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Improper land and water management has amplified the degradation of soil across the world. In saline soil, high 
concentration of soluble salts results in high soil permeability, thus, making soil physical conditions favorable 
for leaching. But the presence of excess Na

+
 ions as in the sodic soil, makes the reclamation process more 

complex because of the poor hydraulic conductivity and infiltration rate. The problem in the sodic soil is for the 
swelled electric double layer on the clay surface. More monovalent ions are required to balance the fixed deficit 
charges on the clay surface than the multivalent ions. Hence, the thickness of electric double layer in sodic soil 
is more than the non-sodic soil where multivalent ions are dominant. Most of the previous studies on 
reclamation of salt affected soils are field studies. A few analytical models were attempted without involving the 
interaction of ions and geometry of soil, hence failed. The electric double layer has hardly been taken into 
account for solving the reclamation problem of the sodic soil. As Na

+ 
and Ca

2+
 ions are ions of concern for 

reclamation of the sodic soil, the interactions among these ions need to be considered through the electric 
double layer theory.  
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INTRODUCTION 
 
The history of agriculture has it that experienced irrigated 
agriculture cannot survive in perpetuity without adequate 
salt balance and drainage. Of the world’s cultivated lands 

(1.5 
710 km

2
), about 23% are saline while saline and 

sodic soils cover about 10% of total potentially arable 
land and exist over 100 countries (Szabolcs, 1989).  

Buringh (1978) stated that the world is losing at least 
ten hectare of arable land every minute, because of soil 
erosion, three from soil salinization, one from other soil 
degradation processes and one from non-agricultural 
uses. Water present in the soil and constituting its liquid 
phase always contain ions of various salts. The ionic 
composition and their concentrations in soil solution 
affect soil physical properties (Keren, 2000). The 
proportion of ions in soil solution is drastically altered due 
to irrigation and application of agricultural inputs such as 
fertilizer and pesticides. Soil physicochemical properties 
are adversely affected by the presence of excess Na

+ 

ions in the soil water.  
 
*Corresponding author. E-mail:

 
kkmahanta@yahoo.com.  

SOURCES OF SALTS AND THE EFFECTS OF SALTS 
ON CROP YIELD 
 
The primary sources of salts are: (i) irrigation water, (ii) 
salts present in parent materials of soil, (iii) capillary rise 
of ground water, and (iv) application of fertilizers, 
pesticides and other inputs (Bolt and Bruggenwert, 1978; 
Rhoades and Loveday, 1990). Irrigation water is a major 
source of soluble salts which may contain salts from 0.1 
to 4 metric tons per 1000 m

3
. Generally, irrigation water is 

applied to the soil at annual application rates of 10,000 to 
15,000 m

3
 ha

-1
. Thus, about 0.1 to 60 metric tons of salt 

per hectare is added to the soil in irrigated areas annually 
(Rhoades, 1974; ILRI, 1979). If these salts are not 
removed from the crop root zone (Figure 1), salinization 
is inevitable. 

Because of the high solubility of Na salts in nature and 
precipitation of calcium carbonate at high pH values, both 
the salinization (high salt content) and alkalinization (high 
pH) result in sodification (high ESP) of the soil 
(FAO/UNESCO, 1973). Figure 2 shows the effect of 
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Figure 1. Different processes which occur in salt affected soils. 
 
 
 

 
 
Figure 2. Relative yields of tolerant native (B) and high yielding 
dwarf (A) rice varieties in sodic conditions (Abrol et al., 1988). 

 
 
 
sodicity on the crop yield. 
 
 
CHARGES ON THE CLAY SURFACE AND ION 
EXCHANGE IN THE SOIL SYSTEM 
 
In case of the clay minerals, the lower valence cations 
isomorphically substitute the higher valence cations 
which take place during the formation of clay minerals. 
The deficit of charges thus created are compensated by 
adsorption of the cations (for example, Ca

2+
, Mg

2+
, K

+
, 

Na
+
 etc.) on the exterior surface (Bolt, 1978; Grim, 1953). 

