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Modem processes of climate change are accompanied by a number of negative factors, which include aridization, desertifica-
tion, soil degradation and erosion. The research was were carried out on the territory that is the southemn border of the distribution of
the late glacial phase of the Dnieper glaciation (Middle Pleistocene, 100-230 thousand years ago). The influence of forest ecosystems
on the aggregate composition and water stability of soil aggregates, the features of which determine the protection of soils from ero-
sion and other degradation processes in semiarid conditions, was assessed. It has been established that luvic chemozems of forest
ecosystems are characterized by an increased content of aggregates of fractions 2-3, 1-2 and 0.5-1.0 mm, as well as water-stable
aggregates of fractions > 5, 0.5-1.0 and 0.25-0.5 mm in the 0-20 cm layer compared to ordinary chernozems of steppe ecosystems.
The content of soil organic matter is a determining factor on which the aggregate composition and content of water-stable aggregates
in luvic chernozems of forest ecosystems depends. The existence of close direct relationships has been established between the con-
tent of soil organic matter and the content of aggregates of the 0.5-1.0 mm fraction, as well as between the content of soil organic
matter and the content of water-stable aggregates of fractions 3-5, 2-3 and 1-2 mm in chermozems of steppe and forest ecosystems.
The existence of close direct relationships between the sand content and the content of water-stable aggregates of fractions 35 and 2—
3 mm was revealed. The established increase in the content of soil organic matter and sand in luvic chemozems of forest ecosystems
compared to ordinary chemozems of steppe ecosystems is the reason for the improvement in the aggregate composition and the
increase in the content of water-stable aggregates. This is a key aspect of increasing the resistance of soils in forest ecosystems to

various negative factors, such as desertification, degradation, wind and water soil erosion.

Keywords: ordinary cherozem,; luvic chernozem; soil organic matter; sand,; silt; clay; slopes of norther and southem exposures.

Introduction

The aggregate composition of soils is an important indicator of their
resistance to wind erosion (Le Bissonnais et al., 2017; Zheng et al., 2023),
and the water resistance of aggregates is an important indicator of resis-
tance to water erosion (Liang et al., 2023). The aggregate composition and
content of water-resistant aggregates in the soil depends on many factors —
particle size distribution (Gao & Yang, 2023), characteristics of soil orga-
nic matter (Li et al., 2017; Yang et al., 2023), type of vegetation, ecosys-
tems and land use (Dou et al., 2020; Yang et al., 2024).

In the semi-arid steppe zone of Ukraine, natural forest ecosystems oc-
cur in small areas that are confined to river valleys, steep sides of river
banks, gullies and ravines of the watersheds of the eroded right-bank slo-
pes of the Dnieper River and its tributaries (Belova & Travleev, 1999).
Until recently, researchers expressed doubts that in steppe conditions, full-
fledged chemozem soils could form under natural forest vegetation (Trav-
leev, 1996). The results of complex studies carried out by Belova & Trav-
leev (1999), Yakovenko (2017), Bozhko & Bilova (2020), Ponomarenko
et al. (2022), Yakovenko et al. (2024) confirm the fact of the formation of
chemozem soils under natural forest vegetation in the steppe zone of
Ukraine.

European researchers also began to pay considerable attention to this
issue. A review paper by Eckmeier et al. (2007) argues that the formation
of Central European chemozems dates back to the early Holocene, and
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also provide evidence for the possibility of the formation of chernozems
under woody vegetation. Vyslouzilova et al. (2014) in the conditions of
Central Europe, discovered chemozems in areas that, due to climatic
factors, do not correspond to steppe conditions. This gave rise to the as-
sumption that the preservation of chemozems under forest vegetation is
associated with the high stability of their organic matter. Thiele-Bruhn et
al. (2014) note that the formation of chemozems in Central Europe is a
relict process and is determined not only by the conditions of the steppe
ecosystem, but also depends on the properties of the original substrate,
especially on the content of clay and carbonates, the supply of secondary
carbonates, and anthropogenic use of the soil. Lasota et al. (2019) found
formed chemozems under woody vegetation in Poland. Labaz et al
(2019) provide evidence of the fact that the chernozem soils of Southwes-
tem Poland, which are characterized by a thick mollic horizon, rich in
humus, dark-colored, structural and saturated with base cations, were
formed not only in pronounced steppe conditions under zonal vegetation.
Strouhalova et al. (2019) as a result of a paleoecological study of 23 cher-
nozem sites in Central Europe found that most of the studied chernozems
have a meadow past, but some of them also existed under forest. Labaz et
al. (2022) found chemozems in the moderately humid climate of south-
eastern Poland under mixed broad-leaved forests. Kobza & Palka (2022)
note that in Slovakia, soils with characteristics characteristic of cherno-
zems are found not only in steppe conditions, but also under forest vegeta-
tion. The main factor in the steppe that limits the growth and development
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of forest vegetation is the amount of moisture (Belova & Travleev, 1999).
The best conditions, from this point of view, are river valleys, as well as
the middle and lower parts of the slopes, which differ from each other
depending on the exposure, with the most contrasting differences being
characterized by the northern and southem exposures (Belova & Travleev,
1999; Bozhko & Bilova, 2020 ). Ding et al. (2024) found that soils on the
northern slope have better physical properties than those on the southern
slope. Soil nutrient content is largely determined by the location of the
study site (top, middle, or bottom) and slope aspect (Gou et al., 2015). The
works of Guo et al. (2021), Chen et al. (2023) noted that slope features
have a significant impact on soil properties and erodibility. Wang et al.
(2021) found that plant litter and root density, soil bulk density, soil tex-
ture, and organic matter content depended on the position and appearance
of the landscape. In some cases, the influence of the land use system has a
more pronounced impact on the properties of the soil compared to the
features of its topographical attributes (Bamutaze et al., 2021). The pur-
pose of our work is to assess the influence of forest ecosystems on the
aggregate composition and water stability of soil aggregates, as well as
their dependence on the content of soil organic matter and granulometric
composition in the semiarid conditions of southeastern Ukraine.

Materials and methods

Study area. Figure 1 shows the location of the study area in Dnipro-
petrovsk region, which is located in the steppe zone of Ukraine.

Site 1 (48°47'14.76"N 35°27'10.25"E) located at the top of the slope
(aspect N). Herbaceous vegetative cover was closed, consists of Poa an-
gustifolia L., Elytrigia repens (L.) Nevski, Achillea millefolium L., Salvia
nemorosa L., Artemisia absinthium L., Galium aparine L., Viola odorata
L., Lathyrus tuberosus L., Convolvus arvensis L. and other herbaceous

Site 1
h=105 m above sea level

plant species. Soil profile description: Ak1 (0-8 cm), Ak2 (8-23 cm), Bk1
(23-51 cm), Bk2 (51-80 cm), Ck (80-120 cm). The soil is a Calcic Cher-
nozem.

Site 2 (48°47'14.82"N 35°27'16.10"E) located at the top of the slope
(aspect S). Herbaceous vegetative cover was closed, consists of Festuca
valesiaca Schleich. ex Gaudin, Poa angustifolia L., Ebtrigia repens (L.)
Nevski, Poa nemoralis L., Lathyrus tuberosus L., Achillea millefolium L.,
Euphorbia vigrata Waldst. et Kit., Thymus marschallianus Willd., Linum
hirsutum L., Agrimonia eupatoria L., Salvia nemorosa L. and other her-
baceous plant species. Soil profile description: Al (06 cm), A2 (6
27 cm), Bk (27-40 cm), Ck (40-120 cm). The soil is a Calcic Chernozem.

Site 3 (48°47'18.65'"N 35°27'19.83"E) was located on the middle ra-
vine slope (aspect N). Natural forest was primarily formed by Quercus
robur L., Acer platanoides L., Fraxinus excelsior L., Tilia cordata Mill.,
with rather abundant Ulmus minor Mill. and Euonymus verrucosa Scop.
Herbaceous cover was predominantly composed of Stellaria holostea L.,
Galium aparine L., Glechoma hederacea L., Asarum europaeum L., Vio-
la odorata L., Polygonatum multiflorum (L.) All. Soil profile description:
Ahl (0-12 cm), Ah2 (12-33 cm), Ah3 (33-67 cm), Ah4 (67-96 cm), Bt
(96-140 cm), Ck (140166 cm). The soil is a Luvic Chernozem.

