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Aim. To develop the general normalized statistical model of organizing the structural state of the investigated soils, to
determine the vector of direction and criteria of appraising structurization of soil variants in the Forest-Steppe on macro-
and microaggregate levels of organization to obtain objective and integral information about the quality status of soil
structure and to determine the critical level of degradation, when the residual resistance against the latter is lost. Methods.
Field (investigated agrophysical properties of the most common variants in the Forest-Steppe of Ukraine: gray forest soil,
meadow-chernozem soil, typical chernozem), laboratory (air-dried sieving of soil), statistical-analytical (fractal, factor,
cluster, non-parametric statistics). Results. The combined study of the change in the state of soil structure in the most
common soils in the Forest-Steppe on two hierarchy levels demonstrated the presence of soil-genetic interval in valuable
structural units. The appraisal of several distribution series of structural soil units by dimensions in terms of stability using
fractal indices and the structurization of agronomically non-valuable fraction of microaggregates of <0.25 mm enhanced
the reliability of the approximation for the exponent trends in equations of unit distribution to the level of R 2> 0.7 and
demonstrated the persistence and anti-persistence of the distribution series, namely, stability or trend. The re-grouping of
soil structure constituents occurs by dimensions depending on the soil type, and microaggregates in the amount of 0.25
mm are mostly involved in structural aggregates of 1-0.25 mm and less so in more valuable structural units of >1 mm.
Conclusions. It was determined that meadow-chernozem soil was the most resistant to anthropogenic impact (introduc-
tion of mineral fertilizers and treatment methods). Its coeffi cient of macroaggregation was at a high level and in case of
sowing perennial grasses with the introduction of fertilizers — at a very high level. Gray forest soil was found to be less
resistant to the introduction of mineral fertilizers and typical chernozem was the most susceptible to agrophysical degra-
dation: the macroaggregation coeffi cient was at a very low level. The microaggregation coeffi cient increased from typical
chernozem to gray forest soil and meadow-chernozem which demonstrated the increase in humus content and biogenicity
in the presented series of soil variants.

Key words: structural state of soil, microaggregates, macroaggregates, elementary soil particles, factor analysis, cluster
analysis, factor analysis, microaggregation coeffi cient, macroaggregation coeffi cient, genetic-soil interval of valuable
aggregates.
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INTRODUCTION ants in the Forest-Steppe. During the fi rst years after
plowinge, there is a sharp change in their structural
state, density of their structure, and aqueous-physical
properties (Medvedev V, 2016). The studies, conduct-

© S. Yu. BULYGIN. O. V. DEMYDENKO. V. A. VELycHko.  €d in the Forest-Steppe of Ukraine demonstrated the
M. A. TKACHENKO, VITVITSKYI S. V., 2020 norms for the changes in physical parameters of arable

The parameters of physical structure of soil are
among the main fast-changing properties of soil vari-
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soils and terminal values for the parameters of their in-
dices, provided for the forecast on productivity loss of
agricultural crops under deterioration of the structural
state and compaction (Medvedev V et al, 2012; Buly-
hin S et al, 2014; Medvedev V et al; 2014). The stud-
ies also determined the impact of multiple passages of

and biological processes in soil. Soil structure affects
carbon cycle (Jimenez J, 2011), fertility, environment
and humus regimes (Bazykina G, 2014; Kershens M,
1992; Kuznetsova I et al, 2011; Kuznetsova I et al,
2014; Medvedev V, 2013; An S et al, 2008; Elliott E,
1986; Garcia-Oliva F et al.,2004) as it is a result of the

heavy machinery in the fields on the decrease in thecombined action of different physical-chemical, bio-

yield of agricultural crops which may range from 10

to 50 % (Bryk M, 2004). The variation in the physi-
cal properties of the arable layer of soil variants in the
Forest-Steppe zone is related both to genetic specifi ci-
ties and, considerably, to the duration and character of
their use and the level of agriculture effi ciency in gen-
eral (Cheverdin Yu, 2008). The optimal equilibrium
structure density for the main types of soil variants in
the Forest-Steppe is 1.11-1.25 g/cc with the content of
agronomically valuable aggregates of >70 %. From the
standpoint of optimizing physical properties (structural
state) of soil, it is necessary to introduce the measures
in creating positive humus balance and to maintain it at
the non-defi ciency level after achieving the optimum
(Horn R and Fleige H, 2000). The degradation of phys-
ical state of soil is viewed as consistent deterioration of
physical properties of soil, its structural state, fi rst and
foremost, and structure density, which leads to deterio-
ration in the aqueous, air, nutrition regimes and, fi nally,
to a considerable decrease in soil fertility (Slowinska-
Jurkewicz A et al, 2004).

During the deterioration of the structural state, the equi-

librium density of the structure in agrogenic soil vari-

ants increases as compared to natural soils-analogues,

a new phenomenon arises — consolidation of structural
aggregates and a decrease in intra-aggregate porosity
which aggravates the conditions of aqueous-mineral nu-
trition of plants (Gorban V, 2016). Non-structured and
compacted soils may have horizontal prolonged macro-
pores even under moderate burden which are notable for
platy or subplaty soil structure, which brings additional
changes to agrophysical properties of the arable layer. In
the opinion of V.V Medvedev (Medvedev V, 1990), the
decrease in the depth and number of tillage or the refusal
from soil tillage, high agriculture effi ciency and intro-
duction of organic fertilizers or leaving plant remains in
the fi eld gradually improves the structural composition
of soil under intense tillage, and in case of zero tillage
the process of chernozem structure restoration starts.

The origin, formation, stability of structural units
and, on the contrary, the processes of losing aggregate
structure, its degradation are the processes of direct
impact on complicated fundamental physical-chemical
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logical and physical processes of soil formation as well
as one of the main quality and quantity traits of agroce-
nosis stability (Six J et al, 2004). Fundamental proper-
ties of soil variants and the main processes, defi ning
their inner life and functions in biosphere, depend on

the shares of large and small structural units (Pirmo-
radian N et al, 2005; Nichols K and Toro M, 2011).
Soil variants with prevailing macroaggregates usually
contain more organic substances and nutrients, they are
less susceptible to erosion and have optimal physical
regimes (Kholodov V, 2013).

The changes in agrophysical properties of soils in the
Forest-Steppe of Ukraine are manifested in different
forms and to a different degree under current condi-
tions of agrogenic burden, which was called “agro-
physical degradation”. Accurate estimation of the char-
acter of changes, leading to the decrease in soil fertility,
require the knowledge of both decreasing parameters
and the forms of its manifestation. Multiple effect of
travel pressure of heavy agricultural machinery during
soil tillage and harvesting causes the deterioration of
the structural-aggregate condition of arable and sub-
arable layer which results in the compaction of the
humus horizon in general. Higher agrogenic loading
of soils resulted in the change in their morphological,
aqueous-physical properties, and other factors of fertil-
ity decrease (Medvedev V, 2013).

