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Prediction of Reclamation Processes in Some Saline Soils of Egypt
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O ASSESS leaching intensity under different qualities and quantities of water (depend on

soil properties) in new reclaimed saline soils of Egypt, four representative soil samples
were chosen to find the different variations in the impact of soil Hydrophysical properties on
leaching intensity.

The studied soil samples were of loamy sand texture class. Laboratory column experiment
was achieved using different artificial qualities of water (i.e. 230, 1500 and 3000 ppm), and also
different quantities calculated as ratio from the drainable pores. Continuous leaching method
was used in this experiment. The residual soluble salts concentration was determined to judge
the leaching intensity.

The obtained results revealed, in general that pore size distributions, CaCO,% and initial
salts concentration in the different soil layers affected the residual salts concentration after
leaching processes. In addition, correlation equations were obtained and allow to predict the

residual salts concentration after leaching.

The obtained prediction equations considered many factors. Among them is salt

concentration in the upper layers, pore size distribution, water quality and CaCO; content.

Keywords: Saline soils, Water and solute transport,Leaching, Salinization, Reclamation, Pore

size distributions.

Introduction

Soil salinity is one of the major constraints in the
development of irrigated agriculture in humid,
arid and semiarid regions all over the world.
Every year about 4x10* ha of land becomes unfit
for agricultural production because of salinization
problem. In addition, reports published by
specialized agencies of the United Nations
indicated that about 50% of irrigated area of the
world is either salinized or has potential danger at
future (Tyagi, 1986).

Salinity =~ problems occurred due to
accumulation of soluble salts in the root zone.
These excess salts can reduce plant growth and
vigor by altering water uptake and causing ion-
specific toxicities or imbalances.

Soil salinity can be reclaimed by leaching
of the salts out of root zone. However, in most
arid countries the major problem due to limited
fresh water. Hence, lot of researchers studied
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the possible alternatives to leach with another
resources like sea water, source of drainage water
and fresh water mixed with drainage water.

Extensive area of land in the arid regions and,
particularly, in Egypt became out of cultivation
due to salt accumulation. Poor water management,
inadequate drainage, tidal inundation, precipitation,
soil characteristics, vegetation communities,
climatic conditions, beside water table fluctuation,
depth and dissolved salts are considered the most
effective factors causing and confirms

Regarding plant growth salinity limits water
uptake by plants by reducing the osmotic potential
making it more difficult for the plant to extract
water. Some constituents of salinity may also
cause specific-ion toxicity or upset the nutritional
balance of plants. In addition, the salt composition
of soil water influences the composition of cations
on the exchange complex of soil particles, which
may influence soil permeability and tilth (Dennis
et al., 2007).
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To manage saline soils, there are three ways.
First, salts can be moved below the root zone by
applying more water than the plant needs. This
method is known as the leaching requirement
method. The second method, where soil moisture
conditions dictate, combines the leaching
requirement method with artificial drainage.
Third, salts can be removed away from the root
zone to locations in the soil, other than below the
root zone, where they are not harmful. This third
method is called managed accumulation (Cardon
etal., 2011).

Therefore, to prevent the accumulation of
excessive soluble salts in irrigated soils, more
water than required to meet the evapotranspiration
needs of the crops must pass through the root zone
to leach excessive soluble salts. When saline soils
are being developed and leached, it is especially
necessary to affect the regulation of water supply,
leaching operations, drainage systems and
pumping of drainage water.

In arid and semi-arid regions, many problems
has to be laced. Among then is the shortage of
rain and water resources exists and water resources
of good quality, beside the adequate quantities of
water to reduce soil salinity to suitable salinity level
for plants grown under different water qualities and
calculating quantities of water for leaching depend
on its soil properties (Beltran, 1999).

The objectives of this work are:Studying the
behavior of total soluble salts before and after
reclamation processes with minimizing of water
required for soil reclamation , Establishing the
magnitude of leaching reclamation and with
different quality and quantities of waters in new
reclaimed soils in Egypt. Predicting equations for
reclamation requirements.

