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The Chemical and Physico~Chemical Effects
of Sodium Carbonate in Soils

K. DARAB
National Institute for Agriculiural Quality Testing, Budapest

According to the present state of knowledge, the term “sodic alkali soil’”
refers to soils which, in their solid and liguid phases contain considerable
amounts of sodium salts capable of alkaline hydrolysis,

The conditions under which these soils are formed, as well as the nature
and manner of soda formation, are various. Such soils may display differences
in the degree of alkalization, in the amount of soda accumulated in them,
in the distribution of soda among the various horizons, and in the amount
and direction of the movement of the soda-containing soil solution.

Regardless of the ways in which soda is formed and of soil genesis pro-
cesses, even though the latter processes strongly influence the morphological
aspect as well as the physical, chemical and eolloidal properties of goils, the
presence of the sodium salts capable of alkaline hydrolysis affects all soils
which are characterized by alkaline reaction. These common chemical features
profoundly affect the water uptake and the mineral nutrition of plants growing
on such soils, as well as the possibilities of reclaiming affected areas.

The most characteristic effects of the alkaline reaction are the changes
in the solubility of salts in the soil solutions. The example given in Fig. 1
shows the “salt profile” of a sodic solonchak-solonetz soil. It can be seen that
the accumulated salts are mainly (up to 90 per cent) sodium salts with bicar-
bonate prevailing. The soil is strongly caleareous, containing almost 40 per cent
or more calcium carbonate in some horizons. The alkaline reaction reduces
the sclubility of calcium and magnesium salts and promotes adsorption by
exchange of sodium ions. Even rather diluted solutions of sodium salts, pri-
marily sodium carbonate and sodium hydrocarbonate, may cause considerable
alkalization.

An irrigated soil was investigated, where the irrigation water used was
of favourable composition, that is it contained little salt and thus had no
alkalizing cffect. The water table, however, rose in the course of irrigation
and came into contact with the upper soil horizons. Since the ground water
was alkaline and sodium constituted more than 50 per cent of the cations the
alkalinity of the soil (Table 1) and the amount of exchangeable sodium ions
(Table 2) increased during the period of cbservation. It is to be noted that
meanwhile no measurable changes occurred in the total soluble salt content
of the soil.

Obviously, the increased amount of exchangeable sodium is related to
increases in soil alkalinity and in the relative amount of sodium salts as well
as to the alternating movements of the diluted alkaline soil solution. This
increase in alkalinity may be, of course, caused also by irrigation waters of
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Table 1.

Chemical composition of the aqueous extract of soil profile Kopanes 301

| ‘ | Alkalinity ‘ : I |
Date of | Denth of Dry Akl Alkalio o0 00 R0I et | Mg | oNar
Saminlic hworizon matter }[10t:¢l (-.‘I-rtll metal | gz J
phing cm. o, N0, Ca(licOy), | 3 ‘
‘ m. e f1o0 g, soil

( 100 (L1330 ¢ (LA62 0.214 POTTS T 0,300 1.8684 | 0,400 0.284| 1.513
10— 201 02745 0616 0.355 0972 (L3880 1.379| 0.481| 0.267| 1.404
20 — 40 01995 0777 0.256 LO36| 0,380 1.477| 0.275| 0.249| 2.000
May 14 [0 - 60 0.2485 ' 0.886,  0.378 1.274 | 0580 1664 | 0.445] 0.142| 2.057
1956 | G0 S0 0,3470  0.908 0.279 LISS | 0.G60 | 1.962 ] 0,302 0.142| 2.435
‘ 80- 100 0.3420  1.339 0,256 1598 | L9801 3.855 | 0.445| 0.240| 4.799
100 =120 04050 1.434 | 0424 L858 | 0.2004 3.0021 0424 0.071] 4.167
\ 120 -140 0.3970 1,456 1.360 L8160 1.7401 3.643 | 0.309] 0,169 5.633
August 31 0 10 ‘ 0.3030 | 1.[178! 0.882 ‘ I.Untﬂ 0.600 1 0,929 0484 | 0.148| 2,727
1956 lo— 20 [ 3050 I.['J;'»ﬂ‘ 0.726 1764 0.580| 0.771 0,334 0,123 2.401
20— 40 025700 | 1,116 0766 1882 07401 1.256 | 0414 0148 2.675
40— 60 \ 03100 1312 0.824  2.136| 0.880 ¢ 1146 0.429] 0,082 3.549
LoB0— 80T 05590 1686|0332 | 2018 2,040 4123] 0.324| 0.1481 8782
L8 =100 0.5070 i 1.312 0.472 ‘ 1.784| 2.860, 7.306 0,254 0.288  8.464

