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The Role of Sodium Compounds in the Formation
and Properties of Salt Affected Soils
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Salt affected soils may be found with a great diversity of physical, chemi-
cal and biological properties under a wide range of environmental conditions.
Salt affected coils may occur in closed basins, river deltas and terraces with
moderate climates in North and South America, Europe, Australia, Asia [23].
Large areas in semiarid and arid regions are covered with soils having in-
creased quantities of water soluble salts andfor poor water physical pro-
perties (in the Near and Middle East, Central Asia, North Africa, ete.).

In spite of the deviations in their origins and physical, chemical and bio-
logical properties, all of these oils have the common feature that an increased
amount of salts plays andjor has played a decisive role in their formation, and
water soluble salts are responsible directly or indirectly for their low fertility.

The soluble salt content of soils is usually low and the various salts accu-
mulate in reverse sequence of their solubility (Table 1.).

The total ionic concentration of soil solutions has a wide range. In non-
saline soils the concentration of dissolved salts is relatively low and does not
usually exceed 0.01 molefl. In salt affected soils containing 0.2—10 g/100 g of
calts soluble in water, the concentration of the soil solution can be as high as
0.1—5 mole/l [4].

The formation of salt affected soils has two preconditions:

1. The contact of the soil layer with the sources of soluble salts.

9. Conditions ensuring that salt accumulation prevails periodically or
permanently over leaching.

Under non-saline soil conditions the amount of soluble salts is low and in
the non-saline soils of the temperate zone calcium and magnesium hydrocarbon-
ates are dominant among the soluble salts. With an increase in the salt
content, salts with better solubility will be dominant. Calcium sulphate, mag-
nesium sulphate and calcium chloride may accumulate if the soil layer does not
contain free carbonate, and saline soils with this type of salinization can form.
The increasing salinity of the soil is usually combined with an increased ratio
of sodium salts. This phenomenon is clearly demonstrated in the chemistry of
salt accumulation in different types of hydromorphic soils from the Hungarian
Lowland (Table 2).

The main sodium salts accumulating in soils are sodium carbonate, so-
dium bicarbonate, sodium sulphate and sodium chloride.
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Table 1

Characteristies of accumulation processes in Eurasia,
in relation to natural conditions [14]

Resldual Maximum m(}nmgﬁ;m“ e ! b Saliniza-
Conditions salinization in top Typical tion of
of sedimentary 1 horizons of compounds irrigated
rocks river ‘F ground ‘ lake solonchaks, soils
]
Desert common 20—90 | 200—350 | 350—400 25—175 NaCl | Wide-
KNO, spread
NaNO,
MgCl,
MgBO,
Cal0,
CaCl,
Semi- frequent 10—30 | 100—150 | 300—350 5—8 NaCl Often
desert Na,80, found
Cal0,
MgSO0,
Steppes | rare 3—17 50—100 | 100—250 2—3 Na,S0, | Rarely
NaCl found
Na,CO,
NaHCO,
Forest none 0.5—1.0 1—3 10—100 0.6—1.0 NaHCO,| Un-
steppes Na,CO, known
Na,80,
Na,8i0,
Forests none 0.1—0.2 0—1 none none R,0, None
| 810,

Among the sodium salts, sodium chloride is the most mobile of the
soluble salts. It has a high solubility and the concentration of a sodium chloride
saturated solution does not depend on the temperature (Fig. 1). This facilitates
the accumulation of this salt, but at the same time it can easily be leached out,
either by natural or artificial drainage.

This salt is partly of magmatic origin and partly the product of the
weathering of crystalline rocks. Sodium chloride occurs in saline ground waters,
lakes, sediments and soils in desert and semi-desert regions. It is the main
compound in sea water, in salts accumulated on sea shores and in marine depos-
its. Due to the high solubility of chloride salts, their quantities increase with
an increase in soil salinity. Sodium chloride, together with sodium sulphate
and magnesium sulphate, is the most common component of saline soils.
Sodium chloride is exceptionally toxic to plants due to its high solubility. The
chloride part of the salts moves freely with water. The leaching out of sodium
chloride saline soils is fairly easy if the soils contain gypsum.

Sodium sulphate is usually a product of the weathering of crystalline
rocks, but the possibility of magmatic origin cannot be neglected. Sodium
sulphate is easily dissolved in water. The saturation concentration of sodium
sulphate is 185 g/l at 25°C and depends very much on the temperature (Fig. 1).
It is a typical compound of saline soils,saline groundwaters,lakes and muds in
desert and semi-desert regions and in waters, sediments and soils of dry regions.
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Table 2

The chemical composition of saturation extracts of hydromorphic soils in Hungary

Depth of Soluble 24 + - = \ 80—
Soil sampling e | O Mgt ar | HCOF | O | o
cm % meyl
Meadow soil T— 17 0.10 5.25 0.98 0.87 0.64 3.90 0.65

58— T2 0.30 | 14.80 | 12.60 6.10 1.46 | 12,80 6.60
90—110 0.35 | 22.60 | 12.10 4.80 0.88 5.30 | 27.00
126—136 0.22 | 17.80 9.80 7.60 1.00 5.60 | 22.90
Solonetz-like 5— 17 0.01 2.40 2.80 0.97 0.25 2.00 0.50

meeadow soil 30— 42 0.06 2.60 5.30 1.60 3.00 2.60 1.30
56— 76 0.10 3.75 3.60 1.60 1.60 0.72 2.60
89—100 0.55 | 17.40 | 16.00 | 21.30 1.40 1.10 | 31.40
Meadow solonetz 8— 16 0.06 4.3 6.00 6.40 3.10 4.40 1.40
26— 37 0.12 4.5 3.70 | 10.00 3.60 3.40 4.30
45— b5 0.20 4.0 3.40 | 18.20 4.80 4.60 4.10
76— 85 0.75 | 16.1 41.70 | 37.70 1.50 1.70 | 37.80
97—105 0.75 | 1B.b6 34.80 | 34.30 1.40 1.30 | 43.50
117—126 0.25 | (3.1 8.30 | 24.50 3.30 2.70 8.30

Sodium sulphate may also accumulate in waters, sediments and soils in the tem-
perate zone, if the hydrogeochemical conditions are in favour of sulphatic ac-
cumulation. In this case the degree of sulphate accumulation is less than usual
under a dry climate (Tables 3 and 4).

