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Repeated leachings of saline alkali, alkali and saline soils with water con-
taining excess of Ca?" over Na™ and Na* over Ca2% showed that increasing
ratios of Ca/Na helped in replacing Na™ from the exchange complex by Ca?*
ions and the pH of the leachates gradually fell off. The saline soil presented
an exceptional case because the changes were not very spectacular. How-
ever, there was regular increase in exchangeable Ca and simultaneous decrease
in exchangeable Na of all the soils leached.

On increasing the proportion of Natin comparison to Ca?t in leaching water,
no change in exchangeable calcium of the soils took place so long as the
ratio of Na/Ca was kept within the range of 1 to 4 but, as soon as it became 5,
the exchangeable Ca?t decreased.

There was an increase in soluble COg— as Na¥ was increased in leaching

water but the amount of I—ICO:; decreased. The electrical conduetivity
had a tendency to decrease first and then increase. In saline soil, no soluble
002' was detected but HCO, increased.

Reclaiming saline-alkali and alkali soils is rather difficult than reclaiming
saline soils because the former involves not only leaching out soluble salts,
but also replacing exchangeable sodium from the exchange-complex. Hence,
while developing only reclamative measure for such soils, a greater emphasis
has to be placed upon supplying Ca2* to exchange with Na* in the exchange-
complex. It has been shown by Bower and Reeve (1960) that transmission
rate of water through sodic* soils depends very markedly upon the electrolyte
concentration of water. When a sodic soil is leached with water of low salt
content, the permeability may decrease to a value that practically prevents
completeness of the reclamative process, but by increasing electrolyte con-
centration the transmission rate may be markedly increased. The effect on
the transmission rate of water was also demonstrated by Fireman and
Bodman (1940), Fireman (1944), Christiansen (1947) and others. More
recently, Quirk and Schofield (1955) published qualitative data on the effect
of electrolyte concentration on soil permeability and pointed out the
advantages of high salt water for reclamation proocesses.

* Bower and Reeve used the term sodic soil for alkali soils.
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The desirability of water used for reclamation depends mainly on its
eagy transmission through the soil regardless whether calcium has been added
to or is originally present in the soil, otherwise reclamation will not be
effective. Although gypsum has been used as an amendment, it has not
been effective in maintaining high permeability, because of its low solubility.
Cation exchange equilibrium theory indicates, however, that the use of high
salt water such as sea water may be entirely possible for the replacement of
Nat and reclamation of alkali soils. It is, therefore, proposed that saline
water can be used with advantage.

Since such waters contain Ca?t and Nat ions in different ratios, it was
considered worth while to leach the saline and alkali soils with mixed salts of
calcium and sodium. Thus, by finding out the minimum proportions of Ca2*
in conjunction with Nat, the safe levels of the latter can be predicted in
irrigational waters and thus the soils can be prevented from further deterio-
ration.

Large tracts of salt-affected soils are found in several parts of Uttar
Pradesh, but no efforts have been made to reclaim these soils through leaching
techniques. Taking into consideration the beneficial effects of leaching over -
other methods of reclamation, the present investigation regarding the re-
clamation of saline and alkali soils was undertaken using a series of leachings
with neutral salt solutions.

EXPERIMENTAL PROCEDURE

Seven soil profiles were collected from different places of Allahabad and
Fatehpur districts of U.P. The soils fall into three classes—(1) saline type,
e.g. Ghurpur profile (GP), (2) saline-alkali type, e.g. Handia (HP), Katoghan
(KP) and Soraon (SP) profiles and (3) nonsaline-alkali type, e.g. Phulpur
(PP), Meja (MP) and Chial (CP) profiles. Out of the above profiles, the first
layer from each profile has been used in the present investigation and their
chemical characteristics are given in Table I (each layer being represented by
GP1, HP1, KP1, SP1, PP1, MP1, CP1).

pH of the original soils was determined in 1: 2-5 soil : water ratio (Jackson
1962). Electrical conductivity (EC) was determined in 1:1 soil : water
extract by a conductivity bridge fitted with a head phone (Wilcox 1950).
Soluble carbonates and bicarbonates were estimated by methods given
in US.D.A. Handbook (1954). Exchangeable cations were determined in
neutral N-ammonium acetate extracts (U.S.D.A. 1954),

The leaching operations have been performed using aqueous solutions of
CaCl; and NaCl. Five concentrations of solutions have been used so as to
contain Cat*/Nat and Nat/Ca?t varying from 1 to 5, i.e. Ca?t or Nat has been
increased from 1 to 5 m.e./litre and the corresponding values of Na* or Ca?"
have been kept at 1 m.e./litre,
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Tasre X