Material and Methods

To investigate the suitability of used qualities of
water to leach salts out of saline soils and to predict
the quantities from each water quality, four loamy
sand soil samples were collected as follows:Four
saline loamy sand soil samples were collected
randomly from Beni Suef Governorate (sample
1) N 2926 67, E 31 19 19, (Sample 2) from EI-
Fayoum Governorate N 29 30 13, E 30 52 04.
Samples 3 and 4 were collected from Ismailia
Governorate, N 30 27 37, E 32 03 58 and N 30 29
57, E 32 07 14, respectively. Soil samples were
taken at four depths (i.e, 0 to 10, 10 to 20, 20
to 30 and 30 to 40 cm) to represent the salinity
distribution found in the profile. Soil was re-
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packed into plastic columns of 12.7 cm diameter
and 50 cm height, ensuring that each layer was in
the same sequence and thickness as in the field.
Each soil column was 40 cm in height.

Soil analysis

Hydro-physical and chemical properties, in
each soil layer were determined according to
the standard methods described by Page (1982)
and Klute (1986). After leaching, Electrical
Conductivity (EC) was measured to judge the
leaching intensity, using EC-meter.

Leaching experiments

Leaching experiments were performed in
columns under open field conditions. Three
quantities of leaching water were used;
depending on 0s- Or, where Os is the total
porosity and Or is the soil moisture content at
wilting point when A 8/ A h =0, T1 the quantity
of leaching water was 3x Vx (0s - 0r), in T2
was 5x Vx (0s - Or), and in T3 was 7x Vx (0s -
0r), where V is the soil column volume (hnr?).
In sample 1, where (6s - 6r) = 0.21, the height
of added water in T1, T2 and T3 equal 3.20,
5.32 and 58.8 cm in Sample 2 where (0s - 6r)
=0.23 the height of added water in T1, T2 and
T3 equal 27.6, 46 and 64.4 cm, in Sample 3,
where (0s - 0r) = 0.3 the height of added water
in T1, T2 and T3 equaled 36, 60 and 84 cm. In
Sample 4 (s - 0r) = 0.28 the height of added
water in T1, T2 and T3 equal 33.6, 56 and 78.4
cm, respectively. Three water qualities were
used for leaching salts where; S1 is fresh water
of 230 ppm, S2 is of 1500 ppm and S3 is of
3000 ppm. S2 and S3 were prepared by mixing
fresh water and stock solution, containing
NaCl, MgCl, and CaCl,, to reach the demanded
salts concentration. So, nine treatments were
used for leaching reclamation (i.e. T1S1, T1S2,
T1S3, T2S1, T2S2, T2S3, T3S1, T3S2 and
T3S3).

Statistical analysis

SPSS program was used in statistical
analysis and to perform the predictive equations
for leaching saline soils and its relation to
different soil properties.

Results and Discussion

Table 1 shows the chemical properties of the
selected soil samples. The obtained data indicate
that OM% is generally low and range between
0.01 and 0.30%. Soil heterogeneity appeared in
Calcium carbonate content distribution, where it
ranges between 2.99 and 9.66% and decreases
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by depth. This finding agreed with the results
obtained by Mohamed (2002) and Abou Hussien
et al. (2008). Also, samples showed heterogeneity
in the salinity distributions which range between
1.09 and 19.1 dS/m. So, according to Dellavalle
(1992) most of layers are considered very strongly
saline.

Data in Table 1 show also the concentration of
different soluble cations and anions. The dominant
soluble cation was Na* followed by Ca™, Mg"
and K", respectively, The concentration of soluble
Na* ranged between 4.86 and 83.1 meq/ I, Ca*™*
ranged between 2.30 and 52.9 meq/ I, Mg™* ranged
between 2.10 and 50.3 meq/ 1 and K" ranged
between 0.17 and 3.80 meq/ 1. The dominant
soluble anion was CI followed by SO,”, HCO;
and CO, , respectively. The concentration of
soluble CI ranged between 3.15 and 178 meq/ 1,
SO, ranged between 0.09 and 55.9 meq/ 1, HCO;’
ranged between 1.50 and 10.2 meq/ 1, while, CO,”

TABLE 1. Some chemical properties of the studied soil samples.

was not detected in all samples.

Table 2 shows some soil physical properties
of the studied loamy sand soils. The values
of soil bulk density ranged between 1.71 and
1.83 g/ cm?, total porosity ranged between 29.2
to 32.9% and the values of soil total porosity
ranged between 20 and 24%.

