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The reclamation of alkali soils was based on the application of substances
which entered into ion exchange with the alkali soil. It is well known that
the unfavourable physical, chemical and biological properties of alkali soils
are mainly due to the fact that the amount of exchangeable sodium ions is rather
considerable compared with other cations. The reclaiming agents contain
calcium and effect the substitution of Na ions by Ca ions.

Methods of applying various substances, usually gypsum, acid metal
salts or industrial wastes, respectively, have been adopted during the last
decades or even earlier. Besides, in Hungary, several substances containing
calcium carbonate have been used for alkali land reclamation to a great
extent. The effectiveness of such materials is due to the fact that a group of
Hungarian alkali soils has somewhat leached slightly acid surface horizons
and thus the calcium carbonate is more or less effective. Another method which
is in use in Hungary is the application of so-called ,,digo-earth”, i.e. subsoil
containing marl and some gypsum but only a low amount of salt is spread on
the alkali surface and worked into the soil.

The above mentioned methods are right and efficient but they are rather
expensive ones, thus only areas of limited extent could be improved this way.
Moreover, the reclaiming material sometimes has to be shipped from afar
(several hundred miles). The amounts of substance to he worked into the soil
are of orders of several million kg, the costs of hauling and shipping are conside-
rable in any case.

It has been pointed out in literature, relatively long ago, that the effect
of caleium compounds applied in order to reclaim alkali soils cannot be fully
attributed to simple ion exchange processes. In case of reclamation with Ca
containing substances, even in low amounts, certain changes in the calcium
metabolism of plants take place and contribute to increases in yield.

It was found on applying high amounts of calcium carbonate — 33, 40
or 50 tons, respectively, per hectare — that only a very low per cent of such
doses became utilized, i.e. exerted some effect by way of ion exchange.

Based on those observations, experiments were conducted on alkali soils
in Hungary with low amounts of reclaiming substances.

These experiments were layed out on soils that would have been reclai-
med with large amounts (25, 30 or 40 tons/hectare) of the digo-earth mentioned
or of calcium carbonate in the past.

Table 1. contains some data on the chemical properties of the soils of the
experiments.
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It can be seen that the total salt content of these soils is rather high
especially in deeper horizons. The alkali character of the soils becomes even
more evident on computing the proportion of exchangeable Na ions in the
surface horizons to total exchangeable cations (m. e. per cent). The pH values
too, indicate alkali soils, notwithstandig the fact that in the Great Plain of
Hungary the upper horizons of the soils are often slightly acid.

Formerly the conventional reclamation method was performed on these
soils by applying Ca in amounts equivalent to the exchangeable sodium per
cent. In the present experiments from 10 to 15 per cent of the calculated and
conventionally used amounts were applied only. The reclaiming substances were
lime and gypsum, in some instances mixtures of both.

Table T.

Some Chemical Properties of the Experimental Soils

o @ | @ [ @

| Exchiangeable

Site und depth of =ample, | Tutul ; sodiwn ions, pH Humus
em | st U per vent total per cent
| exchungealile
| entions
Kunszentmérton 0— 20 0.088 14.2 6.8 3.4
80—100 | 0.540 - 7.9 -
| |
o e | :

Nagysziget 0— 20 0.154 9.0 7.2 2.6
80—100 1.185 — 8.0 —
Besenyszig 0— 20 1.113 18.6 6.7 3.1
bo— &0 2.333 —_ 8.2 —
Karcag 0— 20 0,125 10,9 7.0 2.4
GO— S0 2.196 — 8.5 —
Pankota I. 0— 15 (L1710 9,16 7.3 4.7
T0— R0 (1,461 — 4.3 —
Pankota 11, 00— 20 0,250 16.9 7.0 3.8
60— 80 | 0.800 — 7.8 —

In connection with the conventional method the application of manure
has always been recommended and has been effected in most of the cases.
In the present experiments manure wag only occasionally applied or substituted
sometimes by fertilizers with comparable nutrient content,

Some characteristic features of these experiments conducted for several
vears are presented in Table 2.