Some of the chemical properties of the soils used

Saline type Nonsaline-alkali Saline-alkali
Chemical characteristics = e A e e,

GP1 PPl MP1 CP1 HP1 KP1 SP1

pH .. .. . 8200 10-300 10-400 10-000 10-400 10-000  9-700

Alkaline earth carbonates

(CaCO;, %) .. .. 1700 8800 17-400 12:100 15100 14500 13-500
ECx10% at 25 °C .. .. 10500 2700 3-210 - 5010 14100 9400
Soluble cations, %,

calt .. .. 0082 0026 0040 0036 0034 0016 0-025

Mgt . .. 0029 0010 0012 0014 0010 0021 0014

Nat .. .. 0094 0068 0-061 0092 0072 0194 0158

Kt . .. 0012 0004 0010 0003 0006 0018  0-002

Soluble anions, 9,

COgh .. .. tr. 0-260 0-078 0-160 0-310 0-087 0-204

HCO; 0-043 0-280  0-071 0185 0-700  0-296  0-219
Ci- .. .. 0210 0-050  0-028 0014 0-026  0-001 0-026

SOhZ1 - 0-250  0-030  0-005 0-032 0020 0-024 0-061

CE.C. (m.e.[100 g) .. 10500 12-500 12.700 11.400 16-100 12.500 8-100

20-0 g of air-dried soil samples were faken in duplicate from the surface
layers of each profile in conical flasks and shaken for one minute with 100 ml of
mixed solution containing 1 m.e. Ca?* and 1 m.e. Na* per litre. The contents
were immediately filtered through Buchner funnels under suction. The
leachates were collected in separate volumetric flasks. After first leaching,
the soils from the funnels were carefully transferred to the same conical flasks
with 100 ml of the same solution, shaken for the same period and filtered again.
These leachates were collected in a second set of volumetric flasks. In this
manner, the soils were repeatedly leached for six times. In the leachates
were determined pH, EC, 002' and HCO;. The mean values have been used
for representing the results which are reported in the form of separate graphs
(Figs. 1to 3).

Similarly 20-0 g of the soils in duplicate were repeatedly leached for six
times with another mixed salt solution containing 2 m.e. Ca?" and 1 m.e.
Nat per litre. The leachates were collected in separate flasks and analysed
for the above constituents. Leachings of soils with mixed solutions containing
2, 4, 5 m.e, Ca?* and 1 m.e. Na* per litre were also performed. The results
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(average values) obtained with Phulpur profile are shown in Fig. la. The
soils of the first layer of Meja, Chial, Handia, Katoghan, Soraon and Ghurpur
were similarly leached. In each series, two replications were made and the
results are presented in the forms of graphs (Figs. 15 to 3).

Leachings with varying ratios of Na/Ca from 1 to 5 were also carried
out similarly and the results have been given separately (Figs. 4a to 8).

RESULTS AND Discvssion

(a) Leaching with Salt Solution Containing Excess Ca?t
Phulpur Profile (PP,)

The changes in pH, EC, 002' and HCO; for Phulpur profile are re-
presented in Fig. 1.

It is quite clear from the figures that the drop in pH is directly propor-
tional to Ca?t present in the leaching solution. A decrease in pH from 10-3
to 9-7 is observed upon leaching the soil with solution of Ca?t/Nat = 1 but,
when Ca?t/Na* becomes 2, the drop in pH is still sharp, so much so that the
sixth leachate records a pH of 9-2. As the concentration of Ca2t is further
increased from 3 m.e. to 5 m.e. per litre, a pronounced drop in pH is noted.

Some remarkable changes in EC values of this profile are perceptible.
For example, EC of first leachate is on an increase as the ratio of Ca2?t/Nat is
increased, but EC decreases in the second and fourth leaching at Ca2t/Nat = 1.
After second leaching, EC falls abruptly in presence of higher concentra-
tions of Ca?* up to fifth leachate but it again increases in sixth leachate. A
regular decrease in EC is noted in presence of 5 m.e. Ca2t, though in the second
leaching it slightly increases. It clearly indicates that, with high proportions
of Catt, either adsorption or precipitation is taking place. In presence of
1 m.e. or 2 m.e. Ca2t, such changes are not observed.

CO%" decreases regularly from first to sixth leachate with all concentra-
tions of Ca?* but decrease is rapid in presence of higher concentrations of Ca2t,
Carbonate ions are not observed after fourth and third leaching with 3, 4
and 5 m.e. Catt, respectively.

HCO; also decreases from first to sixth leachate with all ratios of calcium.

