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Amelioration of Sodic Solomnetz Soils in the
Region East of the River Tisza

I. PRETTENHOFFER

Agricultural Research Institute, Szeged (Hungary)

Among the non-carbonatic solonctz soils (meadow solonetz tending to
et steppified) in the southern part of the region east of the Tisza nearly all
transitionary forms of this type — that is from slightly acid ones with unsatu-
rated topsoil to slightly alkaline variants (deep, medium and crusty solonetz) —
can be found. The salt content of most of them consists predominantly of sul-
phates, or sulphates and chlorides, or sulphates and hydrocarbonates, and,
in a few of them of hydrocarbonates and carbonates. Variants slightly alkaline
(saturated) even in their topsoil and sodic in their upper subsoil usually oceur
where the chernosem and meadow zones meet, while within the chernosem
zone sodic solonetz spots, i.e. calcareous and sodic from the surface down,
are to be found.

A number of field experiments of long duration have been cstablished
on a wide range of such soils in the last fifteen years. Amelioration of solonetz
with slightly acid or neutral topsoil by means of liming or the spreading of
caleareous subsoil (“digézds”) has been carried out on a large scale for about
twenty vears. In the course of research work conducted in the last few decades
methods of amelioration have been improved and new ones have been deve-
loped. Because of the low solubility of CaCOj, soils with slightly alkaline
topsoil cannot satisfactorily be reclaimed either by means of liming or by sub-
soil spreading. According to my experiments, such soils can be reclaimed as
follows:

1. By joint application of CaCO, and gvpsum.

2. By spreading with calcareous subsoil along with blacksoil,

3. By spreading with calcareous subsoil containing gypsum.

pH values in the topsoil of slightly alkaline solonetz containing neutral
salts in the subsoil, were about 8. On such soils any of the above methods can
be applied successfully and they actually are being applied on a large scale.

The following report will deal chiefly with long duration experiments
condueted on solonetz using non-carbonatic topsoil from an area with hydro-
carbonates in the subsoil. The pH values of such soils generally exceed 8.0
and their upper subsoil is sodic (pH 9.0 to 9.2) and extremely sticky. The
report will also deal with an experiment in which the entire profile is carbo-
natic-sodic (sodic solonetz). One aim of these experiments was to test various
materials suitable for replacing gypsum, namely: various gypsum containing
by-products, lignite dust, CaCl,, HCI, sludge from sulphuric acid factories,
K,S0,, and FeSO,. In experiments conducted on non-carbonatic solonetz,
treatments with CaCO, + gypsum or of CaCO, + lignite dust were also applied
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Table 1

Analytical data of some characteristic average profiles
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because of the slight alkalinity of the surface layer. These reclaiming materialy
were applied in various proportions. Our object was to obtain data conecerning
the efficiency of comhined applications, as well as partial replacement of
gvpsum, because gypsum is in short supply.

Six of the seven field experiments were installed on noncarbonatic,
slightly alkaline solonetz where pH of the topsoil is 7.0 to 8.7 and which containg
no or only traces of carbonates. The upper subsoils are caleareous and sodic
with pHs of 8.7 to 9.2. The salts are characterized either by hydrocarhonates
or by carbonates and sulphates. Total salt content of the profile ig about 0.1
to 0.2 per cent. The subsoil is generally a very heavy clay. Soil of the seventh
field experiment, by contrast, is carbonatic from the surface down (sodic
solonetz), and its profile, besides being frequently flooded by surface water.
is exposed to the impact of sodic subsoil water. Analvtical data of three
characteristic profiles chosen from these experiments are presented in Table 1.
They contain the results of fundamental analyses and data concerning the
exchangeable cations (Table 1).

The majority of experiments were established on small plots (4 to
50 m*), but some were on medium sized ones (50 to 560 m?). They were carried
out continuously, in various years (1952—1961) and on different soils. I'or that
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reason, the plan of experiments, as well as reclaiming materials and methods
applied were not always the same. The experiments were, as far as possible,
operated and yield sampled for 8 to 10 years,

My starting point in determining the proper doses of reclaiming materials
wag the dosage applied in my other current experiments, as well as the dosage
approved in general farming practice. However, higher and lower doses were
also used. Doses were calculated according to active agent content, and che-
mically equivalent amounts given. For lignite dust applications were 3 to
5 times higher than for gypsum stone dust. At that time limestone dust was
not available, so lime sludge (from sugar factories) was used instead.