The dependence of sodium sulphate solubility on temperature has a
great influence on the movement of this salt. In dry, warm periods the dissolution
of sodium sulphate increases with

an increase in the air temperature. gt

The soil moisture moves upwards 1

and the sodium sulphate containing PR ; Na,C O3
golution rises to the surface of the I

soil together with the other most sol- £00+ h

uble salts. In the cool, rainy season f NaCl _
the solubility of sodium sulphate e ‘,"'f“"— T 5
decreases with the decreasing tem- 300 /) NapSO,
perature. It is not leached out with i K~SO
other easily soluble salts. The bulk 200 [/ 2 4, -
of it remains in the top layers of ’,/ Pt

the soils. In the temperate zone the 4o i

sources of soil salinli)za,tion are less 109{.}/‘9& T NaHCO3
galine, and the intensities of accu- . {/,I/’/ : [ '

mulation and leaching proccessesare ‘

closer to each othergezv)*en whenthe -40 20 0 +20 40 60 E’O

accumulation process prevails. Un- oy tec
o .

g?rf’lgl:,:ewgﬂng; ?ﬁ: ?n?;?a:;?;flrbzi: Salt solubility as a flmgtion of temperature [4]

ween the ions of the electrolyte sol-

ution and the solid phase of sediments and soils regulate the sodium sulphate

regime during the soil forming processes.
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Table 3

The chemical composition of soluble salts of a meadow solonchak in the northern part
of the Kyzylkum Desert, determined from 1 : 5 aqueous extracts [4]

s]ig:;huﬁé’ romy | HCOF ‘ oo~ o= 803~ Cart Mg+ [ Na*+ + E+

cm

%

0— 2 21.73 0.04 | traces 1.85 11.36 2.63 0.36 5.68

2— 6 16.00 0.04: traces 1.46 8,62 2.562 0.33 4.18
10— 18 4.41 0.02 4] 1.06 1.61 0.33 0.18 0.74
25— 30 3.52 0.02 g 1.09 1.04 0.11 0.16 0.79
40— 45 3.23 0.01 4] 0.89 1.04 0.13 012 0.71
120—125 1.24 0.01 g 0.20 0.68 0.12 0.04 0.19
190—195 1.94 0.02 5] 0.18 1.04 0.18 0.05 0.32

Sodium carbonate is a highly soluble compound. The solubility of sodium
carbonate and sodium bicarbonate depends very much on the temperature
(Fig. 1). As a result of hydrolysis, a solution containing sodium carbonate
always has an alkaline reaction up to pH 12. Because of its high solubility and
strong alkalinity, a sodium carbonate solution is always very harmful to
plants and causes the peptization of soil colloids, low water permeability and
poor water physical properties in the soil.

Sodium carbonate may occur in surface and groundwaters, in deposits
and soils in every region [4, 14, 22]. The main source of the accumulating so-
dium carbonate is the weathering of crystalline rocks in ecarbon dioxide con-
taining water, but it may form in smaller quantities due to chemical reactions
[13], ion exchange [12] and biological processes [2] as well. In waters and soils
with a medium degree of salinization sodium carbonate is usually the dominant
compound among the dissolved salts. The reaction of a solution containing
sodium carbonate is regulated by the partial pressure of carbon dioxide and
the total ionic concentration [10, 14, 15].

The soil solution can always be considered as a solution of mixed salts.
In a solution containing dissociable salts the electrostatic interaction of the
ions results in a special arrangement in the electrolyte [1]. This interaction
decreases the concentration of ions with free valences and influences several
properties of the solution, including the equivalent conductivity of the electro-
lyte [25], the solubility of poorly water soluble salts [3, 20], the degree of
dissociation of the dissolved salts [18] and the ratios of ion activities in the
solution [1, 17]. The elaboration of a model of ion pair formation is one ap-
proach to the description of the non-ideal hehaviour of real solutions in saline
soils [7, 8].

This model assumes that due to the electrostatic interaction of ions hav-
ing opposite charges, ion associations may form with no valency or be partly
neutralized in the electrolyte solution. The stability of ion pairs is characterized
by their relative dissociation constants (Table 5). By considering the analytical
concentrations of the ions and the dissociation constants of the ion pairs, the
actual ionic concentrations and ion activities may be computed by the method
of successive approximation in the case of a simple electrolyte solution contain-
ing three or four ions.
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Table 4

Chemical compositions of the saturation extracts of solonetz soils

Depth of sampling, Ca?+ ‘ Mg+ | Nat | EC03 | 80%- | - | L
cm pH =
10~ 2 « mole/fl
Profile No. 7
10— 20 6.87 1.48 1.33 45.09 8.44 21.70 0.00 75.78
20— 40 6.44 3.50 [ 3.55 102.17 2.82 57.55 1.37 182.40
40— 60 6.75 6.61 5.76 133.40 1.89 76.30 3.10 246.50
60— 80 7.64 | 11.27 9.17 186.64 1.53 104.34 3.17 345.20
80—100 7.61 2.29 2.17 64.60 7.71 33.03 3.88 113.10
100—120 7.94 0.95 1.08 84.75 4.64 44.75 3.55 140.00
120—140 8.22 0.90 0.65 63.11 7.09 31.21 3.38 102.30
Profile No. 109
0— 10 6.75 1.11 1.11 9.66 5.22 2.22 | 0.00 16.32
20— 40 6.80 0.95 1.56 | 18.12 6.16 4.72 |  9.30 31.23
40— 60 7.10 0.90 3.62 31.34 3.93 11.75 | 15.58 57.96
80—100 7.83 0.68 2.53 25.58 3.35 7.03 | 13.67 41.75
100—120 7.50 0.63 1.85 18.92 5.37 6.93 | 10.74 36.32
120—140 7.49 | 0.69 1.14 10.12 6.60 2.52 5.46 19,77
! i

