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ABSTRACT

A field experiment was conducted in clay saline —sodic soils, located in the
north east of Egypt, Sahl El-Hossinia Research station, Agriculture Research Center,
El-Sharkia Governorate, Egypt, during summer season 2011 and winter season2011/
2012 to evaluate the effect of some soil management practices i.e., mole drain filled
back with sand at two diameter 7.5 cm and 10 cm under three distances 4, 6 and 8 m
individually or combined with some soil amendments application;( gypsum, sand and
aluminum sulfate) on improving some physical and chemical soil properties. Also, use
of the continuous leaching processes for salt removal after each rotation of leachate
25, 75, 125 and Y75 days. The soil samples were taken to determine EC, pH and ESP
as well as at the end of experiment. Also, the hydraulic conductivity, bulk density and
total porosity were determined. The results indicated that the construction of mole
drain filled back with sand individually after four rotations of leachate processes led to
significant decrease in the values of EC, pH and ESP compared with the initial values.
These decreases were more effective with application of soil amendments i.e.
(gypsum, sand and aluminum sulfate) combined with the mole drain compared with
the empty mole drain . It was observed that at the end of the experiment after four
rotations leachate processes, the mole drain at different spacing which filled back with
sand combined with soil amendments application significantly decrease the values of
bulk density and increase the values of hydraulic conductivity and total porosity
compared with the initial values. The superiority in improving physical properties
(hydraulic conductivity, bulk density and porosity of the studied soil was recorded with
mole drain filled back with sand combined with the soil amendment as aluminum
sulfate or gypsum compared with sand after fourth rotations of leachate.

INTRODUCTION

Saline - sodic soils having low permeability, excess soluble salts and
contain excess of exchangeable sodium and such soils are mostly found in
arid zones in Egypt especially in the north and north east. Improving such
soil needs some soil management practices include the following: sub soiling,
with inversion, auger hole piercing in the impermeable layer, addition of
amendments , and irrigation practices. (Gupta and Gupta,1987). Reclamation
of saline-sodic and sodic soils, however, cannot be achieved by simple
leaching, also reclamation of these soils is difficult, time consuming and more
expensive than that of saline soils due to replacement of exchangeable
sodium with calcium. Hence, it requires the addition of chemical amendments
along with leaching. Ghafoor and Muhammed (1981) and Ahmed et al.,
(1986) reported that the native insoluble Ca*? can be solubilized by addition
of H,SO,4, HCI, S, FeS, and Fe,S0,.7H,0 and Al,(SO,)3.18H,0. Gypsum is
the most common amendment and its application for ameliorative sodic soils.
The effectiveness of gypsum depends upon (i) the degree of fineness (ii) the
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way in which it is incorporated in the soil and (iii) the efficiency of the
drainage system. Gypsum has a calcium content of 23% and sulfur content
of 19%. It is usually used for treating sodium affected soils on farm. The
calcium in the applied gypsum enables sodium displacement on the cation
exchange capacity of the soil. Qureshi and Barrett-Lennard (1998) found
that application of gypsum to sodic soils improves the infiltration rate and
helps in leaching the salts into the lower layers. Gypsum is widely used to
improve soil porosity. In packed soils columns, increase in hydraulic
conductivity was observed with gypsum. From scanning electron microscope
observation, it was concluded that the increase in HC was closely associated
with an increase in visible pores and reduction in clay dispersion. Similarly, a
three-fold increase in HC was observed in the case of gypsum-applied to
sodic soil as compared to distilled water application. A marked decrease in
soil bulk density was observed when treated with surface applied
phosphogypsum. Adequate infiltration rate in sodic soils was achieved due to
increase in electrolyte concentration of soil water after gypsum application
(Frenkel et al., 1989; Ghafoor et al., 1990). Sodic soils when clayey in nature
have very compact mass, addition of sand improved the percent of pore
space, hydraulic conductivity and degree of clay dispersion, except the bulk
density (Hussain et al.,1990).