Because of the vast amount of data only summary data are presented
for the field experiments. For the appraisal of the effect of different materials
yields of several years obtained in six experiments on non-carbonatic solonetz
have been reduced to wheat units and are given in index numbers (Table 2).
Yields of several years of CaCO; + gypsum and CaCO, 4 lignite dust experi-
ments, respectively, are presented in separate wheat unit for each experiment
(Table 3).

Results of the long term field experiments show that, of all the substan-
ces tested, those containing CaCl, have given the highest yield increases on all
solonetz types the increases ranging from 201 to 263 per cent.

On the basis of four experiments substances containing gypsum came
next with results as follows: gypsum dust 191, and gypsum sludge 151 per cent.
In these experiments on non-carbonatic solonetz lignite dust, owing to its
low Ca-content, produced a yield increase of only 87 per cent, but on sodie
solonetz it produced increases as high as 218 per cent. On a non-carbonatic
solonetz with sodic upper subsoils, spreading calcareous subsoil along with
black soil have a very good result (see Table 2). On the same sort of solonetz
spreading with calcareous subsoil alone increased the yield by 180 per cent.

Table 2

Effect of various reclaiming materials in field experiments of long duration
presented by index number calculated from wheat units 1952—1961

a) The average of siz field ewperimenis on non carbonalic slightly alkaline solonelz
(Experiments 1—6.)

Lime sludge Spreading with Peat Number of
Unre- from Spreading with |calcarecus subsoil| Gypsum |  Gypsam Lignite | it experimental
claimed sugar caleareous subsoil along with dust sludge dust CaClL years
| factorles black soil 2
100 \ 157 208 361 291 l 256 176 301 3-8
b} In a field experiment on sodic-solonetz (Experiment 7.)
[ I =
Sludge from Numb £
T'nre- l s Peat, with CaCl HCl | sulforie acid | K.80 Feg0 YAILICD 0
claimed Lignite dust CaCl, z factories Cahd 4 expe;;r;n}intal
100 l 318 327 388 336 315 250 250 3
|
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Table

Yields of long term field experiments on non carbonatic slightly alkaline solonetz soil

Lime
Location of the Un- sludge from
experiments reclaimed sugar Grypsum dust Gypsum sludge
factory
Dosage q.fkh.* ... ..... — 300 50 75 | 100 75 | 110 -
Medium plots in '

Szelovény ............. 1.4 — — — — 10.6 | 16.8 —
Dosage q./kh. .......... — 300 — - - 75 — —
Large plots in Szelevény 26.6 45.2 — — — 62.8 — —
Dosage q./kKh. .......... — = 50 75 | 100 75 | 150 | 225
Small plots in Kénya . ... 17.6 - 56.2 | 64.2 | 72.3 | 52,0 | 648 | 69.7
Dosage q.kh. .......... _ 300 | — | — | — 80 | 100 | 240
Medium plots in Gyula .. 24.0 34.2 - — — 43.7 | 504 | 449

|

* th. = kataszteri hold = 0.575 ha.

On these slightly alkaline solonetz, liming with sugar factory sludge produced
an average yield increase of only 57 per cent in five experiments.

On non-carbonatic, slightly alkaline solonetz the combined method gave
higher yields than either substance used by itself. Comparative increases were
as follows:

1. CaCO; + gvpsum compared to CaCO, alone was 57%, better (2 expts);
2. CaCOy + lignite dust compared to CaCO, alone was 40% bhetter

3. CaCO, + gypsum compared to gypsum sludge alone was 14%, better
(4 expts);

4. CaCO, + lignite dust compared to lignite dust alone was 85%, better.

The differences above may be partly explained as follows: in (1) and (2)
due to gypsum’s effeet in reducing alkalinity and promoting the solution of
CaCO,; in (3) the result may be due to the nutrient content of lime sludge rather
than to any other effect.

In experiments discussed here the nutrient effect of the accessory ingre-
dients, particularly of phosphorus, in sugar factory lime sludge and gypsum
sludge probably contributed to the production of yield increases at least in
the first few vears after application. This must be taken into consideration
when the results of these experiments are adapted to farming practice.

Two to eight years after establishing the experiments, soil samples were
taken from the profiles of the experimental plots. The samples were taken from
around measured fixed points, and their analytical data have indicated an inc-
reage of the salt content as a temporary effect of reclamation. In solonetz soils
which are sodic in the subsurface layer and which have extremely heavy sub-
soil, after six years of reclamation the salts have not been leached deeper than 35
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3.

containing soda in their upper subsoil presented in terms of wheat units 1952—1962
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to 40 em, where they accumulated. At the same time, in the profiles of a sodic
solonetz with lighter mechanical composition, the entire profile has been
leached free of salts although it was exposed to the impact of a high
water table.

