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Introduction

Abstract

Bozhko K., Bilova N.: The influence of the slope exposure on the soil aggregation and structure,
water stability of aggregates, and ecological microstructure formation of the ravine forest soils in
Pre-Dnipro region (Ukraine). Ekolégia (Bratislava), Vol. 39, No. 2, p. 116-129, 2020.

The soil aggregation and structure, water stability of aggregates, and peculiarities of microstructure
formation of the ravine forest soils in Dnipropetrovsk region on the example of the northern variant
of the ravine forest “Kapitanivskiy” have been identified. The soil properties of southern and north-
ern ravine exposures have been compared. The soil structure, aggregate composition, water stability
of aggregates as well as soil-forming processes of the ravine ecosystem have been analyzed. Micro-
morphological studies have shown a high degree of aggregation of the upper (0-60 cm) horizons of
the soil profile. The structure-forming process is of a zoogenic origin. Aggregates of coprolite nature
contain well-disintegrated plant remains. Dark gray, almost black color along the entire area of the
micromorphological slide is due to a large amount of organic compounds, which indicates active
processes of humification. Fine-dispersed humus consists of a large number of evenly spaced humus
clusters. The type of humus is mull. The skeleton consists of minerals of various sizes, dominated by
quartz and feldspars. Plasma is humus-clay, homogeneous throughout the entire slide, anisotropic
with speckled glowing. Microstructure is mainly aggregated and, in some places, spongy, depending
on a microzone of the soil slide. Elemental microstructure is of plasma-silty type. The area of the
visible surface of the pores in the upper horizons of the soil profile is fairly large (40%). Pores are
round and elongated, of regular shape, here and there with remains of small invertebrates. The deep-
er the soil slide is, the smaller the area of visible pores along with aggregation becomes. Correlating
with micromorphological characteristics, water resistance of structural aggregates reaches very high
(90.01% + 3.07) values in the upper horizons of the soil slide, decreasing at depths. The coefficient of
pedality is rather high (7.83 + 0.81) in the upper horizons, decreasing at depths.

Key words: ravine forest, soil, structure, aggregation, water resistance, micromorphology.

Forests are of paramount importance for improvement of the ecological situation of Ukraine.
Multifunctional properties of forests contribute to a significant increase in soil fertility by
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means of transforming the surface water flow into the deep one. Preventing from the de-
structive influence of dry winds, forests hinder soil erosion (Bilova, 1997). The conclusions
of the Spanish and French scientists, who regard phytostabilization as the most successful
solution to the chemical, toxicological, and environmental problems related to soil contami-
nation (Epelde et al., 2014; Nsanganwimana, 2014), coincide with our ideas.

In the ecological network of Ukrainian forests, ravine forests are of great importance.
Throughout the steppe area, there are a number of locations of a significant topographic low
(ravines) covered by wild ravine forests, which are situated in their natural environment. The
absence of molehill, as opposed to steppe biogeocoenosis, the presence of the traces of old
roots of dead trees, the well-formed specific sedentary-illuvial soil profile and others testify
the early occurrence of ravine forests in the steppe (Bilova, 1997; Bilova, Travleev, 1999).

Ravine forests are of great scientific value to study the peculiarities of the formation of
natural forests, where rare and endangered species of plants and animals have found shelter.
In addition, ravine forests can set an example for growing anti-erosion plants as well as be-
come a treasury of the seeds of wood and shrub breeds.

Soil is the main, resultant forest ecosystem unit. It is impossible to maintain and restore
ravine forests without a thorough study of soil characteristics.

The properties of soils are studied by scientists from all over the world. Spanish scientists
research the influence of the abiotic factors (temperature, soil moisture, and ultraviolet ir-
radiance ratio) on the soil ecosystem (Morgado et al., 2015), the impact of long-term use of
chemical and organic fertilizers on a large number of nitrogen-containing microbial com-
munities of soil (Sun et al., 2015). Brazilian scientists investigate the role of earthworms in
soil formation (Zuiga et al., 2013), the effect of worms on quality characteristics of soils
(Bartz et al., 2013). Iranian scientists conduct researches connected with the influence of the
climate humidity grade during soil-forming processes of loess soils (Khormali et al., 2012),
micromorphological aspects of the development of forest soils evolved from eruptive rocks
in Lahidzhany (Ramezanpour, Pormasoumi, 2012) influence of technogenic disturbances on
understory of oak forests (Eshaghi et al., 2017). German scientists investigate the relation-
ship between macropores of the soil and its hydrological properties (Bogner et al., 2014).
Slovak scientists carry out a number of substantial studies connected with the characteristics
of physical properties of soil profiles under introduced trees (Pollakova et al., 2017), devel-
opment of a soil water regime (Tuzinsky et al., 2017 ), determination of Organic Fractions
and Enzymatic Activity in Forest Spruce Soil of Tatra National Park (Géfrikova et al., 2018),
dependence of the soil reaction on the number of mites (Buza, Divos, 2016), fluctuations of
nutrients in the upper soil horizons under the bedding of different wood species (Pollakova
etal,, 2015), assessment of the organic substance of soils from different ecosystems in relation
to the carbon parameters (TobiaSova et al., 2015), and the Contingency of Soil Microorgan-
isms and the Selected Soil Biotic and Abiotic Parameters Under Different Land-Uses (Judova
etal., 2019).

Ukrainian scientists comprehensively and thoroughly investigate the properties of soils,
in particular, the selective absorption of heavy metals by soil and humic acids at different pH
levels (Miroshnychenko, Kutz, 2016), the coloristic criteria of the S-matrix of brownish ashy
gleyed soils of the Pre-Carpathian region (Nikorych, Chervonogrodska, 2016), the issues of
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diagnostics of elemental soil processes and profile-differentiated soils in the Pre-Carpathian
region (Smaga, 2016), and the ecological and evolutionary analysis of the content of lithi-
um in soils (Dmytruk, 2016). They also predict the content of chemical elements in soils of
different genesis for assessing the ecological and energy status (Samokhvalova et al., 2016),
study soil features of floodplain soils that limit the growth of energy crops (Kholodna, 2016),
and assess the antideflationary efficiency of the “No-till” technology in the conditions of the
southern steppe of Ukraine (Chornyy, Volosheniuk, 2016). We fully agree with the ideas of
Prof. Medvedev, who believes that one of the most important tasks of the state is monitoring
of soil cover on the basis of the latest software, mathematical, instrumental, and cartographic
principles in compliance with the European experience (Medvedeyv, 2016).