Sand and alkalization desertification of soil play a dominant role in
the landscape’s geochemical property in the area, in situations where sand is
easy to obtain and is cheap and salinity and alkalinity is a problem, questions
and concerns exist over the selection and use of soil amendments. (Wang et
al. 2008).

Mole drains are unlined channels formed in clay subsoil (40-60cm
depth) with a ripper blade with a cylindrical foot, often with an expander which
helps compact the channel wall. Mole drain is widely used in heavy soils to
improve productivity of pastures and crops (David,2002). Moukhtar et al.,
(2003b) and Antar et al., (2008) found that, mole drains perpendicular to open
drains accelerated downward water movement to the depth of mole plow.
Mole drains are generally considered to be the result of the physical
shattering of the hardpan, which allows increasing water penetration into the
subsoil. This may also accelerate the leaching of sodium from the subsoil
thereby further reducing the possibility of reformation of the hardpan. Said
(2002) revealed that soil compaction influenced soil strength, bulk density,
distribution and continuity of pores with consequent an adverse effect on
drainage, root penetration, aeration, biological processes and nutrient uptake;
all of which could have a direct bearing on crop production.

The objective of this study is to investigate the effect of the mole
drain construction in combination with some soil amendments i.e., (gypsum,
sand and aluminum sulfate) on the reclamation of saline —sodic soils.

MATERIALS AND METHODS
To achieve the aim of this investigation a field trail selected at Sahl
El-Hossinia located in the north east Delta, Sharkia Governorate, Egypt was
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carried out. The field trail was divided into 72 plots, with an area 15 m? for
each one.
Experimental layout and treatments:

Experimental treatments were conducted in split, split plot design
with three replicates. The soil amendments were assigned to main plots;
control, Gypsum, sand and aluminum sulfate. While, subplot treatments
include the mole drain,(1) distance of mole drain at 4, 6 and 8 m and
(2)different two diameters of mole drain 7.5 and 10 cm, respectively.Were
allocated in sub-sub plot

Soil samples were collected at soil depth (0-30 cm) before and at the
end of the experiment, continuous leaching method is used in surface
irrigated fields. It depends on flooding the field plot, with water and allowing
the water level to rise up to several centimeters (20 cm) above the ground
surface. Also, soil samples of each plot were collected after 25, 75, 125 and
Y75 days at depth of 0-30 cm and chemically analyzed according to method
described by Page (1982) in order to follow up the soil salinity, pH and ESP
changes through the leaching process and soil amendments application.

Some soil physical parameters such as, hydraulic conductivity, bulk
density, total porosity, for a depth of 0-30 cm were determined according to
(Klute, 1986), and represented in Tables (1 &2)

Statistical analysis:

Data were statistically analyzed using analysis of variance for split

split plot design according to Snedecor and Cochran (1982)

Table (1): Some chemical properties of studied soil in saturated soil
paste extract

Soil depth, 4 Anions (mmol,L™") Cations(mmol.L™) ESP
cm PH | ECASMI—oen T o | sos | Ca | Mg™ | Na® | K | (%)
0 - 30 8.90 183.5 3.05 3444 | 804.6 336 717 3136 | 63.15 | 68.4

Table (2) A- Physical properties of studied soil

Cm (cmin) (g/cm?)’ o |emolekg®)| FC | wp | AW
0 - 30 1.14 1.00 £ 0) 51.7 47.63 | 25.58 | 25.97
Table (2) B-

