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Where low productivity of soils is caused by a considerable amount
of sodium carbonate prerequisites of soil amelioration and utilization are a
leaching of soluble salts and a decrease in the amount of exchangeable Na
by the use of chemical amendments. Taking into account the above mentioned
processes it is necessary to determine, for the characterization of alkali soils
as well as for the selection of proper methods of amelioration, the following
in the soil:

1. The quantity of soluble salts.
2. The quantity of the sodium carbonate and sodium bicarbonate.
3. The absolute and relative quantities of exchangeable Na.

Most methods commonly known and used for the determination of
exchangeable cations in soils are based on colloid-chemieal prineiples. The
measured values of exchangeable cations depend on the following variables:
the kind of cations used for the exchange of the soil’'s exchangeable cations,
the pH value of the solution, the ratio of solid to liquid phases. But, if the
same method is used consistently, in most cases comparative data of acceptable
accuracy may be obtained.

The determination of exchangeable cations by colloid-chemical methods,
however, imposes difficulties when the soil contains considerable calcium
carbonate and/or it contains calcium sulphate and a considerable amount
of soluhle sedium salts. In the last 20 years isotope analysis of equilibrium
systems has been established for the determination exchangeable cations and
cation exchange capacity (1, 2, 3, 5, 12, 14, 15].

This method differs in principle from the previously mentioned methods
and has the advantage that the quantities of exchangeable cations are deter-
mined on the basis of the distribution of their own isotopes in aqueous
equilibrium suspensions. It has more sensitivity, because of the lower limit
of error of activity measurement. Very probably the presence of calcium
carbonate and the increased quantity of soluble salts have less effect on the
reliability of the determination by this, than by any other method. However,
with this isotope method we also need to know the proper conditions for
making measurement. Examinations were carried out to compare the isotope
method with the ammonium acetate method, widely used in international
practice, and with the modified MEBLICH's method.
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The mechanical composition of the soil samples, the electrical conduc-
tivity of saturated soil paste, the chemical composition and pH value of the
saturation extracts and 1 : 5 aqueous extracts of soils, the eation exchange
capacity and the quantity of exchangeable Ca** and Na* ions (by ammonium
acetate, MEHLICH's and isotope dilution methods) were determined.

From the sodium adsorption ratio of saturation extracts the ESP values
of the soils were calculated and compared with values determined by the
ammonium acetate and isotope methods [11].

The applicability of the isotope method in the case of amelioration was
examined by comparing the data of original and ameliorated alkali soils from
Armenia. In these soils the degree of alkalization and salinization, the amount
of soluble salts and calcium carbonate, as well as the mechanical composition
varied widely (Table 1).

The quantity of exchangeable Na* and Ca?* determined by different
methods (Table 1) was nearly identical in the case of profile 1 which contained
no calcium carbonate and only a very small amount of soluble salts.

In the cases of profiles 2, 3 and 5 the soluble salt content of the soils
was high as compared with that of profile 1 and it varied within the profiles
in the various soil horizons. The amounts of exchangeable sodium determined
by the BaCl, method were considerable. In certain cases, for instance in
the “B" horizon of profile 3, the measured amount of exchangeable sodium
surpassed the value of the adsorption capacity. This method does not require
the subtraction of soluble salts, therefore the Na* ions and the exchangeable
Na* ions are measured together in the BaCl, extract.

The amount of exchangeable sodium ions determined by the ammonium
acetate method was usually considerably lower in the soil samples containing
a higher quantity of soluble salts and it was close to the quantity determined
by the isotope method. In the case of the ammonium-acetate method the
amount of sodium measured in the saturation extract was subtracted from
the quantity of sodium extracted by the NH,-acetate solution.

The mechanical composition of profiles 6 and 7 was very coarse and the
soluble salt content was high. In these two profiles the (uantity of exchange-
able sodium determined hy the ammonium-acetate method was high, in some
cases it surpassed the value of the cation adsorption capacity and it was
always higher than the amount of sodium determined by the “‘isotope”
method.

The amount of exchangeable caleium was always highest when obtained
by the ammonium-acetate method with caleareous soils.

In the ammonium-acetate method the pH value of the exchange solution
was 7. At this pH value part of the soil’s ealcium carbonate content dissolves
during ammonium acetate extraction of the soil.