unfavourable composition which contain carbonate or hydrocarbonate of
sodium.

The specific, strongly dlkah/mg effect of soda-containing solutions is not
limited to the inducement of changes in the solubility of salts. Creat importance
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Fig. 1. )
Salt profile of sodie solonchak solonetz soil
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must be attached also to the specific colloid-chemical effect of sodium salts
capable of alkaline hydrolysis.

On studying these colloid-chemical effects some experiments were carried
out with syvstems of clay mineralfsoda solution and soilfsoda solution. The clay
mineral used was a bentonite specimen from Istenmezd, its adsorption capacity
being 91 m.e. per 100 g. This capacity was saturated to 60 per cent by Ca2+
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Fig, 2.
Time for the thyxotropic setting of hentonite suspensions treated with Na,('O, solutions
of different concentration

and to 27 per cent by Mg®*. According to mineralogical investigation it con-
tained montmorillonite with a high degree of purity. The soil used in our
experiments was the A-horizon of a chernozem. Its clay fraction had a com-
paratively high adsorption capacity of 63.5 m.e. per 100 g., exchangeable
Ca** occupying almost 90 per cent of the exchange capacity. On mineralogical
examination some poorly erystallized montmorillonite and illite were detected
in the sample. In the experiments the ratio of the solid to the liquid phase
was 1 :10; and seven different concentrations of sodium carbonate solutions
were usec.

The time necessary for thyxotropic setting and the degree of swelling
were determined for the above svstems. The results obtained for bentonite
are shown in Fig. 2 and Fig. 8. It is evident that by increasing concentrations
of sodium carbonate from 0.1 N to 0.3 N the time of thyxotropic setting is
greatly shortened. At concentrations greater than 0.5 N it is rapidly increased
(IFig. 2).

The graph that shows the change in swelling is almost the reverse of the
former, pointing out the fact that under the conditions of this experiment
the swelling of the colloid-system reaches maximum values within the con-
centration range of from 0.05 N to 0.3 N (Fig. 3).

Changes in the state of the colloid-system are also reflected by its
adsorption capacity and the nature of its surfaces. The degree of adsorption
of the isotope Na*! by the solid phase as against sodium carbonate concentra-
tion was examined in the svstems described.

For the sake of comparison, isotope adsorption by the solid phase was
also studied in bentonite/sodium chloride gystems. The amount of isotope
adsorbed on the surfaces, as per cent of the initial activity of the solution,

12
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Table 2.
Exchangeable Na' 4 K~ content of the soil profile No 301

| Exchangeahle Na* + K+
) Depth of | ; ¢ Cution exchange
Date of sampling horizon em, | me, m. e. capatity N ESD
| “ T00 7. sail | i soil m.e./100 g. soil
. _ 1 |
0—-10 ! 143.29 6.23 21.49 28.9
May 19 1956 1 10—20 ! 212,98 9.26 26.32 35.2
| 20—40 246.10 10.70 27.36 39.1
| 40—60 344.08 14.96 2471 60.0
I 6080 295.09 12.83 22.06 | 58.1
0—10 219.90 | 9.53 44.4
Aupust 31 1936 10—-20 280,57 12.59 47.9
20 —40 | 376.44 16.38 60.0
40 —60 | 382.72 16.64 G7.4
i 60 —80 | 358.80 15.60 70.7
|

and the distribution quotients of Na** between solid and liquid phases were
calculated from the experimental data.The calculated values are plotted against
the Na* concentration in the equilibrium-solutions (Fig. 4, 5).
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Swelling of a bentonite suspension

The data obtained show that with sodium chloride solutions the degree
of isotope adsorption and the values for distribution quotients calculated from
it decrease with inereasing concentrations of the sodium ions in the equilibrium
solutions. This phenomenon is in accordance with the postulates of the isotope-
distribution law.