: Particle size distribution%

Smécdrﬁg)th, CaCoz”| O.M% [ Coarse | Fine Silt Cla Texture

sand sand Yy class

0 - 30 7.6 0.33 13.55 455 8.35 73.35 Clay

30 - 60 6.2 0.15 12.7 5.3 8.1 73.9 Clay

RESULTS AND DISCUSSION
Some soil chemical properties:
Soil salinity:
Data of soil salinity as affected by different treatments are shown in
.table (3) and expressed as electrical conductivity in dS/m. In general, the
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data of soil salinity for the studied area before starting leaching process is
very high (183.5 dS m™). Data of soil salinity for first rotation leachate after 25
days from beginning of leaching are shown in Table (3). Results indicated
that decreasing of soil salinity with leaching due to construction the mole
drain at different spacing and diameters where, the average decreasing
percentage were 51.44, 46.04 and 44.63 % for 4, 6 and 8 mole drain
distances at diameter 7.5 cm, respectively, compared with the initial soil
salinity. However the corresponding values for 4,6 and 8 mole drain distances
at 10 cm diameter were, 52.37, 49.26 and 48.61%, respectively, in the
absence of any soil amendments. Mole drain is effective way for removal of
soluble salts, large amounts of water was added to field and dissolved salt
removed from field through nearby drain system (Li and Keren., 2009).

The decreases in soil salinity due to the combination between mole
drain and soil amendments are shown in Table (3) The data revealed that a
highly decrease in soil salinity due to application of soil amendments
(gypsum, sand and aluminum sulfate) combined with mole drain compared to
mole drain alone, while at the distance4dm of mole drain combined with
amendments was more effective on decreasing soil salinity compared to the
other distances. Also, it is worthy to mention that there is no significant effect
due to mole drain diameter on decreasing of soil salinity. The percentages of
decreasing were (41.41, 29.19 and 25.19) , ( 20.98, 27.67 and 27.75) and (
50.28, 48.08 and 52.06% ) for the mole drain distance 4, 6 and 8 at 7.5 cm
diameter combined with gypsum, sand and aluminum sulfate respectively,
and compared with mole alone.

Data of soil salinity for the second rotation (after 75 days) from
leaching are shown in Table (3). Results indicated that application of all
treatments led to decrease of the soil salinity where the average decreasing
percentages were, (60.05, 60.03 and 57.11) & ( 58.85, 60.03 and 60.81) for
mole drain at distance 4,6 and 8 at diameters 7.5 and 10 cm, respectively
compared to the initial state soil salinity. Data also depicted that with
application of soil amendments combined with mole drain was more
pronounced in the reduction of soil salinity and the average decreasing
percentages were, (66.43, 49.65 and 49.94) & (66.43, 49.65 and 49.93) for
mole drain at distance 4, 6 and 8 m and having diameter 7.5 and 10 cm
combined with gypsum, respectively compared to the mole drain individually.
While the mole drain combined with sand, the average decreasing
percentages were (39.56, 47.31 and 56.54) & (47.81, 66.49 and 59.12). With
regard to mole drain combined with aluminum sulfate, the values were
(46.64, 48.28 and 47.01) & (42.64, 56.86 and 51.04). These results attributed
to the application of soil amendments greatly enhanced the leaching of salts
from saline sodic soil. Ritzema (1994) reported that heavy soils of low
hydraulic conductivity (less than 0.01 m/day) often require very closely
spaced drainage systems (2-4 m spacing) for satisfactory water control. With
conventional pipes, the cost of such systems is usually uneconomic and
hence alternative techniques are required. Surface drainage is one
possibility, while the other is mole drainage. The success of a mole drainage
system is dependent upon satisfactory water entry into the mole channel and
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upon the mole channels itself remaining stable and opens for an acceptable
period.

Table (3) Effect of different treatments on ECe, pH and ESP after 25
days for leaching of salt affected soil

Soil samples after 25 days of leaching L.S.D at 0.05
Chemical Mole drain diameter Mole drain diameter(10cm)
properties Treatments (7.5cml) '
Distance of mole drain( m)
4 6 8 4 6 8
Control 89.1 99.00 101.6 87.4 93.1 94.3 JA:040 AxB
Gypsum 52.00 | 70.10 | 76.00 48.8 63.00 71.9 }0.406
EC Sand 70.4 71.6 73.4 66.5 68.2 70.1 |B:0.03 A X
ds/m C:0.507
Aluminum C:0.04 B x
sulphate C:0.091
44.3 51.4 48.7 39.1 47.7 40.5 JAxBxC :0.303
Control 7.95 8.3 8.42 7.91 8.21 856 JA:0 ¢ AXB
Gypsum 7.7 7.8 7.9 7.7 7.6 78 lo..+0
Sand 7.91 8.10 8.17 7.80 7.90 7.98 [B:0.++1 AX
pH C:0.++ A
. C:0.: Y B x
Aluminum c0.. ¢
sulphate JAXBxC :0.:+°
7.35 7.65 7.83 7.4 7.61 7.54
Control 54.2 56,10 60.11 50.11 52.31 56.21 JA:0 % AxB:0.:%1
Gypsum 46.21 47.88 49.11 45.00 46.89 47.01 |B:O.-Y AX
ESP Sand 51.21 52.78 54.89 50.21 50.52 52.12 |C:0.'Y)
% . C:0.+) B x
Aluminum c0.. v
sulphate | 4346 | 24.90 | 46.90 | 42.90 | 4411 | 45.01 JAxBxC :0.-v¢
A: Treatments B: Mole drain diameter C: Distance of mole drain