It is evident that, in the cases mentioned, low amounts of reclaiming
materials effected significant increases in vields of grain and row crops as well.
The same is true with respect to fodder crops.

A part of the trials was conducted with parallel applications of the con-
ventional high and low doses, respectively, of reclaiming substances. The
results show that yield increases obtained with the low doses were not less,
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frequently even larger than those obtained with high amounts of the reclaiming
substances.

In some experiments the reclaiming materials, applied in low doses, had
been granulated previously. This proved to be advantageous, especially with
row crops, affording the incorporation of the amending material into the soil
together with the seed. Thus more favourable circumstances arose around the
germinating and growing plant, enhancing the development of it; the more
developed plants endured the alkalinity of the soil better. In this manner
by gradually invigorating the plants and improving the soil step by step, the
roots of larger and better developed plants themselves may contribute ma-
terially to the reclamation of the soil.

Table 2.

Yield Increases Effected by Low Doses of Reclaiming Materials

h ) 3 ,(,‘U L&D,
Yield 95 per
Site Crop Doze increase SRl
i per cent
| ‘
Kunszentmarton @ Sugar beet 1060 kg/ha
3 | granulated 8.8 4.08
- [
Nagysziget, Maize 554 kg/ha
| granulated | 17,88 3.75
Desenyszog ‘ Wheat 1060 kg/ha 16.23 3.84
‘ granulated
- i !
Karcag Wheat 1060 kg/ha
granulatecd 8.71 4.30
Pankota I. Vetch and oats | 1800 kg/ha
! | powder 26.70 8.50
Vetch and oats ]‘ 27 00 kgfha
: 1 powder 21.20 8.50
- - = |
Pankota II. Maize | 2080 kg/ha j
granulated 20-10 18.70
Pankota IIT. | Sugar beet 700 kg/ha
f . granulated 11.80 5.20

As data show that, with respect to vields, nothing is gained through
application of high versus low doses of reclaiming substances, the latter, on the
contrary, often displaying more favourable effects, analyses were performed
in order to ascertain the influence of high-dose and low-dose reclamation, res-
pectively, on the chemical compositions of plants. Some of the results are given
i the following tables, data referring to sugar beets in No. 3, and to vetches
with oats in No. 4.

According to data in Table 3. the sugar content of beets is materially
increased by the reclamation of the alkali soil, independently of the amount
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of reclaiming material applied. The raw protein content and parallel to it also

the nitrogen content of vetches as well as of oats was similarly increased by

reclamation, again independently of the amount of reclaiming material doses.
Table 3.

Sugar Content of Beetroots on Reclaimed and Unreclaimed Soils, Respectively

) &) 3

Aali Sugar content on the
Variang per cent T4 per cent moisture
basis
Control i v i a8 L mee moin ane 1.47 14.57
1060 kgfha granulated reclaiming
material c.oiiiieiiii.. - 1.93 18.71

These findings fully confirm the results of the preliminary trials mentio-
ned above, proving that the action of reclaiming materials is by no means
restricted to ion exchanges taking place on the surface of colloids but it is
much more complicated and calcium compounds added to the soil even in
low amounts exert considerable influence on processes in plant physiology.

It must be pointed out, however, that reclamation with low amounts of
materials cannot be accomplished in all cases. For example, if the soil contains
much soluble salt amounting to 0,5 per cent in the surface layer then neither

Table 4.

Chemical Analysis of Vetches and Oats Grown on Reclaimed and Unreclaimed Soils,
Respectively, on the Basis of 14 per cent Moisture in Hay

a ® ‘ @)

- i Raw protein

Variant N per cent per cent
LBT0Ti 7] [ T TP R § 0.98 6.12
1800 lkg/ha reclaiming material ..,.............. 1.05 G.56
27 000 kgfha reclaiming material ................ 1.11 6.93
Vetches
CONEPOL 4vns wincnswnstiainiesiie 555 5 65 55 £0k0n wae ave e coure 2.00 12,50
1800 kg/ha reclaiming matevial ................. 2.10 13.13
27 000 kgfha reclaiming material ................ 2.15 13.43

|

low nor high amounts of amendments may be effective without previous salt
leaching.