The situation is not as unequivocal with systems in equilibrium with
godium carbonate golutions. The adsorption of the sodium isotope first increases
with increaging concentrations of sodium iong, reaching a maximum at con-
centrations of 20 m.e./1—40 m.e./l. With concentrationg higher than 40 m.e./l.
the isotope adsorption of the solid phase decreases (Fig. 4). A similar picture
is conveyed by the distribution quotient depending on concentration (Fig. 5).

At concentrations inducing maximum igotope adsorption, swelling also
reaches a maximum and the time necessary for thvxotropic setting is the
shortest. A similar effect in isotope adsorption was observed with svstems of
soilfsodium carbonate solution.
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All these experiments point toward the necessity of taking into conside-
ration possible changes in the state of soil colloid systems when soils are treated
with soda-containing solutions. The experimental data proved that the surface
sizes of colloid particles and probably surface charges, too, are subject to
change. In order to study ion exchange and laws of ionic adsorption as they
relate to the alkalizing or desalkalizing effects of irrigation water and drawing
practical conclusions from them, it is obvious that one should start from the
equations evolved by Vanskrow, KeErr and Garow. With both theories and
calculations of the constants of equilibriums upon which they are based the
medium is supposed to contain neutral sodium salts, mainly sodium chloride,
and constaney of the surface state of the soil eolloids is assumed.

Bapcock has published some calculations concerning sodium chloride/
clay mineral and sodium sulphate/clay mineral systems. He pointed out that
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the amount of exchangeable sodium ions was greater with chloride than with
sulphate ions under similar conditions. These calculations were hased on the
VANSELOW equation. On caleulating ion activity coefficients in the liquid
phase, differences in the mean values of activity coefficients of sodium sulphate
and sodium chloride,and of caleium chloride and ealcium sulphate, respectively,
were taken into consideration. Tt may be assumed, however, that anionic
effects are not restricted to the deviations of activity coefficients. In addition
to the differences in the degree of dissociation and the mutual electrostatic
effects caused by them, an important part is played in the anion effects by
the differences in solubility conditions which influence the composition of the
soil solution, as well as by the changes in degree of dispersity of soil particles
and possibly by changes in the surface charges.

The results of these experiments suggest that, in the presence of sodium
salts capable of alkaline hydrolysis, attention should be paid to some compli-
cated correlations hetween various colloid-chemical actions and interactions.
In such systems no constancy either in solubility conditions, or in surface
sizes and charges may be expected. That is why special attention must be paid
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not only to the relative amounts of sodium salts, but also to the kind of anions
present in the soil solution, when assessing the degree of soil alkalization and
determining the alkalizing effect of irrigation waters.

Similar deliberation is required in respect to changes in the colloidal
state of the soil, when dealing with soil reclamation, which involves leaching
soda and other sodium salts capable of alkaline hydrolysis. These changes are
dependent on a number of factors such as nature of clay minerals in the colloid-
complex of the soil, organic matter content, degree of alkalization, nature
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and amount of soluble salts, ete. For the time being there is no generalized
empirical correlation formula available, adequate to characterize the processes
in question.

