AgroLife Scientific Journal - Volume 9, Number 2, 2020
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

CONCRETIONARY PEDOFEATURES OF PROFILE-DIFFERENTIATED
SOILS OF THE BESKYDY PRE-CARPATHIAN REGION (UKRAINE)
Zinoviy PANKIV, Olena KALYNYCH, Taras YAMELYNETS
Ivan Franko National University of Lviv, Geography Department,
Doroshenka str. 41, 79000 Lviv, Ukraine
Corresponding author email: taras.yamelynets@lnu.edu.ua
Abstract
The paper aimed to conclude that in profile-differentiated soils of Beskydy Pre-Carpathian region ortsteins are formed
- specific Fe-Mn pedofeatures, which have clear outer contours, concentric inner structure with alternation of rings of
rusty-brown and black color. Based on analyzed data the highest content of ortsteins is typical for elluvial horizon. In
order to identify the genesis and elemental composition, a plate of tubular ortstein with a diameter of 1.2 cm selected
from the Cg horizon has been made. It has been established that ortsteins in the profile-differentiated soils have been
formed as a result of alternation of redox conditions and gley-eluvial, segregation processes of soil formation. The
small ortsteins in the overiluvial part of the profile are the result of modern soil formation, and the large ones within
the transition to the rock horizon are relict and connected with the early stages of soil formation in the Pre-Carpathian
region of Ukraine.
Key words: ortsteins, profile-differentiated soils, Beskydy Pre-Carpathian region, accumulation factor, electron
scanning microscope.

INTRODUCTION

complex genetic nature of the Pre-Carpathian
profile-differentiated soils, the ambiguity of the
interpretation of the morphological features of
the genetic horizons, the lack of uniform
diagnostic features of the intensity and
orientation of the elementary soil-forming
processes have caused intense discussions at
the genetic and taxonomic levels. Most
scientists use the results of gross chemical
composition of soils and sludge, group and
fractional composition of humus, chemical and
physicochemical properties to determine the
genesis and aggregate of elementary soil
processes that form morphological features and
properties of profile-differentiated soils (molar
ratios of SiO2: R2O, SiO2: Fe2O3, SiO2: Al2O3,
leaching factor, EA coefficients, silicate change
factor, etc.). However, little attention is paid to
the study of morphology (location within the
horizons, sizes, shape, color) and chemical
properties of Fe-Mn pedofeatures, the presence
of which is noted by most researchers in their
works (Kanivets 1975; Nicorych at al., 2003;
Pankiv et al., 2017).
The Fe-Mn pedofeatures are solid discrete
bodies of specific color, which are formed as a
result of alternation of redox conditions during
the processes of reduction, translocation,

Beskydy Pre-Carpathian region is a part of the
Pre-Carpathian highlands, it extends from the
north-west to the southeast from the border
with Poland to the river Svicha, and the
northeast border with the Siansko-Dnister
watershed is laid along the river Strivyazh to
the Dniester River, before the confluence of the
river Svicha. The combined influence of the
factors of soil formation has led to the
formation within the territory of variegated soil
cover, and the altitude is expressed in the
propagation of soils. Changes in absolute
heights, in turn, cause changes in climatic
characteristics, the level of occurrence of
groundwater and types of water regime,
vegetation types, which together determine the
morphological features and physical and
chemical properties of soils.
Profile-differentiated soils (with eluvial-illuvial
type profile) are characterized by depletion of
the upper eluvial part per silt, ferro-oxides of
Ferrum, Aluminum, Manganese and the
presence of an illuvial horizon of prismatic
structure, heavy granulometric composition of
the upper part located within the limits of
Drohobych, Morshyn, and Stivigorsk hills. The
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oxidation of ferrum and manganese (Nicorych
& Szymanski, 2013). In recent years, the terms
“ortsteins,” “nodules,” “concretions,” have
been used to define Fe-Mn pedofeatures. As the
term "concretion" is a generalization, it is
advisable to diagnose such pedofeatures as an
ortstein or a nodule. Modern studies have
revealed clear diagnostic features for Fe - Mn
pedofeatures: nodule - neoplasms with
relatively uniform saturation of Fe and Mn
throughout the section, fuzzy shape and with
diffuse contours, and their chemical
composition is not different from the content
horizon; ortstein - has a clear internal structure
with well-pronounced concentric rings of
accumulation of Fe and Mn, oval, tubular form
with clear outer contours, and their elemental
composition is different from the content
horizon. Various redox-morphological features
of these neoplasms reflect the features of
pedogenesis (Nicorych, 2013; Gasparatos et al.,
2005; Gasparatos, 2012). Publications on the
study of profile-differentiated soils of the PreCarpathian region indicate the presence of
small (0.25-1.0 cm) oval-shaped ortsteins,
ocher-brown color with concentric structure in
the overiluvial part of the profile (Kanivets,
1975; Pankiv et al., 2017) and large (1.0 - 5.0
cm), oval and tubular forms with a system of
concentric rings within the transition to the rock
horizon (Pankiv et al., 2017). However,
ortsteins have a differentiated concentric
structure, which indicates an uneven
accumulation of chemical elements within their
boundaries. To determine the features of the
distribution of elements within ortsteins,
modern studies are performed using scanning
electron microscopy (SEM) and atomic
adsorption spectroscopy (AAS).

