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General Review of the Salt-Affected
(**Slatina**) Soils of Yugoeslavia and Their
Classification

N. MILJIKOVIC
Faculty of Agrieulture, University of Novi Sad (Yugoslavia)

The term ““Slatina’ is commonly used in Yugoslavia to include both
the saline =oils which contain water soluble salt, and the alkali (sodic) soils
which have a level of exchangeable sodium high enough to retard or limit
plant produetion.

Recent data from general soil survey and cartography provide a precise
view of salt-affected soils over scattered areas totalling 235.000 ha, in the
province of Vojvodina alone. This represents a loss of 10%, of the total produc-
tive land. In the south of the country, in Macedonia there are about 10.000 ha
of salinic soils, too. Beside the continental salt-affected soils, in Yugoslavia on
the Adriatic Sea-side (island Pag) are found maritime saline and alkali soils,
formed by the action of sodium and chloride from sea water.

This report is concerned with Vojvodina, where the greatest part of these
salt affected soils oceurs.

Vojvodina ig a region of very fertile, productive soils (mostly chernozems
and its associated units) located in the northeastern part of Yugoslavia.
Tt constitutes the southern part of the Pannonian Plain, (south of Hungary)
and iz mostly flat to gently rolling. This area is known as the granary of
Yugoslavia. However, the productivity of the lands is considerably limited
by the local climate with its unfavorable distribution of rainfall during the
growing season (sometimes as low as 150 mm). In order to have an adequate
supply of water available for crops during the growing season, construction
of an irrigation system is being carried out, using the waters from the Danube
and Tisza rivers.

Vojvodina has a continental climate with a semiarid character (after
NEUGEBAUER), with 652 mm. of annual precipitation, an average annual
temperature of 11 °C' and sometimes the annual evaporation amounts to
1.000 mm.

Excess waters from surrounding mountains flow freely into and across
the area of the Pannonian Plain via rivers and rivulets. In past most
of the area was swampy and under periodical flooding. Because of that
very extensive drainage system has had to be constructed to remove excess
surface waters and the rivers are diked for protection from floods. Drainage
is by shallow canals leading to pumping stations which lift the water over the
dikes into the rivers.

Owing to the above climatic conditions, as well as the topography and
hvdrography of Vojvodina, the excess of moisture and strong evaporation in
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the summer months cause salinization and aceumulation of alkali salts in
low position soils. Therefore, the meteorological conditions and the imperme-
able heavy textured subsoils appear to be the main factors causing salt-
affected soils formation. Because of the uneven surface and subsoil relief dif-
ferent salty ground water tables exist, and as a consequence there is variable
salinization often associated with alkalization in much of Vojvodina. How-
ever, the basic differences between certain salt-affected soils in Vojvodina are
due to the different manners of their salinization:

In Bagka salinization from ground water causing the appearance of the
solonchak soils (codic, chloride-sodic and sometimes sodic-chloride) is typical.
In former flooded districts in western and southern Bagka solonetz and soloth
soils are found. NEUGEBAUER attributes the origin of these soils to alluvial
salinization in the region of the rivers basins (Plazovic, Mostonga and Danube),
as well as to good natural drainage of the lighter-textured soils and a some-
what larger amount of rainfall in this part of Vojvodina.

About two-thirds of the total area of the salt-affected soils of Vojvodina
is in Banat. Solonetz is predominant here and as a rule it is noncalcareous,
due to the alluvial manner of the salinization., Historically, before the technical
reclamation, Banat was constantly flooded by the water of the Carpathian
basin. These waters, although they did not contain large quantities of salts,
caused, through evaporation, gradual salinization, accompanied by alkaliza-
tion of the exchange complex. Frequent floods caused leaching, which aided
the saturation of the exchange complex with sodium. After reclamation was
carried out, weakly salinized and strongly alkalized soils were subjected to
the natural process of desalinization and mostly shallow columnar and some-
times crusty solonetz soils were produced.

In southern Banat, the alkali soils originated as the result of alluvial-
colluvial (lacustrine) salinization. This salinization was caused by drainage of
the surface waters into large depressions, where salts accumulated around
the borders after evaporation.

In Srem, soloth soils are present as the predominant type of salt affected
soils. They originated by the natural process of desalinization.

