13.43 0.076
Aver. 0-50 0.22 0.70 1.89 5.72 12.86 1.54 22.89 0.107
Notes: +: applied with thorough mixing in soil column (for NG and PG) or one dose (for SA)
++: applied on surface within top 10 cm of column (for NG and PG) or split doses of SA.
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the highest EC was found in
lower segment (30 — 50 cm).
Residual Soluble salts in the
soil after leaching is illustrated

in Fig. 4. Such considerable
decrease in soil salinity as
compared  with  the initial
amount reached to  85.46,
91.79, 90.74, 91.85, 90.90,

90.59, 90.52 and 88.07 % due
to leaching alone, leaching with
NG, NG, PG’, PG™, SA',
SA™ and RS, respectively.

The overall average of the
decrease is 89.99%. The lowest
average of the EC were found
in PG+ and NG+ treatments,

while the highest ones were
found in RS and the control
treatments.

Regarding the chloride ions, it
is of interest to notice that the
distribution of residual Cl through
soil segments at end of leaching is
rather similar in the treatments
receiving chemical amendments;
and greater in the control
treatments followed by the RS
treatment. Its concentration in the
soil column was reduced sharply in
upper segment (0 -~ 15 cm)
particularly in the PG+ and NG+
treatments .

There was a considerable
decrease in soluble CI! in soil. The
initial contents were 502.20 mmol

Sheha, et al,

L. Leaching caused decreases of
85.24, 96.46, 95.83, 97.04, 96.45,
95.52, 95.35 and 92.49 % for the
control (leaching alone), NG,
NG"™, PG', PG", SA", SA™ and
RS, respectively. The overall
average decrease was 94.30% of
the initial content of chloride.

The residual soluble sulfates
content was also decreased. The
reduction was more pronounced in
the upper segments. The results
revealed that 52.37 to 55.12 % of
the initial content of sulfate ions
was leached out of the soil column.

The Bicarbonate ion content
was decreased in all soil segments
with degreases of 21.19, 44.49 and
65.02 % of the initial content of
HCO:; for control, RS and average

of the chemical amendments,
respectively.

Concerning  residual  soluble
sodium the results reveal that
values of soluble  sodium
decreased to 41.03, 17.70,
20.27, 1480, 19.66, 2092,
2124 and 2896 mmol L’

(average of soil columns) for
the control (leaching alone),
NG’, NG, PG', PG'", SA",
SA™ and RS, respectively with
an average value of 2307
mmol L' The highest value of
residual  soluble sodium was
found in the control treatment
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(leaching alone). This could be
attributed to the limited supply
of soluble Ca required for
exchangeable sodium
replacement. A pronounced
relative reduction was found in
the top segments of soil
columns. This finding indicates
that the easily soluble sodium
salts are translocated from the
upper segment to the lower
ones and the percolating saline
solution carried the soluble Na"
resulting from the
exchangeable reaction.

The data presented in Table 4
show the contents of remained
soluble (Ca + Mg) contents in the
soil columns. There were high
values in the upper segment and
increased higher by going down in
the soil columns. The values
(average of all segments) 39 .40,
28.32, 31.57, 30.85, 31.32, 31.81,
31.88 and 38.50 mmol.L™ for the
control (leaching alone), NG,
NG", PG', PG™", SA", SA™ and
RS, respectively, as compared with
274.6 mmol.L" in the initial soil

Regarding, SAR values results
reveal that values of SAR
decreased to 9.46, 4.70, 5.10, 3.77,
4.96, 5.24, 5.31 and 6.53 mmol L™
(average of soil columns) for the
control (leaching alone), NG,
NG™, PG', PG"™, SA*, SA" and
RS respectively. The highest value
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of SAR was found in the control.
Generally, the SAR values were
higher in the lower segment, ie.
increased by going down in the
soil columns. Residual SAR in the
soil segments during continuous
leaching is illustrated in Fig. 5.

Exchangeable Cations

Data presented in Table 5
show the contents of
exchangeable  cations  (cmol
kg' soil). The obtained data
reveal that leaching the treated
soil ~markedly increased the
exchangeable calcium and
decreased the exchangeable
sodum and magnesium in the
three soil segments of columns.

Generally, it could be notice

of that, the decrease in the
exchangeable sodium was
approximately equal to the
increase in exchangeable
calcium. Also, the
exchangeable  magnesium  has

followed the same pattern such

as  that of  exchangeable
sodium.
Results also reveal that

values of exchangeable sodium
decreased to 6.35, 3.76, 3..96,
3.64, 3.86, 4.75, 4.59 and 591
cmol. kg soil (average of soil
columns) for the  control
(leaching alone), NG', NG,
PG", PG'', SAY, SA™ and RS,
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respectively. Values of calcium passing through it. The residual
increased to  14.50, 20.55, salinity was expressed as C/Co
20.06, 2074, 20.13, 1839, fraction, where Cy refers to the

19.23 and 15.24 cmol, kg soil
(average of columns) for the
control (leaching alone), NG,
NG™, PG', PG™, SA", SA”
and RS, respectively.