Neither is it advisable to apply low doses of amendments to alkali soils
of the solonetz type where sodium amounts to from 30 to 35 per cent of the
total exchangeable cations and prevents plant production entirely.

Such soils and similar ones should become improved as natural pastures;
low amounts of reclaiming materials may be very effective. It is most advisable
to apply Ca(NOy), because Ca in this form is quickly taken up by soil particles
and, subsequently, soon reaches various plant organs. At the same time the
other constituent of the compound, the nitrate, satisfies the need of plants for
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nitrogen which is rather considerable on such soils. This method of reclamation
may be combined with irrigation. In the course of several years a good pasture
or even meadow may result, in some cases the soil becomes suited to ploughing,

The experiences collected in Hungary on the improvement of alkali soils
with low amounts of reclaiming materials may be of value elsewhere, especially
in countries with moderate climate, where soil conditions are similar.

Summary

The reclamation of alkali soils is customary throughout the world; usually gypsum,
acid metal salts and industrial wastes, respectively, are applied. Besides, a current
method in Hungary is the application of so-called ,,digo-carth”, marly subsoils containing
some gypsum and little salt are used for this purpose. The reclamation is frequently
performed with calcium carbonate, if the surface horizon of the soil is slightly acid.

The mechanism of reclamation consists in the exchange of sodium ions bhound
to colloids in alkali soils for caleium ions, thus properties and fertility of the soil become
improved. With regard to this, usually high amounts of reclaiming materials have been
applied; in Hungary from 35 to 40 tons per hectare generally. This is, considering also
the costs of hauling, shipping and working the material into the soil, rather expensive.

According to results of investigations, not only the ionic exchange but also other
factors obtained with the method mentioned contribute to the improvement of the soil.
Therefore the authors layed out several trials on alkali soils using but fractions — from
10 to 14 per cent — of the conventional doses of reclaiming materials. The majority
of the experimental soils belonged to the solonetz type. The reclaiming material was
sometimes applied in granulated form together with the seed, in other cases it was
incorporated in the rows or spread on the surface of the soil.

The crops of the experiments were cereals as wedl as row or fodder crops. The low
doses of reclaiming materials significantly increased yields, by from 8 to 25 per cent, in
all cases. The effect of low und high amounts of reclaiming materials were compared in
some cases and it was found that low doses were as or even more effective than high ones.

Plant analyses showed that reclamation with low doses considerably increased
the sugar content of beetroots and the protein content of fodder crops.

~

Amélioration des sols a alcali par de petites doses
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Résumé

L’amélioration des sols & alcali est bien répandu tout autour du monde et dans
ce hut I'on emploie surtout du platre, des sels métalliques & réaction acide et des déchets
industriels. En Hongrie, en outre, s’est répandue une méthode d’amendement qui consiste
dans Pemploi du soussol marneux, contenant de petites quantités de gypse. L’amende-
ment des sols & alcali se fait extensivement avec du carhbonate de calcium lorsque I’horizon
supérieur du sol est légérement acide.

Le mécanisme de 'amélioration est basé sur ce que les matérinux bonificateurs
échangent les ions Na des colloides du sol & alcali contre des ions Ca. ainsi les propriétés
du sol et sa fertilité s’améliorent. L’on emploie généralement de trés grandes quantité
de chaux, ainsi en Hongrie la. quantité du matériaux bonificateurs atteint en moyenne
35 & 40 tonne par hectare, ce qui est fort couteux, y compris les frais de transport et des
fagons.