Studies of salt-affected soils in what is now Vojvodina, had been done
even before World War I. The investigations of TrRerTz and *SIGMOND are well
known. Other studies were conducted before World War II but post-war
investigations of NEUGEBAUER, MILJKovIC and others are of special importance.
Foreign experts (VErRHOEVEN, Evsvoocern, HELLINGA and PAGE) have also
contributed to the knowledge of the salt-affected soils in Vojvodina, especially
with regard to their management and reclamation. Further study of the saline-
sodic soils of Yugoslavia was of immediate practical and economic importance
from the standpoint of improving and utilization of these lands in the new
irrigation projects, for dry-land farming and for the protection of presentlv
productive fields against the hazards of salinity and alkalinity.

Main characteristics ¢f salt-affected soils

Briefly, the recent investigations of this group of soils showed the fol-
lowing:

1. All general types of salt-affected soils and their transitional forms
aceur in this province, where sodic soil (solonetz) predominates.
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2. The hazard of salinity still exists, affecting approximately 1.000—2.000
ha per annum.

3. The mechanical analyses and values of the saturation percentages
(40, 80, 120%,) indicate that the fine textured soils, especially in the B-horizons,
are more adversely affected by salinity. According to the texture, they belong
to the clay loam and silty clay classes, with respectively 25 and 459, of
<0.002 mm. clay.

4. Most of these soils have poor physical characteristics: extremely
low hydraulic conductivities (less than 0.15 mm/min); and high soil moisture
retentions by 1/3 and 15 atm. (20 —409%, and 10 —239%, by weight). These facts
could be explained partly by the high degree of dispersion and the hydro-
phylity of illitic and montmorillonitic colloids in the B-horizons. The content
and kind of salts present and the high percentage of exchangeable sodium are
other contributing factors.

5. Tt should be noted that estimations of the degree of salinity from the
electrical conductivity (I2. C.) of the saturation extracts were more useful
than those from saturation paste, because concentration of the saturation
extract approaches the concentration of the natural soil solution in the active
root zone. Besides, it is of interest, that this method avoids the errors due
to electrical conductance of the soil particles and of exchangeable sodium in
the saturation paste. The values of K. C. vary from 2—16 mmhos./cm.

6. The saturation extract determination further shows that of the
anions, carbonates, bicarbonates and chlorides are dominant (attaining in
come cases 150 me./l. of carbonates and 40—060 me./l. of chlorides), and of the
cations, sodium was predominant, amounting to 200 me./l. in some cases.

7. Determination of the exchangeable ions reveals high exchangeable
sodium percentages in most profiles, above 75%. The exchange complex of
some solonetz profiles is almost completely saturated with sodium.

8. The determination of elay minerals in salt-affected soils by X-ray
diffraction and DTA indicates no significant change in their composition
and amount: illite was dominant in all horizons; montmorillonite appeared in
B-horizons and chlorite with vermiculite were present to a lesser degree.
These findings are in agreement with the values of the CEC of the fractio-
nated clay.

9. The trace element boron has beendetermined in slatina soils inamounts
toxic to many plant species, in some cases being 10 times above the safe limit
of 1.5 p. p. m. of boron in the saturation extract. Therefore, it will be necessary
to consider this element as a new and important diagnostic factor of these
problem soils.

Summarizing the main characteristics of these soils, a classification is
presented based on the genesis, morphology, salinity and alkalinity as well as
on the productivity of salt-affected soils.

In a region such as Vojvodina, drainage, irrigation and salinity are all
very closely interconnected and must be considered together if the soils are
to be managed properly. For this reason a few words will be concerned with
both the reclamation and the prevention of formation of saline and alkali soils.
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Fig. 1.
Map of Salt-Affected (“Slatina’) Soils of Vojvodina

