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Alkali Soil Formation as Influenced by
Organiec Matter, Sulfate and Calciuam Carbonate

A. HARDAN and L. D. WHITTIG
University of California, Davis, California (USA)

One of the major problems that faces permanent irrigated agriculture
in arid and semi-arid lands is the occurrence of exchangeable sodium (alkali
soils) or exchangeable sodium and salinity (saline-alkali soils) in amounts
sufficient to affect plant growth. Field observations and laboratory studies
by many workers have emphasized the importance of CaCO; and biological
reduction of Na,S0,, among other causes, in the formation of Na,CO, and
evolution of alkali soils. This paper describes a method for the formation
of alkali soils in the greenhouse which simulate field conditions and also
the development of such soils in the presence or absence of CaCO, and/or
an organic matter — sulfate system. This method demonstrates some rela-
tionships between the CaCO,, organic matter — sulfate treatments and

1. the rate of increase in exchangeable sodium percentage,

2. the production of soluble carbonate-bicarbonate, the precipitation
of calcium and magnesium, and

3. the rate of accumulation and mobility of soluble salts.

An alluvial soil, which is noncalcareous and low in soluble salts, exchan-
geable sodium and organic matter, was air-deied and ground to pass 2 mm.
sieve. One part of this soil was mixed with 1 per cent CaCO, and another
part with 5 per cent ground barley straw. Water-tight wooden boxes 15 cm.
wide and 78 em. long were constructed so as to permit terracing of the contained
soil in three levels. Each level is 26 cm. long and 10 cm. high. Six boxes were
packed uniformly to a bulk density of 1.3 gms per em® with untreated soil,
four boxes with soil -+ CaCO,, two boxes with untreated soil the exposed
portion of the bottom level of which was packed with soil + organic matter,
and two boxes with soil - CaCOj the bottom level of which was packed with
soil 4 organic matter. Each box contained aproximately 26 kilograms of soil.

Single salt solutions (NaCl, Na,S80, and NaHCO,) at a concentration
of 50 milliequivalents per liter were delivered from a large reservoir to maintain
a ground water level to just below the soil surface in the lower level only.
This insures anaerobic conditions in the region containing organic matter.
NaCl and NaHCO, solutions were not applied to treatments containing organic
matter; the Na,SO, solution was applied to treatments containing organic
matter and to untreated soil. Evaporation, and therefore the rate and amount
of salt added to each of the boxes, was reasonably uniform.

In the presence of CaCO, the rate of increase in average exchangeable
sodium content and percentage was greatly lowered with NaHCO,, with
Na(l, and did not change with Na,SO,. The rate of increase in average exchan-
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geable sodium content and percentage was greatly increagsed with Na,SO,
in the presence of organic matter.

The precipitation of Ca and Mg, and soluble CO3~ + HCOy was signi-
ficantly increased in the organic matter treatments. In the CaCO, treatments,
however, soluble 03~ + HCO; content was increased with NaCl, Na,S0,
but not with NaHCO,.

The presence of CaCO, showed no effect on the ratio of soluble Na*
to goluble (la®+ Mg*+ with NaHCO,, moderately increased the ratio with
Na,S0,, and greatly increased it with NaCl.

Poun oprannueckoro BeuiecTea, cyinaToB M u3BecTH
B 00pa30BaHuM 3aCOJIEHHBIX ILETOYHBIX I10YB (Alkali Soil)

A, XAPOAH w JI. J]. BHTTHI

Kajeupa nouBoBegeHmsi 11 nmtanua pacrenuii Kanupopuuitckoro  ¥uusepcutera, [lseuc (CLIA)
Peswme

OaHOlt M3 rIaBHLIX NMPOGIeM CebCKOro X0351HCTBA, BOSHUKAIONICH TIPH TOCTOSIHHOM
OPOLICHMI B 3aCYUJIHBLIX H IIOJIYITYCTBIHHBIX PAOHAX, SBISCTCS [OSBJISHHE 00MEHHOIO HAT-
pHst (weiounble nounst — allkali soils), o o6vensoro HATPUST ¥ APYIHX cosicH (Ue/lounsbie
3acoieHHble MouBbl — saline-alkali soils) B Taxex xonuuecTsax, KOTOPLIE YiKe OTPHIATCALHO
BJIMAIOT HA PASBHTHE pacreHuil, MHOrouncicHuble HaGMIOACHHS — TI0JeBbie 1 nadopaTopHbie
HCCICROBAHHs] TIOMCPRIBAKT, HAPSLY ¢ APYTHMI NDHYMHAMH, BAMKHYH POIL CaCO; 11 0osib-
1I0e 3HauesHe DHOMOMHUCCKOro BoceTaHOBAEHHST Na,50, B obpasosanumil Na,CO, u dopyupo-
BAHHN 1WEJIOYHBIX noun (alkali soils). B paumoii padore manosedn PE3YNLTATHL OIILITOR, B
XONE KOTOPLIX B TCIULIILE, B YCIODHSIX, MOJCIMPYIONHX HPHPOHLIC YCTORNS, UCKYCCTBEHHO
C037aBAJIHMCh 3ACO/CHHRIC [TOUBLI M HAlMOAANOCH PA3BHTHE BTHX NOYB TP BHCCEHHH CaCoO,
HITH OPrAHHUCCKHX COCANHCHIHI, COACMKAIMX CYALOATH, 1 §e3 HHX. ONBITL MOKAZAIH B3al-
Mocssish MKy Bimstnies CaCO, 10 oprammdeckux cynbocoemnientit i