Site 4 (48°4720.79"N 35°2723.50"E) was located on the middle ra-
vine slope (aspect S). Natural forest was primarily formed by Fraxinus
exelsior L., Acer campestre L., Ulmus minor Mill,, Tilia cordata Mill,
Acer platanoides L. Herbaceous cover was predominantly composed of
Glechoma hederacea L., Viola odorata L., Chelidonium majus L., Ga-
lium aparine L., Anthriscus sylvestris (L.) Hoffm., Geum urbanum L.,
Asarum europaeum L., Trifolium medium L., Aristolochia clematitis L.,
Potentilla argentea L. Soil profile description: Ahl (0-9 cm), Ah2 (9—
46 cm), Ah3 (46-88 cm), Bt1 (88-138 cm), Bt2 (138-160 cm), Ck (160—
187 cm). The soil is a Luvic Chernozem.

Site 2
h=114 m above sea level

Site d
h=88 m above sea level

Fig. 1. Location of the sites (Dnipropetrovsk region, Ukraine): / —site 1 (ordinary chernozem, northern exposure);
2 —site 2 (ordinary chemozem, southern exposure); 3 —site 3 (luvic chernozem, northem exposure); 4 — site 4 (luvic chernozem, southem exposure)

Sample procedures. About 1 kg of composite soil sample was selec-
ted on each of the 4 sites. Aggregate composition, water-resistant aggrega-
tes, soil organic matter and granulometric composition were determined in
formally identified layers of the soil profile: 0-20, 20-40, 4060, 60-80
and 80100 cm. Research was conducted during the years 2017 to 2020.
Soil samples selected were later used for laboratory determination of their

properties.
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Laboratory analyses. The field description of soil profiles was con-
ducted in accordance with the “Guidelines for soil description” (FAO,
2006). The classification position of the studied soils was determined as
per the International Union of Soil Science Working Group on the World
Reference Base 2015.

Air-dried soil samples were used for laboratory studies. Aggregate-
size distribution, size distribution of water-stable aggregates, particle size
distribution and soil organic matter were determined in accordance with
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the “Soil Sampling and Methods of Analysis” (Carter, Gregorich, 2008).
Aggregate size distribution of soils was determined by dry sieving through
a standard set of sieves of 10, 7, 5, 3, 2, 1, 0.5 and 0.25 mm mesh; size
distribution of water-stable aggregates was determined by sieving in water
and the results were expressed as a percentage of the mass of fractions of
different sizes to the mass of the total soil sample. Soil organic matter was
determined by the oxidimetric method. Soil organic matter was oxidised
by a solution of potassium dichromate (K,Cr,O,) at a temperature of 140—
150 °C, followed by quantitative determination of the portion that was
unreacted with Mohr’s salt (NH4),SO42FeSO,*6H,0). The soil particle
size distribution of the soil was determined by the pipette method, with a
4% sodium pyrophosphate solution (Na4P,05) used as a dispersant.
Statistical analysis. All measurements of the physical properties of
soils were carried out in triplicate. The data obtained were analyzed using
Statistica 12.0 (StatSoft Inc., 2013, USA) and OriginPro 9.1 (OriginLab,
2013, USA). The results were tabulated as x = SD (mean + standard devi-
ation). Differences between values were also assessed using analysis of
variance, with statistical significance considered at P < 0.05. Data grou-
ping was carried out using cluster analysis (Unweighted pair-group ave-

rage, Chebychev distance metric). The relationship between values was
determined using correlation analysis, with statistical significance consi-
dered at P <0.05.

Results

Aggregate-size distribution. As a result of the study of the aggregate
composition (Table 1), it was established that the maximum content of
aggregates of the > 10 mm fraction was found in the 80-100 cm layer of
ordinary ( calcic) chemozems and luvic chernozems located on the slopes
of northern and southern exposure. The minimum content of aggregates
of this fraction was found in the 0-20 cm layer of all studied soils.
The maximum content of aggregates of the 7-10 mm fraction was found
in the layer 60—80 cm of ordinary chemozem, located on a slope of north-
em exposure (22.4%), in other soils the maximum content of aggregates
of this fraction was found in the 80-100 cm layer. The minimum content
of aggregates of the 7-10 mm fraction 10 mm was found in the 2040 cm
layer of Tuvic chernozem located on a slope of northern exposure (1.8%),
in other soils — in the 0-20 cm layer.

Table 1
Aggregate size distribution of chemozems (x +SD), n=3
North facing slope South facing slope
Aggregate size Depth,cm Calcic Chermnozem Luvic Chernozem Calcic Chernozem Luvic Chemnozem
under steppe vegetation under natural forest vegetation under steppe vegetation under natural forest vegetation
0-20 275+053 0.00+0.00 11.05+221 120+046
20-40 1721+£4.89 0.00+0.00 11.15£2.72 240+0.64
>10mm 40-60 15.10+2.78 0.00+0.00 13.50+4.12 1.85+0.59
60-80 13.00+£2.68 2090+443 15.60+£3.92 1.30+£031
80-100 20.01+£321 41.80+8.09 17.71+£4.94 10.90+£2.67
0-20 6.71+194 2.15+043 12.75+£3.58 450+0.52
20-40 15.82+£395 1.75+037 15124385 7.114£201
7-10 mm 40-60 19.11+445 2304053 1932+504 6.55+201
60-80 2240+5.15 9.07+224 2352+£592 6.04+£2.06
80-100 15.10£3.23 15.71+3.50 27.10+£546 1045+3.07
0-20 8314227 575+127 16.85+3.02 1525+387
20-40 18.89+£4.67 823+£3.06 18.65+391 27.04£5.50
57 mm 40-60 1897+4.26 1120£2.65 19.80+£522 26.05+£5.54
60-80 19.11+6.09 12.05+3.83 2041+5.03 25.10+3.86
80-100 15314330 1290+3.68 21.51+3.87 17.50+3.95
0-20 1625+3.36 14.80+329 1565+3.04 17.70+3.89
20-40 22.53+4.34 20.70£3.19 1695+4.27 3120£6.09
3-5mm 40-60 18.40+4.05 21.80+£3.57 1832+3.44 2790+4.66
60-80 1430+3.76 1425+398 1521+£3.18 2462449
80-100 13.80+3.74 6.69+2.46 13.03+£2.64 1620+£3.22
0-20 18.15+441 26.50+3.75 12.61+2.60 10.65+2.80
20-40 901+257 28.01+3.87 12254276 10.71+2.83
2-3mm 40-60 7.85+£1.99 26.61+426 1030+£2.18 13.50+3.40
60-80 6.71+2.03 16.75+£2.94 7324233 1632+£357
80-100 7.60+2.08 6.68+1.69 5.60+1.29 1330+£3.23
0-20 2195+4.58 26.81+£3.93 12124248 21.75£3.82
20-40 5.02+148 2120+£4.02 9.75+2.60 822+201
1-2mm 40-60 590+133 19.47+2.89 731+1.79 11.05+2.82
60-80 6.81£155 12.89+2.10 510£1.09 1390+242
80-100 840+129 6.31+2.20 3.30£0.56 15.50+£297
0-20 1430+2.59 1350£2.16 930+1.26 19.00+£4.45
20-40 510+1.12 940+2.18 6.00+0.84 6.50+048
05-1mm 40-60 550+092 880+143 6.00+0.73 640+055
60-80 590+135 7.00+1.69 430+0.59 630048
80-100 720+1.09 520+131 2.00+0.75 1025+233
0-20 645+1.55 4354132 530+0.71 530+1.15
20-40 290+0.66 375+1.12 3.05+049 3.80+0.56
025-0.5mm 40-60 3.70+0.86 290+0.66 230+0.68 2.60+0.65
60-80 450+1.39 2.85+0.56 1.80+0.52 140+044
80-100 5.00+1.35 2.80+0.71 1.10£0.24 2.554+052
0-20 505£1.16 6.15+1.08 440+0.81 4.60+0.63
20-40 3.70+0.75 6.80+1.11 7.15+0.74 3.00+0.65
<025mm 40-60 555+1.04 690+095 320+£0.52 4.05+0.79
60-80 740+123 430+0.59 6.80+093 5.10+097
80-100 7.80+1.18 1.70+0.34 8.80+1.13 3404058

The maximum content of aggregates of the 5~7 mm fraction was
found in the 6080 cm layer of ordinary chemozem, located on a slope of
northern exposure (19.1%), in the layer 80-100 cm of luvic chemozem,
located on a slope of northem exposure (12.9%) and ordinary chemozem,
located on a slope of southern exposure (21.5%), as well as in the 20—
40 cm layer of luvic chernozem located on a slope of southern exposure
(27.0%). The minimum content of aggregates of this fraction was found in
the 0-20 cm layer of all soils.