1. Solonchak. 2. Solonetz. 3. Soloth. 4. Solonetz-Soloth. 5.Solonchak and Salinized Cherno-
zemlike Meadow Soil. 6, Chernozem Salinized and with Signs of Salinization. 7. Cherno-
zemlike Meadow Soil with Signs of Salinization. 8, Chernozem like Meadow Soil and
Chernozem Partially Degraded or Solonetz. 9. Soloth Soils with a Few Spots of Solonetz
Solodized Hydromorphie and Smonitza Soils. 10. Smonitza Salinized and with Signs
of Salinization. 11. Hydromorphic and Smonitza Soils Solonetz Soils with a Few Spots
of Solonchak. 12. Brown Forest Soils with Spots of Soloth, Solodized Brown Forest
Soils, Partially Considerable Surfaces with Soloth and a Few Spots of Solonetz Soils.
13. Brown Forest Soils (Soloth) with a Few Solonetz and Hydromorphic Soils. 14. Limeless
and Degraded Chernozem with a Few Spots of Hydromorphie, Soloth and Solonetz Soils.
15. Hydromorphic Soil (Sandy) with Signs of Salinization. 16. Alluvium Salinized. 17. Soil
Sampling Sites. 18. Surface Water Sampling Sites from Rivers and Rivulets. 19. Ground
Water Sampling Sites from Profiles and Wells. 20. Sampling Sites of Plant Materials
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Table 1.

Proposed classification for salt-affected (*“Slatina™) soils in Vojvodina

A) Saline and alkali soils

1. Solonchal soils
1. Typical

«) According to menner of formation:
Ground water salinization
Surface water (alluvial) salinization
b) According to the degree of salinity:
Slight, with E. C.* of sat. extr. ........ .. ... .....

2 — 4 mmhos/em.

Moderate, with E. C. of sat. extr. ................ 4— 8 mmbhos/em.

Strong, with E. C. of sat. extr. .......... ... .. ... 8 —15 mmbhos/emn.

Very strong, with E. C, of sat. extr. .............. >15 mmhos/cm.
¢) According to the degree of alkalinity™*

BHEhtly alkall v wo o s s somssssmmmmsnnmsmismse s v s & <209%, exch Na™

Moderately alkali ..........cooiveiii ., 20—509% exch Na®

Strongly alkali

2. With signs of desalinization
a) In slight degree

5) In stronger degree (transitional form to solonchakic solonetz)

3. Secondary (regraded)
a) By natural change of conditions
b) By the influence of man (irrigation)

II. Solonetz soils

1. Solonchakic solonetz

@) Talyr#**
b) Noneroded

c¢) Eroded
2, Solonetz, very strongly alkali, with ........... ... ... ... ... > T759% exch.
3. Solonetz, strongly alkali, with ................... ... .. .... 50—T09% exch.
4: Solonetyy alkall Wwithuessrsersmmaer i o o o5 15 98 semdaammg 30—-509, exch,
5. Solonetz, moderately alkali, with ....... .. ... ... ... . ..... 20—309, exch.
6. Solonetz, slightly alkali with ........ ... ... ... . ... ..... 10—209%, exch.
7. Solodized solonetz t0 ... ..o i s < 109% exch.

IT1. Soloth soils (limeless, acid-degraded +slatina’” soils)

B) Slightly salinized-alkalized (‘‘Slatinasta®) soils***¥

I. Solonchakic (salinized) soils
1I. Solonchakic-solonetzic (salinized-alkalized) soils
IIT. Solonetzic (alkalized) soils
1V. Solodic (solodized desalinized and dealkalized leached) soils

* T, . 25 °C — electrical conductivity of sat, extr. expressed in reciprocal

mmhos/em.

=509, exch Na®

Na+t
Nat
Na*+
Nat
Nat
Na+

value

** The solonchak soils under natural conditions of this province are more or less alkalized,

therefore eorrespond to the American term saline-alkali.

##% Takyr is a naked hard smooth irregular system of polygons with surfacial cracks.
mmhos/em,

*¥*%% The limit between A and B subgroup is for salinity E. ., less than 2

and for alkalinity, less than 109% exch, Na.
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Reclamation of existing saline and alkali soils

The possibility of reclaiming the _slatina” soils for additional agri-
cultural production is obviously justification for considerable work on these
soils. No short cut solutions to problems of alkali reclamation in Vojvodina
are available and reclamation plans should only be based on a study of all
the factors involved, including economic considerations.

Most of the problem soils are sodic soils which occur in depressions or
basins where drainage is poor. In the past some attemps at drainage have heen
made but usually in the form of a shallow canal effective only to remove
surface water, which collected during the winter and early spring.