For a mixed salt solution it must be taken into account, that a cation
may form ion pairs with a number of anions in the electrolyte. The same holds
true of the anions present in the salt solution. In an effort to overcome the
difficulties caused by the matrix effect of the ions, the computation programme
was modified for mixed salt solutions by calculating the weighted averages of
ion concentrations after each iterative step, with the introduction of a function
representing the ratio of the sum of ion pair concentrations to the analytical
concentration of the related ion:

(€ o = (C)n—yy - EF]+ (C}), Table 5
n re [EF + 1] Dissociation constants of ion
P pairs to be expected in solutions
: of salt affected soils
C; = the concentration of the ion “i”
(mole/l) ‘ Ton pair Eq
7 = the number of steps in the ite- | s e
rilkion Cacoy 6.3 .10-4
" CaEHCO; 55 .10-2
2 (Ci4) CaS0Y 5.25.10-3
BF — =1 MgCO3 4,0 .10
o) MgHCOZF 6.9 .10-2
i MgS0% 5.88 . 1073
- 5.10-2
EF = error function ﬁ:ﬁ%‘bg ?3'8’ E
(0;4;) = the concentration of jon pairs NaSO7 24 .10-1

formed by ions C; and 4;

The computation carried out for the data of sodium ecarbonate and
sodium bicarbonate solutions and saturation extracts of salt affected soils
clearly indicated that the modified programme may be applied over a wide
range of concentrations and compositions of electrolytes [7, 8, 20].
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Table

The concentration of free charged ions and

Soll and depth oot | cacos | caHOOF | casoy | Mg | Meooy | Mmoo} | agsos
of sampling, -
om 10* - mole/fl
Sodium carbonate solonchalk soils
Profile No. 1 |
0— 3 0.11 0.07 0.02 0.04 0.13 0.15 0.02 0.05
3—10 0.11 0.17 0.03 0.01 0.07 0.19 0.01 0.01
10—20 0.13 0.18 0.02 0.02 0.12 0.28 0.02 0.02
20—30 0.06 0.06 0.005 0.004 0.02 0.04 0.002 0.002
30—40 0.27 0.20 0.02 0.04 0.15 0.18 0.01 0.02
40—50 | 0.30 0.25 0.03 0.04 0.12 0.16 0,01 0.01
Solonchak-solonetz soils
Profile No. 2
3—10 0.19 0.27 0.05 0.03 0.08 0.18 0.02 0.01
10—20 0.20 0.12 0.07 0.03 0.11 0.11 | 0.11 0.03
20—30 0.14 0.14 0.04 0.01 0.26 042 | 0.06 0.02
40—50 0.22 0.28 0.02 0.02 0.12 0.26 0.01 0.01
50—60 0.65 0.20 0.05 0.02 0.29 0.15 0.02 0.06
Sulphatic solonetz soils
Profile No. 7
10— 20 0.86 —_ 0.05 0.58 0.79 — 0.04 0.51
20— 40 1.76 — 0.03 1.72 157 —_ 0.02 1.76
40— 60 3.24 —_ 0.03 | 3.34 200 —_ 0.02 2.97
60— 80 5.38 — 0.03 5.86 4.23 -_— 0.02 4,92
80—100 1.25 —_ 0.06 0.98 1.20 — 0.04 0.93
100—120 0.49 — 0.01 0.45 0.55 — 0.01 0.51
120—140 0.49 —_ 0.02 0.39 0.35 — 0.01 0.28
Profile No. 109
0— 10 0.93 — 0.05 0.13 0.95 — 0.04 0.12
20— 40 0.74 — 0.04 0.17 1.24 — I 0.05 0.27
40— 60 0.63 — 0.02 0.25 2.57 —_— . 006 1.00
60— 80 0.77 —_ 0.02 | 0.29 2.79 — I 0.07 1.00
80—100 0.52 —_ 0.01 | 0.15 1.96 — | 0.04 0.54
100—120 0.47 | — 002 | 015 1.39 — 005 0.41
120—140 0.567 —_ 0.04 0.09 0.96 — 0,05 0.13
|
\

The degree of ion pair formation depends on the valences, sizes and con-
centrations of the ions. It was found that 15—75%, of magnesium ions, 15—65%,
of calcium ions and 2—5%, of sodium ions formed ion pairs (Fig. 2.). According
to the chemistry of the saturation extracts of the soils, NaHCO;, NaHCOS,
NaSO; have the highest concentration in sodium carbonate solonchak and
solonchak-solonetz soils (Table 6). The order of ion pair concentrations in the
saturation extracts of the solonetz soils investigated were NaSO; > CaSO} >
> Mg809 and MgS0§ > NaSO; > CaSO0 respectivcly (Table 6).

Ton pair formation results in a lesser decrease in total ion concentration
in the saturation extracts of sodium carbonate containing soils than in those
of sulphate containing solonetz soils.