Scientists of Dnipropetrovsk school of soil have been studying soil properties, the nature
of soil formation, and the genesis of soils in the southeast of Ukraine (Belgard, 1950, 1971;
Bilova, Travleev, 1999). The monitoring of the influence of a mole rat’s digging activity on
the restoration of proteolytic activity of soils under conditions of their technogenic contami-
nation (Zamesova, 2016), the presence of heavy metals in the subsoil waters of Prisamarja
Dniprovskogo (Kotovych, 2016), the dielectric penetration of the ravine soils (Gorban, 2016),
the macro- and micromorphological differentiation of the humus-accumulative horizons of
forest soils (Yakovenko, 2016), the effect of soil on spatial variation of the herbaceous layer
modulated by overstorey in an eastern European poplar-willow forest (Zhukov et al., 2019)
as well as the long-term monitoring of land recultivation (Zverkovsky, Zubkova, 2016), the
features of the structural and aggregate composition of black soil in ravine forests (Gorban
et al., 2016), and lithologic heterogeneity of the profile of ravine soils (Yakovenko, 2017) is
being conducted.

The ravine forests of southeastern Ukraine are of great interest for scientific researchers-
ecologists. In ravine forests, there are soils characterized by unique ecological, in particular,
microclimatic features of soil-forming processes. The purpose of this study is to specify the
structural and aggregate composition, water resistance of aggregates and microstructure for-
mation of soils of the southern exposure of the ravine as well as to compare the study results
with the soil properties of the northern exposure of the research object, which we studied
earlier (Bozhko, Bilova, 2010).

Material and methods

Natural ravine forests of the northern variant of Dnipropetrovsk region emerged on the plateau located on the right
bank of the Dnipro River. As an example of such ecosystems, we have chosen “Kapitanivskiy” ravine situated at
48°46.1502°N, 35 °37.3164’E (Fig. 1).

The methodological approach of our research is based on the typological principles developed by A. L. Belgard
(Belgard, 1971) for steppe forests as well as the methodological principles of ecological micromorphology of soils
proposed by N. A. Bilova and A. P. Travleev (Bilova, Travleev, 1997). Both field studies, geobotanical description and
bioecological characteristics of flora are based on generally accepted methods and approaches. The micromorpho-
logical structure of soils has been studied in accordance with the methods developed by O. I. Parfyonova and K. A.
Yarilova (Parfyonova, Yarilova, 1977), S. A. Shoba (Shoba, 1981). Transparent slides have been made in accordance
with E. E Mochalova’s method (Mochalova, 1956), “Methodological manual on micro-morphology of soils” edited
by G. V. Dobrovolsky (Dobrovolsky, 1983) has been used during decryption; identification of aggregate composition
has been carried out by dry sifting of soil samples through a sieve with each soil profile divided into 10 zones, 10 cm
each, and soil samples have been taken from top to bottom along the cut; the coefficient of soil structure K = C/B

118



L] Severodonetsk
CeBepofoneLisK

Slovyansk

e

CROBAHCHK Lysychansk

& : THCHBHCHK

il
, A
K Novon Kramatorsk v (i}
Hogomoc Kpamaropeok  Bakhmut &
; BaxyT Kadiivka Tly
Kamianske Paviohrad e Kapeka
& Kauswceee - Dnipro Masnorpan £
; Byinpd el e s :
& epHieka : = : = Alchevsk
= Anveack
E % Horlivka 1)
@ Polrovsk Topniexa
ToKpoBCok o .
' . €50
7 Yenakijeve )
W vl lexos2 Wi
Bacumiiaca = 9%
= Donetsk Chystiakove ~ Antratsyt
Yuer o AHTpaMT
ﬂu“eubk HC S‘h[Vt!(
a ]
Zaporizhzhia
3anopiKKA H
o
ok Polo
o Mokpos
& ) Marhanets B
IKCI(-C b ! LLLJ

Fig. 1. Location of the researched object: “Kapitanivskiy” ravine (1).

has been determined in accordance with I. B. Revut’s method (Revut, 1964; Nweke, Nnabude, 2014), where C is the
number of structural separates of 0.25-8.00 mm, B is the sum of separates larger than 8.00 mm, and silty separates
smaller than 0.25 mm; analyses of water resistance of structural aggregates have been carried out in compliance with
M. E. Bekarevichs and M. V. Krechun’s method (Bekarevich, Krechun, 1964; Molina et al., 2001); the average square
deviation was determined by formula:

TG B2
N-1 ’

the coefficient of indicators correlation was determined by formula:

o ILGi- DG D)
\/Z(xi - X)X X — ¥)?

Results

The sample area under study is laid in the middle third of the slope at 20° of the south-
ern exposure. Humidifying is atmospheric-transit, inflowing-outflowing. Microrelief
is wavy. The type of forest biogeocoenosis is a fresh ash-tree and maple wood. The
timber stand consists of 40% Fraxinus excelsior L., 30% Acer compestre L., and 30%
Quercus robur L. Light structure is half-shade. Crown density is 0.7. The total coverage

of the grass stand is 50%. Bioecological certification of the grass stand is presented in
Table 1.
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Table I.Bioecological certification of the ravine grass stand.

Ne Plantname Layer | Height | Vegetation | Abundance accord- | Coverage | Vitality
(cm) stage ing to Drude (%) points

1 | Pulmonaria obscura Dumort H 16 v, ~ Copl(gr) 2 4-5

2 | Scutellaria altissima L. H, 45 #, ~ Sp 2 4

3 | Stella riaholostea L. H, 12 - Cop (gr) 3 4

4 | Viola odorata L. H, 5 - Sp 2 3-4

5 | Chaerophyllum temulum L. H, 5 v, + Sp 1 4

Notes: Layer: H, - the highest layer; H, - middle layer; H, - the lowest layer; vegetation stage: - vegetating; ~ - veg-
etating after fruiting; v - the state of rosette; + - unripe fruits; # - mature fruits; abundance according to Drude: copl
- very scattered; sp - scattered (few); gr - groups.

