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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 275 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

+2
 can be solubilized by addition 

of H2SO4, HCl, S, FeS2 and Fe2SO4.7H2O and Al2(SO4)3.18H2O. 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
2
 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 
275 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 
ESP 

(%) 

Cations(mmolcL
-1

) Anions (mmolcL
-1

) 
EC dSm

-1
 pH 

Soil depth, 

Cm K
+

 Na
+

 Mg
++

 Ca
++

 So4
--

 Cl
-

 HCO
-
3 

68.4 63.15 3136 717 336 804.6 3444 3.05 183.5 8.90 0       -      30 

 
Table (2) A- Physical properties of studied soil 

 
Table (2) B-  

 
Texture 
class 

Particle size distribution% 
O.M% CaCo3

 %
 

Soil depth, 
(cm) Clay Silt 

Fine 
sand 

Coarse 
sand 

Clay 73.35 8.35 4.55 13.55 0.33 7.6 0       -      30 
Clay 73.9 8.1 5.3 12.7 0.15 6.2 30      -     60 

 
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 

Soil moisture content 
CEC 

)cmolc kg
-1
 ( 

Total 
porosity 

)%( 

Bulk 
density 
)g/cm

3
( 

Hydraulic 
Conductivity 

)Cm/h( 

Soil depth, 
Cm A.W W.P F.C 

25.97 25.58 47.63 51.7 44.54 1.55 1.14 0       -      30 
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data of soil salinity for the studied area before starting leaching process is 
very high (183.5 dS m

-1
). 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 distance4m 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 

 

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 

 

A: Treatments          B: Mole drain diameter           C: Distance of mole drain 

 

Chemical 

properties 
Treatments 

Soil samples  after 25 days of leaching L.S.D at 0.05 

 Mole drain diameter 

(7.5cm) 
Mole drain diameter(10cm) 

Distance of mole drain( m) 

4 6 8 4 6 8 

EC  

dS/m 

Control 89.1 99.00 101.6 87.4 93.1 94.3 A: 0.40      A x B 

:0.406 

B:0.03        A x 

C:0.507 

C:0.04        B x 

C:0.091 

A x B x C  : 0.303 

Gypsum 52.00 70.10 76.00 48.8 63.00 71.9 

Sand 70.4 71.6 73.4 66.5 68.2 70.1 

Aluminum 

sulphate 

44.3 51.4 48.7 39.1 47.7 40.5 

pH 

 

Control 7.95 8.3 8.42 7.91 8.21 8.56 A: 0       005  A x B 

:0.005 

B:0.0000       A x 

C:0.000 

C:0.002         B x 

C:0.004 

A x B x C  : 0.005 

 

Gypsum 7.7 7.8 7.9 7.7 7.6 7.8 

Sand 7.91 8.10 8.17 7.80 7.90 7.98 

Aluminum 

sulphate 

7.35 7.65 7.83 7.4 7.61 7.54 

ESP 

% 

Control 54.2 56,10 60.11 50.11 52.31 56.21 A: 0     00 A x B :0.000 

B:0.02       A x 

C:0.424 

C:0.04       B x 

C:0.030 

A x B x C  : 0.074 

Gypsum 46.21 47.88 49.11 45.00 46.89 47.01 

Sand 51.21 52.78 54.89 50.21 50.52 52.12 

Aluminum 

sulphate 
43.46 44.90 46.90 42.90 44.11 45.01 

Chemical 
properties 

Treatments 

Soil samples  after 75 days of leaching L.S.D at 0.05 
 Mole drain diameter 

(7.5cm) 
Mole  drain diameter 

(10cm) 

Distance of mole( m) 

4 6 8 4 6 8 

EC 
dS/m   

Control 73.3 72.7 78.7 75.5 72.8 71.9 A: 0     36. A x B :0.373 
B:0.04       A x C:0.472 
C:0.05       B x C:0.424         
A x B x C  : 0.202 

Gypsum 61.0 36.6 39.4 57.4 25.96 24.69 

Sand 44.30 38.3 34.2 39.4 24.39 29.39 

Aluminum sulphate 49.8 37.6 41.7 43.3 31.4 35.2 

pH 
 

Control 7.8 7.85 7.95 7.7 7.8 7.9 A: 0.006       A x B 
:0.008 
B:0.002       A x C:0.009 
C:0.004       B x C:0.004         
A x B x C  : 0.006 

Gypsum 7.6 7.7 7.8 7.5 7.8 7.8 

Sand 7.60 7.75 7.78 7.61 7.69 7.75 

Aluminum sulphate 
7.15 7.35 7.26 7.45 7.64 7.76 

ESP 
% 

Control 46.21 48.14 50.34 45.08 46.24 48.98 A:0.07      A x B :0.068 
B:0.007       A x C:0.089 
C:0.04       B x C:0.025         
A x B x C  : 0.056 

Gypsum 41.21 44.43 45.22 40.21 44.21 44.21 

Sand 44.89 46.21 47.90 43.89 45.90 46.03 

Aluminum sulphate 38.11 40.11 42.75 37.87 38.12 41.76 
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Table (5) Effect of different treatments on ECe, pH and ESP after 125 
days for leaching of salt affected soil 