Table (4) Effect of different treatments on ECe, pH and ESP after 75
days for leaching of salt affected soil

Soil samples after 75 days of leaching L.S.D at 0.05
Chemical Mole drain diameter | Mole drain diameter
properties Treatments (7.5cm_) (10cm)
Distance of mole(m)
4 6 8 4 6 8
Control 73.3 72.7 78.7 755 | 72.8 719 JA:0.Y7 AXxB:0.YVYY
EC Gypsum 61.0 36.6 | 39.4 57.4 | 25.96 | 24.69 |B:0.:¢ A xC:0.£VY
dS/m Sand 44.30 | 38.3 34.2 39.4 [24.39] 29.39 |C:0.-° BxC:0.1V¢
Aluminum sulphate | 49.8 [ 37.6 | 41.7 | 433 [ 31.4 | 352 JAXxBxC :0.¥%¥
Control 7.8 7.85 7.95 7.7 7.8 79 JA -0 AXxB
pH Gypsum 7.6 7.7 7.8 75 7.8 7.8 [0.008
Sand 7.60 7.75 7.78 7.61 | 7.69 7.75 |B:O.+ Y A x C:0.009
0 . .
Aluminum sulphate | 715 | 7:35 | 726 | 7.45 | 7.64 | 7.76 233 I 550%-0-004
Control 46.21 |48.14 | 50.34 | 45.08 | 46.24 | 48.98 |A:-.07 A x B :0.068
ESP Gypsum 41.21 |44.43 | 45.22 |40.21 | 44.21 | 44.21 |B:0.007 A x C:0.089
% Sand 44.89 |46.21| 47.90 |43.89 | 45.90 | 46.03 |C:0.*) B x C:0.025
Aluminum sulphate | 38.11 [40.11] 42.75 |37.87[38.12| 41.76 JAXxBxC :0.056
A: Treatments B: Mole drain diameter C: Distance of mole drain
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Table (5) Effect of different treatments on ECe, pH and ESP after 125
days for leaching of salt affected soil

Soil samples after 125 days of leaching
Chemical Mole drain diameter (7.5cm)[Mole drain diameter (10cm)]L.S.D at 0.05
- Treatments -
properties Distance of mole(m)
4 6 8 4 6 8
Control 375 375 39.1 35.2 38.4 38.12 | A:0.10 AXx
Gypsum 24.5 25.1 27.35 24.2 24.4 26.8 B:0.1
Sand 32 32.3 34.9 28.6 30 317 |B:0.01 AX
EC 225 29.8 315 24.2 34.6 31 C:0.136
dS/m ) C:0.02 B X
Aluminum C:0.091
sulphate IAXB xC :
0.108
Control 7.87 8.21 8.33 7.83 8.13 8.47 JA:-.007 A
Gypsum 7.62 7.72 7.82 7.62 7.53 7.72 [xB:0.008
Sand 7.83 8.01 8.08 7.75 7.83 7.90 [B:0009 A
pH 7.20 7.49 7.67 7.25 7.55 7.48 [x C:0.009
Alumi C:0.002 B
uminum X C:0.002
sulphate IAXB xC :
0.006
Control 36.3 38.11 | 40.01 35.26 36.00 38.76 JA:+.015 A
Gypsum 22.4 26.88 27.43 22.00 25.56 27.11 [xB:0.121
Sand 27.2 29.94 | 33.67 27.01 29.00 33.32 |B:006 A
ESP 2290 | 24.05 | 2723 | 21.88 | 23.89 | 25.37 [xC:0.153
% Alumi C:0.014 B
uminum x C:0.030
sulphate IAXxB xC :
0.083
A: Treatments B: Mole drain diameter C: Distance of mole drain