The soil solution interacts with both the solid phase of the soil and the
plant roots.
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6

on pairs in the saturation extracts of salt affected soils

Na+ NaOOs NaHCO}4 NaSO« 003~ HCOy 80}~ Ccl- I
10* - mole/l

91.23 1.43 1.12 1.52 3.10 36.96 15.44 17.70 112.00
77.49 2.58 1.01 0.42 5.97 37.75 4.46 15.80 88.26
63.79 1.84 0.66 0.41 4.90 29.29 5.00 17.80 76.90
38.41 0.95 0.21 0.13 3.41 14.18 2.16 14.40 45.31
32,71 0.46 0.14 0.19 1.82 11.12 3.44 9.60 38.42
35.08 0.56 0.20 0.16 2.08 14.36 2.69 5.55 38.24
84.00 2.63 1.24 0.62 5,82 43.29 6.38 11.20 95.84
79.80 1.03 1.53 0.45 2.30 55.08 4.66 9.36 87.43
65.99 1.43 1.04 0.256 3.61 43.97 2.87 8.63 73.90
19.02 0.43 0.07 0.06 2.58 8.88 1.28 5.30 25.25
17.41 0,10 0.06 0.13 0.65 8.47 3.91 4.50 26.35
43.94 —_ 0.13 1.16 —_ 8.24 19.59 0.00 69.58
97.67 — 0.08 4.40 — 2.70 40.66 1.37 169.50
126.90 — 0.07 6.42 — 1.78 63.57 3.10 208.30
176.50 —_ 0.07 10.02 —_ 1.41 83.54 3.17 281.90
62.60 — 0.16 2.09 — 7.47 29.26 3.88 102.10
81.63 —_— 0.12 3.38 — 4.51 40.77 3.55 131.10
61,15 — 0.15 2.05 — 6.93 28,73 3.38 96.53
9.60 — 0.02 0.04 — 5.11 1.93 0.00 15.09
17.95 —_ 0.04 0.14 —_ 6.03 4.16 9.30 29.11
30.86 —_ 0.04 0.47 —_ 3.81 10.06 15.58 52.03
34.61 — 0.05 0.49 —_ 4.07 9.49 17.23 54.40
25.30 — 0.03 0.26 — 3.27 6.10 13.687 38.50
18.69 — 0.04 0.20 — 5.26 6.18 10.74 33.63
10.05 — 0.03 0.05 — 6.49 2.25 5.46 18.67

The interaction between the soil solution and the solid phase of the soil
can be further divided into:

a) the dissolution and precipitation of poorly soluble salts in soils,

H) the ion exchange between cations of the micellar and intermicellar
solutions.

Both of these processes are highly influenced by the total ionic concentra-
tion and the chemistry of the soil solution. The solubility of poorly soluble
salts increases as the total ionic concentration of the solution increases and it
decreases if the solution contains ions which are identical with the cation or
with the anion of the poorly soluble salts (Fig. 2). The change in the dissolu-
tion of poorly soluble salts with changes in the concentration and chemistry
of the soil solution means that the increase or decrease of the soil moisture con-
tent in soils affects not only the total concentration of dissolved salts, but also



112 DARAB: Formation and properties of salt affected soils

Table 7

The solubility product of gypsum calculated from the concentrations and
from the ionic activities of CaS0, saturated soil saturation extracts

Tonie strength of the Solubility product Thermodynamic solubility
solution calculated from product calculated from
total | reduced total [ reduced total reduced
10 . nml;jl fon concentrations ion activities o
230.5 ' 107.7 7.33- 1074 | 2.92 . 1074 5.81 - 103 2.85.10°%
147.6 | 114.0 4.78 . 10— 2.12 . 101 5.19.10-3 2,74 . 1075
143.9 | 109.9 4.80 - 10— 212 .10 5.39. 105 2.81 . 10-®
114.5 89.3 3.69 .10 1.72 . 10—¢ ! 4,76 . 105 2.62 . 105
103.5 78.9 3.10 - 104 1.46 - 104 4.28 . 105 2.39 . 1075
Ko, = 507.1075 | 2.68. 1073
S = 2.59.10"¢ 8.24 . 1077
cV = 11.4% 6.879%,

has an influence on the chemical composition of the liquid phase of the soil.
The concentration of the solution and the degree of ion pair formation increase
with deereasing soil moisture content. The coefficient of ion activities decreases
and the ratio of the monovalent ions increases if the soil dries up. If the soil
moisture content increases or decreases, the changes in the dissolution of poorly
soluble salts can be calculated from the changes in the soil moisture, the
total content of casily soluble salts and the thermodynamic solubility product
of poorly soluble salts (Table 7).

In solutions containing free carbonate the dissolution of CaCO,, and
consequently the concentration of Ca2t ions, are regulated by the pH value and
the partial pressure of CO, in the soil solution:

—lg (Ca?*) = —lg Kcaco, + 1g Kg, - Kq,(H,CO5)' 4 2 pH (1)

The first (Kg,) and second (K4,) dissociation constants and the activity of car-
bonic acid (H,CO,) depend on the total ion coneentration of the solution and
can be expressed by the following function

lg K, - Ko, (H,005) = a + b)/ T (2)
where:
@ = —22,9458; b = 1.821

Substituting equation (2) into equation (1) the concentration of the calcium
ion can be expressed as:

—Ig (Ca?*) = —lg Kcaco, +a -+ b VI 42 rH
pCa=1g K’ b} 1+ 2pH (3)

where:

pCa = —l1g(Ca?t)
lg K* = lg Kcaco, +
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Table 8
Chemical composition of saturation extracts after treatment with Ca80, anhydrite
Di!}“h ‘ ca+ | Cco:- |HCO;| 80f- o Thermodynamie solubility produet
sampling | PE 10? - mole/l
cm me/l Ca80, 0aCO,
9 8 | 8.25| 39.75| 2.06 | 6.54| 141.30 266.3 4,635 . 10— 2.2346 . 108
&—17 | 8.10| 29.01| 2.16 | 3.79 | 139.30 251.0 3.582 - 10-% 0.7867 - 10-8
17—32 | 8.13| 20.68| 1.26| 3.64 | 154.67 272.9 8.743 . 10—5 0.8906 - 10-8
32— 42 | 7.85| 29.42 | 1.34| 3.52| 140.24| 250.9 3.631 - 10°% 0.2544 . 10°8
4963 | 7.75| 30.19| 1.18| 3.34| 100.24 180.1 3.520 . 105 0.1916 . 108
63—79 | 7.80| 34.43| 0.98| 1.99| 70.90 136.3 3.703 . 10-% 0.3251 - 108
79—90 | 7.75| 25.65| 0.59| 2.21| 63.40 124.8 3.725 . 1073 0.2839 - 108
X = 3.791.10°% X = 0.7096 . 10°8
S = 3.81.107%| § = 0.2747 - 10-8
S = ld44.107°
oV = 08174%