E23°41'24.1''; N49°10'37.3'' E23°41'25.2'') of
Stryi district of Lviv region, where four soil
sections were laid and field morphological
studies were performed (Figure 1). Based on
morphological
studies,
small
specific
pedofeatures were diagnosed in the overiluvial
part, with the maximum number in the eluvial
horizon and large ones in the lower transition to
the rock horizon. In the field, soil samples were
taken from the genetic horizons for laboratory
testing. In the laboratory, the washing of
ortstein on sieves, determination of their
content and fractional composition by
thermostatic-weight method were done. Gross
chemical composition was determined in the
selected ortstein and fine earth containing
horizons according to the methods of E.V.
Arinushkina, and on the basis of it the
coefficient of accumulation of Kx was
calculated (Zaidelman et al., 2001).
In order to identify the genesis and elemental
composition, a plate of tubular ortstein with a
diameter of 1.2 cm selected from the Pigl
horizon (220-240 cm) was made. In different
parts of the plate different in color, four points
up to 1 μm in size (two against a light
background and two against a dark one) were
selected, within which elemental composition
was determined by micro-X-ray spectrometry
(Goldstein et al., 1981). The measurements
were performed on a scanning electron
microscope REM-106 (Ukraine) with a
resolution of 5 nm and an energy-dispersive Xray detector. To photograph the surface of the
samples 50-200, single magnification was used,
and the accelerating voltage was 20 kV. As a
microprobe device, an X-ray energy dispersive
Si (Li) semiconductor microanalyzer was used
as a prefix to a SELMI microscope with a range
of Mg-U elements with a resolution of 163 eV.
t-The electron beam spot diameter was 1 μm
and the X-ray intensity was 2000 imp/s for
microprobe analysis.
The aim is to determine the features of profile
distribution,
fractional
and
chemical
composition, genesis of ortsteins in profiledifferentiated soils of the Beskydy PreCarpathian region.

MATERIALS AND METHODS
To determine the chemical composition, the
genesis of ortsteins in profile-differentiated
soils of the Beskydy Pre-Carpathians region,
we have selected key sites within the
Drohobych height (the fourth Dnister
floodplain): in the vicinity of the village Girne
(N49°10'31.6'' E23°42'27.1''; N49°10'30.6''
E23°42'24.6'') and of Dolgoluka (N49°10'38.5''
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Figure 1. Location of the points of determination of the elemental composition of the surface
of ortstein from the Pigl horizon

RESULTS AND DISCUSSIONS

problems at the genetic and classification level.
Publications devoted to the study of soils of the
Pre-Carpathian region indicate the presence
within the profile of Fe-Mn pedofeatures in the
form by brown spots, pseudophybras, ortsteins,
nodules etc. (Kanivets, 1975; Nicorych et al.,
2003; Pankiv et al., 2017).
The most accessible ones to the study are
specific Fe-Mn neoplasms, for which the term
“ortstein” or “nodule” is used.
Based on the morphological analysis of the
profiles within the key area, it is diagnosed that
specific pedofeatures are characteristic of the
overiluvial part of the profile and the transition
to the rock of the horizon. The oval and tubular
shape of the pedofeatures, the clear outer
contours and the concentric inner structure
make it possible to assert that in profiledifferentiated soils of the Beskydy PreCarpathian region are dominated. The
percentage content and fractional composition
of ortsteins of the profile-differentiated soil are
given in Table 1.
The obtained results show that the highest
content of ortsteins (7.7%) is characteristic of
the eluvial low-humus horizon, within which

