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AGROECOLOGICAL RESEARCH OF PH VALUE IN ACIDIC SOILS
AT LIMING ABSENCE

Purpose. Agroecological research of soil pH value in acidic soils at liming absence on agricultural lands.
Methods. To determine of soil pH value in acid soils used electrometer (potentiometric) method. Results. Soil
investigation oriented to soil reaction study took place on Slovak farms Nems$ova and Osikov in 2010 and repeat-
ed after four years again. In the agricultural enterprise NemSova neutral and alkaline soil acreage (pH value
above 6.6) decreased from 1008 ha to 190 ha in period 2010-2014 (decrease 82 per cent) and contrary soil acre-
age with pH value below 5.5 increased from 274 ha to 569 ha in the same period. In the agricultural enterprise
Osikov acreage with pH value above 6.6 was reduced in period 2010-2014 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 peri-
od. Conclusions. It 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 with acid rains impact or physiologically acid fertilization.
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Xapxiecokuil HayionanvHuil yHieepcumem imeni B. H. Kapasina

Yrpainucovruii naykogo-0ocaionuii incmumym nico8020 20cnodapcmea ma azponicomeniopayii

imeni I'. M. Bucoyvkozo

Topma C.

BpamucaasCokuii Haykoo-00cionull incmumym IpyHmo3nagcmea ma 0XopoHu epyHmie

ATPOEKOJIOTTYHE JOCJIIKEHHSI PH CEPEJOBHMIIA B KHCJHUX TPYHTAX 3A
BIZICYTHOCTI BAIIHYBAHHSI

MeTta. Arpoekosioriyie JOCIiKeHHs Ha ClIbChKOTOCIOAapPChKUX 3eMIIsiX 3HaueHHs: pH cepenoBuiia B Ku-
CIIUX IPYHTaxX IpH BiJICYTHOCTI BanHyBaHHs. MeTtoau. /s Bu3Ha4deHHs pH cepenoBuila B KUCIMX TPYHTaX BH-
KOPHUCTOBYBABCS €JIEKTPOMETPHYHIH (TIOTEHI[IOMETpUYHNUIT) MeTOA Bu3HaueHHsS. Pe3ynabTaTu. BuBdueHns peax-
il cepeZoBHIa B I'PyHTax IPOBEJCHO Ha cioBaubkux ¢epmax Hemmioa i OcikoB B 2010 pori Ta moBTOpHO
MIPOBECHO Yepe3 YOTHPH POKH. B cimbchKorocmomapchkoMy miampreMcTBi HemmoBa mutonyi HeHTpampHHX i
myxHuX 1pyHTiB (pH BHIIE 6,6) B epiox 2010-2014 pp. ckopormucs 3 1008 ra go 190 ra (82% 3HmkeHH:) 1
HaBIAKW MOCiBHUX miom 3 pH rpyHTiB Hxue 5,5 30imsmmmcs 3 274 ra 1o 569 ra 3a nei xe nepiog. B cinscs-
KorocnoaapcbkoMy mignpremMctsi OcikoB mommi 3i 3HayeHHsM pH Bumie 6,6 ckoporuimcs B nepion 2010-2014
pp- 3 1548 ra mo 178 ra (3Hmwkennsa Ha 90%), B TOH 4yac sIK CHIIBHO KHCH 1 Kucmi rpyHTH (Hmk4e pH 5,5) 36imb-
mmves 3 138 ra mo 838 ra 3a meit sxe nepion. BucHoBku. [linTBepIKeHO, IO BiCYTHICTh BallHyBaHHS IIpU3Be-
JIO /10 HMIBUIKOTO 3HIDKEHHS Peakil I'pyHTOBOTO CepeJOBHIA IPUPOTHUM YHHOM — 33 PaXyHOK BUHOCY KaJIBILIIO 1
MAarHilo KyJlIbTypaMH, iX BHJIyTOBYBaHHSM B OUTBII TIIMOOKI TOPHU3OHTH IPYHTY, iX 3MHUB 3 €pO3i€i0, a TAKOX 3
KHCJIOTHUM BIUIMBOM JIOIIIB 200 (hi310JI0TIUHO KHCINX 100pUB.