The maximum content of aggregates of the 3-5 mm fraction was
found in the 2040 cm layer of ordinary chermozem located on a slope of
northem exposure (22.5%) and luvic chemozem located on a slope of
southern exposure (31.2%), as well as in the 40-60 cm layer of luvic
chernozem located on a slope of northern exposure (21.8%) and ordinary
chermozem located on a slope of southern exposure (18.3%). The mini-
mum content of this fraction of aggregates was found in the 80-100 cm
layer of all soils.

Regul. Mech. Biosyst., 2024, 15(1)
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The maximum content of aggregates of the 2-3 mm fraction was
found in the 0-20 cm layer of ordinary chernozems located on the slopes
of northern and southemn exposures (18.2% and 12.6%, respectively), in
the 20-40 cm layer of luvic chernozems located on the slopes of northemn
exposure (28.0 %), and in the layer 60-80 cm of Tuvic chernozem located
on a slope of southermn exposure (16.3%). The minimum content of this
fraction of aggregates was found in the 60-80 cm layer of ordinary cher-
nozem located on a slope of northern exposure (6.7%), in the 80-100 cm
layer of Tuvic chernozem located on a slope of northern exposure (6.7%),
and ordinary chernozem located on a slope southern exposure (5.6%), as
well as in the 0-10 cm layer of luvic chernozem located on a slope of
southern exposure (10.7%).

The maximum content of aggregates of the 1-2 mm fraction was
found in the 0-20 cm layer of all soils, and the minimum content of this
fraction of aggregates was found in the 20-40 cm layer of ordinary cher-
nozem located on a slope of northem exposure (5.0%) and luvic cherno-
zem located on a slope southemn exposure (8.2%), as well as in the 80—
100 cm layer of luvic chernozem located on a slope of northem exposure
(6.3%), and ordinary chernozem located on a slope of southermn exposure
(3.3%).

The maximum content of aggregates of the 0.5-1.0 mm fraction was
found in the 0-20 cm layer of all soils. The minimum content of this frac-
tion of aggregates was found in the 20-40 cm layer of ordinary chemo-
zem located on a slope of northem exposure, in the 80-100 cm layer of
luvic chernozem located on a slope of northemn exposure (5.2%), and
ordinary chernozem located on a slope of southern exposure (2.0 %), as
well as in the 60-80 cm layer of luvic chernozem located on a slope of
southern exposure (6.3%).

The maximum content of aggregates of the 0.25-0.50 mm fraction
was found in the 0-20 cm layer of all soils. The minimum content of this
fraction of aggregates was found in the 20-40 cm layer of ordinary cher-
nozem located on a slope of northem exposure (2.9%), in the 80-100 cm
layer of luvic chernozem located on a slope of northern exposure (2.8%),
and ordinary chernozem located on a slope southern exposure (1.1%), as
well as in the 80-100 cm layer of luvic chernozem located on a slope with
southern exposure.

The maximum content of fraction aggregates <0.25 mm was found
in the 80—100 cm layer of ordinary chemozems located on the slopes of
northern and souther exposures (7.8% and 8.8%, respectively), as well as
in the 40-60 cm layer of uvic chernozems located on the slopes of north-
em exposure (6.9%), and in a layer of 60-80 cm of luvic chernozem
located on a slope of southern exposure (5.1%). The minimum content of
this fraction of aggregates was found in the 20-40 cm layer of ordinary
chemozem located on a slope of northern exposure (3.7%) and luvic
chemozem located on a slope of southern exposure (3.0%), in the 80—
100 cm layer of luvic chernozem located on a slope northem exposure
(1.7%), as well as in the 40-60 cm layer of ordinary chemozem located on
a slope with southern exposure (3.2%).

Table 2
Assessment of the influence of forest ecosystems
on the aggregate composition of soils (n = 15)

Fraction aggregate North facing slope South facing slope

size, mm F (Fogs=4.60) P F (Fogs=4.60) P
>10 0.07* 0.8* 75.64 5.1:107
7-10 2646 1.510* 8330 29107
57 1699 1.0-10° 1.84* 0.20*
35 0.87* 0.37* 1543 1510°
23 2607 1.610% 5.10 0.04
12 1697 1.010° 20.84 4410*
0.5-1 2.14* 0.17* 13.80 2310°
025-05 1334 2610° 6.56 0.03
<025 0.63* 0.44* 9.87 72:10°

Note: * A significant effect was not established at P < 0.05.

Two-factor analysis of variance confirmed a significant difference be-
tween ordinary chemozems and luvic chemozems, located on a slope of
northern exposure, in the content of aggregates of fractions 7-10, 5-7, 2—
3, 1-2, 0.25-0.50 mm. Under conditions of southern exposure, a signifi-
cant difference between these soils was confirmed in the content of aggre-
gates of all fractions, except for the 5~7 mm fraction (Table 2).

A significant difference was also confirmed between ordinary cher-
nozems on the slopes of northern and southern exposures in the content of
aggregates of fractions 0.5-1.0 and 0.25-0.50 mm, as well as between
luvic chemozems of northern and southem exposures in the content of
aggregates of fractions > 10, 57, 3-5 and 2 -3 mm (Table 3).

Table 3
Assessment of the influence of slope exposure
on the aggregate composition of soils (n=15)

Size of fraction Steppe vegetation Forest vegetation
aggregates, mm _ F (Fys=4.60) P F (Foos=4.60) p
>10 0.01* 0.9* 549 0.03
7-10 3.19*% 0.1* 0.28* 0.61*
57 4.60* 0.05* 5895 22:10°
35 1.94* 0.19% 3041 76'10°
2-3 0.05* 0.83* 872 0.01
1-2 2.05*% 0.17* 2.30* 0.15*
0.5-1 6.83 0.02 0.71* 042*
025-0.5 19.82 5510* 0.87* 0.37*
<0.25 0.10* 0.75*% 3.96* 0.07*

Note: *no significant effect was established at P <0.05.

As aresult of cluster analysis, it was found that the data, depending on
the size of the aggregates, can be conditionally divided into three groups
(Fig. 2): in the first group (SS(>10), FS(7-10), SS(7-10), FS (2-3), SN(5-
7), FS(>10), FN(>10), SN(<0.25), FN(7-10), SS (<0.25), SN(>10),
SN(7-10), FN(5-7), SS(5-7)) aggregates of fractions 5= 10 mm predo-
minate, in the second group (FS(5-7), FS(3-5), FN( 3-5), FN(2-3),
FN(<0.25), SS(3-5), SN(3-5)) aggregates of fractions 3—5 mm predomi-
nate, in the third group (SS(2-3), SS(1-2), FN(1-2), SS(0.5-1), SS(0.25—
05), FN(0.5-1), FS(025-05), FN(025-0.5), SN(2-3), SN(1-2),
SN(0.5-1), FS(0.5-1), FS(1-2), SN(0.25-0.5), FS(<0.25)) aggregates
predominate fractions 0.25-2.00 mm.

 SS(>10)
FS(7-10)
SS(7-10)
FS(2-3)
SN(5-7)
FS(>10)
FN(>10)
SN(<0.25)
FN(7-10)
$5(<0.25)
SN(=10)
SN(7-10)
FN(5-7)

1—

2— FN(2-

3— FN(0.25-

SN(0.25-0.5)
L FS(<0.25)

00 05 10 15 20 25 30 35
Linkage Distance

Fig. 2. Results of cluster analysis (unweighted pair-group average, Cheby-
chev distance metric) of data on the content of aggregates of fractions >10,
7-10,5-7,3-5,2-3, 1-2,0.5-1.0, 0.25-0.50 and < 0.25 mm in ordinary
chemozems under steppe vegetation (S) and in luvic chernozems under
forest vegetation (F) under conditions of slopes of northern (N)
and southern (S) exposure

Size distribution of water-stable aggregates. Studies of water-stable
chernozem aggregates (Table 4) revealed that the maximum content of
their fraction >5 mm was found in the 80-100 cm layer of ordinary cher-
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nozem located on a slope of northern exposure (11.3%), as well as in the
layer 0-20 cm of other soils. The minimum content of water-stable aggre-
gates of the >5 mm fraction was found in the 0-20 cm layer ordinary
chemozem located on a slope of northern exposure (3.9%) and in the 80—
100 cm layer of other soils.

