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COMPARISON OF VARIABILITY OF SOIL ACIDITY OF AGRICULTURAL FARMS
IN SLOVAKIA

Soil investigation oriented to soil reaction study took place in two agricultural farms in 2004 and it was repeat-
ed after four years again. The pH value change at total absence of liming was balanced. It was confirmed that liming
absence resulted in soil reaction rapid decrease in natural way - by calcium and magnesium resorption with crops,
their leaching into deeper soil horizons, their outflow with erosion but also physiologically acid fertilization. In the
agricultural enterprise Nemsova neutral and alkaline soil acreage (pH value above 6.6) decreased from 1008 ha to
190 ha in period 2004-2008 (decrease 82 per cent) and contrary soil acreage with pH value below 5.5 increased from
274 ha to 569 ha in the same period. There is even more unbeneficial situation in the agricultural farm Osikov. Acre-
age with pH value above 6.6 was reduced in period 2004-2008 from 1548 ha to 178 ha (decrease 90 per cent), while
acid and strong acid soils (pH lower than 5.5) increased from 138 ha to 838 ha in the same period.
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Topma C., Jlucuask A. CPABHEHUE U3MEHUYUBOCTU KHUCJOTHOCTHU NMOYB CEJBCKHUX
XO034MCTB CJIOBAKUH

[Ipn nouBeHHBIX HccsenoBanusix B 2004 roay, W CIycTs YeThIpe roja, ObUIO IIPOBEJECHO M3YUCHUE PEaKLUH
MIOYBEHHOM Cpelibl Ha MOYBAX JIBYX CEJILCKOXO3SHCTBEHHBIX (GepM. BbIIo IMOATBEPKAEHO, YTO OTCYTCTBHE U3BECTKO-
BaHMS TIOYBBI IIPUBOJMUT K OBICTPOMY CHIIKEHHIO PEaKIH CpPe/bl 32 CUET YMEHBIICHUs KaJbLUs U MarHus IMyTéM
Pe30pOIMH MX CeIbCKOXO3IHCTBEHHBIMHU KYJIBTYPaMH, BBIIIETaYMBaHHs WX B Oojee TiyOOKHe TOpHU3OHTHI IOYBHI,
OTTOKAa MX C 9PO3MEH, a Takke 3a CYET BHECEHUS (DU3MOJIOTHUECKH KHCIBIX y100peHnil. B cenbckoxo3siicTBeHHOM
npennpusitua Hemcosa, 3a nmepron 2004-2008 rr., mioniaan HEUTPaIbHBIX U MIET0YHBIX mo4B (pH BbIwe 6,6) cHu-
sunck ¢ 1008 ra mo 190 ra (camxkenue Ha 82 %), a miommaau nmo4s ¢ pH Hiwke 5,5 yBennuunucs ¢ 274 ra 1o 569 ra
3a TOT e neproa. Emé Oonee xynmas cutyanus Ha cebckoxo3siictBeHHo# ¢epme OcukoB. [Tnomanu ¢ pH Boime
6,6 coxparmnace 3a nepuon 2004-2008 rr. ¢ 1548 ra no 178 ra (ymenomenue Ha 90 %), B TO BpeMs Kak ILIOILAIN
cuipHOKHCIBIX T0YB (pH Menee 5,5) ysemuumnuck ¢ 138 ra go 838 ra 3a ToT e mepuon.

Kniouegvie cnoga: KNCI0THOCTh, U3BECTKOBAHNE, KHCIIBIE TIOYBBI
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Topma C., Jlicusik A. IOPIBHSIHHSA 3MIHU KUCJOTHOCTI IPYHTY CLJIbCBKUX
IrOCIiOJAPCTB CJIOBAYYUHHA