Ig Kcyeo, = 18 (0a**) 4 2 pH + Ig [K, - Ky(H,CO;)]

lgcaso, =& (Ca?+) + 1g (3077

Equation (3) expresses the function of the calcium ion activity on the
total concentration and the reaction of the solution. The numerical values of
constants @ and b were calculated from the analytical data of model solutions
of sodium carbonate and sodium bicarbonate. The thermodynamic solubility
products of caleium sulphate and calcium carbonate were calculated from the
data of saturation extracts saturated with CaCO, and CaSO, (Table 8).

The other reaction between the liquid and solid phases of the soil is the

cation exchange.

Tt is well known that the equilibrium between the cations of intermicellar
and micellar solutions depends on the total ion concentration and the ratio of

cations in the intermicellar solution.
There are also data in the literature
referring to the influence of the type
of anion on the cation exchange equi-
librium [6, 7, 21, 22]. It is true that
under the same conditions the degree
of sodium saturation is the highest if
the solution is dominated by carbonate
and bicarbonate ions. This is followed
by the ESP values of soils where sodi-
um sulphate prevails, while equilib-
rium is reached at arelatively low deg-
ree of sodium saturation in systems
dominated by sodium chloride [2 15].
With an increase in soil salinity, the
ratio of sodium ions increases and it
becomes more and more dominant. An
increase in total salt concentration,
the valency effect or an increase in
SAR values may result in a high degree

Coajealated
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L —\ HCO3
0.8\ s02-
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08
0.5I Ca2+
Mg2*
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Fig. 2
Function of caleulated and measured ionie
concentrationratios versustheionicstrength
in saturation extracts of sulphate econtain-
ing solonetz soils
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Table 9
Data obtained from analysis of soil solutions [16]

Depth of Tatal salt HOOS | a- { 801~ Cat+ [ Mgt Nat+E* |
sample, content, B - | BAR

cm g me/l |
2— 8 256.5 2.0 4304 104 65 4206 | 3918 250
8— 17 151.4 2.2 2470 126 80 177 2341 | 204
17— 33 112.7 2.6 1827 106 60 163 1712 162
33— 51 107.8 2.6 1720 144 74, 291 1502 111
51— 8O 105.1 3.8 1675 134 7 233 1496 ! 120
80—120 113.6 4.5 1840 135 5 339 1565 | 109
120—145 88.3 6.6 1382 134 74 321 | 1120 80
145180 86.1 6.6 1366 132 67 328 ‘ 1109 79

of sodium saturation even for the accumulation of sodium salts which dissociate
with a neutral reaction. As examples, the chemical composition of the soil solu-
tion of a chloridic solonchak from the Kuru Araxes Depression in the Soviet
Union is given in Table 9, and that of a sulphatic solonchakized solonetz from
the Hungarian Lowland in Table 10. The SAR value at the top of the solon-
chak soil is over 200 and decreases as the salt content decreases in the soil
profile. The soil is apparently saturated with sodium to a remarkable degree,
but in the presence of a high concentration of sodium chloride the reaction of
the media remains neutral and the soil colloids are flocculated due to the neg-
ligible difference between the concentrations of the micellar and intermicellar
solutions. In the present state the low fertility of this soil is connected with
the high concentration of the soil solution, which causes a physiological
drought. The low concentration of calcium ions indicates the absence of calcium

Table 10

The chemistry of the soil solution of a solonchakized solonetz soil in Hungary

Depth of 1

et o Mojurs HCO; ’ goi- | a- | sor J car | age | Nar J -
cm meyfl ‘
0— 20 33.9 9.2 12 11.6 141.6 6.0 3.0 | 124.6 58.7
20— 40 28.5 1.5 1.2 8.4 142.8 2.4 2.2 161.1 99.6
40— 60 23.3 6.3 0.9 10.8 229.8 2.5 2.5 178.1 | 112.6
60— 80 20.7 7.2 0.9 10.9 140.3 1.8 5.1 144.1 | 77.6
80—100 21.4 6.9 1.8 9.3 51.2 0.7 0.6 64.8 ! 80.4
100—120 22.8 L | 1.6 9.1 26.1 0.7 0.2 43.2 [ 64.4.
120—140 25.7 | 8.4 1.8 6.3 35.7 0.4 0.1 65.9 i 131.8
! |

salts in the soil. The insufficiency of calcium salts may indicate the danger of
solonetz formation if the goil is ameliorated by leaching without the application
of chemical amendments.

In the case of sulphatic solonchakized solonetz, the soil solution is less
concentrated than the solution of the previous profile (Table 10). Among the
soluble salts the sulphates are dominant. The soil has a neutral or slightly alka-
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Table 11

Sodium—hydrogen potential and ESP values in the sodium carbonate solonchak and
solonchak solonetz soils

ESP
Depth of Exchl?zieable OBO
sampling, (pH — pN=) Eg caleulated
cm = measured |—— e
me/100 g a | b
Profile No 1.

0—3 8,197 5.10 7.82 0.604 66.37 64.41 63.26

3—10 8.934 6.30 6.96 0.579 90.52 60.72 89.68
10—20 8.405 7.41 10.95 0.447 67.67 52.10 71.16
20—30 8.402 6.60 8.70 0.779 75.86 58.11 68.16
30—40 7.987 3.90 8.70 0.419 44.83 33.76 44.27
40—50 8.218 35.17 57.45

Profile No 2.