Knrwouoei cnosa: rpyntoBoi peakuii, pH, arpoekonoriuyie 1ociipkeHHS, BiICyTHICTh BallHyBaHHS
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JIncusk A.

Xapvkoeckuil HayuoHanbHwill ynueepcumem umenu B. H. Kapaszuna

Xapvko6cKkuil HayuHO-UCCIe008AMENLCKUTL UHCIMUMYM IECHO20 XO3AUCMBA U A2PONECOMENTUOPAYUU

umenu I'. H. Bvicoyrozo

Topma C.

Hayuno-uccredosamenvckutl uncmumym noueoeedenus u oxpansl nous B bpamuciase

ATPOIKOJJIOI'MYECKOE NCCJIIEJOBAHHME PH CPEJbI B KUCJIBIX IIOYBAX ITPH
OTCYTCTBUU U3BECTKOBAHMUS

Henb. ArposKoIOTHYECKOE UCCIIEN0BAHUE HA CEIbCKOX03SMCTBEHHBIX 3eMJIIsIX 3HaueHus pH cpensl B kuc-
JIBIX MTOYBAX IPU OTCYTCTBUH U3BeCTKOBaHUSA. Metoabl. s onpenenenus pH cpeasl B KUCIBIX TOYBAX UCHOJb-
30BaJICA DIEKTPOMETPHICCKHUH (TIOTEHIIMOMETPIYECKII) METO T oTIpeiesieHus. Pe3ynpraTel. M3yduenue peakuun
cpeabl B MOYBax ObLIO MpoBeeHo Ha cioBaukux (epmax Hemmosa n Ocukos B 2010 rogy 1 mHOBTOpHO IpoBe-
JIEHO 4epe3 YeThlpe rona. B cenbckoxXo3sHCTBEHHOM NpeAanpusaTui Heminoa miomaay HeUTpaJlbHbIX U LIEN0Y-
ueix nouB (pH Beime 6,6) B nepuon 2010-2014 ronos cokparmuck ¢ 1008 ra mo 190 ra (cHmwxkenue 82 %) u
HA000POT MOCEeBHBIX Iuromaaeii ¢ pH mous Hmke 5,5 yBemuuminoch ¢ 274 ra mo 569 ra 3a 3ToT e nepuoa. B
CeNbCKOX035ICTBeHHOM IpeanpusTui OCHKOB IUIOUIAAU co 3HaueHHeM pH Bwime 6,6 COKpaTWIINCh B MEPUON
2010-2014 romoB ¢ 1548 ra mo 178 ra (cHmwkenue Ha 90 %), B TO BpeMs KaK CHIBHO KHCIIBIC W KUCIIBIE ITOYBBI
(pH mmxe 5,5) yBemmuammmich ¢ 138 ra mo 838 ra 3a »T0T e nepuon. BoeiBoasbl. [loaTBEepKICHO, YTO OTCYTCTBHE
W3BECTKOBAHUS MPHUBEJIO K OBICTPOMY CHIDKCHHUIO PEaKlUH MOYBEHHOW CPEbl €CTECTBEHHBIM 00pa3oM — 3a C4éT
BBIHOCA KaJIbIIMS M MAarHUSI KyJIbTYpaMH, UX BBIIIETAaUYMBaHIEM B OoJiee TIyOOKHE TOPU30HTHI MOYBBI, HX CMBIB C
9pO3HeEH, a TaK)Ke C KUCIOTHBIM BO3JEHCTBHEM JOXKICH HIH (PM3HOJIOTMYECKH KUCIBIX YAOOPESHUI.