The exchangeable ions in the soil are held around 
outside of the silica-alumina clay mineral structural unit. 
Generally, the exchange reaction   does   not   affect   the  

 
 
 
 
structure of the silica-alumina packet. The attraction of 
the cations to a negatively charged clay micelle, 
generally, increases with the increase in valence of the 
cations. Thus monovalent cations are replaced more 
easily than the divalent or trivalent cations. The order of 
preference of the cations in exchange reactions is as 
follows: Al

3+
>Ca

2+
>Mg

2+
>K

+
>Na

+
>Li

+
 (Jenny, 1932, 

1936). 
For quantifying the exchangeable ions in the soil 

system, two different modeling approaches are 
advocated (FAO/UNESCO, 1973). The first model is 
known as the electric double layer (EDL) theory. The 
second model advocates that the exchangeable ions are 
adsorbed on the clay surfaces in a non-rigid monolayer 
fashion at particular adsorption sites. Through a study of 
cation exchange phenomena, it is required to evaluate 
the relative energies with which the clay soil attracts the 
cations (for example, Na

+
, Ca

2+
) in the soil water. 

Subsequently, it becomes possible to predict the changes 
in the relative amounts of these exchangeable ions 
during the reclamation or upon the use of irrigation water 
of a specific quality. The diffuse double layer theory can 
be quantitatively applied to a mixture of monovalent and 
divalent cations to deduce the ion exchange 
(FAO/UNESCO, 1973). The flow of water in the soil 
profile depends on the soil hydraulic conductivity, which 
further depends on the EDL thickness at the clay surface 
(Schmitz, 2006). The double layer thickness varies 
according to concentration of ions and their valences.  
 
 

Electric Double Layer (EDL) on the Clay Surface 
 
The diffuse character of the counterions in soil water was 
first recognized by Gouy (1910) and Chapman (1913). 
The electric double layer consists of the layer of charges 
on the clay surface and the layer of attracted counterions 
in the soil water. In the diffuse double layer model, the 
concentration of cations decreases and the concentration 
of anions increases with the distance from the clay 
surface till the concentrations of both the cations and 
anions are equal in the bulk solution, where the potential 
is zero (Figure 3). 

In most textbooks, the Poisson equation is expressed 
in electrostatic units (Newman, 1987; Mitchell, 1976; van 

Olphen, 1977) as:
   

r

x

dx

xd



 4
2

2

  where  x = 

potential at a distance x  from the clay surface;  x  = 

volumetric charge density; and r  = relative static 

permittivity which is the dielectric constant of the medium.  
When expressed in SI units, the Poisson equation (van 

Olphen, 1977) is: 
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where   = static permittivity of the medium. 

 



 

 
 
 

 
 

Figure 3. The distribution of concentrations of cations and anions 
in the soil water with respect to the distance from the clay surface  

 
 

 
 

Figure 4. Schematic diagram showing the relative hydraulic 
conductivity of a soil as affected by increasing ESP (Abrol 
et al., 1988). 

 
 
 

At equilibrium, the local concentrations of the ions are 
related to the local electric potential by the Boltzman 

equations: RT

F

enn



 
0

 and RT

F

enn



 
0

 where 
0

n  

and 
0

n  are the concentrations of the anions and cations 

in the solution outside the range of diffuse double layer; 

F = Faraday’s number; n  and n are the local 

concentrations of the cations and anions, respectively; 

R = gas constant; T = absolute temperature;   and   

are the absolute values of their valences; and 

   iinFx   where i  and in are the valence and  
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concentration of ions of type i , respectively (Yeung, 

1992; Voyutsky, 1978). 

Assuming  =  , and 
0

n  = nn 

0
, and combining 

the Poisson equation and the Boltzman equation, the 
Poisson-Boltzman equation can be written as: 

   










RT

xFFn

dx

xd 




sinh

8
2

2

.                                  