3—10 8.916 10.22 13.50 0.192 75.70 58.76 89.54
10—-20 9.190 . 10.563 16.50 0.067 63.82 39.67 93.88
20—30 8.614 9.30 17,15 0.712 54.22 49.10 46.72
40—50 7.964 7.50 13.40 0.960 55.97 22.27 41.06
50—60 7.574 16.35 22.25

o — caleulated from SAR-ESP function [11]; & = calculated from equation [9]

line reaction, the SAR value in the soil solution is fairly high and the degree
of sodium saturation is also remarkable. The soil has a well developed col-
umnar structure in the accumulation horizon, which indicates the increased
dispersion of =oil colloids. In this case, both the increased concentration of the
soil solution and the poor water physical properties of the soil contribute to
low fertility. The total ionic concentration of the soil solution is over 7 gfl in
the A and B horizons. This coneentration of salts can be toxic to most plants,
but the solution is not concentrated enough to flocculate the sodium saturated
colloids.

Table 12
Mineral composition of cotton plants at different phases of vegetation [14]
Mineral
Condition Vegetation sub- | G- | 80§~ | Ca®* | Mg+ | Na* | g- Na+ Nar | Mgt
of plant phase stances 503~ | Ca** + Mgt Mg+ | Cat
9 of absolute dry welght ‘
| |
Normal | sprouting 16.10! 1,54 3.83 3.35| 0.8L| 0.41 | 0.54 0.076 | 0.27| 0.40
budding 11.50 | 0.78 2.83| 3.01| 0.68| 0.13| 0.37 0.028 0.10| 0.40
ripening 10.60 \ 0.40| 3.231| 3.95| 0.35| 0.04| 0.17; 0.008 0.06] 0.15
Depressed sprouting 17.00 | 1.56' 2.03' 1.83| 0.87  0.54| 1.04| 0.144 0.33| 0.78
budding 16.40 | 1.97 | 3.47| 3.89| 0.94 | 0.40| 0.77 0.064 | 0.23] 0.40
ripening 320! 0.811 1.72| 2.28; 0.57| 0.19| 0.64 0.05 ‘ 0.18| 0.41
E.

Strongly sprouting | 20.73 | 2.84] 3.05 1.26| 1.10| 1.22| 1.30| 0.32 | 0.51 | 1.65
depressed budding 17.14 | 2.04| 5.94| 2.10| 1.47; 0.63 | 0.50 0.12 0.23| 1.15
ripening 11.78 | 0.81] 3.06, 1.97| 1.15' 0.43 0.36 0.09 | 019 0.96

| | I i

S*
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In carbonate containing systems the sodium ions dominate in the inter-
micellar solution and the adsorbent has a high degree of sodium saturation
even if there is a low ionic concentration in the liquid phase. In such systems
the pH values of the media, as was shown in equation (3), determine the solu-
bility of calcium carbonate and, consequently, influence the equilibrium of the
cation exchange.

The activity ratios of exchangeable cations and the ratios of cations in
the intermicellar solution are in linear correlation. The case of sodium —calcium
ion exchange is given in equation (4):

(RNa)? N
lg——"— =1g K}2 Ca — 2pNa 4
e RCa) ® &+ (P pNa) (4)
where:
K&z = the exchange constant of calcium—sodium ion exchange
RNa, RCa = the activities of exchangeable sodium and calcium ions
pCa, pNa = the negative logarithm of the calcium and sodium ion

activities in the intermicellar solution
In salt affected soils containing free carbonate, the logarithm of the activ-
ity ratio of exchangeable cations is determined by the sodium —hydrogen poten-
tial as derived from equations (3) and (4):

& -
I (RNa) =lg K" + 5 )T+ 2(pH—-pNa)| (5)
(RCa)
if:
lg K’ =g K& — Ig Keaco, + @~ — 14.8

In the case of a system containing Ca?t, Mg and Na* ions, equation (8)
may be written as follows:

(RNa)? =1 VK& . Kjg
J (RCa) - (RMg) i ¥V Kcaco, * Kmgco,

A proper thermodynamic treatment of a system containing Ca?+, Mg and
Nations requires more information about the behaviour of Mg?* in ion exchange
processes than is available at present [5].

The Gapon equation, assuming a miseible displacement between the micel-
lar and intermicellar solutions, gives a plot of the ratio of exchangeable mono-
and divalent ions against the cation adsorption ratio in the soil solution that
appears to be linear:

lg +a+ b5} 1+ 2(pH—pNa)

RN& _ KG Ana
(CEC—RNa) Vaca + amg

(6)

The activities of caleium and magnesium ions (ac,,apg) can be 'expressed
by their solubility products:

(Keaco, + Kwgeo,) = (Keaco, +Kumgeo,) - (HY)?

1
(@ca + amg) = (C02-) K, K, (H,CO,)

(7)
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Table 13
Classification of saline soils by degree and type of salinity in relation to field crops [14]

Type of salts dominating [n soils

Chloridic | Sulphatio
Soda soda and | soda and | oploridic Sulphatic | Chloridic Sulphatie

Oondition of agricultural sod.a_ soda Ohloridic | Bulphsatic
crops with msé%dtlum salt Degree of chloridic | snlphatlo
reslstance soil salinity
Content of salts soluble
in water in the horizon of Average content of salts
maximnm salt accurmula- soluble in water for the
tion within the stratum 0—100 cm stratum (in %)

0—60 cm (In %)

Good growth and Practically | 0.10 0.15 0.15 0.15 0.20 0.25 0.30
development (no non-saline
bare patches, crop (or only

normal) very
slightly
saline)