Physical degradation of soil variants is manifested in
the deterioration of soil structure and, as a result, the
whole complex of physical properties, i.e. in ruination
of the physical basis of soil fertility, where excessive
burden of mechanical, chemical, aqueous or biological
nature is applied. Physical degradation of soil may be
conditioned by different natural factors and get devel-
oped in agrocenoses due to changes in climatic condi-
tions, natural processes of wind and water erosion, de-
sertifi cation, etc. Physical degradation of soils may also
be caused by different catastrophic processes of natural
and anthropogenic character, so the investigation of the
impact of the abovestated factors of the structural sta-
tus in the Forest-Steppe is urgent in current soil-eco-
logical conditions (Medvedev V et al, 2012; Bulyhin S
et al, 2014).
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The simplest method of quantitative estimation of
soil structure is sieving air-dried soil through a set of
sieves of different sizes. The sieves of 0.25, 0.5, 1.0,
2.0, 3.0, 5.0, 7.0, 10.0 mm are usually used to obtain
the distribution of structural units by the following
sizes: from particles of <0.25 mm to lumps of >10 mm
(Medvedev V, 2013; Six J et al, 2004). Sieving yields
eight indices to characterize soil structure in air-dried
state. However, the conventional procedures of pro-
cessing the analysis results are aimed at bringing all
the obtained data down to the limited number of indi-
ces. The interpretation of results is complicated by the
fact that in different soil-climatic conditions the con-
tent of agronomically valuable aggregates is also used
in quantitative characterization of the structure, and
different references present different dimensional pa-
rameters of these fractions: most researchers refer frac-
tions of 7-0.5 mm or 10-0.25 mm to agronomically
valuable aggregates (Pirmoradian N et al, 2005; Nich-
ols K and Toro M, 2011; Kholodov V, 2013). Accord-
ing to the abovementioned methodological approach,
only one value of the structuredness coeffi cient is ob-
tained from rather a large amount of data (distribution
by size) which complicates detailed characterization of
soil structure.

The aim of the study was to develop the general nor-
malized statistical model of organizing the structural
state of the investigated soils, to determine the vector
of direction and criteria of appraising structurization
of soil variants in the Forest-Steppe on macro- and
microaggregate levels of organization to obtain objec-
tive and integral information about the quality status
of soil structure and to determine the critical level of
degradation, when the residual resistance against the
latter is lost.

MATERIALS AND METHODS OF STUDIES

The study was conducted in 2016-2018. Three ob-
jects of study, located within the Forest-Steppe soil-
ecologic subzone with enhanced moisturization (Polu-
pan M, 2019) and hydrothermal coeffi cient (HTC) of
1.1-1.2, were selected.

A long-term experiment of the Chair of Agrochemis-
try and Quality of Products of Plant Cultivation named
after O.1. Dushechkin, the National University of Life
and Environmental Sciences of Ukraine was started in
1956 (50°47' north latitude, 30° 23" east longitude, 180
m above sea level) (Zaryshnyak A et al, 2016) in the
Right-Bank Forest-Steppe. The soil of the experimen-
tal plot was meadow-chernozem low-humus carbonate
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medium-clay heavy-loamy soil on forest-like clay. The
arable layer contained 4.09 % humus, 27.0 mg/kg —
mobile phosphorus, 89.3 mg/kg — exchange potassium.

The multifactor experiment of the department of ag-
ronomic soil science, NSC Institute of Agriculture,
NAAS (50°26'13" north latitude, 30°30'20" east longi-
tude, 120 m above sea level) was started in 1992. The
experimental work was done in a long-term multifactor
experiment in the Right-Bank Forest-Steppe, on gray
forest low-humus heavy-loamy light-clay carbonate on
forest-like clay. Initial soil parameters (0-20 cm): to-
tal humus — 1.44 %, p}l, — 4.6, hydrolytic acidity —
3.6 mg-eq/100 g of soil, exchange calcium and mag-
nesium — 3.9 and 0.58 mg-eq/100 g of soil. The sys-
tem of mineral fertilization in the experiment included
three doses (from the ordinary to double dose) — 160,
240, and 320 kg/ha NPK, organic fertilization — 10 t/ha
of manure in the fi rst rotation, by-products (straw of ce-
reals), clover cover crop — in the second and third rota-
tions. Lime was added in 1992 and 2006 in the 1.0 and
1.5 doses by hydrolytic acidity (1.0 = 5 t/ha CaCQ,).

Multifactor fi eld experiment of Panfi Iska Experimen-
tal Station of NSC Institute of Agriculture, NAAS of
Ukraine (50°13'22" north latitude, 34°44'46" east lon-
gitude, 128 m above the sea level) was started in 2000
in the Right-Bank Forest-Steppe, located in Yahotyn
District, Kyiv Region. The study was conducted on
typical low-humus heavy-loamy light-clay chernozem
on forest-like clay. According to the data of agrochemi-
cal analysis of the initial samples, the content of humus
in the arable layer varied from 3.08 to 3.15 %, in the
subarable layer — from 2.72 to 2.9 %. Soil was charac-
terized by a high content of phosphorus — 233-270 mg/
kg of soil in the arable layer (0-20 cm) and 227-270
mg — in subarable layer (20—40 cm), high and moderate
content of exchange potassium (80-100 mg/kg of soil).
The reaction of soil solution was weak-acid (pH ., =
5.96), the saturation rate of the absorbing complex with
alkali was high (85-99 %).

The schemes of long-term experiments are presented
in Table 1.

The structural-aggregate composition of soils was
determined by sieving (by the method of N.I. Sav-
vinov) 86 samples of the investigated soil, each of
which was an average sample among 4 selected sam-
ples of soil horizons, i.e. 344 samples of soils from the
Forest-Steppe of Ukraine were actually analyzed. The
study of the level of elementary soil particles was con-
ducted by the method of S.Yu. Bulyhin and F.M. Li-
setskyi (Bulyhin S. and Lisetskyi F., 1991), which is
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based on determining the content of non-aggregated
elementary soil particles (ESP) and aggregates in soil
by sieving on the sieves with the fraction of <0.25
mm into the constituent subfractions: 0.2 mm, 0.16
mm, 0.125 mm, 0.1 mm, 0.071 mm, 0.05 mm and
<0.05 mm. The simultaneous study of the change in

the condition of soil variants on several levels of their
organization ensures obtaining objective and compre-
hensive information and determining the level, when
the negative process of agrophysical degradation is
manifested. Thus, in addition to the aggregate level of
soil system, the level of microaggregates and ESP was
studied for more objective appraisal of the changes in
soil status under the impact of agrogenic loading. The
granulometric composition was defi ned according to
N. A. Kachynsky. The fractal estimation of the distri-
bution series for structural units was done according to
K.G. Moiseev (Moiseev K et al, 2014).

The generalization of the study results and the inter-
pretation of the data of structural state of soil was done
using STATISTICA-10 program with non-parametric
statistics, factor, cluster, fractal and correlation analysis
(Kholodov V et al, 2016).

RESULTS OF STUDIES

The results of air-dried sieving and distribution of
structural units, microaggregates and ESP by dimen-
sions in the soil layer of 0—40 cm in the investigated
soil are presented in Fig. 1. The distribution of units is
shown on normal (a) and logarithmic scales (b) which
demonstrates the specifi cities of distribution for micro-
aggregates and ESP depending on agrogenic loading
and post-agrogenic maintenance.

The trends and calculated exponential equations of
distribution demonstrate that the curves of distribution

Table 1. The schemes of multifactor fi eld experiments

of units by dimensions are reliable (r = 0.72-0.85 +
+ 0.02), and Hurst exponent and fractal dimensions
demonstrate that out of all the investigated objects
only typical low-humus heavy-loamy light-clay cher-
nozem on forest-like clay was characterized by sta-
ble persistent trendy distribution series for structural
units. Gray forest low-humus heavy-loamy light-clay
soil on carbonate forest-like clay and meadow-cher-
nozem low-humus carbonate medium-clay heavy-
loamy soil on forest-like clay are anti-persistent (H <
0.5), unstable, i.e. under the impact of agrogenic load-
ing these soil objects lose their ability to counteract its
effect easily.

