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Effect of Organic¢c Matter on Sulfate Reduction
Occurring in Alkali (Szik) Soils
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Research Institute for Soil Seience and Agricultural Chemistry of the Hungarian Acadeniy
of Seiences, Budapest

The formation of soda always plays a very important role in the develop-
ment of alkali soils. Previous observations and recent experiments point to
the fact, that both chemical processes, and biological processes are involved in
the formation of high pH values in soda affected soils.

As a result of biological processes, soda formation depends on the
Na,80,-content of soil, or ground water. In anaerob conditions this compound
is reduced by the microorganism Desulfovibrio desulfuricans. The metabolic
activities of this organism lead to the appearance of Na,S. As a consequence
of hydrolysing processes the reduced sulfur leaves the soil in form of H,S and
the sodium is linked to the earbonates of the soil.

From reports, dating from the second part of the eighteenth century,
we know that soda has been extracted from some of the lower lving areas of
land that were flooded periodically by water.

These spots of water-covered territories were popularly named ¢bad
smelling lakes” hecause of the H,S smell. We can suppose that, in the time
before the regulation of the water-ways of the river Tisza, although there were
chemical processes of soda formation, the conditions for the biological processes
of soda formation were more favourable. Research work began ten years
ago in our Institute in connection with this problem. The first results of
investigations have shown that, besides other constituents of environmental
conditions, organic matter has an important role.

By these experiments the knowledge of the physiology and biochemistry
of Desulfovibrio desulfuricans was greatly increased. It was determined that
this obligate anaerobic organism has a very interesting metabolism.

In the course of its energy-yielding life processes, this microbe is respon-
sible for two reactions: in one molecular H* is oxidized to water, and in the
other type, H* is replaced by some organic compounds (lactate and certain
alcohols). During these processes, oxygen is removed from sulfates. It is inter-
esting that in building its body, the microorganism always needs microquanti-
ties of some proteins or amino acids.

In the course of our investigations the first aim was to determine the
role of the quality and quantity of organic matter in sulfate reduction. A soil
profile originating from Sarrét district of Fejér county was selected for analysis.
This soil was periodically water-logged and amelioration had not been carried
out in the area. Chemical and physical properties of the soil are represented
in Table 1.
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Conditions, considered as favourable for biological sodium carbonate
formation, are present in this soil. Identical quantities (10 g.) of soil previously
dried and sieved with 100 ml. of distilled water were placed in flasks. Into
the vessels, prepared in this manner, increasing amounts (0.5 g., 1 g., 5 g.)
of Na,SO, were added. To some samples Ca-lactate or cellulose (Whatman-1
filterpaper grounded) was added. There were also treatments without organic

matter. The flasks were closed with air-tight rubber stoppers into which two

Table 1.
Experimental data of Nagyhoresig-profile 12, 0—10 cm
I. Dala of ground cxaminalion I11. Alechanical composiltion 9,
prH [H,O 8.2 Hygroscopic water 6.54
KC1 7.8 Loss in hydrochlorie acid
CaCO, 9, 28.4 provessing 33.61
Humus 9%, 20.6 ~ g 1 —0.25 2.68
Total N 9 1.02 g [025 —0.05 16.71
C:N 11.5 g ]0.05 —0.01 13.98
Eo y——————
o =2 |o.or —o.005 3.64
I ‘49‘}‘:;’{?"‘ ewlract o g3 [0.005—00m 8.69
Dry residue 0.920 = =00l 20,54
Ignition residue 0.630 s
Soluble humus 0.140 N
Physical sand 33.37
Physical clay 33.02
Loss in hydrochlorie acid
Alkali metal ] processing 33.61
alkalinity 141 o=
Alkali carth 100.00
metal alls, 0.62
Total alkalinity pi y
Total allaalinity 03 IV. FEuxchangeable cations
me. S 9%
o4 a1 m e
- 2.46] me./100 g, Cﬁ“., al.7l 2’:'91
s ! : Mg+ 42,90 52,16
50% 7.33( soil = : =
d N+t 12,00 15.54
Anions (total) 11.82 K+ 1.07 1.37
Ca?+ 0.96 . :
Mg*+ 4.66 S 7797
Na+ 8.04 T 109.85
K+ 0.26
Cations (total) 13.92

glass-tubes were inserted. With the aid of these tubes N, gas was led through
the samples. The flagks were connected with receptacles that contained sul-
furic-acid mixed with a copper-sulfate solution to receive the developing
H,S gas. At the end of the experimental period (99 days), the pH and E, of
the liquid phases of the individual samples, were measured. The amount of
H,S trapped in the receptacles was gravimetrically determined. Subsequently
the bound sulfide in the soil was released from the samples with 10 per cent
HCl-acid and again collected in copper-sulphate solution, acidified with H,S0,.