Soil water retention curve (SWRC) is
defined as the relationship between water
content 0 on volume bases and suction. In this
concern, Fig. 1. Illustrates that the curve shape
can be explained according to the fact that
soil moisture content at high value of suction
is affected by adsorption capacity of the soil
which depends on soil texture more than soils
structure, (Elwan, 1983 and Galal, 1984).
Figure 2 shows that K as one of the most
important soil properties for determining the
maximum capacity of the soil to conduct water,

Describe Soluble cations (meq L") Soluble anions (meq L)
No depth PH ( dgfr:n) S.oi'l OM CaCo,
(cm) 1:2) a:2) salinity (%) (%) Ca™  Mg" Na* K* HCO; CO,~ Cr SO/
degree*
0tol0 7.25 19.1 VStS 0.11 5.22 52.9 50.3 83.1 3.80 10.2 n.d 178 1.86
1 10 t020. 733 8.12 VStS 0.11 4.02 16.2 10.2 53.8 1.10 8.11 n.d 53.7 19.5
20 to30  7.36 5.41 VStS 0.06 4.11 11.4 9.40 324 0.80 7.05 n.d 32.8 14.2
30 to40  7.38 4.11 VStS 0.07 3.66 6.20 222 32.1 0.51 5.21 n.d 18.1 17.9
0 to 10 7.64 11.9 VStS 0.25 9.66 21.1 15.1 80.2 1.78 6.50 n.d 55.8 55.9
) 10 to20. 7.7 8.42 VStS 0.01 8.11 15.1 10.6 57.1 1.23 5.08 n.d 46.2 329
20 to30 7.84 1.91 SS 0.02 9.53 6.20 5.69 6.80 0.39 3.51 n.d 6.15 9.43
30 to 40 7.9 1.09 MS 0.02 8.11 3.40 2.20 486 032 3.05 n.d 3.15 4.63
0 to 10 7.81 1.43 S 0.11 5.88 2.30 2.10 9.22 0.34 3.03 nd 10.1 0.86
3 10t020. 7.82 1.18 MS 0.09 5.21 2.50 2.80 622  0.30 1.50 n.d 8.50 1.82
20t030  7.84 1.35 S 0.02 4.80 2.30 2.30 8.60  0.22 3.22 n.d 10.1 0.09
30 to40  7.84 2.13 SS 0.01 2.99 5.60 2.25 13.2 0.26 4.50 nd 16.2 0.58
0 to 10 7.33 3.54 VStS 0.30 6.77 7.59 5.67 21.5 0.28 3.11 n.d 30.8 1.19
4 10 to20. 7.11 2.75 SS 0.11 5.17 6.56 2.88 17.8 0.23 2.50 n.d 20.1 4.87
20 to30 7.42 2.71 SS 0.03 4.23 5.30 3.50 17.5 0.25 5.14 n.d 18.2 3.30
30 to40  7.44 243 SS 0.02 3.99 4.50 5.50 14.1 0.17 5.58 n.d 16.0 3.23
b, found by calculation.
* According to Dellavalle (1992) in soil water extract 1:2:
NS is non-saline soil dSm™' <0.4. VSIS is very slightly saline soil dSm™ 0.4 to 0.8.
MS is moderately saline soil dSm™ 0.8 to 1.2. S is saline soil dSm™'1.2 to 1.6.
SS is Strongly Saline soil dSm™1.6-3.2. VSIS is Very Strongly Saline soil dSm™'>3.2.
TABLE 2. Some physical properties of the studied soil samples .
o . . TS
No. SP* % ps ob % Particle s1ze. distribution % Texture
Clay Silt Sand class
1 24.0 242 1.71 29.2 11.6 7.00 81.4
2 20.1 2.49 1.67 329 9.60 4.00 86.4
loamy sand
3 20.3 2.63 1.78 31.5 13.03 3.37 83.6
4 23.0 2.62 1.83 30.2 15.28 2.25 82.5

Saturation percentage (%), ** According to ISSS classification, ps is the particle density, pb is the Bulk density, /% is the percentage

of porosity.
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and its values is related mainly to porosity and
pore size distribution (PSD) (Julie et al.,1988
and Kandil, 2007), the values of K_, ranged
between 61.1 and 91.3 cm/ hr. According to De

which is equal to 0, -0, ., ranged between 6.77
and 9.62%, Water holding pores (WHP) which
is equal to 0, ,-0,, ranged between 4.44 and
15.6%, and Fine capillary pores (FCP) which is

leenher and De Boodt (1965), PSD divides to
four ranges which are: Quickly drainable pores
(QDP) which is equal to 0 - 0, |, ranged between
48.2 and 82.8%, Slowly drainable pores (SDP)

equal to >0, ,, ranged between 4.95 and 28.9%, as
shows in Fig 2.