The dead cover is fragmentary consisting of the leaves of tree species and dead herbs.
There are diggings of mouse-type rodents. The soil is forest black soil, carbonate, low forest
covered, low-eroded, medium-humus, medium-loamy on forest loams.

2.5-0 cm. The forest floor consists of semi-rotten, semi-stuck wood species, brown rotten
wood that separated from the soil.

0-25 ¢cm horizon. The horizon is dark gray, almost black, moist, humus-sedentary, loose,
with many roots, coarse-pored. It almost entirely consists of the excrements of earthworms
and other representatives of soil mesofauna (Fig. 2a). There is a large number of plant resi-
dues at different stages of development. The color is dark brown, almost black, homogeneous
throughout the ground slide due to the high content of organic compounds. The plasma of
humus is clayey, homogeneous throughout the ground slide, anisotropic, but largely hid-
den by organic compounds, the glowing is speckled. Plant residues are mostly fresh and
low-rotten. Humus consists of humus clusters and colloform fresh-brown humus. The type
of humus is mull. The visible pore space occupies a significant area (40-45%). Pores are of
irregular structure, interaggregate. This area is dominated by aggregates of zoogenic origin
(coprolites), which are mainly isometric and slightly elongated, of organic-mineral structure.
Interaggregate pores contain remains of small invertebrates. Microstructure is of an aggre-
gated and spongy type. Elemental microstructure is plasma-silty. The skeleton is dominated
by quartz and feldspars of isometric and slightly elongated shape.

25-60 cm horizon. Dark gray, moist, granular and fine granular, soft, loamy. Effervescence
of CaCO, is effected by HCl at a depth of 42 cm. The color is dark brown, uniform throughout
the ground slide, along with dense, opaque organic clusters of round shape with a diffusive
outline. The plasma is humus-clayey, homogeneous throughout the ground slide, anisotropic
(Fig. 2b). The glow is speckled, inhomogeneous throughout the ground slide, organic matter
consists of slightly rotten and fresh plant residues. The humus includes a sufficient number
of scattered humus clusters and light brown humus. The type of humus is mull. Pores are
of interaggregate irregular shape, there are also round inwardly aggregate pores and cracks
(Figs 2c, d). Visible pores occupy a sufficiently large area (30-40%). Aggregates are mostly
coprolite-type, isometric, with organic-mineral structure, of a round and isometric shape.
Microstructure is aggregated and spongy (Fig. 2d). Elemental microstructure is plasma-silty.
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The skeleton is dominated by quartz and feldspars of slightly elongated isometric shapes of
various sizes, mostly medium-rounded.

Fig. 2. Micromorphological structure of soils of the northern ravines of Dnipropetrovsk region, x60:

a - nicols are parallel, there is coprolite in pore space (0-25 cm); b - nicols are parallel, a microstructure is of an aggregate
and spongy type (0-25 cm); ¢ - nicols are crossed, humus—clay anisotropic plasma, elemental plasma-silty microstructure
(25-60 cm); d - nicols are parallel, the system of pores, skeleton, plant remains (25-60 cm); e - nicols are crossed, pores,
skeleton (60-85 cm); f - humus carbonate-clay plasma, anisotropic, visible porosity takes much less space.
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60-85 cm horizon. Dark gray, with a brown shade, gradually becoming lighter, noticeably
dense, granular and fine granular, loamy. The transition between horizons is gradual. The
color is brownish, heterogeneous due to less humus content. The plasma is humus-carbonate-
clayey, inhomogeneous, anisotropic. The glow is speckled throughout the ground slide (Fig.
2e). The walls of the pores have anisotropic films (cutans), of mineral structure, which is the
result of lessivage. There are few plant remains, mainly half-rotten. Organic compounds are
much less. Microstructure is spongy, not aggregated. Pores are mostly irregular, rounded, of a
narrow elongated shape (Fig. 2f). There is a large number of parallel and intersecting cracks.

Microstructure is of a spongy type. Elemental microstructure is plasma-silty. The skel-
eton is dominated by feldspars and quartz of various sizes, dominated by isometric shapes,
slightly rounded.

85-120 c¢m horizon. Dark brown with a straw-colored shade, which is getting much
lighter and denser at depths. The color of a sample is from light brown to brown. There are
dense opaque rounded organic clusters with a diffusive outline. Elementary microstructure
is plasma-silty. The plasma is humus-carbonate-clayey, inhomogeneous, anisotropic. The
glow is speckled throughout the ground slide. The walls of the pores have signs of lessivage.
The plant remains are scarce, mainly slightly rotten. Organogenic components are much
fewer. The type of humus is mull having the same shapes, but in a much smaller number.
Microstructure is of a spongy type. Elementary microstructure is plasma-silty. The skeleton
is dominated by feldspars and quartz of various sizes, mainly isometric. Pores are narrow and
elongated, irregular. Visible pores take much less (10-15%) area.

sm

10-20

20-30

30-40

40-50

50-60

60-70

70-80

80-90

90-100

Fig. 3. The coefficient of pedality of the ravine soils.
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The deeper the horizon is, the lower the coefficient of pedality (K) becomes (Fig. 3).
Maximum value of K is in the 10-20 cm horizon (7.83 + 0.81), and minimum value is in the
80-90 cm horizon (1.94 £ 0.15). The sum of 0.5-2.0 mm aggregates has a fairly high content.
The greatest value of this indicator is in the 10-20 cm horizon (65.98 + 2.07%), and the small-
est is in the 50-60 cm horizon (30.51 + 0.74%) (Fig. 4).
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Fig. 4. The sum of 0.50-2.00 mm aggregates of the ravine soils.