Profile-differentiated soils of the Beskydy PreCarpathians predominate within the heights
(Drohobych, Morshyn, Stivigorsk), where they
occupy ancient terraced watersheds of the third
and fifth alluvial terraces. They were formed on
carbonate-free alluvial, deluvial, alluvialdeluvial loamy rocks under conditions of
excess moistening, stagnant-washing type of
water regime under deciduous and mixed
forests on the basis of the aggregate action of
the glesish-eluvial, segregation processes of
soil formation (Kanivets, 1975; Nicorych et al.,
2003; Pankiv et al., 2017). In the course of the
combined action of the factors of soil formation
and soil forming processes, a sharply
differentiated (S = 4.5-6.1) eluvial-illuvial type
profile was formed with poor silt, semi-oxides,
and relatively silica-rich upper eluvial part and
oxide rich in silt, Al, Mn, which is heavier in
particle size distribution with prismatic
structure and the illuvial part. The ambiguity of
interpretation of morphological features,
imperfection of diagnostic criteria of
elementary soil-forming processes caused the
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small fractions from 0.25 to 3.0 mm (51.3%)
dominate, while the average (3.1-10), make up
46.7%. The highest content within the A2g
horizon (27.2%) has a fraction of 7.1 to 10.0
mm. Within the A1A2g horizon, the content of
the ortsteins is 2.8%, dominated by small
fractions (0.5-3.0 mm), and in the fractional
composition, the fraction from 2.1 to 3.0 mm
(37.5 mm) prevails.

Modern studies prove the existence of three
concepts for the formation of the trace element
composition
of
Fe-Mn
pedofeatures:
inheritance from morphological elements that
underlie neoplasms; biogenic accumulation due
to microbiological activity; isomorphic
substitution and sorption in the process of
physico-chemical interaction of the mineral part
and pedofeatures, which is the most probable
(Timofeeva et al., 2010).

Table 1. Percentage and fractional composition of
ortsteins of the profile-differentiated soils in the Beskydy
Pre-Carpathian region
Genetic horizon
and depth of
sampling
A1A2g
6-26 cm

A2g
30-40 cm

A2Bg
40-50 cm
Cg
220-230 cm

Percentage
content, %

The size of the
fraction

Fraction
content, %

2.0-3.2
2.8

0.5-1.0 mm
1.1-2.0 mm
2.1-3.0 mm
0.25-0.5 mm
0.6-1.0 mm
1.1-2.0 mm
2.1-3.0 mm
3.1-5.0 mm
5.1-7.0 mm
7.1-10.0 mm
0.5-1.0 mm
1.1-2.0 mm
2.1-3.0 mm
3.1-5.0 mm
5.1-7.0 mm
7.1-10.0 mm

27.8
34.7
37.5
17.1
10.4
16.1
7.7
9.2
12.3
27.2
5.7
11.2
17.5
35.1
16.6
13.9

10.1-50.0 mm

17.6

6.3-8.9
7.7

1.0-6.9
3.1

16.0-19.0
17.6

Table 2. Coefficient of accumulation elements (Kх) of
the profile-differentiated soils in the Beskydy PreCarpathian region (Pankiv et al., 2017)
Genetic
horizon
A1A2g
A2g
A2Bg
Cg
Genetic
horizon
A1A2g
A2g
A2Bg
Cg

Depth, cm

SiО2

AI2O3

Fe2O3

10-25
25-35
35-50
220-230
Depth, cm

0.90
0.88
0.89
0.92
MgO

1.20
1.90
1.09
0.99
K2O

2.80
2.74
2.70
2.65
Na2O

10-25
25-35
35-50
220-230

0.40
0.47
0.76
0.57

0.85
0.91
0.81
0.84

0.76
0.86
0.82
0.83

TiO2

CaO

1.15
1.04
1.02
0.92

1.43
1.73
1.2
0.79
Mn3O4
1.40
1.61
1.45
1.6

The clear outer contours of the artharts and the
difference between their chemical composition
and the content horizon, which confirms Khx,
indicate an exetic genesis. Formation of
ortsteins in the profile-differentiated soils of the
Pre-Carpathian region is due to alternation of
redox conditions, sporadic-pulsating water
regime with the participation of specific,
nonspecific microflora and s gley-eluvial,
segregation processes of soil formation. The
size of ortsteins should be considered as a
function of time: the larger the size, the more
time it takes to form them (Zaidelman et al.,
2001; Zaidelman et al., 2010). Consequently,
the small ortsteins (0.25-1.0 cm) in the
overiluvial part of the profile are the result of
modern soil formation, and the large (1.0-5.0
cm) within the transition to the rock horizon are
relict and associated with the early stages
formation of soils of the Pre-Carpathian region.
The value of Kx indicates that oxides of Fe, Al,
Mn, Ca accumulate within the ortstein
compared to the content horizon. However, the
internal structure of the ortstein is composed of
a system of concentric rings, which is different
in color and, accordingly, various chemical
elements accumulate within them (Figure 2,
Figure 3).