The data from the above experiments are summarized in Table 2. The
data show that the amount of Na,80, in the soil has a role in the processes
of biological sulfate reduction. In samples without organic additions, this
influence is striking. With 5 g. of Na,S80, the process is slight and the redox
potential decreases, but with 1 g. or 0.5 g. additions the effect is not appre-
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ciable. It is very important to notice, that the H,S production and the develop-
ment of sulfide containing compounds could only be determined in the presence
of organic substances.

The E; data decreases in a negative direction, and the pH value increases,
in all cases where organic matter (Ca-lactate or cellulose) was added.

In evaluation of the data it is very important to note that the process
is similar in both cases of organie addition. Soil with only the original organic
material present did not influence the processes. From the ]HVGStlg&thIlS we
can conclude that: the process of biological sulphate reduction is mainly influ-
enced by the quantity of organic matter,

The production of H,S gas in nature may be the result of several processes:
geological aerobic or anaerobic putrefaction, and the metabolism of the faculta-
tive anaerob Desulfovibrio desulfuricans or similar organisms. As protein-like
materials were in low supply in the test soil, the high H,S production could
only be the result of the metabolism of sulfate reducing bacteria.

Table 2.

The pH, Ep and the amount of S2~ jons in the soil samples treated

82 totaily
Treatment Ey pH as per cent of
total given S

a9 g Na,80, - 10 H,0

) Without organic matter ....... — 30 4.4 —

h) 0.5 g, Ca lactate ............ —270 8.9 14.1

o) 0:5 g «cellulose ovwvavaray s —230 | 8.8 12.4
I g. Na,80, - 10 H,0 l

©) Without organic matter ....... 280 8.0 s

b)) 0.5 g Ca lactate ............ —210 9.0 32.0

c) 0.5 g oeellulose ... .. ... — 196 8.5 21.0

0.5 g. Na,80, + 10 H,0

a} Without organic matter ....... 300 8.0 —
b) 0.5 g, Ca lactate ............ —194 3.6 38.0
6) 05 o twllEloRe! soevamm e e -176 8.7 33.0

This fact was proved by using an isotopic method. It was the marked
sulfur of the Na,SO, and not the S of the proteins present in the soil which
was released. The data showed that the H.S was formed mainly from the
inorganic sulfur compounds.

The process was very intensive when cellulose was added as the organic
amendment. We suppose that the biological sulfate-reduction in the presence
of cellulose is the result of metabolism where several anaerobic organisms
utilize this material. In this way H, gas is also produced. This metabolic product
gives one of the fundamental food materials for the life of Desulfovibrio
desulfuricans.

We supposed further that the H,S, originating from putrefaction, also
plays an important role in the process of biological sulfate reduction. The
H,S from these sources decreases the redox-potential of the environment and
the active organisms of this process utilize the oxygen harmful for Desulfo-
vibirio deswlfuricans.
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BinsHKe oprammueckoro BellecTBa wa Mpollecc BOCCTAHOBIEHMSA
cyAb(haToB, NMPOMCXOAALKHI B 3aCOJEHHBIX MOYBAX

E. THMAP

Hayuuo-Hceneposareascruii Heruryt NousoBeRenusn u Arpoxumun A, H. Beurpun, Byaanewrr
Pezwme

dopyMHpOBAHIE XapAKTEPa H XAPAKTEPHBIX TPHIHAKOE, A TAKe OECTLIOINN 3ACOIICH-
HLIX TIOUB SIB.ISIETCST PE3YIIBTATOM KOMIUIEKCHLIX [1POLECCOn, NPOTEKAINX B nouse. B aTHx
TIponeccax UrpanT poilh Kak OHOJA0rHYeckite, tak 1 afuorideckie (akTopol. CYIECTBeHHoe
SHAUCHILC HMCET ONpejeicHte post GHOJIOTHYeCKUX NPOICCCOB B 3aCOJCHHH, HO 1Ie TOJBKO
BoOOIE, A (AKTHYECKI, B TOUHO HCCTEAOBAHHLIX M NPABHIIBHO OITHCANHBLIX CIIyUasix.

