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Abstract. An environmental study was performechimyears 2008-2012 to evaluate actual soil
reaction (pHc)) and content of nutrients in soils of south-easteoland and also to determine the
relationship of those nutrients to soil propertiés.carry out those studies, 15493 soil sampleg wer
chemically analysed in certified laboratory of Regil Agrochemical Station in Lublin. In all soil
samples patrticle size distribution was determirgdgithe Laser Diffraction Method, soil reactioin—

1 mol KCI dn® phosphorus and potassium using Egner-Riehm me#rati magnesium was as-
sayed using Atomic Absorption Spectrometry methblde reaction of non-calcareous soils of
south-eastern Poland was acidic (very light saits3lightly acidic (light, medium and heavy soils),
and for calcareous soils the it was alkaline. Thentical analysis revealed that supply of phospho-
rus was moderate (light and medium non-calcareodsvery light calcareous soils), high (very
light and heavy non-calcareous soils) and very [(ight, medium and heavy calcareous soils), and
it depended significantly on the soil reaction. Eupply of potassium in non-calcareous soils was
moderate and depended significantly on agronontiegeay and soil reaction. As for magnesium,
the supply of this nutrient in calcareous and nalcareous soils depended on agronomic category
and soil reaction.
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INTRODUCTION

Soil reaction and content of soil nutrients aresth physicochemical proper-
ties which are of crucial importance in crop prdiut (Larsen 1967). Excessive
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acidification limits the yield of plants; for examep in Poland it concerns more
than half of the area of arable lands (GUS 2012), independs not only on cli-
matic or soil conditions (Adams and Henderson 1¥8#/jziak 1973a, Filipeket
al. 2006, Liphiski and Bednarek 1998b, Lifgki 2000), but also on human activ-
ity (Sharpley 1995, Mc Dowell and Sharpley 2003ihski 2005a, Moody and
Bell 2006, Siebieleet al 2012). In current fertilisation practice the mospor-
tant are easily accessible and assimilable nutfa@ms which directly influence
the yield and quality of cultivated crops. The dyppf those nutrients depends
not only on soil properties, but also on agrotechihireatments (Wondrausch
1960, Kaniuczak 1998, Tyler and Olsson 2001, fiski 2005b,c,d), treatments
from which fertilisation using mineral, natural organic fertilisers has the big-
gest influence (Dudziak 1973a,b, Lipki and Bednarek 1998a, Lfgki and
Walendziuk 2005, Fotymat al. 2006). As current acidification of the soil ansl i
supply of nutrients are of crucial importance ingproduction, therefore knowl-
edge about these parameters is very importanh&farmer, as he can make rea-
sonable and accurate decisions about using (ormimral (Kulczycki 2012),
natural or organic fertilisers and also liming treants.

The main objective of this study was to evaluatié reactionand content of
phosphorus, potassium and magnesium in the soitowth-eastern Poland and
also to determine the relationship of those nutsign agronomic category and
reaction of non-calcareous and calcareous soils.r&hults of this study are im-
portant information related to crop production,. éegtilisation and soil liming.

MATERIALS AND METHODS

In the years 2008-2012 an environmental study weaf®opned to evaluate the
actual soil reaction and the content of essentiddients (P, K, Mg) in soils of
south-eastern Poland. The relationship of theseeats1to soil properties, such as
agronomic category and reaction of calcareous anecalcareous soils, was also
determined. This relationship is important inforirmatwhich can be the basis for
decisions related to fertilisation of soils andntéa as well as soil liming. The
most common parent material for soils of southerastoland is loess. The
thickness of the loess cover varies from approyplo 30 m. A characteristic
feature of loess is the predominance of silt factiThe sandy fraction does not
exceed 10% (usually approx. 5%), the silt fracoceeds 50% (usually approx.
65%) and the content of clay is in the range af $5%. The mineral composition
is usually dominated by quartz, while feldspar ¢app5%), mica (approx. 15%),
carbonates (approx. 10%) and iron compounds (appfy are found in smaller
amounts (Polish soil classification 2011). To casuy the study, chemical analy-
sis of 15493 soil samples was conducted, inclu@&§ very light, 4269 light,
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7182 medium and 1800 heavy non-calcareous soild {ldging not detected,
carbon content < 1% in whole profile) and 11 veght, 272 light, 730 medium
and 844 heavy calcareous soils (HCI fizzing detectarbon content > 1% in
whole profile) (see Tab. 1).