Applying the boundary conditions: at x = 0, 

 x =  0 ; at x =  ,  x = 0, and after some 

approximations in the derivations, Gouy (1910) and 
Chapman (1913) have given a solution of the Poisson-

Boltzman equation as:     xex   0  where 


RT

Fn



 228
  cm

-1
 and 

1  is the thickness of the 

EDL.  
Appelo and Postma (2005) has derived an analytical 

solution to Poisson-Boltzman equation as: 

 







































1

1
ln

2

1

2
tanhln

1
0

0






b

b

e

ebax

b
x  where 

RT

F
b

2
  and 


bRTC

a
8

 . Mahanta et al. (2012) 

has supplemented this solution with a method to compute 
the EDL thickness for single type of ions. The 
computation of EDL for two types of ions has also been 
devised (Mahanta et al., 2014).  

In the clay-water system, a quantitative treatment of the 
EDL is most useful in dealing with the problem of 
counter-ions exchange (FAO/UNESCO, 1973). 
 
 
SOIL HYDRAULIC CONDUCTIVITY IN RELATION TO 
SALTS 
 
Hydraulic conductivity of soil is a function of both soil 
water and soil characteristics. The soil permeability 
depends on the soil texture, mineralogy, ESP of the soil, 
and the salt concentration of the percolating solution 
(Anandarajah, 2003; Mandal et al., 2008). However, 

saturated hydraulic conductivity ( K
~

) can be maintained 
even at high ESP levels provided the EC of the 
percolating water is above a critical (threshold) level 
(Quirk and Schofield, 1955). Conversely, when low 
electrolyte concentration water was applied, an ESP 
equal to 5 was enough to cause a two orders of 

magnitude decrease in the K
~

 of 71 Australian soil 
(McIntyre, 1979). McNeal and Coleman (1966) found that 
an increase in the SAR and decrease in the electrolyte 
concentration of the percolating solution induced a 
decrease in the soil permeability. Abrol et al. (1988) 
found that there is a decrease in the soil relative hydraulic 
conductivity  when   the   ESP   is   increased   (Figure 4).  
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Frenkel et al. (1978) while studying the effect of clay type 
and content, ESP, and electrolyte concentration on the 
clay dispersion and soil hydraulic conductivity, concluded 
that the sensitivity of soil to the excessive exchangeable 
sodium and low electrolyte concentration increases with 
the clay content and bulk density. In flocculating soil 

colloids, the 
2Mg  ions are less efficient than the 

2Ca  

ions (Rengasamy et al., 1986), although the US Salinity 

Laboratory Staff (1954) grouped 
2Ca  and 

2Mg  

together as both the ions improve the soil structure. 

 
SALIENT FEATURES OF THE SALT AFFECTED 
SOILS 
 
The electrical conductivity (EC), exchangeable sodium 
percentage (ESP), and pH are the basic parameters used 
for classifying salt affected soils. The salinity of the soil is 
usually characterized by means of EC of the saturation 
extract (ECe) obtained by suction-filtration of a water-
saturated paste of soil. According to US Salinity 
Laboratory’s classification (US Salinity Laboratory Staff, 
1954), the salt affected soils are categorized into three 
types: 
 

Saline soil: The soil is characterized as saline if eEC >4 

dS m
-1

 at 25°C and ESP<15. The pH, in general, is below 

8.5. The dominant ions are 
Cl  

and SO4
2-

. Sodium 

content is less than 50% of soluble cations. Most of the 
salts in the soil solution have a positive effect on the soil 
structure. Therefore, water infiltration rate is not a major 
concern with the saline soil (United States Salinity 
Laboratory Staff, 1954).  
 
Saline-sodic soil: The saline-sodic soil is high in sodium 

and other salts with eEC >4 dS m
-1

, SAR >13, and ESP 

>15. The soil pH can be above or below 8.5. They can 
have the characteristics of either a saline or sodic soil, 
depending on whether Na or Ca dominates. The Na

+
 in 

the solution are present as neutral salts as NaCl  

and 42SONa . If the pH value is above 8.5, then 


3HCO  

and 
2

3CO  ions are present in the soil solution.  

 

Non-saline sodic soil: The sodic soil is high in 
exchangeable Na as compared to Ca and Mg with 

eEC <4 dSm
-1

. Soil pH is usually greater than 8.5. The 

hydraulic conductivity as well as infiltration rate is often 
low, adversely affecting the water, solutes and air 
movement. Consequently, wet soil condition is generally 
accompanied by O2 deficiency. This deficiency causes 
reduction in root respiration and total root volume, 
increased resistance to transport of water and nutrients 
through the roots, formation of toxic compounds in soils 
and plants.  