B xoie uccielosanuil HAMH B MOACILHBIX OMBITAX BLEHBAIOCEH 00pa30BaAHNE COMLI H
CEPUBOIOPO1A B N0URAX, B KOTOPBIX B YCJAOBHSTX BCHIPHH 9T0 ABJICHUE BCTPEUACTCS U B TpH-
pose. JUIst OnplTa B3siTA TIOYBA M3 PA3pesd CJIEIAHHOTO B OKPECTHOCTSX [Mapper komuTaTta
Meitep. Ita 10UBA BPeMEHAMH HOABEPTACTCS 3ATOIUICHHIO M He Obuid emle MEAHOPHPOBAHA.
B nouse umennTes TC veI0BHs, KOTOPbIE MOJCHO CUHTATD GJaronmpHATHEMIL (17151 GHOJIOTITYe-
CKROrG 00PA3OBAHILL coapl. [IPeBAPHTENLHO BLICYIUTEHHBIC H OYHUICHHBIE 0T PACTHTENbHBIX
OCTATIOB 00pAdlBl DouBn Becom B 10 T MoMemasy B Konbul, 3aTHBATH AMCTIHPOBAHIIOL BOIOIH
(o 100 ). B moaroToBieHHble TAKHM 06pasom COCYMbl MODADJISLIM PA3HOC BO3pacTaionee
Koaectso (0,5 ¢ I — 5 1) Na,80, - 10H,0. K oxnoit wactu 00pasios A00ABAATH JIAKTAT-
Ca, nam reram3y (MonoTyo duabrpoBanbayo Oymary Barman Ne 1), B uacth sapHanTon
OPraHHIeckoe BeimecTio He BHOCH. Hoi0bl re pMeTiaecicl 3aKPEIBAIH PESHHORLIMU TTPOGIKAM.
B 1pofikin Obli MPOJIeTH ABe CTCKARHHBIC TPYOKH. TTpH TOMOWIH 3THX TPYTOK HePes KoL
apunycrainl razeoopastnit Ny, Boiensiiompmkicst razoo0pasHbri CCPOBOIOPOL VIABIHBAJICH
B COCYAX, COJACMEKALNX PDACTBOD CEPHOKMCIIOT) CYAb(ATa MEIH.

[o owoHuadm onsita — yepes 99 aued — onpemenamics pH 1 Eh scuioli haser mo-
MCIHICHHBIX B KOAGL 00pasinos,

Ko.ul4ecTBo  BLIIENCHHOrO  CCPOBOLZOPOAA  ONpEessiIn TPABHMETPHUCCKHM  METO,10M,
Batem cpsannLil CYILYH B N0UBEHHBIX 00PA3NAX BLILESIIH npu momonyt HCL 1 yiasnnpaau
B pacTBope cy/baTa Medn MOJKHCICHHOM CEPHOH KucoToil.

Hoanuectro srecennoro Na,SO, CHILHO BANSET 1A CTENCHb BOCCTAHOBICHTS cvibaTos.
Briaciieniie ceponojiopoja HafmoAatoch TONRKO B 00pasiax K KOTOpLIM Ob110  100aBsieHo
Oprasuueckye BelecTso. B 9THX cilyuasx 3HA4YeHHsT 0KMCIITeN LHO-BOCCTAIOBHTE ILHOIO TIOTeH-
UHAIA [T0C:1€10BATRNLHO Db 0TPHUATEIBHLIMIL, & 3HAYeHIST PH cABHrasch B cTOPOHY Lie-
JIOYHOCTH. Buijie/icHue Ceponn;ioposa MPOMCXOMMI0 HCKILOUHTEABHO 1 [PHCYTCTBHH OpraHu-
UECKOro BEIIECTRA, MPH 3TOM LEJUIIJI03a — KAk HCTOUHIK YIepoJa — OKa3biBajo TAKOE ke
BJIMsIRIE HA X0 OpOLeCcca, KAk I JIAKTAT.

Ha 0CHOBE HMSNOMKENHOrO MOMKHO CACIATL BLIBOA, UT0 OHOJIOHUECKOE BOCCTAHOBIEHHE
CynbdaToB U 00pal0BaHMe COLl B HOUBE 3aBHCHT OT KAYECTUA I KOMHUECTBA OPraHHuecKoro
BCIECTBA [10YBLL