Table 1. Dependence of soil reactiamd content of essential nutrients in soils (0-8( on agro-
nomic category (in mg kg

Soil agronomic class Sample size  «H P K Mg
Non-calcareous
Very light 385 5.30b* 67.4a 69.1c 26.5a
Light 4269 5.55¢ 65.2a 106.6d 44.5¢
Medium 7182 5.70d 63.1a 142.1a 59.1d
Heavy 1800 6.30e 80.2c 182.9b 97.2f
Calcareous

Very light 11 7.75a 64.2abc 104.3abcd  18.9abcd
Light 272 7.49a 111.3b 151.7b 30.8ab
Medium 730 7.43a 112.9b 191.5b 37.7b
Heavy 844 7.45a 107.9b 212.0e 66.2e
In total 15493 5.93 71.4 141.5 57.5

a, b, ¢, d, e, f — *averages labelled with the sé&etter are not significantly different at signdiece
levela = 0.05

Locations of soil sample collecting points wereestdd beforehand to cover
the surface of the studied area uniformly. Theyensituated at selected farms
representing each of the agronomy classes: veny sigils (up to 10% of fraction
of diameter < 0.02 mm), light soils (11-20% of fian < 0.02 mm), medium soils
(21-35% of fraction < 0.02 mm) and heavy soils B%@3of fraction < 0.02 mm).
If in a selected area a given soil class was oggyin an amount lower than 10%
of agricultural land, then for this area collectipgints were not appointed. The
mass of the sample taken from the 0-30 cm layerapasoximately 500 g. Sam-
ples were collect using Egner sticks, and the jposibf sampling point was de-
termined using a GPS system. The number of poimtthe studied area was de-
termined on the basis of livestock density. If asifewer than 40 LU (Livestock
Unit)/100 ha AL (Agricultural Land) — 1 point waslected, in the range 40-80
LU/100 ha AL — 2 points were selected, and if lieek density were higher than
80 LU/100 ha AL — 3 points were selected (accordmdUNG-PIB). Chemical
analyses were conducted in the accredited labeoR#tgional Agrochemical Sta-
tion in Lublin. In the collected soil samples, [ad size distribution (PSD) was
measured using the Laser Diffraction Method (LDMIl reaction (plc) in
1 mol KCI dm? phosphorus and potassium using the Egner-RieHh ifi2thod,
and magnesium was assayed after the extractiorDa28 mol CaGldm from
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soil, using the Atomic Absorption Spectrometry (AARethod (Catalogue of
methods 2011). The results obtained were evalusttgdstically using one-way
non-orthogonal analysis of variance with Tukey'sfodence intervals (p = 0.05).
Also the relationship between the content levehaifients assayed and the PSD
of calcareous and non-calcareous soils was cagzulén Figures 1-3 very light
soils are indicated by 1, light — 2, medium — 3 Aedvy soils are indicated by 4.

RESULTS AND DISCUSSION

The soil reaction of the studied non-calcareouls sas strongly dependent on
the agronomic category, which means that it in@@asnsiderably with increasing
content of the particles < 0.2 mm. In very lighissoil reaction was 5.30, light —
5.55, medium — 5.70 and heavy — 6.30, therefoteeatition of the very light soils
was acidic and for the light, medium and heavysseitlightly acidic. This kind of
relationship was not found in calcareous soilsylich soil reaction did not depend
on the agronomic category of the soil and it waslade in each soil class (Tab. 1
and Fig. 1).
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Fig. 1. Soil reaction dependence on agronomic categdhedaoils (1 — very light, 2 — light, 3 — medium
and 4 — heavy soils)

Optimal reaction of the soil, adapted to grain si@enposition and crop spe-
cies grown, is one of the most important physicaubeal properties of the soil
(Dudziak 1973a, Ligiski and Bednarek 1998b, Lifgki 2000, 2005a; Tkaczyk
and Bednarek 2011, Filipek and Skowska 2013).

Studies conducted in the years 1994-96 byrski and Bednarek (1998b)
showed that soils of, for example, Lubelskie regimre characterised by strong
acidification, regardless of their grain size cosipon. This situation, despite



EVALUATION OF SOIL REACTION AND CONTENT OF ASSIMIABLE NUTRIENTS ... 253

some fluctuations, still persists (Dudziak 1973#inski 2000, Tkaczyk and
Bednarek 2011, Siebielest al 2012). Lipiski (2005a), who evaluated the soil
reaction of the soils in Poland, found that the thax$dic soils are present in the
eastern and central parts of Poland, however @mgdic improvement can be
observed, even if it is slow. Nearly one half of #tudied soil samples were char-
acterised by very high liming needs. The substhatiaification of arable lands
in Poland results from soil-forming processes, vogbgenic impacts and insuffi-
cient use of lime fertilisers. In this regard theigtion is much worse in Poland
than in other neighbouring countries (Jasiewatal 1999, Filipeket al 2006,
Filipek and Skowrfaska 2013, Rogbdand Tabak 2015).