Observation of the wells or test borings in the vicinity revealed water
tables standing at 1—1.5 m. at many locations even as late as the middle
of August. Tt seems obvious that no treatment could be justified without
providing drainage. With regard to topography, on a local scale, this would
require a pump installation to keep the ground water below two meters.
It should not be cxpected that immediate reclamation of these lands is in
prospect. Therefore a proposal is made.

An experiment could be set up which would involve a small test area
surrounded by a canal in which water was kept at or below 2 meters by pump-
ing, with a series of piezometers or test wells across the experimental area
and outside the area together with various rates of amendments such as gypsum
and manure. Gypsum requirement determinations indicate that rather large
amounts of gypsum (10 —-25—55 tons/ha.) should be applied for effective
reclamation.

Prevention of formation of salt-affected soils

At present major interest and efforts are being directed toward irri-
gation. It appears to be an attractive possibility for additional agricultural
production especially in South Badka, on the best soils, which are topographi-
cally only slightly higher than the affected areas. With the increase of irrigation
a danger seems to exist from a higher water table (2—2.5 m.) of frequentlu
poor quality (1000—4000 p.p.m. dissolved solids and Ca?* +4 Mg®*/Na+
from 1.0—0.1) which might rise higher as a result of over-irrigation and canal-
logses. For this reason it is almost an axiom that the first requirement of irri-
gation agriculture is adequate drainage to insure safety from salinity hazarb,
because “‘the soil is too valuable to allow any risks” (after EYSVOOGEL—
Herrivea). This does not mean an argument against irrigation, but it is
felt that the problem of drainage and the possibility of secondary salinization
(which has occurred elsewhere in the world) is not receiving adequate atten-
tion, as a result of a division of responsibility and lack of intercommunication
of technical and agricultural services.

In conclusion it should be recognized that there is and will continue to
be a problem of sodic soils in Vojvodina. Therefore a strong effort should grow
for coordination of all people who are involved with water, soils and plants,
because the alkali problems are joint responsibilities.
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0630p mo 3acoseHHbIM moysam (ciaaTvHa) B IQrocnasuu H
Mo HX KilaccupHKamuu

H. MHIbKOBHY

CenbcKoxesaiicTBeHHbH GarkyapTer Hosocamckoro Yuueepcurera, Hosuwit Cap, Orocnasus

Peswme

HanHbic MOYBEHHBIX HCCHEIOBANMIT W KapTHPOBAuNst TIOYB MOKA3AAM, UTO TOJILKO B
paiione BoeroanHa HacuuTtLiBaeTcst 235 000 Ta. 3aCOJICHHBIX [104B, uTo coctasiser 109, pcex
yroquil. Paifion BoepojauHa paciojioxde B cesepo-3anajsoi uactd [Orocnmasdu, K 100y 0T
Benrpui, i npeactaBisier codoll J0BOIBHO TUIOAOPOLHLI pafioH, ocoleHHO TaM, rie BeTpe-
YAKTCST UEPIIN3eMHLIE TI0UBbL 11 UX PA3HOBILIHOCTH.

FTHMAT OIMCHIBAEMOr0 paioHA KOHTHHEHTATBHBIL, YMEPeHHO CYXOH, CpelHero1onoe
KOJIHUECTBO 0CAKOB paBHo 650 mM, cpeanerojonas Temneparypa 11° C, nenapenue B cpe/tenm
3a r01 octHraer 1000 .

B npomsiom Goibiiasg yacTe paffona Oniia 3a00i104cHA M IEPHOIHYECKI 3ATOMIISLIACE
BO10H.

KaMMaTiiueckiie M CHAPOI0THUCCKHE VCI0BHS — H30LITOUYHAST BIAYKHOCTE H CHIILHAS
1CMAPSACMOCTE B JICTHIIE MeCsilbl — CMOCOOCTBYIOT 00PASOBAHMIO 3ACOMCHHBIX [10UB H HAKOILIE-
HUI0 B HHX, 0CO0EHHO B MOHITKEHHBIX 91eMeHTax pelibeda, ienouinx coeil. Buidsanuoe 1ac-
TLIMH 3ATOILICHHSIMK, BBIIEJIAUHBAHIIE CHOCODCTROBAM0 HACLIIEHHIO TMOTIOMARIICI0 KOMI-
JeKea M0uBbl HOHAMH HATPHSA.