The biometric correlation analysis as a combination of methods for detecting correlation
dependence between two or more random features has been used by us to obtain more ac-
curate information on the nature and strength of the relationship between the characteristics
of the studied soils. The correlative connection is characterized by the correlation coefficient
r. We have examined the relationship between two indicators of the aggregate analysis re-
sults: X, value is the sum of aggregates having size from 0.5 to 2.0 mm (20.5-2.0 mm), Y,
value is the coefficient of pedality (K) of the same samples of the ravine soil of the middle
third of the slope of the southern exposure. The results of the calculations have shown that
the correlation coeflicient between the indicators £0.5-2.0 mm and K is 0.76, which is a high
correlation.

The deeper the horizon is, the lower the water stability of soil aggregates becomes (Table
2). The coefficient of pedality reaches maximum value (90.01 + 3.07% and 86.13 + 4.11%) in
the 0-10 cm horizon (1.00-2.00 mm fraction and 0.50-1.00 mm fraction, respectively) and
minimum value (37.78 * 3.84%) in the 90-100 cm horizon (fraction of 0.25-0.50 mm). The
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Table 2. Water stability of structural aggregates of the ravine soils.

. Aggregate structure (%) as a result of percolation Total sum of all
Horizon (cm) | Fracture (mm) aggregates (%)
1.00 0.50 0.25
1 2 3 4 5 6

1.00-2.00 54.18 +1.03 23.89+0.76 11.94 + 0.56 90.01 + 3.07
0-10 0.50-1.00 61.71 + 1.62 16.92 +2.08 6.50 £ 0.09 86.13 £ 4.11
0.25-0.50 13.98 + 1.02 34.15+1.74 8.78 £0.19 56.91 + 3.08
1.00-2.00 34.29 £0.97 21.06 + 2.19 26.02 +0.04 81.37 £3.75
10-20 0.50-1.00 16.08 + 0.87 41.40 +1.77 16.69 + 0.61 74.17 £3.94
0.25-0.50 11.08 £0.73 24.39 + 1.50 14.76 £ 0.24 50.23 +2.88
1.00-2.00 29.91+1.81 36.51 +1.03 8.31£0.28 74.73 £ 3.61
20-30 0.50-1.00 17.12 +0.63 3513 +£1.27 11.68 +0.99 63.93 +3.15
0.25-0.50 11.22+1.02 26.04 +2.05 7.11+0.08 44.37 +3.37
1.00-2.00 24.96 + 1.84 29.99 +0.71 8.58 + 0.81 63.53 +2.62
30-40 0.50-1.00 26.05 + 2.09 28.17 +1.31 3.65+1.04 57.87 £4.78
0.25-0.50 16.54 + 0.69 28.12 + 1.66 12.36 + 0.32 57.02 + 3.87
1.00-2.00 34.05 + 1.65 13.02 +1.32 9.55+0.47 56.62 + 3.94
40-50 0.50-1.00 20.11 £ 1.14 21.87 £0.84 8.03 +£0.30 50.01 +2.79
0.25-0.50 18.20 + 0.09 13.01 +2.06 12.05+1.13 43.26 +3.70
1.00-2.00 32.12+2.08 19.06 + 1.91 2.43 £0.05 53.61 +1.83
50-60 0.50-1.00 17.22 + 0.86 21.07 + 1.36 3.74 +0.52 42.03 + 3.08
0.25-0.50 9.04 + 0.30 25.36 + 1.17 3.38 £ 0.08 37.78 +3.84
1.00-2.00 29.38 +3.11 23.06 +1.29 3.73+0.78 56.17 £2.08
60-70 0.50-1.00 20.71 £3.14 23.02£2.19 7.86 £0.75 51.59 +2.93
0.25-0.50 12.39 + 1.61 16.83 £2.71 1331 £1.73 42.53 £3.84
1.00-2.00 21.36 + 0.67 24.05 + 1.58 5.76 + 1.08 51.17 +2.06
70-80 0.50-1.00 18.69 £ 1.99 25.65 £ 3.06 6.84 +2.68 50.18 = 1.07
0.25-0.50 11.51+2.71 18.94 + 0.88 17.63 + 1.51 48.08 +2.17
1.00-2.00 28.14 + 1.31 19.31 + 2.55 3.57 £0.07 51.02+4.18
80-90 0.50-1.00 23.61 +3.17 18.64 + 2.11 6.42+1.15 48.67 + 3.21
0.25-0.50 18.01 £0.18 18.99 + 1.98 10.14 + 0.65 47.14 £ 3.51
1.00-2.00 28.31 £0.22 17.26 + 3.05 4.63 +£0.24 50.20 + 4.08
90-100 0.50-1.00 22.44 +0.88 18.09 +2.41 7.53 +0.60 48.06 + 4.76
0.25-0.50 12.29 + 1.04 18.04 + 0.84 16.11 + 0.66 46.44 + 3.43

Note: 0.25-1.00 mm aggregates, as being the most productive for black soil, were analyzed; the study was conducted

three times.

coeflicient of correlation of water resistance indicators of 1.00-2.00 and 0.50-1.00 mm ag-
gregate fractions is 0.97, which is a very high correlation.

The determination of the correlation between two indicators—the coeflicient of pedality
(K) and water stability of soil aggregates of 1.00-2.00 mm size—has identified a high correla-
tion coefficient of 0.76.
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Discussion

Micromorphological studies have shown a high degree of soil aggregation. Upper horizons
are of dark gray, almost black color, homogeneous throughout the area of the micromorpho-
logical ground slide due to the high content of organic compounds. The horizon is moist,
humus-eluvial, loose, rich in roots, coarse-pored. The upper layer of the soil is solid and
humus and almost completely consists of excrements of earthworms and other representa-
tives of the soil mesofauna. The main structure-forming role belongs to dew-worms and
small invertebrates. The plasma of humus is clayey, homogeneous throughout the ground
slide, anisotropic, but largely hidden by organic compounds, the glow is speckled. The plant
remains are fresh and slightly rotten. Humus consists of humus clusters and collomorphic
fresh-brown humus. The type of humus is mull. The small areas of aggregated and spongy
microstructure prevail. Visible porosity occupies a significantly large area. In the upper ho-
rizons there are a great number of large, mainly round and oval pores, which contributes
to good aeration at great depth. The deeper it gets, the smaller the area of visible surface is,
decreasing from 55% to 5%, the soil becomes denser and the pores gradually turn into cracks.
The upper horizons are rich in isometric and slightly elongated aggregates of zoo origin (co-
prolites) with organic and mineral structure. Interaggregate pores partly incorporate residues
of small invertebrates. Microlayers are mostly aggregated and sometimes spongy, depend-
ing on the microzone of the soil slide. Elemental microstructure is of a plasma-pulverescent
type. The skeleton mainly consists of medium-rounded quartz and feldspars of isometric and
slightly elongated shape. The soils are carbonate, the effervescence of CaCO, effected by HCI
occurs at 42 cm depth.