In non-calcareous soils the content of phosphadisat depend unambiguously
on agronomic category (Tab. 1). In very light, tigind medium soils it ranged from
63.1 up to 67.4 mg P Kgbut it was not significantly different among thils stud-
ied. In heavy soils, phosphorus content was mughehi(80.2 mg P k§ and dif-
fered statistically significantly from the thredlsmtegories mentioned previously.
The supply of phosphorus in light and medium sallsgording to the Egner-
Riehm limit values, was moderate, and in very ligelatively low number of
investigated soil samples — 385 should be noted)raavy soils — high. In very
light calcareous soils the content of phosphorus tive lowest (64.2 mg P Ky in
light, medium and heavy soils it was definitely lég, but very balanced (107.9-
112.9 mg P kg). The level of phosphorus in very light soils wasderate, and in
light, medium and heavy soils it was high (Tab.H9wever, the phosphorus con-
tent in soils from all those classes did not diffignificantly. Phosphorus is one of
the basic crop nutrients, therefore the optimapgupf this nutrient in soil, in its
easily soluble forms, is extremely important (Lard®67, Sharpley 1995, Fernan-
deset al 2000, Mc Dowell and Sharpley 2003, Lipki 2005b, Kulczycki 2012).
Lipinski (2005b) found that 38% of Polish soils haveyvew and low supply of
phosphorus and most of them are located in eaatefrsouth-eastern Poland. He
also noted that a systematic increase of very sigiply of phosphorus in soils can
be observed. Compared to the soils of southermBplahere the content of phos-
phorus ranged from 11 up to 376 mg P*kg the area of Cracow (Rogénd Ta-
bak 2015) and from 21,6 to 94 mg P k@lasiewiczet al 1998) in the area of
Katowice, a insignificantly larger share of soilgkhwmoderate or high phosphorus
content was observed, but the results were quitédasi On the other hand, com-
parison with the study by Andruszczak (1991), cimgethe whole area of Poland,
where the content of phosphorus ranged from 2@ tadPkg™, indicates a much
larger share of soils with high phosphorus confensouth-eastern Poland than
for the rest of the country. Rationalisation ofl sipply in this element may be
achieved by precise phosphorous fertilisation widbhnges the supply class in
favour of optimum supply compartments (Kulczyckil2).
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The content of potassium in non-calcareous sopeiiged significantly on agro-
nomic category (Tab. 1 and Fig. 2). In very lighitssit was equal to 69.1 mg K Ky
in light soils — 106.6 mg K kg, in medium soils 142.1 mg K kgand in heavy
soils 182.9ng Kkg™. The supply of this element in soils from all caiges (very
light, light, medium and heavy) was, accordingtte Egner-Riehm limit values,
moderate. Higher level of potassium was found iltasaous soils. However,
comparing it to the other agronomic categoriegjas significantly higher only in
heavy calcareous soils. The supply of potassiukrery light soils was moderate,
and in the light, medium and heavy soils it washig
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Fig. 2. Dependence of potassium supply on agronomic catexfdhe soils (1 — very light, 2 — light,
3 — medium and 4 — heavy soils)

Potassium is also one of the most important nusiér plants, therefore the
optimal supply in soils, especially of its assirhl@ forms, is very important
(Adams and Henderson 1962, Baskernl 1994, Lipiiski and Walendziak 2005,
Lipinski 2005c, Siebieleet al 2012). According to research conducted in the
years 1955-1999, percentage of soils with very dma low supply of assimilable
forms of phosphorous and potassium was decreasitiighe nineties, and nowa-
days impoverishment of soils in these elementsbeanbserved (Dudziak 1973a,
Lipinski 2000, Siebieleet al 2012). Lipihski (2005c) and Ligiski and Wa-
lendziuk (2005) noted that soils deficient in askibie forms of potassium oc-
cupy in Poland nearly half of the area, and alsua ithis the most deficient plant
nutrient in soils in Poland. For example, in safssouthern Poland, where the
content of potassium ranged from 32.1 up to 306K kg™ (Jasiewiczet al
1999), a smaller share of soils with moderate ghtphosphorus content was
observed, but soils of southern Poland had grepieyad (a larger share of soils
with very low or low potassium content).
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The content of assimilable forms of magnesium in-palcareous soils de-
pended significantly on agronomic category (see. Tadnd Fig. 3). In very light
soils it was equal to 26.5, in light — 44.5, medien®9.1 and in heavy soils —
97mg Mg kg™. The supply of this element in soils from all caiges (very light,
light, medium and heavy) was moderate. In calcagesmils the content of this
element increased with increasing content of gedie 0.2 mm, but it was sig-
nificantly greater only in heavy soils, comparedviay light, light and medium
soils. The supply of this element in very lighght and medium soils, according
to limit values, was low, and in heavy soils — nrade.
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Fig. 3. Dependence of magnessium supply on agronomicargtethe soils (1 — very light, 2 — light,
3 — medium and 4 — heavy soils)