Thus further investigations, involving laboratory experiments and field
trials, are necessary to examine the phenomenon observed, in order to for-
mulate the laws regarding the various processes taking place. Such results
must be taken into consideration before deciding on practical measures to
be taken.
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BiusAHHE cOAbI HA XHMHYeCKHE U (PH3HKOXHMHUECKHe
CBOHCTBA TOYBbI

K. TAPAB

Oraen dumnueckoit Ximmt Focypapernennoro Mucrityta no Kourpomo Hauecrsa TMous u c. x.
Iponykros, ByparnewTt

1. TTo COLOBLIMIT TTOUBAMI, HCX01 H3 COBDEMECHHOTO YPOBH5 PASBHTHA HAYKH, HOHI-
MAIOTCSL T€ TI0UBBI, B TEEPAOIT M 31IK0l ()a3axX KOTOPBIX B 3HAUMTENBHLIX KOHYeCTBAX HAXO-
JBITCST LIESIOUHBIC HATPHEBRIE Coitl (COfa, THAPOKAPOOHAT HATPHS, CHIIMKAT HATPHS).

OOuyM NPH3HAKOM 3THX NOUB SIBISICTCS WCJI0%HAS PeAKLH CPpeaLl. DTOT PaKT i roc-
MO/CTBYIOW@AS POJIb MOHOB HATPHSI B JKHAKOI (A3¢ MOUBLI OKASLIBAIOT PCILAIOIICE BIMAHMCE HA
(PUBHKO-XUMHYECKHE W KOJUIOHIHLIC cpolictpa 1mous. BbulleyxasanHple ofUIIe XHMITUCCKIe
cpoficTBA 0KA3LIBAINT BIHAHNE HA BOJOCHATKEHHE pacTeHHil, HMX MOHEDAJLIOE NHTAHHe, a
TAKYKE ONPETEISIOT BO3MOXHOCTH MEIMOPALMA ITHX I10YE.

2. (OHUM 13 XapPAKTEPHLIX TTOCHEICTBHIT WEe0UHOI PeaKIH CPellbl ABISETCH H3MEHe-
HIIC PACTBOPHMOCTH BEWIECTB. B CO0BO-3ACOMCHHBIX TOYBAX YMEHLIIACTCH DACTBOPHMOCTE
cogtefl UIEI0MHO-3EME/IbHBIX METAIOB 1 B MOYBEHHOM DACTBOPE TOCLOACTBYIOMEE MOI0MKEeHIIe
HAUMMHAIOT 3AHHMATL COM HATPHS, B TIEPBYIO QUepelh €oja M I'MAPOKAPOOHAT HATPHSL.

I ke ODCTO;TENBLCTEA COCOOCTBYT oiMeHHolt AAcopluii HOHOD HATPHA W 104
BANSHHEM OTHOCHTEIILHO PA30ABIEHHBIX PACTBOPOB HATPHEBLIX COJel yie MOMKeT npoHsoiiti
3HAYNTEILHOE 0COJIOHIICBAHHE TOYB.

Hogodnble ABAeHUST HADTIOTALTCS NP OPOWCHIM B CBSISH C TIOAHATIICM YPOBHS TPYH-
TOBLIX B0/, €CIH IPYHTOBbE BOALL M TI0UBA COACPXKAT IHAUNTEIBHOC KOMUECTBO LIEIOUHLIX
coatelit Harpist. [0y BawsiHpes, HeGnaronpHATHLIX 10 XHMHUECKOMY COCTABY, COMCD/KANIMX
CO1Y, OPOCHTEALHBIX BO MOMET TPOHIOATH BTOPHYHOE OCOJOHLEBAHHE [104YB.

3. Buinsmie uies104n0il CPent He 0IPanHBACTCST TOALKO HIMCHEHHSIMM YCI10BHE pacT-
BOPHMOCTI, a OKA3LIBACT (0/1LILOE BAHAHIE H HA N3MEHCHNE KOOI (hpakuis 1oussl.