Comme selon les résultats de leurs recherches ce n’est pas sculement ’échange
des ionsgni joue un réle dans le processus d’amélioration, mais d’autres facteurs y contri-
entbu aussi, les auteurs ont fait des essais sur des sols & aleali avec de petites quantités du
matériau bonificateur, s’élevant & 10—169%, de la quantité usuelle, Les sols dtaient du type
solonetz. Dans certain cas ils ont employé le matériau bonificateur sous forme granulée,
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la deposant avec la semence, en d'autres cas ils I'ont répandu en des lignes ou sur la
gurface du sol. i

1ls ont fait ces essais avec plusieurs espéces de plantes des gramindes, des  plantes
sarclées et des plantes fourrageéres, et par 'emploi de petites quantités du matériau boni-
ficateur ils ont obtenu un accroissement significatif du rendement de 8 & 25%;. Dans un
grand nombre de cas ils ont fait des comparaisons entre les effets des petites et des
grandes guantités employces et ils ont trouvé que la petite dose dgale et méme surpassc
I'effet de la grande dose.

L’analyse chimique des plantes a montré que sous Ueffet de 'amendement avee
de petites doses du matériau bonificateur la teneur en sucre des bhetteraves sucriores
a ¢té appréciablement plus haute, comme chez les plantes fourragéres la teneur en pro-
téines,

Tablean 1. Certaines propriétés chimiques des sols de expérience. (1) Situation
et profondeur des sols em. (2) Salinité totale 9. (3) Ions-Na échangeables, en pour cent
de la totalité des cations échangeables. (4) Humus %,

Tableaw 2. Effet sur Paugmentation des rendements des matiéres employées
pour 'amendement en petites quantités. (1) Endroit. (2) Culture. (3) Traitement. (4) Aug-
mentation du rendement 9.

Tableau 3. Contenue en sucre des betterave cultivées sur du sol amendé et non
amendé. (1) Traitement. (2) Cendres %. (3) Teneur en sucre %, & 70 d’humidité.

Tableay 4. Analyse chimique de Pavoeine et de la vesce cultivdes sur du sol
amendé et non amendé, rapportée & du foin & 149% ’humidité. (1) Traitement. (2) Pro-
téines boutes 9.

Die Verbesserung der Alkaliboden mit geringen Gaben
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Zusammenfassung

Die Methoden zur Verbesserung von Alkalibéden sind iiberall verbreitet. Meist.
gelangen Gips, saure Metallsalze oder mancherlei Industrieabfiille zur Anwendung.
In Ungarn ist auch das Aufbringen von sog. » Digo-Erdeq iiblich, das ist mergeliger Boden
aus Untergrundschichten, der etwas Gips und wenig Salze enthilt. Auch mit koulen-
saurem Kalk werden Alkalibéden verbessert, falls der oberste Horizent derselhen schwach
sauer reagiert.

Das Wesen der Melioration ist der Austausch der an die Kolleide von Alkalibden
gebundenen Natriumionen gegen Kalziumionen aus dem Meliorationsmittel. Eigenschaf-
ten und Fruchtbarkeit der betreffenden Boéden werden hierdurch verkessert. Dem ent-
sprechend werden recht hohe Gaben der Meliorationssubstanz angewandt; in Ungarn
allgemein 35 bis 40 t je ha. Die Kosten des Verfahrens sind — dic fitr Fracht und Ein-
bringen in den Boden mitinbegriffen — recht hoch.

Nach einigen Forschungsergebnissen spielen bei der obigen Verbesserung von
Alkalibéden nicht nur Vorgénge des Tonenaustausches, sondern auch andere Faktoren
mit. Unter Riicksicht hierauf wurden von den Verfassern Versuche mit nur 10 bis 159,
dor iblichen Gaben von Meliorationsmitteln angelegt. Die Versuchshéden gehérten
tiberwiegend dem Solonetztyp an. Das Verbesserungsmittel wurde in einigen Fillen
gekornt und zusammen mit dem Saatgut in den Boden gebracht, sonst in die Reihen
gegeben oder auf die Oberfliche des Alkalibodens gestreut.