The maximum content of water-stable aggregates of the 3-5 mm
fraction was found in the 0-20 cm layer of all soils, and the minimum — in
the 80-100 cm layer of ordinary chemozems located on the slopes of nor-
thern and southern exposures (0.9% and 1.8%, respectively), luvic cher-
nozem located on a slope with a northermn exposure (2.3%), as well as in
the 60-80 cm layer of luvic chernozem located on a southem exposure
(1.9%). The maximum content of water-stable aggregates of fractions 23
and 1-2 mm was found in the 0-20 cm layer of all soils. The minimum

content of water-stable aggregates of these fractions was found in the 80—
100 cm layer of all soils.

The maximum content of water-stable aggregates of the 0.5-1 mm
fraction was found in the 60-80 cm layer of ordinary chernozem, located
on a slope of northern exposure (20.1%), in the 40-60 cm layer of luvic
chernozem, located on a slope of northern exposure (27.8%), as well as in
the 0-20 cm layer of ordinary chernozem and luvic chemozem, located on
a slope of southermn exposure (13.9% and 15.5%, respectively). The mini-
mum content of water-stable aggregates of this fraction was revealed in
the layer of 020 cm of ordinary chernozem and luvic chemozem located
on a slope of northem exposure (16.9% and 18.1%, respectively) and in
the 80100 cm layer of ordinary chernozem and luvic chemozem located
on aslope of southern exposure (7.3% and 12.6% respectively).

Table 4
Size distribution of water-stable aggregates of chernozems (x + SD, n=3)
. North facing slope South facing slope
Size ofwat:rt;table Depth, cm Calcic Chernozem Luvic Chernozem Calcic Chemnozem Luvic Chemozem

i under steppe vegetation under natural forest vegetation under steppe vegetation under natural forest vegetation

0-20 385+0.26 1025+£225 485+0.85 855+0.75

20-40 627+0.55 420+1.10 395+0.75 530+0.60

>5mm 40-60 7.60+040 3.17+1.05 3.50+0.70 455+055

60-80 8.87+0.85 2.00+0.50 3.00+0.50 3.83+0.75

80-100 11.30+1.30 0.80+0.20 207+0.65 345+0.65

0-20 1330+1.50 11.15+£146 9.55+0.65 740+049

20-40 7.09+1.02 395+038 3.15+051 249+038

3-5mm 40-60 485+0.65 2.80+032 280047 220+032

60-80 2.60+0.62 255+023 2.10+£026 191+0.17

80-100 0.90+0.13 230+0.28 1.80+0.18 225+026

0-20 1275+2.13 9.75+1.14 9.90+2.04 5.55+0.66

20-40 10.08+£0.85 6.02+0.72 5.10+0.84 2.70+0.19

2-3mm 40-60 8.15+0.73 480047 430+048 240+038

60-80 620+0.57 3.85+0.67 2.80+037 2.12+022

80-100 1.70+027 290+0.55 1.50+0.26 1.80+0.28

0-20 21.05+434 9.55+3.00 1330+3.14 935+254

20-40 1430+3.92 730+132 890+1.68 6.80+1.09

1-2mm 40-60 1425+297 630+1.57 750+195 5.60+0.72

60-80 1420+2.68 5.10+0.56 520+0.75 440+051

80-100 430+0.51 390+039 3.80+0.58 375+054

0-20 16.85+3.71 18.10+£4.02 13.90+4.49 1545+4.66

20-40 1833+3.99 27.55+6.30 1125+397 1520+5.09

0.5-1.0mm 40-60 1920+4.35 27.80+622 1020+2.69 14.65+3.79

60-80 20.10+4.45 2335+520 830+2.19 14.10+5.08

80-100 9.70+1.85 1890+4.57 730+147 12.60+3.96

0-20 11.15+2.63 1490+3.69 1120+3.15 1749+4.94

20-40 18.80+4.58 2121+4.11 1935+£4.99 22294504

0.25-0.50 mm 40-60 20.05+5.84 2230+542 23.50+£4.72 2135+4.84

60-80 2130+5.08 2560+4.29 2040+4.07 2040+4.98

80-100 28.60+4.38 2890+4.79 1830+£2.99 19.85+£4.70

0-20 21.05+5.16 2630+4.93 3736+7.17 3621+4.01

20-40 25.11+601 29.79+4.03 4831+7.28 4520+7.13

<025 mm 40-60 2591+624 32.80+5.69 4822+799 4925+703

60-80 26.71+6.51 3755+727 5822+10.11 5331+691

80-100 43.50+7.79 4230+592 6521741 56.32+8.67

The maximum content of water-stable aggregates of the 0.25-
0.50 mm fraction was revealed in the 80-100 cm layer of ordinary cher-
nozem and luvic chemozem located on a slope of northern exposure
(28.6% and 28.9%, respectively), as well as in the 40-60 cm layer of
ordinary chemozem (23.5%) and in the 20-40 cm layer of luvic chero-
zem (22.3%), located on a slope of southemn exposure. The minimum
content of water-stable aggregates of this fraction was found in the 0-
20 cm layer of all soils.

The maximum content of water-stable aggregates of the <0.25 mm
fraction was found in the 80-100 cm layer of all soils, and the minimum
content was found in the 0-20 cm layer of all soils.

Two-factor analysis of variance confirmed a significant difference be-
tween ordinary chemozems and luvic chernozems, located on a slope of
northern exposure, in the content of water-stable aggregates of all fracti-
ons. Under conditions of southemn exposure, a significant difference bet-
ween these soils was confirmed in the content of water-stable aggregates
of all fractions, except for fractions 0.25-0.50 and <0.25 mm (Table 5).
A significant difference was also confirmed between ordinary chernozems
of northern and southern exposures in the content of water-stable aggre-
gates of all fractions, except for the 0.25-0.5 mm fraction, as well as bet-

ween luvic chemozems of northern and southem exposures in the content
of water-stable aggregates of fractions > 5, 3-5, 2-3, 0.5-1.0 and
<0.25 mm (Table 6).

Table 5
Assessment of the influence of forest ecosystems
on the content of water-stable soil aggregates (n = 15)

Fraction size of waterproof North facing slope South facing slope
aggregates, mm F (Fops=4.60) p F (Fops=4.60) P
>5 5.15 0.04 21.06 42107
35 7.19 0.02 654 002
23 14.88 1.7-10° 11.99 3810°
12 39.04 2.110° 14.58 1910°
05-1.0 40.70 1.7:10° 25.10 1910%
025-0.50 4229 1410° 0.85* 037*
<025 729 0.02 1.89* 0.19%

Note: *no significant effect was established at P <0.05.

As a result of cluster analysis, it was established that the data, depen-
ding on the size of water-stable aggregates, can be conditionally divided
into two groups (Fig. 3): in the first group (SS(>5), FS(1-2), SS(0.5-1),
SS(2-3), FN(2-3), SS(1-2), SS(3-5), FN(3-5), FS(2-3), FS (3-5), FS
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(>5), FN(>5), SN(3-5), SN(1-2), FN(1-2), SN(2-3)) water-stable aggre-
gates of fractions 1—>5 mm predominate, in the second group (SS(0.25—
0.5), FN(0.5-1), SN(0.5-1), FS(0.5-1), FS(0.25-0.5), SS(<0.25),
SN(<0.25), FS(<0.25), FN(<0.25), SN(>5), FN(0.25-0.5), SN(0.25-0.5))
water-stable aggregates of fractions <0.25-1.00 mm predominate.

Table 6
Assessment of the influence of slope exposure
on the content of water-stable soil aggregates (n=15)

in the 0-100 cm layer compared to luvic chemozem of southern exposure
(3.2% and 4.1%, respectively).

Analysis of variance confirmed a significant difference in the content
of soil organic matter between luvic chemozems of norther and southern
exposure (F =49.03, P = 6.23 10°), as well as between ordinary cherno-
zems and luvic chemozems (F = 186.17, P=3.8 10°°).