 
 
 
 
Hence, reclamation actions are essential to maintain 
suitable conditions in soil for the plant growth. 
 
 

RECLAMATION OF THE SALT AFFECTED SOILS 
 

The reclamation methods are location specific and 
depend upon type and severity of the salt problem, viz. 
salinity or sodicity; time available for reclamation, soil 
type, irrigation water quality and availability, sensitivity of 
crops to be grown and economical viability. 
 
i.) Reclamation of saline soil: Saline soil is reclaimed 
by leaching. The effective amelioration (Szabolcs, 1989) 
of the saline soils are: a) to keep the water table below 
the critical depth by drainage, b) to reduce the salt 
content in the root zone. Leaching with good quality and 
quantity of water is only effective if the saline soil. 
 
 ii.) Reclamation of Sodic Soil: For sodic soil, the 
adsorbed Na

+
 ions has to be exchanged against the Ca

2+
 

ions, which is effectuated by applying Ca salts and 
leaching with water of a low SAR value (Kamphorst and 
Bolt, 1978; Wang et al., 1998). After prolonged irrigation 
with good quality water, even without special measures, 
soil eventually become desodicated; however, the 
process may take a very long time (FAO/UNESCO, 1973; 
ILRI, 1979). To augment the reclamation process in the 
sodic soil, Ca

2+ 
ions are directly or indirectly added to the 

soil system through any of the chemical amendments, 

viz., gypsum ( O.2HCaSO 24 ), calcium chloride, pyrite, 

sulfur, sulphuric acid, limestone, iron sulphate, aluminum 
sulphate, calcium polysulphide etc. A suitable 
amendment can be chosen according to its accessibility, 
market price, and time available for reclamation. Gypsum 
is helpful to reduce swelling and dispersion of the soils 
through two mechanisms: 1) concentrations of ions in the 
soil water increases, which results in reduction of 
thickness of EDL; and 2) Ca

+ 
ions from the gypsum 

replace the Na
+ 

ions that are held on the clay surface.  
 

Leaching 

 
The leaching is intended to dissolve and transport the 
soluble salts downward below the crop root zone. The 
leaching requirement may be defined as the fraction of 
irrigation water that must be leached through the root 
zone to control the soil salinity at any specified level (US 
Salinity Laboratory Staff, 1954). The leaching 
requirement depends on: i) the salt concentration of the 
irrigation water, ii) the amount of water extracted from the 
soil by the crop through evapotranspiration, and iii) the 
salt tolerance of the crop (Hillel, 1998). To achieve the 
same degree of leaching, Miller et al. (1965) found that 
intermittent ponding requires less water than continuous 
ponding. For similar results in leaching, coarse textured 
soil requires less water than the fine  textured   soil.   The 



 

 
 
 
 
water requirement for peat > clay loam > sandy loam 
(Hoffman, 1980). For sandy loam soil, nearly 0.3 cm of 
water per unit depth of root zone is required as compared 
to 0.68 cm for the clay loam soil (Jury et al., 1979).  
 
 

Infiltration study by Green and Ampt approach 
 
Infiltration can be either measured in the field or 
estimated using the mathematical models that range from 
the empirical to physically based models. The Richards 
and the Green-Ampt models are the most commonly 
used physically based infiltration models. The Green and 
Ampt (1911) model is still considered useful for its 
simplicity and reasonably accurate predictions (Youngs 
and Aggelides, 1976). The flexibility of the Green-Ampt 
equation for describing infiltration under varied initial, 
boundary, and soil profile conditions makes it a useful 
tool for modeling the infiltration through both the uniform 
and layered soils.  
 
 

Gypsum for reclamation of salt affected soils 
 
Gypsum is used for sodic soil reclamation since long time 
(U.S. Salinity Laboratory Staff, 1954; Oster and Frenkel, 
1980). The solubility of gypsum in water is 0.26% at 
25°C. The dissolution reaction of gypsum 

is:   OHSOCasolidOHCaSO 2

2

4

2

24 22. 


. 