Die Versuchsgewiichse waren verschiedener Art, Getreide, Hackfriichte oder
Futterpflanzen. Kleine Gaben der Meliorationsmittel zeitigten jedesmal gesicherte Mehr-
ertrdge von 8 bis 259%,. Mehrmals wurde die Wirksamkeit geringer Gaben mit jener von
hohen verglichen, und es zeigte sich, daB die Ergebnisse mit den ersteren ebenso hoch
oder noch héher waren als jene mit den letzteren.

Aus den Analysenzahlen der Pflanzen ging hervor, dafl bei Anwendung kleiner
Gaben von Meliorationsmitteln sowohl der Zuckergehalt von Zuckerritben als auch der
Eiweifigehalt von Futterpflanzen erhiéht wurde.
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Tabelle 1. Einige chemische Merkmale der Béden. (1) Ort und Tiefe der Baden cm.
(2) Gesamt-Salzgehalt 9. (3) Austauschbare Na -Ionen in Prozenten der gesamten aus-
tauschbaren Kationen. (4) Humus 9%.

Tabelle 2. Die ertragsteigernde Wirkung der in kleinen Mengen verabreichten
Meliorationsstoffe. (1) Ort. (2) Kultur. (3) Behandlung. (4) Ertragsteigerung %,.

Tabelle 3. Zuckergehalt der auf verbesserten und unverbesserten Boden angebau-
ten Zuckerritben. (1) Behandlung. (2) Asche %. (3) Zuckergehalt bei 709, Feuchtigkeit, %,.

Tabelle 1. Chemische Analyse von Hafer und Wicke auf meliorierter und nicht-
melioriertemn Boden auf Heu von 149 igem Wassergehalt umgerechnet. (1) Behandlung.

(2) Rohprotein 9;.

MeauopalHs 3acONeHHbIX MOYB BeHrpMH MalbiMH J03aMH MEJIHOPHPYIOLHX
BELLECTB

H. CABOJIBY u JI. AGPAXAM

HayuHo-HceneaoBarebCKHi LIHCTHTYT NouBoBedeHna u arpoxumny A, H, Benrpuw Eyaar et u Hayuro-
HMCC/A2ANBATENB-CHHIT CETLCKOXUBARCTBEIHBIN MHCTHTYT WoHore Andenspa, r. Ceren (Benrpus)

Peswme

MesHopallHsl 34COJCHHBIX TMOYB UIHPOKO PACHOCTPAMCHA BO BCEM MHPE; B KauecTBe
MEAMOPHPYIOMHK BEIICCTB MPHUMEHAKTCSH THIIC, KHCABIE MCTAJIHHECKHE COJIH M OTXOABL ITPO-
MBILLEHHOCTH. B BCHIPHIL KPOME 3TOI0 WHPOKO PACMOCTPAHCH METOI ¢IHI03ally, KOTOPBT
3AKIOUAECTCS B IePEMEIHBAHUH BEPXHIIX TOPUIOHTOB MoOUB ¢ NoANoYBOil cogeprkaleH Meprens
11 HeQOIbLIOE KONHUYeCTBO rHnca. Memonbayercst Ana MenHopallii 3aC0ACHHLIX MM0YB M YTJle-
KHICABH KajbiWil B TexX CAYYasx, KOrJd BepXHHe TOPH30HTBHL [I0MDBl HMEIOT €400 KHCIYIO
PEAKIIHIO.

MexanMaM MeJHopaIlH 3aKMIoydercs B 00MeHe HOHOB HATPHS NOINIOWAIOLETr0 KOMII-
JICKCA IMOUBLI HA MOHLI KaJlbLHS MEJHOPHPYIOLIETC BEHECTBA I TAKHM 00pa3om cBoiicTBa H
NI0/I0POHE OOUBBL yiyuwaeres. Jist MeaHOpaLHH NOYB HCIOAL3YIOT G0JIbIIHE 03LI MEJIHOPH-
PYIONUMX DEUEeCTB, TAK B BeHrpuH BHeceHne B cpeaHem 35—40 TOHH HA ra MenHOPHPYIOUHX
BELLECTB, BRJIOYAST TPAHCIOPTHPOBKY M PaltoTst M0 3ajCHKe MCIHOPHPYIOUIHX BEIIECTD, OYCHb
JOPOTO CTOSILICE MEPONPHSTHE.