The Cl~-ion in the profile of sodic solonetz with lighter mechanical com-
position was leached out of the soil during the first winter, even from the plot
receiving the maximum dose of CaCl, (167 q/ha) spread in autumn. In experi-
ments on solonetz with very heavy subsoil, C1~ leaching removal was slower,
but in the second year no harmful effect could be observed.

The properties of these solonetz soils with sodic subsoil are considerably
worse than those with neutral salts in their subsoil, The penetration of roots
as well ag the water are greatly hindered and so, particularly in dry years,
the yields are badly impaired by the very sticky, impermeable sodic layer
immediately beneath the surface. Subsoiling proved to be highly effective in
inereasing the rate of leaching on such soils. In four subsequent vears of the
rotation the average yield of the various crops increased by 33.3%, on medium
sized reclamation plots mechanically subsoiled to a depth of 50 em, and by
609, on small plots subsoiled manually.

On the author’s suggestion a subsoil cultivator (subsoiler) with three
working picces (blades) has been deviced specifically for solonetz soils and
it is being used successfully in farming practice. Its loosening effect is more
powerful than, and not as irregular as that of single blade subsoilers.

Reclamation of solonetz, sodic in the entire profile is practical only
on sodic spots oceurring in fields of good quality, where they greatly hinder
uniform tillage. On such spots the use of large amounts of reclaiming material
may be justified.
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As sodic solonetz soils, even after reclamation, will have only a shallow
fertile layer above a still sodic subsoil, only crops with considerable alkali
tolerance can successfully be grown on them. From the results of my earlier
subsoiling experiments on solonetz soils with slightly alkaline topsoil and s)dic
subsoil it may be concluded that chemical amelioration, with additional sub-
soiling will prove an effective way of reclaiming this type of solonetz soil.

The worst kinds of solonetz soils are eroded waste lands or pastures of
very pour quality which are periodically flooded. For the time being, only
a better utilization and not reclamation can be thought of for such areas.
By supersowing with Puccinellia limosa supported by a small amount of re-
claiming material and large doses of nitrogen fertilizer they can be turned
into fairly good grasslands, and with additional rrigation, they may even
become very good ones.

Mennopauus coloBbIX COJOHLOB B 3aTHcche
H. [IPETTEHXO®®EP

Hayuno-HceneposaTtensckuii CelTbCKOX03AIICTBEHHbII Hucturyt Cerep (Benrpus)

Peswme
Cpean deckapBOHATHBIX COMOHLOBLIX MOUB 0071acTH, DACIIONOXKEeHHOIT HA BOCTOK O
pexH THCCH, — 0CODEHHO HA ['PAHMITE YePHOBEMHOI 1 NyroBoil noYBeHHON 30HbI, — HAXOAATCS

COOBBIE JIVIOBLIC CONOHLILL, HACBIIEHHbIC COMOH /10 camoil MORepXHOCTH MouBkL Takife TeppH-
TOpHM, BCTPEYAIQUUICCS B MEPHO3EMHON 30HE M B MOBCPXHOCTHLIX CIOSX COAEPYKAT M3BECTDh
M Coy, & HacTo SIBITIONCS NaXKe COM0HUAKOBATHIME. TAKUM 00[a30M B TIOBEPXHOCTHOM CII0e
MOJKHO BCTPCTHTL MQUTH BCE NOYBEHHLIC PASHOCTH, HAYHHAS OT ClAlOKHCNOH [0 M[ENOYHOI.
[Tposeneno GosblIOe YHCTO NOJEBHIX OTIBITOR ¢ METIKHMH H CPEAHHMI AENSIHKAMH H GOJIBIIHMM
HHCIOM BAPUAHTOB. PeaynbraThl OOLITOB 10KasaiM, uTO CpefHHE KOPKOBBIE  COJIOHIIDI
¢ cnado-lICNOUHLIM BCPXHAM T'OPH30HTOM He IOJIal0TCst MEIHOPAIMH ITYTCM H3BECTKOBAHMST
I TIOKPLITHEM COjlepyKatell KapOoHaThl TIOUBOH B3 HMMEIeKAIMK I'OPH30HTOB, BBHY TOrO,
uro CaCO, naske B c1a00-1[EN0UHOIT Cpeae HEMOCTATOTHO Xopouwo pactsopsiercs. [Tousnt Taxoro
POad, — COTJIACHO DE3yJIbTATAM HAMMX OMBITOR, — MOYKHO YIIYYIIATHL TYTEM COBMCCTHOIO BHe-
cenust CaCOy n CaSO,, unn coemectHoro paccruna TIOANOUBLL, cofepyanieit KapboHaThl 1
HEPHO3EMA, MJIH PACCTHIIOM MOAMOYERI coepiamell KapGoHaTh 1 THIIC.