Based on solubility of gypsum, Dutt (1964) and Dutt et al. 
(1972) predicted that 52 to 73 cm of irrigation water was 
required to dissolve 16.5 to 24 metric tons/ha of applied 
gypsum. Hira and Singh (1980) observed that gypsum 
dissolution increased with an increase in the 
exchangeable Na content of the soil. The effectiveness of 
gypsum for sodic soil reclamation has been studied by 
many investigators (Keren and Shainberg, 1981; Lange 
et al., 2005; Amezketa et al., 2005; Sakai et al., 2009). 
Comparative analyses of crop response due to irrigation 
with poor-quality water and gypsum application have 
been extensively studied by various researchers (Ilyas et 
al., 1997; Yaduvanshi and Sharma, 2008). Gypsum has 
also been used in agriculture as a soil stabilizing agent, 
nutrient source for Ca, and ameliorant to counter the 
subsoil acidity (Sumner, 1993; Levy and Sumner, 1998). 
Some more studies on the effect of gypsum on the soil 
properties are enlisted in Table 1. The efficiency of the 
gypsum amendment depends on several factors, viz. 
type of application, solubility, particle size, and soil water 
composition. A shallow mixing of gypsum with the soil is 
better than the deeper mixing (Oster, 1982; Singh, 1994). 
 
 

Gypsum requirement 
 

The amount of gypsum required for the reclamation of the 
salt affected soil depends on the initial and desired final 
exchangeable Na

+
 fraction, cation exchange capacity  
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(CEC), bulk density, and the depth of soil to be 
reclaimed. From the condition of electroneutrality, the 
exchange must be equivalent (Bolt, 1978). In making this 
calculation, a final ESP of 10 is considered as it will not 
result in any noticeable peptisation of the soil 
(FAO/UNESCO, 1973). The gypsum requirement is 
estimated as: 
 
Gypsum requirement in meq/100 g of soil = 

  100fi ESPESPCEC    

 

where iESP = initial ESP of soil (meq/100gm of soil); 

fESP  = final ESP desired after the reclamation (meq/100 

g of soil).  
 
 
Effect of gypsum application on hydraulic 
conductivity and infiltration rate  
 

Gypsum adds Ca to the soil water, which in turn, reduces 
the amount of exchangeable Na in the exchangeable 
complex (Quirk and Schofield, 1955). The gypsum-
saturated irrigation water improves the infiltration rate due 
to the fast exchange reaction with the soil exchangeable 
Na and the increase in electrolyte concentration of the 
soil water (Anjos, 1993; Oster and Schroer, 1979). 
Shainberg et al. (1982) used a laboratory column study to 
compare the hydraulic conductivities of two sodic soils 
having an ESP of 20 and leached with the distilled water 
after adding equivalent amounts of CaCl2 and gypsum. A 
higher hydraulic conductivity was found in the gypsum-
treated soil than that with CaCl2, which was attributed to 
the slow release of Ca

2+ 
into the displacing water of 

slightly soluble gypsum as compared with the rapid 
leaching of highly soluble CaCl2.  

Eltaif and Gharaibeh (2007) investigated the influence 
of solute concentration of two types of electrolyte 
solutions, viz., single-ion (Na) and mixed-ion (Na–Ca) 
systems on the hydraulic and other physical properties of 

a clay soil. The saturated soil hydraulic conductivity ( K
~

) 
declined noticeably while using a lower solute 
concentration in a single ion system. The improvement of 
some physical properties in the mixed-ion solution 
treatment was attributed to the presence of Ca

2+
 ions. 

Silveira et al. (2008) evaluated the effects of the addition 
of gypsum in the irrigation water on the physical and 
chemical properties of soil with different levels of salinity 
and sodicity and found that, the soil leaching with 
gypsum-saturated water resulted in an increase in the 
amounts of exchangeable calcium and decrease in soil 
pH, EC, and ESP. Chawla and Abrol (1982) conducted a 
laboratory experiment to evaluate the effect of gypsum 
fineness for reclamation of the soil with ESP of 35 and 
80. The treatments with the coarser particles had a lower 
initial hydraulic conductivity that was maintained or 
increased with time. 