IIpu rpysTOBUX nocmimkeHHsx y 2004 porii, i 4epe3 9oTHpH pOKH, OYII0 IPOBEACHO BHBUCHHS PEaKIlii IPyHTO-
BOTO CEpEOBHINA HA IPYHTAX JBOX CLILCHKOTOCIIONApChKUX (hepM. Byno miaTBepaKeHo, 10 BiACYTHICTh BalHyBaH-
HS TPYHTY HPHU3BOIUTH /IO MIBHIKOTO 3HIDKCHHS PEaKiii cepeloBHINA 3a PaxXyHOK 3MEHIICHHS KaJbII0 i MarHito
HIISIXOM pe30pOLil X CUTBCHKOTOCIOAAPCEKUMHE KYJIbTypaMH, BHIY)KEHHs 1X y OUIbLI MIMOOKI TOPU30HTH IPYHTY,
BIITOKY IX 3 €pO3i€l0, a TaKOXK 332 PaXyHOK BHECEHHS ()i310JIOTiYHO KHCIHUX HOOpHB. Y CIIBCHKOTOCIIOAAPCHKOMY
nixnpuemctsi Hemcoga, 3a nepion 2004-2008 pp., mioii HeHTpaabHUX 1 y>)KHUX I'pyHTIB (pH BHIIE 6,6) 3HU3MIHCS
3 1008 ra mo 190 ra (3HmwkeHHs Ha 82 %), a miomi IpyHTIB i3 pH Hibkye 5,5 30inpmmrcs 3 274 ra 1o 569 ra 3a Toit
xe mepion. e Oinbmr ripira cutyaris Ha cigbebkorocnonapebkii pepmi OcuxoB. [Tnomi 3 pH Bume 6,6 ckopoTu-
mmcs 3a nepion 2004-2008 pp. 3 1548 ra mo 178 ra (3mMenmenHs Ha 90 %), y TOH Jac sIK IUIONI CHIIBHOKUCIHX IPyH-

TiB (pH Men 5,5) 36inbmmucs 3 138 ra no 838 ra 3a Toii e nepion.

Knrwowuoei cnosa: pH, BantHyBaHHS, KUCII IPYHTH

Introduction

Soil reaction, as one of basic agrochemical
soil properties, reflects the properties of most
active gentledispersed soil fractions, particu-
larly their ratio of basic cations saturation to
hydrogen. Formation of qualitative and quanti-
tative ratios of soil saturation is result of inter-
active action of all factors in soil development
process.

Acid soil reaction has many negative phe-
nomena with impact both on soil itself and
crop grown. Some of them are mentioned bel-
low:

- very acid soil reaction brings about
phosphorus chemical fixation and phosphorus
is not available for plants

- potassium is less fixed with soil at low
soil pH value and it is easier washed out of soil
horizons. These two phenomena are resulting
into lower nutrient uptake by plants.

- the microelement uptake with plants is
various in dependence on soil pH value, e.g.
iron, manganese and copper mobility increases
in acid environment, but molybdenum, that
positively influences on rhizobial bacteria de-
velopment, is almost infunctional in environ-
ment with pH under 5.0.

- lower soil pH value supports heavy met-
als mobility that easier enter crops as well as
food chain (Bruess et al., 1995)

- humus quality decreased at acid soil re-
action due to low ratio of humic acids to fulvic
acids

- acid soils have not stable structure and
easily undergo erosion

- biological activity of acid soils is low,
because all useful microflora and microfauna
perishes. Therefore nitrification ability is low,

cellulose decomposition is of small intensity
and extent of breathing in soil is decreased.

Material and methods

As marked example of soil acidification at
zero liming, two agricultural farms were cho-
sen. They are Agricultural farm Osikov (coun-
ty Bardejov, north-eastern Slovakia) and Agri-
cultural farm Nemsova (county Trencin, west-
ern Slovakia).

Soil forming substratum in Osikov territo-
ry is Carpathian Flysch in typical development
that is composed of sandstones alternated with
slate and sandy mudstones. Quartenary is rep-
resented with deluviums and solifluction
looms with majority of deluviums. All the
groups of deluvial sediments have, as a rule,
acid character and are mixed with the skeleton
of flysch rocks. Holocene is located in drain-
age area of the Sekcov brook and in drainage
area of other brooks. It is built of non calcare-
ous to weak calcareous alluvial sediments of
variable depth and texture. Main soil types are
Dystric Planosols, Cambisols and Rankers.