The amount of exchangeable calcium determined with the MEHLICH
method was always lower than that determined with the ammonium-acetate
method.

In certain cases, in spite of this, the measured values of the MEHLICH
method were still high. For instance, in the “B” horizon of profile 3 the cation
adsorption capacity was 23 me/l00 g and the value of the exchangeable
caleium was 19.5 me/100 g. This suggests that the soil was 80 per cent
saturated with calcium-ions. This is apparently erroneous, for if we consider
the relatively high amount of soluble salts and the high pH value of the soil,
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Table 1

Some analytical data and the exhangeable Na” and Ca®" content and
CEC values of alkali soils determined by different methods

Profile Total “'ﬁﬁﬁ?&}? e | Ex“hﬁé‘ﬁ%%l‘; o CRC me/100
;\;; ﬂgld pH ('Oi?t,};nt o == T .
c?n 05 Mehlich n*: e}{{ a‘t-e isotope | Mehlich ;1?_—(3]:: a‘L:E isotope | Mehlich “i;;t{ ::t-v
l I
1. ‘
0— 6| 57| — — | 04| 03| 04| 04 107 11.1 | 11.8 | 26.0 | 33.7
6— 15| 56 | — — | 04| 04| 03| 031 107 11.2| 88| 29.4 | 37.0
20— 30 | 6.6 | — — 02! 13| 13| 08 134 124 | 83| 3465 416
2. |
0— 3|63 01| — | o2| 78| 44| 33 40| 41| 27| 250/ 1958
3— 13 78| 05| — | 08| 198| 1471 172" 35| 80| 28| 33.0/| 252
13— 18| 83| 09| — | 05| 258 19.2 242 28| 26| 45| 354 | 32.1
. - \
0— 1| 75| 00| 63| 22! 16| 1. 1.3 1 190 | 31.8 | 52| 20,0 | 19.7
1I— 11| 86| 02| 97 1.6 s0' 63| 44 ‘ 14.9 | 30.0 | 6.5 | 235 19.9
11— 26 | 94| 14| 265 1.7 ‘ 26.3 | 134 | 14.0 | 195 | 185 | 16.5 | 23.0 | 21.7
5. | \
0— 12| 91| 1.2] 97| 30 17.0| 100 | 13.8 | 10.5 | 21. 58| 152 | 14.2
12— 30 | 9.0 | 06| 199 | 21| 82| 106 (158 | 155 | 265 | 53| 21.5 | 154
30— 40 [ 9.2 | 0.4 | 296 | 24, 57 96| 91| 140 | 26.2| 26| 182 | 12.7
6. ‘
0— 2 89| 02| 140/ 58! _— 7.2 21| — 314 | 33| — | 107
5— 15| 96| 04 235| 21| — | 251, 46| — | 306 148 | — | 211
35— 45| 07| 12| 271 29| — |26 69 — | 209 78! — | 120
7. | \
1— 15 | 97| 14| 108 | 55| — 315 48| — | 362 32| — 9.8
15— 25 | 98| 20| 167 | 45 — \ 365 40 — | 37.8| 15| — | 121
25— 34 | 0.7 20| 221|389, — | 168 42| — |353| 11| — | 122
8-} ; |
0— 12 | 88| 02| 213 | 27| — 9.0 | 26| — 158 | 100 | — | 20.8
12— 25| 95| 04| 283 | 34| — | 190 66| — | 37| 94| — 1 177
30— 40 | 95| 0.6, 21.6 | 4.1 | 2231 78| — 33.8 83| — | 191
50— 60 | 9.5 | 0.3 | 284 | 4.5 ‘ 441 | 45| — | 321 | 07| — | 223
9 |
10— 20 | — | 03| 40| — | — | 13 09| — | 170| 200 | — | 311
40— 60 | — | 03| 140 — | — | 71 30| — | 251|296 — | 360
60— 80 | — | 06| 173 — | — 5.3 ‘ 45| — | 51| 358 | — | 353
BO=T00 )| == | == | 93.0 | o] = 251 39| — | 265 | 240 | — | 333
10. ‘ §
0— 10| 91| 02| 158 | 1.8 — ‘ 121 19| — | 321 | 58 — | 296
11— 22| 93| 02| 173 | 14| — 99 10| — | 543| 73| — | 203
30— 40 | 94 | 02| 183 | 1.6 | — 7.6 { 1.0 — | 362 55| — | 163
| | |

sodium saturation must be considerable. Also, the amount of exchangeable
calcium determined by the tracer method was much lower than the values
obtained by the MrEHLICH method.