Ha ocHope HOBCHIWIMX IICCJIE,‘[OBaHHﬁ, 3ACONMCHUBIC TIOUBBL XapaKTCPH3YIOTCST CIIe1Y-
IOIIHMH TIPH3LAKAMIT:

1. CyulecTByeT OMACHOCTL 3ACOJIELMST [1QUB H CHErOAHO eil TOoaBep KeHbl NPUOIH3IH
TeibHO 1—2 000 ra. TeppHTOPHH.

2. Cpead MouB PAsJHYHOTO THIIA 34ACOMEHIST COT0BLIE (COIOHLBI) MOYBLL BCTPEYAIOTCS
4aie Beero.

16
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3. Bojbumias 4acTh 9THX M0YB 00JIA7deT He(IarOMPHsTHEIMK (HIHYCCKUMH CBOHcTBAMM,
0uCHb HUIKOH BOJLOIPOHUIEAECMOCTEIO (MeHLUIE (,15 MM./MHH.), BBICOKOH BIAr0eMKOCTBIO, YTO
OO BACHABTCS TSHKEIIBIM MEXAHITUECKUM COCTABOM 1104l (TAKENBIE CYTVIMHKH H HIOBATHIE [IHHbI)
H, 0co0eHHO B ropusonTe-B, rHApoYUABHOCTBIO KOII0OHAOR WILIHTA M MOHTMODHILIOHUTA,

4. OnpeaesncHue cymMer coJeii o MEKTPONPOBOAHOCTH N0KA3AJ0 PA3JIHUHBIE PE3YIib-
Tarbl B COJACP)KAHHMH COJeEi.

5. AHanH3L BOJHLIX BBITSEK [IOKA3aJIH, 4T0 CPeM aliM0HOB MpeodJajalnT KapboHaTH,
UHMKAPOOHATLI M XJIOPUIL (B HEKOTOPBIX CIyHasIxX coaepyKaHie MX J0CTHTAET BeTHYMHEL 40— 60
H 150 mr.aKs./m.).

6. B HEeKOTOPLIX COMOHUAX TIOTNOIMAIOLIHE KOMIIEKE HOYTH TOTHOCTIO (Dobuie yem
Ha 759%) HaCLILEeH HOHAMH HATpHS,

7. VI3 rIMHHCTBIX MHHEPATOB TIOYTH B KAYKI0M TOPH30HTE Npeodiajaer WIUT; MOHT-
MOPUJLIIOHHT BCTPEYALTCSt B [OPH3OHTE-B, XJIOPUT 1 BepMHKYJIHT BCTPEUANTCSA B HEIHAMHTE I b-
HBIE KOJIHYECTBAX.

8. B 3aconeHHLIX NoyYBaXx (CNATHHA) HMEeTes GOJIbLIOE KOTHIECTRBO 0opa, BpeiHO BIHsIIO-
wero na pacrenusl. IToatomy HeoOXomumo o0pamars BHHMAHME HA 9TOT BAYKHBIN paxrop B
npofiemMax H3yueHHsI 9THX IIQUB.

[MonBosst MTork 0COBEHHOCTSIM 3aCONCHHBIX MOYB IOrocnaBun, aBTOp NPUBOAMT KiaccH-
(huKalio NOYR, NPOBESEHHYH HA FCHETHYECKUX I MOP(OJOrHYCCKHX 0CHOBAX, HA OCHOBAHHU
CTCIIEHH 3aCONEHHOCTH M IEJIOMHOCTH, a TAKMKe X TIJI00 DO,

B xonile paGoTel aBTOp NPUBOINT HEKOTOPEE KOHLEMIMH [0 MEJNIHOPALHH 32CONeHHBIX
nouB (CTATHHA), A TAKOKEe OCTAHABNMBAETCS HA IIPOLIECCAX BTOPHYHOTO 3aCOJIEHHST, TTPOUCXO-
JSIIHX OT TIEPEOSHBOB M (JMILTPALMH BOALI B KaHANAX.