In the A2Bg horizon, the content of ortstein
ranges from 1.0 to 6.9% and is dominated by
medium fractions (3.1-10.0 mm) and the
maximum content (35.1%) has a fraction of 3.1
to 5.0 mm. A large fraction (1.0 to 5.0 cm) of
oval and tubular form with concentric inner
structure ortsteins was diagnosed in the
transition to the rock horizon. Remnants of
water-loving herbaceous vegetation have been
diagnosed at the center of the tubular ortsteins,
indicating that they are formed in
hydromorphic conditions in the early stages of
soil evolution. The content of ortsteins within
the Cg horizon is 17.6%. According to the
results of gross chemical composition of
ortsteins
and
content
horizons,
the
accumulation factor (Kx) was calculated, which
indicates the accumulation within their
boundaries of ferrum, manganese, calcium and
aluminum (Table 2). The ratio of Fe: Mn in
ortsteins ranges from 9.1 to 12.1 and is low,
since the reference rapporteur uses the ratios of
these elements.
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To determine the spatial distribution of
chemical elements within the ortstein and their
genesis, we used a micro-ray spectrophotometric method to determine the elemental
composition of the sample surface. On a 200fold increase in ortstein, four points were
selected: two on light rings (1 and 2) and two
on dark (3 and 4) (Figure 4), and within them
the elemental composition was determined
(Table 3).

aluminum by 1.4-2.3, and calcium by 2.1-5.1
times.

Figure 2. Macrophoto of ortstein from Cg horizon
(8x magnification)

a

b

c

d
Figure 4. Location of the points of determination of the
elemental composition of the ortstein (Cg horizon)

Figure 3. Macrophoto of ortstein at 50x (a, b) and 200x
(c, d) magnification

The percentage of ferrum is almost the same in
different parts of ortstein (1.79-2.79%) and
determines its rusty-brown color. The increase
in the content of manganese, aluminum,
calcium within the black rings of ortstein is
caused by the change of geochemical situation

The elemental composition of the various parts
of the ortstein suggests that the change in
brown color to black is caused by an increase in
the percentage of manganese by 1.6-3.4,
210
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Table 3. Elemental composition within the points of
studying ortstein, %
Point

О

Na2O1

Mg1O1

Al2O3

Si1O2

S1O3

1

62.8795

1.1909

1.6396

4.5747

24.1786

0.1825

2

63.309

0.6295

1.5294

4.5431

24.8589

0.1098

3

61.2413

1.0871

1.6804

6.3726

20.1592

0.475

4

60.2515

2.1774

2.8408

10.2946

16.1027

0.2725

Point

Cl

K2O1

Ca1O1

Ti1O2

Mn1O1

Fe1O1

1

0.1767

0.8699

0.6669

0.1351

0.7083

2.7974

2

0.0548

1.1884

0.7508

0.2317

0.9128

1.8818

3

0.5602

1.6478

1.4685

0.115

2.3995

2.7934

4

0.428

0.5968

3.6079

0.5232

1.1123

1.7922

CONCLUSIONS
Ortsteins in the profile of sod-podzolic
pseudogley soils
of the Beskydy PreCarpathian region have been formed as a
result of alternation of redox conditions with
the participation of specific, nonspecific
microflora and gley-eluvial, segregation
processes of soil formation, which have a clear
internal structure with well-defined concentric
rings of accumulation of chemical elements,
oval and tubular shape with clear outer
contours, and their elemental composition is
different from the content horizon. In the
overiluvial part of the profile of the studied
soils, small ortsteins (0.25-1.0 cm) are formed
with a maximum in the A2g horizon (7.7%),
which is a consequence of modern soil
formation. The Cg horizon was diagnosed with
large (1.0–5.0 cm) oval and tubular shaped
artillery with a content of 17.7%, which are
relict and formed in the early stages of soil
formation. The ratio of the results of the gross
chemical composition of ortstein and content
horizons indicate the accumulation within their
boundaries of ferrum, manganese, calcium, and
aluminum. The ratio of Fe:Mn in the arthole is
9.1–12.1. The study of ortstein using an
electron scanning microscope has made it
possible to determine that the content of the
ferrum in its various parts is almost the same
(1.79-2.79%). Formation of black rings is
caused by an increase in their percentage of
manganese content by 1.6-3.4, aluminum by
1.4-2.3, and calcium by 2.1-5.4 times.
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