Regardless of the fact that on fallow analogues the
average content of the most valuable fraction of struc-
tural units was the highest (34 %), trend stability of the
distribution of structural units is anti-persistent as com-
pared to the distribution of structural units of meadow-
chernozem low-humus carbonate heavy-loamy soil
on forest-like clay but lower than the distribution of
structural units of gray forest low-humus heavy-loamy
light-clay soil on carbonate forest-like clay.

It was determined that the reliability of the trend in
exponential equations for the distribution of structural
units was defi ned by structurizing the distribution of
the fraction of soil aggregates >0.20 mm and soil mi-
croaggregates of 0.2—1.0 mm, non-aggregated mineral
particles (<0.1 mm). The interpretation of structured
distribution of particles of <0.25 mm on logarithmic
scale demonstrated that the highest number of micro-
aggregates of 0.2-0.1 mm was formed on the fallow
variant, while the lowest one was seen on meadow-
chernozem soil and gray forest soil.

The factor analysis is based on the hypothesis, de-
fi ning current internal parameters and properties, the

Gray forest low-humus
Meadow-chernozem low-humus . .
. Gray forest low-humus heavy-loamy light- | heavy-loamy light-clay
carbonate medium-clay heavy-loamy . .
. ; clay on carbonate forest-like clay on carbonate forest-like
soil on forest-like clay
clay
Sugar beet following | Control (no fertilizers) Spring wheat Control (no fertilizers) | No-till 1 NPK
spring wheat following soybeans
NPK 1.0 1.0 ng CaCO, No-till 2 n NPK
NPK 1.5 NPK Plowing 1 n NPK
Clover 2" year Control 1 (no fertilizers) 2 NPK + 1.0 ng CaCO, | Plowing 2 n NPK
Clover 2™ year NPK 1.5 - - Plowing | no fertilizers

Fallow
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Fig. 1. The re-distribution of structural units, microaggregates and ESP in the 0—40 cm layer of soil variants in the Right-
Bank and Left-Bank Forest-Steppe: a — distribution on normal scale; b — distribution on logarithmic scale. 1, 2, 3, 4 (objects

according to experiments in Table 1)

number of which is insignifi cant, so there is a possi-

The units of 3-5 mm, 1-3 mm are related to F | with

bility to determine many traits, studied in terms of adirect functional bonds: r = +0.85-0.90, and the groups

smaller number of more fundamental characteristics,
which are not subject to direct calculations: factors F,—
F, (Demydenko O, 2019). The results of calculations
demonstrate that the whole complex of structural units
of soil is related to the main factor (F,). Factor loading
by the main factor F | was the densest with the groups
of structural units from 3-5 mm to particles of 0.1 mm,
except for particles of 0.5-0.25 mm, and was defi ned
by close correlation r > 0.75 (Table 2).
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of units in a wide range from 1 mm to 0.1 mm — with
reverse bonds on a high level of correlation: r = -0.78-
—0.90, which demonstrates their self-regulating func-
tion. 48 % of F dispersion from the total one were per
F,. The units of >5 mm, lumps (>7 mm) had factor load-
ing with F, on the level of direct correlation of medium
level (r < 0.70), and non-aggregate particles from 0.071
to <0.05 mm with factor Fwerre related by reverse
correlation, when R<—0.70. It should be noted that the
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amount of agronomically valuable aggregates had fac-
tor loading at R>0.70 with factor F ,, which referred to
16 % dispersion of the traits under investigation. High
factor loading in terms of F, (r = -0.97) was observed
by fraction of soil particles <0.25 mm, which defi ned
its self-regulating function in the combination of soil
microaggregates. The results of fractal and factor anal-
ysis helped review the notions of agronomically valu-
able interval of structural units, used in conventional
agroscientifi c studies: 0.25—10 (7 mm). Factor analysis
by the reliability and direction of factor loading helped
defi ne a new series of structural units of soil, which can
be more accurately called genetic soil interval of valu-
able aggregates (GSIVA). This interval for soil objects
under investigation was 5-0.1 mm.

The clusterization of structural units of soil demon-
strated three separate clusters of aggregate groups. The
fi rst cluster, which united macroaggregates of 0.25-
5 mm, non-valuable aggregates and lumps, had a to-
tal of 24 % of similarity. Within this cluster, there
was grouping of structural units of 1-0.25 mm and 1-

demonstrated the instability of the content of the most
valuable units in the soil objects under investigation.

The fractions of macroaggregates of 1-0.5 mm, 1-
0.25 mm, <0.25 mm in terms of F, with a strong
cause-consequence effect had the average values of 16

and 26.9 %, and by median — 12.9 and 24.6 %. The

amplitude interval was 31.6 and 38.7 %, the normal-
ized one — 9.3 and 13.4 % by the variation coeffi cient,
which exceeded 30 %.

Soil particles of <0.25 mm were on average 8.77 %,
by the median — 7.57 %, by the amplitude interval —
21.5 %, and with normalized interval — 8.23 % (Table
3). The variation coeffi cient was >70 %, which dem-
onstrated not very high instability of soil particles of
<0.25 mm. The structurization of the fraction of soil
particles demonstrated that in the combination of soil
objects, the fraction of 0.16—0.20 mm had 5.19 %; the
one of 0.125 mm — 1.31 %; 0.1 mm — 0.42 %, and by
the median — 4.64, 0.74 and 0.24 % respectively. The
variation coeffi cient for the fraction of 0.16-0.20 mm
was >70 %, and that for smaller fractions exceeded

0.5 mm (15 %); 1-3 mm and 3-5 mm (10 %); non-100 %, which demonstrated high sensitivity of the

valuable lumps (10 %). The latter two groups of ag-
gregates formed a subcluster on the similarity level of

20 %. The second cluster of structural units united a
complex of soil particles of <0.25 mm, structured into
microaggregates and mineral particles on the level

of 5 % similarity. The third cluster united the groups

of units of <0.25 mm, 0.16-0.2 mm, 0.7 mm on the
similarity level of 10 % and was combined with the
cluster of ESP on the level of 16 % similarity, which,

in its turn, created a cluster with macroaggregates at
the level of 36 % similarity which demonstrated dif-
ferent quality condition and quantitative composition
of different groups of structural aggregates. The sep-
arate (fourth) cluster with 10 % similarity level was
made out of groups of agronomically valuable (0.25—
7.0 mm) and soil-genetically valuable aggregates (5.0—
0.1 mm), which demonstrated their highest detachment
and remoteness from other clusters of structural units,
and the combination of these groups of units into one
cluster demonstrated their similarity in the appraisal of
the structural state of soil.

The statistical parametrization of structural units
which have reliable direct correlation with factors F -
F, is shown in Table 3. On average, 18.9 and 26.1 % of
the most valuable structural aggregates of 3-5 and 3—

1 mm were registered. The amplitude interval was 28.8
and 29.1 %, and the normalized interval was 9.1 and
8.8 %. The variation coeffi cient exceeded 30 % which

AGRICULTURAL SCIENCE AND PRACTICE Vol.7 No.3 2020

constituents of the <0.25 mm fraction to agrogenic im-
pact, thus, the character of their behavior was a good
indicator of qualitative and quantitative changes in the

Table 2. Factor loading of the structural composition con-
stituents in the investigated soils

Factor loading
Size of fractions of
aggregates, mm Factor — | Factor — | Factor —
L) | 2(F) | 3(F)
3-5 0.90 * -0.02 -0.15
1-3 0.85 * -0.20 —-0.14
1-0.5 -0.78 * | -0.09 0.42
1-0.25 -0.87* | -0.22 0.27
0.20 -0.78 * | -0.32 -0.39
0.16 -0.87 * 0.12 —-0.15
0.16-0.20 -0.89* | -0.15 -0.31
0.125 -0.90 * 0.15 0.07
0.10 -0.80 * 0.24 0.18
<0.05 0.25 -0.42 | -0.74 *
0.071-<0.05 0.08 -0.36 | -0.72 *
7.0-0.25 0.37 -0.79 * 0.44
5-0.10 -0.50 | -0.70* | -0.25
>7.0 0.63 0.70 * —-0.22
<0.25 -0.97* | -0.01 -0.16
>7.0+<0.25 -0.37 0.79 * —0.44
Total dispersion by factor 0.48 0.16 0.12

Note. *reliable value of factor loading
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structural condition of the investigated soil variants
(Table 3).