182 DARAB: Effects of Sodium Carbonate in Soils

B npHCYTCTBHI PACTBOPOH, COACPHAIIMX CORY MEAY KouuenTpanmsayu 0,1 1. u 0,5 1.
BpeMsl THKCOTPOIIIOT0 3ATBEP/CBAHNS 3HAYHTE/IHHO YMEHBIIMIOCh. BMECTe ¢ 3TUM TpH Tex e
KOHIEHTPAIMAX YBEAHUYHIOCH HADyXaHHe KOJJIOMA0B. OMBITLT OLUIM 32JT0MEHBI ¢ [OMOIIBH
130TONA HATPHSA—24. JlanHble OOLITOB MOKA3a/if, 4TO, B HPUCYTCTBUYU PACTBOPOB COILI, BEJH-
UHHA MBOTOMHOH acopOUHIT TOKASLIBAET HEKOTOPYIo anomanuo. [IpH yBemHuenuy woHijeHT-
panuH kapbonata HATpus (upd Hexoauoit KoHuesTpanun 0,005 H.), mapannennHo ¢ yBenuue-
HUleM KOHUIEHTPAININ YBEIHUNBACTCSI H De/IMUMBA HROTOMHON ajcopOupe Toepaoi (wasel, npu
KOHLeHTpatHH pacteopa 0,1—0,2 1. nabinonaercss MaKcumyMm. MaKcHMaIbHAS BeTMYMHA 130~
TOOHOH 2ICOPOLUHE COBNAJALT ¢ MAKCHMYMOM HAGYXAHUST KOJUIOWIOB M C MUHMMYMOM THKCO-
TPONHOrO 3aTBepAcBanHsL. TIPi Gosiee BLICOKIX KOHIEHTPAINSIX, BENHYHHA HIOTONHOIT ancopd-
1M TREPAOH (Gasul ¢ YBENMYCHHEM KOHUCHTPAUMM YMEHBUIACTCH. DTO SABJICHHE AHATOTHUYHO
TeM, KOTopble HAOMOAAANCh B CHCTEMAX (TAHHHMCTBIC MHHEPAJIBl — XJI0PH HATPHS» M (II0YBA
— X.I]OpHIL HanHﬂ>>.

KOJI10HAHO-XUMAYCCKHE  HGMCHEHIST M JIAHHDIC [10 BEJMWIHE MSOTOIOH ANCOPOLEI
TIOKASLIBAIOT, YTO B NIETOUHLIX YCIOBHSAK CPEAbE HEODXOMUMO CYHTATBCA C H3MEHEIHHEM [10BepX-
HOCTHBIX VCJIOBHH KOJUIOMHLIX UACTHUEK.

4, Tlpit MSYYCHHH 3aKOHOMEPHOCTCH M DAsMEpOD OCOIOHIEBAHHS TOMB HEOOXOIHMO
TPHHIMATL BO BHUMAHHE M BJiHsiHHe aHHOHOD. TIpI MPOBCCHIH [IPAKTHUYECKIIX MEpPOIIPHs-
T HAZ0 CYMTATHCS € H3MEHCHHEM COCTOSHUST KOJIIOMIOB TIOUBCHHON CHCTEMBI H CTCTICHBIO
ACOPDIMH 1IOHOB HATPHSL.

OTH M3MEHEHHST SIBISTIOTCS MPOMSBOIHHMH HECKOIBKHX YCI0BHI (THIT IMIMHHCTBIX MITHe-
PAJIOB, MPHCYTCTBYIONIMX B KOANOHALON CiCTeMe 10YB, KOMHYCCTRO OPraHHUYCCKOrO BEllecTBa
B II0YBC, XAPAKTED H BEJINTIHA 3aCOTCHUA, KOJIHUCCTBO 1l KAYECTBO BOIHOPACTBOPHMBIX CO.Teil
H T. J.).

Ha 0CHOBC YPOBHs COEPCMCHHBIX SHAHHIT JUISL XaPAKTEPHCTHIH TIPOIIECCA HE HMEETCs!
jarke 3JeMEHTAPHOro 0000MAIOUICT0  YPABHEHHS.

Toaromy Heo0X0MMMO NPOAOTAKATE HCC/IEM0BAHMS BLINICONHCAHHBIX sBJIEHIH, TIR3yuaTh
3aKOHOMEPHOCTH OTHX TIPOIECCOB 1B MOJEThHBIX H HOMEBLIX OMLITAX H VUIITBIBATL UX TPH TIPO-
BCJACHIIH NPAKTHUCCKHX MePOIPHSITHIL,