Data reveal
exchangeable
slightly increased in
columns in all treatments.

that the
potassium
the soll

Data presented in Table 5
show that leaching of soil
treated with various
amendments considerably
decreased the ESP values. This
drop was more pronounced in
the upper segments than in the
lower ones. Values of ESP in
the soil segments at end of
leaching are illustrated in Fig.
4.

To have a more realistic
approach to the leaching of
various soluble salts out of the
soil columns as related to the
effective leaching water depth,
desalinization  leaching  curves
were constructed to relate the
residual soil salinity to the
effective  leaching water. A
correlation was constructed
between the  soluble  salts
remaining in each soil segment
and the amount of water

initial salt concentration in soil
saturation  extract of  each
segment before leaching and C
refers to the corresponding
concentration after passing of

certain  amount of leaching
water through it. The effective
leaching water was expressed

as Dw/Ds; where Dw represent
the depth of effective leaching
(drainage) water, which can be
obtained by adding the total
depth of percolated water to the
depth of water needed for
moistening the soil segment (or
segments beneath); Ds is the
depth of leached soil segment.
An attempt was made to fit an
empirical  relationship to  the
experimental data. The closest
tit  regression equation  was
found as: C/Co = A + B
(Dw/Ds) .Where; C, Co, Dw
and Ds are as defined above, A
and B are empirical constant.
The  obtained  results are
tabulated in Table 6.

Effect of Different Treatments
on the Reclamation Time

The  time  required to
complete the reclamation was
calculated wupon the end of
experiment. the results are
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Table 4. Soil salinity, pH, and soluble ions of the soil columns at the
end experiment after completion of leaching

Soluble anions

’[n‘:-eel':ltts- depth d];z,n pH Soluble cations mmol, L mmolL " SAR
(cm) Ca’ Mg~  Na' K T HCO; SO,
initial 57.58 899 63.80 2088 28720  16.06 _ 502.2 4.75 68.85  24.60

0-15 7.84 8.45 8.55 28.37 39.358 2.14 43.56 3.57 31.28 92.16
Cont. 15.30 8.29 8.42 9.04 30.00 41.61 2.26 4553 3.88 33.50 9.42
30-50 8.97 8.51 9.78 32.46 45.03 245 52.33 3.78 33.60 9.80

Aver. 0-50 8.37 8.46 9.12 30.28 42.00 2.28 47.14 3.74 32.79 9.46
0-18 451 832 1L15 1632 16.41 1.23 14.72 L.60 28.79 443

NG* 15-30 4.68 835 1082 1690 17.71 1.28 18.11 137 2722 4.76
30-50 5.01 845 1164 1813 18.98 136 20.51 1.67 27.92 4.92

Aver. 0-50 473 837 1120 1742 17.70 1.29 17.78 1.55 27.98 4.70
0-15 4.75 835 114 1719 17.58 129 16.69 191 28.91 4.65

NG™ 1530 5.46 838 1235 19.76 21.01 149 22.41 1.88 30.32 5.25
30-50 577 8.47 1308 2088 2223 1.52 23.79 2.09 31.82 540

Aver. 0-50 533 840 1229 1928 20.27 143 20.96 1.96 30.35 5.10

0-15 422 831 1439 1527 11.39 115 12.66 1.00 28.55 2.96
PG’ 15-30 4.67 8.34 1226 1690 16.29 1.27 17.17 1.05 28.48 427
30-50 517 841 17.05 16.69 16.71 126 1478 1.27 35.66 4.09

Aver. 0-50 4.69 835 1457 1629 14.80 1.23 14.87 1.11 30.90 3.77

0-15 4.67 834 1167 1690 16.86 1.28 14.74 1.64 30.33 4.46
PG 1530 5.36 836 1240 1940 20.36 L6 20.93 1.64 31.03 5.11
30-50 5.69 846 1297 20.62 21.77 1.55 17.86 178 37.22 531

Aver. 0-50 5.24 839 1235 1897 . 19.66 1.43 17.84 1.69 32.56 4.96
0-15 +4.85 7.63 1143 1755 18.21 132 18.06 2.10 28.35 4.78

Ly 1530 556 $.12 1218 2012 21.78 1.52 24.38 2.09 29.14 5.42
30-50 5.85 817 1297 21.17 22.77 1.60 25.08 2.27 31.19 5.52

Aver. 0-50 5.42 7.97 1219 19.61 20.92 1.48 22.50 2.15 29.56 524
0-15 486 752 11.24 17.59 18.45 133 18.93 1.40 28.28 4.86

SA™ 15-30 5.60 811 1222 2027 21.99 1.52 24.78 1.53 29.72 546
30-50 592 815 1289 2142 23.28 1.61 26.45 1.62 3114 5.62

Aver. 0-50 546 7.93 1212  19.76 21.24 1.49 23.38 1.52 29.71 5.31

0-15 6.80 841 1409 2461 27.46 1.84 34.77 2.68 30.55 6.24
RS 1530 6.29 842 1077 2277 26.65 1.71 35.65 2.42 24.84 6.41
30-50 7.54 844 1498 2729 31.97 117 42.74 281 29.86 6.95