The color of lower horizons varies from light brown to dark brown with a pale-yellow
shade, becoming much lighter and thicker at depth. There are areas of dense opaque organic
clusters of a round shape with a diffusive outline. The plasma is humus-carbonate-clayey,
inhomogeneous, anisotropic. The glow is speckled throughout the ground slide. The walls
of the pores incorporate anisotropic films, of mineral structure, which points to lessivage.
The plant remains are scarce, mostly slightly rotten. There are much fewer organogenic com-
pounds. The type of humus is mull having the same shapes, but in a much smaller quantity.
Pores are narrow, elongated, and irregular. Visible porosity occupies a much smaller area
(10-15%). Elemental microstructure is of a plasma-silty type.

The results of determining the aggregate composition of soils indicate a high aggregation
of humus horizons. The coefficient of soil structure (K) reaches the greatest value (7.83 +
0.81) in the 10-20 cm horizon, while the lowest value (1.94 + 0.08) can be seen in the 80-90
cm horizon. The deeper the horizon is, the less the sum of 0.5-2.0 mm aggregates becomes.
The greatest value of this coefficient can also be indicated for humus horizons (65.98 + 1.63)
in the 0-10 cm horizon.

The deeper the horizon is, the lower the water stability of soil aggregates becomes. The
maximum value of this indicator is 90.01 + 3.07% in the 0-10 cm horizon (1.00-2.00 mm
fracture). The greater the depth is, the more the indicator of this fracture falls gradually up
to 50.20 + 4.08% at 90-100 cm depth. The water resistance of 0.50-1.00 mm fracture is also
very high in the upper horizons (86.13 + 4.11%) in the horizon of 0.50-1.00 cm and gradu-
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ally decreases, the greater the depth becomes, up to 48.06% at 90-100 cm depth. The water
resistance indicators of 0.25-0.50 mm fracture are the lowest and range from 56.91 + 3.08%
to 46.44 + 3.43%.

The coefficient of correlation of water stability indicators of 1.00-2.00 and 0.50-1.00 mm
aggregate fractions is 0.97, which is a very high correlation. The determination of the cor-
relation between two indicators—the coefficient of pedality (K) and water resistance of soil
aggregates of 1.00-2.00 mm size (as the highest value of three fractions)—has shown a high
correlation coefficient of 0.76. This testifies that different qualitative indicators of soil proper-
ties synchronously decrease the deeper the soil slide is.

Earlier we investigated the properties of the ravine soils on the example of the middle
third of the slope of the northern exposure (Bozhko, Bilova, 2010). The coefficient of soil
pedality here turned out to be extremely high—10.53 + 1.22 and 12.74 + 1.79 in the 10-20
cm horizon and 30-40 cm horizon, respectively, while water stability of structural aggregates
reaches 95.07 + 2.17% and the power of the humus horizon is greater. The comparison be-
tween the coefficient of soil pedality and water stability of two ravine slopes is presented in
Table 3.

Table 3. The comparison between the coefficient of soil pedality and water stability of two ravine slopes.

Horizon (cm) The slope of the southern exposure The slope of the northern exposure
K J K J

0-10 7.26 £0.94 90.01 £ 3.07 7.05 £ 1.06 94.67 £ 1.16
10-20 7.83+£0.81 81.37 £3.75 10.53 £ 1.22 95.07 £2.17
20-30 6.12+0.17 74.73 £3.61 8.53+1.51 86.75+ 1.34
30-40 6.10 +0.21 63.53 +2.62 12.74 + 1.79 93.62 +£2.08
40-50 541 £0.51 56.62 + 3.94 3.67 £0.74 67.94+2.71
50-60 3.75+£0.44 53.61 £1.83 4.69 = 0.85 83.15+3.17
60-70 3.76 £ 0.39 56.17 £ 2.08 4.39 +£1.01 80.37 £2.61
70-80 2.76 £0.11 51.17 £ 2.06 1.98 +0.08 81.55 + 1.96
80-90 1.94 £ 0.24 51.02 £ 4.18 2.23£0.37 64.16 £2.48
90-100 2.41+£0.19 50.20 + 4.08 2.24+0.71 81.32 £ 3.06

Notes: K - coeficient of pedality; J - water stability of 1.00-2.00 mm aggregates.

This difference is explained by the following factors: on the slope of the northern expo-
sure, the type of forest vegetation is a fresh clay loam, in contrast to the southern exposure
where it is a much fresher clay loam; the type of forest biogeocoenosis is a fresh lime-ash-
maple wood. The light structure is half-shadowy. The density of the tree crown is 0.8. Such
conditions are the most favorable for soil formation and active processes of soil humification.

Conclusion

The study of the soil structure and aggregation, water stability of aggregates, and ecolog-
ical and micro-morphological features of soils of the ravine forests of Pre-Dnipro region
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(Ukraine) on the example of the northern variant of the ravine forest “Kapitanivskiy” has
identified a high degree of aggregation of the upper horizons of the soil slide. The structure
is of a zoogenic origin. The aggregates of mainly coprolite nature contain well-rotten plant
remains. The dark gray, almost black color throughout the area of the micromorphologi-
cal slide is due to a large number of organic compounds, which points to active processes
of humification. Finely dispersed humus includes a large number of equally spaced humus
clusters. The type of humus is mull. The area of the visible surface of the pores in the upper
horizons of the soil profile is fairly large (40%). Pores are round and elongated. Typically,
remains of small invertebrates can be found in the pores. The deeper the soil slide is, the
smaller the area of visible pores (from 55 to 5%) together with aggregation becomes. Corre-
lating with micromorphological characteristics, the water resistance of structural aggregates
reaches high values (90.01 * 3.07%) in the upper mummified coprolite horizons of the soil
slide, decreasing at depths. The coeflicient of pedality in ravines reaches 7.83 + 0.81. The sum
of 0.5-2.0 mm aggregates is 65.98 * 2.07%.