In the Nemsova territory soil forming sub-
strata in alluviums of the rivers Vah and Vlara
are Holocene sediments most carbonate. There
are loam of loess, Mesozoic slates and dolo-
mitic limestone in hilly land part of the territo-
ry. Main soil representatives are here dystric
Planosols, Luvisols and Cambisols.

This paper was elaborated based on the
newest analytic data of soil solution pH (sam-
pled in 2008), the values were compared with
former pH value (2004). Noticeable is that in
period of four years there was no application
liming materials. So soil reaction change runs
in normal way, under influence of paternal
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rocks, acid precipitation and calcium ions re-
sorption with biomass.

Results and discussion

Factors affecting soil reaction

Soil reaction is under influence of inner
and outer factors. Inner (endogenous) factors
are including particularly rock chemism and
texture (parental material).

Outer factors include:

atmospherical factors — precipitation that
penetrate into soil and leach substances effect-
ing soil puffering capacity, as well as soil reac-
tion stability

biological factors — plant remainders and
root secrets that are source of hydrogen ions.
Here can be also included calcium and magnesi-
um uptake by plants. Every crop needs these nu-
trient for its growth in smaller or larger extent as
important constituent of its nutrition. Plants re-
sorb mentioned nutrients in period of their active

growth, whereby individual species have differ-
ent demands (see Table 1, Czuba et al., 1994).

anthropic factors — soil acidification pro-
cesses are considerably supported by acid at-
mospheric deposits with main compound sul-
phuric oxide. This is main contribution to calci-
um leaching after its natural dynamics in soil.

Fertilization belongs to other unneglegible
factor of soil reaction decrease. Although re-
cently was fertilizer use substantially reduced,
particularly phosphorus and potassium ones, it
IS necessary to realize that most nitrogen ferti-
lizers are physiologically acid (Table 2 - ac-
cording to Sluismans), therefore their acidifi-
cation impact should be neutralised. Farmyard
manure reduced application contributes to soil
acidification, too. As it is well known organic
biomass has buffering effect on the processes
of acidification by its increase soil buffering
capacity.

Table 1

Calcium and magnesium output by some plants

Crop Ca and Mg output with 1 ton of main product with by-product (kg)
CaO MgO Mg
Winter wheat 4-6 2.8-4.3 4-6 2.4-3.6
Spring barley 8-10 57-7.1 4-6 24-3.6
Oats 9-11 6.4-79 6-8 3.6-4.8
Triticale 6-9 43-6.4 5-7 3.0-42
Winter rape 50 - 70 35.7 -50.0 8-11 48-6.6
Legumes 25-40 18 - 28.5 5-10 3.0-6.0
Sugar beet 3-5 2.1-3.6 2-35 12-21
Potatoes 11-15 08-1.1 04-1 0.25-0.6
Silage maize 4-6 2.8-4.3 0.3-0.6 0.2-0.6
Corn maize 7-9 5.0-6.4 8-10 4.8-6.0
Alfalfa 4-6 2.8-4.3 05-1 0.3-0.6
Red clover 4-6 2.8-4.3 05-1 0.3-0.6
Table 2

Calcium equivalent at some fertilizer application

Fertlizers CaO loss or gain
per 100 kg of fertilizer per 100 kg N

Ammonium sulphate -63 - 299
Ammonium nitrate with limestone - 16 - 58
Urea - 46 - 100
Kalkamid + 35 +81
Waterless ammonium - 82 - 100
Superphosphate (18 %) 0 0
Potassium salts and kieserit 0 0
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So soil reaction is linked with Ca®* and
Mg®* compounds presence in soil forming
substrata (particularly carbonates). In condi-
tions of their surplus soils have alkaline reac-
tion and contrary soil acidity is linked with
mentioned compounds absence.