Meja Profile (MP)

In Meja alkali soil profile (Fig. la) there is & gradual decrease in pH
when Ca?* in the leaching solutions is low (1-2 m.e.[litre). However, with
higher concentration of Ca?*, a sharp fall in pH is noted. The pH falls up to
8-2 finally.

In this profile, no 005‘ is observed after fourth and third leaching with
1, 2 and 3 m.e. Ca?* respectively and, in the presence of 4 and 5 m.e. Ca2*, the
soluble carbonates disappear after second leaching. The EC values decrease
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up to the third leachate and then increase regularly up to sixth leachate in
presence of 1 m.e. and 2 m.e. Ca%t but with 4 and 5 m.e. Ca?t there is not
much decrease in EC. A decrease in EC with successive leachings of this
profile again points to the phenomenon of adsorption or precipitation of Ca2t
as CaCO; because sufficient soluble CO§' is available in the system.

Chial Profile (CP)

In Chial profile which is also alkali profile, the drop in pH is gradual,
the ultimate pH of sixth leachate with 5 m.e. Ca?* being 82. EC values of
successive leachates denote & gradual increase. However, EC decreases up to
the third leaching in presence of 2 m.e. Ca?* and then increases. In this
profile also, no COg' is observed after fifth, fourth, third and second leaching
in presence of 1, 2, 3, 4 and. 5 m.e. Ca2*. However, with 1 and 2 m.e. Calt,
HCO, is observed up to sixth leachate.

Handia Profile (HP)

Handia profile (Fig. 2a), which is saline-alkali profile, indicates somewhat
a different trend with respect to pH and EC values. The drop in pH of the
first leachate with increasing Ca?* is noteworthy. The pH drops from 9-2
to 8:2 by leaching with 5 m.e. Ca®*. EC increases gradually at all concen-
trations of Ca2t with a break in second leachate at lower concentrations.

There is a sudden decrease in COg' up to the third leaching after which it
disappears. HCO, is observed up to sixth leachate except with 5 m.e. Ca?"
where it is absent after fourth leaching. Katoghan and Soraon profiles
(Figs. 2b, 2¢) exhibit similar changes in pH, EC, 002' and HCO, .

Ghurpur Profile (GP)

In Ghurpur profile (Fig. 3), which is saline type, the changes with respect to
pH, EC, CO}™ and HCO; are different. The changes in pH are only slight
and vary in a small range. EC regularly increases with increasing Ca?t/Na*
ratio. Soluble carbonates are entirely absent and HCO; ions usually decrease
with an increase in Ca?t in the leaching water.

Changes in the Exchange-complex

The analysis of the soils left after repeated leaching with solution having
Ca2t/Nat = 1-5 is reported in Table II. It is observed that exchangeable
Ca?t in Phulpur profile has increased from 2-85 to 6-8 m.e. per 100 g of soil,
after leaching with 5 m.e. Ca®t plus 1 m.e. Nat while exchangeable Nat
decreased from 9-2 to 1-75 m.e. per 100 g soil. In Meja profile, exchangeable
Ca?t increases from 58 to 6-2 and Nat+ decreases from 6-2 to 21, In Handia
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profile, the changes in exchangeable Ca%* and Nat are from 6-5 to 10-4 and
10-2 to 1-6, respectively. In Ghurpur profile, the changes are from 58 to
6-0 and 1-2 to 0-8, respectively. There is a regular increase in exchangeable
Ca2?t and simultaneous decrease in exchangeable Nat of all the leached soils.
The quanta of increase in Ex. Ca?"/Na* ratio as a result of change in the
ratio of Ca2"/Na* from 1 to 5 in leaching solutions are also tabulated (Tables
II and IIT).

(b) Leaching with Salt Solution Containing Excess Na™t

The results of the changes in pH, EC, soluble CO2~ and HCO; have been
represented in the form of graphs (Figs. 4a to 6) for Phulpur, Meja, Chial,
Handia, Katoghan, Soraon and Ghurpur soils, respectively.

Phrulpur, Mejo and Chial Profiles

From Fig. 4a it is observed that there is a regular drop in pH, as the
Phulpur soil is leached successively but, on the contrary, pH of the leachates
shows an increase. As the Nat/Ca?t ratio is increased from 2 to 5, a regular
increase in the pH values is observed. The highest pH is noticed at 5 m.e.
Nat, the pH of the first leachate being as high as 10-3. This pH value de-
creases very slowly and finally stops at 9-7.