It can be noticed from Fig. 2 and Table 2 that
although all samples are of one similar texture class,
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Fig. 1. The measured soil water retention curves for the studied soil samples.
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Fig. 2. Pore size distribution and saturated hydraulic conductivity for the studied soil samples.
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they are varying in Ksat and PSD values. Therefore,
the capacity of the soil to conduct water varied.

Salt movement and distribution in the studied
samples before and after leaching are shown in
Table 3. The percentage of accumulation ratio
which were obtained from dividing the values of
E.C. after leaching (C) by the values of initial E.C.
before leaching (C), (Fig. 3).Tables 1 & 3 and
Fig. 1 - 3 show that, samples No. 1 and 2 have the
highest salt concentration in all layers, in contrast
with samples No 3 and 4, especially in the upper
layers. Samples No 1 and 2 have accumulation
in salts (increasing salts concentration than the
initial one), but samples No 3 and 4 didn’t show
any salts accumulation.

In sample 1 there was salts accumulation in
the layer of 20 to 30 cm in treatment T1S3 and
initial salt concentration rised from 5.4 to 10.3 dS/
m, and also salts accumulation in the layer of 30 to
40 c¢m in treatments T1S1, T1S2, T1S3 and T2S3;
since the initial salt concentration rised from 4.1
t0 5.9, 6.81, 12.6, 4.97 dS/ m, respectively. While
sample 2 had salts accumulation in the layer of
20 to 30 cm in treatments T1S2 and T1S3; since
initial salt concentration rised from 1.91 to 2.56
and 2.8, respectively. Also, salts accumulation in
the layer of 30 to 40 cm in all treatments, and these
salts accumulation decreased with increasing
water quantity and quality.

Samples 3 and 4 didn’t show any salts
accumulation in all layers and with different
treatments. Leaching intensity increased with
increasing water quantity and quality. Leaching
intensity in sample 3 was higher than in sample
4; due to that sample 4 had the lowest values
in initial salts concentration. Samples 2 had the
highest values of CaCO, content, especially, at
depths of 20 to 30 and 30 to 40 cm, This reflects
the salts accumulation in these depths. Samples 1
and 2 showed the highest values of WHP% and
FCP%. They showed also the lowest values for
Ksat. While, samples 3 and 4 showed the highest
values of QDP% and the lowest values of Ksat.

From these results, we can conclude that:
salts movement and leaching intensity depend on:
initial salt concentration in the layer itself in the
upper layers (Busaidi and cookson, 2004), content
and distribution of CaCO,% (Elwan, 1983),
pores size distribution “PSD”, quantity of water
(Whiting et al., 2010), the use of more quantity
of water did not have any significant effect on
salinity reduction (Kaveh et al., 2011) and quality

of water (Ahmed et al., 1999 and Whiting et al.,
2010).

Using the lowest water quality “S3” is not
recommended in the case of using the lowest
quantity from this water “T1 and T2” but the use
of allotted quantities of this water is recommended
to achieve the same, or be near to results obtained
using S2 (Horneck et al., 2007). The improvement
programs should be carried out before cultivation
period (Kaveh et al., 2011).

Predicting equations for reclamation requirements
Multi regression analysis was done to produce
the predictive equations for leaching intensity
in soil samples. Stepwise option, from SPSS
program was used to express the effect of some
soil properties, which are:
1, “X1, X2, X3 and X4” refer to EC in 1:2 soil
water extract before leaching dSm™ in soil depths,
of 0 to 10, 10 to 20, 20 to 30 and 30 to 40 cm,
respectively. 2, “X5” refers to total drainable
pores, TDP%. 3, “X6” refers to CaCO3% content.
4, “X7” refers to water quality, ppm.