Knrouegwie cnosa: nnouBeHHas peakiys, pH, arposkosormueckoe Hccieq0BaHNe, OTCYTCTBUE N3BECTKOBA-
HUS

Introduction

Soil reaction, as one of basic agrochem- - the microelement uptake with plants is
ical soil properties, reflects the properties of various in dependence on soil pH value, e.g.
most active gentledispersed soil fractions, iron, manganese and copper mobility in-
particularly their ratio of basic cations satura- creases in acid environment, but molyb-
tion to hydrogen. Formation of qualitative and denum, that positively influences on rhizobi-
guantitative ratios of soil saturation is result of al bacteria development, is almost infunc-
interactive action of all factors in soil devel- tional in environment with pH under 5.0;
opment process. - lower soil pH value supports heavy met-
Acid soil reaction has many negative phe- als mobility that easier enter crops as well as
nomena with impact both on soil itself and crop food chain [1, 3];
grown. Some of them are mentioned bellow: - humus quality decreased at acid soil re-
- very acid soil reaction brings about action due to low ratio of humic acids to ful-
phosphorus chemical fixation and phospho- vic acids [4, 6];
rus is not available for plants; - acid soils have not stable structure and
- potassium is less fixed with soil at low easily undergo erosion [5, 6];
soil pH value and it is easier washed out of - biological activity of acid soils is low,
soil horizons. These two phenomena are re- because all useful microflora and microfauna
sulting into mentioned nutrients lower uptake perishes. Therefore nitrification ability is
by plants that is not beneficial, particularly at low, cellulose decomposition is of small in-
parallel limited fertilization with these nutri- tensity and extent of breathing in soil is de-
ents; creased.
Material and methods
As marked example of soil acidification nated with slate and sandy mudstones. Quarte-
at zero liming, two agricultural enterprises nary is represented with deluviums and soli-
were chosen. They are Agricultural Co- fluction looms with majority of deluviums. All
operative (PD) Osikov (north-east of Slovakia) the groups of deluvial sediments have, as a
and Agricultural Co-operative (PD) NemSova rule, acid character and are mixed with the
(west of Slovakia). skeleton of flysch rocks. Holocene is located
Soil forming substratum in PD Osikov in drainage area of the Sek¢ov brook and in
territory is Carpathian Flysch in typical devel- drainage area of other brooks. It is built of non
opment that is composed of sandstones alter- calcareous to weak calcareous alluvial sedi-
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ments of variable depth and texture. Main soil
types are Dystric Planosols, Cambisols and
Rankers.

In the PD NemsSova territory soil form-
ing substrata in alluviums of the rivers Véh
and Vlara are Holocene sediments most car-
bonate. There are loam of loess, Mesozoic
slates and dolomitic limestone in hilly land
part of the territory. Main soil representatives
are here dystric Planosols, Luvisols and Cam-
bisols.

This paper was elaborated based on the
newest analytic data of soil solution pH (sam-
pled in 2014), the values were compared with
former pH value (2010). Noticeable is that in
period of four years there was no application
liming materials. Soil reaction change runs in
normal way, under influence of paternal rocks,
acid precipitation and calcium ions resorption
with biomass.

Results and discussion

Factors affecting soil reaction. Soil re-
action is under influence of inner and outer
factors. Inner (endogenous) factors are includ-
ing particularly rock chemism and texture (pa-
rental material).

Outer factors include:

atmospherical factors - precipitation
that penetrate into soil and leach substances
effecting soil puffering capacity, as well as soil
reaction stability;

biological factors - plant remainders
and root secrets that are source of hydrogen
ions. Here can be also included calcium and
magnesium uptake by plants. Every crop needs
these nutrients for its growth in smaller or
larger extent as important constituent of its
nutrition. Plants resorb mentioned nutrients in

period of their active growth, whereby indi-
vidual species have different demands (see
Table 1) [2];

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 unneglegi-
ble factor of soil reaction decrease. Although
recently was fertilizer use substantially re-
duced, particularly phosphorus and potassium
ones, it is necessary to realize that most nitro-
gen fertilizers are physiologically acid (Table
2 — according to Sluismans), therefore their
acidification impact should be neutralised.

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 Ca MgO Mg

Winter wheat 4-6 28-43 4-6 24 -3.6
Spring barley 8-10 57-71 4-6 2.4 -3.6
Oats 9-11 6.4-79 6-8 3.6-4.8
Triticale 6-9 43-64 5-7 3.0-4.2
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 2.1-36 2-35 1.2-21
Potatoes 1.1-15 08-11 04-1 0.25-0.6
Silage maize 4-6 28-43 0.3-0.6 0.2-0.6
Corn maize 7-9 50-6.4 8-10 48-6.0
Alfalfa 4-6 28-43 05-1 0.3-0.6
Red clover 4-6 28-43 05-1 0.3-0.6
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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.