Data of soil salinity for third rotation after 125 days and fourth rotation
after 175 days from leaching are shown in Table (4). In the third rotation,
results indicated that there was also more decreasing for soil salinity with
leaching for all treatments. For third rotation, the average decreasing
percentages were (79.50, 79.56 and 78.69%) & ( 80.86, 79.07 and 79.22%)
for mole drain at distances 4, 6 and 8 m at different diameters 7.5 and 10 cm,
compared to the initial soil salinity, respectively. While the corresponding
values of decreasing percentage were, (82.29, 81.16 and 80.80%) & (83.46,
82.23 and 81.84%) for fourth rotation.

The effect of mole drain combined with gypsum was more effective in
reducing soil salinity, the average decreasing percentages were (34.66, 33.06
and 30.05) & (31.25, 36.45 and 29.69) and (28.22, 27.66 and 31.28) &
(33.68, 29.18 and25.59 ) for third and fourth rotation leachate, respectively.
Concerning the mole drain combined with sand the soil salinity was slightly
decreased but the values were still more than mole drain alone. The average
decreasing percentages were (14.66, 13.86 and 10.74 ) & (18.75, 21.87 and
16.84) and (9.98,10.44 and8.51) & (3.25, 8.50 and 8.25 ) for third and fourth
rotation of leachate, however the corresponding values for mole drain
combined with aluminum sulfate compared with mole drain alone, the
decreasing percentages, were (40.00, 20.50 and 19.33) & (31.25, 9.80 and
18.67) and (49.82, 42.40 and 43.54) & (46.17, 44.74 and 42.96), for third and
fourth rotation leachate, respectively. The decrease in EC with gypsum
treatment might be due to quick action of gypsum in dissolving insoluble salts
and flushing them with frequent leachates. Also, data showed gradual
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decrease with increasing leachates numbers; it might be due to the gypsum
has steady reaction with sodium of soil to replace it.

The original soil was saline sodic in nature and very compacted
addition of sand loosed the soil and increased its porosity in the upper layers.
The effectiveness of the applied aluminum sulfate is further higher than that
gypsum and sand. Prapagar et al. (2012) found that gypsum application in
combination with organic amendments improved the soil chemical properties
by reducing the EC, SAR and pH, than the applying gypsum alone. Niazi et
al. (2001) found that application of sand helped in improvement leaching ions
then the concentration of the salts was reduced.

Table (6) Effect of different treatments on ECe, pH and ESP after Y75
days for leaching of salt affected soil

Samples of soils after 175 days of L.S.D at 0.05
leaching
Chemical Treatments Mole drain diameter| Mole drain diameter
properties (7.5cm) (10cm)
Distance of mole(m)
4 6 8 4 6 8
Control 31.21 |33.62|35.23|30.34| 32.34 | 33.31 JA:* NYAX B :0.%)
EC Gypsum 22.40 |24.32|24.21|20,12| 22.90 | 24.8 |B:*.+*Ax Ci+ )Y
dS/m Sand 28.25 [30.11|32.23]|29.36| 30.33 | 30.56 |C:0.-'B X C:+.*YY¥
Aluminum sulphate| 17.22 [19.46[19.89[16.33| 17.87 | 19.00 JAxB x C : 0.09
Control 781 | 787 | 787|762 7.73 | 7.82 JA:+.+*AxB:0.:+A
pH Gypsum 7.72 |7.63[7.727.43| 7.72 | 7.74 B:*.-*YAXC:-.+))
Sand 7.52 | 767 770|753 7.61 | 7.67 |C:O.:YBxC::.+ ¢
Aluminum sulphate| 7.01 [7.21[7.15][7.40]| 7.49 | 761 JAxBxC :0.0-°
Control 34.20 |36.10(38.21|32.90| 35.00 | 36.87 |A:* VAA X B :0.) A
ESP Gypsum 18.02 {20.11(24.80|17.32| 19.23 | 20.00 |B:*.* VYA X C:+.YYA
% Sand 26.13 |27.34]|31.3426.16| 28.23 | 31.22 |C:0.+YYBx ©.+.+ ¥4
Aluminum sulphate| 15.21 [15.90[16.11[13.01] 13.90 | 14.45 JAXBXxC : 0.\Y:
A: Treatments B: Mole drain diameter C: Distance of mole drain
Soil pH: Effect of mole drain individually or combined with soil