The EC values increase with increasing concentration of Nat as the
leaching is continued. As the Nat/Ca2t of leaching water is 2, this value is
2-4 and, when the concentration is increased to 5, this value increases to 3-4
mmhos/cm in the first leaching. When the soil is repeatedly leached with a
higher concentration of Nat, there is pronounced increase in the EC values,
the exception being the leaching with Na*/Ca?" = 2, where it decreases after
third leaching and then increases.

With each Nat/Ca2+ ratio, repeated leachings mark a decrease in soluble
(07 content, but it is not completely absent even after six leachings. It is
curious that a high Na*/Ca?* ratio in the leaching solution is directly related
with the appearance of soluble carbonates in the leachates. There is a regular
increase in the soluble CO;  with the increasing Na* content. Quite con-
trary results are, however, noticed for soluble HCO, appearing in the leachates,
i.e. in presence of 2 m.e. Na*, a concentration of 0-2% HCO, is noticed in the
first leachate but it decreases to 0-1449, at 5 m.e. Na*t. It is interesting to
note that with lower concentration of Na+ the leachates show high CO;” and
HCO,. At Nat/Ca?* ratio of 5, the first leachate shows 0-1449, and the fifth
leachate 0-008% HCO; but, in the sixth leachate, no HCO; is observed.
In the case of Meja and Chial profiles (Figs. 4b, c), leaching effects are similar
to Phulpur profile. It is essentially due to similar nature of these profiles.
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Handia, Katoghan and Soraon Profiles

When leaching is done with Handia, Katoghan and Soraon saline-alkali
profiles (Figs. 5a, 5b, 5¢) the trend in pH change is somewhat different. In
Handia soil (Fig. 5a), the changes in pH of the successive leachates are not
very marked with increasing concentrations of Nat in leaching water. Also,
although pH increases with increased concentration of Na* (from 2 to 5 m.e.),
the successive leachates do not show any marked change. This type of trend
is not noticed with the soils of Phulpur, Meja and Chial profiles.

There is a regular increase* in EC of the successive leachates of Handia
and Katoghan soils. In Soraon soil, however, the EC values show anomalous
behaviour at Nat[Ca2t of 2 and 3. The EC values have generally decreased
after third leaching at these concentrations of Nat/Ca2+t. After fifth leachates,
the conductivity has, however, increased. With Na*/Ca? = 4 and 5, the
tendency is towards an increase up to sixth leaching in Soraon soil,

Soluble carbonates disappear after fifth leaching, when these soils are
washed with Na*/Ca2?t = 2-3, but at higher concentrations of Na*, COz' can
be observed in sixth leachate. This shows that there is an increage of CO;~
with increased concentration of Na* in the leaching solution.

HCO; regularly decreases with the increased concentrations of Na*, so
much so that after fifth leaching no HCO; is observed at 3 m.e. Na* in
Handia soil but in Soraon soil HCO; is absent after fifth leaching at 4 m.e.
Na*.

Effect of Leaching a Saline Soil

Fig. 6 gives the leaching trend of saline soil. Here, at all ratios of Nat/
Ca2t, there is no marked change in pH values hence, on increasing the con-
centration of Nat from 2 to 5 m.e. per litre, pH has gone up only from 8-6 to
8-8 (first leachate). At all concentrations of Nat/Ca?t, pH in the successive
leachates has considerably decreased (the lowest value being 8-15).

EC shows peculiar behaviour in, this type of soil. It has decreased up to
the third leaching, after which it goes on increasing. It clearly points to an
adsorption phenomenon which is confirmed by the exchangeable cations of
the soil left after leaching. No carbonate ions are detected.

There is a gradual increase of HCO; on increasing Na* concentration in
this type of soil. A concentration of 0-058% HCO, is noticed in the first
leachate at 2 m.e. Nat which increases to 0-07% at 5 m.e. However, the
amount of bicarbonates in the successive leachates gradually falls off at all
concentrations of Nat/Ca2*,

* The increase in conductivity does not include the conductivity of the original soils.
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Changes in the Exchange-complex

The soils left after six leachings were analysed for their exchangeable
Ca?t and Na*. From Table III, it is clear that there is no decrease in the
exchangeable Ca®" of the soils leached with 2, 3 and 4 ratios of Na*/Ca2* in
solutions. It is only at the ratio of 5 that exchangeable Ca%* has slightly
decreased. In other words, the exchangeable Ca?* has increased and corre-
spondingly exchangeable Na+ has decreased up to Nat/Ca2* ratio 4 and it is
only at a ratio of 5 that the former shows a decrease.