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 

Chemical 
properties 

Treatments 

Soil samples after 125 days of leaching 

L.S.D at 0.05 
 

Mole drain diameter (7.5cm) Mole drain diameter (10cm) 

Distance of mole( m) 

4 6 8 4 6 8 

EC 
  dS/m   

Control 37.5 37.5 39.1 35.2 38.4 38.12 A:0.10     A x 
B :0.1         

B:0.01       A x 
C:0.136      

C:0.02       B x 
C:0.091     

A x B x C  : 
0.108 

Gypsum 24.5 25.1 27.35 24.2 24.4 26.8 

Sand 32 32.3 34.9 28.6 30 31.7 

Aluminum 
sulphate 

22.5 29.8 31.5 24.2 34.6 31 

pH 
 

Control 7.87 8.21 8.33 7.83 8.13 8.47 A:0.007      A 
x B :0.008 
B:0009       A 
x C:0.009 
C:0.002      B 
x C:0.002 
A x B x C  : 
0.006 

Gypsum 7.62 7.72 7.82 7.62 7.53 7.72 

Sand 7.83 8.01 8.08 7.75 7.83 7.90 

Aluminum 
sulphate 

7.20 7.49 7.67 7.25 7.55 7.48 

ESP 
% 

Control 36.3 38.11 40.01 35.26 36.00 38.76 A:0.015      A 
x B :0.121 
B:006         A 
x C:0.153 
C:0.014      B 
x C:0.030 
A x B x C  : 
0.083 

Gypsum 22.4 26.88 27.43 22.00 25.56 27.11 

Sand 27.2 29.94 33.67 27.01 29.00 33.32 

Aluminum 
sulphate 

22.90 24.05 27.23 21.88 23.89 25.37 
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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 275 

days for leaching of salt affected soil 

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, 

Chemical 
properties 

Treatments 

Samples of soils after 175 days of 
leaching 

L.S.D at 0.05 

Mole drain diameter 
(7.5cm) 

Mole drain diameter 
(10cm) 

Distance of mole( m) 

4 6 8 4 6 8 

EC  
  dS/m   

Control 31.21 33.62 35.23 30.34 32.34 33.31 A:0.43A x B :0.434 
B:0.00A x C:0.462 
C:0.04B x C:0.022         
A x B x C  : 0.004 

Gypsum 22.40 24.32 24.21 20,12 22.90 24.8 

Sand 28.25 30.11 32.23 29.36 30.33 30.56 

Aluminum sulphate 17.22 19.46 19.89 16.33 17.87 19.00 

pH 
 

Control 7.81 7.87 7.87 7.62 7.73 7.82 A:0.00A x B :0.000 
B:0.002A x C:0.044 
C:0.002Bx C:0.004        
A x B x C  : 0.005 

Gypsum 7.72 7.63 7.72 7.43 7.72 7.74 

Sand 7.52 7.67 7.70 7.53 7.61 7.67 

Aluminum sulphate 7.01 7.21 7.15 7.40 7.49 7.61 

ESP 
% 

Control 34.20 36.10 38.21 32.90 35.00 36.87 A:0.40A x B :0.405 
B:0.044A x C:0.220 
C:0.043Bx : 0.020.         
A x B x C  : 0.430 

Gypsum 18.02 20.11 24.80 17.32 19.23 20.00 

Sand 26.13 27.34 31.34 26.16 28.23 31.22 

Aluminum sulphate 15.21 15.90 16.11 13.01 13.90 14.45 
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large quantities of CO2 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

3
 ha

_1
, 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 H2SO4 as shown by the 
following equation: 
          Al2(SO4)2 + 6 H2O  →  Al(OH)3 +3H2SO4 
 
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 7.5 and 40cm +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, Iron 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 

        

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 

Physical 
properties 

Treatments 

Samples of soils after 275 days of 
leaching 

L.S.D at 0.05 

Mole drain diameter 
(7.5cm) 

Mole drain 
diameter  

(10cm) 

Distance of mole( m) 

4 6 8 4 6 8 

Hydraulic 
conductivity 

)cm/h( 

Control 1.79 1.70 1.670 1.97 1.69 1.59 A:0.003   A x B :0.004 
B:0.004   A x C:0.007 
C:0.002   B x C:0.004 
A x B x C  : 0.005 

Gypsum 2.62 2.47 2.41 2.69 2.49 2.46 

Sand 1.96 1.88 1.85 1.98 1.83 1.74 

Aluminum 
sulphate 

2.32 2.12 1.91 2.52 2.51 1.93 

Bulk 
density 
)g.cm

-3
( 

Control 4.54 4.53 4.54 4.50 4.54 4.52 A:0.007   A x B :0.000 
B:0.002   A x C:0.044 
C:0.002   B x C:0.005 
A x B x C  : 0.007 

Gypsum 4.26 4.33 4.37 4.24 4.26 4.20 

Sand 4.47 4.40 4.50 4.44 4.44 4.46 

Aluminum 
sulphate 

4.20 4.34 4.33 4.26 4.30 4.34 

Total 
porosity (%) 