Slight withering Slightly 0.10— | 0.15— | 0.16— | 0.15— | 0.20— | 0.25— | 0.30—
(bare patches and saline 0.20 0.25 0.30 0.30 0.30 0.40 0.860
decrease of crop by
10—209%,)

Medium withering Medium 0.20— | 0.25— | 0.30— | 0.30— | 0.30— | 0.40— | 0.60—
(bare patches and saline 0.30 0.40 0.50 0.50 0.60 .70 1.0
decrease of crop by
20—50%,)

Marked withering Strongly 0.30— | 0.40— | 0.50— | 0.60— | 0.60— | 0.70— | 1.0—
(bare patches and saline 0.50 0.60 0.70 0.80 | 1.0 1.20 2.0
decrease of crop by
50—80%,)

A few scattered Solonchaks | >>0.50 | >0.60| >0.70 | >0.80| >1.0 | >1.20| >2

plants survive
(virtually no crop)

Substituting equation (3) and converting equation (7) into logarithmic
form, we get:

—lg(acs + omg) = pCa + pMg = —lg(Kcaco, + Kngeo,) + @ + 5 VT + 2p?8)

Applying tne logarithmic form of the Gapon equation and combining it
with equation (8) we get the following function:

RNa 1
loe— 7 —1gKg; —— —Ilg(K K
g (CEC _ RNa) gKg 5 2(Kcaco, + Kmgco,) +
1 1 —
+?G+EbVI+(PH—PN&) (9)
and
RNa b =
lo — = g K7 4+ |1 H — pN 10
& CEC — RNa) gK” 4+ 21 + (pH — pNa) (10)
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The value of g K in equation (10) was calculated from the analytical
data related to samples of sodium carbonate solonchak and solonchak-solonetz
soils. The mean of the calculated values was —8.427 and the standard deviation
of the mean was 0.13.

Caleulating the ESP values with the mean of lg K’/ leads to a hetter
agreement between the calculated and measured values than by applying the
ESP—SAR function (Table 11).

The toxicity of sodium ions for plants depends on the kind of anion domi-
nating in the soil solution. The data in the literature referring to the toxicity

of different kinds of sodium salts are

alt very diverse. The diversity of the data

“~_ Mgso, may be traced back to the fact that the

Ty toxicity of sodium and othersalts de-

~ pends on the total concentration and

the chemistry of the soil solution, as

well as on the vegetation phase of the
plants (Table 12).

The ion uptake of cotton plants,

200t

200
NaSQy aft
Fig. 3
Solubility of salts as a function of Na,S0,
concentration

as is demonstrated in Table 10, in-
creases with aninerease in soil salinity,
and the ratios of ions in the dry mat-
ter shift in favour of chloride, magne-
sium and sodium ions as the solution
becomes more concentrated.

On studying the interaction of
the soil solution with the solid part of
goils and plants, the conclusion has
been reached that when evaluating
soil salinity and sodicity, not only the
total salt concentration and the ratio
of the cation concentrations in the soil
solution should be taken into consid-

eration, but the anionic composition
of the salts as well, because it also hasg a decisive influence on the formation
and properties of salt affected soils (Table 13).

Summary

Salt affected soils may form if accumulation processes prevail over leaching proc-
esses,

In the process of salt accumulation the solubility of salts plays a decisive role and
the salts accurnulate in the reverse sequence of their solubility.

The total ionic concentration of the soil solution has a wide range. In non-saline
soils the concentration of the dissolved salts does not usually exceed 0.01 mole/l. In salt
affected soils containing 0.2 to 10 g/100 g of soluble salts, the concentration of the soil
solution can be as high as 0.1 to 5 mole/l with 209, moisture. The influence of the aceumu-
lated salts on the soil properties depends on the total quantity and chemistry of the dis-
solved salts. A soil solution containing dissociable salts can be considered as an electrolyte
solution of mixed salts. The ions of the solution interact:

a) with the other ions in the solution, having opposite electrostatic charges. A mod-
el for ion pair formation and its applicability to the soil saturation extracts are discussed.
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b) with the solid part of the poorly soluble salts in the soils. The thermodynamic
solubility produet of caleium earbonate and caleium sulphate is calculated, taking into
account the ion pair concentrations, coefficients of activities of ions and the dependence
of the sodium carbonate dissociation constant on the total ionic econcentration of the
solution.

¢) with the cations of the micellar solution. The ion exchange process can be de-
scribed in terms of the sodium —caleium and sodium—hydrogen ion potential of the soil
solution. The ion potential of the intermicellar solution is directly related o the standard
free energy of the cation exchange.

In the light of the interactions of the solution with the solid part of the soils and
with the plant roots, the conclusion has been reached that when the limit values of soil
salinity are calculated, the chemistry of the accumulatoed salts should be taken into con-
sideration.

References

[1] Apawms, F.: Ionic concentrations and activities in soil solutions. Soil Sei. Soc. Amer.
Proc. 35. 420—426. 1971.

[2] AnTrPOoV-KaRATATY, 1. N.: {Amelioration of solonetz soils in the Soviet Union) [R]
Tzd. Akad. Nauk. SSSR Moscow. 1953.

(3] BexxerT, A. C. & Apams, F.: Solubility and solubility product of gypsum in soil
solutions and other aqueous solutions. Soil Sci. So¢. Amer. Proc. 36, 288—291. 1972,

[4] Borovsxy, V. M. & PoGREBINSEY, M. A.: (The ancient delta of the Syrdarja and the
northern part of the Kyzylkum Desert.) [R] Izd. Akad. Nauk. KSSR. Alma-Ata.
1958.

[6] DaraB, K.: Magnesium in solonetz soils. Internat. Symp. Salt Affected Soils. Karnal.
Symp. Papers. 92—101. 1980.

[6] DaRaB, K. & Frrexcz, K.: (Scil mapping and control of irrigated areas) [H, e, r]
OMMI Kiadvénya. Ser. 1. No. 10. Budapest. 1969.