6         Sky. J. Soil. Sci. Environ. Manage. 
 
 
 
Table 1. Experiments on the effectiveness of gypsum on soil properties. 
 

Investigators Research work Findings 

Amezketa et al. 
(2005) 

Effectiveness of mined-gypsum, and 
the byproduct of coal-gypsum and 
lacto-gypsum  to control crusting in 
sodic soil 

These three types of gypsum materials were equally effective in the soil reclamation process, whereas lacto-
gypsum was less efficient in the prevention of crusting in sodic soil. 

Yu et al. (2003) Effect of surface application of 
granular polyacrylamide, PAM (10 
and 20 kg ha

-1
) and gypsum (2 and 4 

Mg ha
-1

) on the infiltration rate (IR) 
and soil erosion 

Spreading gypsum at the soil surface doubled the final infiltration rate (IR) compared with that of control and 
reduced erosion slightly. Spreading a mixture of 20 kg ha

-1 
PAM and 4 Mg ha

-1
 gypsum increased the final IR of 

the two soils by four times and reduced erosion to 30 percent as compared to that in the control. 

Shainberg et al. 
(1982) 

Laboratory column study to compare 
the hydraulic conductivities of two 
sodic soils (ESP 20) leached with 
distilled water to which equivalent 
amounts of CaCl2 and gypsum had 
been added 

A higher hydraulic conductivity was found in the gypsum treated soil as compared to that of CaCl2, which was 
ascribed to the slow release of Ca

+2
 ions into the displacing water of slightly soluble gypsum amendment as 

compared with the rapid leaching of Ca
+2

 ions by highly soluble CaCl2. 

Rengasamy et al. 
(1986) Effectiveness of 

2Ca  and 
2Mg

ions in flocculating the soil 
colloids 

The 
2Mg

 ions are less efficient than the 
2Ca  ions in flocculating the soil colloids. 

Ayers and Westcot 
(1985)  

Effects of poor quality irrigation 
water on the soil chemical properties 

In spite of different levels of applied gypsum, sodic irrigations caused an appreciable build up of ESP. 

 
 
 
Modeling studies for management of salt 
affected soils 
 
A number of models have been proposed to 
describe the relationships between the structure 
of the porous material as reflected by its pore size 
distribution and permeability (Kozeny, 1927; 
Marshall, 1958). Lagerwerff et al. (1969) used the 
diffuse double layer theory to predict the 
variations in the saturated hydraulic conductivity 

( K
~

) using the Kozeny-Carman equation for the 
soil exposed to various chemical conditions. 
Further, in order to estimate hydraulic conductivity 
decrease during expansion of soil matrix, 
Lagerwerff and his coworkers coupled the 
prediction of the clay swelling with the Kozeny-

Carman equation for the viscous flow through 
porous media (Reeve and Luthin, 1957). 
However, the approach of Lagerwerff et al. (1969) 
has the limitation that the value of the surface 
area required in the Kozeny-Carman equation is 
not the surface area of the entire soil matrix, but 
only that of the major flow channels through the 
matrix. Such a surface area value is a reasonable 
parameter for the uniform materials of nearly 
uniform pore size distribution (Carman, 1937). 
Mahanta and Mishra (2014) have given a method 
to compute the pore size taking into account the 
electric double layers. Dahiya et al. (1980) studied 
a multicompartment model to describe the 
transport of reactive solutes in the soil under 
unsaturated flow conditions. For an 80 percent 
reduction in the soil profile salinity, 0.4 cm 

leaching water per cm depth was required to be 
passed through the soil which corresponded to 
1.14 pore volume displacement. When leached in 
the presence of gypsum, the SAR was reduced to 
a greater extent in the lower depths which would 
otherwise have been achieved by passing 
additional quantities of water. Assuming an 
equilibrium chemistry and piston flow approach for 
the movement of soil water, Oster and Frenkel 
(1980) theoretically evaluated the sodic soil 
reclamation. Since the exchange phase acted as 
a sink for Ca

2+
 until both the gypsum dissolution 

and exchange reaction reached equilibrium, the 
effective solubility of gypsum was increased when 
mixed with a sodic soil. 
To assess the effects of spatial variability in soil 
properties and  temporal   variability   in   irrigation  