Control 43.00 42.26 44.00 43.40 43.02 42.64 A:0.003   A x B :0.007 
B:0.042   A x C:0.404 
C:0.006  B x C:0.040 
A x B x C  : 0.062 

Gypsum 52.50 40.04 40.30 53.24 52.50 54.70 

Sand 44.52 43.77 43.40 46.70 45.66 44.04 

Aluminum 
sulphate 

54.32 50.57 40.04 52.45 50.04 50.57 
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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 7.5 cm and 40 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 1.55 and decreased up to (1.51, 1.53 and 1.54) & 
(1.50, 1.51 and 1.52 g/cm

3
) 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 7.5 and 40 diameters combined with 
gypsum were (40.70, 44.40 and 44.64%) & (20.00, 40.74 and 47.44%) 
compared with the initial value of bulk density, respectively. The 
corresponding values of decrease bulk density were (5.46, 3.07 and 3.23%) 
and (0.04, 7.40 and 5.0%) for mole drain combined with sand as amendment. 
Also, when mole drain combined with aluminum sulfate the percentage of 
relative decrease were (46.77, 45.40 and 44.40) & (40.70, 46.30 and 45.40) 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 44.54 and 
the mean values increased to 42.43 and 43.46 for mole drain at different 
distance at 7.5and 40 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, 24.03 and 26.40% for gypsum+ mole drain at both diameters ( 
7.5 and 40 cm), respectively. In the corresponding values for both sand + 
mole drain and aluminum sulfate + mole drain the mean relative percentages 
increased values were,  ( 5.42 and 0.60%)  and   (24.03 and 23.63%), 
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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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 بالأملاح ادارة وتحسين الأراضى المتأثرة
 و  حمد حماده عبد الرحمنأ، الشاذلى السيد محمد أحمد  ،ج فرفكرى عبد المنعم 

 محمد سعيد عواد
           معهد بحوث الاراضى  والمياه والبيئة، مركز البحوث الزراعيه، الجيزة، مصر

 
 هذه التربه  ، وتقعارض ذات قوام طٌنى  متاثره بالاملاح حقلٌة فً التجربة ال هذه أجرٌت   

البحوث  ، مركزالزراعٌه ، محطة البحوثالحسٌنٌه سهل بمنطقة مصرلفً الشمال الشرقً، 
لتقٌٌم   2011/2012و شتاء   3122 خلال موسمٌن متتالٌٌن صٌف ، الشرقٌة  محافظة الزراعٌة، 

 21سم و  7.5 باقطار  لتعبئتها بالرم و أنفاق الصرف المولىالزراعٌه مثل تأثٌر بعض الممارسات 
حسنات مثل متر منفرده او بمصاحبة اضافة بعض الم 8 ، 6 ، 4 عدل ثلاثة مسافات وهى مو بسم 

 أٌضا و الجبس والرمل وكبرٌتات الألومنٌوم على تحسٌن بعض خواص التربة الفٌزٌائٌة والكٌمٌائٌة
تربه فى نهاٌه كل عٌنات ت أخذ حٌثالغسٌل المستمر لمده اربع دورات متتالٌه  عملٌات اجراء تم

درجه و ذلك لتقدٌر التوصٌل الكهربائى و على التوالى ٌوم 375 ،235 ،75 ،35بعد غسٌل  ه دور
و التوصٌل الهٌدرولٌكً ٌر  و اٌضا فى نهاٌه التجربه تم تقد المتبادل مو نسبه الصودٌو الحموضه 

 .الكلٌةالكثافة الظاهرٌه و المسامٌه 
 بالرمل بشكل فردي بعد أربعة قامة مصرف المول المعبء اأشارت النتائج إلى أن   

، ودرجة EC) التوصٌل الكهربائى ) انخفاض ملحوظ فً قٌم غسٌل قد احدث دورات من عملٌه ال
و ذلك بعد كل دوره غسٌل وكانت  بالمقارنة مع القٌم الأولٌةو نسبه الصودٌوم المتبادل   الحموضة

 فى الغسله الرابعه مقارنه بالاولى.  ضاهذه القٌم اكثر انخفا
س والرمل وكبرٌتات الألومنٌوم( الى أدى اقامه مصرف المول و اضافة المحسنات )الجب

 .انخفاض فى القٌم السابقه مقارنه بمصرف المول منفردا
مصرف المول  تطبٌقدورات الغسٌل الاربعه فان  ولوحظ أنه فً نهاٌة التجربة بعد  

انخفاض قٌم الكثافة الظاهرٌة وزٌادة قٌم الى ى المحسنات السابقه قد اد ةاضاف عم لالمعبء بالرم
وضحت النتائج اٌضا ان عمل أو ل الهٌدرولٌكً والمسامٌة الكلٌة بالمقارنة مع القٌم الأولٌة.التوصٌ

بعض  قد تفوق فى تحسٌن  او الجبس لومنٌوممصرف المول المعبء بالرمل بمصاحبه سلفات الأ
 منفردا. بمعاملة الرمل زٌائٌه مقارنهٌخواص الارض الكٌمٌائٌه و الف
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