Table 7
Content of soil organic matter (%) of chemozems (x + SD, n=3)

Fraction size of Steppe vegetation Forest vegetation

terproof
N e FCus=46) P FEw—46) P
>5 1944 59107 547 0.04
35 1344 2510° 1245 3310°
23 2595 1610* 4842 6.7'10°
12 2188 3610* 057* 047%
0.5-1.0 2026 5010* 29.81 8410°
025-0.50 0.71%* 041%* 1.89% 0.19%
<025 10141 8610° 3494 3810°

Note: *significant effect not established at P < 0.05.

S5(=5)
FS(1-2)
$S(0.5-1)

n
=
=
n

L SN@2-3)
$5(0.25-0.5)
FN(0.5-1)
SN(0.5-1)
FS(0.5-1)
FS(0.25-0.5)
$5(<0.25)
SN(<0.25)
FS(<0.25)
FN(<0.25)
SN(=5)
FN(0.25-0.5)
| SN(0.25-0.5)

00 05 10 15 20 25 30 35
Linkage Distance

Fig. 3. Results of cluster analysis (unweighted pair-group average,
Chebychev distance metric) of data on the content of water-stable
aggregates of fractions > 5, 3-5, 2-3, 1-2, 0.5-1.0, 0.25-0.50 and
<0.25 mm in ordinary chernozems under steppe vegetation (S)
and in luvic chernozems under forest vegetation (F) in conditions
of slopes of northem (N) and southern (S) exposure

Soil organic matter content. As a result of the study, it was established
that under conditions of a northern slope, the maximum content of soil
organic matter was found in ordinary chemozem and luvic chernozem
(Table 7) in the 020 cm layer (5.7% and 6.9%, respectively), the mini-
mum content was in the 80-100 cm layer of ordinary chernozem (0.1%)
and luvic chernozem (1.0%). Under the conditions of a slope of southern
exposure, the maximum content of organic matter in ordinary chernozem
and luvic chemozem was found in the 0-20 cm layer (5.4% and 6.9%,
respectively), the minimum content was in the 80—100 cm layer of ordi-
nary cherozem (0.1%) and luvic chernozem (2.5%).

Ordinary chemozems are characterized by a lower average content of
soil organic matter in the 0—100 cm layer compared to luvic chernozems
under conditions of northern (by 1.1%) and southern (by 2.0%) exposures.

Ordinary chernozems of northern and southern exposures practically
do not differ from each other in the average content of soil organic matter
in the 0-100 cm layer (2.12% and 2.14%, respectively). Luvic chemozem
of northemn exposure is characterized by a lower content of organic matter

North facing slope South facing slope
Depth, cm Calcic Chemozem Luvic Chemozem Calcic Chemozem Luvic Chemozem
? under steppe under natural under steppe under natural
vegetation forest vegetation vegetation forest vegetation
0-20 5.74+0.15 6.88+0.20 538+0.11 6.94+0.17
20-40 2.13+0.12 3.94+0.10 273+0.14 479+0.13
40-60 1.40+0.10 237+0.13 1.46+0.09 3.69+0.19
60-80 122+0.11 1.70+0.10 1.00+0.10 267+0.12
80-100 0.10+0.02 1.02+0.04 0.12+0.03 253+0.10

Particle size distribution. As a result of the study of the particle size
distribution, it was established that ordinary chemozems under steppe
vegetation and luvic chernozems under forest vegetation belong to the
silty clay loam granulometric class (Table 8).

Under the conditions of a slope of northern exposure, the maximum
sand content in ordinary chemozem and luvic chemozem was found in
the 020 cm layer (15.2% and 19.8%, respectively), the minimum in
ordinary chernozem in the 60-80 cm layer (7.4%) and in luvic chemozem
in the 80-100 cm layer (13.1%). The maximum silt content in ordinary
chemozem was found in the 80—100 cm layer (54.1%) and in luvic cher-
nozem in the 0-20 cm layer (62.5%), the minimum — in ordinary cherno-
zem in the 2040 cm layer (52.6%) and in luvic chernozem in the 40—
60 cm layer (51.6%). The maximum clay content in ordinary chemozem
was found in the 60-80 cm layer (39.4%) and in luvic chemozem in the
80-100 cm layer (32.9%), the minimum in ordinary chernozem and luvic
chernozem in the 020 cm layer (31.6% and 17.7% respectively).

Table 8
Particle size distribution of chernozems (x = SD, n=3)
North facing slope South facing slope
Calcic Chemo- Luvie Chemo- Calcic Chemo- Luvic Chemo-
Depth, cm zem under steppe zem under zem under steppe zemunder
vegetation natural ﬁ.)m vegetation natural fgrest
vegetation vegetation

0-20 1523+£227 19.80+1.50 2367140 18.17+£1.01
Sand, 20-40 1510125 16.60+0.90 1340+141 1347+133
% 40-60 1147120 16.37+2.85 10.17+1.00 1167127
60-80 740+1.01 14.17+£1.06 740+0.56 9.70+0.56
80-100  1030+1.15 13.10+243 547+0.57 1033 +0.61
020 53.13+1.11 62.53+4.18 5273+146 4890428
Silt, 20-40 5263+0.57 58.87+337 55.17+095 49.70+2.51
% 40-60 53.17+1.00 51.63+1.15 57.60+1.40 45.87+2.56
60-80 5323+1.16 5390+1.44 5823+0.86 41.67+2.08
80-100  54.10+£1.97 54.00+ 1.66 59.23+£0.90 40.03+1.79
0-20 3163146 1767+142 23.60+1.55 3297+232
Clay. 2040  3227+146 2454+143 3143+1.31 36.83+£2.02
% > 40-60 3537+1.01 3201+1.59 3223+0.50 4250+1.54
60-80 3937+121 3193+196 3437+1.12 48.67+2.14
80-100  35.60+0.96 3291+259 3530+0.72 49.63+2.19

Under conditions of a southem exposure slope, the maximum sand
content in ordinary chernozem and luvic chemozem was found in the 0—
20 cm layer (23.7% and 18.2%, respectively), the minimum in ordinary
chemozem in the 80-100 cm layer (5.5%) and in luvic chemozem in the
60-80 cm layer (9.7%). The maximum silt content in ordinary chemozem
was found in the 80—100 cm layer (59.2%) and in luvic chernozem in the
20-40 cm layer (49.7%). The maximum clay content was found in ordi-
nary chermnozem and luvic chernozem in the 80-100 cm layer (35.3% and
49.6%, respectively), the minimum in ordinary chemozem and luvic
chernozem in the 0-20 cm layer (23.6% and 33.0%, respectively).

Under the conditions of a slope of northern exposure, according to the
average content in the 0-100 cm layer, luvic chemozem is characterized
by an increased content of sand and silt (16.0% and 56.2%, respectively)
and a lower content of clay (27.8%) compared to ordinary chemozem
(11.9%, 53.3% and 34.9% respectively).
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Under the conditions of a slope of southern exposure, according to the
average content in the 0-100 cm layer, luvic chernozem is characterized
by an increased content of clay (42.1%) and a lower content of silt
(45.2%) compared to ordinary chernozem (31.4% and 56.6%, respective-
ly) and practically does not differ in sand content (12.7% and 12.0% re-
spectively).

In terms of average content in the 0~100 cm layer, ordinary chermo-
zem under conditions of a slope of northern exposure is distinguished by
an increased content of clay (by 3.5%) and a reduced content of silt (by
3.3%) compared to ordinary cherozem under conditions of a slope of
southern exposure and practically does not differ in content of sand. Luvic
chermozem under conditions of a slope of northern exposure, based on the
average content in the 0—100 cm layer, is distinguished by an increased
content of sand (by 3.3%) and silt (by 11.0%) and a reduced content of
clay (by 14.3%) compared to luvic chemozem on a slope of southemn
exposure.

As a result of cluster analysis, it was established that the data can be
conditionally divided into two groups (Fig. 4): the first group includes the
sand content in ordinary chermozems and luvic chemozems on the slopes
of the northem (SaSN and SaFN) and southern (SaSS and SaFS) expo-
sures, as well as silt content in luvic chernozems on slopes of northem and
southern exposures (SiFN and SiFS); The second group includes the clay
content in ordinary chemozems and luvic chernozems on the slopes of the
northern (CISN and CIFN) and southern (CISS and CIFS) exposures, as
well as the silt content in ordinary chernozems on the northern and south-
e slopes (SiSN and SiSS).