The groups of soil macroaggregates, referenced to F,
by the cause-consequence character (R>-0.70), were
an agronomically valuable interval of 7-0.25 mm and
genetically valuable interval of structural units, whose
content was 82.0-83.8 % on average. The amplitude
interval (A) for these groups of aggregates was 25.2—
31.1 %, and the normalized one — 6.40-9.10 % by the
variation coeffi cient of <10 %, which demonstrated the
stability of the content of valuable units in the investi-
gated soils.

The variation coeffi cient of structural soil units of
the non-valuable group (>7+<0.25 mm) was over
25 %, which demonstrated increased variability of
the mentioned fraction of structural units. The ampli-
tude interval was 25.9 % at the normalized interval of
6.56 %. The variation coeffi cient was 26.9 %, which
demonstrated high variability of this group of struc-
tural units. The fraction of soil particles of 0.071 mm
and <0.05 mm, referenced to F , by the cause-conse-
quence relation, was 2.05 and 1.95 % with the varia-
tion coeffi cient of 121.3 %, which demonstrated
their high variability under the impact of agrogenic
loading in different types of soils. The estimation of

paired coeffi cients of correlation between the groups
of structural units and constituents of soil particles

of the >0.25 mm fraction, which are referenced by

F, in terms of direct and reverse correlation, demon-
strated a reverse correlation between the number of
units of 3-5 and 1-3 mm and the content of >1 mm
fractions.

A direct correlation was found between the frac-
tions of structural units of >1 mm to 0.1 mm (Fig. 2)
on the level of strong correlation. With the decrease
in the size of soil particles from 0.16 mm down to
0.1 mm, the correlation was weakened to the average
level which demonstrated the enhanced inertness of
soil particles.

The determined regularity was well traced in the
charts (Fig. 2) of the dependence of the content of
macroaggregates of 3-5 and 3—-1 mm with structured
groups of microaggregates of <0.25 mm. It was deter-
mined that there were 0.64-0.93 points of the content
of the units with the size of 1-0.5 mm, 1.03-1.26 points
of the units of 1-0.25 mm per one point of decrease
or increase in the content of the mentioned group of
macroaggregates.

Further analysis of the structurization of the fractions
of investigated soils showed that while decreasing the

Table. 3. The statistical model of the content of structural units, microaggregates in the investigated soils

Content of structural units, %
Dimensions . Variation
of structural _ Min. Max. Loas Loz coeffi cient,
units, mm Average Median Amplitude interval: Normalized interval: %
AA = max-min AH=L -L, ..
Reference to F1 (R>+0.70)
3-5 18.9 20.1 5.12 33.9 15.2 24.3 38.9
1-3 26.1 28.0 9.20 38.3 22.1 30.9 30.5
At R>-0.70
1-0.5 16.0 12.9 7.09 38.7 10.5 19.8 48.3
1-0.25 26.9 24.6 11.3 50.0 20.1 33.5 37.1
0.16-0.2 5.19 4.64 0.31 17.7 1.55 7.40 73.1
0.125 1.11 0.74 0.02 5.53 0.19 1.62 110.7
0.10 0.42 0.24 0.01 2.28 0.11 0.53 117.6
<0.25 8.77 7.57 0.41 21.9 2.27 10.5 75.6
Reference to F2 (R>-0.70)
7-0.25 82.0 82.3 68.4 94.0 78.5 84.9 5.92
5-0.10 83.8 83.5 67.8 98.8 78.8 87.9 8.43
>7+<0.25 18.0 17.7 5.90 31.6 15.04 21.5 26.9
Reference to F3 (R>-0.70)
0.071+<0.05 2.05 1.95 0.13 14.15 0.55 2.56 121.3
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3-5 mm:1-0.5 mm: y = 33.3-0.91*x; r =—-0.87;
3-5 mm:1-0.25 mm: y = 50.8—-1.26 *x; r =—0.93;
3-5 mm:0.16-0.2 mm: y = 12.3-0.38*x; r =—-0.74;
3-5 mm:0.125 mm: y = 3.47-0.13*x; r =-0.75;
3-5 mm:0.1 mm: y = 1.23-0.04*x; r = -0.64

50.0 12.00
10.00
40.0
8.00
30.0
° 6.00
— ~
20.0 4.00
10.0 2.00
0
0
5 10 15 20 25 30 35
3-5 mm

~.1-0.5 mm(L) “~ 1-0.25 mm(L) ~ 0,16-0.2 mm(R)
~.0.125 mm(R) --.0.1 mm(R)

1-0.25 mm:3-5 mm: y = 37.4-0.68*x; r =—-0.93;
1-0.25 mm:1-3 mm: y = 43.7-0.65 *x; r =-0.82;
1-0.25 mm:0.16-0.2 mm: y = —2.34+0.26*x; r = 0.69;
1-0.25 mm:0,125 mm: y = -1.25+0.09*x; r = 0.71;
1-0.25 mm:0.1 mm: y =-0.413+0.031*x; r =-0.63

35.0 12.00
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Fig. 2. The dependence between the content of macroaggregates and groups of microaggregates of the <0.25 mm fraction in
soil variants, the general model: by axis L — the reference of units of 3-5 mm and 1-3 mm; by axis R — the reference of units

of 0.16-0.2 mm, 0.125 mm, 0.1 mm

size of soil particles from 0.16 mm to 0.125 mm the
regression coeffi cients were regularly decreased from
0.34-0.36 down to 0.11 which demonstrated the de-
crease in the intensity of involving the particles of
<0.25 mm to the macroaggregates of the most valu-
able size. The interrelation between macroaggregates
of 1-0.25 mm, structured into smaller fractions of
1-0.5 mm and 0.5-0.25 mm, and the soil particles of
0.16-0.2 mm was enhanced with the decrease in the
size of macroaggregates. 0.27 % of the increase in the
number of soil particles of 0.16—-0.20 mm could be at-
tributed to one point of the increase in the content of
units of 1-0.5 mm (Fig. 3).

in the content of units of 1-0.25 mm per one point was
accompanied with the increase in the content of soil
particles of 0.125 mm and 0.1 mm.