According to comparative evaluations, data obtained for both calcium
and sodium by isctope analvsis of equilibrium systems best reflect the

properties of calcareous soils and of soil's containing large amounts of
soluble salt.

18
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Table 2

Exchangeable Nat and Ca?® content, CEC and ESP values of saline-alkali
soil determined with the NH,-acetate and isotope methods

Exchangeable Na* Exchangeable Ca*+ CEC
Profll Depth of e/100 g me(100 g mef100 g Eap
ND Sﬂmple N - | T T P | by iﬁﬁtl}pe

ol NH,- isntope NHe | jsgtape NH,- ‘ isotope mebhod

acetate acetate | acetate |
3. 0—12 9.94 2.55 15.83 10.0 20.76 20.6 ‘ 12.35
15—25 19.03 6.58 13.71 9.4 17,702 15.4 \ 42.70
30—40 22,28 9.79 33.81 8.3 19.13 16.6 58.70
50—60 44.13 4.50 32.11 10.7 22.28 16.2 t 27.80

|

In order to study the isotope method, the amounts of exchangeable
caleium and sodium were determined by the isotope tracer method and the
ammonium acetate method using highly calcareous salt affected soil of light
mechanical composition. The cation adsorption capacity was determined by
the ammonium acetate method and, after saturating the soil with Ca?* ions,
by the isotope method also (Table 2). The values obtained for the adsorption
capacity were nearly identical for both methods. The amounts of the exchange-
able Na* were quite different and those of exchangeable Ca2* differed even
more between the methods. The total amount of exchangeable Na* and
Ca?* determined with the ammonium acetate method always surpassed the
adsorption capacity of the soil. The values measured with the isotope method
were lower. The value of the Na saturation percentage calculated from data
obtained with the isotope method satisfactorily reflected the changes in soil
alkalinity.

Table 3

The quantity of alkali soils’ sodium ions dilutable with 2!Na isotope and
the amount of their exchangeable Na™ ions determined by the isotope and
NH,-acetate methods

I’m;irll(::] N*® Nat wdﬁiigtabl? » }'l.\‘chaltgg,el%lalz - _ CEC mef100 g
depth, cm HNa isotope isotape I corrected [ NH -acetate N ackintg
e LA, 2 | comeeted | ‘ .
3. '
0— 1 2.9 1.3 2.0) 1.1 . 19.7
1— 11 10.3 44 | 7.5 63 | 19.9
11— 26 34.5 ! 14.0 14.7 134 | 21.7
9. i
10— 20 3.5 0.9 0.7 1.4 31.1
40— 80 9.1 3.0 5.9 71 36.0
60— 80 10.9 4.5 5.0 53 35.3
80—100 10.9 3.9 3.3 2.5 ‘ 33.5
10.
0— 11 14.1 1.9 11.2 12.1 29.6
11— 22 9.8 1.0 8.5 9.9 20.3
30— 40 \ 9.3 1.0 8.1 7.6 16.3
!
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Table

Values of ESP calculated and measured by the NH,-acetate and isotope methods

Exchangeable Na* ' EgP
Profile N° . meflo0g CEG s
dep::ﬁ? om NH tat 5 } mell00 g - calculated
SR Wl M H $Mactile | i
| ! l
% '
0o 3 43 | 33 198 218 16.7 7.5
5— 13 147 | 17.2 25.2 54.2 68.5 13.7
13— 18 19.2 | 24.2 32.6 61.1 4.5 34.6
3. |
0— 1 1.1 20 | 199 5.1 74 2.4
1 11 6.3 7.5 | 19.9 31.8 37.8 31.1
11— 26 | 13.4 147 217 61.7 67.6 3.5
. i | |
0—12 | 100 13.8 142 | 702 96.5 61.2
12— 30 | 106 18 | 154 | 092 100.0 49.4
30— 40 9.5 91 12.7 75.5 72.1 22.2
7 i
1— 15 315 48 | 9.8 100.0 49.2 81.2
15— 25 36.5 4.0 12.1 100.0 39.2 69.8
25 34 16.8 4.2 122 | 100.0 34.0 66.7
9. | |
10— 20 1.4 0.7 311 4.3 2.4 11.6
40— 60 7.1 5.9 36.0 19.7 13.6 20.3
60— 80 5.3 5.0 35.3 15.3 14,0 37.3
30100 2.5 3.3 33.5 7.5 9.9 40.0
10.
0— 11 12.1 11.2 29.6 410 380 20.3
11— 22 9.9 8.5 20.3 48.7 42.0 17.4
30— 40 7.6 8.1 16.3 46.5 49.8 25.3