Peay anTaThl HCCJICJ0BAHHI MOKA3AH, YTO TIPH METHODALMH 3ACOJICHHBIX [QUB BbILIC-
VEA3AHHBIMH METOAAMH MPOUCXOAHT HE TOJILKO 00MEH HOHOB, HO HFPAIOT POJIb M PyrHe (aK-
TOPLL. BBUIH 3aJ05KCHEL OTILITEL IO MEJTHOPAIHI 3ACOJICHHLIX NOYE MAJLIMH J03aMH MEJTHOPH-
DPVIOLUIHX BEHIeCTB, KOTOphie coctanasior 10—15% 0T KOHBCHIMOHAJILIIONO KOJIYCCTBA BHOCH-
MBIX MEJHOPHPYIOUHUX BeltecTs. [10UBLl B ONLITAX OTHOCHIHCH K THIY COJIOHIOB. MeHopHpy1o-
wHi MaTepuanT B OJHOM CJyYae BHOCHJICSI B TDAHYJIMPOBAHHOM BHJIE BMECTE € CEMCHAMM, B
APYroM cyyac B PSAAKH M MTOBEPXHOCTHO.

OUBITLL TPOBOAHIIHCE C PASJHUYHLIMH PACTCHHAMH! 3EPHOBBIMH, IIPOMAIIHBIMH H KOPMO-
BLIMH PACTCHHSIMH H BO BCEX CAYYAsX MPHMCHEHHE MAJBIX 03 MEJHODHDPYIOMWHX BEIIECTE Ao
JLOCTOBEPHYI0 NPHOABKY Ypokas pasuy 8—25%. CpapauBast 9QQeRT moayueHusli oT TpH-
MCHCHHSI MAJBIX M OOBLIMHLIX 7103 MEJNOPHPYIOUIIX BELIECTB, NPHUIIH K BBIBORY, 4T0 adiex-
THBHOCTE 0T MAJNBIX 703 JOCTHTAET HIIH [3Ke B HEKOTOPBIX CJYYasx Npesbliuaet IQpeKTHEHOCTE
0T 00BLIYHLIX 103.

Jlananle XHMHYECKHMX AHAJH30B PACTCHHH NMOKA3AJH, YTO B CAXAPHOH CBEKIC M0j] BiIHA-
HIEMBHECEHIIST MAILIX 103 MCJHOPHPYIOIAX BCLICCTB 3HAUMTCILHO YBENHYHBAETCS COJICPIKAHHE
caxapa, a B KOPMOBBIX PACTCHHAX Copeprranue Oejka.

Tada. 1. XuMirdeckne CpoHCTBA MOYB, HA KOTOPBLIX SaKAAALIBAMHCE OnbThL (1) Mecto
1 raydina B oM. (2) Cymma coneit B %. (3) Conepskamie 00MCHHOTO HATPHA B %5 OT CYMMLI
OOMCHHBIX KATHOHOB. (4) I'ymyc B %.

Tafa. 2. Bausinve Mannix 703 MeNMOPHPYIOLHX BEUleCTB Ha ypowkait pactemmii. (1)
Mecro. (2) Kymsrypa. (3) Bapuantsl. (4) IMopsiuieHue ypoxkas o %.

Tafa. 3. Comepykaiue caxapa B caxapHoH CBerJie C KOHTPOJILHLIX H MCJIHOPHPOBaH-
HBIX aensHok. (1) Bapuant. (2) 3ona B %. (3) CoaepsraHHe caxapa B caxapHol CBeKJC NPIH
T0% BIAXKHOCTH,

Tafa. 4. JJaHHBIC XHMHUECKOrQ AHAJH3A BHKO-0BCAHOI CMecH npH BiaxwHocTH 1494,
HA MCIMOPHPOBAHHBIX JEAsSHKAN 1 konrpose. (1) Bapuant. (2) Cwipoit Oenok B .