Primary acid soil originated of acid rocks
that are minerally poor (no or less basic com-
pounds), are not able to neutralise quickly
enough hydrogen ions of organic, mineral,
biotic or abiotic origin.

Acidification could be happen also in sec-
ondary way, including substrata containing
basic compounds, particularly when located in
climatic regions with higher precipitation and
soluble acid compounds (CO,, fertilizers, acid
pollutants etc.) Under these influences calcium
and magnesium compounds are released and
are leached into lower soil horizons.

Soil reaction status in observed farms

At generally well known soil categorisa-
tion by soil reaction in period 2003-2004 was
in Osikov registered only 6.8 per cent soil with
pH value under 5.5, almost one half of arable
land was neutral and more than one fourth was
alkaline (pH 6.6 - 7.2). After the ,,planned
economy* retreat and market mechanism as-
sembling, when crop production inputs (pri-
marily liming materials) were markedly lim-
ited, pH value shift toward acid reaction takes
place. Liming materials application was totally
absented in Osikov. This was reflected in new
distribution of arable land according to pH
values (Table 3, Figure 1).

There was almost 55 per cent of arable
land in the category extreme acid, strong acid
and acid with pH value lower than 5.5 in 2008.

Table 3
The soil pH value in farm Osikov
Agrochemical Share of Soil pH value pH/KCI in arable land
Soil Testing soils
year <45 46-50] 51-55]56-65]66-7.2 >7,2
2004 ha 27 34 77 408 963 585
per cent 14 1.7 3.7 19.5 46.0 27.9
2008 ha 60 150 628 532 178 0
per cent 3.9 9.7 40.8 34.0 11.6 0

% of arable land
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Fig. 1 — The change of soil pH value during three years in farm Osikov
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Minimum pH value within the whole farm
is 3.6. From Figure 1 is visible that soils with
pH above 5.6 (in 2004 belonged here almost
all arable land) cover only 45.6 per cent.

The farm Nemsova showed similar trend
in soil reaction evolution in recent 5 years -

non beneficial. Liming materials limited appli-
cation in recent three-four years resulted in
substantial decrease of soil area with alkaline and
neutral reaction and vice versa increase of acid
soil area, strong acid and extreme acid soils.

Table 4
The soil pH value in farm Nemsova
Agrochemical Soil | Share of soils Soil pH value pH/KCI in arable land
Testing
year <45 46-50]51-55]56-65]6.6-7.2 >7.2
2004 ha 43 76 155 365 557 451
% 2.6 4.6 9.4 22.1 33.8 37.5
2008 ha 217 165 187 208 80 110
% 22.4 17.1 19.3 21.5 8.3 114
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Fig. 2 — The change of soil pH value during three years in farm Nemsova

From table 4 and Figure 2 is visible that soil
share with pH under 4.5 (extreme acid) increased
from 2.6 per cent even to 22.4 per cent.

Share of soils with strong acid and acid
reaction was increased within recent Agro-
chemical Soil Testing similarly in Nemsova
and in 2008 was almost 60 per cent soil with
pH value lower than 5.5. Share of neutral soils
decreased from 33.8 per cent to present 8.3 per
cent of total area. From this trend is possible to
form a picture, what could happen when lim-
ing material application remains neglected.

Conclusion

There is a shocking situation from the point
of view of soil reaction on both mentioned farms.
Avreas of soil categories with alkaline and neutral
soil reaction were reduced markedly and propor-
tion of acid, strong acid and extreme acid soil
reaction (soils with pH value lower than 5.5)
increased. This process runs in natural way -
leaching and washing out calcium cations, acid
character of plant remainders, and calcium natu-
ral resorption by crops.
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The share of alkaline and neutral soils (pH
above 6.6) was reduced in the agricultural farm
Nemsova from 1008 ha in 2004 to 190 ha in
2008 and contrary the acidity category with pH
value lower than 5.5 increased from 274 ha in
2004 to 596 ha in 2008.