It is clear from the results obtained that leaching of saline-alkali and
alkali soils with water, containing increasing concentrations of Ca?*, is quite
effective in displacing exchangeable Na* from the exchange-complex to a
great extent. It shows, therefore, that if an irrigation water contains soluble
calcium salts and is applied repeatedly to the soils followed by careful drainage
practices, the soils can be successfully reclaimed. In both types of soils, i.e.
saline-alkali and alkali, the process of leaching consists in replacing exchange-
able Nat by Ca? and then washing out the products of the exchange in the
form of water-soluble salts, coupled with a decrease in pH which is quicker
than with water alone. The displacement of Na* by Cat* from the exchange-
complex of the soil can be illustrated as follows:

Na
(1) | Soil +  Ca2++2C1" =] Seil
Na (leaching water)

(2) CO;” +Cazt CaCO;.

Ca-- 2NaCl
(leachate)

1

FINDINGS AND RECOMMENDATIONS

The greater the amount of Ca? in leaching water, the greater is the
success. The chemical amelioration of alkali soil may, thus, be brought
about by the application of any calcium salt which is soluble in water to give
sufficient Ca2t in solution for the replacement of exchangeable Nat. Gypsum,
however, has a low solubility and in its comparison CaCl, is preferable because
NaCl is formed as a result of the exchange reactions which is easier to wash
out from the soil.

Leaching of saline-alkali and alkali soils under investigation is not effective
with low concentrations of Ca2?*, i.e. when they were leached with solutions
containing 1 m.e. and 2 m.e. Ca?* the alkalinity did not decrease even after
sixth leaching and the soil left over gave an alkaline reaction. Saline soil,
when leached with different concentration of Ca2t, usually behaved as if
it is being leached with water alone. However, some interesting features
of the experiments are noteworthy. At low Ca2* concentrations in the leach-
ing solutions, there is a decrease in exchangeable Ca2?* rather than an increase
and the exchangeable Nat remains practically constant. It is only at 5 m.e.
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of Ca?* that the exchangeable Ca?* in the treated soil increased with a con-
comitant decrease in exchangeable sodium. Kelley and Thomas (1928), while
conducting reclamation experiments of Fresno type black alkali soil, observed
that leaching without chemical amendments failed to bring about desired
chemical changes in the exchange-complex of the soil, which appears to support
the present findings.

In saline-alkali and alkali soils there is a regular inerease in pH value of
the Jeachates as Na+/Ca2* concentration in leaching water is increased. Tt is,
however, interesting to note that pH values of the successive leachates go on
decreasing. This can be explained to be due to a continuous removal and
subsequent decrease in the concentration of soluble COZ™ in the leachate
coupled with the hydrolysis of some sodium from the exchange-complex
because the hydrolysis of sodium from the exchange-complex and absorption
of CO, may lead to the appearance of 002' according to the equation:

Na-soil+Hs0 — NaOH -H-soil
2N310H+002 - N&zCOS +H20.

However, due to the presence of soluble Na* in leaching water, the possibility of
_the hydrolysis of sodium from the exchange-complex is ruled out and also
because the pH of the successive leachates have not increased, the continued
presence of COZ™ in leachates has to be ascribed to some other cause. The
presence of CO§" up to the sixth leachate may, therefore, be due to the solu-
bility of carbonates (from alkaline earth carbonates present in soils) in salt
solution. It has been observed by Kelley (1951) that carbonates are more
soluble in neutral salt solution than in distilled water and since the soils under
investigation are rich in alkaline earth ocarbonates, especially CaCOj, the
presence of CO.~ as a result of leaching noted in the leachates is logical. The
higher the Na* in the leaching water, the higher is the CO3™ concentration in
the leachates.

Leachings of salt-affected soils respond differently depending upon the
presence of exchangeable sodium and EC values. It has been found that
leaching of saline-alkali (PP;, MP,;, CP,), nonsaline-alkali (HP,, KP,;, SP,)
and saline soils (GP,) could bring about three types of chemical changes.
When the above types of soils are leached either with increasing ratio of
Ca2t/Nat or Nat/Ca2t, there is a marked change in the pH and EC values. It
has been found that by leaching saline-alkali soils, pH decrease is rather sharp in
cortrast to the pH decrease in the case of nonsaline-alkali soils. In both
types, 002 also decreases which forms the fundamental criterion in reclaim-
ing alkali soils. In Ghurpur soil (saline type), the changes are rather different.
The pH, however, tends to increage slightly with increasing ratio of Nat*/Ca2t.
This rules out the applicability of leaching the saline soils with waters con-
taining soluble sodium.
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The soils left after leaching give increased content of exchangeable Ca2+
and decreased exchangeable Nat. This shows the beneficial effects of re-
claiming device with water containing Na*/Ca® = 4, but, when the content
of soluble Nat+ becomes higher than this value, the soils cannot be reclaimed.
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