YuursiBas 10, uTo B BeHrpifd HeT JOCTATOUHBIX 3AMACOE THIICA, MBI H3YYaJH BO3MOMK-
HOCTb HCTIONB30BAHHS B KAYECTBE METHOPHPYIOUIMX MATEPHAJIOB PA3NHUHBIX 0TX0I0B ITPOMBITI-
JICHHOCTH, & HMEHHO: DA3JHYHLIE OTXOLLI, COACPIKALIME IMIIC, OTXOABl 3aBOJOB, TMpOU3-
BoAAWMX cepuylo kucaory, HCI, CaCl,, FeSOQ,, murHnrauii nopowok, JIMTHUTHY 10 3011y
u Oypolii yrone. B onbitax 3ty Bewectsa NMpPUMeHsIH B KOJMHYECTBAX 9KBHBAJIEHTHBIX Da3MO-
JIOTOMY THICY, H3YHANHCh H DA3NM4YHLIC 103bI BHECCHHSI MENHODATHBHBIX Bemects., Ha Tex
TovBAX, KOTOpble B BCPXHEM Cioe He cogepykany CaCO, myuuve pesynbTaTer MOJYYHIINCE B
pesyabtate npumenends CaCO, i rumca B CMECH C JIMCHHTHBIM IOPOLTKOM MJIH H,S0,. Onurr
nokasai u addextusHocTb CaCl,, HO ero TpHMeHeHHe B BHie NPOMBILIIEHHOr0 0TX01d, HMer0-
meMycsl B HAlICM DACNOPAMEHHH, CBA3AHO € TPYAHOCTAMH, JIisl MOCTHM@Kenust PaBHOTO
opeKTa JTUIHHTHOTO MOPOUIKA TPeGyercs B YeTHIpe pasa fonblue, wem runca, PaceTwn yep-
HO3¢MA M TIOAIMOYBLIL, COAEp>KALIeH W3BeCTh 0KA3aJICS BEChHMA ab(peKTHBHBIM, YaCTLIO 1 B
PE3YNBTATE TOTO, UTO ITHM YrIIyOHICS BepXHHMH NaXOTHBIA TOPHIOHT.

Briay T0ro, 4T0 COA0BLIE CONOHIL H T0CTIE METHODPALMH OynyT MMeTb TONBKO MeNTKHi
NTOXOPONHBIT COH, NOX KOTOPLIM HEH3MEHHO OYIET HAXOMHTBCA MNOANAXOTHLIH ropU3oHT
GoraToiit conoH, Ha HUX € yCTexoMm MOXKHO GYNeT BRIPANIHBATH TOJIBKO pacTeHust Xopowo mepe-
HOCSUIHE IEJI0UHYI0 PEAKIHIO TOUBDL. Pe3yNbTATLl IPOBEAEHHLIX PAHEE OMBITOB 110 MeIHOPAHU
COJIOHIOB ¢ CJTA0OMIETOUHBIM BEPXHUM H COAEPHAIIUM CONY NOANOBEPXHOCTHBIM TOPHIOHTOM
[I0KA3AJL, HTO HX YJIYMLICHHE [YTEM DACCTHIIA IIOMBBI H3 HIMKCIEMANIMX TOPHIOHTOB MOMET
ObiTh BEChbMA 3(PEKTHBHLIM MEPONPHSITHEM IS METHOPANMH COJAOHIOB HTOFD THIIA.

XYAUHMH BAPHAHTAMH TAKHX COJOHIIOB SIBIISIHOTCST TMePHOIHIECKH 3aMBAEMbIC POJIH-
POBAHHBIE TYCTHIPH HJIH NACTOMINA HMBKOIQ KAYecTBA. B CBS3H ¢ HUMH II0KA YTO MOYKHO sany-
MBIBATLCS] 00 MX JTYHUIEM HCIIOB30BAHHH, HO HE O KOPEHHOM HX YNYUIeHHH. ECM HX sacestts
Puceinellia limosa, a 3aTemM BHeCTH HeGONbUIME KOJHYeCTBA MEJHOPHDYIOIMX BEIECTB H
GoJtbLIMe 03B A30THEIX YI00PEHNH, OHH MOTYT NPeBPATHTHCS B NpHeMIIEMbIE, a TPH OPOILeHUH
Jayke B XopoimMe nacrOHiua.