Two-factor analysis of variance (Tables 9 and 10) confirmed a signi-
ficant difference between ordinary chernozems on the northern and south-
erm slopes in terms of silt and clay content, between luvic chernozems on
northern and southern slopes in terms of sand, silt and clay content, bet-
ween ordinary chemozems and luvic chemozems in terms of the content
of sand, silt and clay.

The relationship between the content of soil organic matter and par-
ticle size distribution with the aggregate composition and content of water-
stable aggregates. In order to study the relationships between the content of
soil organic matter, sand, silt and clay and the aggregate composition and
content of water-stable aggregates, we performed a correlation analysis.

As a result of a study of ordinary chemozem located on a slope of
northemn exposure (Table 11), it was established that there is a close direct
relationship between the content of soil organic matter (r > 0.70) with the
content of aggregates of fractions 2-3, 1-2, 0.5-1.0 mm, water-stable
aggregates of fractions 3-5, 2-3, 1-2 mm and close feedback (r >—0.70)
with the content of aggregates of fraction > 10 mm and water-stable ag-
gregates of fractions > 5, 0.25-0.50 mm. There is a close direct relation-
ship between the sand content and the content of water-stable aggregates
of the 3-5 and 2-3 mm fractions.

Studies of luvic chernozem located on a slope of northem exposure
(Table 12) have established that there is a close direct relationship between
the content of soil organic matter and the content of aggregates of fractions
1-2, 0.5-1 mm, water-stable aggregates of fractions > 5, 3-5, 2-3, 1-2
mm and close feedback with the content of aggregates of the 57 mm
fraction and water-stable aggregates of the 0.25-0.50 mm fraction. There
is a close direct relationship between the sand content with the content of
aggregates of fractions 2-3, 1-2, 0.5-1.0 mm, water-stable aggregates of
fractions > 5, 3-5, 2-3 mm, and a close inverse relationship with the con-
tent of aggregates of the fraction > 10 mm and content of water-stable
aggregates fraction < 0.25 mm. There is a close direct relationship be-
tween the silt content and the content of water-stable aggregates of the
fraction > 5, 3-5, 1-2 mm. There is a close direct relationship between the
clay content and the content of aggregates of the 57 mm fraction, water-
stable aggregates of the 0.25-0.50 mm fraction, and a close inverse rela-
tionship between the content of aggregates of the 1-2, 0.5-1.0 mm frac-
tions, water-stable aggregates of the fractions > 5, 3— 5, 2-3, 1-2 mm.

As a result of a study of ordinary cherozem located on a slope of
southern exposure (Table 13), it was established that there is a close direct
relationship between the content of soil organic matter and the content of
aggregates of fractions 2-3, 1-2, 0.5-1.0, 0.25-0.50 mm, water-stable
aggregates of fractions > 5, 3-5, 2-3, 1-2 mm and close feedback with the
content of aggregates of the 7-10 mm fraction and water-stable aggregates

of the < 0.25 mm fraction. There is a close direct relationship between the
sand content and the content of aggregates of fractions 2-3, 1-2, 0.5-1.0,
0.25-0.50, water-stable aggregates of fractions > 5, 3-5,2-3, 1-2 mm and
close feedback with the content of aggregates of the 7-10 mm fraction and
water-stable aggregates of the <0.25 mm fraction. There is a close direct
relationship between the silt content with the content of aggregates of the
7-10 mm fraction and a close inverse relationship with the content of
aggregates of the fractions 1-2, 0.5-1.0, 0.25-0.50 mm, water-stable
aggregates of fractions > 5, 3-5, 2-3, 1-2, 0.5-1.0 mm. There is a close
direct relationship between the clay content and the content of aggregates
of the 7-10 mm fraction and a close inverse relationship between the
content of aggregates of fractions 1-2, 0.5-1.0, 0.25-0.50 mm, water-
stable aggregates of fractions > 5, 3-5, 2-3, 1-2, 0.5-1 mm.

[ sass
SaFs -
SIEN
SasN
sl

| SafN

[ siss
ciss
CIFN
CIFS

CISN
SiSN

00 05 1,0 1,5 2,0 25 3,0 35
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Fig. 4. Results of cluster analysis (Unweighted pair-group average,
Chebychev distance metric) of data on the content of sand (Sa), silt (Si)
and clay (Cl) in ordinary chernozems under steppe vegetation (S)
and in luvic chernozems under natural forest vegetation (F) in
conditions of slopes of northern (N) and southemn (S) exposure

Table 9
Assessment of the influence of forest ecosystems
on the granulometric composition of soils (n = 15)

Granulometric North facing slope South facing slope
composition  F (Fyps=4.60) P F (Foos=4.60) P
Sand 4045 1.8'10° 042* 0.53*
Silt 547 0.04 4538 9510°
Clay 33.89 4410° 11246 4510°

Note: *no significant effect was established at P < 0.05.
Table 10

Assessment of the influence of slope exposure

on the granulometric composition of soils (n = 15)

Granulometric Steppe vegetation Forest vegetation
composition F (Fy5=4.60) P F (Fops=4.60) P
Sand 0.01* 0.92* 3598 33-10°
Silt 26.64 1510% 98.61 10107
Clay 1662 1.1:10° 284.78 1.1:10™

Note: *significant effect not established at P <0.05.

Studies of luvic chernozem located on a slope of southern exposure
(Table 14) have established that there is a close direct relationship between
the content of soil organic matter with the content of aggregates of frac-
tions 0.5-1.0, 0.25-0.50 mm, water-stable aggregates of fractions > 5, 3—
5, 2-3, 1-2 mm and close feedback with the content of water-stable ag-
gregates of the <0.25 mm fraction. There is a close direct relationship
between the sand content and the content of aggregates of the 0.25-0.50
fraction, water-stable aggregates of fractions > 5, 3-5, 2-3, 1-2 mm, and a
close inverse relationship with the content of water-stable aggregates of
the fraction < 0.25 mm. There is a close direct relationship between the silt
content and the content of aggregates of the 0.25-0.50 mm fraction and
water-stable aggregates of the > 5 mm fraction. There is a close relation-
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ship between the clay content and the content of aggregates of the 0.25—

Table 11

0.50 fraction, water-stable aggregates of fractions > 5, 3-5, 2-3, 1-2 mm.

Empirical correlation coefficients between the content of soil organic matter, the content of sand, silt, clay,
the content of aggregates and the content of water-stable aggregates in ordinary chernozem on slopes of northern exposure (n= 15)

Comtent SOM_ Sa___ Si____Cl_D(10) D(-10) D(5-7) D33) D23) D(1-2) D) D(<05) D(<25) W(5) W(35) W(23) W(2) WD) W(05)
Sa 064* - - - - - [ - - - - - - - - - -
Si 017 -014 - - - - - - - - - - - - - - - - -
a —062% -075% 016 - - - - - - - - - - - - - - - -
DE10)  -084* 033 007 030 - - - - - - - - - - - - - - -
D(7-10)  -068* -064* -001 061* 046 - - - - - - - - - - - - - -
D5-7)  -060* 032 013 042 039 045 - - - - - - - - - - - - -
D3-5) 014 061* -001 -025 012 004 -006 — - - - - - - - - - - -
D2-3) 085* 060* -003 -058% -072% —066* —043 -010 - - - - - - - - - - -
D(1-2) 083* 043 014 045 -074* —064* -068* -017 091*  — - - - - - - - - -
DO5-1)  080% 047 -001 -041 -077% -064* —063* —021 092* 096* - - - - - - - - -
D025-05) 047 013 063* -004 -042 -044 -053* —009 051 076* 063* - - - - - - - -
D025 045 -063* 069* 067* 029 025 005 -036 -032 -003 -012 054* - - - - - - -
W) —089% -067* 048 065* 073* 048 036 -023 -073* -057* —058* -003 077% - - - - - -
WG-5)  097% 077 017 -069* -072* -066* —055% 031 083* 076* 072% 040 -053* —091* — - - - -
W23)  086* 070% -025 -056* —062* 042 -030 046 068* 054* 049 020 -061* —092* 093*  — - - -
W(-2)  078% 044 012 -033 -078% 032 -004 009 074* 058 055% 023 044 -083* 078* 086* - - -
WO5-1) 024 002 -008 010 -003 023 007 037 005 001 -015 007 -006 -032 033 058 050 - -
W(02-05) -079% -045 -002 047 056 052* 041 -031 -047 -051 -035 -043 028 068* -081* —080* —065* -056* —
W(<025) -058% 035 032 023 074* 017 005 024 —030 -0.17 -023 015 062* 073 -054% —065* —073* 021 052*

Note: SOM — soil organic matter; Sa — sand content; Si — silt content; Cl — clay content; D — content of fraction aggregates (mm); W — content of water-resistant fraction aggre-
gates (mm); *the noted correlations were significant at the level P <0.05.