 

 
 
 
 
water quality, a number of simulations are carried 
out by Kaledhonkar et al. (2006) using an 
analytical and numerical model (UNSATCHEM). 
The alternate use of alkali groundwater and canal 
water is the cause for temporal variability of 
irrigation water quality, which significantly 
influences the ESP-values that develop in the 
topsoil. The equilibrium model, which assumes 
the rate of gypsum dissolution, is rapid enough to 
maintain a saturated condition, were field tested 
by Dutt et al. (1972) in Arizona and by Tanji et al. 
(1972) in California. Both these studies indicated 
a good agreement between the predicted and 
measured results for the case of sodic soil 
reclamation with gypsum. 
 
Reservoirs connected in series model  
 
In the reservoirs connected in series model, Van 
der Molen (1957) assumed that the soil is 
homogenous and the volume of each reservoir is 
same. Each reservoir receives the outflow from 
the overlying one where mixing is complete. The 
salt concentration of the N

th
 reservoir is given by 

(ILRI, 1979). 
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Where iC = salt concentration of the irrigation 

water used for leaching; 0C = original salt 

concentration of the reservoir solution; f = 

leaching efficiency; t = time; T = v/Q = ratio of the 
volume of reservoir to the flow rate at which the 
soil moisture is replaced; v = volume of reservoir; 
and Q = rate of inflow. Since the interaction of 
ions with the soil is not considered in this model, 
this model is suitable for the desalinization study.  

 
 
 
 
However, all the models discussed above are not 
useful as interaction of ions present in the soil 
water with the soil is not considered. Mahanta 
(2010) has developed a model for sodic soil 
reclamation taking into account the electric double 
layer. By neglecting the residual deficit charge on 
clay surface, that model can also simulate the 
reclamation of saline soil. 
 
 
DISCUSSIONS AND CONCLUSIONS 
 
Approximate solution of the Poisson-Boltzman 
equation given by Gouy (1910) and Chapman 
(1913) neglects the higher order terms while 
expanding the exponential terms appearing in the 
derivation. As EDL thickness is the main factor 
deciding the flow of water and consequently 
leaching of excess salts through the sodic soil, its 
accurate quantification is required. The exact EDL 
thickness for two types of ions may be computed 
by the method given by Mahanta et al. (2014). 
From the literature review, the following 
conclusions can be drawn: 
 
i.) The methods for reclaiming the salt affected 
soils are location specific and vary depending 
upon the type of salt affected soil, the extent of 
reclamation required, crop to be cultivated, time 
available for reclamation, and economical 
aspects.  
ii.) Amendment is essential to augment the 
reclamation process in the sodic soil. For 
reclaiming the sodic soil, shallow mixing of 
gypsum is better than deep mixing.  
iii.) Lagerwerff et al. (1969) used the diffuse 
double layer theory to predict the variations in the 

K
~

 using the Kozeny-Carman equation for the 
soils exposed to various  
chemical conditions. The limitation of the 
approach used by Lagerwerff et al. (1969) is that  
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the surface area value required in the Kozeny-
Carman equation is not the surface area of the 
entire soil matrix, but only that of the major flow 
channels through the matrix.  
iv.) The thickness of the EDL is dependant on the 
nature and the concentrations of ions in the bulk 
solution. The diffuse double layer theory can be 
quantitatively applied to a mixture of monovalent 
and divalent cations to deduce the ion exchange 
(FAO/UNESCO, 1973). The hydraulic conductivity 
of the soil is dependant on the thickness of the 
EDL. When the thickness of the EDL is more, the 
effective pore space and hydraulic conductivity 
are less and vice versa.  
v.) The Green and Ampt infiltration model is more 
convenient due to its simplicity than the Richards 
model for computing the infiltration into the soil.  
vi.) The reservoirs connected in series model 
advocated by Van der Molen (1957) does not take 
into account the interaction of the ions in the soil 
water with the clay soil.  
There is need of more study on reclamation of the 

sodic soil taking into account 
Na and 

2Ca ions; 

and the electric double layer theory.  
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