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
reaction 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 compounds), are not able to neutralise
quickly enough hydrogen ions of organic,
mineral, biotic or abiotic origin.

Acidification could be happen also in
secondary way, including substrata contain-
ing basic compounds, particularly when
located in climatic regions with higher pre-
cipitation and soluble acid compounds
(COy, fertilizers, acid pollutants etc.) Under
these influences calcium and magnesium
compounds are released and are leached into
lower soil horizons.

Table 2
Calcium equivalent at some fertilizer application

Fertlizers CaO loss or gain

per 100 kg per 100 kg N

of fertilizer
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

Soil reaction status in observed
farms. At generally well known soil cate-
gorisation by soil reaction in 2010 PD Osi-
kov registered only 6.8 per cent soil with
pH value under 5.5, almost one half of ara-
ble land was neutral and more than one
fourth was alkaline (pH 6.6 - 7.2). After the

four years, when liming materials were
markedly limited, pH value shift toward
acid reaction takes place. Liming materials
application was totally absented at PD Osi-
kov. This was reflected in new distribution
of arable land according to pH values (Ta-

ble 3, Figure 1).
Table 3

The soil pH value in farm Osikov

Soil Share of Soil pH value pH/KCI in arable land
sampling soils
Year <45 |46-50]|51-55|56-65]6.6-7.2| >7.2
2010 ha 27 34 77 408 963 585
per cent 1.4 1.7 3.7 195 46.0 27.9
2014 ha 60 150 628 532 178 0
per cent 3.9 9.7 40.8 34.0 11.6 0
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Figure 1 — The change of soil pH value during four years in farm Osikov
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Figure 2 — The change of soil pH value during three years in farm Nemsova
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Table 4
The soil pH value in farm NemsSova

Soil sampling | Share of soils Soil pH value pH/KCI in arable land
Year <45 |46-50]51-55|56-65]6.6-72] >7.2
2010 ha 43 76 155 365 557 451
% 2.6 4.6 9.4 221 33.8 375
2014 ha 217 165 187 208 80 110
% 22.4 17.1 19.3 215 8.3 11.4

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 2014.
Minimum pH value within the entire farm is
3.6. From Figure 1 is visible that soils with pH
above 5.6 (in 2010 belonged here almost all
arable land) cover only 45.6 per cent.

The co-operative farm NemsSova showed
similar trend in soil reaction evolution in re-
cent four years - non beneficial. Liming mate-
rials limited application in recent years result-
ed in substantial decrease of soil area with
alkaline and neutral reaction and vice versa
increases of acid soil area, strong acid and

extreme acid soils. 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.

Similarly was increased also share of soils
with strong acid and acid reaction so within
last Agrochemical Soil Testing we have regis-
tered in PD Nems$ova 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 liming material application remains ne-
glected.

Conclusion

There is a shocking situation from the
point of view of soil reaction on both men-
tioned farms. Areas of soil categories with
alkaline and neutral soil reaction were reduced
markedly and proportion 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 re-
mainders, and calcium natural resorption by
crops.

The share of alkaline and neutral soils
(pH above 6.6) was reduced in the agricultural

enterprise Nemsova from 1008 ha in 2010 to
190 ha in 2014 and contrary the acidity catego-
ry with pH value lower than 5.5 increased
from 274 ha in 2010 to 596 ha in 2014.

Similar situation is also in agricultural
enterprise 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 2010 to 838 ha in
2014.

Summary

Soil investigation oriented to soil reac-
tion study took place in two agricultural enter-
prises in 2010 and it was repeated after four
years again. The pH value change at total ab-
sence of liming was balanced. It was con-
firmed 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
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outflow with erosion but also with acid rains
impact or physiologically acid fertilization.

In the agricultural enterprise NemsSova
neutral and alkaline soil acreage (pH value
above 6.6) decreased from 1008 ha to 190 ha
in period 2010-2014 (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.
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There is even more unbeneficial situa-
tion in the agricultural enterprise Osikov.
Acreage with pH value above 6.6 was reduced
in period 2010-2014 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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