amendments on soil pH after four leachates process i.e. after 25, 75, 125 and
275 days are shown in Tables(3) and( 4). The data showed that the pH
values of soil after every leachate decreased than the (initial value). Mole
drain decreased the pH values for first, second, third and fourth leachate.
These average decrements were 7.64%, 12.00%, 8.5% and 12.50%, relative
to the initial pH value, respectively. Data also, indicated that the decrease in
the pH values of soil after first, second, third and fourth leachate and these
average decrements were (12.92, 13.48, 13.82 and 13.93) for mole
drain+gypsum, (10.44, 13.59, 11.23 and 14.49%) for mole drain+sand and
( 15.05, 16.51, 16.40 and 17.86%) for mole drain +aluminum sulfate relative
to the initial pH value, respectively. The decrease in soil pH may be due to
decrease in sodium concentration as a fraction of the cations. This
decreasing may be due to removal of exchangeable sodium from the soil.
Moreover, gypsum solubility is also enhanced because of the increased
activity coefficient of calcium and sulfate as a result of increased ionic
strength of solution and the formation of the sodium sulfate ion pair. Besides,
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large quantities of CO, must have been evolved during leaching process,
some of which would become soluble in soil solution giving carbonic acids.
Sabir et al. (2007) found that gypsum application as amendment for treating
sodic soils improved soil properties by reducing pH and SAR; also they
showed that ameliorative effect of gypsum is expected when more number of
irrigations are applied with the provision of good drainage allowing the salts to
flush out the soil profile. Niazi et al (2001) found that reduction in pH of the
soil was observed due to application of 0.1 % sand at the end of second year
of cropping. Junbo et al. (2010) found that sand application can improve the
physical properties of saline sodic soil. Three test levels, heavily, middle, and
light, were designed for experiment of amelioration saline sodic soil using
sand application. The sand applications for heavy level, middle level, and
light level were1050, 900, and 750m® ha-!, respectively. After 3 years of
continuous sand application, the soil pH decreased from 9.08 to 7.21. it is
also noticed that the pH values due to application of aluminum sulfate was
more effective than the other soil amendments. This result may be attributed
to aluminum sulfate which decrease pH because the dissociated into
aluminum and sulfuric acid the aluminum binds to the clay or precipitates out
of the soil solution leaving the sulfuric acid behind. When the salts added to
moist soils they hydrolyze rapidly, producing H,SO, as shown by the
following equation:
Alz(SO4)2 +6 Hzo — Al(OH)3 +3H2$O4

Exchangeable sodium percentage (ESP):