Comparing the soil properties of the southern and northern exposure of the object under
study, we have come to the conclusion that the soil structure and aggregation, water stability
of aggregates, and soil micromorphological indicators are much better on the slope of the
northern exposure. Consequently, more favorable environmental conditions here, especially
microclimatic, are the most suitable for active processes of humification and microstructure
formation.

In general, the soils of the northern ravine forests of Pre-Dnipro region (Ukraine) are
characterized by an active biogenic microstructure formation, which results in significant
aggregation and looseness of the microstructure, which greatly increases the fertility of these
soils.

References

Bartz, M.L.C., Pasini, A. & Brown G.G. (2013). Earthworms as soil quality indicators in Brazilian no-tillage systems.
Appl. Soil Ecol., 69, 39-48. DOI: 10.1016/j.aps0il.2013.01.011

Bekarevich, N.E. & Krechun Z.A. (1964). The water- soil structure and its determination by analysis of aggregate (in
Russian). In Methods of research in the field of soil physics (pp. 132—164).

Belgard, A.L. (1950). Forest vegetation of southeast of Ukrainian SSR (in Russian). Kiev: Lesnaja Promyshlennost.

Belgard, A.L. (1971). Steppe forestry (in Russian). Moskva: Lesnaja Promyshlennost.

Bilova, N.A. (1997). Ecology, micromorphology, anthropogeny forest soils of the steppe zone of Ukraine (in Russian).
Dnepropenrovsk: DNU.

Bilova, N.A. & Travleev A.P. (1999). Natural forest and grassland soils (in Russian). Dnepropenrovsk: DNU.

Bogner, C., Bauer, F, Trancon y Widemann, B., Vifian, P, Balcazar L. & Huwe B. (2014). Quantifying the mor-
phology of flow patterns in landslide-affected and unaffected soils. J. Hydrol., 511, 460-473. DOI: 10.1016/j.
jhydrol.2014.01.063

Bozhko, K.M & Bilova N.A. (2010). Soil and geobotanical characteristic as well as micromorphological characteris-
tics of soil in the ecosystem “Kapitanivskiy unhomogeneous forest in the baulk” on the example of slope of the
northern exposition and the thalweg of the unhomogeneous forest (in Ukrainian). Optimization and Protection
of Ecosystems (pp. 181-191). Simferopol: TNU.

Buza, A. K. & Divos E (2016). Spruce tree fighting back - study of honey fungus infection. Folia Oecologica, 43,
204-207.

Chornyy, S.G. & Volosheniuk A.V. (2016). Evaluation of wind erosion protective efficiency No-till technology in
southern Ukraine steppe conditions (in Ukrainian). Gruntoznavstvo, 17(3-4), 50-63. DOI: 10.15421/041613.

Dobrovolsky, G.V. (1983). Methodological guidance on soil micromorphology (in Russian). Moskva.

127


http://www.sciencedirect.com/science/article/pii/S0929139313000267
http://www.sciencedirect.com/science/article/pii/S0929139313000267
http://www.sciencedirect.com/science/article/pii/S0929139313000267
http://www.sciencedirect.com/science/journal/09291393
https://doi.org/10.1016/j.apsoil.2013.01.011
http://www.scopus.com/authid/detail.url?authorId=36749710900&amp;eid=2-s2.0-84894349105
http://www.scopus.com/authid/detail.url?authorId=56043709500&amp;eid=2-s2.0-84894349105
http://www.scopus.com/authid/detail.url?authorId=6507574258&amp;eid=2-s2.0-84894349105
http://www.scopus.com/authid/detail.url?authorId=56042832000&amp;eid=2-s2.0-84894349105
http://www.scopus.com/authid/detail.url?authorId=56043269600&amp;eid=2-s2.0-84894349105
http://www.scopus.com/authid/detail.url?authorId=6603051348&amp;eid=2-s2.0-84894349105
http://www.scopus.com/source/sourceInfo.url?sourceId=50089&origin=recordpage
https://doi.org/10.1016/j.jhydrol.2014.01.063
https://doi.org/10.1016/j.jhydrol.2014.01.063
http://dx.doi.org/10.15421/041613

Dmytruk, Y.M. (2016). Ecological-evolutionary analysis of lithium content in soils (in Ukrainian). Gruntoznavstvo,
17(1-2), 31-39. DOI: 10.15421/041603.

Epelde, L., Becerril, ].M., Alkorta, I. & Garbisu C. (2014). Adaptive long-term monitoring of soil health in metal phy-
tostabilization: Ecological attributes and ecosystem services based on soil microbial parameters. International
Journal of Phytoremediation, 16, 971-981. DOI: 10.1080/15226514.2013.810578.

Eshaghi Rad, J., Valadi, G. & Zargaran M.R. (2017). Effect of man-made disturbances on understory plant richness
of oak forests in Iran. Folia Oecologica, 44, 61-68. DOI: 10.1515/foecol-2017-0008.

Gifrikovd, J., Hanajik, P. & Zvarik M. (2018). Determination of organic fractions and enzymatic activity in forest
spruce soil of Tatra National Park. Ekol6gia (Bratislava), 37(4), 328-337. DOI: 10.2478/eko-2018-0024.

Gorban, V.A. (2016). To the method of studying the permittivity of soils (on an example of soils of ravine for-
ests of the northern variant of the steppe zone of Ukraine (in Russian). Gruntoznavstvo, 17(3-4), 90-97. DOL:
10.15421/041616.

Judovd, J., Kanianska, R., Jadudova, J., Kizekovd, M. & Makovnikova J. (2019). The contingency of soil microorgan-
isms and the selected soil biotic and abiotic parameters under different land-uses. Ekoldgia (Bratislava), 38(2),
101-116. DOI: 10.2478/eko-2019-0008.