First, treatments (T1)under water quality S1,
S2 and S3: (R>=0.898)

Y = -5.945+0.315X1+0.03X2+0.381X3+0.47
4X4+3.615X5+10.27X6+0.00058X7.

Second, treatments (T2) under water quality
S1, S2 and S3: (R?=10.960)

Y = -3.413+0.199X1+0.027X2+0.083X3-+0.2
2X4+3.04X5+.036X6+0.0002X7.

Third, treatments (T3) under water quality S1,
S2 and S3: (R*=0.855)

Y= -1.329 + 0.126X1 + 0.024X2-0.09X3 +
0.097X4+1.463X5-2.047X6+0.0001X7

Under similar conditions, these equations could
be used to predict the residual salts concentration
in any layer using different quantities of water
depending on soil water behavior as mentioned
previously.
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Fig. 3. Leaching intensity in studied the soil samples
S1 is fresh water of 230 ppm, S2 is of 1500 ppm and S3 is of 3000 ppm.

In Sample 1, the height of added water in T1, T2 and T3 equal to 25.2, 42 and 58.8 cm.
In Sample 2, T1, T2 and T3 equal to 27.6, 46 and 64.4 cm.
In Sample 3, T1, T2 and T3 equal to 36, 60 and 84 cm.

In Sample 4 T1, T2 and T3 equal to 33.6,56 and 78.4 cm, respectively.
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TABLE 3. Electrical conductivity of deferent soil treatments before and after leaching in the studied soil samples.

EC (1:2) dSm™ EC (1:2) dSm™ Depth EC (1:2) dSm™ EC (1:2) dSm™

No. Depthem  before Leaching. Treatments  after leaching. (C)  No. em before Leaching. Treatments after leaching. . (C)
(Co) S1 S22 s3 (Co) S1 S2 S3
0tol0 19.01 2.65 3.15 344 0to 10 1.43 0.16 0.23 0.25
10 to 20 8.12 - 29 333 46l 10 to 20 1.18 - 0.15 0.2 0.23
20 to 30 54 27 419 103 20 to 30 1.35 0.14 0.2 0.22
30 to 40 4.1 59 681 12,6 30 to 40 2.13 0.16 0.18 0.19
0to 10 19.01 24 255 276 0to 10 1.43 0.14 0.19 0.24
1 10 to 20 8.12 ™ 239 24 2.5 3 10 to 20 1.18 ™ 0.13 0.19 0.21
20 to 30 5.4 247 289 3.06 20 to 30 1.35 0.12 0.18 0.2
30 to 40 4.1 35 399 497 30 to 40 2.13 0.13 0.17 0.18
0to 10 19.01 235 25 273 0to 10 1.43 0.12 0.18 0.22
10 to 20 8.12 ™ 1.8 211 24 10 to 20 1.18 ™ 0.11 0.17 0.2
20 to 30 5.4 1.04 144 16 20 to 30 1.35 0.11 0.16 0.19
30 to 40 4.1 1.6 208 23 30 to 40 2.13 0.12 0.17 0.16
0to 10 11.85 1.64 244 299 0to 10 35 0.25 0.28 0.36
10 to 20 8.4 1 1.8 261 294 10 to 20 2.75 1 0.17 0.62 0.68
20 to 30 1.91 1.88 256 28 20 to 30 2.71 0.56 0.76 1.11
30 to 40 1.09 288 3.15 3.6 30 to 40 243 0.87 1.01 1.2
0to 10 11.85 0.67 0.84 131 0to 10 35 0.22 026  0.34
2 10 to 20 8.4 ™ 13 1.63 1708 4 10 to 20 2.75 ™ 0.15 0.24 0.5
20 to 30 1.91 136 1.68 1.73 20 to 30 2.71 0.33 0.7 1.04
30 to 40 1.09 .52 1.8 207 30 to 40 243 0.67 0.99 1.01
0to 10 11.85 047 0.64 0.727 0to 10 35 0.2 0.22 0.29
10 to 20 8.4 T3 1.019 1.07 149 10 to 20 2.75 T3 0.13 0.22 0.42
20 to 30 1.91 1.483 1.58 1.663 20 to 30 2.71 0.2 0.66 0.8

30 to 40 .09 1.3 138 1.543 30 to 40 2.43 0.6 0.85 1
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