The appraisal of the structural state of soil objects de-
pending on the agrogenic impact requires introducing
the notion of the coeffi cient of macroaggregate stability
(K,,..)> as aratio between the sum of units of 5-1 mm

and the units and soil particles of 1-0.1 mm, calculated
according to formula 1:

_ Z(5-1) mm

“r 3(1-0.1) mm (-

The estimation of the microaggregate stability of

In general, the content of soil units of 1-0.25 mm seil requires introducing the notion of the coeffi cient
correlated with the most valuable units on the level ofmicroaggregate stabili[y (K micr)’ as a ratio between
of reverse strong correlation, and there was a 0.65— the sum of units of 1-0.25 mm and the units and soil
0.68 % decrease in the content of units of 1-0.25 mm  particles of 0.25-0.1 mm, calculated by the formula 2:
per one point of their increase in the most valuable
fraction. There was direct correlation between the con-
tent of soil particles of 0.16—-0.20 mm, and the increase

_ X(5-0.25) mm )
Ko ™ 3(020.1) mm @
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1-0.5 mm:1-0,25 mm: y = 7.95+1.18*x; r = 0.91;
1-0.5 mm:0.2 mm: y = 0.52+0.15 *x; r = 0.48;
1-0.5 mm:0.16-0.2 mm: y = 0.80+0.27*x; r = 0.55;
1-0.5 mm:0,125 mm: y =-0.72+0.11*x; r=0.71;
1-0.5 mm:0.1 mm: y =-0.25+0.04*x; r = 0.65
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~.0.125 mm(R) -, 0.1 mm(R)

0.5-0.25 mm:1-0.5 mm: y = 9.67+0.58*x; r = 0.35;
0.5-0.25 mm:0.2 mm: y =-1.19+0.37 *x; r = 0.67,
0.5-0.25 mm:0.16: y = 0.13+0.19*x; r = 0.47;

0.5-0.25 mm:0.16-0.2 mm: y =—1.06+0.56*x; r = 0.64;
0.5-0.25 mm:0.125 mm: y =—-0.07+0.11*x; r = 0.39
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~.1-0.5 mm(L) 0.2 mm(R) ~» 0,16 mm(R)
~.0,16-0.2 mm(R) -+ 0.125 mm(R)

Fig. 3. The dependence of the content of small fractions of agronomically valuable interval with structured groups of micro-
aggregates of <0.25 mm, the general model: by axis L — the reference of units of 1-0.5 mm; by axis R — the reference of the

content of units of 0.16 mm, 0.16-0.2 mm, 0.125 mm, 0.1 mm

Below we calculated the intervals of estimating the
state of soil structure by the coeffi cients of micro- and
macroaggregation (Table 4).

It was found that K __ had a reference by factor F |
correlation on the level of strong direct correlation,
K .. had a reference on the level of reverse correlation
r>-0.70 by F,, which helps us consider the mentioned
ratios as reliable indicative ones for the estimation of
macro- and microaggregate states of soils under differ-

ent agrogenic impacts.

The results of calculating the correlation coeffi cients
demonstrated that K _ had a close connection to the
group of soil particles of 1-0.1 mm: r = 0.75 + 0.02;

r* = 0.56, and the connection of K to particles of
0.2—1 mm had medium reverse correlation: r=—0.65 +
+0.02; r* = 0.43. Therefore, the regression equations
are as follows:

K —=9.72-147*x; r = —0.651 = 0.43, where x —

%(0.2-0.1 mm)
K . =36.4-392*x;1r=-0.75r 2= (.55, where x —

> (1-0.1 mm)
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Coeffi cient of microaggregate stability (K. ):

K . 8.85-0.24*x; r = -0.65; r* = 0.43, where x —
> (0.2-0.1 mm)

The normalization of K and K . by the complex
of 86 samples of air-dried sieving demonstrated that
the average value of K = was 1.92, normalized interval
K .=0.71-2.4and K =1.65-20.6 by the normalized
interval with 10 % reliability. The variation coeffi cient
K _ . was 92.5 %, which demonstrated a high level of
variability to the change in the structural state of soil
objects. According to the calculations, the average
value of K . =8.61. According to the normalized in-
terval K =2.51-7.31, and by the normalized one —

K . =1.65-20.6, and with the variation coeffi cient of
149 %, which demonstrated high variability of K
while estimating the changes in the structural state of

soils under agrogenic impact.

To confi rm the abovestated, Table 5 presents the es-
timation of K ~and K_  on variants with different
fertilization, soil tillage and maintaining a fallow on
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Table 4. The estimation of the state of soil structure by the coeffi cients of micro- and macroaggregation

Value intervals:

Quantiles Level of structuredness
<L,, <1.65 <0.54 Very low
L, L, 1.65-2.50 0.55-0.70 Low
Lo Loso 2.51-3.95 0.71-1.75 Medium
Lo Los 3.96-7.80 1.76-2.40 Above medium
Lo Lo 7.80-15.5 2.41-2.90 High
>L o >15.5 >2.91 Very high

Table 5. The impact of the fertilization system, soil tillage and maintaining the fallow on the coeffi cients of macro- and

microaggregation of soil variants in the Forest-Steppe

Dimensions of structural units, mm

Type of technogenic impact and
intaini K =1-0.25 mm K =5-1mm
Inalntalnlng | | micr T _ | macr T -
0.2-0.1 | 1-0.25 6.2-01 mm 5-1 1-0.1 0.1 mm 5-0.25
Meadow-chernozem low-humus carbonate medium-clay heavy-loamy soil on forest-like clay
Sugar beet
No fertilizers 2.16 23.1 10.7 55.3 25.3 2.19 78.4
1 dose of NPK 2.61 20.2 9.30 55.2 20.8 2.64 79.5
1.5 dose of NPK 3.02 23.6 7.80 51.0 26.7 1.91 74.6
Clover
No fertilizers 4.33 19.6 4.53 53.6 23.9 2.24 73.2
1.5 dose of NPK 4.50 17.8 3.96 55.2 22.3 2.47 73.0
fallow 4.46 19.9 4.47 58.9 22.1 2.67 78.3
Typical low-humus heavy-loamy light-clay chernozem on forest-like clay
No till — 1 dose of NPK 15.8 19.6 1.24 20.8 35.3 0.59 70.9
No till — 2 doses of NPK 10.8 24.9 231 20.8 35.7 0.58 77.4
Plowing — 1 dose of NPK 8.68 23.9 2.75 14.9 52.7 0.28 83.9
Plowing — 2 doses of NPK 15.1 27.6 1.83 19.6 42.7 0.46 75.2
Gray forest low-humus heavy-loamy light-clay soil on carbonate forest-like clay

No fertilizers 8.90 24.1 2.71 47.9 28.9 1.66 72.1
NPK 9.7 29.1 3.01 42.8 39.8 1.08 71.9
1 dose of NPK + 1.0 Ha CaCO, 8.41 8.98 3.28 44.9 17.4 2.58 72.4
2 doses of NPK + 1.0 Ha CaCQ, | 8.41 27.6 3.28 44.9 35.9 1.25 72.4
Fallow 7.74 21.3 2.74 51.5 28.9 1.78 72.7

soil variants of the Forest-Steppe. On the meadow-
chernozem soil, while maintaining the fallow K =
= 2.67. When fertilizers were introduced in the in-
creasing dose, K decreased 1.4 times in the vari-
ant with the double dose of fertilizers, while K in-
creased 1.75-2.39 times. When perennial grasses were
grown, K decreased 1.09-1.19 times as compared to
the fallow, and the value of K decreased 1.13 times

after the introduction of a single dose. Under these

AGRICULTURAL SCIENCE AND PRACTICE Vol.7 No.3 2020

agrotechnical effects, the meadow-chernozem soil
had high soil resistance to the degradation traits in the
structural state of soil.

When gray forest soil was introduced mineral fertil-
izers in a single dose with liming, it promoted 1.45-
fold increase in K, and under the other effects the
resistance of soil remained on the level of the fallow
and decreased 1.65 times. After introducing a single
and a double dose of mineral fertilizers into gray forest
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soil as compared to the fallow, the coeffi cient of mi-
croaggregate stability (K . ) tended to increase at the
absolute value, and in case of liming — increased 1.2
times which demonstrated high resistance to agrotech-
nical impact and strong possibility of the soil variant
reclamation.