Kholodna, A.S. (2016). Soil factors of floodplain soils that limit growth of energy crops (in Ukrainian). Gruntoznavs-
tvo, 17(3-4), 43-49. DOI: 10.15421/041612.

Khormali, F, Ghergherechi, S., Kehl, M. & Ayoubi S. (2012). Soil formation in loess-derived soils along a sub-
humid to humid climate gradient, Northeastern Iran. Geoderma, 179-180, 113-122. DOI: 10.1016/j.geoder-
ma.2012.02.002.

Kotovych, O.V. (2016). Heavy metals in the ground waters of Prisamarya Dniprovske (in Ukrainian). Gruntoznavs-
tvo, 17(3-4), 98-106. DOIL: 10.15421/041617.

Medvedev, V.V. (2016). Methodology of effective monitoring of a soil cover (on the basis of the analysis of 25-years
European experience) (in Ukrainian). Gruntoznavstvo, 17(3-4), 5-14. DOI: 10.15421/041609.

Miroshnychenko, N.N. & Kutz O.A. (2016). Selective absorption of heavy metals by soil and humic acids at different
pH levels (in Ukrainian). Gruntoznavstvo, 17 (1-2), 74-82. DOI: 10.15421/041607.

Mochalova, E.E (1956). Making thin sections of undisturbed soil with structure (in Russian). Pochvovedenie, 10, 6—38.

Molina, N.C., Caceres, M.R. & Pietroboni A.M. (2001). Factors affecting aggregate stability and water dispersible
clay of recently cultivated semiarid soils of Argentina. Arid Land Res. Manag., 15, 77-87.

Nikorych, V.A. & Chervonogrodska L.V. (2016). Colouristic criteria of S-matrix of the Precarpathians brownish-
Podzolic gleyed soils (in Ukrainian). Gruntoznavstvo, 17(1-2), 49-63. DOI: 10.15421/041605.

Nsanganwimana, E, Marchand, L., Douay, E & Mench M. (2014). Arundo donax L., a candidate for phytomanaging
water and soils contaminated by trace elements and producing plant-based feedstock. A review. International
Journal of Phytoremediation, 16, 982-1017. DOI: 10.1080/15226514.2013.810580.

Nweke, I.A. & Nnabude P.C. (2014). Aggregate size distribution and stability of aggregate fractions of fallow and
cultivated soils. Journal of Experimental Biology and Agricultural Sciences, 1, 514-520.

Parfyonova, EI. & Yarilova K.A. (1977). Guide to micromorphological studies in soil science (in Russian). Nauka:
Moskva.

Polldkova, N., Simansky, V., Lozek, O., Hana¢kovd, E. & Candrdkova E. ( 2015). The changes of nutrient and risk
elements of top soil layers under canopy of different tree species and grassland in Arboretum Mlynany, Slovakia.
Folia Oecologica, 42, 29-34.

Polldkova, N., Simansky, V. & Jonczak J. (2017). Characteristics of physical properties in soil profiles under se-
lected introduced trees in the Nature Reserve Arboretum Mlynany, Slovakia. Folia Oecologica, 44, 78-86. DOI:
10.1515/foecol-2017-0010.

Ramezanpour, H. & Pourmasoumi M. (2012). Micromorphological aspects of two forest soils development derived
from Igneous rocks in Lahijan (Iran). Journal of Mountain Science, 9, 646-655.

Revut, I.B. (1965). Soil about yourself ( modern view on the mechanical composition and structure of the soil ) (in Rus-
sian). Nauka: Moskva.

Rui Morgado, Nuno G.C. Ferreira, Diogo N. Cardoso, Amadeu M.V.M. Soares & Susana Loureiro (2015). Abiotic-
factors affect the performance of the terrestrial isopod Porcellionides pruinosus. Appl. Soil Ecol., 95, 161-170.
DOI: 10.1016/j.aps0il.2015.06.012.

Ruibo Sun, Xisheng Guo, Daozhong Wang & Haiyan Chu (2015). Effects of long-term application of chemical and
organic fertilizers on the abundance of microbial communities involved in the nitrogen cycle. Appl. Soil Ecol.,
95, 171-178. DOI: 10.1016/j.aps0il.2015.06.010.