Similar situation is also in agricultural enter-
prise Osikov. Soil acreage with pH value above
6.6 decreased in period three years from 1548 ha
to 178 ha, vice versa acid and strong acid soils
acreage (pH value lower than 5.5) increased from
138 ha in 2004 to 838 ha in 2008.
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Xapxkiscokuti Hayionanvrutl ynigepcumem imeni B .H. Kapa3zina

OIITHKA MOJIEJEMEHTHOI'O 3ABPYJIHEHHS I'PYHTIB TEPUTOPIN
PI3HOI'O PIBHA AHTPOIIOTEHHOT'O HABAHTAKEHHSA

HanaHa omiHka molrieIeMeHTHOT'0 3a0pyIHEHHS IPYHTIB Ha MPHUKIAAi TEPUTOPIH 3 pi3HUM piBHEM aHTPOII O-
TeHHOTO HaBaHTaKEHHS M. XapKoBa Ta 00JacTi 32 CyMapHUM ITOKa3HUKOM 3a0pyIHEHHS Zj, TOKa3HUKOM CTY-
HeHs MoJlieIieMeHTHOro 3a0pyaHeHHs C3, 32 HMHKOBUM €KBiBaJICHTOM ZNe,., @ TAKOXK 33 MOKAa3HHUKOM IHTCHCHB-

HOCTI 3a0pY/IHEHHS IPHPOTHOTO KOMITOHEHTa Pj.

Knrwuoei cnosa: noniesemenTHe 3a0pyIHEHHS, CyMapHUil OKa3HUK 3a0pyAHEHHs, IUHKOBHI €KBIBaJICHT,
NOKa3HHMK IHTEHCHBHOCTI 3a0pyIHEHHS IPUPOJIHOTO KOMIOHEHTY

Tos0a06082a E. A. OLIEHKA IMOJMURJEMEHTHOI'O 3ATPA3HEHUS ITOYB TEPPUTOPU 3
PA3HBIM YPOBHEM AHTPOIIOTEHHOM HATPY3KH

IIpencraBneHa oIeHKa MOJTMJIEMEHTHOT'O 3arPsI3HEHMS TI0YB HA PUMEpe TEPPUTOPHUil C pa3HBIM yPOBHEM
aHTPONOTE€HHOM Harpy3ku . XapbKoBa M 00/1aCTH 32 CyMMapHBIM MOKa3aTeNEM 3arpsA3HEHNs Zgj, TOKa3aTeneM
CTETICHH IMOJIMAJIEMEHTHOTO 3arpsi3HeHns C3, 32 IHHKOBBIM SKBUBAJIEHTOM ZN,,, a TaK K€ 3a MoKa3aTeJIeM HH-

TEHCHUBHOCTHU 3arpA3HCHUA MPUPOJHOTO0O KOMIIOHCHTA.

Knroueesie cnosa: nonusieMeHTHOE 3arpsi3HEHHUEC, CyMMapHLIfI IMoKasaTeJib 3arpsAa3HeHud, III/IHKOBI)II71 OKBH-
BAJICHT, MOKAa3aTCJIb HHTCHCUBHOCTHU 3arpsA3HECHUA MPUPOAHOTO KOMIIOHCHTA

Gololobova E. ASSESSMENT OF SOIL CONTAMINATION POLYELEMENT AREAS OF

DIFFERENT LEVELS ANTHROPOGENIC LOAD

Provides an assessment of soil contamination on polyelement sample areas with different levels of anthropogenic
load of Kharkov and region for the summary measure of pollution Zcj, exponent polyelement Cs contamination for
zinc equivalent Znekv, as well as an indicator for the pollution intensity of the natural component.

Keywords: polyelement pollution, total pollution index, a zinc equivalent indicator of the intensity of pollution of

natural component

© T'omono6osa O.0., 2011

118



Jlroouna ma oosxinns. Ilpobaemu neoexonoeii. Ne 1-2, 2011

119