Typical low-humus heavy-loamy light-clay cherno-
zem on forest-like clay had the lowest stability by the
index of K  =0.28-0.59. By the technology of zero
tillage the indices of K were higher as compared to
K _ . under systematic plowing. On the contrary, the
dispersion stability was higher under systematic plow-
ing, where the introduction of the double dose of fertil-
izers resulted in the 1.5-fold decrease in K , which
demonstrated the negative impact of both systematic
zero tillage and high doses of mineral fertilizers. In its
turn, typical low-humus non-deep heavy-loamy light-
clay chernozem on forest-like clay was the least resis-
tant soil variant to agrotechnical impacts as compared

to two other investigated soils.

DISCUSSION OF STUDY FINDINGS

Agronomic soil science widely uses the principle of

studying soil as a natural body with its hierarchy, accord-

ing to which the ion-molecular level is the initial one,
followed by the level of elementary soil particles and the
level of structural soil aggregates. This principle, called
by A.D. Voronin and E.V. Shein the principle of hierar-
chy in soil study, is of great relevance: the knowledge

of properties of elementary soil particles allows passing
from the ESP level to quantitative description of struc-
tural micro- and macroaggregates. The determination of
the levels of structural organization of soil should con-
sider specifi c interactions between different levels, not
just any of them, which are conditioned by the speci-

fi cities of the soil-forming process, which serves as
criterion of isolating each subsequent structural level in
the systematic organization of soil. These interpretations
of the levels of structural organization of soil were used
by N.A. Kachynsky, S.V. Nerpin and A.F. Chudnovsky
(Nerpin S, and Chudnovsky A., 1967) to isolate the mi-
croaggregate level to analyze porosity and formation of
pores of different sizes. The fractal approach to describ-
ing gel structures, forming interparticle bonds, which
manifest the behavioral specifi cities of the “solid phase
— soil solution — soil air” during the creation of structural
soil units was also suggested (Malinovsky E and Shein
E, 2003; Fedotov G et al, 2005). The level of aggregate
organization of structural memory of soil or soil archi-
tecture is also relevant (Wilding L and Lin H, 2006).
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The novelty of the studies lies in the fact that the use
of improved methods of instrumental and state-of-the-
art statistical analysis of the data on air-dried sieving
(soil fractioning in air-dried state) of soil variants in
the Forest-Steppe under agrogenic and post-agrogenic
loading helps determine deeper direction of structur-
ization on different levels of its organization and de-
fi ning the resistance of soil variants to the manifesta-
tion of agrophysical degradation under anthropogenic
impact (introduction of mineral fertilizers and ways
of tillage).

Our studies determined the main regularities in the
transformation of the structural state of chernozems
in the Forest-Steppe zone under long-term agrogenic
and post-agrogenic transformation. A general regular-
ity was determined: regardless of the state of cherno-
zem, the share of 3—0.5 mm units in the sum of agro-
nomically valuable (7—0.25 mm) units, irrespective of
their number, was 51-54 %, and the increase in the
agrogenic burden accelerates the formation of heavy-
loamy fraction (>7 mm) up to 30 %, of agronomically
non-valuable units — up to 35.6 % (Demydenko O,
2019; 2020).

Simultaneous study of the change in the structural
state of soil on several levels of its organization en-
sures obtaining objective and integral information
and determining the level, on which a negative pro-
cess of agrophysical degradation starts on the level
of structural-aggregate composition. The re-grouping
of the structural-aggregate state of soil in terms of
dimensions occurs in soil-genetic valuable interval
of macro- and microaggregates and soil particles (5-
0.1 mm) depending on the type of soil. The struc-
tured microaggregates, smaller than 0.25 mm in the
total amount, performing a self-regulating function in
@he processes of forming the soil macrostructure, are
mainly involved in the fraction of 1-0.25 mm units
and, albeit less so, in the 5-1 mm units. During the
destruction of the macrostructure, the number of soil
particles of <0.25 mm increases, re-grouping into less
valuable microaggregates of <0.16 mm with further
saturation of low-active fractions of <0.1 mm which
is an indicator of decreasing or increasing the resis-
tance to degradation processes.

CONCLUSIONS

The structurization of microaggregate fractions un-
der 0.25 mm into separate constituents allowed en-
hancing the reliability of approximation of exponential
equations of the distribution of structural units for the
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agronomically valuable interval to the level of r *>0.7
and determining the persistence and anti-persistence
of the very distribution series. The structured micro-
aggregates smaller than 0.25 mm in the total amount
perform a self-regulating function in the processes of
forming the soil macrostructure, getting mainly in-
volved in the fraction of 1-0.25 mm units and, albeit

microaggregation coeffi cient (K, ) increased in the
row — typical chernozem > gray forest soil > meadow-
chernozem soil.

Adherence to ethical principles. All experiments de-
scribed in this paper were non animal based.

Confl ict of interest. Authors declare no confl ict of in-
terest.

less so, in the 5-1 mm units. During the destruction gy ancing. This study was not fi nanced by any specifi ¢

of the macrostructure, the number of soil particles of
<0.25 mm increases, re-grouping into less valuable mi-
croaggregates of <0.16 mm with further saturation of
low-active fractions of <0.1 mm which is an indicator
or a criterion of increasing the resistance to degradation
processes.

The application of factor and cluster analyses allowed
substantiating, on the macroaggregate and microaggre-
gate levels with the existing agronomically valuable in-
terval of structural units (7-0.25 mm), the reasonability
of isolating soil-genetic interval of valuable structural
units in the interval of 5-0.1 mm, where the units of
5-1 mm bear the load of the direct functional action
and the ones in the interval of 1-0.1 mm — reverse func-
tional or self-regulating action.

The following coeffi cients were suggested for the
estimation of structural state of soil variants: macro-
aggregate and microaggregate stability as a ratio be-
tween the sum of 5-1 mm aggregates and the sum of
1-0.1 mm aggregates, and the ratio between the sum
of 1-0.25 mm and the sum of 0.2-0.1 mm aggregates,

respectively, which allow estimating the state of soil

structure under the impact of fertilization, the way of
tillage and maintaining in the post-agrogenic state.

The simultaneous study of the change in the state of
soil structure on the main soils in the Forest-Steppe
on macroaggregate and microaggregate levels al-
lowed determining that, depending on soil type, in the
range of soil-genetic intervals of valuable structural
units of soil there is a re-grouping of microaggregates
and ESP of the constituents of the fractions of <0.25
mm, mainly involved in structural aggregates of 1—
0.25 mm and, less so, in most valuable structural units
of 5-1 mm.

The meadow-chernozem soil was found to be the
most resistant to anthropogenic impacts (introduction
to mineral fertilizers): K =1.91-2.19, and in case
of sowing perennial grasses with the introduction of
fertilizers K =2.24-2.47. Gray forest soil (K =
=1.08-2.58) was found to be less resistant to the in-
troduction of mineral fertilizers, and typical cherno-
zem was the most susceptible: K = 0.28-0.59. The

AGRICULTURAL SCIENCE AND PRACTICE Vol.7 No.3 2020

grant from fi nancing institutions in the state, commer-
cial or non-commercial sectors.