1. TEMIOM pOCTA MPOLCHTHOIO CONEPKAHUST HATPHS,

2. 00pa30BaHNeM pPACTBOPHMBIX KAPOOHATOB U PHAPOKAPOOHATOB, BBIIEIEHHEM KA lh-
LML H MArHHS H

3. CTENeHBIO HAKOIUIEHHS M MHIPALNIH DACTBOPHMBIX CcoJieif.

Boajyuino-cyxyio Geciapiouathyo, GeiHYI0 PACTBOPHMBIMH consimM, 00MEHHBLIM Ha-
TPHCM 1 OPraAHMUECKUM BEMIECTROM A/LTI0BHATRHYHN TIOUBY PACTEPJIM, H NPOMYCTHIIN 4yepes cHTO
C OTBEPCTHIIMI JIHAMETPOM B 2 MM. YacTh nousbl cvewans ¢ 19 CaCO,, apyryio uacts ¢ 5%,
PasMOJIOTOMR SIYMEHHOIT ComoMbL. Kaskanii sk conepskan 0koao 26 Kr. MOUEBDL

Mz ormneinueix comeit (NaCl; Na,80, n NaHCO;) b npuroToBNeHn pacTBOpL ¢
KOHUerTpanHell B 50 MHITISKBIBAICHTOB/TMTD, KOTOPBIC 13 00BLIIX pesepByapoR crycKajm
B STUMKH TAKHM 0Gpasom, urofbl YyPOBEHs (PPYHTORON BOALI HAXOAUICS MO [0BEPXHOCTBIO
HIYKHETO CII0ST. DTHM CAMLIM B HIDKHEM, COACPYKANIEM OPraHHuecKoe BCIECTRo cnoe, ObLTH €03~
AaHul aHadpolHele yeiopus. B Bapuantax c BHeceHHEM OpraHuueckoro BelecTBa HE LICHONbe
sosanu pactsopel NaCl # NaHCO,. Pacrsop Na,SO, 100aBIisiis ToabKo B Te BapHAaHTHL B KOTO-
PBIX (UIYPHPOBAIO H OPraHHYCCKOe BEWECTBO, a TAKWE B KOHTPOJIBHBIC BAPHAHTLI ¢ UHCTOH,
Oes mpumeceil mousoif. Temn HCOAPEHHS 1, TAKHMM 00paszom, KOTHUECTBO cojeif, BIIECEHHBIX B
OTACTIBHBIE SIHICH, OLITO B OCHOBHOM PABHLIM.

B npucyrersun CaCO, temit pocta cofepyatust 06MEHHOT0 HATPHS CHMYKANoch O0bLIe
Beero B pesyabrare suecenus NaHCO,, sa wam enenosan NaCl, B To Bpemsi kaK Na,S50, Ha Hero
1e feficTBomal. B npucyTCTBUH OpraHHYeckoro BeuecTsa Na,80, aHaunTebHO YCHINBAJ TeMIT
YDeJYeHHsT 001ers cojaepyaHust 0OMEHHOr0 HaTpHSL.

Brinemenue B ocagox Ca, Mg, a Taioxe pacTBOPHMOro CO3- + HCO; szuaunTennio
YBEIUIIOCH HA BADHAHTAX B KOTOPBIE BHOCHJIH OPrauMuecKoe DEemecTso. B BapHadTax ¢
nouBoif, emewannoli ¢ CaCO,, ot BHeceHns pacTBopos NaCl i Na,80,, comepskaHie pacTBOpH-
moro CO3- 4+ HCOz yBenausimoch, a 01 BHECeHHs NaHCO, — ue usMeHHIOCE.

B npucyrereue CaCO; coorHourenue pacTropumoro Na* 1 pacrsopumoro Caz+ |- Mg2+
ot npubasnenns NaHCO; HUCKOILKO HE H3MEHUITIOCh, HOJL Bo3ACHCTRHEM Na,S0, — HecKo/LKO
Bespoco, a rmox pausHHes NaCl ysennudsioch B 3HAUHTENBHOH Mepe,