128


http://dx.doi.org/10.15421/041603
http://www.scopus.com/authid/detail.url?authorId=23969956200&amp;eid=2-s2.0-84893680050
http://www.scopus.com/authid/detail.url?authorId=6701664900&amp;eid=2-s2.0-84893680050
http://www.scopus.com/authid/detail.url?authorId=7005819295&amp;eid=2-s2.0-84893680050
http://www.scopus.com/authid/detail.url?authorId=6603680580&amp;eid=2-s2.0-84893680050
http://www.scopus.com/source/sourceInfo.url?sourceId=23273&origin=recordpage
http://www.scopus.com/source/sourceInfo.url?sourceId=23273&origin=recordpage
https://doi.org/10.1080/15226514.2013.810578
https://dx.doi.org/10.1515/foecol-2017-0008
https://content.sciendo.com/search?f_0=author&q_0=Jana+G%C3%A1frikov%C3%A1
https://content.sciendo.com/search?f_0=author&q_0=Peter+Hanaj%C3%ADk
https://content.sciendo.com/search?f_0=author&q_0=Milan+Zvar%C3%ADk
https://content.sciendo.com/view/journals/eko/37/4/article-p328.xml
https://content.sciendo.com/view/journals/eko/37/4/article-p328.xml
http://dx.doi.org/10.2478/eko-2018-0024
http://dx.doi.org/10.15421/041616
http://dx.doi.org/10.15421/041616
https://content.sciendo.com/search?f_0=author&q_0=Jana+J%C3%BAdov%C3%A1
https://content.sciendo.com/search?f_0=author&q_0=Radoslava+Kanianska
https://content.sciendo.com/search?f_0=author&q_0=Miriam+Kizekov%C3%A1
https://content.sciendo.com/search?f_0=author&q_0=Jarmila+Makovn%C3%ADkov%C3%A1
https://content.sciendo.com/view/journals/eko/38/2/article-p101.xml
https://content.sciendo.com/view/journals/eko/38/2/article-p101.xml
http://dx.doi.org/10.2478/eko-2019-0008
http://dx.doi.org/10.15421/041612
http://www.scopus.com/authid/detail.url?authorId=8579385900&amp;eid=2-s2.0-84858744273
http://www.scopus.com/authid/detail.url?authorId=55123132800&amp;eid=2-s2.0-84858744273
http://www.scopus.com/authid/detail.url?authorId=8688280400&amp;eid=2-s2.0-84858744273
http://www.scopus.com/authid/detail.url?authorId=15029836800&amp;eid=2-s2.0-84858744273
https://doi.org/10.1016/j.geoderma.2012.02.002
https://doi.org/10.1016/j.geoderma.2012.02.002
http://dx.doi.org/10.15421/041617
http://dx.doi.org/10.15421/041609
http://dx.doi.org/10.15421/041607
https://www.tandfonline.com/author/Molina%2C+N+C
https://www.tandfonline.com/author/Caceres%2C+M+R
https://www.tandfonline.com/author/Pietroboni%2C+A+M
http://dx.doi.org/10.15421/041605
http://www.scopus.com/authid/detail.url?authorId=56015408200&amp;eid=2-s2.0-84893674729
http://www.scopus.com/authid/detail.url?authorId=36489908600&amp;eid=2-s2.0-84893674729
http://www.scopus.com/authid/detail.url?authorId=15519244600&amp;eid=2-s2.0-84893674729
http://www.scopus.com/authid/detail.url?authorId=7003768871&amp;eid=2-s2.0-84893674729
http://www.scopus.com/source/sourceInfo.url?sourceId=23273&origin=recordpage
http://www.scopus.com/source/sourceInfo.url?sourceId=23273&origin=recordpage
https://doi.org/10.1080/15226514.2013.810580
https://dx.doi.org/10.1515/foecol-2017-0010
https://dx.doi.org/10.1515/foecol-2017-0010
http://www.scopus.com/authid/detail.url?authorId=36176157200&amp;eid=2-s2.0-84866660228
http://www.scopus.com/authid/detail.url?authorId=55366673600&amp;eid=2-s2.0-84866660228
http://www.scopus.com/source/sourceInfo.url?sourceId=5400152709&origin=recordpage
https://www.sciencedirect.com/science/journal/09291393
https://doi.org/10.1016/j.apsoil.2015.06.012
https://www.sciencedirect.com/science/journal/09291393
https://doi.org/10.1016/j.apsoil.2015.06.010

Samokhvalova, P.A. & Mandryk O.V. ( 2016). Forecasting the levels of trace elements and heavy metals content in
soils of different genesis for the assessment of their environmental and productional functions (in Ukrainian).
Ecology and Noospherology, 27(1-2), 74-79.

Smaga, LS. (2016). Diagnostic problems of elementary soil processes and profile-differentiated soils of the Precar-
pathian region (in Ukrainian). Gruntoznavstvo, 17(1-2), 40-48. DOI: 10.15421/041604.

Tobiasovd, E., Debska, B. & Drag M. (2015). The assessment of the soil organic matter of different ecosystems ac-
cording to parameters of carbon. Folia Oecologica, 42, 46-53.

Tuzinsky, L., Bublinec, E. & Tuzinsky M. (2017). Development of soil water regime under spruce stands. Folia Oeco-
logica, 44, 46-53. DOI: 10.1515/foecol-2017-0006.

Yakovenko, V.M. (2016). Macro- and micro-morphological differentiation of humus-accumulative horizon of forest
soils (in Ukrainian). Gruntoznavstvo, 17(3-4), 64-80. DOIL: 10.15421/041614.

Yakovenko, V. (2017). Fractal properties of coarse/fine-related distribution in forest soils on colluvium. In D. Dent
& Y. Dmytruk (Eds.), Soil science working for a living (pp. 29- 42). Switzerland: Springer International Publish-
ing. DOI: 10.1007/978-3-319-45417-7.

Zamesova, T.A. (2016). Influens of mole rats burrow activity to restore the soils proteolytic activity in terms of their
man-made pollution (in Ukrainian). Gruntoznavstvo, 17(3-4), 107-111. DOI: 10.15421/041618.

Zhukov, O., Kunah, O., Dubinina, Y., Zhukova, Y. & Ganzha D. (2019). The effect of soil on spatial variation of the
herbaceous layer modulated by overstorey in an eastern European poplar-willow forest. Ekolégia (Bratislava),
38 (3), 253-272. DOL: 10.2478/eko-2019-0020.

Zuniga, M.C., Feijoo M.A., Quintero, H., Aldana, N.J. & Carvajal A.F. (2013). Farmers’ perceptions of earth worms
and their role in soil. Appl. Soil Ecol., 69, 61-68. DOI: 10.1016/j.aps0il.2013.03.001.

Zverkovsky, V. M. & Zubkova O.S. (2016). Dynamics of mine rocks and artificial soils agrochemical character-
istics under the impact of long-term reclamation (in Ukrainian). Gruntoznavstvo, 17(1-2), 83-89. DOL:
10.15421/041608.

129


http://dx.doi.org/10.15421/041604
https://dx.doi.org/10.1515/foecol-2017-0006
http://dx.doi.org/10.15421/041614
http://dx.doi.org/10.1007/978-3-319-45417-7
http://dx.doi.org/10.15421/041618
http://dx.doi.org/10.2478/eko-2019-0020
http://www.sciencedirect.com/science/article/pii/S0929139313000644
http://www.sciencedirect.com/science/article/pii/S0929139313000644
http://www.sciencedirect.com/science/article/pii/S0929139313000644
http://www.sciencedirect.com/science/article/pii/S0929139313000644
http://www.sciencedirect.com/science/article/pii/S0929139313000644
http://www.sciencedirect.com/science/journal/09291393
https://doi.org/10.1016/j.apsoil.2013.03.001
http://dx.doi.org/10.15421/041608
http://dx.doi.org/10.15421/041608