OnjiHKa arporeHHOro CTPyKTYPOTBOPEHHs 'PYHTOBHUX
BifiMiH pi3HOro crnocody Bukopucranns B Jlicoctemy

C. FO. bynurin |, O. B. lemuzeHko **,
B. A. Bemnuko 3, M. A. TkaueHkd', C. B. BiTBinbkuit !

! HarjioHasibHuii yHiBepcuTtes biopecypcis
i mpupozIoKOpUCTYBaHHs YKpaiHy,
ByJ1. ['epoie O6oponwy, 15, Kuis, 03041
2UepKachKa Jiep>kaBHa CiTbCbKOTOCIIOAapChKa
nociigna craniis HHIT «IHctutyT 3emnepoberBa HA AH»
Byn. JJokyuaeBa, 13, c. XonogusHcbKe, CMiISTHCHKUN P-H,
YepkaceKa 0071., YKpaiHa, 20731
SHHL] «IHCTUTYT 'PyHTO3HABCTBA Ta arpoximil
iMm. O. H. CokonoBcbKOT0», By1. YallKOBCBKa, 4,
XapkiB, Ykpaina, 61024
4 HHLI «IacTuTyT 3eMnepobcrea HAAH»
KuiBcbka 0071., KueBo-CBSITOIIMHCHKUI PalioH, cenuiiie
Micbkoro turny YabaHu,
ByJ1. MaumHoOyjiBHUKIB, Oyz. 2-B, YkpaiHa, 08162

E-mail: agrogumys@ukr.net 2%, agrovisnyk@ukr.net 3

Mera. Po3pobuTtu 3arasibHy HOPMOBaHY CTaTHCTHUYHY MO-
Jleslb Opratisalii CTpyKTypHOrO CTaHy [JOC/Ii/PKyBaHUX IPYH-
TiB, BUSIBUTM BEKTOp CIIPSIMOBAHOCTI Ta KPUTepil OL{iHKU
CTPYKTYPOYTBODEHHsI IPYHTOBUX BiaMiH Jlicocteny Ha
Makpo-, MiKpoarperaTHOMy PpiBHSIX Opraisauii A OTpu-
MaHHs1 00’€KTMBHOI i LificHOI iHpopMarlii 1po siKicHUH
CTaH CTPYKTYPH IPYHTY Ta BCTaHOBJIEHHSI KPUTUYHOTO PiB-
HSl [lerpajiailii, 3a SKOT0 BTPAyaeThCsl OCTaTOUHA CTIiMKiCTb
npotu ii miposisy. Meroau. ITonpoBuit (mociigkeni arpo-
¢bi3vuni BrMacTUBOCTI HaMmoumpeHimux BiaMiH Jlicoctermy
YKpaiHu: Ciporo JicoBOro IPYHTY, JIYYHO-UOPHO3€MHOIO
IPYHTY, UOPHO3eMY THIIOBOT0), 7ab0paTOpHHUii (TTOBITPSHO-
Cyxe TIPOCiIOBaHHSI IPYHTY), CTaTUCTUUHO-aHa/MTUuHi ((ppak-
TanbHUM, (haKTOPHUM, K/IaCTepHUM, HeTlapaMeTPUUHOI CTa-
TUCTUKY). Pe3ynbraTu. CrpspkeHe BHBUEHHS 3MiHUA CTaHY
IPYHTOBOI CTPYKTypU Ha OCHOBHHMX IpyHTax Jlicocremy
Ha /[BOX i€papxiyHMX PpiBHAX Jaj0 3MOry BCTaHOBUTH
HasIBHICTb TPYHTOBO-T€HETUYHOIrO iHTepBajay LIiHHUX CTpYK-
TYPHUX OKpeMocTell. 3/iiCHEHO OLiHKY Pps/liB pO3MOJiny
CTPYKTYPHUX OKDEMOCTel IPYHTy 3a po3MipoM Ha mipej-
MeT CTIilKOCTi 3a (paKTaSbHUMH TIOKa3HUKaMH, a TAKOX —
CTPYKTypH3allisi arpOHOMIUHO HeliHHOT (pakifii MiKpo-
arperariB po3mipom <0,25 Mm, 1[0 [ja/10 3MOTY Mi/|CUIUTH
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JIOCTOBIPHICTb aripoKcuMallii TpeH/[iB eKCIIOHEHTU PiBHSIHb
po3moziny okpemocteit no piBHsS R® > 0,7 Ta BU3HAuuTU
MePCUCTEHTHICTb i AHTUIEPCHUCTEHTHICTh CaMUX PSIZIiB PO3-
nofiny, To6TO, CTiMKicTh ab0 TpeHAOBiCThb. 3aneKHO Bif
TUIy IPYHTY BiZiOyBa€TbCsl TEperpymnyBaHHS CK/IaIOBUX
CTPYKTYpU IPYHTY 3a pO3MipoM, a Mikpoarperat y cymi

<0,25 MM [10Ty4aroThCsi, OiNBIIOK MipOI0, [0 CTPYKTYPHHUX

arperariB 1-0,25 MM Ta, MEHIIIO MipOt0, 10 OiIbLI L[IHHUX
CTPYKTYPHHX OKpemocTell po3mipoMm >1 MM. BucHoOBKH.
BcraHoBeHO, 110 HaWOIbLI CTIHKUM /10 aHTPOTIOTeHHOTO
BIUIMBY (BHECEHHs1 MiHepajbHUX [0OpWB i criocobu 06-
pOOiTKY) BUSIBUBCSl JTyUHO-UOPHO3EMHHI IPYHT B SIKOMY
Koe(illiEeHT MaKpoarperoBaHOCTi [I0CSTaB BHUCOKOTO DiBHS,
a 3a BUCiBy OaraTopiuHMX TpaB 3 BHECEHHsIM J00puUB —
Jly’kKe BHUCOKOTO piBHS. MeHI CTiKMM [0 BHeCeHHs Mi-
HepasibHUX /100puB OyB Cipwii JlicCOBWI IPYHT, a HaWOLIbLI
Bpa3/MBUM 0 arpodiznuHoi Jerpazainii OyB dopHO3eM
TUTIOBHIN: Koe(il[ieHT MakpoarperoBaHocTi OyB Ha [yxe
Hu3bKoMy piBHi. KoedillieHT MikpoarperoBaHocTi 3pocTaB
BiJ] UOpHO3eMy THIIOBOIO /IO CipOro JliCOBOTO Ta /10 JTy4YHO-
YOPHO3eMHOI'0 IPYHTIB, L]0 CBi[YNTH PO 3POCTaHHS TY-
MYCOBAHOCTi i GioreHHOCTI y pefcTaBieHOMY psifly IPYH-
TOBUX BiJIMiH.

KrouoBi cj1oBa: CTpyKTYpHHI CTaH IPYHTY, MiKpoarpera-
TH, MakpoarperaTH, eleMeHTapHi IPYHTOBi uUacTKH, ¢ak-
TOPHUM aHaji3, KIacTepHUH aHasi3, (akTOpHWN aHaJIi3,
KoediIieHT MiKpoarperoBaHocTi, KoeillieHT MaKpoarpero-
BaHOCTI, FeHeTUUHO-IPYHTOBUM iHTepBaJsl LIiHHUX arperaris.

REFERENCES

An SS, Huang YM, Zheng FL, Yang JG (2008) Aggregate
characteristics during natural revegetation on the loess
plateau. Pedosphere. 18(6):809-816. doi: 10.1016/S1002-
0160(08)60077-6.

Bazykina GS (2014) Soils within the steppe and dry steppe
zones under anomalous weather conditions in the last
tens years. Dokuchaev Soil Bulletin. (73):54-81. doi: 10.
19047/0136-1694-2014-73-95-120.

Bryk M (2004) Indeces of shape in the classifi cation of soil
structure. Polish J Soil Sci. 37(1):1-10

Bulygin SYu, Lisetskyi FN Pat. 2026550 Russia, MKI 1995 6 G
01 N 33/24. Method of determining the impact of treatment
on soil; Bulygin S.Yu. Lisetskyi F.N. No. 4920150; Appl.
19.03.91; Publ. 9.01.95, 8 p. (in Russian).