The changes in exchangeable sodium percent due to mole drain buck
filled with sand individually and combined with soil amendments (gypsum,
sand and aluminum sulfate under four rotation leachate are presented in
Tables (3 and 4). The data indicated that the ESP values were decreased
due to construction of drain filled with sand at different distances and
diameters after each process of leachate. The mean average decreasing
percentages were 16.90% for mole drain filled with sand at diameter 7.5 cm
and 22.69% for 10 cm, respectively for first leachate compared to the initial
value. The corresponding values for second, third and fourth leachate were
(14.86 % and 31.62), (44.33 % and 46.38 %) and (47.11% and 48.94%),
respectively. Concerning the impact of mole drain filled with sand at different
distances and different diameters combined with soil amendments (gypsum,
sand and aluminum sulfate) Data revealed that the values of average
decreasing percentage of ESP were 30.21% and 32.30% for mole drain filled
with sand at diameter ¥.° and Y0cm +gypsum for first leachate. However, the
corresponding values of decreasing percentage at second, third and fourth
leachates were 36.22 and 37.31, 57.74% and 63.61, 69.33% and 81.21%,
respectively. For mole drain filled with sand at diameter 7.5 and 10 cm +sand
for first leachate, second, third and fourth leachate the mean values
percentages decreasing in ESP were 22.57% and 25.51, 32.69 and 33.81,
55.74 and 29.77% and 58.66 and 58.27%, respectively compared with the
initial value. While the combined between mole drain at different both space
and diameters with aluminum sulfate the mean decreasing percentage in
ESP for first, second, third and fourth leachate were 34.08% and 35.66%,
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41.04% and 42.61%, 63.84% and 65.33% and 76.98% and 79.84%,
respectively compared with the initial value. It worthy to mention that mole
drain filled with sand technique combined with soil amendments was more
effective in reducing exchangeable sodium percentage. Hussain et al. (2001)
reported that simple leaching can reclaim saline soils whereas black alkali
soils need proper amount of gypsum, sulfur, lIron sulfate and aluminum
sulfate along with leaching.

Table (7) Effect of different treatments on hydraulic conductivity, bulk
density and total porosity at the end of experiment of salt
affected soil

Samples of soils after Y75 days of L.S.D at 0.05
leaching
Physical Mole drain diameter Mqle drain
properties Treatments (7.5cm) diameter
(10cm)
Distance of mole( m)
4 6 8 4 6 8
Control 1.79 1.70 11670 | 1.97 | 1.69 | 1.59 JA:+.-*Y AxB:0.:+¢
Hydraulic Gypsum 2.62 247 | 2.41 [ 269 | 2.49 | 2.46 [B:+.++)Y AXCieoY
conductivity| Sand 196 [1.88| 1.85 | 1.98]1.83[1.74 |C:0.«+Y BxC:. ¢
(cm/h) Aluminum 232 [212] 191 [252|251]1.93 AxBxC :0.0-°
sulphate
Control V.00 V.oV | Yef [ vee Y ey [V ey JA. Y AXxB:0.r1
Bulk Gypsum YY1 YYY [ vy [yxe [yt [y xa B sy AXCree N
densitg/ Sand ). EY L y.ou V.8 | V¢ | ), ¢1 JC:i0.0Y BXCirleo
(g.cm™) Aluminum ).¥4 )6 yyy [yyv [y [y JAXBXxC 1 0.00Y
sulphate
Control ¥ o0 ey xn] ey Ae [evedevav[ey e A AT AXB:0.-AY
Gypsum oYo. [ta AV eAY. [orYy[oyou oy VBt )Y AXCitVof
To_tal N Sand te0Y [evvy] ey e [e1valeon1]se ) ]|Ci0. T BXCiro VA
porosity (%) Aluminum oY YY [ovov] ¢aA) [oY to[ovat|o. ovJAXBXxC :0.01Y
sulphate
A: Treatments B: Mole drain diameter C: Distance of mole drain

Soil hydraulic conductivity (HC): The effects of different treatments at
the end of experiments after 4 process rotation leachate on values of
hydraulic conductivity of salin-sodic soil are presented in Table (5). Results
indicated that hydraulic conductivity in the initial soil was low (1.14cm/hr). The
mean increasing percentages in hydraulic conductivity were 50% and 114%
due to mole drain filled with sand at different diameters, respectively
compared with the initial value.

While the combined between mole drain and soil amendments the
data reveal that values of the soil hydraulic conductivity were more higher
than the mole drain alone.