Table 12

Empirical correlation coefficients between the content of soil organic matter, the content of sand, silt, clay,
the content of aggregates and the content of water-stable aggregates in luvic chemozem on slopes of northern exposure (n= 15)

Content SOM Sa  Si Cl  D(10) D7) D(-7) DB-5) D23) D(1-2) D(1) D(0.5) D(<025) W(E5) WGE-5) W(2-3) W(1-2) W(<I) W(<0.5)
Sa 0.80* - - - — - - - — — — — — _ _ _ _ _ _
Si 0.80* 0.61* - - — - - - - — - — — _ _ _ _ _ _
Cl -095*% -062* -082* — — - - - - — - — — _ _ _ _ _ _
D(>10) -068*% -0.71* -036 0.56* - — — — - - - - - - — — — — _
D(7-10) -067% 057 036 061* 092* — - - - - - — . - _ _ - _ _
D(-7) —0.71*% -055% -053* 076* 050 065* — — _ _ _ _ _ _ _ _ _ B _
D(3-5) 028 036 010 -015 -0.78* -0.71* 004 — — — - - - — - - — — —
D(R2-3) 065* 070% 045 -053* —090* —090* —046 081* — - - - - _ _ _ _ _ _
D(1-2) 086* 090% 0.62* —073* —087* —0.79* —062* 058* 085%  — - - - - - - - — _
D(0.5-1) 088* 081* 066* —076% —071* —061* —049 046 064* 091%  — - - _ _ _ _ _ _
D(025-0.5) 065* 048 065% —062* —032% —040 048 022 038 063* 078 — - - - - - - _
D(<025) 057« 061* 029 -045 -091* —086* -037 086* 086* 085* 075% 053* - - - - - - -
W(5) 096* 079% 0.78* 087 —0.62* —059* —061* 028 058* 085* 095% 077 059* - - - - - -
W(3-5) 094* 074* 080* —089* 046 —046 -063* 007 045 074* 085* 068 038 097 — - - - -
W(2-3) 096* 075% 066* —092* —070% —066* -073* 022 056 081* 083* 052¢ 055 090* 089* — - - -
W(1-2) 0.83* 0.68* 0.70* -0.75* -0.66* -0.67* -058* 043 0.62* 083* 090* 086* 0.73* 091* 080* 0.74* - - -
W(0.5-1) 014 002 -023 02 -036 -022 031 069* 027 024 026 026 063* -004 -028 -014 021 - -
W(025-05) -077% -046 -042 074* 057% 067 057 -035 -053* -0.68* -0.77% -0.66* -0.63* -0.75% -0.69* -0.78* —066* -0.14 -
W(<0.25) -069* -074* -039 064* 0.79* 067¢ 073* 027 -059% -075% -057* 017 -056* -057% -0.52* -0.79* 049 003 042

Note: see Table 11.
Table 13

Empirical correlation coefficients between the content of soil organic matter, the content of sand, silt, clay,
the content of aggregates and the content of water-stable aggregates in ordinary chernozem on slopes of southern exposure (n=15)

Content SOM__Sa___Si____Cl_D(10) D(7-10) D(-7) DB3-5) D23) D(12) D1) D(05) D<025) W(5) W(3-5) W(2-3) W(I-2) WD) W(05)
Sa 099% - - - - - - - - - - - - - - - - - -
Si —092% —091* - - - - - - - - - - - - - - - - -
a —095% —096* 089*% - - - - - - - - - - - - - - - -
DE10) -054* 050 058* 050 - - - - - - - - - - - - - - -
D(7-10)  -074* —072* 080* 072* 086* - - - - - - - - - - - - - -
D(-7) —041 -040 060* 034 055% 043 — - - - - - - - - - - - -
DG-5) 017 014 -023 020 -032 -056* 011 - - - - - - - - - - - -
D(2-3) 071% 071* —057* —066* -033 —060* 017 040  — - - - - - - - - - -
D(1-2) 087* 088* —077* —079% —053* —079%* -013 042 090* — - - - - - - - - -
DO5-1)  092% 093* -082* —085% -043 -068* 034 030 078 090* - - - - - - - - -
D025-05) 096* 098* —089* —089* -042 —067* -042 016 069* 088* 096*  — - - - - - - -
D025 046 047 039 056 047 047 025 -030 -043 -040 -058* 040 - - - - - - -
W(5) 081* 078* -080* —081* —057* —083* -022 069* 071* 083* 080* 075*% -048  — - - - - -
W(3-5) 094* 096* -083* —094* -037 -059% -036 005 058% 078% 087% 094* 042 070% - - - - -
W(-3) 095% 093* -093* —098* -060* -081* -043 034 063* 080* 085* 088% -057% 089* 090% - - - -
W(1-2) 090% 089% -097* —091* -053* —078* —055% 033 057% 073* 083* 086* -052% 084* 083* 095*% -  — -
WO5-1)  065* 063* -071* —071* -051 -081* -017 077% 054* 067* 059% 058 -036 094* 057* 081* 078* - -
W(025-05) -059% -062* 067* 069* 001 029 025 021 -023 -033 -039 -057% 004 -033 —067* —061* -065* 038 -
W(025)  -076* —076* 061* 069* 019 029 023 005 -069* -064* —082* -076* 057% 051 —070% -064* -063* 023 031

Note: see Table 11.
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Table 14

Empirical correlation coefficients between the content of soil organic matter, the content of sand, silt, clay,
the content of aggregates and the content of water-stable aggregates in luvic chemozem on slopes of southern exposure (n= 15)

Conent SOM _ Sa__ Si__ Cl D(I0) D-10) D7) DG-5) D(2-3) D(12) D(05-1) D<05) D(<025) W(>5) W(3-5) W(2-3) W(I-2) W(I) W(<05)
Sa 095 - - - - - - - - - - - - - - - - - -
Si 074% 062* - - - - - - - - - - - - - - - - -
a —093* —087* -077* - - - - - - - - - - - - - - - -
D(>10) —048 037 -053* 054* - - - - - - - - - - - - - - -
D(7-10) —049 046 -035 044 057% - - - - - - - - - - - - - -
D(5-7) 026 042 012 011 -025 -003 - - - - - - - - - - - - -
D(3-5) 008 -014 041 -012 -038 -032 047 - - - - - - - - - - - -
D(2-3) 049 -051 -018 054* 001 033 007 010 - - - - - - - - - - -
D(1-2) 043 042 -001 -017 011 -026 -037 -069* -010 - - - - - - - - - -
D(0.5-1) 0.71* 069* 035 -050 -004 -0.19 -059* -055% -017 0.82* - - - - - - - - -
D@025-05) 090* 081* 072 -081* -022 -020 -020 -023 -042 050 080* - - - - - - - -
D(<0.25) 009 -002 -007 007 -044 -025 017 -039 031 055% 032 009 - - - - - - -
W(E5) 095* 089* 0.70* -085* -048 -037 -032 -018 -028 053* 081* 088* 022 - - - - - -
WE3E-5) 089* 088* 049 -071* -028 044 -054* -039 -031 073* 092* 082* 027 092* - - - - -
W(2-3) 093* 089* 0.64* -078* -043 -047 -041 -022 -023 064* 086* 085* 029 097 097* - - - -
W(1-=2) 086* 087* 049 -085% —054* -043 -029 -0.I5 -065* 022 047 065+ 003 077% 072* 072* - - -
W(0.5-1) 025 018 004 027 036 012 024 041 -030 003 003 025 041 020 012 011 050 - -
WwW(025-05 -022 -015 -020 003 003 008 017 031 -035 -046 -053* -039 -051 -027 -042 -040 007 -0.I1 -
W(<0.25) —0.78*% —0.72* —0.62* 068* 033 069* 000 -006 035 -047 -051 -069* -0.15 -067* -071* -074* —053* 007 042
Note: see Table 11.