Bulygin SYu, Achasov AB, Achasova AO, Papchenko OV,

Panasenko VM (2014) System of estimating and pre-dicting
soil quality (status, concept and algorithms). K.: Ahrarna

nauka. 240 p. ISBN 978-966-540-380-7 (in Ukrainian).

Cheverdin Yul (2008) Dlitel’nost’ raspashki i fi zicheskoe sos-
toyanie chernozemov Kamennoj Stepi. Zemledelie. (3):
28-30.

Demydenko OV (2019) Structural state of chernozem after
long-term post-agrogenic transformation. Bull. Agric.
Sci. (12):13-22. doi: 10.31073/agrovisnyk201912-02.
(in Ukrainian).

52

Demydenko OV (2020) Structural state of chernozems of
Forest-Steppe zone at agrogenic impact. Bull Agric
Sci. (4):5-14. doi: 10.31073/agrovisnyk202004-01.

Elliott ET (1986) Aggregate structure and carbon, nitrogen,
and phosphorus in native and cultivated soils. Soil Sci
Soc Am J. 50(3):627-633. doi: 10.2136/ss52j1986.0361
5995005000030017x.

Fedotov GN, Tretiakov YuD, Dobrovolsky GV, Pozdniakov
Al, Shein EV, Nekliudov AD, Zhukov DV, Pakhomov EI
(2005) Phenomenon of formation of periodic colloid
structures in soils. Diploma to the opening of MAANOI-
RAEN-MAANO No. 286. Scientifi ¢ discoveries (col-
lection of scientifi c discoveries, scientifi c ideas, scientifi c
hypotheses, 2005). M., 2006, p. 34-37. (in Russian).

Garcia-Oliva F, Oliva M, Sveshtarova B (2004) Effect of
soil macroaggregates crushing on C mineralization in a
tropical deciduous forest ecosystem. Plant Soil. 259(1—
2):297-305. doi: 10.1023/B:PLS0.0000020978.38282.dc.

Gorban VA (2016) The role of the structure to provide
biogeocenotic soil functions. Ecol noospherol. 27(3—
4):89-96. doi: 10.15421/031617.

Horn R, Fleige H (2000) Prediction of the mechanical strength
and ecological properties of subsoils for a su-stainable
landuse. Proc. of the workshop Experiences with the impact
of subsoil compaction. Uppsala. Sweden., p. 109-121.

Jimenez JJ, Lorenz K, Lal R (2011) Organic carbon and
nitrogen in soil particle-size aggregates under dry tropi-
cal forests from Guanacaste, Costa Rica — Implications
for within-site soil organic carbon stabilization. Catena.
86(3):178-191. doi: 10.1016/j.catena.2011.03.011.

Kershens M (1992) Signifi cance of humus content for soil
fertility and nitrogen cycle. Pochvovedenie. (10):122-131.

Kholodov VA (2013) The capacity of soil particles for
spontaneous formation of macroaggregates after a
wetting-drying cycle. Euras Soil Sci. 46(6):660-667.
doi: 10.7868/S0032180X13040072.

Kholodov VA, Yaroslavtseva NV, Frid AS, Lazarev VI
(2016) Interpretation of data on the aggregate com-
position of typical chernozems under different land
use by cluster and principal component analyses.
Euras Soil Sci. 49(9):1026-1032. doi: 10.7868/S00
32180X160-90070.

Kuznetsova I, Azovtseva N, Bondarev A (2011) Norms of
change of physical properties of soils of steppe, arid
and semi-desert zones of European Russian territo-
ries. Dokuchaev Soil Bulletin. (67):3-19. doi: 10.19047/
0136-1694-2011-67-3-19.

Kuznetsova 1V, Utkaeva VF, Bondarev AG (2014) Norms of
changing physical properties of arable chernozems in the
Steppe zone of European Russian territory in conditions
of intense agricultural use. Pochvovedenie. (1):71-81.
doi: 10.7868/S0032180X14010067. (in Russian).

Malinovsky EYu, Shein EV (2003) Role and signifi cance
of organic matter in the formation and stability of soil
aggregates. Pochvovedenie. (1):53-61. (in Russian).

AGRICULTURAL SCIENCE AND PRACTICE Vol.7 No.3 2020



EVALUATING AGROGENIC STRUCTURIZATION OF SOIL VARIANTS UNDER DIFFERENT

Medvedev VV (1990) Variability of optimal soil density and
the reasons for it. Pochvovedenie. (5):20-31 (in Russian).

Medvedev VV, Slowinska-Jurkievicz A, Bryk M (2012) Phy-
sical degradation of soils, its diagnostics, areas of dis-
tribution and ways of prevention. Gruntoznavstvo. 13
(1-2):5-22.

Medvedev VV (2013) Time and spatial heterogenization of
soil ploughed up. Gruntoznavstvo. 14(1-2):5-21.

Medvedev VV, Plisko IV, Bigun ON (2014) Comparative
characterization of the optimum and actual parameters
of Ukrainian chernozems. Euras Soil Sci. 47(10):1044—
1057. doi: 10.1134/S106422931410007X.

Medvedev VV (2016) Agrizem as a new 4-dimensional poly-
genetic formation. Gruntoznavstvo. 17(1-2):5-20. doi:
10.15421/041601.

Moiseev KG, Boitsova LV,Goncharov VD (2014) Analyses
of soil humus dinamics by fractal methods. Agrophysics.
(13):1-8.

Nerpin SV, Chudnovsky AF (1967) Physics of soils. M.:
Nauka, 584 p.

Nichols KA, Toro M (20110 A whole soil stability index
(WSSI) for evaluating soil aggregation. Soil Till Res.
111(2):99-104. doi: 10.1016/j.still.2010.08.014.

Pirmoradian N, Sepaskhah AR, Hajabbasi MA (2005)

AGRICULTURAL SCIENCE AND PRACTICE Vol.7 No.3 2020

Application of fractal theory to quantify soil aggre-
gate stability as infl uenced by tillage treatments. Bio-
syst Eng. 90(2):227-234. doi: 10.1016/j.biosystemseng.
2004.11.002.

Polupan MI (2019) Ukrainian Agronomic Soil Science:
Textbook. In 2 parts; Part 1: Historical stages of de-
velopment. Soil formation factors. Regularities of soil
formation on an ecological-genetic parametric systemic
basis, their agronomic properties, and fertility. Kyiv:
Agrarna nauka, 426 p. ISBN 978-966-540-475-0.

Six J, Bossuyt H, Degryze S, Denef K (2004) A history of
research on the link between (micro) aggregates, soil
biota, and soil organic matter dynamics. Soil Till Res.
79(1):7-31. doi: 10.1016/j.still.2004.03.008.

Slowinska-Jurkewicz A, Kolodziej B, Bryk M (2004) Wplyw
zabiegow agrotecnicznych na structure gleby pylowey —
ocena morfometryczna macroporow. Annales UMCS,
Sec. E. 59(1):329-335.

Wilding LP, Lin HS (2006) Advancing the frontiers of soil
sciences towards a geoscience. Geoderma. 131(1-
2):257-274. doi: 10.1016/j.geoderma.2005.03.028.

Zaryshnyak AS, Baliuk SA, Lisovoy MV (2016) Stationary
fi eld test-trials of Ukraine. Kharkiv: Smuhasta Ty-
pohrafi ya, p. 265. ISBN 617-7387-31-1(1C15467).

53



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