Magnesium is also a plant nutrient, the contenwloich significantly affects
the quality and yield of crops (Salmon 1964, DukliZi®73b, Liphski and Bed-
narek 1998a, 1998b, Liski 2005d, Tyler and Olsson 2001). Wondrausch (1960
noted that sandy podzolic soils, with acidic reattiare deficient in assimilable
forms of magnesium. Podzolic soils developed fraaltber loam and silt depos-
its are richer in these forms, and brown earth emnozem soils — rich. Deter-
mination of the soil type, its particle size distriion and reaction allows one to
identify soil supply with assimilable forms of maggium and to evaluate, with
high probability, its fertilisation needs. Dudzi&k973b), after carrying out the
research in the years 1963-1970, pointed out tB%4 B6f arable lands of south-
eastern Poland had low supply of assimilable foomsiagnesium. Most of soils
with very low and low supply of magnesium can benfd in the areas of the
Chetm and Lublin regions, and least of them inZhendi¢ region (Lipihski and
Bednarek 1998a, Lipski 2000). Liphski (2005d) and Siebieleet al (2012)
reported systematic improvement of soil supply vaisisimilable forms of magne-
sium and that the most of the soils deficient iis tlement are in the belt of
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central-western and south-eastern Poland (Opoldz,Lglazovia and Lublin re-
gions). Compared to the soils of southern Polartkrer the content of magne-
sium ranged from 13 up to 1010 mg Mg kin the area of Cracow (Rogénd
Tabak 2015), a significantly larger share of sailth very low and low magne-
sium content was observed. Particle size distidioutind soil reaction played
a decisive role in forming of the content of asnie forms of magnesium
(Wondrausch 1960, Lipski and Bednarek 1998b).

Table 2. Dependence of macroelements content in soils (@¥80on soil reaction (in mg kY

Soil pH class Sample size P K Mg
Strong acidic 2385 44.3a* 97.2a 31.5b
Acidic 3716 49.9b 125.1b 55.8a
Slightly acidic 4167 65.9¢ 145.7¢ 71.4d
Neutral 2713 97.7d 164.7d 65.3c
Alkaline 2512 109.7e 175.9e 53.4a
In total/average 15493 71.4 141.5 57.5

a, b, ¢, d, e — * averages labelled with the saetterl are not significantly different at significan
levelo = 0.05

It can also be observed that the content of assieilforms of phosphorus
significantly depended on the class of soil reactia strongly acidic soils it was
equal to 44.3; acidic — 49.9; slightly acidic —®5neutral — 97.7, and alkaline
soils — 109.7mgP kg ™. The supply of this nutrient in strongly acidicdaacidic
soils was low, and in slightly acidic — moderate cbntrast, for neutral and alka-
line soils the supply of phosphorus was very higdb{ 2). The content of assimi-
lable forms of potassium also depended signifigaatl soil reaction class (Fo-
tymaet al 2006), and in strongly acidic soils it was eqwa®7.2, acidic — 125.1,
slightly acidic — 145.7, neutral — 164.7, and ikatihe soils — 175..ngK kg™
(Tab. 2). The content of assimilable forms of majum in soils depended sig-
nificantly on the class of the soil reaction andsviiacreasing up to the slightly
acidic category. In strongly acidic soils it wasiabto 31.5, acidic — 55.8, slightly
acidic — 71.4, neutral — 65.3, and in alkalineseil53.4 mg Mg k‘g}, but it did
not differ significantly between the acidic andaike categories (Tab. 2).