The determination of exchangeable Na by the isotope methed was
carried out with a suspension of a relatively high ratio of water to soil. The
original equilibrium between exchangeable cations and cations of the soil
solution was thus upset and a new equilibrium corresponding to the changed
concentrations of the soil solution was established. In certain cases the
hydrolysis of exchangeable sodium must be taken into account. This is
indicated by data obtained in connection with profiles 3, 9 and 10. To determine
the influence of exchangeable Na™ ion hydrolysis on the exactness of the
isotope method, we corrected the measured data taking into account the
quantity of Na* determined in saturation extracts (Table 3). Hydrolysis
had little influence on the accuracy of the measurement if the soils were
rich in soluble salts or had a low degree of Na+-ion saturation. When soils
contained a moderate quantity of soluble Na-salts and they were 1050
per cent saturated with Na*-ions the corrected data were close to the data
determined by the ammonium-acetate method. In these cages we have account-
ed for the hydrolysis of exchangeable Na*-ions as a possible source of error
and such corrected values should be used.

The ESP values of the scils were calculated and compared with the

18%
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Table 5

The quantity of sodium ions dilutable with 2/Na isotope and the amount
of exchangeable sodinm in alkali soils before and after the amelioration

| Na~®
Total s | Th uire-
Profile Depth salt CaCo, mef1un & [0} TSI . mentz'» Itz:?.qchel;ni-
N° rm | content 9 dilut. i mej 1) g EST cul amendments
I Poey | with | exchan- aef100 &
| f Ny zeable i |
I. i 0—20 1.80 16.8 48.6 21.9 17.6 |=100 ‘ 22.0
before the ' 20—40 | 1.30 | 14.2 52.3 26.0 33.1 8.6 28.0
amelioration 40— 60 125 43.1 23.9 29.9 8OO 26.58
| : |
1. 0—20 | 0.06 | 13.8 1.53 1.2 29.9 4,02 |
after the 20—40 | 0.05 | 12.1 1.78 1.4 27.5 5.10
melioration 40— 60 15.0 2.36 1.7 31.5 5.40
1T, I
before the |
amelioration 0—25 | 1.60 | 2030 | 41,40 13.2 ‘ 22.2 58.50
11
after the !
amelioration 0—-25 | 0.90 | 9.20 | 13.65 1 6.5 22.3 20.1
|

values determined by the ammonium acetate method as well as the values
determined by the isotope method (Table 4).

The measured and the calculated values were, in certain cases, relatively
close. In other cases, however, considerable differences were found. The
caleulated values in most of the cases reflected the changes in soil alkalinity
in the various horizons. The calculated and measured data cannot, however,
be compared in a reliable way and the calculated values are suitable only
for a general characterisation of salt affected soils.

To select the proper method of soil amelioration and to control the
change in the ameliorated soil’s properties it is necessary to determine the
amount of soluble sodium salts and the quantity of exchangeable Na*-ions.

The measured values of isotopically dilutable sodium ions in sodic soil
from Armenia before and after amelioration reflect well the changes that
occurred in the total quantities of soluble and exchangeable sodium (Table 3).
The amount of Na® measured in saturation exctracts and the quantities of
exchangeable Na* determined by the isotope method show the decrease
that resulted from amelioration.

It seems that the isotope tracer method is only slightly influenced by
the soluble salt reserve and the CaCO, content of the :3011 Although this
method is conventional, it supplies compar(Lble data on the amount of both
exchangeable Ca?* and Na* ions even for highly calcareous soils rich in salts.
It is suitable, not only for the general characterization of alkali soils containing
large amounts of soluble salts and CaCO,, but also to follow the changes
in soil properties resulting from amelioration.
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