Data in Table (5) show that mole drain combined with gypsum
application markedly increased soil hydraulic conductivity of soil being 1.14
cm/hr in the initial soil to 2.26, 2.47 and 2.41 cm/hr for mole drain at distance
4, 6 and 8 m under 7.5 cm diameters combined with gypsum. In the mole
drain at distance 4, 6 and 8 m at 10 cm diameters combined with gypsum, the
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corresponding HC values were 2.69, 2.49 and 2.46 cm/hr, respectively.
However, mole drain when combined with sand the increase in soil hydraulic
conductivity was slightly higher than these of the mole drain alone. The
relative percentages increases of HC values were (71.00, 64.91 and
62.28%) & (73.68, 60.52 and 52.63%) compared with the initial value of HC
for sand as amendment combined with mole drain refilled with sand at
distance 4, 6 and 8 m at Y. cm and Y0 cm diameters, respectively. The
corresponding HC values for mole drain refilled with sand combined with
aluminum sulfate were (191.22, 85.96 and 67.54%) & (121.05, 120.17 and
69.29 %) in the same order. As regards the reclamation efficiency in terms of
improving hydraulic conductivity, various amendments proved useful but their
combinations with mole drain may be regarded the best.

Bulk density:

Data presented in Table (5) show the effect of mole drain filled with sand
individually or combination with soil amendment i.e. gypsum, sand and
aluminum sulfate on bulk density values of soil saline sodic under study. The
values of bulk density were decreased due to implement of mole drain filled
with sand individually when compared with the initial value. Whereas, the bulk
density of initial soil was 1.°5 and decreased up to (1.1, 1.e3 and 1.°4) &
(1.°0, 1.21 and 1.22 g/cm®) for mole drain filled with sand at distance 4, 6 and
8 m at diameters 7.5 and 10 cm, respectively. Addition of soil amendments
combined with mole drain the bulk density values were decreased. The
relative decrease percentage of bulk density values for mole drain refilled
with sand at 4, 6 and 8 distance at both Y.© and Y0 diameters combined with
gypsum were (YAY+, YeN% and Y. N%) & (Ye.or, YAYY and YWV.9 %)
compared with the initial value of bulk density, respectively. The
corresponding values of decrease bulk density were (.7, Y.AY and Y.YY%)
and (2.+Y, Y.V » and °©.A%) for mole drain combined with sand as amendment.
Also, when mole drain combined with aluminum sulfate the percentage of
relative decrease were (V1.VY, Yo ¢Agnd YeV3) & (VALY V1Y and Ye.¢A) in
the same order.

Total porosity

Data presented in Table (5) show the effect of mole drain refilled with sand
individually or combined with soil amendments i.e. gypsum, sand and
aluminum sulfate on total porosity values of saline-sodic soil under
investigation. The values of total porosity in the soil were increased due to the
application of mole drain individually or combination with soil amendments
compared with initial value. The total porosity of the initial soil was ¢).°) and
the mean values increased to ¢Y.¢Y and ¢¥.)1 for mole drain at different
distance at Y.cand Y0 cm diameters, respectively. It worth to mentioned that
the increase in the total porosity was slightly increase attributed to the
application of mole drain individually. While, when the soil treated with
amendment combined with the mole drain the total porosity values were
increase more positively. The mean of relative percentages increased of total
porosity were, Y).*Y and Y1.£+9% for gypsum+ mole drain at both diameters (
v.e and Y0 cm), respectively. In the corresponding values for both sand +
mole drain and aluminum sulfate + mole drain the mean relative percentages
increased values were, ( °.¢Y and A%4%) and  (Y).AY and YY.1Y%),
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respectively compared with initial value of total porosity. Odes (1984) found
that the addition of 20ml Al or 60 ml Fe per gram of clay was needed to
flocculate Na-exchanged montmorillonite.

CONCLUSION

Results showed that a combination of physical and chemical methods can
accelerate the reclamation process. Mole drain filled with sand at narrow
spacing and diameters 7.5 or 10cm was an adequate auxiliary treatment in
heavy clayey saline — sodic soil of low permeability which encouraged the
reduction of soil salinity. Soil amendments such as gypsum, sand and
aluminum sulfate application can be used as an effective practice for the
reclamation of saline-sodic soils and improve reclamation efficiency.
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