In non-calcareous soils soil reaction dependedifgigntly and positively on
the content of particles < 0.02 mm, @ 0.211) and on the content of assimilable
forms of phosphorus 4 = 0.058), potassium Jr = 0.340) and magnesium
(ry=0.417); in calcareous soils soil reaction alspeteled significantly on the
content of the fraction < 0.02 mm, but the corielatcoefficient was negative
(ry= —0.053). In contrast, the content of assimilablem®rof potassium
(ryy = 0.205) and magnesium,(r 0.391) depended significantly and positively
on the content of the fraction < 0.02 mm (Tab. 3).
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Table 3. Dependence of soil reaction and assimilable fasfnghosporous, potassium and magne-
sium on soil type (values of correlation coeffid@n

Soils pHai mg P kg* mg K kg* mg Mg kg*
Non-calcareous 0.211 0.058 0.340 0.417
Calcareous —0.053 * 0.205 0.391

sample sizes (n) for non-calcareous soils: 136483 3calcareous soils: 1863-1881, p = 0.05,
* — insignificant dependence

Knowledge of current soil reaction and its supgassimilable forms of ba-
sic nutrients (P, K, Mg) is extremely importantdrhation which can help the
farmer in accurate and reasonable calcium, cal@grasium, phosphate and
potassium fertiliser management on the farm, as agefo enable and to facilitate
agricultural services those kind of activities be tirea covered by the studies.

CONCLUSIONS

1. The reaction of non-calcareous soils of sousiteza Poland was acidic
(very light soils) or slightly acidic (light, mediu and heavy soils), reaction of
calcareous soils was alkaline.

2. The supply of phosphorus in non-calcareous lagid medium soils was
moderate, in very light and heavy soils — high. Sheply of phosphorus in cal-
careous very light soils was moderate, in lightdime and heavy — very high.
The supply of phosphorus depended significantlglass of soil reaction.

3. The supply of assimilable forms of potassiuman-calcareous soils depended
significantly on agronomic category and class dif reaction, and for all soils from
all of the categories it was moderate. The suppbotassium in very light calcareous
soils was moderate, and in other categories (lightium, heavy) — high.

4. The supply of magnesium in non-calcareous amhchiEous soils signifi-
cantly depended on agronomic category and classodfreaction. In non-
calcareous soils from all categories it was mo@eiiatcalcareous soils it was low
(very light, light and medium soils) and moderdtegvy soils).

5. The soil reaction and supply of assimilable ferofi P, K and Mg in non-
calcareous soils depended significantly and paditivon agronomic category;
reaction of calcareous soils depended significaaitigt negatively on agronomic
category, and supply of assimilable forms of patemsand magnesium of cal-
careous soils depended significantly and positieelyagronomic category.

6. Evaluation of the current soil reaction andsipply of assimilable forms
of phosphorus, potassium and magnesium allows oneonduct accurate and
reasonable fertiliser management in the area dbpeed studies.
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Streszczenieaw latach 2008-2012 przeprowadzono badarsdowiskowe, ktorych celem
byla ocena aktualnego odczynu (@) i zasobnéci gleb potudniowo-wschodniej Polski
w podstawowe sktadniki pokarmowe oraz dGkeaie zalenosci tych sktadnikédw od niektdrych
wihasciwosci gleby. Do przeprowadzania badaykorzystano wyniki analiz chemicznych 15493
probek glebowych. Analizy chemiczne wykonano w ditewanym laboratorium Okgowej
Stacji Chemiczno-Rolniczej w Lublinie. W pobranymttbkach sktad granulometryczny oznaczono
metod, laserovs, odczyn w 1 mol KCI-dmi, fosfor i potas przyswajalny metpdEgnera-Riehma
(DL) a magnez przyswajalny po ekstrakcji z gleb1@5 mol CaGldni® i oznaczeniu zawarfoi
tego pierwiastka met@dASA. Odczyn gleb bezyglanowych potudniowo-wschodniej Polski byt
kwasny (gleby bardzo lekkie) lub lekko kéry (gleby lekkie srednie i cizkie), a weglanowych —
zasadowy. Zasob®é gleb bezwglanowych lekkich Erednich w fosfor przyswajalny byfaednia,
bardzo lekkich i gizkich — wysoka. Zasobié gleb weglanowych bardzo lekkich bytérednia,

a lekkich, srednich i cézkich — bardzo wysoka. Zasohitota zaleata istotnie od klasy odczynu
gleby. Zawarté¢ potasu przyswajalnego w glebach beglanowych zalgata istotnie od kategorii
agronomicznej i klasy odczynu; zasobfigleb wszystkich kategorii w ten pierwiastek b§ttadnia.
Zasobné¢ gleb weglanowych bardzo lekkich w potas przyswajalny b$dednia, a pozostatych
kategorii (gleb lekkichsrednich, ogzkich) — wysoka. Zawartg magnezu przyswajalnego w gle-
bach bezwglanowych i wglanowych zalgata od kategorii agronomicznej oraz klasy odczynu.
Zasobné¢ gleb bezwglanowych w ten pierwiastek bykrednia, a wglanowych niska (gleby
bardzo lekkie, lekkie drednie) isrednia (gleby aizkie).

Stowa kluczowe: odczyn, sktadniki pokarmowe, gldtstegoria agronomiczna