Aver. 0-50 6.88 842 1361 2489 28.69 1.57 37.72 2.64 28.42 6.53
Notes: +: applied with thorough mixing in soil column (for NG and PG) or one dose (for SA)
++: applied on surface within top 10 cm of columa (for NG and PG) or split doses of SA.
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Fig. 6. Residual ESP in the soil segments after continuous leaching
Notes: NG: normal gypsum, PG: phosphogypsum, AS: sulphuric acid, RS rice straw, +; applied
with thorough mixing in soil column (for NG and PG) or one dose (for SA) and ++:

applied on surface within top 10 cm of column (for NG and PG) or split doses of SA
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Table 5. Exchangeable cations, cation exchange capacity (CEC),
exchangeable sodium percentage (ESP) and exchangeable
calcium percentage (ECaP) at end of leaching processes.

Soil Exchangeable cations cmol. kg 'soil ECa

Treatments dé[l:gl ca™ Mg-H— Na* K CEC ESP P
initial 1328 712 9.60 218 3218 2980 41.27
0-15 1509 655 5.90 258 3012 19.59 50.11
Cont. 15-30 1386 122 5.99 3.08 3015 1989  46.00
30-50 1385 71.79 7.16 334 3214 2225 43.10
Aver. 0-50 1427 119 6.35 3.00 3080 2058 46.40
0-15 21.62  3.2% 3.14 3.00 3101 1012 69.72
NG' 1530 21.06 3.51 3.64 210 3031 1201 69.48
30-50 1898 495 451 200 3044 1483 62.31
Aver. 0-50 2055 3.90 3.76 237 3059 1232 67.17
0-15 2120 3.61 3.21 311  3L13 1031 68.10
NG™ 15-30 20,60 3.68 3.78 240 3046 1241 67.63
30-50 18.39 515 4.89 227 3070 1593  59.90
Aver. 0-50 2006 4.15 3.96 259 3076 12.88 65.21
0-15 2180 3.11 3.08 308 3104 983 70.23
PG’ 1530 2135  3.46 3.62 220 3063 11.82 69.71
3050 1906 4.92 4.26 210 3034 1404 62.82
Aver. 0-50 2074 383 3.64 246 3076 1190 67.59
- 0-15 2129 345 3.16 321  3L11  10.16 68.44
PG 1530 2068 3.66 3.75 245 3054 1228 6771
30-50 1841 499 4.67 230 3037 1538 60.62
Aver. 0-50 2013 403 3.86 265 3076 12.61 6559
0-15 18.76 3.89 457 298 3020 1513 6212
SA* 15-30 1859  3.95 4.68 312 3034 1543 6127
30-50 1781  5.60 5.01 3.14 315 1588 56.41
Aver, 0-50 1839 448 4.75 3.08 3070 1548 39.93
- 0-15 19.95  3.75 4.36 3.01 31.07 1403 6421
SA 15-30 1958 371 4.56 252 3037 1501 6447
30-50 18.16 5.34 4.86 238 3074 1580 59.08
Aver. 0-50 1923 427 4.59 264 3073 1495 62.59
0-15 16.09 5.67 5.61 283 3020 1856 5329
RS 15-30 1528  6.46 5.81 3.07 3062 1897 49.90
30-50 1434 692 6.32 373 3131 2018 4581
Aver. 0-50 1524 6.35 591 321 3071 1924 49.67

Notes: +: applied with thorough mixing in soil column (for NG and PG) or one dose (for SA)
++ applied on surface within top 10 cm of column (for NG and PG) or split doses of SA.
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Table 6. Empirical constant A and B of the regression equation
relating the residual salinity fraction (EC/EC,) to the

effective leaching water (Dw/Ds)

Treatment Equation .
Control y= 0.6747e::::: 0.98 9
. = 0.4408e 2% 0.991
ggﬁ yy = 0,379e0-3319% 0.989"™
P(;+ y= 0.43359-0.3524X 0.991 ::
PG™ y = 0.3834¢ 03454 0.900
SA+ y= 0_44829-0.3514x 0-992...
SA‘H— y - 0.4523e-0.3533x 0.992::
RS y = 0.5585¢ 347 0.988

Note: y refer to (Dw/Ds) and x refer to (EC/Eco)
*#*: Significant at 0.001 levels

Table 7. Effect of different treatments on the reclamation time.

Treatment Time (day)
Cont. 208.83
NG 48.65
NG™ 69.95
PG’ 36.69
PG 53.77
SAY 84.23
SA™ 91.25
R.S 175.05

Notes: +: applied  with thorough mixing in soil column (for NG and PG) or one dose (for SA)
++: applied on surface within top 10 cm of column (for NG and PG) or split doses of SA.
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presents in Table 7. The data
reveal that the treatments used
in the current study could be
arranged  according to  their
efficiencies in reducing the
time required for reclamation
in the following descending
order: NG', NG, PG", PG,
SA", SA™ and RS > control
(leaching alone).
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