Discussion slope of southem exposure, which can be explained by the presence of a

The aggregate composition of soils is an important characteristic
which largely determines the resistance of soils to erosion (Jiang et al.,
2023). As aresult of the research, it was established that the top layer of 0—
20 cm of ordinary ( calcic) chemozems is characterized by an increased
content of aggregates of fractions > 10, 7-10, 5~7 mm and a lower content
of aggregates of fractions 2-3, 1-2, 0.5-1.0 mm compared to luvic cher-
nozems. A significant influence of forest vegetation on changes in the
content of most fractions of aggregates in chernozems was revealed.
Changes in the aggregate composition of soils under different types of
vegetation are noted by Dou et al. (2020), Gorban (2021). A significant
influence of the characteristics of the slopes of northem and southemn
exposure on the content of aggregates of fractions 0.5-1.0 and 0.25—
0.50 mm in ordinary chemozems and on the content of aggregates of
fractions > 10, 57, 3-5 and 2-3 mm in luvic chernozems has been estab-
lished. The influence of slope features on the aggregate composition of
soils is confirmed in the work of Dong et al. (2022). The results of cluster
analysis revealed that in the studied chemozems, aggregates of fractions
5-10, 3-5 and 0.25-2.00 mm are formed under the influence of various
factors.

Water-stable aggregates reflect the ability of soils to resist the occur-
rence of water erosion (Duan et al., 2021). It has been established that the
top layer of 020 cm of ordinary chernozems is characterized by an in-
creased content of water-stable aggregates of fractions 3-5, 2-3, 1-2 mm
and a lower content of water-stable aggregates of fractions > 5, 0.5-1.0,
0.25-0.50 mm compared to luvic chernozems. Changes in the content of
water-stable aggregates in the soil as a result of the influence of a change
in vegetation type are considered in the work of Wang et al. (2023b).
A significant influence of forest vegetation and features of slopes of nor-
thern and southern exposure on the content of water-stable aggregates in
chemozems was revealed. The results of cluster analysis indicate that in
the studied soils, water-stable aggregates of fractions 1-5 mm and 0.25—
1.00 mm are formed under the influence of various factors.

Soil organic matter has a significant influence on the physical, chemi-
cal and biological properties of soils (Wang et al., 2023a). The influence of
forest vegetation led to an increased content of soil organic matter in luvic
chemozems compared to ordinary chernozems under conditions of slopes
of northern and southern exposure, which may also be due to the location
of uvic chemozems on the lower part of the slope compared to ordinary
chemozems (Sarapatka et al., 2018). Increased organic matter content in
soils under forest compared to soils of other land use types was also found
by Han et al. (2023). In ordinary chernozems, the average content of soil
organic matter is practically the same under conditions of slopes of north-
em and southern exposures. The influence of the specific conditions of a
slope with a northern exposure contributes to a decrease in the content of
soil organic matter in luvic chernozem compared to uvic chemozem on a
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higher clay content (Zheng et al., 2023). Some researchers have found
opposite trends — increased organic matter content in forest soils on a nor-
thern slope compared to forest soils on a southem slope (Liu et al., 2021),
which can be explained by the characteristics of the soils and forest vege-
tation that were studied. The results of analysis of variance confirm the
significant influence of the features of slope exposures on the content of
soil organic matter in luvic chernozems, as well as the reliable influence of
forest vegetation on the content of organic matter in chernozems, which
can be explained by the protective role of the forest, which protects the soil
from degradation (Yakovenko et al., 2024), limiting the loss of soil organ-
ic matter (Dong et al., 2022) and the reduction of upper soil horizons
(Wisniewski & Mérker, 2019).

Particle size distribution largely determines most soil properties and
regimes (Lou et al., 2022) and is also a good indicator of soil change due
to forest vegetation (Guan et al., 2023; Gorban & Huslystyi, 2023).
The influence of forest vegetation in conditions of a slope with a northem
exposure caused an increased content of sand and silt and a decreased
content of clay in luvic chernozem com-pared to ordinary chermozem.
Similar features in the distribution of soil particles under the influence of
forest vegetation were established by Moradikeia et al. (2023). Under the
conditions of a slope with a southemn exposure, the influence of forest
vegetation is manifested in an increased clay content and a reduced silt
content in luvic chernozem compared to ordinary chernozem. An increase
in soil clay content under the influence of forest vegetation was also noted
by Guan et al. (2023). The influence of the features of the exposure is
manifested in the fact that ordinary chemozem on a slope of northern
exposure is characterized by an increased content of clay and a reduced
content of silt compared to ordinary chemozem on a slope of southem
exposure. Luvic chernozem on a slope with a northem exposure is charac-
terized by a higher content of sand and silt and a lower content of clay
compared to luvic chemozem on a slope with a southem exposure.
The influence of slope exposure features on soil texture is confirmed by
the results of studies by Hu et al. (2023). The results of cluster analysis of
data from granulometric analysis of the studied cherozems indicate that
the content of sand and clay in ordinary chemozems and luvic chemo-
zems on the slopes of northern and southern exposure is determined by the
action of various factors. Similar conclusions about the influence of slope
characteristics of different exposures on soils were obtained by Habtamu
et al. (2023). The results of variance analysis indicate a significant influ-
ence of slope exposure features on the content of silt and clay in ordinary
chemozems, sand, silt and clay in luvic chemozems, which can be ex-
plained by the different intensity of erosion processes in soils under diffe-
rent types of vegetation (Wang et al., 2023b). Analysis of variance also
confirmed the significant influence of forest vegetation on the content of
sand and silt in chernozems.
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Correlation analysis revealed that the content of soil organic matter
has a more pronounced effect on the aggregate composition and content
of water-stable aggregates in chernozems compared to the granulometric
composition. Xiao et al. (2021) also considers soil organic matter content
to be one of the main factors that determines the water stability of soil
aggregates. Changes in the aggregate composition of soils by 40.8% are
due to changes in the content of soil organic matter and by 20.9% changes
in the granulometric composition. Changes in the content of water-stable
aggregates by 60.5% were caused by changes in the content of soil orga-
nic matter and by 8.8% by changes in particle size distribution. The exis-
tence of close direct relationships was revealed between the content of soil
organic matter and the content of aggregates of the 0.5-1.0 mm fraction
(r=0.71-0.92), as well as between the content of soil organic matter and
the content of water-stable aggregates of the 3-5 mm fraction (r = 0.89—
0.97), 2-3 mm (r = 0.86-0.96), 1-2 mm (r = 0.78-0.90) in all studied
chemozems. Zhu et al. (2017) note that the greatest differences between
soils of different types of land use were found in the content of aggregates
of fractions 2-5, 1-2, 0.25 mm. This indicates a greater indicator value of
aggregates of fractions < 2 mm compared to aggregates of fractions
>2 mm (Luo et al., 2023). The existence of close direct relationships bet-
ween the sand content and the content of water-stable aggregates of the 3—
5 mm (r = 0.74-0.96) and 2-3 mm (r = 0.70-0.93) fractions has been
established. It was revealed that closer connections between the content of
soil organic matter and granulometric composition with aggregate compo-
sition and the content of water-stable aggregates are characteristic of ordi-
nary chernozems compared to luvic chernozems.

Conclusion

The influence of forest ecosystems on the aggregate composition of
chemozems is manifested in an increase in the content of aggregates of
fractions 2-3, 1-2 and 0.5-1.0 mm, as well as water-stable aggregates of
fractions >5, 0.5-1.0 and 0.25-0.50 mm in the 0-20 cm layer. It has been
established that the content of soil organic matter determines the aggregate
composition by 40.8% and the content of water-stable aggregates by
60.5%, and the characteristics of the granulometric composition — by
20.9% and 8.8%, respectively. The existence of close direct relationships
was revealed between the content of soil organic matter and the content of
aggregates of the 0.5-1.0 mm fraction (r = 0.71-0.92), as well as between
the content of soil organic matter and the content of water-stable aggre-
gates of the 3—5 mm fraction (r = 0.89-0.97), 2-3 mm (r = 0.86-0.96), 1—
2 mm (r = 0.78-0.90) in all studied chernozems. The existence of close
direct relationships between the sand content and the content of water-
stable aggregates of the 3-5 mm (r = 0.74-0.96) and 2-3 mm (r = 0.70—
0.93) fractions has been established. An increase in the content of soil
organic matter and sand content in soils under the influence of forest eco-
systems helps to improve the aggregate composition and increase the
content of water-stable aggregates. This ensures increased resistance of
soils in forest ecosystems to various negative factors, such as desertifica-
tion, degradation, wind and water erosion.

The research was carried out at the authors’ own expense.
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