[7] DaRaB, K. & RépLy, M.: Chemical and physico-chemical aspects of soil salinization
and alkalization processes. In: Modelling of soil salinization and alkalization (Eds.:
Kovpa, V. A. & SzaBorcs, I.) Agrokémia és Talajtan. 28, Suppl. 83—120. 1979,

[8]DarasB, K., Osiinac, J. & PINTER, I.: Studies on the ionic composition of salt solu-
tions and of saturation extracts of salt affected soils. Geoderma. 23. 95—111. 1980.

[9] Davies, C. W.: Jon association. Butterworths. London. 1962.

[10] Degens, E. T.: Geochemie der Sedimente. F', Enke. Stuttgart. 1968.

[11] Diagnosis and improvement of saline and alkali soils. (Ed.: RICHARDS, L.A)USDA
Handbook No. 60. Washington. 1954.

[12] Geprorrz, K. K.: (Soil colloids and exchange properties of soils. Selected papers in
soil seience.) [R] Vol. I. Sel’hozgiz. Moscow. 1958.

[13] Hwearp, E. W.: Soils, their formation, properties, composition and relations to
climate and plant growth in humid and arid regions. MacMillan. London. 1910.

[14] International source-book on irrigation and drainage of arid lands in relation to salin-
ity and alkalinity. (Eds.: Kovpa, V. A., BERg, C. van DEN & Hacaw, M. R.)
FAO/UNESCO Paris. 1967.

[156] Keriey, W. P.: The reclamation of alkali soils. Reinhold. New York. 1937.

[16] Kovpa, V. A.: (Origin and regime of salt affected soils) [R] Vols. I. and IT. Tzd. Akad.
Nauk. SSSR. Moscow. 1947.

[17] MixEIN, M. B., Expovitsky, A. P. & LEveEENKO, V. M.: (Tonic association in soil
solutions) [R, e] Pochvovedenie (2) 49—58. 1977.

[18] Narayama, F. 8. & Raswick, B. A.: Calcium electrode method for meaguring disso-
ciation and solubility of CaSO, - 2 H,0. Anal. Chem. 39, 1022—1023. 1967.

[19] Porywov, B. B.: (New trends in the study of weathering) [R] Selected papers 353 —
3064. Izd. Akad. Nauk. SSSR. Moscow. 19566.

[20] R&pLY, M., DaraB, K. & Cstrnag, J.: Solubility and ameliorative effect of gypsum in
a]glgxli soilg. Internat. Symp. Salt Affected Soils. Karnal. Symp. Papers. 313—321.
1980.

[21] SzaBorcs, L.: Solonetz soils in Europe. Their formation and properties with particular
regard to utilization. In: European solonetz soils and their reclamation. (Ed.:
SzaBoros, I.) 9—34. Akadémiai Kiad6. Budapest. 1971.



120 DARAB: Formation and properties of salt affected soils

[22] 8zaBorcs, I.: Soil salinization and alkalization processes, In: Modelling of soil saliniza-
tion and alkalization. (Eds.: Kovpa, V. A. & SzaBorcs, I.) Agrokémia és Talajtan.
28. Suppl. 11—32, 1979.

[23] SzaBorcs, I.: Review of research on salt-affected soils. Natural resources research.
XV. UNESCO Paris. 1979.

[24] SzaBoros, I. & Daras, K.: Influence of sulphate ions on the chemistry of different
salts in salt affected soils. Acta Agron. Acad. Sci. Hung. 29. 438—451. 1980.

[26] Tawyr, K. K.: Predicting specific conductance from electrolytic properties and ion
association in some agueous solutions. Soil Sei. Soe. Amer. Proc. 83, 887—890. 1969,

Discussion

Smer, N. T.

In view of changes in the solubility of sulphates and carbonates with temperature, do you
think that soil samples should be removed at a particular time of the year and the satura-
tion extract obtained at a given temperature for diagnostic purposes?

Daras, K.

All of the analytical methods of soil investigation are standardized methods. The dissolu-
tion of CaS0, and CaCO, during the preparation of saturation extracts is determined by
the temperature of the laboratory and it is usually not influenced by the air temperature
at the time of collecting the soil samples.

GIrRDMAR, I. K.

One of the Tables of your lecture indicates that the soil is having low pH, low CO, -- HCO,
and high ionic strength with dominate salt of 30, + Cl. Why have you classified this soil
under solonetz not under solonchak ?

Daras, K.

The name solonetz refers to the morphological features of soils. We classify those soils
under solonetz which have columnar B~ horizon and whose fertilities are deter-
mined by the poor water regime of the B horizon. In the case of solonchak soils the
determining feature is a high quantity of soluble salts on the surface and in the upper
layer causing physiological drought to the plants. In solonetz soils the pH value of the soil
suspension can be slightly alkaline if the chemistry of soluble salts is chlorid-sulphatic.
The limiting feature of the investigated soil has been the columnar structured B horizon.
This is the reason why this soil is elassified under solonetz.

GirpHAR, 1. K.

Have you any data to show the effect of different anionic composition on the solubility
of CaCO, and MgCO,?

Daras, K.

I have some data but the dependence of the dissolution of CaCO, on the concentration
and ionic composition of salt solution is well known and several data referring to the CaZ+
ion concentrations of solutions saturated with CaCQO, are published in the literature.
GIRDHAR, I. K.

Your results show that the solubility of CaCO; and CaS0, is more or less the same, Why ?
Because the literature indicates that the solubility of CaSO, - 2H,0 is higher than CaCO,.
Daras, K.

It is clearly demonstrated in Table 8. that the thermodynamie solubility products of CaS0,
and CaCO, differ from each other in four magnitudes. Tt means that the contribution of
CaS0, to the ealeium ion concentration in the saturation extracts was nearly 3.5x103
higher than that of CaCO,.





